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BAGKGROUND OF THE INVENTION

~i:_Field of the Invention:

This invention relates to the production and use of a novel

pharmaceutical product: a nucleic acid which, when directly introduced

into living vertebrate tissue, induces the production of immune
responses which specifically recognize human influenza virus.

ii. Backgl_'ound of the Invention:
Influenza is an acute febrile illness caused by infection of

the respiratory tract with influenza A or B virus. Outbreaks of
influenza occur worldwide nearly every year with periodic epidemics
or pandemics. Influenza can cause significant systemic symptoms,
severe illness (such as viral pneumonia) requiring hospitalization, and
complications such as secondary bacterial pneumonia. Recent U.S.
epidemics are thought to have resulted in >10,000 (up to 40,000) excess
deaths per year and 5,000-10,000 deaths per year in non-epidemic
years. The best strategy for prevention of the morbidity and mortality
associated with.influenza is vaccination. The current licensed vaccines
are derived from virus grown in eggs, then inactivated, and include
three virus strains (two A strains and one B strain). Three types of
vaccines are available: whole-virus, subvirion, and purified surface
antigen. Only the latter two are used in children because of increased
febrile responses w1th the whole-virus vaccine. Children under the age
of 9 require two immunizations, while adults require only a single
injection. However, it has been suggested [see Medical Letter 32:89-90,
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severe illness (such as viral pneunonia) requiring hospitalization, and
conplications sue—h—as&candi&agt erial pneunonia. Recent U S. epidemcs
are thought to have resulted in >10,000 (up to 40,000) excess deaths per
year and 5, 000- 10, h@beaétsmsenp@ﬂacg@ar i n non-epidem c years. The best
strategy for preven m&’r’mmﬂ rbidity and nortality associated with

i nfl uenza is vacci nHINEN R E-’ﬂl:Mrent | i censed vaccines are derived from
virus grown in eggs, then'i ated, and2i-ncl ude three virus sth&Wﬂ(tV\D

A strains and one B strain). Three types of vaccines are avail abl e:
whol e-virus, subvirion, and purified surface 30 antigen. Only the latter

whol e vi rus. vaSePhel PR RBAL Ufaines RACCHARA CE1Y i s BRRART A 0 10
whil e adul ts r bgnefit fromhya secsindgdese in the winter or early spring,” due to the
observations that in some elderly patients, the antibody titers following
vaccination may decline to less-than-protective levels within four

months or less. These vaccines are reformulated every year by

predicting which recent viral strains will clinically circulate and

evaluating which new virulent strain is expected to be predominant in

the coming flu season. Revaccination is recommended annually.

A. The limitations of the licensed vaccine are:
10

1) Antigenic variation, particularly in A strains of influenza, results in
viruses that are not neutralized b;y antibodies generated by a previous
vaccine (or previous infection). New strains arise by point mutations
(antigenic drift) and by reassortment (antigenic shift) of the genes
encoding the surface glycoproteins (hemagglutinin [HA] and
neuraminidase), while the internal proteins are highly conserved among
drifted and shifted strains. Immunization elicits "homologous" strain-
specific antibody-mediated immunity, not “heterologous" group-
common immunity based on cell-mediated immunity.
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2) Even if the predominant, circulating strains of influenza virus do not
shift or drift significantly from one year to the next, immunization must
be given each year because antibody titers decline. Although
hemagglutination-inhibiting (HI) and neutralizing antibodies are
reported by some to persist for months to years with a subsequent
gradual decline, the Advisory Committee on Immunization Practices
cites the decline in antibody titeis in the year following vaccination as a
reason for annual immunization even when there has been no major
drift or shift. (HI antibodies inhibit the ability of influenza virus to
agglutinate red blood cells. Like neutralizing antibodies, they are
primarily directed against the HA antigen. Hemagglutination inhibition
tests are easier and less expensive to perform than neutralization assays
are, and thus are often used as a means to assess the ability of antibodies
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injection. However, it has been suggested [see Medical Letter 32:89-90,
- 2 - Sept. 17, 1993] that "patients vaccinated early in the autum m ght
benefit froma s 0ose in the winter or early spring," due to the

observati ons that §g6qtqh§héiﬁkép}ﬁc¢mat ients, the antibody titers follow ng

vacci nati on may de an-protective levels within four nonths
or less. These vacci mEHH | ated every year by predicti n? whi ch
recent viral strai ns ly circudate and eval uating whil8A72¥w
virulent strain is expect ed to be predominant in the comng flu season.
Revacci nation is recommended annual | y.

raised against one strains of influenza to react to a dlfferent strain). As

mentioned above, The Medical Letter suggests that certain high-risk,

older individuals should be vaccinated twice in one season due to short-

lived protective antibody titers.

3) The effectiveness of the vaccine is suboptimal. Development of the
next season's vaccine relies upon predicting the upcoming circulating
strains (via sentinel sampling in Asia), which is inexact and can result in
a poor match between strains used for the vaccine and those that actually
circulate in the field. Moreover, as occurred during the 1992-1993 flu
season, a new H3N2 strain (A/Beijing/92) became clinically apparent
during the latter phase of the flu season. This prompted a change in the
composition of the 1993-1994 vaccine, due to poor cross-reactivity with
A/Beijing/92 of the antibody induced by the earlier H3N2 strain
(A/Beijing/89) due to antigenic shift. However, due to the length of
time needed to make and formulate the current licensed vaccine, the
new vaccine strain could not be introduced during the 1992-1993 season
despite the evidence for poor protection from the existing vaccine and
the inicreased virulence of the new circulating H3N2 strain.

Even when the vaccine and circulating strains are well-
matched, the licensed vaccine prevents illness in only about 70% of
healthy children and young adults and in 30-40% of frail older adults.
Thus other criteria are used to indicate the vaccine's efficacy when the
vaccine strains correspond to the circulating strains. These criteria
include prevention of severe illness and secondary complications, which
are reflected by prevention of hospitalization (70% for the elderly
living at home vs. 50-60% for the elderly living in nursing homes) and
prevention of death (80% for nursing home residents). Herd immunity
to reduce the spread of infection in a nursing home is considered
another benefit of immunization. '
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A. The limtations of the |licensed vaccine are: 10 1) Antigenic variation,
particularly in A strains of influenza, results in viruses that_are not
neutralized by antibodi es generated by a previous vaccine (or previous

i nfection). New strains arise by point mnut atIOI‘ﬁls HagBeenBepdiced t ) and by
reassortnent (antigenic shift) of the genes 15 wglu 'ﬂurface

gl ycoproteins (hemagglutinin [HA] and neuran1n|d e interna
proteins are highly conserved anong drifted and Sh s. 18972Y

| muni zat i on eI|C|ts honnlogous strain- specific antibody-nedi ated
i mmunity, not "heterol ogous” group- comon immunity based on cell-nediated

ngl f% n(z)? Z)BEVGI'T ' ft ] h% g efdonweaTtUmversaT aﬁ' enza Vaccme | n{l of "%
the Invention):

1) Generation of group-common (heterologous) protection. A
universal vaccine would be able to protect against different strains,
within an H3N2 subtype for example, and possibly even across subtypes,
e.g., from HIN1 to H3N2. This likely would be mediated by cytotoxic
T lymphocytes (CTL) recognizing antigens from internal conserved
viral proteins, although neutralizing antibodies directed against
Lo conserved portions of membrane-bound proteins also might play a role.
2) Increased breadth of antibody response. Because CTL are thought
to play a role in recovery from disease, a vaccine based solely upon a
CTL response would be expected to shorten the duration of illness
(potentially to the point of rendering illness subclinical), but it would
not prevent illness completely. The method of producing the curtent
influenza vaccine by passage in eggs has been shown experimentally to
be capable of selecting for virus subpopulations that have altered HA
antigenicity. As a result, vaccine efficacy could be diminished because
the antibody elicited by the vaccine may not be completely effective
against the predominant circulating strain. Thus, one would like to
generate antibodies which would have an improved breadth of response
compared to the current vaccine. The 1992-93 flu season offered an
excellent case study of the limitations of the current vaccine in that the
vaccine, which utilized A/Beijing/89, generated antibodies which were
poorly cross-reactive (and poorly protective) against the new
A/Beijing/92 strain which was also more virulent. Both strains are
H3N2, i.e., of the same subtype. In terms of amino acid sequence,
however, the A/Beijing/92-like strains differed from the A/Beijing/89-
like strains by only 11 point mutations {positions 133, 135, 145, 156,
39 157, 186, 190, 191, 193, 226, and 262) in the HA1 region. It is not
known whether the current manufacturing process influenced the lack
of cross-reactivity, but clearly an improvement in the breadth of
antibody response is desired.
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shift or drift significantly fromone year to the next, immunization nust
be gi ven each year -because antibody titers decline. Although
hemaggl uti nation-inhibiting (H') and neutralizing anti bodies are 25

reported by some—te—persist for months to years with a subsequent gradual

decline, the Advi or Cbnn1ttee on | mruni zation Practices cites the decline
I n anti body tlter “-émm@ﬂIOMAng vacci nation as a reason for annual
| mruni zati on even been no ngj-or drift or shift. (H8972Y
ant i bodi es i nhi bit i nfluenza virus to 30 agglutinate red

bl ood cells. Like neutraI|Z|ng antlbodles they are primarily directed

agai nst the HA antigen. Hemaggl utination |nh|b|t|on tests are easier and
| ess expensive to performthan neutralization assays are, and thus are

of ten used as F)npacreased daseion oHantibody ryspunsest Bevdues one of the very

) ~ groups that is at highest risk for the morbidity and mortality of
influenza infection (elderly) is also the group in whom protective
antibody titers may decline too rapidly for annual immunization to be
effective, an improved vaccine should generate protective titers of
antibody that persist longer.

C._Polynucleotides as a Vaccine

19 mtramuscular inoculation of polynucleotide constructs, i.e., DNA

plasmids encoding proteins have been shown to result in the in situ
generation of the protein in musele cells. By using cDNA plasmids
encoding viral proteins, both antibody and CTL responses were
generated, providing homologous and heterologous protection against
subsequent challenge with either the homologous or cross-strain
protection, respectively. Each of these types of immune responses .
offers a potential advantage over existing vaccination strategies. The
use of PNVs to generate antibodies may result in an increased duration
of the antibody responses as well as the provision of an antigen that can
have both the exact sequence of the clinically circulating strain of virus
as well as the proper post-translational modifications and conformation
of the native protein (vs. a recombinant protein). The generation of
CTL responses by this means offers the benefits of cross-strain
protection without the use of a live potentially pathogenic vector or
attenuated virus. ~
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D. Further Description of the Background:
Thus, a major challenge to the development of vaccines

against viruses such as influenza, against which neutralizing antibodies
are generated, is the diversity of the viral envelope proteins among
different isolates or strains. As cytotoxic T-lymphocytes in both mice
and humans are capable of recognizing epitopes derived from conserved
intemnal viral proteins [J.W. Yewdell et al., Proc. Natl. Acad. Sci.
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-3- raised against one strains of influenza to react to a different
strain). As nentioned above, The Medical Letter suggests that certain

hi gh-ri sk, ol der individuals should be vaccinated tw ce in one season due
to short- lived proygeéHdBadittd @pekatiters. 3) The effectiveness of the

vacci ne i s subopti maly ’ ' of the next season's vaccine relies upon
predicting the upcom'aliu; Hlﬂ%ﬂ strains (via sentinel sanpli an I n
Asia), which is inex . ul't in-8& poor match between stl89HYused

for the vaccine and those that actually circulate in the field. Mreover,
as occurred during the 1992-1993 flu 10 season, a new H3N2 strain

(A'Bel ] 1ngl92) BesAYRS 1785 ld85) AR I Townsend, et al., Cell 44, 959 (1986);
A.J. McMichael et al., J. Gen. Virol. 67, 719 (1986); J. Bastin et al., J.
Exp. Med. 165, 1508 (1987); A.R.M. Townsend and H. Bodmer, Annu.
Rev. Immunol. 7, 601 (1989)], and are thought to be important in the
immune response against viruses {Y.-L. Lin and B.A. Askonas, J. Exp.
5 Med. 154, 225 (1981); 1. Gardner ef al., Eur. J. Immunol. 4, 68
(1974); K.L. Yap and G.L. Ada, Nature 273, 238 (1978); A.J.
McMichael ef al., New Engl. J. Med. 309, 13 (1983); P.M. Taylor and
B.A. Askonas, Immunol. 58, 417 (1986)], efforts have been directed
towards the development of CTL vaccines capable of providing
heterologous protection against different viral strains.
CD8+ CTLs kill virally-infected cells when their T cell
receptors recognize viral peptides associated with MHC class I
. molecules [R.M. Zinkernagel and P.C. Doherty, ibid. 141, 1427 (1975);
R.N. Germain, Nature 353, 605 (1991)]. These peptides are derived
from endogenously synthesized viral proteins, regardless of the
protein's location or function within the virus. Thus, by recognition of
epitopes from conserved viral proteins, CTLs may provide cross-strain
protection. Peptides capable of associating with MHC class I for CTL
recognition originate from proteins that are present in or pass through
the cytoplasm or endoplasmic reticulum [J.W. Yewdell and J.R.
Bennink, Science 244, 1072 (1989); A.R.M. Townsend et al., Nature
340, 443 (1989); J.G. Nuchtem et al., ibid. 339, 223 (1989)].
Therefore, in general, exogenous proteins, which enter the endosomal
processing pathway (as in the case of antigens presented by MHC class II
molecules), are not effective at generating CD8% CTL responses.
Most efforts to generate CTL responses have either used
replicating vectors to produce the protein antigen within the cell [J.R.
Bennink et al., ibid. 311, 578 (1984); J.R. Bennink and J.W. Yewdell,
- Curr. Top. Microbiol. Immunol. 163, 153 (1990); C.K. Stover et al.,
39 Nature 351, 456 (1991); A. Aldovini and R.A. Young, Nature 351,
479 (1991); R. Schafer et ¢l., J. Immunol. 149, 53 (1992); C.S. Hahn et
al., Proc. Natl. Acad. Sci. (USA) 89, 2679 (1992)], or they have
focused upon the introduction of peptides into the cytosol [F.R. Carbone
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during the latter phase of the flu season. This pronpted a change in the
conposition of the 1993-1994 vaccine_due to poor cross-reactivity with
Al Bei jing/ 92 of the antibody induced by the earlier H3N2 strain

(A Beijing/89) due to afbisi a5 BeniReplacedowever , due to the length of 15

time needed to nmake and [/REELIRERI B current licensed vaccine, the new
Lif k| during the 1992-1993 season despite
Ion

vacci ne strain could not:
t he evi dence for poor protec rom t he -ekisting vacci ne and t hd8972

i ncreased virulence of the new circulating H3N2 strain. Even when the
vaccine and circulating strains are well- 20 matched, the |licensed vaccine

! ! : .
30400 of 11 afhd ddaBeiiy s EXR Mo, F89, 685 (L0393 Bt Ol aP, Rifthde? ™"
the vaccine's eB#2c56¥ (1880); He Takahashki et abj itidc344 -8Pd(1990);tDeS. .
circulating strgiing 2P&PSICihhfifddl. 148, 3336 (1992); M.J. Newman et al., ibid.
148, 2357 (1992)]. Both of these approaches have limitations that may -
reduce their utility as vaccines. Retroviral vectors have restrictions on
the size and structure of polypeptides that can be expressed as fusion
proteins while maintaining the ability of the recombinant virus to
replicate [A.D. Miller, Curr. Top. Microbiol. Immunol. 158, 1 (1992)],
and the effectiveness of vectors such as vaccinia for subsequent
immunizations may be compromised by immune responses against the
vectors themselves [E.L. Cooney et al., Lancet 337, 567 (1991)]. Also,
viral vectors and modified pathogens have inherent risks that may
hinder their use in humans {R.R. Redfield et al., New Engl. J. Med.
316, 673 (1987); L. Mascola et al., Arch. Intern. Med. 149, 1569
(1989)]. Furthermore, the selection of peptide epitopes to be presented
is dependent upon the structure of an individual's MHC antigens and,
therefore, peptide vaccines may have limited effectiveness due to the
diversity of MHC haplotypes in outbred populations.
Benvenisty, N., and Reshef, L. [PNAS 83, 9551-9555,

(1986)] showed that CaCl2 precipitated DNA introduced into mice
intraperitoneally, intravenously or intramuscularly could be expressed.
The intramuscular (i.m.) injection of DNA expression vectors in mice
has been demonstrated to result in the uptake of DNA by the muscle
cells and expression of the protein encoded by the DNA [J.A. Wolff et
al., Science 247, 1465 (1990); G. Ascadi ef al., Nature 352, 815
(1991)]. The plasmids were shown to be maintained episomally and did
not replicate. Subsequently, petsistent expression has been observed
after i.m. injection in skeletal muscle of rats, fish and primates, and
cardiac muscle of rats {H. Lin et al., Circulation 82, 2217 (1990); R.N.
Kitsis et al., Proc. Natl. Acad. Sci. (USA) 88, 4138 (1991); E. Hansen
3% et al., FEBS Lett. 290, 73 (1991); S. Jiao ef al., Hum. Gene Therapy 3,

21 (1992); J.A. Wolff et ai., Human Mol. Genet. 1, 363 (1992)]. The

technique of using nucleic acids as therapeutic agents was reported in
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i ncl ude prevention of severe illness and secondary conplications, which 25

are reflected by prevention of-hespitalization (70%for the elderly living

at honme vs. 50-60% for the elden[y g£V|ng i n nursing hones) and prevention

of death (80% for ntjlfhw s i 5. nts). Herd imunity to reduce the
spread of |nfect|on | i ?ﬁ
n

ﬁrre is considered anot her benefit of
i rmuni zati on. MBHri stics of an lIdeal Universal |nfluenza
Vacci ne (Qbj ect s of t vent ion): -8- . 18972Y

WO90/11092 (4 October 1990), in which naked polynucleotides were
used to vaccinate vertebrates. '
It is not necessary for the success of the method that -
immunization be intramuscular. Thus, Tang et al., {Nature, 356, 152-
154 (1992)] disclosed that introduction of gold microprojectiles coated
> with DNA encoding bovine growth hormone (BGH) into the skin of
mice resulted in production of anti-BGH antibodies in the mice. Furth
et al., [Analytical Biochemistry, 205, 365-368, (1992)] showed that a jet
injector could be used to transfect skin, muscle, fat, and mammary
tissues of living animals. Various methods for introducing nucleic acids
10 as recently reviewed by Friedman, T., [Science, 244, 1275-1281
(1989)]. See also Robinson et al., Abstracts of Papers Presented at the
1992 meeting on Modem Approaches to New Vaccines, Including
Prevention of AIDS, Cold Spring Harbor, p92, where the im, ip, and iv
administration of avian influenza DNA into chickens was alleged to have
provided protection against lethal challenge. However, there was no
disclosure of which avian influenza virus genes were used. In addition,
only H7 specific immune responses were alleged, w1thout any mention
of induction of cross-strain protection.

Therefore, this invention contemplates any of the known
methods for introducing nucleic acids into living tissue to induce
expression of proteins. This invention provides a method for
introducing viral proteins into the antigen processing pathway to
generate virus-specific CTLs. Thus, the need for specific therapeutic
agents capable of eliciting desired prophylactic immune responses
against viral pathogens is met for influenza virus by this invention. Of
particular importance in this therapeutic approach is the ability to
induce T-cell immune responses which can prevent infections even of
virus strains which are heterologous to the strain from which the
antigen gene was obtained. Therefore, this invention provides DNA
constructs encoding viral proteins of the human influenza virus
nucleoprotein (NP), hemagglutinin (HA), neuraminidase (NM), matrix
(M), nonstructural (NS), polymerase (PB1 and PB2= basic polymerases
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1) Generation of group-comon (heterol ogous) protection. A universal
vacci ne woul d be able to protect against different strains, within an H3N2
subtype for exanple, and possibly even across subtypes, e.g., fromHLINL to
H3N2. This |ikely V\om'h;dsﬁaamﬂdae BR@bcdly cytotoxic T |ynphocytes (CTL)

recogni zi ng antigens f onserved viral proteins, although
neutralizing anti bodi glg} I nst conserved portions of

menbr ane- bound pr ot ei Iay a-pale. 10 2) Increased bI8RY: of
anti body response. Because CTL are thought to play a role in recovery from
di sease, a vaccine based solely upon a CIL response woul d be expected to

shorten the dur IIn SS ( otentially to the oi nt .of renderi-ng
i |l ness subcli ‘i?;i %{ﬁ‘r mPEaser)(ﬁr%}eQ%me P %‘éggiue BFHEEREY y. The

met hod of produghivh éﬁwdetprbdubts which generate specific CTLs.

The influenza virus has a ribonucleic acid (RNA) genome,
consisting of multiple RNA segments. Each RNA encodes at least one
gene product. The NP gene product binds to RNA and translocates
viral RNA into the nucleus of the infected cell. The sequence is
conserved, with only about 7% divergence in the amino acid sequence
having arisen over a period of 50 years. The P gene products (PB1,
PB2, PA) are responsible for synthesizing new viral RNAs. These
genes are even more highly conserved than the NP gene. HA is the
major viral envelope gene product. It is less highly conserved than NP.
It binds a cellular receptor and is therefore instrumental in the initiation
of new influenza infections. The major neutralizing antibody response
is directed against this gene product. A substantial cytotoxic T
lymphocyte response is also directed against this protein. Current
vaccines against human influenza virus incorporate three strains of
influenza virus or their HA proteins. However, due to the variability in
the protein sequence of HA in different strains, the vaccine must
constantly be tailored to the strains which are current in causing
pathology. However, HA does have some conserved elements for the
generation of CTLs, if properly presented. The NS1 and NS2 gene
products have incompletely characterized biological functions, but may
be significant in production of protective CTL responses. Finally, the
M1 and M2 gene products, which are slightly more conserved than in
HA, induce a major CTL response. The M1 protein is a very abundant
viral gene product. |

The protective efficacy of DNA vaccination against
subsequent viral challenge is demonstrated by immunization with non-
replicating plasmid DNA encoding one or more of the above mentioned
viral proteins. This is advantageous since no infectious agent is
involved, no assembly of virus particles is required, and determinant
selection is permitted. Furthermore, because the sequence of
nucleoprotein and several of the other viral gene products is conserved
among various strains of influenza, protection against subsequent
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I nfl uenza vacci ne by passage in eggs has been shown experinentally to be
capabl e of selecting for virus subpopul ations that have altered HA
antigenicity. AS‘a’lchI[ vaCC|ne ef fi cacy coul d be di m ni shed because the
antibody elicited by.td GpiRy not be conpletely effective 20

agai nst the predom n g strain. Thus, one would like to
generate anti bodi es 3{“ ﬂlw ‘Iﬁ"ﬂve an i nproved breadth of response
conpared to the curr he 1992- 98 |1 u season of fered ah8972Y

excel l ent case study of the limtations of the current vaccine in that the
vacci ne, which utilized A/Beijing/89, generated antibodi es which were 25

G i h i ch vedlleteliy 8 GRFisnt 5 it fon Al Indu R abRoedts oI, *

sane subt ype. Ihetemlngous tamlnen strain frose qeldoh dhe lchomedegene feobtained is
A/ Bei jing/92-1 ié&&ﬁé&ai ns differed fromthe A/ Beijing/89-

SUMMARY OF THE INVENTION
DNA constructs capable of being expressed upon direct

mtroductlon, via injection or otherwise, into animal tissues, are novel

- prophylactic pharmaceuticals. They induce cytotoxic T lymphocytes
(CTLs) specific for viral antigens which respond to different strains of
virus, in contrast to antibodies which are generally strain-specific. The
generation of such CTLs in vivo usually requires endogenous expression
of the antigen, as in the case of virus infection. To generate a viral
antigen for presentation to the immune system, without the limitations
of direct peptide delivery or the use of viral vectors, plasmid DNA
encoding human influenza virus proteins was injected into the
quddriceps of BALB/c mice, this resulted in the generation of influenza
virus-specific CTLs and protection from subsequent challenge with a
heterologous strain of influenza virus, as measured by decreased viral
lung titers, inhibition of weight loss, and-increased survival. High titer
neutralizing antibodies to hemagglutinin and antibodies to nucleoprotein
were generated in rhesus monkeys, and decreased nasal virus titers were
observed following homologous and heterologous challenge in ferrets.

10
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Key observations relating to our invention include:

1) Demonstration of efficacy. Heterologous protection is seen following
immunization with nucleoprotein (NP) DNA as measured by increased
survival, decreased viral lung titers, and inhibition of weight loss in
mice challenged with a strain of influenza different from the source
strain for the NP gene. In this case, the surface proteins of the two
strains were quite different (HIN1 vs. H3N2), and the challenge strain
arose 34 years after the initial strain. Immunization of ferrets with NP
DNA and matrix (M1) DNA, either separately, together, or in
conjunction with HA DNA, provided protection (decreased nasal virus
shedding) against challenge with a drifted strain (a clinical isolate).

25

30



i ke strains by only 11 point nutations (positions 133, 135, 145, 156, 30

157, 186, 190, 193193, 226, and 262) in the HAL region. It is not known

whet her the current nanufacturlng process influenced the | ack of

cross-reactivity, Sheet Has Beep Raglackqrpr-ovenent in the breadth of anti body

response i s desired ﬁ gwcreased duration of antibody responses.
e

Because one of the at is at highest risk for the norbidity
and nortality of |nfluenza I'n ion (eldetly) is also the group i§9AN0Om
protective antibody titers nmay decline too rapidly for annual inmunization
to be

Notably the protection by the DNA cocktail (NP and M1 DNA encoding
the Beijing/89 proteins, and HA DNA encoding either the Beijing/89 or
the Hawaii/91 HA) was greater against a drifted strain (Georgia/93) in
ferrets than that afforded by the licensed vaccine (containing
Beijing/89). The cocktail containing the HA DNA from Hawaii/91
appeared to be slightly more efficacious than the cocktail containing the
HA DNA from Beijing/89. The protection seen with the cocktail
including the HA DNA for Hawaii/91 resulted in protection identical to
the protection seen with the homologous HA DNA (Georgia/93),
whereas the cocktail with the HA DNA for Beijing/89 was different
from the homologous protection, although it still was significantly
better than the licensed product. HI antibody was generated in all
species tested including mice, ferrets, Rhesus monkeys, and African
green monkeys.

10

15 2) Persistence. In studies using a DNA encoding a reporter gene, the

presence of DNA and protein expression persisted for at Jeast 1.5 years

(the longest time tested in mice; Wolff et al., Human Mol. Genet.,

1992). Thus, if the influenza gene products also are expressed

persistently, the resulting immune response also should persist. The

20 antibodies and CTL (Yankauckas et al., DNA & Cell Biol., 1993), and
homologous protective immunity (MRL data) generated by influenza
DNA injection have been shown fo persist for over one year in mice.
Antibodies have been shown to persist in Rhesus monkeys for at least
one year so far. Duration of CTL responses and heterologous

23 protection (increased survival) persists to 6 months (the longest time
point tested thus far). A slight decline in the degree of heterologous
protection occurred, but the protection is boostable.

20 3) Dose ranging. Dosagé studies have been performed in Rhesus

monkeys showing that 100 pg of HA DNA given twice resulted in good
titers of HI antibody that have persisted to one year so far. The
generation of protection (increased survival following heterologous
challenge) in mice was seen with doses as low as 6 ug (given 3 times)



effective, an inproved vaccine shoul d generate protective titers of
antibody that persist |onger. C. Polynucleotides as a Vaccine 10

| nt ranmuscul ar i necutat+oen—of—potynucl eoti de constructs, i.e., DNA plasmds

encodi ng proteins have been s o result in the in situ generation of
the protein in rrusa‘,'m CIRFREST g cDNA pl asmi ds encoding viral -
proteins, both antij_:=f N Y J psponses re generated, providi

honol ogous and het er I tion agafist subsequent challenﬁ@mmrrh

ei ther the honol ogous or cross-strain protection, respectively. Each of
t hese types of imune responses offers a potential advantage over existing

vacci nation str. i ; P g i ' y result
i n an increase qugfagﬁﬂgégﬁgcngng§¥sPgéggﬁgg Eggﬁﬂgpﬁﬂggﬁﬁﬁg provi si on
of an antigen tHERbERAT mMjections (up to 3% improved the degree of profection.

Primate studies revealed that 2 injections of 10 or 100 g of DNA

encoding 3 HAs and NP and M1 (the latter encoding the H3N2

Beijing/89 genes) resulted in HI antibody titers quite similar to thase

3 generated by the licensed vaccine. It is important to remember that all
of the animals studied are naive to influenza, whereas the. target clinical
population (older individuals) are all experienced to flu. (Recall that
children under 9 are given 2 injections of the licensed vaccine.)

10

BRIEF DESCRIPTION OF THE FIGURES

~Fig. 1. Detection of NP plasmid DNA in muscle by PCR. Mice were
injected three times, at three week intervals, with RSV-NP DNA or
15 blank vector (100 pg/leg) into both quadriceps muscles of BALB/c
mice, followed by influenza infection.” The muscles were removed 4
weeks after the final injection and immediately frozen in liquid
nitrogen. They were then pulverized in lysis buffer (2SmM Tris-
H3PO4 pHS, 2mM trans-1:2-diaminocyclohexan-tetra-acetic acid
20 (CDTA), 2mM DTT, 10% glycerol, 1% Triton X-100) in a MIKRO-
DISMEMBRATOR™ (B. Braun Instruments), and high molecular
weight DNA was extracted by phenol/chloroform and ethanol
precipitation. A 40 cycle PCR reaction (PCR was performed as per
nstructions in Perkin Elmer Cetus GENEAMP™ kit) was performed to
. 25 detect the presence of NP plasmid DNA in muscle. A 772 base-pair
PCR product (see arrowhead), which spans from the CMV promoter
through most of the 5' portion of the inserted NP gene was generated
from an 18 base long sense oligonucleotide which primed in the
promoter region, (GTGTGCACCTCAAGCTGG, SEQ. ID:1:) and a 23
base long oligonucleotide antisense primer in the of the 5' portion of the
inserted NP sequence (CCCTTTGAGAATGTTGCACATTC, SEQ.
ID:2:). The 772 bp product is seen on an ethidium bromide-stained
agarose gel in selected NP DNA -injected muscle samples but not in the

30



20 have both the exact sequence of the clinically circulating strain of
virus as well as the proper post-translational nodifications and
conformati on of the native protein (vs. a reconbinant protein). The

generation of CTL 4% eSRONEEB.R¥dddiss Means offers the benefits of
' at el whe use of a live potentially pathogenic

cross-strain protec

vector or 25 attengmmiﬂr} . Further Description of the Background:
Thus, a major chall Revel opnent 13 vacci nes agai nst viI83EYsuch
as influenza, against which neutralizing anti bodies 30 are generated, is
the diversity of the viral envel ope proteins anong different isolates or
strains. As cytqtoxic T-I hqc i oth m.ce and . humans .are capabl e of
recogni zi ng epilﬁéﬁéé’eﬁg?ri %ﬁr&r@%ﬁdnge‘%ﬁ'éﬁlg %‘f%ﬁ@ch/r% mﬁ‘?‘@ﬁ%ﬁ Hgo‘fsf. W
Yewdel | et al . jdentificatieh nuribedandeight or left leg.

Fig. 2. Production of NP antibodies in mice iﬁjected with NP DNA.
Mice were injected with 100 ug V1-NP DNA in each leg at 0, 3 and 6

> weeks, and blood was drawn on 0,2, 5 and 8 weeks. The presence of
anti-NP IgG in the serum was assayed by an ELISA (J. J. Donnelly ez
al., J. Immunol. 145, 3071 (1990)), with NP purified from insect cells
that had been transfected with a baculovirus expression vector. The

Lo results are plotted as mean logi( ELISA titer + SEM (n=10) against

time after the first injection of NP DNA. Mice immunized with bla_nk
vector generated no detectable NP antibodies.

Fig. 3. Percent specific lysis, determined in a 4-hour S1Cr release
assay, for CTLs obtained from mice immunized with DNA. Mice were
15 immunized with 400 pg V1-NP DNA: (solid circles) or blank vector
 (solid squares) and sacrificed 3-4 weeks later. Negative control CTL
were obtained from a naive mouse (open triangles) and positive controls
from a mouse that had recovered from infection with A/HK/68 four
- weeks previously (solid triangles). Graphs depict data from
representative individual mice. At least eight individuals were studied
for each set of conditions. Panel A: Spleen cells restimulated with
NP147-155-pulsed autologous spleen cells and assayed against NP147-
155-pulsed P81S cells. Panel B: Spleen cells restimulated with NP147-
155-pulsed autologous spleen cells and assayed against P815 targets
25 infected with influenza A/V ictoria/73 (H3N2) for 6 hours before
addition of CTL. Panel C: Spleen cells restimulated with Con A and
IL-2 without additional antigen and assayed against P815 cells pulsed
with NP147-155. Panel D: Mice were injected with 200 pg per
injection of V1-NP DNA or blank vector three times at three week
intervals. Spleens were harvested 4 weeks after the last immunization,
spleen cells were cultured with IL-2 and Con A for 7 days, and CTL
were assayed against P815 target cells infected with A/Victoria/73.

20
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6 - (USA) 82, 1785 (1985); A R M Townsend, et al., Cell 44, 959 (1986);

A.J. Mchael et _al., J GCen M+et. 67, 719 (1986); J. Bastin et al., J.
Exp. Med. 165, 1508 (1987) A R M Townsend and H. Bodrer, Annu. Rev.

| munol . 7, 601 (19891) hee ught to be inportant in the inmmune
response agai nst VII’ ‘ and B. A. Askonas, J. Exp. Med. 154, 225
(1981); |I. Gardner e | mmunol . 4, 68 (1974); K L. Yap and G L.
Ada, Nature 273, 238 ( AJ MM chael 14t al . , New Engl. J. Y12%09,

13 (1983); P.M Tayl or and B. A Askonas, | nmunol. 58, 417 (1986)], efforts
have been directed

Fig. 4. Mass loss (in grams) and recovery in DNA-immunized mice
after unanesthetized intranasal challenge with 104 TCID50 of A/HK/68.
Mice were immunized three times at 3-week intervals with VI-NP DNA
or blank vector, or were not injected, and were challenged 3 weeks
after the last immunization. Weights for groups of 10 mice were
determined at the time of challenge and daily from day 4 for NP DNA-
injected mice (solid circles), blank vector controls (open triangles), and
uninjected controls (open circles). Shown are mean weights + SEM.
NP DNA-injected mice displayed significantly less weight loss on day 8

. through 13 than blank vector-injected (p<0.005) and uninjected mice
(p<0.01), as analyzed by the t-test. No significant difference was noted
between the two controls (p=0.8 by the t-test).

io

Fig. 5. Survival of DNA immunized mice after intranasal challenge
(under anesthesia) with 102.5 TCID50 of A/HK/68. Mice immunized
three times at three week intervals with VI-NP DNA (élosed circles) or
blank vector (open circles) and uninjected controls (open triangles)
were challenged three weeks after the final immunization. Percent
survival is shown for groups of 9 or 10 mice. Survival of NP DNA-
injected mice was significantly greater than controls (p=0.0004 by Chi-
square analysis), while no significant difference was seen between blank
vector-injected and uninjected mice (p=0.17 by Chi-square analysis).

15
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Fig. 6. Sequence of the expression vector V1J, SEQ.ID:10:.

25 Fig. 7. Sequence of the expression vector V1Jneo, SEQ. ID:18:.

Fig. 8. Sequence of the CMVintA-BGH promoter-terminator
sequence, SEQ. ID:11.

30 Fig. 9. Monkey anti-NP antibody



towards the devel opnent of CTL vacci nes capabl e of providing 10

het er ol ogous protectlon against different viral strains. CD8+ CTLs kill
viral ly-infected celTs when—theif ce T cell receptors recognize viral peptides
associ ated with Iecules [R M Zi nkernagel and P.C. Doherty,

I bid. 141, 1427 (l %%i n, Nature 353, 605 (1991)]. These
peptides are deriv H’ ! dogenousl y synthesized viral proteins,
regardl ess of the tion or £udckion within the virud8978Y%, by

recogni tion of epitopes fromconserved viral proteins, CTLs may provide
cross-strain protection. Peptides capable of associating with MHC cl ass |

for CTL recogn | oQaOr e fro tej pPRES r pass

t hrough 20 gt. gyigplfg%ﬁ?ﬁﬁe@ﬂggmtm i}a}lbﬁé&% 51 {;‘? mqp%and J.R

Benni nk, Sci enmdléaﬂngIbeml(mm!aprotecﬁvwlan%mbreemmanéth¢ axerageevalue
being denoted with a circle having a line through it.

Fig. 11. IgG Anti-NP antibody in ferrets after DNA immunization. |

Fig. 12. Influenza virus shedding in ferrets with and without DNA
immunization.

Fig. 13. Diagram of pRSV-PR-NP and VI-NP vectors. X denotes the
10 inserted coding region.

Fig. 14. Schematic of influenza proteins and strains.

L5 Fig. 15. Schematic of injected DNA processing inside a cell.
Fig. 16. Resistence of ferrets to influenza A/RP/8/34 induced by
immunization with HA and internal protein genes.

20 Fig.17. Schematic of V1Jns vector.

Fig. 18. African green monkeys were injected with a cocktail of
DNAs consisting of HA DNA (A/Beijing/89, B/Panama/90,
A/Texas/91), NP DNA (A/PR/34) and M1 DNA (A/PR/34). Each
component was either 10 pg (solid squares) or 100 g (solid circles)
administered twice with a six week interval (see arrows). For
comparison, other animals were injected with licensed subvirion (open
squares) and whole virion (open circles) vaccines at the full human dose
(45 pg protein equivalent; 15 pg per HA). Serum samples were
collected every two weeks for 18 weeks and analyzed for HI titer
against A/Beijing/89 HA. Data is represented as geometric mean HI
titer £ SEM where n=3,.

25

30



340, 443 (1989); J.G Nuchtemet al., ibid. 339, 223 (1989)]. Therefore, in
general , exogeW enter the endosomal processing pathway
(as in the case S presented by MHC class Il 25 nolecules), are
not effective at gener as%gc @RaceTL responses. Most efforts to generate
CTL responses hav’B1 eplicating vectors to produce the protein
antigen within the H mmm nink et al., ibid. 311, 578 (1984

Benni nk and J. W Y op. Mc+#dbi-ol. Inmunol. 163, 1538é1@¥0)

C. K Stover et al., 30 Nat ure 351, 456 (1991) A. Aldovini and R A Young,
Nat ure 351, 479 (1991); R Schafer et al. . I'mmunol . 149, 53 (1992); C S

e oo TR Felmalf SRLE i Y Bl yhadst yEh AR
NP DNA (200 pg) three times with three week intervals. egative
controls included mice mjected with control DNA (200 pg),
recombinant NP protein (10 pg), and naive, uninjected mice (mock).
For comparison, mice infected with influenza virus A/HK/68 (flu) were
also tested. CTL were obtained 6 months post-dose one and
restimulated in vitro with virus-infected, syngeneic spleen cells and
tested against NP peptide-pulsed P815 cells at an effector:target ratio of
10:1. Data represent % specific lysis +sd, where n=3.
10 Fig. 20. C3H/HeN mice were injected with normal C2C12 myoblasts
(1 X 107 cells), recombinant NP protein (2 pg), or NP-transfected
myoblasts (1 X 107 cells). This amount of NP protein (2 pg) was
sufficient to generate antibody responses and was equivalent to
approximately 100 times the amount of NP present in the transplanted
NP-transfected myoblasts. CTL were prepared from these mice six
weeks after treatment and restimulated in vitro with influenza virus-
infected syngeneic spleen cells. As a positive control, CTL were
prepared from mice that had been infected with influenza virus
A/HK/68. Untreated (solid bars), influenza virus A/Victoria/73-infected
(striped bars) and NP-transfected myoblasts (stippled bars) were used as
target cells at an effector:target ratio of 25:1. Data are presented as %
specific lysis + sd, where n=3.

15
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Fig. 21. Four week old female BALB/c mice were immunized
intramuscularly with 200 pg of NP DNA 3 times at 3 week intervals.
Mice were challenged 3 weeks after the third immunization with 300
TCIDS0 of A/HK/68 administered under anesthesia (total respiratory
tract challenge). The proportion of surviving mice (10 mice/group) is
plotted versus time after challenge.

25

30

Fig. 22. Four week old female BALB/c mice were immunized
intramuscularly with 100 pg of NP DNA 3 times at 3 week intervals.
Mice were challenged 3 weeks after the third immunization with 300



-7- and MJ. Bevan, J. Exp. Med. 169, 603 (1989); K Deres et al., Nature
342, 561 (1989); H. Takahashi et al., ibid. 344, 873 (1990); D.S. Collins
et al., J. Inmunol. 148, 3336 (1992); MJ. Newran et al., ibid. 148, 2357
(1992)]. Both of thesasapiHedeh®splited/e |inmtations that may reduce their
utility as vacci nes. ' tors have restrictions on 5 t he size
and structure of polygﬂﬂun- B{I¥ BolElcan be expressed as fusion proteins
whi | e mai ntai ning the e recomiifnant virus to replicall8FRAYD

Mller, Curr. Top. Mcrobiol. Immunol. 158, 1 (1992)], and the
effectiveness of vectors such as vaccinia for subsequent inmunizations may

be conprom sed %IHEBJ of A/BKRY administere 'utnﬁgr anesthesia (total respiratory
tract challenge). Mice were weighed daily and the proportion of the
initial weight was calculated for each surviving mouse. Mean percent of
initial weights are plotted + SEM versus time after challenge.

Fig. 23. Four week old female BALB/c mice were immunized
intramuscularly with 200 pg of NP DNA 3 times at 3 week intervals.
Mice were challenged 3 weeks after the third immunization with 2000
TCID50 of A/HK/68 administered without anesthesia (upper respiratory
tract challenge). Mice were euthanized 7 days after challenge, the lungs
were removed and homogenized, and viral titers were determined by
serial titration on MDCK cells.

10

Fig. 24. Four week old female BALB/c mice were immunized
intramuscularly with 6.25, 25, 100, or 200 ug of NP DNA 3 times at 3.
week intervals. Mice were challenged 3 weeks after the third
immunization with 300 TCID50 of A/HK/68 administered under
anesthesia (total respiratory tract challenge). The proportion of
surviving mice (10 mice/group) is plotted versus time after challenge.

15

20 Fig. 25. Four week old female BALB/c mice were immunized i.m. 3

times at 3 week intervals with 200 pg of A/PR/34 NP DNA, control
DNA, or sham injected. Mice were then challenged with 300 TCID50

of A/HK/68 under anesthesia 6, 12, and 25 weeks following the third

injection of DNA. Selected mice were reimmunized with 200 pg of NP
2> DNA at week 22 and then challenged at week 25 ("Reboost"). Mean
weights are shown as a percentage of the initial total weight for each
group. The control weight shown is the mean of the weights of all of
the control groups from the 6, 12, and 25 week challenges, a total of 6
groups that received control DNA or were sham injected. Groups.
initially contained 10 animals each; mice were excluded from further
weight analysis after death.
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vectors thenselves [E.L. Cooney et al., Lancet 337, 567 (1991)]. Al so,
viral vectors a;g,w,pat—hﬁg‘i—ms have i nherent risks that may hinder
their use in humans [R R Redfi(flq‘et al., New Engl. J. Med. 316, 673
(1987); L. Mascol gpgtneai¥as B afntern. Med. 149, 1569 (1989)].
Furthernore, the se i tide epitopes to be presented 15 is
dependent upon the ‘;mﬁ \\ﬁi n individual's IVHC anti gens and,

t herefore, peptide V nes may have |im-tl8l-ef fecti veness due td837Y

di versity of MHC hapl otypes in outbred popul ati ons. Benvenisty, N., and
Reshef, L. [PNAS 83, 9551-9555, (1986)] showed that CaCl [err] precipitated

nt ranuscul ar | §ioafa A8ulg2e28 UeHe iG] Ridls ST HOTE, IRRA G fRon o
DNA expr essi on witle lomg 6 DN Aeerivadinye dre Nehbrosi rABudjing/8% duiig oh DINA
uptake of DNA Ry L8 HRMA from A/Beijing/89, or 1 mg of each DNA combined,
on days 0 and 42. Control ferrets received noncoding DNA or a full
human dose (15 pg/strain) of the licensed whole virus influenza vaccine
(92-93 formulation) containing A/Beijing/89 on days 0 and 42. Ferrets
were challenged with A/Georgia/93 on day 56. Viral shedding in nasal
washes was determined as described above. Viral shedding on days 3-5
was compared with shedding in ferrets given control DNA by a two-
way analysis of variance. Shedding in ferrets given NP DNA, M1

10 DNA, or NP+M1 DNA was significantly lower (p<0.0001, 0.0016, and
<0.0001, respectively) than shedding in control ferrets. Shedding in
ferrets given NP (data not shown), M1, or NP+M1 was not significantly
different from shedding in ferrets given the licensed vaccine (p=0.104,
0.533, and 0.145, respectively). The immunization dose of 1 mg was
chosen arbitrarily; dose-ranging studies were conducted in nonhuman
primates.

15

Fig. 27. Groups of 8 male 22-25 week old ferrets were immunized
intramuscularly with control DNA, salin¢, or DNA encoding influenza
20 A/PR/8/34 proteins on days 0, 21, and 121, and were challenged
intranasally with 200 TCID50 of A/PR/8/34 on day 148. Immunized
animals received 1 mg of NP DNA, or 2 mg of NP, NS1, PB1, PB2,
and M1 DNA combined (400 pg each construct). Controls received 0.5
ml/leg of saline or 1 mg of control DNA. For purposes of analysis, the

25 groups that received saline and control DNA were combined (Control),
as were the groups that received NP DNA alone or in combination with
other internal protein genes (Internal). The graph shows the nasal wash
infectivity titers in TCID50 per 50 pl of a 3 ml volume of nasal wash

,, [luid. Undiluted wash fluid (the lowest dilution tested) was assumed to

be a 1:10 dilution of the original nasal exudate and a positive undiluted
sample was assigned a value of 1 log. Titers above 1 log were assigned
on the basis of Reed-Muench interpolation among three replicates to
yield a 50% infectivity endpoint. Samples that were negative when



cells and expression of the protein encoded by the DNA [J. A WIff et al.,
Sci ence 247, 1465 (1990); G Ascadi et al., Nature 352, 815 (1991)]. The
pl asm ds were shown—tobe maintained epi sonally and did not- replicate.
Subsequently, persis %k@ﬁcehas been observed after i.m injection

I n skeletal nuscle o hEins (g ] pri mates, and cardiac nmuscle of rats
[H Lin et al., Circul_mg ﬂ (1990); RN Kitsis et al., Proc.
Nat|. Acad. Sci. (USA)IIME 1); E [%ansen 30 et a., FEBESDT2Yt.

290, 73 (1991); S. Jiao et al., Hum Gene Therapy 3, 21 (1992); J. A WIff
et al., Human Mol. "Genet. 1, 363 (1992)]. The technique of using nucleic

acids as ther PR dled utdiiited were 4ss gonretde ad valte of 0 logs. Values for p shown on
the graph are computed for immunized ferrets vs controls on the
indicated days by the T-test for two means. Values for p for the entire
curves were computed by two-way analysis of variance and were
<0.0001 for NP vs control and <0.001 for the combined DNAs vs
control. '

Fig. 28. Survival of mice immunized with DNA and then challenged
with influenza virus. Mice were injected i.m. with 200 pg of DNA
encoding the HA from A/PR/34 or control (noncoding) DNA, three
times at three week intervals. Three weeks after the final immunization
mice were given total respiratory tract challenge (by intranasal
instillation under anesthesia) with 1000 TCID50 of A/PR/34. Data are
plotted as % survival versus time after challenge (n=9 or 10 mice per

group).

10

15

Fig. 29. Weight loss in mice immunized with DNA and then
challenged with influenza virus. Mice were injected i.m. with 200 pg of
DNA encoding the HA from A/PR/34 or control (noncoding) DNA,
three times at three week intervals. Three weeks after the final
immunization mice were given total respiratory tract challenge (by
intranasal instillation under anesthesia) with 1000 TCID50 of A/PR/34.
Data are plotted as % of initial weight for each individual animal,
averaged for each group, versus time. (Dead animals are excluded

from the mean.)

20

25

Fig. 30. Survival of mice immunized with DNA and then challenged
with influenza virus. Mice were injected i.m. with 1, 10, or 100 pg of
DNA encoding the HA from A/PR/34 or control (noncoding) DNA,
three times at three week intervals. Three weeks after the final
immunization mice were given total respiratory tract challenge (by
intranasal instillation under anesthesia) with 1000 TCID50 of A/PR/34.
Data are plotted as % survival versus time after challenge (=9 or 10
_mice per group).
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-8 - W0/ 11092 (4 Cctober 1990), in which naked pol ynucl eoti des were used
to vaccinate vertebrates. It is not necessary for the success of the nethod

t hat inmuni zati on be | ntranuscutar—Fhus, Tang et al., [Nature, 356, 152-

154 (1992)] discl osedrg introduction of gold mcroprojectiles coated
with DNA encodi ng bovi s}kﬂeta lagshe (BGH) into the skin of nice
resulted in production E nti bodies in the mce. Furth et al.,

[ Anal ytical Biocheni st il 68, {2092)] showed that a jetl89dR¥ct or
could be used to transfect skin, nuscle, fat, and marmary tissues of |iving
animals. Various nethods for introducing nucleic acids was recently
reviewed by Friedman, T., [Science, 244, 1275-1281 (1989)]. See al so

Robi nson et al_. Abstracts of Papers Presented at the ) .
Fig. 31. Groups of 8 male 22-25 week old ferrets were immunized

intramuscularly with control DNA, saline, or DNA encoding influenza
AJPR/34 proteins on days 0, 21, and 121, and were challenged
intranasally with 200 TCID50 of A/PR/34 on day 148. Immunized
> animals received 1 mg of HA DNA, or 2 mg of HA, NP, NS1, PB1,
PB2, and M1 DNA combined (330 pg each construct). Controls
received 0.5 ml/leg of saline or 1 mg of control DNA., For purposes of
analysis, the groups that received saline and control DNA were
combined (Control), as were the groups that received HA DNA alone or
in combination with other internal protein genes (HA, HA+Internal).
The graph shows the nasal wash infectivity titers in TCID50 per 50 ul
of a 3 ml volume of nasal wash fluid. Undiluted wash fluid (the lowest
dilution tested) was assumed to be a 1:10 dilution of the original nasal
exudate and a positive undiluted sample was assigned a value of 1 log.
Titers above 1 log were assigned on the basis of Reed-Muench
interpolation among three replicates to yield a 50% infectivity endpoint.
~Samples that were negative when tested undiluted were assigned a value
of 0 logs. Values for p for the entire curves were computed by two-
way analysis of variance and were <0.0001 for HA vs control and
<0.0001 for the combined DNAs vs control.
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Fig. 32. Adult (22-28 week old) male ferrets were immunized i.m.
with 1 mg of DNA encoding the HA from A/Georgia/93, on days 0 and
42. Control ferrets received noncoding DNA or a full buman dose (15
ng/fstrain) of the licensed whole virus influenza vaccine (92-93
formulation) containing A/Beijing/89 on days 0 and 42. Ferrets were
challenged with A/Georgia/93 on day 56. Viral shedding in nasal
washes was determined as described above. Viral shedding on days 1-6
was compared with shedding in ferrets given control DNA by a two-

- way analysis of variance. Shedding in ferrets given HA DNA was
significantly lower (p<0.0001) than shedding in control ferrets.

25
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1992 neeting on Mbdem Approaches to New Vaccines, |nc¢luding Prevention of
Al DS, Cold Spring-Harbor, p92, where the im ip, and iv admnistration of
avi an influenza DNA into chickens was all eged to have 15 provided

protection agai nstTthﬁl'@ﬁélasB)dmaRd sge. However, there was no discl osure of

whi ch avi an infl ue were used. In addition, only H7 specifi.c
| mmune responses t hout an% mention of induction of
cross-strain protectlon here e, this 2hvwention contenpl ates BY7BY the

known net hods for introducing nucleic acids into living tissue to induce
expression of proteins. This invention provides a method for introducing

o Dok TS RS A IO DRESH e IR A
of eliciting cxmhrbmg)oﬁDNAacmadmgﬁhaH efspmnAéHawau/% or 2 elngIS

(data not shown), on days 0 and 42. Control ferrets received noncoding

DNA or a full human dose (15 pg/strain) of the licensed whole virus

influenza vaccine (92-93 formulation) containing A/Beijing/89 on days
> 0and 42. Ferrets were challenged with A/Georgia/93 on day 56. Viral
shedding in nasal washes was determined as described above. Viral
shedding on days 1-6 was compared with shedding in ferrets given
control DNA by a two-way analysis of variance. Shedding in ferrets
given A/Hawaii/91 HA DNA was significantly lower (p<0.0001) than
shedding in control ferrets. Shedding in ferrets given A/Hawaii/91 HA
DNA was significantly less than shedding in ferrets given licensed
product (p=0.021 for A/Hawaii/91 HA DNA; two-way ANOVA for
days 1-6); shedding in ferrets given A/Beijing/89 HA DNA (data not
shown) was not significantly different from shedding in ferrets given
13 licensed product (p=0.058; two-way ANOVA for days 1-6).

(D- D
-
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Fig. 34. Adult (22-28 week old) male ferrets were immunized i.m.
with 1 mg of DNA encoding the HA from A/Hawaii/91 (see Figure 13),
or with 330 ug each of DNAs encoding the HA from A/Hawaii/91, and
29 the NP and M1 from A/Beijing/89, on days 0 and 42. Control ferrets
received noncoding DNA or a full human dose (15 pg/strain) of the
licensed whole virus influenza vaccine (92-93 formulation) containing
A/Beijing/89 on days 0 and 42. Ferrets were challenged with
A/Georgia/93 on day 56. Viral shedding in nasal washes was

25 determined as described above. Viral shedding on days 1-6 was
compared with shedding in ferrets given control DNA by a two-way
analysis of variance. Shedding in ferrets given HA+NP-|_-M1' DNA was
significantly lower than shedding in ferrets given licensed vaccine

20 (p<0.0001) or HA DNA alone (p=0.0053).

Fig. 35. Adult (22-28 week old) male ferrets were immunized i.m.
with 1 mg of DNA encoding the HA from A/Georgia/93, or with 330
pg each of DNAs encoding the HA from A/Hawaii/91, and the NP and



25 against viral pathogens is net for influenza virus by this invention.
O particular inportance in this thahapeeaiHeBapReéach 1S the ability to

i nduce T-cell inmune responses which fections even of virus
_ ich the antigen gene
e constructs encodi ng

strains which are heterol ogous to the

was obt ai ned. Therefore, this inventio

viral proteins of the human influenza virus nucl eoprotein (NP)

hemaggl utinin (HA), neuraminidase (NM), r@2+x (M, nonstructurallSON3Y,
pol ymerase (PB 1 and PB2= basi c pol ynerases -9- 1 and 2; PA= acidic
pol ynmerase) or any of the other influenza genes

M1 from A/Beijing/89, on days 0 and 42. Control ferrets received
noncoding DNA or a full human dose (15 pg/strain) of the licensed
whole virus influenza vaccine (92-93 formulation) containing
AfBeijing/89 on days 0 and 42. Ferrets were challenged with
A/Georgia/93 on day 56. Viral shedding in nasal washes was
determined as described above. Viral shedding on days 1-6 was
compared with shedding in ferrets given control DNA by a two-way
analysis of variance. Shedding in ferrets given HA+NP+M1 DNA was
not significantly different from virus shedding in ferrets given the
homologous HA DNA (p=0.064).

10

DETAILED DESCRIPTION OF THE INVENTION

This invention provides nucleic acid pharmaceuticals
which, when directly introduced into an animal, including vertebrates,
such as mammals and humans, induce the expression of encoded
proteins within the animal. Where the protein is one which does not
normally occur in that animal except in pathological conditions, such as
proteins associated with influenza virus, for example but not limited to
the influenza nucleoprotein, neuraminidase, hemagglutinin, polymerase,
matrix or nonstructural proteins, the animals’ immune system is
activated to launch a protective response. Because these exogenous
proteins are produced by the animals' own tissues, the expressed
proteins are processed and presented by the major histocompatibility
complex, MHC. This recognition is analogous to that which occurs
-upon actual infection with the related organism. The result, as shown in
this disclosure, is induction of immune responses which protect against
virulent infection.

This invention provides nucleic acids which, when
introduced into animal tissues in vivo, by injection, inhalation, or
impression by an analogous mechanism (see BACKGROUND OF THE
INVENTION above), the expression of the human influenza virus gene
product occurs. Thus, for example, injection of DNA constructs of this
invention into the muscle of mice, induces expression of the encoded
gene products. Likewise, in ferrets and rhesus monkeys. Upon
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whi ch encode produbts whi ch generate specific CILs. The influenza virus has
a ribonucleic acid (RNA) genome, consiThi Shee Haf BaddiRéplalde RNA segnents. Each

RNA encodes at | east one gene product. oduct binds to RNA and
transl ocates viral RNA into the nucleu ed cell. The sequence
I's conserved, with only about 7% diver no acid sequence

havi ng ari sen over a period of 50 years. The P gene products (PB 1, PB2,
PA) are responsible for synthesizing new 28ral RNAs. ~These genes ]8Pg2¥ven
nmore highly conserved than the NP gene. HA is the major viral envel ope gene
product. It is less highly conserved than NP. It binds a cellular receptor

Mniect i one. - Trotysehipht Eflidhee vith G Bob sl liscice tsing AOSPERbigh: not
this gene pr oduntforml)s kil cantrohnimalst arimalk mjected with the polynucleotide
vaccine exhibit much reduced morbidity and mortality. Thus, this
invention discloses a vaccine useful in humans to prevent influenza virus
infections.

We have shown that DNA constructs encoding influenza
viral proteins elicit protective immune responses in animals. As will be
described in more detail below, immune responses in animals have
included antibody and CTL generation in mice, antibody generation in
ferrets and primates, and protection from viral challenge in mice and
ferrets with homologous, drifted and shifted strains of influenza.
Perhaps the most striking result of immunization with DNA encoding
viral proteins was the ability to confer protection against distinct
subtypes of virus. This suggests that-adding a CTL-eliciting component
to a vaccine should serve to mitigate the impact of new variants which
arise in mid-season or are unanticipated when the vaccine strains are
chosen each year for the following year. Importantly, immunization
with cDNA vectors encoding an HA, NP and M1 gene was able to
protect more effectively against a drifted strain of virus in ferrets than
was the licensed vaccine. This provides a justification for the use of
constructs encoding internal genes in the PNV.

In one embodiment, the vaccine product will consist of
separate DNA plasmids encoding, for example, HA from the 3 prevalent
clinical strains representing A/HIN1 (A/Texas/91), A/H3N2
(A/Georgia/93), and B (B/Panama/90) viruses as well as DNA
constructs encoding the internal conserved proteins NP and M1 (matrix)
from both A (Beijing/89; H3N2) and B strains in order to provide
group-common protection against drifted and shifted antigens. The HA
DNAs will function by generating HA and resulting neutralizing
antibodies against HA. This will be type-specific, with some increased
breadth of protection against a drifted strain compared to the current
licensed, protein-based vaccine. The NP and M1 constructs will result
in the generation of CTL which will provide cross-strain protection
with potentially lower viral loads and with acceleration of recovery
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| ynphocyte response is al so directed against this protein. Current vaccines
agai nst human influenza virus incorpahakeeeiitB&nRijiaigns of influenza virus

or their HA proteins. However, due to [AbmIAWY in the protein
sequence of HA in different strains, t mllu t constantly be
tailored to the strains which are curr [ i pat hol ogy. However, HA

does have some-conserved el ements for the 20 generation of CTLs, if
properly presented. The NS1 and NS2 gene- pdeducts have inconpl et B8972Y
characterized bi-ol ogi cal functions, but nmay be significant in production of
protective CTL responses. Finally, the ML and M2 gene products, which are

SO o1 ROl UHRDek s eBONEReR AETbE DAL chTRRIE i Y, 1L,

of DNA vacci najpisemataiasteplicating, non-integrated form in the muscle cells) is
expected to provide an increased duration of protection compared to the
current vaccine. |

The anticipated advantages over the current, licensed
vaccines include: increased breadth of protection due to CTL responses
+ increased breadth of antibody, and increased duration of protection.
The PNV approach avoids the need to make, select and propagate
reassortants as is done for the current licensed vaccine since a new DNA
construct can be made more directly from a clinical field isolate.

In one embodiment of the invention, the human influenza
virus nucleoprotein, NP, sequence, obtained from the A/PR/8/34 strain,
is cloned into an expression vector. The vector contains a promoter for

'RNA polymerase transcription, and a transcriptional terminator at the
end of the NP coding sequence. In one preferred embodiment, the
promoter is the Rous sarcoma virus (RSV) long terminal repeat (LTR)
which is a strong transcriptional promoter. A more preferred
promoter is the cytomegalovirus promoter with the intron A sequence
(CMV-intA). A preferred transcriptional terminator is the bovine
growth hormone terminator. The combination of CMVintA-BGH
terminator is particularly preferred. In addition, to assist in
preparation-of the pharmaceutical, an antibiotic resistance marker is
also preferably included in the expression vector. Ampicillin resistence
genes, neomycin resistance genes or any other pharmaceutically
acceptable antibiotic resistance marker may be used. In a preferred
embodiment of this invention, the antibiotic resistence gene encodes a
gene product for neomycin resistence. Further, to aid in the high level
production of the pharmaceutical by fermentation in prokaryotic
organisms, it is advantageous for the vector to contain an origin of
replication and be of high copy number. Any of a humber of
commercially available prokaryotic cloning vectors provide these
benefits. In a preferred embodiment of this invention, these
functionalities are provided by the commercially available vectors
known as pUC. It is desirable to remove non-essential DNA sequences.
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subsequent viral challenge is dermnstrat ed b |rmun| zation with non-

replicating plasmd DNA encodi ng one 6bw ove nentioned vira
proteins. This is advantageous since no ent is 30 involved,
no assenbly of virus particles is reqU| m nant selection is

permtted. Furthernore, because the sequence of nucleoproteln and sever al
of the other viral gene products is conserved anong various strains of

i nfluenza, protection against subsequent -25--10- challenge by a vil BT 2Nt
strain of influenza virus that is honol ogous to or heterol ogous to the
strain fromwhich the cloned gene is obtained is

Thus, the lacZ and lacl coding sequences of pUC are removed in one
embodiment of the invention.

In one embodiment, the expression vector pnRSV is used,
wherein the rous sarcoma virus (RSV) long terminal repeat (LTR) is
used as the promoter. In another embodiment, V1, a mutated pBR322
vector into which the CMV promoter and the BGH transcriptional
terminator were cloned is used. The V1-NP construct was used to
immunize mice and induce CTLs which protect against heterologous
challenge. In a particularly preferred embodiment of this invention, the
elements of V1 have been been combined to produce an expression
vector named V1J. Into V1J is cloned an influenza virus gene, such as
an A/PR/8/34 NP, PB1, NS1, HA, PB2, or M1 gene. In yet another
emobodiment, the ampicillin resistance gene is removed from V1J and
replaced with a neomycin resistance gene, to generate V1J-neo
(SEQ.ID:18:, Figure 7), into which any of a number of different
influenza virus genes have been cloned for use according to this
invention. In yet another embodiment, the vector is V1Jns, which is the
same as V1J except that a unique Sfil restriction site has been
engineered into the single Kpnl site at position 2114 of V1J-neo. The
incidence of Sfil sites in human genomic DNA is very low
(aproximately 1 site per 100,000 bases). Thus, this vector allows
careful monitoring for expression vector integration into host DNA,
simply by Sfil digestion of extracted genomic DNA. In a futher
refinement, the vector is VIR. In this vector, as much non-essential
DNA as possible was "trimmed" from the vector to produce a highly
compact vector. This vector is a derivative of V1Jns and is shown in
Figure 36, (SEQ.ID.:45:). This vector allows larger inserts to be used,
with less concem that undesirable sequences are encoded and optimizes
uptake by cells when the construct encoding specific influenza virus
genes is introduced into surrounding tissue. In figure 36, the portions
of V1Jneo (Figure 7) that are deleted are shown as a gap, and inserted
sequence is in bold text, but the numbering of V1Jneo is unchanged.
The foregoing vector modification and development proceedures may
be accomplished according to methods known by those skilled in the art.
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enabl ed. SUMVARY OF THE | NVENTI ON DNA constructs capabl e of being expressed
upon direct introduction, via injecti %mgﬁee%laﬁéewk&ﬁcedl nto ani mal tissues,

are novel prophylactic phar maceuti cal s. ytotoxic T | ynphocytes
(CTLs) specific for viral antigens whic IM W| fferent strains of
virus, in contrast to antibodi es whi ch strain-specific. The
10 generation of such CTLs in vivo usually requires endogenous expression
of the antigen, as in the case of virus i@eection. To generate a Ig972Y

antigen for presentation to the i Mmune system w thout the limtations of
di rect  peptide delivery or the use of viral vectors pl asm d DNA encodi ng

BALE/ o i ce, ¢ IE PABiGHbioNueedesAled howeur hPtigh phyathed by “°P°
conventlonal means, are epecially useful for the pamcular purpose to
which they are adapted.

While one embodiment of this invention incorporates the
influenza NP gene from the A/PR/8/34 strain, more preferred
embodiments incorporate an NP gene, an HA gene, an NA gene, a PB
gene, a M gene, or an NS gene from more recent influenza virus
isolates. This is accomplished by preparing DNA copies of the viral
‘genes and then subcloning the individual genes. Sequences for many
genes of many influenza virus strains are now publicly available on
10 GENBANK (about 509 such sequences for influenza A genes). Thus,
any of these genes, cloned from the recent Texas, Beijing or Panama
isolates -of the virus, which are strains recommended by the Center for
Disease Control as being desirable in anti-influenza vaccines, are
preferred in this invention (see FLU-IMMUNE® influenza virus
vaccine of Lederle, Physicians Desk Reference, 1993, p1232, a trivalent
purified influenza surface antigen vaccine containing the hemagglutinin
protein from A/fTexas/36/91, HIN1; A/Beijing/353/89, H3N2; and
B/Panama/45/90). To keep the terminology consistent, the following
convention is followed herein for describing DNA constructs:

"Vector name-flu strain-gene". Thus, a construct wherein the NP gene
of the A/PR/8/34 strain is cloned into the expression vector V1Jneo, the
name it is given herein is: "V1Jneo-PR-NP". Naturally, as the etiologic
strain of the virus changes, the precise gene which is optimal for
incorporation in the pharmaceutical may change. However, as is
demonstrated below, because cytotoxic lymphocyte responses are
induced which are capable of protecting against heterologous strains, the
strain variability is less critical in the novel vaccines of this invention, as
compared with the whole virus or subunit polypeptide based vaccines.
In addition, because the pharmaceutical is easily manipulated to insert a
new gene, this is an adjustment which is easily made by the standard
techniques of molecular biology.

. Because the sequence of nucleoprotein is conserved among
various strains of influenza, protection was achieved against subsequent
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virus-specific CTLs and protection from subsequent challenge with a
het er ol ogous strain of influenza virusThieShestHasBeerREphaed decr eased vi ral

titers, inhibition of weight |oss, and i ival. Hgh titer
neutralizing anti bodies to hemaggl uti ni

were generated in rhesus nonkeys, and d virus titers were
observed foll ow ng honol ogous and heterol ogous. challenge in ferrets.
observations relating to our invention indfude: 1) Denonstrationl8972Y
ef fi cacy. Heterol ogous protection is seen follow ng 25
nucl eoprotein (NP) DNA as neasured by increased survival,

of influenza Z%Heér%e?;# 'rag\/nriqr?l:e]:g\f\gi()rgﬂtgf m%#afr%ﬁf\aﬁg&klg%gﬁgoﬁiﬁ(ﬂl it rain

lung titers,

| ung

S to nucl eoprotein
Key

i nmuni zation with
decreased viral

case, the surf@eestpiofepms whrich tee gane for analeopeoteinwasecloneder ent  (HINL
vs. H3N2),  andChiifparisdns STINPStrbf flumerous strains of influenza A have shown
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no significant differences in secondary structure [M. Gammelin et al.,
Virol. 170, 71, 1989] and very few changes in amino acid sequence [O.
T. Gorman et al., J. Virol. 65, 3704, 1991]. Over an approximately 50
year period, NP in human strains evolved at a rate of only 0.66 amino
acid changes per year. Moreover, our results which show that
A/HK/68-specific CTLs recognize target cells pulsed with the synthetic
peptide NP(147-155) derived from the sequence of A/PR8/34 NP
indicate that this H-2Kd-restricted CTL epitope has remained .
functionally intact over a 34 year span (see Figure 2). It should be
noted also that where the gene encodes a viral surface antigen, such as
hemagglutinin or even neuraminidase, a significant neutralizing
humoral (antibody) immune response is generated in addition to the
very important cytotoxic lymphocyte response.

The 1.m. injection of a DNA expression vector encoding a
conserved, internal protein of influenza A resulted in the generation of
significant protective immunity against subsequent viral challenge. In
particular, NP-specific antibodies and primary CTLs were produced.
NP DNA immunization resulted in decreased viral lung titers, inhibition
of weight loss, and increased survival, compared to controls. The
protective immune response was not mediated by the NP-specific
antibodies, as demonstrated by the lack of effect of NP antibodies alone
(see Example 4) in combating a virus infection, and was thus likely due
to NP-specific cellular immunity. Moreover, significant levels of
primary CTLs directed against NP were generated. The protection was
against a virulent strain of influenza A that was heterologous to the
strain from which the DNA was cloned. Additionally, the challenge
strain arose more than three decades after the A/PR/8/34 strain,
indicating that immune responses directed against conserved proteins
can be effective despite the antigenic shift and drift of the variable
envelope proteins. Because each of the influenza virus gene products
exhibit some degree of conservation, and because CTLs may be



30 arose 34 years after the initial strain. Inmunization of ferrets with
NP DNA and matrix (ML) DNA, either seppissh&lNasBtagejldtar, or in conjunction

with HA DNA, provided protection (decre us sheddi ng) agai nst
challenge with a drifted strain (a cli nmﬂm&mlﬂgl -11 - Notably the
protection by the DNA cocktail (NP and g the Beijing/89
proteins, and HA DNA encoding either the Beijing/89 or the Hawaii/ 91 HA)
was greater against a drifted strain (Geer28a/93) in ferrets thanl§HRY
afforded by the |Iicensed vaccine (containing Beijing/89). The cocktail

containing the HA DNA from Hawaii/91 .
generated in response to intracellular expression and MHC processing, it
is predictable that other influenza virus genes will give rise to responses
analogous to that achieved for NP. Methods for identifying
immunogenic epitopes are now well known in the art [see for example
Shirai et al., J. Immunol 148:1657-1667, 1992; Choppin et al., J.

> Immunol 147:575-583, 1991; Calin-Laurens, et al., Vaccine 11:974-
978, 1993]. Thus, many of these genes have been cloned, as shown by
the cloned and sequenced junctions in the expression vector (see below)
such that these constructs are prophylactic agents in available form.

Therefore, this invention provides expression vectors
encoding an influenza viral protein as an immunogen. The invention
offers a means to induce cross-strain protective immunity without the
need for self-replicating agents or adjuvants. In addition, immunization
with DNA offers a number of other advantages. First, this approach to
vaccination should be applicable to tumors as well as infectious agents,
since the CD8* CTL response is important for both pathophysiological
processes [K. Tanaka et al., Annu. Rev. Immunol. 6, 359 (1988)].
‘Therefore, eliciting an immune response against a protein crucial to the
transformation process may be.an effective means of cancer protection
or immunotherapy. Second, the generation of high titer antibodies
against expressed proteins after injection of viral protein (NP and
hemagglutinin) and human growth hormone DNA, [see for example D.-
¢. Tang et al., Nature 356, 152, 1992], indicates this is a facile and
highly effective means of making antibody-based vaccines, either
separately or in combination with cytotoxic T-lymphocyte vaccines
targeted towards conserved antigens.

The ease of producing and purifying DNA constructs
compares favorably with traditional protein purification, facilitating the
generation of combination vaccines. Thus, multiple constructs, for
example encoding NP, HA; M1, PB1, NS1, or any other influenza virus
gene may be prepared, mixed and co-administered. Finally, because
protein expression is maintained following DNA injection [H. Lin et al.,
Circulation 82, 2217 (1990); R.N. Kitsis et al., Proc. Natl. Acad. Sci.
(USA) 88, 4138 (1991); E. Hansen et al., FEBS Lett. 290, 73 (1991);
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5

t he
t he
seen

appeared to be slightly nore efflcaC| ous than the cocktail

cont ai ni ng

HA DNA from Beijing/89. The protect les¢d cocktail including
HA DNA for Hawaii/91 resulted in pro uﬂf to the protection

wi th the honol ogous HA DNA (Georgi a

he cocktail with the

HA DNA for Beijing/ 89 was different fromthe honol ogous protection,
ough it still was significantly better than the |icensed product.
body was generated in all species test28 4 ncluding nice, ferré8§72Y

alth
ant i
Rhes
usin
expr
m ce;

us nonkeys, and African green nonkeys. 15 2) Persistence.

I n studies

g a DNA encoding a reporter gene, the presence of DNA and protein

essi on persis f.or ea ted in
Vol ffpet jﬁ nafi}(ﬂn %‘F&ﬁ 93 éi ‘?ﬁggﬂpg‘ﬁﬁr Ngbﬁ#%\za gene

products al so aHumpM;sls&bnet 1, 363 (1992)] the persistence of B- and T-cell

memory may be enhanced [D. Gray and P. Matzinger, J. Exp. Med.

174, 969 (1991); S. Ochen et al., ibid. 176, 1273 (1992)], thereby

engendering long-lived humoral and cell-mediated immunity.

‘The current limitations of licensed influenza vaccines

emphasize the need for development of more effective means for
prevention of infection and amelioration of disease. The older vaccines
provide limited protection, are effective against only a few, selected
strains of virus, and wane in their efficacy after a short period. Thus,

10

the current vaccines must be reformulated for yearly inoculation in

order to be effective. Generation of an improved CTL response against

internal proteins would likely provide significant long-term,

reactive immunity not now elicited by licensed vaccine.

Cross-

We have demonstrated protein expression from PNV

15

constructs in mice, ferrets, and non-human primates by detection of host

immune response directed against influenza antigens. Injection of mice
with DNA encoding influenza NP has resulted in increased survival,
decreased viral lung titers and less weight loss in comparison with
control animals following challenge with influenza subtypes (shifted
20 strains) different from that included in the DNA constructs. We have

also observed decreased viral shedding following challenge with shifted
strains in ferrets inoculated with NP DNA. These results indicate that

- protection against a major shift in influenza strains is aided by a DNA

_ vaccine that includes genes encoding NP. Injection with HA DNA

25 followed by challenge of experimental animals with drifted virus strains
resulted in an even more substantial decrease in virus shedding. The
addition of the internal protein DNA slightly augmented the high degree
of protection observed after injection of HA DNA alone.

The immune response to influenza DNA has been followed

30

in mice for as long as six months after injection, with persistence of

antibodies, CTL activity, and in vivo protection. Repeat injection of
DNA further increased survival following challenge at 25 weeks with an
influenza strain of different subtype and indicated an ability to boost



- . —'//——____
persistently, the resulting i nmune response al so should persist. The 20

anti bodi es and CTL (Yankauckas et al. THB\%e&H@GE@WIBP , 1993), and

honol ogous protective imunity (MRL dat |nfluenza DNA

i nj ection have been shown to persi st foa in mce. Antibodies
have been shown to persist in Rhesus no or at Ieast one year so far.

Duration of CTL responses and heterologous protectlon (|ncreased s rV| al)
persists to 6 nmonths (the longest time peidk-tested thus far). ﬁy
decline in the degree of heterol ogous protection occurred, but the
protection is boostable. 3) Dose rangi ng. Dosage studies have been

esultod i n goBEOPREs Segrneiad Aoy ARHLGHY rird) teﬁéa%"* 32%%’59%;1? o

far. The gener documentecdhfart atcleasthone yearfollving two anjections af i(l

heterol 0gouUs  gith persistence for at least nine months following a single 1nJect10n of
PL&])FU\lnuAfhcangyeenxnonkcys

The results of these animal experiments indicate that direct
DNA injection provides an improved method for protection of humans
against influenza infection and disease. Of note, experimental protection
by DNA injection was achieved through vaccination of unprimed mice
and ferrets. Adult humans vaccinated with DNA will have previously
been exposed to influenza. These persons will demonstrate an even more
substantial immune response, possibly of increased duration, following
immunization with DNA constructs.

A range of doses is compared for immunogenicity in order

_ to optimize concentrations for use. In small mammal experiments, as
little as 1 ug of NP DNA induced antibody and CTL responses.
Immunization of Rhesus monkeys demonstrated antibody response in 2
of 2 animals with doses of 100 and 1000 ug of HA DNA (A/PR/08/34),
while 1 of 2 animals responded to a single 10 ug injection. In separate
experiments, naive African Green monkeys were injected with a
mixture of five different DNA constructs encoding HA from three virus
subtypes as well as DNA encoding NP and M1 from influenza A virus.
Three of three monkeys in each group responded to vaccines which
included 10 ug or 100 ug of each of the five constructs. Based on these
findings, it is predictable that dosages of 10, 50, 100, and 200 ug of
DNA are efficacious in man.

Prevention of infection by licensed, inactivated, vaccine
correlates with serum and mucosal antibody levels directed against HA
but is not correlated with antibody responses to internal influenza
proteins. Thus, HA must be included in the development of the influenza
DNA vaccine. However, immune response to NP enhances antibody
response to HA, and influenza internal proteins provide a CTL response
cross-reactive with antigenically diverse strains of influenza. As noted -
above, animal experimentation has also indicated improved
immunogenicity and protection when injections included DNA
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R —
chal.l enge) in mce was seen with doses as lowas 6 [err]g (given 3 tines)
0 7 APR 1997 -12- and with a single 'ﬂmﬁs&kﬂnt&mR@mwﬁbrr]g but in general

an increased nunber of injections (up t the degree of
protection. Primate studies revealed th lﬁﬁﬂl s of 10 or 100 [err]g
of DNA encoding 3 HAs and NP and ML (th ncodlng t he H3N2
Beijing/ 89 genes).resulted in H antibody titers quite simlar to those

generated by the licensed vaccine. It is 3hportant to renenber tHR72Y 1 of
the animals studied are naive to influenza, whereas the target clinical

constructs encoding internal proteins as well as HA. Inclusion of DNA
constructs encoding internal proteins would likely enhance the efficacy
of the DNA vaccine in humans. Since dosage levels are likely to be
dependent upon interactions of these components, routine testing will
allow one skilled in the art to determine the amount of DNA in the
vaccine to make a mixture of HA, NP and M1 DNA constructs. Host
response to each of these components can be measured separately, with
comparisons of hemagglutinin inhibition (HI) titers and neutralizing

~ against the HA components and CTL responses against M1 and NP
epitopes. Results are compared with antibody responses following
injection of constructs which express only HA. These studies allow
evaluation of the potential enhanced response to a vaccine containing
DNA encoding HA as well as internal proteins..

Human efficacy is shown in volunteers who receive
influenza DNA vaccine, followed by an intranasal challenge in order to
show vaccine efficacy against similar virus strains as well as influenza
strains of different subtype. The composition, dosage and administration
regimens for the vaccine are based on the foregoing studies. Clinical
efficacy is shown by infection rate, illness scores, and duration of
illness. These clinical findings are compared with laboratory evaluation
of host immune response and viral shedding in order to determine
surrogate markers which correlate with protection.

The standard techniques of molecular biology for
preparing and purifying DNA constructs enable the preparation of the
DNA therapeutics of this invention. While standard techniques of
molecular biology are therefore sufficient for the production of the
products of this invention, the specific constructs disclosed herein
provide novel therapeutics which surprisingly produce cross-strain
protection, a result heretofore unattainable with standard inactivated
whole virus or subunit protein vaccines.

The amount of expressible DNA to be introduced to a
vaccine recipient will depend on the strength of the transcriptional and
translational promoters used in the DNA construct, and on the
immunogenicity of the expressed gene product. In general, an
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popul ation (ol der individuals) are all experienced to flu. (Recall that
children under 9 are given 2 injectiorfbis§hectiieBécn Benlssedd vacci ne.) 10 BRI EF
DESCRI PTION OF THE FIGURES Fig. 1. Dete asm d DNA in nuscle by
PCR. Mce were injected three tines, at tervals, with RSV-NP
DNA or 15 blank vector (100 [err]g/leg) 1nto both quadriceps nuscles of
BALB/c mice, followed by influenza infection. The muscles were renoved 4
weeks after the final injection and i medi3d®ely frozen in |iquid H%¥120Gen.
They were then pulverized in lysis buffer (25nmM Tris- Herr]PJerr] pHS,
2mM trans-1: 2-di am nocycl ohexan-tetra-acetic acid 20 (CDTA), 2mM DTT, 10%

et ot ey mnoloSAILE O DrophyacticAITy etectve dose df 46vutT Ao 1
mg, and preferably about 10 pg to 300 pg is administered directly into
muscle tissue. Subcutaneous injection, intradermal introduction,
impression through the skin, and other modes of administration such as
intraperitoneal, intravenous, or inhalation delivery are also
contemplated. It is also contemplated that booster vaccinations are to be
provided. |

The DNA may be naked, that is, unassociated with any
proteins, adjuvants or other agents which impact on the recipients
immune sytem. In this case, it is desirable for the DNA to be in a
physiologically acceptable solution, such as, but not limited teo, sterile
saline or sterile buffered saline. Alternatively, the DNA may be
associated with liposomes, such as lecithin liposomes or other liposomes
known in the art, as a DNA-liposome mixture, (see for example
W09324640) or the DNA may be associated with an adjuvant known in
the art to boost immune responses, such as a protein or other carrier.
Agents which assist in the cellular uptake of DNA, such as, but not
limited to, calcium ions, viral proteins and other transfection facilitating
agents may also be used to advantage. These agents are generally '
referred to as transfection facilitating agents and as pharmaceutically
acceptable carriers. As used herein, the term gene refers to a segment
of nucleic acid which encodes a discrete polypeptide. The term
pharmaceutical, and vaccine are used interchangeably to indicate
compositions useful for inducing immune responses. The terms
construct, and plasmid are used interchangeably. The term vector is
used to indicate a DNA into which genes may be cloned for use
according to the method of this invention.

Accordingly, one embodiment of this invention is a method
for using influenza virus genes to induce immune responses in vivo, in a
vertebrate such as a mammal, including a human, which comprises:
a) isolating the gene, :
b) linking the gene to regulatory sequences such that the gene is
operatively linked to control sequences which, when introduced into a
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wei ght DNA was extracted by phenol / chtoroformand ethanol precipitation. A
40 cycle PCR reaction (PCR was perfor | @t ions in Perkin

El mer Cetus CGENEAMP[err] kit) was per']trgfras il nediRe tect the presence of
NP plasmid DNA in nuscle. A 772 base- paiﬁn | m‘.&r(see arr owhead),

whi ch spans fromthe CW pronoter throu 5" portion of the

I nserted NP gene was generated froman 18 base | ong sense oligonucl eoti de
which primed in the pronoter region, (GIGI88ACCTCAAGCTGG SEQ | DI&972¥nd a

23 30 base |ong oligonucleotide antisense priner in the of the 5 portion
of the inserted NP sequence (CCCTTTGAGAATGITGCACATTC, SEQ 1ID:2:). The 772

DB o0t I Bt ol Tt 303 Se o a5

of the gene,
c) introducing the gene into a living tissue, and
d) optionally, boosting with additional influenza gene.

' A preferred embodiment of this invention is a method for
protecting against heterologous strains of influenza virus. This is
accomplished by administering an immunologically effective amount of
a nucleic acid which encodes a conserved influenza virus epitope. For
example, the entire influenza gene for nucleoprotein provides this
function, and it is contemplated that coding sequences for the other
influenza genes and portions thereof encoding conserved epitopes within
these genes likewise provide cross-strain protection.

| - In another embodiment of this invention, the DNA vaccine
encodes human influenza virus nucleoprotein, hemagglutinin, matrix,
nonstructural, or polymerase gene product. Specific examples of this
embodiment are provided below wherein the human influenza virus
~gene encodes the nucleoprotein, basic polymerasel, nonstructural

-proteinl, hemagglutinin, matrix1, basic polymerase2 of human
influenza virus isolate A/PR/8/34, the nucleoprotein of human influenza
virus isolate A/Beijing/353/89, the hemagglutinin gene of human
influenza virus isolate A/Texas/36/91, or the hemagglutinin gene of
human influenza virus isolate B/Panama/46/90.

