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1. INTRODUCTION

Genetic immunization for the purpose of stimulating antigen-specific immunity in a
mammalian host, including a human host, is at the core of the present disclosure. This
specification discloses delivery of particulate polynucleotides to the cytoplasm of host

20 target cells, such as antigen presenting cells. These particulate polynucleotides encode an
antigenic protein or antigenic protein fragment which accesses the cytoplasm of the target
cell. Expression of the antigen gene results in antigen-specific immune responses,
including but not limited to, the induction of antigen-specific cytotoxic T-lymphocytes
(CTLs). Cytosolic access of the antigen allows membrane presentation of the antigenic

25 peptide through the endogenous MHC class 1 pathway. Membrane presentation via the
endogenous MHC class I pathway stimulates the induction of antigen-specific CTLs.
Induced antigen-specific CTLs then target and destroy antigen-expressing affected host
cells such as neoplastic cells or virally infected cells.
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Exampies of APCs include macrophages and dendritic cells (including cutaneous
epidermal Langerhans cells, dermal dendritic cells, and dendritic cells resident in lymph
nodes and spieen). -

20 Attempts to induce antigen-specific CTL responses in vivo by immunization with
killed tumor cells, killed virus-infected cells, or component proteins have generally been
unsuccessful, presumably because proteins in the extracellular fluids cannot enter the
cytosol and access the MHC class I presentation pathway.

Genetic immunization possess several attractive features. Several in vivo gene

25 transfer methods result in transgene expression, including retroviral or adenoviral
mediated gene transfer, and direct injection of naked DNA (for a review, see Krishnaw,
et al., 1995, Nature Med. 1: 521-522 and Pardoll, et al., 1995, Immunity 3:165-169.)

Williams, et al. (1991, Proc. Natl. Acad. Sci. USA 88: 2726-2730) showed the
expression of the protein luciferase in intact epidermal cells following biolistic

30 (biobalistic) delivery of the ﬁreﬂy luciferase gene. CTL responses were not addressed in
these studies, nor were specific host cells targeted to generate cell-mediated immune
responses.
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20 587.) have demonstrated that untargeted, nonspecific intramuscular injection of naked
DNA induces antigen-specific CTL responses to viral proteins and protective immunity to
viral challenge. The studies do not disclose targeting of genetic material to APCs for
genetic immunization.

Sun, et al. (1995, Proc. Nari. Acad. Sci. USA 92: 2889-2893) utilized a biolistic

25 (biobalistic) device to produce an anti-tumor response in mice. The authors delivered a

“plasmid construct expressing IL-6 directly to a tumor site in mice. Expression of IL-6
afforded a form of cytokine gene therapy nonspecifically directed at the tumor. Antigen-
specific immunity to tumors was not claimed. Direct targeting of APC cells for genetic
immunization is not disclosed or suggested by Sun, et al.

30 Kundig et al. (1995, Science. 268:1343-1346) demonstrate that protein antigen
localization to the lymphoid organs is critical for the induction of antigen-specific CTL
responses in vivo. Genetic immunization is not addressed.
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they conclude that "it will be important to dissect the mechanisms by which it (naked
DNA) activates immune responses. It is only through these studies that intelligent
20 modifications can be introduced to maximize both qualitatively and quantitatively its

uitimate potency.”

Despite the efforts documented in the above reference material, there remains a
need to develop a genetic immunization protocol which specifically targets cell types
within the host to stimulate antigen-specific CTL mediated immunity and in turn promote

25 direct destruction of specific neoplastic or virally infected cells within the host. The
present invention both addresses and meets this need.
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t herapeutic or prophYhespresent invenridn furthemsaknesao tieRipeutic or prophydictid geaeral i an :
host whi ch conpr,j i very of..a .DNA fragnment i ch encqdes an
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presentation of tiN&ithin th Adliah 46401 e l=N EBEEM host cel |
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conprises deli vevrl_%l of aﬁ‘ggﬁ)gsequence 10 encoding a antigenic protein or
bi ol ogical ly act" &Y‘I"#ﬁ At hereof to a specific target cel |

wi t hin t he Ifammal i anTheqsrésent/inventon aiso rElREd togesere XRinesisaton Witd Partidifutd NA
fragment polynucleotides and inoculation of a mammalian host and subsequent delivery of these
particulate-based transgenic polynucieotides to the cytosol of the target cell. Once within
the confines of the target cell, the particulate polynucleotide expresses a protein or
biologically active fragment thereof whereby an appropriate antigenic peptide fragment is
20 generated and presented to the target cell membrane via the endogenous MHC class 1
pathway. Proper presentation of the antigenic peptide or peptides of interest through the
MHC class I pathway stimutates CTL production and in turn promotes destruction of cells
such as neoplastic cells or virally infected cells.
Therefore, the present invention also relates to in vivo methods of therapeutic or
25 prophylactic genetic immunization of 2 mammalian host which comprises generating a
DNA fragment which expresses an antigenic protein or antigenic protein fragment,
distributing the DNA fragment on a particle surface which results in a particulate
polynucleotide, inoculating the mammalian host with said particulate polynucleotide and
delivering the particulate polynucleotide to the cytoplasm of a target cell of the
. 30 mammalian host so that the expressed antigenic protein or antigenic protein fragment is
presented to the membrane surface of said target cell through the MHC class [ pathway,
. In the present invention it is preferable that the mammalian host be a human.
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circulate throughout the mammalian host, preferably a human host, to destroy neoplastic
20 cells or virally infected cells.

In a specific embodiment of the present invention a mammalian host, preferably a
human, is immunized with a particulate polynucleotide by microprojectile bombardment
inoculation such that the particulate polynucleotide enters the cytoplasm of at least an
appropriate number of host cells, including APCs, in the path of the projectiles as a.direct

25 result of non-specific projectile bombardment. When the skin is bombarded, APCs of the
skin which may be bombarded include, but are not limited to epidermal Langerhans cells,
keratinocytes, or dermal dendritic cells. When the lymphoid tissue is bombarded, APCs
of the lymphoid tissue which may be bombarded include, but are not limited to resident '
dendritic cells, macrophages, stromal cells, T-lymphocytes, or 8-lymphocytes.

30 In another embodiment of the present invention a mammalian host is immunized
with a particulate polynucleotide by direct injection, including but not limited to
subcutaneous injection, epidermal injection, dermal injection, lymphatic injection and
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i ncl udi ng but n8f tumppspegific ansigenic M‘“‘”éﬂbé‘ﬁﬁ&ﬁ%’cﬂ@‘ﬁ‘hj‘%%ﬂ ahavoidingder nal

i nj ection, der MalbstantiaPfdrficRBite trakEiABSN WithiRh6H-APO BelRNd WO
EF;’ZZ{I'} tggg / 15728 In another especially preferred embodiment of the present invention, subcutaneous
20 injection for direct targeting to an APC involves delivery of a particulate polynucleotide
encoding a viral antigen or biologically active fragment thereof. Directed delivery of a
viral antigen encoding particulate polynucleotide in this manner will maximize entry of
viral specific antigenic peptides into the class I pathway as well as avoiding substantial
particulate transiocation within non-APC cells.
25 It will also be known to the skilled artisan that particulates composed of a variety
 of materials including but not limited to gold, iron, and synthetic plastics can access the
phagosome-to-cytosol pathway used to target APCs in this invention.
In another embodiment of the present invention a mammalian host is immunized
by injection, including but not limited to subcutaneous injection, epidermal injection,
30 dermal injection, lymphatic injection and intra venous injection, with syngeneic APCs that
have been antigen loaded in virro by co-incubation with particulate polynucleotide.
Particulate polynucleotides may, for example, enter the APC in vitro by either



-7- » intra venous injection. The particul ate polynucl eotide enters
host cells and is expressed at biologically effective |evels such
that antigenic peptide fragnments are presented to the endogenous MHC
class | pathway and di splayed on the nmenbrane surface of the host

cell. Endogeno t cell nmenbrane presentation pronotes nkﬂﬂ&?ﬁion
of antigen- 5 uinﬁggggific CTLs, which in turn circul ate thr%gghou e
manmal i an host, preferably a human host, to destroy neoplastic cells
or virally infected cells. an especially preferred
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avol di ng su tantl a articu te.translocati qn { n.non- .
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limted to gold, hk ' i " .
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i nj ection arfd i ntif ¥Ryt patigenjcacading polypyciestide, and/on pelynuglertides ¢nigpding a moleculy, 5, ¢
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molecules, Examples of cytokines include but are not limited to IL-12, IL-2, and IL-4.

Examples of costimulatory molecules include but are not limited to CD80 and CD86.

25 Subsequent to entry into APCs, the transgenic antigen encoding polynucleotide is
expressed at biologically effective levels such that antigenic peptide fragments are
processed and presented through the endogenous MHC class I pathway and displayed on
the membrane surface of the APCs. After injection of such APCs, endogenous APC cell
membrane presentation of antigen promotes the induction of antigen-specific CTLs either

30 at the site of injection, or in the lymphoid tissue. Induced antigen-specific CTLs in tum
circulate throughout the mammalian host, preferably a human host, to destroy neoplastic
cells or virally infected cells. Subsequent to entry intc APCs, the transgenic cytokine
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phagosone-t o-cyt osol pathway. Specifically, a manmal i an host is

i mmuni zed with particul ate pol ynucl eotide transfected APCs, such that

the particul ate polynucleotide specifically enters APCs in vitro and the
APCs are inj ecWVOg®711605 into the host. Subsequent to uptakePElUSEET28¢t he
transgeni ¢ pol ynucl eotide is expressed 5 at biologically effective

| evel s such that antigenic peptide fragment$ are processed and

present ed thr oughgfop asaaqﬁam&i,g&%maé is&%ﬁga@vm%@%sggeéﬁyg@@% 198t he
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anot her enbodi nent  of th‘gﬂfr sent invention a mamualian host is | nfmuni zed
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by injection, intluft P i mited to subcutaneous injection,
epi der mal injection, It will also belbnavenl toithe) skitled atisan| thavpiixius Cecombifdht vetorafmgy | Nt T a

venous injectio | L Gra éF’ AFz\VA transf.ected in
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APCs are then inj ectgdﬁpﬁ?gﬁ?‘ﬁgk ) _lﬁ&)%‘%ﬁﬂ&gﬁii&?ﬁ a?déﬂnﬁglf}ér?u%?{e}%pioges
may, for exanpl e‘%“‘éfﬁ‘@r‘"‘tlwgl\lﬂﬁ nohlirpited;te bene regriocand peripheral blopd; apgthey saidt i | e
borbar dnent or t ARC{an §6 safipulied MRS ld healrei@dducddihd s&l Rod! ansfected 20
in vitro wth anti geﬁ.encotgl ngfﬁgl énucj eot.i de and/ or pol Xnucl eot i des
encoding a ol ecul e 1530 0B Pt wenhpR W’?‘H@‘r‘@%fggg G PfPrepyiagticency of
t he anti gen pr esgsatticrigpmupizaion ageinsf nepplastic cells. APC. Such nol ecul es incl ude
but are notyd imted | i nul. ry . nol ecul.es. .
Exanpl es of lslcyt oki negtqls %@ge@ﬁ? ngg&%zlk ,,,{J%-'n#]%‘% goo‘yr?vddﬁ thergpputiq g_gephaﬁgnq L- 4.
Exanpl es of costﬂenﬂkémmuyimnemseﬁrﬂ inféctiors. but are not limted to CD80 and
CD86. 25  Subsequeftis bPot§it b¥/thk B &gm&&ﬁ?& t&%{@ﬁgg@% MM B5Ra%eg0di N9

pol ynucl eotide is . expresse t brologicall ective level's such
that antigenic pBjemalian heshpreiambly ahuman, by targeting particuasel pelynucisetisesenceding

through the endagmtodictidn@ntgen genck tdRdshidune Bélis FivoRed QitingacTL the
menbr ane suiof ace of the APCs. After injection of such APCs, endogenous APC

cel | menBIPane: presentation of antigen pronotes the induction of
anti gen-specific CTLR iea btgect 8f0the preseint inkention foeprovide o} Henkticihmization of e

| ynphoi d ti ssue. n&ﬂmﬂﬁﬁﬂo&rﬁr&&%ﬁ} %%%%,Ib% tacr:g %g Ipirilni;[:\{fartg polynucleotides encoding
tumor rejection antigen genes to host antigen presenting cells localized within or capable
of trafficking to host lymphoid tissue so as to generate a CTL response.

25 It is an object of the present invention to provide for genetic immunization of a
mammalian host, preferably a human, by targeting particulate polynucleotides encoding
viral genes to host immune cells involved in generating a CTL response against the
specific viral infection.

1t is an object of the present invention to provide for genetic immunization of a

30 mammalian host, preferably a human, by targeting particulate polynucleotides encoding
viral genes to host antigen presenting cells localized within host lymphoid tissue so as to
generate a CTL response.



circul ate throughout the manmmal i an host, preferably a human host, to

destroy neopl astic cells or vitally infected cells. Subsequent to
entry into APCs, the transgenic cytokine WO 97/ 11605
PCT/ US96/ 15728 - 9-

and/ or costi rruI at or & encodi ng pol ynucl eotide is expressed atpchigbidrizd! | Y
ef fective | evMQI11605 such that the antigen presenting function of the
APC results in the i nduction of antigen speci fic i mmune responses
either at the site of the injection, or in ltOhe Iyrrph0|d tissue.

