WD 97/ 02355 Reconmbi nant MVA virus, and the use

t her eof The present invention relates to reconbi nant vaccinia viruses
derived fromthe nodi fi ed vaccinia virus Ankara (MVA) and contai ni ng and
capabl e of expressing foreign genes which are inserted at the site of a
natural ly occuring deletion in the WA genorne, and the use of such
reconbi nant MMOWBES®es for the production of pol ypept i dRCT/EPE02926
antigens or therapeutic agents, or viral vegtors for gene therapy, and

t he use of such reconbi nant MVA viruses encodi ng anti gens as vacci nes.

bj ects of the Invention It is an object of the present invention to
provi de a reconbi nant MVA vi Recombinaiit MV virus, aad tiee ase thereef f | ci ent and
exceptional ly safe expression vector. Anot her object of the present
invention is to provide a sinple, efficient and safe met hod for the
progucti on of poThayredentiagentien gplatesto repombinant vatainia pieuses derivgd from the
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vacci nes, based Enlyneﬁil@‘-"e%&r?@ﬂsqnﬁﬁf Q‘?@P@‘l‘ﬂc agents, or viral vectors for gene therapy, and

the use of such recombinant MVA viruses encoding antigens as vaccines.
Objects of the Invention

Itis an object of the present invention to provide a recombinant MVA virus which can
serve as an efficient and exceptionally safe expression vector.

Another object of the present invention is to provide a simple, efficient and safe
method for the production of polypeptides, e.g. antigens or therapeutic agents,
recombinant viruses for vaccines and viral vectors for gene therapy.

Still another object of the present invention is to provide an expression system based
on a recombinant MVA virus expressing T7 RNA polymerase, and methods for the
production of polypeptides, e.g. antigens or therapeutic agents, or for generating viral
vectors for gene therapy or vaccines, based on this expression system.

Background of the invention

Vaccinia virus, a member of the genus Orthopoxvirus in the family of Poxviridae, was
used as live vaccine to immunize against the human smallpox disease. Successful world-
wide vaccination with vaccinia virus cuiminated in the eradication of variola virus, the
causative agent of the smallpox (The global eradication of smalipox. Final report of the
global commission for the certification of smallpox eradication. History of Public Health,
No.4, Geneva: World Health Organization, 1980). Since that WHO declaration,
. vaccination has been universally discontinued except for people at high risk of poxvirus
infections {e.g. laboratory workers).
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recombinant vaccinia viruses prepared in this way can be used, on the one hand, as live
vaccines for the prophylaxis of infectious diseases, on the other hand, for the preparation
of heterologous proteins in eukaryotic cells.

Recombinant vaccinia virus expressing the bacteriophage T7 RNA polymerase gene
allowed the establishment of widely applicable expression systems for the synthesis of
recombinant proteins in mammalian cells ( Moss, B., Elroy-Stein, O., Mizukami, T.,
Alexander, W.A., and Fuerst T.R. [1980] Nature 348, 91-92.). in all protocols,
recombinant gene expression relies on the synthesis of the T7 RNA polymerase in the
cytoplasm of eukaryotic cells. Most popular became a protocol for transient-expression
(Fuerst, T.R., Niles, E.G., Studier, F.W. and Moss, B. [1986] Proc. Natl. Acad. Sci. USA
83, 8122-8126 and US patent application 7.648.971). First, a foreign gene of interest is
inserted into a plasmid under the control of the T7 RNA polymerase promoter. In the
following, this plasmid is introduced into the cytoplasm of cells infected with a
recombinant vaccinia virus producing T7 RNA polymerase using standard transfection
procedures.

This transfection protocol is simple because no new recombinant viruses need to be
made and very efficient with greater than 80% of the cells expressing the gene of interest
(Ekoy-Stein, O. and Moss, B. [1990] Proc. Natl. Acad. Sci. USA 87, 6743-6747). The
advamtage of the vaccinia virus/T7 RNA polymerase hybrid system over other transient
expression systems is very likely its independence on the transport of plasmids to the
cellular nucleus. In the past, the system has been extremely useful for analytical
purposes in virology and cell biology (Buonocore, L. and Ross, J.K. [1990] Nature 345,
625-628, Pattnaik, A.K. and Wertz, G.W. [1991] Proc Nati, Acad. Sci. USA 88, 1379-
1383, Karschin, A., Aiyar, J., Gouin, A., Davidson, N. and Lester, H.A. [1991] FEBS Lett.
278, 229-233, Ho, B.Y., Karschin, A., Raymond, J., Branchek, T., Lester, H.A. and




vacci nes for the prophylaxis of infectious diseases, on the other hand, for
the preparation of heterol ogous proteins in eukaryotic cells. Reconbi nant
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t he establishnment of w dely applicable expression systenms for the synthesis
of reconbinant proteins in mammalian cells ( Mdss, B., Elroy-Stein, O,

M zukam , T., AvesHedssr, WA , and Fuerst T.R (1990] Nature P8TEPIHL9B2. ). -
In all protocols, reconbinant gene expressi 8!{2 relies on the synthesis of
the T7 RNA potynerase in the cytoplasm of edkaryotic cells. Mst popul ar
becanme a protocol for transient-expression (Fuerst, T.R, Nles, E G,
Studier, F. W andabidsm, N§1992] BEBg Léft. 801, 308806, Biehalz, (30 Retl&*C.3Bom8&in? A:E3126

o US patent o el S Ve, S B s s
p][orarolt~|er. A ][1 theofmbwmnmgnmsfﬁ?BNplpalmamsebybﬂdsystauu@sdgt@tgsnemte regombinasts m
ol yrer ase usi ng " brferbffAA B Blrat ok v dlrbpbiP b BB bopishlhes i
protocol is si rrp|hemmmbébmﬂdmWé%mdmwmmmm@méwm@aww and

very efficient wiyghedreater than 80% of the cells expressing the gene of
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?'?ay mond, J., Brangieks, (1de0) NeGENGT J. Md 281275b1-1208). Therefore the most exciting
possibility to use vaccinia virus as vector for the development of recombinant live
vaccines has been affected by safety concerns and regulations. Furthermore, most of
the recombinant vaccinia viruses described in the literature are based on the Westem
Reserve strain of vaccinia virus. On the other hand, it is known that this strain has a high
neurovirulence and is thus poorly suited for use in humans and animals (Morita et al.,
Vaccine 5, 65-70 [1987]).

For vector applications health risks would be lessened by the use of a highly attenuated
vaccinia virus strain. Several such strains of vaccinia virus were especially developed to
avoid undesired side sffects of smalipox vaccination. Thus, the modified vaccinia virus
Ankara (MVA) has been generated by long-term serial passages of the Ankara strain of
vaccinia virus (CVA) on chicken embryo fibroblasts (for review see Mayr, A., Hochstein-
Mintzel, V. and Stickl, H. [1975] Infection 3, 6-14; Swiss Patent No. 568, 382). The MVA
virus was deposited in compliance with the requirements of the Budapest Treaty at
CNCM (Institut Pasteur, Collection Nationale de Cultures de Microorganisms, 25, rue du
Docteur Roux, 75724 Paris Cedex 15) on Dec. 15, 1987 under Depositary No. I-721,
MVA is distinguished by its great attenuation, that is to say by diminished virulence or
infectiosity while maintaining good immunogenicity. The MVA virus has been analysed to
determine alterations in the genome relative to the wild type CVA strain. Six major
deletions of genomic DNA ( deletion L, II, IIl, IV, V, and V1 ) totaling 31,000 base pairs
have been identified (Meyer, H., Sutter, G. and Mayr A. [1991] J. Gen. Virol. 72,
1031-1038). The resulting MVA virus became severely host cell restricted to avian ceils.




Davi dson, N. [1992] FEBS Lett 301, 303-306, Buchholz, C. J., Retzler C,
Homann, H E, and Neubert, WJ. [1 9941 Virol ogy 204, 770-776). However,
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Summary of the Invention
The present invention thus, inter alia, comprises the following, alone or in combination:

A recombinant MVA virus containing and capable of expressing at least one foreign gene
inserted at the site of a naturally occurring deletion within the MVA  genome;

a recombinant MVA virus as above containing and capable of expressing at least one
foreign gene inserted at the site of deletion 1l within the MVA genome;

a recombinant MVA virus as above wherein the foreign gene codes for a marker, a
therapeutic gene or an antigenic determinant;




1031-1038). The resulting MVA virus becane severely host cell restricted to
avi an cel | s. Furthernore, MVA is characterized by its extrenme
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[ 19871, Stlckl et al., Dtsch. med. Wschr. 9 2386-2392 [1974]). During
these studies in over 120,000 humans, Including high risk patients, no side
effects were associated with the use of MVA vaccine. MVA replication in
human cells was found to be bl ocked late in infection preventing the
assenbly to mature_inf ect Viri ver
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a recombinant MVA virus as above which is MVA-LAInef or MVA-hTYR;

a recombinant MVA virus as above wherein the foreign gene codes for T7 RNA
polymerase;

a recombinant MVA virus as above which is MVA-T7 pol;

a recombinant MVA virus as above wherein the foreign gene is under transcriptional
control of the vaccinia virus early/iate promoter P7.5;

recombinant MVA viruses as above essentially free from viruses being able to replicate
in human celis;

the use of a recombinant MVA virus as above for the transciption of DNA sequences
under transcriptional control of a T7 RNA polymerase promoter;

a eukaryotic cell infected by a recombinant MVA virus as any above;

a cell infected by a recombinant MVA virus as above wherein the foreign gene code for
T7 RNA polymerase;
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deletion in the MVA genone. Sunmary of the
I nvention The present invention thus, inter alia, conprises the

foll owi ng, alone or in conbination: A reconbi nant MVA virus contai ni ng
and capabl e of expressing at | east one foreign gene inserted at the site of

a naturally occurring deletion wthin the MVA genone; a reﬁg]w WA
virus as aboveW %i ng and capabl e of expressing at |east gn
gene inserted at the site of deletion Il w fghin the MVA genone; a

recombi nant MVA virus as above wherein the foreign gene codes for a marker,
a therapeutic gene or an antigenic determ nant: . . f

5 a reconbi napcelpected by,a recsmpinent MVAHns as-AboMRWhespia the forsion geng.erde 9r, . 4
anti geni c det er nrpRNA polyRidtade RSy tohtairing the oRmbrcdxpression vectont daaying one

m Cf oorganism ot r‘;&%%gigﬁ gér%sslutnge’r u'%rrrsc%ptgoggo 2bntof ot  T7 RNA polymerase promoter;

the use of cells as abovefor the production of the polypeptides encoded by said foreign
genes comprising:

a) culturing said cells under suitable conditions, and

b) isolating the polypeptides encodad by said foreign genes.
a cell infected by a recombinant MVA virus as above wherein the foreign gene cade for
T7 RNA polymerase, additionally containing expression vectors carying viral genes,
and/or a viral vector construct encoding the genome of a viral vector under transcriptional
control of a T7RNA polymerase promoter,
the use of a cells as above for the production viral particles comprising:

a) culturing said celis under suitabie conditions, and

b) isolating the viral particles;

a cell infected by a recombinant MVA virus as above wherein the foreign gene coda for
T7 RNA polymerase, additionally containing

a) an expression vector carrying a retroviral vector construct capable of
infecting and directing the expression in target cells of one or more
foreign genes carried by said retroviral vector construct, and

b) one or more expression vectors carrying the genes encoding the
polypeptides required for the genome of said retroviral vector construct to
be packaged under transcriptional control of a T7 RNA polymerase
promoter;

. the use of cells as above for the production of retroviral particles comprising




a reconbi nant MVA virus as above wherein the foreign gene codes for an
antigenic determ nant from Pl asnodi um Fal ci parum Mcobacteria, Herpes
virus, influenza virus, hepatitis, or human inmunodeficiency viruses. a
reconbi nant MVA virus as above wherein the antigenic determ nant is HV nef
or human tyrosinase; a reconbi nant MVA virus as above which is MA- LAl nef
or WA-hTYR, WO%82¥&bi nant MVA virus as above wherein the PCFEPGA2¥ENe
codes for 17 RNA pol ynerase; a reconbi nant, WA virus as above which is
WA- T7 pal ; a reconbi nant MVA virus as above wherein the foreign gene is
under transcriptional control of the vaccinia virus early/late pronoter
P7.5; reconbi nant MVA viruses as above essentially free fromviruses
being able to replicqge iQmﬂHﬂng&@&E?h r shitdle Lo Rdiftins &ang €CONMbi nant  MA
virus as above for the transciption o %ﬁﬁ sequences under transcriptiona
control of a T7 RNA pol ynerase pronoter, a eukaryotic cell infected by a

reconbi nant MA vi ruspas qe‘.B{atiﬂEﬂr\é%troviralpaﬂicISS;

*

a vaccine containing a recombinant MVA virus as above wherein the foreign gene code
for an antigenic determinant in a physiologically acceptable carrier;

the use of a recombinant MVA virus as above wherein the foreign gene code for an
antigenic determinant preparation of a vaccine;

the use of a vaccine as above for the immunisation of a living animal body, including a
human;

the use of a vaccine as above containing MVA-LAInef for the prevention or treatment of
HIV infection or AIDS;

the use of a vaccine as above containing MVA-hTYR for the prevention or treatment of
melanomas;

a vaccine comprising as a first component, a recombinant MVA virus as above wherein
the foreign gene code for T7 RNA polymerase in a physiologically acceptable carrier,
and as a second component a DNA sequence carrying an antigenic determinant under
transcriptional control of a T7 RNA polymerase promoter in a physiologically acceptable
cafrier, the two components being contained together or separate;

the use of a vaccine as abiove for the immunisation of a living animal body, including a
human, comprising inocutation of said living animal body, including a human, with the
first and second component of the vaceine either simultaneously or with a timelag using
the same inoculation sits; and

The term “gene” means any DNA seguence which codes for a protein or peptide.