In specific embodiments of this invention, the DNA
construct encodes an influenza virus gene, wherein the DNA construct is
capable of being expressed upon introduction into animal tissues in vivo
and generating an immune response against the expressed product of the
encoded influenza gene. Examples of such DNA constructs are:
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a) pnRSV-PR-NP,
b) V1-PR-NP, '

309 V1J-PR-NP, the 5' end of which is SEQ. ID:12:,
d) V1J-PR-PB1, the 5' end of which is SEQ. ID:13:,
e) V1J-PR-NS, the 5' end of which is SEQ. ID:14;,
) V1J-PR-HA, the 5' end of which is SEQ. ID:15:,



-13- blank vector control (600L) Label i ng above each | ane indicates nouse
I dentification nunber and right or | ef'lﬂlls|Sb@tH£Bg:nR2placEﬁ‘ oduction of NP

antibodies in mce injected with NP jected with 100 [err]g
V1-NP DNA in each leg at O, 3and65 ood was drawn on 0, 2,
5 and 8 weeks. The presence of ant| um was assayed by an

ELISA (J. J. Donnelly et al. : Im"runol 145 3071 (1990)), with NP
purified frominsect cells that had been-t3hnsfected with a bacul BRAFAK
expression vector. The results are plotted as nean log[err] ELISA titer
SEM (n=10) against time after the first injection of NP DNA. M ce i nmuni zed

wth blank 4 " V1J-PR-PB2, the 5' end of which is SEQ. ID:16:,
~ h) V1J-PR-MI, the 5' end of which is SEQ. ID:17:,
i) V1Jneo-BJ-NP, the 5' end of which is SEQ. ID:20: and
the 3' end of which is SEQ. ID:21:,
)] V1Jneo-TX-NP, the 5" end of which is SEQ. ID:24 and
3 the 3' end of which is SEQ. ID:25: and
k) V1Ineo-PA-HA, the 5' end of which is SEQ. ID:26: and
the 3' end of which is SEQ. ID:27:
D V1Jns-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and
10 the 3' end of which is SEQ. ID:47:,
m) V1Jns-TX-HA (A/Texas/36/91), construct size 6.56 Kb,

the 5' end of which is SEQ.ID:48: and
the 3' end of which is SEQ. ID:49:,

n) V1Jns-PA-HA (B/Panama/45/90), construct size 6.61 Kb,
15 the 5' end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,
0) V1Jos-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,

the 5' end of which is SEQ.ID:52: and
the 3' end of which is SEQ. ID:53:,
20 1) Vilns-BJ-M1 (A/Beijing/353/89), construct size 5.62 Kb,
the 5' end of which is SEQ.ID:54: and
the 3' end of which is SEQ. ID:55:,

qQ V1Ins-PA-NP (B/Panama/45/90), construct size 6.54 Kb,
the 5’ end of which is SEQ.ID:56: and
25 the 3' end of which is SEQ. ID:57:,
r) V1Ins-PA-M1 (B/Panama/45/90), construct size 5.61 Kb,

. the 5' end of which is SEQ.ID:58: and
the 3" end of which is SEQ. ID:59:,.
30 The following examples are provided to further define the
invention, without limiting the invention to the specifics of the
examples.



vector generated no detectable NP antibodies. Fig. 3. Percent specific

| ysis, determined in a 4-hour [err] Crmi@hease BaaReplaced or CTLs obt ai ned from
mce imuni zed with DNA. M ce were 15 h400 [err]g V1-NP DNA
(solid-circles) or blank vector (soli dmmgmgrm! sacrificed 3-4 weeks

| ater. Negative control CTL were obtai nal've nouse (open -
triangles) and positive controls froma muse that had recovered from
infection with A/HK/ 68 four weeks previ ou§5y- (solid triangles).

depict data from 20 representative individual- mce. At |east eight

I ndi vidual s were studied for each set of conditions. Panel A Spleen cells
restimul ated with NP147-155- pul sed augm?jgl een cells and assayed

agai nst NP147- 155- uI sed P815 ceI l's I een_cells restl mul at ed
with NP147- 15BRERARAHG As QBANEH HIJMAR

targets INFI ,UENZA VIRUS PROTE]NS

). pnRSV-PRNP: The A/PR/8/34 NP gene was isolated from pAPR-
501 [J.F. Young et al., in The Origin of Pandemic Influenza Viruses,
W.G. Laver, Ed. (Elsevier Science Publishing Co., Inc., 1983)] asa
1565 base-pair EcoRI fragment, Klenow filled-in and cloned into the
Klenow filled-in and phosphatase-treated Xbal site of pRSV-BL. pRSV-
BL was constructed by first digesting the pBL-CAT?3 [B. Luckow and
¥ a. Schutz, Nuc. Acids Res. 15, 5490 (1987)] vector with Xho I and Nco
I to remove the CAT coding sequence and Klenow filled-in and self-
ligated. The RSV promoter fragment was isolated as an Nde I and
Asp718 fragment from pRshgmx [V. Giguere et al., Nature 330, 624
(1987)], Klenow filled-in and cloned into the HindIII site of the

5

15 " intermediate vector generated above (pBL-CAT lacking the CAT
sequence).
ii) VI-NP: The expression vector V1 was constructed from pCMVIE-
. AKI-DHFR [Y. Whang et al., J. Virol. 61, 1796 (1987)]. The AKI and
2

DHFR genes were removed by cutting the vector with EcoR I and self-
ligating. This vector does not contain intron A in the CMV promoter,
so it was added as a PCR fragment that had a deleted internal Sac I site
[at 1855 as numbered in B.S. Chapman et al., Nuc. Acids Res. 19, 3979
(1991)]. The template used for the PCR reactions was pCMVintA-Lux,
23> made by ligating the Hind III and Nhe I fragment from pCMV62a120
[see B.S. Chapman ef al., ibid.,] which includes hCMV-IE1
enhancer/promoter and intron A, into the Hind III and Xba I sites of
pBL3 to generate pCMVIntBL. The 1881 base pair luciferase gene
fragment (Hind III-Sma I Klenow filled-in) from RSV-Lux [J.R. de Wet
3% et al., Mol. Cell Biol. 7, 725, 1987] was cloned into the Sal I site of
pCMVIntBL, which was Klenow filled-in and phosphatase treated.

The primers that spanned intron A are:



25 infected with influenza A/ Victorial 73 (H3ND—for—6_hours before addition
of CTL. Panel C. Spleen cells restinulg ith Con A and IL-2 without
addi tional antigen and assayed agai nst hesdd Wi th NP147-155.
Panel D. Mce were injected with 200 [e H ' Iil tion of V1-NP DNA or
bl ank vector three tinmes at three week i Spl eens were
harvested 4 weeks after the last immnization, spleen cells were cultured
with IL-2 and Con A for 7 days, and CTL w86e assayed agai nst P8158932¥et

cells infected with A/ Victorial73. -14 - Fig. 4. Mass loss (in gramns)
and recovery in DNA-imuni zed m ce

5' primer, SEQ. ID:5:

5-CTATATAAGCAGAG CTCGTTTAG-3'".

The 3' primer, SEQ ID:6:
5“GTAGCAAAGATCTAAGGACGGTGA CTGCAG-3'

The brimers used to remove the Sac I site are‘:

sense primer, SEQ ID:7:
5-GTATGTGTCTGAAAATGAGCGTGGAGATTGGGCTCGCAC-3'
and the antisense primer, SEQ ID:8:

5

- 10 GTGCGAGCCCAATCTCCACGCTCATTTTCAGACACA TAC-3

The PCR fragment was cut with Sac I and Bgl II and inserted into

the vector which had been cut with the same enzymes. The NP gene
from Influenza A (A/PR/8/34) was cut out of pAPRS501 [J.F. Young et
al., in The Origin of Pandemic Influenza Viruses, W.G. Laver, Ed.
(Elsevier Science Publishing Co., Inc., 1983)] as a 1565 base-pair EcoR
I fragment and blunted. It was inserted into V1 at the blunted Bgl II
site, to make V1-NP. Plasmids were propagated in E. coli and purified
by the alkaline lysis method [J. Sambrook, E.F. Fritsch, and T.
Maniatis, in Molecular Cloning, A Laboratory Manual, second edition
(Cold Spring Harbor Laboratory Press, 1989)]. CsCl banded DNA was
ethanol precipitated and resuspended in 0.9% saline at 2mg/ml for
injection.

15

20

25 EXAMPLE 2

ASSAY FOR HUMAN INFLUENZA VIRUS CYTOTOXIC T-
LYMPHOCYTES:

Cytotoxic T lymphocytes were generated from mice that had been
immunized with DNA or that had recovered from infection with
A/HK/68. Control cultures were derived from mice that had been
injected with control DNA and from uninjected mice. Single cell
suspensions were prepared, red blood cells were removed by lysis with

30



after unanesthetized intranasal challenge wtn I0ferri—TCIDerr] of
A HK/68. Mce were imunized three timeg;af S Week pl. tgcfvals with V1 -NP

DNA or bl ank vector, or were not injecte | enged 3 weeks
after the last i-nmmuni zation. Wights for m'ﬂﬂ m ce were determ ned
at the time of challenge and daily from - injected mce
(solid circles), blank vector controls (open triangles), and ‘uninjected
controls (open circl'es). Shown are nean weBghts SEM NP DNA-i nj et88%®2Y¥i ce

di spl ayed significantly |l ess weight loss on day 8 through 13 than bl ank
vector-injected (p[err]0.005) and uninjected mce 10 (p[err]0.01), as

Cont Fol s (p=0. Byadiiam CRIOTAE, apdgibleert eeltg Wele culfierghin RRMILIG, co” '
af ter intranasajupplameatgbwitini@fo Fetal Budne ) Serimh(FBRS (0 Udnbipenidilld,
A'HKI68. M ce i 3 lioA®S streptomycin, 0.01 M HEPES (pH 7.5), and 2 mM I- -

glutamine. An equal number of autologous, irradiated stimulator cells,

pulsed for 60 min. with the H-2Kd-restricted peptide epitope NP147-

> 155 (Thr Tyr Gln Arg Thr Arg Ala Leu Val, SEQ ID:9:) at 10 pM or

infected with influenza A/PR8/34 (HIN1), and 10 U/ml recombinant
human IL-2 (Cellular Products, Buffalo, NY) were added and cultures
were maintained for 7 days at 37°C with 5% CO2 and 100% relative
humidity. In selected experiments, thIL-2 ( 20 U/ml) and Con A (2
pg/ml) were added in place of autologous stimulator cells. Cytotoxic T
cell effector activity was determined with P815 cells labeled for 3 hr
with 60 uCi of S1Cr per 109 cells, and pulsed as above with NP147-
155, or infected with influenza A/Victoria/73 (H3N2). Control targets
(labeled P815 cells without peptide or virus) were not lysed. Targets
were plated at 1 x 104 cells/well in round-bottomed 96-well plates and
incubated with effectors for 4 hours in triplicate. Supernatant (30 pul)
was removed from each well and counted in a Betaplate scintillation
counter (LKB-Wallac, Turku, Finland). Maximal counts, released by
addition of 6M HCl, and spontaneous counts released without CTL were
determined for each target preparation. Percent specific lysis was
calculated as: [(experimental - spontaneous)/(maximal - spontaneous)] X
100.
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EXAMPLE 3

25 PRODUCTION OF NP SPECIFIC CTLs AND ANTIBODIES IN
VIVO:

BALB/c mice were injected in the quadriceps of both legs with plasmid
cDNA encoding A/PR/8/34 nucleoprotein driven by either a Rous
30 sarcoma virus or cytomegalovirus promoter.
Expression vectors used were:
i) pnRSV-PRNP, see Example 1;



three tines at three week intervals with V1-NP DNA (closed circles) or

bl ank vector (open-circles)—and-—uninj-ected controls (open triangles) were
chal l enged three weeks after the f| naI i mruni zation. Percent survival is
shown for groups of 9 ‘7‘ e Regdacedsj val of NP DNA- injected mice was
significantly greater |1 ”ii- (p=0. 0004 by Chi- square anal ysis),
while no significant d seen between bl ank vect or- |nJected and
uni njected mice (p=0.17 by Chi-square anal38is). Fig. 6. Sequence 18972¥e
expression vector V1J, SEQID:10:. 25 Fig. 7. Sequence of the expression
vector V1Jneo, SEQ 1D:18:. Fig. 8. Sequence of the CWi nt A- BGH

gg?lrrgf)g; term nla)t,el ﬁ?ﬂ”‘é@é‘ﬁfmﬁﬁg 1'I D:11. 30 Fig. 9. Mnkey anti-NP

Animals used were female BALB/c mice, obtained from Charles River
Laboratories, Raleigh, NC. Mice were obtained at 4-5 weeks of age and
were initially injected with DNA at 5-6 weeks of age. Unless otherwise

> noted, injections of DNA were administered into the quadriceps muscles
of both legs, with each leg receiving 50 pl of sterile saline containing
100 pg of DNA. Mice received 1, 2 or 3 sets of inoculations at 3 week
intervals. Negative control animals were uninjected or injected with the
Lo appropriate blank vector lacking the inserted NP gene.

The presence or absence of NP plasmid DNA in the muscles of
selected animals was analyzed by PCR (Fig. 1). Plasmid DNA (either
NP or luciferase DNA) was detected in 44 of 48 injected muscles tested.
In mice injected with luciferase DNA, protein expression was
demonstrated by luciferase activity recovered in muscle extracts
15 according to methods known in the art [J.A. Wolff ef al., Science 247,
1465 (1990); G. Ascadi et al., Nature 352, 815 (1991); H. Lin et al.,
Circulation 82, 2217 (1990); R.N. Kitsis et al., Proc. Natl. Acad. Sci.
(USA) 88, 4138 (1991); E. Hansen et al., FEBS Lett. 290, 73 (1991);
S. Jiao et al., Hum. Gene Therapy 3, 21 (1992); J.A. Wolff et al.,

2 Human Mol. Genet. 1, 363 (1992)].

NP expression in muscles after injection of NP DNA was below
the limit of detection for Western blot analysis (< 1 ng) but was
indicated by the production of NP-specific antibodies (see Fig. 2). For
analysis of NP-specific CTL generation, spleens were removed 1-4

25 weeks following immunization, and spleen cells were restimulated with
recombinant human IL-2 plus autologous spleen cells that had been
either infected with influenza A (A/PR/8/34) or pulsed with the H-2Kd-
restricted nucleoprotein peptide epitope (NP residues 147-155, see O. K.

50 Rétzscke et al., Nature 348, 252 (1990)). Spleen cells restimulated with

virally-infected or with epitope-pulsed syngeneic cells were capable of
killing nucleoprotein epitope-pulsed target cells (Fig. 3A). This
indicates that i.m. injection of NP DNA generated the appropriate NP-
derived peptide in association with MHC class I for induction of the



-15 - Fig. 10. Ferret hemagglutination inhibition, with the dotted line
indicating the mininal protective anti-body titer, and the average val ue
being denoted with a circle having a line through it. Fig. 11. 1gG Anti-NP
antibody in ferrets affhgiShdoiss BerBenlagesk i on. 5 Fig. 12. Influenza virus

shedding in ferrets wt N A DNA i mmuni zation. Fig. 13. D agram of
PRSV- PR- NP and VI - NP velrigh | es the inserted coding region. Fig.
14. Schematic of influe otel ns and st3%ai ns. 1'8972Yg

specific CTL response. These CTLs were capable of recognizing and
lysing virally infected target cells, (Fig 3B), or target cells pulsed with
the H-2K4-restricted nucleoprotein peptide epitope and virally-infected
target cells. This demonstrates their specificity as well as their ability to
detect the epitope generated naturaily in infected cells.

" A more stringent measure of immunogenicity of the NP DNA
vaccine was the evaluation of the primary CTL response. Spleen cells
taken from NP DNA-injected mice were activated by exposure to Con A
and IL-2, but did not undergo in vitro restimulation with antigen-
expressing cells prior to testing their ability to kill appropriate targets.
Splenocytes from mice immunized with NP DNA, when activated with
Con A and IL-2 in vitro without antigen-specific restimulation, lysed
both epitope-pitlsed and virally-infected target cells (Fig. 3C and D).

. This lytic activity of both the restimulated and activated spleen cells
compares favorably with that of similarly treated splenocytes derived
from mice that had been previously infected with influenza A/HK/68, a
virulent mouse-adapted H3N2 strain that arose 34 years after A/PR/8/34
(HIN1). Thus, injection of NP DNA generated CTL that were specific
for the nucleoprotein epitope and that were capable of identifying the
naturally processed antigen (i.e., could kill virally-infected cells). NP
CTL have also been generated in C3H and B6 transgenic mice
expressing human HLA-A2.

NP CTL have been detected in spleens of BALB/c mice
injected with as little as 1 dose of 1 pg NP DNA (the lowest dose
tested) (Table 3-1V):
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Fig. 15. Schematic of injected DNA processing inside a cell. 15 Fig. 16.
Resi stence of ferrets to influenza AVRP/ 8/ 34 i nduc’ﬁﬁh%ﬂtﬂmhgmlbpme@n Wi th

HA and internal protein genes. Fig.1l7. Schematic of 20 Fig.
18. African green nonkeys were injected with a cock onsi sting
of HA DNA (A/Beijing/89, B/ Panama/90, A/ Texas/91), 4) and ML
DNA (A/ PR/ 34). Each conponent was either 10 [err]g (solid squares) or 100
[err]g (solid circles) 25 adnministered twidke-with a six week intd892Y see
arrows). For conparison, other aninmals were injected with |icensed
subvirion (open squares) and whole virion (open circles) vaccines at the

full human doseTable 3.1V

CTL Responses in Mice After a Single Injection of NP DNA

- inoculum dose (ug)] % specific sd
lysis
NP DNA 400 52.5 10.7
400 80.4 10.3
NP DNA 200 75.6 5.4
10 200 44.6 4.4
NP DNA 100 76.7 2.9
100 35.6 8.9
NP DNA 50 62.9 0.6
50 76.7 7.4
15 NP DNA 10 83.2 10.1
: 10 - 37.7 2.5
NP DNA 1 44.2 0.3
1 13 2
Control DNA 100 4.9 : 1
20 Flu | 79.3 8.3

Table 3-IV: Female BALB/c mice (4-6 weeks) were injected with a
single dose of A/PR/34 NP DNA (V1JINP) or control DNA (V1J) at the
25 1indicated doses. For comparison, mice were infected with influenza
virus A/PR/34. CTL were obtained after 8 weeks, restimulated in vitro
with NP peptide-pulsed syngeneic spleen cells, and assayed against NP
peptide-pulsed P815 cells at an effector:target ratio of 50:1. Data is

represented as % specific lysis for representative individual mice.
30 :

Followup experiments have shown that mice receiving 1 dose of 1
pg NP DNA maintained NP CTL for at least 4.5 months (latest
~ time point tested). The magnitude of the CTL responses after

0



(45 [err]g protein equivalent; 15 [err]g per HA). Serum sanples were
collected every two weeks for 18 weeks and analyzed for H titer against

Al Bei jing/ 89 HA. Data—s—represented as geonetric nean H titer SEM where

n=3. - 16- Fig.19. I_:erlrlal BAL {yce (4-6 weeks) were injected with

Al PR/ 34 NP DNA (200 [ skl nes with three week intervals. Negative
controls included m'ce‘: “ (“ﬂﬂ\“ control DNA (200 [err]qg), reconbinant

NP protein (10 [err]Qg),lf g i njecgled mce (nock). For cdfg§gason,

mce infected with influenza virus AAHK/ 68 (flu) were ,

DNA injection were comparable to that in influenza-infected
mice. However, it should be noted that analysis of CTL after
antigen restimulation in vitro is not strictly quantitative.
Therefore, we are currently developing limiting dilution assays to
more quantitatively assess the levels of NP-specific CTL in mice.
> Inmice that were injected with 3 doses of 100 pg NP DNA, CTL
responses have been detected at least 6 months after
immunization (Figure 19). Therefore, an influenza PNV has the
potential to generate long-lived CTL responses directed toward
10 conserved influenza antigens.
X Injection of mice with NP DNA resulted in the production of high
titer anti-NP IgG antibodies (Fig. 2). Generation of high titer IgG
antibodies in mice is thought to require CD4+ T cell help (P. Vieira and
K. Rajewsky, Int. Immunol. 2, 487 (1990); J. J. Donnelly et al., J.
Immunol. 145, 3071 (1990)). This shows that NP expressed from the
plasmid in situ was processed for presentation by both MHC class I and
class IL.

15

EXAMPLE 4

PROTECTION OF MICE UPON CHALLENGE WITH VIRULENT
HUMAN INFLUENZA VIRUS:

20

The role of NP antibodies in protective immunity to influenza is
shown by two approaches: First, viral lung titers were determined in a
passive-transfer experiment. Female BALB/c mice > 10 weeks of age
were injected intraperitoneally with 0.5 ml of pooled serum (diluted in
2.0 m! of PBS) from mice that had been injected 3 times with 200 pg of
NP DNA. Control mice were injected with an equal volume of pooled
normal mouse serum, or with pooled serum from mice that had
recovered from infection with A/HK/68, also in 2.0 ml of PBS. The
dose of A/HK/68 immune serum was adjusted such that the ELISA titer
of anti-NP antibody was equal to that in the pooled serum from NP
DNA-injected mice. Mice were challenged unanesthetized in a blinded

25
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al so tested. CTL were obtained 6 nonths post-dose one and restinulated in
vitro with virus-infected, syngeneic spleen cells and tested agai nst NP
pepti de- pul sed P8 tor:target ratio of 10:1. Data

0 L . ° ; :
e esen it ﬁpﬁéikf“ﬁﬁﬁﬁ% fhog oo, P19, 20, CH N e vere
recombi nant NP protei hjy H[ f ﬂﬂ m%)/r NP-transfected myoblasts (1 X 1%er r]
cells). This anount o | 2 [err]4f) -was sufficient to gekBI7X
anti body responses and was equivalent to approximtely 100 tinmes the anount
of NP present in the transplanted NP-transfected nyobl asts. CTL were
Ui tro v th fnf fason withulHd TRARSe.af &/HEbIE S Nopre &ffcs shmun HiettioBos 1 1 ve
control, CTL wend PfeRBéCthjécon of af ddial affshmtestserdic®asgiven 3 dayd uenza
s later. Mice were sacrificed 6 and 7 days after infection and viral lung

titers in TCID50 per ml were determined as described by Moran [J.

Immunol. 146, 321, 1991].

Naive mice were infused with anti-NP antiserum, obtained from

mice that were injected with NP DNA, and then challenged with

AJHK/68 . Viral challenges were performed with a mouse-adapted

strain of A/HK/68 and.maintained subsequently by ir vivo passage in

mice (Dr. I. Mbawuike, personal communication). The viral seed stock

used was a homogenate of lungs from infected mice and had an

infectivity titer of 5 x 108 TCID50/ml on MDCK cells. For viral lung

titer determinations and weight loss studies, viral challenges were
_performed in blinded fashion by intranasal instillation of 20 pl

containing 104 TCID50 onto the nares of unanesthetized mice, which -

leads to progressive infection of the lungs with virus but is not lethal in

BALB/c mice [Yetter, R.A. et al., Infect. Immunity 29, 654, 1980]. In

survival experiments, mice were challenged by instillation of 20 ul

containing 102-5 TCID5( onto the nares under full anesthesia with

ketamine and xylazine; infection of anesthetized mice with this dose
* causes a rapid lung infection which is lethal to 90-100% of

nonimmunized mice [J.L. Schulman and E.D. Kilboume, J. Exp. Med.

118, 257, 1963; G.H. Scott and R.J. Sydiskis, Infect. Immunity 14, 696,

1976; R.A. Yetter et al., Infect. Immunity 29, 654, 1980]. Viral lung

titers were determined by serial titration on MDCK celis (obtained from

ATCC, Rockville, MD) in 96-well plates as described by Moran et al .,

[ibid.].

No reduction in viral lung titers was seen in mice that had

received anti-NP antiserum (6.3 £ 0.2; mean + SEM; n=4) as compared

to control mice that had received normal serum (6.1 % 0.3; mean *

SEM; n='-4). As a positive control, serum was collected from mice that

had been infected with A/HK/68 and passively transferred to four naive

mice. After a challenge with A/HK/68, no viral infection was detectable

in their Jungs, indicating that this serum against whole virus was
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20 Al HK/ 68. Untreated (solid bars), influenza virus
AlVictorial/ 73-infected (striped bars) and NP-transfected nyobl asts
(stippled bars) were used as target Cells at an effector:target ratio of

25:1. Data are presentres sist R BRERILLG | YSis sd, where n=3. Fig. 21. Four
week ol d femal e BALB/ c nized i ntrarruscul arly with 200 [err]g
of NP DNA 3 tines at 3 ,ﬂﬂﬂmﬂm M ce were chall enged 3 weeks after
the third immnizatlon err]. 98 A/ HK/ 68 admini stered]g

anest hesia (total respl ratory tract chall enge) The proportion of surviving
mce (10 mce/group) is plotted versus time after challenge. Fig. 22. Four
week ol d femal e BALB/c. mce were immnized intramyuscularly with 100 [err]g

of NP DNA 3 ti neampletelypratective forchallengecwithythe hamologous drukehecond.er
the third i munggtimitenvere Aithunized with purified NP (5 pg/fleg, 3 times over a

period of 6 weeks) by i.m. injection. These mice generated high titer
NP-specific antibodies but failed to produce NP-specific CTLs and were
not protected from a lethal dose of virus. Therefore, unlike the
neutralizing effect of antibodies to whole virus, circulating anti-NP IgG
did not confer protective immunity to the mice.
The in vivo protective efficacy of NP DNA injections was

evaluated to determine whether a cell-mediated immune response was

~ functionally significant. One direct measure of the effectiveness of the
immune response was the ability of mice first immunized with NP DNA
to clear a progressive, sublethal lung infection with a heterologous
strain of influenza (A/HK/68; H3N2). Viral challenges were conducted
as described above. Mice immunized with NP DNA had viral lung
titers after challenge that were three orders of magnitude lower on day
7 (1.0 = 1.0; mean + SEM; n=4) than those of control mice that had not
been immunized (4.1 £ 0.3; mean + SEM; n=4), or that had been
immunized with blank vector (4.5 £ 0.0; mean + SEM; n=4). In fact,
three of four immunized mice had undetectable levels of virus in their
lungs, while none of the controls had cleared virus-at this point. The
substantial difference in the viral lung titers seen in this experiment and
six others demonstrates that the immune response accelerated clearance
of the virus. The lack of protective effect of the blank vector control
confirms that DNA per se was not responsible for the immune response.
Moreover, because the challenge strain of virus, A/HK/68 (a virulent,
mouse-adapted H3N2 strain), was heterologous to the strain A/PR8/34
(HIN1) from which the NP gene was cloned, the immunity was clearly
heterotypic. :

~ As a measure of virus-induced morbidity, the mass loss was

monitored in mice that were infected sublethally with influenza
A/HK/68 following immunization with NP DNA (Fig. 4). Uninjected
mice or mice injected with the blank vector were used as controls. Mice
immunized with NP DNA exhibited less weight loss and a more rapid
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17- TG D err] of A/HK/ 68 adm ni stered under anesthesia (total respiratory

tract chall enng daily and the proportion of the initial

wei ght was' cal or each surviving nouse. Mean percent of initial

wei ghts are plott dshe%l?ﬁgs\gggnwa&drre after challenge. Fig. 23. Four week

old femal e BALB/c ' ni zed intranmuscularly wwth 200 [err]g of NP
mmmm M ce were chall enged 3 weeks after the

DNA 3 tines at 3
third i muni zati on D50 of ALHK/68 adm nistered withd8972Y

anest hesia (upper respiratory tract challenge). Mce were euthanized 7 days
after chall enge, the |ungs

return to their pre-challenge weights following influenza A infection
compared to control mice.
Intranasal infection of fully anesthetized mice with influenza A

causes rapid widespread viral replication in the lung and death in 6-8
days if the infection is not controlled (R.A. Yetter et al., Infect.

> Immunity 29, 654 (1980)). Survival of mice challenged by this method
reflects their ability to limit the severity of an acute lung infection. The
capacity of mice to survive challenge with two different strains of
influenza, A/HK/68 (see Fig. 5) and A/PR/8/34, was studied. Mice
previously immunized with NP DNA showed a 90% survival rate

10 compared to 0% in blank vector injected and 20% in uninjected control
~ animals (Fig. 5). In a total of 14 such studies, mice immunized with NP
DNA showed at least a 50% greater survival rate than controls. Thus,
the ability of the NP DNA-induced immune response to effectively
s accelerate recovery and decrease disease caused by a virus of a different

strain arising 34 years later supports the rationale of targeting a
conserved protein for the generation of a cytotoxic T-lymphocyte
response.

' EXAMPLE 5
20 ISOLATION OF GENES FROM INFLUENZA VIRUS ISOLATES:

Many of the older influenza virus strains are on deposit with the

ATCC (the 1990 Catalogue of Animal Viruses & Antisera, Chlamydiae

& Rickettsiae, 6th edition, lists 20 influenza A strains and 14 influenza

25 B strains.

A. Viral Strains and Purification:

Influenza strains which comprise the current, 1992 flu season
vaccine were obtained from Dr. Nancy J. Cox at the Division of Viral
and Rickettsial Diseases, Centers of Disease Control, Atlanta, GA.
These strains are: (1) A/Beijing/353/89 (H3N2); (2) A/Texas/36/91
(HIN1); (3) B/Panama/45/90; and (4) A/Georgia/03/93.
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were renoved and honogeni zed, and viral titers were determ ned by serial
titration on MDCK cells. Fig. 24. Four week old fenale BALB/c mce were

i nuni zed intranusettarby with 6.25, 25, 100, or 200 [err]g of NP DNA 3

times at 3 week intervals. Mce were chall enged 3 weeks after the third
i mruni zation wi th 300hisiSBedDBA: Baén MpIEI4 68 admi ni st ered under anest hesi a

(total respiratory tr alatl ' . The proportion of surviving mce (10
m ce/ group) is plottedg - mafter <4®ll enge. 20 Fig. 25. RR97I2Yeek
old femal e BALB/c mice were edi.m 3 tines at 3 week intervals with
200 pg of A/PR/ 34 NP DNA, control DNA, or shaminjected. Mce were then

chall enged with 300 TClI D50 of A/ HK/ 68 under gnesthesia 6, 12 d weeks
fol | owi ng the third AHjofdhesm viusenmersarewndy prsesdpa+© H%zé@i Wit h

200 [err]g of Nmmbryonated chicken eggs (except A/Georgia which was grown in

MDCK cells), (100-200 per viral preparation) and purified by a
modification of the method described by Massicot et al. (Virology 101,
242-249 (1980)). In brief, virus suspensions were clarified by

> centrifugation at 8000 rpm (Sorvall RCS5C centrifuge, GS-3 rotor) and
then pelleted by centrifugation at 18,000 rpm for 2 h in a Beckman
Type 19 rotor. The pelleted virus was resuspended in STE (0.1 M
NaCl, 20 mM Tris, pH 7.4, 1 mM EDTA) and centrifuged at 4,000 rpm
for 10 min (Hermle Z 360 K centrifuge) to remove aggregates. 2 ml of

10 supernatant was layered onto a discontinuous sucrose gradient consisting
of 2 ml of 60% sucrose overlayed with 7 ml of 30% sucrose buffered
with STE and centrifuged at 36,000 rpm (SW-40 rotor, Beckman) for
90 minutes. Banded virus was collected at the interface, diluted 10-fold

s with STE, and pelleted at 30,000 rpm for 2 h {Beckman Ti45 rotor).

The pelleted virus was then frozen at -700C,

B. Extraction of Viral RNA and cDNA Synthesis:
Viral RNA was purified from frozen virus by guanidinium

isothiocyanate extraction using a commercially available kit (Stratagene,
20 LaJolta, CA) employing the method of Chomczynski and Sacchi (Anal.
Biochem. 162, 156-159 (1987)). Double-stranded cDNA was prepared
from viral RNA using a commercially available cDNA synthesis kit
(Pharmacia) as directed by the manufacturers with several
modifications. The first strand of cDNA was primed using a synthetic
25 oligodeoxyribonucleotide, 5'-AGCAAAAGCAGG-3', SEQ. ID:30:,
which is complementary to a conserved sequence located at the 3'-
terminus of the viral RNA for all A strain genes. This sequence is
common tfo all type A influenza viral RNAs and therefore provides a
method for cloning any A strain influenza virus gene. After synthesis
of first and second strands of cDNA the reactions were extracted with
phenol/chloroform and ethanol precipitated rather than continuing with
the kit directions. These blunt-ended cDNA's were then directly ligated
into the V1Jneo or V1Jns vector which had been digested with the BglIl
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DNA at week 22 and then chall enged at week 25 (" Reboost ). Mean weights are
shown as a percentage of the initial total weight for each group. The

control weight shown is the nmean of the weights of all of the control
groups fromthe 6, 12h1ssmetm58me%dpla9ddal | enges, a total of 6 groups that

recei ved control j ect ed. Groups 30 initially contained:
10 ani mal s each; m ce fromfurther weight analysis after
deat h. -18 - Fig. 8 weeld®mtd) nule ferrets wer d83HAMi zed

i.m with 1 ng of DNAencodlngthe NP fromA/Beijing/89, 1 ng of DNA

restriction enzyme, blunt-ended with T4 DNA polymerase and treated
with calf intestinal alkaline phosphatase.

To screen for particular full-length viral genes we used synthetic
oligodeoxyribonucleotides which were designed to complement the 3'-
terminus of the end of the translational open reading frame of a given

> vinal gene. Samples which appeared to represent full-length genes by
restriction mapping and size determination on agarose electrophoresis
gels were verified by dideoxynucleotide sequencing of both junctions of
the viral gene with V1Jneo. The sequence junctions for each gene

Lo cloned from these viruses is given below in Example 8,

Similar strategies were used for cloning cDNA's from each of the
viruses named above except that for B/Panamaf45/90, which does not
have common sequences at each end of viral RNA, a mixture of
oligodeoxyribonucleotides were used to prime first strand cDNA
synthesis. These primers were:

15 (1) 5'-AGCAGAAGCGGAGC-3', SEQ. ID:31: for PB1 and PB2;

(2) 5'-AGCAGAAGCAGAGCA-3', SEQ. ID:19: for NS and HA;

(3) 5'-“AGCAGAAGCACGCAC-3', SEQ. ID:22: for M; and

(4) 5-AGCAGAAGCACAGCA-3', SEQ: ID:23: for NP.
20 For genes that were cloned by PCR, the blunt-ended cDNA
solution was used directly in PCR reactions as the DNA template. The
primers used for cloning the 6 influenza genes obtained by PCR are as
follows:

25 1. HA gene from A/Georgi 03/93 -
sense primer: SEQ.ID:33: -
5' GGT ACA ACC ATG AAG ACT ATC ATT GCT TTG AGC 3'

anti-sense primer: SEQ.ID:34:
5' CCA CAT AGA TCT TCA AAT GCA AAT GTT GCA CCT AATG
3 1
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encoding the ML from A/Beijing/89, or 1 ng of -each DNA conbi ned, on days O
and 42. Control ferrets—received noncoding DNA or a full human dose (15
[err]g/strain) of the |icensed whole virus influenza vaccine 5 (92-93
fornul ati on) cont aiThisSpetklaBBieh REpWLAO on days 0 and 42. Ferrets were
chal l enged wth A : N (kY 56. Viral shedding in nasal washes was
determ ned as descri wn #ral sheddi ng on days 3-5 was conpared with
shedding in ferrets given DNA by. 37two- 10 way anal ysi s18972Y
variance. Shedding in ferrets given NP DNA, ML DNA, or NP+ML DNA was
significantly lower (p<0.0001, 0.0016, and <0.0001, respectively) than
shedding in control ferrets Sheddlno in ferrets given NP (data not shown),
ML, or NP+ML S{1C 12,8 Alerent fromshedding in ferrets given

the |icensed r'OSE IDCB5533 “and 0. 145, respectively). The
| mmni zaton d§S§ ACRALE: ATG AAA GCA AAA CTA CTA GTC CTG TTA
TG 3'
5

anti-sense primer: SEQ.] ID 36:
5' CCA CAT TCA GAT GCA TAT TCT ACA CTG CAA AG 3'

3. HA gene from B/Panama/45/90
sense primer: SEQ.ID:37:

10 5 GGT ACA ACC ATG AAG GCA ATA ATT GTA CTA CTC ATG
3 [ ]

anti-sense primer: SEQ.ID:38:

; 5' CCA CAT TTA TAG ACA GAT GGA GCA AGA AAC ATT GTC
1
3 1]

4. M1 gene from A/Beijing/353/89
sense primer: SEQ.ID:39:
. 5' GGT ACA AGA TCT ACC ATG CTT CTA ACC GAG GTC 3'
2 :
anti-sense primer: SEQ.ID:40: |
5' CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT CTG CAC 3

S. NP gene from B/Panama/45/90

25 sense primer: SEQ.ID:41:
5" GGT ACA GGA TCC ACC ATG TCC AAC ATG GAT ATT GAC
GGC 3'

anti-sense primer: SEQ.ID:42: '
3% 5 CCACAT GGA TCC TTA ATA ATC GAG GTC ATC ATA ATC
CTC 3



15 chosen arbitrarily; dose-rangi ng studi es were conducted i n nonhuman
primates. Fig. 27.7 Goups—ef—8male 22-25 week old ferrets were inmuni zed
intramuscularly with, c ntroI DNA saline, or DNA encoding influenza 20

A/ PRR/ 834 proteins %j qmmwnd 121, and were chal | enged |ntranasally

with 200 TCI D50 of A/ 148 Irmunl zed animals received 1 ng of
NP DNA, or 2 ng of N and ML DNA conbi ned (400 [err E each
construct). Controls recei ved O /Ieg- 48 saline or 1 ny of codBPELYDNA.

For purposes of analysis, the 25 groups that received saline and control-
DNA wer e conbi ned (Control) as were the groups that received NP DNA al one
or in conbinatjioRmth - qt ei n genes (Internal). The graph

shows the nasat—w#&s ! d /94
m vol ume of nmnsle pmmebr SEQID.43

5' GGT ACA GGA TCC ACC ATG TCG CTG TTT GGA GAC ACA
ATT GCC 3

n TCID[err] per 50 [err]l of a 3

anti-sense primer: SEQ.ID:44:
5' CCA CAT GGA TCC TTA TAG GTA TTT CTT CAC AAG AGC
TG 3'

. All influenza gene clones, whether cDNA or PCR generated,
were verified by sequencing through the ligation sites into the gene and
expressing the gene in transfected RD cells. Expression was detected by
immunoblot.

_ The NP and M1 constructs for the A/H3N2 strain (vectors 4 and
5) were made from the A/Beijing/353/89 genes. These genes were
chosen because of the expected high degree of conservation of both NP
and M1 genes and because of their availablilty.

10

15

From the foregoing work, a particularly preferred group of 7
expression vectors that are combined to form a vaccine include:

20
1. VUns-HA (A/Georgia/03/93) 6.56 Kb
2. VinsHA (AfTexas36/91) 6.56 Kb
25 3.  Vlns-HA (B/Panama/45/90) 6.61 Kb
| 4. V1Ins-NP (A/Beijing/353/89) 6.42 Kb
o 5. V1ns-Ml1 (A/Beijing/353/89) 5.62 Kb

6.  V1Ins-NP (B/Panama/45/90) 6.54 Kb

7.  Vl1ns-M1 (B/Panama/45/90) 5.61 Kb.



fluid. Undiluted wash fluid (the lowest dilution tested) was assuned to 30
be a 1:10 dilution of the original nasal exudate and a positive undiluted
sanpl e was assigned a value of 1 log. Titers above 1 | og were assi gned on

t he basis of Reed-Muench interpotation anong three.replicates to yield a
e t«gat wer e negative when -19-. tested

| ogs. Val ues for p shown on the graph

H’ vs conty@ls on the indicated dqgg7%yb

50% i nfectivity endpoi
undi | uted were assi gl
are conputed for i
T-test for two neans

for the éntire curves were conpute

two-way anal ysis of variance and were
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The relevant sequences for junctions of these genes in the
expression vectors are provided below. Only small portions of the

~ constructs need be sequenced to confirm that the correct gene has been

cloned. By comparison with similar known genes, it is easy to confirm
that the given gene is an NP gene, an HA gene, an M1 gene etc. For
example, the AfTexas HA gene sequence is very similar to the HA gene
sequence of A/Kievf59/79, the sequence of which is available in

'GENBANK as accession number M38353. Likewise for the B/Panama

HA sequence, which is very similar to the B/England/222/82 HA
sequence which is available on GENBANK as accession number
M18384. In like manner, the identity of any cloned sequence for a

~ given gene from any buman influenza virus may be confirmed. In each

case below, both a 5' sequence and a 3' sequence was confirmed to

ensure that the entire gene was present. In each case, the bolded ATG

shows the start codon for the influenza gene, while bolded sequence in
the 3' portion is the stop codon:

1. V1Jns-HA (A/Georgia/03/93) 6.56 Kb:

5' Sequence: (SEQ.ID:46:

..TCA CCG TCC TTA GAT C/GG TAC AAC CAT GAA GAC
TAT CAT TGC TTT GAG CTA CAT TTT ATG TCT GGT
TTT CGC....

3' Sequence: _(SEQ.ID:47:)
..,TCA TGC TTT TTG CTT TGT GTT GTT TTG CTG GGG TTC

ATC ATG TGG GCC TGC CAA AAA GGC AAC ATT AGG TGC
AAC ATT TGC ATT TGA A/GA TCT ATG TGG GAT CTG CTG
TGC... '

2. © Vl1ins-HA (AfTexas/36/91) 6.56 Kb:

S’ Sequence: (SEQ.ID:48:)

t he
y



<0.0001 for NP vs control and <0.001 for the combined DNAs vs 5 control.
Fig. 28. Survival of _mce inmunized with DNA and then challenged with
i nfluenza virus. Mce were Injectedi-m wth 200 [err]g of DNA encodi ng

the HA from A/ PR/ 34 %%am@mﬂ%&gdl ng) DNA, three times at three week

I nterval s. Three week I mmuni zation mce were given total
respiratory tract cha m
with 1000 TCl D50 of A/ e pl ot 56d as % survi val versu$89T2¥

anasal instillation under anesthesia)
after challenge (n=9 or 10 m ce per group). Fig. 29. Wight loss in mce
I mmuni zed with DNA and then challenged with influenza virus. Mce were

njected 1. m W G200 e dooh AR REPRLAGLIE AR E1R 4R b

control (noncodin

TTA TGT GCA TTT ACA GCT ACA TAT GCA ...

3' Sequence: (SEQ.ID:49:;

...CTG GTG CTT TTG GTC TCC CTG GGG GCA ATC AGC TTC
> TGG ATG TGT TCT AAT GGG TCT TTG CAG TGT AGA ATA

TGC ATC TGA ATG TGG /GAT CTG CTG TGC CTT....

3.  Vlins-HA (B/Panama/45/90) 6.61 Kb:

10 5 Sequence: (SEQ.ID:50:)
...CCT TAG ATC/ GGT ACA ACC ATG AAG GCA ATA ATT GTA

CTA CTC ATG GTA GTA ACA TCC AAC GCA GAT CGA ATC
TGC ACT GGG ATA ACA TCT TCA AAC TCA CCT CAT GTG....

15

3' Sequence: (SEQ.ID:51:)

..TTG GCT GTA ACA TTG ATG ATA GCT ATT TTT ATT
GTT TAT ATG GTC TCC AGA GAC AAT GTT TCT TGC
20 TCC ATC TGT CTA TAA ATG TGG /GAT CTG CTG TGC
CTT...

4.  VlIns-NP (A/Beijing/353/89) 6.42 Kb

3’ Sequence: (SEQ.ID:52:)
25 _GTC CTT AGA TC/C ACC ATG GCG TCC CAA GGC ACC AAA

CGG TCT TAT GAA CAG ATG GAA ACT GAT GGG GAA CGC
CAG AAT GCA ACT ..

3' Sequence: (SE :53:)

..GAA AAG GCA ACG AAC CCG ATCGTG CCC TCT TTT GAC
ATG AGT AAT GAA GGA TCT TAT TTC TTC GGA GAC AAT
GCA GAA GAG TAC GAC AAT TAA G/GA TCT GCT GTG CCT...

30



three tines at three week intervals. Three weeks after the final 20
i muni zati on nice were—given—totat Tespiratory tract challenge (by
i ntranasal instillation under anis hgsia) with 1000 TCI D50 of A/PR/34. Data

are plotted as % of |T js or each individual animal, averaged for
each group, versus ti | s. are excluded fromthe nean.) 25 Fig.
30. Survival of mce | DNA and then challenged with influenza
virus. Mce were injected | m with 1, 1Q,5be 100 [err]g of DNA el89%IYig
the HA from A/PR/ 34 or control (noncoding) DNA three tinmes at three week
intervals. Three weeks after the final .30 I muni zation mce were given

I ' |1 .l by, i | L i illati d
aneat hear 2) i o’ 1006IIRST M o (A BEHIDE/RRAE) 5.02 Kb™s' 11 &1 N tndet

-5 Sequence: (SEQ.ID:54:)
..CTT AGA TC/C AGA TCT ACC ATG AGT CTT CTA ACC GAG

GTC GAA ACG TAT GTT CTC TCT ATC GTT CCA TCA GGC CCC
CTC AAA GCC GAA ATC GCG CAG AGA CTT GAA GAT GTC
TTT GCT GGG AAA AAC ACA GAT... -

3' Sequence: (SEQ.ID:S55:)
GGG ACT CAT CCT AGC TCC AGT ACT GGT CTA AAA GAT

10 GAT CTT CTT GAA AAT TTG CAG ACC TAT CAG AAA CGA
ATG GGG GTG CAG ATG CAA CGG TTC AAG TGA AGA TCT
ATG TGG/ GAT CTG CTG TGC CTT...

Is 6. V1Ins-NP (B/Panama/45/90) 6.54 Kb -
5' Sequence: (SEQ.ID:56:
..CTT AGA TC/C ACC ATG TCC AAC ATG GAT ATT GAC GGT
ATC AAC ACT GGG ACA ATT GAC AAA ACA CCG GAA GAA
ATA ACT TCT...
20
3' Sequence: (SEQ.ID:57:
..GTT GAA ATT CCA ATT AAG CAG ACC ATC CCC AATTTC
TTC TTT GGG AGG GAC ACA GCA GAG GAT TAT GAT GAC
’s CTC GAT TAT TAA G/GA TCT GCT GTG...

7. V1Jps-M1 (B/Panama/45/90) 5.61 Kb.

5' Sequence: (SEQ.ID:58:)
+.CTT AGA TC/C ACC ATG TCG CTG TTT GGA GAC ACA ATT

GCC TAC CTG CTT TCA TTG ACA GAA GAT GGA GAA GGC
AAA GCA GAA CTA GCA GAA AAATTA ..

30

3' Sequence: (SEQ.ID:59:)



Data are plotted as %surw val versus tine after challenge (n=9 or 10 m ce

per group). - 26—+Hg—31—Goups of - 8 mal e 22-25 week old ferrets were
i mruni zed i ntranusc arI WI t h control DNA, saline, or DNA encoding

i nfl uenza A/ PR/ 34 @er 21, and 121, and were chal | enged
.ntranasally wth 20 PR/ 34 on day 148 | runi zed ani mal s
received 1 ng of HA f HA, NP, NS1, PBl1, PB2, and ML DNA

conmbined (330 [err]g each construct) Cont§®ls received 0.5 m /| elBPF2Y
saline or 1 ng of control DNA. For purposes of

...AGA TCT CTT GGG GCA AGT CAA GAG AAT GGG GAA GGA
ATT GCA AAG GAT GTG ATG GAA GTG CTA AAG CAG AGC
TCT ATG GGA AAT TCA GCT CTT GTG AAG AAA TAC CTA
TAA G/GA TCT GCT GTG...

EXAMPLE 6
V1J EXPRESSION VECTOR. SEQ. ID:10:

Our purpose in creating V1J was to remove the promoter and
transcription termination elements from our vector, V1, in order to
place them within a more defined context, create a more compact
vector, and to improve plasmid purification yields.

V17 is derived from vectors V1, (see Example 1) and pUC18, a
commercially available plasmid. V1 was digested with Sspl and EcoRI
restriction enzymes producing two fragments of DNA. The smaller of
these fragments, containing the CMVintA promoter and Bovine Growth
Hormone (BGH) transcription termination elements which control the
expression of heterologous genes (SEQ ID:11:), was purified from an
agarose electrophoresis gel. The ends of this DNA fragment were then
"blunted” using the T4 DNA polymerase enzyme in order to facilitate
its ligation to another "blunt-ended” DNA fragment.

pUC18 was chosen to provide the "backbone" of the expression
vector. It is known to produce high yields of plasmid, is well-
characterized by sequence and function, and is of minimum size. We
removed the entire lac operon from this vector, which was unnecessary
for our purposes and may be detrimental to plasmid yields and
heterologous gene expression, by partial digestion with the Haell
restriction enzyme. The remaining plasmid was purified from an
agarose electrophoresis gel, blunt-ended with the T4 DNA polymerase ,
treated with calf intestinal alkaline phosphatase, and ligated to the
CMVintA/BGH element described above. Plasmids exhibiting either of
two possible orientations of the promoter elements within the pUC

- backbone were obtained. One of these plasmids gave much higher
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anal ysis, the groups that received saline and control DNA were conbi ned
(Control), as were the groups that received HA 'DNA al one or in conbination
wi th other internat—protein genes (HA, HA+Internal). The graph shows the
nasal wash infectivity titers ko, IGDferr] per 50 [err]l of a 3 m volune
of nasal wash flui dsgh ] h fluid (the [owest dilution tested) was
assuned to be a 1:10\ H- ﬁ E glhe origi nal nasal exudate and a positive
undi | ut ed sanpl e was | ue of 158ag. Titers above 1 | ofR9R2¥

assigned on the basis of Reed-Miench interpolation anong three replicates
to yield a 50%infectivity endpoint. Sanples that were negative when tested

cUrves wer 6 corpRIdSORPNAdH Begoli andyers den goaedan s (SR L4025 Bhis™ or
HA vs control apsttoPs 8ftactife wievesfied tadsdidnce anadpis of the junction

regions and was subsequently demonstrated to give comparable or
higher expression of heterologous genes compared with V1.
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Fig. 32. Adult (22-.28 week old) nmale ferrets were immunized i.mwith 1 ng

of DNA encoding the HA from A/ Georgi a/ 93, on days 0 and 42. Control ferrets

recei ved noncodi ng DNAor a futt—hunman dose (15 25 [err].g/strain) of the
| glae (92-93 fornulation) containing

| i censed whol e virusni. V.
Al Bei jing/ 89 on days éﬂe o ‘% X's were chal l enged with A/ Georgi a/ 93 on
ﬂﬂ - \ MEes was determ ned as descri bed above.
red w §p._shedding in ferrets pRYEIY

day 56. Viral sheddin

Viral sheddi ng on day

control DNA by a two- way analysis of variance. Shedding in ferrets given
HA DNA was significantly |ower (p<0.0001) than shedding in control ferrets.

EXAMPLE 7

INFLUENZA VIRUS GENE CONSTRUCTS IN EXPRESSION
VECTOR V1J:

Many of the genes from the A/PR/8/34 strain of influenza virus
were cloned into the expression vector V1J, which, as noted in Example
4, gives rise to expression at levels as high or higher than in the V1
vector. The PR8 gene sequences are known and available in the
GENBANK database. For each of the genes cloned below, the size of
the fragment cloned was checked by sizing gel, and the GENBANK
accession number against which partial sequence was compared are
provided. For a method of obtaining these genes from virus strains, for
example from virus obtained from the ATCC (A/PR/8/34 is ATCC VR-
95; many other strains are also on deposit with the ATCC), see Example
5. -

10

15

A. Subcloning the PR8 Genes into V1J:

1. NP gene

20 The NP gene was subcloned from pAPRS01 (J.F. Young,

U. Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg
(1983), in The Origins of Pandemic Influenza Viruses. ed. W.G. Laver,
(Elsevier, Amsterdam) pp.129-138). It was excised by cutting
pAPRS501 with EcoRl, the fragment gel purified, and blunted with T4
DNA Polymerase. The blunted fragment was inserted into V1J cut with
Bgl IT and also blunted with T4 DNA Polymerase. The cloned fragment
was 1.6 kilobases long.

25

30



-21 - Fig. 33. Adult (22-28 meek old) nmale ferrets were immunized i.m wth
1 my of DNA encodingthe—HATfrom A/ Hawaii/ 91 or A/ Beijing/89 (data not

shown), on days O and 42 lacd€rrets received noncoding DNA or a ful
human dose (15 [err he | i censed whol e virus influenza vaccine
(92-93 formul ati on) EIJIng/89 on days 5 0 and 42. Ferrets
wer e chal | enged mnth on day 56. Viral shedding in nasal washes

was deternined as descri bed above Viral -s¥eddi ng on days 1-6 wasl&H@ér ed
with shedding in ferrets given control DNA by a two-way anal ysis of

vari ance. Sheddlng in ferrets given A/ Hawaii/91 HA DNA was significantly

| ower (p<0.000 10 shedding in control ferrets. Shedding in ferrets
gi ven A/ Hawai i / 1 was significantly less than shedding in ferrets
gi ven |icensed

The NS gene was subcloned from pAPR801 (J.F. Young,
U. Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg
(1983), in The Origins of Pandemic Influenza Viruses. ed. W.G. Laver,
(Elsevier, Amsterdam) pp.129-138). It was excised by cutting
pAPR801 with EcoR], the fragment gel purified, and blunted with T4
DNA Polymerase. The blunted fragment was inserted into V1J cut with
Bgl II and also blunted with T4 DNA Polymerase. The cloned fragment
was 0.9 kilobases long (the complete NS coding region including NS1
Y0 andNS2.

3. HA

The HA gene was subcloned from pJZ102 (J.F. Young, U.
Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg
(1983), in The Origins of Pandemic Inflnenza Viruses, ed. W.G. Laver,
(Elsevier, Amsterdam) pp.129-138). It was excised by cutting pJZ102
‘with Hind III, the fragment gel purified, and blunted with T4 DNA
Polymerase. The blunted-fragment was inserted into V1J cut with Bgl
II and also blunted with T4 DNA Polymerase The cloned fragment
was 1.75 kilobases long.

15

20

4. PBBL

25 The PB1 gene was subcloned from pGem1-PB1 (The 5" and
3' junctions of the genes with the vector were sequenced to verify their
identity. See J.F. Young, U. Desselberber, P. Graves, P. Palese, A.
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic
Influenza Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129-
138). It was excised by cutting pGem-PB1 with Hind I, the fragment
gel purified, and blunted with T4 DNA Polymerase. The blunted
fragment was inserted into V1J cut with Bgl II and also blunted with T4
DNA Polymerase. The cloned fragment was 2.3 kilobases long.
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product (p=0.021 for A/ Hawaii/91 HA DNA; two-way ANOVA for days 1-6);
shedding in ferrets given A/Beijing/89 HA DNA (data not shown) was not
significantly different fromshedding in ferrets given 15 |icensed product
(p=0.058; two-way ANOVA for days 1-6). Fig. 34. Adult (22-28 week old) nale
ferrets were imunized i.m wth 1 ng of DNA encoding the HA from

Al Hawai i /91 (see Figure 13), or with 330 [err]g each of DNAs encoding the
HA from A/ Hawai i / 91, and 20 the NP and J\/gﬁfrom A/Belj i ng/ 89, onigayzYO
and 42. Control ferrets received noncoding DNA or a fult tuman—dese (15

[err]g/strain) of the licensed whole virus mfluems 92- 93
formul ati on) containing A/ Beijing/89 on days O and
chal l enged with A/ Georgi a/ 93 on day 56. Viral shed l shes was

25 determ ned s degRRi bed above. Viral sheddi ng

‘The PB2 gene was subcloned from pGem1-PB2 (The 5' and

3' junctions of the genes with the vector were sequenced to verify their
5 identity. See J.F. Young, U. Desselberber, P. Graves, P. Palese, A.
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic
Influenza Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129-
138). It was excised by cutting pGem-PB2 with BamH I, and gel
purifying the fragment. The sticky-ended fragment was inserted into
V1J cut with Bgl I. The cloned fragment was 2.3 kilobases long.

10

6. Ml

The M1 gene was generated by PCR from the plasmid
p8901 MITE. The M sequence in this plasmid was generated by PCR
from pAPR701 (J.F. Young, U. Desselberber, P. Graves, P. Palese, A.
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic
Influenza Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129-
138.), using the oligomer 5'-GGT ACA AGA TCT ACC ATG CTT
CTA ACC GAG GTC-3', SEQ. ID:3;, for the "sense" primer and the
oligomer 5'-CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT
CTG CAC-3', SEQ. ID:4:, for the "anti-sense” primer. The PCR
fragment was gel purified, cut with Bgl II and ligated into V1J cut with
Bgl II. The cloned fragment was 0.7 kilobases long. The amino
terminus of the encoded M1 is encoded in the "sense" primer shown
above as the "ATG" codon, while the M1 translation stop codon is
encoded by the reverse of the "TCA" codon, which in the sense
direction is the stop codon "TGA".

15

20

25

30 B. Influenza Gene-V1J Expression Constructs:

In each case, the junction sequences from the 5' promoter region
(CMVintA) into the cloned gene is shown. The sequences were
generated by sequencing off the primer:



conpared with shedding in ferrets given control DNA by a two-way anal ysis

of variance. Shedding in ferrets—given HA*NP+ML DNA was significantly | ower
t han shedding in ferrets given | |censed vacci ne (p<0.0001) or HA DNA al one
(p:O. 0053). 30 Fig TBéSheet\HusIB% lace® week ol d) male ferrets were i munized

.m with 1 ng of HAfromA/Georgla/93 or with 330 [err]g
Havva||/91 and the NP and - 22 - M

each of DNAs encodl n
from A/ Bei jing/ 89, 42 Cont+§F -ferrets received 18972Y

CMVinta primer 5- CTA ACA GAC TGT TCC TTT CCA TG- 3',
SEQ. ID:28:, which generates the sequence of the coding sequence. The
position at which the junction occurs is demarcated by a "/", which does
not represent any discontinuity in the sequence. The method for
preparing these constructs is summarized after all of the sequences
below. Each sequence provided represents a complete, available,
expressible DNA construct for the designated influenza gene.

Each construct was transiently transfected into RD cells, (ATCC
CCL136), a human rhabdomyosarcoma cell line in culture. Forty eight
hours after transfection, the cells were harvested, lysed, and western
blots were run (except for the V1J-PR-HA construct which was tested in
mice and gave anti-HA specific antibody before a western blot was run,
thus obviating the need to run a western blot as expression was observed
in vivo). Antibody specific for the PB1, PB2 and NS proteins was
provided by Stephen Inglis of the University of Cambridge, who used
purified proteins expressed as B-galactosidase fusion proteins to
generate polyclonal antisera. Anti-NP polyclonal antiserum was
generated by immunization of rabbits with whole A/PR/8/34 virus.
Anti-M1 antibody is commercially available from Biodesign as a goat,
anti-fluA antiserum, catalog number B65245G. In each case, a protein
of the predicted size was observed, confirming expression in vitro of
the encoded influenza protein.

The nomenclature for these constructs follows the convention:
"Vector name-flu strain-gene”. In every case, the sequence was checked
against known sequences from GENBANK for the cloned and sequenced
A/PR/8/34 gene sequence. The biological efficacy of each of these
constructs is demonstrated as in Examples 2, 3, and 4 above:

10
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SEQUENCE ACROSS THE 5' JUNCTIONS OF CMVINT A AND FLU

30 GENES FROM A/PR/8/34:



noncodi ng DNA or a full human dose (15 [err]g/strain) of the licensed whole
virus influenza vaccine(92-93—+ermul ati on) containing A/ Beijing/89 on days
0 and 42. Ferrets were chall enged th A/ Georgia/93 on day 56. Viral

sheddi ng i n nasal This$hestH B‘gterm' ned as descri bed above. Viral

sheddi ng on days 1- ﬁ tm with shedding in ferrets given control
DNA by a two-way an ance. Shedding in ferrets given HA+tNP+ML
DNA was not significantly different from-\i8us shedding in ferretl8%2%n

t he honol ogous HA DNA (p=0.064). DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
i nvention provides nucleic acid pharnaceutlcals whi ch, when directly

i ntroduced i ntci ev\”a 5
humans, i nduce Sime
5' GTC ACC GTC CTT AGA TC/A ATT CCA GCA AAA GCA GGG

CMYVintA NP....

TAG ATA ATC ACT CAC TGA GTG ACA TCA AAATCA TG

2. V1J-PR-PB1, SEQ. ID:13:. GENBANK ACCESSION #J02151
5' ACC GTC CTT AGA TC/A GCT TGG CAA AAG CAG GCA AAC

CMYVintA PB1....

10 CAT TTG AAT GGA TGT CAA TCC GAC CTT ACT TTT CTT
AAA AGT GCC AGC ACA AAA TGC TAT AAG CAC AAC TTT
CCC TTA TAC

3. V1J-PR-NS, SEQ. ID:14:. GENBANK ACCESSION #J02150
15 5'GTC ACC GTC CTT AGA TC/A ATT CCA GCA AAA GCA GGG

CMVintA NS....

TGA CAA AAA CAT AAT GGA TCC AAA CAC TGT GTC AAG
CTT TCA GGT AGA TTG CTT TCT TTG GCA TGT CCG CAA
20 ACG AGT TGC AGA CCA AGA ACT AGG TGA T...

4. V1J-PR-HA. SEQ. ID:15:, GENBANK ACCESSION #J02143
5' TCT GCA GTC ACC GTC CTT AGA TC/ A GCT TGG AGC AAA

CMYVintA HA...
25
AGCAGG GGA AAA TAA AAA CAA CCA AAA TGA AGG CAA
ACC TAC TGG TCC TGT TAA GTG CAC TTG CAG CTG CAG
ATG CAG ACA CAA TAT GTA TAG GCT ACC ATG CGA ACA

20 ATT CAA CC...



proteins within the animal. Were the protein is one which does not
normal |y occur in that ani mal e I n pat hol ogi cal conditions, such as
proteins associ at [ an uenza virus, for exanple but not limted to

the influenza nucl eo %eeﬂn@lm ni dase herraggl utinin, polynerase,
matri x or nonstruct the aninmals' imune systemis 20
activated to | aunch mma% esponse. Because these exogenous proteins
are produced by the i ssues, gohe expressed proteins |892Y
processed and presented by the nmajor histoconpatibility conplex, MHC. This
recognition is anal ogous to that which occurs upon actual infection with
the rel ated organi sin The resut I nducti on

of i mmune respaask

i nvention pr 0V'5“'FFT”P€*I"G€/@G’F€ A’('IG 'GT@*’@TF'I‘ AGA TC/ C CGA ATT CCA
CMYVintA PB2....

GCA AAA GCA GGT CAA TTA TAT TCA ATA TGG AAA GAA

> TAA AAG AAC TAA GAA ATC TAA TGT CGC AGT CTG CCA
CCC CGG AGA TACTCA CAA AAA CCA CCG TGG ACCATA
TGG CCA TAA TCA AGA AGT..

6. V1J-PR-M1, SEO. ID:17:. GENBANK ACCESSION #J02145
10 5 GTC ACC GTC CTT AGA TCT/ ACC ATG AGT CTT CTA ACC

CMVINTA Ml.....
GAG GTC GAA ACG TAC GTA CTC TCT ATC ATC CCG TCA

GGC CCC CTC AAA GCC GAG ATC GCA CAG AGA CTT GAA
15 GAG TTG ACG GAA GA...

How Fragments were joined: .

20
1. V1J-PR-NP: Blunted BgllI (vector) to blunted EcoRI (NP)
2. V1J-PR-PB1: Blunted BgllI (vector) to blunted HinDIII
(PB1)
25
3. V1J-PR-NS: Blunted BglII (vector) to blunted EcoRI (NS1)
4. V1J-PR-HA: Blunted BglII (vector) to blunted HinDIII (HA)
30 5. V1J-PR-PB2: Sticky Bgl}l (vector) to sticky BamHI (PB2)

6. V1J-PR-MI: Sticky BglII (vector) to sticky BglII (M1)
M1 was obtained by PCR, using p8901-MI1TE as template



I ntroduced into animal tissues in vivo, by injection, inhalation, or
| npression by an chani sm (see BACKGROUND OF THE 30 | NVENTI ON
Repmed i nf | uenza virus gene product occurs.

above), the expression of tsl%gc gen _ (
Thus, for exanple, Th constructs of this invention into the
nmuscl e of mce, indu “ of the encoded gene products. Likew se,
in ferrets and rhesu : -23 - subsequent challenge with
virulent influenza virus, using doses whi@® uniformy kill contrdg93@Ynal s,
animals injected with the pol ynucl eotide vacci ne exhibit nmuch reduced

nmorbidity and nortality. Thus, this
and Primers that add a BgllI site at both ends and start
3 bases befor the ATG and end right after the termination
codon for M1 (TGA).

EXAMPLE 8
> VlJneo EXPRESSION VECTOR. SEO. ID:18:

It was necessary to remove the amp? gene used for antibiotic
selection of bacteria harboring V1J because ampicillin may not be used
in large-scale fermenters. The amp! gene from the pUC backbone of
V1] was removed by digestion with Sspl and Eam1105I restriction
enzymes. The remaining plasmid was purified by agarose gel
electrophoresis, blunt-ended with T4 DNA polymerase, and then treated
with calf intestinal alkaline phosphatase. The commercially available

 kan" gene, derived from transposon 903 and contained within the
pUC4K plasmid, was excised using the PstI restriction enzyme, purified
by agarose gel electrophoresis, and blunt-ended with T4 DNA
polymerase. This fragment was ligated with the V1J backbone and
‘plasmids with the kan” gene in either orientation were derived which
were designated as V1Jneo #'s 1 and 3. Each of these plasmids was
confirmed by restriction enzyme digestion analysis, DNA sequencing of
the junction regions, and was shown to produce similar quantities of
plasmid as V1J. Expression of heterologous gene products was also
comparable to V1J for these V1Jneo vectors. We arbitrarily selected
V1ineo#3, referred to as V1Jneo hereafter (SEQ. ID:18:), which
contains the kan® gene in the same orientation as the amp? gene in V1J
as the expression construct.
Genes from each of the strains A/Beijing/353/89, A/Texas/36/91, and
B/Panama/46/90 were cloned into the vector V1Jneo as cDNAs. In each
case, the junction sequences from the 5' promoter tegion (CMVintA)
into the cloned gene was sequenced using the primer:
CMVinta primer 5'- CTA ACA GAC TGT TCC TTT CCA TG- 3,
SEQ. ID:28:, which generates the sequence of the coding sequence.
This is contiguous with the terminator/coding sequence, the junction of
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I nvention discloses a vaccine useful in humans to prevent influenza virus
I nfections. 5 We have shown that DNA constructs encodi ng

i nfl uenza viral pro%eLns~ELLQLL_E%9;§;}ive | mmune responses in animals. As
will be described in nore detail be . i mune responses in ani mals have

i ncluded anti body arfdis St myeBas LMY, I N M ce, antibody generation in
ferrets and pri mates, ppn fromviral challenge in mce and 10
ferrets with honol og(“ﬂmm,lﬂmd shiftgg strains of influenzajg@gzyaps
t he nost striking resu [ ation wth DNA encoding viral proteins
was the ability to confer protection against distinct subtypes of virus.

Thi s suggests that adding a CTL-eliciting conponent to a vaccine shoul d
serve to nitigawbiclhis alspshowar. ‘This sequense svasganeratedsusing the prisaekon or

are unanti ci pat BesgfintFe S AGEAGTE GCR CCT TCC AGG -3', SEQ. ID:29:,
which generates the sequence of the non-coding strand. In every case,
the sequence was checked against known sequences from GENBANK
for cloned and sequenced genes from these or other influenza isolates.
The position at which the junction occurs is demarcated by a /", which
does not represent any discontinuity in the sequence. In the case of the
V1ineo-TX-HA juhction, the sequencing gel was compressed and the
initial sequence was difficult to read. Therefore, the first 8 bases at that
junction were shown as "N". These nucleotides have been confirmed
10 and the identified nucleotides are provided. The first "ATG"
encountered in each sequence is the translation initiation codon for the
respective cloned gene. Each sequence provided represents a complete,
available, expressible DNA construct for the designated influenza gene.
The nomenclature follows the convention: "Vector name-flu strain-
gene". The biological efficacy of each of these constructs is shown in
the same manner as in Examples 2, 3, and 4 above:

15

SEQUENCE ACROSS THE 5' TUNCTIONS OF CMVintA AND THE
FLU GENES AND ACROSS THE 3' JUNCTIONS OF THE FLU

20 GENES AND THE BGH TERMINATOR EXPRESSION
CONSTRUCTS, USING DIFFERENT INFLUENZA STRAINS AND
PROTEINS: '

1. A/BELJING/353/89
PROMOTER. SEQ. ID:20:

30 5 TCA CCG TCC TTA GAT C/ AA GCA GGG TTA ATA ATC
CMYVintA NP....

25



chosen each year for the followi ng year. Inportantly, inmunization with

cDNA vectors encoding—anr—HA—NP and Ml gene was able to protect nore
effectively against _a drifted strain of virus in ferrets than was the
licensed vacci ne. THFES Replacedst i fi cation for the use of constructs
encodi ng i nternal ge1 I n one enbodi ment, the vacci ne product
W I |- consist of separ ds encoding, for exanple, HA fromthe 3
preval ent clinical strains representing A/ RNL (A Texas/91), A HINRI72Y
(A/ Georgial93), and B (B/ Panana/90) viruses as well as DNA 25 constructs
encodi ng the internal conserved proteins NP and ML (matrix) fromboth A

prot bct onagai MG GAGTIAGTGACACHCH A ZANTE ME HOBNELETHA GRG i on
by generating HACEAAASCGG TCTEATGAA CAG ATG GAA ACT GAT GGG
GAA CGC CAG ATT

TERMINATOR, SEQ. ID:21:

5' GAG GGG CAA ACA ACA GAT GGC TGG CAA CTA GAA GGC
ACA GCA GAT /ATT TTT TCC TTA ATT GTC GTA C...
BGH NP....

10

15

PROMOTER. SEQ. ID:24:

5' CCT TAG ATC/ GGA AAT AAA AAC AAC CAA AAT GAA
CMVINTA HA....

20 AGC AAA ACT ACT AGT CC...

TERMINATOR, SEQ. ID:25:

25 5" GCA GAT C/ CT TAT ATT TCT GAA ATT CTG GTC...

BGH HA....

TCA GAT...

30

III. B/PANAMA/46/90

-PA-



anti bodi es against HA. This will be type- speC|f|c wi th sonme increased 30
breadth of protection against a drifted strain conmpared to the current

| i censed, protein-based vaccire—The NP and ML constructs will result in
the generation of CTL which WI X lede cross-strain protection with
potentially | ower vi I"[&isSth th accel eration of recovery - 24 -
fromillness. The expe ﬁ ce of the DNA constructs (in an

epi somal, non-repli cat rated ¢drmin the nuscle cel | E§97XY

expected to provide an creased duration of protection conpared to the
current vacci ne.

PROMOTER. SEQ. ID:26: (The first 1080 bases of this sequence is
available on GENBANK as accession number M65171: the sequence

obtained below is identical with the known sequence: the 3' sequence.
SEQ. ID:27: below) has not been previously reported

5'ACC GTC CTT AGA TC/ C AGA AGC AGA GCA TTT TCT AAT
CMVintA HA....

10 ATC CAC AAA ATG AAG GCA ATA ATT GTA CTA CTC ATG
GTA GTA ACA TCC AAC GCA GAT CGA ATC TGC...

TERMINATOR, SEQ. ID:27:

15 5 GGC ACA GCA GAT C/ TT TCA ATA ACG TTT CTT TGT

BGH HA....

AAT GGT AAC...

20 EXAMPLE 9

Intradermal Injections of Influenza Genes:

The protocol for intradermal introduction of genes was the
same as for intramuscular introduction: Three injections of 200ug
each, three weeks apart, of V1-PR-NP. The spleens were harvested for
the in vitro assay 55 days after the third injection, and restimulated with
the nonapeptide nucleoprotein epitope 147-155, SEQ. ID:9:. Target
cells (P815 cells, mouse mastocytoma, syngeneic with BALB/c mice H-
2d) were infected with the heterologous virus A/Victoria/73, and
specific lysis using the spleen cells as the effector at effector:target
ratios ranging between 5:1 and 40:1. Negative controls were carried
out by measuring lysis of target cells which were not infected with .
influenza virus. Positive controls were carried out by measuring lysis
of influenza virus infected target cells by spleen cells obtained from a

25
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The antici pated advantages over the current, |icensed vaccines include:

I ncreased breadth of protection due to CTL responses increased breadth of
anti body, and increased duration of protection. The PNV approach avoids the
need to make, sel ecfyainc RisMRaPRPIRed €assortants as is done for the current

| i censed vaccine sin onstruct can be nmade nore directly froma
clinical field isol a{E '1 odi ment of the invention, the hunman
i nfl uenza virus nucl ) Y sequenrc® -obt ai ned fromthe AYEB4

strain, is cloned into an expression vector. The vector contains a pronoter
for RNA pol ynerase transcription, and a transcriptional term nator at the

TR B TS e L TSP P NPT
transcri pti onalwhichrsuretvedsa hivednfluehza wvémis infection by strain A/HK/68

Results: Specific lysis was achieved using the spleen cells
from intradermally injected mice at ail effector:target ratios. No
specific lysis was seen when spleen cells obtained from uninjected mice,
or mice injected with the vector V1 without the inserted PR-NP gene,
were used as the effector cells. In addition, the specific lysis achieved
using the intradermal delivery was comparable at all effector:target
ratios to the results obtained using intramuscular delivery. Influenza
virus lung titers were also measured in mice injected intradermally or
intramusculary. The results, using 5 mice per group, 3 x 200 ug per
dose three weeks apart, and challenge 3 weeks post last dose, were as
follows:

10

Vaccine _ Mode of Delivery Mouse Lung Titer*
15 i -
Day 5 Day 7

V1-PR-NP Intradermal : 52402 41+1**

\'2! Intradermal 59+1 6.6 + 0.3

V1-PR-NP Intramuscular 46+04 45+ 1.1%*
20 None —ecemememeee 62+03 59403
* Mean log titer + SEM.
** One mouse had no virus at all,
2 Finally, percent survival of mice was tested out to twenty eight days.
By day twenty eight, of the mice receiving V1-NP-PR, 89% of the i.m.
recipients and 50% of the i.d. recipients survived. None of the V1
vector and only 30% of the untreated mice survived. This experiment
demonstrates that DNA encoding nucleoprotein from the A/PR/8/34
strain was able to induce CTL's that recognized the nucleoprotein from
the hetereologous strain A/Victoria/73 and a protective immune
response against the heterologous strain A/HK/68.
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pronoter is the cytonegal ovirus pronoter with the intron A sequence
(CW-intA). A preferred transcriptional termnator is the bovine growh
hormone term nator. The conbi nation of CWintA-BGH 20 termnator is
particularly preferredTn addltlon to assist in preparation of the

pharmaceutical, an. antjk s ance marker is also preferably included
in the expression 0 T I n resi stence genes, neonycin resistance
PYIRYIRIE

genes or any ot her y accept gB5l-e antibiotic resistah8872¥r ker

may be used. In a prBEi# , odi nent of this invention, the
antibiotic resistence gene encodes a gene product for neonycin resistence.

Further, to aid in the high |evel pro_jiéiigLELu;he phar maceuti cal by
fermentation in prokaryotic organi sns; nt ageous for the vector to
contain an origin of 30 replication and be of high copy nunber. Any of a
number of Polynucleotide vaccination in primates

1. Antibody to NP in Rhesus monkeys: Rhesus monkeys (006 NP, 009
NP or control 101; 021) were injected with 1 mg/site of RSV-NP im.
in 3 sites on day 1. Injections of 1 mg each of RSV-LUX and CMV-int-
LUX, constructs for the reporter gene firefly luciferase expression,
were given at the same time into separate sites. Animals were re-
injected on day 15 with the same amounts of DNA as before and also
with 1 mg of pD5-CAT, a construct for the reporter gene
chloramphenical acetyl transferase expression, in 1 site each. Muscle
sites containing reporter genes were biopsied and assayed for reporter
gene activity. Serum was collected 3, 5, 9, 11, 13, and 15 weeks after
the first injection. The first positive sample for anti-NP antibody was
collected at week 11 and positive samples were also collected on weeks
13 and 15. Anti-NP antibody was determined by ELISA. The results
are shown in Figure 9.

10

15

2. Hemagglutination inhibiting (HI) antibody in rhesus monkeys:
Monkeys were injected i.m. with V1J-PR-HA on day 1. Two animals
each received 1 mg, 100 pg, or 10 pg DNA in each quadriceps muscle.
Each injection was administered in a volume of 0.5 ml. Animals were
bled prior to injection on day 1. All animals were reinjected with DNA
on day, 15, and blood was collected at 2-4 week intervals thereafter.
Hemagglutination inhibition (HI) titers against A/PR/8/34 were positive
at 5 weeks, 9 weeks and 12 weeks after the first injection of V1J-PR-HA
DNA. Results are shown below in Table 10-1:

20
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commerci ally avail abl e prokaryotic cl oning vect gr.s
In a preferred enbodi nent-of this invention,

provi ded by the conmercially avail able vectors k

desirable to renpbve non-essenti al

t heﬁiﬁf

DNA sequences.

ﬁ}x/sl e-" B s

it

benefits.
s are

the lacz

and | acl codi ng sequences of pUC are renoved in one enbodi nent of the

i nventi on.

I n one enbodi nent,

the expression vector pnRSV is used, wherein

the rous sarcoma virus (RSV) |long term nal66epeat (LTR) is used dS%¥7R&

pronmoter. I n another enbodinent, V1, a nutated pBR322
TABLE 10-1
HI ANTIBODY TITER OF RHESUS MONKEYS RECEIVING
V1J-PR-HA DNA
> |RHESUS # [DOSE  |HI ANTIBODY TITER AT WEEK #
: PRE 3WK |S5WK [9WK 12 WK
88-010 1 MG <10 <10 320 320 320
88-0200 ' <10 <10 <10 40 40
10

88-021 100UG _ |<10 <10 <10 40 20

- 190-026 <10 <10 20 20 40

88-084 10UG___ {<10 20 40 20 10

15 {90-028 <10 <10 20 <10 <10
EXAMPLE 11

Polynucleotide vaccine studies in ferrets -

20

1. A study of polynucleotide vaccination in ferrets was initiated with
the purpose of determining whether animals could be protected from
influenza A infection by immunization with genes encoding either the
HA (a surface protein capable of inducing strain-specific neutralizing

25 antibody) or the interal protein NP, NSI, PBI, M (thought to induce a
cell-mediated immune response that would be strain-independent).
Animals were injected with DNA encoding the various influenza genes
in our V1J-vector as shown:

30



vector into which the CW pronoter and the BGHt+ranscriptional term nator
were cloned is used. The VI-NP construct was us

particularly -
preferred enbodi nent of this invention, the el ene Hm been been
conbi ned to produce an expression 10 vector nane i J is cloned

an i nfluenza virus gene,

gene.

from V1l and replaced with a neonycin resistance gene,
Figure 7),

I nfl uenza virus genes have been Clonedﬂggéliii—fﬁh
t he vector kX ;

“which is the sanme as V1J

(SEQ JD: 18:,

such as an A/ PR/ 8/ 34 NP, PB1, NS1, HA PB2,
I n yet another enopbodi ment, the anpi@A!{in resistance gene il8978Y¥oved
to generate V1J-neo

. . . eﬁnsts eelﬂﬂmﬁﬁm: wce and
i nduce CTLs which protect against heterol ogous c

into which any of a nunber of different 15

In yet anot her enbodi nent,
except that a unique Sfil restriction site has been

cording to this invention.

or M

No. Animals {Chall. |Chall.
Group Construct ‘Dose |Immunized |HIN1 |[H3N2
5 1 V1J-HA 1000 mg 16 8 8
2 V1J-NP 1000 mg 16 g 8
3 V1J-NP+NSI1+{ 2000 mg 16 8 8
PB1+PB2+M total .
4 V1J-HA+NP+ | 2000 mg 16 8 8
10 NS1+PB1+ . total
PB2+M
5 V1J- 1000 mg 16 8 8
6 None None 10 5 5
Total 90 45 45
15 Animals

2. On days 22 and 43 postimmunization, serum was collected from the.
immunized animals and assayed for neutralizing (hemagglutination
inhibiting-HI) antibodies and for antibodies to nucleoprotein (NP) by

20 ELISA. Animals that had been injected with DNA expressed antibodies
to the corresponding genes. These are reflected in the attached Figures
10, 11, and 16. '

3. On Day 128, selected immunized animals were challenged with 1200

25 TCIDSO0 of Influenza A/HK/68. This strain is heterologous to the
A/PR/8/34 strain that was the source of the coding sequences used to
immuriize and therefore protection indicates immunity based on cell-
mediated, strain-independent immune mechanisms. As shown in the
attached Figure_ 12, a statistically significant reductjon in viral shedding

30 compared to controls was seen in animals immunized with DNA
encoding internal proteins, confirming that polynucleotide
immunization in ferrets is capable of eliciting an immune response and
that such responses are protective.



engi neered into the single Kpnl site at position 2114 of V1J-neo. The

i nci dence of Sfil sites in human genonmic DNA is very |low (aproxi mately 1
site per 100,000 bases). Thus, this vector allows careful nonitoring for
expr essi on vect or i“ﬁhﬁ@ﬁe’éiﬁa@ﬂeeinmteﬂacmmt DNA, sinply by Sfil digestion of

extracted genom c refinement, the vector is VIR In this
vector, as nuch non-e | S possible was "trimed" from.the vector
to produce a highly 2 or. Thi68 vector is a derivati U89%92¥W1Ins

and is shown in Figure 36, (SEQD.:45:). This vector allows |arger inserts
to be used, with | ess concern that undesirable sequences are encoded and

Wrus 50 gened i A hoifblikallidhelitfet GRfld AIPRIEAT 32"'?@?54% 4 S RS

portions of Vipretectivegdfieady of mautratizingartibodyind lmdvby po 3a1 thlémd
I nserted vaccination is demonstrated similarly.

EXAMPLE 12
>  PRODUCTION OF Vilns

An Sfi I site was added to V1Jneo to facilitate integration studies.
A commercially available 13 base pair Sfi I linker (New England
BioLabs) was added at the Kpn I site within the BGH sequence of the
vector. V1Jneo was linearized with Kpn I, gel purified, blunted by T4
DNA polymerase, and ligated to the blunt Sfi I linker. Clonal isolates
were chosen by restriction mapping and verified by sequencing through
the linker. The new vector was designated V1Jos (Figure 17).
Expression of heterologous genes in V1Jns (with Sfi I) was comparable
to expression of the same genes in V1Jneo (with Kpn I).

10

15

EXAMPLE 13

IMMUNOGENICITY

20 1. Humoral Immune Responses

Injection of DNA encoding influenza HA, NP and M1 has
resulted in humoral immune responses in mice, ferrets or non-
human primates (including African green monkeys and Rhesus
monkeys). To date, PNVs containing HA genes cloned from the
A/PR/34, B/Panama/90, A/Beijing/89, A/Texas/91, A/Hawaii/91,
and A/Georgia/93 strains of influenza virus have been showh to
generate antibodies.

a) Mice: Antibodies to NP and M1 were detected by ELISA
in sera from mice after injection of DNA. Substantial antibody
titers (104- 106) were generated with as low as 1 pg of NP DNA
(A/PR/34) administered once (the smallest dose tested), arose as
soon as 2 weeks after injection (the earliest time point tested), and

25

30



sequence is in bold text, but the nunbering of V1Jneo is unchanged. The
foregoing vector nodification and devel opnent proceedures may be
acconpl i shed accordi ng to nmethods known by those skilled in the art. - 26
- The particul ar pr cdisShest Repladedhonever , t hough obt ai ned by
conventional neans, a u seful for the particular purpose to

r

whi ch they are adapte nbodi ment of this invention incorporates
the influenza NP gene fromthe A/ PR 8/ 34 6%rain, nore preferred EB®HdY ments
i ncorporate an NP gene, an HA gene, an NA gene, a PB : '

have not decreased for at least 6 months after injection. These NP
antibodies are not neutralizing and do not participate in
protection. They do, however, demonstrate NP protein
expression in vivo after DNA injection. In contrast, antibodies to
HA do provide protective immunity against the homologous

> strain of influenza virus. Injection of HA DNA cloned from the
A/PR/34 strain resulted in the production of neutralizing
antibodies, as measured in vitro by a hemagglutination inhibition
(HI) assay. HI titers > 1280 were measured in many mice given
three doses of 100 ug of HA DNA, and detectable titers were seen

10. in some animals that had received a little as two doses of 0.1 pg.
There was a dose-response relationship between HI titer and
DNA dose, as well as HI titer and numb_er of injections (Table 13-

D:

13 Table 13-1

Generation of Humoral Immune Responses in Mice

”0 GMT HI
# doses
dose (ug) 1 2 3
HA DNA (100) 75 106 260
HA DNA (10) | 37 69 86
,s |HA DNA (1) <10a 13 24
HA DNA (0.1) <10b <102 <10a
Control DNA (100) <10b <10b <10b
uninjected <10b
30

Table 13-I: Female BALB/c mice (4-6 weeks) were injected with
A/PR/34 HA DNA (V1JHA) at the indicated doses either once, twice or
three times at three week intervals. Negative controls included mice
injected with control DNA consisting of the vector without a gene insert



gene, a Mgene, or an NS gene fromnore recent influenza virus isol ates.
This is acconplished by preparing DNA copies of the viral genes and then

subcl oni ng the |nd|V|duaI nces for nmany genes of many influenza
virus strains are publlcly a e@ble on 10 GENBANK (about 509 such
sequences for influepges any of these genes, cl-oned fromthe
recent Texas, Berjrng ates of the virus, which are 5%&ps
reconmended by the Ce e Conf/fol as belng desirabl el %b

anti-influenza vacci ne re 15 preferred in this invention (see
FLU-1 MMUNE i nfl uenza vrrus vacci ne of Lederle, Physicians Desk Reference,

1993, pl232,

contai hi gt heCRLENE Bt W@?&éd‘ﬁ’r% ot satfifef e é‘gﬁ‘ra’rﬁ’f%% o

A Bei j i ng/ 353/ severrareks post-dose anenandsmadyzedrioriche presencedini nol ogy
consistent, thgefQbLAKMHion inhibition (HI) antibodies. The data is represented as

geometric mean HI titer where n=10.

a some of the mice tested positive for HI titer.

b all of the mice.

