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meant havi ng thateuawabtedldoyage form. Upon adininistrationdo vhe patiegt tobe vaacinatesk thes .
Roy, in E y& opegh.,Lat
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cont ai ni ng thought to occur), and is released in the intestine. In the intestine, the virus reproduces
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in the gut wall, where, although it is not capable of causing adenoviral disease,
nevertheless induces the formation of adenovirus antibodies, thus conferring immunity
to adenoviral disease. In our invention, live, infectious adenovirus which has been
20 engineered to contain genes coding for antigens produced by other disease-causing
organisms. Upon release the virus will reproduce and separately express both the
adenoviral antigen and the pathogen-antigen, thereby inducing the formation of
antibodies or induce cell mediated immunity to both adenovirus and the other disease-
causing organism. By "live virus" is meant, in contradistinction to “killed" virus, a
25 -virus which is, either by itself or in conjunc_tidn with additional genetic material,
capablé of producing identical prdgeny. By "infectious" is meant having the capability
to deliver the viral genome into cells. .
Roy, in European Patent Publication 80,806 (1983), proposed a method for
producing immunity to microbial diseases by the administration of a microbe containing
- 30 a foreign gene which will express an antigen of a second microbe to which immunity is
conferred. He states that preferred oral preparations are enteric coated Dubelcco
proposed recombinant adenovxrus vaccmes in which the surface protem of adenov:rus o
is modified to contain in its stracture a segment of fore1gn protem which w111 produoe a.
~ desired blologlcal rTesponse on’ admlmstratxon to animals. [PCT Internatmnal
35 Publication WO 83/02393 (1983)]. - Davis dlscloses oral vaccines derived from
recombinant adenoviruses. [UK Patent GB 2166349 B].
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reconbi nant gp BAO62% (198 bpr ot ei n 20 [Berman, P., Proc. Natl. Acad.
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candi dates. Active inmmuniza
{Hu, S., J. Virol. 61: 3617 (1987)] or purified recombinant gp 120 env glycoprotein

20 [Berman, P., Proc. Natl. Acad. Sci. USA 85: 5200 (1988)] were evaluated in
chimpanzees as vaccine candidates. Active immunization with these vaccines induced a
good cell-mediated immune response as well as cytotoxic T-cell activity to the env
antigen [Zarling, J., J. Immunol. 139: 988 (1987)]. All experimental animals
seroconverted -as assayed by ELISA and Western blotﬁlig. However, immunized

25 chimpanzees developed no or only low titers of neutralizing antibody to HIV-1.

Challenge withlive virus failed to protect chimpahzees against these vaccines. Type-
specific HIV-1 neutralizing antibodies were found in chimpanzees early in infection
against a variable domain (V3) within the C-terminus half of gp 120 [Goudsmlt, I,

_Proc. Natl. Acad. Sci. USA 85: 4478 (1988)]. The recombmant p 120 made in insect

30  cells has also been shown to induce humoral immune response in goat (Rusche J.,
Proc. Natl. Acad. Sci. USA 84: 6294 (1987)]. Zagury [Nature 332: 728 (1988)] have
demonstrated both anamnestlc humoral and cellular immuine reaction in humans usmg a
vaccine virus recombmant expressmg gp 160. [Chakrabam, ‘S., Nature 320: 535
(1986); Hahn, B., Proc. Natl. Acad Sci. USA 82: 4813 (1985)] Both group-spemﬁcj

35 cell-mediated immunity and cell—mcdlated cytotoxicity against infected T4 cells were

 also found. These results indicate that an immune state against HIV-1 can be obtained
in humans using recombinant env-based vaccine. Recently, Desrosiers has shown that
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I n the presence of rev gene using hel per-i ndependent adenovirus type 7
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provi ded unchanged from that in the native adenovirus from which the recombinant adenovirus is
produced, and which contain the gene coding for the antigen corresponding to said

20 antibodies or inducing said cell mediated immunity.

In its preferred embodiments, this invention provides a method of producing
antibodies to human immunodeficiency virus (HIV-1), hepatitis B, hepatitis C, human
papilloma virus, respiratory syncytial virus, rotavirus, or parainfluenza virus in a warm
blooded mammal which comprises administering to said warm blooded mammal

25 intranasally, intramuscularly, or subcutaneously, live recombinant adenoviruses in
which the virion structural protein is unchanged from that in the native adenovirus from
which the recombinant adenovirus is produced and which contain the gene coding for,
respectively, human immunddeﬁciency virus, hepatitis B, hepatitis C, human papilloma

_ Virus, respiratory syncytial virus, rotavirus, or paramﬂuenza virus.

30 - This invention also provides compos1t10n for producing antibodies or cell
mediated immunity to an infectious organism in a warm blooded mammal, compnsmg
live recombinant adenovu'uses in which the virion structural protein is unchanged from
that in the native adenov1rus from whxch the recombinant adenovmxs is produced and
'whxch contain the gene oodmg for the antlgen corrcspondmg to said’ anubodles or

35  inducing said cell med.lated mmumty, said composition being formulated in an

intranasal, mtramuscular or subcutaneous dosage form.
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use of the live reconbi nant adenoviruses in which the virion structural

prote| nis °' unchanged fromthat in the native adenovi rus from whi ch

t he rechnbi nant adenovirus is produced, and whi c t env
gene fromthe MN strain of human I mmunodefi ci ency Vi rus yp lto
prepare a medi canent for use in producing antibodies or cell nediated
i munity to human i mmunodeficiency by virusgtype 1 in a warm - bl ooded
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admi ni stering tosgecxﬁc refefdride WaY tach nikdid €6l varRieRprolitin diibodies/to IV, BépalEE B,
doses of the sai |ven§n§}gnb| nant, ..adenovi rus and sLibse uen% le

admi ni stering t PePafifis magy,apjllomg, Wrys, Jespigfory syncytial, Tus, or

i mrunodef i ci encypdryipfluénzdibites, toup ridvetition provides vaccines hgamstcmydafeeﬁom agena
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unchanged 1@om tmedlated mm:mm@mnmmmagmqmmMpmmout
adenovirus is E?ﬂh@ ?‘hu?'}ﬁr eQﬁ&E&éd‘ﬁltﬁnqg@Ecoﬁggf ﬁ%lﬁ%ﬁi&n are

|nnunodef|0|ency V|rus repare a
protecting agai rmmmﬁﬁon ﬁﬁﬁﬁé‘d@#thqhé%?s @ ruefbles%e hepatitis A, cholerae . goli, n

a warm bl ooded '}E‘i‘ﬂiﬁﬁézs diph tﬁ&‘iﬁ,@éﬁﬁﬁlﬁrélﬁ%lfo@issg'ﬁndm H&! TyBofARRpneRibRE, and the
I ntranasal |y one,or nore doses of he Tive reconbi hant adenovirus and
subsequent |y €. administering to said mammal one or nore doses of a
human i mug®defi ci ency type 1 subunit protein.

i-ﬁ\a/l;ant lon, there i sllﬁragli’cﬁ%ﬁ rﬁﬁ%%%o‘%mgnt,athfe?ﬁj ng?ﬁ%ﬁ@x@gpcbﬂﬁgagitﬁgs%ﬁng the

anti bodi es or ce’ed:om’&hiiam@dnwvnusrhmtypmﬂlyimdly to an HIV- ljsmmpuweﬁmanilmaica;ndas
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in the native adeHowingsecombinanhad¢novirusescveraivsesaiotpraducadhe ﬁl&tyHIY iespgesed,
and which 20 Theg@Wirdded Wekld ?&&ﬂ%ﬁeﬁtﬁ@%@&tﬁ@hﬁ&aﬁ% Treafy WHHTE American
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to sai d anti bodi B¥Peotu %&PH@“&% @%féqll ofb %3t %%kllaﬂ’ﬁlmﬁli’%i Rockville Maryland,
20852, USA, and were granted the accession numbers contained in the table below.

Virus Name Descriptive Name ' ATCC Name
25  Ad7-env ~ Ad7-tplenv-tplHrev - VR-2299
Adl-gag Ad7-tplgag-tplHrev VR-2393
. Ad7-gag-1 Ad7—rev-gag VR-2392
Ad4-env Ad4-tplenv-tplHrev ' VR-2293
Ad4-gag Ad4-tplgag-tplHrev VR-2391
30 ‘. Add-gag-1 ' Ad4-rev-gag ' VR-2390
- AdS-env AdS-tplenv-tplHrev , VR-2297
AdS-gag - Ad5-tplgag-tplHrev _ VR-2298
Ad7-envyn AdT-plenvyy-tplHrev - VR- .
Addenvyy . - -AddtplengetplHirev. . VR i

35  AdSenvyy  AdSiplenvytplev - VR



sai d -vacci ne being fornmulated in an intranasal, intranuscular, or
subcut aneous' dosage form I'n accordance with a fifth
aspect bf the present invention, there is provi ded AHP-9 38/C1itiwo '
stage.vacci-ne for protection against human i munodefi ci ency29
infection in a warm bl ooded manmal , having a first stage corrprl 5| ng live
reconbi nant adenovi rus in which thesyvirion structural protein is
unchanged fromthat in the native adenovirus from which the
reconbi nant adenovi rRfeiringnocte abale tabld Add, AtdSc and #d7 refer to human adgeowdruses
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| munodefi ci enCyR&Vfé?er}tosﬂiQFﬂVtr?%geg&g ne.SBi SR %n altered vers] th%ﬁ%eb&’v%ﬁne

fornmulated i_n an | ntramuscu orm said first

for adnini sfrat |Wher|§rﬁh§ uycipotide S&W@Pﬁ?%?’feﬁ rhanged swithguy ‘%’égg}ﬁé ‘the Hmino acid
st age. uenc'E %Béddﬁ@ﬂiﬁ%t@ﬁéq@nﬂ?hb&ﬂmﬁumes .NPpl refers to
anti bodi es or ce madl ate qamuni by 1o an | nfectious arganismin a
war m bl ooded ma I RYHERR acdg%ylpgegxpam © leaden SHIIRPSY SYHh R B EAPIP&SrdTence

bl coded manmal ibdtweemtiel firgt anddecond leaddra thap arepositioned in feunib ofi tienreoambinant

| i ve reconbi nant NV L [.] ' ' i 14 raet
unchanged from t%egltgg'i n %%@fsﬁg ljls\ge g%oé?fﬁ@’#@ﬁ%%ﬁﬁﬁ_#ﬁgﬂ f“gic“(—)ér%ﬁ)l %éiﬁ‘tgag’
adenovi rus 10s  Ad4-gag-3; AdSrend andAdS-gRg eontajn pither the gag o dheeny gene fomghe Ly

Todi ot Qdcmrﬁﬁffg}m&m%d“’%g“srﬁ‘“F?%WZ‘&Qk“"’“guﬁdﬁ?dsﬁﬁﬂfi%dm the

i nvention provi M@%@Mﬁ& tme’e reco. @58 D@M@Smrﬁm the

i ”W!Jlnlodef i ci enCYLAVFaLh_SMﬁs&aibk ofHE%dt : tdlré ﬂﬁs@aﬁd&&ﬂ@édohilﬁnﬁt addﬁﬁﬁmses coveredby

papi | | oma virus, respiratory. syncytial virus aV|r aral

virus in a Warmtlnsmgenuom %ﬁé’é"‘ﬂ'ﬁ%&? O G E‘#ef: li{‘] i{)[déztﬁe

sai d war m h5oodechvramd/oxigag Genes ﬁ&ontothﬂ:ra;aainby)fl-limur arruscul arly, or

subcut aneously, liv L C L
eBétﬁﬁR%gﬁgggE?fgﬁqQ@h%{q ses were showh td fl(t)a%eﬁr N

structural proteln 'S e nalveaenov rus om
whi ch the reconbAﬁ-ﬂﬁnceHsl@nd\nxpmsqurepombmaﬂ eaﬁdnmmmm aﬂnemomh@atg:gméhelr

%OdlhggaI |O{ is C %agnan@;(g%g{nlfﬂ{ﬂ ywﬂm%dbﬁ%igﬂfi?%@s%cr at r syncyti Wus
rotavirus, or parai 3 desssbed/indetail below, intranasal administration of Ad— recombinant
20 viruses to naive chimpanzees resulted in both priming and boosting of both humoral
and cell-mediated immune responses directed at HIV recombinant antigens. The
recombinant adenoviruses administered to chimpanzees were shown to produce
antibodies to the env and gag proteins of HIV. IgG antibodies specific for HIV were
observed in nasal, saliva, and vaginal secretions following administration of the
25 recombinant adenoviruses and IgA antibodies specific for HIV were observed in nasal
and saliva secretions. The first set of recombinant viruses (Ad7) appeared to be shed
the longest period of time and induce the best anti-Ad antibody response. The results
also showed that administration of Ad-HIV vaccines by the intranasal route was
superior to administration of enteric-coated recombinant viruses by the oral route.
30 s Optimum immune responses directed at HIV antigens required primary infection
one booster immunization with a heterotypic recombinant Ad-HIV to elicit strong anti~

HIV binding antibodies. Intranasal administration of the Ad-HIV viruses effectively .

primed clnmpanzees to respond with high txtered ncutrahzmg antlbodles to HIV 1
followmg subsequent HIV 1 subumt protem booster xmmumzauon
35 | | |
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anti bodi es or cell nmedi ated imunity to an infectious organismin a
wdr m bl*boded nmanmal , conpri sing |l ive reconbi naghpaéiﬁg es in
whi ch_ the virion structural protein is unchanged from %ﬁf/{ﬁl n the

nati ve adenovirus from which the reconbinant adenovirus is produced, - and
whi ch contain'the gene coding for the antlQ@n corresponding to said’
anti bodi es or 35 i nducing said cell nmediated immunity, said conposition

bei ng for nul at edBRIEANDESCRIPTION O THE DRAWENGScul ar, or subcut aneous
dosage form

Al though this speci fFigue; Wogﬁ%lp@ggppyfgg}%qgmﬁmg 1R SR Sere Lr]gdubédind%gs

5, or 7, by ¥ezombinfstcAd-HIM vadimenvi r us of any type may be enployed in
this invention. Addi tionally, while the specification specifically
refers to adenoviruses having an early region 3 (E3) deletion,
adenoviruses$. which are attenuated, contain a tenperature 5 sensitive

gﬂ?rtmtﬁﬁdrﬁﬁ M'HONSI mlarly, although

| esi on, oraEl rlﬁnﬁgb
speC|f|c r ef erence as been to vaccines ,ro uc ‘o antl bod| es to HV,
hepatitis B, Prepayatio S ' 1 Sprratory

syncyéI ial virus, rot e fdn%wmg" Exa}mplesshbﬁrrthb rtbhstﬁiwan\olflrmesentatwememmbmant
provi des vacci nes, agaj nst infectiqys a n n
to which a warm 8 (‘Jgﬂseéﬁ? % Wﬁ‘qonpoﬂl’fdfg h’t“f“ﬁ Hfuégg%g}ea%@bggiﬁ o K547
medi at ed i mguni t gellsaind su¥seqientiytitegdion AS48 oellsd for by a gene conposed of up

to about 3000 base pairs. Thus, for exanple, included within the
scope of the invention are i mmuni zati on agai nst such di seases as

i nfl.uenza, hepatiti s_&gﬂplﬂﬂ!er&dlﬂagrbl i, pertussis, diphtheria,
tetanus, shigellosisqy, frﬁé(}ﬁﬁng oRBIMAR f‘ﬁieﬂﬂ@ﬁ'ﬁ@éﬁlb&l taidfifg thB@ene for the|HﬂVE
15 In a pre rre rrent &B}E QF& grﬁ% ncl.u

admi ni stering t henvelope proteiacasbeenles -HH¥Pro E)ﬁ]%g ’Iays
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regions (bp 335 to 2165) of HIV-1 strain LAV [Wam—Hobson, S., Cell 40: 9, (1985)]
was constructed with a unique Sa/1 site in front of the AUG codon of the gag gene and
an Xbal site at bp 2165, for the insertion of the viral rev-responsive element (rre; bp

20 7178 to 7698). A 2.37 kb Sal fragment containing the three HIV-1 sequences was
inserted at a Sal site in an expression cassette containing the adenovirus type 7 (Ad7)
major late promoter (MLP), the tripartite leader (TPL) with an intervening sequence
between the first and second leaders, and the hexon polyadenylation site (poly A) as
described in Chanda [Virology 175: 535 (1990)]. The cassette was inserted 159 bp

25 from the right end of an Ad7 genome [Sussenbach, The Adenoviruses, Ginsberg, ed.,
Plenum Press, pp. 34-124 (1984)] containing the HIV-1 rev gene [Feinberg, M., Cell
46: 807 (1986); Sodroski, J., Nature 321: 412 (1986)] in a deleted [79.5 to 88.4 map
units (m.u.)] E3 region [Chanda, P., Virology 175: 535 (1_990)].

30 ' Example 2. Ad4-gag-1
Following the procedure for the construction of the Ad7-gag-1 recombinant
adenovirus in Example 1, a similar expression cassette- contalmng analogous Ad4
sequences and the three HIV oodmg regions were mserted ata site 139 bp from the
right end of an Ad4 genome Wh1ch contamed HIV 1revinan E3 deletmn between ‘76 e
35 and 86 mu. o



20 - These viruses were deposited under the terns of the Budapest Treaty

\grft h th; AEEr: f:an I Type Culture Collection (ATCC) of 12301 Parkl awn
‘i ve, “Rockvill e Maryl and, 20852, USA, and were

accessi on .nunbers contained in the tabl e bel ow. AW(%S (?\](Ia}err%
Descriptive Nanme ATCC Nane 25 Ad7-env

Ad7-tpl env-tpl Hrev VR-2299 7. Ad7-gag

Ad7-t pl gag-tpl Hrev VR- 2393 Ad7-gag-1

Ad7-rev-gag Example 3. -AdS5-enwR- 2392 Ad4- env

Ad4-t pl env-tpl Hrev VR- 2
Ad4- t pl gag-t pl Hr ev AdS-tplenv-tpIHrgycop élétl %6 entire égﬁlégs%&ience of HIV-1 (LAYV strain)
Add-r ev- gag gp160 and a modified version URE@30gene, ca]led .cBoth the env as well as rev

Ad5-t pl env-tpl Hr : ]
Ad5-t pl gag. t pl Hrgge}{eareprecededbyawcgegg&ﬁ%fthe Ad?ugﬁix@?&dermds tpl). AdS-tpl

Ad7-tpl env[&rr] tvmswh@wcaﬂy synthesized ggd was cloned A8 T, yftgerf.] hen the gp160 DNA

Ad4tpl envferr] - t e was inserted bchmd‘/ﬁe Ad5-tpl t\6RaR WIS tpldnv/PTZ18R clone. The
Ad5 tplenvferr]- Hre

Ke?ﬁqbﬂbwwlﬁwe%ﬁﬂﬁé{ syahesized yherg fae muglcotidy Sequenges Ygre

h uman adenovi r ushgnged without Mﬁﬁgmé thébamimodicill seqagmetwittethg help ofithe hoddmudige
regi on has been

el et
o R0y S ene: égs Faf done 1 g4l bomOlaDus fosprbistaifn b Yol YEnfBA sBndrafl B
wﬂ V regﬁl au()rly meed nhme\and edverls mwdqg@smydckwéd&tﬂm\monswtfﬁw\gm wze
ere the nucl el &s%ﬁnﬁ%%@@ﬁ%pmrm% Moldiedtd ﬂféﬁﬁﬁhﬁ AHBQpE!E‘eQO B d
ons r

seqguence enploylng co equently used I n n
refers to entireeseqpence eopiining AevtplireY wapardisedout @é%&‘gﬁz@%f

i ntervening seq I&ﬁ@tocreatethe %ME'Achﬁleﬁir— cmﬁﬂamﬁdlmdwnﬁngéwdmm
positioned in fr of_ ther rég ant g The (ﬁos

desi gnat ed Ad7- MWE?I%@WM @g ofta siain gﬁ%e g@éfnﬁgﬁh 8) J"gglmb‘a&‘his
Ad5-env, an§ Ad$lgasidcRis Bhéurikd Réth B@ﬁ aridh éheanmixpdnwithr87 trhe SpAB 1

strain of HV angd the. constr cts Vv r Ad4- d
contain the %&é dfﬁ%mﬁgﬂf: &’ﬁd Qyﬂe ﬁf@\‘{\wﬁé‘q’?eﬁ% nané 44 Bbtid
adenovi ruses nackecrértmmfehled w1th the DNA mixtures, recombinant virus plaques were picked,
plaque purified three times, and their genomic structures were confirmed by restriction
endonuclease site analysis of DNA extracted from infected cells by the method of Hirt.