The term “foreign gene” means a gene inserted in a DNA sequence in which it is not
normally found.




a cell infected by a reconbi nant MVA virus as above wherein the foreign
gene code for T7 RNA pol ynerase;

6 a cell infected by a reconbinant MVA virus as above wherein the foreign
gene code for 17 RNA polyrnerase, additionally containing one or nore
expression vectors carrying one or nore foreign genes under transcriptional
control of a TWORW2S| yer ase pronoter, the use of cells BETE 26r t he
production of the pol ypepti des encoded by sg d foreign genes conprising:

a) culturing said cells under suitable conditions, and b

I sol ating the pol ypepti des encoded by said foreign genes. a cell infected
by a reconbi nant MVA virus as above wherein the foreign gene code for 17
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use of a cells agpabove for the production viral particles conprising:

The present Invention

Modified vaccinia virus Ankara (MVA), a host range restricted and highly attenuated
vaccinia virus strain, is unable to multiply in human and most other mammalian cell lines
tested. But since viral gene expression is unimpaired in non-permissive cells the
recombinant MVA viruses according to the invention may be used as exceptionally safe
and efficient expression vectors.

Recombinant MVA viruses encoding an antigenic determinant

In one embodiment, the present invention relates to recombinant MVA vaccinia viruses
which contain a gene which codes for a foreign antigen, preferably of a pathogenic
agent, and vaccines containing such a virus in a physiologically acceptable form. The
invention also relates to methods for the preparation of such recombinant MVA vaccinia
viruses or vaccines, and to the use of these vaccines for the prophylaxis of infections
caused by such pathogenic agents.

In a preferred embodiment of the invention, the foreign gene inserted in the MVA virus is
a gene encoding HIV nef.

We have constructed recombinant MVA viruses that allow expression of the HIV-1 nef
gene under the control of the vaccinia virus early/late promoter P7.5.

The regulatory Nef protein of primate lentiviruses is synthesized early in the viral
replication cycle and has been shown to be essential for high titer virus replication and
disease induction in vivo. This suggests that HIV Nef might play a crucial role in AIDS
pathogenesis. The molecular mechanism(s) by which Nef contributes to increased viral
infectivity and to HIV pathogenicity need to be further elucidated. However, Nef is

immunogenic and Nef-specific antigen can be used as a vaccine against HIV infection
and AIDS.




a) culturing said cells under suitable conditions, and b)

| solating the viral particles; a call infected by a reconbi nant MA
virus as above wherein the foreign gene code for T7 RNA pol ynerase,
additionally containing a) an expression vector carrying a
retroviral vector construct capabl e of i nfecting and
directing the SXPP¥®3on in target cells of one or nore PCT/EP96/02926
foreign genes carried by said retroviral vecjor construct, and b)

one or nore expression vectors carrying the genes encoding the

pol ypeptides required for the genone of said retroviral vector construct to
be packaged underinthiseostext, theirenombinantMVAovirue Bxpressing RidAIN alet/ genecas ke used for
B;‘r){“lotc Ieres co rr;) P.e Si{ﬁﬁugni%ﬁoﬁ 6 HuinedDeBE o ohQharldSs £5ofHYctiOacBhe AGifsPHinidd
i H!V, and on the other hand, for immunotherapy of HIV infected or AIDS patients.
Furthermors, the recombinant MVA virus expressing the HIV nef gene can be used for

. the production of recombinant HIV Nef protein.

In another prefered embodiment of the invention the foreign gene inserted in the MVA
virus is a gene encoding human tyrosinase.

We have constructed recombinant MVA viruses that allow expression of the human
tyrosinase gene under the control of the vaccinia virus early/late promoter P7.5.
Recently, human tyrosinase was identified as a melanoma-specific tumor antigen that
allows generation of anti-tumor cytolytic T-lymphocytes (Brichard, V., et al. [1993) J. Exp.
. Med. 178, 489-495). Since among normai cells, only metanocytes appear o express the
tyrosinase gene, tyrosinase is a useful target antigen for immunotherapy of melanomas,
Therefore, the recombinant MVA virus expressing the human tyrosinase gene can be
used in melanoma patients to induce immune reponses that provoke tumor rejection or
prevent metastasis. Recombinant MVA virus expressing the human tyrosinase gene can
be used directly as an anti-melanoma vaccine, or the virus can be used to prepare anti-
melanoma vaccines. In one example, the recombinant MVA virus expressing the human
tyrosinase gene can be used for the production of recombinant tyrosinase protein which
is used as antigen in vaccine preparations. In another example, using the recombinant
MVA virus expressing the human tyrosinase gene as expression vector, cells derived
from a tumor patient can be modified in vitro to express tyrosinase and then transferred
back o the patient to induce anti-tumor immune responses. A vaccine prepared on the
basis of recombinant MVA expressing the human tyrosinase gene can be used either
parenterally or locally at the site of the tumor. To prevent tumor metastasis or to
phenotypically change the tumor e.g. in size, shape, consistency, vascularization or other
features. A vaccine prepared on the basis of recombinant MVA expressing the human
tyrosinase gene can be used before, during, or after surgical extirpation of the tumor.

For the preparation of vaccines, the MVA vaccinia viruses according to the invention are
converted into a physiclogically acceptable form. This can be done based on the
experience in the preparation of MVA vaccines used for vaccination against smalipox (as
described by Stickl, H. et al. [1974} Disch. med. Wschr. 99, 2386-2392). Typically, about



a) culturing said cells under suitable conditions, and b)

I solating the retroviral particles; a vacci ne containing a reconbi nant
MVA virus as above wherein the foreign gene code for an antigenic
determ nant In a physiologically acceptable canier; the use of a

reconbi nant MVA virus as above wherein the foreign gene code for an
anti geni ¢ det eM@$783355pr epar ati on of a vacci ne; the use of PETEBIRNE as

above for the immunisation of a living ani “body, Including a hunman;
t he use of a vaccine as above contai ning WA- LAl nef for the prevention or
treatnment of HV infection or AlDS; t he use of a vaccine as above

cont ai ni ng MWA- hmﬁﬁdmmmmwmmmm MVYA aredeeeradieddt 100p e@honas; a
Mher ein Chert or o s atlolers ssBPASF e Aalno0 bl Aitlont iy YictimeR AN
accept abl e carri ieran ampoulasprefesbly aipiese smweﬂ%remmwe@qmm @ﬁ?’idﬂsdgu@n
anti geni c deternpg Bnddi‘ﬂé‘afnfah rsﬁ@a? srgjafy{nﬁ*pﬁ%h&néﬁr%&&g fase
pronoter in a phys toglc e cant e two conponents being
cont ai ned t oget h&s a@jpxtg@'pmsﬁg@ers e ﬂéu'@é’!? T pareniarel @dmipisiat %gﬁﬁ@sﬁor t he
i muni sation of gmbbyié BtheSeaiBd arndR@N be isitféd, Plefifably at temperatures below -20°C., for
several monﬁs.
For vaccination or therapy the lyophilisate can be dissolved in 0.1 to 0.5 ml of an
aqueous solution, preferably physiological saline, and administered either parenterally,
for example by intramuscular inoculation or iocally, for example by inoculation into a
tumor or at the site of a tumor. Vaccines or therapeutics according to the invention are
preterably injected intramuscularly (Mayr, A. et al. [1978] Zbl. Bakt. Hyg., I. Abt, Orig. B
167, 375-390). The mode of administration, the dose and the number of administrations
can be optimized by those skilled in the art in a known manner. It is expedient where
appropriate to administer the vaccine severat times over a lengthy pericd in order to
obtain appropriate immune responses against the foreign antigen.

The use of recombinant MVA viruses for the production of heterologous polypeptides

The recombinant MVA vaccinia viruses according to the invention can aiso be used to
prepare heterologous polypeptides in eukaryotic cells. This entails celis being infected
with the recombinant vaccinia viruses. The gene which codes for the foreign polypeptide
is expressed in the cells, and the expressed heterclogous polypeptide is isolated. The
methods to be used for the production of such hetsrologous polypeptides are generaily
known to those skilled in the art (EP-A-206, 920 and EP-A- 205, 939). The polypeptides
produced with the aid of the recombinant MVA viruses are, by reason of the special
properties of the MVA viruses, more suitabie for use as medicaments in humans and
animals.

Recombinant MVA viruses encoding T7 RNA polymerase and the use thereof for the
expression of DNA sequences under transcriptional conirol of a T7 RNA polymerase
promoter

In a further embodiment of the present invention we have constructed recombinant MVA
viruses that allow expression of the bacteriophage T7 RNA polymerase gene under the
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human, conprising inoculation of said Iiving aninmal body, including a
human, with the first and second conponent of the vaccine either
sinmultaneously or with a tinelag using the sane inoculation site; and The
term "gene" neans any DNA sequence which codes for a protein or peptide.
The term ' foreign gene" neans a gene inserted in a DNA sequence in which it

I S not nor mal | Wofeg@eeass The forei gn gene can be PCTERISOI926ENE,
a therapeutic gene, a gene encoding an antigenic determ nant, or a viral
gene, for exanple. Such genes are well kno in the art.

The present Invention Modi fied vaccinia virus Ankara (MVA), a host range

restricted and hegtlodof dHotvacdind diflis\eamiteipforititdr P7.55 THeadgafuiriess of MUA-T7gob
ot her mannal i cel | t .Since

T P o ePBAndE 5Bl RS RS o 8 B r BPhER Bt 0
MVA; vi*r uses accoastayspoiriuceepression bf recomuinantgenesurdiecthe eantrepfiadivRNA saf e
oot o BP0 i h € co crrampneni BSAAHARasbEnghi
‘ as a reporter gene we found that MVA-T7pol induced CAT gene expression as
effectively as a vaccinia/T7pol recombinant virus derived from the replication-competent
WR strain of vaccinia virus.
The MVA/TT7 polymerase hybrid system according fo the invention can thus be used as a
simple, efficient and safs mammalianh expression system for production of polypeptides
in the absence of productive vaccinia virus replication.

This expression system can also be used for generating recombinant viral particles for
vaccination or gene therapy by transformation of cell lines infected with recombinant
MVA expressing T7 RNA polymerase, with DNA-constructs containing ail or some of the
genes, and the genome or recombinant genome nessesary for generating viral particles,
e.g MVA particles or retroviral particles, under transcriptional control of a T7 RNA
polymerase promoter.

Retroviral vector systems consist of two componants:

1) the retroviral vector itself is a modified retrovirus {vector plasmid) in which the
genes encading for the viral proteins have been replaced by therapeutic genes and
marker genes to be transferred to the target cell. Since the replacement of the genes
encoding for the viral proteins effectively cripples the virus it must be rescued by the
second component in the system which provides the missing viral proteins to the
modified retrovirus.

The second component is:

2) a cell line that produces large quantities of the viral proteins, however lacks
the ability to produce replication competent virus. This ceit line is known as the
packaging ceil line and consists of a cell line transfected with one or more plasmids
carrying the genes (genes encoding the gag, pol and env polypeptides) enabling the
modified retroviral vector to be packaged.

M



I n one enbodi nent, the present invention relates to reconbi nant WA

vacci nia viruses which contain a gene which codes for a foreign antigen,
preferably of a pathogenic agent, and vaccines containing such a virus in a
physi ol ogi cafly acceptable form The invention also relates to nethods for
the preparation of such reconbi nant MVA vaccinia viruses or vaccines, and
to the use of WfRRSM283scci nes for the prophyl axis of infecti oPCTEPMGER6DY
such pat hogeni ¢ agents. In a preferred eandi ment of the invention, the
foreign gene inserted in the WA virus is a gene encoding HV nef. W have
constructed reconbi nant MVA viruses that allow expression of the H V-1 nef
gene under the cdpigensraigithe packegedoeetpt the vegtor plasraiiig transfepled inte the pagkaRingThe

regul atory Nef pegj ﬁienuﬂéerg{dsg%rﬁnioﬁ‘é%bﬁmﬁ% o&ragmhaedn@mslu%ehsuthe

viral replication cycle has been shown to be esSenti al h titer

virus replicati o#'%”ﬂﬁMW’@O@Q'Fgﬁ"WbWWWWP@%Mw@QFBdP ged v Nef .
m ght pl ay a o Ugitginelnilot ot aPoRBBo 6kt TaFodRIGS oS S <)

by which Nef contributes to I ncreased viral ectivity and
pat hogeni ci ty ned#ugigthss "ﬁﬁ‘?@ﬁ’éfﬁméﬂf%ﬁ%&@dvh'cmfgwel@ B EHEeeni c .

2{\% SNet speci fi C nigikdr 3PthefapButitYeHSsBbcaheRinkfdied WtodBHar et céli*s\bNNfR‘ébll on and

context, the recdfeehwh slighaseqombinant yiralnaricle @HE‘“IHW"F%P%W'(‘,’H\‘F ﬂ%ceus ed
for immuni zat i on nofvirkipraeindere passentamthese cdlis tdowever the DNADA tHeaetiof cathingi the

agai nst human therapeutic and marker genes is integrated in tha cell’'s DNA and can now be
expressed in the infected cell.

The recombinant MVA virus according to the invention expressing T7 RNA polymerase
can be used to produce the proteins required for packaging retroviral vectors. To do this
the gag, pol and env genes of a retrovirus (e.g. the Murine Leukemia Virus (MLV)) are
piaced under transcriptional control of a T7 RNA polymerase promoter in one or more
expression vectors (e.g. plasmids). The expression vectors are then introduced into cells
infected with the recombinant MVA virus expressing T7 RNA polymerase, together with
an expression vector carrying a retroviral vector construct, possibly under transcriptional
control of a T7 RNA polymerase promoter.

WO 94/29437, WO 89/11539 and WO 96/07748 describes different types of retroviral
vector constructs which can be packaged using the packaging system decribed above.