It wll also be known to the gkpRisgDESER JRESeot i des can be
precipitated 5 onto particul at es corrposed of a vari ety of materials

i ncluding but not limted to gold, iron, and synthetic plastics.
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ease of handl i nganti-OVA + X apd asmdxbatpé@nmhcr OlﬁanSfecmd (squargs) OWﬂtﬂaﬂ%S@leﬂnovm to
the skilled arti ﬂﬁ'ﬂu
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and that said exogenous/ Q8- pmdeSHNﬁﬁKLwlﬂnMsldﬂsmPer@O%Gl thé 90, J.
reintroduced i “t&ngﬁbzdd‘@@é-su After 18hrs mcubauoﬁtsubénﬁﬁtsqur@ﬁirvéifedtaﬁ@aﬁy%ent

i nvention to provi i her apeu ic or pro e
i nuni zat i on agafon &2 yeag thy dadicator ggl} e l%? (Rock, et al., 1p%0. r’s”’gfﬂﬁ‘f’hé?s ‘SOFELD- of
the present g Nveg)ig18 ahdme 'CWA-Shstetied aibelohd MOA! (B EPNrdaRé OVA transfected ELA

t t I f ect
obj ct “of "the. pr 8bORRe B c VA FEEHISR Y 0P Brepssri umars yantes seriiendy
manmal i an host, ¢nhafced Bpthy pecsénwnnexomoﬁmmmgmpwassawhm

p0| ynucl eot des encogg §u9e 2 shows v.Ii_nat bWéx&EFEJ.@W tRQB%&énngQ%% 184 B&%tnot

i mmune cells involve n generati
is an obj ect of significaniis effect mmmmmm&h 1or best slévlv%rfollgyﬁsttwat’ﬁ qhalienee: Miron

of a chﬁlenébﬁtwnh%& %lﬁﬂk)yorq;lhléﬁﬁﬁes ¥/ x 16 H&sd, 1 Y. Patetat Uhial ©

polynucleotldes enc rejectlon antigen genes to host

antigen presenti ﬂ@f‘ké)eIT@“qfét?&Klflﬁ'Eﬁzﬁk ‘t"?ﬁ gysegied 3x%/yag)f and is reported ag the,averpgs ¢\ g
to host |ynphoi dujfric 58 irf Quae milinBRAAINA! Me firstddath KBNPASR each group. Survival

(Figure 2B) is recorded as the percentage of surviving animals. All experiments included

5 mice/group and were repeated at least three times. Mice becoming moribund were
20 sacrificed.

Figure 3 shows that immunization by cutaneous delivery of OVA encoding DNA
induces OVA-specific CTLs and antigen-specific, CTL mediated protection from lethal
challenge with the OVA expfessing melanoma MO4. In virro restimulated splenocytes
from OVA-immunized (genetically immunized as described in Example Section 7) mice

25 were assayed for cytolytic function against the OV A-transfected lymphoma EG7 (closed
squares) or the untransfected parent EL4 (open triangles) (A). Effector populations were
incubated with complement alone (open squares) or with mAbs against CD4*(closed_
triangles), CD8* (open circles), or Thyl.2* (closed circles) lymphocytes and
complement, then assayed for cytolytic activity against EG7 targets (B). In C-F, mice

30 were genetically immunized with OVA (closed squares) or lacZ (open squares) and
boosted 7 days later. Groups of immunized mice were challenged 7 days after the final
immunization (day 0) with either the B16 melanoma (D), or the OVA-expressing subclone



25 . It is an object of the present invention to provide for genetic
I muni zation of a manmal i an_host, preferably a human, by targeting
particul at e pol ynucl eoti des encodi ng viral genes to host immune
cells involved in generating a CTL response agai nst the specific
viral infection. It is an object of the present invention to
provi de for geWe%78160%muni zati on of a 30 manmal i an host, PCEAUSYsASI2E a
human, by targeting particul ate pol ynucl eoti des encodi ng vi ral
genes to host antigen presenting cells |ocalj-zed within host |ynphoid

tissue so as to enerate a CIL response. WO 97/ 11605
PCT/ US96/ 15728 MO4 (C). Alematively, immunized mice were divided into 2 groups, one of whigh was

4. BRI EF DESCRI REbIaHd OF CDBIE lyniphbddyed by i.p. mbecuon of anti-CDE infA Bank 55&}!"5&3 the

functional pres on_of o e.tr fected
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RF33.70 5 ( cafter thefiast itinanizdtion 4dagl 0) Indth IMOK. c Sireitlal was beponed astthepidenge d

t t | t
(open symool’s) oSSRl €8y GRS 7ok e B o' S o b .
OVA- peptide SI| NFEme(lmengmnlhqedaSsmdewrgmcknq Reckrepeeted af least 3 G805, M.ce that
| munol . 45: 804- eméiﬁuﬁézwlﬁ%du%i: &gﬁlg %{"Pif’ﬂa n3s Were harvested
e 1 nditator

and assayed usin 2 (Rock, et
al ., 1990, J. |mmnoflzumshogemam;en pregenting cal)s iMemalize dnd expreSy/Partiquistss f ect ed

subel one M. ( Bjolymudectiael, bkiproddds dnbi SRSErE HeQSlprEdséh antigen throf tﬁﬂ?cﬁ%x VA

presentati o), by the OVA-t ransfected tunors was not Si gni fican

enhanced by he FHBEsHRIECsTNERaNaY o RRendsite Qplfsiyers prepased @s@&?”%ﬂﬂqﬂaw
Figure 2 shows tdelit ofQyifipivicipesma icalturing obéiRighit i REMI i16400supRbmdhtsabwiti o RHTSS not

chall enge. M e tEuamifh, W@k R 2 15 R4 el iR b BTy, Rleer bl
(5 x 10[ err]/ nouenedayil af 2,5 %10 sellstveelll, withi GM-CSF (10°U/mf, ISxynias;:L. LauismvMOYp artie
(Figure 2A) was gasfrshes (%/‘ﬁﬁ,%n%,'én&ﬂ@é&f LF;S afid lotoge?y SNEEALEs were
15 harvested on day 8. By flow cytometric analysis, these dendritic cells expressed CD4S,
CD44, CD!1b (Mac-1), CD18, CD80, cD86 and class I and class II MHC antigens,
Dendritic cells were pulsed 2hrs at 37°C with or without OVA peptide (20ng/ml) +
B82-microglobin (82-M, 10ul/mi, human, Sigma) in reduced serum media (Optimen,
Gibco, Grand Island, NY). Cells were then washed extensively, resuspended in PBS and
20 irradiated (2000 rad) before injection into naive mice. The indicated number of bone
marrow derived dendritic APCs were cocultured with OVA-encoding particulate
polynucleotides prepared as described in Example Section 7 (S0ul/ml/10° cells of 7mg/ml
particulates) using either Fe beads (closed squares) or gold beads (closed circles) as the
particulate substrate or soluble OVA protein (2mg/ml) (open squares) for 24hrs., washed,
25 and then the indicated number of APCs were co-cultured in microcultures with the T-cell
hybridoma RF33.70 (anti-OVA+ K*). After 18hrs incubation, supernatants were
harvested and assayed for IL-2 using the indicator cell line HT2 (Rock, et al., 1990, J.
Immunol. 145: 804-811).
Figure 5 shows a comparison of particulate polynucleotide immunization
30 administered by biolistic (biobalistic) or subcutaneous injection. Groups of 5 C57Bl/6
mice were immunized, boosted on day 7, and then challenged by intradermal injection of
5 x 10° MOS tumor cells in each flank 7 days after boosting. Immunizations consisted




tumor area in square millineters until the first death occurred in each
group. Survival (Figure 2B) is recorded as the percentage of
surviving animals. Al experinments included 5 mce/ group and were
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Survival was reported as the percentage of surviving animals. All experiments included 5
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ous

guidelines.



10 restricted processing pathway. Dendritic cells were prepared by

depl eti ng bone marrow cells of Iynphocytes and cul turing overnight
in RPM 1640 suppl emented w th 10%-CS, L-gl utam ne, antibiotics and
2-ME in 24 well plates at 10[err] cells/well. Cells were repleted

on day 1 at 2.5 x 10[err] cells/well with GWCSF (10[err]U M, Sigma, St.
Louis, MO an®09711605 nurine rliL-4 (10[err]U m, Genzyme, ®@GHISOeIa28 \p)
and | oosely adherent cells were 15 harvested on day 8. By flow
cytonetric analysis, these dendritic cell sl3expressed CD45, CDerr],
CD11b (Mac-1), CD18, CD80, cD86 and cl ass I and class |l _MHC anti gens.
Dendritic cells were pul sdd A ACRIPTION OF THEINVENTION ovA pept i de
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cell's of 7ng/ 1o result in targeticelliexpression of anaitigepicproleinror Artigonia grotein fragmuegit for
squares) or gol Q'Fﬁ.ﬂ 1 ticulate
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washed, 25 and t S wsadHerein, dlecteRme (panighiie polyrucieptide” may &eferdo amitigvlale i n

m crocul tures Wnide fidnf mamRif Including but nohﬁﬁidd@ﬁ&d Rﬁ)ﬁ?’aﬁosyﬁlﬁ&fc' dstiat Klerr]).

Af ter 18hrs | ncubat i gn, supernatants vestgxd and assayed for
IL-2 usingl% he Y’mgl‘ Ichquﬁ%amaPﬂbﬁf@N%tfmﬁ’f‘ms agdigtined jn
| munol . 145: Figure 5 shows a corrparl son of

particul ate ponnuc otlde z n.30 . adm tered b|oJ|st|c

(bi obal i stic) or subﬁ P&FF@&[?%“& gilaﬁ 3%““'@’%‘8 E’&ﬁ@f‘ munizaton i ce
wer e | _m’runl zed, ofmmsnmalmnmosﬂammﬁ commteiduhmhat Delmgmubyt to attarget ceirmithin

| nj ection Of e mammalidh thil] BBt he! B fefdled \ifhuCiie arkd 84 adg days after

boosti ng. Innunlzatlons consi ste
PCT/ US96/ 15728 subsequent presentation of a recombinant antigenic peptide(s) within the target cell soas

of: (A [err]- Q%Isuaﬂﬁe%me&aaeahﬁmxﬂ?q;mkamhmtbm prepared and

delivered by biolistic Istic) adm nistration as described in
Exanpl e Section 7; (Tgt[' Proseat invention Ffﬁ‘ er relates o therapeutic or prophylactic genetic

immumzauon of a2 mammalian host which comprises delivery of a DNA fragment

encoding a protein or biologically active fragment thereof to a specific target cell within
20 the mammalian host. Antigenic peptides expressed from the DNA sequence are specific
to an affected cell such as a neoplastic cell or virally infected cell. Antigen specific CTL
production is stimulated, thereby promoting destruction of target cells such as neoplastic
cells and virally infected cells.
The present invention discloses genetic immunization xnethods for treatment or
25 prevention of tumors or viral infections. Cytotoxic-T-cells are a significant component of
the immune response to tumors and viral infections. Cytotoxic-T-cells kill neoplastic
cells or virus-infected cells through the recognition of antigenic peptides presented by
MHC class I molecules on the surface of the tumor target. These peptides are derived
from tumor antigens that are synthesized by the affected cell and degraded in the cytosol.
30 Attempts to induce tumor-specific CTL responses in vivo by immunization with killed
tumor ceils or component proteins have generally been unsuccessful, presumably because
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(bi obalistic) adm nistration as described in Exanple Section 7; (O
an excess quantity of OVA encoding 5 pol ynucl eoti de w thout particul ates
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% of ani mal s tunor free in each grou&hSO days after tunor chall enge.
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chal | enge by OVA- . expressi ng nel anona err], Goups of 5 C57B1/6
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consi sted of ei tiBPar “Eﬁbﬁ?%;]ﬂ%‘gégﬁ%g?m"gr xlagg‘uﬁgbfz‘gwlﬂg{;‘e?fﬂg‘guéggzﬁgﬁh?g; t he
irrel eviant $5 I pastities gy 4 ?Nga‘ragakmardh' fefred wmfoagwo}xflthnfsp&ifg:édﬁdln as

rti t tion L < . PBS) .per - ind | .
b ot oraf | . (opREeRE ety ' el B mpppetl i
cont ai ni ng the DNA fappentor peoteirt of iswgrestua paticulae j sugh af codied\beads megdld or

| d . . . . i LI .
Col 1571 0oL or 11 it e prblin 9 Bbiopicaly acund gl SBEpSH RN b Srosai
Survival was repeliveauwithin mmmdbngmpmwé protein, Prriyoteini fraament specific to the
exper i ment o NClAdGE call Hrbvides HsihBirdte for Qererbiing M &ftigbrhitOpephi®ls) 16 mmm%v\}ger e

sacrificed according to aninmal care ui del'i nes. . .
97/ 11605 T-lymphocytes via the endogenous MHC class'1 pathway. Appropriate presentation of the