20 {J. Mol Bio. 26: 365 (1967)].

Example 4. AdS-gag
Ad5-tplgag-tpIHrev contains the entire gag and pro region as well as the modified

rev gene, Hrev. A copy of the Ad5 synthetic tripartite leader was placed in front of the
25 gag and Hrev genes. A DNA fragment contammg the entire gag and pro reglons (bp
335 to 2165 of LAV strain of HIV-1) was constructed with a unique Sall site in front of
AUG codon of the gag gene and an xba site at bp 2165, for the insertion of the viral
rev-responsive element (rre; bp 7178-7698). Two separate plasmids Ad5-tplgag as
well as AdS-tpiHrev were constructed in a similar way as described for Ad5_-ip1cnv—
30 *: tplHrev. Then the Ad5-tplHrev fragment was inserted behind Ad5-tplgag to create the
plasmid AdS-tplgag-tplHrev. Then the fragment AdS-tplgag-tplHrev was inserted at
the unique Xbal site at map position 78.8 of the AdS Marjetta strain with an E3 deletion
(78.8-85.7 mu E3 deletion).: Then the final plasm1d eontammg the AdS sequcnee was
linearized and then mixed w1th the 0—87 mu SnaBI v1ral fragment for transfectlon

35  Recombinant plaques were p1cked up, plaque punﬁed three umes and were checked by - _' o

ert analysxs of DNA extracted from the mfected cells.



LAV and MN strains of HIV-1 are illustrative of reconbi nant adenoviruses
covered by ° this invention. This invention al so covers reconbi nant
adenovi‘ruses whi ch include the 15 env and/ or gag genes from ot her
straipns of. H V-1. Bot h the Ad-env and Ad- eyypbhasiaeicdy uses
were shown to replicate in human . A549 cells and expressed

reconbi nant env antigen in vitro denonstrating their capability of
generating cell nmediated, hunoral, and secrgtory immnity in a manmmal .

As described in detail belom1 |ntranasal adnlnlstratlon of Ad-HV

reconmbi nant 20 vExample 15y En Coated: salesosulted in both primng and

boosting of both hu &Jﬁ%&e&é ﬂhﬁﬁs&;mxseanamea%nbm ged
at H V reconbi nant g@%l gelﬁgntaﬁ!ﬁn s rregeonb nt aden VI r ;

Se

admi ni stered t ocgtenphinceseshaping Clusified drferipd aelt ysates were 1 lﬂ&ﬁ@?’é‘%ﬁ‘?@ 139
eBV anddgag protygd I Rer® fpack&d/ u(ljtbgﬁ %Biahhoéhgﬁﬁ![eﬁ nedigd acl fror siﬁr\gdlvphﬁlgfr u?der
observed in nasa sal, vag retions strati

of the 25 h‘HP-}dé ‘?S%HBW‘? ujgg s ‘K"‘:&n‘iqag%id@gasg%‘% m}lgiqsg ACEf
wer e obser VEd l Phihakatd in acetone/160% Estednol/€l: Bdlyrmanualiydlp"phgdachsmdéamesfwﬂhau
reconbi nant viruses d7 e g%qg&. f
time and mducelém'ggéégltez’%ﬁﬁ? %ﬁgnégo%&\gy response ﬁ_lﬁléiﬁ%dggu ts pHﬂéﬂaﬁl’pw%so
showed t hat adnifosdnmidenthessiconditipnsy Sampl¢ eapsulsy werectesterd fog pesistance & simulgied
superior to admg%tﬁ&&ﬁid@a)ﬁﬁ%}) :012% SAR1 BH 1.50A3Y g ¥ VaHREEDANudhion

oral route. m I'mune responses direc ed H Vv antlgerbs
requi red pt@ mar Testor @ppassfs for 1 hr. dihe apsles Wereninipesiat it Dgjes pracracks an

het erot ypi ¢ recehifaRlH 6% ﬁ\fnlt ﬁtb@'doﬁtém rmﬂ:l&iftmmulated intestidaV/ fluid ¢1.0%

anti bodi es. Intranasal |on of .the,Ad-Hl V yir cti &Ly
pri med chi npanz PE8CIEYL @3@ ﬁ pgtasHt M@&*ﬁ&ﬁﬁj 60%{? a&igz s Al
H V-1 f thsw%sﬁestédlmmeﬁmnﬂ-tb\éﬂuhwﬂtgasmmhm forrl oo 87 «C with agitation

I muni zat i on.

BRI EF DESCR! PTI é%d&gaﬁ%dﬁiﬂ%?ﬁ&g‘“ 15 min. in simulgted %‘lﬂlfeé“&al id.  The amoum gu"t on
of . gp120 bi%di novasaitiet My carfluani AL eell inonolayers yaplaqugassaéfc@qlﬁhnm@l NA

Ad- HI'V vacci nes. ‘stability confirmed by Hirt analysis.

Example 6. Ad7-envmMN
The construction of recombinant adenoviruses containing the coding sequence of
20 the env (gp 160) gene of MN strain of HIV-1 is described briefly as follows: The 125
bp (6243 to 6367) ffagment of the amino (NHj3) terminus of the env' (gp160) gene
including the initiation codon (ATG) as well as consensus Kozak sequence was
amplified by polymerase chain reaction (PCR) from the clone pMNST 1-8-9. This
fragment was then cloned in pGEM vector and the resultant clone was designated as
25 pGEMMNenv. The following fragments of DNA were isolated by digesting with the
' restriction enzymes Kpnl and Xbal from the clone PAd5tplynenv 223 (6367 bp to
8816 bp), Xhol + Kpnl fragment from PGEMenv and sall + Xbal fragment from
pAd7tpl 18RD. All of these fragments were ligated together and the resultant clone was
., designated as pAd7tplynenv. This plasmid was then digested with Xbal and treated
30 . with calf intestine alkaline phosphatase (CIAP). The Nhel+Xbal fragment of Hrev
~ gene was then isolated from the plasmid, pAd7tplHrev 18RD. The clone that was
obtained after hgatmg these two fragments together was! des1gnated as
pAD7tplynenvtplHrev. This plasm1d was then dlgested w1th NheI+ Xbal and then
ligated to the E3 deletlon plasm1d of Ad7, PAJTAE3 (68 m.u. to 100 m.u. deleuon) that
35  was also digested with Xbal and then treated with CIAP. The resultant plasmid was
_ desxgngted as pAD7AE3tleNen_vtleNHrcv. This plasmid was digested with EcoRI
and mixed with the EcoRI (0-87 m.u.) fragment of the Ad7 genomic DNA. AS549 cells



5 . DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preparation of
Represent ati ve Reconbi nant Adenoviruses The foll owi ng Exanpl es
show t he construction of representative reconbi nant adenovi ruses of
this invention. The reconbi nant viruses were propagatéggﬁ% éiéﬁcég? cells
and subsequently titered on A549 cells. _ ' P ) -gag-1
The construction of reconbi nant adenoviruses: containi-ng the gene for the
HV - envel ope protein has been descrlggd [ Chanda, P., Virology 175:
535 (1990)]; a sim:'lar 15 procedure was Used to incorporate gag and pro
[see Vernon, S. weke tRaratdféchlePit fibse DNAs. RAcbfibinflidues oBtaimel fom in v
ragment containi ng e.entire ga ro_codi. . ek egl to
2165) of HIV-1 §PF<§P{¥HE§AQP s lﬁgﬂﬁ%ﬁ &é.aPP@EFE‘gﬁ’mé‘?“ P@ggﬁ‘&a@% §§§'/83
const ruct ed wi t i@t DNAJUThSplaues Werei alsd idemtifiedfbytthe prad@ tiondigpd60.t8pd 2¢2gd

gene and an.Xbal site .t bp. S Lnsertion of the viral
rev-responsive I],éﬁ{_ng(app@png a?ungdi%n?%tg}nt)g . A 2.37 kb Sal fragnment
containing $he three H V-1 sequences was inserted at a Sal site in
an expressi on casset t & N\RY. d VA dislendyRe 7 (Ad7) maj or
| ate pronmoter (MP) EM%%%Q %l?& n_\NI Bh an i nterve)%ngﬂf AdT-
sequence bet iehencanstuetionsef Add and recanbizants age,the Same s, g

D05 (oot Tnehid ieabiudfonadd, HeoRl desnd OB RO g20 - NHIAIRyT 20
. The cassette was_ipserte . e

an Ad7 genone [ SRAshHWED %@clizfgﬁ@m‘ wﬁ%&e&&)&@gﬂé DR o %ﬂ%‘%& m
Press, pp. 36- 12461 Rsbbnibinait Aid4i eirubhe SHhilady rfov AdfHeMiskiigested, DA foem|

46: 807 (1986); S i, J o ' ATist
85 4 map. 00" PRAFRESbypryptet Faciolatifedwigh SRDPEL (07t ) s 6 At 0
(1990)]. 30  genomic DNz aorptodude thaddcagehjnant AdS adenovirus. LikgiAdfwboll Adfeand

procedure for thﬁﬁ?@&ﬁﬁ%ﬁ%ﬁ%@ﬁbm%ﬁim&ﬂﬁﬁcomi nant

adenovi rus in Exanp ar expression cassette containi ng anal ogous
Ad4 sequences and the three H 'V coding regions were inserted at a

site 139 bpsfrom t h?fgamPle 8, Sebinit Anfiber Prégdragiofione whi ch cont ai ned
H V-1 rev in an E3 deretion between . ang 8 mﬂ. . . )
gp-120pn was prepared according to , R.J., Nucleic Acid Res. 19:
4485 (1991) and was used in SAF-m adjuvant (Allison, A.C., J. Imm. Meth. 95: 157
(1986). gp-120sg; was prepared according to Scandella, C.1., AIDS Res. Human
: Retroviruses 9: 1233 (1993) and was used in MF-59 adjuvant (Keitel, W., Vaccine 11:
20 909 (1993)). HA-envki7x was prepared according to Kalayan, N., Vaccine 12: 753

(1994) and was used in SAF-m adjuvant.

Measurement of Replication and Antigen Expression
Hufnan A549 cells were infected (MOI 10:1) with recombinant adenovirus types
25 4, 5, and 7 that contained either the LAV or MN env genes. At 34 hours post-
infection, virus titer and env antigéﬁ expression was determined in duplicate samples.
One dish of infected cells was subjected to 3 cycles of freeze thawing and the cell lysate
was tested for the presence of infectious virus by plaque assay. The second culture
. dish was washed, detergent solubilized, and an aliquot of the cell lysate was loaded on
30 to a 10% polyacrylamide gel. 'Folldwing electrophoresis, the separated proteins were
 transferred to nitrocellulose by a Western blot apparatus. The transferred proteins were
immunostained with anti-env reagents. A known standard, recombinant gp160, was
added prior to electrophoresis. " The. resulting "ii;nlx-'l.l't_niobl_ot was sbanne_:_d by a
densitometer and the amount of recombmant env determmed. There were no significant
35 differences seen between wild type adenoviruses and the recombinant adenoviruses
expressing either the LAV or MN env gene. Both types of recombinant adenoviruses,
LAV or MN, produced similar amounts of env antigen. Therefore, both types of Ad-



-7- - Exampl e 3. - Ad5-env Ad5-t pl env-t pl Hrev
contains thé entire coding sequence of H V-1 (LAV strain) gpl 60 and
a 'nodi fi.ed version of the rev gene, called Hev. Both the env as well as
rev . - gene are preceded by a synthetic copy of thaAHRIS203I8/QHRIte

| eader (Ad5-tp| ). Ad5-tpl 5 was chem cally synthesized and was cloned in
pTZ vector. Then the gpl60 DNA -~ seqguence was inserted behind the
Ad5-tpl to create Ad5-tpl env/PTZ18R cl one- 10hke Hrev (~360bp) was

al so chem cally synt hesi_zed where the nucl egti de sequ ces

changed wi t hout caMaerpmhjnanis Iy #9d MiNgwers cﬂ??i‘h@egfm”t R h‘gﬁ? ‘fflustaﬁéveéloﬁon
usage. ThhSr ¥6iPespeRdng Wikl Qa&ﬁﬂﬁk@ﬂ@h&vkﬁsmﬂbmmaxpmmsnmmnﬂnmnnenv

i dentical sequences ex|St 10 env, a

i ke AdS-t pl eny 28088k tﬁeaﬁ?é‘?ev@@onsm%ﬁvesh IRy AN M |
pPTZ18R vector t%nﬁﬁ@ﬁﬁécﬁﬂabﬁbf@enewﬁxgtqeﬂhﬂaﬁatedr hemoral, and segmetprysimmunity
sequence co tal ni ng Ad5 Hr.ev S Cl erted behind
Ad5- th é?ﬁ%f%mﬂ 8#%@%%&%%?‘ env- tpﬁﬁ;dea\?/ This plasnid
was then inserted in the del eted E3 region of Ad5 Marietta strain
(78.8-85.7 mu deletion) at 78.8 nmu. This 15 plasm d was linearized with
Bgll enzyne and then m xed with 0-87 nu was
derived fromthe wild- tWQNﬂRUﬁé@%@ATJ@NMW@WS wer e
transfected with the DNA m xtures, reconbinant virus plaques were picked,

pl aque purjfied three tjjpnes,. and their om ruct ures,yer.g L rmed by
restricti ojhé‘ end . site an X DNA extr 3’61%

i nfected cells by the Hirt. [J Bi 0. 26: 3%!§ (1967)].
Exanpl e 4. Ad5- gag Addenv 45 th ga %pl Hr ev contains th§-entire gag
and pro region as well %ﬁnﬂy}lﬁodlfled rev gene, Hrev. Acopy of the
Ad5 synthetic tripartit was placedyg n front. of the 25 gag and

Hr ev genesiéA DNA fragAdslmﬁ’E)gl ni ng thed%@tl re gag and pro rg_gg ons (bp
335 to 2165 of LAV st %”lrv | V-1) was cofgtructed with a unigge Sall site
in front of co of the gag gene and an xba site at bp 2165,
for the insertion of ”lﬁi {ype revig esponsi ve el enment Qrre; bp
7178-7698) 99 TWo separ atggmémsm ds Ad5-tpl gapg as wel | ag.1Ad5-t pl Hrev
were constructed in a Adiémppay as descrylged for Ad5-tpl env-33%0

tpl HHev. Then the Ad5-tpl Hrev fragnment was inserted behind Ad5-tplgag to
create the pl asm d Ad5-tpl gag-tpl Hev. Then the fragnment

Ad5-t pl gag-tpl Hrev was inserted at t he uni que Xbal site at map
position 78.8 ofTidatmédt Régimensa strain with an E3 del etion

e o o2 vad B8 Ol Beni kG el e Ll SRCMRAN RETHTY dCeMieed in

fragment for tr aishpatzeesunder four treatment regimens (1, 2, 3, and 6), and in dogs two treatment

)

o

regimens (4 and 5). Protection against HIV-1 infection was evaluated in chimpanzees

in the sixth treatment regimen. The first regimen consisted of administering the
recombinant adenovirus orally via an enterically coated capsule (Example 5) at 0, 7, and

30 26 weeks followed by an env + gag subunit protein booster using alum as an adjuvant.
The second regimen consisted of further treating the chimpanzees that received regimen

1 at 46 and 58 weeks with additional boosters of recombinant adenovirus administered
_intranasally. The third treatment regimen consisted of administering recombinant

- adenovirus intranasally to naive chimpanzees at weeks 0, 24, and 52 followed by an

35 env subunit booster at week 75. The fourth treatment regimen consisted of
administering recombinant adenowruses derived from both the LAV and MN strains of
HIV-1 to dogs. o

The fifth treatment reglment cons1sted of adm1mstenng env subumt boosters to

. either previously immunized or control dogs. Each treatment group consisted of 6
40 prewously immunized dogs and 2 control dogs. Of the previously immunized dogs,
six had received Treatment Regimen 4 (Group A); six had received Treatment



35 . Reconbi nant pl aques were picked up, plaque purified three tines, and

wer e checked by Hirt. anal ysis of DNA extracted fromthe infected
cells. ™

AHP- 92038/ C1/ C2 ' AFIP- o
Exanpi'e 5. Enteric Coated Capsul es Reconbi nant920 Se[nc’éi\/ﬁzr uses
were grown in A549 cells and harvested follow ng 3 cycl es of
freeze-thawing. Clarified infected cell lygates were |ypholized and 60 to
100 ng were packed into #2 gelatin capsules using a 1 m syringe

pl unger under 5 Regigiehur(Giérp By} sohall rebeived. Adrererpgppieupressingoa portioniof thelfi a

vy ppi ncRarhopegveR A LAV TS et Oy i

coating between ﬁ&-ehvma;‘é (expressing @l pootiansof thedEiVaeny \Iﬁﬂﬂonp,l dgn@ed/@@m the strain

formed under the I i

to similated O HIOLEEbAET ac %%etgé%é‘%“ SN 1o Redt S TR B
usi ng a Van¥el W@Dﬂ@@gF@serlmbChcnﬂ@é%@ @2Wus for 1 hr. The capsul es
were inspected for B irestnftnkfegffich consisted of i(ﬁﬁlﬁfstéhhgﬁdt@wﬁmh’écdﬁlbihﬂhg
containing 10 m of simulate |ntest| naI fluAgr?g‘ dfmg creatin

0.05 M nonobasi dOpRMBPIRLEES Bl pr) VMYt %‘I"@EFI "i‘[lé?tf(f@ usipg
capsul es tested wéxeldgeas sqdméctbﬁ s*nw bﬁh@dnms twrere: tlfelnbgldetf one br twodhoo3r C
with agitation

. . t I
intestinal flui dmrm ﬂg? W?I&?&a : )ve RRB% atn nguc?ﬁog%sﬁom%?q%ﬁg
cell nonol agers dbmﬂmg&lmﬁuﬁe@ﬁammmﬁe viral DNA stability

confirmed by Hirt a fné&&ﬁgﬂﬂe[“guﬁe sAdfgenvierr]
The construction of recorrg‘lmﬁé S qeRoVI Tusas contal nrf ng t%e codi ng sequence

of 20 the env (gp 160) gene of MN strain of H V-1 is described briefly .
as follows: The 125 bp (6243 to 6367) fragnment of the am no (NH2)
term nus of the env (gp 160) gene i ncl udi ng the initiation codon
(ATG as well as consensus Kozak TREATMERNT REGIMENS 1 ANB fjed by

pol ymer asejshai Nniygdfibdeih ( PCR) Tfimem t heChhmineeed WNmll 4 - 8- SChithphtzee 3
fragnment was then cloned in pGEM vector and the resultant cl one was

desi gnat ed as Zﬁ‘eglmﬁ‘GéMVNenv The foI I OWI ng .f ragnents of DNA we sol at ed
by di gesting wi t Fripeg* 0 weeks ?07pqud7-env 1.5x10 qu<17—env
2.0x 109 pfu Ad7-gag-1 |
20 1st Booster* 7 weeks 1.1 x 1010 pfu Ad4-env 1.1 x 1010 pfu Ad4-env
1.0 x 1010 pfu Ad4-gag-1
2nd Booster* 26weeks - 7.9x 1010 pfu Ad5-env 7.9 x 1010 pfu Ad5-env
25 3rd Booster* 34 weeks 200 ug env in 0.2% alum 200 yig env in 0.2% alum
500 ug env in 0.2% alum
Regimen 2
1st Intranasal Boost 46 weeks 1.0 x 108 pfu Ad7-env 1.0 x 108 pfu Ad7-env
30 . 1.0 x 108 pfu Ad7-gag
2nd Intranasal Boost 58 weeks 1.0 x 108 pfu Ad4-env 1.0 x 108 pfu Ad4-env
1.0 x 108 pfu Ad4-gag

35 *EBach dose was administered in enteric-coated gelatin capsules on 3 consecutive days.
* 1 TAdministered intramuscularly. :

The following table summarizes treatment regimen 3.



restriction enzynmes Kpnl and Xbal fromthe clone PAdStpl[err]env 223 (6367

bp to ' 8816 bp), Xhol + Kpnl fragnment from PGEMenv and sall + Xbal
fragmeit from pAd7tpl 18RD. Al of these fragnents were |igated
together and the resultant clone was desi gnat eda pp-ddgial/Cerr] env.