A further use of the recombinant MVA virus expressing T7 RNA polymerase is to
generate recombinant proteins, non-infectious virus particles, or infectious mutant virus
particles for the production of vaccines or therapeutics (Buchholz et al., Virology, 204,
770-776 (1924) and EP-B1-356685). To do this viral genes (e.g. the gag-pol and env
genes of HIV-1) are placed under transcriptional control of the T7 promotor in an
expression vector (g.9. plasmid or another recombinant MVA virus). This construct is
then introduced into cells infected with the recombinant MVA virus expressing T7 RNA
polymerase. The recombinant viral genes are transcribed with high efficiency,
recombinant proteins are made in high amounts and can be purified. Additionally,
expressed recombinant viral proteines {e.g. HIV-1 env, gag) may assemble to viral
pseudo-particles that budd from the cells and can be isolated from the fissue culture
medium. in another embodiment , viral proteins (from e.g. HIV, SIV, Measles virus)

Loy



H V, and on the other hand, for inmunotherapy of HV infected or AIDS
patients. Furthernore, the reconbi nant MVA virus expressing the H V nef
gene can be used for the production of reconbinant H V Net ‘protein. In
anot her prefered enbodi ment of the invention the foreign gene inserted in
the MA virus is a gene encoding human tyrosinase. W have constructed
reconbi nant MMOPPAHSes that allow expression of the human RHTESPHBIE gene
under the control of the vaccinia virus ear{g/late pronoter P7.5. Recently,
human tyrosi nase was identified as a nel anoma-specific tunor antigen that
aIIovvs generation of anti-tunor cytolytic T-1ynphocytes (Brichard, V., et

- [1993] J. Expxpreased byithg MVAST ppbsystemanaytiesfan g G%Wﬁ‘hn intragiiipag mugant yirus

Tei anocyt es appegfar&éa (T 6110, MeaS VRS By GeitBminky 4/ RRicr Sltadrineht afe U
target antigen f | munot SP%/ mel anome’s. Thereforge, the recbgﬁl nant
.l

MVA Vi rus expr es B¥eetion, Hacotings! %‘H plicgiog oyial aenp eXnLesson ASSeMblg byfdng.or

patients to i nduggothdF&édth WiRPANERGatioR & allbw prealiction addurifiezition bf theymentiopsde v ent
nmet astasis. Reconbi nant MVA virus expressing the human tyrosinase gene can

be uséd di rectly"’!i%ﬁl b¥8nt i - mel anoma vaccine, or the virus can be used to
prepare anti- nelanoma vaccines. In one exanple, the reconbi nant MA virus

expressing the h gsi nase. ge an of
reconbi nant tyr omqﬁé’x{fﬁa ﬁe\t,{%c{}%qﬁger U&Bﬁgg&a eﬁées &ngﬁénéé}%n
preparatio n;s 3 I R antigen otintersst(egl the gasa ofdIV inef, m@mmr@nwmmﬁ)d% .
expressin e ve
Froma tunor  pat JAae T8 Soli EpaioncE EPE i gt RE Y, MOV, HEV, B 4

t hen transf er r ed Mseaslrs Yigs:infenza viramer ather) ﬂ‘i@l@@'@da'ﬁg?mf"i‘}%? g WBN@ PPYBERR; .
A vaccine prepar ghaifleriphferRihping plismicfeeibPartAné rebbithgDNeK m:mrw istahiplifedrano

tyrosi nase gene can be used ‘either arent rally or | t he s of

the tumor. To pr&yefied usipgRndagd lakgratory Wrgs- p’%’?@wﬂ&&e F‘%&ﬁ'&ﬁ}fﬁ’b"@“ {‘?g

ZU”DY e.g. in si %gnultﬁﬁbt’bﬂﬁy %mmsabﬁxbﬁme’llmel@%de&mwﬁtwnmpoloAMe sifesaft ur es.
vacci ne prepared on asi

tyrosi nase gene &HFUIkon E'%ee '&"Lge"&ﬁ’ nﬁéeS?gF’(pa{ﬁsgg §srtrjs?e§'§%ﬂ%eﬁes}}t%n%m§| on

of the tunor. fBoth théreacior DNARAY wm-ﬁfpwmnmmsmwnm:gea@mwﬁeateﬂ‘tq ¥Yees

according to the Ho%‘frﬂﬂmhﬁ@%s%ﬁlesﬁﬁ@ﬁ ﬁdén%ﬂ e | n%g}&wl I-m,se,ﬁﬁ@cg; abI e

form This can be done e exper pr epar at | on o
vacci nes used fomsma@amaﬁnbmagm%mavgﬁaw% (PRLreprREgNIS & RPMRNodovel kI H.

et al. (1 974) DigppfdacH® Rucleiéadid vacsi ﬂaﬂoﬁ%&ﬁwmm thatBieRBdxpiessioDENH given

antigen, but avoiding the potential risk of constitutive gene expression.
The recombinant MVA vaccinia viruses can be prepared as set out hereinafter.

A DNA-construct which contains a DNA-sequence which codes for a foreign polypeptide
flanked by MVA DNA sequences adjacent to a naturally occuring delstion, e.g. deletion
Il, within the MVA genome, is introduced into cells infected with MVA, to allow
homologous recombination.

Once the DNA-construct has been introduced into the eukaryotic cell and the foreign
DNA has recombined with the viral DNA, it is possible to isolate the desired recombinant
vaccinia virus in a manner known per se, preferably with the aid of a marker (compare
Nakano et al., Proc. Natl. Acad. Sci. USA 79, 1593-1586 [1982], Franke et al., Mol. Cell.
Biol. 1918-1924 [1885}, Chakrabarti et al., Mol. Cell. Biol. 3403-3408 [1985], Fathi et al.,
Virology 97-105 [1986])).

The DNA-construct to be inserted can be linear or circular. A circular DNA is prefered,
especially a plasmid. The DNA-construct contains sequences flarking the left and the

i



10 [err] particles of the reconbinant MVA are freeze-dried in 100m of
phosphat e-buffered saline JPBS) in the presence of 2% peptone and 1% human
al bumin in an anpoul e, preferably a glass anpoule. The |yophilisate can
contain extenders (such as mannitol, dextran, sugar, glycine, |actose or
pol yvi nyl pyrrolidone) or other aids (such as antioxidants, stabilizers,
etc.) suitabl eWKSI7p¥Bent eral admi ni stration. The gl ass anpoBCHEPSARREN
seal ed and can be stored, preferably at tenpgratures below -20[err]C., for
several nonths. For vaccination or therapy the |yophilisate can be
dissolved in 0.1 to 0.5 m of an aqueous sol ution, preferably physiol ogical
saline, and adni nightsideafia eatutally ogeuringdelation, leyg. déletion #xwithin e MVA genemeliscul ar
i nocul ati on or | fyor | at the
it of a tunor. ailen W sGEREE. Snd Aubdtaigd) £11580) Ak B YIS 2 on ar o
pr ef er abl y | nj ect"é‘éfmﬂgﬂ BNﬁ§§%ﬂ%§¢¢'§"Fﬁﬁ%bﬁt‘We"@1@ S&HUGVF@WE'"QQG napyaly

Hyg., |. Jﬁ o 48étion3TRs 13Ribh- DNASaciBrés car bé’&l &Ehgtdr@fheréﬁhﬁﬂéjose
andthe nunber of adm ni strations can be optimz t seS|II ed in the
art in a known meelyaeptide.e.g. &PAepisterteren, M@@“@ﬁﬁﬁﬁtﬁ?&m i aaqﬁm‘)ﬂ?@%qen% he

vaccine several tpgifRg eﬁlU@derr]:% dfaﬁasmseeefab@da 4rid paraémés mmb&;fedaus@@%wé,l ate
WA Vi rUsen for  (HdabABHISL PR WHEh FRAEN o atEec b Sl meyiiaie osdls
recombi nant WA \pagplogical growties Eaamwmummémexgwm desoritein Dhvis BUR
ol I's belng 1 nf ect 8 (HeTPRkRY. Sl Bhieer eayobf SR, b huoctil Ui 0 °
codes for the forpethpgenioageptsiare those of human immunodificiency viruses (e.g. HIV-1 and HIV-2),
of mycobacteria causing tuberculosis, of the parasite Plasmodium falciparum, and of
melanoma cells .

For the expression of a DNA sequence or gene, it is necessary for regulatory sequences,
which are required for the transcription of the gene, to be present on the DNA. Such
regulatory sequences (called promoters) are known to those skilled in the art, and
includes for example those of the vaccinia 11 kDa gene as are described in EP-A-198,
328, and those of the 7.5 kDa gene (EP-A-110, 385).

The DNA-construct can be introduced into the MVA infected celis by transfection, for
example by means of calcium phospate precipitation (Graham et al., Virol. 52, 456-467
[1973}; Wigler et al., Celi 777-785 [1979] by means of electroporation (Neumann et al.,
EMBO J. 1, 841-845 [1982]), by microinjection (Graessmann et al., Meth. Enzymology
101, 482-492 (1983)), by means of liposomes (Straubinger et al., Methods in
Enzymology 101, 512-527 (1983)), by means of spheroplasts (Schaffner, Proc. Natl.
Acad. Sci. USA 77, 2163-2167 (1980)) or by other methods known to those skilled in the
art. Transfection by means of calcium phosphaie precipitation is prefered.

The detailed examples which follow are intended to contribute to a better understanding
of the present invention. However, it is not intended to give the impression that the
invention is confined to the subject-matter of the examples.




Is expressed in the cells, and the expressed heterol ogous pol ypeptide is

| sol ated. The nmethods to be used for the production of such heterol ogous
pol ypepti des are generally known to those skilled in the art (EP-A-206, 920
and EP- A- 205, 939). The pol ypeptides produced with the aid of the :
reconbi nant MVA viruses are, by reason of the special properties of the WA
viruses, nore ¥O7MISE for use as nedicanents in humans and PEI/ERH6H2926
Reconbi nant MVA viruses encodi ng T7 RNA pol égerase and the use thereof for
t he expressi on of DNA sequences under transcriptional control of a T7
RNA pol ymer ase pr onot er In a further enbodi nent of the present
invention we have constructed reconbi narthekddwings uses that all ow expression
of the bacteriophage T7 RNA pol ynerase gene under the

11 control of the vaccinia virus early/late pronoter P7.5. The useful ness

of MWA:T7pol re;:ﬁdmjrmant vscmaaﬁcmpmmmwma}udrmimngﬁnsémafd in

transient transfection assays t uce . expressi of e ,nant genes

under the control of a 17 %ﬂ"ﬂ%’éf& X ?W@fﬁ?t%f{'ﬂémtrﬁsé" .“E%SI

chl or ahpheni col acet yl t r angithir the gerfc®®BTof MM@are drmlicatedad thettap. The 860-bg Hmalind

that MVA-T7pol induced CAT L0 ecti s

vacci ni a/ T7pol reconbi nant”’@ﬁ?’pﬁ‘sﬁ%@{"ﬁ@%‘@P@%ﬁ%ﬁ%‘%ﬁ%@?ﬁﬁ%ﬂ%‘éﬁm VR

strain of vaccinia virus. NMA grrowielis shawn, MVYARNA bgduencesagiacentiadelefiodiling t o

the invention can thus be (gRd &8 i) FbleGmdifidd y et st \Ghot irthd GoRiRlc:EH
epri des

expressi on system for production of po
of insertion ptasmid pUC Il LZ.

Figure 2: pUC Il LZ P7.5: MVA vector plasmid for insertion into deletion |l
containing P11-LacZ expression cassefte and the vaccinia virus
early/late promoter P7.5 to express genes of interest that can be cloned
into the Smal site of the plasmid.

Figure 3: pUCH LZdel P7.5: MVA vector plasmid for insertion of foreign genes at
the site of deletion I in the MVA genome, containing a self-deleting
P11-LacZ expression cassette and the vaccinia virus early/late promoter
P7.5 to express genes of interest that can be cloned info the Smat /
Nott cloning site of the plasmid.

Figure 4: Construction of recombinant virus MVA-T7pol: schematic maps of the
MVA genome (Hindill restriction endonuclease sites) and the vector
plasmid pUC Il LZ T7pol that allows insertion of the T7 RNA polymerase
gene at the site of deletion Il within the Hind!ll N fragment of the MVA
genome,

Figure 5: Southemn blot analysis of MVA-T7pol viral DNA

Figure 6: Metabolic labeling of proteins using {**S]methionine. SDS PAGE
analysis. Lane 1: MVA T7pol, Lane 2: MVA, lane 3: CV-1 cells.




in the absence of productive vaccinia virus replication. Thi s expression
system can al so be used for generating reconbinant viral particles for
Vacci nation or gene therapy by transformation of cell lines infected with
reconmbi nant MVA expressing T7 RNA pol ynerase, with DNA-constructs
containing all or some of the genes, and the genonme or reconbi nant genone
nessesary for yosgmaassng viral particles, e.g WA parades or PEI/ERS6i2924
particles, under transcriptional control of 17 RNA pol ynerase pronoter.
Retroviral vector systens consist of two coﬂrgonents: 1) the retroviral
vector itself is a nodified retrovirus (vector plasmd) in which the genes
encodi ng for theFiguref: pr cCAT assainG\21 bellsrtransipited with pigsniti sortpiving iCATgenes and
mar ker genes to be transf t j : nt of
g S ednttol J???h%ngp%ﬁypgec skprqﬁh&&r%nhgiﬁgéstéﬁﬁmﬁ

t he genes encoding for the viral proteins e rvely crip e virus it
must be rescued by the sec’ﬁpm%WﬂaﬁmhtLMsﬂeswereﬁqﬁeda%rGhTeﬂtW-@mwthe

m ssing viral proteins to m } | i %g@g nt
is: 2) a cell line t%g’?aprogffgggmfg?’g@%@%ﬁﬁﬂ%ﬁ@@ﬁytyi ra féd
proteins, however |acks t HermsxfichiotamphepieeldGeatactivlylis exressed avpareantage ofi r us.
This cell line is known asydefifutdifsrbdiitt fotmédnlsolmime and consists of a cell
line transfected with one or 'nore plasrnids carrying the genes (genes
encodi ng the gag, pot and env pol ypeptides) enabling the nodified

retroviral vectoFigute € pPaCdsdastion of MVA-LAInef: schematic maps of the MVA genome
(Hindill restriction endonuclease sites) and the vector plasmid pUC li
LZdel P7.5-LAlnef that allows insettion of the nef gene of HIV-1 LAl at
the site of deletion |l within the Hindlil N fragment of the MVA genome.