PCT/ US96/ 15728 amigenic peptide or peEpﬁdes of interest through the MHC class I pathway stimulare KSFL
5. DETAI LED DESCRI THE | used herein, the

Tl NVENTI ON As
term nmamal i an HS m‘ﬁ"ﬁﬂ%ﬂ@? W@%‘éyg‘%‘f“%ﬁé"'ﬁﬁffﬁ% cell. ki ngdom
i ncl udi ng but not | i The gresehtintentiomis lbased g the premise that a DNA fragmers expréssingan,
the term™ fr ] ] ucl eqt | ' r
DA or | RNA D (RS Scio e €Ik Cor ik st ok S1F EALR koot rhay be Bhidid
sequences o aspacificicell s ps o profagte the cascady OF eveats Suimiatingin (KL -madijted

protei n or anti gRRkGive ipfoR iMmbrifd "R this'ehd, the present ifRhfion BEREANRIBIRASENT at | ON
via the endogenous MHC C ass | %at hway ., ) )
CTL-mediated immunity by transfecting a target host cell with 2 DNA construct in -

particulate form which encodes an antigenic protein. The immunizing protein is produced
20 intracellularly and hence has access to the MHC class 1 restricted presentation pathway.
Naturally processed epitopes result, and the transfected ceils may produce the immunizing
protein for several days, potentially facilitating more intense immunogenic stimulation.
In a specific embodiment of the present invention a mammalian host is immunized
with a particulate polynucleotide by a microprojectile bombardment device such that the
25 particulate polynucleotide enters the cytoplasm of at least an appropriate number of host
cells, preferably including but not necessarily limited to APCs, in the path of the
projectiles as a direct result of non-specific projectile bombardment. When the skin is
bombarded, APCs of the skin which may be bombarded include, but are not limited to
epidermal Langerhans cells, keratinocytes, or dermal dendritic cells. When the lymphoid
30 tissue is bombarded, APCs of the lymphoid tissue which may be bombarded include, but
are not limited to resident dendritic cells, macrophages, stromal cells, T-lymphocytes, or
B-lymphocytes. The transgenic polynucleotide is expressed at biologically effective levels



As used herein, the term"particul ate pol ynucl eotide"” may refer to a

particul ate made frommaterials including but not |limted to gold.
iron,” and synthetic plastics 10 wherein the particle conprises a
popul ati on of DNA fragnents as defined in the precedi ng par agr aph.

The present invention relates to therapeutic or prophylactic genetic

I mruni zati on WOM1IS a manmal i an host which conprises del i PETASHFI5Z28DNA
fragnent to a target cell within t he manmal i an host, expression of
the DNA fragnment within the target cell, ans. 15 subsequent presentation
of a reconbi nant antigenic peptide(s) within the target cell so as

to stinulate cePychihagantisenic pepida-fragments arecnregessechand mirgsgntedothraygh Fhe endogenous

The present invefHe elssi1aihey adispla§ dr0ihé hiemBRR S kEceQr uly ARPYHRCE I C.
genetic a mamal i an host which conprises delivery

| ni zation_ of : { ) :
of a DNA f ragm&*ﬁ:‘f"ggg‘lil“m‘$ Ai’céal:ﬁ‘a‘i""@"%’ﬁeﬁf?%“r?fa?“gﬁ’? BeBigies teigdustion af o
fragnent t her eofntigen-gpesifie CTLS ithenit i sitg @F borlatdrent, 3Pafter alTRKIAE BNBInbailed OSt .
on afr ect el pol P8 SEHHELERIER it ndbEed ATyeR SPRE R LR o St pphon
Ant i gen speci fi the@Rmmalian host, ppafeyably 8 haman ipsts ta destkayt redplastib eeiislvy vizsliynot | ng
destruction of Exﬁ&%tcel?s?l | s such as neopl astic cells and virally

i nfected cells. The present invention discloses genetic
i mruni zati on et hodsA mammaliantostanay berimp®nized withea/particulate polynticlentidgbya vi r al

i nfections. Cyt gfofisticqvidbaliftic) &eliRér§ pPocedudd ivkch Bt the e Riyribleotide the

I mmune response to _tunors and vifal infections. totoxic-T-cells kill
neopl asti ci0  specifically egteps hogticelisg incliiog ARG s.clBtopgh te phaggiemetiecylesebepiwayon of
anti geni c pept i @edicylite peliiueidotids enter host celldihroGdhak® pHlagsiometd tyRdsolatiwag
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cytosol . 30  Assuenhs, potidulkyiynieleaidesspaycantet the GihphbidsnreRReriby ditest0 by
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PCT/ US96/ 13¥28 lymphoid tissue, or by trafficking of host cells which have taken-up particulate - 14-
pr ot ﬁxh gsci nt hle pSlhicRREEdel t4l 1BE lykiphdid Hissi@N Sftiseqbth B upedkE v§ ¥bQ2ALs, ARYraRGERS S
polynucleotide is expressed at biologically effective levels such that antigenic peptide
fragments are processed and presented through the endogenous MHC class I pathway and
displayed on the membrane surface of the host APCs. Endogenous APC cell membrane
20 presentation of antigen promotes the induction of antigen-specific CTLs either at the site
of bombardment, or in the iymphoid tissue. Induced antigen-specific CTLs in turn
circulate throughout the mammalian host, preferably a human host, to destroy neoplastic
cells or virally infected cells.
In another embodiment of the present invention a mammalian host is immunized
25 with a particulate polynucleotide by direct injection, including but not limited to
subcutaneous injection, epidermal injection, dermal injection, lymphatic injection and
intra venous injection. The particulate polynucleotide enters host cells and is expressed at
biologically effective levels such that antigenic peptide fragments are presented to the
endogenous MHC class I pathway and displayed on the membrane surface of the host
30 cell. Endogenous target cell membrane presentation promotes the induction of antigen-
specific CTLs, which in turn circulate throughout the mammalian host, preferably a
human host, to destroy neoplastic cells or virally infected cells.



pr esent at.i on pat hway. A specific enbodi nent of the present
invention relates to genetic inmunization with particles containing
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containing a DNA fragnent are .referred to throughout this specification as
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i nvention a rramwthtuuﬂmuhmshnamahmm peeferably a human\tiobthtoadegtenytrieoplisit eells or
pol ynucl eot jde projectile bonbardnent device such that the 25
101 iy Shteategy |
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nunber of host In anntlier specific embodirieny of Wie preskinhipvéntion a oemmatianshostis | v

limted to Apcsmdrﬁhnﬁzlaﬁ wﬁlﬁta'baﬁt:ulitbﬁolynucleoude b?rd@de&%ﬁénﬁl? 1ﬁeﬁldﬁxgcﬂuf ﬁ&thnﬁﬁ@m t
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bi ol ogically effective
limited to endosomal membrane fusion proteins such as the viral HA protein or the

listerolysin protein). Particulate polynucieotides enter host cells through the phagosome-
25 to-cytosol pathway either at the injection site or after trafficking to the lymphoid tissue.
Thus, particulate polynucleotides may enter the lymphoid tissue either by direct
trafficking of the particulates to the lymphoid lissue with subsequent uptake by cells m the
lymphoid tissue, or by trafficking of host cells which have taken-up particulate
polynucleotides to the lymphoid tissue. Subsequent to uptake by host cells, the transgenic
30 polynucleotide is expressed at biologically effective levels such that antigenic peptide
fragments are processed and presented through the endogenous MHC class I pathway and
displayed on the membrane surface of the host APCs. Endogenous APC cell membrane
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such that antigenic peptide fragnents are processed and presented through

t he endogenous MHC cl ass | pathway and di spl ayed on t he nmenbrane
surface of the APC cells. Endogenous APC cel |l nenbrane presentation
of antigen prowotsasiehe i nduction of anti gen-speci f i ECUUB%/18128her
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di spl ayed on the nbrane sur f Endog us, APC cel |
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ant i gen-speci f i crafslectingethé benibumin ¢0VA)JPehecinto the C57B106 denisedomelaenatB160Thisn t he
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t hr oughout the ﬁglr#r'a#% ‘ﬁjgtgé&g%r'% erap! 51) %t%lr?aﬁel#éé‘?,'s ?"o"‘é‘é‘%'t’é’é)%&ﬂw

neopl asti c 15 murinmmos (%)rin\?thmwh Fharagtetistigs enl thesastasis of this tumor line are well

anot her enbodi n%c%#h&@(g‘ H‘Na‘igt\k@ gn TRk 2 Riihcelifiad MMUNI Zed
I rect

25 with a particulate po ynuc eot| I nj ection, |ncI udi ng but

not limted to Processing Nﬂm!md‘ﬁé)‘ﬂ‘n}"e‘bﬁ 6??1’6@5?‘5&?%“ rip dericesr thejer nal
i njection, |ynphaichie bfth® Sfobddied Paslide, presented inHsfoRiaNANGIEMHYU &4k TRM, s The

articulate ol ynucl eoti d et rs.host cells_a |s ex
D bt el T "ot KPRt Jer e Einionch sxpression P BYhks %e?ﬁ'i'gwgdt'g are
present ed 20 t hassociation withdHKOWIng ulte T4HGybfidoae 3. maﬁltmpm"drwq&amm on
th nb t 30 I

orane. oo Su % on %ro H&'S aﬁ l aUcce k“%ﬁg%%gnwﬁ 6&49&249%@;‘) cific

merbr ane presenta mot es’
CTLs, which in ﬂmhxquesrmﬂaiﬂaemhwamgluamwtwmmcahsindhtssymetirealwly a

human host , to %ﬁtdés%)éb&e(%kﬁ,s&ia‘i, 95‘2{8', %el?§4:“)7'}.%§)}’ infected cells.
One embodiment of the present invention is immunization with particulate
25 polynucleotide of interest using a biolistic (biobalistic) device. Specifically, a mammalian
host is immunized with a particulate polynucleotide by a biolistic (biobalistic) procedure
such that the particulate polynucleotide delivery prompts a series of biological events
within the transfected cells so as to elicit protective immunity to lethal tumor challenge.
The present invention is exempliﬁed severalfold by cutaneous antigen delivery using a
30 biolistic (biobalistic) device. First, introduction of particulate polynucleotides encoding
the foreign protein 8-Gal results in the expression of 8-Gal protein in both the epidermis
and in the draining lymph nodes. Second, OVA immunization results in the induction of
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e conposition.of the particulate polynucleotide i s designed to .
el ude” spect £ YD IBEaR IR FrBesmledAmiroos s Fprtsat L bforsa Greguve
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In a preferred embodiment of the present invention the target cell of 2 mammalian
20 host immunized with a particulate polynucleotide by direct injection is a phagocytic APC.
The transgenic polynuclectide is expressed at biologically effective levels such that
antigenic peptide fragments are presented to the endogenous MHC class I pathway and
displayed on the membrane surface of the APC cell. APC cell membrane presentation
promotes the induction of antigen specific CTLs, which in turn circulate throughout the
25 mammalian host, preferably a human host, to destroy neoplastic cells or virally infected
cells.

In a preferred embodiment the particulate polynucleotide is delivered to a human
host by subcutaneous injection. The present invention discloses that direct injection of the
particulate polynucleotide complex results in targeted delivery to phagocytic APCs and

30 gene expression in the lymphoid tissue. It is this targeted delivery to phagocytic APCs
and/or gene expression in the lymphoid tissue via subcutaneous administration which

results in superior induction of antigen-specific CTLs from naive precursors.
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characterlstlcs and ne asis o I St unor
characteri 28d, dinlogicdlly effestiveiavels suehsthat amigeniccheptidn dagmentyare processeltiaad

intracel | ul ar presenteﬁﬂﬁﬁﬁﬁé BitoBduP NIRRT bathw turagfanpd@%lh toh%e@ﬁgn%@

nouse i s known. partlcul ar the struc rocessed

pepti de, pr esent‘éﬁa"Fﬁ %s@&satﬁfﬁh“\m‘t‘?ﬂ i JechoABiGss endogenaysy APC pejl membrane | nown.
Assays for the fpiaediationaf atiel frombrehe indadivh R Mugedgrdificl el éitleRkt e i

of injection, or in the lymphoid tissue. Induced antigen-specific CTLs in turn circulate
20 throughout the mammalian host, preferably a human host, to destroy cells or virally
infected cells.