This plasm d was then digested with Xbal and treated 30 with calf
i ntestine al kaline phosphat ase (CLAP). The Nhel +Xbal fragnent of Hrev
gene was then isolated fromthe plasmd, pfxrtplHev 18RD. The clone t hat

was obtai ned after |igating these two fragnents together was

desi gnated as pAD7t pl [err] @M@W%T/ REFHI‘&%I Basmi d was then

di gested with N%fgi[and t NBine Chnjg efl ah@ 5 he Ehinlphwdet 06

pl asm d of Ad7 errJ[E3 (68 mu. to 10 deletlon) th f% was

al so di gested wi Ptimfal and t he®weekseat ed-O%i1f fE:ﬁﬁf‘““’The r st Y0aRte A70%i g
was desi gnat ed as pAD7[ err] E3t pll01f| efwbebhs®er r ] Hrev. Th| s plasmd
was di geste’ij wi th EcoRl and m xed vm_;h t he EcoRI (0 87 7'} UA34-e
fragment of the IyBoesieRfoni ¢ DNA# Wb 9 cékol"sw,lpf“Ad"‘em’ x107p v
AHP- 92038/ C1/ C2 0x 107 pfu Ad4-gag -9 -

were then transfected with these DNAS. Reco fﬂggé | aques é)b fromln
Vi vo r ecoRSiBRIMTON wer e 7 WSk i f| e‘d’ 1? ﬁropn e e | Er8n

di gestion Hhal yses of the Hirt es were also identified

by the productlon of p 60, gp120 2N d gp41 usi ng ropriate

ant i bodi es on WeSHEPKER ot s. 05m gé?’émpl e 7. Ad4ad;3r31v?§rr] and
Ad5-env[err] nstructl on of Ad4 and Ad5 reconbi nants are
the sane a thau% nv[err] except that for Ad4, EcoR

di gest ed DESA from p ?PTWH envt pl Hrev was conmbined with the

Bcll (0-87 mu.) fragnent fromthe Ad4 genomic DNA to produce 10 t he
reconbi nant Ad4 virus. Simlarly for AdS, Mul-digested DNA from
pAd5[err] E3tpl[err]envtpl Hrev was conbined with the Spel (0-75 mu.)
fragnent of Ad5 genom ¢ DNA to produce the reconbi nant Ad5

adenovirus. Like AdThe ficlldwirgBatdesiimmarizes tréatienteegimbn #Aant s wer e obt ai ned
from A549 %JI | s.

TREATMENT REGIMEN 4
Group A Group B Group C Group D

Immunization Time (n = 6) n=3) (n=3) {n =.6)
Primary* Oweeks Ad7-envyn Ad7-env Ad7-envyn AdS-envyn
25 + Ad7-env
1st Booster* 12 weeks AdS-eﬁvMN AdS-env AdS-envyny ~ Add-envpy
+ AdS-env

30 * Bach recombinant adenovirus was administered intratracheally at a dose of 1 x 10 9 per dog.

The following summarizes treatment regimen 5. Each group consisted of 6 dogs
that were previously immunized, as described above, and 2 control dogs. Each group
35  received 50 pg of the subunit in adjuvant at 0 weeks (20-28 weeks from the last Ad-env
- administration). Group A received gp120gp, in MF59 adjuvant; Group B received
CHO-derived gpl20yy (antibody purified) in SAF-m; Group C received Ad5-
gp160y-derived gp160yy (lentil lectin purified) in SAF-m; Group D received Ad5-
gp160MN-denved gp160ypy (lentil lectin purified) in MF59 and Group E recewed HA-
40 envgy7K (expressmg a portion ¢ of the HIV env V3 loop) Twelve weeks later dogs were
identically boosted with the same subunit, with the exceptlon of Group D dogs which

were reboosted with the HA—eanm(



15 - Exanpl e 8. Subunit Antigen Preparation gp- 120[ err]

was prepared according to Kaufman, R J., Nucleic ACI d Res. 4485
(1991) "and was used in SAF-m adj uvant (Allison, gﬁgg 95:. 157
(1986). gp-120[err] was prepared according to Scandel I'a, . S Res.
Human Retroviruses 9: 1233 (1993) and was used in M- 59 adj uvant
(Keitel, W, Vaccine 11. 20 .909'(1993))131—|A-env[err] was prepared
accordi ng to Kal ayan, N., Vaccine 12: 753 (1994) and was used in
SAF- m adj uvant . Thefoﬂd\)hngtabbrsmnmanzesmpﬁnenmegmn&nd Ant i gen Expression

Human A549 cells were infected (MJ 10:1) with reconbi nant adenovirus types
25 4, 5, and 7 that contained either the LAV or MN env genes. At 34

hours post - i nfection, virUREATMENRREG@MEMNGt| gen expressi-on wWas
determ ned in dupl Icate sanmples. | ipfected cells was
subj ect ed tf Ln?z%ugxf mﬁf“ﬂ%ﬁ%ﬁk‘"l YEXL e 12 Was
tested for the pre 0 ' Iy Pt aque Second

culture Pdingt was Qvash@ﬁ'eﬂ‘ms’f eiﬁé%‘m’mso Ad a"' meéds‘e&f‘l@' anA%?I"T"&@'@F of
the cell lysate was | oaded on 30 to a 10% ﬁST'?‘éWyI ani de gel. Fol | ow ng
el ectrophoresis, the separated proteins were Addeavmn "t rgnsferred to
nitrocel | ul ose q%/ Yéste{n bl ot appapatdasyy TRas-4nkaisherdameg prAadieiidsypeer e

i nunost ai @d wi'th ant i -env reagents. A knownagl-amgard, recombinant gpl60,

was added prior to el ectrophoresis. Thé4eegul ti ng i nmmunobl ot was
scanned by a densitonmeter and the anmount of r inan%dmm

det er mi ned. TherBdRRMME 1024 gni fi cant 35 di fTerences séen bet vveeyﬁevm | d
type adenovi r usSsbuaitBobsh 26 ecsphﬂﬂsmant adenow FuUses - expressing

ei ther the LAV ne gREPi nant. adenovi ruses,

LAV or IWN, rod(ug‘(rl:'e%d\lm m\{I%re %%s o] env tgﬁigen Therefore both types
of Ad- 1 Subunit Boost 48 20sp

AHP- 92038/ C1/ C2 cpallenge ¥

env reconbi nant s—m%‘—a'n'd—m—m_er‘w(wv—ln—ﬁ——hMQ celTs as well
as + All Ad-env and Ad viruses were admmxsteredatadose of 10x 10 pﬁllvnus intranasally.

* 50 pg HIV gpl20sp; formulated in MF59 adjuvant was administered intramuscularly.
# Chimpanzees 7, 8, and 9 were challenged at 40 weeks; 11 and 12 were challenged at 52 weeks, and 10
20 was not challenged.

Measurement of Immunogenicity: Treatment Regimen 1
Chimpanzee Inoculations
Three chimpanzees (2 males-and 1 female) that were screened negative for the

25 presence of neutralizing antibodies to human adenoviruses type 4, and 7 were evaluated
using treatment regimen 1. Enteric-coated capsules containing recombinant
adenoviruses were given using a stomach tube under anesthesia on three consecutive
days. Two chimpanzees (1 and 2) received both env and gag recombinant viruses
while the third thimp (3) received only env recombinant viruses.

30 Adenovirus-derived subunit preparations containing env or gag gene products
were purified from infected A549 cell cultures {see Vernon, S., J. Gen. Virology 72:

. 1243 (1991) and Natuk, R., Proc. Natl. Acad. Sci. USA 89: 7777 (1992)].
. Recombinant antigens were formulated with alum adjuvant and administered
mtramuscularly, 200 ug/dose env and 500 ug/dose gag particles.

35 Whole blood, serum, and stool samples were collected at different Umes durmg _
the course ‘of the experiment. ‘Whole blood was processed to obtam white blood cell - -
populauons for FACS, HIV CTL (usmg recombinant vaccinia v1ruses expressmg HIV--
env, HIV-gag, or the lac gene products), and for lymphoprohferauve assays to punﬁed



their corresponding wild type adenovirus, and were able to express
reconbi hant env antigen. These resul ts therefore denonstrate that
both the LAV and MN adenovi rus . reconbi nants are capabl e of
generating cell nediated, hunoral, and secretory imunisdyp 98038/ci/2
mammal . The data obtained are summari zed in the table belo

ADENOVI RUS REPLI CATI ON AND ANTI GEN EXPRESSION 10 ' - Adenovi rus
pfu/cell x 10[err] ' [err]g env/lO[err].meIIs Ad4 wild
type : 5.4 Ad4- env.

9.1 HIV recombmantngmO gp120, and p24. Semmzanquoéqucmens were stored at
6.8 _ 7 15 _ Ad5 wild type

22 70 C undl . | _Ad5- env 86
5.4 ‘Ad5-env[err] : ~ 18 :

267 7 D&Lioh ot R¥d¥Mbinant Adenb¥i ecimens 0
Ad7-env[ er r?' -((Zahlmpanzpe gtool specimens were thawed and 0% (V/V) suspensions were

Treat nent Regi m&ﬁéd@ﬁto antibiotic bcﬁmimg DMEM. \Clefifiedstoslaspehsionswemdserbiol infese s
for HV was eval Ja

(3 2, '3 ana. o) ount A sellmopialoTE R Y di85e Cub Gl AR U S dFF

Protection agai rmioldllthe dnhonﬁdanmteual wasswashed awaydnd the ahonofryerscuere overlaid with

the sixth treat st

t he reco nant ag%ﬂ%r\llam%&oélalm&ﬁ% a%%%%g éﬂ‘ggﬁ&k@ggaptcgé Eis%és{l]{fhe
(Exanpl e 5)0at cplaqqcsamewuahzegd)wmmi/ fesl staining, lppunted and thegsgr Qvaslayi was
pr ot ei {1 300f8t fer hius}qrt ﬁwtm hamrmsuub the ceuT BRnSRYer I ThE Gellheet was
consisted o ur er reat,l n anzees el

1 at 46 and 58 vigORETRALR fersdrane (yipotefiie i, O S5 ufivhrpspaled

adni ni st er ed in 20X S8C amqsmﬂm thefeell dyer shd lefead cormict with ithecellnoselayes dord
adni ni stering reco

d t
chi npanzees at W8é ?“?%%2pefﬂﬁ%aeq%&%¥%3f 5 é#@%ﬁ‘& Lm@ﬁof%rﬁ%ﬁﬁﬂ 3 KA,
at week 7515The dvenrat BOYC. eHitmealluloagiltmmwemrmasheémm in 3X SSc/0. 2%rSID$ at moimg

rH? S/O rltb![ gaggg gd € W@Hp@&%ﬁ% agﬁrﬁrgﬁ%rid'iz?é&‘ o ﬂyﬁgﬁzE@%c@é}ginWosséﬁﬁé}ﬁ ﬁfocedures
[Poncet, D., J. Virol. Methods 26: 27 (1989)]. 32P-labeled oligo-probes were added to
the hybridization buffer (1 x 106 CPM) and incubated overnight at 42° C. DNA probes
were prepared by which could detect either Ad4 fiber, AdS fiber, Ad7 fiber, HIV-env
20 or HIV-gag specific sequences. [Wain-Hobson, Cell 40: 9 (1985)]. The filters were
washed, autoradiographed, and hybridization signals were counted.

Adenovirus Neutralization Test Procedures
Serial 2-fold dilutions (starting with 1:4) of heat-inactivated (56 C fdor 30 min.)
25 dog serum were made in 96-well microtiter plates (0.05 ml/well) and were mixed with
0.05 m! media containing 30-100 TCID4q virus for 1 hr at 37° C. To each weil 0.05 ml
of media containing 2x 104 A549 cells were added and the plates were incubated at
37° C 5% CO for 7-10 days. All samples were done in duplicate. Virus and

. . uninfected cell controls were included in each assay for determining the end point in test
30 sera. Titers were expressed as the reciprocal of the lowest dilution at which 50%
cytopathic effect was observed.

Detection of Anti-HIV_ Antibodies by ELISA and ngterg Blottmg -
" Detection of anu—HlV antxboches Chxmpanzee antlbody responses to HIV-1
35 antigens were measured by testmg vanous dilutions by oommerc1a1 ELISA and Western
blot kits as instructed by the manufacturers (DuPont, Wilmington, DE). -



The fifth treatnent regi ment consisted of administering env subunit

boosters to’ ei ther previously imunized or control dogs. Each

t reat nént group consisted of 6 40 previously i mmni ;ﬁ_ﬁ, Vol o
control dogs. OF the previously inmunized dogs, Si X d recei ved
Treat ment Regi nmen 4 (Group A); six had received Treat nent

AHP- 92038/ C1/ C2 15 - S -11-
Regimen 4 (Goup D); six had recei ved Ad- env[err] (expressing a portion of
':hel Hi Vh g _env ult@op, derived fromthe LAV strain of HV); and

wel ve had previous receiv d-

the HV env V3 |oop¢%ﬂ'¥%8&f€f’%ff%ﬁ?ﬂl @H)WQPA&){QQE? hi %; ggﬁ%ép‘)]gér%@
accordi ng to Rotzmdtstﬁd af 170° ® Tei. pextend buspensiGuowere pyeparedfrgm each sample and

Ver onese, Igfgg ]ﬁ%}} - h
t r eat nent regl rreleergél % t&%%m:o m nigétggrllg\g an elrkfter7elgo ?Xﬁppﬁqﬁs
t o chi npanzges, wat |1mtﬁed>byme_utrelrreé stginiag\avd tbﬁé@’f SRONORYGH Ware G "d’é‘?drf;@
it 20 ons. i Eoehose H e R e e e e S Lo
v err subunit anti.ge a : , d
by a 10 cha|1a@ig%°usq-arqbﬁ%t segpepegs s ¢ R AGEPAZS, A7 ﬁfe‘? en?, bt
fol l'owi ng tabl e 2065, Tdendifizetion l’oﬁ(}pﬁﬁe recambindnt Ad-HIV viruses could be
TREATMENT REG e’ﬁ 2 ’15 glé[g“‘ama&on tl.egﬂmﬂue None Rf th-g'rg@omb%ant v1ruses

Chi npanzees 1 a
0 weeks  101.5 Weré@hﬁmio thé fecédﬂ)réwngerthana dayap{iechk tiers werg abyays associated

2.0 x 10[err] pfu - wWeRs -

1.1 x 10[err] pf\n{}ﬂ})\g ] @aﬁrgse ¥ ail?l%oand 1895 hﬁ x?g&i d&éae rt]t\lle non-adsorbed kfoculum.

1.0 x 10[err] pfRrevigus ehimpstudies using Ad sAg recombinants had 1nd1cated that Ad-HBsAg
recombinants could be detected for. 30-40 days p.i. With the enteric capsule route of
administration, it appeared that these recombinant viruses did not replicate well in vivo.

15 Seroconversion to the serotype of the adenovirus vectors employed was
determined by neutralization test procedures. ' Very low to modest anti-adenovirus
serum titers were measured to all 3 serotypes used in each of the'chimpanzecs.

Seroconversion to recombinant HIV gene products were determined by either
ELISA or Western blotting techniques. No ELISA response was detected in any of the

20 chimpanzees prior to the second booster inoculation with the Ad5-env recombinant.
Two weeks following Ad5-env inoculation anti-env responses could be measured in 2
of the 3 animals. Intramuscular injection of gag and/or env preparations had a slight
boosting effect in 1 of the 3 animals. Western blot analysis appeared to be much more
sensitive than the ELISA and had the further advantage of identification of which env

25 and/or gag gene products were being recognized as being immunogenic. Low serum
antibody titers were measured following both the primary Ad7 recombinant and first
booster with Ad4 recombinants viruses. A significant increase in serum titer to env
gene products was observed following the second booster immunization with the Ad5-
env recombinant. Significant increases in the 2 animals which received ga{g gene

30 ‘* products were seen following injection with subunit préparatibns. Despite relatively
good Western blot titers to HIV antigens, only 1 of the 3 animals responded with serum
neutralizing antibodies. This response in chimpanzee 2 was very low (titer of 10 to
20). . _ . :

35 o Theseresultsamsummanzed inthé foﬂdwingtable_. o



2nd ‘Booster* 26 weeks 7.9 x 10[err] pfu Ad5-env 7.9 x 10[err]

pfu Ad5-env' 25 3rd Booster[err] 34 weeks 200 ug env in 0.2%
alum 200 [err]g env in 0.2% al um AHP-92038/C1L/C2

500 ug env in 0.2% al um Regi nen 2 1st I ntranasal "Boost

46 weeks 1.0 x 10[err] pfu Ad7-env . 1.0 x 10[err] pfu Ad7-env 30 -

1.0 x 10[err] pfu Ad7-gag ' 2nd Lnpgranasal Boost 58 weeks 1.0 x

108 pfu Ad4-env 1.0 x 10[err] pfu Ad4-env
1.0 x 10[err] pfu Ad4- gaBESUBTS OBRAINER H§E@\/W@WHTSK@GE\§ENM

enteric-coated gelatin capsules on 3 consecutive days +Adnj ni stered
| ntranuscul ar | X,h imp Recombinant demgl OWea]gﬂnu anu-ﬁet?‘&ters t 'i’eai A

regi nen 3. 40

AHP- 92038/ CL/ &mber Virus Stools (Days) Neutrah;mg Tlter env geg 12 Neutralizing Txter
TREATMENT REG MEN 3 ni zat4 Qn Ti me _ Chi gganzee
and 5 Ch:\ﬁpangg é ﬁdd;l—gg"f“ iQ * 12§ 0 yveekszo 3
10[err] pfu Ad7-envagsent. 5 X 1O[err]7.pfu Ad7- efpg <10
1.0 x 10[et0] pfu Asubuga@nv + gag 1st Booster* 2400Aeekm00 1. Qi
10[err] pfu Ad4-env 1.5 x 10[err] ;)fu Ad4- env
S 2 Ad7-env, Ad7-gag-1 2 64 - 20 <10
Ad4-env, Ad4-gag-1 1,7 128 20 100 <10
Ad5-env 7+ : 64 10000 - 20
15 subunit: env + gag - 1000 10000 10
3 Ad7env 2 6 20 N/A* <10
Ad4-env 1 128 20 N/A <10
Ad5-env 7+ 512 1000 N/A <10
20 . subunit: env 100 N/A <10
*N/A = not applicable.
25 Cell-mediated immunity was measured in peripheral blood mononuclear cell

population obtained from chimpanzees. HIV specific CTL activity was measured by

determining lysis of syngenic target cells that were infected with vaccinia virus

recombinants that express either the HIV-env gene products, the HIV-gag gene

products, or the lac gene product (control for nonspecific cytotoxicity). A hint of HIV
30 specific CTL-like activity was measured in this way.