Figure ©: Construction of MVA-hTYR: schematic maps of the MVA
genome (Hind!il restriction endonuciease sites) and the vector plasmid
pUC i LZdel P7.5-TYR that aflows insertion of the human tyrosinase
gene at the site of deletion Il within the Hindlli N fragment of the MVA
genome '




12 To generate the packaged vector, the vector plasmd is transacted Into
t he packaging cell line. Under these conditions the nodified retroviral
genomre including the inserted therapeutic and marker genes is transcribed
fromthe vector plasm d and packaged into the nodified retroviral particles
(reconbinant viral particles). This reconbinant virus is then used to

i nfect target W@PWe335n whi ch the vector genone and any car r iPEFERRYREF or

t her apeuti c genes becones integrated into t19e target cell's DNA. A cell
infected with such a recombinant viral particle cannot produce new vector
virus since no viral proteins are present in these cells. However the DNA
of the vector carrying the therapeutic abBshmples<er genes is integrated in
thé cell's DNA and can now be expressed In the infected cell. The
reconbi nant MVA virus according to the invention expressing 17 RNA
pol.yrner nse can 1 Gravbrgrhrdeuificatinood thehirugesot ei ns requi red for packagi ng
retroviral vectors. To do this the gag, pol and env genes of a retrovirus
(e.g. the Murine Leukem a Virus (M.V)) are placed under transcriptional
contrdl of a T7 ﬁxﬁ%@)ﬁfrﬂ'ﬁed‘é‘é‘\ﬁ%rmt er |n one or nore expression vectors

e. | asm ds ctos then jntr dc cells
i et Bt L e R 4 high AR TRl vBSA MER p HariRE ypdints v
together with arsnammsml(OMA)/mclbng—teumsew p@S@%@Mm¢hiWUembwgonst ruct,

possi bly under t or |
WO 94/ 29437, WO %L@Q@@h& p&d ﬁiﬂne&i refvielv’ot AW hifBry Yo e dreuuBlich b

escri be nt t s of
retroviral vect opropestipsangd theusgiof ﬁ%"b@%%ﬁ%i m‘{?g ﬁwes B'é%?’agl ng
system decri bed pdwmdby Mayf etral. liveinfactan 3)16-14!{t975% Duetto themitemidtioiniQES, the
expressing 17 RNGyRQj r\)’ﬁ@@ﬁ’:ﬁﬁs k&hn%ﬁtu@%%ﬁ%&aﬁ%&@h R ParmpidRbeeds, hcwever,

non-i nfecti ous VIruUS | nf ECtIO% @Pg particles for
the production o¥V: Oéﬁﬁﬁ"ﬂéy%‘?""th FREArigiRdh and ypie B@ﬁ‘l‘ﬁ)‘PE“ n Ry thayigis et - oo4,
770- 776 (1994) agetedtdidd Therdfobd ¥BJA virle wae gtdainon\OEFadelig) Siogwerage GEF télls, Yag- pol

and env days old embryos were isolated from incubated chicken eggs, the extremities are
removed, and the embryos are minced and dissociated in a solution composed of
0.25% trypsin at 37 °C for 20 minutes. The resulting cell suspension was filtered and
colfs were sedimented by centrifugation at 2000 rpm in a Sorvall RC-3B centrifuge at
room temperature for 5 minutes, resuspended in 10 volumes of medium A (MEM
Eagle, for examplie obtainable from Life Technologies GmbH, Eggenstein, Germany),
and sedimented again by centrifugation at 2000 rpm in a Sorvall RC-3B centrifuge at
room temperature for 5 minutes. The cell pellet was raconstituted in medium A
containing 10% fetal caif serum {FCS), penicillin (100 units/ml), streptomycin (100
mg/ml) and 2 mM glutamine to obtain a cell suspension containing 500 000 ceils/mt.
CEF celis obtained in this way were spread on cell culture dishes. They were left to
grow in medium A in a CO2 incubator at 37°C for 1-2 days, depending on the desired
cell density, and were used for infection either directly or after one further cell passage.
A detailed description of the preparation of primary cultures can be found in the book
by R.l. Freshney, "Culture of animal cell*, Alan R. Liss Verlag, New York [1983]
Chapter 11, page 99 et seq.
MVA viruses were used for infection as follows. CEF cells were cultured in 175 cm?
cell culture bottles. At 90-100% confluence, the medium was removed and the cells
were incubated for one hour with an MVA virus suspension (0.01 infectious units (IU)
per cell, 0.02 mVem2) in medium A. Then more medium A was added (0.2 miiem?) and
the botties were incubated at 37°C for 2-3 days (until about 80% of the cells show
cytopathogenic effect). Crude virus stocks were prepared by scraping cell monolayers
Into the medium and pelleting the cell material by centrifugation at 3000 rpmin a




genes of HIV-1) are placed under transcriptional control of the 17 pronotor
In an expression vector (e.g. plasmd or another reconbi nant MVA virus).
This construct is then introduced into cells infected with the reconbi nant
MVA virus expressing T7 RNA pol ynerase. The reconbi nant viral genes are-
transcribed with high efficiency, reconbinant proteins are nmade in high
amounts and caWO¥/3S5i fi ed. Additionally, expressed reconbi REHEPSS02%2p
proteines (e.g. H V-1 env, gag) may assenblgsto viral pseudo-particles that
budd fromthe cells and can be isolated fromthe tissue culture nmedium In
anot her enbodi nent, viral proteins (frome.g. HYV, SIV, Masles virus)

13 _expressed by ghRgy Tc?en{w‘%g%? & oS For FhYindt \./@ﬁ'lg F@He 8! grégsnatioh )ha)s st%n;ed

i nt roduced nut ant vigus der rom e.g. H'V, SIV, Masles virus
overconing a def 8kR0IGbelpredutherprocessingi(®:godus BiificgieRbat i ng, nudei ¢ acid
replication, viral gene expression, assenbly, budding or another step in

viral mul tipli catj2quritication dfaxs wusgducti on and purification of the nentioned
mut ant vi rus. MVA- T7pol can al so be used together with DNA sequences

carryi ng t he gen@hepurificationtsteps nndertakert terobtain & wrug prépamtigrewbicih ivasihd/pure @b,

tat. | o " : k ; ; - .
sgqueggg 01I‘O Oa gi vi en _an?%%%ﬁbzrf &)rrdo@émﬁg%éﬂlhéﬁhbﬁgﬁ}.’cgl!#é?gla(@lagﬁﬁh%

i nfl uenza virus HFS%P%PWJ%F%(VEP%Q%@@MW%B@WW vigys stocks/whish\hachbsgmer ase
pronot er pr ef er alsloyed 41 -20°0! wergitdwed ahd suspendddivncs BRES (1020 tiNes thenadlumecdt | S

ok or T oSt 04 ARGl ARl B B o SR oo | °
t oget her with M/Auspepdad in AQ timeatheivolumefof Trinkuffent (&mM E is-HeRbhBPdaand tiene of
interest is expre sibr RBSHIRIAY trvatedwitielitrasoufd {Labstnitd., BEraurt BistewteCct or DNA
and | WA-T7 pol - gfiSnbiihal RlelGRdah Ul Bkiodelondd aP6EREHE dhd rbéin tdhperature)
in order to further disintegrate cell debris and to liberate the virus particles from the
celiuiar material. The cell nuclei and the larger cell debris were removed in the
subsequent brief centrifugation of the suspension (Sorvall GSA rotor obtainable from
DuPont Co., D-6353 Bad Nauheim, FRG; 3 minutes at 3000 rpm and 10° C.). The
sediment was once again suspended in Tris buffer 1, treated with ultrasound and
centrifuged, as described above. The collected supernatants containing the free virus
particles were combined and layered over a cushion of 10 ml of 36% sucrose in 10 mM
Tris-HCI, pH 9.0, and centrifuged in a Beckman SW 27/SW 28 rotor for 80 minutes
with 13,500 rpm at 4° C. The supematant was discarded, and the sediment containing
the virus particles was taken up in 10 ml of 1 mM Tris-HCI, pH 9.0, homogenized by
brief treatment with ultrasound (2x10 seconds at room temperature, apparatus as
described above), and applied to a 20-40% sucrose gradient (sucrose in 1 mM Tris-
HC!, pH 9.0) for further purification. The gradient was centrifuged in Beckmann SW41
rotor at 13,000 rpm for 50 minutes at 4° C. After centrifugation, discrete bands
containing virus particles were harvested by pipetting after aspirating voiume above
band. The obtained sucrose solution was diluted with three volumes PBS and the virus
particles were sedimented again by centrifugation (Beckmann SW 27/28, 60 minutes
at 13,500 rpm, 4° C.). The peliet, which now consisted mostly of pure virus particles,
was resuspended in PBS and equilibrated to virus concentrations corresponding on
average to 1-5 x 102 IU/ml. The purified virus stock solution was stored at -80 °C and
used either directly or diluted with PBS for subseguent experiments.



host i mune system stinulating an antigen-specific i mune response. This
protocol using the non-replication vaccinia vector MA -T7 pol represents a
prorm sing novel approach to nucleic acid vaccination allow ng efficient
transi ent expression of a given antigen, but avoiding the potential risk of
constitutive gene expression. The reconbi nant MVA vaccinia viruses can be
prepared as seW®WO2IsSr ei nafter. A DNA- construct whi ch conPEl/RR96/42926

DNA- sequence which codes for a foreign pol yp@ptlde fl anked by MVA DNA
sequences adjacent to a naturally occuring deletion, e.g. deletion 11,
within the MVA genone, is introduced into cells infected with MA, to allow

honol ogous reco m@ e DNA-construct has been introduced into
t he eukaryotic ﬂ?aaar?g’gt% or'%{‘ggn DNA has reconmbined with the viral DNA,

it is possible to isolate the desired reconbinant vaccinia virus in a
rr:an.nelr:) - knovaal[OEF 'ﬁce%eriafsﬁé RérAdderiedtistsihck By éiﬁmﬂsz Wﬁ\'éﬁﬂs G&Qﬁm&nt I bajtano et
al., Proc. : Cl ranke et a
o PLOC AR S Ao B S a8 oo s n
3403- 3409 [ 1985] , cuiturnet ion @6-well tissugiculture plaies.7He0EVA tlomsES was Siastediahdconst r uct
to be inserted C%ﬂrﬁe& (rr]!rm’to%taﬁi Wiéidh@etockd of i thét seVBifad S frichdhior
especially a pl as&p -constr%’ contains_s u% nces
left and the e generatlon of recombinant MVA viruses describ this patent app catlorggs wel ght
si de of a nat ur al asfonthe generatictialf escombinare MY A virebext describkd premously (Suttbie GVeiAd
genone ( Moss, B. [19892] Proc. Natl. Acad, Sci. USA 89, 10847-10851; Sutter, G., Wyatt, L.,

Foley, P., Bennink, J. and Moss, B. [1994] Vaccine 12, 1032-1040; Hirsch, V., Fuerst,

T., Sutter, G., Carroll, M., Yang, L., Goldstein, S., Piatak, M., Elkins, W., Alvord, G.,

Montefiori, D., Moss, B. and Lifson, J. [1998] J. Virol. 70, 3741-3752).

2. Construction and characterization of recombinant MVA viruses

2.1. Construction of vector plasmids

To allow the generation of recombinant MVA viruses novel vector plasmids were con-
structed. Insertion of foreign genes into the MVA genome was targeted precisely to the
site of the naturally occuring deletion Il in the MVA genome. Sequences of MVA DNA
flanking the site of a 2500-bp deletion in the Hindili N fragment of the MVA genome
(Altenburger, W., Suter, C.P. and Aitenburger, J. [1989], J. Arch. Virol. 105, 15-27)
were amplified by PCR and cloned into the multible cloning site of plasmid pUC18. The
primers for the left 600-bp DNA flank were 5'-CAG CAG GGT ACC CTC ATC GTA
CAG GAC GTT CTC-3' and 5'-CAG CAG CCC GGG TAT TCG ATG ATT ATT TTT
AAC AAA ATA ACA-3 (sites for restriction enzymes Kpni and Sma) are underiined).
The primers for the right 550-bp DNA flank were 5'-CAG CAG CTG CAG GAA TCA
TCC ATT CCA CTG AAT AGC-3' and 5'-CAG CAG GCA TGC CGA CGA ACA AGG
AAC TGT AGC AGA-3' (sites for restriction enzymes Psil and Sphi are underlined),
Between these flanks of MVA DNA inserted in pUC18, the Escherichia colf lacZ gene
under control of the vaccinia virus late promoter P11 (prepared by restriction digest
from plli LZ, Sutter, G. and Moss, B. [1992] PNAS USA 89, 10847-10851) was
inserted, using the BamHl site, to generate the MVA insertion vector pUCII LZ

[Figure 1]. In the following, a 289 bp fragment containing the vaccinia virus early-late
promoter P7.5 together with a Smal site for cloning (prepared by restriction digest with
EcoRi and Xbal from the plasmid vector pSC11 [Chakrabarti et al, 1985, Molecular
and Cellular Biology 5, 3403-3409)) was inserted into the Smal site of pUCHI LZ to give




Al tenburger, W, Suter, C P. and Altenburger J. (1989) Arch. Viarl. 105,
15-Z7). The foreign DNA sequence is inserted between the sequences fl anking
the naturally occuring deletion. The forei gn DNA sequence can be a gene
coding for a therapeutic polypeptide, e.g. t-PA or interferon, or an
antigenic determ nant from a pathogeni c agent. Pathogenic agents can be
viruses, bact eWeaoumsssparasites which nmay cause a di sease, aPCHMEP96/62926t unDr
cells which nultiply unrestrictedly in an organismand may thus lead to

pat hol ogi cal growt hs. Exanpl es of such path&Jeni c agents are described in
Davis, B.D. et al. , (Mcrobiology, 3rd ed., Harper International Edition).
Preferred antigerte WAmbtbr)gﬂmlazmtﬂgumr&'Idmaamﬂahen'(mpiasmmmllbwsl ency

viruses (e.g. H\-1 .and, H cobact ena. caus ercul osis, t he
parasite Plasnodi a%ﬁﬁaméﬁ?"‘%&r% SqRfia FRNglen %;Inhegis ol‘]@&repﬁ}g W% i on
of .a DNA sequenc egatictogidase a 880 b DNAdragmentyrofncthe 8'eandl alther &, colt lacZopers readingc h

Sucn regul atory dimmsnRe Lok Rmatvds SEpaC AT AR SRR bl R Bkl |

the art, and inclam’eACTGC()a&ecfﬂ’mdﬁmGGGGEGM@ATE@WG@%OMGC@C‘Ne

desor] bed 1 n EP- A J88 ffen i ficioSf i Aok 5 o 0775 L hotion 3 -

The DNA-construct can [ nfe
transfection, forvesionpyC d LgelRyAiEigure 3dlsingthe Bmad @as.ethprveetpmlamw oan be

(Grahamet al., Vi@ inssh DR E45UENEESBABAGINGN ﬁl'é?én féne%d'f tﬁﬁ&&ﬂpg&\gf &ﬁ\t:fol of

[ 1979] by means of el ectroporation (Neumarnn et
[1982]), by mi cr dheyassiniagfrus eromoter FFfintg theMVA gﬁmrwe P@ﬁ&%eﬁwgy repembmmzzlgz

(1983)), by neansyof hsDosunEotatédhy strddining S e%re&uen of'ﬁéfé?ﬂfs:da@e &6t hi‘?é?y
101, 512-527 (1983)), by neans of spheropl asts ner Proc Acad.