In another specific embodiment of the present invention a mammalian host
is immunized by injection, including but not limited to subcutaneous injection, epidermal
injection, dermal injection, Iymphatic injection and intra venous injection, with syngeneic

25 APCs that have been antigen loaded in vitro by co-incubation with particulate
polynucleotide. Specifically, syngeneic APCs are transfected in vitro by co-incubation
with particulate polynucleotides such that the particulate polynucleotide enters the APCs
through a phagosome-to-cytosol pathway. A mammalian host is immunized with
particulate polynucleotide transfected APCs, such that the particulate polynucleotide

30 specifically enters APCs through the phagosome-to-cytosol pathway and the APCs are
then injected into the host. Subsequent to uptake by APCs the transgenic polynucleotide
is expressed at biologically effective levels such that antigenic peptide fragments are



20 association with H2-Klerr] using the T-T hybridoma 33.70. Al
anti-OVA-Klerr] are al so known (Kovacovi cs- Bankowski, et al., 1993,
Proc. Natl. Acad. Sci. USA. 90: 4942-4946). Techni ques to eval uate
in vivo induction of OVA specific CTLs in this systemare al so wel |
descri bed (M al ., 1988, Cell 54: 777-785).

enbodi nent ofgﬁﬁgwﬁégsent I nvention is imunization with par ICJ?0?9%§5

pol ynucl eoti de of interest using a biolistic (biobalistic) device.
Specifically, a manmalian host i s P¥nuni zed with a particul ate

I | eotid t gt th
pol ynuct ot i de piediselllafd breleha (rbbyahot: R ledpe R0 SEE ifss pathway anddilickd G { Ne

particul ate pol npts a series of biological events

wi thi n the tranthe Sembemne syrfage @fdheaég% éft@rdmpcqopsf aich APEs, epdogenous ARE ¢ellt hal
tumor chal | engemembrane dpmimnmfeﬁ@eﬁ pfoa%&emeqmub&n@f h&;seeﬂhcm%akefr old

by cut aneous anti Lvery usin biolistic listic) device.
First, introducft 3"51°f H&?"’P?’b @F é&‘@e B&Wﬂﬁ&F‘éﬁt F‘Hé%"'déﬁ%ﬂrﬂ?ﬁ‘ﬁc CTLs in turh o
L or ﬁi gﬂ pr g SI Nciktulate thfo&guhm:a tnamfnhl&nh ngﬁ[ ﬁ«@mryl d)ﬁun%aﬁrhbﬂcti, tGEiiesStﬂ:Sy mgg\/ n
oth the epiderps i.n the draining | ynph nodes. Second, A
S g viry infecind |

| mruni zation re tion of WO 97/ 11605

PCT/ US96/ 15728 In another speclﬁc embodiment of the present mvennon a mammalian host is 18-
OVA-speci fic CT, .

OVA- i mmuni zed alrll?mrr%@h 5? injes E&@g?&( °$t41 &Fr‘éu}) Q’c A e%olugm%aaﬁ ehﬁ%‘"ﬂ
expressi ng mlectlmﬂrmahmmnaiyﬂmmtg injection aad rema venousiniegion, witk syngénsicand
dependent @i CThcs fdf 4406 b&PR aRtigen loaded m LhR ﬂiﬁ&bﬁi&'p‘éfﬂ\&&&h@ SsRbifitAy! i on
goes beyond a generalized cutaneous delivery particulate

pol ynucl eot i desS¥Beneis ARG are;Franstered Biure with e'}cr%%%' bW&‘F@a’& ,of APCs jwithc
targeting mmaa@aawm:ﬁeﬁwsﬁw & projeétildmbAidieRSiiloQXPCs) theh €

L g kg s arureeb el fie SR it g o
i nvention that pépide &hgmtntswé protessed afxhprgseated tirougPthe enpapendus MHC ylass T APC
whi ch T o 9621 gl dol et L BERTutfhe of 1S ABIPOOD RS0 6

| n anot her "enbo resen I NVen |on a mamal’

i muni zed APgst wdegemtﬁl’&ﬂeumnmny Rresdntation q%anbgenmwws the, ndugtion af
i ncl uding but NQhglh el C1is cither at he HRH SGARGH or i hE HodpRbia Rl I Tidida
i njection, dermal 1njectio | ynphatic injection and Intra venous
injection. The PRUgEaSRERINE Ca’&ﬁwm Grspiatg hipughayt she-mammalisn hostoprefsrably|a v
effective human host, to destroy neoplastic cells or virally infected cells.

20 In another embodiment of the present invention a mammalian host is immunized

by injection, including but not limited to subcutaneous injection, epidermal injection,
dermal injection, lymphatic injection and intra venous injection, with syngeneic APCs that
have been transfected in vitro with particulate polynucleotide. Specifically, a mammalian
host is immunized with particulate polynucleotide transfected APCs, such that the

25 particulate polynucleotide enters APCs in vitro and the APCs are injected into the host.
Particulate polynucleotides enter APCs in vitro by either microprojectile bombardment or
the phagosome-to-cytosol pathway. APCs are transfected in vitro with antigen encoding
polynucleotides and/or polynucleotides encoding a molecule or molecules which increase
the efficiency of the antigen presenting function of the APC, such as, but not limited to,

30 cytokine molecules such as IL-12, IL-2, and/or IL-4 and/or costimulatory molecules' such
as CD80 and/or CD86. Subsequent to entry into APCs, the transgenic antigen encoding
polynucleotides is expressed at biologically effective levels such that antigenic peptide



| evel s such that antigenic peptide fragments are processed and presented

t hrough the 15 endogenous MHC class | pathway, and displayed_on the.
menbrane surface of the target cell s. Endogenous APC cell menbrane
presentation pronotes the induction of antigen- speci fic CILs,
which in turn circul ate throughout the mammal i an host, preferably a

human host, t ™Qe¥6®By neopl astic cells or virally infected REANS96/15728

In a preferred enbodi nrent of the present invention the target cell of a

manmal i an 20 host i muni zed with a part3leul ate pol ynucl eoti de by direct
injectionis a f%rglagocyt i c APC. The transgeni ¢ pol ynucl eotide is
expressed at biREBERLE 3E Pocessedoand;presented, tatoughathe epdppeapus MHC class L pathway and

peptide fragnendisplagédonthe membrne subfade 6T tRNAIGE NORES iljédtor bAish Appat hway and
di spl ayed on the, nenbr syrface of the.APCt: cell. APC cell| nenbrane
presentation °“d°g°"°“f>%§§tﬁ’@§“‘l'ﬁ?“? RHOPHSYT 3PUESA PFRORFs SMFBFUEA?M T s whi ch
I n turn circul andgentsperifictCIIis efther aP the site ofrimjeornh bain tholytnphgid dises¢. alndyced hunman
host, to destraqy,. to ] ' ' . | s.
In a.pref er%r ed%?%g%ﬁ%t%gﬁyﬁ £ ’?‘{é’bayéa‘@@l‘%h\érﬂ)/tﬁéglﬁﬁe@% a(’]'eh °|St§p'5fee?ﬂyear ed to a
human Human host,<io [destnoy neaplastic osflson virally infigted gellss Subsefueptiatenyinto
di scl oses that gade Lpi.ect | : P | Ql.’ﬁ:|:§91t | de
conpl ex result s&klb%s’ %r&ag%gglgt? 5@?‘?"\%“%? SOSB tgatggy@?%&d&wgﬁ?ﬂg%% gene
expression in t#&iof fiectivedeyvgls sugh;that sherantigen prrseding: fungrian of ghey ARG results
phagocytic APCsip the inaucﬁo@a%%epgﬁamc%m&ﬁe&pam BthehA the/$R 0P irfectidrnS DM Vi @
ic

subcut aneolés adm pi sér,st,i on results in superior induction of
anti gen- speci fi °Efﬂ? oid BEsHE-nai ve precursors. WD 97/ 11605
PCT/ US96/ 15728 It will be within the purview of the artisan of ordinary skill to incorporate a ¥RA

Therefore, central _to.the esent jnvention are. fra Is coding a

etein deSura b or BRARRly bS50 iRbloRh Sala s SROTRAGR. RREPAe 0

expressed by’ AR@esentijayailable TRAs inclitdeghun awfbyi notrasagslimited to,XAEESe MAKESRI n t he

APC cyt opl asm aﬂgb_ g’r@g g_lg &gdﬁt@ ]M -A(MAﬁﬁﬁt),h%QﬁUOéprﬁéﬂﬂW ng the APCs
&ﬁs. The dat a

to pronote induction of antigen-specific, ( . presented in
thi s di scl¥sur EPIHTBBI: SEAHEarpinceaibryonis gnuigen) a5 avellap Nirphuisrived tprperiantgensranner

in . WNi Cffork PPV $BYE aid! EBV ARIWeIIGR itk Gisbéisted drledgené/nimbor dippRisior B&ensf er
of genetic material to the | APCsmtheIE{g)hmdtlssue or APCs
capabl e of traf PYRUgnsgcaded ntigens sughiasiPa3 1H16sRAS, HERZ/neu, C-ABL, and polymorphic

endothelial mucin antigens (as reviewed in Maeurer et. al., 1996, Cancer Vaccines in
Clinical Immunology Principles and Practice, ed R. Rich, Mosby Publishing. Chpt.

20 123:1904-1918 and Van den Eynde et al., 1995, J. Exp. Med. 182:689-698). Examples
of viral antigens include, but are by no means limited to, Influenza nucleoprotein
(Donnelly et al., 1995, Narure Med. 1:583-587.), HIV gp 120, HIV gp 160, and
Hepatitis B surface antigen (as reviewed in Pardoll and Beckerleg, Immuniry, 1995,
3:165-169).

25 It is known to the artisan of ordinary skill that any eukaryotic promoter and/or
enhancer sequence available which is known to up-regulate expression of a transgenic
DNA sequence may be used in constructing a recombinant vector for combination with
the particle of choice 50 as to generate the particulate polynucleotide of the present
invention. Such promoter fxigmems include but are not limited to a cytomegalovirus

30 (CMYV) promoter, a Rous Sarcoma virus (RSV) promoter, a Murine Leukemia Virus
(MLYV) promoter, a B-actin prorhotcr, as well as any cell-specific promoter or enhancer
sequence known to be active in the target cell.



I n anot her enbodi nent of the present invention a manmalian host is

i nmunj zed by injection, including but not limted to subcutaneous

i njection, epidermal injection, 10 dermal injection, lynphatic injection
and intra venous injection, wth syngeneic APCs that have been
antigen | oaded_j [JLO0 with particulate polynucleotide. Spe

manmmal i an host“}logb"%{%m zed with particul ate pol ynucl eoti de ﬁ%’“@%éﬁgd
APCs, such that the particul ate poI qnucl eotide enters APCs in vitro
and the APCs are injected into the st. Subsequent to entry into
APCs, the transgeni cTp@liygidch @%&.@@ ehxsmm?ﬁ sﬁmegmeenilﬁwenmmsqh@me%@' |y

effectlve | evel s such that an genl C B de fragnents are processed and
present ed t hr oudtirticiate daundgd 1e; N qreoding A RO FviEs asissn, enecifically he

menbr ane to M APCsSin Qfe wmmﬁﬁﬁme. OF ABCs EphtRche mﬁmng&blm IRRid
endogenous APC cel | nenbra ?lesent t| on of aaH gen grormt es the
owilg AP

i nducti on of ant‘fS&EnS%ﬁée.PH"t?“’d‘FEE "éars? frtieens jthus o stigpulats j on,
or in the |ynphdndictionssfantigehpbdifie CTLR! i Tiese SPRCwill thenClicslaienhroughbutQhe st .at e
20 t hr oughout na 0 Ly a human host, to destroy
cells or virall yanhr&&m %Lf'é @ 31- ‘gFﬁ ?nf&%l%eﬁg' I n anot her
speci fic enbodi ment Fhmohignpmity based omlheptefmed methadméhtilimgrthaneous injectians

i mruni zed by i nj i i i t W g%ﬂ’

i njection, epi deﬁﬁqﬁkak&&hﬁlfuﬁwgﬁg%ﬂﬂﬁer ma %Jggr{l l‘ﬁ késsmmé

i nj ection and i nExamplechection 7 anf Example Seagipn B. syngenei ¢ 25 APCs that have
been anti gefp | oaded e ydibking @yanﬁ%s'aﬂ',célﬂ?éd' By wall of fiuR@diioh G natpResent invention,
pol ynucl eot i de. SpeC| fical Ify Kn geneic APCS are transfected in vitro by
co-i ncubati on d not by wa-of ligiations| at e pol ynucl eoti des such that the
particul.ate pol ynucl eoti de ent ers the APCs t hrough a
phagosone-to-cyt osol pathway. A manmalian host is imunized with

particul ate pol ynucl eotide transfected APCs, such that the particul ate

pol ynucl eoti de 30 specifically enters APCs through the
phagosone-to-cytosol pathway and the APCs are then injected into
the host. Subsequent to uptake by APCs the transgenic pol ynucl eoti de

is expressed at biologically effective |levels such that antigenic peptide
fragments are WD 97/ 11605

PCT/ US96/ 15728 - 20-



processed and presented throughout the endogenous MHC cl ass pat hway and

di spl aced _on t he menbrane surface of the APCs. After injection. of
such APCs, endogenous APC cel | menbrane presentation of antigen
pronotes the induction of antigen-specific CTLs either at the site

of injection, or in the lynphoid tissue. Induced antigen-specific CILs in
turn 5 ci r W@ &VH685r oughout the mammal i an host, pref er abl RCTASIEMERS host |
to destroy neopl astic cells or virally infected cells.