Lymphoproliferative assays were performed to determine whether purified
recombinant env (gp160, gp120) or gag (p24) preparations were capable of stimulating -
_ blastogenesis. No proliferation was measured after the primary inoculum and only 1 of
35 the 3 animals show a Iymphoproliferative response- following administration ef the first
boost with Ad4 recombinant viruses. All 3 animals responded with proliferative
responses after the second booster (AdS-env) and the third boost (subunit
preparations). '

40

Measurement of Immuhogenicity- Treatment Regimen 2
' MW o _
o Three chimpanzees (2 males and 1 female) that were prev1ous1y moculated w1th'
Ad-HIV recombinant viruses m entenc—coated capsules and boosted with adenov:rus-
45 denved gag and/or env subumm (treatment regimen 1) were mfected mtranasally with



1.0 lo[err] pfu Ad4-gag 2nd Booster* 52 weeks 1.0 x
10[err] pf u Ad5- env 1.5 x-10[err] pfu Ad5-env 10

1.0 x 10[err] pfu Ad5-gag 3rd Booster[err] 0. 5.

env - 0.5 ng env *Adm ni stered int ranasg’ﬁwéz "

+Adm ni stered intranuscul arly. _ The follow ng TabI e

summari zes treatnent regi nen 4. 20 -17- :

TREATMENT REGQ MEN 4 ' Grou . Goup B

% oup C 5 §3r AGP-HIV viruses (wbemo) azmt 12 weeks Hteméweek 58) witk 1’6§4~HIV virus¢s =
(n =

Ad7- env] er r] &"d;?“é‘ﬂ’é‘m‘ adergga ses v E]%ﬁ'ﬁ{ ﬁs)g\g%culnv eﬁb? difa@KSwith phosphate

+ Ad7-env saling Suffsoadropwise mto _ﬂJ@ nastids Q&dgulépﬁﬂﬁé?sr ]mder angsthesigy, Two

Ad5-env[err] 0 binant il
+ Ad5-env 30 cm@gé%tz%‘iy{n%é%de |1n%nrﬁit2)§°%er1,‘6e\‘,1,br°uﬂ‘senv aé‘d ag mrer?lognt man dvuuses while

i ntratrachedl |y the thirdihimp Grumbex 3) 15peived ogly envgepmbinant viruses. The
fol | owi ng summari zeswhbRAISR) ket bi®tobl s v tdllecrd at diffetent tinfes dnging

that were previously | zed, ,as des r|b boye, ..and roI :
Each group 35 the P@%QEQ‘%PF%‘PF‘F %‘ﬁ”ﬁgiﬁf@bf‘a % &%ﬁt a{\‘ﬂg&\i’euélﬁs

(20-28 weeks fr adstédiionl i Stooldamaples or nasal swaixﬂnidohs\timmemm)l,za@m tgst procedwses;ed

gpl20[err] in vant i
gpl20[err] (ant |W§]d€q%qnf ?fe?f}% w&&i’&ﬁ% oupp%fﬁf‘é‘%ia\%@d%‘géﬂ?\"ﬁg procedures
gpl160[ err] 16eri vdedcripetiRegithen(l.enti| |lectin purified) in SAF-m Goup D

recei ved Ad5- a%%&glgO[ err]-derived gp160[ err] (lentil lectin

purified) in -M59; up E received HA- env[err expressin
portion of the H V hie fisst inraspsal baestowitheAd? ;egorg];mg%glaﬁ,]&lée i one dosé of

:jg egt :N‘f]a' 'hy boos{,a¢s W(‘gdfﬁ e h!gg)aﬁaéee A4 iine of Wirlihadniigise x€edtimparked3,a and2
J ¢ had senrn?x arng-A ‘?gglguaxlezamn uterSH% %ng[ . rd4 respectively from previous
15 oral immunizations. Nasal swabs and stool samples were examined for the presence of
shed recombinant viruses by a plaque hybridization technique. Recombinant Ad7-env
was detected in nasal swabs up to 7 days p.i. in two of the animals. Recombinant Ad7-

env and Ad7-gag were found to be present in stool samples from 5 to 12 days p.i.

There was a correlation between the serum titer to Ad7 and the ability to detect
20 recombinant viruses in nasal swabs and stool specimens. The two animals which
displayed marginal anti-HIV antibody response were greatly augmented by the
intranasal boost. The third animal was boosted to a lesser extent. Low titered
neutralizing antibodies directed at HIV could now be detected in all three animals.
Secretory antibodies were detected in nasal swab specimens which contained anti-gag
25 and/or env binding antibodies. No signs or symptoms of respiratory disease were
observed in these animals as a result of intranasal administration of the Ad7
recombinant viruses.

Three months later these chimpanzees were immunized with Ad4 recombinants at
a single dose of 1x108'pfu'slchimpanzee/virus. These animals had serum anti-Ad4
30  * neutralization titers between 128 to 256 from previous oral immunization at the time of
intranasal challenge. At 3 days post-infection 2 of the animals (2 and 3) had a slight
cough. The third animal (number 1) died on day 5 from a bacterial prieﬁmonia
(Streptococe pneumgmae was isolated). The other two ammals presented harsh
sounds by auscultation and S. pn umoniae was 1solated from both chlmpanzees

35 Anubxouc treatments were xmtlated and both chlmpanzees recovered
- Upon retrospective exammatlon of this situation scveral observauons could be
made At the time of mu'anasal adnumstratlon chxmpanzee number 1 was already



AHP-92038/ C1/ C2 _ -13-
The fol.l owi ng table sunmarizes treatnent regi nen 6.

TREATMENT REG MEN 6 Ti me AHP-92038/CI/C2
Chi npanzeé Number 5 | muni zati on (weeks) 7 8&9 10
11 12 Primary 0. Ad5-env[err] Ad5-env[err]

Ad5-env[err], AdS5-env[err]  Ad5 w | d type 18- -

Ad7-env[err], d alCl lete B h
Ad4-envlerr]  CxPerienciug gy cnd 43 abnormal Complete jood &%‘Par Jhere was a
Ad5-env[err], Adispropgrtionite nuidér of palymygmoﬂﬁblcar cells present and a 5% level of band
Ad7-env[err], . . . e e

Ad4- env]err] cells (xmérhaéurg gglg'tnéorrphonﬂﬁfea{ cells_)' taken tf)gcther, this 1‘nformat.lon 1_1.1d1cated .that
Ad4-env[err]  Aeereviasatsignificant bactegabinfectioBdteking J8ace pyjor 20[vérus]inoculation.

Subunit Bogst 3 :
aubun ¢ Bo > 43\@0%%1?&51; taken 88AAHE fing] hver,%ﬂeggg[auﬁ{% %% rallges%él negative for
Chal | enge # the prgsenes pf infectious ﬁﬂww by tissue culture ysing] 3 blipd passages on

H V[ err] stis hme ael rﬁanaayageslﬂmwf@ahﬁg@vﬁr@r&ﬁmﬁéd% prQuef
T

formiated i VB éﬂéﬂ&f\ (RS o kA ety piafodcbd pasnles ested idve fo

* Chi npanzees 7, ti presencg ofeadenoviadd amigens adingl @ commkescialliinmantilhdresesme kit for
chal | enge 0at 5 dg%% aﬁﬁg%tﬂso Iﬁ uSItonb Heﬁ'}xg?ﬁtli stained haﬁ srﬁggﬂzee

Measur emen munogeni ¢ rea eg THER
| nocul ati ons = There was a d1sagreement by experts as to whether these inclusions were caused by

adenovirus or not. Several weeks later another chimpanzee expencnced a similar fate at

- the same primate center and died. While it was likely that administration of recombinant

adenoviruses had a only a minor role, if any, in causing the death of chimpanzee

15 number 1 it was considered prudent to administer antibiotics prophylactically prior to

and after any further intranasal administration of adenovirus recombinants to

chimpanzees.

The following table shows the results obtained using treatment Regimen 1 and the

Ad7-recombinants in Regimen 2.




Three chinpanzees (2 nales and 1 female) that were screened negative for
the 25 presence of neutralizing anti bodi es to human adenoviruses type
4; and'? wer e eval uat ed using treatnment reginen 1. Enteric-coated
capsul es contai ni ng reconbi nant adenovi ruses WeHP.RUIFCILI NG a
stomach tube under anesthesia on three consecutive days. Two .

chi npanzees (1 and 2) received both env and gag reconbi nant viruses

while the third chinmp (3) received only enp r econbi nant ‘viruses. 30

Adenovi rus-derived subunit preparations containing env or gag gene products
were purified frominfected A549 cell cuItures [see Vernon, S., J.

Virol ogy 72:
89: 7777 (1992)]. &Eé&ﬁ?%ﬁ%%t an |gens Were Fﬁ?éﬁg{% tﬁ al um

adj uvant and admi ni stered RecSHiHEARUSCUl ar |y, ZOGng(ncmaee&nv and 500
ug/ dose gags Paghidp! ©SRecambinant  Virus SNIGth®  HeAQGhti-ABEHO UMantBHIV FifeO| Paakditier IV
were col | ect ednahibedli f f ewidt ti nesswblisr(Diyg)  Neutralizing Tier coeawse Ofagt hdNeutralizing Titer
experi nment. W{OI& DIrood was processed to obtain white blood cell

popul ations for 1FACRegieW LTL (using reconbi nant vaccinia viruses

expressing H V- Ad7-eneAd]-gagl V- gacg.2 or t he |1a& gene product% and 18r
| ynphoprol 1@ erati ve é@s"&‘gtéd‘!'ﬁgﬂurl f |%%j <}g
AHP- 92038/ C1/ C2 vs ol o
HI V reconbi nant gpl b“ O*gaﬁnd p24. Serum and stool Specimens were
stored at 12 si2 Det egggoen Qqbogseconbi nant
Adenovi rusgs in St oo SpeC| ' Chi npanzee st ool specinens
wer e thawed and210%Repimén Buspen5| ons were : made into antibiotic
contai ning DVEM Cl aAd%dneddBgagdl sus?én& ons wéfe used to |nfé’<9t <10
confluent A549 cel I Adbrov.dgteag-li n 60 'hm ti ssud2ul ture dPshesi®after <cigl hr
adsor ption "the unbound fmaterial ®s was a ind t he
nonol ayers?‘ re ove “&1"8“ e an 0.5% agar overlay medium Pl aques
were allowed to deve g‘lar,%a 10 dayg and 10 g9 pl aqueggoper goygosual i zeg by
neutral red staining, counted and the agar overlay was gently
renoved taki ng @ar e Regimeho1 di sturb the cell nonolayer. The cell sheet was
Ad7-env 2 6 20 N/A* <10
Ad4-env 1 128 20 N/A <10
AdS-env - T+ 512 1000 N/A <i0
subunit: env 100 N/A <10
Regimen 2
30 Ad7-env 7 256 10000 N/A 10

*N/A. = not applicable.

Measurement of Immunogenicity: Treatment Regimen 3

35 Chimpanzee Inoculations and Collection of Data
Three chimpanzees (2 males and 1 female) that were screened negatijre for the

presence of nentralizing antibodies to human adenoviruses type 4, 5, and 7 were

evaluated using treatment regimen 3. Two chimpanzees (numbers 4 and 5) received

both env and gag recombinant viruses while the third chimp (number 6) received only

40 env recombinant viruses. Antibiotics were administered prophylactically.- to the

** chimpanzees and no respiratory disorders were observed. |

Whole blood, serum, and stool samples were collected at different times during

the course of the experiment, and processed as described in Reglmen 1. Adenovirus

detection in stool samples or nasal swabs, adenovxrus neutrallzatxon assays, and

45_ detection of anti-HIV anttbodles were performed accordmg to the procedures descnbed
in Regxmen 1. :



transferred to nitrocellulose filter nmenbranes (MI1lipore Type HA, 0.45
unj, presoaked I n 20X SSC and placed on the cell layer and left in
contact  with the cell nonol ayer for 2 to 4 mnutes. The filters were
peel ed of f:, air-dried,-and baked for 2 hr in a vacuum AHP-92088#01i/a2 80 C.
N|trocellulose filters were washed twice in 3X SSc/0.1% SDS at room ..

t enperature and prehybridi zed and hybridi zed according to standard

procedur es [ Poncet, D., J. Virol. MeOhods 26: 27 (1989)]
32P-1 abel ed ol i go-probes, wer e added to he . hybri bu J‘er (1 x
10[err] CPM and i nDetestion ef Inhibition of & B¢ re

prepar ed by whi ch Cq'ﬁksfhssi@h@aésl ttemeﬁdfetheaamymuﬁ meeaxﬂdéhvfanhbt)dlesto

o g o e b o8 b IR . o

R%bri d: zati 0” Slcﬁlﬁ&bx% mhgngmuwgd,weremcubated with punﬂdiemlommbmantgplzo ( ug/ml)
utralizat edur

(starting v -Il:ﬁlf)t: Pﬁg'é’i‘ ﬁ%&?%ﬁoglizggn%g% PS%BE%%dgd (gmlé) g serum

were made i _n 96-mﬁiblated1atr45€|foeﬂ hotn(The dells C@rewashs WWG@FBB%&"@E & and

0- 05 m edia Cofle Rid% MrCkAikd hbldeldl dirlbiddy Hi‘i’éctéd di'ihe?(CDZEﬁ dil Gamd se

each well 0.05 m la contalnin A549 ceh

added and the plthe gpl2dindstplandinagatgd at 4°C OIIQ?WC ‘é{Pﬁw?s eprﬁpmes

days. Al sanpl %fﬂ‘% EPELS% BIA dhiPidah2b€by Ho t@ﬁgﬂry' uni nfected cel |

controls were inclu e? I n each assay “for detg;b?n ning the end point in test

30 seralOTiters were expressed as the reciprocal of the lowest dilution

at which 50% Reésnigpat hi c effect was observed.

Det ection of Anti-H nt i oodi LI 0

Detection of anti- |l§!:§|u At Al AL Ig‘l?s%tg%ﬁslggm virpges. Yeorur

anti gens were n&hednmdfdwsfoe%rtm%dwsrpost&nihchqm|Hﬂ§e®mbémweaweﬂ_¢@7¥t%d
- Vestern 1B|n%al KLASHAR chiblak Y Sl Dot i¥ecHBH WeabdontErsion((DeROfkotype of

W | m ngton,
AHP- 92038/ €1 / C2 ‘the adenovirus vectors employed was determined by neutralization assays. Excellent

anti-adenovirus serum titers were measured in all 3 chimpanzees to Ad7 serotypes used
in each of the chimpanzees. Seroconversion to recombinant HIV gene products were
determined by Western blotting. Four weeks following the primary immunization with
Ad7-recombinants anti-env and anti-gag responses could be measured in 2 of the 3

20 chimpanzees. By 20 weeks post-infection all 3 animals had measurable antibodies to
HIV antigens. Secretory antibodies were not found in nasal swabs taken within the
first 4 weeks following primary immunization. All 3 chimpanzees failed to mount
detectable anti-HIV neutralizing antibody responses.

25 1st Booster Immunization with Ad4-recombinants: Recombinant Ad4
viruses were shed into feces for 14-28 days post-infectidn. Examination of nasal
swabs indicated that recombinant Ad4 viruses could be detected in all 3 chimpanzees
for at least 7 days post-infection. Significant anti-Ad4 responses were mounted against

_the Ad4 serotype following intranasal administration . The magnitude was slightly

30 . lower then that measured against the Ad7-recombinant viruses. Excellent booster

responses to gag and/or env antigens were measured in all three animals. Low titered

(1:2) anti-gag and/or anti-env responses were measured in nasal swabs from

Chimpanzees 4 and 5. Still no antx-HIV neutralmmg anubodles were measured inany .
. of the animals. S : : '

' 2nd Booster Immunization with AdS-recombinants: Recombinant Ad5
viruses were shed into feces for 8 days post-infection. No recombinant viruses could



Results _ﬁﬁww from each chi npanzee prior to and
after virus i nocul ation and stored at -70 C. Ten percent suspensions
wer e prepared fromrﬁigsheétm@Beermlaced were used to infect confluent
A549 "cel | nonol ayers. ys viral plaques 5 Aﬂm@sg/gm]z f i ed by
neutral red staining H nol ayers were transferred to .
nitrocell ul ose nenbra presentative sanples were hybridized wt h

vari ous | abel ed ollgo probes to detgtt sequences specific for Ad4

Ad5, Ad7, HI V-env, or H V-g 8 enes. |dentifi c t.ion of

reconbi nant Ad- Hbvdem@émd@w@swé , ,or2we51§§gqqtnnm§ agon. A Pﬁ‘@'e andIgA' '
hybri di zati on t eghm PB@E%gBﬁst’éﬁ‘@aﬂd%@@Bﬁﬂ%tmoﬁsﬁféﬁeﬁndﬁl swabetaRersfiomh 2
into the feces for Io ge

associ at ed of 2‘910%?&#& P‘éﬂﬂlbfﬁeﬁ‘gkb$4 : e%f?&%ﬁ?‘&eﬁﬁ? blot

non- adsor bed Vi rldﬁalyﬁ@Cll Gfihd IgA anti-eh¥ &ivd/oti anté-ghgnantibodicseweresdetgeted -ihiBakiva

nbi t had t { {
et ected forS 30. saalss COUE: ?&ﬂﬁ 4 Gieuers. AafiShr by JAkAgpBtied of e 1eG
adni ni strati on, lclasawp[edeected inavagindl swabsrtakenfiinm thetsingle female chimipangee.
replicate well in viyg erél%gng\lgs which coﬂ%ﬁé&f'% rﬁéﬁ%?%ﬁnfoﬁﬁﬁmvyﬁﬁba&é be
%5 8 et eri ne

adenovi rus vectors eRp neutral i zation_t est
procedur es. VerytﬂlQ)l}gA oclamaeem examined:os thsy pregence of secremmmneﬂ% Bl was

measured to all @%&Fﬁ% YSRHtdtion %@%lﬁiodalﬂ Qnf bR %Gﬁlponent (human) for

Seroconversion to re I na

ELI SA or Wl er nPBlYG%qﬂPJr@ul'ISM%I o gﬁ‘ﬂ&% Vﬁ{?ﬁ?@%%ﬁ@eﬁgﬁﬂlﬁ

of the 20  chi GBAA#RASseMeiodf contpohbit, ﬁmmwnmbmmtmdmmampbs
Ad5- env reconbi nan vveeks follow ng Ad5-env inocul ation

anti - env responsé%E of3 W@%sured in 2 of the 3 aninals.