10 In every mouse tested, the presence of HI antibodies correlated

with protection in a homologous challenge model. HI antibody
responses in mice injected with HA DNA (A/PR/34) have
remained essentially unchanged for at least six months. HA
antibodies, as measured by ELISA, have also been generated in
15 mice using HA DNA from A /Beijing/89, B/Panama/90, and
A /Texas/91 strains of influenza virus.

Based on a report in the literature that demonstrated lower
reporter gene expression in older mice after injection of DNA, the
effect of age on humoral immune responses to HA was tested.
Due to the lack of availability of senescent virgin female mice,
retired breeders of approximately 10 months of age were used.
Retired breeders and 4-6 week-old virgin mice were compared for
their ability to generate antibodies to HA. The older mice were
able to generate HA antibodies after injection of HA DNA at doses
as low as 1 pg (the lowest dose tested), albeit lower in titer than in
the younger mice (Table 13-1I):

20
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convention is followed herein for describing DNA constructs: 20 "Vector
name-flu strain-gene™. Thus, a—cofst+dct wherein the NP gene of the
A PR/ 8/34 strain is (I’hx@SlﬁS{Ha{!ééan Q&L XPpression vector ViJneo, the nane it

is given hereinis: " Naturally, as the etiologic strain of
t he virus changes, th l
t he pharnaceuti cal ma as is 25 denonstrated bel ow,

which is optimal for incorporation in
because cytotoxic Iyrrphocyte responses argri-nduced which are caphf9p2vf
protecting agai nst heterol ogous strains, the strain variability is |ess
critical in the novel vaccines of this invention, as conpared with the
whol e virus or a3)bun| t | ypepti de based vaccines. In addition, because the
phar maceut i cal Tj 1&513-& mani pul ated to insert a 30 new gene, this is an
adj ustment which is easily nade by the standard techni ques of nol ecul ar
bi ol ogy.

Effect of Age on Humoral Immune Responses

5 GMT GMT
inocufum dose (ug)| (4-6 wk)| (10 mo)

HA DNA 100 1034 110

HA DNA 10 338 68

HA DNA 1 80 20

10 Control DNA 100 <ba <ba

Uninjected - <5a <ba

Flu - 538 36

15 Table 13-II: Female BALB/c mice (4-6 week virgins and 10-month
retired breeders) were injected with A/PR/34 HA DNA (V1JHA) at the
indicated doses three times at three week intervals. Negative controls
included mice injected with control DNA (V1J) and naive, uninjected
mice. For comparison, other mice were infected with a sublethal dose

o9 Of influenza A/PR/34. Serum samples were collected at nine weeks
post-dose one and analyzed for HI titer. Data is represented as
geometric mean HI titer where n=15.

2 all mice tested negative for HI titer
25

However, this was not a result of the PNV itself, but rather a
diminished capacity in the older mice to generate humoral
immune responses in general since older mice also exhibited lower

50 HIresponses than younger mice after infection with live A/PR/34
virus. In fact, the HI antibodies appeared to be less depressed in
DNA-vaccinated aged mice than in influenza-infected aged mice.
Moreover, the retired breeders used in these studies were
approximately 50% heavier than typical virgins of the same age,



Because the sequence of nucl eoprotein is conserved anong various strains of

I nfl uenza, protecti chieved agai nst subsequent -27- chal l enge by
a virulent strain of ﬁmgmm.@emn was heterol ogous to the strain from
whi ch the gene for nucl ~cloned. Conparisons of NP from
numerous strains of i nf\m shown no significant differences in
secondary structure [M I'n et al., Virol. 170, 71, 1989] and very few

changes in am no acid sequence [O T. Gor-rih-et al., J. Virol. 65.892W%,
1991]. Over an approximately 50 year period, NP in human strains evol ved at
a rate of only 0.66 am no

which based on studies of others using calorie-restricted diets in
mice could have had a detrimental effect on the immune responses
of these animals. For this and other reasons, the immune
responses of these mice may not be representative. Nevertheless,
age (up to at least 10 months) does not appear to have
significantly reduced the ability of polynucleotide vaccination to
induce humoral immune responses, even at doses of as low as 1

ng.

b) Ferrets: Humoral immune responses have been
10 generated in ferrets injected with HA DNA from the A/PR/34,
A/Beijing/89, A/Hawaii/91 and A/Georgia/93 strains of influenza
virus. HI antibodies against A/PR/34 and ELISA antibodies
against HAs from the other strains were elicited by the
appropriate PNV. Sera from ferrets injected with A/Beijing/89,
A/Hawaii/91, and A/Georgia/93 HA DNAs are found to have HI
antibodies and neutralizing antibodies, since these animals were
protected from virus challenge.

20 ¢) Non-Human Primates: (See also Example 10 above).
| Rhesus monkeys were immunized twice with HA DNA (A/PR/34)

at doses of 10, 100, and 1000 pg per leg. HI titers of up to 320 were
measured in animals that had received 100 or 1000 pg doses, and
one of the two 10 ug-dose monkeys had an HI of 80. So far, sera
have been assayed out to 13 months; HI titers did not decline
appreciably from 6-13 months (Table 13-III):

15
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acid changes per year. Mreover, our results which show t hat

Al HK/ 68-specific CTts—feeegnF;e_LaLgeI cells pulsed with the synthetic
pepti de NP(147-155) ﬂﬁ%ﬁv? ron1the sequence of A/PR8/34 NP indicate that
this H2K[err]-restri has renai ned functionally intact over

a 34 year span (see F hould be noted al so that where the gene
encodes a viral surfa ch as hemaggl utinin or even
neur am ni dase, a S|gn|f|cant neutraI|2|ng'MbﬂDraI (anti body) i mMmi8972Y
response is generated in addition to the 15 very inportant cytotoxic
| ynphocyte response. The i.m injection of a DNA expression vector encoding
a conserved, in of influenza A resulted in the generation of
significant prgfébr€QL§ ﬁﬂﬁnlty agai nst subsequent viral challenge. In
particular, NP-specific antibodies and prinmary CTLs were produced.
Generation of HI Antibodies in Rhesus Monkeys

s |dose (ug)| pre 1 mo 2mo | 55 mo 13 mo
2000 <10 640 320 | 160 80
2000 <10 40 - 40 20 20
200 <10 80 40 40 80
200 <10 80 80 40 | 20

10 20 <10 40 20 20 20
20 <10 <10 <10 <10 <10

Table 13-IlI: Rhesus monkeys (both male and female) ranging in size

15 from 4.3 to 8.8 kg were injected with A/PR/34 HA DNA (V1JHA) at
the indicated doses at 0 and 2 weeks. Serum samples were collected at
the indicated times post-dose one and analyzed for HI titer. The data
represent HI titers for individual animals.

20
In African green monkeys injected with a combination PNV

containing 100 ug HA DNA (A /Beijing/89), evaluation of sera 4-6
weeks post-dose 1 showed a GMT of 29 (8/9 responding). This
compares favorably with responses to both licensed subvirion

25 vaccine (GMT of 16, 5/6 responding) and licensed whole virion
vaccine (GMT=36, 6/6 responding) at the same time point (Figure
18). A marked booster effect of the second immunization was seen
in animals receiving a 10-ug dose of HA DNA (GMT of 1.9 after 1
dose and 199 after two doses). Licensed whole virion vaccine

30 demonstrated a similar boosting effect, whereas HI titers
produced by the second dose of subvirion vaccine were only
transient. To date, similar levels of HI antibodies have been
measured out to 18 weeks in animals immunized with both 10 ug
and 100 ug doses of HA DNA compared to the best licensed



20 NP DNA inmmuni zation resulted in decreased viral lu g titers, inhibition

of weight loss, and increased survival, conpared to controls. The

protective i mmune response was nhot nedlated by the NP-specific antibodies,

as denonstrated by thm,slsm{d{a@Beeeﬂ*F £ of NP anti bodi es al one (see Exanpl e
nd was thus likely due 25 to

4) in conbating a viru

NP- speci fic cellul ar |FE“ ver, significant |evels of primary CTLs
di rected agai nst NP erat ed The pragection was agai nst a MOAA¥nt
strain of influenza A that was heterol ogous to-the strain fromwhich the
DNA was cl oned. Additionally, the challenge strain arose nore than three

i T oct od agal nScsHhe Grhale st < These bestlts clsonsfiassthat the B geni c
shift and driftwaé asileasas @ifective th genarating neutRdizingeantibodiés bse
' nfluenza ViTus 8RS Vi8R Wickine and superior to subvirion vaccine. Purified
subunit vaccines were not detectably immunogenic in mice; hence
they were not tested in non-human primates. In this study, the
> PNV contained a 5-valent cocktail of DNAs encoding HA from
© A/Beijing/89, B/Panama/90 and A/Texas/91, and NP and M1
from A /PR/34, in order to resemble a candidate vaccine. We have
also tested these animals for the generation of humoral immune
responses against the other components of the vaccine and have
'®" detected antibodies to B/Panama/90 HA and A/PR/34 NP. Ina
separate experiment, both HI and neutralizing antibodies against
A/Texas/91 HA were induced by injection of two doses of PCR-
cloned HA DNA. |

15 45 Cell-Mediated Immune Responses

See Example 3 above.

3. Generation of Immune Responses

20
a) Humoral Immunity: The events leading to the production
of humoral and cell-mediated immune responses after injection of
DNA have not yet been elucidated. To engender neutralizing
antibodies (e.g., against influenza virus HA), it is likely that cells
must express the antigen on the plasma membrane or secrete it
into the extracellular milieu. In addition, transfected cells should
express HA with secondary, tertiary and quaternary structure
similar to that in the virion. Ina rosettmg assay, cell surface
expression of HA was demonstrated in RD cells
(rhabdomyosarcoma; myoblast origin) transiently transfected
with HA DNA. Red blood cells agglutinated to the surface of HA
transfected cells but not mock-transfected cells, indicating that HA
was not only expressed on the surface but also had retained the

25
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exhi bit sone degree of conservation, and because CILs may be -28 -
generated in response to intracell uI ar expression and VHC processing, it

predictabl e that other—inftuenza vitus genes will give rise to responses
anal ogous to that achi ggee{@nggch&QWOds for identifying immunogenic

epi topes are now wel | t [see for exanple Shirai et al., J.
| mmunol 148: 1657- 1667, HM"M ﬂ“ﬂ]et al., J. 5 | mmunol 147:575- 583,
1991; Calin-Laurens, 11: 9]45-978 1993]. Thus, nah8972Y

t hese genes have been cloned as shown by the cloned and sequenced
junctions in the expression vector (see bel ow)

proper conformation for binding to sialic acid-containing
proteins.

b) Cell-Mediated Immunity: The generation of cell-
mediated immune responses (e.g., against influenza virus NP)
requires proteolytic processing and presentation of peptides
derived therefrom in association with MHC class I. The nature of
the antigen presenting cell leading to the generation of immune
responses after injection of DNA is not yet known. Muscle cells
express low levels of MHC class I and are not thought to express
costimulatory molecules on their surfaces. Therefore, muscle cells
are not generally considered to be antigen presenting cells.
However, several lines of evidence suggest that muscle cells are
involved in the generation of immune responses after i.m.
injection of DNA. First, a limited survey of the tissues capable of
internalizing naked plasmid DNA leading fo protein expression in
situ demonstrated that many cell types can express repotter genes
when the plasmid is injected directly into the tissue, but
substantially less efficiently than muscle cells. A complete analysis
of the uptake of DNA by non-muscle cells after i.m. injection has
not yet been reported, but it is likely that uptake would be even
less efficient. Second, expression of reporter genes after im.
injection of DNA has been demonstrated in skeletal and cardiac
muscle cells in many different species. Third, although CTL
responses can be generated after injection of DNA via other
routes (i.v. and i.d.), the best protective immune responses in mice
were elicited after i.m. injection of DNA. Fourth, myoblasts and
myocytes can be recognized and lysed by CTL in 9itro and this lysis
can by enhanced by pretreatment with y-interferon, which
upregulates MHC class I expression. Finally, transplantation of
stably transfected, NP-expressing myoblasts irito naive, syngeneic
mice resulted in the generation of protective cell-mediated
immune responses in vivo (Figure 20). Therefore, expression of
antigens by muscle cells is sufficient to induce the protective
immune responses seen after DNA injection. Furthermore,
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such that these constructs are prophylactic agents in available form
Therefore, this. |nvent|on provi des expreSS|on vectors 10 encoding an
i nfl uenza viral The invention offers a nmeans to

i nduce cross-strai n mgﬁe@fﬁagg& | t y wi t hout the need for
self-replicating agen In addition, inmunization with DNA
of fers a nunber of ot }Hm'm F| rst, this approach to vaccination
shoul d be applicabl e as-vatectious agents, 15 $ROZ2Yt he
CD8[err] CITL response is inportant f or bot h pat hophysi ol ogi cal processes

[ K. Tanaka et al., Annu. Rev. Inmmunol. 6, 359 (1988)]. Therefore, eliciting
an i nmune respon agai nst a protei cial to the fornatl rocess
may be an effecH @@r%mp?ﬁlgﬁ%by Bﬁnbmqﬁ?iﬁjﬁgﬁﬁgﬂ%}‘ ond,
the generation féqmma to acdowant fdothe eﬁ@raﬁanldfspraémmmnnmityt ns
after injectiongol Vihealsta%&’ﬁgmr} P poﬁmucleotldes as vaccines, it would be
potentially advantageous to limit DNA uptake to muscle cells.

First, myocytes are terminally differentiated and do not divide.

This could be important for reducing the possibility of integration

of plasmid DNA into chromosomal DNA and maintaining a
persistent expression of antigen, which could lead to long-lived
immupne responses. Second, myocytes are large, multinucleate

cells that can be regenerated by fusion of myoblasts. This may

help to explain why injection of DNA leads to protein expression

that can potentially persist for long periods of time without

evidence of cytolytic destruction by CTL.

10

EXAMPLE 14

13 protection Studies

Immunization with DNA encoding influenza virus antigens
provided protection from death and disease, and reduced viral burdens,
in a variety of combinations of influenza strains, using two widely
accepted animal models for human influenza infection {mice and
ferrets).

20

1. Heterologous (heterotypic, group-common) protection is not
provided efficiently by the licensed killed virus vaccine but was
provided by DNA vaccination in animal models. This protection was
demonstrated when DNA that encoded NP or M1 was injected into
laboratory animals. The cross-reactive cell-mediated immune (CMI)
response induced by vaccination with these DNAs prowded a protective
response.

a. Mice: BALB/c and C3H mice mjected i.m. with DNA coding
for NP from A/PR/34 were protected from death and from disease
(assessed by reduction in body weight) when challenged by total
respiratory tract infection with an LD9g of A/Hong Kong/68 (H3N2), a

25
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hemaggl utinin) and human growth hornone DNA, [see for exanple D.- c. Tang
et al., Nature 356, 152, 1992], indicates this is a facile and highly

ef fective neans of nmrbody—based vacci nes, either separately or in
conbi nation with cyt otmxs&etm;y iﬂ € vaccines 25 targeted towards

conserved anti gens. MH M cing and purifying DNA constructs
conpares favorably vmt "&Eﬂ rotein purification, facilitating the
generation of conbinati hus; 7t ti pl e constructs, fd89%hple
encodi ng NP, HA, ML, PBl, NS1, or any ot her i nfluenza virus 30 gene may be
pr epar ed, m xed and co- adm' nistered. Finally, because protein expression is
[ R G o A, et AR S50
E. Hansen et asurvivabBsf BALB/oatice imngusiaed 3 times with
pg/dose) at 3-week intervals and challenged 3 weeks after the last

"immunization. Figure 22 shows the inhibition of weight loss after

challenge in immunized mice compared with the severe weight loss
experienced by control mice. Figure 23 shows the reduction in viral

burden in the lung 7 days after after upper respiratory tract challenge

of mice immunized with NP DNA compared with mice given control
noncodirig DNA. Mice immunized with NP DNA were completely
protected from death, experienced reduced weight loss, and showed

lower viral burden in the lungs when compared with control mice. The
amount of NP DNA required to protect mice from death and weight

loss was found to be <6.25 pug per injection when 3 injections of DNA

were given (Figure 24). The protection produced by immunization

with NP DNA was found to persist essentially unchanged for at least 3
months in immunized mice. The level of protection persisted to 6

months, but declined slightly between 3 and 6 months after the last
immunization. However revaccination with a single injection of NP

DNA at 22 weeks, 3 weeks prior to challenge at 25 weeks, restored full
protection (Figure 25). Thus immunization of mice with NP DNA
produced a long-lasting, boostable, heterologous protection. The ability

to generate an anamnestic response upon revaccination of these animals
suggests that immunological memory was induced by the NP DNA
immunization.

10

15

20

25 b. Ferrets: Ferrets are a commonly used model for human

influenza infection because they are susceptible to infection with a wide
variety of human isolates of influenza virus. Virus replication in the
ferret occurs predominantly in the nares and trachea and to a much
lesser extent in the lung, in contrast to mice in which the viral burden in
the lung is large. Infection in the ferret is followed most readily by
titration of virus in nasal wash fluid. Ferrets immunized with NP DNA
or M1 DNA, singly or in combination, from a strain recently obtained
from humans (A/Beijing/89, H3N2), exhibited significantly reduced

30



-29 - S. Jiao et al., Hum Gene Therapy 3, 21 (1992); J.A Wl ff et al.,
Human Mol . Genet. 1, 363 (1992 persistence of B- and T-cell nenory

may be enhanced [ D ay and P. l\/atz nger, J. Exp. Med. 174, 969 (1991); S.
Cehen et al., ibid. Gheeli®aé Be , t hereby engendering |ong-1Iived )
hunoral and cel |l -ne M The current limtations
of licensed influenza S|ze the need for devel opent of nore
effective neans for p on of infecti-of§ and anelioration of diSI¥.

The ol der vaccines provide limted protection, are effective against only a
few, selected -

viral shedding on days 1-6 upon challenge with a field isolate,
A/Georgia/93 (H3N2) (Figure 26). This field isolate exhibited antigenic
drift from the A/Beijing/89 type strain such that the A/Beijing/89
licensed vaccine offered little or no protection of humans against disease
caused by A/Georgia/93. Ferrets immunized with DNA encoding

> internal proteins of A/PR/34 exhibited significantly reduced nasal viral
shedding on days 5 and 6 after infection with the homotypic strain,
A/PR/34 (Figure 27). Reduction in viral shedding was seen after
A/Georgiaf93 challenge at both early and late time points, while late

Lo reduction in shedding was observed after A/PR/34 challenge; this may

be due to a difference in virulence for ferrets between the two strains.

2. Homologous (homotypic, type-specific) protection was demonstrated
readily in both mice and ferrets imunized with HA DNA.
a. Mice: BALB/c mice immunized with HA DNA (A/PR/34) were

135 fully protected against challenge with an LD9Q of A/PR/34. Immunized

mice experienced neither death (Figure 28) nor loss of more than 5% of

body weight (Figure 29) after challenge, while 90-100% of control

mice died and experienced severe weight loss. Titration of the dose of

HA DNA required to achieve protection showed that three injections of
2 g HA DNA was sufficient to achieve full protection (Figure 30).

b. Ferrets: Ferrets that had been immunized with DNA that
coded for the HA from A/PR/34 had significantly lower viral shedding
on days 1-6 after homologous challenge infection than ferrets given
control DNA (Figure 31). Similarly, ferrets that had been immunized
with A/Georgia/93 HA DNA had reduced viral shedding on days 1 and
3-7 after homologous infection (Figure 32). HI antibodies were present
against the appropriate strains in sera from all of the immunized ferrets
(vide supra). Thus immunization with HA DNA produces homologous
protection.

25
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strains of virus, and wane in their efficacy after a short period. Thus, 10
the current vaccines nust be refornulated for yearly inoculation in order

to be effective. Ceneration—ef—amimnproved CTL response agai nst internal .

proteins would |i kel PL.OVi éﬁg@gaf:adcant | ong-term cross- reactive

i munity not now eli d vaccine. W have denonstrated protein
expression from PNV 15m n m ce, ferrets, and non-human pri.mates
by detection of host i di recy@d agai nst influenza alg9EYs.

I njection of mce with DNA encoding influenza NP has resulted in increased
survival, decreased viral lung titers and Iess wei ght | oss in conparison

20 'straing) didUaceinescombionsh g ability ofHBARA GA AP SR oy
al so observed dgreaddsef préteation valish Bemibihéd WitloNFhahd MIDMNAswabi f t ed
examined in ferrets. |

a. Breadth of protection against antigenic drift variants: The
antigenic drift that occurred between the A/Beijing/89 and A/Beijing/92
strains was of sufficient magnitude that many humans immunized with
the licensed vaccine containing the A/Beijing/89 strain were not
protected against disease caused by the .A/Beijing/92 variant. In North
America, widespread disease was caused by A/Beijing/92-like field
isolates, for example, A/Georgia/93. The North American field isolates
are antigenically similar to the type strain, A/Beijing/92, but differ in
their geographic site of isolation, and in their passage history in that
they were passaged in mammalian cell culture rather than in eggs. In
terms of the amino acid sequence of HA, however, the A/Beijing/92-like
strains differed from the A/Beijing/89-like strains by only 11 point
mutations (positions 133, 135, 145, 156, 157, 186, 190, 191, 193, 226,
and 262) in the HA1 region. We therefore sought to determine whether
combining the homotypic immune responses induced by HA DNA with
cross-reactive CMI responses induced by NP and M1 DNA would
provide a greater degree of protection against this antigenic drift
variant, Immunization of ferrets with licensed vaccine containing the
A/Beijing/89 strain, or with HA DNA from A/Beijing/89 or a Beijing-
89-like field isolate (A/Hawaii/91) gave a reduction in viral shedding
when ferrets were challenged with A/Georgia/93 (Figure 33). Ferrets
that were immunized with a combination PNV containing NP, M1 and
HA DNAs had significantly lower virus shedding than ferrets '
immunized with licensed product, or with HA DNA alone (Figure 34).
In the case of the A/Hawaii/91 HA DNA combined with A/Beijing/89-
NP and M1 DNAs, the resulting protection was not significantly
different from the maximal protection provided by the homologous
A/Georgia/93 HA DNA (Figure 35). Thus combining HA, NP and M1
DNA's gave improved protection against an antigenic drift vanant
compared with the licensed vaccine.
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strains in ferrets inoculated with NP DNA. These results indicate that
protection against a major shift in influenza strains is aided by a DNA
vacci ne that includes genes encodihg—NP. Injection with HA DNA-25 followed
by chall enge of experinmental anipmals . with drifted virus strains resulted in
an even nore substant‘mmhed&lesr ofi Vi rus sheddi ng. The addition of the

i nternal protein DNA 4l i it ed the hi gh degree of protection
observed after injectifa il one. §fhe i mmune response to I8¥A2¥nza

DNA has been followed in mce for as long as six nonths after
injection, with persistence of antibodies, CTL activity, and in Vi vo
protection. Repeat in ectlon of DNA furthe |ncreased urV| W ng
chal l enge at 25 weebs i 5486, B hVag & b@ﬁand

I ndi cated an alpyy ntlﬁnﬁﬁﬁfied w1th a vaccine cons1st1ng of the HA DNA sequence
derived from a U.S. field isolate that had been passed in MDCK cells in
tissue culture (A/Hawaii/91) experienced less (p=0.021 by two-way
ANOVA) viral shedding than ferrets given the licensed killed virus
vaccine containing the egg-passaged A/Beijing/89 strain, when
challenged with the antigenically drifted strain A/Georgia/93 (Figure
33). In contrast, ferrets given HA DNA from A/Beijing/89 did not
experience significantly different viral shedding (p=0.058) after
A/Georgia/93 challenge from ferrets given the licensed vaccine
containing the identical virus. The egg and mammalian cell-grown
strains differ by two point mutations in the HA1 region of HA (positions
186 and 193), both of which are located in antigenic site B, close to the

_apex of the HA monomer in a region thought to be important for the
binding of HI and neutralizing antibodies. In some instances, the ability
of some human influenza isolates to bind to chicken RBC is initially
very low but is increased by successive passages in eggs, suggesting that
the receptor binding region of the HA may undergo substantial selection
by growth in avian cells. The effect of small sequence variations on the
efficacy of HA-based influenza vaccines in laboratory animals
underscores the potential importance of remaining as close as possible to
the sequence of the wild-type virus in preparing such vaccines.

10

15

20

c. Nonhuman primates: Nonhuman primates are not commonly
used for influenza challenge models due to their lack of a clinical
response to infection. However, we have investigated the
immunogenicity of the PNV vaccine combinations in nonhuman
primates in comparison with the licensed killed virus vaccines. The
antibody titers elicited by the combination PNV containing the HA and
internal protein genes were at least equivalent to the licensed product in
terms of HI antibody titer and duration of response (vide supra).

°  African Green Monkeys that had been immunized with PNV responded
to an HA PNV for an antigenic drift variant, showing that type-specific
responses to PNV can be generated in previously immunized subjects.

25

30



protective cell-nediated i Mmunity. Antibody persistence has al so been
docunented for at |east one year following two injections of ‘-HA DNA, with
persi stence for at 'east nine nonths following a single injection of HA DNA
in African green nonkeysSheetlie BeeaRepliced of t hese ani mal experinents indicate
that direct 5 DNA in es an inproved nethod for protection of
humans agai nst | an-uen%g“ nd di sease. O note, experinental
protection by DNA inje achieved t Blough vacci nati on of udBP7¥d

m ce and ferrets. Adult humans vaccinated with DNA-wi || have previously
been exposed to influenza. These persons will denonstrate an even nore 10

Substanti al | MR . S3AREP Serd SR mted it PG 415 S4p3hi o skt

immunization with conventional killed-virus vaccine.

4. Conclusion: Polynucleotide vaccines against influenza are efficacious
in laboratory animal models of influenza infection. Homologous
protection can be achieved using DNA vectors encoding HA, most likely
by an immunological mechanism analogous to that induced by the HA
protein used in the current licensed influenza vaccine. Heterologous
protection can be achieved against both antigenically shifted and drifted
strains by also including DNA encoding conserved internal proteins of
influenza. Combination of these approaches in a single immunization
yields improved protection against antigenic drift variants in
comparison with the currently licensed vaccine in the ferret model.

10

EXAMPLE 15

Vector VIR Preparation -
In an effort to continue to optimize our basic vaccination vector,

we prepared a derivative of V1Jns which was designated as VIR. The
purpose for this vector construction was to obtain a minimum-sized
vaccine vector, i.e., without unnecessary DNA sequences, which still
retained the overall optimized heterologous gene expression
characteristics and high plasmid yields that V1J and V1idns afford. We
determined from the literature as well as by experiment that (1)
regions within the pUC backbone comprising the E,_coli origin of
replication could be removed without affecting plasmid vield from
bacteria; (2) the 3'-region of the kan' gene following the kanamycin
open reading frame could be removed if a bacterial terminator was
inserted in its stead; and, (3) ~300 bp from the 3'- half of the BGH
terminator could be removed without affecting its regulatory function
{following the original Kpnl restriction enzyme site within the BGH
element). '

ViR was constructed by using PCR to synthesize three segments
of DNA from ViJdns representing the CMVintA promoter/BGH terminator,
origin of replication, and kanamycin resistance elements, respectively.
Restriction enzymes unique for each segment were added to each
segment end using the PCR oligomers: Ssp! and Xhol for CMVintA/BGH;

EcoRV and BamHI for the kan [ gene; and, Bcll and Sall for the ori T.
These enzyme sites were chosen because they allow directional

15

20
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i rmuni zation with DNA constructs. A range of doses is conpared for

| mmunogenicity in order to opt| m ze concentrations for use. In snall mamal
experinents,
responses. | muniza ﬁtﬂ ﬁ rmnkeys denonstrated anti body response in

2 of 2 animals with 1000 ug of HA DNA (A/ PR/ 08/34), while
1 of 2 animals respo e 10 ug injection. In separate
experinments, naive Af nkeys-me injected with a m Xi8972Yof
five di fferent DNA constructs encoding HA fromthree virus 20 subtypes as
wel |l as DNA encoding NP and ML frominfluenza A virus. Three of three

nonkeys i n eac r.ou es dto CCi nes h inclu or 100

of ea%:/h of theﬂg Ugnggﬂggf: ch th%an’ %éﬁ”’!%vﬁw\ SEOMEN Sletﬁss&’%ﬁ‘&@br(%s
t hat dosages obfE@achssite:10BcoBNdandSsp) leave blunt-ended DNAs which are
compatible for ligation while BamHi and Bcll leave complementary
overhangs as do Sall and Xhol. After obtaining these segments by PCR
each segment was digested with the appropriate restriction enzymes
indicated above and then ligated together in a single reaction mixture
containing all three DNA segments. The 5'-end of the ori T was
designed to include the T2 rho independent terminator sequence that is
normally found in this region so that it could provide termination
information for the kanamycin resistance gene. The ligated product
.was confirmed by restriction enzyme digestion (>8 enzymes) as well as
by DNA sequencing of the ligation junctions. DNA plasmid yields and
heterologous expression using viral genes within V1R appear similar to
V1iJdns. The net reduction in vector size achieved was 1346 bp (Vidns =
4.86 kb; VIR = 3.52 kb), see figure 36, SEQ.ID:45:.

10

PCR oligomer sequences used to synthesize ViR (restriction enzyme
15 Sites are underlined and identified in brackets following sequence):
(1) 5-GGT ACA AAT ATT GG CTA TTG GCC ATT GCA TAC G-3'  [Sspl],
SEQ.ID:60:,
(2) 5'-CCA CAT CTC GAG GAA CCG GGT CAATTC TTC AGC ACC-3" [Xhol};
SEQ.ID:61:
20 (for CMVintA/BGH segment)
(3) 5'-GGT ACA GAT ATC GGA AAG CCA CGT TGT GTC TCA AAA TC-
3'[EcoRV], SEQ.ID:62:
(4) 5'-CCA CAT GGA TCC G TAATGC TCT GCC AGT GTT ACA ACC-3'
{BamH]I], SEQ.ID:63:
. (for kanamycin resistance gene segment)
(5) 5'-GGT ACA IGA TCA CGT AGA AAA GAT CAA AGG ATC TTC T1G-
3'[Bcll], SEQ.ID:64:,
556!)5 g’;CCA CAT QIQ_GAQ CC GTA AAA AGG CCG CGT TGC TGG-3' [Sall],
D:32:

30 (for E._coli origin of repllcatlon)



DNA are efficacious in man. 25 Prevention of infection by

| i censed, inactivated, vaccine correlates with serum and nucosal anti body

| evel s directed against HA but is not correlated with anti body responses to
internal influenza proteins. Thus, HA nust be included in the devel opnent
of the influenza DNA vacci ne. However, inmune response to NP enhances

anti body response to HA, and influenza intggnal proteins provide 38672y
response cross-reactive with antigenically diverse strains of influenza. As
not ed above, ani mal experinentation has al so indicated inproved

I munogeni city and protection when 'QJQL%EE' 19:@;%1:«3; ncl uded DNA

{1) GENERAL INFORMATION:

{i) APPLICANT: Donnelly, John J
Dwarki, Varavani J
Liu, Margaret A
Montgomery, Donna L
S5 Parker, Suezanne E
Shiver, John W

(ii} TITLE OF INVENTION: Nucleic Acid Pharmaceuticals
(1ii) NUMBER COF SEQUENCES: 64

{iv} CORRESPONDENCE ADDRESS:
(A} ADDRESSEE: Merck & Co., Inc.
10 (B} STREET: P.0O. Box 2000
(C} CITY: Rahway
(D) STATE: New Jersey
{E) COUNTRY: United States of America
{F} ZIP: 07065

{v) COMPUTER READABLE FORM:
{A} MEDIUM TYPE: Floppy disk
- (B} COMPUTER: IBM PC compatible
15 {C} OPERATING SYSTEM: PC-DOS/MS-DOS
{D}) SOFTWARE: PatentIn Release #1.0, Version #1.25
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{A} APPLICATION NUMRER:
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(ix) TELECOMMUNICATION INFORMATION:
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30 (2) INFORMATION FOR SEQ ID NO:1:

{1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
"{B} TYPE: nucleic acid
{C} STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA



-31- constructs encoding internal proteins as well as HA. Inclusion of DNA
constructs encoding internal proteins would Iikely enhance-the efficacy of
t he DNA vaccine in hunmans. Since dosage levels are likely to be dependent
upon interactions of these conponents, routine testing will allow one
skilled in the art to determine the amount of DNAin the 5 vaccine to
make a m xture of HA, NP and ML DNA constructs. Host response to each of

t hese conponents can be neasured separatel84 -with conparisons of 18972Y
hemaggl utinin inhibition (H') titers and neutralizing agai nst the HA
conponents and CTL responses agai nst ML and NP epffepes*_EEE#LLz%giih
conpared with antibody responses follow ng injectign of cons i ch

[

express only HA (Thessrmhrredaesnal 1 ow eval uati on of cehid
response to a vacci ne contai ni ng ’l
{iv) ANTI-SENSE: NO e I8

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:l:
> GTGTGCACCT CAAGCTGG - 18
(2} INFORMATION FOR SEQ ID NO:2:

{i) SEQUENCE CHARACTERISTICS: .
{A} LENGTH: 23 base pairs :
(B} TYPE: nucleic acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: linear

10
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{iv] ANTI-SENSE: NO
15

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
CCCTTTGAGA ATGTTGCACA TTC . 23’
(2) INFORMATION FOR SEQ ID NO:3:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 base pairs
20 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
GGTACAAGAT CTACCATGCT TCTAACCGAG GTC 33
{2} INFORMATION FOR SEQ ID NO:4:
30 {i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 36 base pairs
{B} TYPE: nucleic acid
{C} STRANDEDNESS: single
1D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO



DNA encoding HA as well as internal proteins. Human efficacy is shown in
vol unt eers who receive influenza DNA vacci ne, followed by an intranasal
chal l enge in order to show vacci ne efficacy against simlar virus strains
as well as influenza strains of different subtype. The conposition, dosage
and adm nistration regimens for the vaccine are based on the foregoing
studies. Cinical efficacy is shown by infection rate, illness score
duration of illness. These clinical findir8§s-are conpared with iyb
eval uation 20 of host imune response and viral shedding in order to
determ ne surrogate markers which correlate with protection. The standard
techni ques of nolecul ar biology for preparing and purifying DNA constructs
enabl e the prepar ghi QrriofendshaeONA t her apeutics of this invention. Wile
standard techni ques of

and

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CCACATAGAT CTTCACTTGA ACCGTTGCAT CTGCAC 36
5 {2} INPORMATION FOR SEQ ID NO:5:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 23 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: linear

10 {ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
15 CTATATAAGC AGAGCTCGTT TAG ' 23
{2) INFORMATION FOR SEQ ID NO:6:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B} TYPE: nucleic acid
(C} STRANDEDNESS: single
20 (D} TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: YES

25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GTAGCAAAGA TCTAAGGACG GTGACTGCAG | 30
{2) INFORMATION FOR SEQ ID NO:7:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 39 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: single
{D) TOPOLOGY: linear

30

(ii) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO



nol ecul ar biology are therefore sufficient for the production of the
products of this invention, the specific constructs disclosed herein
provi de novel the[gpﬁuLLes—th’ﬁ'EU?trlS|ngly produce cross-strain.
protection, a result h epippst t ai nabl e with standard inactivated
whol e virus or subuhk |nes The amount of expressible DNA to
be introduced to a v % t wi || gpend on the strength 8%?5%
transcri ptional and pronot eT 89used i n t he DNA const 8 and
on the innunogen|C|ty of the expressed gene product. In general, an - 32-

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GTATGTGTCT GAAMATGAGC GTGGAGATTG GGCTCGCAC 39
{2) INFORMATION FOR SEQ ID NO:8:
5 (i)} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 39 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
10
{iv) ANTI-SENSE: YES

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:8:
GTGCGAGCCC AATCTCCACG CTCATTTTCA GACACATAC 39
15 (2) INFORMATION FOR SPQ ID NO:9:

{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 9 amino acids
{B} TYPE: amino acid
(C) STRANDEDNESS : single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

20
{iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
{v} FRAGMENT TYPE: internal
25 (xi} SEQUENCE DESCRIPTION: SEQ ID NO:9:

Thr Tyr Gln Arg Thr Arg Ala Leu Val
1 5

(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
30 {A) LENGTH: 4432 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA

(iii} HYPOTHETICAL: NO



I mmunol ogi cal ly or prophylactically effective dose of about 1 [err]g to 1

ng,

and preferably
into nuscl e tissue.

i npressi on t hrough t hpsisShetfss BER RS
I ntraperitoneal, intra

It is also contenpl ate

DNA nmay be naked, S

t hat

, unassoci ated wi 8lF any proteins,
ot her agents which inpact on the recipients i mune sytem

er

about 10 300 [err]g is adm nistered directly
ubcut anegus L al.gction, intradernmal introduction,
nodes of admi nistration such as

al ation delivery are al so contenpl at ed.

vacci nations are to be provided. The

adj uvaig972Y

it

I's desirable for the DNA to be in a physiologically acceptable solution,
but not |

such as,

Al ternatively,
| i posones or ot her

10

15

20

25

30

lip

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TCGCGCGTTT
CAGCTTGTCT
TTGGCGGETG
ACCATATGCG
CTATTGGCCA
TCCAACATTA
GGGGTCATTA
CCCGCCTRGC
CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGTAC
CATCAATGGG
CGTCAATGGG
CTCCéCCCCA
AGCTCGTTTA
TAGAAGACAC
TCCCCGTGCC
TTCTTATGCA
ATAGGTGATG
CTATTGGTGA
TTATTGGCTA
AGCGATGGGGT
CCGCAGTTTT
ACATGGGCTC
CAGCGACTCA
CAGCACGATG

TGAAAATGAG

e BTG

osones

CGGTGATGAC
GTAAGCGGAT
TCGGGGCTGE
GTGTGAAATA
TTGCATACGT
CCGCCATGTT
GTTCATAGCC
TGACCGCCCA
CCAATAGGGA
GCAGTACATC
TGGCCCGCCT
ATCTACGTAT
CGTGGATAGC
AGTTTGTTTT
TTGACGCAAA
GTGAACCGTC
CGGGACCGAT
AAGAGTGACG
TGCTATACTG
GTATAGCTTA
CGATACTTTC
TATGCCAATA
CTCATTTATT
TATTAAACAT
TTCTCCGGTA
TGGTCGCTCG
CCCACCACCA

CTCGGGGAGC

GGTGAAAACC
GCCGGGAGCA
CTTAACTATG
CCGCACAGAT
TGTATCCATA
GACATTGATT
CATATATGGA
ACGACCCCCG
CTTTCCATTG
AAGTGTATCA
GGCATTATGC
TAGTCATCGC
GGTTTGACTC
GGCACCAAAI;
TGGGCGGTAG
AGATCGCCTG
CCAGCCTCCG
TAAGTACCGC
TTTTTGGCTT

GCCTATAGGT

CATTACTAAT

CACTGTCCTT
ATTTACAAAT
AACGTGGGAT
GCGGCGGAGC
GCAGCTCCTT
CCAGTGTGCC

GGGCTTGCAC

TCTGACACAT

GACAAGCCCG

CGGCATCAGA

GCGTAAGGAG

TCATAATATG

ATTGACTAGT

GTTCCGCGTT

CCCATTGACG

ACGTCAATGG

TATGCCAAGT

CCAGTACATG

TATTACCATG

ACGGGGATTT

TCAACGGGAC

GCGTGTACGG

GAGACGCCAT

CGGCCGGGAA

CTATAGAGTC

GGGGTCTATA

GTGGGTTATT

CCATAACATG

CAGAGACTGA

TCACATATAC

CTCCACGCGA

TTCTACATCC

GCTCCTAACA

GCACAAGGCC

CGCTGACGCA

e associated with |Iiposones,

In this case,
Eﬁgerile saline or sterile buffered salipe..
such as lecithin
GCAGCTCCCG GAGACGGTCA 60
TCAGGGCGCG TCAGCGOGTG 120
GCAGATTGTA CTGAGAGTGC 180
AARATACCGC ATCAGATTGG 240
TACATTTATA TTGGCTCATG 300
TATTAATAGT AATCAATTAC Y60
ACATAACTTA CGGTAAATGG 42'0
TCAATAATGA CGTATGTTCC 480
GTGGAGTATT TACGGTAAAC 540
ACGCCCCCTA TTGACGTCAA 600
ACCTTATGGG ACTTTCCTAC 650
GTGATGCGGT TTTGGCAGTA 720
CCAAGTCTCC ACCCCATTGA 780
TTTCCAAAAT GTCGTAACAA 840
TGGGAGGTCT ATATAAGCAG 900
CCACGCTGTT TTGACCTCCA ‘960
cGGTGCATTG.cAACGccGAf 1020
TATAGGCCCA CCCCCTTEGC 1080
CACCCCCGCT TCCTCATGTT 1140
GACCATTATT GACCACTCCC 1200
GCTCTTTGCC ACAACTCTCT 1260
CACGGACTCT GTATTTTITAC 1320
AACACCACCG TCCCCAGTGC 1380
ATCTCGGGTA CGTGTTCCGG 1440
GAGCCCTGCT CCCATGCCTC 1500
GTGGAGGCCA GACTTAGGCA 1560
GTGGCGGTAG GGTATGTGTC 1630
TTTGGAAGAC TTAAGGCAGC 1680 .



(see for exanpl e W9324640) or
the art to boost

known in the art, as a DNA-|liposone m xture,
the DNA nay be aSSOCIated w th an adjuvant known in 15

i mune responses, such—as—a—proferﬁ—ef ot her carrier. Agents which assi st

in the cellular upta but not limted to, calciumions,

DNA such as
viral proteins and ot facilitating agents may al so be used
ally referred to as transfection
ticallgg acceptable carriers. 18)703¢ed

to advantage. These ag
facilitating agents an
herein, the termgene refers to a segnent of nucleic acid which encodes a

di screte polypeptida

interchangeablg I N Qnmposi Li.ons usef uI for Eqﬁuc&ng | qune
responses. The ?%‘f‘“ﬁ%“ G(ﬁ‘ﬁccﬁcﬁ’tfc %?HEFT T‘“’Bg?ﬁ"‘a“ e ‘fﬁf‘cgrcchangeabl y. The
termvector i scmaﬂcmbQ:TcﬁdAcea&@;Aa;cabi%cmmcmAmc@enzea:rrimyc beismboned for
use GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA TGGGTCTTTT 1860
CTGCAGTCAC CGTCCTTAGA TCTGCTGTGC CTTCTAGTTG CCAGCCATCT GTTGTTTGCC 1920
5 CCTCCCCEGT GCCTTCCTTG ACCCTGGAAG GTGCCACTCC CACTGTCCTT TCCTAATAAA 1980
ATGAGGAAAT TGCATCGCAT TGTCTGAGTA GGTGTCATTC TATTCTGGGG GGTGGGGTGG 2040
GGCAGCACAG CAAGGGGGAG GATTGGGAAG ACLAATAGCAG GCATGCTGGG GATGCGGTGG 2100
GCTCTATGGG TACCCAGGTG CTGAAGAATT GACCCGGTTC CTCCTGGGCC AGAAAGAAGC 2160
AGGCACATCC CCTTCTCTGT GACACACCCT GTCCACGCCC CTGGTTCTTA GTTCCAGCCC 2220
10 CACTCATAGG ACACTCATAG CTCAGGAGGG CTCCGCCTTC AATCCCACCC GCTAAAGTAC 2280
TTGGAGCGGT CTCTCCCTCC CTCATCAGCC CACCAAACCA AACCTAGCCT CCAAGAGTGG 2340
GAAGAARTTA AAGCAAGATA GGCTATTAAG TGCAGAGGGA GAGARAATGC CTCCAACATG 2400
TGAGGAAGTA ATGAGAGAAA TCATAGAATT TCTTCCGCTT CCTCGCTCAC TGACTCGCTG 2460
15 CGCTCGGTCG TTCGGCTGCG GCGAGCGGTA TCAGCTCACT CAAAGGCGGT AATACGGTTA 2520
TC&CAGMT CAGGGGATAA CGCAGGAAAG AACATGTGAG CAAAAGGCCA GCAAAAGGCC 2580
AGGAACCGTA AAAAGGC.CGC GTTGCTGGCG PTTTTCCATA GGCTCCGCCC CCCTGACGAG 2640
CATCACAARA ATCGACGCTC AAGTCAGAGG TGGCGAAACC CGACAGGACT ATAAAGATAC. 2700
(;.'AGGCGTTTC CCCCTGGAAG CTCCCTCGTG CGCTCTCCTG TTCCGACCCT GCCGCTTACK 2760
20 GGATACCTGT CCGCCTTTCT CCCTTCGGGA AGCGTGGCGC TTTCTCAATG CTCACGCTGT 2820
AGGTATCTCA GTTCGGTGTA Gé‘I‘CG’I‘TCGC TCCAAGCTGG GCTGTGTGCA CGAACCCCCC 2880
GTTCAGCCCG ACCGCTGCGC. CTTATCCGGT AACTATCGTC TTGAGTCCAA CCCGGTAAGA 2940
CACGACTTAT CGCCACTGGC AGCAGCCACT GGTAACAGGA TTAGCAGAGC GAGGTATGTA 3000
25 + GGCGGTGCTA CAGAGTTCTT GAAGTGGTGG CCTAACTACG GCTACACTAG AAGGACAGTA 3060
TTTGCTATCT GCGCTCTGCT GAAGCCAGTT ACCTTCGGAA AAAGAGTTGG TAGCTCTTGA 3120
TCCGGCAAAC AAACCACCGC TGGTAGCGGT GGTTTTTTTG TTTGCAAGCA GCAGATTACG 3180
CGCAGAAAAA AAGGATCTCA AGAAGATCCT TTGATCTTTT CTACGGGGTC TGACGC’I‘CAG 3240
TGGAACGAAA ACTCACGTTA AGGGATTTTG GTCATGAGAT TATCAAAAAG GATCTICACC 3300
30 TAGATCCTTT TAAATTAAAA ATGAAGTTTT AAATCAATCT AAAGTATATA TGAGTAAACT 3360
TGG‘I'CTGACA_ G'I‘TACCAATG CTTAATCAGT GAGGCACCTA TCTCAGCGAT CTGTCTATTT 3420
CGTTCATCCA TAGTTGCCTG ACTCCCCGTC GTGTAGATAA CTACGATACG GCAGGGCTTA 3.480
CCATCTGGCC CCAGTGCTGC AATGATACCG CGAGACCCAC GCTCACCGGC TCCAGATTTA 3540

The ternipharnaceutical

and vacci ne are used



according to the nethod of this invention.

this invention
responses in v
whi ch conpri se
sequences such
whi ch, when in
transcription

10

15

20

25

30

S

s: a)

t hat

TCAGCAATAA
GCCTCCATCC
AGTTTGCGCA
ATGGCTTCAT
TGCAABAAAG
GTGTTATCAC
AGATGCTTTT
CGACCGAGTT
TTAAAAGTGC
CTGTTGAGAT
ACTTTCACCA
ATAAGGGCGA
ATTTATCAGG
CAAATAGGGG

ATTATCATGA

i SO

troducgqm
initiati

a method for usin
i vo,—i r

Accordi ngly,

ebrate such as a manmal ,

a
€

ACCAGCCAGC
AGTCTATTAA
ACGTTGTTGC
TCAGCTCCGG
CGGTTAGCTC
TCATGGTTAT
CTGTGACTGG
GCTCTTGCCC
TCATCATTGG
CCAGTTCGAT
GCGTTTCTGG
CAéccAAATG
GTTATTGTCT
TchccccAc

CATTAACCTA

RN

CGGAAGGGCC

TTGTTGCCGG

CATTGCTACA

TTCCCAACGA

CTTCGGTCCT

GGCAGCACTG

TGAGTACTCA

GGCGTCAATA

AAAACGTTCT

GTAACCCACT

GTGAGCAAAA

TTGAATACTC

CATGAGCGGA

ATTTCCCCGA

TAARAATAGG

3-

one enbodi nent of
I nfl uenza virus genes -to induce inmune

i ncludi ng a human,

hggk&hgmg&@e, b) linking the gene to regul atory
atively linked to control
living tissue direct the

sequences

ent tignsl ati on of the gene, 18972Y

GAGCGCAGAA
GAAGCTAGAG
GGCATCGTGG
TCAAGGCGAG
CCGATCGTTG
CATAATTCTC
ACCAAGTCAT
CGGGATAATA
TCGGGGCGAA
CGTGCACCCA
ACAGéAAGGC
ATACTCTTCC
TACATATTTG
AAAGTGCCAé

CGTATCACGA

(2} INFORMATION FOR SEQ ID NO:11:

{i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 2196 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: double

(D} TOPOLOGY:

both

{(ii} MOQLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{iv) ANTI-~SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID,NO:11:

GTGGTCCTGE
TAAGTAGTTC
TGTCACGCTC
TTACATGATC
TCAGAAGTAA
TTACTGTCAT
TCTGAGAATA
CCGCGCCACA
AACTCTCAAG
ACTGATCTTC
AAAATGCCGC
TTTTTCAATA
AATGTATTTA
CTGACGTCTA

GGCCCTTTCG

AACTTTATCC
GCCAGTTAAT
GTCGTTTGCT
CCCCATGTTG
GTTGGCCGCA
GCCATCCGTA
GTGTATGCGG
TAGCAGARCT
GATCTTACCG
AGCATCTTTT
AAAAAAGGGA
TTATTGAAGC
GAAAAATAAR
AGAAACCATT

TC .

ATTGGCTATT GGCCATTGCA TACGTTGTAT CCATATCATA ATATGTACAT TTATATTGGC

TCATGTCCAA CATTACCGCC ATGTTGACAT TGATTATTGA CTAGTTATTA ATAGTAATCA

ATTACGGGGT CATTAGTTCA TAGCCCATAT ATGGAGTTCC GCGTTACATA ACTTACGGTA

AARTGGCCCGC CTGGCTGACC GCCCAACGAC CCCCGCCCAT TGACGTCAAT AATGACGTAT

GTTCCCATAG_TAACGCCAAT AGGGACTTTC CATTGACGTC AATGGGTGGA GTATTTACGG *

TAAACTGCCC ACTTGGCAGT ACATCAAGTG TATCATATGC CAAGTACGCC CCCTATTGAC

GTCAATGACG GTAAATGGCC CGCCTGGCAT TATGCCCAGT ACATGACCTT ATGGGACTTT

3600
3660
3720
3780
3840
3900
3960
4020

408D

4140

4200
42860
4320
4380

4432

60
120
180
240
300
360

420



i ntroducing the gene into a living tissue, and d) optionally, boosting
with additional influenza gene A preferred enbodinent of this invention is
a method for 5 protecting agai nst heterol ogous strains of influenza
virus. This is acconpisisadeiths ByenReplaced st eri ng. an i mmunol ogi cal |y effective
amount of a nucleic a des a conserved influenza virus epitope.
For exanple, the enti | ene for nucl eoprotein provides this
function, and it is ¢ at codP@g sequences for the ol8@72Y0

i nfl uenza genes and portions thereof encoding conserved epitopes within

t hese genes |ikew se provide cross-strain protection. In another enbodi nent
of this i nventdefirrchd Rorbiie AGEATIRrE ROERS NHIRBrchNEdURRAR VI 145

nucl eoprotein, hemaggl utinin, matri x, nonstructural, or polynmerase gene

c)

product Speci fAreTAATINPTAEE TG ATICSGTTT GACTCACGGG GATTTCCAAG TCTCCACCCC 540
ATTGACGTCA ATGGGAGTTT GTTTTGGCAC CAAAATCAAC GGGACTTTCC AAAATGTCGT 600
AACAACTCCG CCCCATTGAC GCAAATGGGC GGTAGGCGTG TACGGTGGGA GGTCTATATA 660

5  AGCAGAGCTC GTTTAGTGAA CCGTCAGATC GCCTGGAGAC GCCATCCACG CTGTTTTGAC 720
CTCCATAGAA GACACCGGGA CCGATCCAGC CTCCGCGGCC GGGAACGGTG CATTGGAACG 780
CGGATTCCCC GTGCCAAGAG TGACGTAAGT ACCGCCTATA GAGTCTATAG GCCCACCCCC 840
TTGGCTTCTT ATGCATGCTA TACTGTTTTT GGCTTGGGGT CTATACACCC CCGCTTCCTC 900
ATGTTATAGG TGATGGTATA GCTTAGCCTA TAGGTGTGGG TTATTGACCA TTATTGACCA 960

10 oTCCCTATT GOTGACGATA CTTTCCATTA CTAATCCATA ACATGGCTCT TTGCCACAAC 1020
TCTCTTTATT GGCTATATGC CAATACACTG TCCTTCAGAG ACTGACACGG ACTCTGTATT 1080
TITACAGGAT GGGGTCTCAT TTATTATTTA CAAATTCACA TATACAACAC CACCGTCCCC 1140
AGTGCCCGCA GTTTITATTA AACATAACGT GGGATCTCCA CGCGAATCTC GGGTACGTGT 1200

15  TCCGGACATG GGCTCTTCTC CGGTAGCGGC GGAGCTTCTA CATCCGAGCC CTGCTCCCAT 1260
GCCTCCAGCG ACTCATGGTC GCTCGGCAGC TCCTTGCTCC TAACAGTGGA GGCCAGACTT 1320
AGGCACAGCA CGATGCCCAC CACCACCAGT GTGCCGCACA AGGCCGTGGC GGTAGGGTAT 1380
GTGTCTGARA ATGAGCTCGG GGAGCGGGCT TGCACGGCTG ACGCATITGG AAGACTTAAG 1440
GCAGCGGCAG AAGAAGATGC AGGCAGCTGA GTTGTTGTGT TCTGATAAGA GTCAGAGGTA 1500

20 LCTCCCOTTG CCOTGCTGTT AACGGTGGAG GGCAGTGTAG TCTGAGCAGT ACTCOTTGCT 1560
GCCGCGCGCG CCACCAGACA TAATAGCTGA CAGACTAACA GACTGTTCCT TTCCATGGGT 1620
CTTTTCTGCA GTCACCGTCC TTAGATCTGC TGTGCCTTCT AGTTGCCAGC CATCTGTTGT 1680
TIGCCCCTCC CCCGTGCCTT CCTTGACCCT GGAAGGTGCC ACTCCCACTG TCCTTTCCTA 1740

95  ATAAAATGAG GAAATTGCAT CGCATTGTCT GAGTAGGTGT CATTCTATTC TGGGGGGTGG 1800
GGTGGGGCAG CACAGCAAGG GGGAGGATTG GGAAGACAAT AGCAGGCATG CTGGGGATGC 1860
GGTGGGCTCT ATGGGTACCC AGGTGCTGAA GAATTGACCC GGTTCCTCCT GGGCCAGAAA 1920
GAAGCAGGCA CATCCCCTTC TCTGTGACAC ACCCTGTCCA CGCCCCTGGT TCTTAGTTCC 1980

. AGCCCCACTC ATAGGACACT CATAGCTCAG. GAGGGCTCCG CCTTCARTCC CACCCGCTAA 2040

30 AGTACTTGGA GCGGTCTCTC CCTCCCTCAT CAGCCCAGCA AACCAAACCT AGCCTCCAAG 2100
AGTGGGARGA AATTAAAGCA AGATAGGCTA TTAAGTGCAG AGGGAGAGAA AATGCCTCCA 2160
ACATGTGAGG AAGTAATGAG GAATTC 2196

{2} INFORMATION FOR SEQ ID NO:12:

AGAAATCATA



15 enbodi nent are provi ded bel ow wherein the human influenza virus gene
encodes the nucl eoprotein, basic polynerasel, nonstructural proteinl,
hemaggl utinin, matrix1, basic polynerase2 of human influenza virus isolate
Al PR/ 8/ 34, the nucl eoprotein of human influenza virus isolate
A/ Bei jing/353/89, the hemaggl utinin gene of human influenza virus isolate
Al Texas/ 36/ 91, or the hemaggl utinin gene of human influenza virus isolate
B/ Panana/ 46/ 90. I n specific enmbodi ments ef9kt his invention, the DNB972Y
construct encodes an influenza virus gene, wherein the DNA construct is
capabl e of being expressed upon introduction into aninal tissues in vivo
and generating an hg@g&@ .65 &@&sgggjnst t he expressed product of the
encoded i nfluenza genegy, Egaﬁp7g§mglmggch DNA constructs are: a)
pNRSV- PR- NP, {B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA

{iii) BHYPOTHRTICAL: NO

{iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
. GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTAGA TAATCACTCA CTGAGTGACA 80
10 rcamaarcar 6 ’ 71
(2Y INFORMATION FOR SEQ ID NO:13:
{i)} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 117 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: double
15 {D) TOPOLOGY: both
{ii} MOLECULE TYPE: cDNA
{(1ii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
20 {xi} SEQUENCE DESCRIPTION: SEQ ID NO:13:
ACCGTCCTTA GATCAGCTTG GCAAAAGCAG GCAAACCATT TGAATGGATG TCAATCUGAC 60
CTTACTTTTC TTAAAAGTGC CAGCACAAAA TGCTATAAGC ACAACTTTCC CTTATAC 117
{2) INFORMATION FOR SEQ ID NO:14:
25 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 136 base pairs
{B} TYPE: nucleic acid
{C)} STRANDEDNESS: double
(D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{(iii) HYPOTHETICAL: NO

30 {iv} ANTI-SENSE: NO .

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:14:

GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTGAC AAAAACATAA TGGATCCAAA 60



b) V1- PR-NP, 30 c) Vlj-PR- NP, the 5 end of which is SEQ

I D:12:, d) V1J-PR-PB1, th ' end of which is SEQ 1D 13:,  e)
V1J-PR-NS, the 5 Ich is SEQ | D 14:, f) V1J- PR-HA, the 5
end of which is SEQ ge§ﬁassemnepa¢ 9) V1J-PR-PB2, the 5 end of
which is SEQ 1D: 16: PR—Ml, the 5° end of which is SEQ
I D:17:, 1) VlJn %\“ 5 end of which is SEQ 1D:20: and the
3' end of which is SE -92 - 18972Y
CACTGTGTCA AGCTTTCAGG TAGATTGCTT TCTTTGGCAT GTCCGCAAAC GAGTTGCAGA 120
CCAAGAACTA GGTGAT - : 138

{2) INFORMATION FOR SEQ ID NO:15:

(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 152 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D} TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO
10
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
TCTGCAGTCA CCGTCCTTAG ATCAGCTTGG AGCAAAAGCA GGGGAAAATA AAAACAACCA 60
AARATGAAGGC AAACCTACTG GTCCTGTTAA GTGCACTTGC AGCTGCAGAT GCAGACACAA 120

15 TATGTATAGG CTACCATGCG AACAATTCAA CC 152

{2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 162 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: double
(D} TOPOLOGY: both

20 (ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO : °

{iv) ANTI-SENSE: NO

25 {xi) SEQUENRCE DESCRIPTION: SEQ ID NO;16:

TTTTCTGCAG TCACCGTCCT TAGATCCCGA ATTCCAGCAA AAGCAGGTCA ATTATATTCA 60
ATATGGAAAG AATAARAAGAA CTAAGAAATC TAATGTCGCA GTCTGCCACC CCGGAGATAC 120
TCACAAAAAC CACCGTGGAC CATATGGCCA TAATCAAGAA GT 162

(2} INFORMATION FOR SEQ ID NO:17:
30 {i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 122 base pairs
{B) TYPE: nucleic acid
*{C) STRANDEDNESS: double
{D) TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA



1) V1Jneo- TX-NP, the 5' end of which is SEQ ID:24 and 5
the 3' end of which is SEQ k) V1Jneo-PA-HA, the 5 end
of which is SEQ |D:26: and the 3' end of which is SEQ ID:27: I)
V1Jns- GA- HA ( A/ Geor gi 6171,931{ S3)s BooRenlaesdct size 6.56 Kb, the 5 end of which
I's SEQ I D:46: and 10 " end of which is SEQ D 47:, m
V1Jns- TX- HA (A/Texas/36 t size 6.56 Kb, the 5 end of which is
SEQ I D:48: and the 3 s SEQ93B: 49:, n) V1JnESPR A
( B/ Panana/ 45/ 90) , const ruct si ze 6. 61 Kb, 15 the 5° end of which
Is SEQID:50: and the 3" end of which is SEQ |1D:51:,
{iii) HYPOTHETICAL: NO
-(iv) ANTI~-SENSE: NO
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:17:
5 GTCACCGTCC TTAGATCTAC CATGAGTCTT CTAACCGAGG TCGAAACGTA CGTACTCTCT &80
ATCATCCCGT CAGGCCCCCT CAAAGCCGAG ATCGCACAGA GACTTGAAGA GTTGACGGAA 120
GA 122
{2) INFORMATION FOR SEQ ID NO:18:
(i} SEQUENCE CHARACTERISTICS:
10 {A) LENGTH: 4864 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D} TOPOLOGY: both
{i1i) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO
15 ,(1") ANTI-SENSE: NO
{xi) SEQUENCE DESCRIPTION: SEQ ID NC:18:
TCGCGCGTTT CGGTGATGAC GGTGARAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA 60
CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG TCAGGGCGCG TCAGCGGGTG 120
20 TTGGCGGGTCG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC 180
ACCATATGCG GTGTGAAATA CCGCA.CAGA'I‘ GCGTAAGGAG AAAATACCGC ATCAGATTGG 240
CTATTGGCCA TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATG . 300
TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT AATCAATTAC 360
25 GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT ACATAACTTA CGGTAAATGG 420
CCCGCCTGGE TGACCGCCCA ACGACCCCCG CCCATTGACG TCAATAATGA CGTATGTTCC 480
CATAGTAACG CCAATAGGGA CTTTCCATEG ACGTCAATGG GTGGAGTATT TACGGTAAAC 540
TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA 'I'I'GA_CG'I‘CAA 600
TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG ACTTTCCTAC 6§60
30 TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG GTGATGCGGT TTTGGCAGTA 720
CATCAATGGC_: CGTGGATAGC GGTTTGACTC ACGGGGATTT CCAAGTCTCC ACCCCATTGA 780
CGTCAATGGG AGTTTGTTTT GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA 840
CTCCGCCCCA TTGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG 900



0) V1Jns-BJ- NP (A/Beijing/353/89), construct size 6.42 Kb, the 5
end of which is SEQ | D: 52: “ end of which is SEQ ID:53:, 20 p)
V1Jns-BJ- ML ( A/ Beijing/353/89), construct size 5.62 Kb, the 5 end of which
is SEQ ID:54: and thQ*mB'Sheetﬂ{ﬂsBefenm is SEQ 1D 55:, q) V1Jns- PA- NP
( B/ Panana/ 45/ 90), cons mmﬂm uE§4 Kb, the 5 end of which is SEQ ID:56:
and 25 t he Is SEQ ID:57:, r) V1Jns- PA- ML
( B/ Panama/ 45/ 90), cons Sl ze 5.61 Kb 94he 5 end of which isI8¥2YD 58:
and the 3 end of which is SEQ |D:59: The fol |l ow ng
exanpl es are provided to further deflne the
AGCTCGTTTA GTGAAC(,:G‘I‘C AGATCGCCTG GAGACGCCAT CCACGCTGTT TTGACCTCCA 960
TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA CGGTGCATTG GAACGCGGAT 1020
TCCCCGTGCC AAGAGTGACG TAAGTACCGC CTATAGAGTC TATAGGCCCA CCCCCTTGGC 1080
PTCTTATGCA TGCTATACTG TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT 1140
5 ATAGGTGATG GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC .1200
CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC ACAACTCTCT 1269
TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA CACGGACTCT GTATTTTTAC 1320
AGGATGGGGT CTCATTTATT ATTTACAAAT TCACATATAC ARCACCACCG 'I‘CCC(_:AGTGC 1380
CCGCAGTTTT TATTAAACAT AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ~ 1440
10 ACATGGGCTC TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC 1500
'CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA GACTTAGGCA 1560
CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC GTGGCGGTAG GGTATGTGTC 1620
TGAAAATGAG CTCGGGGAGC GGGCTTGCAC CGCTGACGCA TTTGGAAGAC TTAAGGCAGC 1680
15 GGCAGAAGAA GATGCAGGCA GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC 1740
CGTTGCGGTG CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGCCGC 1800
GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA TGGGTCTTTT 1860
CTGCAGTCAC COGTCCTTAGA TCTGCTGTGC CTTCTAGTTG CCAGCCATCT _GTTGTT'I‘GC'C_ 1920
éCTCCCCCGT GCCTTCCTTG ACCCTGGAAG GTGCCACTCC CACTGTCCTT TCCTAATAAA 1980
20 ATGAGGAAAT TGCATCGCAT TGTCTGAGTA GGTGTCATTC TATTCTGGGG GGTGGGGTGG 2040
GGCAGCACAG CAAGGGGGAG GATTGGGAAG ACAATAGCAG GCATGCTGGG GATGCGGTGG 2100
GCTCTATGGG TACCCAGGTG CTGAAGAATT GACCCGGTTC CTCCTGGGCC AGAAAGAAGC 2160
AGGCACATCC CCTTCTCTGT GACACACCCT GTCCACGCCC CTGGTTCTTA GTTCCAGCCC 2220
25 CACTCATAGG ACACTCATAG CTCAGGAGGG CTCCGCCTTC AATCCCACCC GCTAAAGTAC .- 2289
TTGGAGCGGT CTCTCCCTCC CTCATCAGCC CACCAAACCA AACCTAGCCT CCAAGAGTGG . 2340
GAAGAAATTA AAGCAAGATA GGCTATTAAG TGCAGAGGGA GAGAAARATGC CTCCAACATG 2400
TGAGGAAGTA ATGAGAGAAA TCATAGAATT TCTTCCGCTT CCTCGCTCAC TGACTCGCTG 2460
CGCTCGGTCG TTCGGCTGCG GCGAGCGGTA TCAGCTCACT CAAAGGCGGT AATACGGTTA 2520
3‘.) TCCACAGAAT CAGGGGATAA CGCAGGAAAG AACATGTGAG CAAAAGGCCA GCAAMRAGGCC 2580
AGGM\CCGTA_ AAAAGGCCGC GTTGCTGGCG T’I‘T’I:I’CCATA GGCTCCGCCC CCCTGACGAG 2640
CATCACAAAA ATCGACGCTC AAGTCAGAGG TGGCGAAACC CGACAGGACT ATAAAGATAC 2700
CAGGCGTTTC CCCCTGGAAG CTCCCTCGTG CGCTCTCCTG TTCCGACCCT GCCGCTTACC 2760



I nventi on, Wi t hout limting the invention to the specifics of the exanples.

VI RUS PROTEI NS:

_:35 -
pPAPR- 5
Vi ruses,

a 1565 base-pair

i) .

WG Laver,

10

15

20

25

30

GGATACCTGT
AGGTATCTCA
GTTCAGCCCG
CACGACTTAT
GGCGGTGCTA
TTTGGTATET
TCCGGCAAAC
CGCAGAARAA
TGGAACGAAA
TAGATCCTTT
TGGTCTGACA
CGTTCATCCA
AGGTGTTGCT
GCCACGGTTG
TGCCACGGAA
AGTTCGATTT
TACAACCAAT
TTATTCATAT
GAAAACTCAC
ACTCGTCCAA
GAGAAATCAC
TTCCAGACTT
ABACCGTTAT
GGACAATTAC
ATATTTTCAC
GCAGTGGTGA
GGCATAAATT
CTACCTTTGC
ATTGTCGCAC
TCCATGTTGG

ACACCCCTTG

o i

CCGCCTTTCT

CTTCGGTGTA

ACCGCTGCGC

CGCCACTGGC

CAGAGTTCTT

GCGCTCTGCT

AARACCACCGC

AAGGATCTCA

ACTCACGTTA

TAAATTAAAA

GTTACCAATG

TAGTTGCCTG

GACTCATACC

ATGAGAGCTT

CGGTCTGCGT

ATTCAACAAA

TAACCAATTC

CAGGATTATC

CGAGGCAGTT

CATCAATACA

CATGAGTGAC

GTTCAACAGG

TCATTCGTGA

AAACAGGAAT

CTGAATCAGG

GCTAACCATGC

CCGTCAGCCA

CATGTTTCAG

CTGATTGCCC

AATTTAATCG

TATTACTGTT

CCCTTCGGGA
GGTCGTTCGC
CTTATCCGGT
AGCAGCCACT
GAAGTGGTGG
GAAGCCAGTT
TGGTAGCGGT
AGAAGATCCT
AGGGATTTTG
ATGAAGTTTT
CTTAATCAGT
ACTCCGGGGG
AGGCCTGAAT
TGTTGTAGGT
TGTCGGGAAG
GCCGECETCC
TGATTAGAAA
AATACCATAT
CCATAGGATG
ACCTATTAAT
GACTGBATCC
CCAGCCATTA
TTGCGCCTGA
CGAATGCAAC
ATATTCTTCT
ATCATCAGGA
GTTTAGTCTG
ARACAACTCT
GACATTATCG
CGGCCTCGAG

TATGTAAGCA

I

-95

AGCGTGGCGC
TCCAAGCTGG
AACTATCGTC
GGTAACAGGA
CCTAACTACG
ACCTTCGGAA
GGTTTTTTTG
TTGATCTTTT
GTCATGAGAT
AAATCAATCT
GAGGCACCTA
GGGGGGGCGE
CGCCCCATCA
GGACCAGTTG
ATGCGTGATC
CGTCAAGTCA
AACTCATCGA
TTTTGAAAAA
GCAAGATCCT
TTCCCCTCGT
GGTGAGAATG
CGCTCGTCAT
GCGAGACGAA
CGGCGCAGGA
AATACCTGGA
GTACGGATAA
ACCATCTCAT
GGCGCATCGG
CGAGCCCATT
CAAGACGTTT

GACAGTTTTA

TTTCTCAATG
GCTGTGTGCA
TTGAGTCCAA
TTAGCAGAGC
GCTACACTAG
AAAGAGTTGG
TTTGCAAGCA
CTACGGGGTC
TATCAAAAAG
AAAGTATATA
TFCTCAGCGAT
TGAGGTCTGC
TCCAGCCAGA
GTGATTTTGA
TGATCCTTCA
GCGTAATGCT

GCATCAAATG

GCCGTTTCTG

GGTATCGGTC
CAAAAATAAG
GCAAAAGCTT
CAAAATCACT
ATACGCGATC
ACACTGCCAG
ATGCTGTTTT
AATGCTTGAT
CTGTAACATC
GCTTCCCATA
TATACCCATA
CCCGTTGAAT

TTGTTCATGA

CTCACGCTGT
CGAACCCCCC
CCCGGTAAGA
GAGéTATGTA
AAGGACAGTA

TAGCTCTTGA

GCAGATTACG

TGACGCTCAG
GATCTTCACC
TGAGTAAACT
CTGTCTATTT
CTCGTGAAGA

AAGTGAGGGA

ACTTTTGCTT

ACTCAGCAAA
CTGCCAGTGT
ARACTGCAAT
TAATGAAGGA
TGCGATTCCG
GTTATCAAGT
ATGCATTTCT
CGCATCAACC
GCTGTTAAAA
CGCATCAACA
CCCGGGGATC
GGTCGAAAGA
ATTGGCAACG
CAATCGATAG
TAAATCAGCA
ATGGCTCATA

TGATATATTT

I nc.,

EXAMPLE 1 PREPARATI ON OF DNA CONSTRUCTS ENCODI NG HUVAN | NFLUENZA
pnRSV- PRNP: The A/ PR/ 8/ 34 NP gene was isolated from
501 [J.F. YayRehediHasBeen Répliceihe Ori gin of Pandenic |Influenza

I ence Publishing Co.,
ow filled-in and cl oned
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Kl enow filled-in and phosphatase-treated Xbal site of pRSV-BL. pRSV- BL was
constructed by first digesting the pBL-CAT3 [B. Luckow and 10 G Schut z,
Nuc. "Aci ds Res. 15, 5¢9T(J.98/)] vector with Xho | and Nco | to renove the
CAT codi ng sequence and | 800} f BlchRebidcer and sel f- |igated. The RSV

pronoter fragnment was iSO e | and Asp718 fragnment from
NE“H , 624 (1987)], Klenow filled-in and

pRshgrnx [V. G guere et a

cloned into the Hndlll s i-M@&enedi ate vector generE%¥i2¥bove
(pBL- CAT | acking the CAT sequence). ii) V1-NP: The expression vector V1 was
constructed from pCWIE- AKI-DHFR [Y. Whang et al., J. Virol. 61, 1796
(1987)]. The Al and. 200 DR an58 %g&&m&%@% SUILIAG t hggvector wi th

EcoR | and self I'gat I ng vec 0oes not contaln in the CW
pr onot er , CATTATTGAA GCATTTATCA GGGTTATTGT CTCATGAGCG GATACATATT TGAATGTATT 4740

TAGAAAAATA AACAAATAGG GGTTCCGCGC ACATTTCCCC GAAAAGTGCC ACCTGACGTC 4800
TAAGAAACCA TTATTATCAT GACATTAACC TATAAAAATA GGCGTATCAC GAGGCCCTTT 4860
CGTC : 4864
{2) INFORMATION FOR SEQ ID NO:19:
{i} SBQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B} TYPE: nucleic acid

{C) STRANDEDNESS: single
{D} TOPOLOGY: linear

10 {ii) MOLECULE TYPE: cDMNA
{$ii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:1%:
AGCAGAAGCA GAGCA 15
(2} INFORMATION FOR SEQ ID NO:20:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 119 base pairs
(B} TYPE: nucleic acid
20 (C} STRANDEDNESS: double
[D} TOPOLOGY: both
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

25
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:20:
TCACCGTCCT TAGATCAAGC AGGGTTAATA ATCACTCACT GAGTGACATC AAAATCATGG 60
CGTCCCARGG CACCAAACGG TCTTATGAAC AGATGGAAAC TGATGGGGAA CGCCAGATT 119
{2} INFORMATEION FOR SEQ ID NO:21:
30

(i) SEQUENCE CHARACTERISTICS:
. {A) LENGTH: 67 base pairs
{B) TYPE: nucleic acid
"{C) STRANDEDNESS: double
{D) TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA



so it was added as a PCR fragrre'nt that had a deleted internal Sac | site
[at 1855 as nunbered in B.S. Chapnan et al., Nuc. Acids Res. 19, 3979 .
(1991)]. The tenplate used for the PCR reactions was pCWi nt A- Lux, 25 nade

by ligating the Hi ndTl11 ghea@gsmgphgeaagrrent from pCW6al20 [see B. S
Chapman et al., ibid. es hCW-I1E1 enhancer/ pronoter and
intron A into the Hi *mmg mamr sites of pBL3 to generate pCWI nt BL.
The 1881 base pair Iuc ragnen®7(Hind 111-Sma | K enoW8972Y
filled-in) fromRSV-Lux [J.R de Wet 30 etal., Mdl. Cell Biol. 7, 725,

1987] was cloned into the Sal | site of pCwIntBL, which was Kl-enow
filled-in and phogphalasgeitgatygd. The priners that spanned intron A are:

{iv) ANTI-SENSE: YES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
GAGGGGCAAA CAACAGATGG CTGGCAACTA GAAGGCACAG CAGATATTTT TTCCTTAATT 60
GTCGTAC ' 67
{2} INFORMATION FOR SEQ ID N0:22:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 15 base pairs
{B} TYPE: nucleic acid
10 (C}) STRANDEDNESS: single
{D} TOPOLOGY: linear
1ii} MOLECULE TYPE: cDNA
{iii) HYPOTBETICAL: NO
{iv) ANTI~SENSE: NO
15
(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:22:
AGCAGAAGCA CGCAC 15
(2} INFORMATION FOR SEQ ID NQ:23:
{i) SEQUENCE CHARACTERISTICS:
20 (A} LENGTH: 15 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: singie
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

25 {iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
. AGCAGAAGCA CAGCA is

{2) INFORMATION FOR SEQ ID NO:24:
30 (i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
{B) TYPE: nucleic acid
"{C) STRANDEDNESS: double
(D) TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA



-36- 5" priner, SEQ |ID:5: 5'-CTATATAAGCAGAG CTCGITTAG 3'. The 3' priner,
SEQ ID: 6: 5'-GTA GA CTCCAG 3'. 5 The primers used to
renove the Sac | si sense prinmer, SEQ ID: 7:

5- GTATGTGT CT GAAAAT GAG STFEEAEICE Rifplats CGCAC-3' and the anti sense primer, SEQ
ID:8: 5 - GIGCGAGCC VN TTTCAGACACA TAC-3'. The PCR fragrrent was
cut with Sac I and Bglilif MWted i nto

8- 18972Y

. are:

{iii} HYPOTHETICAL: NO °

(iv} ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:24:
5 CCTTAGATCG GAAATAAARA CAACCAAAAT GAA ’ 33
(2} INFORMATION FOR SEQ ID NO:25:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 36 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: double
(D} TOPOLOGY: both

10 {ii)} MOLECULE TYPE: cDNA

{(iii} HYPOTHETICAL: NO

(iv) ANTI-SENSE: YES "
15 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

GCAGATCCTT ATATTTCTGA AATTCTGGTC TCAGAT 36
{2} INFORMATION FOR SEQ ID NO:26: *
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 102 base pairs
{B) TYPE: nucleic acid
20 {C}] STRANDEDNESS: double
{D) TOPOLOGY: both
(ii) MOLECULE TYPE: <DNA
{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

25 |
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
ACCGTCCTTA GATCCAGAAG CAGAGCATTT TCTAATATCC ACAAAATGAA GGCAATAATT l 60
GTACTACTCA TGGTAGTAAC ATCCAACGCA GATCGAATCT GC 1_02
{2) INFORMATION FOR SEQ ID NO:27:
30

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 42 base pairs
{B} TYPE: nucleic acid
{C)} STRANDEDNESS: double
{D} TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA



the vector whi ¢h had been cut with the sane enzynmes. The NP gene from
I nfluenza A (A PR/ 8/ 34) was cut o pAPR501 [J. F. Y(')ung et 15 al., in
The Origin of Pande nfl uenza Viruses, WG Laver, (El sevi er Science

Publ i shing Co., Inc., 4988 1A Bed RSB base- pai r EcoR I fragrrent and

blunted. It was |nserte he blunted Bgl Il site, to make V1-NP.
“\ u nd purified by the alkaline |lysis.
nd T.-99 - Maniatis, in Ml ecul872Y

Pl asm ds were propagate
met hod [J. Sanbrook, E.

Cl oni ng, A Laboratory Manual, second edition (Cold Spring Harbor Laboratory
Press, 1989)]. CsC banded DNA was et hanol precipitated and resuspended in
0.9% saline at 2ng;in ,fQkedB L EGHI ON. 25 ~ EXAMPLE 2

ASSAY FOR HUMAN | NFLUENZA VI'RUS CYTOTOXI C T-
{iv) ANTI-SENSE: YES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
5 GGCACAGCAG ATCTTTCAAT AACGTTTCTT TGTAATGGTA AC 42
{2) INFORMATION FOR SEQ ID NO:28:

(i} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 23 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
* {D) TOPOLOGY: linear

10 {ii) MOLECULE TYPE: cDNA
(iii) BYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
15 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

CTAACAGACT GTTCCTTTCC ATG 23
(2) INFORMATION FOR SEQ ID N0O:29:
{i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
(B} TYPE: nucleic acid
20 (C} STRANDEDNESS: single
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: ¢DNA
{iii} HYPOTHETICAL: NO
(iv} ANTI-SENSE: YES
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
. GGAGTGGCAC CTTCCAGG 18
(2) INFORMATION FOR SEQ ID NO:30:
{i} SEQUENCE CHARACTERISTICS:
30 (A} LENGTH: 12 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO



°

LYMPHOCYTES: Cytotoxic T |ynphocytes were generated fromm ce that had been
30 imuni zed with DNA or that had recovered frominfection with A/ HK/ 68.
Control cultures were derived frommce that had been injected with control
DNA and from uni nj ect'nﬁtSH%ecEasBSen ple;ed:ell suspensi ons were prepared, red

bl ood cells were renov F‘T‘m -37- amoni um chl ori de, and

spleen cells were cult 640 suppl enented with 10% Fet al Bovi ne
Serum (FBS), 100 U/ m 0 [edOPg/ M streptonycin, 0.b89R2ZYIEPES
(pH 7.5), and 2 nM 1-

fiv] ANTI-SENSE: NO

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:30:
AGCAAAAGCA GG 12
{2} INFORMATION FOR SEQ ID NO:31:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 14 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii} MOLECULE TYPE: cDNA
10
{iii) HYPOTHETICAL: NO

{iv) ANTI~SENSE: NO

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:31:
15 AGCAGAAGCG GAGC 14
{2) INFORMATION FOR SEQ ID NO:32:
{i)} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 base pairs
{B} TYPE: nucleic acid

{C} STRANDEDNESS: both
{D} TOPOLOGY: linear

20 {ii) MOLECULE TYPE: cDNA
{iii} HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

25 {xi} SEQUENCE DESCRIPTION: SEQ ID NO:32:
CCACATGTCG ACCCGTAAAA AGGCCGCGTT GCTGG 35
{2} INFORMATION FOR SEQ ID NO:33:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
{B) TYPE: nucleic acid
30 {C) STRANDEDNESS: both
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO



glutam ne. An equal nunber of autol ogous, irradiated stinulator cells,
pulsed for 60 mn. with the H2K[err]-restricted peptide epitope NP147- 5

155 (Thr Tyr Adn Arg Thr Arg Ala L |, SEQID:9:) at 10 [err]M or
infected with influ /34 (HLN1), and 10 U m reconbi nant human IL-2
(Cel lul ar Products, J‘{ﬂaiﬁignmm\mpm&hdded and cul tures were naint a| ned

for 7 days at 37[err]C and 100% rel ative humdity.
bon A (2 [err]g/m) wé|88 aafded
. Cytotoxic T cell effector activity

sel ect ed experinents,
in place of autol ogous

was determned with P815 cells labeled for 3 hr with 60 [err]C of [err]Cr
per 10[err] cells, and pul sed as above with NP147- 155, or infected with

i nfluenza A/ Victoria/ 73 (H3N2). Control targets (|abeled P815 cells w thout
pepti de or virus) {xikSECURNSE DESFREFEIONTAPQET X°:15 were plated at 1 x 10[err]

cells/well in pownd=Rotsongd, Quell. plates and 13

{2) INFORMATION FOR SEQ ID NO:34:

{i) SEQUENCE CHARAUTERISTICS:
(A} LENGTH: 37 base pairs
{B} TYPE: nucleic acid
{C} STRANDEDNESS: both
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

10 (iv} ANTI-SENSE: NO

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:34:
CCACATAGAT CTTCAAATGC AAATGTTGCA CCTAATG 37
15 {2) INFORMATION FOR SEQ ID NO:35:

{1} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 38 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
20 (iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:35:
25 GGTACAACCA TGAAAGCAAA ACTACTAGTC CTGTITATG 38
{2) INFORMATION FOR SEQ ID NO:36:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 32 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D} TOPOLOGY: linear

30 (ii) MOLECULE TYPE: cDNA

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO



I ncubated with effectors for 4 hours in triplicate. Supernatant (30 [err]l)
was renoved fromeach well and counted in a Betaplate scintillation counter
(LKB-Val | ac, Turku, Finland). Muximl counts, released by addition of 6M
HCl, and spont aneous qawmka&heBeaB&@uﬁtfunﬂ CTL were 20 determ ned for

each target preparation| f|c l ysis was c?lculagedEizprE 5 98
(experinental - spont spont aneous)] X 10
ERCDUCTICN OF NP SPECI IB@@QES IN VIVO BALB/ c ni t89%&Ye

injected in the quadrlceps of both legs with plasm d cDNA encoding
Al PR/ 8/ 34 nucl eoprotein driven by either a Rous 30 sarcoema virus or

cytonegal ovi rus pkONFHEHCE DESCRIPTION: SEQ ID NO:36:

CCACATTCAG ATGCATATTC TACACTGCAA AG 32
{2) INFORMATION FOR SEQ ID NO:37:
{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
5 {B} TYPE: nucleic acid
{C} STRANDEDNESS: both
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
. {iv) ANTI-SENSE: NO
- 10
{xi) SEQUENCE DESCRIPTION: SEQ ID N0:37:
GGTACAACCA TGAAGGCAAT AATTGTACTA CTCATG ' 35
{2) INFORMATION FOR SEQ ID NO:38:
15 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 36 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: both
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{1ii) HYPOTHETICAL: NO

20 (iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
CCACATTTAT AGACAGATGG AGCAAGAAAC ATTGTC }6
25 (2} INFORMATION FOR SEQ ID NO:39:
(1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: both
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
30 o
(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:



Expression vectors used were: i) pnRSV-PRNP, see Exanple 1; -38- i) V1
-NP, see Exanple 1. Animals used were fenale BALB/c mce, obtained from
Charles River Laboratetr+es—Raleigh, NC. Mce were obtained at 4-5 weeks of
age and were initially injected with DNA at 5-6 weeks of age. Unless
ot herwi se noted, inje e@I‘RAplwede adm nistered into the quadriceps
nmuscl es of both | egs, receiving 50 [err]| of sterile saline
containing 100 [err]g eceiveg@3ll, 2 or 3 sets of i nd@97&Y ons

3 week

GGTACAAGAT CTACCATGCT TCTAACCGAG GTC 33

at

{2} INFORMATION FOR SEQ ID NO:40:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 36 base pairs
(B} TYPE: nucleic acid
({C} STRANDEDNESS: both
(D} TOPOLOGY: linear

5
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{iv} ANTI-SENSE: NO
10

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:40:
CCACATAGAT "CTTCACTTGA ACCGTTGCAT CTGCAC 36
(2] INFORMATION FPOR SEQ ID NO:41:
{1} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 39 base pairs
15 {B) TYPE: nucleic acid
{C} STRANDEDNESS: both
{D} TOPOLOGY: linear
{ii} MOLECULE TYPE: cDNA
{iii} HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
20
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GGTACAGGAT CCACCATGTC CAACATGGAT ATTGACGGC 39
(2} INFORMATION FOR SEQ ID NO:42:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 39 base pairs
(B) TYPE: mucleic acid

{C) STRANDEDNESS: both
{D] TOPOLOGY: linear

25

(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

30 (iv) ANTI-SENSE: NO

;

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:42:

CCACATGGAT CCTTAATAAT CGAGGTCATC ATAATCCTC 39



I nterval s. Negative control animals were uninjected or injected with the
appropriate blank vector |acking the inserted NP gene. 10 The presence
or absence of NP plasmd DNA in the nuscles of selected animls was

anal yzed by PCR (Fi . 1uldshedPhaHtiik (either NP or luciferase DNA) was
detected in 44 of 48 i S tested. In mce injected with

| uci f erase DNA, prote| ﬁHmHg’IMWZ denonstrated by luciferase activity
recovered in nuscle ex or di nqQo- met hods known in t hERQF2Y
[J.A. WoIff et al., Smence 247, 1465 (1990); G. Ascadi et al., Nature 352,
815 (1991); H Lin et al., Crculation 82, 2217 (1990); R N Kitsis et al.,
Proc. Natl. a(qé ﬁ%kmm(o %\R S§Q nif}olg’,ﬁ (1991) E. Hansen et al., FEBS Lett.