Sci. USA 77, 2163roagatigmefdng tecombipant M'Elﬁé?adﬁ& We&g'f-ﬂ%\m of @%'ﬂ%@@esm | ed

in the art. TransppcidcTRxprésditipdinsdtie H?Qabﬁb'd?%@?@&dﬁib‘iﬁaﬁoﬁrem pitation is
pr ef er ed. The detail ed exanples which follow are intended to contribute

to a better understanding of the present invention. However, it is not

i ntended to gi ve 2.2constpcigsaraithalacterization of racembinant virgs MVAT7peld t o t he

subject-matter of the exanples.
A 3.1 kbp DNA fragment containing the entire gene of bacteriophage T7 RNA
polymerase under control of the vaccinia virus early/late promoter P7.5 was excised with
EcoRI from ptasmid pTF7-3 (Fuerst, T.R., Niles, E.G., Studier, F.W. and Moss, B., 1986,
P. N. A. S. USA 83, 8122-8126), modified by incubation with Klenow DNA polymerase to
generate blunt ends, and cloned into a unique Smal restriction site of pUCH LZ to make
the plasmid transfer vector pUCII LZ T7pol [Figure 4). As transcriptional regulator for the
expression of the T7 RNA polymerase gene the vaccinia virus early/llate promoter P7.5
was chosen. Contrary to stronger vaccinia virus late promoters (e.g. P11) this promoter
system allows expression of recombinant genes immediately after the infection of target
celis. The plasmid pUCII LZ T7pol that directs the insertion of the foreign genes into the
site of deletion |l of the MVA genome was used {o generate the recombinant virus MVA
T7pol.

CEF cells infected with MVA at a muitiplicity of 0.05 TCIDs, per celi were transfected
with DNA of plasmid pUCII LZ T7pol as described previously (Sutter, G, Wyatt, L.,
Foley, P., Bennink, J. and Moss, B. (1994) Vaccine 12, 1032-1040). Recombinant
MVA virus expressing the T7 RNA polymerase and co-expressing B-D-galactosidase
{MVA P7.5-T7pol) was selected by five consecutive rounds of plaque purification in
CEF celis stained with 5-bromo-4-chloro-3-indoly! B-D-galactoside (300 ug/mi).

Subsequently, recombinant viruses were amplified by infection of CEF monolayers, and
the DNA was

T ..



15 _ The draw ngs Fi gure 1:
Schematic map of the genone of MVA and plasm d for insertion of

forei gn DNA by honol ogous reconbination: Hindill restriction sites
within the genome of MWVA are Indicated at the top. The 900-bp H ndill -
Hkndl 1 N fragnent that overlaps the junction of deletion 11 withi n t he

WA genome i s WSS MWA DNA sequences adjacent to deleti o RCI/EP96/02

(flankl and flank2) were anplified by PCR aé'lld used for the construction
of insertion plasmd pUC Il LZ. Fi gure 2: puC 11 LZ P7.5: MWA vector
plasmd for insertion into deletion 11 containing P1 1-LacZ
expr essi on cass edralyzechioly RCR tomafirimgeaeticihomegenity of the virus stock. eﬁguthym hiate

"nio the Srai si FIVEPR Sl MYATIER uif ONA' B Ehbual Jftariantfudi s dpspmbinery

vect or plasnid fganes attbe siteot dg!ahmdk\@h@rthgwegemmemgwe5 the site of
deletion Il int g,gd?éggyg o] feechfdirint YA T7pol P11
-LacZ expressi onﬂgag@?{t ne e eg‘ég?lﬂﬁgﬁﬁgus earulgn/ | at e %orom)ter

P7.5 t'0 express §'Simethigning ﬂﬂb@!eéwlmmesé@m Viras infested dissuscyityre, werg apaly2ed.
Not | cloning sitQohdiayeRof n{eaﬁéﬁkdy kidnely c8IMInG CY-1 growPmNividliplatediverd infected

e a8 il g e oo, ™
was removed, and the cultures were washed once with 1 mi of methionine free medium.
To each weli, 0.2 ml of methionine-free medium supplemented with 50 pCi of
[*®S]methionine was added and incubated for 30 min at 37°C. Cytoplasmic extracts of
infected cells were prepared by incubating each well in 0.2 ml of 0.5% Nonidet P-40 lysis
bufier for 10 min at 37°C and samples were analyzed by SDS-PAGE. The metabolic
labeling of the CV-1 cells with MVA T7pol revealed the synthesis of two additional
polypeptides (i) a protein of about 116,000 Da representing the E. coli B-galactosidase .
co-expressed fo allow the screening for recombinant virus and (ii} a 98,000 Da protein
with the expected size of the bacteriophage T7 RNA polymerase [Figure 6]. The large
amount of B-galactocidase made by MVA T7pol is remarkable. The results from the in
vivo labeling experiments demonstrate a very strong expression of the P11-LacZ gene
construct when inserted into the MVA genome at the site of deletion Il indicating that
recombinant genes in MVA vector viruses might be expressed more efficiently when
inserted into this locus of the MVA genome.

The usefulness of MVA-T7pol recombinant viruses as expression system in compatison
to the WR-T7pol recombinant virus vTF7-3 (Fuerst et a. 1986) was tested by the
co-transfection of DNA of a plasmid vector that is derived from pTM1 (Moss, B., Elroy-
Stein, O., Mizukami, T., Alexander, W.A., and Fuerst T.R. (1920) Nature 348, 91-92) and
contains {(cloned into the Ncol and BamHi sites of the pTM1 multible cloning site) the E.
coli chloramphenicol acetyitransferase (CAT) gene under the control of a T7 RNA
polymerase promoter (PT; ). Transfected and infected CV-1 celis were suspended in 0.2
mi of 0.25 M Tris-HCI (pH 7.5). Aiter three freeze-thaw cycles, the lysates were cleared
by centrifugation, the protein content of the supematants was determined, and samples
containing 0.5, 0.25, 0.1 ug total protein were assayed for enzyme aclivity as described
by Mackett, M., Smith, G.L. and Moss, B. (1884) J. Virol. 49, 8567-864. After
autoradiography, labeled spots were quantitated using the Fuji imaging analysis system.




plasmd pUC Il LZ T7pol that allows insertion of the T7 RNA pol ynerase

gene at the site of deletion 11 within the Hndilll N fragnent of the MWA
genone. Fi gure 5: Sout hern bl ot anal ysis of MVA-T7pol viral DNA
Fi gure 6: Met abolic | abeling of proteins using [35S]nethionine. SDS PAGE

anal ysis. Lane 1. WA T7pol, Lane 2: MA, lane 3: CV-1 cells.

16 Figure 7. WOXBABsHissay: CV-1 cells transfected with pl asPEHERIONIZ ni ng
CAT gene under control of T7V%\IA pol yrmer ase pronoter and

i nfected with MWA- T/ pol or T7pol . Lysates were tested for
CAT activity. C neans chl oranpheni col, and 1-AcC and 3-AcC
means nono and t iThe msitsyempnatrate that by mxngmehlghbﬁnml@tedmmw&ﬂiﬂs Cat

activity is expr m;'&{ - | ficRAtnHeduCt
formed In 60 m nﬁés%ﬁ)gté‘é tﬁg%&%ﬁ%@%mﬁmﬁomerﬁ/kﬁs@%ﬁ%f schemati c maps
of .the MVA genonwsing afullyreplmnonoqmmemwawmwmsureqommaeﬂﬁsvma -ease sites)

and the vector plasm d pUC |1 LZdel P7.5-LAl nef that allows
insertion of the nef gene of HI V-1 LAl at the site of

del etion Il with23- Eonstrugtion prg charactesigation of rgeonbinaniinis YAd.Atnet

A 648 bp DNA fragment containing the entire nef gene of HIV-1 LAl was prepared by
PCR trom plasmid DNA (pTG1166 kindly provided by M.-P. Kieny, Transgédne S.A,,
Strasbourg; PCR primers were 5-CAG CAG GGA TCC ATG GGT GGC AAG TGG TCA
AAA AGT AGT-3' and 5’-CAG CAG GGA TCC ATG TCA GCA GTT CTT GAA GTA
CTC CGG-3), digested with restriction endonuclease BamH|, modified by incubation with
Kienow DNA polymerase to generate blunt ends, and cloned into the Smal site of pUC I
LZdel P7.5 to make the vector pUC Il LZdel P7.5-LAlnef [Figure 8). This plasmid could
be used to engineer MVA recombinant virus that expresses the nef gene of HIV-1 LAl
under control of the vaccinia virus early/late promoter P7.5.

CEF cells infected with MVA at a muitiplicity of 0.05 TCIDso per cell were transfected with
DNA of plasmid pUC Il LZdel P7.5-LAlnef as described previously (Sutter, G, Wyatt, L.,
Foley, P., Bennink, J. and Moss, B. [1994} Vaccine 12, 1032-1040). Recombinant MVA
viruses containing the nef gene and transiently co-expressing the E. coll LacZ marker
gene were selected by consecutive rounds of plaque purification in CEF ceils stained
with 5-bromo-4-chioro-3-indoiyl B-D-galactoside (300 ug/ml). In the following,
recombinant MVA viruses containing the nef gene and having deleted the LacZ marker
gene were isolated by three additional consecutive rounds of plaque purification
screening for non-staining viral foci in CEF cells in the presence of S-bromo-4-chioro-3-
indolyl B-D-galactoside (300 pg/mi). Subsaquently, recombinant viruses were ampiified
by infection of CEF monolayers, and the MVA-LAInef viral DNA was analyzed by PCR to
confirm genetic homogeneity of the virus stock. Southern blot analysis of viral DNA
confired genetic stability of MVA-LAInef and precisely demonstrated integration of the
nef gene and deletion of the E. coli LacZ marker gene at the site of deletion It within the
viral genome.

Efficient expression of recombinant Nef protein was confirmed by Western blot analysis
of protein lysates from CEF cells infected with MVA-LAInef using mouse monoclonal
antibodies directed against HIV-1 Nef (kindly provided by K. Krohn and used as
described by Ovod, V., Lagerstedt, A., Ranki, A., Gombert, F., Spohn, R., Tahtinen, M.,
Jung, G., and Krohn, K. [1992] AIDS 6, 25-34),



Fi gure 9: Construction of MVA-hTYR schematic maps of the MWA

genone (Hindlll restriction endonucl ease sites) and the vector plasmd
pUC ii LzZdel P7.5-TYR that allows insertion of the human tyrosinase

gene at the site of deletion il within the Hindlll N fragnment of the MA
genone 17

Exanpl es 1. ¥OMAISSand purification of the viruses 1.1 @CTMPPaP29%6 t he
MVA virus The MVA virus is a highly attean%gd vaccinia virus derived from
the vaccinla virus strain Ankara (OVA) by |ong-term serial passages on
primary chicken enbryo fibroblast (CEF) cultures. For a general rew ew of
the history of t 84, Qoostuctioncand chivactgrizajiondf recsmbinanttvings Mé&hDYR WA strai n,
reference may be nmade to the summary published by Mayr et al. in Infection
3, 6-14 [1975]. Due to the attenuation in CEF, the MVA virus replicates to
hi gh titers in tH $9&b5NA ftagmentoontaining theramtiteegene ancoding bumariyeosioase WA i s

severely growh W#&B%@W&JM@%%&%&%&%@& llleefs ME[.‘&F s

not det ect abl e. ore i rus vvas@%rom on gare CEF

cells,’ 11- days dialiens $KR9 AV}, RenBaniciecane YQ1873Brisharsh M. ands) Ak t he

extremties are oy s neked, BS LORES, Tould, ©. BIJBRA, BTHesd), 9504 %&dmn a
sol ution conposed of 5%tr¥p5| n at 3/[err]C for The
resulting cell s gdfropdpe.p ag{yg NAllAmp-Ty'r[W&feI T VanPet A.