I ntramuscul ar injection of gag and/or env preparations had a slight

boosting effect in 1 : 1, al r be
much rm?e sen%&w%ﬁ% Tﬁ%%‘g@g ar??%.ée&of
i dentificatl®n eftibudycresponsegSvere magaguied ﬁ&@vgogéupawmwaél%ﬁ) fhese
recogni zed as bgjy ?fﬂ:bah%gt Y34 Bee: &E With live recombfiiaht B@hoviruk&y. S AMRI-6n

nmeasured foll owm n e primary Ad7 reconbi nant, and first
booster with Adantikodyrassneasesswere d it bethysaremcand; iny Y%P&éé&CHeFPfé'e?amﬁles

titer to env  collectedIRO tRY RABCSEl dﬁﬁﬁy ohgfiay afd teehdrowiPegk hhgbedBcares were

booster LTI, 23k e M4 ek B rmemign oSV RRRLE "L SonTicent

following ippecti on Betun SRV helmmmg aitibody utdaesbszcbmwmre oteseyved in all 3

good Vester bl ghlh 2 hAgks S imef Bl ip e R BB g

was very |low (t lan@agamist fife gprO CD4 bmdmg(s)te wefSdetected by a FAQSJecking absay. il

sunmari zed in t Q6§ Gl 3MBG droHtkEt high BLISA titers (1000 - 9000) directed at the V3 loop (a
region which contains the major neutralization determinant for HIV). '

25 Chimpanzee sera collected at the height of the neutralizing response was
evaluated for the presence of anti-CD4 binding site antibodies. All three animals had
acquired antibodies that were capable of blocking the interaction between gp120 with
CD4. The CD4 binding site is a conformational epitope and antibodies directed at this

. Site are believed to be important in blockmg uptake up cell-free HIV and perhaps

30 capable of inhibiting gp120-CD4 syncytium induction. The results are shown in Figure

1. _

Nasal swab anti-env antibody titers of the IgG and IgA classes. of
immunoglobulins were boosted in 3 of 3 and 2 of 3 chlmpanzees respectlvely,
 following booster immunization with the env subunit. Similar results were observed in -
35 the saliva samples taken from these chxmpanzees Two of three chxmpanzees had IgG
anti-env antibodies present in rectal swabs and the single female chimpanzee had a
strong IgG anti-env booster te_sponSe measured in vaginal swabs. The presence of
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RESULTS. OBTAI NED USI NG TREATMENT REG MEN 1

Recombi‘ nant Western Bl ot Peak nt

Vi rus: Sheadi ng Peak Anti-Adeno anti-HV Titers Peak Eﬁ‘@@@a Number
Vi rus Stools (Days) Neutralizing Titer env gag Neut raI | Zi ng

Ti ter. 1 Ad7-env, Ad7-gag-1 2,30 _ 128 -

20 <10 Ad4- env, Ad4-gag- 2,2 8

- 20 anGI@IV antibodies in muéokat sayetions is critical becausgicertain mucosal surfi@es
100 - env+ ga '

100 1000  TeprescgtmEorsites f%‘mvﬂgeflég’ﬂv AdT-gag 1l 3,2 64
- 20 <10 Ad4- env, Ad4- gag-1 1,7 128

20 100 <10 ) Ad5- env 7+ 64
10000 - 20 15 subuni t: env + gag '
1000 10009 Sutomary Tablesz Theafpilasvipg table shows the results obtained usmg
6 20 treMn <10 Ad4- env 1

128 ﬁ)‘tﬁeg’mew <10 Ad5- env | 7+

512 1000 <10 20 ' subunit: env

100 N A <10 RESULTS "OBTANEIO UsENG | TRERTEENT REGIMEN 3

Cel | -nediated i munity was neasured in peripheral blood mononuclear cell
popul ati onj@bt ai ned from chi npanzresmbikdnl/ speci fi ¢ CTL VesemBldtPeakas
neasured by  Chimp deResombininng | \WtusSheddingy nBehidoti-fdamget antidIVsTitersat ReelyAnt-HIV

infected with Wambérni a Vimwsus Stoolﬁ@@lﬁhbl sytrelizing Tier oG8 ogs 898 hdYeuralizing Titer
HI V-env gene products, the H V-gag gene roducts, or the | ac gene
product (control4 f orAdhenysisBerg i ¢ cyt é%g‘?xl ci ty)“é’ A hint £0 1y V <}g

b 5| v

specific ke ag Tt s s measuf®l in thi $3hay 10000 10000 20
subunit: env N/A* _ N/A >10000 10000 640
5  Ad7-env, Ad7-gag 34,27 1024 100 10000 <10
20 ' Ad4-env, Ad4-gag 14,14 512 10000 10000 <10
Ad5-env, AdS-gag 8.8 32 10000 10000 20
subunit: env N/A - N/A 1000 10000 320
6 Ad7-env 34 : 1024 100 N/A <10
25 Add-env 28 512 10000 N/A <10
Ad5S-env, gag 8,8 32 10000 N/A 40
subunit: env N/A N/A >10000 N/A 320

*N/A = not applicable.
30

The following table summarizes anti-HIV responses detected in chimpanzee
secretions following intranasal booster immunization with the AdS-HIV recombinants
35 and after the intramuscular subunit boost (week 23 post boost).

Sheet Has Been Replaced

"o I




Lynphoprolifer aﬁ—ve—ass&ys—%e#e—perfor med to deternine whet her purified

r econbi nant en\thlg dgag (p24) preparations were capabl e of
stlrrulatlng Noprollferatlon was neasured after the
primary inoculum l the 3 aninals shom.92038/(:1/c2_

| ynphoproliferati IIovm ng adm ni stration of the first

boost with Ad4 reconbi nant viruses. 3 animals responded with
proliferative responses after the sZﬁ:ond booster (Ad5-env) and the
third boost (subunit mlgar at i onsi_‘-)s Measur enent of
| mrunogeni city: Treat nent AREGHRY (RESPONS DETECT@Hl I SRLRETIONE U| ati ons and
Col I ection of Data Three chi npanzees (2 males and 1 fenal e)
that were previously inoculated with Ad- H V r eseaeton Aslykedvi r uses in
enteric-coated g ul es g, boos{ggs W t T amEAIOVI T US- 4OSaliva der | Vedvasmgl
and/ or env ssubugy,b (tkﬁﬂﬁpt PROBJIIRIT I3a Wer gpinf ect gl | nigGanasalgay wi kg
AHP- 92038/ C1/ C2— ' - 17-
Ad7-HIV viruses (week 46) and 12 weeks | ater (week 58) with Ad4-H V
vi ruses. 4Reconbi ngpt adenqyi ruses were sgpven in-tissue culture nedia
diluted wi th phosphate sali ne bufiger drispwi se into the nostrils 090
chi npanzed® under anesthesia. Tw® 18@¢ hi nf&mzees thunbdts 1 and-2)
recei ved both env and gag recombihant vi7RUsesl4fhi| e 5° tﬁle third chi r’rﬁ60
(nunber 3) received only env rec i nant Vi ru 0 Whol é bl ood,
serum and stool sanples were coljected rent %d rre%@lurl ng . 180
t he coursq50f t he experinent, an 7proces§@d aﬁugescrl ed ijgp Regi men.1. 720
Adenovi r us detection in stool sanples or nasal swabs, adenovirus
neutralization test procggures, o and detisetion of anti-H V anti bodi es
were perforned according to the pr oceduﬁé@ 10 360 descrrbedZQ n Regi men 1.90
Resul ts _ 2880 - 90
4 720 720 - 20 - 90
23 %0 - - - - -
24 90 90 - - - -
25 - 90 - - - -
27 90 360 - - - -
25
5 env 0 - - - - N/AY N/A
1 - 90 - - N/A N/A
2 - 2880 - - N/A N/A
4 - 360 - - N/A N/A
30 23 - - - - N/A N/A
24 - 360 - 20 N/A N/A
25 90 2880 20 80 N/A N/A
27 - 720 - 320 N/A N/A
35 gag 0 - - - - N/A N/A
1 - 90 - - N/A N/A
2 90 1440 - - N/A N/A
4 - 360 - - N/A N/A
23 90 - - - NA NA
40 24 90 - - - NA NA
25 90 90 - - N/A N/A
27 - - - - N/A N/A
6 env 0 - - - - N/A N/A
45 1 - - - - N/A NA
2 - 1440 20 20 N/A NA
4 - 360 - Co- N/A N/A
23 - - - - N/A NA
24 - 180 - - N/A NA
50 25 - 720 - 20 NA NA
27 - ' -

- 'N/A_ _:NIA

S equals less than 90 for nasal and vagmal swabs and less than 20 for saliva samples _ |
55 + N/A = not applicable.
** Post AdS -boost. Subunit boost was adnumstered 23 weeks after AdS boost. -



The first intranasal booster with Ad7 reconbi nants was given in one dose of
1x10[err] pfu's/chinpanzee. ‘At the tine of virus adm nistration chi rrpanzees
3, 1, and 2 had serum anti-Ad7 neutralization titers of <4, 8, and

64 respectively from previous 15 oral imrunizati onsm_%la%@ mﬁzs and

stool sanples were exam ned for the presence of shed reconbi nant

viruses by a plaque hybridization techni que. Reconbi nant Ad7-env was
detected in nasal swabs up to 7 days p.i iggtwo of the aninmals. Recombi nant
Ad7- env and Ad7-gag were found to be present in stool sanpl es from
5 to 12 days p. easurementhEIImmmo gity:c| Exeatment: Reg 4 serumtiter to
Ad7 and the abilit ete % and " (ﬁ?égﬁoﬂaﬂf uses in nasal swabs and

stool specinmens. T ° ayed marginal anti-HV
anti body response VReconthinait laderavime wasadpyinisteeed according taithe;iahlsshows gbeve

The third ani g‘;ﬂ[ | ‘g@% esﬂ@&@ﬁg;{%{?gaatﬁﬁﬁw %ofl&!ﬂédathﬁ’téréﬂtttﬁioﬁﬁunng thecourseof

neutral i zi ng coul d now, be Et ed in all ree

animals. 5 theesperiment, mﬁp@gﬁﬁ@%a&\@séﬂ%@&%ﬁn?% n POUTRS e 'H’é’&r‘ s
whi ch cont ?' ne ey} rbc&ﬁﬂ%s%erepe?@%@da@dwmhgwtmgprmmdembed\mmmsnar
synptons of respiratory_dis erve a
result of int raﬁﬁ@ﬁ‘lm‘hﬁm @%W%W?memﬁamf&“g& @Sﬁg‘)l%ﬁ% Vi rﬁggtgs
Three nont hs |8fkﬂ'{e meﬁel etveppeharbiotinvlylated poatrant evg Gl Arywassbstituted:fos
at a si n e of x%%alrgb&ﬁfu s/ chi npanzee/ virus. These ani nal s
had serum anti - i +H¥ters between 128 to 256 _from
previ ous doal i mmmmwmwktn@OMMMdomtm%&W#&mmt

3 days pOSt - nf-ec 17 %J&HV& %hltghﬁ of the
cough. The thirdt aﬁ x?anﬁ%o i)'ﬁ%lhgl §7atiBR8 Bbr Sih e serotype

ond ro abactela ne I a
(Streptococcus MQM‘A@WWP loyadayasige e%%@? gocg%hgg%r#lgo?
harsh Sﬁefafégs Péépéﬁt{éa%ﬁlﬂéttdﬁg aaﬁohd‘énoﬁnsmno ammao:ss Wenkerarfi- AdS

bot h chi npanzees Antib I ¢ treat nents re initi

chi npanzees r ects¥RONSHS Were seen following. &?W%YP%E%"@ %“%h %5&?‘%‘%‘%@1 B s

situation jgevergiv ﬂhfgeﬁyaaasmmobgl Western blot and by V seutdalization mssay$. Some

kg}gr Sg ggg} Ci? g&(l)gsét“r,earg 2B 5 rf){-o & o%%t@%’%—émﬂan\%&&@g foﬁ&gl*ﬁg primary Tgnumza’uon

experiencing a waheecmninmmmmvmwbt&gmwbmmm@n@s@ma@gen

di sproportionat u f: with dreuek
Set ﬁ%@%{'ve% in S UG PO gﬁgéfolw,hg hAEREHE bisking -

of band ture nucl ear” cel t ak et her,
this informati orecombinaat Ad-enN4LA OIMN)VH’US expressmgthesametypeo env antigen.

20 Dogs that were primed with Ad7-envyyy and boosted with AdS-envypy had an
average anti-HIV)gy serum titer of >180 (range 45->270) at 4 weeks post-boost. Dogs

QJ-
) et

receiving the AdS-envyy and Ad4-envygy combination had an average anti-HIVyy
serum titer of >170 (range 45->270) at this same time. There were no cross protective
antibodies directed at the HIV; .y strain in any of these dogs. Dogs receiving the Ad7-

25  env and Ad5-env combination had an average anti-HIVy 5y serum titer of 55 (range 20-

| 85) at 4 weeks post-boost and none of these dogs had anti-HIVyy titers. In at least one
of the three dogs receiving the "recombinant cocktail” that contained both MN and LAV
recombinant viruses had a anti-HIV) 4y serum titer of 90 and an anti-HIV} ,y titer of 50.
The other two dogs had anti-HIV} 4 titers of 45 and 15. '

30 These results demonstrate that the recombinant Ad- HIV)\N viruses all elicit
neutralizing antibodies directed at the MN strain of HIV. Low neutralizing titers were
seen in 2 of 6 dogs in Groups 1 and 1 of 6 in Group 4 followmg the first immunization
with Ad-envyy recombmants Low to hxgh neutahzahon titers were measured inallof
the dogs in these two groups fo]lowmg booster mmumzauon w1th heterotyplc

35 recombmant viruses. The neutrallzauon titers produced were type specific and did not
cross react with the LAV strain of HIV. When compared directly to other dogs treated
with LAV recombinant Ad-env v1ruses, Ad-envyy recombinant viruses appeared to



there was a_significant bacterial infection taking place prior to virus
|noculat|on 5 Aut opsy speci nens taken fromthe lung, liver, spleen,
and serumall tested negative for t he presence of infectious
adenovirus*by tissue culture using 3 blind passages on agp.92038&tig€epti bl e
A549 cell nonolayers. Simlar findi.-ngs were obtained by plaque
hybri di zati on techni ques. Lung and liver.paraffin enbedded sanpl es tested
negative for t he presence of -adenoviggus antigens using a commerci al
i munof | uorescent kit .for 10 adenovirus antigens. |Inclusion bodies were
observed in I—l&lElisitahighedtypaﬂgedﬁcmmﬁzaﬁon titers inTthe deg stardand phasmegolesgieal tespy
experts as to M 0] or
Ll RGRR, tuﬁbééﬁéﬁ}% SecBfibfanPLRRehil Mihich contaiAHRAPMN Hid

not. Several anzee exI?erl enced_a sini fate at
the same pri rratIeAYe'nmmblaamS appears tprhel c@palzle Rhs ‘M%P?“Waﬁ%!?g éﬂﬁ'ﬁ‘?aii‘%gt'i"d%q tn
of reconbi nant gming of YENOVi ruses had a only a mnor role, if any, in

causi ng the death of chinpanzee 15 nunber | it was considered prudent to
adni ni ster antibiotics prophyl actically prior to and after any
further intranggshsiiéifienit Ofr Bininthogénisiten o¥irdatment RegimemiSt s t o

chi npanzees. TM% the results obtained
usi ng treat nment Reglm DmStrgmt’ mbi nants in Regi men 2.

AHP- 92038/ C1/ C2 Thirty laboratory dogs that were either previously immunized fwice with Ad-
RESULTS GBTAI N@v%ﬂﬁ@ ﬁg’-’;@&%ﬁcﬂg% Jﬂtﬁh@ 2d 1m:numzat10n 20-28 weeks prior

Reconbi nant T rn_ Bl ot  Pea onbi nant
Vi rus SheddfPng torhed sphsubuniisapunizgtion) ﬁp\?m(bﬂ)sconﬁehﬂog'ﬂhﬁt W neverqﬁﬁ?rber

Virus Stéigb.«?ed( {824 &-env NedHnitihdned %reTin}&Eed it ong affive mm-rrml HV-8gv
Titer : egi men 1 g?

128 subumt preparations accorging g the descnptlon sMn émy o% Fadﬁ'ﬁh egu?e%

8 - 5. All Bmunizationsl®ere administered by the subcutancous route. Serum was

collected at different times during the course of the experiment, and processed as
15  described in Regimen 1. Adenovirus neutralization test procedures were performed
according to the procedures described in Regimen 1.

Results

The results that were obtained are described below and provided in a summary

20 table that follows.
E st Subunit Administration. All subunit vaccines administered to Ad-env
' “primed" dogs boosted anti-HIV),y neutralizing antibody responses. Two subunit
preparaﬁons, A and C, were both examined for their ability to induce cross neutralizing
responses to HIVgg. Heterologous'boosting (i.e., Ad-envyqy primed and gp-120gp,
25  boost) as well as homologous boosting (Ad-envyyy primed and gp160,qy boost) both
stimulated anti-HIVgp, neutralizing antibody respohses. Control dogs from groups B
and C produced anti-env binding antibodies to HIV-env. Neutralizing antibody
responses were not observed in control dogs 'following the first subunit administration.

30 . 2nd Subunit Administration. Administration of the second subunit did not
appear to be as effective as a boosting agent compared to the first subunit
administration. Group B dogs exhibited the greatest serum neutralizing antibody
response (3-4 fold mcrease) of the five groups followmg the second booster '
immunization. Groups A and C showed two-fold increases followmg their second

35 subunit administrations, while the HA-env antigen failed to significantly alter the
geometric mean neutralizing titer of either Group D or E. Controls from all five groups



Ad5- env 7+ 128 100 - <10

subunit: env + gag - 100 1000 <10

Regi nen 2 Ad7-env, Ad7-gag 12 512 ~ 10000
10000 - 10 15 2 Regi men 1 AHP-e088/Agd2gag- 1
3,2 64 - 20, - <10 o

Ad4- env, Ad4-gag- 1 17 128 : 20 100 <10

Ad5- env ' 7+ 64 -26- 10000 - 20 20
subunit env + gag L : ..~ 1000. 10000 10
Regi men 2 produced apdi-ene bindingiFntipadies. Fugctional neutralizigggmti-HIV antibedigs
10000 2 : ' V. i 2
5 20 Qver?\l?%erved?bnly 1@%%& h%‘?and D c'&)ggfﬂesh \;ﬁ}guﬁﬁ and B cqntrolls st1.11
128 o@ailed (g pproduce neutralizing antibody respopsss cafter the second subynit
512 _ 10Q8ministhdtiOn. <10 subunit: env -

100 N A <10 Regi men 2 30 Ad7-env

7 5 256 10000 N A 10 *N A = not

appl i cabl e. In deashure reditce GésultsTdenmpetratei thyt stforganewtmalizReg)iantibody 35

Chi npanzee | nocul ati ons_an lection. of : - o R

chi npanzees (2 THRPRES F© f?if: g%iaf%%tl tgﬁoz%’ 8\%@%8 rpﬁr:ezr;(ié%f% e%%?ﬁ?ﬁgmtélr_ Atdh%IV
presence of newntcoaibimrntsy Adfter iphinng: bigh acttralizingagt titers &ere d 18 groups 7
wer e ev ' 22 Q) m% ?, i ool s 4
and 5) recei Ve@a@%e??b&%%e@%eé&ﬂ@@%%@é(gﬁ ﬁ%«gco nagﬁ?@gx?&ggggf’&ﬁﬁﬁ gi)Iti h %E'i rd
chimp (nunifer & theeprimed dogsa ngutepdizing an h@?%%@tﬁ%ﬁ%ed\ﬁprbe%@eb&ﬁ{ﬂﬂe% 2cs
were ad {ﬂ ni Sg_e QG%QBPHE'VJ %ﬁtr&lﬁlb 'ﬂg’aéitpﬁodi\ﬁters were still bbsé%al Zlf@ﬁgl&edvd&ﬁs, priord
respiratory disorders re observed. . .\Wole blood, serum. .an
stool sanpi es ¥tk sesond boast- agﬁﬁq Seeand l?‘?%ss‘%#\{‘?aﬂ@ Increases "E‘I’i‘guﬁ'giﬁ?lg% of
t he experi nent antibsdigyrwae sbetvedin dethgpl 2BYodstedrgroupsEGrdzps AdambB).r us
detection in stool sanples or nasal swabs, adenovirus neutralization
assays, and 45 detection of anti-H V anti bodi es were perforned

according i the pr Snmimary Tableri bed in Reginen 1.
The following table shows the results obtained using Treatment Regimen 3.