I n anot her specific enbodi nent of the pres®at invention a mammalian host is

7o Yot b on . ERAHE Sy R b BRI ARRE

i njection and i ntraTkeOVABL6MuinE mddel wak ifed 3y panenrithe dath disclod&Ga Bxamplehave
been antigenlcg%ged'n | tr. articul at e | ynucl eqt i ecifically
syngenei ¢ APCs “ar e "tiragﬂg“g?'&eg °I“FI‘f¥ iﬂlcrc mwpcﬁﬁyer'ﬁy'%"f g%‘re o(?kg%/ts ??@"BBW&WH‘E nt of
APCs with attragtavet for seivertleregsodsy nlicthe 846 thelsnonBuils s epuensiively stugied madbs | e
bonbar drents intt?mgip?ﬁ’in };)0& wth ch Ea%%ﬂ?ﬁﬁﬁ%m@&ié’%ﬁ%&r%e %u% J“?Jﬁpressed at
bi ol ogi cal I'y effecfive eV Bl su?:'rﬁ1 at antigenic peptide fragnents

are processed charagerizsdrang () onalbimgh hasrewehdrfgechwsuwHd e intmeeliniags _
pat hway and di SRbGR 8 plcbullBiTS OV it 39818 molldSs RIRGR: 1nabeRhal et | O

of such , endogenous APC c menbrane presentation of antigen

pronot es the i ritfiesed therprocessed peptide, presgated imassecfatien with MHG elas Kt ist he site

Cc):fT I_i nj ection, _cxfmivjil tAIasayih Sbﬂ’ﬂbgﬁﬁﬂ:&&hﬁ%ﬁhssidml WvBumin peptide [?mﬁag?niﬁ pecific
s in tun circulate t out t el i t,. ra a

hunan hosti,’0 t o GEEPP W%gg%ggi'%‘“&gﬁ Eﬁ’g‘]ﬂ&m 3%74]8? F’H’I’Q&?‘ a((,ee?l?%l.‘“oyﬂ

I n anot her enbd&ovaeoticseBankdveskip erem 1993, Preesn Nad ndcad.nSeintifldl 90 4992-49463.

I muni zed L D 1,OR, .1 ' l At ed. t neous

i njection, epi q'léercl?]rg%/ue-lé %%@H‘g%’ wwﬁ&&%r{qﬁe@ﬁ%ﬁ&?ﬁcggﬁ E)nn, lslsgsrr‘%ﬁg'ti %:sg

i nj ection and iwalkdesoribed(Modrejebalt,i 1988, Gellti: EX7rtehei c APCs that have

been transfected inpyit g d&zk&eﬂaﬁﬁﬁﬁé’bﬁfﬁlé&wn 16 hells'd wer§$ﬁﬁh§sé&ﬂk$y1 a

host wth p I e

manmal i an 0 I'S 1 mmuni ze articul ate go ynucl eotl

transf ect etP APce Jagkson LabpsatoriescBay flarbor,)ME; Eld| isa ESPRIVG Tclymehomag andJG his s

APCs in vitro aiéhidkBeegdRivaibanial (OVARGrhRbcied bubcloRCof KL (Moore, et al. 1988) Léicul at e
pol ynucl eoti des

e PCs inVvitro by either mcroprgjectile r dment

or t he 905 B Yoo b SRLUA BiFveR i e S G PG ot o A 1 e 11 o
with antigen enResd363160-3165) wasmhiaywvm ﬁﬁammdfem msi:bmypqood;lgeﬁtiml(??‘ctﬂemm f
encodi ng a nol ecul e or ecul es. whi i ncr.ease the.efficiency o
the antigen pr %%‘&"I"ﬁ’d"?‘ﬂ%ﬁ“&ﬁ"&“ of ﬁéﬁx the a‘ff?‘cgéqv%ﬁlf’s'?fgfs P?Sﬁ’ilcliegd to, 30
cyt oki ne n#l eculFalo, eat,n198%, Naird Med.| 1:-639-650 Mamre, let ald 19880 Celt 54 G3T7BA) at or y

I I h ' APCs,
ol ecul s SucCh wmoenacional aﬂt?bogg?%c@}gép%d %&gﬁl %P&%%ﬂ&is Bnf-EioaY Alrel©

the transgenic anti gen enco } l'yrucl eot'i des” I's” expr essed at
bi ol ogi cal | y ef TIBcA0") @.43onsi-CDE ansibodiesavasgrised e Balb/cufnui miee by i.p. injection of
: GKf1.5 cells (3 x 10°) and IFA (0.5ml/mouse).
After OVA transfection of the B16 melanoma, and selection, the transfected B16

25 melanoma subclone, MO4 was isolated. The parent melanoma B16, and the OVA

transfectant express similar levels of functional K® on the cell surface as measured by
presentation of OVA peptide (SIINFEKL) to RF33.70 (Figure 1). In contrast, M04/5,
but not B16, is capable of hybridoma stimulation in the absence of exogenously added
peptide (Fighre 1). This demonstrates endogenous production, processing, and

30 presentation of the transfected antigen. Importantly, endogenous expression of OVA by
MO4 did not significantly alter in vivo immunogenicity of the tumor (Figure 2). Tumor



WD 97/ 11605 _

PCT/ US96/ 15728 -21-
fragments are processed and presented through the endogenous MHC cl ass |
pat hway and di spl ayed on the nmenbrane surface of the APCs. After

i njection of , endogenous APC cel | nenbrane peg g on of
antigen pronn?gégyﬁgﬁfnduction of anti gen-specific CITLs e??%gétat
the site of injection or in the lynphoid tigsue. Induced 5
antigen-specific CILs in turn circul ate throughout the mammalian host,
preferably a  growth {Rigié 2 A0sFiB16tafd NEBIL i§ Gympacablelim adivemive] dsds bost sirvied! | y
infected cells. Subseguent to entry into APCs, the transgenic

cyt oki ne and/ or ¢ €§F§ﬂhlatory encodi ng pol ynucl eotide is expressed

at biologically effective |levels such that the antigen presenting function

of the APC results in the induction of antigen specific imune
responses either at the site of injection, or in 10 the Iynphoid tissue.
It will be within the purview of the artisan of ordinary skill to
i'ncorporate a TRA or viral antigen of choice into the system

di sclosed within this specification. Exanples of presently avail abl e
TRAs include, but are by no neans limted to, MAGE-1, MAGE- 3, BAGE,

GAGE-1, GAGE-2, Tyrosinase, Ml an-A(MART-1), gpl 00(prell7), 15

gp[err] (TRPI'), CEA (carcinoenbryonic antigen) as well as viral derived
tunor antigens fromHPV, HBV, and EBV, as well|l as tunor associ ated
oncogene/ tunor suppressor gene mut ati on encoded anti gens such as
P53, P16, RAS, HER2/ neu, C-ABL, and pol ynorphic endot helial nucin
antigens (as reviewed in Maeurer et. al., 1996, Cancer Vaccines in

Clinical I'mmunol ogy Principles and Practice, ed R Rich, Msby Publishing.
Chpt. 20 123:1904- 1918 and Van den Eynde et al., 1995, J. Exp. Med.
182: 689-698). Exanpl es of viral antigens include, but are by no
means limted to, Influenza nucl eoprotein (Donnelly et al., 1995,
Nature Med. 1:583-587.), HV gp 120, H 'V gp 160, and Hepatitis B
surface antigen (as reviewed in Pardoll and Beckerleg, Inmunity, 1995,
3:165-169). 25 It is known to the artisan of ordinary skill that
any eukaryotic pronoter and/or enhancer sequence avail able which is
known to up-regul ate expression of- a transgenic DNA sequence may be
used in constructing a reconbi nant vector for conmbination with t he
particle of choice so as to generate the particul ate pol ynucl eoti de of the
pr esent i nvention. Such pronoter fragnents include but are not
limted to a cytomnegal ovirus 30 (CW) pronoter, a Rous Sarcoma virus
(RSV) pronoter, a Miurine Leukem a Virus (M.V) pronoter, a B-actin
pronoter, as well as any cell-specific pronoter or enhancer



sequence .known to be active in the target cell. WO 97/ 11605
PCT/ US96/ 15728 -22-

To this end, a preferred enbodi nent of the present invention is the use of
particul ate bound DNA to deliver the DNA encoding a tunor or viral antigen

specifically to the APCs in the |ynphoid tissue, or APCs capabl e of
trafficking towomssiképsphoi d tissue, so as to pronpte REOUSHGAST28]
access of antigen, thus allowing APCs to stimulate 5 i nducti on of
antigen-specific CILs. . These CTLs will tdgn circul ate throughout the host
and destroy neoplastic cells or virally infected cells Tunor
i muni ty based on the preferr ¥ _ m IYIMLINIZ Ayﬂﬁ:wﬁneous i nj ection

to prondte a specific resporie ified in Exanple

2 L (B l AT
Section 6, EWEZ@IIOSQ?‘%&&:: ?’r&&ﬂ ﬁﬁr@ﬁ%}:e TG ip@éi'm&\s ($i6h or draining
The followi ng exanpl es are offer il lustration of the present

i nventi on, fym r{'ﬂd‘ﬁb’("e‘ﬁ);’awdc?ﬁ °¥| M‘g‘%{f i“f('fﬁ immunization, washed in {BS and 116505

PCT/ US96/ 15528 fixed in 2% formaldehyde - 0.2% glutaraldehyde in PBS for 30 min. at 4°C. Fixéd-

6. EXAMPLE: OVA, ;%%i@ne%z w;E Ilw%‘shw&&%wllyw% lngEh then incubated in X-gal staining
solution (1mg/ml X-gal, SmM potassium ferricyanide, SmM ferrocyanide, 2mM MgCl, in
PBS) for 18 hrs at 37°C. Stained tissue was paraffin sectioned and counterstained with
0.1% nuclear fast red.

10 Genetic Immunization - DNA coated gold particles were prepared by combining
50 mg of 0.95 um goid beads and 100 ul of 0.1 M spermidine and sonicating for §
seconds. 132 ug of plasmid DNA and 200 ul of CaCl, were added sequentially while
vortexing. This mixture was allowed to precipitate at room temperature for 5-10 minutes.
The bead preparation was then centrifuged (10,000 rpm for 30 seconds) and washed 3

15 times in cold ethanol before re-suspension in 7ml of ethanot to give a final concentration
of 7mg gold/ml. The solution was then loaded into Tefzel® tubing (Agracetus) and
allowed to settle for S minutes. The ethanol was removed and the beads were attached to
the sides of the tubing by rotation at 20 rpm for 30 seconds and N, dried. The dry tubing
lined with beads was then cut into 0.5 inch sections and stored for use with desiccant in

20 parafilm sealed vials. Animals were vaccinated by delivery of 2 shots (each shot
consisted of 0.5mg gold beads = 0.5 inch of tubing) to the shaved abdominal region
using the Accell Gene Delivery Device at a discharge pressure of 300 psi. Animals were
immunized with either the pAc-Neo-OVA plasmid (Moore, et al., 1988, Cell 54: 777-
785) or the piEglacZ plasmid (provided by Nadia Jouroud) which contains the lacZ gene

25 under the control of the CMV promoter. For experiments involving subcutaneous -
injection of particulate polynucleotides (Figure 5 ) DNA coated beads were prepared as
above and an equivalent quantity of DNA was injected. For some animals (Figure 5), an
excess quantity of free plasmid DNA was subcutaneously injected. Subcutaneous
injections were administered in 100x! volume of PBS in the mid-flanks, bilaterally. For

30 in vitro transfection of APCs (Figure 4), DNA beads were identically prepared using an
equivalent weight of Biomag iron oxide beads or gold beads as a particulate substrate,



The OVA/ B16 nurine nodel was used to generate the data disclosed in Exanple
Section 7 and 8 which exenplify the clained invention. The OVA/ B16 nuri ne

systemis attractive for several reasons: (1) the B16 nelanoma is an
extensively studied murine 5 tumor, (2) in vivo growmh characteristics
and netastasis of this tunor line are well char act er i g&Gusogiéhaé 3)
oval bumi n has MO ¥ ¥%qefi ned structure. The intracellul ar processi ng

and presentation of OVA in the C57B1/6 m)u?e is known. In particular the
structure of the processed peptide, presen %d in association with MHC cl ass

| Klerr], is %Pgééﬁﬁmé&siﬁy&viﬁé’%b&ﬂﬁeédd RjckionN 8¢ papiicRlaRSiolyalidtides
oval bumi n peptide [SIINFEKL] 1n 10 association with H2- KbaPS' rhgnt hef T-T
hybri doma 33. 70Figurehand A ceated) beads wezs IEPARGH AR Above and an equivalent quintity 0

(Kovacovi cs- Banjymwsikds injedtedbor the 40&htity specified itNhie [figurt@astripiimi.. FolSsbmeRfimals

4942- 4946) . ._Techpjques to eval uate in vi | ndugtion _of ecific
CTLs in this sy &g g?‘b‘f‘ é?r ypexcess q“m%%ﬁlfwaggﬁ?lfl\g%& I R/Bgutrbg&ne usglqﬁ?,g&%%,

Cel | 54: 77¢- 788)bcutaneous injections wereddministersd iC200x1 olnme of FBS Rl the BBT BES.6 mi ce,
5-8 weeks ol d V\%‘?age@&rchased from 15 t he Jackson Laboratories, Bar

Har bor, ME. EL4 C57BL/ 6 T-1ynphoma, and EG7 is a chi cken egg
oval bumi n (OVA) - t r arFof écvirel transfectianyf ARCsKFigure Nrod 6), RNA bpads wemgdengealily

54. 777-785). T ./ | nr ; s i l .,

1976, Cancer pﬁp&%’«éé{e@?@&{ %%g% 9%%)%‘\;\'6@“2 g@gﬁn‘gﬁédgrhfu,&%ﬂe ?gar?@ﬂ ssue

Type Col | ect i on(Re/rats) or galdbeads as partiguiate sphsgats. Dendtitis ARGs yyeee Qhuained Tt B16

A N 1 A Tt
. L - , ore, et al. : - 7, Vpnocl.ona

ant i bodi es wer e "Pkusphindigsue culture medip with aﬂﬁzém@lﬂc‘(ﬁéﬁW'YWPwm

TI B-207), 2.43 (pfticulaedd/ o PBSpflirashrvvas3?*ai smdgénrpulied Bendrivindelisi watepeepaned i . p.