290, 73 (1991) Gene Therapy 3, 21 (1992): J.A Wl ff

et al., 20 Human It\d)lsaQtﬁﬁﬂedEHARﬁ&:'rER%‘BCs( 1992)].
{A)} LENGTH: 42 base pairs s
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: linear

5 (ii} MOLECULE TYPE: ¢DNA
(iii} HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:43: ' -
1o GGTACAGGAT CCACCATGTC GCTGTTTGGA GACACAATTG CC 42
(2} INFORMATION FOR SEQ ID NO:44:
{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 38 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: both
15 {D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(1ii} HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
20 . - '
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:44:
CCACATGGAT CCTTATAGGT ATTTCTTCAC AAGAGCTG 38
{2) INFORMATION FOR SEQ ID NO:45:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 3553 base pairs
25 {B}) TYPE: nucleic acid
{C)} STRANDEDNESS: double
(D} TOPOLOGY: both
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
GATATTGGCT ATTGGCCATT GCATACGTTG TATCCATATC ATAATATGTA CATTTATATT 60

GGCTCATGTC CAACATTACC GCCATGTTGA CATTGATTAT TGACTAGTTA TTAATAGTAA 120



NP expression in nuscles after

detection for V‘éstern bI ot anal
producti-on of NP-

NP-specific CTL generatio
| muni zat i on,
I L-2 plus autologous S
i nfluenza A (A/PR/ 8/3

and spl‘éﬁ

W

od| es (see Fig. 2).

L

nucl eoprotein peptide epitope (NP residues 147-155,

al .,

killing nucl eoprotein epitope-pulsed target cells (Fig. 3A). This
that i.m inj egairpemcoCediRONACGEN@PQLRBUCIHS ATISASDT WB@GNP— déf§ ved peptide
In association %TT(QZCAM’;{ACGTEPJCQC%SAA!PAGLGC})\ET TTCCIHIQ‘(E GQCA(R];‘GGE‘lh gGAGTA’I"PTA 300
CGGTAAACTG CCCACTTGGC AGTACATCAA GTGTATCATA TGCCAAGTAC GCCCCCTATT 360
5 GACGTCAATG ACGGTAAATG GCCCGCCTGG CATTATGCCC AGTACATGAC CTTATGGGAC 420
TTTCCTACTT GGCAGTACAT CTACGTATTA GTCATCGCTA 'I'I'ACCATécT GATGCGGTT;I' 480
TGGCAGTACA TCAATCGGCG TGGATAGCGG TTTGACTCAC GGGGA’IT;PCC AAGTCTCCAC 540
CCCATTGACG TCAATGGGAG TTTGTTTTGC CACCARAATC AACGGGACTT TCCAAAATGT §00
CGTAACAACT CCGCCCCATT GACGCAAATG GGCGGTAGGC GTGTACGGTG GGAGGTCTAT 660
10 ATAAGCAGAG CTCGTTTAGT GAACCGTCAG ATCGCCTGGA GACGCCATCC ACGCTGTTTT 720
GACCTCCATA GAAGACACCG GGACCGATCC AGCCTCCGCG GCCGGGAACG GTGCATTGGA 780
ACGCGGATTC CCCGTGCCAA GAGTGACGTA AGTACCGCCT ATAGAGTCTA TAGGCCCACC 840
CCCTTGGCTT CTTATGCATG CTATACTGTT TTTGGCTTGG GGTCTATACA CCCCCGCTTC 900
15 CTCATGTTAT AGGTGATGGT ATAGCTTAGC CTATAGGTGT GGGTTATTGA CCATTATTGA 2960
CCACTCCCCT ATTGGTGACG ATACTTTCCA TTACTAATCC ATAACATGGC TCTTTGCCAC 1020
AACTCTCTTT ATTGGCTATA TGCCAATACA CTGTCCTTCA GAGACTGACA CGGACTCTGT 1080
ATTTTTACAG C;ATGGGG'fCT CATTTATTAT TTACAAATTC ACATATACAA CACCACCGTC 1140
CCCAGTGCCC GCAG;I‘TTTTA TTAAACATGC TAACGTGGGA TCTCCACGCG AATCTCGGGT 1200
20 ACGTGTTCCG GACATGGGCT CTTCTCCGGT AGCGGCGGAG CTTCTACATC CGAGCCCTGC 1260
TCCCATGCCT CCAGCGACTC ATGGTCGCTC GGCAGCTCCT TGCTCCTAAC AGTGGAGGCC 1320
AGACTTAGGC ACAGCACGAT GCCCACCACC ACCAGTGTGC CGCACAAGGC CGTGGCGGTA 1380
GGGTATGTGT CTGAAAATGA GCTCGGGGAG CGGGCTTGCA CCGCTGACdC ATTTGGRAGA 1440
25 CTTAAGGCAG CGGC;\GMGA AGATGCAGGC AGCTGAGTTG TTGTGTTCTG ATAAGAGTCA 1500
GAGGTAACTC CCGTTGCGGT GCTGTTAACG GTGGAGGGCA GTGTAGTCTG AGCAGTACTC 1560
GTTGCTGCCG CGCGCGCCAC CAGACATAAT AGCTGACAGA CT.AACAGACT GTTCCTTTCC 1620
ATGGGTCTTT TCTGCAGTCA CCGTCCTTAG ATCTGCTGTG CCTTCTAGTT GCCAGCCATC 1680
TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA GGTGCCACTC CCACTGTCCT 1740
30 TTCCTAATAA AATGAGGAAA TTGCATCGCA TTGTCTGAGT AGGTGTCATT CTATTCTGGG 1800
GGG‘I‘GGGGTG. GGGCAGCACA GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG 1860
GGATGCGGTG GGCTCTATGG GTACGGCCGC AGCGGCCGTA CCCAGGTGCT GAAGAATTGA 1920
CCCGGTTCCT CGACCCGTAA AAAGGCCGCG TTTTCCATAG GCTCCGCCCC 1980

Nature 348, 252 (1990)).

TTGCTGGCGT

injection of NP DNA was below the limt of
< 1 ng) but was indicated by the
For anal ysi s of
.Eeppceder e renoved 1-4 25 weeks fol |l owi ng
restinulated with reconbi nant hunan
at had been either

th tHO5H 2K[err] -

infected with
restrictedl8972Y
see O K. Rotzscke et
Spleen cells restinulated with

virally-inf eth%QATQXCGWGH@@ﬁQthQ%G&HA SEHr SYRIRALLEALC RhahSrriiR € Gapabl edOf t
i ndi cat es



-39 - specific CTL response. These CTLs were capabl e of recognizing and
lysing virally infected target cel (Fig 3B), or target cells pulsed with
the H2K[err]-restri eoprotein peptide epitope and virally-infected

target cells. This denon é@&ﬁgmhme@%%%pecificity.as well as their ability
to detect the epitope ally in infected cells. A nore
stringent neasure of i the NP DNA vaccine was the

ma

eval uation of the pri onse. Sph@en cel |l s taken from NRO72Y
DNA-i njected mce were activated by exposure to Con A and IL-2, but did not
undergo in vitro restinulation with antigen-

CCTGACGAGC ATCACAARAR TCGACGCTCA AGTCAGAGGT GGCGAAACCC GACAGGACTA 2040
TAAAGATACC AGGCGTTTCC CCCTGGAAGC TCCCTCGTGC GCTCTCCTGT TCCGACCCTG 2100
CCGCTTACCG GATACCTGTC CGCCTTTPCTC CCTTCGGGAA GCGTGGCGCT TTCTCAATGEC 2160
TCACGCTGTA GGTATCTCAG TTCGGTGTAG GTCGTTCGCT CCAAGCTGGG CTGTGTGCAC 2220
5 GAACCCCCCG TTCAGCCCGA CCGCTGCGCC TTATCCGGTA ACTATCGTCT TGAGTCCAAC 2280
CCGGTAAGAC ACGACTTATC GCCACTG@CA GCAGCCACTG GTAACAGGAT TAGCAGAGCG 2340
AGGTATGTAG GCGGTGCTAC AGAGTTCTTG AAGTGGTGGC CTAACTACGG CTACACTAGC 2400
TGAAGGACAG TATTTGGTAT CTGCGCTCTG CTGAAGCCAG TTACCTTCGG AAAAAGAGTT 2460
GGTAGCTCTT GATCCGGCAA ACAAACCACC GCTGGTAGCG GTGGTTTTTT TGTTTGCAAG 2520
10 CAGCAGATTA CGCGCAGAAA AARAGGATCT CAAGAAGATC CTTTGATCTT TTCTACGTGA 2580
TCCOGTAATG CTCTGCCAGT GTTACAACCA ATTAACCAAT TCTGATTAGA AARACTCATC 2640
GAGCATCAAA TGAAACTGCA ATTTATTCAT ATCAGGATTA TCAATACCAT ATTTTTGAAA 2700
AAGCCGTTTC TGTAATGAAG GAGAAAACTC ACCGAGGCAG TTCCATAGGA TGGCARGATC 2760
15 CTGGTATCGG TCTGéGATTC CGACTCGTCC AACATCAATA CAACCTATTA ATTTCCCCTC 2820
GTCAAAAATA AGGTTATCAA GTGAGAAATC ACCATGAGTG ACGACTGAAT CCGGTGAGAA 2880
TGGCAAAAGC TTATGCATTT CTTTCCAGAC TTGTTCAACA GGCCAGCCAT ‘TACGCETCGTC 2540
ATCAMAATCA CTCGCATCAA CCAAACCGTT ATTCATTCGT GATTGCGCCT GAGCGAGACG . 3000
AMATACGCGA TCGCTGTTAA AAGGACAATT ACAAACAGGA ATCGAATGCA ACCGGCGCAG 3060
20 GAACACTQCC AGCGCATCAA CAATATTTTC ACCTGAATCA GGATATTCTT CTAATACCYIG 3120
GAATGCTGTT TTCCCéGGGA TCGCAGTGGT GAGTAACCAT GCATCATCAG GAGTACGGAT 3180
AAARATGCTTG-ATGCTCGGAA GAGGCATAAA TTCCGTCAGC CAGTTTAGTC TGACCATCTC 3240
ATCTGTAACA TCATTGGCAA CGCTACCTTT GCCATGTTTC AGAAACAACT CTGGCGCATC 3300
25 GGGCTTCCCA TACAATCGAT AGATTGTCGC ACCTGATTGC CCGACATTAT CGCGAGCCCA 3360
TTTATACCCA TATARATCAG CATCCATGTT GGAATTTAAT CGCGGCCTCG AGCAAGACGT 3420
TTCCCGTTGA ATA?GGCTCA TAACACCCCT TGTATTACTG TTTATGTAAG CAGACAGTTT 3480
TATTGTTCAT GATGATATAT TTTTATCTTG TGCAATGTAA CATCAGAGAT TT?GAGACAC 3540
AACGTGGCTT TCC 3553
30

(2) INFORMATION FOR SEQ ID NO:46:

{i)} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 72 base pairs
{B) TYPE: nucleic acid.
{C) STRANDEDNESS: both
{D) TOPOLOGY: both



expressing cells prior to testing their ability to kill appropriate _
targets. Splenocytes frommce inmnized with NP DNA, when activated with
Con A and IL-2 in vitro without antigen-specific restinmulation, |ysed both

epi t ope- pul sed and Vitulshder 43 BeGt darget cells (Fig. 3C and D). This
at ed spl enocytes derived fromm ce that

| ytic activity of both 1 ted and activated spleen cells conpares
favorably with that of“! ﬂumﬂmlm H i
had been previously in ' fluend®7A HK/ 68, a virulent 8972Y

nouse- adapted H3N2 strain that arose 34 years after A/PR/8/34 (HINL). Thus,
injection of NP DNA generated CTL that were specific for the nucl eoprotein
epi t ope and t hat c of identifying the naturally processed
antigen (i.e., Co\l/}?%e,ﬁ '?‘PEB\%‘% F%/N!}i nfected cells). NP 20 CTL have also
been generat ed i niiC3HvasrdeBéLE Mansgeni ¢ m ce expressi ng human HLA- A2.

(iv} ANTI-SENSE: NO

5 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
TCACCGTCCT TAGATCGGTA CAACCATGAA GACTATCATT GCTTTGAGCT ACATTTTATG 60
TCTGGTTTTC GC . 72

{2) INFORMATION FOR SEQ ID NO:47:
{i) SEQUENCE CHARACTERISTICS:
10 {A) LENGTH: 111 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
(D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

15 {iv) ANTI-SENSE: NO

{xi) SBQUENCE DESCRIPTION: SEQ ID NO:47:
TCATGCTTTT TGCTTTGTGT TGTTT'PGCTG GGGTTCATCA TGTGGGCCTG CCAAAAAGGC 60
AACATTAGGT GCAACATTTG CATTTGAAGA TCTATGTGGG ATCTGCTGTG C 111
20 {2} INFORMATION FOR SEQ ID NO:48:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 63 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: both
{D} TOPOLOGY: both
25 {ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
30 TTAGATCGGA ACATGAAAGC AAAACTACTA GTCCTGTTAT GTGCATTTAC AGCTACATAT 60
GCA 63
(2) INFORMATION FOR SEQ ID NO:49:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 102 base pairs



NP CTL have been detected in spleens of BALB/c mce injected with as little
as 1 dose of 1 [err]g NP DNA (the | owest dose tested) (Table 3-1V): 25 30
-40 - Table 3-1V CTL Responses in Mce After a Single Injection of NP DNA 5
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dose ([err]g) % specific sd lysis

- 108 -

18972Y

{B) TYPE: nucleic acid
{C) STRANDEDNESS: double {
{D} TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA

(iii)}) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:
CTGGTCCTTT TGGTCTCCCT GGGGGCAATC AGCTTCTGGA TGTGTTCTAA TGGGTCTITTG

CAGTGTAGAA TATGCATCTG AATGTGGGAT CTGCTGTGCC TT
{2) INFORMATION FOR SEQ ID NO:50:

{i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 108 basg pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: both
(ii} MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:
CCTTAGATCG GTACAACCAT GAAGGCAATA ATTGTACTAC TCATGGTAGT AACATCCAAC
GCAGATCGAA TCTGCACTGG GATAACATCT TCAAACTCAC CTCATGTG
{2) INFORMATION FOR SEQ ID NO:51:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 102 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii} HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:51:
TTGGCTGTAA CATTGATGAT AGCTATTTTT ATTGTTTATA TGGTCTCCAG AGACAATGTT
TCTTGCTCCA TCTGTCTATA AATGTGGGAT CTGCTGTGCC TT

{2) INFORMATION FOR SEQ ID NO:52:

60

102,

60

108

60
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NP DNA
10. 3 NP DNA
4.4 NP DNA
8.9 NP DNA
7.4 15
37.7
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400 52.5 10. 7 400 80. 4
200 75.6 5.4 200 44.6
100 76.7 2.9 100 35. 6
50 62.9 0.6 50 76.7
NP DNA 10 83. 2 10.1 1 0
2.5 NP DNA 1 44. 2 0.3 1
2 Control DNA 100 -109- 4.9 1 18972Y

(i} SEQUENCE CHARACTERISTICS:

(A} LENGTH: 84 base pairs
{B} TYPE: nucleic acid T Aaceﬁ..

(C} STRANDEDNESS: both Bekd
{D) TOPOLOGY: both Thgsshe“‘“as

1
{ii) MOLECULE TYPE: cDNA \\\\\\\
-(iii) BYPOTHETICAL: NO

[iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:
GTCCTTAGAT CCACCATGGC GTCCCAAGGC ACCAAACGGT CTTATGAACA GATGGAAACT
GATGGGGAAC GCCAGAATGC AACT
(2} INFORMATION FOR SEQ ID NO:53:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 108 base pairs
{B} TYPE: nucleic acid
(C} STRANDEDNESS: both
(D} TOPOLOGY: both
(ii)} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:
GAAAAGGCAA CGAACCCGAT CGTGCCCTCT TTTGACATGA GTAATGAAGG ATCTTATTTC
TTCGGAGACA ATGCAGAAGA GTACGACAAT TAAGGATCTG CTGTGCCT
{2} INFORMATION FOR SEQ ID NO:54

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 132 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: both
(D} TOPOLOGY: both
{(ii} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:

CTTAGATCCA GATCTACCAT GAGTCTTCTA ACCGAGGTCG AAACGTATGT TCTCTCTATC

60

84

60

lo8

60



20  Flu - 79.3 8.3 Table 3-1V: Femal e
BALB/c mce (4-6 weeks) were injected with a single dose of A/ PR/ 34 NP DNA

(V1IINP) or control t i ndi cat ed doses. For conpari son,
m ce were infected v[\)nNﬁﬁlEX heen Q&é Al PR/ 34. CTL were obtained after 8

weeks, restinulated in peptlde pul sed syngeneic spl een cells,

and assayed agai nst NP P815 cells at an effector:target

ratio of 50:1. Data is represented as %-spH3ific lysis for repredd%/2¥ ve

i ndi vidual m ce. 30 Foll owmp experinents have shown that mce receiving 1

dose of 1 [err]g NP DNA nmaintained NP CTL for at least 4.5 nonths (I atest

time point tested). The magnitude of the CTL responses after :
GTTCCATCAG GCCCCCTCAA AGCCGAAATC GCGCAGAGAC TTGAAGATGT CTTTGCTGGG 120

AAAAACACAG AT ’ 132
{2} INPORMATION FOR SEQ ID NO:55:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 129 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

10 (iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:
GGGACTCATC CTAGCTCCAG TACTGGTCTA AAAGATGATC TTCTTGAAAA TTTGCAGACC 60
" TATCAGAAAC GAATGGGGGT GCAGATGCAA CGGTTCAAGT GAAGATCTAT GTGGGATCTG 120
15 CTGTGCCTT . 129
{2) INFORMATION FOR SEQ ID NO:56:
(1} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 81 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
20 {D} TOPOLOGY: both
(ii} MOLECULE TYPE: c¢DNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
25
. {xi) SEQUENCE DESCRIPTION: SEQ ID NO:56:
CTTAGATCCA CCATGTCCAA CATGGATATT GACGGTATCA ACACTGGGAC AATTGACAAA 60
ACACCGGAAG AAATAACTTC T 81
-{2} INFORMATION FOR SEQ ID NO:57:
30 {i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 96 base pairs
(B} TYPE: nucleic acid
‘(C) STRANDEDNESS: both
(D} TOPOLOGY: both
{ii} MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO



-41- DNA injection were conparable to that in influenza-infected mce.
However, it should be noted that analysis of CTL after antigen
restimulation invitro s not strictly quantitative. Therefore, we are

currently devel opi ng.ld ngth' o 'eblhﬁeﬁon assays to nore quantitatively assess
the | evels of NP-sp i i mEce. In mce that were injected with 3
i

doses of 100 [err]g ponses have been detected at |east 6
nont hs after irmuniz 9). Thktktore, an influenza PN8HAY t he

potential to generate long-lived CTL responses directed toward conserved
I nfl uenza anti gens.

{iv) ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:57:
GCTTGAAATTC CAATTAAGCA GACCATCCCC AATTTCTTCT TTGGGAGGGA CACAGCAGAG 60
GATTATGATG ACCTCGATTA TTAAGGATCT GCTGTG 96
{2) INFORMATION FOR SEQ ID NO:58:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 96 base pairs
{B) TYPE: mucleic acid
{C)} STRANDEDNESS: both
10 {D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) BYPOTHETICAL: NO
{iv} ANTI-SENSE: NO
15 {xi} SEQUENCE DESCRIPTION: SEQ ID NO:58:
CTTAGATICA CCATGTCGCT GTTTGGAGAC ACAATTGCCT ACCTGCTTTC ATTGACAGAA 60 -
GATGGAGAAG GCM_\AGCAGA ACTAGCAGAA AAATTA 96
[2) INFORMATION FOR SEQ ID NO:59:
2 0 {i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 123 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: both
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

25 {iv]) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:59:
AGATCTCTTG GGGCAAGTCA AGAGAATGGG GAAGGAATTG CAARGGATGT GATGGAAGTG 60
30  CTARAGCAGA GCTCTATGGG AAATTCAGCT CTTGTGAAGA AATACCTATA AGGATCTGCT 120
GTG 123
{2) INFORMATION FOR SEQ ID NO:60: .
(1) SEQUENCE CHARACTERISTICS:

{A} LENGTH: 33 base pairs
{B} TYPE: nucleic acid



10 Injection of mce with NP DNA resulted in the production of high.titer

anti-NP | gG anti bodies (Fig. 2).

Ceneration of high titer 1gG anti bodies in

mce is thought torequire CD4+ T cell help (P. Vieira and K Raj ewsky,
Int. |mmunol. 2, 48 gghgg S,Begnkeglaceponnelly et al., J. 15 |Inmunol. 145,

3071 (1990)). This s pressed fromthe plasmd in situ was
processed for present MHC class | and class |I1. EXAMPLE 4 20
PROTECTI ON OF M CE U TH VA RIRENT HUMAN | NFLUENZA MI8972Y The

role of NP antibodies in protective immunity to influenza is shown by two
approaches: First, viral lung titers were determned in a

(C} STRANDEDNESS: both
(D} TOPOLOGY: both

{(ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:60:

GGTACAAATA TTGGCTATTG GCCATTGCAT ACG . 33

(2} INFORMATION FOR SEQ ID NO:61:

10 (i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 36 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: both
(D} TOPOLOGY : both

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

15 (iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:61:

CCACATCTCG AGGAACCGGG TCAATTCTTC AGCACC | ' ' 36

20 (2) INFORMATION FOR SEQ ID NO:62:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B} TYPE: mucleic acid
(C} STRANDEDNESS: both
" (D) TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA

25 (1ii) HYPOTHETICAL: NO o
{iv) ANTI-SENSE: NO
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:62:

30 GGTACAGATA TCGGARAGCC ACGTTGTGTC TCAAAATC 38

(2) INFORMATION POR SEQ ID NO:63:-

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 37 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
(D) TOPOLOGY: both



passi ve-transfer experinment. Female BALB/c mice [err] 10 weeks of age were
injected intraperitoneally with 0.5 m of pooled serum(diluted in 2.0 m

of PBS) from m-ee—that—had—been—injected 3 tines with 200 [err]g of NP DNA
Control mce were injected with an equal volune of pool ed normal nouse
serum or with p ice that had 30 recovered frominfection
wth A/HK/ 68, also N PBS. The dose of A/ HK/ 68 immune serum was
adj ust ed such that ' er of antli3NP antibody was equal 18%72Yat in
t he pool ed serumfrom NP DNA-injected mce. Mce were chall enged

unanest heti zed in a blinded -42-

{ii)} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO'

{iv] ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:63:
CCACATGGAT CCGTAATGCT CTGCCAGTGT TACAACC 37
(2} INFORMATION FOR SEQ ID NO:64:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 39 base pairs
10 {B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO

(iv) ANTI-~SENSE: NO

15
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:64:
GGTACATGAT CACGTAGAAA AGATCAAAGG ATCTTCTTG : 39
20
25

30



fashion with 10[err] TG Dl err] of A/HK/ 68 2 hours ;?(e ru @ ct o Iﬁ[&,
and a further injection of an equal anount of serum was g ﬁys | at er
Mce were sacrificed 6 and 7 days after infection and viral |ung ST
TCI D err] per i were deternined as described by Moran [J. 5 . Im
146, 321, 1991]. Naive nice were infused with anti-NP antiserum obt
frommce that were injected with NP DNA, and then challenged with A/HK/68
Viral challenges were performed with a Jqguse-adapted strain of 139FBY68
and mai ntai ned subsequently by in vivo passage Tm mce —t—hMbawui ke,
personal communication). The viral seed stock“mm m" "gnate of

l ungs frominfected mce and had an infectivi ! [err]
TaDerr]/m oWHAIKISGILAIMED ISiral |ung titér Hetler natlans and wei ght

| oss studies, viral challenges were

1. A DNA construct comprising nucleic acid encoding
an influenza virus gene, wherein said DNA construct is capable of
inducing the expression of an antigenic influenza virus gene product
which induces an influenza virus specific immune response upon
introduction of said DNA construct into animal tissues in ¥ivo and
resultant uptake of the DNA construct by cells which express the
encoded influenza gene.

-
B a0

10 2. The DNA construct of Claim 1 wherein the influenza

virus gene encodes nucleoprotein, hemagglutinin, polymerase, matrix,
or non-structural human influenza virus gene products.

3. A polynucleotide vaccine comprising a DNA
construct which induces neutralizing antibody against human influenza
virus, influenza virus specific cytotoxic lymphocytes, or protective
immune responses upon introduction of said DNA pharmaceutical into
animal tissues in vivo, wherein the animal is a vertebrate, dnd the
polynucleotide vaccine encodes an influenza virus gene which is
expressed upon introduction into said verterbrates' tissues in vivo.

15

20

4.  The polynucleotide vaccine of Claim 3 which
contains a DNA construct selected from one or more of:
)5 a) pnRSV-PR-NP,
b) V1-PR-NP,
c) V1J-PR-NP, the 5' end of which is SEQ. ID:12:,
d) V1J-PR-PB1, the 5' end of which is SEQ. ID:13:,
e) V1J-PR-NS, the 5' end of which is SEQ. ID:14:,
f) V1J-PR-HA, the 5' end of which is SEQ. ID:15:,
g) V1J-PR-PB2, the 5' end of which is SEQ. ID:16:,
h) ~ V1J-PR-MI, the 5' end of which is SEQ. ID:17:,
i) V1Jneo-BI-NP, the 5' end of which is SEQ. ID:20: and
the 3' end of which is SEQ. ID:21:,

30




performed in blinded fashion by intranasal mWerr]l
containing 10[err] TCIDerr] onto the nares of il W whi ch

| eads to progressive infection of the Iungs Wi WE@ ] “L‘ a bt lethal in
BALB/c mce [Yetter, R A et al., Infect. b4,5 1980]. In
survival experinents, mce were chal | enged by instillation of 20 [err]l
containing 10[err] TG D err] onto the nares under full anesthesia wth 20
ket ami ne and xyl azine; infection of anesthetSzed mice with this dd8872¥uses

a rapid lung infection which is Iethal to 90-100% of noni nmuni zed m ce
[J.L. Schulman and E.D. Kil bourne, J. Exp. Med. 118, 257, 1963; GH Scot t

Mhfect. | munitD 20, 654, VISHRY ﬂ*)&f&é ﬂweﬁi‘ge@égF phich & SEQ B28 o oy

serial titration on MDCK thel 3' endodf whieldif SEQ.ADEZS: &adkvi | | e, I\/D) in

96-vel | plates pg describgqyhy, YN 394 She?5* end of which is SEQ. ID:26: and
the 3' end of which is SEQ. ID:27:

D V1Jns-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and
the 3' end of which is SEQ. ID:47:,

m) V1Ins-TX-HA (A/Texas/36/91), construct size 6.56 Kb
the 5' end -of which is SEQ.ID:48: and
the 3' end of which is SEQ. ID:49:,

n) V1Jns-PA-HA (B/Panama/45/90), construct size 6.61 Kb,
the 5' end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,

0) V1Jns-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5' end of which is SEQ.ID:52: and.
the 3' end of which is SEQ. ID:53;,

p) V1Jns-BJ-M1 (A/Beijing/353/89), construct size 5.62 Kb,
the 5' end of which is SEQ.ID:54: and
the 3' end of which is SEQ. ID:55:,

qQ - V1Ins-PA-NP (B/Panama/45/90), construct size 6.54 Kb,
the 5’ end of which is SEQ.ID:56: and
the 3' end of which is SEQ. ID:57:, and

r) V1Jns-PA-M1 (B/Panama/45/90), construct size 5.61 Kb,
the 5' end of which is SEQ.ID:58: and
the 3' end of which is SEQ. ID:59:.

5
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5.  The expression vector V1J, SEQ. ID:10:.

6.  The expression vector V1J-neo, SEQ. ID:18:.
30 7. A method fof protecting against infection by human
influenza virus which comprises immunization with a prophylactically
effective amount of the DNA of Claim 1. :

This Shest Has Heen Replaced




[ibid.]. No reduction in viral lung titers was seen in nkce that had

received anti-NP antiserum (6.3 0.2; nean Bi\heddHé)Bea R EHINg
control mce that had received normal serum ( Pikid
a positive control, serumwas collected from
with A/HK/ 68 and passively transferred to fou

" SEM  n=4).

il

;'ﬁ_il}ﬂeen infected
CelMNAfter a

As

chall enge with A/HK/ 68, no viral infection was detectabl e' in their |ungs,
i ndi cating that this serum agai nst whol e-\il6us was - 43 - conpl{8AY
protective for challenge with the honol ogous virus. SEcond,
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8. A method for protecting against infection by human
influenza virus which comprises immunization with a prephylactlcally
effective amount of the DNA of Claim 3.

9. A method for protecting against infection by human
influenza virus which comprises immunization with a prophylactically
effective amount of the DNA of Claim 4.

10. The method of Claim 7 which comprises direct
administration of the DNA into tissue in vivo.

11. The method of Claim 10 wherein the DNA is -
administered either as naked DNA in a physiologically acceptable
solution without a carrier or as a mixture of DNA and a liposome, or as

"a mixture with an adjuvant or a trasfection facilitating agent.

12. A method for using an influenza virus gene to induce
immune responses in vivo which comprises:
a) isolating the gene,
b) linking the gene to regulatory sequences such that the gene is
operatively linked to control sequences which, when introduced into a
living tissue direct the transcription initiation and subsequent translation
of the gene, and
c) introducing the gene into a living tissue.

13. ‘The method of Claim 12 which further comprises
boosting induced immune responses by introducing influenza virus gene
on multiple occasions.

14. The method of Claim 12 whereih the influenza virus
gene encodes a human influenza virus nucleoprotein, hemagglutinin,
matrix, nonstructural, or polymerase gene product.

[T
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I s i
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naive mce were imunized with purified NP (5 [err]g/Teq,
period of 6 weeks) by i.m injection. These mce W)
NP-speci fic anti bodies but failed to produce NPslﬂﬁ[mi fa Al Bt ok
protected froma |l ethal dose of virus. Therefore, *unfike t esnestral i zi ng
effect of antibodies to whole virus, circulating anti-NP 1gG did not confer
protective immnity to tthe mce. The in vivo protective efficacy of N° DNA
i njections was evaluated to det ermi ne whelhEr a cell-nediated | m‘}%ﬁ
response was functionally significant. One direct nmeasure of the
effectiveness of the i mune response was the ability of mce first

L heterof ogous strain of Lonf i oRsReBRIRY Chiim SRS 5‘#‘*‘ Blimat 0 ere |
conducted as dasfinetmadvirnegene Mncedemﬂlmnuddomthln\,llbawp &asel, | ung
nonstructural proteinl, hemagglutinin, matrix1, or basic polymerase2
of one or more of the human influenza virus isolates A/PR/8/34,
A/Beijing/353/89, A/Texas/36/91, A/Georgia/03/93, and
> B/Panama/45/90.

d [IﬂES over a

16. A method for inducing immune responses against
infection or disease caused by strains of influenza virus which comprises
introducing into a vertebrate a nucleic acid which encodes a conserved

10 influenza virus epitope specific to a first influenza virus strain such that
the induced immune response protects not only against infection or
disease by the first influenza virus strain but also protects against
infection or disease by strains that are different to said first strain.

15 17. The method of any of claims 7-16 wherein the
organism being treated by the method is a human.

18. The DNA:
a) pnRSV-PR-NP,
) V1-PR-NP, -
c) V1J-PR-NP, the 5" end of which is SEQ. ID:12:,
d) V1J-PR-PBI, the 5' end of which is SEQ. ID:13:,
€) V1J-PR-NS, the 5' end of which is SEQ. ID:14:,
f) V1J-PR-HA, the 5' end of which is SEQ. ID:15:,
25 9 V1J-PR-PB2, the 5" end of which is SEQ. ID:16:,
h)  VI1J-PR-ML, the 5' end of which is SEQ. ID:17:,
i) V1Ineo-BJ-NP, the 5' end of which is SEQ. ID:20: and
the 3' end of which is SEQ. ID:21:, '
i) V1Jneo-TX-NP, the 5' end of which is SEQ. ID:24 and

30 the 3' end of which is SEQ. ID:25: and

k)  Vi1Ineo-PA-HA, the 5' end of which is SEQ. ID:26: and

the 3' end of which is SEQ. ID:27:
D V1Jns-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,




titers after challenge that were three orders o‘f_——T“d’—r_—rragnl ude 'ower on day 7
(.0 1.0; nean SEM n= Lakpadingts been

ntrol o] SEER G
i muni zed (4.1 O0.3; rre | t hat had Wi th bl ank
vector (4.5 0.0; nean !'JI |l1 ct three ' eIl
had undetectable | evels 0= viru r Iungs g Mihe control s

5
had cleared virus at this point. The 20 substanti al dlfference in the
viral lung titers seen in this experinent]pd six others denonst 18982Y hat
the i mune response accel erated cl eatrance of the virus. The |ack of
protective effect of the blank vector control confi rms that DNA per se was

not responsible for the i mune response. ause the chal |l enge
strain of virus, A HK/ 68ﬁ(€a5v¢11(1|pﬁmh1°1255 %gb H3N2 strain), was

het er ol ogous to the strajp yafgsbgﬁﬁlumg)s}mpmm ¢h the NP gene was
cloned, .the i munity Was\Alyeark¥ HA (AfTexas/36/91), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:48: and
_ the 3' end of which is SEQ. ID:49:,
> n) V1Jns-PA-HA (B/Panama/45/90), construct size 6.61 Kb,
~ the 5' end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,

0) V1Ins-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5' end of which is SEQ.ID:52: and
10 the 3' end of which is SEQ. ID:53:, ,
) V1Jns-BI-M1 (A/Beijing/353/89), construct size 5 62 Kb,

the 5' end of which is SEQ.ID:54: and
the 3' end of which is SEQ. ID:55:,

qQ) V1Jns-PA-NP (B/Panama/45/90), construct size 6.54 Kb,
135 ' the 5' end of which is SEQ.ID:56: and
the 3' end of which is SEQ. ID:57:, and

r) ViJns-PA-M1 (B/Panama/45/90), construct size 5.61 Kb

the 5" end of which is SEQ.ID:58: and
the 3' end of which is SEQ. ID:59:.
20 :

19. A composition of nucleic acid constructs encoding
influenza virus genes from both A-type and B-type human influenza
viruses.
25 20.  The composition of Claim 19 comprising nucleic acid
constructs encoding the hemagglutinin gene of at least three strains of
influenza virus, the nucleoprotein gene of at least two strains of
influenza virus, and the matrix protein gene of at least two strains of
influenza virus.

30
21. The composition of Claim 19 wherein said infleunza
virus genes are derived from influenza viruses of the HIN1, H2N2, and
H3N?2 and B strains of influenza virus.



heterotypic. As a neasure of virus-induced norbidity, the TBss T I 0SS was
nonitored in mce that were infected sublethall yH“mni' 1 T (gl 0 Al HK/ 68

foll owi ng i muni zatiea—w-tthNP DNA (Fig. 4). Uni g |l 2 ce
Leaused as control s M cé |$‘mu‘n| zed with
nd a nore rapid -44- return to their

I uenza A infection corrpar ed to control
anest hE?i-zed mice with infl ud@942X

|njected with the blan vc

NP DNA exhi bi t ed Ie Ol
pre-chal | enge wei ght T“ '-
m ce. Intranasal inf il

22.  The composition of Claim 19 comprising :
a) V1Ins-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and
the 3' end of which is SEQ. ID:47:, N '
5> p) V1Ins-TX-HA (A/Texasf36/91), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:48: and
the 3" end of which is SEQ. ID:49:,

) V1ins-PA-HA (B/Panama/45/90), construct size 6.61 Kb,
the 5" end of which is SEQ.ID:50: and
10 the 3' end of which is SEQ. ID:51:,
d) V1Jns-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,

the 5' end of which is SEQ.ID:52: and
the 3' end of which is SEQ. ID:53:,

e) V1Jns-BJ-M1 (A/Beijing/353/89), construct size 5.62 Kb,
13 the 5' end of which is SEQ.ID:54: and
the 3' end of which is SEQ. ID:55:,
f) V1Jns-PA-NP (B/Panama/45/90), construct size 6.54 Kb,

the 5’ end of which is SEQ.ID:56: and
the 3' end of which is SEQ. ID:57:, and

20 &) ViIns-PA-MI1 (B/Panama/45/90), construct size 5.61 Kb,
the 5' end of which is SEQ.ID:58: and
the 3' end of which is SEQ. ID:59..

25 23. The expression vector V1Jns.

24. The expression vector V1JR, SEQ. ID:45:.
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causes rapid w despread viral replication in the lung and death in 6-8 days
if the infection is not controlled (R A Yetter et at., Infect. Immunity
29, 654 (1980)). Survival of mce challenged by this nethod reflects their
ability to limt the severity of an acute lung infection. The capacity of
mce to survive challenge with two different strains of influenza, A HK/ 68
(see Fig. 5) and A/PR/8/34, was studied. Mce previously inmunized with NP
DNA showed a 90% survival rate 10 conparE¥)to 0% in bl ank vect orl 8R&ct ed
and 20%in uninjected control animals (Fig. 5). In a total of 14 such
studies, mce immunized with NP DNA showed at |east a 50% greater survival
rate than cont mﬁg WTHEE%WM t he NP DNA-i nduced i nmune response
to effectively C decrease di sease caused by a virus
of a different NUCLEG AGID:PHARYIACEIFEHGALS er supports the rational e of

targeting a

ABSTRACT OF THE INVENTION
. DNA constructs encoding influenza virus gene products,

5 - ‘g - - - ] .
capable of being expressed upon direct introduction, via injection or
otherwise, into animal tissues, are novel prophylactic pharmsceuticals

- which can provide immune protection against infection by homologous
and heterologous strains of influenza virus.

10
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25

30



conserved protein for the generation of a cytotoxic T-lynphocyte response.
EXAMPLE 5 20 | SOLATI ON OF GENES FROM | NFLUENZA VI RUS 1 SOLATES: Many of the
ol der influenhza virus strains are on deposit with the ATCC (the 1990

Cat al ogue of Aninmal Viruses & Antisera, Chlanydiae & Rickettsiae, 6th
edition, lists 20 influenza A strains and 14 influenza 25 B strains, A
Viral Strains and Purification: Influenza strains which conprise the
current, 1992 flu season vaccine were obtained fromDr. Nancy J. Cox at the:*
Division of Viral 30 and Rickettsial Di-seases, Cent ers-of Disease Control,
Atl anta, GA. These strains are: (1) A/ Beijing/353/89 (H3N2); (2)

A Texas/36/91  FIGURE 1




(HLN1); (3) B/ Panana/45/90; and (4) A/ Georgial/03/93. -45- Al of these
viruses were grown by passage in 9- to 11-day-old enbryonated chi cken eggs
(except A/ Georgia which was grown in MDCK cells), (100-200 per vira
preparation) and purified by a nodification of the nethod described by
Massi cot_et al. (Virology 101, 242-249 (1980)). In brief,-virus suspensions
were clarified by 5 centrifugation at 8000 rpn1(SorvaII RC5C centri fuge,
GS-3 rotor) and then pelleted by centrifugation at 18,000 rpn1for 2 hina
Beckman Type 19 rotor. The-<pelleted virus was resuspended in STE (Q:1 M

‘Mean Log ELISA Titer

This Shegf T

[T




NaCl, 20 MM Tris, pH 7.4, 1 nM EDTA) and centrifuged at 4,000 rpmfor 10
mn (Herme Z 360 K centrifuge) to renove aggregates. 2 m of 10

super nat ant -was | ayered onto a di sconti nuous sucrose gradient consisting of
2 mM of 60% sucrose overlayed with 7 m of 30% sucrose buffered with STE
and centri-fuged at 36,000 rpm (SW40 rotor,-Beckman) for 90 m nutes: Banded
virus was collected at the interface, diluted 10-fold with STE, and
pel l eted gt 30,000 rpmfor 2 h (Beckman Ti 45 rotor). 15. The pelleted virus
was then frozen at -70[err]C. B. Extraction of Viral RNA and cDNA

Synt hesis: Viral m Burifi ed fromfrozen virus by guanidi nium

| sot hi ocyanat e ex ron“using a coomercially available kit (Stratagene,
20 La Jolla, CA) enploying the nmethod of Chontzynski and Sacchi .( Anal .

Bi ochem 162, 156-159 (1987)). Doubl e-stranded c‘pl\lA was prepared
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fromviral RNA using a commercially avail able cDNA synthesis kit
(Pharmacia) as directed by the manufacturers with several nodifications.
The first sttand of cDNA was prined using a synthetic 25

ol i godeoxyri bonucl eoti de, 5'-AGCAAAAGCAGG 3', SEQ |D:30:, which |s
conpl-enentary to a conserved sequence Iocated at the 3' - tern1nus 3F the
viral RNA for all A strain genes. This sequence i.s conmon to all type A

i nfluenza viral RNAs and therefore-provides a nethod for cloning any A
strain influenza virus gene. After synthesis 30 of first and second
strands of cDNA the reactions were extracted with phenol/chl orof orm and

et hanol precipitated rather than continuing with the kit directions. These

bl unt -ended cDNA's were then directly ligated into the VIJneo or V1Jns
vector which had been digested with the Bgll

.

Figure 4
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-46 - 18972Y restriction enzyne,

bl unt -ended with T4 DNA pol ynerase, and treated with calf intestina

al kal i ne phosphatase. To screen for -pagldaghar -full-length viral genes we
used synthetlc ol i godeoxyri bonucl eoti des whi ch were desi gned to conpl enent
the 3'- terninus of the end of the translational open reading frame of a :
gi ven vigal gene. Sanples which appeared to represent full-1length genes by
restriction mapping and size determination on agarose el ectrophoresis gels
were verified by dideoxynucl eotide sequencing of both junctions of the
viral gene with V1Jneo. The sequence’ junctions for each gene cloned from

t hese viruses is given bel ow in” Exanple 8.

_Flgi:re 5

100
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Simlar strategies were used for cloning cDNA's from each of the viruses

named above except that for B/ Pananma/45/90, which doe
sequences at each end of viral RNA, a m xture of oliggﬂ_
were used to prinme first strand cDNA synthesis. These gt
5' - AGCAGAAGCGGAGC-3', SEQ ID:31: for PBl1 and PB2; (Zf

5' - AGCAGAAGCAGAGCA-3'  SEQ 1D:19: for NS and HA; (3) il
5' - AGCAGAAGCACGCAC-3', .SEQ 1D:22: for M and (4) 5 -A Ll | ol
NP. 20 For genes that were cloned by PCR, the

SEQ I D: 23:

f or

4

bl unt - ended cDNA sol ution was used directly in PCR reactions as the DNA

tenpl ate. The prEgaResVISeqed-@SEQ/IDNNNG the 6 influenza genes obtained by
PCR are as foll ows: )

1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG
51 GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG
101 TCAGGGOGOG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG

" 151 OGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCS GTGTGAAATA

201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG CT. ATTGGCCA
251 TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TIGGCTCATG

301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT

. 351 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT

401 ACATAACTTA CGGTAAATGG CCOGCCTGGC TGACCGLCCA ACGACCCCCG
451 CCCATTGACG TCAATAATGA CGTATGTTCC CAi"AGT@cG CCAATAGGGA
501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTIG
551 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA
601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG'ACC;'I‘ATGGG
651 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
701 GTGATGCGGT TTTGGCAGTA CATCAATGGG CGTGGATAGC GG'I'I'fGAtf‘TC
751 ACGGGGATTT CCAAGTCTCC ACCCCATTGA CGTCAATGGG AGTTTGTTTT
801 GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA CTCCGCCCCA
851 TTGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG
901 AGCTCGTITA GTGAACCGTC AGATCGCCTG GAGACGOCAT CCACGCTGTT
951 TTGACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA
1001 CGGTGCATTG GAACGCGGAT TOCOCGTGCC AAGAGTGACG TAAGTACOGC
1051 CTATAGAGTC TATAGGCCCA CCCCCTTGGC ntrm’m TGCTATACTG
1101 TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT ATAGGTGATG
1151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC

1201 CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTC‘I'IT Gee



25 1. HA gene from A/ Georgi a/ 03/ 93 sense priner: SEQ ID:33: 5 GGI' ACA ACC
ATG AAG ACT ATC ATT GCT TTG AGC 3' anti-sense priner: SEQID:34: 5 CCA

CAT AGA TCT TCA AAT GCA AAT GIT GCA AAT G 3 -47- 2. HA gene from
Af | exasl 361 91 sense primer: SEQ ID:35: 5 G AAA GCA AAA CTA
CTA GIC CTG TTA This Sheet Fze

LT

————

Figure 6 (continued, p2/4)

1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA
1301 CACGGACTCT GTATTTTTAC AGGATGGGGT CTCATTTATT ATTTACAAAT
1351 TCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTTTT TATTAAACAT
1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCOGG ACATGGGCTC
1451 TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC
1601 GTGGCGGTAG GGTATGTGTC TGAAAATGAG CTCGGGGAGC GGOCTTGCAC
1651 CGCTGACGCA TTTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCABGCA
1701 GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG
1751 CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGECGC
1801 GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA
1851 TGGGTCTTTT CTGCAGTCAC CGTCCTTAG ATCTGCTGTG CCTTCTAGTT
1901 GCCAGCCATC TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTOGAA
1951 GGTGCCACTC CCACTGTCCT TTCCTAATAA AATGAGGAAA TTGCATCGCA
2001 TTGTCTGAGT AGGTGTCATT CTATTCTGGG GGGTGGGGTG GGGCAGCACA

2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGS GUATGCGETS

2101 GGCTCTATGG GTACCCAGGT GCTGAAGAAT TGACCCGGTT
2151 CAGAAAGAAG CAGGCACATC CCCTTCTCTG TGACACACCC TGTCCACGCC
2201 CCTGGTTCTT AGTTCCAGCC CCACTCATAG GACACTCATA GCTCAGGAGG
2251 GCTCCGCCTT CAATCCCACC CGCTAAAGTA CTTGGAGLGS TCTCTCCCTC
2301 CCTCATCAGC CCACCAAACC AAACCTAGCC TCCAAGAGTG GGAAGAAATT
2351 AAAGCAAGAT AGGCTATTAA GTGCAGAGGG AGAGAAAATG CCTCCAACAT
2401 GTGAGGAAGT AATGAGAGAA ATCATAGAAT TTCTTCCGUT TCCTCGETCA

2451 CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC



TG 3' anti-sense priner: SEQ D:36: 5 CCA CAT TCA GAT GCA TAT TCT ACA CTG
CAA AG 3' 3. HA gene fimWsense primer: SEQ ID:37: 5 GGI ACA
ACC ATG AAG GCA ATA ATT GTA CTA " anti-sense priner: SEQID:38: 5
CCA CAT TTA TAG ACA GAT mﬂsn% AUT GOr 15 3 4. M gene from

A/ Bei jing/ 353189 sense pr 5 GGI ACA AGA TCT ACC ATG CU CTA
ACC GAG GIC 3 I,mf

Figure 6 (continued, p3/4)
2501 TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA
2551 GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG
2601 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACABA
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA
2701 CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC
2751 TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCOTOGCG |
2801 CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG
2851 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA
2951 TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT
3001 AGGOGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA
3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA
3101 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG
3151 TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC
3201 AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA
3251 AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC
3301 CTAGATCCTT 'ITAAA'{TAAA AATGAAGTTT TAAATCAATC TAAAGTATAT
3351 ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT
3401 ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCCCGT
3451 CGTGTAGATA ACTACGATAC GGGAGGGCTT ACCATCTGGC COCAGTGCTG
3501 CAATGATACC GCGAGACCCA CGCTCACCGG CTOCAGATTT ATCAGCAATA
3551 AACCAGOCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTITATC
3601 CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA GTAAGTAGTT
3651 CGCCAGTTAA TAGTTTGCGC AACGTTGTTG CCATTGCTAC AGGCATCGTG

3701 GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG GTTCCCAACG



20 anti-sense primer: SEQ I D:40: 5 CCA CAT AGA TCO TCA CTT GAA CCG TTG CAT
CTG CAC 3' 5. NP gene from B/ Panamal 45/ 90 sense priner: SEQ ID:41: 5 GGT
ACA GGA TCC ACC ATG TCC AAC ATG GAT ATT GAC GGC 3' anti-sense priner:

SEQ I D: 42: 305" CCA Chuls ShéefHaE@een REFlacdd A ATC GAG GIC ATC ATA ATC CTC 3

LT

Figure 6 (continued, p4/4)

3751 ATCAAGGCGA GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT
3801 CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCOGC AGTGTTATCA
3851 CTCATGGTTA TGGCAGCACT GCATAATTCT CTTACTGTCA TGCCATCCGT
3901 AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT
3951 AGTGTATGCG GOGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT
4001 ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC
4051 TTCGGGGCGA AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA
4101 TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT TACTTTCACC

4151 AGCGTTTCTG GGTGAGCAAA AACAGGAAGG CAAAATGCCG CAAAAAAGGG
4201 AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC WT
4251 ATTATTGAAG CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT
4301 GAATGTATTT AGAAAAATAA ACAAATAGGG GTTCOGCGCA CATTTCCCCG
4351 AAAAGTGCCA CCTGACGTCT AAGAAACCAT TATTATCATG ACATTAACCT
4401 ATAAAAATAG GCGTATCACG AGGCCCTTTC GTC



-48- 6. ML gene from B/ Panama/ 45/ 90 sense priner: SEQ ID.43: 5 GGI ACA GGA
TCC ACC ATG TCG CTG TTT GGA GAC ACA ATT GCC 3' 5 anti-sense priner:

SEQ I D: 44: 5' CCA CAT GGA_TICC TTA TAG GTIA TTT CTT CAC AAG AGC TG 3 Al |

i nfl uenza gene cl ones, whether cDNA or PCR generated, were verified by
sequenci ng through t he | | it ShesaHas Be@ifReplde@ t he gene and expressi ng the gene

In transfected RD cells. etected by i mmunoblot. The NP and
ML constructs for the A/ H3 ﬂ ors 4 and

Figure 7; V1Jneo Sequence, SEQ. ID:18:

1 TOGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG
51 GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG
101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGS CTTAACTATG
151 CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA
201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG CTATTGGCCA
251 TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATG
301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT
351 AATCAATTAC GGGGTCATTA GTTCATAGCG CATATATGGA GTTCCGCGTT
401 ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG
451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA
501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG
551 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA
601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG
651 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
701 GTGATGCGGT TTTGGCAGTA CATCAATGGG CGTGGATAGC GGTTTGACTC
751 ACGGGGATTT CCAAGTCTCC ACCCCATTGA CGTCAATGGG AGTTTGTTTT
801 GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA CTCCGOCCCA
851 TIGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG
901 AGCTCGTTTA GTGAACCGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT
951 TTGACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA
1001 CGGTGCATTG GAACGCGGAT TCCCCGTGCC AAGAGTGACG TAAGTACCGC
1051 CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG
1101 TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT ATAGGTGATG
1151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC



5) were made fromthe A/ Beijing/ 353/ 89 genes. These genes were 15 chosen
because of the expect ed high degree of conservation of both NP and ML genes

and because of their y. _avaitabtiTty. Fromthe foregoing work, a particularly
preferred group of 7 20 LOfepid@dt Or s that are conbi ned to forma
vacci ne include: 1. g| a/ 03/93) 6. 56 Kb 2. V1Jns- HA

(A/ Texas/ 36/91) 6.56 K V1Jns- HA ( B/ Panama/ 45/ 90) 6.61
Kb 4. V1Jns- NP (A Belj 42 Kb 5. V1Jns- ML

(A/ Beijing/353/89) 5.62 Kb 30 6 VlJns NP ( B/ Panama/ 45/ 90) 6.54 Kb 7.
VI Jns- ML ( B/ Panama/ 45/ 90) 5.61 Kb. : :

Figure 7 {continued, p2/4)
1201 CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC
1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA
1301 CACGGACTCT GTATTTTTAC AGGATGGGGT CTCATTTATT ATTTACAAAT
1351 TCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTTTT TA’I'_I‘AAACAT.
1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ACATGGGCTC
1451 TTICTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC
1601 GTGGCGGTAG GGTATGTGTC TGAAAATGAG CTCGGGGAGC GGGCTTGCAC
1651 CGCTGACGCA TTTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCAGGCA
1701 GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG
1751 CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTOG TTGCTGCCGC
1801 GCGOGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA
1851 TGGGTCTTTT CTGCAGTCAC CGTCCTTAG ATCTGCTGTG CCTTCTAGTT
1901 GCCAGCCATC TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA
1951 GGTGCCACTC CCACTGTCCT TTCCTAATAA AATGAGGAKA TTGCATCGCA
2001 TTIGTCTGAGT AGGTGTCATT CTATTCTGGG GGGTGGGGTG GGGCAGCACA
2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGH GGATGCGGTG
2101 GGCTCTATGG GTACCCAGGT GCTGAAGAAT TGACCCGGTT CCTCCTGGGE
2151 CAGAAAGAAG CAGGCACATC CCCTTCTCTG TGACACACCC TGTCCACGCC
2201 CCTGGTTCTT AGTTCCAGCC CCACTCATAG GACACTCATA GCTCAGGAGG
2251 GCTCCGCCTT CAATCCCACC CGCTAAAGTA CTTGGAGCGG TCTCTCOCTC
2301 CCTCATCAGC CCACCAAACC AAACCTAGCC TCCAAGAGTG GGAAGAAATT

2351 AAAGCAAGAT AGGCTATTAA GTGCAGAGGG AGAGAAAATG CCTCCAACAT

2401 GTGAGGAAGT AATGAGAGAA ATCATAGAAT TTCTTOCGCT TCCTCGCTCA



-49 - The rel evant sequences for junctions of these genes in the expression

vect-ors are provided befow Oty smafi portions of the constructs need be
sequenced to confirmt t.3gne has been 5 cl'oned. "By

he..calr
conmparison with simlar féw&H“ eeq&?‘g is easy to confirmthat the given
gene is an NP gene, an ﬂm' M gene etc. For exanple, the A/ Texas HA
gene sequence i s very Ssi gene sequence of A/ Kiev/59/79, the
sequence of which is available in GENBANK as accessi on nunmber M38353.

Li kew se for the B/ Panama HA sequence, which is very simlar to th

B/ Engl and/ 222/ 82 HA .
Figure 7 (continued, p3/4)

2451 CTGACTCGCT GOGCTCGGTC GTTCGGCTGC GGCGAGCGUT ATCAGCTCAC
2501 TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA
2551 GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG
2601 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACAAA
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA
2701 CCAGGCOGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCBACCE
2751 TGCOGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG
2801 CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG
2851 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA
2951 TOGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT
3001 AGGOGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA
3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA
3101 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG
3151 TGGTTTTTIT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC
3201 AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA
3251 AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC
3301 CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT
3351 ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT
3401 ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCGGGG
3451 GGGGGGGGCG CTGAGGTCTG CCTCGTGAAG AAGGTGTTGC TGACTCATAC
3501 CAGGCCTGAA TCGCCCCATC ATCCAGCCAG AAAGTGAGGG AGCCACGGTT
3551 GATGAGAGCT TTIGTTGTAGG TGGACCAGTT GGTGATTTTG AACTTTTGCT
3601 TTGCCACGGA ACGGTCTGCG TTGTCGGGAA GATGCGTGAT CTGATCCTTC

3651 AACTCAGCAA AAGTTCGATT TATTCAACAA AGCCGCCGTC CCGTCAAGTC



sequence which is avail able on GENBANK as accessi on nunber ML8384. In |ike
manner, the identity of any cloned sequence for a given gene fromany human

i nfluenza virus may be conf+rmee—+hr—each case bel ow, both a 5

and a 3' sequence was

n |r dto 15 ‘ensure that the entirte gene was
present. In each case, eéhows the start codon for the
I nfl uenza gene, while b in the 3" portion is the stop codon:
/ 8

1. V1Jns-HA (A/ Georgia

20 5' Sequence:” (SEQ ID: 46:)

sequence

. TCA

CCG TCC TTA GAT C/ GG TAC AAC CAT GAA GAC TAT CAT TGC TTT GAG CTA CAT TTT
ATG TCT GGI' TTT CCC.... 25 3' Sequence: (SEQID:47:)

Figure 7 (continued, p4/4)

3701 AGCGTAATGC TCTGCCAGTG TTACAACCAA TTAACCAATT CTGATTAGAA
3751 AAACTCATCG AGCATCAAAT GAAACTGCAA TTTATTCATA TCAGGATTAT
3801 CAATACCATA TTTTTGAAAA AGCCGTTTCT GTAATGAAGG AGAAAACTCA
3851 CCGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATCGGT CTGCGATTCC
3901 GACTCGTCCA ACATCAATAC AACCTATTAA TTTCOCCTCG TCAAAAATAA
3951 GGTTATCAAG TGAGAAATCA CCATGAGTGA CGACTGAATC CGGIGAGAAT
4001 GGCAAAAGCT TATGCATTTC TTTCCAGACT TGTTCAACAG GCCAGCCATT
4051 ACGCTCGTCA TCAAAATCAC TCGCATCAAC CAAACCGTTA TTCATTCGTG
4101 ATTGCGCCTG AGCGAGACGA AATACGCGAT CGCTGTTAAA AGGACAATTA
4151 CAAACAGGAA TCGAATGCAA CCGGCGCAGG AACACTGCCA GCGCATCAAC
4201 AATATTTTCA CCTGAATCAG GATATTCTTC TAATACCTGG AATGCTGTTT
4251 TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTACGGATA
4301 AAATGCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGUC AGTTTAGTCT
4351 GACCATCTCA TCTGTAACAT CATTGGCAAC GCTACCTTIG CCATGTTTCA
4401 GAAACAACTC TGGCGCATCG GGCTTCCCAT ACAATCGATA GATTGTCGCA
4451 CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATAAATCAGC
4501 ATCCATGTTG GAATTTAATC GCGGCCTCGA GCAAGACGTT TCCCGTTGAA
4551 TATGGCTCAT AACACCCCTT GTA'ITACFGT TTATGTAAGC AGACAGTTIT
4601 ATTGTTCATG ATGATATATT TTTATCTTGT GCAATGTAAC ATCAGAGATT
4651 TTGAGACACA ACGTGGCTTT CCOCCCCCCC CCATTATTGA AGCATTTATC
4701 AGGGTTATTG TCTCATGAGC GGATACATAT TTGAATGTAT TTAGAAAAAT
4751 AAACAAATAG GGGTTCCGCG CACATTTCCC CGAAAAGTGC CACCTGACGT

4801 CTAAGAAACC ATTATTATCA TGACATTAAC CTATAAAAAT AGGCGTATCA
4851 CGAGGCCCTT TCGTC



.TCA TGC TIT TTG CIT TGI GIT GIT TTG CTG GGG TTC ATC ATG TGG GCC TGC CAA

AAA GGC AAC ATT AGG ATT TGC ATT TGA A/ GA TCT ATG TGG GAT CTG CTG
TGC... 30 2. V1Jns-HA (A Texas/ 36/91 .56 Kb: 5 Sequence: (SEQ ID.48:)
-50 - ... TTA GAT C/GGTMASheétTEs AAACTA CTA GIC CTG TTA TGTI GCA TTT

S [T

Figure 8: CMVintaBGH Sequence, SEQ. ID:11:
1 ATTGGCTATT GGCCATTGCA TACGTTGTAT CCATATCATA ATATGTACAT
51 TTATATTGGC TCATGTCCAA CATTACCGCC ATGTTGACAT TGATTATTGA
101 CTAGTTATTA ATAGTAATCA ATI‘!ACGGGG’I‘ CATTAGTTCA TAGCCCATAT |
: 151 ATGGAGTTCC GCGTTACATA ACTTACGGTA AATGGCCCGC CTGGLTGACC

201 GCCCAACGAC CCCCGCCCAT TGACGTCAAT AATGACGTAT GTTCCCATAG
251 TAACGCCAAT AGGGACTTTC CATTGACGTC AATGGGTGGA GTATITACGG
301 TAAACTGCCC ACTTGGCAGT ACATCAAGTG TATCATATGC CAAGTACGCC
351 CCCTATTGAC GTCAATGACG GTAAATGGCC CGCCTGGCAT TATGCCCAGT
401 ACATGACCTT ATGGGACTTT CCTACTTGGC AGTACATCTA CGTATTAGTC
451 ATCGCTATTA CCATGGTGAT GCGGTTTTGG CAGTACATCA ATGGGCGTGE
501 ATAGCGGTTT GACTCACGGG GATTTCCAAG TCTCCACCCC ATTGACGTCA
551 ATGGGAGTTT GTTTTGGCAC CAAAATCAAC GGGACTTTCC AAAATGTCGT
601 AACAACTCCG CCCCATTGAC GCAAATGGGC GGTAGGCGTG TACGGTGGGA
651 GGTCTATATA AGCAGAGCTC GTTTAGTGAA CCGTCAGATC GOCTGGAGAC
701 GCCATCCACG CTGTTTTGAC CTCCATAGAA GACACCGGGA CCGATCCAGC
751 CTCCGCGGCC GGGAACGGTG CATTGGAACG CGGATTCCCC GTOCCAAGAG
801 TGACGTAAGT ACCGCCTATA GAGTCTATAG GCOCACCCCC TTGGCTTCTT
851 ATGCATGCTA TACTGTTTIT GGCTTGGGGT CTATACACCC COGCTTCCTC
901 ATGTTATAGG TGATGGTATA GCTTAGCCTA TAGGTGTGGG TTATTGACCA
951 TTATTGACCA CTCCCCTATT GGTGACGATA CTTTCCATTA CTAATCCATA
1001 ACATGGCTCT TTGCCACAAC TCTCTTTATT GGCTATATGC CAATACACTG
1051 TOCTTCAGAG ACTGACACGG ACTCTGTATT TTTACAGGAT GGGGTCTCAT
1101 TTATTATTTA CAAATTCACA TATACAACAC CACCGTCCCC AGTGOCCGCA
1151 GTTTITATTA AACATAACGT GGGATCTCCA CGCGAATCTC GGGTACGTGT

1201 TCCGGACATG GGCTCTTCTC OGGTAGCGGC GGAGCTTCTA CATCCGAGCC



3' Sequence: (SEQI1D:49:) ...CIG GIG CTT TTG GIC TCC CTG GG&G GCA ATC AGC TTC
5 TGG ATG TGI TCT -AAFGCETFCHTFGCAG TGTT AGA ATA TGC ATC TGA ATG TGG

[ GAT CTG CTG TGC CTT.... 3. Vi1J
Sequence: (SEQ | D: 50: ) This SheetHasrBoen Replay

CTA CTC ATG GTA GIA ACA KN WM\T CGA ATC TGC ACT GGG ATA ACA TCT TCA
AAC TCA CCT CAT GIG. ... i g ) :

TTG ATG ATA GCT ATT TTT ATT GIT TAT ATG GIC TCC AGA GAC AAT GIT TCT TGC TCC
ATC TGT CTA TAA ATG TGG / GAT CTG CTG TGC

Figure 8 (continued, p2/2)

1251 CTGCTCCCAT GCCTCCAGCG ACTCATGGTC GCTCGGCAGC TCCTTGCTCC
1301 TAACAGTGGA GGCCAGACTT AGGCACAGCA OGATGOCCAL CACCACCAGT
1351 GTGCCGCACA AGGCCGTGGC GGTAGGGTAT GTGTCTGAAA ATGAGCTCGG
1401 GGAGCGGGCT TGCACCGCTG ACGCATTTGG AAGACTTAAG GCAGLGGCAG
1451 AAGAAGATGC AGGCAGCTGA GTTGTTGTGT TCTGATAAGA GTCAGAGGTA
1501 ACTCCCGTTG CGGTGCTGTT AACGGTGGAG GGCAGTGTAG TCTG_AGCAGT
1551 ACTCGTTGCT GCCGCGCGCG CCAOCA.GACA TAATAGCTGA CAGACTAACA
1601 GACTGTTCCT TTCCATGGGT CTTTTCTGCA GTCACCGTCC TTAGATCIG
1651 CTGTGCCTTC TAGTTGCCAG CCATCTGTTG TTTGCCCCTC ¢CCCGTGCCT
1701 TCCTTGACCC TGGAAGGTGC CACTCCCACT GTCCTTTCCT AATAAAATGA
1751 GGAAATTGCA TCGCATTGTC TGAGTAGGTG TCATTCTATT CTGGGGGGTG
1801 GGGTGGGGCA GCACAGCAAG GGGGAGGATT GGGAAGACAA TAGCAGGCAT
1851 GCTGGGGATG CGGTGGGCTC TATGGGTACC CAGGTGCTGA .AGAA'ITGACC
1901 CGGTTCCTCC TGGGCCAGAA AGAAGCAGGC ACATCCCCTT CTCTGTGACA
1951 CACCCTGTCC ACGCCCCTGG TTCTTAGTTC CAGCCCCACT CATAGGACAC
2001 TCATAGCTCA GGAGGGCTCC GCCTTCAATC CCACCQGC’I‘K AAGTACTTGG
2051 AGCGGTCTCT CCCTCCCTCA TCAGCCCACC AAACCAAACC TAGCCTCCAA
2101 GAGTGGGAAG AAATTAAAGC AAGATAGGCT ATTAAGTGCA GAGGGAGAGA

2151 AAATGCCTCC AACATGTGAG GAAGTAATGA GAGAAATCAT AGAATTC



20 CTT... 4. V1JIns-NP (A Bei 89) 6.42 Kb 5' Sequence: (SEQ ID:52:)
25 ...GIC CTT AGA TC/ C ACC ATG GCG TCC CAA .ACC AAA CGG TCT TAT GAA CAG
ATG GAA ACT GAT GGG GAA CGC CA'@lSAhéEtmaeaA(ﬁIpIm 3" Sequence: (SEQI1D:53:) 30

...GAAAAGGCAACGAACCCGATC T GAC ATG AGI AAT GAA GGA TCT
TAT TTC TTC GGA GAC AAT GCA GAA [Ht T TAA G GA TCT GCT GIG CCT. . .

FIGURE 9

Anti-Nucleoprotein antibody in monkeys
injected with pn-RSV-NP
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-51- 5. MJ 1 jing/353/89) 5.62 Kb 5' Sequence: (SEQID54)
... CIT AGA TC/ C AGA TCT ACC ATG AGT CTT CTA ACC GAG GIC GAfsAEGTA
TCT ATC. GTT CCA TCA GGEC CCC 5. CTCAAAGCCGAAATCGCGCAGAGACTTGAAGAT
GIC TTT CCT GGG AAA AAC ACA GAT... 3' Sequence: (SEQ ID:55:) GGG ACT CAT
CCT AGC TCC AGT ACT GGT CTA AAA GAT 10 GAT CIT CTT GAA AAT TTG CAG ACC TAT
CAG AAA: CGA ATG GGG GTG CAG ATG CAA CGG TTC AAG TGA AGA TCT ATG TGE GAT

T

6. V1Jns- NP ( B/ Panana/ 45/ 90) 6. 54 Kb T

FIGURE 10

Kemagglutination Inhibiting (Hi)

antibody in ferrets
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=

15 5' Sequence:

3" Sequence:

(SEQ ID:56:) ...CTT AGA TC/ C ACC ATG TCC AAC ATG GAT ATT
GAC GGT ATC AAC ACT GGG ACA ATT GAC AAA ACA CCG GAA GAA ATA ACT TCT..
(SEQ I D: 57:)

. 20
... GIT GAA ATT CCA ATT AAG CAG ACC ATC CCC AAT

TTC TTC TTT GGG AGG GAC ACA GCA GAG GAT TAT GAT GAC CTC GAT TAT TAA G GA

TCT GCT GTG
(SEQ | D: 58:)

NP ELISA GMT

.. 25 7. V1JIns-ML ( B/ Panama/45/90) 5.61 Kb.'5
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FIGURE 11

¢ anti-NP antibody in ferrets after

DONA immunization
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B TR e T T e

... CTT AGA TC/ C ACC ATG TCG CTG TTT GGA GAC ACA ATT 30 GCC TAC CTG CTT TCA
TTG ACA GAA GAT GGA GAA GGC AAA GCA GAA CTA GCA GAA AAA TTA... 3' Sequence:
(SEQID.59:) ¢ -52- ...AGA TCT CTT GGG GCA AGI CAA GAG AAT GGG GAA GGA ATT
GCA AAG GAT GIG ATG GAA GTG CTA AAG CAG AGC TCT ATG GGA AAT TCA GCT CTT GIG
AAG AAA TAC CTA TAA G GA TCT GCT fi&re & .

Virat shedding in ferrets
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EXAMPLE 6 V1J EXPRESSI ON VECTOR, SEQ |ID:10: Qur purpose in creating V1J
was to renove the pronoter and transcription term nation elenents from our
vector, -V1, in order to place themw thin a nore defined context, create a
nor e conpact vector, and to i-nprove plasmd purification yields. V1J is
derived fromvectors V1, (see Exanple 1) and pUCl8, a conmercially

avail able plasm d. V1 was digested with Sspl_and EcoRl restriction enzynes
produci ng two fragnents of DNA. The ELGURE 13f these fragnents, containing
t he CWi nt A pronnter z d Bovi ne (}omﬁh Fbrnnne nscri ption

term nation el f#Enj ik 3’ b\l ogous genes
(SEQ ID:11:), e <"gel . The ends of
this DNA fragnment were then S

Sal1
Pstl
Sphl

Hind I

{(Xbal/EcoRI)

| p. RSV-PRNP
Hind - (5.96 Kb)

{':i-f".‘.‘;ﬂ GEE ilsBemRs placed

Tt




"bl unted" using the T4 DNA pol ynmerase enzyne in order to facilitate its

| igation to anot her "blunt-ended" DNA fragnent. pUCLl8 was chosen to provide
t he "backbone" of the expression vector. .It is known to produce high yields
of plasmid, is well- characterized by sequence and function, and:is of

m ni mum si ze. W 25 renoved the entire lac operon fromthis vector, which
was unnecessary for our purposes and nay be detrinental to plasmd yields
and het erol ogous gene expression, by partial digestion with the Haell
restriction enzyne. The remaining plasm d was purified froman agarose

el ectrophoresis gel, blunt-ended wEIGUREe134 DNA pol ynerase, treated with
calf intestinal alkallne phosphat ase, and ligated to the CWi nt A/ BGH

el ement descri bed above. Pl asm ds exhi biting eLLher of;me passibl e

orientationsiof the pronoter elenents withinp i
The antigens of the inf uenza wrus

strains of influenza A

APRG 1033-1946  antigen  AIFMI1947 - 1956

A/SINGAPORE 1957 — 1967 A/HONG KONG 1968 -

\ |
This Sheet Has Been

LTI



backbone were obtai ned. One of these plasm ds gave nuc? hi gher - B3 -
yields of DNAin E <coli and was designated V1J (SEQ [D:10:). This -
vector's structure was verified by sequence analysis of the junction
regi ons and was subsequently denonstrated to gi ve conparabl e or higher
expression of heterol ogous genes conpared with V1. 5 10115 20

. Injected DNA

Cytatéxic T Cell

mRNA

FIGURE 15

INJECTION OF DNA ENCODING A VIRAL PROTEIN
GENERATES KILLER T CELLS

Viral Protei




25 30 -54- EXAMPLE 7 | NFLUENZA VI RUS GENE CONSTRUCTS | N EXPRESSI ON
VECTOR V1J: Many of the genes fromthe A/ PR/ 8/34 strain of i nfl uenza virus
were cloned into the expression vector V1J, which, as noted in Exanple 4,
gives rise to expression at |levels as high or hi gher than in the V1 vector.
The PR8 gene sequences are known and available in the )

Figure 16

Resistance to Influenza A/PR/8/34 induced b’y
immunization with HA and internal protein genes

® W HADNA.
M HADNA +intDNA
B Control

Log(10) Infectivity Titer + SEM
by

Day
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fragnment cl oned was checked by sizing gel, and the GENBANK 10 accessi on
nunber agai nst which partial sequence was conpared.are provi-ded. For a

met hod of obtaining these genes fromvirus strains, for exanple fromvirus
obtained fromthe ATCC (A/PR/ 8/ 34 is ATCC VR- 95; many other strains are
al so on deposit with the ATCC), see Exanple 5. 15 A Subcloning the PRS
CGenes into V1J: 1. NP gene 20 The NP gene was subcl oned from

PAPRS01 (J.F. Young, U Dessel FIGU®E P, Graves, P. Palese, A Shatznan,
and M Rosenberg (1983), in The Origins of Pandem c Influenza Viruses. ed.

S W G Laver,

(1.64 Kb)

Snabl
Mscl




(El sevier, Amsterdam pp.129-138). It was excised by cutting pAPR501 with
EcoRl, the fragnent gel purified, and blunted with T4 25 DNA Pol yner ase.
The blunted fragment was inserted into V1J cut with Bgl . Il and al so bl unted
with T4 DNA Pol ynerase. The cloned fragnent was 1.6 kil obases |ong. 30

55 2. NS The NS gene was subcl oned from pAPR801 (J.F. Young, U

Dessel berber, P. Graves, P. Palese, A Shatzman, and M Rosenberg

“This Sheet Has BeGH RS

i

—e—  5-valent DNA 100 pg x 2
——#— S-valent DNA 10 pg x 2

Immunogenicity and Duration of Response
in African Green Monkeys
=0 whole killed x 2
—— gplit killed x 2

1000?
100

W3S F 18l |H uesy J11SI0J)

Figure 18



(1983), in The Oigins of Pandem c Influenza Viruses, ed. WG Laver,

(El sevier, Ansterdan) pp.129-138). It was excised by cutting pAPR801 with
EcoRl, t he fragment gel purified, and blunted with T4 DNA Pol ynerase. The
bl unted fragment was inserted into V1J cut with Bgl Il and al so bl unted
with T4 DNA Pol ynerase. The cloned fragnment was 0.9 kil obases |ong (the
conplete NS coding region including NS1 and NS2). 3. HA The HA gene was
subcl oned from pJz102 (J.F. Young, U Dessel berber, P. Gaves, P. Palese,
A. Shat zman, and M . Rosenberg (1983), in The Origins of Pandem c |nfluenza
Viruses, ed. WG Laver, (Elsevier, Ansterdam pp.129-138). It was excised
by cutting pJZ102 with Hnd Ill, the fragnment gel purified, and blunted
with T4 DNA

\\\
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Pol ymerase. The blunted fragnment was inserted into V1J cut with Bgl Il and
al so blunted with T4 DNA Pol ynerase. The cloned fragnent was 1.75 kil obases
| ong. 4. PB1 25 The PB1 gene was subcl oned from pGenl-PBl (The
5 and 3' junctions of the genes with the vector were sequenced to verify
their identity. See J.F. Young, U. Dessel berber, P. Gaves, P. Pal ese, A
Shat zman, and M Rosenberg (1983), in The Oigins of Pandem c |Influenza
Viruses, ed. WG Laver, (Elsevier, Ansterdam pp.129- 138). It was excised

by cutting pGemPBlL with Hnd Ill, the fragnment gel purified, and blunted
with T4 DNA Pol ynerase. The blunted fragnent was inserted into V1J cut with
Bgl Il and al so blunted with T4 DNA Pol ynerase. The cl oned fragnent was 2.3

ki | obases | ong.
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-56 - 5. PB2 The PB2 gene was subcl oned from pGenil-PB2 (The 5 and 3
junctions of the genes with the vector were sequenced to verify their
identity. See J.F. Young, U. Dessel berber, P. G aves, P. Pal ese, A _
Shat zman, and M Rosenberg (1983), in The Oigins of Pandem c Influenza
Viruses, ed. WG Laver, (Elsevier, Ansterdam pp.129- 138). It was excised
by cutting pGemPB2 with BanH |, and gel purifying the fragnment. The
sticky-ended fragment was inserted into V1J cut with Bgl 11. The cl oned
fragnent was 2.3 kil obases | ong. _ .
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6. ML 15 The ML gene was generated by PCR fromthe plasmd
p8901 M TE. The M sequence in this plasm d was generated by PCR from
pAPR701 (J.F. Young, U. Dessel berber, P. Gaves, P. Palese, A Shatzman,
and M Rosenberg (1983), in The Oigins of Pandem c Influenza Viruses, ed.
WG Laver, (Elsevier, Amsterdam pp.129- 138.), using the oligoner 5 -GGI
ACA AGA TCT ACC ATG CTT 20 CTA ACC GAG GIC-3', SEQ ID:3:, for the "sense"
prinmer and the oligoner 5 -CCA CAT AGA TCT TCA CIT GAA CCG TTG CAT CTG
CAC-3', SEQ ID:4:, for the "anti-sense" priner. The PCR fragment was gel
purified, cut with Bgl Il and ligated into V1J cut with Bgl Il. The cl oned
fragnment was 0.7 kil obases |ong. The am no
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25 term nus of the encoded ML is encoded in the "sense, prinmer shown above
as the "ATG' codon, while the ML translation stop codon is encoded by the
reverse of the "TCA" codon, which in the sense direction is the stop codon
"TGA". 30 B. Influenza Gene-V1J Expression Constructs: In each case, the
junction sequences fromthe 5 pronoter region (CWintA) into the cloned
gene is shown. The sequences were generated by sequencing off the priner:
-57 -

_—

This Sheet Hag Been Rey

LT

e

- >

5 .< e

PG 31

oo 2<3

EpZ z

oL £

E<E é

—1 5 -

®E.0 ol !

>9N g8

6 2

c8 2

SsE

o5~ <

= o &

3 18

- 22
& 5

W3s ¥ 151!1 Bunj jeaa B'o'j ueopy

Figure 23



Cwinta primer 5 - CTA ACA GAC TGI TCC TTT CCA TG 3', SEQ ID:28:, which
generates the sequence of the coding sequence. The position at. which the
junction occurs is demarcated by a "/", which does not represent any _
di scontinuity in the sequence. The nethod for preparing these constructs is
summari zed after all of the sequences bel ow. Each sequence provided
represents a conplete, avail able, expressible DNA construct for the

desi gnated i nfluenza gene. Each construct was transiently transfected into
RD cells, (ATCC CCL136), a human rhabdonmyosarcoma cell line in culture.
Forty eight hours after transfection, the cells were harvested, |ysed, and
western 10 blots were run (except for the VIJ-PR HA construct which was
tested in mce and gave anti-HA specific antibody before a western bl ot was
run, thus obviating the need to run a western bl ot as expression was
observed
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in vivo). Antibody specific for the PB1, PB2 and NS proteins was provi ded
by Stephen Inglis of the University of Canbridge, who used purified
protei ns expressed as [err]-gal act osi dase fusion proteins to generate
polycl onal antisera. Anti-NP polyclonal antiserum was generated by

I muni zation of rabbits with whole A/IPR/8/34 virus. Anti-ML antibody is
commercially avail able from Bi odesign as a goat, anti-fluA antiserum
cat al og nunber B65245G. I n each case, a protein of the predicted size was
observed, confirm ng expression in vitro of the encoded influenza protein.
The nonencl ature for these constructs follows the convention: "Vector
name-flu strain-gene". In every case, the sequence was checked agai nst
known sequences from GENBANK for the cloned and sequenced 25 . A/ PR/ 8/ 34

gene sequence. The biol ogical efficacy of each of;Lﬂggg,,__-f—""“”
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constructs is denonstrated as in Exanples 2, 3, and 4 above: SEQUENCE
ACRCSS THE 5' JUNCTI ONS OF CWI NTA AND FLU GENES FROM A/ PR/ 8/ 34: - 58 -
1. V1J-PR-NP, SEQ |ID:12:. GENBANK ACCESSI ON #: M38279 5' GIC ACC GIC CTT
AGA TG/ A ATT CCA GCA AAA GCA GGG Cwi nt A NP. ... TAG ATA ATC ACT CAC

TGA GTG ACA TCA AAA TCA TG 5 2. V1J-PR-PB1l, SEQ 1D:13:, GENBANK ACCESSI ON
#J02151 .