-20 - . Detection of Inhibition of Gp120 Binding to CD4 Bi ndi ng

Sites .. This assay'is designed to neasure the ability of
chi npanzee anti-env antibodies to bl ock the intefgs! ek/dhe HV
gpl 20"antigen with in natural |igand CD4. Various b?gjtkl ons of

chi npanzee sera were incubated with purified reconbinant gpl120 (1 ug/m) 5
37C for 1 hour. HeLa CD4 positive.cells (99%.10[err]) were added to this

m xture and i ncubated at 4C for 1 hour. The cells were washed 3
tinmes with PBS- 5%BSA afiv SUBUNITIMMUNIZATION EY PG-HBH FREMEROROGSoNnal
antibody directed at the CD4 anti gen (sarre site the gpl20 binds to)
and i ncubat ed wastred—tHhree tT1ES

wi th the PBS-5% BSA and anal yzed by fl ow cBedlofiet ry. 10 Resul ts

1st | mmuni zation with Ad7- Fesonbi nfecné: RecAfdsi nant vi Ant-EEVvaeResponses™
shed into f&ceGudwpt 23 to Sbumays Swbedit | Phead-HIVN . N0 wviecohwk ndhiwkyvi 4 jwles

wer e det ect ed I n nasal secretions taken at 2 weeks ost -infection.
Seroconversi on td thebser ep! of eal80sr2 t hel®Bdenovirdg vedtbrs énpl 07378d was
det ermi ned by neutral i2zat E® msaﬁlmmcel | ent - anti~adenovi rus serum

titers wer red n al | c ees to, Ad7 ser se I n
each of thgochl anze %E gﬁ%gﬂ‘u to (rP4elconb| na(r%? %%eng prodﬁgt
wer e determ ne by i ng. "Four weeks foI’I ow ng the

primary inmmunizgtion r corrbgipants anth- enggand sgnt i -ggag
responses could be ne sur%ﬁ'@ 3 20 chi npanzees. By_20 \\/ﬁgks
a

post -infectgon all 3 ani na d rreasurabl e antibodies to
antigens. Secretgry agti b%mmem.eapt fouggl i n nasak swabs t@yen vgst hi n

t he first 4 weeks g\ N@IARRY Mary i_nmmuni zation. Al 3 chi npgnzees
failed to nount detectable ant-H V neutralizing anti body responses.
25 1stg Boostser HARNI zaHAQdv Wi t h £gd4- r econfai nantslt Reeonbi rant
Ad4 20i ruses were sHAdav nt o HAeees for -14-28 days post-infection.
Exam nati on of nasal swabs i ndicated that reconbi nant Ad4 viruses

coul d be det ecttaict grouplchbnsBted dfi6nipgsimeese previously infnpmized twicewith AdEnvayrsand 2 control
post - i nf ect i on.dogitignwére et immumized. - Ad4 r esponses were nount ed agai nst

25  *Reciprocal geometric mean neutralization titer to HIV)yN. Reciprocal geometric mean neutralization
titers to of 98 and 42 to HIVgE; were observed for the previously immunized dogs of groups A and C
respectively, at 2 weeks.

30 Measurement of Immunogenicity: Treatment Regimen 6
Chimpanzee Inoculations and Collection of Data
Six female chimpanzees were selected on the basis of their serological profiles
to human adenoviruses types 4, 5, and 7, and were treated according to the table shown
above for Treatment Regimen 6. Their selection was based on a "best fit" for having
35 the lowest possible serum neutralization titers directed at the various Ad-env vaccine
combinations that were designated to be administered. Four chimpanzees that were
either seronegative or weakly seropositive received either 1, 2, or 3 consecutive
intranasal immunizations with recombinant Ad-env (12 week intervals) (Chimpanzees
*17,8,9, and 11). One chimpanzee that was strongly seropositive (titers c_>f 128 to all 3
40  Ad serotypes; Chimpanzee 10) was given a mixture of all 3 recombinants (each at a
dose of 1 x 107 pfu) as a primary immunization'and boosted 12 weeks later with the
same mixture. All of the Ad-env immunized cmmpanzees received an intramuscular |
immunization boost w1th 50 p,g of gp1203p2 HIV-env subunit formulatod m MF59
_ adjuvant (MF59 adjuvant is descnbed in Vaccine 11: 909 (1993)) One control .
45 chnnpanzee (number 12) received 3 consecutive mtranasal 1mmun1zat10ns with wild-



the Ad4 serqtype follow ng intranasal adm nistration . The nagnitude was
slightly 30 | ower then that nmeasured agai nst the Ad7-reconbi nant
viruses. Excellent booster responses to gag and/or env antigens
were reasured in all three animals. Low titered AHPLOZh38AM/C2.0a0
and/ or anti-env responses were neasured in nasal swabs from '

Chi npanzees 4 and 5. Still no anti-H V néutralizing antibodies were
measured in any of the animals. 3528- 2nd Boost er

| muni zation with Ad5-reconbi nants: Reconbi nant. Ad5 © - . viruses were
shed into fecemu%a‘u@@ﬁél pisises (I3rveek inservalsbhandandpisampuseplay immurization, with

- th - at t @Gnﬂ dlbéiéﬂl@gbeksd@%ﬁbiot@s w%n;e aﬁfmﬁb stéfe@ ifophylactically tc{
post -i nocul a |o | 0 n ant i sponse agai ns
env and gag co@l® “’”U é&%‘a@%%‘“flﬂ'ﬁ@’ﬁrq‘&égﬁv of 3

chi npanzees fol [ ow ng Ad5-reconbi nant booster inmunization by Western bl ot
analysis. 1gG and | ti y and/ ar . a ant i I n
saliva 9 sanpl g\?hgg;lql% E)O@?ﬂgﬁ%%{l%gﬂ@%gﬂgaiﬁﬁf néﬁglegﬁﬁﬂéj%ag
ant i bodi es of thecdusse of the expcmwgnd@recedmdeastdesbnbnd imBeginien dnahdenovires
from the singl p‘gﬁﬁ% v&h@ Sadre! '

cont ai ned the gf%%?gé?lg%unt nasal OT—FWrﬁeajb ‘?b o8 dGﬁc\éﬁﬁé}"b

cl ass were exaPlamyg h)&ﬂqlb?éloar?égﬂn@ésmbeééérpégmlw dbepbudieR taghnelogy(see
acconpl i shed b)be St Addtovitis RéutRf¥atioh A8 saim&eté&ibﬁeif@hu-mmmmmes @lekgran)

R oo s g e

detected in bobbll r(&?Hﬂ)) dovined gp100 oA lcommesaislfyl pirchased (Ametibarnl Biftechnologies,

chi npanzees. $90st LAy ' | L k- gﬂ]b - e
strongest anti - env ﬁ)ody s%%ﬁses %@%@%gﬁ#s&@gt&%? W #\éggésmu%ﬁl t
adm ni strati onanﬁde)elﬂadmgassayshl npanzees that had been prinmed with live

reconbi nant adenoviruses. Anti-env anti body responses were detected

in both serumand in various secretory sanples collected fromthe
nasal - oral 1€avity, &R defectinaf msembinanibdirnvinchizopapzed steql sampleswas carried

detected at 4 WaeksthPPSbmakiilypurBhdsed POR! Kit 8606rdillf ¥ e supplier's instructions
(Perkin Elmer Cetus, Norwalk CT). Briefly, about 250 pl of the stool samples was
heated to 95° C for 5 minutes and centrifuged in a microfuge at top speed for 2-3
minutes. The supernatant was saved. 1-10 pl per PCR reaction was used. Several
20  tubes of master mix were prepared from the PCR kit and kept frozen at -20° C. For a
10 reaction tube, sterile water (615 i), 10 X buffer (100 pl), dATP (20 pui), dCTP (20
ul), dGTP (20 pl), and dTTP (20 pl) were mixed to make up the master mix. For each
reaction, 79.5 [ of the master mix were used. On the day of the first PCR, a tube of
master mix (10 rx) was thawed. To the master mix were added 10 pl of each of the
25  oligomers, 5 pl of native Tag DNA polymerase, 50 il water. The solution was mixed
and about 90 pI was distributed to each reaction tube. The PCR was carried out in a
0.5 ml eppendorf tube. To each tube was added 10 pl of the stool supernatant. Thirty
(30) cycles of PCR amplification were run at 95° C for 1 hour, 45° C for 1.5 hours,
. and 72° C for 2 hours. A second PCR was performed with a 2.5 pl aliquot of the first
30 PCR product as a DNA template and a corresponding oligo pair as primers. After 30
cycles of amplification, 10 pl of the reaction product was run on a 1.2% argose gel. A
800 bp DNA band was observed as a positive control for Ad'l-env The followmg :
primer pairs were used for nested PCR. ' |



20 .Serum anti-HV neutralizing antibody titers of 320-640 were

observed in “all 3 chi npanzees. Anti bodi es directed agai nst the gpl20
V3 Ioop were detected by ELISA and agai nst the gpl20 CD4 binding site
were detected by a FACS bl ocking assay. All t hr e O IBRICHES.

produced high ELISA titers (1000 - 9000) directed at the V3 |oop (a

regi on which contains the major neutralization determ nant for HV). 25

Chi npanzee sera col lected at the height ofg¢he neutralizing response was

evaluated for the presence of anti-CD4 binding site antibodies. Al three

ani mal s had acqui MemiplteGénedi es t histRGRe caplidBCRf bl odRNASIze,

interaction between gpigd diBom 166/3804-D4 Birgut5708 Site | 80(bp.
conformational epitopean t %dl es G&ugpshes at suu/s470 Si t ¥82bEe
believed to be i npor t anf ' | ocki ng upka%s52P celsbﬁ/sm H V ang23ep haps 30
capabl e of 4 nhi b| ting m&liggpm syncyt isggsss04ict | 3503/3502 r esul t 97&be shown
in Figure Nasal swab anti-env antibody titers of the

I gG and I gA cl asses of i mmunogl obul i ns. were boosted in 3 of 3 and 2

?L 3 chi rrpgnzetes rean% pediN@CYL activity wasfmédsamidiby detensining lysisofsyngeniotargett h
e env subuni ar re .observe gRes
taken fromt he%eéﬁc‘ﬁ%%gﬁi‘gts&%&w ﬁv(ggxsg%cdﬁp%:%%&tsl‘mﬁggl@é thér the
anti-env anti begt geneppredats, the HiWegag genwaveduatsi orfike bﬁrﬂgﬂ@Pf@Hﬁt ¢control for

chi npanzee ad $ | gG anti-env booster response neasured in
vagi nal V\b(g presgﬁce ﬂ?)

-22- anti-H V anti bodies in mucosal secretions is critical because
certain nmucosal surp&afts represent major sites for HV inf ect i on.

5si g S;J;ne’fg{)r/re |!at51'| es: The fOJt{l%vc\fs tapl e shows the rgqsfg t.s %qi;‘lﬂ}r‘lﬁd
USI NG TREATMVENjh«&REchilVhhrgngeal, and/or nasal specimens for 0-7 days collected from chlmpanzees
15 that were seronegative or weakly seropositive to AdS. Only the AdS recombinant was
detected in the strongly seropositive chimpanzee immunized with the mixture of three.
recombinants. Wild-type adenovirus was shed for 56 days in the control chimpanzee
that was weakly seropositive to AdS. Significant anti-Ad5 responses were produced in
most of the chimpanzees, with the strongest response produced in the control animal
20 immunized with the wild-type AdS. Three of the four chimpanzees (numbers 7, 9 and
11) immunized with the single Ad5 recombinant produced weak anti-env antibody
responses. Functional serum neutralizing anti-HIV antibodies-were detected only in
chimpanzee 5, which was originally seronegative to Ad5. Secretory anti-IgG anti-env
antibodies were detected in vaginal, nasal, and saliva specimens collected from
25 chimpanzee 11. Sporadic detection of env-specific CTL activity (specific lysis 210%)
was observed in in vitro stimulated peripheral blood lymphocyte (PBL) populations
obtained from chimpanzees 7, 8, 9, and 10 following the primary immunization with
Ad5-env. Significant CTL responses were not observed in PBL obtained from
chimpanzee 11.
30 ., _
2nd Jmmunization with Ad7-recombinants. Recombinant Ad7 viruses were
shed into fecal, pharyngeal, and/or nasal specimens for 7-10 days in the three
chimpanzees (numbers 8, 9, and 11) that were mmumzed with the Ad7-env alone and
for 7 days in the chxmpanzee (aumber 10) that was strongly seroposmve toall 3
35 recombinant adenoviruses. Wild-type' Ad7 was shed for 14 days in the control - .
ch:mpanzee (number 12). Slgmﬁcant anti-Ad7 responses were developed in all Ad7
immunized animals with the best _response observed in the control chimpanzee
immunized with wild-type virus. Significant anti-env responses were boosted in 2



10 . Reconbi nant West ern

Bl ot Peak. Chi np Reconbi nant Virus Shedding Peak Anti-Adeno
anti-H 'V Titers Peak Anti-HV Number Virus - St ool s
(Days)- Neutralizing Titer env gag Neutralizing Titagp.92038/C1/C2
Ad7-env, Ad7-gag 22,22 1024 100 1000 <10 15
Ad4- env, Ad4- gag 14,14 - 128 10000 10000 - <10 '
Ad5-env, Ad5-gag - 8,8 32 -30- 10000 10000 20
subunit: env N A* N A >10000 .. 10000 ' ?1140

5 Ad7- env, Ac{nugd;grs 9 and 1840D 1zhe 3 chimpauypgs boosted with) Ad7-enyoalope, while
;(1)8 0(2)0 dn@@ﬁlfﬁf%t cﬁﬂf’geg%rﬁ Vobser(\jre&‘in lifte amma18g15é{i2 the mixed a&&ﬂﬁ;@ms
10000 10000 preparatiomlmportanly, i twosHpAORees hoth contained functigaal netlralizing

N A 10£ﬁibod1e§ QQHIVMN Chnﬂ;%zee 11 also hddl a verplbiv @oss-negative neutralizing 34
t5 5, o ibod direoted 1 HIVagy. Nasal and sdfif{fsfinens collected from this 23
512 1 GRRbody iRpse sFz Nasal and sefffg cimens collected from

32 1000éhimpanzsé Also became pdditive for anu-env Ig@ abitibuidies. éfaglnal anti-env Ing/ A

N A >10000 }éﬂ%FE
The foll ow ng t%bé)dgtf'ﬁ\g?é)?fezse‘g ”ﬁlg"PW res Ghsae ectﬁgp ﬁgﬁiveaxgﬁfzbgg
secretions fol | msponges wpms:mermbmw ¢frﬂ19|$¢<2’aﬂ.onbﬂuw pglqu@ fxgm thepther

nggt”?'. nants 38pimpafyads.2lphin, b dpdtdACTHSELUGH offttitipetifl@ TOBL résfRfkesAere0S!
10 detected in in vitro stimulated PBL populations prepared from chimpanzees 8, 9, and
10. . As before, significant CTL responses were not observed in PBL populations
obtained from chimpanzee 11.

3rd Immunization with Ad4-env recombinants. Recombinant Ad4-env was
15  shed in stools for up to 3 days in the single animal (number 11) that was immunized
with the Ad4-env alone. Ad4-env shedding was not detected in the strongly anti-Ad -
seropositive chimpanzee (number 10) after either immunization with the mixed Ad-env
preparation. Wild-type Ad4 was shed for 7 days in chimpanzee 12. Both chimpanzees
11 and 12 made excellent anti-Ad4 antibody responses. The second booster
20 immunization in chimpanzee 11 resulted with a significant boost in the anti-env
antibody responses, including anti-HIVj gy neutralizing antibody response. Nasal,
végiﬁzil, and saliva anti-env IgG antibody responses were boosted in samples collected
from chimpanzee 11. Despite the generation of an excellent humoral anti-env immune
response in chimpanzee 11, significant CTL responses were not observed.
25 '
1st Subunit boost. The heterologous gp120gg; subunit antigen preparation was
administered to chimpanzee 7, 26 weeks after the primary AdS-env immunization. The
subunit immunization was very successful in boosting the anti-env antibody response.
. A high titered neutralizing anti-HIVypq response (>400)was observed along with a
30 lower anti-HIVgp, response (100). The subunit administration also elicited strong anti-
env IgG antibody responses in nasal and vaginal secretions, as well as weaker anti-env
responses in rectal secretions. One (chimpanzee 9) of the two animals glven the (AdS-
env)/(Ad7-env) combination also showed excellent antl-env booster antlbody responses
following subunit administration. This animal had similar antx—HIVm ‘and anti-

35 HIVgp, neutralizing titers as seen in chimpanzee 1. Weak an_u-env IgG responses were
observed in nasal, rectal, saliva, and vaginal secretions collected from this animal. The
other chimpanzee (number 8) had a much weaker, but still significant anti-env response



-23 -

ANTI - H V RESPONSES DETECTED | N SECRETI ONS

Secreti,an Anal yzéd Chi nmp Anti gen Weeks Nasal
Sal i va Vagi nal 5 Nunber Recogni zed Post Boost** |gA

1 9G 1gA 1 9G I gA e 4 AHP-92038/CirQ2

0 360 : 1 180

360 - - ) _ 90 10 . .

2 180 2880 20 - 20 -31- - 90

4 720 - 1440 -, ..20

23 . induced following subunit admiégpation, but this response d%g not include functional.
gg 88 negtrZ@ﬁng anubodms-to HIV. Nor were anti-env antibodies detectcd in any of the
27 90 secreggﬂsd:ollected from this c%:ixgg,anzee Chimpanzee 11 W&lfg recc1ved the (AdS-
gag 0 env)/(Ad7-env)/(Ad4—eniz)3&)mbmauon also showed an excellent anti-env antibody
1 36 3 . s . e oes s

5 22 bogggxglgsponse. This included ggery high neut.rahzguon titer (%84%08 to HIVyy and
4 720 high {400) titers to HIVgpy. 2 Excellent anti-env.IgG antibpdy responses were
32 88 observg% in vaginal, nasal, and sdliva specimens. A weak anti-env response was
25 - observedin pharyngealsecretlons The subunit did not have a significant effect on the
27 90  anti-ea%9@ntibody response (serum or secretory) of chimpanzee 10 (t118 3trongly anti-Ad
(inv 10 . seropggitive animal). Sporadic anti-env CTL activify A\\;vas detm in ll\ll{ 1'?itro stlm@ated
2 - PBIB§dpulations collected only from chimpdiizées 7 andV/8A fo_llowmg subunit
33 admjnﬁgt?ation. Similar analysis of irn vitro stimula%dﬁymph no% %]ﬁ Qobtained from a
24 - lympB@&ode biopsy located in closg proximity to kiessubunit ingeplation site) revealed
gg’ 90 chtS% obtained 0_38' from ot f%uanzee 8 (Msﬁ:ally a nBﬁ-'ﬁunéoral responder)
gag 15 ( contained significant CTL activity directed at bot & envsm and enving A N A
I - 90 - - N A N A

2 90 1440

20

25

30

35

2nd Subunit boost. Only chimpanzl\geA7 receivl\el:/da\ a second subunit
immunization. This second immunization resulted with a significant boost in the anti-
env antibody response, including high titered anti-HIV) gy (>200) and low (<100) anti-
HIVggy neutralizing antibody responses. Excellent anti-env IgG responses were
observed in vaginal, nasal, and rectal specimens. Sporadic anti-HIV CTL activity was
also seen in PBL populations.

HIVgg, Challenge of Immunized and Control Chimpanzees. A cell-free
HIVgp, challenge was administered intravenously to five of the six chimpanzees (7, 8,

9, 11, 12). The challenge stock dilution of 1/40 was shown to productively infect
control chimpanzees within 3 to 4 weeks. The chimpanzees were monitored for signs
of HIV infection for a period of 10 weeks. HIV could be co-cultured from PBLs

. obtained from control chimpanzee 12 collected at 4 and 6 weeks post-challenge. Anti-

éag antibody responses were readily measurable (another indication of HIV infection
since the recombinant vaccines lacked gag determinants) in serum samples collected at

6, 8, and 10 weeks post-challenge. All other chimpanzees were protected from the

HIV challenge at 10 weeks.

These results demonstrax'e that ;ﬁe intranasal administration of the Ad-env
recombinants (particularly Ad7_-envMN, AdS-envyn, Ad4-envygy or a combination

 thereof) elicited the production of neutralizing antibodies against HIV-1. Neutralizing



4 - 360 - - N A N A

23. < 90 - T - N A N A 40

24 90 - - - NA QIH%

25 ' 90 90 - - N A 22038/(:1/(:?