I nj ection of .- 1.5 cells . Opa :

After OVA t ransf'é%weg@ ﬁéﬁ“%%&%ﬁgﬂﬁpﬁé%ﬁg%ﬁ%fﬁé% gtmrdgﬁ%?egét ed

'B16 25 me| arwerssprepaked| byrdepleti@bons mairew kells of lymphecylsa pedhtuitigrgvsTREhBING,

and the Qvis Mltl%ﬁd‘ﬂé;ggﬁ.@ﬂécf ﬁ?gpi@ﬁﬁcﬁ'LU%llnﬁ’tﬁinl:,ea}ﬁﬁi)iﬁti&;anJ SUNGE incsaakel K[ er 1]

on the cel ""surface as ure lﬂg esentation of OVA t)eptide
(SIINFEKL) to RipEs201Qerelisiwell. 1Gells mererapietedian dayNpat 209 x 10° cells/well it ¢ B16,

is capabl e of hyQgiceNRe 6l Sigahl S0 Lbdls,INIG) @850Rme rI2f4 @BRUANGEREMeadded
peptide (Figure 1). This de _?st rat es endﬂ enoys pr ducti gn, Qcessina,
and 30 pr es erftébridgs MA)taIr'\Tg ?F%h@‘ﬁ‘éf??‘e“t? gﬂ?’? S%"ﬁ ‘egrﬁﬂc?:q ghtqy&{ eHd0GeNous
expressi on of Ogfalips, these dendritidgliclexpresset CH45NCD44; AN1LY (iha-Br CDABVCRED,
| munogen %t y chDS% bn?d ct:hlljss "an Elasg Yi EIH%) amil-éﬁrsrp Dendritic cells were pulsed 2hrs at 37°C
with or without OVA peptide (20ng/ml) + B2-microglobin (82-M, 10ul/ml, human,
Sigma) in reduced serum media (Optimen, Gibco, Grand Island, NY). Cells were then
washed extensively, resuspended in PBS and irradiated (2000 rad) before injection into
naive mice.
25 Cyrotoxiciry Assays - Splenocytes from immunized animals were restimulated with
minor modifications of previously described protocols. (Falo, et al., 1995, Nature Med.
1: 649-653). Briefly, 1 week after immunization splenocytes (30 x 10°) were restimulated
by coculture with irradiated (20,000 rad) EG7 cells (10 x 10°). Effector cells were .
harvested five days later and cultured with 2x10**'Cr labeled targets in round bottom
30 microwells (200u1) at the indicated effector target cell ratio. In some cases the effector
cells were depleted of T-cell subsets using mAB plus complement before assay as
described. (Rock, et al., 1993, J. Immunol. 150: 1244-1251). After 4 hours at 37°C,
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PCT/ US96/ 15728 -24-_____ _growth
(Figure 2A) of B16 and MM is conparable in naive mce, as is host survival
(Figure 2B). WD 97/ 11605

PCT/ US96/ 15728 ' : - 25-

7. EXAVPLE: GEWEPrAO6P/MUNI ZATI ON VI A PCT/BSGIFBY| C
(Bl OBALI STI C) ADM NI STRATI ON Local i zation of Foreign Protein
Expression - Tissue specimens (skin or dra2m ng | ynph nodes) were
harvested 24 or 48 hPurs after immuni zation, washed in PBS and 5 fixed
in 2% f or mal dehy P! of pergatant from trplirats migropyliuromyas enllcctesl and counted and &er)C.

Fi xed S p percéntags of\spedifis\RiehsR dvas chiGulRed/ & désciibéd) (FARS eaand lt9953 'Vdake Ubat ed

Forr i Cyani de. | SHUPY L 9BES A b St 3 o i of SRR 1ffe e o

37[err] C. St ai néplicate culiwresaes gumyafiéss thag d6 %i afniednmeand count er st ai ned with

0.1% nucl eag fast reg, o : T co gol d
particles \?\gler e prepar e(ﬁ&%y co#b CS7BL/éBS)ﬂ‘ST\Je mﬂ%ﬁdie%gbfde% é'!a)qt‘ eads
and 100 pl of 0 antigen smromswmeﬁmmhlsswchallenggd fvisth nimnors and evalsaterioforimmott 32 pg

of Phasm d DA $ihud ksl i 30hcard P e il UifluRBRUE T B Y 11 ¢

vort exi ng. This m xture was al ecl pl room rature for

5-10 minutes. OVA-immynizedarigcZimmymizad mmalmretqh@hn&eémrmtmw iniectiohGe r pm
for 30 secondS) :mﬂhdmmmﬂat&mlﬁwnh melafihte éeﬂs ol ﬂb')e‘h hajmek :Heeu‘o&r Rthal to 5095

re- suspens n n1 of eth Y naI ntra 7ny
gol d/ m . sol°£| ?‘Fﬁgﬁg’f’) 'go‘“ﬁ"}?%“ THRY ’e‘f‘&‘fat‘fddﬂ |5?F¢)‘°'( Ag rséle’é‘lahs)
and al | O\xmcdr@dmtﬁel;ﬁrcénge&f Sirviving animiide Medidnoma kellsdor injetivdastreand t he

Do e S i o A Bt oY L8, s 0T
t hen cut into Oeflisipph Albexperonentsamiuded 6 muck feo group end/wérk repeatedca deust three

times. Mice which became moribund were sacrificed according to animal care guidelines

15 of the University of Pittsburgh Medical Center. In some experiments, animals were
depleted of CD8" cells. This was accomplished by i.p. injection of CD8 mAb (2.43) 7
and 9 days after immunization as described, followed by tumor challenge on day 10
(Falo, et al., 1995, Nature Med. 1: 649-653).

The capacity of biolistic (biobalistic) immunization to induce antigen speciﬁc_CTLs

20 was evaiuated. Naive C57B1/6 mice were immunized with a total of at most 2.64.g of
OVA encoding DNA delivered to the abdominal skin with 2 overlapping puises, and
identically boosted 7 days later. In vitro restimulated spleen cells from these mice lysed
the syngeneic OV A-expressing murine thymoma EG7, but not the untransfected parent
tumor EL4 (Figure 3A). Thus, target cell lysis was antigen specific, depending on

25 “expression of OVA by the tumor target. Depletion of T-Cell subsets from the effector
populations using mABs demonstrated that lysis depended on Thy 1*, CD8* subsets
characteristic of MHC class I-restricted CTL effector cells (Figure 3B).

Groups of mice that were immunized and boosted as described above were

challenged 7 days later by i.d. injection of the MO4 melanoma at a distant site to

30 determine the ability of biolistic (biobalistic) immunization to induce protective tumor
immunity. OVA-immunized mice were protecied from lethal tumor challenge, while

tumors in control mice (immunized similarly, but with the /acZ reporter gene) grew



20 parafil msealed vials. Aninmals were vaccinated by delivery of 2 shots

(each shot consisted of 0.5ng gold beads = 0.5 inch of tubing) to

t he shaved abdom nal region using the Accell Gene Delivery Device at
a di scharge pressure of 300 psi. Animals were i mmuni zed with either
t he pAc- Neo- Ld (Moore, et al., 1988, Cel'l 54: 777- ) or
the pl Egl acZ p@ggkﬁcfla}(provi ded by Nadi a Jouroud) which cont alrcg’ufs?'uﬁé&%

gene 25 under the control of the CW pr ter. For experinents invol VI ng
subcut aneous i njection of particuldte polynucl eotides (Figure 5 )
DNA coat ed beadgropksively Baveesichdl in 60% ofmea&am Wdhy A0 (Biglve\sah evaquanti ty
of DNA was injected. For, sone ani mals u q}& excess
quantity of f r e AMppnizEdmiceNpTe RALP '%‘E\%?f’lé B with thecniransfesio PN e ous

Ib njl ecti olnls Ver e nitlhdmd Bl6(Foghre m)lﬂﬁ{c&ﬁrfg]lhatwdt&m igimuitiBBwadanitipen specifid, | gnkz,
Ilaterally. For, 30 itro tr ection o eads
were identicall 9em%f”b§v§s‘ixﬁl§ssé?ﬁ%ﬁﬁe Himor gfﬁj vaféﬁ*{"s‘\ﬁé’qﬁ%f°“8¥b"§? g iron
oxi de beads5or @8] effecinrcelistodhip proteciivel tasher igwinsiy by depleting groups of immuni¥ad

97/ 11605 . . . . ]
PCT/ USO6/ 15728 or control (lacZ immunized) animals of CD8* effector cells through repeated i.p. - 26-

For experi ment s inieption of antj-GRERAR bafers tmar ghatlengeo (Faleh, epir: 1P INstuge Med. 1:
pol ynucl eot i des g49.653). Wﬁii&éﬂlﬁ-xﬁnﬁﬂﬂe@%\ xﬂl%w&em&wb%ﬂﬁmrcﬁuﬂﬁ{egmﬁ%as

above and an eqU|vaIent quantity of DNA"was i nj ected

quantity speci f |‘%H“‘P‘FP‘%€CW'QJI"@“(§6@%‘F4 PHimas was #"B!‘"é%f’h?‘ ahserived i control
(Figure 5 aod 6aninR, K 65 withbaaTckll depihiod (FRAIrPIEFI thddibre)\EDSS TheuE @pcous! y

ted. 5 Sub t t d 100 I
Vol e of PES i PR i TFakgaive for Sy Jpdups Gy penei imunizaton g, | |
vitro transfect inmdelof APCs (F| gure 4 and 6), DNA beads were identically
prepared as describe | at:e) ! on oxi de
beads (Fe beag@&\éﬁww%e%ﬁgﬂeﬁ u‘?{'\&#’e sugi rﬁgﬁe. t¥1dritic
APCs wer e obt ai riedudes thendérgonstration o€ Begalactosidase emsm Inettie epiderhis aBer tadlistic
Descri ptionsof t bi@bﬂé@c?"ﬁ&%ﬁqw&é Qitlerukt. adh, "i\ﬁlé'estmgly discrdl® hredsSft dpdoifict | SSUE

culture nedia with 25 articul at e I'ynucl eot i de sol uti on
(particul ate wt /WB‘F‘”“PB‘S?‘“T‘B? mmséy'arh PAtse 1 Y seﬂﬂ?ﬁsg‘@FF et EemBidri ti ¢
cells were pr epamaﬁmzauon site, 190 dnlikejyandt ?dnpﬁ&mod@&@fdsii@dwﬁsrh fekud dprdiredt physical
Description of the. Draw ngﬁ‘ Briefl ndr

bomba.rdmen: ere was a predominance o gol pamcles in the epidermis and dermis

of immunized skin (unstained) 24hrs after DNA delivery and lacZ expression within

20 epidermal keratinocytes at 48hrs. There are also discrete areas of specific staining within
the draining lymph nodes. Identically treated specimens from mice immunized with
irrelevant DNA did not show lacZ expression. This observation prompted further

analysis which is disclosed in Example Section 8.



were prepared by depleting bone marrow cells of |ynphocytes and cul turing
overnight in 15 RPM 1640 supplenented wth 10%CS, L-glutam ne,
antibiotics and 2-ME in 24 well plates at 10[err] cells/well. Cells
were repleted on day 1 at 2.5 x 10[err] cells/well with Gwvt CSF
(10[err]UmM, Sigma, St. Louis, M) and nurine rlL-4 (10[err]U m, Genzyne,
Canbri dge, MA)WORH1168DHsel y adherent cells were harvested on BEI/USPE SR8 | ow
cytonetric anal ysis, these dendritic cells expressed CD45, CD44,
CDlIlb (Mac-1), CD18, CD80, 20 cD86 and2%l ass | and class Il MHC
antigens. Dendritic cells r r with or

wi t hout OVA pepti de (20ng/\r'\r?)(E ‘, 2 BX-m 1o0pl/m,
human, Sigma) in reducéd o bco, G and I sl and,

NY) . Cel|'s were thefThe materials amméuaﬂs mft:msmg/ﬁnhmr :mmwadﬁdm&uPBS and

irradiated (20 Wl '
Cytotoxiciry As%g‘fllgggm% {’toan%é"ct“ ieage ﬁ°ﬁo?ﬁlﬁ°ﬂéﬁ_ﬁ{f2 %es‘ﬂ}?%r%“g(}%'f g"ﬁ’"épi'tl mul at ed
Wt h 5  nfeqton m|ﬁmmabusemnaf previ ously described protocols. (Falo,
et al., 1995, NaturqpiyReha f