(p=0.0016)

‘NP+M1
(p<0.0001)

Beijing/89:

—~&-- M1 only
__—._

»

8

—O0— Control DNA'

fted strain (A/Georgia/93)
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5" ACC GIC CIT AGA TC/ A CCT TGG CAA AAG CAG GCA AAC CwintA  PBL1.... CAT
TTG AAT GGA TGT CAA TCC GAC CTIT ACT TTT CTIT AAA AGI GCC AGC ACA AAA TGC TAT
AAG CAC AAC TTT CCC TTA TAC 3. V1J-PR-NS, SEQ 1D:14:. GENBANK ACCESSI ON
#J02150 15 5' GTC ACC GIC CTT AGA TG/ A ATT CCA GCA AAA GCA GGG CWi nt A
NS.... TGA CAA AAA CAT AAT GGA TCC AAA CAC TGI GIC AAG CTT TCA GGI' AGA TTG
CTT TCT TTG GCA TGI CCG CAA 20 ACG AGT TGC AGA CCA AGA ACT AGG TGA T... 4.
V1J- PR-HA, SEQ I.D:15:, GENBANK ACCESSI ON #J02143 5' TCT GCA GIC ACC GIC
CTT AGA TC A CCT TGG AGC AAA

Internal

—O0~— Contro}
___._

Day After Challenge

Protection of ferrets from homologous challenge
by internal protein DNA vaccination

6
5
4
3
2
1
0

W3S FJellL [elIA ues|y

Figure 27



CWi nt A HA. .. 25 AGCAGG GGA AAA TAA AAA CAA CCA AAA TGA AGG
CAA ACC TAC TGG TCC TGI TAA GIG CAC TTG CAG CTG CAG ATG CAG ACA CAA TAT GTA
TAG GCT ACC ATG CGA ACA ATT CAA CC... 30 -59 - 5. V1J-PR-PB2. SEQ

I D: 16:, GENBANK ACCESSI ON #J02153 5' TTT TCT GCA GIC ACC GIC CTT AGA TC C
CGA ATT CCA

gous A/PR/34

challenge by immunization with HA DNA
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CWi nt A PB2. ... GCA AAA GCA GGI' CAA TTA TAT TCA ATA
TGG AAA GAA 5 TAA AAG AAC TAA GAA ATC TAA TGT CGC AGT CTG CCA CCC CGG AGA
TAC TCA CAA AAA CCA CCG TGG ACC ATA TGG CCA TAA TCA AGA AGT... 6.
V1J-PR-ML, SEQ 1ID:17:. GENBANK ACCESSI ON #J02145 10 5' GIC ACC GIC CIT AGA
TCT/ ACC ATG AGT CTT CTA ACC CWwI NTA ML. . ... GAG GIC
GAA ACG TAC GTA CTC TCT ATC ATC CCG TCA GGC CCC CTC AAA GCC GAG ATC GCA CAG
AGA CTT GAA 15 GAG TTG ACG GAA GA... How Fragnents were joined: 20
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1. V1J-PR-NP: Blunted Bglll (vector) to blunted EcoRI (NP) 2. V1J-PR-PB1:
Blunted Bglll (vector) to blunted HnD Il (PBl) 25 3. V1J-PR-NS: Bl unted
Bglll (vector) to blunted EcoRI (NS1) 4. V1J-PR-HA: Blunted Bglll (vector)

to blunted HnDI Il (HA) 30 5. V1J-PR-PB2: Sticky Bglll (vector) to
sticky BamH (PB2) 6. V1J-PR-ML: Sticky Bglll (vector) to sticky Bgl 1 (M)
ML was obtai ned by PCR, "using p8901- MLTE as tenpl ate : 60-.

i .
- 2
¢ g
g <
;
- Z ° o
S < EE
0c T 83
Em » [
Ei =)
<< o
O
<z
< .
Zj wn @
Q< [~ - g}
LT § ©
Lo ®
u-w 'ﬁa
o5 o
. © _
39 < %
EQ <
s :
o ! o O
s
T Y 1 Y : o
8 8 8 ¢ & °

[EAIAINS 9%

Figure 30



and Primers that add a Bglll site at both ends and start 3 bases befor the
ATG and end right after the termnation codon for ML (TGA). EXAWVPLE 8 5
V1Jneo EXPRESSI ON VECTOR, SEQ 1D:18: It was necessary to renove the
anp[err] gene used for antibiotic selection of bacteria harboring V1J
because anpicillin may not be used in |arge-scale fermenters. The anpr gene
fromthe pUC backbone of 10 V1J was renoved by digestion with Sspl and
Eanl 1051 restriction enzynes. The renmaining plasmd was purified by -
agarose gel electrophoresis, blunt-ended with T4 DNA pol ynerase, and then
treated with calf intestinal alkaline phosphatase. The commrercially
avai |l abl e kanr gene, derived fromtransposon 903 and contained wthin the
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et e aaan oA

15 pUCAK plasm d, was excised using the Pstl restriction enzyne, purified
by agarose gel el ectrophoresis, and blunt-ended with T4 DNA pol ynerase.
This fragment was ligated with the V1J backbone and plasm ds with the
kan[err] gene in either orientation were derived which were designated as
V1lJneo #' s 1 and 3. Each of these plasmds was 20 confirnmed by restriction
enzyne di gestion analysis, DNA sequencing of the junction regions, and was
shown to produce simlar quantities of plasmd as V1J. Expression of

het er ol ogous gene products was al so conparable to V1J for these V1Jneo
vectors. We arbitrarily selected V1Jneo#3, referred to as V1Jneo hereafter
(SEQ 1D:18:), which 25 contains the kan[err] gene in the sane orientation
as the anp[err] gene in V1J as the expression construct. Cenes from each of
the strains A/Beijing/353/89, Al Texas/36/91, and
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B/ Pananma/ 46/ 90 were cloned into the vector V1Jneo as cDNAs. In each 30
case, the junction sequences fromthe 5 pronoter region (CWintA) into the
cl oned gene was sequenced using the prinmer: CWinta prinmer 5 - CTA ACA GAC
TGTI TCC TTT CCA TG 3', SEQ I1D:28:, which generates the sequence of the
codi ng sequence. This is contiguous with the term nator/codi ng sequence,
the junction of -61 - which is also shown. This sequence was generat ed
using the primer: BGH priner 5 - GGA GIG GCA CCT TCC AGG -3', SEQ |ID: 29:
whi ch generates the sequence of the non-coding strand. In every case,
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LR AR,

t he sequence was checked agai nst known sequences from GENBANK for cl oned
and sequenced genes fromthese or other influenza isolates. The position at
whi ch the junction occurs is demarcated by a "/", which does not represent
any discontinuity in the sequence. In the case of the VIJneo-TX-HA
junction, the sequencing gel was conpressed and the initial sequence was
difficult to read. Therefore, the first 8 bases at that junction were shown
as "N'. These nucl eoti des have been confirmed 10 and the identified

nucl eoti des are provided. The first "ATG' encountered in each sequence is
the translation initiation codon for the respective cloned gene. Each
sequence provided represents a conplete, avail able, expressible DNA
construct for the designated influenza gene. The nonenclature foll ows the
convention: "Vector nane-flu strain- 15 gene". The biol ogical efficacy of
each of these constructs is shown in

(p<0.0001)

—{— Licensed (Beijing/89)
(Beijing/89-like,
mammalian cell-grown)

HA+NP+M1 DNA
(p<0.0001)

—&— Hawaii/91

6

—O—  Control DNA

4
Day After Challenge

Comparison of PNV with licensed vaccine in ferrets after
challenge with a drifted strain (A/Georgia/93)
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the sane manner as in Exanples 2, 3, and 4 above: SEQUENCE ACRCSS THE 5'
JUNCTI ONS OF CWi nt A AND THE FLU GENES AND ACRCSS THE 3' JUNCTI ONS OF THE
FLU 20 - GENES AND THE BGH TERM NATOR EXPRESSI ON CONSTRUCTS, USI NG DI FFERENT
| NFLUENZA STRAINS AND PROTEINS: 1. A/BEIJING 353/89 25 A V1Jneo-BJ- NP:
PROMOTER, SEQ 1D:20: 30 5 TCA CCG TCC TTA GAT U AA GCA GGG TTA ATA ATC
CWi nt A NP. . .. .
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- 62 - ACT CAC TGA GIG ACA TCA AAA TC ATG GCG TCC CAA GEC ACC AAA CGG TCT

TAT GAA CAG ATG GAA ACT_GAT GGG GAA CEC CAG ATT TERM NATOR. SEQ ID:21: 5
5 GAG GGG CAA ACA ACA GAT GGC TGG CAA CTA GAA GGC ACA CCA GAT [/ ATT TTT

TCC TTA ATT GTC GTA C...ThBGhbet Has Been RMfaced . 10 | 1. A/ TEXAS/ 36/ 91

IEWAY

FIGURE 36, VIR SEQUENCE, SEQ.ID:45;

1 GATATTGG CTATTGGCCA
251 TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TIGGCTCATG
301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT
351 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGIT
401 ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG
451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA
501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG
551 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA
601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG
651 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
701 GTGATGCGGT TITGGCAGTA CATCAATGGG CGTGGA'I‘.AG.C GGTTTGACTC
751 ACGGGGATTT CCAAGTCTCC ACCCCATTGA CGTCAATGGG AGTTTGTTTT
801 GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA CTCCGCCCCA
851 TTIGACGCAAA TGGGOGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG
901 AGCTCGTTTA GTGAACCGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT
951 TTGACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA
1001 OGGTGCATTG GAACGCGGAT TCCCCGTGCC AAGAGTGACG TAAGTACCGC
1051 CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG
1101 TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT ATAGGTGATG
1151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC
1201 CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC
1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACI‘GTéC"IT CAGAGACTGA
1301 CACGGACTCT GTATTTTTAC AGGATGGGGT CTCATTTATT ATTTACAAAT

1351 TCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTTTT TATTAAACAT



A. Vl1Jneo- TX-HA 15 PROMOTER, SEQ 1D:24: 5 CCT TAG ATC / GGA AAT AAA AAC
AAC CAA AAT GAA CWI NTA HA. ... 20 AGC AAA ACT ACT' AGT CC. ..
TERM NATOR, SEQ | D-25—25-5"GCA-GAF-C/ CT TAT ATT TCT GAA ATT CTG GIC. ..

BGH HA. ... TCA GAT... 30 II11. B/ PANAMA/ 46/90 A. V1Jneo- PA- HA
This Sheet His Been Replaced

LT

Figure 36 (continued, p2/3)
1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ACATGGGCTC
1451 TICTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT COCATGCCTC
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCE

1601 GTGGCGGTAG GGTATGTGTC TGAAAATGAG CTCGGGGAGC GGGCTTGCAC
1651 CGCTGACGCA TTTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCAGGCA
1701 GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG
1751 CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGCCGC
1801 GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTICCA
1851 TGGGTCTITT CTGCAGTCAC CGTCCTTAG ATCTGCTGTG CCTTCTAGTT
1901 GCCAGCCATC TGTTGTTTGC COCTCCOCCG TGOCTTCCTT GACCCTGGAA
1951 GGTGCCACTC CCACTGTCCT TTOCTAATAA AATGAGGAAA TTGCATCGCA
2001 TIGTCTGAGT AGGTGTCATT CTATTCTGGG GGGTGGGGTG GGGCAGCACA
2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG GGATGCGGTG
2101 GGCTCTATGG GTAC GGCOGCAGCGGCC GTACCCAGGT GCTGAAGAAT
TGACCCGGTT CCTCGACCCGT AAAAAGGCCG |

2601 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCOCTGACGA GCATCACAAA
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA
2701 CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC
2751 TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGOGTGGCG
2801 CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG
2851 CTOCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGOCC GACCGCTGCG
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA

2951 TOGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT
3001 AGGOGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA



—

- 63 - PROVOTER, SEQ ID:26: (The first 1080 bases ofi this sequence is
avai | abl e on GENBANK cession nunber Ms5171: the sequence obtained
bel ow is identical wth f[he kno uence: the 3' sequence, SEQ 1D:27:

bel ow) has not been st umy;ym orted) 5 5 ACC GTC CTT AGA O/ C AGA ACC

. .,! ! a«:ed HA. ... 10 ATC CAC AAA ATG AAG GCA
(4 W TCC AAC GCA GAT CGA ATC TGC. ..
TERM NATOR, SEQ - | D: 27:

ATA ATT GTA CTA CTC

Figure 36 (continued, p3/3)
3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA
3101 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG

3151 TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC
. 9201 AAGAAGATCC TTTGATCTTT TCTACGTGATCC CGTAATGC TCTGCCAGTG
TTACAACCAA TTAACCAATT CTGATTAGAA

3751 AAACTCATCG AGCATCAAAT GAAACTGCAA TTTATTCATA TCAGGATTAT
3801 ‘CAATACCATA TTTTTGAAAA AGCCGTTTCT GTAATGAAGG AGAAAACTCA
‘851 COGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATOGGT CTGCGATTCC
3901 GACTCGTCCA ACATCAATAC AACCTATTAA TTTCCCCTCG TCAAAAATAA
3951 GGTTATCAAG TGAGAAATCA CCATGAGTGA CGACTGAATC CGGTGAGAAT
4001 GGCAAAAGCT TATGCATTTC TTTCCAGACT TGTTCAACAG GCCAGCCATT
4051 ACGCTCGTCA TCAAAATCAC TCGCATCAAC CAAACCGTTA TTCATTCGTG
4101 ATTGCGCCTG AGCGAGACGA AATACGCGAT CGCTGTTAAA AGGACAATTA
4151 CAAACAGGAA TCGAATGCAA CCGGCGCAGG AACACTGCCA GOGCATCAAC
4901 AATATTTTCA CCTGAATCAG GATATTCTTC TAATACCTGG AATGCTGTTT

4251 TCCOGGGGAT CGCAGTOGTG AGTAACCATG CATCATCAGG AGTACGGATA
4301 AAATGCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGCC AGTTTAGTCT
4351 GACCATCTCA TCTGTAACAT CATTGGCAAC GCTACCTTTG OCATGTTTCA
401 GAAACAACTC TGGCGCATCG GGCTTCCCAT ACAATCGATA GATTGTCGCA
4451 CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATAAATCAGC
4501 ATCCATGTTG GAATTTAATC GCGGCCTCGA GCAAGACGTT TCCCGTTGAA

. 4551 TATGGCTCAT AACACCCCTT GTATTACTGT TTATGTAAGC AGACAGTTIT

4601 ATTGTTCATG ATGATKTA’I'I‘ 'I'I'I‘ATCI'I’G’I' GCAATGTAAC A’ICAGAGA'I’I‘
4

4651 TTGAGACACA ACG
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nonapept i de nucleoproteln epltope 14743125, SEQ 1D 9:
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- EKAMPLE 9 Imaﬂm%
sﬁaﬁﬁmelhepw@ ocol HEBHASER: ¢ aded mal i nt r oguBERLAGEMENG

, | ar introduction: Three injectji gnms~of~200[err
é} HiV1- PR-NP. The spleens were harfvested fipe 1887 |

ter the third injection, and res

timul at ed mnt1

arget cells
enelc wi th BALB/ c m cHq H- 2[err]) were

AP 1S

virus A/Victorial 73,

using the spleen cells as the effector at effector:target

1. A DNA construct comprising nucleic acid encoding
an influenza virus gene, wherein said DNA construct is capable of

inducing the expression of an antigenic influenza virus gene product
which induces an influenza virus specific immune response upon
introduction of said DNA construct into animal tissues in vivo and
resultant uptake of the DNA construct by cells which express the

~ encoded influenza gene.

2. ‘The DNA construct of Claim 1 wherein the influenza
virus gene encodes nucleoprotein, hemagglutinin, polymerase, matrix,
or non-structural human influenza virus gene products.

3. A DNA construct as claimed in Claim 1 or

Claim 2 wherein the nucleic acid encoding an influenza
virus gene is operatively linked to one or more control
sequences which, when said DNA construct is introduced

into a living tissue, direct the transcription initiation
and subsequent translation of the gene.

4. A DNA construct as claimed in Claim 3
wherein the control seqnences comprise a promoter for RNA
polymerase transcription and a transcriptional terminator
at the end of the influenza virus gene coding sequence.

5. A DNA construct as claimed in Claim 4
vwherein the promoter for RNA polymerase transcription is
selected from the Rous sarcoma virus long terminal repeat

and the cytomegalovirus prométer with the intron A
sequence.

6. A DNA construct as c¢laimed in Claim 4 or S

wherein the transcriptional terminator is the bovine

growth hormone terminator.
I

and specific lysis



rati,os rangi ng between 5:1 and 40:1. Negative controls were carried out by
m&asuri‘ ng |yS| s of target cel l.s-whi-ch--\Were—Rot

I nfected with influenza
virus. Positive controls were| EAiSrSHEETOMAS tByENri i

virus infected target cells b
whi ch was i nj

mes—wrth—130ferriyg of V1- PR NP~&and wnlcn
survived a live |nflue z

Speci fic | yis 8
I njected m ¢

when spl een

(0]

pasuri ng s—of—~i1f EI;,{
y spl eERLAGHD s objai ned fro%E%ACE é 1
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2 %I rus infection by strain A/ mK/ 68 1ReANIES

using the spleen cells fromijntradermal |y

Bttor:target ratios. No specifiic Tysis was seen
il from uni nj eﬁfc_j m ce,

7.

construct as claimed in any one of Claims 1 to 6.

A polynucleotide vaccine comprising a DNA

8. A polynucleotide vaccine comprising a DNA

construct which induces neutralizing antibody against human influenza -
virus, influenza virus specific cytotoxic lymphocytes, or protective
immune responses upon introduction of said DNA pharmaceutical into
animal tissues in vivo, wherein the animal is a vertebrate, and the

_ polynucleotide vaccine encodes an influenza virus gene which is

expressed upon introduction into said verterbrates® tissues in vivo.

9. A polynucleotide vaccine as claimed in

Claim 7 or Clainm 8 which contains a DNA construct
selected from one or more of:

" a) poRSV-PR-NP, :
b) V1-PR-NP, '
c) . VI1J-PR-NP, the 5' end of whzch is SBQ. D:12:,
d) V1J-PR-PBI1, the 5‘ end of which is SEQ. ID 13:,
e) VLI-PR-NS, the 5' end of which is SEQ. ID:14:,
f) - V1J-PR-HA, the 5' end of which is SEQ. ID:15;,
g) V1J-PR-PB2, the 5' end of which is SEQ. ID:16:,
-l.;) " V1J-PR-MI, the 5' end of which is SEQ. ID:17:,
i

V1ineo-BJ-NP, the 5° end of which is SEQ. ID:20: and
the 3' end of which is SB.Q mD:21;,

-

AR



or mce injected with the vector V1 without the inserted PR-NP gene, were
used as the effector cells. In«addition, the speC|f|c | ysi s achieved.-usi ng
t he i'ntrader nal delivery was

OF g ffecto do
the results obtained using mt_rarru%ﬁﬁm ?% Fﬁg% W:‘:WSRE@'

a VI.LLS. .4
titers were also neasured in |ntrader ,/ or mtr@uj uI ary.
The results, using 5 mce per group, 3 x 200 [err]g p r W
apart, and chal i

elds
Mbde of Del i Ve“mmllﬁmﬂﬂms% ![2?‘1 dose were as OW[

Day V1- PR- NP | ntradey nal
5.2 [err] 0.2 [err] 1%* W1 Intradermal 5.9 [esrrf—=t
6.6 [err] 0.3 Vl PR—NPIntrarmscuIar 4.6 [err] 0.4 4.5 [err] 1.1**
b))

V1Ineo-TX-NP, the 5' end of which is SEQ. ID:24 and
the 3' end of which is SEQ. ID:25: and
V1ineo-PA-HA, the 5' end of which is SEQ. ID:26: and
the 3' end of which is SEQ. ID:27:
D Viins-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and
the 3' end of which is SEQ. ID:47:,
m) V1Ins-TX-HA (A/Texas/36/91), construct size 6.56 Kb,
the 5' end of which is SEQ.JD:48: and
the 3' end of which is SEQ. ID:49:,
n) Viins-PA-HA (B/Panamaf45/90), construct size 6.61 Kb,
the 5' end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,
0) V1Ins-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5° end of which is SEQ.ID:52: and
the 3' end of which is SEQ. ID:53:,
P) V1Ins-BJ-M1 (A/Beijing/353/89), construct size 5.62 Kb,
~ the 5' end of which is SEQ.ID:54: and
the 3' end of which is SEQ. ID:55:,
qQ) V1ins-PA-NP (B/Panamaf45/90), construct size 6.54 Kb,
the S' end of which is SEQ.ID:56: and
the 3' end of which is SEQ. ID:57:, and
1) . Vlns-PA-MI1 (B/Panamaf45/90), construct size 5.61 Kb,
: - the 5* end of which is SEQ.ID:58: and
the 3' end of which is SEQ. ID:59:.

k)

10. The expression vector: V1J, SEQ.ID:10:,
Viineo, SEQ.ID:18:,
vlins,

V1JR, SEQ:ID:45:.

11. The use of an isolated human influenza
virus gene operatively linked to one or more control
sequences for the manufacture of a medicament for use in
immunisation against infection by human influenza virus.

e

Sheet Has Been Replaced
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stai n was" abl e.to_induce..CIL.s-4 hat

ucl eoprotein freoml?The het ereol ogous strain A/ Victorial73

and a protective i mune response agai nst the heterol ogous strain A/ HK/ 68.

12. The use of a DNA construct as claimed in

any one of Claims 1-6 for the manufacture of a medicament

for use in immunisation aqainst 1nfection by human
influenza virus.

13. The use of a polynucleotide wvaccine as

claimed in any one of Claims 7-9 for the manufacture of a

medicament for use in immunisation against infection by
human influenza virus.

14. The use of a DNA construct as claimed in

any one of Claims 1-6 for the manufacture of a medicament
for use-in immunisation against infection by human
influenza virus wherein said medicament is adapted for

direct administration of the DNA construct into tissue in
vivo. '

*

15. The use as claimed in Claim 14 wherein
said medicament is adapted for administration of the DNA
construct either as naked DNA in a physiologically
acceptable solution without a carrier or as a mixture of

DNA and a liposome, or as a mixture with an adjuvant or a
transfection facilitating agent.

-’

16. A method for using an influenza virus gene to induce

immune responses in vivo which comprises:

a) isolating the gene, -

b) linking the gene to regulatory sequences such that the gene is
operatively linked to control sequences which, when introduced into a

living tissue direct the transcription initiation and subsequent translation

of the gene, and ' i
c) introducing the gene into a living tissue.

T



- 65 - EXAMPLE 10 Pol ynucl eoti de vaccination in primates 1. _Antibody to NP

in Rhesus nonkeys: o[] gggtrlﬂglgaﬁégﬁ%ﬁ %%ET :

s _nonkeys: Rhesus—monkey §1§IL
injectedwith 1 ng/sit SV- NP i . HERT
r the repofter gene
fireflyluci‘-: i
|=

f éiiiig BAS; BEEY
@n’fe _ o4y L%Tg%&iﬂ@@ﬁlt s f
i | E Bi on, were given at the sane tinmelifntd $efil 8%
sites. Ani makA 1

" j ected on day 15 with the sane apounts of DNA a
before and a

1 mg of pDR- CAT, a construct for the feporter gene
chl or anpheni cal acetyl transfer expression, in 1 site each. Mscle sites
contai ning reporter genes were hiopsied and assayed for reporter

17. The method of Claim 16 which further
comprises boosting induced immune responses by

introducing influenza virus gene on multiple occasions.

18. The method of Claim 16 wherein the
influenza virus gene encodes a human influenza virus

nucleoprotein, hemagglutinin, matrix, nonstructural, or
polymerase gene product.

19. The method of Claim 18 wherein the -huma.n

“influenza virus gene encodes the nucleoprotein, basic polymierasel,
nonstructural proteinl, hemagglutinin, matrix1, or basic polymerase2
of one or more of the human influenza virus isolates A/PR/8/34,

A/Beljing/353/89, ATexas/36/91, A/Georgia/03/93, and
B/Panama/45/90.

. 20. A method for _j.ndu_cing Jmnune responses against
infection or disease caused by strains of influenza virus which comprises
introducinhg into a vertebrate a nucleic acid which encodes a conserved
influenza virus epitope specific to a first influenza virus steain such that
the induced immuse response protects not only against infection or
disease by the first influenza virus strain but also protects against
infection or disease by strains that are different to said first strain.

. 21. The method of any of Claims 16-20 wherein
the organiem befrig treated by the method is a human.

22. The DNA:

a) poRSV-PR-NP,

b) V1-PR-NP,

c) V1J-PR-NP, the 5' end of which is SEQ. ID:12:,
d) V1J-PR-PBI, the 5' end of which is SEQ. ID:13:,
e) VLI-PR-NS, the 5' end of which is SEQ. ID:14:, -
f) V1J-PR-HA, the 5' end of which is SEQ. ID:15:,
£) V1J-PR-PB2, the 5* end of which is SEQ. ID:16:,
!1)) V1J-PR-ML, the §' end of which is SEQ. ID:17:,
1

V1Iineo-BJ-NP, the 5* end of which is SEQ. ID:20: and

R
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Qene activity. Serum wa |l ected 3, 5, 9, 11, 13, and lﬁﬁmmﬁ 8HEEhA
first |nj—etrr0’/ﬁ'€’f]—f_§'tcgp05|t

col |l ected aﬂm Eeeﬁﬁcbl it vg{@g {)g%e%w i)- l(?I(Ijl - g gg \%egg?
and 15. Anti s det rmn | SA. IThe re t és wn i
Figure 9. 2. Wﬁ ion inhibiting (H) antibody ipn i :

Monkeys vvere im vmth V1J- PR-HA on day 1. Two

received 1 ng, 100 [err]g, or 10-[eM9 g DNA in each quadri s—mtsehe—fach
injection was adm ni e @Ldldf\ehmliysaQotDQlS m. Animals were bI ed pr I or
to injectio on day X ke 354 ggQw[ #400Ma on day 15, and
bl ood was- c I ected g%a gﬂﬁ%er [tgtﬁ ter. maggl uti nati on
|nh|b|t|on(HI) tlter S|t|ve at ‘5 weeks, 9 weeks
and 12 weekskhfter t h¥llneps&ATﬁﬂ~eté\pu50m@p vhictre SEQ. 1D:26: and

the 3' end of which is SEQ. ID:27:
)] Viins-GA-HA (A/Georgiaf03/93), construct size 6.56 Kb,

the 5' end of which is SEQ.ID:46: and

the 3' end of which is SEQ. ID:47:,

Vilns-TX-HA (AfTexasf36/91), construct size 6.56 Kb,

the 5' end of which is SEQ.ID:48: and

the 3' end of which is SEQ. ID:49:, .

Vilns-PA-HA (B/Panama/45/90), construct size 6.61 Kb,

the 5 end of which is SEQ.TD:50: and

the 3’ end of which is SEQ. ID:51:,

V1los-BY-NP (A/Beijing/353/89), couastruct size 6.42Kb,

the §' end of wiich is SEQ.ID:52: and

the 3' end of which is SEQ. ID:53:,

Vilns-BI-M1 (A/Beijingf353/89), construct size 562 Kb,

the 5' end of which is SEQ.ID:54: and

the 3° end of which is SEQ. ID:55:,

Vios-PA-NP (BfPanama/45/90), construct size 6.54 Kb,

the 5° end of which is SEQ.JD:56: and

the 3' end of which is SEQ. ID:57:, and

Viins-PA-M1 (B/Panamaf45/90), construct size 5.61 Kb,

the 5 end of which is SEQ.ID:58: and

the 3’ end of which is SEQ. ID:59:.

m)
n)
o)
)

QD

23. A pharmaceutical composition which

comprises at least one DNA construct as claimed in any
one of Claiwms 1 to 6.

A composition of nucleic acid constructs encoding

influenza virus genes from both A-type and B-type human influenza
viruses.

25. The composition of Claim 23 or Claim 24

which comprises DNA constructs encoding the hemagglutinin
gene of at least three strains of influenza virus, the
nucleoprotein gene of at least two strains of influenza
virus, and the matrix proteln gene of at least two

strains of influenza virus. L
N O



DNA. Results are shown below in Table 10-1:
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26. The composition of Claim 23 or Claim 24

wherein said influenza virus genes are derived from

influenza viruses of the H1N1l, H2N2, and H3N2 and B
strains of influenza virus.

27. The composition of Claim 23 or Claim 24
comprising:

Vilas-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5 end of which is SEQ.ID:46: and

the 3' end of which is SEQ. ID:47:, -
V1iIns-TX-HA (AfTexasf36/91), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:48: and

the 3' end of which is SEQ. ID:49:,

Vilns-PA-HA (B/Panama/45/90), construct size 6.61 Kb,
‘ the 5" end of which is SEQ.ID:50: and

the 3' end of which is SEQ. ID:51:,

Vlins-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5' end of which is SEQ.ID:52: and

the 3' end of which is SEQ. ID:53:,

V1Jns-BI-M1 (A/Beijing/353/89), construct size 5.62 Kb,
the 5° end of which is SBEQ.ID:54: and

the 3' end of which is SEQ. ID:S5:,

Viins-PA-NP (B/Panamaf45/90), construct size 6.54 Kb,
the 5° end of which is SEQ.ID:56: and

the 3' end of which is SEQ. ID:57:, and

Vilns-PA-M1 (B/Panamaf45/90), construct size 5.61 Kb,
the 5' end of which is SEQ.ID:58: and

the 3' end of which is SEQ. ID:59:.

g)
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study of pol ynucl eoti de vaccination in ferrets was B-_P Al EN({\‘ASHEE

pur pose of determ ni ng whether aninals cogld be pr ¢ nza A
i nfection by inmmnization with genes encoding eit heg rface
protein capabl e of inducing strain-specific neutralii Zi ¥ bdly) or
the interal protein NP, NSI, PBlI, M (thought to ing
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BACKGROUND QF THE INVENTION
10 i._Field of the Invention:

This invention relates to the production and use of a novel
pharmaceutical product: a nucleic acid which, when directly introduced
into living vertebrate tissue, induces the production of immune
15 responses which specifically recognize human influenza virus.

jii. Background of the Invention:

Influenza is an acute febrile illness caused by infection of
the respiratory tract with influenza A or B virus. Outbreaks of
influenza occur worldwide nearly every year with periodic epidemics
or pandemics. Influenza can cause significant systemic symptoms,
severe illness (such as viral pneumonia) requiring hospitalization, and
complications such as secondary bacterial pneumonia. Recent U.S.
epidemics are thought to have resuited in >10,000 (up to 40,000) excess

. deaths per year and 5,000-10,000 deaths per year in non-epidemic
years. The best strategy for prevention of the morbidity and mortality
associated with influenza is vaccination. The current licensed vaccines
are derived from virus grown in eggs, then inactivated, and include
three virus strains (two A strains and one B strain). Three types of
vaccines are available: whole-virus, subvirion, and purified surface
antigen. Only the latter two are used in children because of increased
febrile responses with the whole-virus vaccine. Children under the age
of 9 require two immunizations, while adults require only a single
injection. However, it has been suggested [see Medical Letter 32:89-90,
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cell -nmedi ated i mune response that would be strain-independent). Aninals
\\/\/ﬁge |gl{ect ed vmhth DNA encodi ng the various influenza genes inh_our
-vegtor as shown: 30 -67- TABLE 11-1 No. Anmpmaf m . Gou
%nsvt‘;{-z»ct Dose | muni zed H1N1 H3N2 1 IRIE‘P“‘A@M& SQEEXDOOWQ P
8 8 5

0 7 APR 1997
-2-

Sept. 17, 1993] that "patients vaccinated early in the autumn might
benefit from a second dose in the winter or early spring,” due to the
observations that in some elderly patients, the antibody titers following
‘vaccination may decline to less-than-protective levels within four
months or less. These vaccines are reformulated every year by
predicting which recent viral strains will clinically circulate and
evaluating which new virulent strain is expected to be predominant in
the coming flu season. Revaccination is recommended annually.

A. The limitations of the licensed vaccine are:
10

1) Antigenic variation, particularly in A strains of influenza, results in
viruses that are not neutralized by antibodies generated by a previous
vaccine (or previous infection). New strains arise by point mutations
(antigenic drift) and by reassortment (antigenic shift) of the genes
encoding the surface glycoproteins (hemagglutinin [HA] and
neuraminidase), while the internal proteins are highly conserved among
drifted and shifted strains. Immunization elicits "homologous” strain-
specific antibody-mediated immunity, not "heterologous” group- '

common immunity based on cell-mediated immunity.
20

15

2) Even if the predominant, circulating strains of influenza virus do not
shift or drift significantly from one year to the next, immunization must
be given each year because antibody titers decline. Although
hemagglutination-inhibiting (HI) and neutralizing antibodies are
reported by some to persist for months to years with a subsequent
gradual decline, the Advisory Committee on Immunization Practices
cites the decline in antibody titers in the year folowing vaccination as a
reason for annual immunization even when there has been no major
drift or shift. (HI antibodies inhibit the ability of influenza virus to
agglutinate red blood cells. Like neutralizing antibodies, they are
primarily directed against the HA antigen. Hemagglutination inhibition
tests are easier and less expensive to perform than neutralization assays
are, and thus are often used as a means to assess the ability of antibodies

25

30



2 V1J- NP 1000 nyg 16 8

8 3 V1J- NP+NSL+

2000 ng: 16 8 8 PB1+PB2+M At 4 V1J- pA+NP+
2000 ng’ 16 8 8 NS1+PBl+ RER: _?-EPBZ+M55.;FIA
V1J- =~ 1000 ny 16 8 8 6 None 71 None
45 15 Animals 2. On days 22 and 43 postinmuni zat{oh, serum was q¢oljl ected
fromthe i muni zed ani nal s and assayed f-08 -neutrali zi tifnati on
i nhi biting-H) antibodies and for anti bodies to nucl eoprotein (NP) {by
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raised against one strains of influenza to react to a different strain). As
mentioned above, The Medical Letter suggests that certain high-risk,
older individuals should be vaccinated twice in one season due to short-
lived protective antibody titers.

3) The effectiveness of the vaccine is suboptimal. Development of the
next season's vaccine relies upon predicting the upcoming circulating
strains (via sentinel sampling in Asia), which is inexact and can result in
a poor match between strains used for the vaccine and those that actually
circulate in the field. Moreover, as occurred during the 1992-1993 flu
season, a new H3N2 strain (A/Beijing/92) became clinically apparent
during the latter phase of the flu season. This prompted a change in the
composition of the 1993-1994 vaccine, due to poor cross-reactivity with
A/Beijing/92 of the antibody induced by the earlier H3N2 strain
(A/Beijing/89) due to antigenic shift. However, due to the length of
time needed to make and formulate the current licensed vaccine, the
new vaccine strain could not be introduced during the 1992-1993 season
despite the evidence for poor protection from the existing vaccine and
the increased virulence of the new circulating H3N2 strain.

Even when the vaccine and circulating strains are well-
matched, the licensed vaccine prevents illness in only about 70% of
healthy children and young adults and in 30-40% of frail older adults.
Thus other criteria are used to indicate the vaccine's efficacy when the
vaccine strains correspond to the circulating strains. These criteria
include prevention of severe iliness and secondary complications, which
are reflected by prevention of hospitalization (70% for the elderly
living at home vs. 50-60% for the elderly living in nursing homes) and

~ prevention of death (80% for nursing home residents). Herd immunity

to reduce the spread of infection in a nursing home is considered
another benefit of immunization.



20 ELI SA. Animals that had been injected with ssed anti bodies to

t he correspondi ng genes. These are reflected in tlﬁpg E}g@ad Fi ggigs 10,
11, and,16. 3. On Day 128, sel ected inmmuni zed ani L\ t€ chalt i ed with
1200 TCI D50 of Influenza A/HK/ 68. This strainli tj]gfzgiggous tp the

A/ PR/ 8/34 strain that was the source_of the codi ¥A(s o}

medi at ed, strain-independent inmmune nechadisns. As shown in thé atjt ached
Figure 12, a statistically significant reduction* ' '
conpared to controls was seen in animals inmntzed with DNA encoding

internal protejng, confi.rmng.that, pplynucl eotide _mq*ni zat i in fefrets
i s capabl e of S NATACIENISUCS DL AN 0L SESgRT—t :—Z%MMe

protective. the Invention):

‘1) Generation of group-common (heterologous) protection. A
universal vaccine would be able to protect against different strains,
within an H3N2 subtype for example, and possibly even across subtypes,
e.g., from HIN1 to H3N2. This likely would be mediated by cytotoxic
T lymphocytes (CTL) recognizing antigens from internal conserved
viral proteins, although neutralizing antibodies directed against

10 conserved portions of membrane-bound proteins also might play a role.
2) Increased breadth of antibody response. Because CTL are thought
to play a role in recovery from disease, a vaccine based solely upon a
CTL response would be expected to shorten the duration of illness
(potentially to the point of rendering illness subclinical), but it would
not prevent illness completely. The method of producing the current
influenza vaccine by passage in eggs has been shown experimentally to
be capable of selecting for virus subpopulations that have altered HA
antigenicity. As a result, vaccine efficacy could be diminished because
the antibody elicited by the vaccine may not be completely effective
against the predominant circulating strain. Thus, one would like to
generate antibodies which would have an improved breadth of response
compared to the current vaccine. The 1992-93 flu season offered an
excellent case study of the limitations of the current vaccine in that the
vaccine, which utilized A/Beijing/89, generated antibodies which were
poorly cross-reactive (and poorly protective) against the new
A/Beijing/92 strain which was also more virulent. Both strains are
H3N2, i.e., of the same subtype. In terms of amino acid sequence,
however, the A/Beijing/92-like strains differed from the A/Beijing/89-
like strains by only 11 point mutations (positions 133, 135, 145, 156,
157, 186, 190, 191, 193, 226, and 262) in the HA1 region. It is not
known whether the current manufacturing process influenced the lack
of cross-reactivity, but clearly an improvement in the breadth of
antibody response is desired.
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-68- 4. A honol ogous chal l enge using A/PR/8/34 is simlarl y tested and the
protective efficacy of neutralizing antibody induced by pol ynucl eoti de

vacci nagion is denonstrated simlarly. EXAVPLE 1 CTI- V1Jns
An Sfi”l site was added to ViJneo to facilitate | " SHEHTes. A
commercially available 13 base pair Sfi | |inker] (JNew England oLabs) was

added at the Kpn | site within the BGH sequence jof] tH& apgheyz M1lJneo was
linearized with Kpn I, gel purified, blurged by|T4 L

3) Increased duration of antibody responses. Because one of the very
groups that is at highest risk for the morbidity and mortality of
influenza infection (elderly) is also the group in whom protective
antibody titers may decline too rapidly for annual immunization to be
effective, an improved vaccine should generate protective titers of
antibody that persist longer.

C. Polynucleotides as a Vaccine

1% Intramuscular inoculation of polynucleotide constructs, i.e., DNA

plasmids encoding proteins have been shown to result in the in situ
generation of the protein in muscle cells. By using cDNA plasmids
encoding viral proteins, both antibody and CTL responses were
generated, providing homologous and heterologous protection against
subsequent challenge with either the homologous or cross-strain
protection, respectively. Each of these types of immune responses
offers a potential advantage over existing vaccination strategies. The
use of PNVs to generate antibodies may result in an increased duration
of the antibody responses as well as the provision of an antigen that can
have both the exact sequence of the clinically circulating strain of virus
as well as the proper post-translational modifications and conformation
of the native protein (vs. a recombinant protein). The generation of
CTL responses by this means offers the benefits of cross-strain
protection without the use of a live potentially pathogenic vector or
attenuated virus.

15

20

25

D. Further Description of the Background:

Thus, a major challenge to the development of vaccines
against viruses such as influenza, against which neutralizing antibodies
are generated, is the diversity of the viral envelope proteins among
different isolates or strains. As cytotoxic T-lymphocytes in both mice
and humans are capable of recognizing epitopes derived from conserved
internal viral proteins [J.W. Yewdell et al., Proc. Natl. Acad. Sci.

30



DNA pol ynmerase, and ligated to the blunt Sfi | |linker. Conal isolates were

chosen by restriction mapping and verified by s u:w mroﬁg&- t he
| i nker. ,The new vector was designated V1Jns (Fi W kon of

het e ogous genes in V1Jns (with Sfi 1) was conp Xpressi on
of the same genes in Vl1Jneo (wth Kpn |). EXAVHALE TY 20 1.
Hunor al | nmune Responses | njection of DNA encodin , t NP and ML

has resulted in hunoral inmune responses-br nice,’

human

primates (including African green nonkeys and esus 25 nonkeys). To date,
PNVs cont ai ni ng HA genes doned fromthe A PR/ 34, B/ Panama/ 90, A’'Beiji ng/ 89,

Al Texas/ 91, Al {RVRY 8591785 (1985); A R.M. Townsend, ef al., Cell 44, 959 (1986);
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A.J. McMichael et al., J. Gen. Virol. 67, 719 (1986); J. Bastin et al., J.
Exp. Med. 165, 1508 (1987); A.R.M. Townsend and H. Bodmer, Annu.

“Rev. Immunol. 7, 601 (1989)], and are thought to be important in the

immune response against viruses [Y.-L. Lin and B.A. Askonas, J. Exp.
Med. 154, 225 (1981); 1. Gardner et al., Eur. J. Immunol. 4, 68
(1974); K.L. Yap and G.L. Ada, Nature 273, 238 (1978); A.J.
McMichael et al., New Engl. J. Med. 309, 13 (1983); P.M. Taylor and
B.A. Askonas, Immunol. 58, 417 (1986)], efforts have been directed
towards the development of CTL vaccines capable of providing
heterologous protection against different viral strains.

CD8* CTLs kill virally-infected cells when their T cell
receptors recognize viral peptides associated with MHC class I

_ molecules [R.M. Zinkernagel and P.C. Dohetty, ibid. 141, 1427 (1975);

R.N. Germain, Nature 353, 605 (1991)]. These peptides are derived
from endogenously synthesized viral proteins, regardless of the
protein's location or function within the virus. Thus, by recognition of
epitopes from conserved viral proteins, CTLs may provide cross-strain
protection. Peptides capable of associating with MHC class I for CTL
recognition originate from proteins that are present in or pass through
the cytoplasm or endoplasmic reticulum [J.W. Yewdell and J.R.
Bennink, Science 244, 1072 (1989); A.R.M. Townsend et al., Nature
340, 443 (1989); J.G. Nuchtern et al., ibid. 339, 223 (1989)].
Therefore, in general, exogenous proteins, which enter the endosomal
processing pathway (as in the case of antigens presented by MHC class I
molecules), are not effective at generating CD8% CTL responses.

Most efforts to generate CTL responses have either used
replicating vectors to produce the protein antigen within the cell [J.R.
Benninok et al., ibid. 311, 578 (1984); J.R. Bennink and J.W. Yewdell,
Curr. Top. Microbiol. Immunol. 163, 153 (1990); CK. Stover et al.,
Nature 351, 456 (1991); A. Aldovini and R.A. Young, Nature 351,
479 (1991); R. Schafer et al., J. Immunol. 149, 53 (1992); C.S. Hahn et
al., Proc. Natl. Acad. Sci. (USA) 89, 2679 (1992)], or they have
focused upon the introduction of peptides into the cytosol [F.R. Carbone



and A/ Georgial/93 strains of influenza virus have been shown to generate

ant i bodi es.

sera fr m ce after injection of DNA Substanti
106) re generated with as lowas 1 [err]g of
adm ni stered once (the snallest dose tested), ar
after injection (the earliest tinme point tested)
decreased for at least 6 nonths after inpéction.]
not neutralizing and do not participate in
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a) Mce: Antibodies to NP and ML wer .t?ﬁ§2§§by—ELJ A 30

T15H

and M.J. Bevan, J. Exp. Med. 169, 603 (1989); K. Deres et al., Nature
342, 561 (1989); H. Takahashi et al., ibid. 344, 873 (1990); D.S.
Collins ef al., J. Inmunol. 148, 3336 (1992); M.J. Newman et al., ibid.
148, 2357 (1992)]. Both of these approaches have limitations that may
reduce their utility as vaccines. Retroviral vectors have restrictions on
the size and structure of polypeptides that can be expressed as fusion
proteins while maintaining the ability of the recombinant virus to
replicate [A.D. Miller, Curr. Top. Microbiol. Immunol. 158, 1 (1992)],
and the effectiveness of vectors such as vaccinia for subsequent
immunizations may be compromised by immune responses against the
vectors themselves [E.L. Cooney ef al., Lancet 337, 567 (1991)]. Also,
viral vectors and modified pathogens have inherent risks that may
hinder their use in humans [R.R. Redfield et al., New Engl. J. Med.
316, 673 (1987); L. Mascola et al., Arch. Intern. Med. 149, 1569
(1989)]. Furthermore, the selection of peptide epitopes to be presented
is dependent upon the structure of an individual's MHC antigens and,
therefore, peptide vaccines may have limited effectiveness due to the
diversity of MHC haplotypes in outbred populations.

Benvenisty, N., and Reshef, L. [PNAS 83, 9551-9555,
(1986)] showed that CaCl9 precipitated DNA introduced into mice
intraperitoneally, intravenously or intramuscularly could be expressed.
The intramuscular (i.m.) injection of DNA expression vectors in mice
has been demonstrated to result in the uptake of DNA by the muscle
cells and expression of the protein encoded by the DNA {J.A. Wolff et
al., Science 247, 1465 (1990); G. Ascadi et al., Nature 352, 815
(1991)]. The plasmids were shown to be maintained episomally and did
not replicate. Subsequently, persistent expression has been observed
after i.m. injection in skeletal muscle of rats, fish and primates, and
cardiac muscle of rats {H. Lin ef al., Circulation 82, 2217 (1990); R.N.
Kitsis et al., Proc. Natl. Acad. Sci. (USA) 88, 4138 (1991); E. Hansen
et al., FEBS Lett. 290, 73 (1991); S. Jiao et al., Hum. Gene Therapy 3,
21 (1992); J.A. Wolff et al., Human Mol. Genet. 1, 363 (1992)]. The
technique of using nucleic acids as therapeutic agents was reported in
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protection. They do, however, denonstrate NP protein_expression in vivo
after DNA injection. In contrast antibodies to éggﬁgﬁﬁzgi' ctive

i mruni ¥§ agai nst the honol ogous strain of influenfa v Ml o1 n of HA
DNA coned fromthe A/PR/ 34 strain resulted in th roduction of
neutralizing antibodies, as measured.in vitro by A he®addP&t 9Rat ijo

inhibition (H) assay. H titers [err] 1280 were sured in man I ce
gi ven three doses of 100 [err]g of HA DNAS -and det ect abl € TTTe&T re’ seen
in sonme animals that had received a little as t oses of 0.1 [ery]o.

There was a dose-response rel ati onship between H titer and DNA dose, as
well as H Ui §o66H)H1092 04 0&bbkPi1990) M whidPhikédpolynucteotlddy Fefe- !
used to vaccinate vertebrates.
It is not necessary for the success of the method that
immunization be intramuscular. Thus, Tang et al., [Nature, 356, 152-
154 (1992)] disclosed that introduction of gold microprojectiles coated
5 with DNA encoding bovine growth hormone (BGH) into the skin of
mice resulted in production of anti-BGH antibodies in the mice. Furth
et al,, [Analytical Biochemistry, 205, 365-368, (1992)] showed that a jet
injector could be used to transfect skin, muscle, fat, and mammary
tissues of living animals. Various methods for introducing nucleic acids
19 was recently reviewed by Friedman, T., [Science, 244, 1275-1281
(1989)]. See also Robinson et al., Abstracts of Papers Presented at the
1992 meeting on Modem Approaches to New Vaccines, Including
Prevention of AIDS, Cold Spring Harbor, p92, where the im, ip, and iv
administration of avian influenza DNA into chickens was alleged to have
provided protection against lethal challenge. However, there was no
disclosure of which avian influenza virus genes were used. In addition,
only H7 specific immune responses were aﬂeged W1thout any mentlon
of induction of cross-strain protection.

Therefore, this invention contemplates any of the known
methods for introducing nucleic acids into living tissue to induce
expression of proteins. This invention provides a method for
introducing viral proteins into the antigen processing pathway to
generate virus-specific CTLs. Thus, the need for specific therapeutic
agents capable of eliciting desired prophylactic immune responses
against viral pathogens is met for influenza virus by this invention. Of
particular importance in this therapeutic approach is the ability to
induce T-cell immune responses which can prevent infections even of
virus strains which are heterologous to the strain from which the
antigen gene was obtained. Therefore, this invention provides DNA
constructs encoding viral proteins of the human influenza virus
nucleoprotein (NP), hemagglutinin (HA), neuraminidase (NM), matrix
(M), nonstructural (NS), polymerase (PB1 and PB2= basic polymerases

15

20

25

30



Generation of Hunoral |nmune Responses in Mce GVI H

# doses, dose ([err]Q) 1 2

75 5~ 106 260 HA DNA (10) SMPEA%M:?!}@QQ % 86 25
HA (1) <10[err] 13 24 HA DNA (0.1)

<10[err] <10[err] <10[err] Control DI\IA (100§ APR T3D[ er 1]
<l10[err] <10[err] uninjected <10[err] BO Table
13-1: Fenmal e BALB/c mice (4-6 weeks) were9injectjed Wt h A PR 34 HA DNA
(V1JHA) at the indicated doses either once, tw ge _qr
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1 and 2; PA= acidic polymerase) or any of the other influenza genes
which encode products which generate specific CTLs.

The influenza virus has a ribonucleic acid (RNA) genome,
consisting of multiple RNA segments. Each RNA encodes at least one
gene product. The NP gene product binds to RNA and translocates
viral RNA into the nucleus of the infected cell. The sequence is
conserved, with only about 7% divergence in the amino acid sequence
having arisen over a period of 50 years. The P gene products (PB1,
PB2, PA) are responsible for synthesizing new viral RNAs. These
genes are even more highly conserved than the NP gene. HA is the
major viral envelope gene product. It is less highly conserved than NP.
It binds a cellular receptor and is therefore instrumental in the initiation
of new influenza infections. The major neutralizing antibody response
is directed against this gene product. A substantial cytotoxic T
Ilymphocyte response is also directed against this protein. Current
vaccines against human influenza virus incorporate three strains of
influenza virus or their HA proteins. However, due to the variability in
the protein sequence of HA in different strains, the vaccine must
constantly be tailored to the strains which are current in causing
pathology. However, HA does have some conserved elements for the
generation of CTLs, if properly presented. The NS1 and NS2 gene
products have incompletely characterized biological functions, but may
be significant in production of protective CTL responses. Finally, the
M1 and M2 gene products, which are slightly more conserved than in
HA, induce a major CTL response. The M1 protein is a very abundant
viral gene product.

The protective efficacy of DNA vaccination against
subsequent viral challenge is demonstrated by immunization with non-
replicating plasmid DNA encoding one or more of the above mentioned
viral proteins. This is advantageous since no infectious agent is
involved, no assembly of virus particles is required, and determinant
selection is permitted. Furthermore, because the sequence of
nucleoprotein and several of the other viral gene products is conserved
among various strains of influenza, protection against subsequent



three tines at three week intervals. Negative controls I ncl uded m ce
I njected with control DNA consisting of the vect frbheu ne insert
- 70 - #V1J) and naive, uninjected mce. Serum g&ipl ' ] ted at
seven/weeks post-dose one and anal yzed for the pr sen"é“of—heﬁ utination
inhibition (H) antibodies. The data.is representedmg mean H
titer where n=10. a sone of the mce tested posit ve . b all of
the mice. 10 In every nouse tested, the Hesenge '
correl ated

challenge by a virulent strain of influenza virus that is homologous to or
heterologous to the strain from which the cloned gene is obtained is
enabled.

SUMMARY OF THE INVENTION

DNA constructs capable of being expressed upon direct
introduction, via injection or otherwise, into animal tissues, are novel
prophylactic pharmaceuticals. They induce cytotoxic T lymphocytes
(CTLs) specific for viral antigens which respond to different strains of
virus, in contrast to antibodies which are generally strain-specific. The
generation of such CTLs in vivo usually requires endogenous expression
of the antigen, as in the case of virus infection. To generate a viral
antigen for presentation to the immune system, without the limitations
of direct peptide delivery or the use of viral vectors, plasmid DNA
encoding human influenza virus proteins was injected into the -
quadriceps of BALB/c mice, this resulted in the generation of influenza
virus-specific CTLs and protection from subsequent challenge with a
heterologous strain of influenza virus, as measured by decreased viral
lung titers, inhibition of weight loss, and-increased survival. High titer
neutralizing antibodies to hemagglutinin and antibodies to nucleoprotein
were generated in rhesus monkeys, and decreased nasal virus titers were
observed following homologous and heterologous challenge in ferrets.
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Key observations relating to our invention include:

1) Demonstration of efficacy. Heterologous protection is seen following
immunization with nucleoprotein (NP) DNA as measured by increased
survival, decreased viral lung titers, and inhibition of weight loss in
mice challenged with a strain of influenza different from the source
strain for the NP gene. In this case, the surface proteins of the two
strains were quite different (HIN1 vs. H3N2), and the challenge strain
arose 34 years after the initial strain. Immunization of ferrets with NP
DNA and matrix (M1) DNA, either separately, together, or in
conjunction with HA DNA, provided protection (decreased nasal virus
shedding) against challenge with a drifted strain (a clinical isolate).
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the Beijing/89 proteins, and HA DNA encoding either the Beijing/89 or
the Hawaii/91 HA) was greater against a drifted strain (Georgia/93) in
ferrets than that afforded by the licensed vaccine (containing
Beijing/89). The cocktail containing the HA DNA from Hawaii/91
appeared to be slightly more efficacious than the cocktail containing the
HA DNA from Beijing/89. The protection seen with the cocktail
including the HA DNA for Hawaii/91 resulted in protection identical to
the protection seen with the homologous HA DNA (Georgia/93),
whereas the cocktail with the HA DNA for Beijing/89 was different
from the homologous protection, although it still was significantly
better than the licensed product. HI antibody was generated in all
species tested including mice, ferrets, Rhesus monkeys, and African
green monkeys.

2) Persistence. In studies using a DNA encoding a reporter gene, the
presence of DNA and protein expression persisted for at least 1.5 years
(the longest time tested in mice; Wolff et al., Human Mol. Genet.,
1992). Thus, if the influenza gene products also are expressed
persistently, the resulting immune response also should persist. The
antibodies and CTL (Yankauckas et al., DNA & Cell Biol., 1993), and
homologous protective immunity (MRL data) generated by influenza
DNA injection have been shown to persist for over one year in mice.
Antibodies have been shown to persist in Rhesus monkeys for at least
one year so far. Duration of CTL responses and heterologous
protection (increased survival) persists to 6 months (the longest time
point tested thus far). A slight decline in the degree of heterologous
protection occurred, but the protection is boostable.

3) Dose ranging. Dosage studies have been performed in Rhesus
monkeys showing that 100 pg of HA DNA given twice resulted in good
titers of HI antibody that have persisted to one year so far. The
generation of protection (increased survival following heterologous
challenge) in mice was seen with doses as low as 6 ug (given 3 times)



able to generate HA anti bodies after injection of HA DNA at doses 25 as | ow
as 1 [err]g (the | owest dose tested), albeit lower in titer than in the

younges m ce (Table 13-11): 30 -71 - Table 13pE; TREENTO g’@p on
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and with a single injection of 200 pg, but in general an increased
number of injections (up to 3) improved the degree of protection.
Primate studies revealed that 2 injections of 10 or 100 ug of DNA

-encoding 3 HAs and NP and M1 (the latter encoding the H3N2

Beijing/89 genes) resulted in HI antibody titers quite similar to those
generated by the licensed vaccine. It is important to remember that all
of the animals studied are naive to influenza, whereas the-target clinical
population (older individuals) are all experienced to flu. (Recall that
children under 9 are given 2 injections of the licensed vaccine.)

BRIEF DESCRIPTION OF THE FIGURES

- Fig. 1. Detection of NP plasmid DNA in muscle by PCR. Mice were

injected three times, at three week intervals, with RSV-NP DNA or
blank vector (100 pg/leg) into both quadriceps muscles of BALB/c
mice, followed by influenza infection. The muscles were removed 4
weeks after the final injection and immediately frozen in liquid
nitrogen. They were then pulverized in lysis buffer (25SmM Tris-
H3PO4 pH8, 2mM trans-1:2-diaminocyclohexan-tetra-acetic acid
(CDTA), 2mM DTT, 10% glycerol, 1% Triton X-100) in a MIKRO-
DISMEMBRATOR™ (B. Braun Instruments), and high molecular
weight DNA was extracted by phenol/chloroform and ethanol
precipitation. A 40 cycle PCR reaction (PCR was performed as per
instructions in Perkin Elmer Cetus GENEAMP™ kit) was performed to
detect the presence of NP plasmid DNA in muscle. A 772 base-pair
PCR product (see arrowhead), which spans from the CMV promoter .
through most of the 5' portion of the inserted NP gene was generated
from an 18 base long sense oligonucleotide which primed in the
promoter region, (GTGTGCACCTCAAGCTGG, SEQ. ID:1:) and a 23
base long oligonucleotide antisense primer in the of the §' portion of the
inserted NP sequence (CCCTTTGAGAATGTTGCACATTC, SEQ.
ID:2:). The 772 bp product is seen on an ethidium bromide-stained
agarose gel in selected NP DNA-injected muscle samples but not in the
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identification number and right or left leg.

Fig. 2. Production of NP antibodies in mice injected with NP DNA.
Mice were injected with 100 pg V1-NP DNA in each leg at 0, 3 and 6
weeks, and blood was drawn on 0, 2, 5 and 8 weeks. The presence of
anti-NP IgG in the serum was assayed by an ELISA (7. J. Donnelly et
al., J. Immunol. 145, 3071 (1990)), with NP purified from insect cells
that had been transfected with a baculovirus expression vector. The
results are plotted as mean log]10 ELISA titer + SEM (n=10) against
time after the first injection of NP DNA. Mice immunized with blank
vector generated no detectable NP antibodies.

10

Fig. 3. Percent specific lysis, determined in a 4-hour 31Cr release
assay, for CTLs obtained from mice immunized with DNA. Mice were
immunized with 400 pg V1-NP DNA (solid circles) or blank vector
(solid squares) and sacrificed 3-4 weeks later. Negative control CTL
were obtained from a naive mouse (open triangles) and positive controls
from a mouse that had recovered from infection with A/HK/68 four
weeks previously (solid triangles). Graphs depict data from
representative individual mice. At least eight individuals were studied
for each set of conditions. Panel A: Spleen cells restimulated with
NP147-155-pulsed autologous spleen cells and assayed against NP147-
155-pulsed P81S5 cells. Panel B: Spleen cells restimulated with NP147-
155-pulsed autologous spleen cells and assayed against P815 targets
infected with influenza AfVictoria/73 (H3N2) for 6 hours before
addition of CTL. Panel C: Spleen cells restimulated with Con A and
IL-2 without additional antigen and assayed against P815 cells pulsed
with NP147-155. Panel D; Mice were injected with 200 ug per
injection of V1-NP DNA or blank vector three times at three week
intervals. Spleens were harvested 4 weeks after the last immunization,
spleen cells were cultured with IL-2 and Con A for 7 days, and CTL
were assayed against P815 target cells infected with A/Victoria/73.
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Fig. 4. Mass loss (in grams) and recovery in DNA-immunized mice
after unanesthetized intranasal challenge with 104 TCID50 of A/HK/68.
Mice were immunized three times at 3-week intervals with V1-NP DNA

“or blank vector, or were not injected, and were challenged 3 weeks

after the last immunization. Weights for groups of 10 mice were
determined at the time of challenge and daily from day 4 for NP DNA-
injected mice (solid circles), blank vector controls (open triangles), and
uninjected controls (open circles). Shown are mean weights = SEM.
NP DNA-injected mice displayed significantly less weight loss on day 8
through 13 than blank vector-injected (p<0.005) and uninjected mice
(p<0.01), as analyzed by the t-test. No significant difference was noted
between the two controls (p=0.8 by the t-test).

Fig. 5. Survival of DNA immunized mice after intranasal challenge
(under anesthesia) with 102-3 TCID50 of A/HK/68. Mice immunized
three times at three week intervals with V1-NP DNA (closed circles) or
blank vector (open circles) and uninjected controls (open triangles)
were challenged three weeks after the final immunization. Percent
survival is shown for groups of 9 or 10 mice. Survival of NP DNA-
injected mice was significantly greater than controls (p=0.0004 by Chi-
square analysis), while no significant difference was seen between blank
vector-injected and uninjected mice (p=0.17 by Chi-square analysis). .

Fig. 6. Sequence of the expression vector V1J, SEQ.ID:10:.
Fig. 7. Sequence of the expression vector V1Jneo, SEQ. ID:18:.

Fig. 8. Sequence of the CMVintA-BGH promoter-terminator
sequence, SEQ. ID:11.

Fig. 9. Monkey anti-NP antibody



-72 - which based on studies of others using calorie-restricted diets in
m ce could have had a detrinental effect on the_i mune responses of these

animals; For this and ot her reasons, the imune pese mce nmay
not @e/represent ative. Nevertheless, age (up tg @mgﬁ 4?13) does
not appear to have significantly reduced t he ali lji ié of po ugl eot i de
vacci nation to induce hunoral imune responses,j av pf§ as | ow as
1 [err]g. b) Ferrets: Hunmoral inmmune resddnses jhgve been generpatpd in’

ferrets injected with HA DNA fromthe A/ PR/ 34, |A/'Bei|ing/ 8y, Hawai i / 91
and A/ CGeorgi a/93 strains of influenza virus. Hl.antibodies agai nst A/ PR/ 34

and ELI SA ant (0% §S Ferret hemagglutination inhibition, with the dotted line
indicating the minimal protective antibody titer, and the average value
being denoted with a circle having a line through it.

Fig. 11. IgG Anti-NP antibody in ferrets after DNA immunization.

Fig. 12. Influenza virus shedding in ferrets with and without DNA
immunization.

‘ Fig. 13. Diagram of pRSV-PR-NP and VI-NP vectors. X denotes the
10 inserted coding region.

Fig. 14. Schematic of influenza proteins and strains.

s Fig. 15. Schematic of injected DNA processing_inside a cell.
Fig. 16. Resistence of ferrets to influenza A/RP/8/34 induced by

immunization with HA and internal protein genes.

»0 Fig.17. Schematic of V1Jns vector.

Fig. 18. African green monkeys were injected with a cocktail of
DNAs consisting of HA DNA (A/Beijing/89, B/Panama/90,
A/Texas/91), NP DNA (A/PR/34) and M1 DNA (A/PR/34). Each
component was either 10 pg (solid squares) or 100 pg (solid circles)
administered twice with a six week interval (see arrows). For
comparison, other animals were injected with licensed subvirion (open
squares) and whole virion (open circles) vaccines at the full human dose
(45 pg protein equivalent; 15 pg per HA). Serum samples were
collected every two weeks for 18 weeks and analyzed for HI titer
against A/Beijing/89 HA. Data is represented as geometric mean HI
titer + SEM where n=3.
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agai nst HAs from the.other strains were elicited by the appropriate PNV.

Sera fromferrets WW@@ENT‘SF% ei jing/ 89, A/ Hawaii/91, and A/ Georgial/93
HA DNAs are foundjt g~have—H-—anttbqdi es and neutralizing antibodi es, since

thege ani mal s wer ¢ h i rus chal | enge. c¢) Non-Human Primates:
(Se@‘gr so Exanpl ej10 ii)gégg‘ig%zesu nonkeys were imuni zed twice with HA
DNA (A/ PR/ 34) at doses .af. .10, 104, jand 1000 [err]g per leg. H titers of up
to 320 were neasutted in animals that had Igecei ved 100 or 1000 [err]g doses,
and one of the t\/\o—-]:e-—{-er—f-]—g—dﬁ&e—jvnkeys had an H of 80. So far, sera
have been assayed out to 13 nonths; H titers did not decline 25
appreciably fr mant Table 13-111): 30 .« .

y F?g 18 Female ﬁKL(B ¢ mice ?4-& \x)eekgs were injected with A/PR/34
NP DNA (200 pg) three times with three week intervals. Negative
controls included mice injected with control DNA (200 pg),
recombinant NP protein (10 ug), and naive, uninjected mice (mock).
For comparison, mice infected with influenza virus A/HK/68 (flu) were
also tested. CTL were obtained 6 months post-dose one and
restimulated iz vitro with virus-infected, syngeneic spleen cells and
tested against NP peptide-pulsed P815 cells at an effector:target ratio of
10:1. Data represent % specific lysis +sd, where n=3.

v

10 Fig. 20. C3H/HeN mice were injected with normal C2C12 myoblasts

(1 X 107 cells), recombinant NP protein (2 pg), or NP-transfected
myoblasts (1 X 107 cells). This amount of NP protein (2 jig) was
sufficient to generate antibody responses and was equivalent to
approximately 100 times the amount of NP present in the transplanted
NP-transfected myoblasts. CTL were prepared from these mice six
weeks after treatment and restimulated in vitro with influenza virus-
infected syngeneic spleen cells. As a positive control, CTL were
prepared from mice that had been infected with influenza virus.
AJHK/68. Untreated (solid bars), influenza virus A/Victoria/73-infected
(striped bars) and NP-transfected myoblasts (stippled bars) were used as
target cells at an effector:target ratio of 25:1. Data are presented as %
specific lysis + sd, where n=3. |
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Fig. 21. Four week old female BALB/c mice were immunized
intramuscularly with 200 pg of NP DNA 3 times at 3 week intervals.
Mice were challenged 3 weeks after the third immunization with 300
TCID50 of A/HK/68 administered under anesthesia (total respiratory
tract challenge). The proportion of surviving mice (10 mice/group) is
plotted versus time after challenge.
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Fig. 22. Four week old female BALB/c mice were immunized
intramuscularly with 100 pg of NP DNA 3 times at 3 week intervals.
Mice were challenged 3 weeks after the third immunization with 300
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TCID50 of A/HK/68 administered under anesthesia (total respiratory
tract challenge). Mice were weighed daily and the proportion of the
initial weight was calculated for each surviving mouse. Mean percent of

" initial weights are plotted + SEM versus time after challenge.

Fig. 23. Four week old female BALB/c mice were immunized
intramuscularly with 200 pg of NP DNA 3 times at 3 week intervals.
Mice were challenged 3 weeks after the third immunization with 2000
TCID50 of A/HK/68 administered without anesthesia (upper respiratory
tract challenge). Mice were euthanized 7 days after challenge, the lungs
were removed and homogenized, and viral titers were determined by
serial titration on MDCK cells.

Fig. 24. Four week old female BALB/c mice were immunized
intramuscularly with 6.25, 25, 100, or 200 pg of NP DNA 3 times at 3
week intervals. Mice were challenged 3 weeks after the third
immunization with 300 TCID50 of A/HK/68 administered under
anesthesia (total respiratory tract challenge). The proportion of
surviving mice (10 mice/group) is plotted versus time after challenge.

Fig. 25. Four week old female BALB/c mice were immunized i.m. 3
times at 3 week intervals with 200 pg of A/PR/34 NP DNA, control
DNA, or sham injected. Mice were then challenged with 300 TCID50
of A/HK/68 under anesthesia 6, 12, and 25 weeks following the third
injection of DNA. Selected mice were reimmunized with 200 pg of NP
DNA at week 22 and then challenged at week 25 ("Reboost™). Mean
weights are shown as a percentage of the initial total weight for each
group. The control weight shown is the mean of the weights of all of
the control groups from the 6, 12, and 25 week challenges, a total of 6
groups that received control DNA or were sham injected. Groups
initially contained 10 animals each; mice were excluded from further
weight analysis after death,
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Table 13-11F: Rhesus nonkeys (both nmale and female) ranging in size 15
from4.3 to 8., | with A/PR/ 34 HA DNA (V1JHA) at the

i ndi catied doséiﬁ :A@WS%EE . Serum sanpl es were col lected at the

indj,ﬁcj%ed timgs [post-dose one]and anal yzed for H titer. The data represent
H titers for | ndi gl—ﬂg@? gy mal $. 20 In African green nonkeys injected with
a conbi nation P ontaining 100 [err]g HA DNA (A/Beijing/89), evaluation

of sera 4-6 weeki _ showed a GV of 29 (8/9 responding):. -This
conpares favorjably with responsg¢s to both licensed subvirion 25 vaccine
(GMr of 16,5/6 I censed whol e virion vaccine (GVI=36, 6/6

LE P na): Frige H6s At 35 B reek ol e Hirefs Wers SnMoRled 18l °°* ©f
with 1 mg of DNA encoding the NP from A/Beijing/89, 1 mg of DNA -

encoding the M1 from A/Beijing/89, or 1 mg of each DNA combined,

on days 0 and 42. Control ferrets received noncoding DNA or a full
human dose (15 pg/strain) of the licensed whole virus influenza vaccine
'(92-93 formulation) containing A/Beijing/89 on days 0 and 42. Ferrets
were challenged with A/Georgia/93 on day 56. Viral shedding in nasal
washes was determined as described above. Viral shedding on days 3-5
was compared with shedding in ferrets given control DNA by a two-

way analysis of variance. Shedding in ferrets given NP DNA, M1

DNA, or NP+M1 DNA was significantly lower (p<0.0001, 0.0016, and
<0.0001, respectively) than shedding in control ferrets. Shedding in
ferrets given NP (data not shown), M1, or NP+M1 was not significantly
_different from shedding in ferrets given the licensed vaccine (p=0.104,
0.533, and 0.145, respectively). The immunization dose of 1 mg was
chosen arbitrarily; dose-ranging studies were conducted in nonhuman
primates.
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Fig. 27. Groups of 8 male 22-25 week old ferrets were immunized
intramuscularly with control DNA, salin¢, or DNA encoding influenza
A/PR/8/34 proteins on days 0, 21, and 121, and were challenged
intranasally with 200 TCID50 of A/PR/8/34 on day 148. Immunized
animals received 1 mg of NP DNA, or 2 mg of NP, NS1, PB1, PB2,
and M1 DNA combined (400 ug each construct). Controls received 0.5
ml/leg of saline or 1 mg of control DNA. For purposes of analysis, the
groups that received saline and control DNA were combined (Control),
as were the groups that received NP DNA alone or in combination with
other internal protein genes (Internal). The graph shows the nasal wash
infectivity titers in TCID50 per 50 i of a 3 ml volume of nasal wash
fluid. Undiluted wash fluid (the lowest dilution tested) was assumed to
be a 1:10 dilution of the original nasal exudate and a positive undiluted
sample was assigned a value of 1 log. Titers above 1 log were assigned
on the basis of Reed-Muench interpolation among three replicates to
yield a 50% infectivity endpoint. Samples that were negative when
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in aninmals receiving a 10-[err]g dose of HA DNA (GMI of 1.9 after 1 dose
and 199 after twa.doses). Licensed whole virion vaccine 30 denonstrated a
sim | ar;boostingHy STEas—Hl titers produced by the second dose of
subw_rj on vacci : Origient. To date, simlar |evels of H

ant i bodi es have jb en rreasure outjto.18 weeks in animals inmunized with
both 10 [err]g & G’éfé‘ir‘@gj dbses of HA DNA conpared to the best |icensed
-74- vacci ne (whole VII’I on). These resul-tE) denmonstrate that the PNV was as
| east as effective in gene g fneutralizing antibodi es as

tested undiluted were assigned a value of O logs. Values for p shown on
the graph are computed for immunized ferrets vs controls on the
indicated days by the T-test for two means. Values for p for the entire
‘curves were computed by two-way analysis of variance and were
<0.0001 for NP vs control and <0.001 for the combined DNAs vs
control. |

Fig. 28. Survival of mice immunized with DNA and then challenged
with influenza virus. Mice were injected i.m. with 200 ug of DNA
encoding the HA from A/PR/34 or control (noncoding) DNA, three
times at three week intervals. Three weeks after the final immunization
mice were given total respiratory tract challenge (by intranasal
instillation under anesthesia) with 1000 TCID50 of A/PR/34. Data are
plotted as % survival versus time after challenge (0=9 or 10 mice per

group).
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Fig. 29. Weight loss in mice immunized with DNA and then
challenged with influenza virus. Mice were injected i.m. with 200 pg of
DNA encoding the HA from A/PR/34 or control (noncoding) DNA,
three times at three week intervals. Three weeks after the final
immunization mice were given total respiratory tract challenge (by
intranasal instillation under anesthesia) with 1000 TCID50 of A/PR/34.
Data are plotted as % of initial weight for each individual animal,
averaged for each group, versus time. (Dead animals are excluded

from the mean.)
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Fig. 30. Survival of mice immunized with DNA and then challenged
with influenza virus. Mice were injected i.m. with 1, 10, or 100 ug of
DNA encoding the HA from A/PR/34 or control (noncoding) DNA,
three times at three week intervals. Three weeks after the final
immunization mice were given total respiratory tract challenge (by
intranasal instillation under anesthesia) with 1000 TCID50 of A/PR/34.
Data are plotted as % survival versus time after challenge (n=9 or 10

" mice per group).
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Fig. 31. Groups of 8 male 22-25 week old ferrets were immunized
intramuscularly with control DNA, saline, or DNA encoding influenza
A/PR/34 proteins on days 0, 21, and 121, and were challenged
intranasally with 200 TCID50 of A/PR/34 on day 148. Immunized
animals received 1 mg of HA DNA, or 2 mg of HA, NP, NS1, PB1,
PB2, and M1 DNA combined (330 ug each construct). Controls
received 0.5 ml/leg of saline or 1 mg of control DNA. For purposes of
analysis, the groups that received saline and control DNA were
combined (Control), as were the groups that received HA DNA alone or
in combination with other internal protein genes (HA, HA-+Intemal).
The graph shows the nasal wash infectivity titers in TCID50 per 50 gl
of a 3 ml volume of nasal wash fluid. Undiluted wash fluid (the lowest
dilution tested) was assumed to be a 1:10 dilution of the original nasal
exudate and a positive undiluted sample was assigned a value of 1 log.
Titers above 1 log were assigned on the basis of Reed-Muench
interpolation among three replicates to yield a 50% infectivity endpoint.
Samples that were negative when tested undiluted were assigned a value
of 0 logs. Values for p for the entire curves were comptited by two-
way analysis of variance and were <0.0001 for HA vs control and
<0.0001 for the combined DNAs vs control.

Fig. 32. Adult (22-28 week old) male ferrets were immunized i.m.
with 1 mg of DNA encoding the HA from A/Georgia/93, on days 0 and
42. Control ferrets received noncoding DNA or a full human dose (15
Jg/strain) of the licensed whole virus influenza vaccine (92-93
formulation) containing A/Beijing/89 on days 0 and 42. Ferrets were
challenged with A/Georgia/93 on day 56. Viral shedding in nasal
washes was determined as described above. Viral shedding on days 1-6
was compared with shedding in ferrets given control DNA by a two-
way analysis of variance. Shedding in ferrets given HA DNA was
significantly lower (p<0.0001) than shedding in control ferrets.
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with 1 mg of DNA encoding the HA from A/Hawaii/91 or A/Beijing/89
(data not shown), on days 0 and 42. Control ferrets received noncoding

"DNA or a full human dose (15 pg/strain) of the licensed whole virus

influenza vaccine (92-93 formulation) containing A/Beijing/89 on days
0 and 42. Ferrets were challenged with A/Georgia/93 on day 56. Viral
shedding in nasal washes was determined as described above. Viral
shedding on days 1-6 was compared with shedding in ferrets given
control DNA by a two-way analysis of variance. Shedding in ferrets
given A/Hawaii/91 HA DNA was significantly lower (p<0.0001) than
shedding in control ferrets. Shedding in ferrets given A/Hawaii/91 HA
DNA was significantly less than shedding in ferrets given licensed
product (p=0.021 for A/Hawaii/91 HA DNA; two-way ANOVA for
days 1-6); shedding in ferrets given A/Beijing/89 HA DNA (data not
shown) was not significantly different from shedding in ferrets given
licensed product (p=0.058; two-way ANOVA for days 1-6).

Fig. 34. Adult (22-28 week old) male ferrets were immunized i.m.
with 1 mg of DNA encoding the HA from A/Hawaii/91 (see Figure 13),
or with 330 pg each of DNAs encoding the HA from A/Hawaii/f91, and
the NP and M1 from A/Beijing/89, on days 0 and 42. Control ferrets
received noncoding DNA or a full human dose (15 pg/strain) of the
licensed whole virus influenza vaccine (92-93 formulation) containing
A/Beijing/89 on days 0 and 42. Ferrets were challenged with
A/Georgia/93 on day 56. Viral shedding in nasal washes was
determined as described above. Viral shedding on days 1-6 was
compared with shedding in ferrets given control DNA by a two-way
analysis of variance. Shedding in ferrets given HA+NP+M1 DNA was
significantly lower than shedding in ferrets given licensed vaccine
(p<0.0001) or HA DNA alone (p=0.0053).

Fig. 35. Adult (22-28 week old) male ferrets were immunized i.m.
with 1 mg of DNA encoding the HA from A/Georgia/93, or with 330
ug each of DNAs encoding the HA from A/Hawaii/91, and the NP and
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M1 from A/Beijing/89, on days O and 42. Control ferrets received
noncoding DNA or a full human dose (15 pg/strain) of the licensed
whole virus influenza vaccine (92-93 formulation) containing
A/Beijing/89 on days 0 and 42. Ferrets were challenged with
A/Georgia/93 on day 56. Viral shedding in nasal washes was
determined as described above. Viral shedding on days 1-6 was
compared with shedding in ferrets given control DNA by a two-way
analysis of variance. Shedding in ferrets given HA+NP+M1 DNA was
not significantly different from virus shedding in ferrets given the

1o homologous HA DNA (p=0.064).

DETAILED DESCRIPTION OF THE INVENTION

This invention provides nucleic acid pharmaceuticals
which, when directly introduced into an animal, including vertebrates,
such as mammals and humans, induce the expression of encoded
proteins within the animal. Where the protein is one which does not
normally occur in that animal except in pathological conditions, such as
proteins associated with influenza virus, for example but not limited to
the influenza nucleoprotein, neuraminidase, hemagglutlmn, polymerase,
matrix or nonstructural proteins, the animals’ immune system is
activated to launch a protective response. Because these exogenous
proteins are produced by the animals’ own tissues, the expressed
proteins are processed and presented by the major histocompatibility
complex, MHC. This recognition is analogous to that which occurs
-upon actual infection with the related organism. The result, as shown in
this disclosure, is induction of immune responses which protect against
virulent infection.

This invention provides nucleic acids which, when
introduced into animal tissues in vivo, by injection, inhalation, or
impression by an analogous mechanism (see BACKGROUND OF THE
INVENTION above), the expression of the human influenza virus gene
product occurs. Thus, for example, injection of DNA constructs of this
invention into the muscle of mice, induces expression of the encoded
gene products. Likewise, in ferrets and rhesus monkeys. Upon
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_ n o a_|limtled survey2®f the tissues capable of 15
i nternalizing naked plasn1o DNA ading to protein expression in situ
denonstrated tha esjcan express reporter genes when the

o ficiently ¢ bseEHtTatehee WithyigeeE R s Rty UsAEE UBbesthiitt o by
non- nuscl e celyriferimbyrkill oonfro] animais antmals m]ected with the polynucleotide
vaccine exhibit much reduced morbidity and mortality. Thus, this
‘invention discloses a vaccine useful in humans to prevent influenza virus
infections.

'We have shown that DNA constructs encoding influenza
viral proteins elicit protective immune responses in animals. As will be
described in more detail below, immune responses in animals have
included antibody and CTL generation in mice, antibody generation in
ferrets and primates, and protection from viral challenge in mice and
ferrets with homologous, drifted and shifted strains of influenza.
Perhaps the most striking result of immunization with DNA encoding
viral proteins was the ability to confer protection against distinct
subtypes of virus. This suggests that adding a CTL-eliciting component
to a vaccine should serve to mitigate the impact of new variants which
arise in mid-season or are unanticipated when the vaccine strains are
chosen each year for the following year. Importantly, immunization
with cDNA vectors encoding an HA, NP and M1 gene was able to
protect more effectively against a drifted strain of virus in ferrets than
was the licensed vaccine. This provides a justification for the use of
constructs encoding internal genes in the PNV.

In one embodiment, the vaccine product will consist of
separate DNA plasmids encoding, for example, HA from the 3 prevalent
clinical strains representing A/HIN1 (A/Texas/91), A/H3N2
(A/Georgia/93), and B (B/Panama/90) viruses as well as DNA
constructs encoding the internal conserved proteins NP and M1 (matrix)
from both A (Beijing/89; H3N2) and B strains in order to provide
group-common protection against drifted and shifted antigens. The HA
DNAs will function by generating HA and resulting neutralizing
antibodies against HA. This will be type-specific, with some increased
breadth of protection against a drifted strain compared to the current
licensed, protein-based vaccine. The NP and M1 constructs will result
in the generation of CTL which will provide cross-strain protection
with potentially lower viral loads and with acceleration of recovery
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vivo (Figure Zgpisoniilk &ﬁipf@ll&%mfgemnoim@érated form in the muscle cells) is
expected to provide an increased duration of protection compared to the
current vaccine.

The anticipated advantages over the current, licensed
vaccines include: increased breadth of protection due to CTL responses
+ increased breadth of antibody, and increased duration of protection.
The PNV approach avoids the need to make, select and propagate
reassortants as is done for the current licensed vaccine since a new DNA
construct can be made more directly from a clinical field isolate.

~ In one embodiment of the invention, the human influenza
virus nucleoprotein, NP, sequence, obtained from the A/PR/8/34 strain,
is cloned info an expression vector. The vector contains a promoter for
RNA polymerase transcription, and a transcriptional terminator at the
end of the NP coding sequence. In one preferred embodiment, the
promoter is the Rous sarcoma virus (RSV) long terminal repeat (LTR)
which is a strong transcriptional promoter. A more preferred
promoter is the cytomegalovirus promoter with the intron A sequence
(CMV-intA). A preferred transcriptional terminator is the bovine
growth hormone terminator. The combination of CMVintA-BGH
terminator is particularly preferred. In addition, to assist in
preparation of the pharmaceutical, an antibiotic resistance marker is
also preferably included in the expression vector. Ampicillin resistence
genes, neomycin resistance genes or any other pharmaceutically
acceptable antibiotic resistance marker may be used. In a preferred
embodiment of this invention, the antibiotic resistence gene encodes a
gene product for neomycin resistence. Further, to aid in the high level
production of the pharmaceutical by fermentation in prokaryotic
organisms, it is advantageous for the vector to contain an origin of
replication and be of high copy number. Any of a number of
commercially available prokaryotic cloning vectors provide these
benefits. In a preferred embodiment of this invention, these
functionalities are provided by the commercially available vectors
known as pUC. It is desirable to remove non-essential DNA sequences.
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Thus, the lacZ and lacl coding sequences of pUC are removed in one
embodiment of the invention.
In one embodiment, the expression vector pnRSV is used,
“wherein the rous sarcoma virus (RSV) long terminal repeat (LTR) is
used as the promoter. In another embodiment, V1, a mutated pBR322
vector into which the CMV promoter and the BGH transcriptional
terminator were cloned is used. The VI-NP construct was used to
immunize mice and induce CTLs which protect against heterologous
challenge. In a particularly preferred embodiment of this invention, the
elements of V1 have been been combined to produce an expression
vector named V1J. Into V1J is cloned an influenza virus gene, such as
an A/PR/8/34 NP, PB1, NS1, HA, PB2, or M1 gene. In yet another
emobodiment, the ampicillin resistance gene is removed from V1J and
replaced with a neomycin resistance gene, to generate V1J-neo
(SEQ.ID:18:, Figure 7), into which any of a number of different
influenza virus genes have been cloned for use according to this
invention. In yet another embodiment, the vector is V1Jns, which is the
same as V1J except that a unique Sfil restriction site has been
engineered into the single Kpn1 site at position 2114 of V1J-neo. The
incidence of Sfil sites in human genomic DNA is very low
(aproximately 1 site per 100,000 bases). Thus, this vector allows
careful monitoring for expression vector integration into host DNA,
stmply by Sfil digestion of extracted genomic DNA. In a futher
refinement, the vector is VIR. In this vector, as much non-essential
DNA as possible was "trimmed" from the vector to produce a highly
compact vector. This vector is a derivative of V1Jns and is shown in
Figure 36, (SEQ.ID.:45:). This vector allows larger inserts to be used,
with less concemn that undesirable sequences are encoded and optimizes
uptake by cells when the construct encoding specific influenza virus
genes is introduced into surrounding tissue. In figure 36, the portions
of V1Jneo (Figure 7) that are deleted are shown as a gap, and inserted
sequence is in bold text, but the numbering of V1Jneo is unchanged.
The foregoing vector modification and development proceedures may
be accomplished according to methods known by those skilled in the art.
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The particular products described however, though obtained by
conventional means, are epecially useful for the particular purpose to
which they are adapted.

While one embodiment of this invention incorporates the
influenza NP gene from the A/PR/8/34 strain, more preferred
embodiments incorporate an NP gene, an HA gene, an NA gene, a PB
gene, a M gene, or an NS gene from more recent influenza virus
isolates. This is accomplished by preparing DNA copies of the viral
genes and then subcloning the individual genes. Sequences for many
genes of many influenza virus strains are now publicly available on
GENBANK (about 509 such sequences for influenza A genes). Thus,
any of these genes, cloned from the recent Texas, Beijing or Panama
isolates of the virus, which are strains recommended by the Center for
Disease Control as being desirable in anti-influenza vaccines, are
preferred in this invention (see FLU-IMMUNE® influenza virus
vaccine of Lederle, Physicians Desk Reference, 1993, p1232, a trivalent
purified influenza surface antigen vaccine containing the hemagglutinin
protein from A/Texas/36/91, HIN1; A/Beijing/353/89, H3N2; and
B/Panama/45/90). To keep the terminology consistent, the following
convention is followed herein for describing DNA constructs:

"Vector name-flu strain-gene". Thus, a construct wherein the NP gene
of the A/PR/8/34 strain is cloned into the expression vector V1Jneo, the
name it is given herein is: "V1Jneo-PR-NP". Naturally, as the etiologic
strain of the virus changes, the precise gene which is optimal for
incorporation in the pharmaceutical may change. However, as is
demonstrated below, because cytotoxic lymphocyte responses are
induced which are capable of protecting against heterologous strains, the
strain variability is less critical in the novel vaccines of this invention, as
compared with the whole virus or subunit polypeptide based vaccines.
In addition, because the pharmaceutical is easily manipulated to insert a
new gene, this is an adjustment which is easily made by the standard
techniques of molecular biology.

Because the sequence of nucleoprotein is conserved among
various strains of influenza, protection was achieved against subsequent
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the strain from which the gene for nucleoprotein was cloned.
Comparisons of NP from numerous strains of influenza A have shown

‘no significant differences in secondary structure [M. Gammelin et al.,

Virol. 170, 71, 1989] and very few changes in amino acid sequence [O.
T. Gorman et al., J. Virol. 65, 3704, 1991]. Over an approximately 50
year period, NP in human strains evolved at a rate of only 0.66 amino
acid changes per year. Moreover, our results which show that
A/HK/68-specific CTLs recognize target cells pulsed with the synthetic
peptide NP(147-155) derived from the sequence of A/PR8/34 NP
indicate that this H-2Kd-restricted CTL epitope has remained
functionally intact over a 34 year span (see Figure 2). It should be
noted also that where the gene encodes a viral surface antigen, such as
hemagglutinin or even neuraminidase, a significant neutralizing
humoral (antibody) immune response is generated in addition to the
very important cytotoxic lymphocyte response.

The i.m. injection of a DNA expression vector encoding a
conserved, internal protein of influenza A resulted in the generation of
significant protective immunity against subsequent viral challenge. In
patticular, NP-specific antibodies and primary CTLs were produced.
NP DNA immunization resulted in decreased viral lung titers, inhibition
of weight loss, and increased survival, compared to controls. The
protective immune response was not mediated by the NP-specific
antibodies, as demonstrated by the lack of effect of NP antibodies alone
(see Example 4) in combating a virus infection, and was thus likely due
to NP-specific cellular immunity. Moreover, significant levels of
primary CTLs directed against NP were generated. The protection was
against a virulent strain of influenza A that was heterologous to the
strain from which the DNA was cloned. Additionally, the challenge
strain arose more than three decades after the A/PR/8/34 strain,
indicating that immune responses directed against conserved proteins
can be effective despite the antigenic shift and drift of the variable
envelope proteins. Because each of the influenza virus gene products
exhibit some degree of conservation, and because CTLs may be
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generated in response to intracellular expression and MHC processing, it
is predictable that other influenza virus genes will give rise to responses
analogous to that achieved for NP. Methods for identifying
immunogenic epitopes are now well known in the art [see for example
Shirai et al., J. Jmmunol 148:1657-1667, 1992; Choppin et al., 1.
Immunol 147:575-583, 1991; Calin-Laurens, et al., Vaccine 11:974-
978, 1993]. Thus, many of these genes have been cloned, as shown by
the cloned and sequenced junctions in the expression vector (see below)
such that these constructs are prophylactic agents in available form.

Therefore, this invention provides expression vectors
encoding an influenza viral protein as an immunogen. The invention
offers a means to induce cross-strain protective immunity without the
need for self-replicating agents or adjuvants. In addition, immunization
with DNA offers a number of other advantages. First, this approach to
vaccination should be applicable to tumors as well as infectious agents,
since the CD8% CTL response is important for both pathophysiological
processes [K. Tanaka et al., Annu. Rev, Immunol. 6, 359 (1988)}.
Therefore, eliciting an immune response against a protein crucial to the
transformation process may be an effective means of cancer protection
or immunotherapy. Second, the generation of high titer antibodies
against expressed proteins after injection of viral protein (NP and
hemagglutinin) and human growth hormone DNA, [see for example D.-
c. Tang et al., Nature 356, 152, 1992], indicates this is a facile and
highly effective means of making antibody-based vaccines, either
separately or in combination with cytotoxic T-lymphocyte vaccines
targeted towards conserved antigens.