27 - - - - N A - NA 6

env o - - -39. - N A N A 45
I - N A N A :

2 - anmhwes were pr(z.tmced follgwmg the firg Administmgign of the Ad-env

‘213 - recombiflants, and the titer was increased thro%hAthA e use owl\voﬁe or more booster

24 intranggal immunizations with the Ad-env recombiyants. .Antibgdygespgnse to both the

g? - . MN aﬁa@FZ strains of HIV was f@Rher boosted IN‘r&ugh the a&’fnﬁustraﬂon of one or
equal s | ess® 5 ¢ h&??rgdn?‘&’rlatF%aWﬁ%ﬁﬁ ngé?o)smltmgpéﬂeﬂaﬁ%ﬁp@@%?mﬁy| va
sanpl es. 55  gpl204)A Mostoimpaptphtly; pbdtection against HIV-1Pinséctidd wasaienionsated ni t
boost was adm

e SoibhEfe i i v SR hometes oo

Dog | nocul ations and Col | ection of Data Reconbi nant adenovi rus
was admi ni stered according to the table shown above for Treatnent

Regi men 4. Serum was collected at different tinmes during the course of 5
t he experinent, and processed as described in Reginen 1. Adenovirus

neutralization test procedures were perfornmed according to the
procedures described in Reginen 1. Detection of anti-HV antibodies
was performed according to the procedure descri bed _ in Reginen 1

except that biotinolylated goat anti-dog Igderr] was substituted for



bi oti nyl at ed. goat anti-human IgGerr]. 10 Serum sanpl es were
t aken from i mmuni zed dogs at regular intervals after prinmary
I mmuni zati on and booster inmunizations. Seroconversion to fhe serotype of
the * ' ' ‘adenovirus vector enployed was deterni ned bﬂeﬂ%@%fq:]z@?ﬁ’@test
procedures. Al of t he dogs responded with strong anti-adenovirus
titer to Ad7 vectors. Waker anti-Ad5 responses were seen follow ng
Ad5 primary orﬁmf i nocul ati on. Ser oconversi on to 15 env anti gens
was neasured b tn blot and by HV neutralization assays. Sone -
dogs were able to produce low titer anti-env antibodies follow ng primry
i muni zati on | ' o : o
booster respondes t SoEny e garotibadt s gBiheg o Gbicfthe viel bt begiin iy
dogs fol | owi ngunchasgest frpmcthatiashe pfivieiadenayimys fieem which the regephispniadenosirusdy
(LAV or M) Vi pHsiR¥8r @8l RhitKeconfdiB EhePenol g&itY frth | @8NMNOstrain of human
Dogs that were_prine 1th Ad7-env[err] and boqQsted vigth Ad5- epv era&{ﬁ hg,ld
an aver alBmyRedefigfepcy vitps &xpe e renare 6#1685?8%‘6’&9 ghgte 1&@!@@*@5}8 bgdies
vvereﬂlgjs post - b(r)loaf celDag&diated 1mnli1ﬁﬁﬁll w'[ Rgnir émAinoduficieicy ]byavﬁduf%e%wu warm
conbi nati on hag, an average.antj - err serumtiter of. > range
9513270y ot t hPloodedisaniikl o5 Hhisabe iAhyscntag oo Sl Pt pmnistrakcg B B
di rected at t hHvétedpmbinantadendvirustodlms/said whine bleodatypamialys r ecei vi ng t he
Ad7- 25 env and Ad5-env conbi nati on had an average anti-H V[err] serum
titer of 55 (range 20- . 85) at 4 weeks post-boost and none_of these
dogs had anti - B V[ elsp aceerding to] ¢laiz 1|Vé@§@mdg@hve recombpinang adenqvirais 4y sejected
recei ving the foatonddriase dfﬂfé%i@{\% of ¢diBistiR©bt AleRSHrR@ype AMdamslitud¥pe 5, and

| -

reconbi nant viryses.had a %nt err] serumtiter of

A and an )
anti-H V[err] RfROVigs type 7, whereia g5pe; dp maﬂxgrgswaoag g‘ﬁf {heﬁi\ﬁe&tﬂ in the

titers of 45 aadenb9irusiO These results denonstrate that the
reconbi nant Ad-H V[err] viruses all elicit neutralizing antibodi es
directed at the MN strain of H'V. Low neutralizing titers were seen

in 2 of 6 dogs3in GUsepscdrdimgdoXklaii % wibare@h thepredorhbinkmnfvadagovitus it iselected from

i muni zati on i - : Q,thda,allﬁ_ L 9 Ri —tpl
neutral i zati on°F§ £ reirlﬁs&%:vgr ee%é{ls‘ﬁﬁse%l#lﬁga I~ of i&VMNk%Eﬁoggﬂ?‘?fe?M‘ep@%’
groups fol | owi Aed HdedplenvmiIFis™at i on with heterotypic 35 reconbi nant
viruses. The neutralization titers produced were type specific and did not

cross react with the LAV strain of H V., Wien conpare irectly to other .
dogs treated %+ @W&%}gﬁ%eﬁ%i n AREreRyL ngg%gg&er g\@p@ﬁﬁ@ﬁﬁmstenng
reconbi nant Vi bhiéesmaf@al ok himan immunodeficiency type 1 subunit protein.

5. Use according to claim 4, wherein the subunit protein is env or gag.

6. Use according to claim 5, wherein the human immunodeficiency type 1 subunit
protein is administered subsequent to administration. of the live recombinant adenovirus.

7. Use according to claim 6, wherein the env subunit protein is gp120pN or
gp1203p2.
‘_ 8. Use of live recombant adenovirus selected from the group consisting of Ad7-

tplenvyn-tplHrev, Ad4-tplenviyn-tplHrev, and Ad5-tplenvyn-tplHrev, or a combination
thereof to prepare a medicament for producing antibodies or cell mediated im'mun_ity' to
human immunodeficiency virus type 1 in a warm blooded mammal, by administering to
said warm blooded mammal iﬂ&anasa]lj_oﬂe or more doses of the said live recombinant
_adendvirus and subsequentlly' a&ministeriﬂg to said mammal one or more doses of a
human immunodeficiency type 1 subunit protein. | '

* ¢ L M s *x



-25 - elicit higher type-specific neutralization titers in the dog

standard phar macol ogi cal test procedure. Finally, the use of a

"reconbi nant cocktail" which contains both MN and LAV recombi nant s
appear's 'tobe capable of eliciting neutralizing anti bodEPs92038Kil/G2 EPC
strains of HHV. 5 Measur enent of | mmunogenicity: Treatnment Reginmen 5
H V Subunit Adm nistration in Dogs - Thirty | aboratory dogs that
were either previously inmunized tw ce w th3%d- env 'reco_rrbi.nant S

(12-18 week intervals, with the 2nd inmuni zati on 20-28 weeks prlor 10 to
the 1st subunip, i rmurseaaédr@mg taNélaitiP8), wHeddin € Yiuin@dn idBBIEnddBAieAV§pe 8 \sabunit

been -exposed .t o Ad-env reconbi nants were injected wwth one of five
different Hi V- BRIEMISENVshnit preparations accor di ng to the description
shown above for Treatnent Regi nen 5. Al immuni zations were

adm ni stered byat he t t ed

different ti rregodur |Ijr%1}gg %gﬁ}%ﬁgaﬁ#‘ ?’hgﬁg?mw su%lﬁﬁpgfogggsrgeﬁa 120mps or

described in Repl3¥sm.1. Adenovirus neutralization test procedures were

per f or med according to the procedures described in Regi nen 1.

Resul ts The results_that were obtained are descri bed bel ow and

provi ded in a dlmatisend livegscembingnt adenpwiges, in which the virion jstquckysg) progein is

Qd mn i) strat Id Onundﬂah | f/drﬁuml thatVia ¢l mﬁrl eadéﬂdvirag ﬁbﬁdﬂh@h &drx@ébmmant adeﬂwlim ds
0ogs booste antl- eutralizi res Wwo_subuni t

pr eparati ons, %gnmr]bﬁqqﬁmﬁiﬁﬁf' ‘doralt‘ R'{‘ﬁ@ ﬁ‘mﬁ ‘fﬁ?e?‘&' vRaLBEedy 8s

neutrali zi ng prepa:er e spalicamsent (foHpM{tmtmk aghiist hahean immunodefidienyy( vires type 1

Ad- env[err] prhﬁ%ﬁl W‘ﬁ% wﬂﬂ?ﬂl

boosti ng (Ad-en o%pﬂr?eg‘p% Bi er ra]l’ 00S nﬁgl&]’ sdld 18(%%&5[8 al

anti-H V[err] mﬁpmﬂwm«rgoramp thedivseerscorgbinantoadegovisus mdrsgbanugntb'

and C prOdUCGda&ﬁIﬂa&%%‘d&fHﬁﬁuﬁ[ﬂlbﬁ@Qﬁ fiord dbsEd df‘z?ﬂl‘{maﬁ\lﬁﬂfn ciEQrc

ant i body responses were not observed in control dogs 1 ow ng t

first subunit SHPWRHPERER: i on. 30 2nd Subuni t Adm ni strati on
Adm ni stration of the second subunit did not appear to be as

ffect nt th t
adm ni strat; on12Cr ol ARt BrThR dfr MRerch g % et aPavis iyAdT-
anti body tplesppibecy, AdV-tpgap-iphidreva fell/-rev-gap e Alid iplegv apibire 0 Alddviplzg g-
the second boogiifey, addrel JMIKERIAGR-pIfOH R Lo RAG GirBUOYRET B Dimrev,

I ncreases followng ' their
d4-tplcnvMN—tp1Hrev or Ad5-tplenvyn-tplHrev, or a comblnatlon thereof.

13.  Use according to claim 12, wherein the live recombinant adenovirus is Ad7-
tplenvmn-tplHrev, Ad4-tplenviyn-tplHrev, or AdS-tplenvyn-tplHrev, or a combination
thereof.

14.  Use according to claim 13, wherein the human immunodeficiency type 1 subunit
protein is env.

15.  Use according to claim 14, wherein the env subunit protein is gp120yN or
gPIZOSm.

16. A vaccine for producing antibodies or cell mediated immunity to human
immunodeficiency virus type 1 in a warm blooded mammal, comprising live
recombinant adenoviruses in which the virion structural protem is unchanged from that
in the native adenovirus from which the recombmant adcnovu'us is produced and which -
contain the env gene from the MN stram of human unmunodcﬁc1ency virus type lcoding
for the antigen corresponding to sa_1d anubodlcs or inducing said cell mediated immunity,

|




35 subuni t. adm nistrations, whiTe the HA-env antigen failed to _
significantly alt efhiddHet Has Bee RaPBEES C Mean neutralizing titer of either

- 26-

anti-H V anti bodi es

Goup D or E. Control
e duced

‘pro

I e groups
”IM]I Illl Eg anti bodi es. Funct i AHBt92033/C14T2 EPAg
rved only in the groups B, C, and D

controls.. Goup A and E controls still. failed to produce neutrali zing
‘anti body respo

I n sunmary,

th

] ft t.h d buni t~ ) dminjstration. 5
e yacifie being fRmUialsd B A itrontsab B IHBRACPLAR 9 SHCUAReqss dpsage

responses were fetmcited in all groups that were previously "prined" wth

Ad- H 'V

r

econbi nants. After primng, high neutralizing antibody titers

wer e observed in groups that were boosted heterol ogously (with
gpl20[err]) and7hnonoThkegvacsing goapndingcol ddipeié Wherelo thel hive tegopbinaptiadbngsirus is

DLy e SRR i e ot Oy e, ol

prior t 0 YPReS sTAMENOYHL typerf + whereina genedh dhgpersht regionghhas hegndeleted in
I ncreases i N nehd hAddnoTirng anti bodi es were observed in both
gpl120- boost ed groups (G oups A and B). 15 Summary Tabl e

The followi ng table shows the results obtained using Treatnent Regi nen 5.

18 The vaccine according to claim 17, wherein the recombinant adenovirus is
selected from one or more of the group consisting of Ad7-tplenvyy-tplHrev, Ad4-
tplenvyn-tplHrev, and AdS-tplenvyn-tplHrev.

19.  The vaccine according to claim 18 which further comprises administering one or
more than one human immunodeficiency type 1 subunit protein.

20.  The vaccine according to claim 19, wherein the subunit protein is administered
subsequent to the live recombinant adenovirus.

21.  The vaccine according to claim 20, wherein the subunit protein is env or gag.

22.  The vaccine according to claim 21, wherein the env subunit protein is gp120umn
or gplZOSFz.

23. A two stage vaccine for protection against human immunodeficiency type 1
infection in a warm blooded mammal, having a first stage comprising live recombinant
adenovirus in which the virion structural protein is uncha_nged from that in the native
adenovirus frorh " which the recombinant adenovirus is produced, and which contain the
gene coding for the antigen corresponding to said antibodies or inducing said cell
mediated immunity, said first stage being formulated in an intranasal dosage form; and a

_second stage comprising a human immunodeficiency type 1 subunit protein, said second

stage being formulated in an intramuscular dosage form; said first stage being
administered prior to the administration of said second stage. ' ' '

24.  The vaccine of claim 23, wherein the live r_eéombi_n:_m_t' _adcnbvir_u_s is Ad7-
tpl_envMﬁ-tlerev, Ad4-tplenvyn-tplHrev, -or'AdS-tplenvMN-,tlerev,'_of a co_nibination
thereof. T
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-27 - . H'V SUBUNIT | MVUNI ZATION I N Ad-H V PRI MED DOGS

Peak Titer : Fi rst Second After

Anti-H V[err] Responses* 5 G oup[err] n Subuni t Subunit 2nd
Ad-HIV * 5 * 0wk 2wk 12 wk 14 wk A -93%31816[1@2FPC
gpl20[err] 122 16 357 - 84 270

gpl20[ err] gp120[ err] - - 36 - 10 B

g gggg% g: H 259p1 [eyeqrcf(]ne of claim 2%1 wherem the uman 1§n§'nunodeﬁclency Z)g@ 1 subunit
C i§ ehv. gpl60[err] 88 29 369 55 68

2 gpl60[err] gpl60[err] - - 100 15

D 6 gpl6é0[err] HA-env 88 25 391 87 83

2 gp160[ err ]26 HAFhenvaccine of claim 25, wherein the env subunit protein is gp320yN or
E Héﬁx . HA-env 189 41 431 62 110 20
2 HA- env - € - - - - + Each

group consisted of 6 dogs that were previously imunized twice with
Ad-Env[err] and72 cqméc@inbmam adkBPinis Whichey X-pDY %{/\’{1 IR ivdRtein 25 Add, AdS, or

Reci procal geo traI| at| ter. t err]. Reci procal
geonetric meanp?'ftr ’élcf“i env is f "B‘é@ d 42 to H V[err] were

observed for the preV| ously i muni zed dogs of groups A and C

rospectively. 3. 2 it gomnidal iy ’gggw{ Rlink THURARCSY Ylidh i LEH- B v

Regi nen 6 anzee 0 |on 0

Si x femal e chi tplHmewes were sel ected on the baS| s of thelr serol ogi cal
profil es to human adenoviruses types 4, 5, and 7, and were treated
according to the table shown above for_Treat gent

.nen 6..Th
sel ection was Bdsed 181§ ®combigant adenoyigys peeerdiges 4e ¢ ath%7| s p%%tpg%vw-

serum neutrali zlm-]l-@;n titers directed at t_he vari ous Ad-env vacci ne

30. The recombinant adenovirus according to claim 27 which is AdS5-tplenvyn-
tplHrev.
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conbi nations that were designated to be adm nistered. Four chinpanzees that
were .+ either seronegative or weakly seropositive received either 1, 2,
or 3 consecutive i ntranasal i mruni zations with reconmbinant Ad-env (12
week “i nt'erval s) ( Chi npanzees 7, 8, 9, and 11). OAIRAZOFUQVERZ ERfat
was strongly seropositive (titers of 128 to all 3 40 Ad serotypes;

Chi npanzee 10) was given a m xture of all 33§econbi nants (each at a

dose of 1 x 10[%‘}&,@& as a primary i muni’zati on and hoosted 12 weeks
later with the chTFE m xture.. All of the Ad-env i muni zed chi npanzees
received an intranuscul ar i muni-zation boost with 50 [err]g of

gpl20[err] H V-env all . i j : dy

is described in Vac?ill.ll?sue%‘}f:ni_l%g# %%gg)a) ?’e@?"eﬁg‘c’% {ordo CE%S%Y%qléévgﬁ?gg%%g%
(nunber 12) recdmmthiy topsdeigetious prgepisAaimR Warm hlogded m@mg{) Whigh gomprises
-28- . type JuufRAGHENQY | Jaith SParnl DIVGRK iniiofhe biardBal ANt A ARHEEY), 21
i muni zation with the  MF59 agj uvan& al.one at k. 48,", Anti biotjics _ .

were admi ni st er SHOPREYS iy Ecpybingnt adenovizgpses &t wiieh the, Virpn stuctural profedn is
respiratory di sqnéBdrpedfomn thHashy diedative adenovirus from whithothe réoarbinans adstioviran ik

stool sanples were,collected.at different tines [N . th our of .
t he experinent, pé?l‘?:}’cﬁflbﬁréi g’g’b&ago%%lgc o icﬁﬁﬁg o%lhgigu%&&e%owspﬁgﬁng o Said
detection in st aotibediepdrasduaigssaid csll phdinted gmaiungyvab sanpl es were done
either by a pl aque hybridi zati on assay (described in Reginmen 1) or by
PCR t echnol ogy (see bel ow). Adenovirus neutralization assays and
detection of anti-H V antibodies were 10 performed according to the
procedures described in Reginmen 1. Chinese hanster ovary cel |

(CHO) - derived gpl20 or commrercially purchased (American Bi otechnol ogi es,
Canbridge, MA) HV V3[err] peptides were used as substitute antigen
reagents in ant i body bi ndi ng assays. 15 PCR det ection of
reconbi nant Ad-env in chinpanzee stool sanples was carried out with a
comercially purchased PCR kit according to the supplier's instructions

This Sheet Has Been Replaced’
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(Perkln El mer Cetus, Norwal k CT). Brlefly, about 250 [err]l of the stool

s sanpl es was heated to 95[err]"C for“5.mnutes and centrifuged in a

m crof uge at top .speed for 2-3 m nutes. The supernatant was saved.
1-10 [err]l per PCR reaction was used. Several 20 tubes of master mx were '
prepared fromthe PCR kit- and kept frozen at -20[err]C. For a 10
reaction tube, sterile water (615 [err]l), 10 X buffer (100 [err]l), dATP
(20 [err]l); dCTP (20 lerr]l), dGIP (20 [err]l), and dTTP (20 [err]l)
were m xed to nake up the master m x. For each ' reaction, 79.5 [err]l
of .the master nmix -were used. On the day of the first PCR, a tube of :
master mx (10 rx) was thawed. To the master m x were added 10 [err]| of

each of tdhe}?25 oligonmers, 5 [err]l of native Taq DNA pol ynmerase, 50
[err]] wagel. The solution was nixed and-about 90 [err]l was
distribﬁ%%d to each reaction tube. The PCR was carrieggd out i
m . eppe r§ tube. To each t.ube was added 10 Jerr]l qg t he -
supernat gut 3 Thi =y 30—eytt of—PER-ampt+fH cgt i on
O5[err] Cdbof 1 heur A8l efr] -C for R;hnu S, and 72[
hours. Abge“pnd CR-was—perfor-retptha—215 ferrif al irquot
PCR prod as albBNA—terplate ant{aET rrespordimy gl i go pairf as pr
After 30 cel-es—ot—brpHegid 6 the re
was run ég*t 1.2faargose pjel- - A="1.", : d was observedvas| a
posi tiveggontrol {f.or: Ad7-gny.. The.ff8l{owing .- ;pri mer paiys werd used
for nest PCR! e | X ] B . §"29 -
Tenpl at ne T ISt PCR - g
H V-1 gpdZOflerr] { . 5166/5209 " ° ‘D
Ad4 fi berh - -5467/ 5468 A | -Ad5.
fiber - 5625+5523 e 5 O 447} fi ber
5505/ 55 1 5503IR507 S A T \SSpeci f| c CTL:dac [ ivity
was, meassged by ¢ A ' ' ' Zicel | sithgy here
I nfecte i tth vadcl IMANTS Nnatl E¥PHESS ei-.?gher Lge = Vi
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Results ' ©2st Imuni zation wit ﬂ"

virus was shed into fecal, pharyngeal,
days collected fromchi npanzees 15 that were seronégattvlefcqr @A/eakhy tr\ wnga -
seropositive to Ad5. Only the Ad5 reconbi nant wasi v qa{ect b, ?W@l aged .7,

strongly seropositive chinpanzee i nmuni zed with the m xt ure of three

reconbi nants. W1 d-type adenovirus was sh for days Jn the controlre
chi mpanzee t hat was weakly seroposi fgge to Srgnifi ot ‘an?ﬁ? [Ariﬁ

responses we;I e pb@dae&%hmaasa%swa}bm%tl%&z%@wﬂysmggﬁﬁéﬁ fx\ffuﬁlﬂre\fig%ﬁht gRgeSt
response produced i.n.the con ro |