I muni zati on spl enoght es (dg%ongmlles[ag:apm Péﬁ-)mﬁr%gt ﬂh){%og%c ﬂﬂﬁ

cocul ture with {ympheid tssusy of AGCrcapable t@@“ﬂﬂé?ﬂ@ Iymphoid tgieeby fl)bcumlsct or

cells were in wuonm%m@gpglyﬁﬁgmml%er and cultured with 2x10[err] Cr
| abel ed targets 1 n round m crowel I s (200 errg 1) at the

i ndi cated effector gl g@?‘ I'“W%tcpﬂle"ﬂerf"aé SAvivalent withip groups ¢fspice,jmmunized

cel | s werel@epl emeph:ﬁﬁula’éwnhcimbaempﬁﬁnmm -QV Al 2ithed B dREs Bibcitayetuse
assay as

... described. . (Rq .et al.. 19 J ey | nol . .150:
1244-1251) . Af ¢ Bjectpnor by Emg{f“‘é&f’@rﬁ?‘}‘ administration {Figure 3). ‘E‘f&“l‘l‘%‘é’S&
PCT/ US96/ 15728 findings in Example Section 7, immunization with a particulate polynucieotide encodidg -
100[ err]l of su | |l ected and
counted and the Bl %mei'#&%% g"?édoléigagg})ﬁogfé?é{&e%@% (ﬁ%@’% 1cul ated as
descri bed. (Fal $nbcyanceys, mJecps@sf PAgNen-@VA without partisufates) did gairogisgprotemtiony| t s

are report gl asfréha reBahit @inozt éhméng&ai.%r&wlg%}&é%axtaﬁhkﬁcaﬁ&mbcumms .
n o of

triplicate cultures | ess

Prot ecti on Assavjf‘m"“g?gﬁ'?‘ﬁa‘%i’@@"ﬁ’@?‘@q hatlerss atefiestivgs Liofigic {bigpalistic) e

i ndi cat ed particalatel dgfivery € Raxtiefifisre, raueﬁbcux&svomhpcmrdeemakdsanmwf | th
survival a Briefly,

Seven days af (cHOPRE Proe SPRARAPLof R D paries 5B T Gprase'or

individual host cells, expression likely requires active uptake of polynucleotides by host

20 cells capable of phagocytosis/endocytosis. The observation that subcutaneous injection of
pAc-Neo-OVA withqut particulates did not confer protection also implicates particulate
delivery/phagocytosis as the mechanism of transduction. Particulate transduction by
phagocytosis implies that transgene expression is preferentially targeted to cells capable of
phagocytosis, including APCs.

25 In further support of this proposed mechanism is the observation that APCs (bone
marrow derived dendritic cells) co-cultured in vitro with particulate polynucleotides
encoding ovalbumin (prepared as described in Example 7) (pAc-Neo-OVA) can stimulate
the OVA (SIINFEKL* K®) specific T cell hybridoma RF33.70 to produce IL-2 (Figure 4).
These data demonstrate that these APCs functionally express the ovalbumin gene and

30 generate the ovalbumin peptide-K® complex. The potency of stimulation is comparable to
that observed with APCs pulsed with 2mg/mi of soluble OVA protein. Particulate
polynucleotides are effective in this assay using either gold or Fe as the particulate



OVA- i mmuni zed or | acZ-immuni zed animal s were chal | enged by i ntradernmal
injection in the md-flanks bilaterally with nmelanoma cells (2 x
10[err]) at 2 tines the dose lethal to 50% 10 of the animals tested
(LD[err]) or the number of tunor cells indicated in section 4. Survival
is recorded as the ‘%er centage of surviving ani mals. Melanomggplche: i

i njection wer W09 washed three tines in PBS. Injected cells were
greater than 95 % vi abl e by trypan bl ue exclusion. Al experinents
included 5 mce per group and were repeate:ﬁ"at | east three tinmes.

M ce whi ch becapg.ber 'ﬁh%ﬁt%é“gf‘ﬁ% ?5%% %}rﬁﬂ&l@étﬁﬂs with ﬂﬁgé’@hc BRCEin
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acconpl i shed bYantigeR- Thesé St5skrivatibn® Herhidnttraia at(prti¢diate polynucieotides amriberaktnyup af t er
i nmuni zati on as dg

(Falo, et al. ai‘ggl‘si’%l be{jr%"‘%&eﬁ"d\ﬂqm 'g%@”gg%‘d'ggh&l‘mmg benfu'q‘%xﬁg PLesFUes; ¢ y
of biolistisc (hb@:hﬁbdﬁh éh)s nfme regponkes. | nduce anti gen speci fic CTLs 20
I pbdiﬁ’ﬂJiﬁ'l

was eval uated. Naiv Bl /6 : J at nost
2.64[err]g of Fu '%%Oﬁ wﬂ 1%”%&5@%“““4%@“& glrsnc%fgl skin with
2 overl appi ng mubmwudmdnjected bone muemimmd Hendiioeallaiwhichdepye beegtinqubated,
vitro restimul aj d ngeneic
OvA oxpr assi ng Vi PRl bbbt ki e fugéh OYATH o 3 escrbed M

tunor EL[err] (ﬁﬂgcnab\ebﬂénduclnmow@m gemumferlw tumps cefls\gEpressing thARtBEH SE7S i |

depending g O ol SFUOPfrraliidied Ban fdaealde:tdrﬂa of
T ol | subset S }nr omﬂ&ﬁ' feeg?@h Dol tintd RmtYstialiSh tral s

ctor loouatllgg% u3|neq Bs
denonstrated t hﬁllslp:}xglp]s(sd:e ﬁ?ﬂ’é@eb‘i‘i“dl’ﬁ? li_pteraﬁ&ﬂ €qmplete protection to tumor
characteristic gfaddgh: Thasn Jivd Sfdifikred dentrilic APEL cihith acepdient (iMulytorseof3B) .

G oups of mce that and boosted

chal | enged 7 da?ﬁ‘gf'hfpé‘f’gbwa"dz?rme‘étg’f RPT APmpRiy %ﬁx%@?ﬂf%‘#ﬁm@ &
distant site tolead sxmxlarlyiﬁnmunngm which artigén-lpgded by bo-incubatiorcwittbpasticulatest i ¢)

i mmuni zat | $ to lndlé [otective tunor immunity. OVA-i mmuni zed

m ce vvereSoteB?éd‘ omlethal tunor chall enge, while tunors in
control mce (inmmuniTakeh wgetherathesg resylls ingiate thatrfabquiapeous ajeipisEtiog@fie) grew
WO 97/ 11605 the advantage of targeting delivery of antigens to

PCT/ US96/ 15728 particulate polynucleotides has the g geung y B ﬁ
progressi vel y aRbpegeitic APSspatentigjlysnorsasine t“??e‘f%‘i‘ﬁ“ﬁahf’ggeﬁf}'cdwuﬁ'ﬁa"("ﬁ|w(5' fe 30).

OVA- reducing unwanted deleterious effects, including but not limited to tolerance induction or

20 mutagenesis resulting from the transfection of normal, non-APC host cells.



target. We evaluated the contribution of 5 CD8+ effector cells to this
protective tunmor inmunity by depleting groups of inmunized

control (lacZ WeRIAleed) ani mal s of CD8+ effector cells throegWussspensed
i.p. i njection of anti-CD8mAB before tunor challenge. (Falo, et al.,
1995, Nature Med. 1: 649- 653). Wi | -81-OVA-i nuni zed ani mal s were

protected from \D4 | urvi val I n inmmuni zed, CD8+ T-cell

depl et ed ani nal %@’g?gf:ﬁﬂggbl’ ) that observed in control 10 ani mal s,
with or without T-cel.l daplievivometadd gfrherapiimidor. prophplactit @Emtic (hidniZni6ebiis are
essential for the g‘rapt qel i ek uiror | mmunity induced by genetic imunization
inthis MG} an host, Which COMPMSESAdi ti onal evi dence supporting the
proposed nmechani sm of) tgeneoating aiPNA fragment which expressesi arsartipenicdprowinsdrranfigenic Of

[ err]-gal ac osi gfhgegn e?;gsi on in the epiderms after biolistic 15
(biobalistic) deli ver? of 'the lacZ construct, and, interestingly, discrete
areas of specific (b distibutingessidiRIWA iragment on la garticla iswrfagey resphink ima gaticulates
these nodes wer golgimiiedfide; f rom t he I muni zation site, it is unlikely
that |ynph node eXpression was a result of direct physical

bonbar dnent . There &k inpcyting ¢ mamealiay hogiovigh sgidrnanticilats pplynydiestidey artbr ni s
and dermis ~ of (d) reemvetinedidgaititulaiébolynidl@tde 184 Srophatift lof PMPgetiedll very
and | acZ e>§€re55|.tgn W.thin 20 . %RI der nal k%restl nocytes at 48hrs. There
are al so discret®® ‘3?@‘33‘8’["“@%’5’?‘[’F 425 531d Fepregyed Apygenic protein of 3UELHCi i ng

| ynph nodes. | dprutsin fragment is peesenckd 3 dhei mmambsank srficerbosidi urgetrtell @dough tike

irrel evant DNA gis B&@Q@I}%}L acZ expression. This observation pronpted

further ' anal ysi ch is disclosed in Exanpl e Section 8.
WO 97/ 11605 2. The method of claim 1 wherein said mammalian host is a human.

ECT/EQ%E{_ é’57é§_NETI c :?NNUEIheZ TR'eI'tIh(g\l of é:lYaim 2 wherein said DNA fragment expresses a wmof 9"
SUBCUTANEOHS  ADFRIRHSYFasiEFroffral antigen or antigenic oteingreaentaheseaind net hods f or
i nducing tunor i nMMuNd.ty krje metheddrmHR BSwherein said BP60 dRil & dndntigdd odserting
particul ate pol wpcl eotide are as described throughout Exanple

I mmuni zed m ce were not protected fromchallenge with the unt

par_ent nel anonn B16 (Figure 3D). indicating that _protieaw ! H‘HM“II,

was antigen specific, dependi ng on OVA expression by t w g i
or

5. The method of claim 4 wherein said antigen presenting cell resides within
or migrates to the lymphoid tissue of said human host.
20 6. The method of claim 5 wherein said tumor rejection antigen is selected
from the group consisting of MAGE-1 and MAGE 3.
7. The method of claim 5 wherein said tumor rejection antigen is Melan-A.

8. The method of claim 5 wherein said tumor rejection antigen is gpl00.
9.  The method of claim 5 wherein said tumor rejection antigen is p53.
25 10.  The method of claim 5 wherein said tumor rejection antigen is CEA.

11.  The method of claim 5 wherein said tumor rejection antigen is HER2/neu.
12.  The method of claim 5 wherein said viral antigen is HIV gpl120, HIV
gpi60.
13.  The method of claim 5 wherein said viral antigen is Influenza virus
30 nucleoprotein.
14.  The method of claim 5 wherein said viral antigen is Hepatitis B surface
antigen.
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5 Section 6 and Exanple Section 7. This data
an ahility to specifically target phagocytic APCs in the . @m’mmﬁﬁm " IIII
ti ssue, or APCs capable of trafficking to the |ynphoid tissue, c L M 5 =

subcut aneous i njection of particulate polynucl eotides in vivo.
Protection frog.t chal | enge was equivalent within groups 4

I mmuni zed 10 %99}{265%art I cul at e pol ynucl eoti des conpri sing pﬁ}mﬁgg&&ﬂ

ei ther by direct subcutaneous i njection or by biolistic

(biobal istic) administration (Figure 5). Cdfsistent with the

findings in Exanpl e gectixgi, fivo Wh%xﬁﬁﬂuﬂﬂﬂ%@yﬁ&fct#ﬁ‘éﬁk%ﬁumzanon of a

pol ynucl eoti de encodin Irrel evant antigen (e.g., plEglacZ) did
not confer prot a@mm%ms'galmhsymvnses Subcut aneous i nj ection of