Brichard, V., Schneider, J., Seliger, B., Meyer zum Biischenfelde, K. and Boon, T. (1994)
Eur. J. Immunol 24, 759-764) by EcoRl digest, modified by incubation with Klenow DNA
polymerase to generate blunt ends, and cloned into the Smal site of pUC 1l LZdel P7.5 1o
make the vector pUC Il LZdel P7.5-TYR [Figure 9]. This plasmid could be used to
engineer MVA recombinant virus that expresses the human tyrosinase gene under
control of the vaccinia virus early/late promoter P7.5,
CEF cells infected with MVA at a multiplicity of 0.05 TCIDs, per cell were transfected with
DNA of plasmid pUC 1l LZdel P7.5-TYR as described previously (Sutter, G, Wyatt, L.,
Foley, P., Bennink, J. and Moss, B. (1894) Vaccine 12, 1032-1040). Recombinant MVA
virus stably expressing the gene for human tyrosinase and transiently co-expressing the
E. coli LacZ gene was selected by consecutive rounds of plague purification in CEF cells
stained with 5-bromo-4-chloro-3-indolyl B-D-galactoside (300 pg/mi). In the following,
recombinant MVA virus expressing the gene encoding human tyrosinase and having

" deleted the LacZ marker gene was isolated by three additional consecutive rounds of
plaque purification screening for non-staining viral foci in CEF cells in the presence of 5-
bromo-4-chioro-3-indolyl B-D-galactoside (300 pg/mi). Subsequently, recombinant
viruses were amplified by infection of CEF monolayers, and the MVA-hTYR viral DNA
was analyzed by PCR to confirm genstic homogeneity of the virus stock. Southemn blot
analysis of viral DNA confirmed genetic stability of MVA-hTYR and pracisely
demonstrated integration of the recombinant tyrosinase gene and deletion of the E. coli
LacZ marker gene at the site of deletion Il within the viral genome.
Efficient expression of recombinant human tyrosinase was confirmed by Western blot
analysis of protein lysates from CEF cells infected with MVA-hTYR using rabbit
polycional antibodies (kindly provided by V., Hearing and used as described by Jimenez,
M., Kameyama, K., Maloy, L., Tomita, Y. and Hearing, V. [1988] P.N.A.S. USA 85, 3830-
3834) or mouse monoclonal antibodies ( kindly provided by L. Old and used as described
by Chen, Y., Stockert, E., Tsang, S., Coplan, K. and Old, L. [1995] P.N.A.S. USA 82,
8125-8129) directed against tyrosinase,
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cells were sedinented by centrifugation at 2000 rpmin a Sorvall RC 3B
centrifuge at roomtenperature for 5 mnutes, resuspended in 10 vol unes of
medi um A (MEM Eagl e, for exanpl e obtainable from Life Technol ogi es GrbH,
Eggenstel n, Germany), and sedi mented again by centrifugation at 2000 rpmin
a Sorvall RC-3B centrifuge at roomtenperature for 5 minutes. The cell

pell et was recwosstzRassed i n nmedi um A contai ning 10% f et al caPET/ERGI2A2¢ FCS)
penicillin (100 units/m), streptonycin (134 ng/mM) and 2 nM glutam ne to
obtain a cell suspension containing 50@gdtce ekdmafdl . CEF cells obtained in
this way were spread on cell culture dishes. They were left to grow in
medium A in a CO[err] incubator at 37[err]C for 1-2 days, depending on the

desired cell der}si t an}gF sed for infection either directly or after
sy Aol

one further ceft iled description of the preparation of
primary cultures can be found in the book by R 1. Freshney, Culture of
animal cell, Al an R) APRECA®:| ag, New York [1 983J Chapter 11, page 99 et
seq. MVA viruses were (respMEOrcsFrRorsthivngszestfun fuensimw@EFurd| | s wer e
cultured in 175 cnferr] cell aiéstddneidaitd es. At 90- 100% confl uence, the
nedi um was renoved andd)hgregt! $ngMRkeadabotiBale: f @ veRerboty W th an WA
vi rus suspension (0. 01( ')ng :i&g&%g'é%g {i) per cell, 0.02 m/cnR) in
medi um A. Then nore nediu S adde ?0.2 m/cnferr]) and the bottles
were incubated at 37[ef?] '2-?’"5’%5 %smt” about 90% of the cells show
cyt opat hogeni ¢ ef f ect ) F'CPURTEE VPPRL 2805k ®der e prepared by scraping cel |
nonol ayers Into the nmediumand pelleting the cell material by
centrifugation at (8000ITySNOX FNVENTION: Recombinant MVA virus, and the use thereof
18 Sorvall RC-3B centrifuge at 4[err]C for 5 mnutes. The crude virus
preparation was Sg;@fesmier-otOskouledegt 8 f urt her processing (e.g. virus
purification)
{(iv) COMPUTER READABLE FORM:

(a) MEDIUM TYPE: Floppy disk

{B) COMPUTER: IEM PC compatible

{C} OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(vi) PRIOR APPLICATION DATA:
(a) APPLICATION NUMBER: DK 0782/95
(B) FILING DATE: 04-JUL-1595

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 33 base pairs
(B} TYPE: nucleic aciad
{C) STRANDEDNESS: single

{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "DNA-primer*

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

CAGCAGGGTA CCCTCATCGT ACAGGACGTT CTC 33

B



1.2 Purification of the viruses The purification steps undertaken to
obtain a virus preparation which was as pure as possible and free from
conponents specific to the host cell were simlar to those ‘descri bed by
Joklik (Virology 18, 9-18 (1962]). Crude virus stocks which had been stored
at -200C. were thawed and suspended once in PBS (10-20 tines the vol ume of
the sediment), W¥3023¥%e suspension was centrifuged as above. 926

sedi rent was suspended in 10 times the vol pgre of Tris buffer 1 (10mM

Tris-HCl pH 9. 0) mnreRhre e roRER6ND Mo was briefly treated with ul trasound
(Labsonic L, B.Braun Biotech International, Ml sungen Germany, 2x1 O

seconds at 60 vat t s a%h% i HEge) in order to further disintegrate
cel’'l debris andtoll %lrus artlclesfromthe cellular material.
The cell nuclei and th atéa%i étrp ¥i° were removed in the subsequent

brief -centrifugation of® tFFEs PRSI ¥ Sorval | GSA rotor obtainable from

DuPont Co., D- 6353 Bad(CNaSFRENPEDNESSS; 813938 nut es at 3000 rpm and 10 C.). The
sedi ment was once agai tp) sTaRbPYedlinmadlri s buffer 1, treated with ultrasound
and centrifuged, as described above. The collected supernatants containing

the free virus panii)Ch@tScty evieQndtnbeGuandclayered over a cushion of 10 m

of 36% sucrose in 10 iy, Tdsentighon.PH Rele -AiHtaCH R hddnf uged in a Beckman SW
27/ SW 28 rotor for 80 mnutes wth 13,500 rpmat 4 C. The supenatant was

di scarded, and the sedi nent contai ni ng the virus particles was taken up in
10 mM of 1 mMTris-HCI, pH 9.0, honogeni zed by brief treatnment with

ul trasound (2x1 0 seconds at room tenperature, apparatus as descri bed
above), and applied to a 2040% sucrose gradi ent (sucrose in 1 mM Tris- HC,
pH 9. 0) for furthdzi)psBJUENCEADESSRIPTING: §EQAP ™= Zvas centni fuged i n Beckmann
SWI1 rotor at 13,000 rpmfor 50 mnutes at 4 C. After centrifugation,

di screte bands cfdtabdtictidagaticet cRERTEITeMcARM@aR @AVest ed by pipetting after
aspirating volunme above band. The obtai ned sucrose solution was dil uted

with three vol rticles were sedi nented again by
centrifugati onq%‘ég}'{)rmnnegvft/ogﬁ%8ﬁj§8p?n nutes at 13,500 rpm 4 C.). The
pellet, which now consisted npst| ure virus particles, was resuspended
in PBS and equili biHt é?%%%%%ﬁ ’érr%tsratl ons correspondl ng on average to
1-5 x [err] IUm The PHrFPS3H: PFrRr$e R2E% sol ution was stored at -80 LC
and used either directf8 BYPE]ipuflelF #fddh PBS for subsequent experinents.

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = *DNA-primer*

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

CAGCAGCTGC AGGARTCATC CATTCCACTG AATAGC 36

(2) INFORMATION FOR SEQ ID NO: 4:

{i) SEQUENCE CHRRACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "DNA-primer"
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19 1.3 doning of MVA virus To gener ate honpbgeneous stock virus
preparati ons MVA virus obtained fromProf. Anton Mayr was cl oned by
limting dilution during three consecutive passages in CEF cultured on
96-wel | tissue culture plates. The MVA clone F6 was sel ected and anplified
in CEF to obtain working stocks of virus that served as starting materi al
for the gener atVO?"815% econbi nant MVA viruses described in t hpcrmetenbs
application as well as for the generation okgreconbi nant MA viruses
descri bed previously (Sutter, G and Miss, B. 11 992] Proc. Natl. Acad. Sd.
USA 89, 10847-10851; Sutter, G, Watt, L., Foley, P., Bennink, J. and
Moss, B. (1994] Vaccine 12,1032-1040; Hirsch, V., Fuerst, T., Sutter, G,
Carroll, M, Yang, L., Coldstej .Pi.at Mg, Elkins, W, Avord, G,
Monteflon, D., Mos8d) E§E°3“ﬁ&’3l9%§§‘ﬁf”§’a°.“‘[@9§gf’°j.4 Virol. 70, 3741-3752). 2.
Construction and characterization of reconbi nant MVA viruses 2.1. 3
Constructi on OfcAGERGGOAT BLCRASEANS APEERACTET AR Agener ati on of reconbi nant RNA
viruses novel vector plasm ds were con- structed. Insertion of foreign

genes into the MyAngereREoweer issf gotwed precisely to the site of the *
naturally occuring deletion Il in the MVA genone. Sequences of MA DNA

fl anking the site of, =D } in the Hndlll N fragnment of the

MWA genone (Al tenbu{léggfs%g%%z §U_t§ *Cé.a.lg?%gnd Al t enburger, J. [1989], J.

Arch. Virol. 105, 15-27?“’\/\59’5 a {f??eeaa’bry PCR and cloned into the nultible
cloning site of plasni d'8)UCFE: “q'g’@"ﬁﬁ?r‘r’érs for the left 600-bp DNA fl ank

were 5'-CAG CAG GGI ACCCCTETRANREDRESA: ARSY¥SAC GTT CTC-3 and 5- CAG CAG CCC GGG
TAT TCG ATG ATT AT | TT (WACrOROROGETAip@x 3' (sites for restriction enzynes

Kpnl and Smal are underlined). The prinmers for the right 550-bp DNA fl ank

were 5' - CAG CAG CTGGARIBARECAET Gehdd hu€lsdc GEE AAT AGC- 3 and 5- CAG CAG OCA
TGC CGA CGA ACA AGG (A} DESCRIPTION: /desc = "DNA-primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
CAGCAGGTCG ACCTCGACCG CCTTACTGCC GCC 33
(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: limear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "DNA-primer”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
GGEGGGCTGC AGATGGTAGC GACCGGCGCT CAG 33
(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:



AAC TGT AGO AGA-3' (sites for restriction enzynmes Psl and Sphl are
underlined). Between these flanks of MVA DNA inserted in pUC 18, the
Escherichia coil lacZ gene under control of the vaccinia virus |late
pronoter P11 (prepared by restriction digest fromplll LZ Sutter, G and
Moss, B. [1992] PNAS USA 89, 10847-10851) was inserted, using the BanH
site, to gener WOH7(0p885 WA i nsertion vector pUCI| LZ [Figure 1%}1' P
following, a 289 bp fragment containing bhe vaccinia virus early-late
pronoter P7.5 together @M igheou -SoBibasé tpaitsor cl oni ng (prepared by
restriction digest wtEeeR. ahdiefhadeitr om the plasm d vector pSCli

[ Chakrabarti et al. 1985, . and, el lular Biology 5, 3403-3409]) was
inserted into the Smal §i§e ) 11 12 to give
{D) TOPO : linea

2- * 20 the MVA vector
pUCl I+ LZ P7.5 [Figure 2]. To construct a vector plasmd that allows

i'sol ati on of reconbinMPHECTARATYRE: @8 yugleiciféfent synthesis of the
reporter enzynme [err] (pl BRSCBTITIONe a/d@89 =hPMBRIXifeRignent fromthe 3'-end
of thé E coli LacZ open reading frane was anplified by PCR (priners were

5' - CAG CAG GIC GAC CCC GAC CGC CTT ACT GCC CGCC-3' and 5' -GGG GGG CTG CAG
ATG GTA GCG ACC G&C GCT CAG 3') and cloned into the Sal and Psd sites of
puUC 11 1Z P7.5 to obtain the MVA vector pUC Il LzZdel P7.5 [Figure 3]. Using
the Smal site, this vector plasm/ n sed 1o Insert DNA sequences
encoding a forei gn(xg’eﬁEQ PE?%%TSI%H‘ psgﬁo#a OOI'clé)'nt rol of the vaccinia virus

pronmoter P7.5 into the MVA genone. After the desired reconbi nant
CAGCAGGGAT CCATGGGTGG CAAGTGGTCA AARAGTAGT 35

(2) INFORMATION FOR SEQ ID NO: 8:

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

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "DNA-primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

CAGCAGGGAT CCATGTCAGC AGTTCTITGAR GTACTCCGG 39



virus has been isolated by screening for expression of [err]-gal actosi dase
activity further propagation of the reconbinant virus leads to the

sel f-del etion of the reengi-neered P1 1-LacZexpression cassette by

honol ogous reconbi nati on. 2.2. Construction and characterization of
reconbi nant virus MA T7pol A 3.1 kbp DNA fragnment containing the entire
gene of bact er M#782385T7 RNA pol ymer ase under control of thePGHEPSA292S vi r us
earlylate pronoter P7.5 was excised with E@R from pl asmi =

TR Nles, EEG, Studier, F.W and Mss, B., 1986, P. N - kA
83, 8122-8126), nodifled by incubation with Kl enow DNA pglmmHmlmamum,
generate blunt en@aimsand cloned into a unique Smal restriftticontsite OF =
pUCIlI LZ to make the plasm d transfer vector pUCII LZ T7pol [Figure 4]. As
transcriptional regulator for the expression of the 17 RNA IE)Q(E)ﬁldrnarase gene

the vaccinia virds eaAlrgeambinaptMyviass cpriainingand eapahie Af XPIeRTINGAtEaELPNe: r onger
vaccinia virus late pfd?é@{é‘én% insBriél athhelshe bi'a SatraM BRb@Tinddeidtiomwittin PEMVA
nan

expressi on of reconbi genes 1medi ately after the infection of target
cells. The plasm d pueeomMez T7pol that directs the insertion of the foreign
genes into the site of deletion 11 of the MVA genone was used to generate

t he reconbi nant virus MVA T7pol. CEF cells infected with A

mifltplicity of &05 M‘BE@"E@W%MWW’W%L% %ﬁ%@ﬂ%@m asmi d
pUCI I LZ T7pol as des egirbssihgiat Ristone foyeignaent dnserted at Wsasite of deletiéroll within the,
Benni nk, J. and Nbss,i‘& 1994) Vaccine 12, 1032-1040). Reconbi nant MWA

Vi rus expressing the 61 ynmer ase and co-expressing f3-D gal actosi dase
(MVA P7.5-17pol) was selected by five consecutive rounds of plaque

purification in F caql . ) ] shac?tp&i G P2 vindréifl e Yoreign gene
3- D-gal act osi de %00 g\gr%@%%gé\g@ent Y, R%é%aﬁﬁél nacf?t ,virruses wgrg
anpl i fied by i nfecdon codesdera marken atherapeutisagent gparmpplionric determinant.

4, A recombinant MVA virus according to claim 3 wherein the foreign gene codes
for an antigenic determinant from a pathogenic virus, a bacteria, or other
ricrcorganism, or from a parasite, or a tumor cell.