The ease of producing and purifying DNA constructs
compares favorably with traditional protein purification, facilitating the
generation of combination vaccines. Thus, multiple constructs, for
example encoding NP, HA, M1, PB1, NS1, or any other influenza virus
gene may be prepared, mixed and co-administered. Finally, because
protein expression is maintained following DNA injection [H. Lin et al.,
Circulation 82, 2217 (1990); R.N. Kitsis ef al., Proc. Natl. Acad. Sci.
(USA) 88, 4138 (1991); E. Hansen et al., FEBS Lett. 290, 73 (1991);
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-174, 969 (1991); S. Oehen et al., ibid. 176, 1273 (1992)], thereby

engendering long-lived humoral and cell-mediated immunity.

The current limitations of licensed influenza vaccines
emphasize the need for development of more effective means for
prevention of infection and amelioration of disease. The older vaccines
provide limited protection, are effective against only a few, selected
strains of virus, and wane in their efficacy after a short period. Thus,
the current vaccines must be reformulated for yearly inoculation in
order to be effective. Generation of an improved CTL response against
internal proteins would likely provide significant long-term, cross-
reactive immunity not now elicited by licensed vaccine.

We have demonstrated protein expression from PNV
constructs in mice, ferrets, and non-human primates by detection of host
immune response directed against influenza antigens. Injection of mice
with DNA encoding influenza NP has resulted in increased survival,
decreased viral lung titers and less weight loss in comparison with
control animals following challenge with influenza subtypes (shifted
strains) different from that included in the DNA constructs. We have
also observed decreased viral shedding following challenge with shifted
strains in ferrets inoculated with NP DNA. These results indicate that
protection against a2 major shift in influenza strains is aided by a DNA
vaccine that includes genes encoding NP. Injection with HA DNA
followed by challenge of experimental animals with drifted virus strains
resulted in an even more substantial decrease in virus shedding. The
addition of the internal protein DNA slightly augmented the high degree
of protection observed after injection of HA DNA alone.

The immune response to influenza DNA has been followed
in mice for as long as six months after injection, with persistence of
antibodies, CTL activity, and in vivo protection. Repeat injection of
DNA further increased survival following challenge at 25 weeks with an
influenza strain of different subtype and indicated an ability to boost

R ﬁ@?%l téd to 6 nonths, but declined slightly
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DNA, singly or in}comnbination, fron1a strain recently obtained from humans
(A/Beijing/ 89, H3 b =gni ficantly reduced

protective cell-mediated immunity. Antibody persistence has also been
documented for at least one year following two injections of HA DNA,
with persistence for at least nine months following a single injection of
HA DNA in African green monkeys.

The results of these animal experiments indicate that direct
DNA injection provides an improved method for protection of humans
against influenza infection and disease. Of note, experimental protection
by DNA injection was achieved through vaccination of unprimed mice
and ferrets. Adult humans vaccinated with DNA will have previously
been exposed to influenza. These persons will demonstrate an even more
substantial immune response, possibly of increased duration, following
immunization with DNA constructs.

A range of doses is compared for immunogenicity in order

_ to optimize concentrations for use. In small mammal experiments, as
little as 1 ug of NP DNA induced antibody and CTL responses.
Immunization of Rhesus monkeys demonstrated antibody response in 2
of 2 animals with doses of 100 and 1000 ug of HA DNA (A/PR/08/34),
while 1 of 2 animals responded to a single 10 ug injection. In separate
experiments, naive African Green monkeys were injected with a
mixture of five different DNA constructs encoding HA from three virus
subtypes as well as DNA encoding NP and M1 from influenza A virus.
Three of three monkeys in each group responded to vaccines which
included 10 ug or 100 ug of each of the five constructs. Based on these
findings, it is predictable that dosages of 10, 50, 100, and 200 ug of
DNA are efficacious in man.

Prevention of infection by licensed, inactivated, vaccine
correlates with serum and mucosal antibody levels directed against HA
but is not correlated with antibody responses to internal influenza
proteins. Thus, HA must be included in the development of the influenza
DNA vaccine. However, immune response to NP enhances antibody
response to HA, and influenza internal proteins provide a CTL response
cross-reactive with antigenically diverse strains of influenza. As noted
above, animal experimentation has also indicated improved
immunogenicity and protection when injections included DNA
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-78 - viral shedding on days 1-6 upon challenge with a field isolate,
Al Georgi a/ 93 ( This field isolate exhibited antigenic

drift fromthe ﬁBEU\CEMEW gmstral n such that the A/Beijing/89 |icensed
vacci ne offered|l rttte—er—nre p{o ection of humans agai nst di sease caused by

Al Ceorgi a/l 93. Fgriet W@ i th_DNA encoding internal proteins of

Al PR/ 34 exhi bited @Z rieduced nasal viral shedding on days 5 and
6 after infectign \I\IITh t he hormt jpi ¢ st+3lr, A/PR/ 34 (Figure 27).. Reduction
in viral sheddi hg was seen after *A/ Georgi a/ 93 chal | enge at both early and

| ate tinme points; uctlon in shedding was observed after

e £ R oo Bhe R, AR B T S BTER A et
protection Waﬁmﬁﬁmtﬁemmchdg internal proteins would likely enhance the efficacy
of the DNA vaccine in humans. Since dosage levels are likely to be
dependent upon interactions of these components, routine testing will
allow one skilled in the art to determine the amount of DNA in the
vaccine to make a mixture of HA, NP and M1 DNA constructs. Host
response to each of these components can be measured separately, with
comparisons of hemagglutinin inhibition (HI) titers and neutralizing
against the HA components and CTL responses against M1 and NP
epitopes. Results are compared with antibody responses following
injection of constructs which express only HA. These studies allow
evaluation of the potential enhanced response to a vaccine containing
DNA encoding HA as well as internal proteins.

Human efficacy is shown in volunteers who receive
influenza DNA vaccine, followed by an intranasal challenge in order to
show vaccine efficacy against similar virus strains as well as influenza
strains of different subtype. The composition, dosage and administration
regimens for the vaccine are based on the foregoing studies. Clinical
efficacy is shown by infection rate, illness scores, and duration of
illness. These clinical findings are compared with laboratory evaluation
of host immune response and viral shedding in order to determine
surrogate markers which correlate with protection.

The standard techniques of molecular biology for
preparing and purifying DNA constructs enable the preparation of the
DNA therapeutics of this invention. While standard techniques of
molecular biology are therefore sufficient for the production of the
products of this invention, the specific constructs disclosed herein
provide novel therapeutics which surprisingly produce cross-strain
protection, a result heretofore unattainable with standard inactivated
whole virus or subunit protein vaccines.

The amount of expressible DNA to be introduced to a
vaccine recipient will depend on the strength of the transcriptional and
translational promoters used in the DNA construct, and on the
immunogenicity of the expressed gene product. In general, an
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readily in both"mce and ferrets inmunized with HA DNA. a. Mce: BALB/c mce
I mmuni Zed wi th HADNA-CALRRL34)..were 15 fully protected agai nst chal |l enge

with an LDI0 of AlRRPRUCEVENTERE m ce experienced neither death (Figure
28) ,nor | oss of npre-ttan—S5%of—nody weight (Figure 29) after challenge,
whi | e 90-100% of ¢onptr ?l{ggg%il gd jand experienced severe wei ght |oss.
Titration of the dose @ rlequired to achieve protection showed that
three injections of L20 1 [err]g JHA DNA w83 -sufficient to achieve full
protection (Figurg¢ 30). b. Ferrets:} Ferrets that had been i mmuni zed with
DNA t hat coded f or~the-HA-+emAPR 34 had significantly | ower viral

shedi ng o0 bbbty SRR ERTY ST 058 bERDSAER ke

i mmuni zed wi t mgy @ied pyeferably-ubaiAl O1pg teB00 L IS adininisestdirdirevtlyie 1 and
muscle tissue. Subcutaneous injection, intradermal introduction,

impression through the skin, and other modes of administration such as
intraperitoneal, intravenous, or inhalation delivery are also

contemplated. It is also contemplated that booster vaccinations are to be
provided.

The DNA may be naked, that is, unassociated with any
proteins, adjuvants or other agents which impact on the recipients
immune sytem. In this case, it is desirable for the DNA to be in a
physiologically acceptable solution, such as, but not limited to, sterile
saline or sterile buffered saline. Alternatively, the DNA may be
associated with liposomes, such as lecithin liposomes or other liposomes
known in the art, as a DNA-liposome mixture, (see for example
W09324640) or the DNA may be associated with an adjuvant known in
the art to boost immune responses, such as a protein or other carrier.
Agents which assist in the cellular uptake of DNA, such as, but not
limited to, calcium ions, viral proteins and other transfection facilitating
agents may also be used to advantage. These agents are generally '
referred to as transfection facilitating agents and as pharmaceutically
acceptable carriers. As used herein, the term gene refers to a segment
of nucleic acid which encodes a discrete polypeptide. The term
pharmaceutical, and vaccine are used interchangeably to indicate
compositions useful for inducing immune responses. The terms
construct, and plasmid are used interchangeably. The term vector is
used to indicate a DNA into which genes may be cloned for use
according to the method of this invention.

Accordingly, one embodiment of this invention is a method
for using influenza virus genes to induce immune responses in vivo, in a
vertebrate such as a mammal, including a human, which comprises:

a) isolating the gene,
b) linking the gene to regulatory sequences such that the gene is
operatively linked to control sequences which, when introduced into a
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3-7 after homual ogous infection (Figure 32). H antibodi es were present
agai nst the apprﬁate strains in sera fromall of the immunized ferrets
Th ' M

(vi de supra).
protecti on.

ALIED | ith HA DNA produces honol ogous 30
L="‘:ME 18972Y 3. Vacci ne conbi nations: The

ability of HA DNA lto 'ﬁirovi de supetior breadth of protecti on when conbi ned
with NP and M. DNAs WobABR&BSMedl {n ferrets. a. Breadth of protection
agai nst antigenijc {drift variants:t The ant 3§eni c drift that occurred between

the A/Beijing/ 89 and ATBarTMgro2
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living tissue direct the transcription initiation and subsequent translation
of the gene,
c¢) introducing the gene into a living tissue, and

"d) optionally, boosting with additional influenza gene.

A preferred embodiment of this invention is a method for
protecting against heterologous strains of influenza virus. This is
accomplished by administering an immunologically effective amount of
a nucleic acid which encodes a conserved influenza virus epitope. For
example, the entire influenza gene for nucleoprotein provides this
function, and it is contemplated that coding sequences for the other
influenza genes and portions thereof encoding conserved epitopes within
these genes likewise provide cross-strain protection.

In another embodiment of this invention, the DNA vaccine
encodes human influenza virus nucleoprotein, hemagglutinin, matrix,
nonstructural, or polymerase gene product. Specific examples of this
embodiment are provided below wherein the human influenza virus
gene encodes the nucleoprotein, basic polymerasel, nonstructural
proteinl, hemagglutinin, matrix1, basic polymerase2 of human
influenza virus isolate A/PR/8/34, the nucleoprotein of human influenza
virus isolate A/Beijing/353/89, the hemagglutinin gene of human
influenza virus isolate A/Texas/36/91, or the hemagglutinin gene of
human influenza virus isolate B/Panama/46/90.

In specific embodiments of this invention, the DNA
construct encodes an influenza virus gene, wherein the DNA construct is
capable of being expressed upon introduction into animal tissues jn vivo
and generating an immune response against the expressed product of the
encoded influenza gene. Examples of such DNA constructs are:

a) pnRSV-PR-NP,

b) V1-PR-NP,

c) V1J-PR-NP, the 5' end of which is SEQ. ID:12:,
d) V1J-PR-PBI, the 5' end of which is SEQ. ID:13:,
e) V1J-PR-NS, the 5' end of which is SEQ. ID:14:,

f) V1J-PR-HA, the 5' end of which is SEQ. ID:15:,



strains was of suffi -e?eﬁt-—magmw@ie_that many humans i muni zed wth the
| i censed vaccine co ﬁBPIrAwE‘/i N¢ S‘HE@'J I ng/ 89 strain were not protected
agai nst di sease cau< itng/ 92 variant. In North America,

Wi despr ead di sease BEIJ ing/92-1ike field isolates, for
exarrpl e, A Georgial ‘93 ﬁ?%%%‘? Aterji can field isolates are antigenically

simlar to the typefs 1ing/ 92, but differ in their geographic
site of isolation, and in their passdge hB4tory in that they were passaged
in mamrmal i an cel |l cOortoreratter~than in eggs. In terns of the amno acid
sequence of HA, however the A/Beijing/92-1ike 15 strains differed from

155 A28 TR Sl VIR AT ST L G LTS
t herefore soudh) to det &V bI-PR-M3{ the 5 end iofiiwlgichHis Dol i nrune
responses i ndyged by HAP¥hdd BY-NP, the 5' end of which is SEQ. ID:20: and
the 3' end of which is SEQ. ID:21:,
i) V1Jneo-TX-NP, the 5' end of which is SEQ. ID:24 and
the 3' end of which is SEQ. ID:25: and
k) V1Ineo-PA-HA, the 5' end of which is SEQ. ID:26: and
the 3' end of which is SEQ. ID:27:
D V1Ins-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and
the 3' end of which is SEQ. ID:47:,
m) V1lns-TX-HA (A/Texas/36/91), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:48: and
the 3' end of which is SEQ. ID:49:,
" n) V1Ins-PA-HA (B/Panamaf45/90), construct size 6.61 Kb,
the 5' end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,
0) V1Jns-BI-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5' end of which is SEQ.ID:52: and :
the 3' end of which is SEQ. ID:53:,
P) V1Jns-BJ-M1 (A/Beijing/353/89), construct size 5.62 Kb,
the 5' end of which is SEQ.ID:54: and
the 3' end of which is SEQ. ID:55:,
Q) V1ins-PA-NP (B/Panama/45/90), construct size 6.54 Kb,
the 5' end of which is SEQ.ID:56: and
the 3' end of which is SEQ. ID:57:,
r) V1lns-PA-M1 (B/Panama/45/90), construct size 5.61 Kb,
the 5' end of which is SEQ.ID:58: and
the 3' end of which is SEQ. ID:59:..
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invention, without limiting the invention to the specifics of the
examples.



cross-reactive OM responses induced by NP and ML DNA woul d provide a

greater degree of g
| nruni zat i on of fen
strgin, or with HA

this antigenic drift variant.

%‘Eﬁ%km 3 ig/ 89 or a Beijing- 89-like field

i solate (A Hawaii/ 91) uctiton in viral shedding when ferrets were
| B 8

chal  enged with A/ Gec
a conbi nati on PNV gon
virus shedding than ferrets inmunizegd with |icensed product,
al one (Figure 34).°

Al Beijing/89 NP and ML DNAs, the resmction was not significantly
different fromthe maxi mal protectio y the honol ogous

‘Ygur

e A/ Hawaii/ 91 HA DNA conbi ned with

A Geor gi a/ 93 PREBRARATION OB DNANGONSTRUCTS ENCODINGI HITMAN

5
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INFLUENZA VIRUS PROTEINS:

i). pnRSV-PRNP: The A/PR/8/34 NP gene was isolated from pAPR-
501 {J.F. Young et al., in The Origin of Pandemic Influenza Viruses,
W.G. Laver, Ed. (Eisevier Science Publishing Co., Inc., 1983)] as a
1565 base-pair EcoRI fragment, Klenow filled-in and cloned into the
Klenow filled-in and phosphatase-treated Xbal site of pRSV-BL. pRSV-
BL was constructed by first digesting the pBL-CAT?3 [B. Luckow and
G. Schutz, Nuc. Acids Res. 15, 5490 (1987)] vector with Xho I and Nco

1 to remove the CAT coding sequence and Klenow filled-in and self-

ligated. The RSV promoter fragment was isolated as an Nde I and
Asp718 fragment from pRshgmx [V. Giguere et al., Nature 330, 624
(1987)], Klenow filled-in and cloned into the HindIII site of the
intermediate vector generated above (pBL-CAT lacking the CAT

sequence).

i) V1-NP: The expression vector V1 was constructed from pCMVIE-
AKI-DHFR {Y. Whang et al., J. Virol. 61, 1796 (1987)]. The AKI and
DHFR genes were removed by cutting the vector with EcoR I and self-
ligating. This vector does not contain intron A in the CMV promoter,
so it was added as a PCR fragment that had a deleted internal Sac I site
[at 1855 as numbered in B.S. Chapman et al., Nuc. Acids Res. 19, 3979
(1991)]. The template used for the PCR reactions was pCMVintA-Lux,
made by ligating the Hind III and Nbe I fragment from pCMV6a120
[see B.S. Chapman et al., ibid.,] which includes hCMV-IE1
enhancer/promoter and intron A, into the Hind ITII and Xba I sites of
pBL3 to generate pCMVIntBL. The 1881 base pair luciferase gene
fragment (Hind ITI-Sma I Klenow filled-in) from RSV-Lux [J.R. de Wet
et al., Mol. Cell Biol. 7, 725, 1987] was cloned into the Sal I site of
pCMVIntBL, which was Klenow filled-in and phosphatase treated.

The primers that spanned intron A are:

d vaccine containing the A/ Beijing/89

33). Ferrets that were i mmunized with
and 285 -HA DNAs had significantly | ower
or with HA DNA



DNA"s gave inproved protection against an antigenic drift variant conpared
with the |icensed vacci ne. -80 - b. Effect of passage history of the
vacci ne antigen: Ferrets that had been inmmunized with a vacci ne consisting
of the HA DNA sequence derived froma U S. field isolate that had bee
passed in MDCK cells in tissue culture (A/ Hawaii/91) garer=Yy
(p=0.021 by two-way ANOVA) viral shedding than ferret
killed virus vaccine containing the egg-p3ésaged A/ Beiji

S' primer, SEQ. ID:5:
5'-CTATATAAGCAGAG CTCGTTTAG-3'.
The 3' primer, SEQ ID:6;
5'-GTAGCAAAGATCTAAGGACGGTGA CTGCAG-3'.

The primers used to remove the Sac I site are:

sense primer, SEQ ID:7:

5- GTATGTGTC’I‘GAAAATGAGCGTGGAGATTGGGCTCGCAC—3'
and the antisense primer, SEQ ID:8:

5'-

10 GTGOGAGCCCAATCTCCACGCTCATTTTCAGACACA TAC-3.

The PCR fragment was cut with Sac I and Bgl II and inserted into
_ the vector which had been cut with the same enzymes. The NP gene
from Influenza A (A/PR/8/34) was cut out of pAPR501 [J.F. Young et
al., in The Origin of Pandemic Influenza Viruses, W.G. Laver, Ed.
(Elsevier Science Publishing Co., Inc., 1983)] as a 1565 base-pair EcoR
I fragment and blunted. It was inserted into V1 at the blunted Bgl II
site, to make V1-NP. Plasmids were propagated in E. coli and purified
by the alkaline lysis method [J. Sambrook, E.F. Fritsch, and T.
Maniatis, in Molecular Cloning, A Laboratory Manual, second edition
(Cold Spring Harbor Laboratory Press, 1989)]. CsCl banded DNA was

ethanol precipitated and resuspended in 0.9% saline at 2mg/ml for
injection.

15

20

25

EXAMPLE 2
R INFLUENZA VIR TOXIC T-

LYMPHOCYTES:

Cytotoxic T lymphocytes were generated from mice that had been
immunized with DNA or that had recovered from infection with
A/HK/68. Control cultures were derived from mice that had been
injected with control DNA and from uninjected mice. Single cell
suspensions were prepared, red blood cells were removed by lysis with

30



33).

In contrast,

signifiscantly dlfferent viral shedding (p=0.058)

viruys.

ferrets given HA DNA fron1A/Be|J|ng/89}dyd ng

challenge fromferrets given the |icensed vaccine R
The egg and mammal i an cell-grown strains diffler

mutations in the HAL region of HA (positions 186 a

are located in antigenic site B,
regi on thought to be inportant for the bidbi
I n some instances,

anti bodi es.

passages in e
under go subst
sequence vari
| abor at ory an
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Fng of

cl ose to the apex

the ability of sone 3
to bind to chicken RBC is |n|t|aIIy very Iom1but |s I ncreased by successi ve

_experience

1d 1QB)APRd§§?
t he t@;ﬂggﬂgmr in a

4I neutraI|2|‘g

human in Hsol at es

t he HA may

noRHEaHIbAYe, % SRS BuitlreRfidl REMT 184
supplemented with0 abBommaaSeaunu(FBS)e 198 Vint penicillin,
108 jg/ml streptomycin, 0.01 M HEPES (pH 7.5), and 2 mM I-
glutamine. An equal number of autologous, irradiated stimulator cells,
pulsed for 60 min. with the H-2Kd-restricted peptide epitope NP147-
155 (Thr Tyr Gln Arg Thr Arg Ala Leu Val, SEQ ID:9:) at 10 uM or
infected with influenza A/PR8/34 (H1N1), and 10 U/ml recombinant
human I1.-2 (Cellular Products, Buffalo, NY) were added and cultures
were maintained for 7 days at 37°C with 5% CO2 and 100% relative
humidity. In selected experiments, rhIL-2 ( 20 U/ml) and Con A (2
pg/ml) were added in place of autologous stimulator cells. Cytotoxic T
cell effector activity was determined with P815 cells labeled for 3 hr
with 60 uCi of S1Cr per 106 cells, and pulsed as above with NP147-
155, or infected with influenza A/Victoria/73 (H3N2). Control targets
(labeled P815 cells without peptide or virus) were not lysed. Targets
were plated at 1 x 104 cells/well in round-bottomed 96-well plates and
incubated with effectors for 4 hours in triplicate. Supernatant (30 pl)
was removed from each well and counted in a Betaplate scintillation
counter (LKB-Wallac, Turku, Finland). Maximal counts, released by
addition of 6M HCI, and spontaneous counts released without CTL were
determined for each target preparation. Percent specific lysis was
calculated as: [(experimental - spontanecus)/(maximal - spontaneous)] X
100.

-~

XAMPLE
ROD F NP SPECIFIC CTLs AND ANTIBODIES IN

VIVQ.

ON

BALB/c mice were injected in the quadriceps of both legs with plasmid
cDNA encoding A/PR/8/34 nucleoprotein driven by either a Rous
sarcoma virus or cytomegalovirus promoter.

Expression vectors used were:

i) pnRSV-PRNP, see Example 1;

t of small



underscores the potential inportance of remaining as close as possible to
the sequence of the wild-type virus in preparing such vaccines. c.. Nonhuman
pri mates: Nonhuman prinmates are not conmonly used for influenza chall enge
nodeJ s due to their lack of a clinical response to infection. However, we
have investigated the i munogenicity of the PNV vacgs: jalatoimqr=1g I n
REZACEMEST S
c

nonhuman prinmates in conparison wth the |licensed ki 1 ines.
The antibody titers elicited by the conbi3&ti on PNV|c§ntaining t he H4 and
internal protein genes were at |east equivalent to the Ig 7eypget®spr oduct in
terms of H antibody titer and duration of responsej(yide supra). rii can

G een I\/bnkeyséfr)irﬁg_disgggka%niczed w th PNV resp%)ndef}—fo*m NV for

an antigenic I"an ng that type-speciflic responses to BNV can
be generated in previously imunized subjects.

Animals used were female BALB/c mice, obtained from Charles River
Laboratories, Raleigh, NC. Mice were obtained at 4-5 weeks of age and
were initially injected with DNA at 5-6 weeks of age. Unless otherwise
noted, injections of DNA were administered into the quadriceps muscles
of both legs, with each leg receiving 50 pl of sterile saline containing
100 pg of DNA. Mice received 1, 2 or 3 sets of inoculations at 3 week
intervals. Negative control animals were uninjected or injected with the
appropriate blank vector lacking the inserted NP gene.

The presence or absence of NP plasmid DNA in the muscles of
selected animals was analyzed by PCR (Fig. 1). Plasmid DNA (either
NP or luciferase DNA) was detected in 44 of 48 injected muscles tested.
In mice injected with luciferase DNA, protein expression was
demonstrated by luciferase activity recovered in muscle extracts
according to methods known in the art [J.A. Wolff et al., Science 247,
1465 (1990); G. Ascadi ef al., Nature 352, 815 (1991); H. Lin et al.,
Circulation 82, 2217 (1990); R.N. Kitsis et al., Proc. Natl. Acad. Sci.
(USA) 88, 4138 (1991); E. Hansen et al., FEBS Lett. 290, 73 (1991);
S. Jiao et al., Hum. Gene Therapy 3, 21 (1992); J.A. Wolff et al.,
Human Mol. Genet. 1, 363 (1992)].

NP expression in muscles after injection of NP DNA was below
the limit of detection for Western blot analysis (< 1 ng) but was
indicated by the production of NP-specific antibodies (see Fig. 2). For
analysis of NP-specific CTL generation, spleens were removed 1-4
weeks following immunization, and spleen cells were restimulated with -
recombinant human IL-2 plus autologous spleen cells that had been
either infected with influenza A (A/PR/8/34) or pulsed with the H-2Kd-
restricted nucleoprotein peptide epitope (NP residues 147-155, see O.K.
Rotzscke et al., Nature 348, 252 (1990)). Spleen cells restimulated with
virally-infected or with epitope-pulsed syngeneic cells were capable of
killing nucleoprotein epitope-pulsed target cells (Fig. 3A). This
indicates that i.m. injection of NP DNA generated the appropriate NP-
derived peptide in association with MHC class I for induction of the
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-81 - Mbnkeys fhat were i mmuni zed with PNV al so responded to subsequent
I mruni zation wth ikt ed-virus vaccine. 4. Concl usi on:
Pol ynucl eot i de vadéﬁﬁ@gﬂ§§§¢ﬁ§ 1gz1luenza are efficacious in |aboratory

ani gl nodel s of |nfluenza infection. Honol ogous protection can be achieved
usi ng DNA vect or sj encgdf ABRHM#97 nbst Li kely by an i munol ogi cal mechani sm
anal ogous to that|iinduced by the{HA protein used in the current |icensed

i nfl uenza vacci nel r ot ect i-ad® ean be achi eved agai nst both

antigenically shifted and drifted $trains by also including DNA encodi ng
conserved internal proteins of

specific CTL response. These CTLs were capable of recognizing and
lysing virally infected target cells, (Fig 3B), or target cells pulsed with
the H-2Kd-restricted nucleoprotein peptide epitope and virally-infected
“target cells. This demonstrates their specificity as well as their ability to
detect the epitope generated naturally in infected cells.

A more stringent measure of immunogenicity of the NP DNA
vaccine was the evaluation of the primary CTL response. Spleen cells
taken from NP DNA-injected mice were activated by exposure to Con A
and IL-2, but did not undergo in vitro restimulation with antigen-
expressing cells prior to testing their ability to kill appropriate targets.
Splenocytes from mice immunized with NP DNA, when activated with
Con A and IL-2 in vitro without antigen-specific restimulation, lysed
both epitope-pulsed and virally-infected target cells (Fig. 3C and D).
This lytic activity of both the restimulated and activated spleen cells
compares favorably with that of similarly treated splenocytes derived
from mice that had been previously infected with influenza A/HK/68, a
virulent mouse-adapted H3N2 strain that arose 34 years after A/PR/8/34
(HIN1). Thus, injection of NP DNA generated CTL that were specific
for the nucleoprotein epitope and that were capable of identifying the
naturally processed antigen (i.e., could kill virally-infected cells). NP
CTL have also been generated in C3H and B6 transgenic mice
expressing human HLA-A2.

NP CTL have been detected in spleens of BALB/c mice
injected with as little as 1 dose of 1 g NP DNA (the lowest dose

”s tested) (Table 3-IV):
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i nfl uenza. Conbi nation of these approaches in a single inmmunization yields
i nproved protection against antigenic drift variants in conparison wth the
currently licensed vaccine in the ferret nodel. EXAMPLE 15 15 Vector V1
Preparation In an effort to continue to optinize our basic vaccination

vector, we prepared a derivative of V1Jns which was d
purpose for this vector construction was to obtain a

-+ 26— TeT g
t he overaII opt| m zed het er ol ogous gene expression char ctiz]%@wand
plasmd yields that V1J and V1Jns afford. We determ nedif "I terg

as well as by
conprising th

vector, i.e.
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IMOEMENE SHERTi

W t hout unnecessary DNA segggnces, whic

R

The
i ne
ned
hi gh
ture

éfaﬁﬁedge rTS?L g%) regions within the

CTL Responses in Mice After a Single Injection of NP DNA
inoculum dose (ug)| % specific sd
lysis
NP DNA 400 52.5 10.7
400 80.4 10.3
NP DNA 200 75.6 5.4
200 44.6 4.4
NP DNA 100 76.7 2.9
100 35.6 8.9
NP DNA 50 62.9 0.6
. 50 76.7 7.4
NP DNA 10 83.2 10.1
10 37.7 2.5
NP DNA 1 442 0.3
, 1 13 2
Control DNA 100 4.9 1
Flu 79.3 8.3

Table 3-IV: Female BALB/c mice (4-6 weeks) were injected with a
single dose of A/PR/34 NP DNA (V1INP) or control DNA (V1J) at the
indicated doses. For comparison, mice were infected with influenza
virus A/PR/34. CTL were obtained after 8 weeks, restimulated in vitro
with NP peptide-pulsed syngeneic spleen cells, and assayed against NP
peptide-pulsed P815 cells at an effector:target ratio of 50:1. Data is
represented as % specific lysis for representative individual mice.

Followup experiments have shown that mice receiving 1 dose of 1
ng NP DNA maintained NP CTL for at least 4.5 months (latest

. time point tested). The magnitude of the CTL responses after

4



replication could be renoved w thout affecting pl asmd y| eId from bacterla
(2) the 3" -region of the kanr gene follow ng the karRary ~25——1HEN readi ng
frame could be renoved if a bacterial term nator ' gt WLhitis st ead;
and,, (3) ~300 bp fromthe 3'- half of the BGH term (0] could bd rienoved
w thout affecting its regulatory function (followng Vtg; PR w9nal Kpnl
restriction enzyne site within the BGH el enent). VIR was construdtgd by
using PCR to synthesize three segnents 3041ef DNA{f lom-\Vidns—representing
the CWintA pronoter/BGH term nator, origin of reglication, and kananycin
resi stance el enents, respectively. Restriction enzlym:a uniqué 1 or each

T B TR AR R M TR T
Sall for the amicé.eHowever, 1t should be noted that ana1y31s of CTL after

antigen restimulation in vitro is not strictly quantitative.

“Therefore, we are currently developing limiting dilution assays to

more quantitatively assess the levels of NP-specific CTL in mice.

In mice that were injected with 3 doses of 100 pg NP DNA, CTL
responses have been detected at least 6 months after

immunization (Figure 19). Therefore, an influenza PNV has the
potential to generate long-lived CTL responses directed toward
conserved influenza antigens.

10

Injection of mice with NP DNA resulted in the production of high
titer anti-NP IgG antibodies (Fig. 2). Generation of high titer IgG
antibodies in mice is thought to require CD4+ T cell help (P. Vieira and
K. Rajewsky, Int. Immunol. 2, 487 (1990); J. J. Donnelly et al., J.
Immunol. 145, 3071 (1990)). This shows that NP expressed from the
plasmid in situ was processed for presentation by both MHC class I and
class II.

15

EXAMPLE 4
PROTECTION OF MICE UPON CHALLENGE WITH VIRULENT
HUMAN INFLUENZA VIRUS:

20

The role of NP antibodies in protective immunity to influenza is
shown by two approaches: First, viral lung titers were determined in a
passive-transfer experiment. Female BALB/c mice 2 10 weeks of age
were injected intraperitoneally with 0.5 ml of pooled serum (diluted in
2.0 ml of PBS) from mice that had been injected 3 times with 200 g of
NP DNA. Control mice were injected with an equal volume of pooled
normal mouse serum, or with pooled serum from mice that had
recovered from infection with A/HK/68, also in 2.0 ml of PBS. The
dose of A/HK/68 immune serum was adjusted such that the ELISA titer
of anti-NP antibody was equal to that in the pooled serum from NP
DNA --injected mice. Mice were challenged unanesthetized in a blinded

25

30



These enzyne sites were chosen because they allow directional - 82 -
18972Y-ligation of each of the PCR-derived DNA se | ; equent
| oss of each site: EcoRV and Sspl |eave bl unt-end &FEM@EWWSHE}
conpatible for ligation while BanmH and Bcll |eav onpreneft-aty

as do Sall and Xhol. After obtaining these segnentjs byqﬁ%égq@; SEQ
t

digested with-the appropriate restriction enzynes {5
then ligated together in a single reacti-ozﬁzm'xtur§ ¢ ' al lj tjhree DNA

segnents. The 5 -end of the ori [err] was designed to include the
I ndependent term nator sequence that is

fashion with 104 TCID50 of A/HK/68 2 hours after serum injection,
and a further injection of an equal amount of serum was given 3 days
later. Mice were sacrificed 6 and 7 days after infection and viral lung
titers in TCID50 per ml were determined as described by Moran [J.
Immunol. 146, 321, 1991].

Naive mice were infused with anti-NP antiserum, obtained from
mice that were injected with NP DNA, and then challenged with
A/HK/68 . Viral challenges were performed with a mouse-adapted
strain of A/HK/68 and maintained subsequently by in vivo passage in
mice (Dr. I. Mbawuike, personal communication). The viral seed stock
used was a homogenate of lungs from infected mice and had an
infectivity titer of 5 x 108 TCID50/ml on MDCK cells. For viral lung
titer determinations and weight loss studies, viral challenges were

. performed in blinded fashion by intranasal instillation of 20 ul
containing 104 TCID50 onto the nares of unanesthetized mice, which
leads to progressive infection of the lungs with virus but is not lethal in
BALB/c mice [Yetter, R.A. et al., Infect. Immunity 29, 654, 1980]. In
survival experiments, mice were challenged by instillation of 20 pl
containing 102.5 TCID5( onto the nares under full anesthesia with
ketamine and xylazine; infection of anesthetized mice with this dose
causes a rapid lung infection which is lethal to 90-100% of
nonimmunized mice {J.L. Schulman and E.D. Kilbourne, J. Exp. Med.
118, 257, 1963; G.H. Scott and R.J. Sydiskis, Infect. Immunity 14, 696,
1976; R.A. Yetter et al., Infect. Immunity 29, 654, 1980]. Viral lung
titers were determined by serial titration on MDCK cells (obtained from
ATCC, Rockville, MD) in 96-well plates as described by Moran et al .,
[ibid.].

No reduction in viral lung titers was seen in mice that had
received anti-NP antiserum (6.3 £ 0.2; mean + SEM; n=4) as compared
to control mice that had received normal serum (6.1 + 0.3; mean *
SEM; n=4). As a positive control, serum was collected from mice that
had been infected with A/HK/68 and passively transferred to four naive
mice. After a challenge with A/HK/68, no viral infection was detectable
in their lungs, indicating that this serum against whole virus was

10
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normal ly found in this region so that it could provide term nation
I nformation for the kananycin resistance gene. The Ilgated product..was

confirmed by restriction enzynme digestion (>8 enz A gg§1§ﬁ
DNA sequencing of the ligation junctions. DNA pl amm

het er ol ogous expression using viral genes within V1R appear lar| to
V1Jns. The net reduction in vector size achieved wa Igﬁ

kb; VIR = 3.52 kb), see figure 36, SEQ lLI}35:. PCR
to synthesize VIR (restriction enzyme 15 sites are

110 by

Jns| 4. 86
Iigoner segueinces used

nderl i ned and

identified in brackets follow ng sequence): (1) 5'|-GGIL ACA AAL-ALL bG CTA
TTG GCC ATT GCA.TAC G 3 Ss I S | D: 60: 5'-ﬁCA CAT.CTC LAG. CCG
tomyletely pr ‘D ] % nge with (tﬁg homologous virus. &Acon%

GGT CAA TTC T
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naive mice were 1mmumzed with purified NP (5 pgfleg, 3 times over a
period of 6 weeks) by i.m. injection. These mice generated high titer
'NP-specific antibodies but failed to produce NP-specific CTLs and were
not protected from a lethal dose of virus. Therefore, unlike the
neutralizing effect of antibodies to whole virus, circulating anti-NP IgG
did not confer protective immunity to the mice.

The in vivo protective efficacy of NP DNA injections was
evaluated to determine whether a cell-mediated immune response was
functionally significant. One direct measure of the effectiveness of the
immune response was the ability of mice first immunized with NP DNA
to clear a progressive, sublethal lung infection with a heterologous
strain of influenza (A/HK/68; H3N2). Viral challenges were conducted
as described above. Mice immunized with NP DNA had viral lung
titers after challenge that were three orders of magnitude lower on day
7 (1.0 £ 1.0; mean + SEM; n=4) than those of control mice that had not
been immunized (4.1 + 0.3; mean + SEM; n=4), or that had been
immunized with blank vector (4.5 £ 0.0; mean + SEM; n=4). In fact,
three of four immunized mice had undetectable levels of virus in their
lungs, while none of the controls had cleared virus at this point. The
substantial difference in the viral lung titers seen in this experiment and
six others demonstrates that the immune response accelerated clearance
of the virus. The lack of protective effect of the blank vector control
confirms that DNA per se was not responsible for the immune response.
Moreover, because the challenge strain of virus, A/HK/68 (a virulent,
mouse-adapted H3N2 strain), was heterologous to the strain A/PR8/34
(HIN1) from which the NP gene was cloned, the immunity was clearly
heterotypic.

As a measure of virus-induced morbidity, the mass loss was
monitored in mice that were infected sublethally with influenza
A/HK/68 following immunization with NP DNA (Fig. 4). Uninjected
mice or mice injected with the blank vector were used as controls. Mice
immunized with NP DNA exhibited less weight loss and a more rapid



20 (for CWint Al BGH segnent) (3) 5'-GGI ACA GAT ATCGGAAAGCCACGT

TGT GT€ TCA AAA TG 3'[EcoRV], SEQ ID:62: (4) 5'
TCT GCC AGT GIT ACA ACC-3' [BanHI|, SEQ ID: 63: 25REPLA

CGI TGC TGG 3

resi stance gene segment) (5) 5' _GGT ACA TGA TCA CAAA GAT AGG ATC
TTC TTG 3'[Bcll], SEQID:64:, (6) 5 -CCA CAT GI (?@Q@EH’AQWAA CCG
[Sall], SEQ ID:32: 30 (for col i orlglno
-44 -

replication)
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return to their pre-challenge weights following influenza A infection
compared to control mice.

Intranasal infection of fully anesthetized mice with influenza A
causes rapid widespread viral replication in the lung and death in 6-8
days if the infection is not controlled (R.A. Yetter et al., Infect.
Immunity 29, 654 (1980)). Survival of mice challenged by this method
reflects their ability to limit the severity of an.acute lung infection. The
capacity of mice to survive challenge with two different strains of
influenza, A/HK/68 (see Fig. 5) and A/PR/8/34, was studied. Mice
previously immunized with NP DNA showed a 90% survival rate
compared to 0% in blank vector injected and 20% in uninjected control
animals (Fig. 5). In a total of 14 such studies, mice immunized with NP
DNA showed at least a 50% greater survival rate than controls. Thus,
the ability of the NP DNA-induced immune response to effectively
accelerate recovery and decrease disease caused by a virus of a different
strain arising 34 years later supports the rationale of targeting a
conserved protein for the generation of a cytotoxic T-lymphocyte
response.

MPL
LATION OF GE FROM INFLUENZA US ISOLA

Many of the older influenza virus strains are on deposit with the
ATCC (the 1990 Catalogue of Animal Viruses & Antisera, Chlamydiae
& Rickettsiae, 6th edition, lists 20 influenza A strains and 14 influenza
B strains.

A. Viral Strains and Purification:

Influenza strains which comprise the current, 1992 flu season
vaccine were obtained from Dr. Nancy J. Cox at the Division of Viral
and Rickettsial Diseases, Centers of Disease Control, Atlanta, GA.
These strains are: (1) A/Beijing/353/89 (H3N2); (2) A/Texas/36/91
(HIN1); (3) B/Panama/45/90; and (4) A/Georgia/03/93.



-83 - SEQUENCE LI STI NG (1) GENERAL | NFORVATION: (i) APPLI CANT: Donnelly,
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Par ker, Suezanne E Shiver, John W (ii) TITLE OF | : N NG
Phar maceuticals (iii) NUI\/BER OF SEQUENCES: 64 (ivV) |k ;“"".

ESS:

- 45 -

All of these viruses were grown by passage in 9- to 11-day-old
embryonated chicken eggs (except A/Georgia which was grown in
MDCK cells), (100-200 per viral preparation) and purified by a

‘modification of the method described by Massicot et al. (Virology 101,
242-249 (1980)). In brief, virus suspensions were clarified by
centrifugation at 8000 rpm (Sorvall RC5C centrifuge, GS-3 rotor) and
then pelleted by centrifugation at 18,000 rpm for 2 h in a Beckman
Type 19 rotor. The pelleted virus was resuspended in STE (0.1 M
NaCl, 20 mM Tris, pH 7.4, ] mM EDTA) and centrifuged at 4,000 rpm
for 10 min (Hermle Z 360 K centrifuge) to remove aggregates. 2 ml of
supernatant was layered onto a discontinuous sucrose gradient consisting
of 2 ml of 60% sucrose overlayed with 7 ml of 30% sucrose buffered
with STE and centrifuged at 36,000 rpm (SW-40 rotor, Beckman) for
90 minutes. Banded virus was collected at the interface, diluted 10-fold
with STE, and pelleted at 30,000 rpm for 2 h (Beckman Ti45 rotor).
The pelleted virus was then frozen at -700C,

10

15

B. Extraction of Viral RNA and ¢cDNA Smthesls

Viral RNA was purified from frozen virus by guamdmmm
isothiocyanate extraction using a commercially available kit (Stratagene,
2% LaJolla, CA) employing the method of Chomczynski and Sacchi (Anal.
Biochem. 162, 156-159 (1987)). Double-stranded cDNA was prepared
from viral RNA using a commercially available cDNA synthesis kit
(Pharmacia) as directed by the manufacturers with several
modifications. The first strand of cDNA was primed using a synthetic
25 oligodeoxyribonucleotide, 5'~AGCAAAAGCAGG-3', SEQ. ID:30:,
which is complementary to a conserved sequence located at the 3'-
terminus of the viral RNA for all A strain genes. This sequence is
common to all type A influenza viral RNAs and therefore provides a
method for cloning any A strain influenza virus gene. After synthesis
of first and second strands of cDNA the reactions were extracted with
phenol/chloroform and ethanol precipitated rather than continuing with
the kit directions. These blunt-ended cDNA's were then directly ligated
into the V1Jneo or V1Jns vector which had been digested with the BglII

30
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restriction enzyme, blunt-e:nd«:"éJ with T4 DNA polymerase, and treated
with calf intestinal alkaline phosphatase.

To screen for particular full-length viral genes we used synthetic
oligodeoxyribonucleotides which were designed to complement the 3'-
terminus of the end of the translational open reading frame of a given
viral gene. Samples which appeared to represent full-length genes by
restriction mapping and size determination on agarose electrophoresis
gels were verified by dideoxynucleotide sequencing of both junctions of
the viral gene with V1Jneo. The sequence junctions for each gene
cloned from these viruses is given below in Example 8.

Similar strategies were used for cloning cDNA's from each of the
viruses named above except that for B/Panama/45/90, which does not
have common sequences at each end of viral RNA, a mixture of
oligodeoxyribonucleotides were uséd to prime first strand cDNA
synthesis. These primers were: .

(1) 5-AGCAGAAGCGGAGC-3', SEQ. ID:31: for PB1 and PB2;
(2) 5'-AGCAGAAGCAGAGCA-3', SEQ. ID:19: for NS and HA;
(3) 5-AGCAGAAGCACGCAC-3', SEQ. ID:22: for M; and

(4) 5'-“AGCAGAAGCACAGCA-3', SEQ. ID:23: for NP. -

10

15

20 For genes that were cloned by PCR, the blunt-ended cDNA

solution was used directly in PCR reactions as the DNA template. The

primers used for cloning the 6 influenza genes obtained by PCR are as
follows:

25 HA m rgi
sense primer: SEQ.ID:33:
5' GGT ACA ACC ATG AAG ACT ATC ATT GCT TTG AGC 3'

anti-sense primer: SEQ.ID:34:
5" CCA CAT AGA TCT TCA AAT GCA AAT GTT GCA CCT AATG
3 ¥

30
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(B) REG STRATI ON NUMBER: 35, 746

G

2. HA gene from A/Texas/36/91

sense primer: SEQ.ID:35:

5" GGT ACA ACC ATG AAA GCA AAACTACTAGTCCTGTTA
TG 3'

anti-sense primer: SEQ.ID:36:
5' CCA CAT TCA GAT GCA TAT TCT ACA CTG CAA AG 3

3. HA gene from B/Panama/45/90

sense primer: SEQ.ID:37:

5' GGT ACA ACC ATG AAG GCA ATA ATT GTA CTA CTC ATG
3 ] -

anti-sense primer: SEQ.ID:38;
5' CCA CAT TTA TAG ACA GAT GGA GCA AGA AAC ATT GTC
3 ]

4. M1 gene from A/Beijing/353
sense primer: SEQ.ID:39:
5' GGT ACA AGA TCT ACC ATG CTT CTA ACC GAG GTC 3'

anti-sense primer: SEQ.ID:40:
5" CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT CTG CAC 3'

NP gene fi ama/45/90
sense primer: SEQ.ID:41:
5' GGT ACA GGA TCC ACC ATG TCC AAC ATG GAT ATT GAC
GGC 3

anti-sense primer: SEQ.ID:42:
5' CCA CAT GGA TCC TTA ATA ATC GAG GTC ATC ATA ATC
CTC 3



(A) TELEPHONE: (908)594-3901 (B) TELEFAX: (908)594-4720 30 (2)

| NFORMATI ON FOR SEQ ID NO 1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 18
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TCPC]_OGY:
linear (ii) MOLECULE TYPE: cDNA - 84 -

- 48 -

6. M1 gene from B/Panama/45/90
sense primer: SEQ.ID:43:

5' GGT ACA GGA TCC ACC ATG TCG CTG TTT GGA GAC ACA
ATT GCC 3'

anti-sense primer: SEQ.ID:44:
5' CCA CAT GGA TCC TTA TAG GTA TTT CTT CAC AAG AGC
TG 3'

. All influenza gene clones, whether cDNA or PCR generated,
were verified by sequencing through the ligation sites into the gene and
expressing the gene in transfected RD cells. Expression was detected by
immunoblot.

_ The NP and M1 constructs for the A/H3N2 strain (vectors 4 and
5) were made from the A/Beijing/353/89 genes. These genes were
chosen because of the expected high degree of conservation of both NP
and M1 genes and because of their availablilty.

10

15

From the foregoing work, a particularly preferred group of 7°
20 expression vectors that are combined to form a vaccine include;

1.  V1ins-HA (A/Georgia/03/93) 6.56 Kb
2. VinsHA (ATexas3651)  6.56 Kb
25 3. VinsHA (B/Panama/45/90) 6.61 Kb
4. V1ns-NP (A/Beijing/353/89) 6.42 Kb
N 5. Vlns-Ml (A/Beijing/353/89) 5.62 Kb

6.  V1Ins-NP (B/Panama/45/90) 6.54 Kb

7. V1Ins-M1 (B/Panama/45/90) 5.61 Kb.



(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ

IDNO X 5 GTGTGCACCT CAAGCTGG (2) | NFORNATI EOR SEQ ID NO 2: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH 23 base paij@$# ! i c acid
(C) STRANDEDNESS: single 10 (D) TOH %ﬁr&@mﬁ i

MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI Osgl\l&sp% wl\g!(%

-49 -

The relevant sequences for junctions of these genes in the
expression vectors are provided below. Only small portions of the
“constructs need be sequenced to confirm that the correct gene has been
cloned. By comparison with similar known genes, it is easy to confirm
that the given gene is an NP gene, an HA gene, an M1 gene etc. For
example, the A/Texas HA gene sequence is very similar to the HA gene
sequence of A/Kiev/59/79, the sequence of which is available in
GENBANK as accession number M38353. Likewise for the B/Panama
HA sequence, which is very similar to the B/England/222/82 HA
sequence which is available on GENBANK as accession number
M18384. In like manner, the identity of any cloned sequence for a
given gene from any human influenza virus may be confirmed. In each
case below, both a 5' sequence and a 3' sequence was confirmed to
ensure that the entire gene was present. In each case, the bolded ATG
shows the start codon for the influenza gene, while bolded sequence in
the 3' portion is the stop codon:

10
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1. V1Ins-HA (A/Georgia/03/93) 6.56 Kb:
20 5 Sequence: (SEQ.ID:46:
...TCA CCG TCC TTA GAT C/GG TAC AAC CAT GAA GAC
TAT CAT TGC TTT GAG CTA CAT TTT ATG TCT GGT
TTT CGC....
2 3 nce; E 47:
...TCA TGC TTT TTG CTT TGT GTT GTT TTG CTG GGG TTC
ATC ATG TGG GCC TGC CAA AAA GGC AAC ATT AGG TGC
AAC ATT TGC ATT TGA A/GA TCT ATG TGG GAT CTG CTG
TGC...
30

2.  V1Ins-HA (AfTexas/36/91) 6.56 Kb:

5' Sequence: (SEQ.ID:48:)



15 (xi) SEQUENCE DESCRIPTION: SEQ | D NO 2: | {68y I ks »‘%wllffACA TTC
23 (2) < NFORVATI ON FOR SEQ I D NGO 3: (i) SEQUENCE LCRARACTER 4[_I ot A)
LENGTH:. 33 base pairs 20 (B) TYPE: hucleic acid (
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MILECURH ARRER9Z (i
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 25 (xi) SEQUENCE DESCRI PTI ON: { SEQ
NG 3:

-50 -

... TTA GAT C/GG AAC ATG AAA GCA AAA CTA CTA GTC CTG
TTA TGT GCA TTT ACA GCT ACA TAT GCA ...

3' Seqguence: (SEQ.ID:49:)

..CTG GTG CTT TTG GTC TCC CTG GGG GCA ATC AGC TTC
TGG ATG TGT TCT AAT GGG TCT TTG CAG TGT AGA ATA
TGC ATC TGA ATG TGG /GAT CTG CTG TGC CTT....

3.  Vlns-HA (B/Panama/45/90) 6.61 Kb:

10 S' Sequence: (SEQ.ID;50:)
..CCT TAG ATC/ GGT ACA ACC ATG AAG GCA ATA ATT GTA
CTA CTC ATG GTA GTA ACA TCC AAC GCA GAT CGA ATC
TGC ACT GGG ATA ACA TCT TCA AAC TCA CCT CAT GTG....

15

3' Sequence: (SEQ.ID:51:)

«.TTG GCT GTA ACA TTG ATG ATA GCT ATT TTT ATT
GTT TAT ATG GTC TCC AGA GAC AAT GTT TCT TGC
20 TCC ATC TGT CTA TAA ATG TGG /GAT CTG CTG TGC
CTT...

4. V1Jns-NP (A/Beijing/353/89) 6.42 Kb

! u : (SEQ.ID:52:
..GTC CTT AGA TC/C ACC ATG GCG TCC CAA GGC ACC AAA

CGG TCT TAT GAA CAG ATG GAA ACT GAT GGG GAA CGC
CAG AAT GCA ACT ...

3' Sequence: (SEQ.ID:53:) |
..GAA AAG GCA ACG AAC CCG ATC GTG CCC TCT TTT GAC
ATG AGT AAT GAA GGA TCT TAT TTC TTC GGA GAC AAT

GCA GAA GAG TAC GAC AAT TAA G/GA TCT GCT GTG CCT...

25

30



GGTACAAGAT CTACCATGCT TCTAACCCAG GIC

33 (2) I NFORVATI ON FOR SEQ I D NG 4: 30 (i) SEQU
CHARACTERI STICS: (A) LENGITH. 36 base pairs (B) TYPE: nuc
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE
HYPOTHETI CAL: NO - 85- .
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5.  V1Jns-M1 (A/Beijing/353/89) 5.62Kb (&«

5' Sequence: (SEQ.ID:54:

...CTT AGA TC/C AGA TCT ACC ATG AGT CTT CTA ACC GAG

GTC GAA ACG TAT GTT CTC TCT ATC GTT CCA TCA GGC CCC
CTC AAA GCC GAA ATC GCG CAG AGA CTT GAA GAT GTC
TTT GCT GGG AAA AAC ACA GAT...

3' Sequence: (SEQ.ID:SS:)
GGG ACT CAT CCT AGC TCC AGT ACT GGT CTA AAA GAT

GAT CTT CTT GAA AAT TTG CAG ACC TAT CAG AAA CGA
ATG GGG GTG CAG ATG CAA CGG TTC AAG TGA AGA TCT
ATG TGG/ GAT CTG CTG TGC CTT...

6. V1Ins-NP (B/Panama/45/90) 6.54 Kb

S' Sequence: (SEQ.ID:56:)
..CTT AGA TC/C ACC ATG TCC AAC ATG GAT ATT GAC GGT

ATC AAC ACT GGG ACA ATT GAC AAA ACA CCGGAA GAA
ATA ACT TCT...

' Sequence: ID:;

..GTT GAA ATT CCA ATT AAG CAG ACC ATC CCC AATTTC
'I'TC TTT GGG AGG GAC ACA GCA GAG GAT TAT GAT GAC
CTC GAT TAT TAA G/GA TCT GCT GTG...

7.  V1Ins-Ml (B/Panama/45/90) 5.61 Kb.

S' Sequence: (SEQ.ID:58:)
..CTT AGA TC/C ACC ATG TCG CTG TTT GGA GAC ACA ATT
GCC TAC CTG CTT TCA TTG ACA GAA GAT GGA GAA GGC

AAA GCA GAA CTA GCA GAA AAATTA ...

egquence: (SEQ.ID:



(iv) ANTI-SENSE: YES (xi) SEQUENCE DESCRI PTION: SEQ | D NO 4: CCACATAGAT

CTTCACFTGA ACCGITGCAT CTGCAC - NT ST

| NFORMATI ON FOR SEQ ID NO'5: (i) SEQUENCE CHARACT ER'R@I‘?A&EM&W&@I: 2

base. pairs (B) TYPE: nucleic acid (0O STRANDEDNESS:Cépn%Ie (D TOP Y
HE!

i near 10

ANTI - SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ | D NG
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(ii) MOLECULE TYPE: cDNA (iii) HYPSL |7CAER?&W(}V

-52- -

..AGA TCT CTT GGG GCA AGT CAA GAG AAT GGG GAA GGA
ATT GCA AAG GAT GTG ATG GAA GTG CTA AAG CAG AGC
TCT ATG GGA AAT TCA GCT CTT GTG AAG AAA TACCTA
TAA G/GA TCT GCT GTG...

| EXAMPLE 6
V1J EXPRESSION VECTOR, SEQ. ID:10:

Our purpose in creating V1J was to remove the promoter and
transcription termination elements from our vector, V1, in order to
place them within a more defined context, create a more compact
vector, and to improve plasmid purification yields. _

V1] is derived from vectors V1, (see Example 1) and pUC18, a
commercially available plasmid. V1 was digested with Sspl and EcoRI
restriction enzymes producing two fragments of DNA. The smaller of
these fragments, containing the CMVintA promoter and Bovine Growth
Hormone (BGH) transcription termination elements which control the .
expression of heterologous genes (SEQ ID:11:), was purified from an
agarose electrophoresis gel. The ends of this DNA fragment were then
"blunted” using the T4 DNA polymerase enzyme in order to facilitate
its ligation to another "blunt-ended" DNA fragment.

pUC18 was chosen to provide the "backbone" of the expression
vector. It is known to produce high yields of plasmid, is well-
characterized by sequence and function, and is of minimum size. We
removed the entire lac operon from this vector, which was unnecessary
for our purposes and may be detrimental to plasmid yields and
heterologous gene expression, by partial digestion with the Haell
restriction enzyme. The remaining plasmid was purified from an
agarose electrophoresis gel, blunt-ended with the T4 DNA polymerase ,
treated with calf intestinal alkaline phosphatase, and ligated to the
CMVintA/BGH element described above. Plasmids exhibiting either of
two possible orientations of the promoter elements within the pUC
backbone were obtained. One of these plasmids gave much higher

(2)
3



15 CTATATAAGC AGAGCTCGIT TAG

23 (2) ~I NFORVATI ON FOR SEQ I D NO 6: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 30 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single 20
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETICAL: NO (iv)

ANTI - SENSE:  YES 25 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 6:
GTAGCAAAGA TCTAAGGACG GTGACTGCAG
30 (2) | NFORMATI ON FOR SEQ I D NO 7: _53 -

yields of DNA in E. coli and was designated V1J (SEQ. ID:10:). This
vector's structure was verified by sequence analysis of the junction
regions and was subsequently demonstrated to give comparable or
Thigher expression of heterologous genes compared with V1.

REPLACEMENT SHieT
07 APR 97
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(1) SEQUENCE CHARACTERI STICS: (A) LENGIH: 39 base pairs 30
(B) TYRE: nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI _SE%ME‘WENT gﬁlEEﬂl)

SEQUENCE DESCRI PTION: SEQ I D NO 7:

07 APR 1997 |
-54- j
EXAMPLE 7
INFLUENZA VIRUS GENE CONSTRUCTS IN EXPRESSION

VECTOR V1I:

Many of the genes from the A/PR/8/34 strain of influenza virus
were cloned into the expression vector V1J, which, as noted in Example
4, gives rise to expression at levels as high or higher than in the V1
vector. The PR8 gene sequences are known and available in the
GENBANK database. For each of the genes cloned below, the size of
the fragment cloned was checked by sizing gel, and the GENBANK
accession number against which partial sequence was compared are
provided. For a method of obtaining these genes from virus strains, for
example from virus obtained from the ATCC (A/PR/8/34 is ATCC VR-

. 95; many other strains are also on deposit with the ATCC), see Example
5.

10

15

A. Subcloning the PR8 Genes into V1J:

1. ene
20 The NP gene was subcloned from pAPR501 (J.F. Young,
U. Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg
(1983), in The Origins of Pandemic Influenza Viruses, ed. W.G. Laver,
(Elsevier, Amsterdam) pp.129-138). It was excised by cutting
pAPRS01 with EcoRlI, the fragment gel purified, and blunted with T4
DNA Polymerase, The blunted fragment was inserted into V1J cut with
Bgl II and also blunted with T4 DNA Polymerase. The cloned fragment
was 1.6 kilobases long.

25

30



GTATGTGICT GAAAATGAGC GIGGAGATTG GGECTCGCAC
39 (2) 4 NFORVATI ON FOR SEQ ID NG 8: (i) SEQUENCE C f" 1Er

LENGTH:. 39 base pairs (B) TYPE: nucleic acid (O
TODO_%Y | near (i) I\/D_ECULE TYPE: cDNA 10

AATCT CCACG CTCATTTTCA GACACATAC
| NFORVATI ON FOR SEQ | D NGO 9: -55-
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The NS gene was subcloned from pAPR801 (J.F. Young,

"U. Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg

(1983), in The Origins of Pandemic Influenza Viruses, ed. W.G. Laver,

(Elsevier, Amsterdam) pp.129-138). It was excised by cutting
pAPR801 with EcoRlI, the fragment gel purified, and blunted with T4
DNA Polymerase. The blunted fragment was inserted into V1J cut with
Bgl I and also blunted with T4 DNA Polymerase. The cloned fragment
was 0.9 kilobases long (the complete NS coding region including NS1
and NS2).

3. HA

The HA gene was subcloned from pJZ102 (J.F. Young, U.
Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg
(1983), in The Origins of Pandemic Influenza Viruses, ed. W.G. Laver,
(Elsevier, Amsterdam) pp.129-138). It was excised by cutting pJZ102
with Hind III, the fragment gel purified, and blunted with T4 DNA
Polymerase. The blunted fragment was inserted into V1J cut with Bgl
IT and also blunted with T4 DNA Polymerase. The cloned fragment
was 1.75 kilobases long.

4. DBl

The PB1 gene was subcloned from pGem1-PB1 (The 5' and
3' junctions of the genes with the vector were sequenced to verify their
identity. See J.F. Young, U. Desselberber, P. Graves, P. Palese, A.
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic
Influenza Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129-
138). It was excised by cutting pGem-PB1 with Hind III, the fragment
gel purified, and blunted with T4 DNA Polymerase. The blunted
fragment was inserted into V1J cut with Bgl I and also blunted with T4
DNA Polymerase. The cloned fragment was 2.3 kilobases long.



(i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 9 amino acids (B) TYPE: am no
acid (G STRANDEDNESS: single (D) TOPOLOGY: |inear 20 (i1) MOLECULE
TYPE: peptide (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (v) FRAGVENT TYPE:

i nternal 25

(xi) SEQUENCE DESCRIPTION: SEQ ID NO Qe—thr Tyr Gn Arg

Thr Arg Ala Leu Val 1 5 (2) | NFORMATI ON FOFRMC%IE%@“‘*]
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The PB2 gene was subcloned from pGem1-PB2 (The 5' and
3' junctions of the genes with the vector were sequenced to verify their
identity. See J.F, Young, U. Desselberber, P. Graves, P. Palese, A.
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic
Influenza Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129-
138). It was excised by cutting pGem-PB2 with BamH I, and gel
purifying the fragment. The sticky-ended fragment was inserted into
V1J cut with Bgl II. The cloned fragment was 2.3 kilobases long.

6. Ml

The M1 gene was generated by PCR from the plasmid
p8901 MITE. The M sequence in this plasmid was generated by PCR
from pAPR701 (J.F. Young, U. Desselberber, P. Graves, P. Palese, A.
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic
Influenza Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129-
138.), using the oligomer $§' -GGT ACA AGA TCT ACC ATG CTIT
CTA ACC GAG GTC-3', SEQ. ID:3:, for the "sense" primer and the
oligomer 5'-CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT
CTG CAC-3', SEQ. ID:4:, for the "anti-sense” primer. The PCR
fragment was gel purified, cut with Bgl II and ligated into V1J cut with
Bgl I. The cloned fragment was 0.7 kilobases long. The amino
terminus of the encoded M1 is encoded in the "sense” primer shown
above as the "ATG" codon, while the M1 translation stop codon is
encoded by the reverse of the "TCA" codon, which in the sense
direction is the stop codon "TGA".

B. Influenza Gene-V1J Expression Constructs:

In each case, the junction sequences from the 5' promoter region
(CMVintA) into the cloned gene is shown. The sequences were
generated by sequencing off the primer:



(i) SEQUENCE CHARACTERI STICS: 30 (A) LENSEH—4432 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS:. double (D) T ROY imaﬁ k}
MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (1v) ANTIESEN
SEQUENCE DESCRI PTION: SEQ I D NGO 10: TCGCGCGTTT CGGTGATGA

TCTGACACAT GCAGCTCCCG GAGACGGTCA .60 .
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-57- L- s

CMVinta primer 5'- CTA ACA GAC TGT TCC TTT CCA TG- 3/,
SEQ. ID:28:, which generates the sequence of the coding sequence. The
position at which the junction occurs is demarcated by a "/", which does
hot represent any discontinuity in the sequence. The method for
preparing these constructs is summarized after all of the sequences
below. Each sequence provided represents a complete, available,
expressible DNA construct for the designated influenza gene.

Each construct was transiently transfected into RD cells, (ATCC
CCL136), a human rhabdomyosarcoma cell line in culture. Forty eight
hours after transfection, the cells were harvested, lysed, and western
blots were run (except for the V1J-PR-HA construct which was tested in
mice and gave anti-HA specific antibody before a western blot was run,
thus obviating the need to run a western blot as expression was observed
in vivo). Antibody specific for the PB1, PB2 and NS proteins was
provided by Stephen Inglis of the University of Cambridge, who used
purified proteins expressed as B-galactosidase fusion proteins to
generate polyclonal antisera. Anti-NP polyclonal antiserum was
generated by immunization of rabbits with whole A/PR/8/34 virus.
Anti-M1 antibody is commercially available from Biodesign as a goat,

anti-fluA antiserum, catalog number B65245G. In each case, a protein
of the predicted size was observed, confummg expression in vitro of
the encoded influenza protein.

The nomenclature for these constructs follows the convention:
"Vector name-flu strain-gene”, In every case, the sequence was checked
against known sequences from GENBANK for the cloned and sequenced
A/PR/8/34 gene sequence. The biological efficacy of each of these
constructs is demonstrated as in Examples 2, 3, and 4 above:

SEQUENCE ACROSS THE 5' JUNCTIONS OF CMVINTA AND FLU
GENES FROM A/PR/8/34:



5  CAGCTTGICT GTAAGOGGAT GCOGGGAGCA GACAAGCOCG TCAGGCOGOG-TCAGCEGGTG
120 TTGGOGGGTG TCGGAGCTGG CTTAACTATG CGGCATCAGA CHREATACHMESTCNENENICC
180 ACCATATGCG GTGTGAAATA CCGCACAGAT GOGTAAGGA ACES ATTIGG
240 CTATTGGCCA TTGCATACGT TGTATCCATA TCATAATATG TACAXE? bR FeCTICATC
300 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATT TTIAC
360 10  GGGGTCATTA GTTCATAGCC CATATATGGA GTT STL_ACATAACTTA (GGTAAATGG
420 COCGCCTGGC TGACCGOCCA ACGACCCCCG CCGASFGACG TCAATAATGA CGTATGTTICC

480 CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG GREEAGFATTFASGSFAAAC

540 TGOCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT ACGOCOCCTA TTGACGTCAA

600 15 A RS T 5 . AT ACTTTCCTAC
660 TTGGCAGTAS+A AT RET CATE BZAGTA

720 CATCAATGGS' Gmmmacmumm H@HMFTCCMMMW

780 CGTCAATGGG AGTTTGTTTT GORARRMRAA TCAACGEGAC i CCAAAAT GTCGTAACAA

840 :

TAG ATA ATC ACT CAC TGA GTG ACA TCA AAATCA TG

. V1J-PR-PB1. SEQ. ID:13:. GENBANK ACCESSION #J02151
5' ACC GTC CTT AGA TC/A GCT TGG CAA AAG CAG GCA AAC
CMYVintA PB1....
1% CAT TTG AAT GGA TGT CAA TCC GAC CTT ACT TTT CTT
AAA AGT GCC AGC ACA AAA TGC TAT AAG CAC AACTTT
CCC TTA TAC

. V1J-PR-NS. SEQ. ID:14:, GENBANK ACCESSION #J02150 .
5' GTC ACC GTC CTT AGA TC/A ATT CCA GCA AAA GCA GGG
CMVintA NS..

15

TGA CAA AAA CAT AAT GGA TCC AAA CAC TGT GTC AAG
CTT TCA GGT AGA TTG CTT TCT TTG GCA TGT CCG CAA

20 ACG AGT TGC AGA CCA AGA ACT AGG TGA T...

4. V1J-PR-HA., SEQ. ID:15:. GENBANK ACCESSION #J02143
5' TCT GCA GTC ACC GTC CTT AGA TC/ A GCT TGG AGC AAA

CMYVintA HA...
25
AGCAGG GGA AAA TAA AAA CAA CCA AAA TGA AGG CAA
ACC TAC TGG TCC TGT TAA GTG CAC TTG CAG CTG CAG
ATG CAG ACA CAA TAT GTA TAG GCT ACC ATG CGA ACA

ATT CAA CC...
30



CTOCCCOCCA TTGACGCAAA TGGGCGGTAG GOGTGTACGG TGGGAGGTCT ATATAAGCAG 900 20

AGCTOGFTTA GTGAACCGTC AGATCGOCTG GAGACGOCAT CCAGGCTGIT TTGACCTCCA 960
TAGAAGACAC CGGGACCGAT CCAGCCTCOG CGGOCGGGAA CGG TRRCEOREAT, 1020
TCOCCGTGOC AAGAGTGACG TAAGTACCGC CTATAGAGTC TAT DAC 1080
TTCTTATGCA TGCTATACTG TTTTTGGCTT GGGGTCTATA CACACd TCCTCATGITI 1140
25  ATAGGTGATG GTATAGCTTA GOCTATAGGT GTGGGTTATT |GABZAIFRTGS;GADCACTCOC
1200 CTATTGGTGA CGATACTTTC CATTACTAAT CCADAACATG GCTCTTTGCC ACAAQTCTCT
1260 TTATTGGCTA TATGOCAATA CACTGTCCTT CAGAGACTGA GA & TTAC
1320 AGGATGGGGT CTCATTTATT ATTTACAAAT TCACATATA CCACCG TCOOQAGTGG
1380 COGCAGITTT AAACAT AAG Q T A TG TOOGE
1440 30  ACATCYE-FR-PBI SEQBA6:-GHNB AN % y,".[ COCATGCCTC
55 Ceod S pTTrTOReh sroaer oo A v e
o0 | EATVIREXC PBoCT
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GCA AAA GCA GGT CAA TTA TAT TCA ATA TGG AAA GAA
TAA AAG AAC TAA GAA ATC TAA TGT CGC AGT CTG CCA
CCC CGG AGA TAC TCA CAA AAA CCA CCG TGG ACCATA

TGG CCA TAA TCA AGA AGT..

6. V1J-PR-M1, SEQ. ID:17:, GENBANK ACCESSION #J02145
5' GTC ACC GTC CTT AGA TCT/ ACC ATG AGT CTT CTA ACC

CMVINTA Ml.....
GAG GTC GAA ACG TAC GTA CTC TCT ATC ATC CCG TCA

GGC CCC CTC AAA GCC GAG ATC GCA CAG AGA CTT GAA
GAG TTG ACG GAA GA...

How F joined:
1. V1J-PR-NP: Blunted BgIII (vector) to blunted EcoRI (NP)

2. V1J-PR-PBI1: Blunted BglHI (vector) to blunted HinDIII
(PB1)

3. V1J-PR-NS: Blunted BglII (vector) to blunted EcoRI (NS1)
4. V1J-PR-HA: Blunted Bglll (vector) to blunted HinDIII (HA)
5. V1J-PR-PB2: Sticky Bglll (vector) to sticky BamHI (PB2)

6. V1J-PR-MI1: Sticky BglIl (vector) to sticky Bglll (M1)
M1 was obtained by PCR, using p8901-M1TE as template



TGAAAATGAG CTCGGEGGAGC GGGECTTGCAC CGCTGACGCA TTTGGAAGAC TTAAGGCAGC 1680
-88 - GGCAGAAGAA GATGCAGGCA CCTGAGITGI TGIGITCTGA Bave w\(g‘ﬁc@? CTCC

1740 CGITGCGGTIG CTGTTAACGG TGGAGGGECAG TGTAGICTGA

CGC

1800, GCGCGCCACC AGACATAATA CCTGACAGAC TAACAGACTG TTECTTTCCA TGGGTCTITTT
1860 CTGCAGICAC CGICCTTAGA TCTGCTGIGC CTTCTAGITG GATKPR &PYGTirTicee

1920 5

TCCTAATAAA
cejjeeceejjee
GATGCGEGTGG
AGAAAGAAGC
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CCTCCCCCGI GCCTTCCTTG ACCCTGGAAG GT CC CACTGICCTT]

1980 ATGAGGAAAT TGCATCGCATL g@LCTGAGIA TGITCATTC TATTLCTGGEG
2040 GGCAGCACAG CAAGGEGGAG GATT G ACAATAGCAG GCATECTGEG

2100 GCTCTATGGEG TACCCAGGTG CTGAAGAATT GACCCGGTTC CTCCTGGEGECC
2160

and Primers that add a BglII site at both ends and start
3 bases befor the ATG and end right after the termination
codon for M1 (TGA).

EXAMPLE 8
V1Jneo EXPRESSION VECTOR. SEQ. ID:18:

It was necessary to remove the amp! gene used for antibiotic
selection of bacteria harboring V1J because ampicillin may not be used
in large-scale fermenters. The amp! gene from the pUC backbone of
V1J was removed by digestion with SspI and Eam1105I restriction
enzymes. The remaining plasmid was purified by agarose gel
electrophoresis, blunt-ended with T4 DNA polymerase, and then treated

_ with calf intestinal alkaline phosphatase. The commercially available

kanT gene, derived from transposon 903 and contained within the
pUCAK plasmid, was excised using the PstI restriction enzyme, purified
by agarose gel electrophoresis, and blunt-ended with T4 DNA
polymerase. This fragment was ligated with the V1J backbone and
plasmids with the kan' gene in either orientation were derived which
were designated as V1Jneo #'s 1 and 3. Each of these plasmids was
confirmed by restriction enzyme digestion analysis, DNA sequencing of
the junction regions, and was shown to produce similar quantities of
plasmid as V1J. Expression of heterologous gene products was also
comparable to V1J for these V1Jneo vectors. We arbitrarily selected
V1ineo#3, referred to as V1Ineo hereafter (SEQ. ID:18:), which
contains the kan' gene in the same orientation as the amp! gene in V1J
as the expression construct,

Genes from each of the strains A/Beijing/353/89, A/Texas/36/91, and
B/Panama/46/90 were cloned into the vector V1Jneo as cDNAs. In each
case, the junction sequences from the 5' promoter region (CMVintA)
into the cloned gene was sequenced using the primer:

CMVinta primer 5'- CTA ACA GAC TGT TCC TTT CCA TG- 3,
SEQ. ID:28:, which generates the sequence of the coding sequence.

This is contiguous with the terminator/coding sequence, the junction of



10 CACTCATAGG ACACTCATAG CTCAGGAGGG CTCCGCCTTC

CGIAEAGIAC

AGGCACATCC CCTTCTCTGI GACACACCCT GICCACGCCC CTGGTTCTTA GTTCCAGCCC 2220

2280 TTGGAGCCGI CTCTCCCTCC CTCATCAGCC CACCAAACCA(A

2340 ,GAAGAAATTA AAGCAAGATA GGCTATTAAG TGCAGAGGGA| GAGAAAATGC TTCGAACATG
2400 TGAGGAAGTA ATGAGAGAAA TCATAGAATT. TCTTCCGCTT QELHOACIGBEAGT G
2460 15 CCCTCGGTCG TTCGGCTACG GCGAGCGGTA TCAGETLCACT CAAAGGECH(|

AATACGGTTA
GCAAAAGECC
CCCTGACGAG
ATAAAGATAC.
GCCCCTTACC

TTTCTCAATG CT

GCTGIGI'GCA
TTGAGTCCAA
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5T
2520 TCCACAGAAT CAGGGGATAA &ICAGGAAA y. GGECCA
2580 AGGAACCGTA AAAAGECCCEC GITCCTEECG TTTTTCCATA CCcGccee
2640 CATCACAAAA ATCGACGECTC AAGTCAGAGE TGGC(:AA/—\LL, CGACAGGACT
2700, CAl TTC GGAAG CTCCCTCGTG TTCCGACCCT
Whigh 15180 han

il

fimer 598 IGGAGGFFGCGGQA @GE(IEGF AGGT—GG%\SEQC MAGCT GG
erated 350 sCICASEF the RS ARRE st G@erf G4 TOSTC

the sequence was checked against known sequences from GENBANK

for cloned and sequenced genes from these or other influenza isolates.

The position at which the junction occurs is demarcated by a "/, which

does not represent any discontinuity in the sequence. In the case of the

V1Jneo-TX-HA junction, the sequencing gel was compressed and the

initial sequence was difficult to read. Therefore, the first 8 bases at that

junction were shown as "N". These nucleotides have been confirmed

and the identified nucleotides are provided. The first "ATG"

encountered in each sequence is the translation initiation codon for the

respective cloned gene. Each sequence provided represents a complete,

available, expressible DNA construct for the designated influenza gene.

The nomenclature follows the convention: "Vector name-flu strain-

gene". The biological efficacy of each of these constructs is shown in

the same manner as in Examples 2, 3, and 4 above:

SEQUENCE ACROSS THE 5' JUNCTIONS OF CMVintA AND THE
FLU GENES AND ACROSS THE 3' JUNCTIONS OF THE FLU
GENES AND THE BGH TERMINATOR EXPRESSION
CONSTRUCTS, USING DIFFERENT INFLUENZA STRAINS AND
PROTEINS:

I.  A/BEIJING/353/89

PROMOTER , 1D:20:

5' TCA CCG TCC TTA GAT C/ AA GCA GGG TTA ATA ATC
CMYVintA NP....



CACGACTTAT CGCCACTGGEC AGCAGCCACT GGTAACAGGA TTAGCAGAGC GAGGTATGTA 3000

25 GCCGGTGCCTA CAGAGITCTT GAAGTGGTGG CCTAACTACG mmﬁ@ GTA
3060 TTTGGTATCT GCGCTCTGCT GAAGCCAGIT ACCTTCGGAA A AGUELGETGA
3120. TCCGGBCAAAC AAACCACCGC TGGTAGCGGT GGTITTTTTTG TITCAAGCA GCAGATTACG

3180 CCCAGAAAAA AAGGATCTCA AGAAGATCCT TTGATCTTTT CrACGEGGESRTRALCCETGAG
3240 TGGAACGAAA ACTCACGITA AGGGATTTTG GTCATGAGAT TATCAAAAAG GATCTECACC

3300 30 TAGATCCTTT TAAATTAAAA ATGAAGIT §P AAATCAATETAAAGTATATA
TGAGTAAACT 3360 TGGICTGACA GITACCAATG CTTAATCAGI GACGCACCTA TCTCAGCGAT

CTGICTATTT
GGAGGECTTA
TCCAGATTTA
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3420 CGTTCATCCA TAGITGCCTG ACTCCCCGT ~CTACGATACG

Re CAETELETSRERHER LANTC K16 T T e X G5C™

ACC AAA CGG TCT TAT GAA CAG ATG GAA ACT GAT GGG
GAA CGC CAG ATT

TERMINATOR, SEOQ. ID:21;

5" GAG GGG CAA ACA ACA GAT GGC TGG CAA CTA GAA GGC
ACA GCA GAT/ ATT TTT TCC TTA ATT GTC GTA C...

BGH NP....
II. A/TEXAS/36/91

PROMOTER. SEQ. ID:24:

5'CCT TAG ATC/ GGA AAT AAA AAC AAC CAA AAT GAA
CMVINTA HA....

AGC AAA ACT ACT AGT CC...

TERMINATOR, SEO. ID:25:

5' GCA GAT C/ CT TAT ATT TCT GAA ATT CTG GTC...
BGH HA....

TCA GAT...

ITI. B/PANAMA/46/90
A. ViIneo-PA-HA



-89 - TCAGCAATAA ACCAGCCAGC CGGAAGGGCC GAGCGCAGAA GTGGTCCTGC AACTTTATCC
3600 GGCTCCATCC AGTCTATTAA TTGTTGCCGG GAAGCTAGAG TAAGTAGTTC GCCAGTTAAT
3660 AGITTCGCA ACGITGITGC CATTGCTACA GGCATCGTGG TGICACGCTC GTCGTTTGGT
3720, ATGGCTTCAT TCAGCTCCGG TTCCCAACGA TCAAGGCGAG TTR(;@?’@&@M@# G
3780 5 TGCAAAAAAG CGGTTAGCTC CTTCGGTCCT CCGATCGT Fo- Tk L
GTTGGCCGCA 3840 GTGTTATCAC TCATGGTTAT GGCAGCACTG GATAATTCTC TTALTGTCAT
CCCATCCGTA 3900 AGATGCTTTT CTGTGACTGG $BAGTACTCA ACCAGRAATIIFCTIGAGAATA
GTGTATGCGG 3960 CGACCGAGTT GCTCTTGCCC GGCGTCAATA CGGGATAATA CCGCGCCACA
TAGCAGAACT 4020 TTAAAAGTGC TCATCATTGG AAAACGTTCT TCGGGGCGAA TATCAAG
GATCTTACCG 4080 10  CTGITGAGAT CCAGITCGAT GTAAGCCCACT. CGTGCACCCA |

ACTGATCTTC AGCATCTTTT 4140 ACT TTCACCA GCGITTCTGG GI GAGCAAAA ACAGGAAGGC

TTTTTCAATA TTAITSPRE on GWANK as accession number M65171: the sequence

" gbtain low is identical with the known seguence: the 3' sequence

SEQ. ID:27: below) has not been previously reported)

5
5'ACC GTC CTT AGA TC/ C AGA AGC AGA GCA TTT TCT AAT

CMVintA HA....
10 ATC CAC AAA ATG AAG GCA ATA ATT GTA CTA CTC ATG
GTA GTA ACA TCC AAC GCA GAT CGA ATC TGC...

TERMINATOR. SEQ. ID:27:

15 & GGC ACA GCA GAT C/ TT TCA ATA ACG TTT CTT TGT

BGH HA....

AAT GGT AAC...
20 EXAMPLE
dermal Injection nfluenza Genes:

The protocol for intradermal introduction of genes was the
same as for intramuscular introduction: Three injections of 200ug
each, three weeks apart, of V1-PR-NP. The spleens were harvested for
the in vitro assay 55 days after the third injection, and restimulated with
the nonapeptide nucleoprotein epitope 147-155, SEQ. ID:9:. Target
cells (P815 cells, mouse mastocytoma, syngeneic with BALB/c mice H-
24) were infected with the heterologous virns A/Victoria/73, and
specific lysis using the spleen cells as the effector at effector:target
ratios ranging between 5:1 and 40:1. Negative controls were carried
out by measuring lysis of target cells which were not infected with
influenza virus. Positive controls were carried out by measuring lysis
of influenza virus infected target cells by spleen cells obtained from a

25

30



ATTTATCAGG GITATTGICT CATGAGCCGGA TACATATTTG AATGTATTTA GAAAAATAAA 4320
15 CAAATAGGCGEG TTCCGCGCAC ATTTCCCCGA AAAGTGECCAC ATT
R A VR SHEE

4380 ATTATCATGA CATTAACCTA TAAAAATAGG CGTATCACGA

4432, (2) | NFORVATI ON FOR SEQ I D NO 11: (i) SEQUENCE CHARACTER STI GS: (A)

LENGTH: 2196 base pairs (B) TYPE: nucleic acid 2( 07 APR V97 (C
STRANDEDNESS: doubl e (D) TOPOLOGY: both (ii) MOLECYLE TYPE: cDNA (
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 25-64 -
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i)

mouse which was injected three times with 130 pg of V1-PR-NP and
which survived a live influenza virus infection by strain A/HK/68.

Results: Specific lysis was achieved using the spleen cells
from intradermally injected mice at all effector:target ratios. No
specific lysis was seen when spleen cells obtained from uninjected mice,
or mice injected with the vector V1 without the inserted PR-NP gene,
were used as the effector cells. In addition, the specific lysis achieved
using the intradermal delivery was comparable at all effector:target
ratios to the results obtained using intramuscular delivery. Influenza
virus lung titers were also measured in mice injected intradermally or
intramusculary. The results, using 5 mice per group, 3 x 200 pg per
dose three weeks apart, and challenge 3 weeks post last dose, were as
follows:

Vaccine __Mode of Delivery Mouse Lung Titer*
" Day$ Day 7

V1-PR-NP Intradermal 52+£02 4.1+ 1%*

\'5] Intradermal 59+1 6.6+0.3
V1-PR-NP Intramuscular 46+04 45+ 1,1%*
None 62+03 59+0.3

* Mean log titer + SEM.

** One mouse had no virus at all.

Finally, percent survival of mice was tested out to twenty eight days.
By day twenty eight, of the mice receiving VI-NP-PR, 89% of the i.m.
recipients and 50% of the i.d. recipients survived. None of the V1
vector and only 30% of the untreated mice survived. This experiment
demonstrates that DNA encoding nucleoprotein from the A/PR/8/34
strain was able to induce CTL's that recognized the nucleoprotein from
the hetereologous strain A/Victoria/73 and a protective immune
response against the heterologous strain A/HK/68.
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Polynucleotide vaccination in primates

1. Antibody to NP in Rhesus monkeys: Rhesus monkeys (006 NP, 009
NP or control 101; 021) were injected with 1 mg/site of RSV-NP i.m.
in 3 sites on day 1. Injections of 1 mg each of RSV-LUX and CMV-int-
LUX, constructs for the reporter gene firefly luciferase expression,
were given at the same time into separate sites. Animals were re-
injected on day 15 with the same amounts of DNA as before and also
with 1 mg of pD5-CAT, a construct for the reporter gene
chloramphenical acetyl transferase expression, in 1 site each. Muscle
sites containing reporter genes were biopsied and assayed for reporter
gene activity. Serum was collected 3, 5, 9, 11, 13, and 15 weeks after
the first injection. The first positive sample for anti-NP antibody was
collected at week 11 and positive samples were also collected on weeks
13 and 15. Anti-NP antibody was determined by ELISA. The results
are shown in Figure 9.