PAc- Neo- OVA wi t hout (@pIgkhefdiingh ENA Frdert whioh ExpresiRE @h @ftigeRE protein or dnfigtiic
rel evant tunor chal Ig g Figure 5). These data indicate that subcutaneous
i njecti on of paPf Mhol ynucl eotides is at | east as effective as
biolistic (piobalisty)distributing saPDNA Griigfént ofl @l pakticle surfice) fefiftinglih & particulate
subcut aneous i nj ell():’t i %g poes not result in direct physi cal projectile
bonbar dnent of Bt i de particles into the cytopl asm of

i ndi vi dual host cel | () isocplriirgsseid mamniatinyhastewith saixspasticulatecpolypucisotidosing a

pol ynucl eot i des ﬁf‘“{& '5301? cell's capabl e of phagocytosis/endocytosis.
The observation cut aneous injection of pAc- Neo- OVA wi t hout
particul ates did not(dl:dﬁhwﬂpm partiquinte polyaucieatide focthe exsopiasmal @ arggtgell

del i very/ pRagoc i@ &a%ﬁ:ﬁﬂaﬂ?ﬁ&h dnsehat fid um%wm préiéih ot entigadie

transducti on by phagocytosis inplies that transgene expression is
preferentially tpé?‘?j’éf‘éﬂ“%‘sdﬁ-"ﬁ&e"c‘aﬁ%‘!’ bggne surface °fﬁ‘f¥1@!¥6§/‘f°3 oughi e | udi ng
APCs. 25 MHC Riafs ¥ patRfaysupport of this proposed mechanismis the

observation that AP (b w derived d ells)
co-cultured in vitro QM tﬁq‘ﬁg’}gfl‘%ﬂfﬂ?g“a{&qﬁﬁfﬂb% § Iimstt 152 IR0 ng
oval bumi n (prepared 5 d&hemethod of dmﬁxlﬁnﬂlemﬂ}mc(@ﬂﬁ-fﬁemempresm wmonul at e

the OVA (Sl BNFEKLJL&%MG@&NQM ghgg ;ari(?étri]%ﬁl Ht JM?% F'EWE«;FSS 70 to produce

IL-2 (Figure 4) hese ese APCs
functional |y expressl&he e aethodioficlgionty MB@d ngewéri%memﬂ!@ RIeseRtyE i n
peptide-Klerr] cgfpl ex. The potency of stinulation is conparable to

t hat observed wth APCs pul sed with 2n%/m of sol uble OVA protein

Particul ate b1 y rthe msthos 9k elaigy \%“Pef"é'bf"}‘@@"ﬁﬁ‘ prFseating cell gesigey wighin
ei ther gold or F® néigraieh® pelyimphoil giks@e of said human host. WO 97/ 11605

PCT/ US96/ 15428 20.  The method of claim 19 wherein said tumor rejection antigen is selected
from the group consisting of MAGE-1 and MAGE 3.
21.  The method of claim 19 wherein said tumor rejection antigen is Melan-A.
22.  The method of claim 19 wherein said tumor rejection antigen is gp100.
23.  The method of claim 19 wherein said tumor rejection antigen is p53.
25 24. The method of claim 19 wherein said tumor rejection antigen is CEA.
25.  The method of claim 19 wherein said tumor rejection antigen is HER2/neu.
26. The method of claim 19 wherein said viral antigen is HIV gpl120, HIV
gpl60.
27.  The method of claim 19 wherein said viral antigen is Influenza virus
30 nucleoprotein.
28.  The method of claim 19 wherein said viral antigen is Hepatitis B surface
antigen.
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- 30- . substrate. Thus, the incubation of particulate ﬂ ﬂu ncul
w th phagocytic APCs in : vitro results in the endogenoﬂ Imu j " m““l
processi ng, and presentation of the transfected anti gen* Tihesé

observati ons denonstrate that particul ate pol ynucl eoti des can be taken up
and expressed by APCs, and that the corresponding proteins can be
functional | y posyameosd 5 to induce antigen specific i MmuRETUSHSRSesS.
Furthernore, a shown in Figure 6, antigen presenting cells, in this case
subcut aneously injected bone marrow derived-dendritic cells, which have

been i ncubat ed wi th particul ate pol ynucl eoti des encodi ng, the antigen
OVA in vitro as dest¥i beth #yigmethod of thera é c epyaphylactis espeReimmygizasion obat i ve
i munity to turfdmtaiibs ﬁosﬁ)(ﬁ.]ﬁ@&ﬁmpﬂse§ :he antigen gene. 10 In the exanpl e
given, a one tine aﬂnnlstratl 2 q&&l i rradi ated transfected
dendritic FEOHTYER ‘?@A ragpeaL Mpich EXRresEes 38 Anfgepg Pt °'b?“P&"t"é‘r al | y)
I nduced conpl etpeowin Giagrént;on t o tum)r chal  enge. Thus, in vivo

ST ot o8, e e ML PR RApRAMA ell  pricie |

vitro are at  polynucldotidest 5| m |l arly imunogeni c which antigen-|oaded by

co-incubation with parbieili Gidlmamma@hgsPWiih &84 tﬁﬁcﬁﬂ %ﬂlynncleonde byg gaken

t oget her, these results ‘ndicat e iltﬂFnat subcut aneo tration
parti cul ate pol iieetionasdi des has the advantage of targeting delivery of

antigens to (N0 s DEGEIan i Ak Yo 1hd EFEFBNIGE ldigerthd | Ci ency

of genetlc | nmunj zat [ on whi reduci ng unwant ed del eteri qus -
effects, il udvitip B!ﬁmﬂb'f‘a'faf' hegtetych thatsgid gx AntiBRRIC RrEfRin O antigenic
mut agenesi s resp:b:bmrfggﬁémm présented @nké membrane suffade@r Bid targeo cellAR¥ougiothe cel | S.
- 31- An inocul ant conpri sing:
a particulate p%n%f ggitﬁwéag having a surface on which is distributed

30.  The method of claim 29 wherein said mammalian host is 2 human.

31.  The method of claim 30 wherein direct injection is by subcutaneous
15 injection.
32. The method of claim 31 wherein said recombinant DNA vector fragment
expresses a tumor rejection antigen, viral antigen or antigenic protein fragment thereof.
33.  The method of claim 32 wherein said target cell is an antigen presenting
cell.
20 34.  The method of claim 33 wherein said antigen presenting cell resides within
or migrates to the lymphoid tissue of said human host.
35. The method of claim 34 wherein said tumor rejection antigen is selected
from the group consisting of MAGE-1 and MAGE 3.
36. The method of claim 34 wherein said tumor rejection antigen is Melan-A.
25 37.  The method of claim 34 wherein said tumor rejection antigen is gp100.
38. The method of claim 34 wherein said tumor rejection antigen is p53.
39.  The method of claim 34 wherein said tumor rejection antigen is CEA.
40. The method of claim 34 wherein said wmor rejection antigen is HER2/neu.
41. The method of claim 34 wherein said viral antigen is HIV gpl20, HIV
30 gp160.
| 42,  The method of claim 34 wherein said viral antigen is Influenza virus -
nucleoprotein,
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a DNA fragnent which expresses an antigenic protein or antigeni
fragnent; sai d inocul ant characterized as I "l"Jll“ "III " I“
capabl e of delivery to the cytoplasmof a target cell within a

host, such that said antigenic protein or antigenic protein fragment i's

expressed and ‘PE’EZ’ I.sed on the menbrane surface of sal d tar gF[:T,ﬁnghF.}&Erough

the MHC cl ass way of said host. : The t of
claiml1 wherein said DNA fragnent express a tunor reJ ection antigen,
viral antigen or antigenic protein fragnments thereof. 3.

The inocul ant of cl4.m TRe WebeofMclimi 3 Wi dariNiral &ntigetl ik IHRpatitib ' safrhcRr | zed
as being capable.of delivery to the cytoplasmof a target cell that is an

antigen presentaf1 cel | . 4. The inoculant of claim 3
wherein said i nocul &t iAn drwivb lmethod lofithecbenic pepropteyiaoid geyeticaipaiunizativh of a

delivery to an anf n{aﬂ%?holg{%‘?cﬂt Fagmgﬁostthat resides within or migrates to

the |ynphoid tissu 5. The i nocul ant
of claim23wherein sai d(a)unmenmng(atmih fragmeny avhich sxpredsescanauitifanisrprotkie ogr oup

consi sting of I\AQ%D % 6. The inocul ant of claim
2 wherein said reJ ection antigen is Melan-A 7. The

i nocul ant of claim2 whéPei rdigabuing ¢ PNAcTrgmentonn apariciosuriace, gesklgag in a
8. The i nocpaaRiiae polghiiedtide; Wher ei n sai d t unor reJ ection antigen is p53.
9. The inocul ant o cI aim2 wherein said tunor rejection antigen i s CEA.

10.  The inocul ant of d&Pai nfeBvermEsaf paticyiale polynyrieatide ir-the Spoplay ofch i

HER2/ neu. 10 target cell of a ﬁ:immaha}ihxeswmml §udk zma‘saialeapmsed Whigedié Profedi 6t VI ral
antigen is HYV Eﬁp or The .i nocul ant of

clai m 2 wherei {§ RIQiF afmgﬂ%t Gresputed ?f’fﬁhﬁgﬁTg"‘W ?“ﬁfgcen‘lfcﬁ“g S n

through the MHC class I pathway; and,
(d) inoculating said mammalian host with said target cell by direct
injection.
15 45. The method of claim 44 wherein said mammalian host is a human.
46. The method of claim 45 wherein direct injection is by subcutaneous
injection.
47.  The method of claim 46 wherein said recombinant DNA vector fragment
expresses a tumor rejection antigen, viral antigen or antigenic protein fragment thereof.
20 " 48. The method of claim 47 wherein said target cell is an antigen presenting
cell.
49.  The method of claim 48 wherein said antigen presenting cells resides within
or migrates to the lymphoid tissue of said human host.
50. The method of claim 49 wherein said tumor rejection antigen selected from
25 the group consisting of MAGE-1 and MAGE 3.
51.  The method of claim 49 wherein said tumor rejection antigen is Melan-A.
52. The method of claim 49 wherein said tumor rejection antigen is gp100.
53.  The method of claim 49 wherein said tumor rejection antigen is p53.
54. The method of claim 49 wherein said tumor rejection antigen is CEA.
30 55.  The method of claim 49 wherein said tumor rejection antigen is HER2/nue.
56. The method of claim 49 wherein said viral antigen is HIV gp120, HIV
gpl160.
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- 32- . 13. The inocul ant of claim?2 V\,herel n ﬁm" mljmlluml " IIII
antigen is Hepatitis B surface antiaen -

of any preceding claimfurther characterized as one whi ch is uSefl in"thé
i nocul ati on of a mammual i an host by use of a biolistic device or useful in
t he inocul ation of a mammal i an host by means of direct injection.

15. The i nooMbamiiees¥ any preceding clai mfurther charact errerUsIsasene
which is capable of in vitro delivery to target cells or in vivo delivery
to target cells. 16. An i3socul ant conpri si ng:

a particul ate polynucl eoti de having a surface on which is distributed a DNA
fragment whi ch expr&sesths mshed ef Flamioconhegsin sait wal P'H'ée‘hﬁtlﬁ’%\?f‘lzaﬁ‘r'@%ent ation
function of an meképgeinpr esenting cell; said

I nocul ant characterized one i.ch |s capabl e delivery to the

cytopl asmof a tar gé éII%F mgthod, 0 \Aﬂﬂ 1% Wherein, said "‘?LE’H‘gF'h'ét 2ty l%ﬁ‘l‘ffi’ﬁen
present ati on ershageni ng prot einis expressed in a b| ol ogi cal I y SI gni fi cant
form and af bi ol oglggall n|f| 0Iteve i n Saj tar

17. - The i nocul ant ~of c"r mvfé"e é'ﬁ“gs '8%3 yacfl e[b ‘F&}‘H‘ﬂgf‘b?& fae S
furt her char actreanimalian best, lymmhg:omapabl e of delivery to the cyt opI asmof a
target cell that is an tig ,%saeﬁ The

i nocul ant of claim 17 mﬁse,rel%nesrgé a%‘f“r% ﬁg"lt“es) w'8°'§/ﬁ o s'se(a)tmlo cule *curt her
characterized &8hanessiibe wwmr@emuoaémcv@wmo\ anti gen pr esent| ng cell
that resides within or r .mq?m SR oSt -
19. The i nocul ant of er)gl %&?ﬁb&mgrrsg?r? sal Dcﬂltﬁ)loﬁggﬁne%% sgli%rgeﬂsases z;‘lp
costi nul at 8ry rfotaghcyfate polynucleatide; The inocul ant of claim19

wher ei n said costinmul at qey nwnemagemumeﬁlﬁebaﬁmtkamett&me@ytw&nﬁwI sting
of CD80 and i.nocu| ant of cla 6 wherein

6. .
said DNA vect or “Frsgheht mé?ﬂﬂ@gg‘gé in, vigroy 8‘1?5‘ Hiat 95} 2R antigen presemanon 22.
The i nocul ant chhankciag praiin Wauoteihniswtdsserymd@megmmy agniﬁam formahdatt ed from

t he group CO”Siﬁ&&ﬁ&ll?@igﬁihé&z?kvé}s‘:'4 and |L-2.

15 (d)  inoculating said mammatian host with said target cell by direct

injection.
60.  The method of claim 59 wherein said mammalian host is a human.
61. The meihod of claim 60 wherein direct injection is by subcutaneous
injection.
20 62.  The method of claim 61 wherein said target cell is an antigen presenting
cell,
63. The method of claim 62 wherein said antigen presenting cell resides within
or migrates to the lymphoid tissue of said human host.
64.  The method of claim 63 wherein said DNA vector fragment expresses a
25 costimulatory molecule.
65. The method of claim 64 wherein said costimulatory molecule is selected
from the group consisting of CD80 and CD86.
66.  The method of claim 63 wherein said DNA vector fragment expresses a
cytokine molecule
30 67. The method of claim 66 wherein said cytokine molecule is selected from
the group consisting of IL-12, IL-4 and IL-2.
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