5. A recombinant MVA virus according to claim 4 wherein the foreign gene codes
for an antigenic determinant from Plasmodium Falciparum, Mycobacteria,

Herpes vitus, influenza virus, hepatitis, or human immuncdeficiency viruses.

6. A recombinant MVA virus according to claims 4 to 5 wherein the antigenic
determinant is HIV nef or human tyrosinase.

7. A recombinant MVA virus according to claim 6 which is MVA-LAinef
or MVA-hTYR.

8. A recombinant MVA virus according to claims 1 to 2 wherein the foreign gene
codes for T7 RNA polymerase.

9. A recombinant MVA virus according to claim 8 which is MVA-T7 pol.

10. A recombinant MVA virus according to claims 1 to 9 wherein the foreign gene is
under transcriptional control of the vaccinia virus early/late promoter P7.5,
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21 analyzed by PCR to confirmgenetic honogenity of the virus stock.

Sout hern bl ot anal ysis of MA-T7pol viral DNA—denonstrated stable
integration of the reconbi nant ’ﬂ"ﬁﬂuﬂ ' e of deletion Il within the
MVA genome [Figure 51. To noni t @ my"ﬁ”[’”l 17 RNA pol ynerase by -
recombi nant MVA T7pol [[err] S] net hfont ne" -Isabel ed pol ypepti des from virus
infected ti ssuwWOoa02s e were anal yzed. Mnol ayers of the nonREeYERSENE cel |
line CVv-1 grown in 12-well plates were infggted With virus at a
multiplicity of 20 TCQ D err] per cell. At to 5 hours after infection, the
medi um was renoved, and the cultures were washed once with 1 nml of

met hi oni ne free medi URscombinastdIVAEhuses dbcardimy toodlaime 8 o thh iessenfially frearisefh um
suppl emented with 50 PG _qf . [[err, .ani s added and i ncubated for
30 min at 37[err]C @&ﬁ%ggf#agﬁgéﬁpgﬁﬁ@@%%ﬁ?ﬁ% ed cells were prepared by
i ncubating each well in 0.2 m of 0.5% Nonidet P-40 lysis buffer for 10 mn

at 37[err]C and npl r ?&?ﬁn : a&eordhn e | abel i ng
of the CV-1 cell 22'\/\& twoﬁipo ?é\%@ﬂﬁ‘dﬁ?ﬁg syn_gﬁae_glﬁgﬁ??atb%ﬂ?ddi tional
pol ypéptides (i) a prianstiptiopiof BNAsequencesgmderipnscptionakaentrel gt 2 RERNA ¢
[err]-gal act osi dase ¢ mﬁm 0 al |l ow the screening for reconbi nant
virus and (ii) a 98,0%m%rot el %pvm'th the expected size of the

bact eri ophage T7 RNA pol ynerase [Figure 6]. The |arge anmount of

[err]-gal actoci dgge nAdaxkdmotide iffésed by & rebombiidntlVA virds wccording td anyfaf caimshe
in vivo |labeling experingnts denonstrate a very strong expression of the P1
1-LacZ gene construct‘@%nﬁn inserted into the MVA genone at the site of
deletion It indicating that reconbi nant genes in MVA vector viruses m ght
be expressed noreg,ef fi,Gl : .|'1.n1?3q i i ; i

genone. The usef ﬁﬁhesé%?%%%' rec@%ﬁﬁﬁﬁﬁ%@wﬁg@ﬁ?ﬁ?g\f
systemin conparison tlemsi@doAR- T7pol reconbi nant virus vTF7-3 (Fuerst et a.
1986) was tested by the co-transfection of DNA of a plasmd vector that Is
derived frompTML (Mdss, B., Elroy- Stein, O, Mzukam ,k T.. Al exander,
WA , and Fuerst 9 R Acelbengordiqge Fiaimsifdgddijonalipsontaining g cs Mate RISEHYY i nt o
the Ncd and Baml sit egedirs EdiRing biv ofibisifbreign géres iunger srahaeyiptional cbintrat of 4 77

chl or anpheni col acety anst er ase %&AT) gene under the control of a 17 RNA
pol yrnerase pronot er PPYMEESHE POy and infected CV-1 cells were
suspended in 0.2 m of 0.25 MTris-HCl (pH 7.5). After three freeze-thaw
cycles, the |ysat {did: i Throdu \ gasent  of
t he supenat ants vﬁz ‘(’j‘ﬂ;'fngur.lérﬁoﬁ%@%@gﬁéﬂiﬁiﬁpﬁdﬁqg%?ﬁi ni ngﬁé‘%%g’bg‘%mo 1 #g
total protein were as$psosed bysaidiersiangenes comAignGis descri bed

a) culturing said cells under suitable conditions, and
b) isolating the polypeptides encoded by said foreign genes.

17. A cell according fo claim 14 additionally containing expression vectors carrying
viral genes, and/or a viral vector construct encoding the genome of a viral vector

under transcriptional control of a T7RNA polymerase promoter.

18.  The use of cells according to claim 17 for the production of viral particles
comprising:

a) culturing said celis under suitable conditions, and
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by Mackett, M, Smth, G L. and MSS, B (1984)—J3—Virol. 49, 857-864.

After autoradi ography, |abeled sp | it ed using the Fuji

i mgi ng anal ysi s system Tﬂﬁmﬁllﬁlﬂwl‘ﬂflﬂ

PCT/ 2 ~2926 * oL s s 22 The
results denonstrate that by using the highly attenuated vacoinia vectaor WA
it is possi M@9INE3sSxpl oit the vaccinia virus-T7 RNA pol ynBFHERSRbem as
efficiently as by using a fully replication-conpetent vaccinia virus
recombi nant [Figure 7]. 2.3. Construcd0 on and characterization of
reconbi nant virus MA- LAl nef A 648 bp DNA fragnment containing the
entire net gene ofe. H \Adelliastordingtosiainy 4 adgitionally comifn® r om pl asmid DNA (pTGL
166 kindly provided by M-P. Kieny, Transgbne SA., Strasbourg; PCR
priners were 5' -CAG CAGGGATCCATGGGTGGCAAGTGGTCA AMAGT@

and 5' - CAG CAG GGA TC®)ATGAaTexpressionuaciorCatTyingharetspyiral vecisr Pabg%est ed

with restriction endonucl e%ﬁ&nﬁ?ﬁﬂdws&’ﬂhﬂ'ﬁd%ﬂm&bﬂiﬁfdiémbell@mfmatdimore Kl enow

DNA pol ynerase to generate bl unt ends oned into th site of
puUC | t Lzdel P7.5 to rrali%fe'sheeﬂﬁé&'a?dmfé ?“‘L"Zééfﬁmﬁfﬁ%g‘ﬁ'ﬁgﬂ%‘* [Figure

8]. This plasmd could be used to engi neer MA reconbi nant virus that
expresses the nef gene of H V-1 LAI nder._caontr.ol la virus
earlylate pronoter P7.B. on@gﬁngrgprqgeﬁsﬁpgg?t Aing Weﬁpggo\%fﬁﬁﬁ.épl icity
of 0.05 TCI Ds per cell wer epoypeuﬁdéseremmddwrmgenowsafdrmmwwamctmdel
P7.5- LAOnef as descri bed previ -
Benni nk, J. and Mbss, fggg%z%cm ne %p%%%ﬁfhggéﬁgmﬁ%te WA
vi ruses containing t he nef pgweerand transi ently co-expressing the E. coll

LacZmar ker gene were sel ected by consecutive rounds of plaque

purification in CEF cells stained ] . . .
20. The use of cells according to claim 19 for the production of retroviral particles

comprising
a) culturing said cells under suitable conditions, and
b) isolating the retroviral particles.

21. A vaccine containing a recombinant MVA virus according to ciaims 3to 7 ina
physiologically acceptable carrier.

22.  The use of a recombinant MVA virus according to claims 3 to 7 for the
preparation of a vaccine.

23.  The use of a vaccine according to claim 21 for the immunisation of a living animal
body, including a human, comprising inoculation said living animal body, including
a human with the vaccine.

24.  The use of a vaccine according to claim 21 containing MVA-LAlnef for the
prevention or treatment of HIV infection or AlDS.

25. The use of a vaccine according to claim 21 containing MVA-hTYR for the
prevention or treatment of melanomas.
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wi th 5-brono-4-chl oro- 3-i ndol y\—P-b-gatactost-de—~(300 pg/nl). In the

fol | ow ng, r econbi nant M/A g the nef gene and havi ng
del eted the LacZ marker - gen m@mﬁn Wﬁmﬂly t hree additional
consecutive rounds of plaque puki I-on sCreening for non-staining
viral foci in CEF cells in the presence of 5 br ono- 4- chl or o- 3- i ndol yl
P- D- gal act osi dWO(HA59\g/ nl ). Subsequent |y, reconbi nant vir uskRCI/BRH6E2926
anplified by infection of CEF nonol ayerﬁl and the MVA-I At nef viral DNA
was anal yzed by PCR to confirm genetic honogeneity of the virus stock.
Sout hern bl ot analysis of viral DNA confirnmed genetic stability of

MWA- LAl nef and pggci S&bébcﬂ@@&ﬂﬁdsf %Sqﬁkdﬁbﬁﬁﬁ&bhﬁh&imﬁiﬁéﬂtMVAOﬁfsmﬁ?
del etion of the E. coig LacZm @(ﬂ%y%aene at the site of deletion 11 h| n

t he viral genome. Gamgf{o|n pgically. aerqpighle CRTRH ARG A7 SOk GOMPPRE™ was
confirmed by Vestern HDNA samﬁhwmwngaﬁﬁn@bﬁbeb@mmmrﬁ e@krbss
Infected with MWA- LAl nef 8 m)use m)n cl onah @ bodi ?e directed

agai nst H V-11 Net (K ﬁt}w 'I{?BI‘? yséﬂlﬁﬂ'ﬁ Bcri bed by
ovod, V., Lagerstedt thé\twommnentsﬁbemg@onbiueﬂmgﬁmerdipabmatelﬁ , Tatinen, M,
Jung, G, and Krohn, K 11992] AIDS 6, 25-34).

23 2.4. Construction and characterization of reconbi nant virus _M/A-leR
A 1.9 kb DNA fraghentTMsa@fmmginea@osﬁmtoehye%foemmwmmdmlmi;zgaeiinntase

Tyrosi nase c-DNA cl nbtt:]ﬁa
[SK)2/9 :/IEL gf pat i ent S&ggjﬁé"\i}% %%Xt"mm nBﬁgﬁ% g’#\'}graﬂ Van
Pel , A, Wifel, T., Wgudirga l@ansUQ“PPﬁ%a“q:_semﬂ_déPWeﬂt “W@e ither and

Boon, B. (1993), J. Eei.ﬂuuawashsnyﬂo?&mAﬁﬂeﬁ&%u@ﬁgw@w@wﬁoaw he pl asnid
pcDNAI / Amp- Tyr [Wblfel, T., Van Pel, A., Brichard, V., Schneider, J.,

Seliger, B., Meyer zum BGschenfel de, K and Boon, T. (1994)
28.  The use of a recombinant MVA virus according to claims 8 to 9 for the

preparation of a vaccine according to claim 26.
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Eur. J. Immunol 24,759-764] by EcoR digest, nodified by incubation with

Kl enow DNA pol ynerase to generate blunt ends, and cloned into the Smal site
of pUC Il LzZdel P7.5 to nmake the vector pUC 11 LZdel P7.5-TYR [Figure 9].
This plasm d could be used to engi neer MVA reconbi nant virus that expresses
t he human tyrosi nase gene under control of the vaccinia virus early/]|ate
pronmoter P7.5W@sM28s | s infected with MA at a rrultmhmth’%%’“
TG Dl err] per cell were transfected with DNA of plasm d pUC 11 LZdel
P7.5-TYR as descsi bed previously (Sutter, G Watt, L., Foley, P., Bennink,
J. and Moss, B. (1994) Vaccine 12, 1032- 1049) Reconbi nant MVA virus stably
expr essi ng the gene for human Iyr05|nase and transiently co-expressing the
E. "coli LacZ gene was sel ected by consecutive rounds of plaque purification
in CEF cells stained with 5-brono-4-chloro-3-indoyl P-Dgal actoside (300
tg/m). In the follow ng, ;reconbi nant iru Xxpressing the gene
encodi ng human tyrosinaseaﬂggg?ving d t¢d the LacZmar ker gene was

i sol ated by three additional nsecutive reunds|of plaque purification
screering for non-staif@i ng vis f oci |U¥(ﬁEF ¢@lls In the presence of 5-

br omp- 4- chl or 03-i ndol yl [4rr]-D-gal act osidp (éﬁ 4rr/1). Subsequently,
reconbi nant viruses were ‘gnplified by |nfe btionlof CEF nonol ayers, and the
MA- hTYR viral DNA was angdl yzed by PCR to ¢onfifm genetic honogeneity of
the virus stock. Southern fbl ot anaIyS|s/of viral DNA confirmed genetic
stability of MVA-hTYR and {preci sely denonsfrated integration of the

reconmbi nant tyrosinase gerle and deletidn of the E coli LacZmarker gene at
the site of deletion Il wijthin the V|qa| g¢nonme. Efficient expression of
recombi nant human tyr &8i ngse was confjrmed|by Western bl ot ana!y5|s of

protein |lysates from CEF dells Infected mn h MVA-hTYR usi ng bbrt
pol ycl onal anti bodies (kindly providfd Heageng and as‘described
by Ji menez, M, Kl anmeyanma,| K., Ml oy! Tem t a, and rEg, A/ [ 19881

P.N. A S. USA 86, 383- 3834) or nnus%hnnggclonal il d|e$:( ndly provi ded
by L. Add and used as deSGri bed by e YY), pto ng,:S.,
Coplan, K. and Od, L. [11995] P.N/A. S 9p, 598129 Tect éd agai nst
tyrosi nase. o / ]
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(iv) COVPUTER READABLE

Gesundhei t GrbH
(O CTY:
POSTAL CODE

(1) GENERAL
(F

(A) NAME:
Neuher ber g ‘

(E) COUNTRY: GCer many

SEQUENCE LI STI NG
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(B) COWPUTER:
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(C) OPERATI NG SYSTEM
Version *1. 30 (EPO