2. Hemagglutination inhibiting (HI) antibody in rhesus monkeys:
Monkeys were injected i.m. with V1J-PR-HA on day 1. Two animals
each received 1 mg, 100 pg, or 10 pug DNA in each quadriceps muscle.
Each injection was administered in a volume of 0.5 ml. Animals were
bled prior to injection on day 1. All animals were reinjected with DNA
on day 15, and blood was collected at 2-4 week intervals thereafter.
Hemagglutination inhibition (HI) titers against A/PR/8/34 were positive
at 5 weeks, 9 weeks and 12 weeks after the first injection of V1J-PR-HA
DNA. Results are shown below in Table 10-I:
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DOSE

RHESUS # HI ANTIBODY TITER AT WEEK #
PRE 3WK |SWK |9WK [12WK
88-010 1 MG <10 <10 320 320 320
88-0200 <10 <10 <10 40 40
88-021 100UG {10 <10 <10 40 20
90-026 <10 <10 20 20 40
88-084 10 UG <10 20 40 20 10
90-028 <10 <10 20 <10 <10
EXAMPLE 11

Polynucleotide vaccine studies in ferrets -

1. A study of polynucleotide vaccination in ferrets was initiated with
the purpose of determining whether animals could be protected from
influenza A infection by immunization with genes encoding either the
HA (a surface protein capable of inducing strain-specific neutralizing
antibody) or the interal protein NP, NSI, PBI, M (thought to induce a
cell-mediated immune response that would be strain-independent).
Animals were injected with DNA encoding the various influenza genes
in our V1J-vector as shown:



GCCTCCAGCG ACTCATGGTC GCTCGECAGC TCCTTGCTCC TAACAGIGGA GGECCAGACTT
AGGCACAGCA CGATGCCCAC CACCACCAGT GI'GCCGCACA AGGCCGTIGEC GGTAGGGTAT
GIGITCTGAAA ATGAGCTCGG GGAGCGEECT TGCACCGCTG ACGCATTTGG AAGACTTAAG
GCAGCGGECAG AAGAAGATGC AGGCAGCTGA GITGITGTGI TCTGATAAG
ACTCCCGITG CGGTGCTGIT AACGGTGGAG GECAGIGTAG TCTG
1560 GCCGCGCGCG CCACCAGACA TAATAGCTGA CAGACTAACA GACTG
1620 CTTTTCTGCA GICACCGICC TTAGATCTGC TGIEZCTTCT AGITEC
1680 TTGCCCCTCC CCCGTGCCTT CCTTGACCCT GGAAGGTGCC ACTCLCCA
ATAAAATGAG GAAATTGCAT CGCATTGICT GAGTAGGTGr
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CCTA

1860 COTGOGCTCT ATCOTALABLEANGETGAA CANEFGACCL CGITCLTOCT
1920 GAAGCAGGCA CATCCCCTTC TCTGIGACAC ACCCTGICCA ceeeceeraar
‘ggig AQ T AT A A T A e Gl | Chall " CC
Group Construct Dose [Immunized |HINI |H3N2
1 V1J-HA 1000 mg 16 8 8
2 V1J-NP 1000 mg 16 8 8
3 V1J-NP+NS1+| 2000 mg 16 8 8
PB1+PB2+M total
4 V1J-HA+NP+ | 2000 mg 16 8 8
NS1+PB1+ total
PB2+M
5 V1J- 1000 mg 16 8 8
6 None None 10 5 5
Total 90 45 45
Animals

2. On days 22 and 43 postimmunization, serum was collected from the
immunized animals and assayed for neutralizing (hemagglutination
inhibiting-HI) antibodies and for antibodies to nucleoprotein (NP) by
ELISA. Animals that had been injected with DNA expressed antibodies
to the corresponding genes. These are reflected in the attached Figures
10, 11, and 16.

3. On Day 128, selected immunized animals were challenged with 1200
TCID50 of Influenza A/HK/68. This strain is heterologous to the
A/PR/8/34 strain that was the source of the coding sequences used to
immunize and therefore protection indicates immunity based on cell-
mediated, strain-independent immune mechanisms. As shown in the
attached Figure 12, a statistically significant reduction in viral shedding
compared to controls was seen in animals immunized with DNA
encoding internal proteins, confirming that polynucleotide
immunization in ferrets is capable of eliciting an immune response and
that such responses are protective.
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4. A homologous challenge using A/PR/8/34 is similarly tested and the
protective efficacy of neutralizing antibody induced by polynucleotide
vaccination is demonstrated similarly.

EXAMPLE 12
PRODUCTION OF V1lns

An Sfi I site was added to V1Jneo to facilitate integration studies.
A commercially available 13 base pair Sfi I linker (New England
BioLabs) was added at the Kpn I site within the BGH sequence of the
vector. V1Ineo was linearized with Kpn I, gel purified, blunted by T4
DNA polymerase, and ligated to the blunt Sfi I linker. Clonal isolates
were chosen by restriction mapping and verified by sequencing through
the linker. The new vector was designated V1Jns (Figure 17).
Expression of heterologous genes in V1Jns (with Sfi I) was comparable
to expression of the same genes in V1Jneo (with Kpn I).

EXAMPLE 13
IMMUNOGENICITY '

1. Humoral Immune Responses

Injection of DNA encoding influenza HA, NP and M1 has
resulted in humoral immune responses in mice, ferrets or non-
human primates (including African green monkeys and Rhesus
monkeys). To date, PNVs containing HA genes cloned from the
A/PR/34, B/Panama/90, A/Beijing/89, A/Texas/91, A/Hawaii/91,
and A/Georgia/93 strains of influenza virus have been shown to
generate antibodies.

a) Mice: Antibodies to NP and M1 were detected by ELISA
in sera from mice after injection of DNA. Substantial antibody
titers (104 - 106) were generated with as low as 1 pg of NP DNA
(A/PR/34) administered once (the smallest dose tested), arose as
soon as 2 weeks after injection (the earliest time point tested), and



(ii) MOLECULE TYPE: cDNA 5

NO (xi )} SEQUENCE DESCRI PTION: SEQ I D NG 12: GICACCGICC TTAGATCAAT

(i11) HYPOTHETI CAL: NO (iv) ANTI - SENSE:

TCCAGCAAAA GCAGGGTAGA TAATCACTCA CTGAGIGACA GO0 TEAAAALCAT G
71 (2) | NFORMATI ON FOR SEQ I D NO 13: (i) SEQUENCE CHARRCAERNSK ;(ﬁ{”E’P,
LENGTH: 117 base pairs (B) TYPE: nucleic acid (Q S‘I'R/T‘DEDTIE ~doupl e 15
(D TOPOLOGY: both (ii) MOLECULE TYPE: cD6NA 07 APR @97 r

-69 -

10

15

20

25

30

have not decreased for at least 6 months after injection. These NP
antibodies are not neutralizing and do not participate in
protection. They do, however, demonstrate NP protein
expression in vivo after DNA injection. In contrast, antibodies to
HA do provide protective immunity against the homologous
strain of influenza virus. Injection of HA DNA cloned from the
A/PR/34 strain resulted in the production of neutralizing
antibodies, as measured in vitro by a hemagglutination inhibition
(HI) assay. HI titers = 1280 were measured in many mice given
three doses of 100 pg of HA DNA, and detectable titers were seen
in some animals that had received a little as two doses of 0.1 pg.
There was a dose-response relationship between HI titer and
DNA dose, as well as HI titer and number of injections (Table 13-
)

Table 13-1

Generation of Humoral Immune Responses in Mice

GMTHI
# doses
dose (ug) 1 2 3

HA DNA (100) 75 106 260
HA DNA (10) 37 69 86
HA DNA (1) <102 13 24
HA DNA (0.1) <10p <i0a <102
Control DNA (100) <1Qb <1Qb <10b
uninjected <10b

Table 13-I: Female BALB/c mice (4-6 weeks) were injected with
A/PR/34 HA DNA (V1JHA) at the indicated doses either once, twice or
three times at three week intervals. Negative controls included mice
injected with control DNA consisting of the vector without a gene insert
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(V1J) and naive, uninjected mice. Serum samples were collected at
seven weeks post-dose one and analyzed for the presence of
hemagglutination inhibition (HI) antibodies. The data is represented as

" geometric mean HI titer where n=10.

2 some of the mice tested positive for HI titer.

b all of the mice.

In every mouse tested, the presence of HI antibodies correlated
with protection in a homologous challenge model. HI antibody
responses in mice injected with HA DNA (A/PR/34) have
remained essentially unchanged for at least six months. HA
antibodies, as measured by ELISA, have also been generated in
mice using HA DNA from A/Beijing/89, B/Panama/90, and
A/Texas/91 strains of influenza virus.

Based on a report in the literature that demonstrated lower
reporter gene expression in older mice after injection of DNA, the
effect of age on humoral immune responses to HA was tested.
Due to the lack of availability of senescent virgin female mice,
retired breeders of approximately 10 months of age were used.
Retired breeders and 4-6 week-old virgin mice were compared for
their ability to generate antibodies to HA. The older mice were
able to generate HA antibodies after injection of HA DNA at doses
as low as 1 pg (the lowest dose tested), albeit lower in titer than in
the younger mice (Table 13-11):
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Table 13-11

Effect of Age on Humoral Immune Responses

GMT GMT
inoculum dose (ug)| (4-6 wk)| (10 mo)

HA DNA 100 1034 110
HA DNA 10 338 68
HA DNA 1 80 20
Control DNA 100 <5a <5a
Uninjected - <ba <ba
Flu - 538 36

Table 13-II: Female BALB/c mice (4-6 week virgins and 10-month
retired breeders) were injected with A/PR/34 HA DNA (V1JHA) at the
indicated doses three times at three week intervals. Negative controls
included mice injected with control DNA (V1)) and naive, uninjected
mice. For comparison, other mice were infected with a sublethal dose
of influenza A/PR/34. Serum samples were collected at nine weeks
post-dose one and analyzed for HI titer. Data is represented as
geometric mean HI titer where n=15.

2 all mice tested negative for HI titer

However, this was not a result of the PNV itself, but rather a
diminished capacity in the older mice to generate humoral
immune responses in general since older mice also exhibited lower
HI responses than younger mice after infection with live A/PR/34
virus. In fact, the HI antibodies appeared to be less depressed in
DNA-vaccinated aged mice than in influenza-infected aged mice.
Moreover, the retired breeders used in these studies were
approximately 50% heavier than typical virgins of the same age,
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which based on studies of others using calorie-restricted diets in
mice could have had a detrimental effect on the immune responses
of these animals. For this and other reasons, the immune

‘responses of these mice may not be representative. Nevertheless,

age (up to at least 10 months) does not appear to have
significantly reduced the ability of polynucleotide vaccination to
induce humoral immune responses, even at doses of as low as 1

ug.

b) Ferrets: Humoral immune responses have been
generated in ferrets injected with HA DNA from the A/PR/34,
A/Beijing/89, A/Hawaii/91 and A/Georgia/93 strains of influenza
virus. HI antibodies against A/PR/34 and ELISA antibodies

_ against HAs from the other strains were elicited by the

appropriate PNV. Sera from ferrets injected with A/Beijing/89,
A/Hawaii/91, and A/Georgia/93 HA DNAs are found to have HI
antibodies and neutralizing antibodies, since these animals were
protected from virus challenge.

) Non-Human Primates: (See also Example 10 above).
Rhesus monkeys were immunized twice with HA DNA (A/PR/34)
at doses of 10, 100, and 1000 ug per leg. HI titers of up to 320 were
measured in animals that had received 100 or 1000 pg doses, and
one of the two 10 pg-dose monkeys had an HI of 80. So far, sera
have been assayed out to 13 months; HI titers did not decline
appreciably from 6-13 months (Table 13-III):
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Table 13-III

Generation of HI Antibodies in Rhesus Monkeys

s |dose (ug){ pre 1 mo 2 mo 5.5 mo 13 mo
2000 <10 640 320 | 160 80
2000 <10 40 40 20 20
200 <10 80 40 40 80
200 <10 80 80 40 20
10 20 <10 40 20 20 20
20 <10 <10 <10 <10 <10

Table 13-1II: Rhesus monkeys (both male and female) ranging in size

15 from 4.3 to 8.8 kg were injected with A/PR/34 HA DNA (V1JHA) at
the indicated doses at 0 and 2 weeks. Serum samples were collected at
the indicated times post-dose one and analyzed for HI titer. The data
represent HI titers for individual animals.

20
In African green monkeys injected with a combination PNV

confaining 100 ug HA DNA (A /Beijing/89), evaluation of sera 4-6
weeks post-dose 1 showed a GMT of 29 (8/9 responding). This
compares favorably with responses to both licensed subvirion

25 vaccine (GMT of 16, 5/6 responding) and licensed whole virion
vaccine (GMT=36, 6/6 responding) at the same time point (Figure
18). A marked booster effect of the second immunization was seen
in animals receiving a 10-ug dose of HA DNA (GMT of 1.9 after 1
dose and 199 after two doses). Licensed whole virion vaccine

3o demonstrated a similar boosting effect, whereas HI titers
produced by the second dose of subvirion vaccine were only
transient. To date, similar levels of HI antibodies have been
measured out to 18 weeks in animals immunized with both 10 pg
and 100 pg doses of HA DNA compared to the best licensed
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vaccine (whole virion). These results demonstrate that the PNV
was as least as effective in generating neutralizing antibodies as
whole virion vaccine and superior to subvirion vaccine. Purified
subunit vaccines were not detectably immunogenic in mice; hence
they were not tested in non-human primates. In this study, the

> PNV contained a 5-valent cocktail of DNAs encoding HA from
A/Beijing /89, B/Panama/90 and A/Texas/91, and NP and M1
from A/PR/34, in order to resemble a candidate vaccine. We have
also tested these animals for the generation of humoral immune
responses against the other components of the vaccine and have

10 detected antibodies to B/Panama/90 HA and A/PR/34NP. Ina
separate experiment, both HI and neutralizing antibodies against
A/Texas/91 HA were induced by injection of two doses of PCR-
cloned HA DNA.

15

2. Cell-Mediated Immune Responses

See Example 3 above.

20 3. Generation of Immune Responses

a) Humoral Immunity: The events leading to the production
of humoral and cell-mediated immune responses after injection of
DNA have not yet been elucidated. To engender neutralizing
antibodies (e.g., against influenza virus HA), it is likely that cells
must express the antigen on the plasma membrane or secrete it
into the extracellular milieu. In addition, transfected cells should
express HA with secondary, tertiary and quaternary structure
similar to that in the virion. In a rosetting assay, cell surface
expression of HA was demonstrated in RD cells
(thabdomyosarcoma; myoblast origin) transiently transfected
with HA DNA. Red blood cells agglutinated to the surface of HA
transfected cells but not mock-transfected cells, indicating that HA
was not only expressed on the surface but also had retained the

25

30
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proper conformation for binding to sialic acid-containing
proteins. :

b)_Cell-Mediated Immunity: The generation of cell-
mediated immune responses {e.g., against influenza virus NP)
requires proteolytic processing and presentation of peptides
derived therefrom in association with MHC class I. The nature of
the antigen presenting cell leading to the generation of immune
responses after injection of DNA is not yet known. Muscle cells
express low levels of MHC class I and are not thought to express
costimulatory molecules on their surfaces. Therefore, muscle cells
are not generally considered to be antigen presenting cells.
However, several lines of evidence suggest that muscle cells are
involved in the generation of immune responses after i.m.
injection of DNA. First, a limited survey of the tissues capable of
internalizing naked plasmid DNA leading to protein expression in
situ demonstrated that many cell types can express reporter genes
when the plasmid is injected directly into the tissue, but |
substantially less efficiently than muscle cells. A complete analysis
of the uptake of DNA by non-muscle cells after i.m. injection has
not yet been reported, but it is likely that uptake would be even
less efficient. Second, expression of reporter genes after i.m.
injection of DNA has been demonstrated in skeletal and cardiac
muscle cells in many different species. Third, although CTL
responses can be generated after injection of DNA via other
routes (i.v. and i.d.), the best protective immune responses in mice
were elicited after i.m. injection of DNA. Fourth, myoblasts and
myocytes can be recognized and lysed by CTL in vitro and this lysis
can by enhanced by pretreatment with y-interferon, which
upregulates MHC class I expression. Finally, transplantation of
stably transfected, NP-expressing myoblasts into naive, syngeneic
mice resulted in the generation of protective cell-mediated
immune responses in vivo (Figure 20). Therefore, expression of
antigens by muscle cells is sufficient to induce the protective
immune responses seen after DNA injection. Furthermore,
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“potentially advantageous to limit DNA uptake to muscle cells.

First, myocytes are terminally differentiated and do not divide.
This could be important for reducing the possibility of integration
of plasmid DNA into chromosomal DNA and maintaining a
persistent expression of antigen, which could lead to long-lived
immune responses. Second, myocytes are large, multinucleate
cells that can be regenerated by fusion of myoblasts. This may
help to explain why injection of DNA leads to protein expression
that can potentially persist for long periods of time without
evidence of cytolytic destruction by CTL.

EXAMPLE 14

Protection ie

Immunization with DNA encoding influenza virus antigens
provided protection from déath and disease, and reduced viral burdens,
in a variety of combinations of influenza strains, using two widely
accepted animal models for human influenza infection (mice and
ferrets).

1. Heterologous (heterotypic, group-common) protection is not
provided efficiently by the licensed killed virus vaccine but was
provided by DNA vaccination in animal models. This protection was
demonstrated when DNA that encoded NP or M1 was injected into
laboratory animals. The cross-reactive cell-mediated immune (CMI)
response induced by vaccination with these DNAs provided a protective
response. |

a. Mice: BALB/c and C3H mice injected i.m. with DNA coding
for NP from A/PR/34 were protected from death and from disease
(assessed by reduction in body weight) when challenged by total
respiratory tract infection with an LD9Q of A/Hong Kong/68 (H3N2), a
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1200 CTATTGGTGA CGATACTTTC CATTACTAAT ECCATAACATG GCTCTITTIGCC

1260 TTATTGGCTA TATGCCAATA -CALFGICCTT CAGAGACTGA CA TCT
1320 AGGATGGEGEGT CTCATTTATT ATTTACAAAT H-GACATATAC. AACACGACCG
1380 CCGCAGITTT TATTAAACAT AACGIGGGAT CTCCACGCGA ATCTCGGGTA

htférdtypic strain (H3 vs H1 for A/PR/34). Figure 21 shows the
survival of BALB/c mice immunized 3 times with NP DNA (200
pg/dose) at 3-week intervals and challenged 3 weeks after the last
immunization. Figure 22 shows the inhibition of weight loss after
challenge in immunized mice compared with the severe weight loss
experienced by control mice. Figure 23 shows the reduction in viral
burden in the lung 7 days after after upper respiratory tract challenge
of mice immunized with NP DNA compared with mice given control
noncoding DNA. Mice immunized with NP DNA were completely
protected from death, experienced reduced weight loss, and showed
lower viral burden in the lungs when compared with control mice. The
amount of NP DNA required to protect mice from death and weight
loss was found to be <6.25 pg per injection when 3 injections of DNA
were given (Figure 24). The protection produced by immunization
with NP DNA was found to persist essentially unchanged for at least 3
months in immunized mice. The level of protection persisted to 6
months, but declined slightly between 3 and 6 months after the last
immunization. However revaccination with a single injection of NP
DNA at 22 weeks, 3 weeks prior to challenge at 25 weeks, restored full
protection (Figure 25). Thus immunization of mice with NP DNA
produced a long-lasting, boostable, heterologous protection. The ability
to generate an anamnestic response upon revaccination of these animals

suggests that immunological memory was induced by the NP DNA
immunization.

b. Ferrets: Ferrets are a commonly used model for human
influenza infection because they are susceptible to infection with a wide
variety of human isolates of influenza virus. Virus replication in the
ferret occurs predominantly in the nares and trachea and to a much
lesser extent in the lung, in contrast to mice in which the viral burden in
the lung is large. Infection in the ferret is followed most readily by
titration of virus in nasal wash fluid. Ferrets immunized with NP DNA
or M1 DNA, singly or in combination, from a strain recently obtained
from humans (A/Beijing/89, H3N2), exhibited significantly reduced



10  ACATGGGECTC TTCTCCGGTA GCGECGGAGC TTCTACATCC GAGCCCICLT CCCATGCCTC

1500 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA (HER w{r WEAG) a
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1800 GOGOGCCACC AGACATAATA H8CT GACAGA
1860 CTGCAGICAC CGICCTTAGA TCTGCT SCCATCT
1920 CCTCCCCCGT GCCTTCCTTG ACCCTGGAAG GTGCCACTCC CACTGTCCTT

mlﬁW%TﬁBﬁT ﬂiﬁt ngmceccc
vaccme offered little or no protection of humans against disease
caused by A/Georgia/93. Ferrets immunized with DNA encoding
internal proteins of A/PR/34 exhibited significantly reduced nasal viral
shedding on days 5 and 6 after infection with the homotypic strain,
A/PR/34 (Figure 27). Reduction in viral shedding was seen after
A/Georgia/93 challenge at both early and late time points, while late
reduction in shedding was observed after A/PR/34 challenge; this may
be due to a difference in virulence for ferrets between the two strains.

2. Homologous (homotypic, type-specific) protection was demonstrated
readily in both mice and ferrets imunized with HA DNA.

a. Mice: BALB/c mice immunized with HA DNA (A/PR/34) were
fully protected against challenge with an LD9Q of A/PR/34. Immunized
mice experienced neither death (Figure 28) nor loss of more than 5% of
body weight (Figure 29) after challenge, while 90-100% of control
mice died and experienced severe weight loss. Titration of the dose of
HA DNA required to achieve protection showed that three injections of
1 ng HA DNA was sufficient to achieve full protection (Figure 30).

b. Ferrets: Ferrets that had been immunized with DNA that
coded for the HA from A/PR/34 had significantly lower viral shedding
on days 1-6 after homologous challenge infection than ferrets given
control DNA (Figure 31). Similarly, ferrets that had been immunized
with A/Georgia/93 HA DNA had reduced viral shedding on days 1 and
3-7 after homologous infection (Figure 32). HI antibodies were present
against the appropriate strains in sera from all of the immunized ferrets
(vide supra). Thus immunization with HA DNA produces homologous
protection.



25  CACTCATAGG|ACACTCATAG CTCAGGAGGG CTCCGLCTTC AATCCCACCC GCTAAAGTAC
2280 TTGGAGCGGT! CTEFEEE ATFCAGCC CACCAAACCA AACCTAGCCT CCAAGAGTGG
2340 GAAGAAATTA, A m&mﬁﬁ%ﬁﬁﬁt RAG TGCAGAGGGA GAGAAATGC CTCCAACATG

2400. TGAGGAAGTA ATIGAGAGARA TCATAGMAIT TCTTCOGCTT CCTCGCTCAC TGACTCGCTG

2460 CGCTCGGICG T -.n'ev“ E‘l_,.‘:‘.-c;ﬁ,;\‘g.(a; A TCAGCTCACT CAAAGGCGGT AATA TA
2520 30 TCCACAGAA GGAAAG AACATGTGAG CAAAAGGCCA
GCAAAAGGCC 2580 AGEAACSEFA-AAAAEGECGC -I% 6CTGECG TTTTTCCATA GABIRXECC

CCCTGACGAG 2640 CATCACAAAA ATCGACGCTC AAGTCAGAGG TGGCGAAACC CGACAGGACT
ATAAAGATAC 2700 TCAGCGTTTC CCCCTUGAAG CTCCCTCGTG CGCTCTCCTG TTCCGACCCT

CCOGCTTACC  378fhccing c8mbinations: The ‘ability of HA DNA to provide superior
breadth of protection when combined with NP and M1 DNAs was
examined in ferrets.

a. Breadth of protection against antigenic drift variants: The
antigenic drift that occurred between the A/Beijing/89 and A/Beijing/92
strains was of sufficient magnitude that many humans immunized with
the licensed vaccine containing the A/Beijing/89 strain were not
protected against disease caused by the A/Beijing/92 variant. In North
America, widespread disease was caused by A/Beijing/92-like field
isolates, for example, A/Georgia/93. The North American field isolates
are antigenically similar to the type strain, A/Beijing/92, but differ in
their geographic site of isolation, and in their passage history in that
they were passaged in mammalian cell culture rather than in eggs. In
terms of the amino acid sequence of HA, however, the A/Beijing/92-like
strains differed from the A/Beijing/89-like strains by only 11 point
mutations (positions 133, 135, 145, 156, 157, 186, 190, 191, 193, 226,
and 262) in the HA1 region. We therefore sought to determine whether
combining the homotypic immune responses induced by HA DNA with
cross-reactive CMI responses induced by NP and M1 DNA would
provide a greater degree of protection against this antigenic drift
variant. Immunization of ferrets with licensed vaccine containing the
A/Beijing/89 strain, or with HA DNA from A/Beijing/89 or a Beijing-
89-like field isolate (A/Hawaii/91) gave a reduction in viral shedding
when ferrets were challenged with A/Georgia/93 (Figure 33). Ferrets
that were immunized with a combination PNV containing NP, M1 and
HA DNAs had significantly lower virus shedding than ferrets
immunjzed with licensed product, or with HA DNA alone (Figure 34).
In the case of the A/Hawaii/91 HA DNA combined with A/Beijing/89
NP and M1 DNAs, the resulting protection was not significantly
different from the maximal protection provided by the homologous
A/Georgia/93 HA DNA (Figure 35). Thus combining HA, NP and M1
DNA's gave improved protection against an antigenic drift variant
compared with the licensed vaccine.
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GGATACCTGI CCGCCTTTCT CCCTTCGGEGA AGCGTGECGC TTTCTCAATG CTCACGCTGT 2820
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-tissue culture (A/Hawaii/91) experienced less (p=0.021 by two-way

ANOVA) viral shedding than ferrets given the licensed killed virus
vaccine containing the egg-passaged A/Beijing/89 strain, when
challenged with the antigenically drifted strain A/Georgia/93 (Figure
33). In contrast, ferrets given HA DNA from A/Beijing/89 did not
experience significantly different viral shedding (p=0.058) after
A/Georgia/93 challenge from ferrets given the licensed vaccine
containing the identical virus. The egg and mammalian cell-grown
strains differ by two point mutations in the HA1 region of HA (positions
186 and 193), both of which are located in antigenic site B, close to the

_ apex of the HA monomer in a region thought to be important for the

binding of HI and neutralizing antibodies. In some instances, the ability
of some human influenza isolates to bind to chicken RBC is initially

very low but is increased by successive passages in eggs, suggesting that
the receptor binding region of the HA may undergo substantial selection
by growth in avian cells. The effect of small sequence variations on the
efficacy of HA-based influenza vaccines ‘in laboratory animals
underscores the potential importance of remaining as close as possible to
the sequence of the wild-type virus in preparing such vaccines.

c. Nonhuman primates: Nonhuman primates are not commonly
used for influenza challenge models due to their lack of a clinical

response to infection. However, we have investigated the
immunogenicity of the PNV vaccine combinations in nonhuman
primates in comparison with the licensed killed virus vaccines. The
antibody titers elicited by the combination PNV containing the HA and
internal protein genes were at least equivalent to the licensed product in
terms of HI antibody titer and duration of response (vide supra).
African Green Monkeys that had been immunized with PNV responded
to an HA PNV for an antigenic drift variant, showing that type-specific
responses to PNV can be generated in previously immunized subjects.



3660 AGTTCGATTT ATTCAACAAA GCCGCCGTCC CGTCAAGTCA GCGTAATEA—~CFE GGl
3720. TACAACCAAT TAACCAATTC TGATTAGAAA AACTCATCEA T
3780 TTATTCATAT CAGGATTATC AATACCATAT TTTTGAAAAA G

3840 20 GAAAACTCAC CGAGGCAGIT CCATACGA&SC_CI_BCAA A 2] .
TGCGATTCCG 3900 ACTCGICCAA CATCAATACA ATTA4 AAAAATAAG
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SGIE am“ gﬁﬁsion: 4ﬁczaf)ynuclem:ide vaccines against influenza are efficacious

in laboratory animal models of influenza infection. Homologous
protection can be achieved using DNA vectors encoding HA, most likely
by an immunological mechanism analogous to that induced by the HA
protein used in the current licensed influenza vaccine. Heterologous
protection can be achieved against both antigenically shifted and drifted
strains by also including DNA encoding conserved internal proteins of
influenza. Combination of these approaches in a single immunization
yields improved protection against antigenic drift variants in
comparison with the currently licensed vaccine in the ferret model.

EXAMPLE 15

Vector VIR Preparation
In an effort to continue to optimize our basic vaccination vector,

we prepared a derivative of V1Jdns which was designated as VIR. The
purpose for this vector construction was to obtain a minimum-sized
vaccine vector, i.e., without unnecessary DNA sequences, which stilt
retained the overall optimized heterologous genhe expression
characteristics and high plasmid yields that V1J and V1iJns afford. We
determined from the literature as well as by experiment that (1)
regions within the pUC backbone comprising the E. coli origin of
replication could be removed without affecting plasmid yield from
bacteria; (2) the 3'-region of the kan’ gene following the kanamycin
open reading frame could be removed if a bacterial terminator was
inserted in its stead; and, (3) ~300 bp from the 3'- half of the BGH
terminator could be removed without affecting its regulatory function
(following the original Kpnl restriction enzyme site within the BGH
element).

_ V1R was constructed by using PCR to synthesize three segments
of DNA from V1iJdns representing the CMVintA promoter/BGH terminator,
origin of replication, and kanamycin resistance elements, respectively.
Restriction enzymes unique for each segment were added to each
segment end using the PCR oligomers: Sspl and Xhol for CMVintA/BGH;

EcoRV and BamHlI for the kan I gene; and, Bcll and Sall for the ori T.
These enzyme sites were chosen because they allow directional



GGCATAAATT CCGTCAGCCA GTTTAGTCTG ACCATCTCAT CTGTAACATC ATTGGCAACG 4380
30 CTACCTTTGC % Vo CT GECGCATCGG GCTTCCCATA CAATCGATAG

4440 ATTGICGCAC G 2

[CG CGAGCCCATT TATACCCATA TAAATCAGCA

4500 TCCATGTTGG AATTTAATCG CGGCCICGAG CAAGACGTTT CCCGTTGAAT ATGGCTCATA
4560 ACACCCCTTG TATITAGTGAPRTBIGTAAGCA GACAGITTTA TTGITCATGA TGATATATTT
4620 -96 - TTATQTTGTG CAATGTAACA TCA TTT TGAGACACAA CGTGGCT.
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468D EATTATTGAA TTTATCA TATTGT CTCATGAGCG ATT
474D TAGAAAAATA AACAAATAGG GGITCCGCGC ACATTTCCCC GAAAAGTGCC
4800  TAAGAAACCA TTATTATCAT GACATTAACC TATAAAAATA GGCGTATCAC
Il@%‘ﬁgn of each of the PCR-derived DNA segments with subsequent loss
of each site: EcoRV and Sspl leave blunt-ended DNAs which are
compatible for ligation while BamH!l and Bcll leave complementary

‘overhangs as do Sall and Xhol. After obtaining these segments by PCR

gach segment was digested with the appropriate restriction enzymes
indicated above and then ligated together in a single reaction mixture
containing all three DNA segments. The 5'-end of the ori I was
designed to include the T2 rho independent terminator sequence that is
normally found in this region so that it could provide termination
information for the kanamycin resistance gene. The ligated product
was confirmed by restriction enzyme digestion (>8 enzymes) as well as
by DNA sequencing of the ligation junctions. DNA plasmid yields and
heterologous expression using viral genes within VIR appear similar to
ViJns. The net reduction in vector size achieved was 1346 bp (ViJdns =
4.86 kb; VIR = 3.52 kb), see figure 36, SEQ.ID:45:.

PCR oligomer sequences used to syntheéize V1R (restriction enzyme
sites are underlined and identified in brackets following sequence):

(1) 5-GGT ACA AAT ATT GG CTA TTG GCC ATT GCA TAC G-3' [Ssbl],
SEQ.ID:60;,
(2) 5'-CCA CAT CTC GAG GAACCG GGT CAATTC TTIC AGC ACC-3'" [Xhol],
SEQ.ID:61:

(for CMthA/BGH segment)

(3) 5-GGT ACA GAT ATC GGA AAG CCA CGT TGT GTC TCA AAA TC-
3'[EcoRV], SEQ.ID:62:
(4) 5-CCA CAT GGA TCC G TAA TGC TCT GCC AGT GTT ACA ACC-3'
[BamHl], SEQ.ID:63:

(for kanamycin resistance gene segment)

(5) 5-GGT ACA JGA TCA CGT AGA AAA GAT CAA AGG ATC TTC TTG-
3'[Bctl], SEQ.ID64:,
(6) 5'-CCA CAT GTC GAC CC GTA AAA AGG CCG CGT TGC TGG-3' [Sali],
SEQ.ID:32:

(for E._coli origin of replication)



5 CGIC

4864 (2) | NFORMATION FOR SEQ I D NO 19: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 15 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

T_ODQ_%Y: i near 10 (ii1) MOLECULE TYPE: cDNA i HYPOTHETI CAL: NO
(iv) ANTI-SENSE: NO 15 (xi) SEQUENCE DESCRI PTYRNpr BREE-No-10.
AGCAGAAGCA GAGCA AR 15
(2) 1 NFORMATI ON FOR SEQ | D NGO 20: -83 -
SEQUENCE LISTING L
{1) GENERAL, INFORMATION: v

{1} APPLICANT: Donnelly, John J
Dwarki, Varavani J
Liu, Margaret &
Montgomery, Donna L
> Parker, Suezanne E
Shiver, John W

{ii) TITLE OF INVENTION: Nucleic Acid Pharmaceuticals
{iii) NUMBER OF SEQUENCES: 64

{iv} CORRESPONDENCE ADDRESS:
(A} ADDRESSEE: Merck & Co., Inc.
10 (B) STREET: P.O. Box 2000
(C} CITY: Rahway
(D} STATE: New Jersey
(E) COUNTRY: United States of America
{F} 2IP: 07065

{v) COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

15

(vi} CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

{vii} PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: US 08/032,383
(B) FILING DATE: 18-MAR-1993 .

20

{vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: US 08/089,985
{B) FILING DATE: 08-JUL-1993

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Bencen, Gerard H
25 (B) REGISTRATION NUMBER: 35,746
(C) REFERENCE/DOCKET NUMBER: 18972Y

(ix} TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (908)5%54-3901
(B) TELEFAX: (908)594-4720

30 {2) INFORMATION FOR SEQ ID NO:1:

(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA



(1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 119 base pairs (B) TYPE: nucleic
acid 20- (C) STRANDEDNESS: double (D) TOPOLOGY: both (ii)
MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 25 (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 20: TCACCGICCT TAGATCAAGC AGGGITAATA
ATCACTCACT GAGTGACATC AAAATCATGG ) 60 CGTCCCAAGG AE -

TCTTATGAAC AGATGGAAAC TGATGGGGAA CGCCAGA'IgI'
SEQ I D NO 21: -

(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
S GTGTGCACCT CAAGCTGG
(2) INFORMATION FOR SEQ ID NO:2:

(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 23 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: single
{D} TOPOLOGY: linear

10
{ii} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
15 (xi} SEQUENCE DESCRIPTION: SEQ ID NO:2:

CCCTTTGAGA ATGTTGCACA TTC
{2} INFORMATION FOR SEQ ID NO:3:
{i)} SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 33 base pairs
20 (B} TYPE: nucleic acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cbNA
{iii} HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
GGTACAAGAT CTACCATGCT TCTAACCGAG GTC
(2) INFORMATION FOR SEQ ID NO:4:
30 (i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 36 base palrs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

119 (

07 APR w997

s —

18

23

33



30 (i) SEQUENCE CHARACTERI STICS: (A) LENGITH 67 base pairs (B) TYPE:
nucl ei ccacid (C) STRANDEDNESS:. double (D) TOPOLOGY: both (ii) MOLECULE
TYPE: cDNA - 97 - (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: YES (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO. 21: p— _
REPLACEMFNT SHEET

07 APR W97

-85-

(iv) ANTI-SENSE: YES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CCACATAGAT CTTCACTTGA ACCGTTGCAT CTGCAC 36
{2) INFORMATION FOR SEQ ID NO:5:
{i) SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 23 base pairs
{B} TYPE: nucleic acid
{(C} STRANDEDNESS: single
(D} TOPDLOGY: linear
10 {ii} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:5:
15 CTATATAAGC AGAGCTCGTT TAG 23
(2} INFORMATION FOR SEQ ID NO:6:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
20 (D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: YES
25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GTAGCAAAGA TCTAAGGACG GTGACTGCAG 30
{2) INFORMATION FOR SEQ ID NO:7:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 39 base pairs
30 {B) TYPE: mucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO



5 GAGGGGCAAA CAACAGATGG CTGGCAACTA GAAGGCACAG CAGATATTTT TTCCTTAATT

60 GICGTAC

67 (2) | NFORVATION FOR SEQ I D NG 22: (i) SEQUENCE CHARAGTR
LENGIH: 15 base pairs (B) TYPE
STRANDEDNESS:
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 15.§§BL SEQUENCE

NO: 22:
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nucl eic acid 10 |
| Lnear (ii) MOLECULH

single (D) TOPOLOGY: YPE_ cDNA

CH Y

Q.

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GTATGTGTCT GAAAATGAGC GTGGAGATTG GGCTCGCAC 39

{2} INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 39 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

(iv} ANTI-SENSE: YES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

© GTGCGAGCCC AATCTCCACG CTCATTTTCA GACACATAC 39

(2) INFORMATION FOR SEQ ID NO:9:
{i) SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 9 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Thr Tyr Gln Arg Thr Arg Ala Len Val
1 s

(2} INFORMATION FOR SEQ ID NO:10:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4432 base pairs
(B) TYPE: nmucleic acid
(C) STRANDEDNESS: double
(D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO

'fﬁﬁ?
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AGCAGAAGCA CGCAC

(2)

| NFORVATI ON FOR SEQ | D NGO 23:

(A) LENGTH 15 base pairs (B) TYPE:

(D) TOPOLOGY:
CAGCA

| NFORVATI ON FOR SEQ | D NG 24:
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(iv} ANTI-SENSE: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TCGCGCGTTT

CAGCTTGTCT

TTGGCGGGTG

ACCATATGCG

CTATTGGCCA

TCCAACATTA

GGGGTCATTA

CCCGCCTGGC
CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGTAC
CATCAATGCG
CGTCAATGGG
CTCCGCCCCA
AGCTCGTTTA
TAGAAGACAC
TCCCCGTGCC
TTCTTATGCA
ATAGCTGATG
CTATTGGTGA
TTATTGGCTA
AGGATGGGCT
CCGCAGTTTT
ACATGGGCTC
CAGCGACTCA
CAGCACGATG

TGAAAATGAG

CGGTGATGAC GGTGAAAACC
GTAAGCGGAT GCCGGGAGCA
TCGGGGCTGG CTTAACTATG
GTGTGAAATA CCGCACAGAT
TTGCATACGT TGTATCCATA
CCGCCATGTT GACATTGATT
GTTCATAGCC CATATATGGA
TGACCGCCCA ACGACCCCCE
CCAATAGGGA CTTTCCATTG
GCAGTACATC AAGTGTATCA
TGGCCCGCCT GGCATTATGC
ATCTACGTAT TAGTCATCGC
CGTGGATAGC GGTTTGACTC
AGTTTGTTTT GGCACCAAAA
TTGACCCAAA TGCGCGGTAG
GTGAACCGTC AGATCGCCTC
CGGGACCGAT CCAGCCTCCG
AAGAGTGACG TAAGTACCGC
TCCTATACTG TTTTTCGCTT
GTATAGCTTA GCCTATAGGT
CGATACTTTC CATTACTAAT
TATGCCAATA CACTGTCCTT
CTCATTTATT ATTTACAAAT
TATTAAACAT AACGTGGGAT
TTCTCCGGTA GCGGCGGAGC
TGGTCGCTCG GCAGCTCCTT
CCCACCACCA CCAGTGTGCC

CTCGGGGAGC GGGCTTGCAC

(i)

- 87 -

TCTGACACAT

GACAAGCCCG

CGGCATCAGA

GCGTAAGGAG

TCATAATATG

ATTGACTAGT

GTTCCGCGTT

CCCATTGACG

ACGTCAATGG

TATGCCAAGT

CCAGTACATG

TATTACCATG

ACGGGGATTT

TCARCGGGAC

GCGTGTACGG

GAGACCGCCAT

CGGCCGGGAA

CTATAGAGTC

GGGCTCTATA

GTGGGTTATT

CCATAACATG

CAGAGACTGA

TCACATATAC

CTCCACGCGA

TTCTACATCC

GCTCCTAACA

GCACAAGGCC

CGCTGACGCA

GCAGCTCCCG
TCAGGGCGCG
GCAGATTGTA
AAAATACCGC
TACATTTATA
TATTAATAGT
ACATAACTTA
TCAATAATGA
GTGGAGTATT
ACGCCOCCTA
ACCTTATGGG
GTGATGCGGT
CCAAGTCTCC
TTTCCAARAT
TGGGAGETCT
CCACGCTGTT
CGGTGCATTG
TATAGGCCCA
CACCCOCGOT
GACCATTATT
GCTCTTTCCC
CACGGACTCT
AACACCACCG
ATCTCGGGTA
GAGCCCTGCT
GTGGAGGCCA
GTGGCGGTAG

TTTGGAAGAC

GAGACGGTCA

TCAGCGGGTG

CTGAGAGTGC

ATCAGATTGG

TTGGCTCATG

AATCAATTAC

CGGTAAATGG

CGTATGTTCC

TACGGTAAAC

TTGACGTCAA

ACTTTCCTAC

TTTGGCAGTA

ACCCCATTGA

GTCGTAACAA

ATATAAGCAG

TTGACCTCCA

GAACGCGGAT

CCCCCTTEGC

TCCTCATGTT

GACCACTCCC

ACAACTCTCT

GTATTTTTAC

TCCCCAGTGC

CGTGTTCCCG

CCCATGCCTC

GACTTAGGCA

GGTATGTGTC

TTAAGGCAGC

(i) SEQUENCE CHARACTERI STICS: 20
nucleic acid (CO

linear (ii) MOLECULE TYPE: cDNA ek
(iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ | D

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680

single

15



30
TYPE:

MOLECULE TYPE

cDNA

- 98-

(1) SEQUENCE CHARACTERI STI CS
nucl ei c acid (C) STRANDEDNESS: double (D) TOPQRE
(iii) HYPOTHETI CAL: NO (ji

SEQUENCE DESCRI PTI ON: SEQ | D NO. 24:

10

15

20

25

30

GGCAGAAGAA
CGTTGCGETS
GCGCGCCACC
CTGCAGTCAC
CCTCCCCCaT
ATGAGGAAAT
GGCAGCACAG
GCTCTATGGG
AGGCACATCC
CACTCATAGG
TTGGAGCGGT
GAAGAAATTA
TGAGGAAGTA
CGCTCGGTCG
TCCACAGAAT
AGGAACCGTA
CATCACAAAA
CAGECGTTTC
GGATACCTGT
AGGTATCTCA
GTTCAGCCCG
CACGACTTAT

GGCGGTGCTA

"TTTGGTATCT

TCCGGCAAAC

CGCAGAAAAA

TGGAACGAAA

TAGATCCTTT

TGGTCTGACA

CGTTCATCCA

CCATCTGGCC

GATGCAGGCA
CTGTTAACGG
AGACATAATA
CGTCCTTAGA
GCCTECCTTG
TGCATCGCAT
CAAGGGGGAG
TACCCAGGTG
CCTTCTCTGT
ACACTCATAG
CTCTCCCTCC
AAGCAAGATA
ATGAGAGAAA
TTCGGCTGCE
CAGGGGATAA
ARAAGGCCGC
ATCGACGCTC

CCCCTGGAAG

GCTGAGTTGT

TGGAGGGCAG

GCTGACAGAC

TCTGCTGTGC

ACCCTGGAAG

TGTCTGAGTA

GATTGGGAAG

CTGAAGAATT

GACACACCCT

CTCAGGAGGG

CTCATCAGCC

GGCTATTAAG

TCATAGAATT

GCGAGCGGTA

CGCAGGAAAG

GTTGCTGGCG

AAGTCAGAGG

CTCCCTCGTC

(A) LENGTH:

-88 -

TGTGTTCTGA
TGTAGTCTGA
TAACAGACTG
CTTCTAGTTG
GTGCCACTCC
GGTGTCATTC
ACAATAGCAG
GACCCGGTTC
GTCCACGCCC
CTCCGCCTTC
CACCAAACCA
'I‘GCAGA.GGGA
TCTTCCGCTT
TCAGCTCACT
AACATGTGAG
TTTTTCCATA

TGGCGAAACC

CGCTCTCCTG

CCGCCTTTCT CCCTTCGGCGA AGCGTGGCGC

GTTCEGGTGTA GGTCGTTCGC TCCAAGCTGG

ACCGCTGCGC CTTATCCGGT AACTATCGTC

CGCCACTGGC AGCAGCCACT GGTAACAGGA

CAGAGTTCTT GAAGTGGTGG CCTAACTACG

GCGCTCTGCT GAAGCCAGTT ACCTTCGGAA

AAACCACCGC TGGTAGCGGT GGTTTTTTTG

AAGGATCTCA AGAAGATCCT TTGATCTTTT

ACTCACGTTA AGGGATTTTG GTCATGAGAT

TAAATTAAAA ATGAAGTTTT AAATCAATCT

GTTACCAATG CTTAATCAGT GAGGCACCTA

TAGTTGCCTG ACTCCCCGTC GTGTAGATAA

CCAGTGCTGC AATGATACCG CGAGACCCAC

TAAGAGTCAG
GCAGTACTCG
TTCCTTTCCA
CCAGCCATCT
CACTGTCCTT
TATTCTGGGG
GCATGCTGGG
CTCCTGGGCC
CTGGTTCTTA
AATCCCACCC
AACCTAGCCT
GAGARAATGC
CCTCGCTCAC
CAAAGGCGGT
CAAAAGGCCA
GGCTCCGCCC
CGACAGGACT
TTCCGACCCT
TTTCTCAATG
GCTGTGTGCA
TTGAGTCCAA
TTAGCAGAGC
GCTACACTAG
AAAGAGTTGC
TTTGCAAGCA
CTACGGGGTC
TATCAAAAAG
AAAGTATATA
TCTCAGCGAT
CTACGATACG

GCTCACCGGC

B)
Hﬁ@(xﬂ

AL a U A
0 7 APR 1997
AGGTAACTCC 1740
TTGCTGCCGC 1800
TGGGTCTTTT 1860
GTTGTTTGCC 1920
TCCTAATARA 1980
GGTGGGGTGG 2040
GATGCGGTGG 2100
AGAAAGAAGC 2160
GTTCCAGCCC 2220
GCTAAAGTAC 2280
CCAAGAGTGG 2340
CTCCAACATG 2400
TGACTCGCTG 2460
AATACGGTTA 2520
GCAAAAGGCC 2580
CCCTGACGAG 2640
ATAAAGATAC. 2700
GCCGCTTACC 2760
CTCACGCTGT 2820
CGAACCCCCC 2880
CCCGGTAAGA 2940
GAGGTATGTA 3000
ARGGACAGTA 3060
TAGCTCTTGA 3120
GCAGATTACG 3180
TGACGCTCAG 3240
GATCTTCACC 3300
TGAGTARACT 3360
CTGTCTATTT 3420
GGAGGGCTTA 3480

TCCAGATTTA

3540



5 CCTTAGATCG GAAATAAAAA CAACCAAAAT GAA

33 (2) { NFORVATI ON FOR SEQ I D NGO 25:

LENGTH: 36 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: —doupl
TOPOLOGY: both 10 (ii) MOLECULE TYPE: cDNA (iili )0 PYRETHSTI
(iv) ANTI-SENSE: YES 15 (xi) SEQUENCE DESCRI PTION: SEQ ID
GCAGATCCTT ATATTTCTGA AATTCTGGTC TCAGAT '
(2) | NFORVATI ON FOR SEQ | D NO. 26: -89 -
TCAGCAATAA ACCAGCCAGC CGGAAGGGCC GAGCGCAGAA GTGGTCCTGC AACTTTATCC 3600
GCCTCCATCC AGTCTATTAA TTGTTGCCGG GAAGCTAGAG TAAGTAGTTC GCCAGTTAAT 3660
AGTTTGCGCA ACGTTGTTGC CATTGCTACA GGCATCGTGG TGTCACGCTC GTCGTTTGGT 3720
ATGGCTTCAT TCAGCTCCGG TTCCCAACGA TCAAGGCGAG TTACATGATC CCCCATGTTG 3780
5 TGCAAAAAAG CGGTTAGCTC CTTCGGTCCT CCGATCGTTG TCAGAAGTAA GTTGCGCCGCA 3840
GTGTTATCAC TCATGGTTAT GGCAGCACTG CATAATTCTC TTACTGTCAT GCCATCCGTA 3900
AGATGCTTTT CTGTGACTGG TGAGTACTCA ACCAAGTCAT TCTGAGAATA GTGTATGCGG 3960
CGACCGAGTT GCTCTTGCCC GGCGTCAATA CGGGATAATA CCGCGCCACA TAGCAGAACT 4020
TTAAAAGTGC TCATCATTGG AAAACGTTCT TCGGGGCGAA AACTCTCAAG GATCTTACCG 4080
10 CTGTTGAGAT CCAGTTCGAT GTAACCCACT CGTGCACCCA ACTGATCTTC AGCATCTTTT 4140
ACTTTCACCA GCGTTTCTGG GTGAGCAAAA ACAGGAAGGC AAAATGCCGC AAAAAAGGGA 4200
ATAAGGGCGA CACGGAAATG TTGAATACTC ATACTCTTCC TTTTTCAATA TTATTGAAGC 4260
ATTTATCAGG GTTATTGTCT CATGAGCGGA TACATATTTG AATGTATTTA GAAAAATm 4320
15 CAAATAGGGG 'I‘TCCGCGC;KC ATTTCCCCGA AAAGTGCCAC CTGACGTCTA-AGAAACCATT 4380
ATTATCATGA CATTAACCTA TAAAAATAGG CGTATCACGA GGCCCTTTCG TC 4432
(2} INFORMATION FOR SEQ ID NO:11:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 2196 base pairs
{B) TYPE: nucleic acid
20 (C} STRANDEDNESS: double
(D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO
{iv} ANTI-SENSE: NO "
25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11: .
ATTGGCTATT GGCCATTGCA TACGTTGTAT CCATATCATA ATATGTACAT TTATATTGGC 60
TCATGTCCAA CATTACCGCC ATGTTGACAT TGATTATTGA CTAGTTATTA ATAGTAATCA 120
ATTACGGGGT CATTAGTTCA TAGCCCATAT ATGGAGTTCC GCGTTACATA ACTTACGGTA 180
30 areacccac CTGECTGACC GOCCAMCGAC CCCCGCCCAT TGACGTCAAT AATGACGTAT 240
GTTCCCATAG TAACGCCAAT AGGGACTTTC CATTGACGTC AATGGGTGGA GTATTTACGC 300
TAARCTGCCC ACTTGGCAGT ACATCAAGTG TATCATATGC CAAGTACGCC CCCTATTGAC 360
GTCAATGACG GTAAATGGCC CGCCTGGCAT TATGCCCAGT ACATGACCTT ATGGGACTTT 420

(i) SEQUENCE (

Ly:
) 2




(i) SEQUENCE CHARACTERI STI CS:

acid 20-

MOLECULE TYPE:

nLJC| eic

(C) STRANDEDNESS: double (D)3

TCTAATATCC ACAAAATGAA GGCAATAATT
GATCGAATCT GC

10

15

20

25

30

CCTACTTGGC

CAGTACATCA

ATTGACGTCA

‘ARCAACTCCG

AGCAGAGCTC
CTCCATAGAA
CGGATTCCCC
TTGGCTTCTT
ATGTTATAGG
CTCCCCTATT
TCTCTTTATT
TTTACAGGAT
AGTGCCCGCA
TCCGGACATG
GCCTCCAGCG
AGGCACAGCA
GTGTCTGARA
GCAGCGGCAG
ACTCCCGTTG
GCCGCGCGCG
CTTTTCTGCA
TTGCCCCTCC
ATAAAATGAG
GGTGGGGCAG
GGTGGGCTCT
GAAGCAGECA
AGCCCCACTC
AGTACTTGGA
AGTGGGAAGA

ACATGTGAGG

(2} INFORMATION FOR SEQ ID NO:12:

AGTACATCTA
ATGGGCGTGG
ATGGGAGTTT
CCCCATTGAC
GTTTAGTGAA
GACACCGGGA
GTGCCAAGAG
ATGCATGCTA
TGATGGTATA
GGTGACGATA
GGCTATATGC
GGGGTCTCAT
GTTTTTATTA
GGCTCTTCTC
ACTCATGGTC
CGATGCCCAC
ATGAGCTCGG
AARGAAGATGC
CGGTGCTGTT

CCACCAGACA

CGTATTAGTC
ATAGCGCTTT
GTTTTGGCAC
GCAAATGGGC
CCGTCAGATC
CCGATCCAGC
TGACGTAAGT
TACTGTTTTT
GCTTAGCCTA
CTTTCCATTA
CAATACACTG
TTATTATTTA
AACATAACGT
CGCTAGCGGC
GCTCGGCAGC

CACCACCAGT

GGAGCGGGCT,

AGGCAGCTGA

AACGGTGGAG

TAATAGCTGA

CDNA (iii) HYPOTHETI CAL: NO (ivV)
SEQUENCE DESCRI PTI ON: SEQ I D NG 26: ACCGICCTTA e“T
. 60 GTACTA

10342 |

ATCGCTATTA
GACTCACGGG
CAAAATCAAC
GGTAGGCGTG
GCéTGGAGAC
CTCCGCGGCC
ACCGCCTATA
GGCTTGGGGT
TAGGTGTGGG
CTAATCCATA
TCCTTCAGAG
CAAATfCACA
GGGATCTCCA
GGAGCTTCTA
TCCTTGCTCC
GTGCCGCACA
TGCACCGCTG
GTTGTTGTGT
GGCAGTGTAG

CAGACTAACA

GTCACCGTCC TTAGATCTGC TGTGCCTTCT

CCCGTGCCTT

GAAATTGCAT

CACAGCAAGG

ATGGGTACCC

CATCCCCTTC

ATAGGACACT

GCGGTCTCTC

AATTAAAGCA

AAGTAATGAG

CCTTGACCCT
CGCATTGTCT
GGGAGGATTGC
AGGTGCTGAA
TCTGTGACAC
CATAGCTCAG
CCTCCCfCAT
AGATAGGCTA

AGAAATCATA

GGAAGGTGCC

GAGTAGGTGT

GGAAGACAAT

GAATTGACCC

ACCCTGTCCA

GAGGGCTCCG

CAGCCCACCA

TTAAGTGCAG

GAATTC

(A) LENGTH: 102 base palrs (B) TYPE:
e

ENT N <X| )

(3;/\
Fm#NTI S Qi D hK) 27:

CCATGGTGAT
GATTTCCAAG
GGGACTTTCC
TACGGTGGGA
GCCATCCACG
GGGAACGGTG
GAGTCTATAG
CTATACACCC
TTATTGACCA
ACATGGCTCT
ACTGACACGG
TATACAACAC
CGCGARTCTC
CATCCGAGCC
TAACAGTGGA
AGGCCGTGGC
ACGCATTTGG
TCTGATAAGA
TCTGAGCAGT
GACTGTTCCT
AGTTGCCAGC
ACTCCCACTG
CATTCTATTC
AGCAGGCATG
GGTTCCTCCT
CGCCCCTGGT
CCTTCAATCC
AACCAAACCT

AGGGAGAGAA

GCGGTTTTGG
TCTCCACCCC
AAAATGTCGT
GGTCTATATA
CTGTTTTGAC
CATTGGAACG
GCCCACCCCC
CCGCTTCCTC
TTATTGACCA
TTGCCACAAC
ACTCTGTATT
CACCGTCCCC
GGG%ACGTGT
CTGCTCCCAT
GGCCAGACTT
GGTAGGGTAT
AAGACTTAAG
GTCAGAGGTA
ACTCGTTGCT
TTCCATGGGT
CATCTGTTGT
TCCTTTCCTA
TGGGGGGTGG
CTGGGGATGC
GGGCCAGAAS,
TCTTAGTTCC
CACCCGCTAA
AGCCTCCAAG

AATGCCTCCA

480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2196



30 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 42 bas

nucl ei c-acid (C) STRANDEDNESS:. double (D) TOPOLOGY:{!
TYPE: cDNA 99 - (iii) HYPOTHETI CAL: NO (iv) ANTI

-91 -

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 71 base pairs
{B} TYPR: nucleic acid
{C} STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: ¢DNA
5 {iii) HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:12:
GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTAGA TAATCACTCA CTGAGTGACA
10 TCAAAATCAT G
{2 INFORMATION FOR SEQ ID NO:13:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 117 base pairs
{B) TYPE: nucleic¢ acid
{C) STRANDEDNESS: double
15 (D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(1ii} HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
20 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
ACCGTCCTTA GATCAGCTTG GCAAAAGCAG GCAAACCATT TGAATGGATG TCAATCCGAC
CTTACTTTTC TTAAAAGTGC CAGCACAAAA TGCTATAAGC ACAACTTTCC CTTATAC
(2) INFORMATION FOR SEQ ID NO:l4:
25 (1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 136 base pairs
{B} TYPE: nucleic acid
(C} STRANDEDNESS: double
(D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

30 {iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTGAC AAAAACATAA TGGATCCAAA

60

71

60

117

60




(xi) SEQUENCE DESCRI PTION. SEQ ID NG 27: 5
AACGITTCTT TGIAATGGTA AC
SEQ | D NGO 28:

TYPE:

23

10

15

20

25

30

nucl eic acid (C) STRANDEDNESS:
(ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (i)
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 28:

fomelD)

REBLACEMEN,

42 (£)

(i) SEQUENCE CHARACTERI STI CsS:

Single (D) Tajol o&%%bﬁs‘?flr 5

AN - SENSE:

TSEORT
ChT

U

: 9§T AACAGA GT TCCTTTCC ATG

CACTGTGTCA AGCTTTCAGG TAGATTGCTT TCTTTGGCAT GTCCGCAAAC GAGTTGCAGA
CCAAGAACTA GGTGAT
{2) INFORMATION FOR SEQ ID NO:1S5:
{i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 152 base pairs
(B} TYPE: mucleic acid
{C} STRANDEDNESS: double
(D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

TCTGCAGTCA CCGTCCTTAG ATCAGCTTGG AGCAARAGCA GGGGAAAATA AAAACAACCA

AMAATGAAGGC AAACCTACTG GTCCTGTTAA GTGCACTTGC AGCTGCAGAT GCAGACACAA

TATGTATAGG CTACCATGCG AACAATTCAA CC
{2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 162 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
TTTTCTGCAG TCACCGTCCT TAGATCCCGA ATTCCAGCAA AAGCAGGTCA ATTATATTCA
ATATGGAAAG AATARAAGAA CTAAGAAATC TAATGTCGCA GTCTGCCACC CCGGAGATAC
TCACAAAAAC CACCGTGGAC CATATGGCCA TAATCAAGAA GT
{2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 122 bage pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D} TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA

120

136

60

120

152

60

120

162



(2)

single (D) TOPOLOGY:
(i v).ANTI-SENSE: YES 25 (xi) SEQUENCE DESCRI PTI ON: SEQ!I

CTTCCAGG

| NFORMVATI ON FOR SEQ | D NG 29:
18 base-pairs (B) TYPE
linear (ii) MOLECULE TYPE

nucl eic acid 20

| NFORVATI ON FOR SEQ | D NO: 30:

10

15

20

25

30

-93 -

(iii) HYPOTHETICAL: NO

{iv]} ANTI-SENSE: NO

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:17:

Q7 APR 097~

GTCACCGTCC TTAGATCTAC CATGAGTCTT CTAACCGAGG TCGAAACGTA CGTACTCTCT

ATCATCCCGT CAGGCCCCCT CAAAGCCGAG ATCGCACAGA GACTTGAAGA GTTGACGGAA

GA

{2) INFORMATION FOR SEQ ID NO:18:

{i) SEQUENCE CHARACTERISTICS:

{A)}) LENGTH: 4864 base pairs
{B} TYPE: nucleic acid

(C)} STRANDEDNESS: double
(D} TOPOLOGY: both

{ii) MOLECULE TYFE: cDNA

(iii) HYPOTHETICAL: NO

{iv)} ANTI-SENSE: NO

(xi1) SEQUENCE DESCRIPTION: SEQ ID NO:18:

TCGCGCGTTT
CAGCTTGTCT
TTGGCGGETG
ACCATATGCG
CTATTGGCCA
TCCAACATTA
GGGGTCATTA
CCCGCCTGGC
CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGTAC
CATCARATGGG
CGTCAATGGG

CTCCGCCCCA

CGGTGATGAC
GTAAGCGGAT
TCGGEGGCTGG
GTGTGAAATA
TTGCATACGT
CCGCCATGTT
GTTCATAGCC
TGACCGCCCA
CCAATAGGGA
GCAGTACATC
TGGCCCGCCT
ATCTACGTAT
CGTGGATAGC
AGTTTGTTTT

TTGACGCAAA

GGTGAAAACC TCTGACACAT
GCCGGGAGCA GACAAGCCCG
CTTAACTATG CGGCATCAGA
CCGCACAGAT -ccemaccm
TGTATCCATA TCATAATATG
GACATTGATT ATTGACTAGT
CATATATGGA GTICCGCGTT
ACGACCCCCG CCCATTGACG
CTTTCCATIG ACGTCAATGG
AAGTGTATCA TATGCCAAGT
GGCATTATGC CCAGTACATG
TAGTCATCGC TATTACCATG
GGTTTGACTC ACGGGGATTT
GCGCACCAAAA TCAACGGGAC

TGGGCGGTAG GCGTGTACGG

GCAGCTCCCG

TCAGGGCGCG

GCAGATTGTA

AAAATACCGC

TACATTTATA

TATTAATAGT

ACATAACTTA

TCAATAATGA

GTGGAGTATT

ACGCCCCCTA

ACCTTATGGG

GTGATGCGGT

CCAAGTCTCC

TTTCCAAAAT

TGGGACGTCT

GAGACGGTCA
TCAGCGGGTG
CTGAGAGTGC
ATCAGATTGG
TTGGCTCATG
AATCAATTAC
CGGTARATGG
CGTATGTTCC
TACGGTARAC
TTGACGTCAA
ACTTTCCTAC
PTTGGCAGTA
ACCCCATTGA
GTCGTAACAA

ATATAAGCAG

60

120

122

60
120
180
240
300
360
420
480
540
600
660
720
780
840

900

(i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
( i DEDNESS:

CDNA (ifi BTLEAR NO

pNe= Mg@ g C
18 (2)



(i)

12

nucl ei ¢ acid (C) STRANDEDNESS

10

15

20

25

30

AGCTCGTTTA

TAGAAGACAC

TCCCCGTGCC

-~ "PTCTTATGCA

ATAGGTGATG
CTATTGGTGA
PTATTGGCTA
AGGATGGGGT
CCGCAGTTTT
ACATGGGCTC
CAGCGACTCA
CAGCACGATG
TGAAAATGAG
GGCAGAAGAA
CGTTGCGATG
GCRCGCCACT
CTGCAGTCAC
COTCCCCCaT
ATGAGGAAAT
GGCAGCACAG
GCTCTATGGS
AGGCACATCC
CACTCATAGG
TTGGAGCGET
GAAGAAATTA
TGAGGAAGTA
CGCTCGETCG

TCCACAGAAT

AGGAACCGTA

CATCACAAAA

CAGGCGTTTC

SEQUENCE CHARACTERI STI CS:
(B) TYPE:
MOLECULE TYPE:

GTGAACCGTC
CGGGACCGAT
AAGAGTGACG
TGCTATACTG
GTATAGCTTA
CGATACTTTC
TATGCCAATA
CTCATTTATT
TATTAAACAT
TTCTCCGGTA
TGGTCGCTCG
CCCACCACCA
CTCGGGGAGC
GATGCAGGCA
CTGTTAACGG
AGACATAATA
CGTCCTTAGA
GCCTTCCTTG
TGCATCGCAT
CAAGGGGGAG
‘PACCCAGGTG
CCTTCTCTGT
ACACTCATAG
CTCTCCCTCC
AAGCAAGATA
ATGAGAGAAA
PTCGGCTGCG
CAGGGGATAA
AARAGGCCGC
ATCGACGCTC

CCCCTGGAAG

AGATCGCCTG
CCAGCCTCCG
TAAGTACCGC
TTTTTGGCTT
GCCTATAGGT
CATTACTAAT
CACTGTCCTT
ATTTACAAAT
AACGTGGGAT
GCGGCGGAGC
GCAGCTCCTT
CCAGTGTGCC
GGGCTTGCAC
GCTGAGTTGT
TGGAGGGCAG
GCTGACAGAC
TCTGCTGTGC
ACCCTGGAAG
TGTCTGAGTA
GATTGGGAAG
CTGAAGAATT
GACACACCCT
CTCAGGAGGG
CTCATCAGCC
GGCTATTAAG
TCATAGAATT
GCGAGCGGTA
CGCAGGAAAG
GTTGCTGGCG
AAGTCAGAGG

CTCCCTCGTG

Si

cDNA (iii) HYPOTHETI CAL: NO
SEQUENCE DESCRI PTI ON:  SEQ | D NO 30: AGCAAAAGCA [GG

-94 -

GAGACGCCAT
CGGCCGGGAA
CTATAGAGTC
GGGGTCTATA
GTéGGTTATT
CCATAACATG
CAGAGACTGA
TCACATATAC
CTCCACGCGA
TTCTACATCC
GCTCCTAACA
GCACAA@GCC
CGCTGACGCA
TGTGTTCTGA
TGTAGTCTGA
TAACAGACTG
CTTCTAGTTG
CTGCCACTCC
GGTGTCATTC
ACAATAGCAG
GACCCGGTTC
GTCCACGCCC
CTCCGCCTTC
CACCAAACCA
TGCAGAGGGA
PCTTCCGCTT
TCAGCTCACT
AACATGTGAG
TTTTTCCATA
TGGCGAAACC

CGCTCTCCTG

(A) LENGTH: 12 base-jpairs. 30

jear (i)
D (Xi)

0 R
07 APR 1997
[

CCACGCTGTT TTGACCTCCA 960
CGGTGCATTG GAACGCGGAT 1020
TATAGGCCCA CCCCCTTGGE 1080
CACCCCCGCT TCCTCATGTT 1140
GACCATTATT GACCACTCCC 1200
GCTCTTTGCC ACAACTCTCT 1260
CACGGACTCT GTATTTTTAC 1320
AACACCACCG TCCCCAGTGC 1380
ATCTCGGGTA CGTGTTCCGG 1440
GAGCCCTGCT CCCATGCCTC 1500
GTGGAGGCCA GACTTAGGCA 1560
GTGGCGETAG GOTATGTGTC 1620
TTTGGAAGAC TTAAGGCAGC 1680
TAAGAGTCAG AGGTAACTCC 1740
GCAGTACTCG TTGCTGCCGC 1800
TTCCTTTCCA TGGGTCTTTT 1860
CCAGCCATCT GTTGTTTGCC. 1920
CACTGTCCTT TCCTAATAAA 1980
TATTCTGGGG GGTGGGETGE 2040
GCATGCTGGG GATGCGGTGG 2100
CTCCTGGGCC AGARAGAAGC 2160
CTGGTTCTTA GTTCCAGCCC 2220
AATCCCACCC GCTAAAGTAC 2280
AACCTAGCCT CCAAGAGTGG 2340
GAGAAAATGC CTCCAACATG 2400
CCTCGCTCAC TGACTCGCTG 2460
CAAAGGCGGT AATACGGTTA 2520
CAMAAGGCCA GCAAARGGCC 2580
GGCTCCGCCC CCCTGACGAG 2640
CGACAGGACT ATAAAGATAC 2700
TTCCGACCCT GCCGCTTACC 2760



5 (2)

TOPOLOGY:

| NFORMATI ON FOR SEQ | D NO 31:
LENGTH: ~ 14 base pairs (B) TYPE

linear (ii) MOLECULE TYPE:

AGCAGAAGCG GAGC

14 (2) | NFORMATION FOR SEQ I D NO 32: (i )_8§Q\ENCE

10

15

20

25

30

GGATACCTGT
AGGTATCTCA
GTTCAGCCCG
CACGACTTAT
GGCGGTGCTA
TTTGGTATCT
TCCGGCAAAC
CGCAGARAAA
TGGAACGAAA
TAGATCCTTT
TGGTCTGACA
CGTTCATCCA
AGGTCTTGCT
GCCACGGTTG
TGCCACGGAA
AGTTCGATTT
TACAACCAAT
TTATTCATAT
GAAAACTCAC
ACTCGTCCAA
GAGAAATCAC
TTCCAGACTT
AAACCGTTAT
GGACAATTAC
ATATTTTCAC
GCAGTGGTCGA
GGCATAAATT
CTACCTTTGC

ATTGTCGCAC

CCGCCTTTCT
GTTCGGTGTA
ACCGCTGCGC
CGCCACTGGC
CAGAGTTCTT
GCGCTCTGCT
AAACCACCGC
AAGGATCTCA
ACTCACGTTA
TAAATTAAAA
GTTACCAATG
TAGTTGCCTG
GACTCATACC
ATGAGAGCTT
CGGTCTGCGT
ATTCAACAAA
TAACCAATTC
CAGGATTATC
CGAGGCAGTT
CATCAATACA

CATGAGTGAC

CCCTTCGGGA
GGTCGTTCGC
CTTATCCGGT
AGCAGCCACT
GAAGTGGTGG
GAAGCCAGTT
TGGTAGCGGT
AGAAGATCCT
AGGGATTTTG
ATGAAGTTTT
CTTAATCAGT
ACTCCGGGGG
AGGCCTGAAT
TGTTGTAGGT
TGTCGGGAAG
GCCGCCGTeC
TGATTAGAAA
AATACCATAT
CCATAGGATG
ACCTATTAAT

GACTGAATCC

(i)

nucleic acid (C) S
cDNA 10
(1v),ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SE®

AGCGTGGCGC
TCCAAGCTGG
AACTATCGTC
GGTAACAGGA
CCTAACTACG
ACCTTCGGAA
GGTTTTTTTG
TTGATCTTTT
GTCATGAGAT
AAATCAATCT
GAGGCACCTA
GGGGGGECGT
CGCCCCATCA
GGACCAGTTG
ATGCGTGATC
CGTCAAGTCA
AACTCATCGA
TTTTGAAAAA
GCAAGATCCT
TTCCCCTCET

GGTGAGAATG

GTTCAACAGG CCAGCCATTA CGCTCGTCAT

TCATTCGTGA

AAACAGGAAT

TTCCGCCTCA

CGAATGCAAC

GCGAGACGAA

CGGCGCAGGA

CTGAATCAGG ATATTCTTCT AATACCTGGA

GTAACCATGC ATCATCAGGA GTACGGATAA

CCGTCAGCCA GTTTAGTCTG ACCATCTCAT

CATGTTTCAG AAACAACTCT GGCGCATCGG

CTGATTGCCC GACATTATCG CGAGCCCATT

TCCATGTTGG AATTTAATCG CGGCCTCGAG CAAGACGTTT

ACACCCCTTG

TATTACTGTT TATGTAAGCA GACAGTTTTA

SEQUENG =R S":L:‘, (A
RERKBCENESE SHERR = (D)
(TT7) —AYPOTRET| CAL: NO

D O\2 AHR 157

TTTCTCAATG

GCTGTGTGCA

TTGAGTCCAA

TTAGCAGAGC

GCTACACTAG

AAAGAGTTGG

TTTGCAAGCA

CTACGGGGTC

TATCAAAAAG

AAAGTATATA

TCTCAGCGAT

TGAGGTCTGC

TCCAGCCAGA

GTGATTTTGA

TGATCCTTCA
GCGTAATGCT
GCATCAAATG
GCCGTTICTG
GGTATCGGTC
CAAAAATAAG
GCAAAAGCTT
CAAAATCACT
ATACGCGATC
ACACTGCCAG
ATCCTGTTTT
AATGCTTGAT
CTGTAACATC
GCTTCCCATA
TATACCCATA
CCCGTTGAAT

TTGTTCATGA

CTCACGCTGT
CGAACCCCCC
CCCGGTAAGA
GAGGTATGTA
AAGGACAGTA
TAGCTCTTGA
GCAGATTACG
TGACGCTCAG
GATCTTCACC
TGAGTAAACT
CTGTCTATTT
CTCGTGAAGA
AAGTGAGGGA
ACTTTTGCTT
ACTCAGCAAA
CTGCCAGTGT
AAACTGCAAT
TAATGAAGGA
TGCGATTCCG
GTTATCAAGT
ATGCATTTCT
CGCATCAACC
GCTGTTAAAA
CGCATCAACA
CCCGGGGATC
GGTCGGAAGA
ATTGGCAACG
CAATCGATAG
TABATCAGCA
ATGGCTCATA

TGATATATTT

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3750
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4560
4560

4620



L/.

(A) LENGTH: 35 base pairs (B) TYPE: nucleic acid ( pt
TOPOLOGY: |inear 20 (i1) MOLECULE TYPE: c

o

JoSHEET

(iv) ANTI-SENSE: NO 25

(xi) SEQUENCE DESCRI HTION: SEQ I D
CCACATGTCG ACCCGTAAAA AGGCCGCGTT GCTGG 07 APR 1997
35 (2) | NFORMATI ON FOR SEQ I D NO 33: (i) SEQUENCE {CHARACTERI STI CS

LENGTH: 33 base pairs (B) TYPE: nucleic agéd

oth

32:

TTATCTTGTG CAATGTAACA TCAGAGATTT TGAGACACAA CGTGGCTTTC CCCCCCCCCC
CATTATTGAA GCATTTATCA GGGTTATTGT CTCATGAGCG GATACATATT TGAATGTATT
TAGARAAATA AACAAATAGG GGTTCCGCGC ACATTTCCCC GARAAGTGCC ACCTGACGTC
"TAAGAAACCA TTATTATCAT GACATTAACC TATAAAAATA CGCGTATCAC GAGGCCCTIT
CGTC .
(2) INFORMATION FOR SEQ ID NO:19:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 base pairs
{B) TYPE: nucleic acid

{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

10 (ii} MOLECULE TYPE: cDNA
{iii} HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

15 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
AGCAGAAGCA GAGCA
(2} INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 119 base pairs
{B) TYPE: nucleic acid
20 (C) STRANDEDNESS: double
(D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
TCACCGTCCT TAGATCAAGC AGGGTTAATA ATCACTCACT GAGTGACATC AAAATCATGG
CGTCCCAAGG CACCAAACGG TCTTATGAAC AGATGGAAAC TGATGGGGAA CGCCAGATT
{2) INFORMATION FOR SEQ ID NO:21:
30

{i) SEQUENCE CHARACTERISTICS:
. {A} LENGTH: 67 base pairs
{B} TYPE: nucleic acid
'(C) STRANDEDNESS: double
{D} TOPOLOGY: both

fii) MOLECULE TYPE: cDNA

4680

4740

4800

4860

4864

15

60

119

CAL:

(

D)
NO



30 (C) STRANDEDNESS: both (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO -101 - (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 33: GGTACAACCA TGAAGACTAT CATTCCTTTG AGC
33 (2) | NFORVATI ON FOR SEQ ID NO 34: 5 (i) SEQUENCE

CS:
CHARACTER! STI 5. REPLACEMENT SHEET

07 APR 1997

{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: YES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
5 GAGGGGCAAA CAACAGATGG CTGGCAACTA GAAGGCACAG CAGATATTTT TTCCTTAATT 60
GTCGTAC 67
{2} INFORMATION FOR SEQ ID NO:22:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 base pairs
(B) TYPE: nucleic acid
10 (C} STRANDEDNESS: single
(D) TOPOLOGY: linear
1ii} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

15
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
AGCAGAAGCA CGCAC i5
{2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
20 {A) LENGTH: 15 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iiil) HYPOTHETICAL: NO

25 {iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
AGCAGAAGCA CAGCA i5

{2) INFORMATION FOR SEQ ID NO:24:
30 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
(B} TYPE: nucleic acid
"(C} STRANDEDNESS: double
(D} TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA



(A) LENGTH: 37 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: both (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO 10

(iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 34: CCACATAGAT
CTTCAAATGC AAATGTTGCA CCTAATG 37 15 (2)
| NFORMVATI ON FOR SEQ I D NGO 35: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 38

base pairs (B) TYPE: nucleic acid -
- 98 - RE }F"l(jw\z]ﬂ\?'[ SHEET

ot st

07 APR 1997

{iii} HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO 1

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
5 CCTTAGATCG GAAATAAAAA CAACCAAAAT GAA 33
{2) INFORMATION FOR SEQ ID NO:25:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 36 base pairs
{B) TYPE: nucleic acid

(C) STRANDEDNESS: double
{D) TOPOLOGY: both

10 (ii)} MOLECULE TYPE: c¢DNA
(iii} HYPOTHETICAL: NO

(iv) ANTI-SENSE: YES

15 (xi} SEQUENCE DESCRIPTION: SEQ ID NO:25:
GCAGATCCTT ATATTTCTGA AATTCTGGTC TCAGAT 36
{2) INFORMATION FOR SEQ ID NO:26:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 102 base pairs
{B) TYPE: nucleic acid
20 {C) STRANDEDNESS: double
{D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{(iv} ANTI-SENSE: NO
25
{xi{) SEQUENCE DESCRIPTION: SEQ ID NO:26:
ACCGTCCTTA GATCCAGAAG CAGAGCATTT TCTAATATCC ACAABRATGAA GGCAATAATT 60
GTACTACTCA TGGTAGTAAC ATCCAACGCA GATCGAATCT GC 102
(2) INFORMATION FOR SEQ ID NO:27:

30 (i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 42 bage pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: double
{D) TOPOLOGY: both

(ii)} MOLECULE TYPE: cDNA



(C) STRANDEDNESS: both (D) TOPOLOGY: |inear (ii) MOLECULE TYPE: cDNA 20
(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ
I D NO 35: 25  GGTACAACCA TGAAAGCAAA ACTACTAGIC CTGITATG

38 (2) | NFORVATI ON FOR SEQ I D NO: 36: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 32 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: both (D)

TOPOLOGY: | i near -99 . REP LACEMENT SHEET

07 APR 1997

{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: YES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
5 GGCACAGCAG ATCTTTCAAT AACGTTTCTT TGTAATGGTA AC 42
{2} INFORMATION FOR SEQ ID NO:28:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 23 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

10 {ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{iv} ANTI-SENSE: NO
15 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

CTAACAGACT GTTCCTTTCC ATG 23
{2) INFORMATION FOR SEQ ID NO:29:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
{B} TYPE: nucleic acid
20 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: ¢DNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: YES
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
GGAGTGGCAC CTTCCAGG 18
(2) INFORMATION FOR SEQ ID NO:30:
{i) SEQUENCE CHARACTERISTICS:
30 {A)} LENGTH: 12 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: single
{D} TOPOLOGY: linear
{(ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO



30 (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO
-102- (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 36: CCACATTCAG ATGCATATTC

TACACTGCAA AG

32 (2)

| NFORMATI ON FOR

SEQ I.D NO 37: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 36 base pairs.

10

15

20

25

30

-100 -
{iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
AGCAAAAGCA GG
{2} INFORMATION FOR SEQ ID NO:31:
(i)} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:31l:
AGCAGAAGCG GAGC
(2)_ INFORMATION FOR SEQ ID NO:32:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: both
{D) TOPOLOGY: linear
(ii} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv]) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
CCACATGTCG ACCCGTAAAA AGGCCGCGTT GCTGG
{2) INFORMATION FOR SEQ ID NO:33:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: both
(D) TOPOLOGY: linear
{ii}) M_OLECULE TYPE: ¢DNA
(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

REPLACEMENT SHEET
0 7 APR 1997

12

14

35




5

TGAAGGCAAT AATTGTACTA CTCATG
| NFORVATI ON FOR SEQ I D NO 38: 15

(B) TYPE: nucleic acid (C) STRANDEDNESS: both (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (i V)
ANTI - SENSE: NO 10 (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 37: GGTACAACCA

LENGTH. 36 base pairs (B) TYPE: nuclei C_aféfj-

10

15

20

25

30

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
GGTACAACCA TGAAGACTAT CATTGCTTTG AGC
(2} INFORMATION FOR SEQ ID NO:34:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 37 base pairs
{B} TYPE: nucleic acid
{C] STRANDEDNESS: both
{D) TOPOLOGY: linear
(ii} MOLECULE TYPE: cDNA -
(iii} HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:34:
CCACATAGAT CTTCAAATGC AAATGTTGCA CCTAATG
(2} INFORMATION FOR SEQ ID NO:35:
{i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 38 base pairs
{B} TYPE: nmucleic acid
(C} STRANDEDNESS: both
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDMA
(iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
GGTACAACCA TGAAAGCAAA ACTACTAGTC CTGTTATG
{2} INFORMATION FOR SEQ ID NO:36:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 32 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: both
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

(i) SEQUENCE m\%&ﬁﬁ%\é’s&%@?