(iii) NUMBER OF SEQUENCES: 8

(A) MEDI UM TYPE: Fl oppy di sk

use t her eof
SOFTWARE: Patentln Rel ease #1.0,
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(A) APPLI CATI ON NUMBER: DK 0782/ 95
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(2) | NFORMATI ON FOR SEQ I D NO. 1: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 33 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: other nucleic acid (A) DESCRI PTI ON: /[ desc = "DNA-prinmer”
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: CAGCAGGGTA CCCTCATCGT ACAGGACGTT
CTC WO 97/02355 33 PCT/EP96/02926
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25 12) | NFORMATION FOR SEQ I D NO 2: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 42 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY; |inear (1i) MOLECULE
TYPE: other nucleic acid (A) DESCRI PTI ON: /[ desc - "DNA-prinmer”
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: CAGCAGCCCG GGTATTCGAT GATTATTTTT
AACAAAATAA CA WO 97/02355 42 (2) | NFORVATI ON FROWERSEM292$ NO

3: W) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near (i) MOLECULE TYPE: ?t her nucleic acid (A
DESCRI PTI ON: /[ desc = *DNA-prinmer" 4/9
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(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 3: CAGCAGCTGC AGGAATCATC CATTCCACTG

AATAGC 36 (2) INFORMATI ON FOR SEQ I D NO
4: (i) SEQUENCE CHARACTERI STI Cs: (A) LENGTH. 36 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single CD)
TOPOLOGY: |inear (1i1) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTI OMO970238esc = " DNA- pri ner" PCT/EP962926
26 (xi) SEQUENCE DESCRI PTION: SEQ ID NO '4:

5/9
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CAGCAGGCAT GCCGACGAAC AAGAAMCTGT AGCAGA 36

(2) I NFORMVATION FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 33 base pairs (B) TYPE: nucleic acid - (O
STRI ANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE
TYPE: other nucleic acid (A) DESCRIPTION: /desc = "DNA-prinmer"
(xi) SEQUENCE WesST#3ss | ON. SEQ I D No; 5: CAGCAGGTCG Al 26ACTGCC
GCC 33" (2) INFORVATION FOR SEQ I D NO
6: Ci ) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 33 base
pairs (B) TYPE: nucleic acid (C) STRANDENESS: single
(D) TOPOLOGY: Ili near 6/9 :
: 1 2 3
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(ii1) MOLECULE TYPE: other nucleic acid (A) DESCRIPTION: /desc =

" DNA- pri nerw (xi) SEQUENCE DESCRI PTION: SEQ I D NO 6:
GGGGGECTGC AGATGGTAGC GACCGGCGCT CAG 33
(2) I NFORMATION FOR SEQ I D NO. 7: Ci ) SEQUENCE CHARACTERI STI CS:
27 (A) LENGTH: 39 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNEWS® 9702355 e PCT/EP96/02526
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(D TOPOLOGY: |inear (i1) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION. /desc = "DNA-prinmer" (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 7: CAGCAGGGAT CCATGGGTGG CAAGTGGTCA .AAAAGTAGT
39 (2) | NpORMATION FOR SEQ ID NO 8: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 39 base pairs (B) TYPE: nucleic acid éC)
STRANDEDNESS: WORyI0e3ss (D) TOPOLOGY: i near (i | PCRERISO2R2
TYPE: other nucleic acid (A) DESCRIPTION: /desc = "DNA-prinmer"
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 8: CAGCAGGGAT CCATGICAGC AGTTCTTGAA
GTACTCCGG 39 8/9
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Cl ai nB: 1. A reconbi nant NVA virus containing and capabl e of expressing
at |l east one foreign gene inserted at the site of a naturally occurring
deletion within the MVA genone but excluding the naturally occurring
deletion site I1I1. 2. A reconbi nant MVA virus according to claiml
containing and capable of expressing at |east one foreign gene inserted at
the site of daWeem28ssi | within the NVA genone. 3. A r ec SEHERM29A
virus according to clains 1 to 2 wherein the foreign gene codes for a

mar ker, a therapeutic agent or an antigenic determ nant. 4, A

reconbi nant MVA virus according to claim3 wherein the foreign gene codes
for an antigenic determ nant froma pathoggsg c virus, a bacteria, or other
m croorganism or froma parasite, or a tunor cell
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5.

an anci

M/cobact er| a mﬂ

enic determ nant from Pl asnodi uzm F
aﬂ ! “'"“Mnfluenza Vi rus, hepatltl
i mmunodefi ci A reconblnant MVA Vi

clains’4 to 5 whérein {he antlgenlc determnant is H
t yr osi nase. 7- A reconbi nant MWA%i rus according t
MWA- LAl nef or  MWA-hTYR (as herein described) 8.

J

[ U

V Ined) 4,

0 clalm

Vi rus accor ﬁﬁl¥6 claims 1 to 2 wherein the foreign

accor

Aghﬁﬁach '

_A reconblnant MWVA MLLus_accordlng to claim4 wherein the foreign gene

BBl KCHMENT SHEET]
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pol yner ase. I
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9. A

reconbi nant WA vArascemiimaimdiVio vikasnc8nudircing sinkiVAapabpel ofas herein

descri bed).

-

a

naturally occurring deletion within the MVA genome but

excluding the naturally occurring deletion site III.

4

2.

expressing at least one foreign geneé inserted at the site of

A recombinant MVA virus according to claim 1 containing

and capable of expressing at least one foreign gene inserted

at the site of deletion IT within the MVA genome.

3,

wherein the foreign gene codes for

Q

agent or an antigenic determinanc.

4.

A recombinant MVA virus according to claims 1 to 2

marker, a therapeutic

A recombinant MVA virus according to claim 3 wherein

the foreign gene codes for an antigenic determinant from a

pathogenic virus, a bacteria, or other microorganism, or

from a parasite, or a tumor cell.

-

5.

recombinant MVA virus according to claim 4 whersin

the foreign gene codes for an antigenic dererminant from

Plasmodium Falciparum, Mycobacteria, Herpes virus,

virus, hepatiris,

6.

influenza

or human immunodeficiency viruses.

A recombinant MVA virus according .to claims 4 to §

wherein the antigenic determinant is HIV nef or human

tyrosinase.

7.

A recombinant MVA virus according to claim

P

| +]

MVA-LaInef or MVA~hTYR (as hsarein described) .

8.

which is

A recombinant MVA virus according to claims 1 to 2

whersin the foreign gene codes for T7 RNA polymerase.




_ . [DUDT QQ%WV‘ e
10. A. reconbinant MVA virus according to clains 1 tC)E)Rh “%Q:%%Eﬁe;gﬁﬁf
foreign gene is under transcriptional control of the vacgcijnia virus
early/late pronoter P7.5. 11. Reconti nant MA viruses dc 4dﬁﬁb%ﬁ8
clainms 1 to 10 essentially free fromviruses being able replicate in
human cel | s. 12. The use of a reconbiz9ant MVA virus adcording to clarns
to 9 for the transcription of DNA sequences under transcwptiaqnal caontrol
of a T7 RNA p®l ynex asecqioimiesr MVA ¥R rudnacedeatiyat ico ciaimi 8f ebickd by a
reconbi nant MVA virus according to any of clains 1 to TI: H—AecelH——
accor di ng t o Y41 2P} nfaeiRA ?ﬁ?’geﬁgEbhﬁghant MVA Vi r i
clains 8 to 9. 15. A cell according to claim 14 addi t”ﬂmrm "ﬂﬂﬂ ﬂﬂ'bg
one or nore expression vectors carrying one or nore foretgrr genes U
transcriptional control of a T7 RNA pol ynerase pronoter. 16. The use of

cel| s accordiig t0, ¢l al iS, LA 1A RLBIUSLLQMGly thaecRebxgept Lges encoded

by said foreign genes conprising
wherein the foreign gene is under transcriptional control of

AN 200 W bl

the vaccinia virus early/late promorer P7.5.

11. Recombinant MVA viruses according to claims 1 to 10

essentially free from viruses being able to replicate in

human cells.

12. The use of a recombinant MVA virus according to claims
8 to 9 for the transcriprion of DNA sequences under

transcriprional control of a T7 RNA polymerase promoter.

13. An eukaryotic cell infecred by a recombinant MVA virus

according to any of claims 1 to 11.

14. A cell according to claim 13 infected by a racombinanrt

MVA virus according to claims 8 to 9.

-’ 15. A cell according to claim 14 addicionally containing
ona or more expression vectors carrying one or more foreign
genes undsr transcriptional control of a T7 RNA polymerase

promoter.

v
.

16. The use of cells according ro claim 15 for the
production of the polvpeptides encoded by said foreign genes

comprising:

a) culturing said cells under suitable conditions,

and




a) culturing said cells under suitable conditions, h& C ’!3 QH%FT b)
I sol ati ng the pol ypenci des encoded by said foreign-geres : 17. A tef |
according to claim 14 additionally containing expredsijorgyeepotggcalrying
viral genes, and/or a viral vector construct encodi ng {t he genone of | al viral
vect or under transcriptional control of30a T7RNA pol ynmerase—prorot-er 18.
The use of cells accordlng to claim17 for the prodyctiaqn of viral .
particles conprising isSolaging thf Pet Vﬁ@oé%ﬁ%% na&r gran
condi ti ons, an?eneb_ b) isolating the viral particles. 19. A cel
according to claim 14 additionally containing

17. A cell according to claim 14 addicionally containing
exXpression vecrors carrying viral genes, and/or a viral
vector construct encoding the genome of a viral wvector under

transcriptional control of a T7RNA polymerase promoter.

18. The use of‘cells according to claim 17 for the

producction of viral particles comprising:

s a) culturing said cells under suitable conditions,

and -

AT

b) isolating the viral particles.
19. A cell accorxrding to claim 14 additionally containing

a) an expression vector carrying a retroviral vector
construct capable of infecting and directing the
expression in target cells of one or more foreign geanes

carried by said retroviral vector construct, and

b) one or more expression vectors carrying the genes
encoding the polypeptides required for the genome of said
rerroviral vector construct to be packaged under

transcriptional control of a T7 RNA pelymerase promorer.

20. The use of cells according to claim 19 for the

production of rerroviral particles comprising

a) culturing said cells under suitvable conditions,
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Y

an_expLessFGH—vector—Carry|ng a rerroviral vector construct capable. of.
|nfect|ng e expression in target cells of ' CUTET
foreign gk@ﬂg‘ \mﬂ |ﬂal d retroviral vector construct, ..ha‘rbw‘ﬁ I}"L'[
one or |om vectors carrying the genes encodlng tthe polypg%tld&s

required for the_genone of said recrogjral vector construct [t d)HBeidpn i
under transcriptional control of a T7 RNA pol ynerase pronoter. 20 _The ]

use of cells accorgéng Egoigg§ léh%(yéégg%lgaggg%%ﬁ#gié§= rietroviral

particles conprisin ng-sai suitahle
condi tions, and b) |solat|ng the retroviral particles.
21. A vaccine contalnlng a reconbj nant MVA vi rus accord%p%u toclainms 3 to

7 in a physidl-ogfc PFY1RRCEPREDI R A FEFOmbinant MVA $ according

to claims 3 to 7 in a physiologically acceptable carrier.

22. Recombinant MVA virus according to anyone of the

preceding claims 1°'to 9 for use in a vaccins.

23. The use of a vaccine according to claim 21 for the
immunisaction of a living animal body. including a human,

comprising inoculation said living animal body, including a

human, with the vaccine.

24. The use of a vaccine according to claim 21 containing

MVA-LAInef (as herein described)

for the prevention or treatment of HIV infection or AIDS.

25. The use of a vaccine according to claim 21 containing

MVA-hTYR (as herein described)

for ths prevention or treatment of melanomas.

26. A vaccine comprising as a first component a recombinant
haed MVA virus according to claims 8 ro 9 in a physiologically

acceptable carrier, and as a second component a DN2 sequence
carrying an antigenic dererminant under transcriptional
control of a T7 RNA polymerase promoter in a physiologically
acceptable carrier, the two components being containsd

togerther or separately.

27. The use of a vaccine according to claim 26 for the
immunisation of a living animal body, including a human,
comprising inoculation of said living animal body, including
a humzn with the first and second component of the vaccine

:r"“"“"“ et LA e T e Dt e




_22 Reconbi nant MVA virus according to anyone of the p claims 1 to
9 for use in a-vaccine. 23. The use of a vaccine acc _BIPIrm:* ?@""’!K?ﬁ%m e
for the i munisation of a living animl body, includin }ﬁ Ffﬁﬂx,w t.of iﬁ i ng
i nocul ation sai d TTvimg—eni-wal body, including a human, wit 4h the vaccing.
24. The usﬂ!ﬂmﬂ{m ording to claim21l contai. r{g WA AR éa
herei n des 1m ]m Wpr eventi on treatnent off HhM.infection pr
Al DS. 25. ‘Thé& uke '0 cci ne aCCOI‘dFO‘%Ig to claim2]l containing - HTYR
(as herein described) for t he prevention or treatnment—of-felanonmas, ° 26.
A vaccine conprising as a first corrponent a recombi nant MVA virus accordi ng
to clains 8 to 9in a ysiologically acceptable carrier, and as a second
conponent a [f\BAE%ﬁ T3 §an o whthgaammaiegebtr:naﬁingndleé same

transcripti ongho&@IH¢Mn of;@ T7 RNA pol ynerase pronoter in a
physi ol ogi cal |y acceptable carrier, the two conponents being contai ned

t oget her or separatel y 27. The use of a vaccine according to claim 26
for the im nuyg satgn aoé Iving ‘?ﬂﬁl mal body, including a human,
conpri si ng i nocul atl on SaiPd SFEIPREPARE AR MeaYS AReoTding To Mkmimsi t h

the first and s@c@dmmﬁmmpeiatb&w@@% RBecine.
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elthe@\y_arﬁll:'t»a ously or Wwith a tinelag but using the same I nocul ati on

sit

for§t"; e pfép

\lil%e use,of a reconmbi nant MA vi rug agggrgl ng to clainms 1 to 9
ar akg | T4V
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(57) Abstract

Recombinant MVA. viruses containing and capable of expressing foreign genes which is inserted at the site of a naturally occursing
deletion within the MVA genome, and the use of such recombinant MVA viruses for the production of polypeptides, e.g. antigenes or
therapeutic agents, and for the production of recombinant viruses for vaccines, or viral vectors for gene therapy.
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