07 APR 1997

33

37

s



(C) STRANDEDNESS: both (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI CAL: NO 20 (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NO 38: CCACATTTAT AGACAGATGG AGCAAGAAAC ATTGIC P ——
36 25 (2) I NFORVATION FOR SEQ ID NO 39: (i) SEQUENCE (xBFALTER
(A) LENGTH 33 base pairs (B) TYPE: nucleic acid (C) STRANDEEC
TOPOLOGY: |i near -102 -

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:36:
CCACATTCAG ATGCATATTC TACACTGCAA AG 32
{2) INFORMATION FOR SEQ ID NO:37:
{i) SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 36 base pairs.
5 (B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
10
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GGTACAACCA TGAAGGCAAT AATTGTACTA CTCATG 36
(2) INFORMATION FOR SEQ ID NO:38:
15 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 36 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: both
(D) TOPOLOGY: linear
{ii} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

20_ {iv]} ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:138:
CCACATTTAT AGACAGATGG AGCAAGAAAC ATTGTC 36
25 {2} INFORMATION FOR SEQ ID NO:39:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 base pairs
{B} TYPE: nucleic acid
{C} STRANDEDNESS: both
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
30
{(iii)} HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:



(ii) MOLECULE TYPE: cDNA 30 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE:
NO (xi ) SEQUENCE DESCRI PTI ON: SEQ | D NGO 39: -103- GGLACAAGAT..CTACCATCCT
TCTAACCGAG GTC 33 (@Eﬁﬂ%@ CNEEDR
SEQ | D NO 40: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH| 36-base-pai-ts
TYPE: nucleic acid 07 APR 1997

x

- 103 -

GGTACAAGAT CTACCATGCT TCTAACCGAG GTC 33
{2) INFORMATION FOR SEQ ID N0:40:
{i)} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 36 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: both
5 {D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii} HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
10 (xi} SEQUENCE DESCRIPTION: SEQ ID NO:40:
CCACATACAT "CTTCACTTGA ACCGTTGCAT CTGCAC 36
{2) INFORMATION FOR SEQ ID NO:41:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 39 base pairs
15 (B} TYPE: nucleic acid
(C} STRANDEDNESS: both
(D} TOPOLOGY: linear
{ii} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv} ANTI-SENSE: NO
20
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GGTACAGGAT CCACCATGTC CAACATGGAT ATTGACGGC 39
(2) INFORMATION FOR SEQ ID NO:42:
25 (i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 39 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: <DNA
{iii) HYPOTHETICAL: NO

30 {iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

CCACATGGAT CCTTAATAAT CGAGGTCATC ATAATCCTC 39



(C) STRANDEDNESS: both 5 (D TOPOLOGY: linear (ii) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 10 (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 40: CCACATAGAT CTTCACTTGA ACCGITGCAT CTGCAC
36 (2) | NFORMVATION FOR SEQ I D NO 41: (i) SEQUENCE CHARACTERLSIICS. (A
LENGTH: 39 base pairs (B) TYPE: nucleic acid 15 Nej ALNT CLERT
STRANDEDNESS: both (D) TOPOLOGY: linear o, REPLACEMENT SHEET

07 APR 1997

(2) INFORMATION FOR SEQ ID NO:43:

(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 42 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: both
(D} TOPOLOGY: linear
5 (ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
10 GGTACAGGAT CCACCATGTC GCTGTTTGGA GACACAATTG CC 42
{2) INFORMATION FOR SEQ ID NO:44:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B} TYPE: nucleic acid
({C} STRANDEDNESS: both
15 {D} TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(iii)} HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
20 .
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
CCACATGGAT CCTTATAGGT ATTTCTTCAC AAGAGCTG Y
{2) INFORMATION FOR SEQ ID NO:4S:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3553 basge pairs
25 (B} TYPE: nucleic acid
{(C} STRANDEDNESS: double
{D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDMNA
{iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
GATATTGGCT ATTGGCCATT GCATACGTTG TATCCATATC ATAATATGTA CATTTATATT 60

GGCTCATGTC CAACATTACC GCCATGTTGA CATTGATTAT TGACTAGTTA TTAATAGTAA 120



(i) MOLECULE TYPE: cDNA (iii) HYPOTHETICAL: NO (iv) ANTIfFSE
SEQUENCE DESCRI PTI ON: SEQ I D NO 41: GGTACAGGAT CCACCATGTG ik

ATTGACGEC 39 (2)
NO 42:
pairs (B) TYPE:

]

nucl ei ¢ acid (C) STRANDEDNESS: both (D) 10?;3_ r

(ii) MOLECULE TYPE: cDNA 105
TCAATTACGG GGTCATTAGT TCATAGCCCA TATATGGAGT TCCGCGTTAC ATAACTTACG 180
GTAAATGGCC CGCCTGGCTG ACCGCCCAAC GACCCCCGCC CATTGACGTC AATAATGACG 240
TATGTTCCCA TAGTAACGCC AATAGGGACT TTCCATTGAC GTCAATGGGT GGAGTATTTA 300
CGGTAAACTG CCCACTTGGC AGTACATCAA GTGTATCATA TGCCAAGTAC GCCCCCTATT 360

5 GACGTCAATG ACGGTAAATG GCCCGCCTGG CATTATGCCC AGTACATGAC CTTATGGGAC 420
TTTCCTACTT GGCAGTACAT CTACGTATTA GTCATCGCTA TTACCATGGT GATGCGETTT 480
TGGCAGTACA TCAATGGGCG TGGATAGCGG TTTGACTCAC GGGGATTTCC AAGTCTCCAC 540
CCCATTGACG TCAATGGGAG TTTGTTTTGG CACCAAAATC AACGGGACTT TCCAAAATGT 600
CGTAACAACT CCGCCCCATT GACGCAAATG GGCGGTAGGC GTGTACGCTG GGAGGTCTAT 660

10 ATAAGCAGAG CTCGTTTAGT GAACCGTCAG ATCGCCTGGA GACGCCATCC ACGCTGTTTT 720
GACCTCCATA GAAGACACCG GGACCGATCC AGCCTCCGCG GCCGGGAACG GTGCATTGGA 780
ACGCGGATTC CCCGTGCCAA GAGTGACGTA AGTACCGCCT ATAGAGTCTA TAGGCCCACC 840
CCCTTGGCTT CTTATGCATG CTATACTGTT TTTGGCTTGG GGTCTATACA CCCCCGOTTC 900

15 CTCATGTTAT AGGTGATGGT ATAGCTTAGC CTATAGGTGT GGGTTATTGA CCATTATTGA 960
CCACTCCCCT ATTGGTGACG ATACTTTCCA TTACTAATCC ATAACATGGC TCTTTGCCAC 1020
AACTCTCTTT ATTGGCTATA TGCCAATACA CTGTCCTTCA GAGACTGACA CGGACTCTGT 1080
ATTTTTACAG GATGGGGTCT CATTTATTAT TTACAAATTC ACATATACAA CACCACCGTC 1140
CCCAGTGCCC GCAGTTTTTA TTAAACATGC TAACGTGGGA TCTCCACGCS AATCTCGGGT 1200

20 ACGTGTTCCG GACATGGGCT CTTCTCCGGT AGCGGCGGAG CTTCTACATC CGAGCCCTGC 1260 .
TCCCATGCCT CCAGCGACTC ATGGTCGCTC GGCAGCTCCT TGCTCCTAAC AGTGGAGGCC 1320
AGACTTAGGC ACAGCACGAT GCCCACCACC ACCAGTGTGC CGCACAAGGE CGTGGCGGTA 1380
GGGTATCTGT CTGAAAATGA GCTCGGGGACG CGGGCTTECA CCGCTGACEC ATTTGGAAGA 1440

25 CTTAAGGCAG CGGCAGAAGA AGATGCAGGC AGCTGAGTTG TTCTGTICTG ATAAGAGTCA 1500
GAGGTAACTC CCGTTGCGGT GCTCTTAACG GTCGAGGGCA GTGTAGTCTG AGCAGTACTC 1560
GTTGCTGCCG CGCGCGCCAC CAGACATAAT AGCTGACAGA CTAACAGACT GTTCCTTTCC 1620
ATGGGTCTTT _'I'CTGCAGTCA CCGTCCTTAG ATCTGCTGTG CCTTCTAGTT GCCAGCCATC 1680
TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA GGTGCCACTC CCACTGTCCT 1740

30 TTCCTAATAA AATGAGGAAA TTGCATCGCA TTCTCTGAGT AGGTGTCATT CTATTCTGGG 1800
GGGTGGGG‘I‘G_GGGCAGCACA GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGOTGG 1860
GGATGCGGTG GGCTCTATGG GTACGGCCGC AGCGGCCGTA CCCAGGTGCT GAAGAATTGA 1920
CCCGGTTCCT CGACCCGTAA AAAGGCCGCG TTGCTGGCGT TTTTCCATAG GCTCCGCCCC 1980

| NFORMATI ON o
(i) SEQUENCE CHARACTERI STICS: 25 (A I‘El\lwpﬁ%ggs%
. |




(iii) HYPOTHETI CAL: NO 30

DESCRI P31 ON: SEQ | D NO 42: CCACATGGAT CCTTAATAAT CGAG
| NFORVATI ON FOR SEQ | D NGO 43:

39 -104-

(2)

(iv) ANTI-SENSE: NO (]

(A) LENGTH: 42 base pairs (B) TYPE:

10

15

290

25

30

CCTGACGAGC
TAAAGATACC
CCGCTTACCG
TCACGCTGTA
GAACCCCCCG
CCGETAAGAC
AGGTATGTAG
TGRAGGACAG
GGTAGCTCTT
CAGCAGATTA
TCCCCTAATG
GAGCATCARA
AAGCCGTTTIC
CTGGTATCGG
GTCAAAAATA
TGCCAAAAGC
ATCAAAATCA
AAATACGCGA
GAACACTGCC
GAATGCTGTT
AARATGCTTG
ATCTGTAACA
GGGCTTCCCA
TTTATACCCA
TTCCCGTTGA
TATTGTTCAT

AACGTGGCTT

(2) INFORMATION FOR SEQ ID NO:46:

ATCACAAAAA
AGGCGTTTCC
GATACCTGTC
GGTATCTCAG
TTCAGCCCGA
ACGACTTATC
GCGGTGCTAC
TATTTGGTAT
GATCCGGCAA
CGCGCAGAAA
CTCTGCCAGT
TGARACTGCA
TGTAATGAAG
TCTGCGATTC
AGGTTATCAA
TTATGCATTT
CTCGCATCAA
TCGCTGTTAA
AGCGCATCAA
TTCCCGGGGA
ATGGTCGGAA
TCATTGGCAA
TACAATCGAT
TATAAATCAG
ATATGGCTCA
GATGATATAT

TCC

TCGACGCTCA
CCCTGGAAGE
CGCCTTTOTC
TTCGGTGTAG
CCGCTGCGCC
GCCACTGGCA
AGAGTTCTTG
CTGCGCTCTG
ACAAACCACC
AAAAGGATCT
GTTACAACCA
ATTTATTCAT
GAGAAAACTC
CGACTCGTCC
GTGAGAAATC
CTTTCCAGAC
CCAAACCGTT
AAGGACAATT
CAATATTTTC
TCGCAGTGGT
GAGGCATAAA
CGCTACCTTT
AGATTCTCGC
CATCCATGTT
TAACACCCCT

TTTTATCTTG

nucleic acid (C S

- 106 -

AGTCAGAGGT
TCCCTCGTGC
CCTTCGGGAA
GTCGTTCGCT
TTATCCGGTA
GCAGCCACTG
AAGTGGTGGC
CTGAAGCCAG
GCTGGTAGCG
CAAGAAGATC
ATTAACCAAT
ATCAGGATTA
ACCGAGGCAG
AACATCAATA
ACCATGAGTG
TTGTTCAACA
ATTCATTCGT
ACAAACAGGA
ACCTGARATCA
GAGTAACCAT
TTCCGTCAGC
GCCATGTTTC
ACCTGATTGC
GGAATTTAAT
TGTATTACTG

TGCAATGTAA

(1) SEQUENCE CHARACTERISTICS:

tA)
{B)
)
(D)

LENGTH: 72 base pairs
TYPE: nucleic acid
STRANDEDNESS: both
TOPOLOGY: both

GGCGABACCC
GCTCTCCTGT
GCGTGGCGCT
CCARGCTGGG
ACTATCGTCT
GTAACAGGAT
CTAACTACGG
TTACCTTCGG
GTGGTTTTTT
CTTTGATCTT
TCTGATTAGA
TCAATACCAT
TTCCATAGGA
CAACCTATTA

ACGACTGAAT

GGCCAGCCAT.

GATTGCGCCT

ATCGAATGCA

GGATATTCTT

GCATCATCAG

CAGTTTAGTC

AGAAACAACT

CCGACATTAT

CGCGGCCTCG

TTTATGTAAG

CATCAGAGAT

(i) SEQU

ANEHEET

CHARACTERI 9TI

NEPPRS99pot h

GACAGGACTA

TCCGACCCTG

TTCTCAATGC

CTGTGTGCAC

TGAGTCCAAC

TAGCAGAGCG

CTACACTAGC

AAAAAGAGTT

TGTTTGCAAG

TTCTACGTGA

AARACTCATC

ATTTTTGAAA

TGGCAAGATC

ATTTCCCCTC

CCGGTGAGAA

TACGCTCGTC

GAGCGAGACG -

ACCGGCGCAG

CTAATACCTG

GAGTACGGAT

TGACCATCTC

CEGGCGCATC

CCGCGAGCCCA

AGCAAGACGT

CAGACAGTTT

TTTGAGACAC

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540

3553




(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iV)
ANTI - SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ ID NO 43: 10  GGTACAGGAT
CCACCATGTIC CGCTGTTTGGA GACACAATTG CC 42 (2)

| NFORMATI ON FOR SEQ I D NO. 44: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 38
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: both 15

(D) TOPOLOGY: linear (ii) MOLECULE TYPE: fWA

(11) MOLECULE TYPE: cDNA “ﬁEEACEM@T SHEET

(iii} HYPOTHETICAL: NO o

(iv}) ANTI-SENSE: NO 0 APR 1997
5 (xi} SEQUENCE DESCRIPTION: SEQ ID NO:46:
TCACCGTCCT TAGATCGGTA CAACCATGAA GACTATCATT GCTTTGAGCT ACATTTTATG 60
TCTGGTTTTC GC 72

(2} INFORMATION FOR SEQ ID NO:47:
(1} SEQUENCE CHARACTERISTICS:
10 (A) LENGTH: 111 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: both
(D) TOPOLOGY: both
fil) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

15 {iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:
TCATGCTTTT TGCTTTGTGT TCTTTTGCTG GGGTTCATCA TGTGGGCCTG CCAAAAAGGC 60
AACATTAGGT GCAACATTTG CATTTGAAGA TCTATGTGGG ATCTGCTGTG C 111 )
20 {(2) INFORMATION FOR SEQ ID NO:48:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 63 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPQLOGY: both
25 {ii} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
30 TTAGATCGGA ACATGAAAGC AAAACTACTA GTCCTGTTAT GTGCATTTAC AGCTACATAT 60
GCA 63
{2) INFORMATION FOR SEQ ID NO:49:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 102 base pairs



(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 20 (xi)

SEQUENCE

DESCRI PT1 ON:  SEQ | D NG 44: CCACATGGAT CCTTATAGGT ATTT TCAC AAGAGCT G

38 (2) I NFORMATI ON FOR SEQ I D NO 45: (i) SEQUENCE CHARAGTH
LENGIH:. 3553 base pairs 25 (B) TYPE: nucl
STRANDEDNESS: doubl e (D) TOPOLOGY: both (ii) MOLECULE {TYPE
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 108

Ty

X CDNA i
07&??%197

{B) TYPE: nucleic acid
{C} STRANDEDNESS: double
{D)} TOPOLOGY: both

{ii) MOLECULE TYPE: <DNA

{iii) HYPOTHETICAL: NO

5 {iv) ANTI-SENSE: NO

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:45:

CTGGTGCTTT TGGTCTCCCT GGGGGCAATC AGCTTCTGGA TGTGTTCTAA TGGGTCTTTG 60

CAGTGTAGAA TATGCATCTG AATGTGGGAT CTGCTGTGCC TT
10 {2} INFORMATION FOR SEQ ID NO:50:

(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 108 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: both
{D} TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA
15 fas
{(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

{xi)} SEQUENCE DESCRIPTION: SB.Q ID NO:50:

102

20 CCTTAGATCG GTACAACCAT GAAGGCAATA ATTGTACTAC TCATGGTAGT AACATCCAAC 60

GCAGATCGAA TCTGCACTGG GATAACATCT TCAAACTCAC CTCATGTG
(2} INFORMATION FOR SEQ ID NO:51:
{i)} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 102 base pairs
{B) TYPE: mucleic acid
25 (C) STRANDEDNESS: both
(D} TOPOLOGY: both
(ii) MOLECULE TYPE: cDNA
{(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
30
{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:51:

108

TTGGCTGTAA CATTGATGAT AGCTATTTTT ATTGTTTATA TGGTCTCCAG AGACAATGTT 60

TCTTGCTCCA TCTGTCTATA AATGTGGGAT CTGCTGTGCC TT

(2) INFORMATION FOR SEQ ID NO:52:

102




30 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 45: GATATTGGCT ATTGGCCATT

GCATACGTTG TATCCATATC ATAATATGTA CATTTATATT

GCCATGITGA CATTGATTAT TGACTAGITA TTAATAGTAA 120 -
GGTCATTAGI TCATAGCCCA TATATGGAGT TCCGCGITAC ATAACTTACG

CGCCTGECTG ACCGCCCAAC GACCCCCGCC CATTGACGIC AATAATGAI
TAGTAACGCC AATAGGGACT TTCCATTGAC GICAATGSGT GGAGTATTT
CCCACTTGGC AGTACATCAA GTGTATCATA TGccAacHa® -GooeeeTATT
GACGTCAATG ACCGTAAATG GCCCGCCTGG CATTATGCCC AGTACATGAC

10

15

20

25

30

60 GGCTCATGIC CAACATTACC
105 - TCAATTACGG

180 GTAAATGECC

EPLACERERNT SEEE hecrc

360 5

CTOATARRAGS7 420

(i} SEQUENCE CHARACTERISTICS:

{A) LENGTH: 84 base pairs
{B) TYPE: nucleic acid
{C)} STRANDEDNESS: both
{D} TOPOLOGY: both

{ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:
GTCCTTAGAT CCACCATGGC GTCCCAAGGC ACCAAACGGT CTTATGAACA GATGGAAACT
GATGGGGAAC GCCAGAATGC AACT
{2} INFORMATION FOR SEQ ID NO:53:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 108 base pairs
{B} TYPE: nmucleic acid '
{C) STRANDEDNESS: both
{D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{iv)} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:
GAAAAGGCAA CGAACCCGAT CGTGCCCTCT TTTGACATGA GTAATGAAGG ATCTTATTTC
TTCCGAGACA ATGCAGAAGA GTACGACAAT TAAGGATCTG CTGTGCCT
(2) INFORMATION FOR SEQ ID NO:54

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 132 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: both
{D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv)} ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:54:

CTTAGATCCA GATCTACCAT GAGTCTTCTA ACCGAGGTCG AAACGTATGT TCTCTCTATC

60

84

60

108

60



TTTCCTACTT GGCAGTACAT CTACGTATTA GTCATCGCTA TTACCATGGT GATGCGGITT

TGGCAGTACA TCAATGGGOG TGGATAGOGG TTTGACTCAC GGGGATTFEE-AAGTSTEEAS -~
CCCATTGACG TCAATGGGAG TTTGTTTTGG CACCAAAATC AACGGGAGEPLACEMENRTSHEET

CGTAACAACT CCGCCCCATT GACGCAAATG GGCGGTAGEC GTGTACGGTG GGAGGT CTAT
10  ATAAGCAGAG CTCGITTAGT GAACCGTCAG ATCGCCTGGA GACC GEFTGITIT
S{G:SQMGCATT
G

720 GACCTCCATA GAAGACACCG GGACCGATCC A GCGE( EGA
780 ACGCCGCGATTC CCCGIGCCAA GAGTGACGTA AGT. ATAGA C
840 CCCTTGCECTT CTTATGCATG CTATACTGIT TTTGECTTGG GGIICTATACA CCCCCCGCTTEL

900 15 CTCATGITAT AGGTGATGGI ATAGCTTAGC CTATAGGT GFGGEGTTATTGACCAT

960 CCACTCCCCT ATTGGTGACG ATACTTTCCA TTACTAATCC ATAACATGGEC TCTTTGCCAC

1020 AACTCTCT FITCATPCCEETRFRAT GECRAT RN CERHIFCCTCREATEATATSTISAEA CEBACTCTGT

1080 ATTTTT%A CT CATTTATTAT TTACAAATTC ACATATACAA CpGCACCGTC
T

1140 CCCAGT
1200 (2) INFORMATION FOR SEQ ID NO:55:

{i) SEQUENCE CHARACTERISTICS: -
5 {A) LENGTH: 129 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: both
{D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:
GGGACTCATC CTAGCTCCAG TACTGGTCTA AAAGATGATC TTCTTGAAAA TTTGCAGACC
" TATCAGAAAC GAATGGGGGT GCAGATGCAA CGGTTCAAGT GAAGATCTAT GTGGGATCTG
15 CTGTGCCTT
{2} INFORMATION FOR SEQ ID NO:56:
(i) SEQUENCE CHARACTERISTICS:
{A] LENGTH: 81 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
20 (D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{iv} ANTI-SENSE: NO
25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:56:
CTTAGATCCA CCATGTCCAA CATGGATATT GACGGTATCA ACACTGGGAC AATTGACAAA
ACACCGGAAG AAATAACTTC T
{2} INFORMATION FOR SEQ ID NO:57:
30 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 96 base pairs
{B} TYPE: nucleic acid
{C} STRANDEDNESS: both
(D} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO

TTTA TTAAACATGC TAACGIGGGA TCTCCACGCG AATCTCGGEGT

60

120

129

60

81

480
540
600
660

TATTGA



20 ACGTGITCCG GACATGGEECT CTTCTCCGGT AGCGGECGGAG CFTCTACATC CGAGCCCTGC
1260 TCGCCATGCCT CCAGCGACTC ATGGICGCTC GGCAGCTCCT TGCTCCTAAC AGTGGAGGCC
1320 AGACTTAGGEC ACAGCACGAT GCCCACCACC ACCAGTGraC oo
1380, GGGTATGIGT CTGAAAATGA GCTCGGGEGAG CGGGCTTGCA CCOBEEHE
1440 25 CTTAAGGCAG CGGCAGAAGA AGATGCAGGC AGCTGAGITG TTGTGITCTG ATAAGAGICA
1500 GAGGTAACTC CCGTTGCCGGT GCTGITAACG GT GGGCA GT A
1560 CTTGCTGCCG CGCGCGCCAC CAGACATAAT Al CAGA CTAp
1620 ATGGGICTTT TCTGCAGTCA CCGICCTTAG ATCTGCTGIG CCT
1680 TGITGITTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA GGTY
1740 30 TTCCTAATAA AATGAGGAAA TTGCATCGCA TTGICTGAGT AGG
CTATTCTGGG 1806V ONGT-EEYSET & GGGCAGCACA GCAAGGGGGA GGATTGGGAA GACAATACCA
GGCATCCTGG 1860 GGATGCGGIG GGECTCTATGG GTACGECCGC AGCGECCGTA CCCAGGTECT
GAAGAATTGA 1920 CCCGGITCCT CGACCCGTAA AAAGGCCCCG TTGCTGECGT TTTTCCATAG
GCTCCcaEccece 1980i) SEQUENCE DESCRIPTION: SEQ ID NO:57:

GTTGAAATTC CAATTAAGCA GACCATCCCC AATTTCTTCT TTGGGAGGGA CACAGCAGAG 60

GATTATGATG ACCTCGATTA TTAAGGATCT GCTGTG 96
{2) INFORMATION FOR SEQ ID NO:58:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 96 base pairs
{B) TYPE: nucleic acid
{C] STRANDEDNESS: both
10 {D) TOPOLOGY: both
(i1} MOLECULE TYPE: ¢DNA
{iii)} HYPOTHETICAL: NO
{iv) ANTI-~SENSE: NO
15 {xi)} SEQUENCE DESCRIPTION: SEQ ID NO:58:
CTTAGATCCA CCATGTCGCT GTTTGGAGAC ACAATTGCCT ACCTGCTTTC ATTGACAGAA 60
GATGGAGAAG GCAARAGCAGA ACTAGCAGAA AAATTA 96
(2) INFORMATION FOR SEQ ID NO:59:
20 (i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 123 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: both
(D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{(iii) HYPOTHETICAL: NO

25 {iv) ANTI-SENSE: NO

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:59:
AGATCTCTTG GGGCAAGTCA AGAGAATGGG GAAGGAATTG CAAAGGATGT GATGGAAGTG 60

30 CTAARAGCAGA GCTCTATGGG AAATTCAGCT CTTGTGAAGA AATACCTATA AGGATCTGCT 120
GTG 123

{2} INFORMATION FOR SEQ ID NO:60:

{i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 33 base pairs
(B} TYPE: nucleic acid



- 106 - CCTGACGAGC ATCACAAAAA TCGACGCTCA AGICAGAGGT GGECGAAACCC GACAGGACTA
2040 TAAAGATACC AGECGITTCC CCCTGGAAGC TCCCTCGIGC GCTCTCCTGI TCCGACCCTG
2100 CCGCTTACCG GATACCTGIC CGCCTTTCTC CCTTCGGEGAA GCGTGECGCT TTCTCAATGC
2160. TCACGCTGTA GGTATCTCAG TTCGGTGTAG GICGITCGCT CCAAGCTGEG CTGTGIGCAC
2220 5 GAACCCCCCG TTCAGCCCGA CCGUTGCGCC TTATCCGGTA ACTATCGICT

TGAGICCAAC
TAGCAGAGCG
CTACACTAGC
AAAAAGAGTT
TGITTGCAAG

10

15

20

25

30

2280 CCGGTAAGAC ACGACTTATC CTGGCA GCAGCCACTG GTAACAGGAT
2340 AGGTATGTAG GCGGTGCTAC™ TCTTG AAGTGGTGGC CTAACTACGG
2400 TGAAGGACAG TATTTGGTAT CTGCGCTCTG CTGHAGEEAG

2520 {C) STRANDEDNESS: both

{D) TOPOLOGY: both <
07 APR 1997
(1i) MOLECULE TYPE: cDNA -

{iv) ANTI-SENSE: NO . \_/

(iii) HYPOTHETICAL: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:60:
GGTACAAATA TTGGCTATTG GCCATTGCAT ACG 33
(2} INFORMATION FOR SEQ ID NO:61:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 36 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D} TOPOLOGY: both
{ii} MOLECULE TYPE: cDNA
{iii} HYPOTHETICAL: NO

{ivl ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:61:
CCACATCTCG AGGAACCGGG TCAATTCTTC AGCACE ' ' 36
(2} INFORMATION FOR SEQ ID NO:62:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 3B base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: both
{D) TOPOLOGY: both
(ii} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:62:
GGTACAGATA TCGGRAAGCC ACGTTGTGTC TCAAAATC 38
{2) INFORMATION FOR SEQ ID NO:63:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 37 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: both
{D} TOPOLOGY: both



10
2580
2640

2700,

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300

CAGCAGATTA CGCGCAGAAA AAAAGGATCT CAAGAAGATC CTTTGATCTT TTCTACGIGA
TGCCGTAATG CTCTGCCAGT GTTACAACCA ATTAACCAAT TCTGATTAGA AAAACTCATC
GAGCATCAAA TGAAACTGCA ATTTATTCAT ATCAGGATTA TCAATACCAT ATTTTTGAAA
AAGCCGTITTC TGTAATGAAG GAGAAAACTC ACCGAGGCAG TTCCATAGGA TGGCAAGATC
15 CTGGTATCGG TCTGCGATTC CGACTCGTCC AACATCAATA CAACCTATTA ATTTCCCCTC
GICAAAAATA AGGTTATCAA GIGAGAAATC Angggg?TSA(EACTGAAT CCGGTGAGAA
TGGCAAAAGC TTATGCATTT CTTTCCAGAC TT CA GGCCAGCCAT TACGCTCGIC
ATCAAAATCA CTCGCATCAA CCAAACCGTIT ATTCATTCGT GATT . GAGCGAGACG
AAATACGCGA TCGCTGITAA AAGGACAATT ACAAACAGGA ATCGAARTEIAA EXOENT IR
20 GAACACTGCC AGCGCATCAA CAATATTTTC ACCTGAATCA et
GAATGCTGIT TITOOGSTEATPECEMNST GGT GAGTAACCAT GCATCAT :A% W
AAAATCCTTG ¢é§gﬁ%€ f TAAA TTCCGICAGC CAGITTAGT
ATCTGTAACA ACCTTT GCCATGTTTC AGAAAGAACT CTGGCGCATd

(iv) ANTI-SENSE: NO

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:63:
CCACATGGAT CCGTAATGCT CTGCCAGTGT TACAACC 37
{2) INFORMATION FOR SEQ ID NO:64:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 39 base pairs
10 {B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D)} TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

15
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64:
GGTACATGAT CACGTAGAAA AGATCAAAGG ATCTTCTTG 39
20
25

30



25 GGGCTTCCCA! Sﬁﬁgﬁ?ﬁﬁﬁgﬂﬁﬁfﬁﬁ ACCTGATTGC CCGACATTAT CGCGAGCCCA
3360 TITATACCCA ] CAHRATGTT GGAATTTAAT CGCGGCCTCG AGCAAGACGT

3420 TTCCOGTTGA ATAT% CACACCT TGTATTACTG TTTATGTAAG CAGACAGTTT
3480 TATTGTTCAT GATGAr TATGTTG TGCAATGTAA CATCAGAGRT-IITGAGACAC
3540 AACGTGGCTT TCC [ TS gy
3553 30 (2) | NFCRWATTON FOR SEQ I D NO 46: (i) SEQUENGE CHARA

(A) LENGTH: 72 bdse pairs (B}-F¥RPE nucleic acid (C) STRANDESNES
TOPOLOGY: both 14- .

WHAT I D IS:

L. A DNA construct comprising nucleic acid encoding
an influenza virus gene, wherein said DNA construct is capable of
indacing the expression of an antigenic influenza virus gene product
which induces an influenza virus specific immune response upon
introduction of said DNA construct into animal tissues jn vivo and

resultant uptake of the DNA construct by cells which express the
encoded influenza gene.

2. The DNA construct of Claim 1 wherein the influenza
virus gene encodes nucleoprotein, hemagglutinin, polymerase, matrix,
or non-structural human influenza virus gene products.

3. A DNA construct as claimed in Claim 1 or

Claim 2 wherein the nucleic acid encoding an influenza
virus gene is operatively linked to one or more control
sequences which, when said DNA construct is introduced

into a living tissue, direct the transcription initiation
and subseqgquent translation of the gene.

4. A DNA construct as claimed in Claim 3
vherein the control seqnences comprise a promoter for RMNA
polymerase transcription and a transcriptional terminator
at, the end of the influenza virus gene coding sequence.

5. A DNA construct as claimed in Claim 4
wherein the promoter for RNA polymerase transcript;on is
selected from the Rous sarcoma virus long terminal repeat

and the cytomegalovirus promoter with the intron A
sequence.

6. A DNA construct as claimed in Claim 4 or S

wherein the transcriptional terminator is the bovine
growth hormone terminator.

AR RO



-107-

(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi)-SEQUENCE DESCRI PTI ON:
SEQ 1D NO 46; TCACOGTCCT TAGATCGGTA CAACCA

T GCTTTGAGCT
ACATTTTATG 60 TCTGGITTTC GC I I]“ mm&
72 (2) |NFOR|\/MR Sl g@%r AT: CTERNS :
(A) LENGTH: 111’bakevb YPE: nuclelc acid (C) STRA} AN
(D) TOPOLOGY: Hotfh
07 APR 1997

-115 -

7. A polynucleotide vaccine comprising a DNA

construct as claimed in any one of Claims 1 to 6

8. A polynucieotide vaccine comprising a DNA

construct which induces neutralizing antibody against human influenza -
virus, influenza virus specific cytotoxic lymphocytes, or protective
immune responses upon introduction of said DNA. pharmaceutical into
animal tissues in vivo, wherein the animal is a vertebrate, and the
polynucleotide vaccine encodes an influenza virus gene which is
expressed upon introduction into said verterbrates' tissues in vivo,

9. A polynucleotide vaccine as claimed in

Claim 7 or Claim 8 which contains a DNA construct
selected from one or more of:

2) pnRSV-BRNP,

b) VI-PR-NP,

c) V1J-PR-NP, the 5' end of wtnch is SEQ. ID:12:,

d). V1J-PR-PBI, the 5 end of which is SEQ. ID:13:,

) VIIPR-NS, the 5* end of which is SEQ. ID:14:,

f) © VLI-PR-HA, the §' end .of which is SRQ. ID:15:,

g) VIE-PR-PB2, the 5' end of which is SEQ. ID:16:,
h;) " V1J-PR-MI, the 5* end of which is SEQ. ID:17:,

1

V1Jueo-BJ-NP, the 5' end of which is SEQ. ID:20: and
the 3' end of which is SEQ. ID:21:, .



—_

(i1) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: (X|)
SEQUENGE DESCRI PTI ON: SEQ I D NO 47: TCATGCTTTT T

GGGTTCATCA TGT TS COAAAAACEE 60 AACAT CATTTGAAGA
TCTATGTGGG ATCT ,uA:CmizﬁT 111 20 (2) cm FOR SEQ I D
NO 48: (i) SEQUENCE THARACTERIS (A) LENGTH: 63 base pairs (B) TYPE:
nucleic acid (C) $TRAADIAMNGSR: boxt h (D) TOPOLOGY: bot h
MOLECULE TYPE: ¢DINA

- 116 -

i) V1Ineo-TX-NP, the 5° end of which is SEQ. ID:24 and
the 3' end of which is SEQ. ID:25: and
V1ineo-PA-HA, the 5' end of which is SEQ. ID:26: and
the 3" end of which is SEQ. ID:27:
Viins-GA-HA (A/Georgiaf03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and
the 3‘ end of which is SEQ. ID:47:,
V1ins-TX-HA (A/Texas/36/91), construct size 6.56 Kb,
the §' end of which is SEQ.ID:48: and
the 3* end of which is SEQ. ID:49:, |
n) V1ins-PA-HA (B/Panama/45/90), construct size 6.61 Kb,
the 5' end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,
V1Jns-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5' end of which is SEQ.ID:52: and
the 3' end of which is SEQ. ID:53:, .
P) V1Jns-BJ-M1 (A/Beijing/353/89), construct size 5.62 Kb,
the 5" end of which is SEQ.ID:54; and
the 3’ end of which is SEQ. ID:55:,
qQ V1ins-PA-NP (B/Panama/45/90), construct size 6.54 Kb,
the 5* end of which is SEQ.ID:56: and
the 3' end of which is SEQ. ID:57:, and
r) V1Jns-PA-M1 (B/Panama/45/90), construct size 5.61 Kb,
the 5' end of which is SEQ.ID:58: and
the 3* end of which is SEQ. ID:59:.

k)

D -

10. The expression vector: ViJ, SEQ.ID:10:,

ViJneo, SEQ.ID:18:,
viins, '

V1JR, SEQ:ID:45:.

11. The use of an isolated human influenza
virus gene operatively linked to one or more control
éequences for the manufacture of a medicament for use in
immunisation against infection by human influenza virus



(iii) HYPOTHETI CAL: NO (i v)[pANTheBRmsE: SN
|D N0 48: 30 TTAGATCGGA ‘

. AGCTACATAT
63 (2)

| NFORMATI ON FOR SEQ |l O ,\@74@?% (797 sk
LENGTH: 102 base pairs

T i ) SEWGT

o ST
SEQUENCE CHARACTER 211 &S
hucl ei ¢ agi<

60 GCA

(B) . TYPE

- 117 -~

12. fThe use of a DNA construct as claimed in

any one of Claims 1-6 for the manufacture of a medicament

for use in immunisation against 1nfection by human
influenza virus.

13. The use of a polynucleotide vaccine as

claimed in any one of Claims 7-9 for the manufacture of a

medicament for use in immunisation against infection by
human influenza virus.

14. The use of a DNA construct as claimed in

any one of Claims 1-6 for the manufacture of a medicament
for use-in immunisation against infection by human
influenza virus wherein said medicament is adapted for

direct administration of the DNA construct into tissue in
vivo.

15.. The use as claimed in Claim 14 wherein

said medicament is adapted for administration of the DNa
construct either as naked DNA in a physioclogically
acceptable solution without a carrier or as a mixture of

DNA and a liposome, or as a mixturé with an adjuvant or a
transfection facilitating agent.

16. A method for using an influenza virus gene to induce
immune responses in vivo which comprises:

a) isolating the gene, -

b) linking the gene to regulatory sequences such that the gene is
operatively linked to control sequences which, when introduced into a

living tissue direct the transcription initiation and subsequent translation
of the gene, and

c) introducing the gene into a living tissue.




n——

(C) STRANDEDNESS: doubl &EPDACEMEM@}@E% th (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI CAL: NO 5

VT~ ANTT™ E: NO (xi) SEQUENCE DESCRI PTI ON:
"SEQ |1 D NO: 49: CTGGTGCTTT TW TC AGCTTCTGGA TGTGTTCTAA
TGGGTCTTTG 60 CAGIGI ATGCAT

102 °10 (2) 1 NFORMATIHON
(A) LENGTH: 108 base pairs (B) TYPE:

- 118 -

17. The method of Claim 16 which further
couprises boosting induced immune responses by
introducing influenza virus gene on maltiple occasions.

18. The method of Claim 16 wherein the
i{nfluenza virus gene encodes a human influenza virus

nucleoprotein, hemagglutinin, matrix, nonstructural, or
polymerase gene product.

19. The method of Claim 18 wherein the human

influenza virus gene encodes the nucleoprotein, basic polyniemsel,
nonstructural proteinl, hemagglutinin, matrix1, or basic polymerase2
of one or more of the human influenza virus isolates A/PR/3/34,

AlBeijing/353/89, AfTexas/36/91, A/Georgia/03/93, and
B/Panama/45/90.

20. A wmethod for inducing Jmmune responses against
infection or disease caused by strains of influenza virus which comprises
introducing into a vertebrate a nucleic acid which encodes a conserved
influenza virus epitope specific to a first influenza vitus strain such that
the induced immunis response protects not only against infection or
disease by the first influenza virus strain but also protects against
infecﬁonordiseasebys&ainsthataredifﬁerentto gaid first strain.

21. The method of any of Claims 16-20 wherei.n
the organism beirg treated by the method is a human.

22. The DNA:

2) poRSV-PR-NP, -

b) VI1-PR-NP,

c) V1J-PR-NP, the 5* end of which is SEQ. ID:12:,
d) V1J-PR-PBL, the 5* end of which is SEQ. ID:13:,
e) V1J-PR-NS, the 5' end of which is SEQ. ID:14:, .
f) V1J-PR-HA, the 5' end of which is SEQ. ID:15:,
£) V1J-PR-PB2, the 5' end of which is SEQ. ID:16:,
h) V1J-PR-MI, the 5' end of which is SEQ. ID:17:,
i)

Vilneo-BJ-NP, the §' end of which is SEQ. ID:20: and

I

L



( D) TOPOLOGY:

Ngg@ggﬂ;m TYPE: cDNA 15
(iv) ANTI- sENsEDE"‘EEI‘A‘@EBJIE FEURNC ,

(iii) HYPOTHETI CAL: NO
E DESCRI PTION: SEQ | D NO. 50: 20
CCTTAGATCG GTA(

\ TA ATTGTACTAC TCATGGTAGT
GCAGATCGAA mcu?@éﬁw CT| TCAAACTCAC CTCATGTG
(2) ' | NFORMATI ON ROR_SEQ | D_NO

1 (i) SEQUENCE CHARACTERLSTI Cfip( '
102 base pairs i{(B) TYPE: nucleicjacid 25 (O RA
both (D) TOPOLQGY...both

.- 119 -
the 3' end of which is SEQ. ID:21:,
i) ViJneo-TX-NP, the 5 end of which is SEQ. ID:24 and
the 3' end of which is SEQ. [D:25: and
k) Vineo-PA-HA, the 5' end of which is SEQ. [D:26: and
the 3' end of which is SEQ. ID:27:
Vilns-GA-HA (AfGeorgiaf03/93), construct size 6.56 Kb
the §* end of which is SEQ.ID:46: and
the 3’ end of which is SEQ. ID47:,
Vins-TX-HA (AfTexasf36/91), construct size 6.56 Kb
the 5' end of which is SEQ.ID:48: and
the 3" end of which is SEQ. 1D:49:, .
Vilns-PA-HA (B/Panama/45/90), construct size 6.61 Kb
the §* end of which is SEQ.ID:50: and
the 3' end of which is SEQ. ID:51:,
Vios-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5* end of which is SEQ.JD:52: and
the 3' end of which is SEQ. ID:53:,
Vilns-BI-M1 (A/Beijing/353/89), constract size 5.62 Kb,
the 5' end of which is SEQ.JD:54: and
the 3' end of which is SEQ. ID:55:,
V1ins-PA-NP (B/Panamaf45/90), construct size 6.54 Kb
the 5' end of which is SEQ.ID:56: and
: the 3’ end of which is SEQ. ID:57:, and
r) Vilns-PA-MI1 (B/Panama/45/90), construct size 5.61 Kb,
the 5° end of which is SBQ.ID:58: and
the 3' end of which is SEQ..ID:59:.

)

0)
P

Q

23. A pharmaceutical compos’i.(:ion which
comprises at least one DNA construct as claimed in any
one of Claims 1 to 6.

A composition of nucleic acid constructs encoding
influenza virus genes from both A-type and B-type human influenza
viruses.

25. The composition of Claim 23 or Claim 24

which comprises DNA constructs encoding the hemagglutinin
gene of at least three strains of influenza virus, the
nucleoprotein gene of at least two strains of influenza

virus, and the matrix protein gene of at least two
strains of influenza virus

AR




(ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO
SEQUENCE DESCRI PTION: SEQ I D NO 51: TTGGCTGTAA (
ATTGTTTATA TGGTCTCCAG AGACAATGTT

m -E - NO 30 (xi)

i il i TTT

60 TCTTGCTCCEA ( GIGGGAT
CTGCTGTOCC TT 102 (2) | NFORVATI ON FOR SEQ I D NO 52:
109 - (i) SE T BT CS: - y

PERCENARICSREE S S 5 e
0 7 APR 1997
- 120 -
26.

The composition of Claim 23 or Claim 24
wherein said influenza virus genes are derived from

influenza viruses of the HIN1, H2N2, and H3N2 and B
strains of influenza virus.

27. The composition of Claim 23 or Claim 24
comprising:

Viins-GA-HA (A/Georgia/03/93), construct size 6.56 Kb,
the 5' end of which is SEQ.ID:46: and

the 3' end of which is SEQ. ID:47:, ‘
ViJas-TX-HA (AfTexasf36/91), construct size 6.56 Kb,
the 5° end of which is SEQ.ID:48: and

the 3' end of which is SEQ. ID:49:,

ViJus-PA-HA (B/Panamaf45/90), construct size 6.61 Kb;
‘ the 5’ end of which is SEQ.ID:50: and

' the 3' end of which is SEQ. ID:51:,

V1ins-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb,
the 5° end of which is SEQ.ID:52: and

the 3' end of which is SEQ. ID:53:, |

ViIns-BJ-MI (A/Beijing/353/89), construct size 5.62 Kb,
the 5‘ end of which is SEQ.ID:54: and

the 3' end of which is SEQ. HD:55:,

Viins-PA-NP (B/Panama/45/90), construct size 6.54 Kb,
the 5’ end of which is SEQ.ID:56: and

the 3' end of which is SEQ. ID:57:, and

Vilus-PA-M1 (B/Panama/45/90), construct size 5.61 Kb,
the 5' end of which is SEQ.ID:58: and

the 3' end of which is SEQ. ID:59:.

g)



(A) LENGTH: 84 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: both (D)
TOPOLOGY: both (ii) MOLECULE TYPE: cDNA 5 (iii) HYPOTHETI CAL: NO
(iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 52: 10

GTCCTTAGAT CCACCATGCGC GTCCCAAGGC ACCAAACGGT CTTATGAACA GATGGAAACT

60 GATGGGGAAC GCCAGAATGC AACT

84 (2) | NFORMATI ON FOR SEQ I D NO 53: (i_p23EQUENCE CHARA
LENGTH:. 108 base pairs |

TITLE OF THE INVENTION
NUCLEIC ACID PHARMACEUTICALS

ABSTRACT OF THE INVENTION
DNA constructs encoding influenza virus gene products,

> capable of being expressed upon direct introduction, via injection or
otherwise, into animal tissues, are novel prophylactic pharmaceuticals
which can provide immune protection against infection by homologous
and heterologous strains of influenza virus.

10
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(B) TYPE:, nucl eic acid (C) STRANDEDNESS: both (D) TOPCLOGY: both ﬁ%ﬂﬁ@'@ y

MOLECULE “TYPE: CcINA (i POTHETI CAL: NO (iv) A XD )pes
SEQUENCE DESCRI ';? !ﬂ* 3 GAAAAGGCAA O qr J
TTTGACATGA GTAATIUEY 60 TTCGOAGA

GTACGACAAT TAAGGATCTG CTGTGCCT -114- 108 4 MOV IGBBRYATI ON FOR
SEQ I D NO 54 25 (i) SEQUENCE CHARACTERI STILS: (A) LENGTH: {132 base
alrs ‘

P WHAT IS CLAIMED IS :

1. A polynucleotide vaccine which comprises a DNA
plasmid vector selected from the group consisting of
pnRSV, V1, V1J, V1JR, ViJdns, V1iJdneo, and VIR, wherein
said DNA plasmid vector comprises at least one
transcription regulatory element operably linked to a
nucleotide sequence encoding an influenza virus protein.

2. A polynucleotide vaccine of Claim 1 wherein the
influenza virus gene is selected from theé group
consisting of influenza genes which encode nucleoprotein,
hemagglutinin, polymerase, matrix, and non-structural

human influenza virus gene products.

3. A polynucleotide vaccine of Claim 2 which contains

a DNA construct selected from one or more of :

a) pnRSV-PR-NP,

b) V1-PR-NP,

) V1J-PR-NP, the 5’ end of which is SEQ.ID:12:,

d) V1J-PR-PB1l, the 5’ end of which is SEQ.ID:13:,

e) V1J-PR-NS, the 5/ end of which is SEQ.ID:14:,

£) V1J-PR-HA, the 5’ end of which is SEQ.ID:15:,

q) V1J-PR-PB2, the 5’ end of which is SEQ.ID:16:,

h) V1J-PR-M1, the 5’ end of which is SEQ.ID:17:,

i) Vidneo-BJ-NP, the 5’ end of which is SEQ.ID:20: and
the 3’ end of which is SEQ.ID:21:,

1) V1dneo-TX-NP, the 5’ end of which is SEQ.ID:24: and
the 3’ end of which is SEQ.ID:25: and

k) V1iJneo-PA-HA, the 5’ end of which is SEQ.ID:26: and
the 3’ end of which is SEQ.ID:27:

1) V1Jdns-GA-HA (A/Georgia/03/93), construct size 6.56
Kb, the 5’ end of which is SEQ.ID:46: and
the 3’ end of which is SEQ.ID:47:,

m) V1Jdne-TX-HA (A/Texas/36/91), construct size 6.56 Kb,
the 5’ end of which is SEQ.ID:48: and
the 3’ end of which is SEQ.ID:49:,



(B) TYPE;
MOLECULE TYPE:

nucl eic acid (C) STRANDEDNESS: both (D) T
cDNA 30

(iii) HYPOTHETI CAL: NO (

Rt

TA
TCAA

Xi ) "SEQUENCE DESfginii kiui bxi B NO 54: CTTAGATCCA GATETACCAT GAGICHTA
(ACCGAGGTCG reacciIERHEK i 'ieji: 60  -110 -|GITeCEATHG*83cdCa
AGCCGAAATC GCGCA ehbiVe: CTTTCHEEG 120

n) V1Jdns-PA-HA (B/Panama/45/90), construct size 6.61
Kb, the 5’ end of which is SEQ.ID:50: and

the 3’ end of which is SEQ.ID:51:,

V1Jdns-BJ-NP (A/Beijing/353/89), construct size 6.42
Kb, the 5’ end of which is SEQ.ID:52: and

the 3’ end of which is SEQ.ID:53:,

V1Jns-BJ-M1 (A/Beijing/353/89), construct size 5.62
Kb, the 5’ end of which is SEQ.ID:54:
the 3’ end of which is SEQ.ID:55:,
V1Jdns-PA-NP (B/Panama/45/90), construct size 6.54
Kb, the 5’ end of which is SEQ.ID:56:
the 3’ end of which is SEQ.ID:57,
V1idns-PA-M1 (B/Panama/45/90), construct size 5.61
Kb, the 5’ end of which is SEQ.ID:58:
the 3’ end of which is SEQ.ID:59:

o)

p)
and

q)
and
and

r)

and

4. A polynucleotide vaccine which comprises a DNA
plasmid, wherein said DNA plasmid vector comprises at

least one transcription regulatory element operably
linked to a nucleotide sequence encoding an influenza
virus protein selected from the group consisting of
nucleoprotein, polymerase,

influenza virus

matrix, and non-structural

human gene products, wherein upon
administration of said polynucleotide vaccine into a
mammal, said mammal is protected from disease associated

with influenza virus.
5. The use of the DNA of claim 1 in the preparation of
a vaccine or pharmaceutical composition for use in a
method of protecting a mammal against intervention by a
associated with the
of a which
comprises a DNA plasmid vector selected from the group
V1iJd, V1JdR, V1Jns, Vidneo and
V1R, wherein said DNA plasmid vector comprises at least
one transcription regulatory element operably linked to

disease influenza

comprising

administration

polynucleotide wvaccine

consisting of pnRSV, Vi1,



AAAAACACAG AT

(2) 1 NFOQI\/ATI O\I—FG?—SEQ—HB—NG—SS——(I ) SEQUENCE %W\Cﬁm%ﬂbm )

(A) LUENGTH. 129:

WPE: nucleic acid (@)
(D) TOPOLOGY: bo}i

H TYPE: cDNA (iii) HYPQTHETI CAL: NO

(i v) ANTI - SENSE: NC‘(x'iL) SEQUE DESCRIIEH-ON:  SEQ I|D Ndé5&%8@<m&:TArc

132

CTAGCTCCAG TACTGGTCTA AAAGATGATC TTCTTGAAAA TTTGCAGA 60 TATCAGAAAC

GAATGEGEEGT GCAGATGCAA CGGTTCAAGT GAAGATCTAT GIGCEATETG 120

a nucleotide sequence encoding an influenza virus
protein,.

6. The use of claim 5 wherein the influenza virus gene
is selected from the group consisting of influenza
nucleotide sequences which encode nucleoprotein,
hemagglutinin, polymerase, matrix, and non-structural
human influenza virus gene products.

7. The use of claim 5 wherein the polynucleotide

vaccine contains a DNA construct selected from one or

more of

a) pnRSV-PR-NP,

b) V1-PR-NP,

c) V1J-PR-NP, the 5’ end of which is SEQ.ID:12:,

d) V1J-PR-PBl, the 5’ end of which is SEQ.ID:13:,

e) V1J-PR-NS, the 5’ end of which is SEQ.ID:14:,

i V1J-PR-HA, the 5’ end of which is SEQ.ID:15:,

g) V1J-PR-PB2, the 5’ end of which is SEQ.ID:16:,

h) V1J-PR-M1l, the 5’ end of which is SEQ.ID:17:,

i) V1dneo-BJ-NP, the 5’ end of which is SEQ.ID:20: and
the 3’ end of which is SEQ.ID:21:,

3} V1dneo-TX-NP, the 5’ end of which is SEQ.ID:24: and
the 3’ end of which is SEQ.ID:25: and

k) V1Jdneo-PA-HA, the 5’ end of which is SEQ.ID:26: and
the 3’ end of which is SEQ.ID:27:

1) V1dns-GA-HA (A/Georgia/03/93), construct sgize 6.56
Kb, the 5’ end of which is SEQ.ID:46: and
the 3’ end of which is SEQ.ID:47:,

m) V1Jdns-TX-HA (A/Texas/36/91), construct size 6.56 Kb,
the 5’ end of which is SEQ.ID:48 and
the 3’ end of which is SEQ.ID:49:,

n) V1iJns-PA-HA (B/Panama/45/90), construct size 6.61
Kb, the 5’ end of which is SEQ.ID:50: and
the 3’ end of which is SEQ.ID:51:,

o) ViJdns-BJ-NP (A/Beijing/353/89), construct size 6.42



15 CTGIGCCTT

129 (2) | NFORVATI ON FOR SE
LENGFH: 81 ba
(D) TOPOLOGY: M

ANTI - SENSE:

156: (1) SEQUENCE CHARACI BREARLERENS AHEET

1

CTTAGATCCA CCATthtAA CATGGATATT GACGGTATCA ACACTGGGAC AATTGACAAA
ACACCGGAAG AAATAACTTC T

ﬁ ﬁ - nucleic acid (C) STRANDE
| E TYPE: cDNA (iii) HYPOTHEJI CA
’“ﬁ mEQJENCEJEEBCRI( oI )C]\I SEQ I D KO LZS%%\? s

Kb, the 5’ end of which is SEQ.ID:52: and
the 3’ end of which is SEQ.ID:53:,

p) V1Jdns-BJ-M1 (A/Beijing/353/89), construct size 5.62
Kb, the 5’ end of which is SEQ.ID:54: and
the 3’ end of which is SEQ.ID:55:,

a) V1dns-PA-NP (B/Panama/45/90), construct size 6.54
Kb, the 5’ end of which is SEQ.ID:56: and
the 3’ end of which is SEQ.ID:57:, and

r) V1Jns-PA-M1 (B/Panama/45/90), construct size 5.61
Kb, the 5’ end of which is SEQ.ID:58: and
the 3’ end of which is SEQ.ID:59:.

8. A composgition of nucleic acid constructs encoding
influenza virus genes from both A-type and B-type human
influenza viruses.

9. The composition of Claim 8 which comprises DNA
constructs encoding the hemagglutinin gene of at least
three strains of influenza virus, the nucleoprotein gene
of at least two strains of influenza virus, and the
matrix protein gene of at least two strains of influenza
virus.

10. The composition of Claim 8 wherein said influenza
virus genes are derived from influenza viruses of the
HI1N1, H2N2, and H3N2 and B strains of influenza virus.

11. The composition of Claim 8 comprising :

a) V1dns-GA-HA (A/Georgia/03/93), construct size 6.56
Kb, the 5’ end of which is SEQ.ID:46: and
the 3’ end of which is SEQ.ID:47:,

b) V1dns-TX-HA (A/Texas/36/91), construct size 6.56 Kb,
the 5’ end of which is SEQ.ID:48: and
the 3’ end of which is SEQ.ID:49:,

c) Vidns-PA-HA (B/Panama/45/90), construct size 6.61
Kb, the 5’ end of which is SEQ.ID:50: and




(2) | NFORMATION FOR SEQ I D NO: 57: 30 (i) SEQUENCE CHARACIER! STI CS:

(A) LENGTH. 96 base : nucleic acid (C STRANbE@N@
TOPQO:OGY: bot h | ot “I‘WE cDNA (iii) HYP(OT?—IETI CAL ﬁé&ﬁﬁ?@’i@ #E%)f

(iv) ANTI - SENSE}{EBE
11K -118- 2 Zg P@Eﬁv 048

the 3’ end of which is SEQ.ID:51:,

d) V1Jns-BJ-NP (A/Beijing/353/89), construct size 6.42
Kb, the 5’ end of which is SEQ.ID:52: and
the 3’ end of which is SEQ.ID:53:,

e) V1dns-BJ-M1 (A/Beijing/353/89), construct size 5.62
Kb, the 5’ end of which is SEQ.ID:54: and
the 3 end of which is SEQ.ID:55:,

£) V1Jns-PA-NP (B/Panama/45/90), construct size 6.54
Kb, the 5’ end of which is SEQ.ID:56: and
the 3’ end of which is SEQ.ID:57: and

g) Vidns-PA-M1 (B/Panama/45/90), construct size 5.61
Kb, the 5’ end of which is SEQ.ID:58: and
the 3’ end of which is SEQ.ID:59:.



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 57: GITGAAATTC CAATTAAGCA GACCATCCCC
AATTTCTTCT TTGGGAGGGA CACAGCAGAG 60 5 GATTATGATG ACCTCGATTA

TTAAGGATCT GCTGTG 96 (2)...NEORVATI ON FOR

SEQ ID NO 58: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: %6 as
TYPE: nucleic acid (C) STRANDEDNESS: both 10 i T%%&&Eé‘

both (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (i V) D’ b ﬁNSE NOJ 15
)

(xi) SEQUENCE DESCRI PTION: SEQ | D NO: 58:119- OV 1008

TITLE OF THE INVENTION
NUCLEIC ACID PHARMACEUTICALS

ABSTRACT OF THE INVENTION

DNA constructs encoding influenza virus gene products,
capable of being expressed upon direct introduction, via injection or
otherwise, into animal tissues, are novel prophylactic pharmaceuticals

which can provide immune protection against infection by homologous
and heterologous strains of influenza virus.




CTTAGATCCA CCATGTCCCT GITTGGAGAC ACAATTGCCT ACCTGCTTTC ATTGACAGAA

60 GATGGAGAAG GCAAAGCAGA ACTAGCAGAA AAATTA

96 (2) | NFORMATION FOR SEQ | D NO 59: 20 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 123 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: both (D) TOPOLOGY: both (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI CAL: NO 25 (iv) ANTI-SENSE- NO (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 59: AGATCTCTTG GGGCAAGICA AGA GGG GAAGGAATTG CAAAGGATGT
GATGGAAGTG 60

FIGURE 1
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30 CTAAAGCAGA GCTCTATGGG AAATTCAGCT CTTGTGAAGA AATACCTATA AGGATCTGCT
120 GIG’

123 (2) |1 NFORVATION FOR SEQ I D NG 60: (i) SEQUENCE CHARACTERI STICS: (A)

LENGFH: 33 base pairs (B) TYPE nucleic acid -112- (C) STRANDEDNESS:
both (ii) MOLECULE TYPE: cDNA (iii) HYPQTHETI CAL: NO
2/45
REPLACEMENT SHEET
07 APR 1997
" Figure 2 ‘ ' |
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(iv) ANTL-SENSE: NO 5 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 60: GGTACAAATA

TTGGCTATTG GOCATTGCAT ACG
| NFORMATI ON FOR SEQ I D NO 61: 10
LENGTH. 36 base pairs (B) TYPE

TOPOLOGY: both (ii) MOLECULE TYPE: cDNA (iii) HYPOIH NOT
3/45 07APR 199"’7

(iv) ANTI-SENSE: NO

Figure 3

33 (2)

( | ) SEQJ I\Jf"l: ["I_II\I')AI"'I'EI')I QTI

nucl eic acid (O S'IWDEOEM’T §HEET D)

1T CAL.

A

% Speclfic Lyéls

% Specific Lysis

&1 20:1

40:1 8:1 2621 .

Effector:Target

100:1

- (A



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 61: CCACATCTCG AGGAACCGGG TCAATTCTTC
AGCACC 36 20 (2) | NFORVATION FOR SEQ I D
NG 62: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 38 base pairs (B) TYPE
nucl eic acid (C) STRANDEDNESS: both (D) TOPOLOGY: both (ii) MOLECULE TYPE:
cDNA 25 (iii) HYPOTHETI CAL: NO (iVv)_ ANTI-SENSE: NO (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NG 62: 30 GGTACAGHV 45 TCGGAAAGCC ACGITGIGIC TCAAAATC
38 .

REPLACEMENT SHEET
07 APR 1997

Figure 4

22

_Mean Welght + SEM
o
o

16 L T R v L) v L § v LI
0O 2 4 6 8 10. 12 14
Days Post-Challienge



(2) 1 NFORVATI ON FOR SEQ I D NO 63: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
37 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: both (D) TOPOLOGY:
bot h - 113 - (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv)

ANTI --SENSE: NO

5/45
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07 APR 1997

Figure §
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5 (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 63: CCACATGGAT CCGTAATGCT

CTGCCAGTGT TACAACC 37.(2) | NFORMATI ON FOR

SEQ D N0 64: (i) SEQUENCE CHARACTERISTICS: (A) LENEDHACHY S_E;n‘?y s 10
(

(B) .TYPE: nucleic acid (C) STRANDEDNESS: both (D) S Neevs )
MOLECULE TYPE: CDNA (iii) HYPOTHETICAL: NO (iv) ANTI -SEI:/LSE: NOA5] (ki)
SEQUENCE DESCRI PTI ON:  SEQ | D NO 64: 6745 APR 1997

Figure 6: V1J.Sequence, SEQ. ID:10;
1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG

51 GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG
101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG
151 CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA
201 COGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG CTATTGGCCA
251 TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATG
301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT
351 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT
401 ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG
451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA _
501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG
551 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA
601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG
651 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
701 GTGATGOGGT TTTGGCAGTA CATCAATGGG CGTGGATAGC GGTTTGACTC
751 ACGGGGATTT CCAAGTCTOC ACCCCATTGA CGTCAATGGG AGTTTGTTIT
801 GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTOGTAACAA CTCCGCCCCA
851 TTGACGCAAA TGGGCGGTAG GOGTGTACGG TGGGAGGTCT ATATAAGCAG
901 AGCTCGTTTA GTGAACCGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT
951 TTGACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA
1001 CGGTGCATTG GAACGCGGAT TCCOCGTGCC AAGAGTGACG TAAGTACCGC
1051 CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG
1101 TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT ATAGGTGATG
1151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC
1201 CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC



GGTACATGAT CACGTAGAAA AGATCAAAGG ATCTTCTTG

39 20 25 30 -114- WHAT IS CLAIMED IS 1. A pol ynucl eoti de vacci ne V\/m ch
conprises a DNA plasm d vector selected fromthe-group consisting of

pnRSV, V1, V1J, V1JR, V1Jns, VlJneo, and V1R whereip.sai.d .DNA pl asm

vector conprises at |east one ‘ RE{?LACEMENT SHEET

7/45

07 APR 1997

Figure 6 (continued, p2/4)

1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA
1301 CACGGACTCT GTATTTTTAC AGGATGGGGT CTCATTTATT ATITACAAAT
1351 TCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTTTT TATTAAACAT
1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ACATGGGCTC
1451 TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA
1551 GACTTAGGCA CAGCACGATG CCCACCACCA éCAGTGTGCC GCACAAGGCC
1601 GTGGCGGTAG GGTA‘TGTGTC TGAAAATGAG CTCGGGGAGC GGGCTTGCAC
1651 CGCTGACGCA TTTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCAGGCA
1701 GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG
1751 CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGCCGC
1801 GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA
1851 TGGGTCTTTT CTGCAGTCAC CGTCCTTAG ATCTGCTGTG CCTTCTAGTT
1901 GCCAGCCATC TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA
1951 GGTGCCACTC CCACTGTCCT TTCCTAATAA AATGAGGAAA TTGCATCGCA
2001 TTGTCTGAGT AGGTGTCATT CTATTCTGGG GGGTGGGGTG GGGCAGCACA
2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG GGATGCGGTG
2101 GGCTCTATGG GTACCCAGGT GCTGAAGAAT TGACCCGGTT CCTCCTGGGC
2151 CAGAAAGAAG CAGGCACATC CCCTTCTCTG TGACACACCC TGTCCACGOC
2201 CCTGGTTCTT AGTTCCAGCC CCACTCATAG GACACTCATA GCTCAGGAGG
2251 GCTCCGCCTT CAATCCCACC CGCTAAAGTA CTTGGAGCGG TCTCTCCCTC
2301 CCTCATCAGC CCACCAAACC AAACCTAGCC TCCAAGAGTG GGAAGAAATT
2351 AAAGCAAGAT AGGCTATTAA GTGCAGAGGG AGAGAAAATG CCTCCAACAT
2401 GTGAGGAAGT AATGAGAGAA ATCATAGAAT TTCTTCCGCT TCCTCGCTCA

2451 CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC



transcription regulatory el ement operably |inked to a nucleotide sequence
encodi ng an influenza virus protein. 2. A Ipol yngcl ]tcaot I de vaccine of Claim
1 wherein the influenza virus gene is selecte I opr—the—gr-oup
consisting of influenza genes whi ch encode nucl eopr ot ei REH&@E 'NfiSHEET
pol ymerase, matrix, and non-structural human influenza yi fus gene prodycts.
3. A pol ynucl eoti de vaccine of Caim?2 \g] ch containsja D@Ay%@@smpct
sel ected fromone or nore of a) anSV—I§ - NP, b) V1- PRENP, c
V1J-PR-NP, the 5' end of which is SEQID:12:, d) V1J- PR-PB1~—t-he—5—dnd
of which is SEQ ID: 13:,

Figure 6 (continued, p3/4)

2501 TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA
2551 GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG
2601 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACAAA
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA
2701 CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC
2751 TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG
2801 CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG
2851 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA
2951 TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT
3001 AGGOGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA
3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA
3101 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG
3151 TGGTTTTTIT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC
3201 AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA
3251 AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC
3301 CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT
3351 ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT
3401 ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCCCGT
3451 CGTGTAGATA ACTACGATAC GGGAGGGCTT ACCATCTGGC CCCAGTGCTG
3501 CAATGATACC GCGAGACCCA CGCTCACCGG CTCCAGATTT ATCAGCAATA
3551 AACCAGCCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC
3601 CGCCTCCATC CAGTCTATTA ATTIGTTGCCG GGAAGCTAGA GTAAGTAGTT
3651 CGCCAGTTAA TAGTTTGCGC AACGTTGTTG CCATTGCTAC AGGCATCGTG

3701 GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG GTTCCCAACG



e) V1J-PR-NS, the 5 end of which is SEQID: 14:, f) V1J- PR-HA, the 5'
end of swhich is SEQ ID:15:, Q) V1J-PR-PB2, the 5 end of which is
SEQ I D: 16:, h) V1J-PR-ML, the 5 end of which is SFOID17 i)
V1Jneo-BJ-NP, the 5 end of which is SEQID:20: and t i3 A

SEQ I D: 21:, j) V1Jneo-TX-NP, the 5 end of V\:hl ch I s} Sk WA e
end of which is SEQ I D: 25: and k) VlJ%e HA, the 5 end of which {s
SEQ ID:26: and the 3' end of which is S (@I 27 1) V1J8d- &R 1507

(A/ Georgial03/93), construct size 6.56 Kb, the 5 end df which is

SEQ I D 46: and the 3' end of which is SEQID: 47:, L
Figure 6 (continued, p4/4)

3751 ATCAAGGCGA GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT
3801 CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC AGTGTTATCA
3851 CTCATGGTTA TGGCAGCACT GCATAATTCT CTTACTGTCA TGCCATCCGT
3901 AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT
3951 AGTGTATGCG GCGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT
4001 ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC
4051 TTCGGGGCGA AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA
4101 TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT TACTTTCACC
4151 AGCGTTTCTG dGTGAGCAAA AACAGGAAGG CAAAATGCCG CAAAAAAGGG
4201 AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC CTTTTTCAAT
4251 ATTATTGAAG CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATI;F
4301 GAATGTATTT AGAAAAATAA ACAAATAGGG GTTCCGCGCA CATTTCCCCG
4351 AAAAGTGCCA CCTGACGTCT AAGAAACCAT TATTATCATG ACATTAACCT
4401 ATAAAAATAG GCGTATCACG AGGCCCTTTC GTC



m V1Jns- TX- HA ( A/ Texas/ 36/91), construct size 6.56 Kb, the 5 end of
which is SEQID:48: and the 3' end of which is SEQ ID: 49:, - 115 - n)

VI Jns- PA- HA ( B/ Panama/ 45/ 90), construct size 6.61 Kb,
is SEQ I D:50: and the 3" end of which is SEQ ID:51:,

the 5' end of which
O) ViJns=Bl- NP

(A Beijing/353/89), construct size 6.42 Kb, the 5 end ofREMACEMENT SHEET

SEQ ID:52: and the 3' end of which is SEl%)«tlg 53:,

Figure 7: V1Jneo Sequence, SEQ. ID:18:

07 APR 1997

1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG

51 GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG

101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG

151 CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA

201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG CTATTGGCCA

251 TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATG

301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT

351 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT

401 ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG

451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA

501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG

551 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCOCCCTA TTGACGTCAA

601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG

651 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG

701 GTGATGCGGT TTTGGCAGTA CATCAATGGG CGTGGATAGC GGTTTGACTC

751 ACGGGGATTT CCAAGTCTCC ACCCCATTGA CGTCAATGGG AGTTTGTTIT

801 GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA CTCCGCCCCA

851 TTGACGCAAA TGGGCGGTAG GOGTGTACGG TGGGAGGTCT ATATAAGCAG

901 AGCTCGTTTA GTGAACCOGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT

951 TTGACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA

1001 OGGTGCATTG GAACGCGGAT TCCCCGTGCC AAGAGTGACG TAAGTACCGC

1051 CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG

1101 TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT ATAGGTGATG

1151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC




p) V1Jns-BJ-ML ( A/ Beijing/353/89), construct size 5.62 Kb the 5' end of
which i*'s SEQ ID:54: and the 3' end of which is SEQ | D: 55:; V1Jns- PA- NP

(B/ Panana/ 45/ 90), construct size 6.54 Kb, the 5 end of D 6:
and .the 3" end of which is SEQ ID:57, and r) VlJns-PA-m%@jﬁﬁr_%d@P
( B/ Panama/ 45/ 90), construct size 5.61 Kb, the 5 end of  which_ is SE w? 8:
[
t

Vo W A |

and the 3' end of which is SEQID:59:. 4. A pol ynucl ept d® 1 4PRi 18 h
conprises a DNA plasm d, wherein sai L DS pl asm d vectprj conprises a
| east one transcription regul atory el ement operably |inked T0 a nucreoti de
sequence encodi ng an influenza
Figure 7 (continued, p2/4)

1201 CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC
1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA
1301 CACGGACTCT GTATTTTTAC AGGATGGGGT CTCATTTATT ATTTACAAAT
1351 TCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTTTT TATTAAACAT
1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ACATGGGCTC
1451 TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGT! GTGCC GCACAAGGCC
1601 GTGGCGGTAG GGTATGTGTC TGAAAATGAG CTCGGGGAGC GGGCTTGCAC
1651 CGCTGACGCA TTTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCAGGCA
1701 GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG
1751 CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGCCGC
1801 GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG 'I'I‘CCT’IT CCA
1851 TGGGTC'ITI'I‘ CTGCAGTCAC CGTCC’ITAG ATCTGCTGTG CC'ITCT AG'I'I'
1901 GCCAGCCATC TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA
1951 GGTGCCACTC CCACTGTCCT TTCCTAATAA AATGAGGAAA TTGCATCGCA
2001 TIGTCTGAGT AGGTGTCATT CTATTCTGGG GGGTGGGGTG GGGCAGCACA
2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG GGATGCGGTG
2101 GGCTCTATGG GTACCCAGGT GCTGAAGAAT TGACCCGGTT CCTCCTGGGC
2151 CAGAAAGAAG CAGGCACATC CCCTTCTCTG TGACACACCC TGTCCACGCC
2201 CCTGGTTCTT AGTTCCAGCC CCACTCATAG GACACTCATA GCTCAGGAGG
2251 GCTCCGCCTT CAATCCCACC CGCTAAAGTA CTTGGAGCGG TCTCTCCCTC

. 2301 CCTCATCAGC CCACCAAACC AAACCTAGCC TCCAAGAGTG GGAAGAAATT
2351 AAAGCAAGAT AGGCTATTAA GTGCAGAGGG AGAGAAAATG CCTCCAACAT
2401 GTGAGGAAGT AATGAGAGAA ATCATAGAAT TTCTTCCGCT TCCTCGCTCA



virus protein selected fromthe group consisting of nucl roteln
pol ynerase, matrix, and non-structural human influenza W
wherei n upon adm nistration of said pol ynucl eoti de vaccin
said.mammal is protected from di sease associated with i

phar maceuti cal conposition for use in ay gz% god of prot
agai nst intervention by a disease assoClated wth i
the adm nistration of a polynucleotide vaccine whi
pl asm d vector selected fromthe group consisting of pnRSvV, V1, V1J, S

V1Jns, VI Jneo gfgle 7 (continued, p3/4)
2451 CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC
2501 TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA
2551 GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG
2601 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACAAA
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA
2701 CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC
2751 TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG
2801 CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG
2851 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA
2951 TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT
3001 AGGOGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA
3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA
3101 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG
3151 TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC
3201 AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA
3251 AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC
3301 CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT
3351 ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT
3401 ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCGGGG
3451 GGGGGGGGCG CTGAGGTCTG CCTCGTGAAG AAGGTGTTGC TGACTCATAC
3501 CAGGCCTGAA TCGCCCCATC ATCCAGCCAG AAAGTGAGGG AGCCACGGTT
3551 GATGAGAGCT TTGTTGTAGG TGGACCAGTT GGTGATTTTG AACTTTTGCT
3601 TTGCCACGGA ACGGTCTGCG TTGTCGGGAA GATGCGTGAT CTGATCCTTC
3651 AACTCAGCAA AAGTTCGATT TATTCAACAA AGCCGCCGTC CCGTCAAGTC



VIR, wherein said DNA plasm d vector conprises at |east one transcription
regul atory el enment operably linked to a nucl eoti de sequence encodi ng an
i nfluenza virus protein. 6. The use of claim5 whi ngl a
virus gene is selected fromthe group consisting ofﬁgﬁtﬁg : gﬁh$HEF% i de
sequences whi ch encode nucl eopr ot ei n, hemaggljutti ni n, polgneras ,

matrix, and non-structural human influqaymsvirus gene p@ddkRkR 47977.1 | The
use of ~claim 5 wherein the polynucl eotide

LT

Figure 7 (continued, p4/4)
3701 AGCGTAATGC TCTGCCAGTG TTACAACCAA TTAACCAATT CTGATTAGAA
3751 AAACTCATCG AGCATCAAAT GAAACTGCAA TTTATTCATA TCAGGATTAT
3801 CAATACCATA TTTTTGAAAA AGCCGTTTCT GTAATGAAGG AGAAAACTCA
3851 CCGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATCGGT CTGCGATTCC
3901 GACTCGTCCA ACATCAATAC AACCTATTAA TTTCCOCCTCG TCAAAAATAA
3951 GGTTATCAAG TGAGAAATCA CCATGAGTGA CGACTGAATC CGGTGAGAAT
4001 GGCAAAAGCT TATGCATTTC TTTCCAGACT TGTTCAACAG GCCAGCCATT
4051 ACGCTCGTCA TCAAAATCAC TCGCATCAAC CAAACCGTTA 'ITCA’ITCGTG
4101 ATTGCGCCTG AGCGAGACGA AATACGCGAT CGCTGTTAAA AGGACAATTA
4151 CAAACAGGAA TCGAATGCAA CCGGCGCAGG AACACTGCCA GCGCATCAAC
4201 AATATTTTCA CCTGAATCAG GATATTCTTC TAATACCTGG AATGCTGTTT
4251 TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTACGGATA
4301 AAATGCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGCC AGTTTAGTCT
4351 GACCA’fCTCA TCTGTAACAT CATTGGCA;AC GCTACCTTTG CCATGTTTCA
4401 GAAACAACTC TGGCGCATCG GGCTTCCCAT ACAATCGATA GATTGTCGCA
4451 CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATAAATCAGC
4501 ATCCATGTTG GAATTTAATC GCGGCCTCGA GCAAGACGTT TCCCGTTGAA
4551 TATGGCTCAT AACACCCCTT GTATTACTGT TTATGTAAGC AGACAGTTTT
4601 ATTGTTCATG ATGATATATT TTTATCTTGT GCAATGTAAC ATCAGAGATT
4651 TTGAGACACA ACGTGGCTTT CCCCCCOCCC CCATTATTGA AGCATTTATC
4701 AGGGTTATTG TCTCATGAGC GGATACATAT TTGAATGTAT TTAGAAAAAT
4751 AAACAAATAG GGGTTCCGCG CACATTTCCC CGAAAAGTGC CACCTGACGT

4801 CTAAGAAACC ATTATTATCA TGACATTAAC CTATAAAAAT AGGCGTATCA
4851 CGAGGCCCTT TCGTC



vacci ne contains a DNA construct selected fromone or nore of : a)

pNRSV- PR- NP, b)
SEQ I D: 12:, d)

V1J-PR-NS, the 5 end of which is SEQID:14:, f) V1]-1
which is SEQ ID:15:, Q) V1J- PR-PB2, the 5 end of whi¢h is SEQ |ID: 16:
V1J-PR-ML, the 5 end of which is SEQ ID: Y4y74si) M Ingo-BI-AIR 19 e |5
of which is SEQID:20: and the 3' end of WhIChIS SEQ;
VI Jneo-TX-NP, the 5 end of which is SEQ ID:24: and

V1- PR-NP, c) V1J-PR-NP, the 5 end V\/m ch is

V1J-PR-PB1, the 5' end of which is Sk ﬁﬁﬁﬁm)ﬁﬁﬂ’f? of

21, )

Figure 8: CMVintaBGH Sequence, SEQ. ID:11:

1 ATTGGCTATT GGCCATTGCA TACGTTGTAT CCATATCATA ATATGTACAT
51 TTATATTGGC TCATGTCCAA CATTACCGCC ATGTTGACAT TGATTATTGA
101 CTAGTTATTA ATAGTAATCA ATTACGGGGT CATTAGTTCA TAGCCCATAT
151 ATGGAGTTCC GCGTTACATA ACTTACGGTA AATGGCCCGC CTGGCTGACC
201 GCCCAACGAC CCCCGCCCAT TGACGTCAAT AATGACGTAT GTTCCCATAG
251 TAACGCCAAT AGGGACTTTC CATTGACGTC AATGGGTGGA GTATTTACGG
301 TAAACTGCCC ACTTGGCAGT ACATCAAGTG TATCATATGC CAAGTACGCC
351 CCCTATTGAC GTCAATGACG GTAAATGGCC CGCCTGGCAT TATGCCCAGT
401 ACATGACCTT ATGGGACTTT CCTACTTGGC AGTACATCTA CGTATTAGTC
451 ATCGCTATTA CCATGGTGAT GCGGTTTTGG CAGTACATCA ATGGGCGTGG
501 ATAGCGGTTT GACTCACGGG GATTTCCAAG TCTCCACCCC ATTGACGTCA
551 ATGGGAGTTT GTTTTGGCAC CAAAATCAAC GGGAcn'i‘cc AAAATGTCGT
601 AACAACTCCG CCCCATTGAC GCAAATGGGC GGTAGGCGTG TACGGTGGGA
651 GGTCTATATA AGCAGAGCTC GTTTAGTGAA CCGTCAGATC GOCTGGAGAC
701 GCCATCCACG CTGTTTTGAC CTCCATAGAA GACACCGGGA CCGATCCAGC
751 CTCCGCGGCC GGGAACGGTG CATTGGAACG CGGATTCCCC GTGCCAAGAG
801 TGACGTAAGT ACCGCCTATA GAGTCTATAG GCCCACCCCC TTGGCTTCTT
851 ATGCATGCTA TACTGTTTIT GGCTTGGGGT CTATACACCC CCGCTTCCTC
901 ATGTTATAGG TGATGGTATA GCTTAGCCTA TAGGTGTGGG TTATTGACCA
951 TTATTGACCA CTCCCCTATT GGTGACGATA CTTTCCATTA CTAATCCATA
1001 ACATGGCTCT TTGCCACAAC TCTCTTTATT GGCTATATGC CAATACACTG
1051 TOCTTCAGAG ACTGACACGG ACTCTGTATT TTTACAGGAT GGGGTCTCAT
1101 TTATTATTTA CAAATTCACA TATACAACAC CACCGTCCCC AGTGCCCGCA
1151 GTTTTTATTA AACATAACGT GGGATCTCCA CGCGAATCTC GGGTACGTGT
1201 TCCGGACATG GGCTCTTCTC CGGTAGCGGC GGAGCTTCTA CATCCGAGCC

h)
end



the 3' end of which is SEQ ID:25: and k) VI Jneo- PA-HA, the 5 end of
which i€ SEQID:26: and the 3' end of which is SEQ I (Iij): 2f7: 1) \Y Jns-%:__IﬂA
Al Georgi a/ 03/93), construct size 6.56 Kb, the 5° end o C CMT o1 O
SEQ 1D 46, and the 5 end of which s SEQ 1D 47, m W i@wﬂ SHER]
(A Texas/ 36/ 91), construct size 6.56 Kb, the 5 end of whikth is SEQ‘I‘&-A%
and the 3' end of which is SEQID: 49:, n) ;5yidns-PA-HA | (B/ PahaARR 997 97)
construct size 6.61 Kb, the 5 end of whi cfli is SEQ ID:50f{ and the 3' end qgf
which is SEQ ID:51:, 0) V1Jns- BJ- NP ( A/ Beijing/353/89); CONSTTUCT 3SiZ

6.42

Figure 8 (continued, p2/2)

1251 CTGCTCCCAT GCCTCCAGCG ACTCATGGTC GCTCGGCAGC TCCTTGCTCC
1301 TAACAGTGGA GGCCAGACTT AGGCACAGCA CGATGCCCAC CACCACCAGT
1351 GTGCCGCACA AGGCCGTGGC GGTAGGGTAT GTGTCTGAAA ATGAGCTCGG
1401 GGAGCGGGCT TGCACCGCTG ACGCATTTGG AAGACTTAAG GCAGCGGCAG
1451 AAGAAGATGC AGGCAGCTGA GTTGTTGTGT TCTGATAAGA GTCAGAGGTA
1501 ACTCCCGTTG CGGTGCTGTT AACGGTGGAG GGCAGTGTAG TCTGAGCAGT
1551 ACTCGTTGCT GCCGCGCGCG CCACCAGACA TAATAGCTGA CAGACTAACA
1601 GACTGTTCCT TTCCATGGGT CTTTTCTGCA GTCACCGTCC TTAGATCTG
1651 CTGTGCCTTC TAGTTGCCAG CCATCTGTTG TTTGCCCCTC CCCCGTGCCT
1701 TCCTTGACCC TGGAAGGTGC CACTCCCACT GTCCTTTCCT AATAAAATGA
1751 GGAAATTGCA TCGCATTGTC TGAGTAGGTG TCATTCTATT CTGGGGGGTG
1801 GGGTGGGGCA GCACAGCAAG GGGGAGGATT GGGAAGACAA TAGCAGGCAT
1851 GCTGGGGATG CGGTGGGCTC TATGGQTACC CAGGTGCTGA AGAATTGACC
1901 CGGTTCCTCC TGGGCCAGAA AGAAGCAGGC ACATCCCCTT CTCTGTGACA
1951 CACCCTGTCC ACGCCCCTGG TTCTTAGTTC CAGCCCCACT CATAGGACAC
2001 TCATAGCTCA GGAGGGCTCC GCCTTCAATC CCACCCGCTA AAGTACTTGG
2051 AGCGGTCTCT COCTCCCTCA TCAGCCCACC AAACCAAACC TAGCCTCCAA
2101 GAGTGGGAAG AAATTAAAGC AAGATAGGCT ATTAAGTGCA GAGGGAGAGA

2151 AAATGCCTCC AACATGTGAG GAAGTAATGA GAGAAATCAT AGAATTC



REPLACEMENT SHEET -117- Kb, the 5 end of which is SEQID:52: and the 3
end of which is SEQ ID:53:, p) VI Jns-BJ-ML ( A/ Beijing/
size 5.62 Kb, the 5 end of which is SEQ ID:54: and the
SEQ I.D: 55:, Qq) V1Jns- PA-NP ( B/ Pananma/ 45/ 90), construc
5 end of which is SEQID:56: and the. 3' end of which is
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r) V1Jns- PA-ML ( B/ Panama/ 45/90), construct size 5.61 Kb, the 5 end of -
which iis SEQ ID:58: and the 3' end of which is SEQID:59:. 8. A
conposition of nucleic acid constructs encodi ng i nfluenza virus genes from
both A-type and B-type human influenza viruses. 9. The conposition of
Claim 8 which conprises DNA constructs encodi ng the hemaggl uti ni n gene of
at least three strains of influenza viYdyds t he nucl eoprotei n gene of at

| east two strains of influenza virus, and the matrix protein gene of at

| east two strains of influenza virus. 10. The conposition of Caim8
wherein said influenza
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virus genes are derived frominfluenza viruses of the HIN1, H2N2, and H3N2
and B strains of influenza virus. 11. The conposition of Caim@8 conprisin

a) VI Jns- GA- HA ( A/ Ceorgi a/ 03/ 93), construct size 6. 56¢pkh ) - '“3)?
which is SEQ ID:46: and the 3' end of which is SEQ ID: 47: RF“\LAEEW Mc - HA

i)

(A/ Texas/ 36/ 91), construct size 6.56 Kb, the 5 end of whi dh'is SEQ.'@D:HALB:
and the 3' end of which is SEQID: 49:, c¢).. Jns- PA- HA {( B/ AR 4%1/90 ,
construct size 6.61 Kb, the 5 end of whi 18/4% SEQ. | D: 50:f dnd

FIGURE 11
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-118- the 3' end of which is SEQID:51:, d)

V1Jns- BJ- NP
(A/ Beiji'ng/ 353/ 89), construct size 6.42 Kb, the 5 end of -whii-eh—i-s
SEQ ID:52: and the 3' end of which is SEQID:53:, e) VI ‘BMIENT SHEET
(A/Beijing/353/89), construct size 5.62 Kb, the 5 end of}whrithTs
SEQ I D:54: and the 3' end of which is SEQ ID:55:, f) VIJns-BAthE 19
( B/ Panama/ 45/ 90), construct size 6.54 Ki)gd/,ig]e 5" end of whigch™i's Ed ?%) 96
and the 3' end of which is SEQ ID: 57: VI IJns- PA- ML
( B/ Pananma/ 45/ 90), construct size M
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Kb, the 5 end of which is SEQID:58: and the 3' end of which is
SEQ I D: 59: .
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FIGURE 14

The antigens of the influenza virus

M. protein—=N—fBZLN_WV _ nucleocapsid

haemagglutinin neuraminidase

A/SINGAPORE 1957 - 1967 A/HONG KONG 1968 -




18D L 91X0J01A0

07 APR 1997

REPLACEMENT SHEET

/

22/45

VNG pejosfu]

STIHO L 5T SALVHINID
NIZLOYd VHIA V ONIGOON VNG 50 NOLLOAMNI

ST FUNOIL



'Log(10) Infectivity Titer + SEM

23745

REPLACEMENT SHEET

07 APR 1997 I
Figure 16 . [
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immunization with HA and internal protein genes
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FIGURE 17
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FIGURE 36, VIR SEQUENCE, SEQ.ID:45:

1 GATATTGG CTATTGGCCA
251 TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATG
301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT
351 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT
401 ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG
451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA
501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG
551 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA
601 TGACGGTAAA TGGCCCGCCT GGCA'ITATGC CCAGTACATG ACCTTATGGG
651 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
701 GTGATGCGGT TTTGGCAGTA CATCAATGGG CGTGGATAGC GGTTTGACTC
751 ACGGGGATTT CCAAGTCTCC ACCCCATTGA CGTCAATGGG AGTTTGTTTT
801 GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA CTCCGCCCCA
851 TTGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG
901 AGCTCGTTTA GTGAACCGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT
951 TTGACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA
1001 CGGTGCATTG GAACGCGGAT TCCCCGTGCC AAGAGTGACG TAAGTACCGC
1051 CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG
1101 TTTTTGGCIT GGGGTCTATA CACCCCCGCT TCCTCATGTT ATAGGTGATG
1151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC
1201 CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC
1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACTGTCCIT CAGAGACTGA
1301 CACGGACTCT GTATTTTTAC AGGATGGGGT CTCATTTATT ATTTACAAAT

1351 TCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTTTT TATTAAACAT
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Figure 36 (continued, p2/3)

1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ACATGGGCTC
1451 TICTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC
1601 GTGGCGGTAG GGTATGTGTC TGAAAATGAG CTCGGGGAGC GGGCTTGCAC
1651 CGCTGACGCA TTTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCAGGCA
1701 GCTGAGTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG
1751 CTGTTAACGG TGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGCCGC
1801 GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA
1851 TGGGTCTTTT CTGCAGTCAC CGTCCTTAG ATCTGCTGTG CCTTCTAGTT
1901 GCCAGCCATC TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA
1951 GGTGCCACTC CCACTGTCCT TTCCTAATAA AATGAGGAAA TTGCATCGCA
2001 TTGTCTGAGT AGGTGTCATT CTATICTGGG GGGTGGGGTG GGGCAGCACA
2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG GGATGCGGTG
2101 GGCTCTATGG GTAC GGCCGCAGCGGCC GTACCCAGGT GCTGAAGAAT
TGACCCGGTT CCTCGACCCGT AAAAAGGCCG

2601 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACAAA
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA
2701 CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC
2751 TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG
2801 CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG
2851 CTCCAAGCIG GGCTG'FG’IUC ACGAACCCCC CGTTCAGCCC GACCGCTGCG
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA
2951 TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT
3001 AGGCGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA



Figure 36 (continued, p3/3)
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3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA
3101 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG
3151 TGGTTTTITIT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC
3201 AAGAAGATCC TTTGATCTTT TCTACGTGATCC CGTAATGC TCTGCCAGTG
TTACAACCAA TTAACCAATT CTGATTAGAA
3751 AAACTCATCG AGCATCAAAT GAAACTGCAA TTTATTCATA TCAGGATTAT
3801 CAATACCATA TTTTTGAAAA AGCCGTTTCT GTAATGAAGG AGAAAACTCA
3851 CCGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATCGGT CTGCGATTCC
3901 GACTCGTCCA ACATCAATAC AACCTATTAA TTTCCCCTCG TCAAAAATAA
3951 GGTTATCAAG TGAGAAATCA CCATGAGTGA CGACTGAATC CGGTGAGAAT
4001 GGCAAAAGCT TATGCATTTC TTTCCAGACT TGTTCAACAG GCCAGCCATT
4051 ACGCTCGTCA TCAAAATCAC TCGCATCAAC CAAACCGTTA TTCATTCGTG
4101 ATTGCGCCTG AGCGAGACGA AATACGCGAT CGCTGTTAAA AGGACAATTA
4151 CAAACAGGAA TCGAATGCAA COGGCGCAGG AACACTGCCA GCGCATCAAC
4201 AATATTTTCA CCTGAATCAG GATATTCITC TAATACCTGG AATGCTGTTT
4251 TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTACGGATA
4301 AAATGCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGCC AGTTTAGTCT
4351 GACCATCTCA TCTGTAACAT CATTGGCAAC GCTACCTTTG CCATGTTTCA
4401 GAAACAACTC TGGCGCATCG GGCTTCCCAT ACAATCGATA GATTGTCGCA
4451 CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATAAATCAGC
4501 ATCCATGTTG GAATTTAATC GCGGCCTCGA GCAAGACGTT TCCCGTTGAA
4551 TATGGCTCAT AACACCCCTT GTATTACTGT TTATGTAAGC AGACAGTTTT

4601 ATTGTTCATG ATGATATATT TTTATCTTGT GCAATGTAAC ATCAGAGATT

4651 TTGAGACACA ACGTGGCTIT CC
S R i
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