Ad5p Three of thgmfbgﬁ F‘?ﬂﬁﬁ?ﬁé’f)%ld e measyred in nasal sygh sﬁa‘kﬁ'ﬁffﬁfﬁ
with the single Aﬂschlmp@nzbc&ﬁaﬂewmg AdSrosedmbinait tooster BmumpdtidndyyWestern blot

[ esponses.  Funct w@ilids, SRR th;x]lﬁ'eh\?hﬁ@oﬁl{d %&&B&i&%@%&@wgﬁgﬁﬁgt ed

only in | nze mas orlglna seronegat|
Sec?/et ory anti- ﬁéﬁ@ﬁw @WF&@@W%MH&I@G
nasal, and sali valaspmedm&ddm*agﬁdtswabsftﬂaﬂ‘frﬁﬁtheﬁh lepahde anzS@Ofadl c

det ect i on of env-sp aCsa Q{ﬂ-l’ Jas .
observed in in vit r?eg{:l WUE%ESSE% %éd;@gg <l t%ﬁ%ﬁgi&rﬁé @sibo &0
popul ati ons the Jgf o classiwere SRAmIR 9867106 8f s&retgryicompdnsht. oThis gvas he
primary i nmuni zasdcomplished by subsuuﬁmsoeEulycﬁhamﬁti-fe%mo%nim@ma& fog Not

b d BL

oo i, AP el o B ESF4TEn o il St TV I
into fecal, pharSQRARRG searetAreompenent, wasdictented én bath n7sal ewabsyandisalivasemples ee
chi mpanzees (nunfadref 3&hinthan8gl 11) that were i munized with the Ad7-env .

al one and for 7 days in the chinpanzee (nunber 10) that was strongly
seropositive to all 3 35 reconbinant adenoviruses. WIld-type Ad7 was shed

for 14 days in the SadiBaester Immunititiopawitheer(vSubenitd 2The Stromgest emirbny
anti - Ad7 regponggisodye E&pd&‘é@'v&?@@n&a&r@d | ?Mmﬁpsubunit”mﬁnm&w' @lh%sé’m

t he best respon%e obsery contro

wi | d-type virusHIERagzees tal I]FP‘EBFFIHI primed Wit ljye secombinant gdengvisysesy Anti-env

-30- antibody responses were detected in both serum and in various secretory samples
collected from the nasal-oral cavity, vagina, and rectum. Peak anﬁbody titers were
detected at 4 weeks post administration with env subunit. _

20 Serum anti-HIV neutralizing antibody titers of 320-640 were observed in all 3

- chimpanzees. Antibodies directed against the gp120 V3 loop were detected by ELISA
and against the gp120 CD4 binding site were detected by a FACS blocking assay. All
three chimpanzees produced high ELISA titers (1000 - 9000) directed at the V3 loop (a

_ region which contains the major neutralization determinant for HIV). '

25 Chimpanzee sera collected at the height of the neutralizing response was
evaluated for thi€ presence of ‘anti-CD4 binding site antibodies. All three animals had
acquired antibodies that were capable of blocking the interaction between gpl120 with
CD4. The CD4 binding site is a conformational epitope and antibodies directed at this

, Site are believed to be important in blecking uptake up cell-free HIV and perhaps

30  capable of inhibiting gp120-CD4 syncytium induction. The results are shown in Figure
1.

Nasal. swab anti-env antibody titers of the IgG and IgA c'l_asses of
immunoglobulins were boosted in 3 of 3 and 2 of 3 chimpanzees, respectively,
following booster immunization with the env subunit. Similar results were observed in

35 . thesaliva samples taken from these chimpanzees. Two of three chmpanzees had IgG
anti-env antibodies present in rectal swabs and the single female chimpanzee had 2
strong IgG anti-env booster response measured in vaginal swabs. The presence of

This is the replacement sheet.”’
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(nunmbers .9 and 11) of the 3 chinpanzees boosted with Ad7-env al one, while
i nsignificant changes were observed in the aninmal given the m xed

adenovi r us preparation. Inportantly, the two chi npanzees both
cont ai ned functional neutralizing antibodies to H V[err]. Chinpanzee
11 also had a very | ow cross-negative neutralizing 5 antibody response
directed at H V[err]. Nasal and saliva spci nens coIIected fromthis

chi npanzee al so i.ttve for anti-env bod n

1 ene 16 sty Rasfiagies bBucedl siebon B Pati bR “c’HF?PB%ﬁ?aJéceil.
Still, anti-envrepresénbodjer sites forHY jufectios. wer e not observed in any of the
secretory fluids collected fromthe other chi npanzees. Again, only
sporadi c detection of env-specific CIL responses were 10 detected in in
vitro stinulated PBL popul ations prepared from chi npanzees 8, 9, and

10. As befdre, sigifummant Tables: eTho fullbsringe tablensHowabthe rresuldtsi obthlBed using

popul ati ons from chi npanzee 11. 3rd -

| nmruni zat i on Wltr% g@igégﬂv r'econbi nants. ‘Reconbi nant Ad4-env was 15 shed in
stools for up to 3 days in the single animl (nunber 11) that was i mmunized
Wi th the Ad4-env al one. pR6¥rRNOBEAAGD DSINPIRERYMERIICREGIVMER 4 he strongly
anti - Ad seropositive chi npanzee (nunber 10) after either inmunization
wi th the nii0xed Ad-env pr efRacombinaon. W | d-t ype Aledtemv®iotBdakd for 7 days
i n chi npanzee Chimp Bonoleﬂﬂa#panz\é@sSheddms Peak AafrAdeno et Tdtess | e Feak AmHIVAQ4
ant i body resp%@&lh!ﬂmm_ﬁ&&%ﬂzm g Titer
resulted with a ficant boost t he a - env an ody responses,
i ncl uding @nti ‘1—" % 'ﬁi i Zi ng %g%z body ponsem(&asah% A}%gl nal ,

and sal i va antl -en o body rggponses V\@ge boosgdogsl 1 Rogea P! es 29

- col lected fremxﬂdsuem)anzee 11NIABesp| t eNtshe geseo0ad i 010006 an egoel | ent
hunor al anti -env | nmune response i n chi npanzee 11, s%gl fi C?I%B CTL
t t. T

responses 3427 st Subyf t} .

. G000 . <10
het er ol ogoUs gp120 n|t an en preﬁ ationydha$ 10000 dM Mystered
to chinpanzee 7, 2 bwg@ ter thgwprl mar ynfdS- env fogarunizggabi on. e

subuni t i muni zatl on was very successful in boosting the anti-env anti body

response. dbdavtitered neuf34r alizingl0#ti-H V[ie¢r] Nésponse<io
(>400) was 2ébserved kg with a 302 | ower a -HI V] Sgg resgonse (290). The
subuni t adm ni strafly v ﬁ&o elicit Strongy 510000 €N :rgG anj body

responses in nasal and vagi nal secretions, as mell as meaker anti-env
responses in reovakndeplictie.ons. One (chlnpanzee 9) of the two animals given
the (Ad5- 33 env)/ (Ad7-env) conbination al so showed excel l ent anti-env
boost er anti body responses foll ow ng subunit adm nistration. This
animal had simlar anti-H V[err] and anti- 35 H V[err] neutralizing
titers as seen in chinpanzee 1. Wak anti-env |gG responses mere

observed i.n nasal, 1 t ed from
this animal. The Trhg%ﬁ%‘ﬁngﬂﬂne ﬁlnu?grgzey?ﬁ%m §,§3 géasdggeﬁ%ﬁcg 5\?@? but
still signifi cageretensifokgwing ggmg]é)ooster immunization with the Ad5-HIV recombinants

35 and after the intramuscular subunit boost (week 23 post boost).
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-31- ‘i'nduced follow ng subunit -adm nistration, but this response did
not include functional " neutralizing antibodies to H'V. Nor were
anti-env -anti bodi es detected in any of the secretions collected from
~this chinpanzee. Chinpanzee 11 which received the (Ad5-

env)/ (Ad7-env)/ (Ad4-env) conbination also showed an excellent anti-env

anti body 5 booster response. This included a very high neutralization

titer (>1400) to HI V[err] and hi gh -@3400) titers to H Vierr].
Excel l ent anti-env 19gG an} .quy, {zﬁiﬂﬁﬁﬁ%ﬁ&r&m IN sReR®FYGEs | N vagi nal ,
nasal , and saliva speci nens weak antr-env response mas observed in

effect on the

'pharyngeal secretions. The subunit did not have a s§ gp ASAD
anti-env antibody response (serum or secretory) n‘)":
strongly anti- Aghimg ¢y S|t|\7‘@°“é | Nasz radlc ABR yity
was det ect i nNumpbeg i f3'°FP_ ruFost Bagst ppR| -8} & bE ol | 2 P

from chi npanzees 7 and 8 foll ow ng subunl t adm ni st ratl on. Sl m I ar’

anal ysis of in gltro stinul at ed ijnph node cglls (obtained froma

| ynph node biopsy | ocat &d in cl oge pro;qom t y3gh0 t he subunj t inocul ati o6
site) reven ed that cells optai neggoonl yssbr om cko npazozee 8 (basicadly a
non- hunoral responder) 15 conta4ned ngnl f i44ant CTL- act?Ovity direct &40 at
both env[err] and env[err]. 23 Subunt t b%st Only

chi npanzee 7 received a second sﬂbunlt % nmuni %@tl eg This secong,

i mruni zatign resulted with a sigg ficang boq)@;b in the anpgg - - envy

anti body response, including high titered anti-H V[err] (>200) and | ow
(<100) anti- 20 Hi V[ ergag neutr@lizing -antil¥8dy responsgs. Excelient -

pa—

anti-env 1gG responses were lobser¥@d i P%agi nals n |, and Tect

speci nens. 0Spor adic anti-H 'V CTL% acti VEd.y wﬁgo aI SO en in PBL g

.popul at i ons H V[ e43] Chagl enge .of | muni zed and Cant ro?-

Chi npanzees. A cell-free 25 H 3 err] gmhal | @ge was- adnmi i stered -
intravenously to five of the six2xhi npanzees %7, 8, - -9, 11, 412). The

chal | enge fst ock dilution of 1/40?Was sH8wn t¥%productively inf ect' -
5 env . 0 - - - N/A* NA

1 - 90 - - N/A N/A

2 - 2880 - - N/A N/A

4 - 360 - - N/A N/A

30 ' 23 - - - - N/A NA

24 - 360 - 20 N/A NA

25 - 90 2880 20 80 N/A N/A

27 . 720 - 320 N/A NA

35 gag 0 - - - - N/A N/A

: 1 - 90 - - N/A N/A

2 .90 1440 - - N/A N/A

4 - 360 - - NA NA

23 %0 - - - NA NA

40 .- 24 90 - - - N/A NA

25 9 90 - - N/A N/A

.27 - - - - N/A NA

6 env 0 - - - - N/A N/A

45 . 1 - - - - N/A NA

it 2 - 1440 20 20 NA NA

4 - 360 - - N/A N/A

23 - - - - NA NA

' ' 24 - 180 - - NA NA

50 25 - 720 - 20 NA NA

' 27 - 720 - - NA NA

* . equals less than 90 for nasal and vaginal swabs and less than 20 for saliva samples. |
55 "' NIA not applicable.
* Post Ad5 -boost. Subunit boost was administered 23 weeks after AdS boost.
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control chinpanzees within 3 to 4 weeks. The chi npanzees were nonitored for
signs of HHV infection for 'a period: .of .10 weeks. H V could be

co-cui tured from PBLs obtai ned from control chinpanzee 12 collected
at 4 and 6 weeks post-challenge. Anti- 30 gag anti body responses were
readi |y neasurabl e (another indication of HV infection since the
reconbi nant vaccines | acked gag determ nants) in serum sanples coll ected at
6, 8, and 10 weeks post-challenge. Al other chinpanzees were protected
fromthe ‘H'V chal | enge at 10 weeks. 35 : These results
denonstrate t he intranasal adminisi#ation of the Ad-env
reconblnantﬁﬂﬁﬁégépghlarly Ad7-env[err], Ad5-env[err], Ad4-enviWN or a

comnbi nati on REcoMBIﬂm-p(KﬁEmvausdvAdacnmsduct| on of neutralizing-
ant i bodi es agai ﬂﬁ*tﬁ H V-1. Neutrali zi

232 - anti boBPSEVERH® BrOddee ‘P%ﬁf’%vﬂfhﬁf°fiﬁ‘ém$i"r‘§{b°é‘&?ﬁ o sell apediateds
the Ad-env immunity aotanniafi¢csiona rigdniemtint 2 wanasblbodede aspegmahwhicghcomprisese of

one or nore r alg.i ' ' W e._Ad- .
econi nant LoAKHEHng o SR’ SARRRLIGLAEN nf Bl R hypkh bbby CfilpiRutarty, o
was furt her sthsutaneeislyhdive gacarpleinamd silenoviruses igrvlieh reevisionstruchsgl rotein is

I nocul ati ongnyy gb@f?oﬁ'lﬂat(lﬂ R tive d8sHYviru8 RohD®Rich thd AdcBibRant Rédnbviiid & | Y
gpl20[err]). importantly, protection_agalnst H V-1 I nfection was

denonstr at earoducedr S ohicl qomtain the sens: soding forotheantigan. Céwswrsda%m faid
boost er tr eghtiBodies of fidiing said cell mediated immunity.
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___—____/
- 33 - CLAIMS: . 1. Use of the liveée reconbi nant adenoviruses in which
the virion structural proteln is -unchanged fromthat in the native
adenovi rus from which the reconbi nant- adenovirus is produced, and which
contatn the env gene fromthe MN strain of human i nmmunodefi ci ency virus
type 1 to prepare a nedi canment for use in producing antibodi es or cel
medi ated i mmunity to human i mmunodefi &/éncy by virus type 1 i-n a warm

bl ooded manmal by intranasal, intramuscular or subcutaneous adninistration
of the said |ive reconbi nant adenovirus to the said warm bl ooded mammal .
2. Use according to claim1 wherein the |live reconbi nant adenovirus is

selected fromgnel or nore of the group of consisting of adenovirus type 4,
adenovirus types 5 and adenovirus type 7, wherein a gene in the early

region 3 has béknf deleted jn the adenovi rus. 3. Usecglccord' ng ta claim
2 wherein t he™&cpnbi nant ,adenoviyus is sel ected.from. one:or nof e of, Hhg .
group consi stigg pf Ad= N ,‘*T*nlﬁm &2r]-tp| Hrev, sarld
Ad5-tplenv[errd@y tpl Hr Z [Ke adsnedrnglfo clalg éﬂ wher gi'n_ t h&
treat ment further}.conpr-ses—acint-sterigone an-one hunman
i nunodefi ci en l ype fr—stbunit p_ruu,a = or [ UsE agcording {o clarmi4,
wherein the sugynit priete+rf—ts—ery—ot T p— Ysepjaccording to aifm
5, wherein the ‘Tan | Imunodef jici eneyt- tVD -1 gsgbunit teinis v
adm ni stered sebsequentet 0. adniynkst rats M | & ~feconbi napt 2
‘adenovirus. - *7 | ‘Usradcor dijng Le*e‘}' A fihe env shbunit g
protein is gp¥X[err] pr gp120[err] " £
- .. . ;::-:
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8. Use of |ive recaonbant adehovirus sd"é‘ét’éa"’fron{t he~f
of Ad7- tplenv[err]-tplHev, Ad4-tplenv[err]-tpl Hrev‘/ ant-{s)
Ad5-tplenv[err]-tpl Hev, or a conbination thereof to preparé;arne
f'or producing anti bodies or cell nedi %ﬁed I mmuni ty to human :pagsd...ic po

i mmunodef i ci ency virus type 1 in a warh bl ooded n@mmal, by admini §ter| ng To

B Mack VR AR iR ﬁg%&ngﬁggggﬁﬁ%%s?éwf ool

r econbi nant enovi rus dan sequen ﬂ‘fu“'r -~ O F~

rn?))z1 e doses mﬁcmubuagmnstmhuﬂﬂm@efwm hmﬁIVyp{&dc Mhmced pSant BSA 86: 6353

- 34- aceor dj 8, wherein t eh nmu fi.cienc
tome 1 subdiTRST ShertafihrhRig® hBbelde vatife Tafebifh FERCh R ARES ifisr o

t he rertr;v subIlﬂWdil Wmenmay%@pﬂsﬂﬂ{:err] or gpl20[err]. 11. Use of live
reco nant adenovi,r ch.the vi structur tei nchanged
fromt in th %&5@0 FY%EWF%HW@%%%C? °W’§§8ﬂﬁ'°?f’ mﬁgw rusgi s
pr oduced iRtk mfese@be 6frey gemsusingifhse rqmbpagdém ﬁammmmd@frmunwmynm rus

| mnoder RYIE 7 955 CLoBBT: Vormer ¢ReRseiing WaRfiuial otPiavation of

~adm ni st ermwgltg@aswﬁuviﬂrarfe&dmmdm a&mmhs vegtoAREA. [ GaneV@folm g2doses of

LIRS R e T i ohF PR tedipnil

pr otei_m adé@ovms&ﬁ@?&%@@a?hﬁ&Aﬂ@-r@-gd 11, wherein the live reconbi nant
adenovirus is Ad7- tplenv-tplHev, Ad7-tplgag-tplHrev, Ad7-rev-gag,
Ad4 tpl env-tpl Hrev, Ad4-tpl gag-

SUMMARY OF THE INVENTION
In accordance with a first aspect of the present invention, there is provided

 use of the live recombinant adenoviruses in which the virion structural protein is
unchanged from that in the native adenovirus from which the recombinant adenovirus is
produced, and which cd_n_t_ain the env gene from the MN strain of human
immunodeficiency virus type 1 to prepare a medicament for use in producing antibodies
or cell mediated immunity to human immunodeficiency by virus type 1in a warm~
blooded mammal by intranasal, intramuscular or subcutaneous administration of the said
live recombinant adenovirus to the said warm blooded mammal. |
In accordance with a second aspect of the present invention, there is provided
use of live recombant adenovirus selected from the group consisting of Ad7-
tplenvyyn-tplHrev, Ad4-tplenvyn-tplHrev, and Ad5-tplenvyn-tplHrev, or a combination
thereof to prepare a medicament for producing antibodies or cell mediated immunity to
human immunodeficiency virus type 1 in a warm blooded mammal, by administering to
said warm blooded mammal intranasally one or more doses of the said live recombinant
adenovirus and subsequently administering to said mammal one or more doses of a

human immunodeficiency type 1 subunit protein.
In accordance with a third aspect of the present invention, there is provided
use of live recombinant adenovirus, in which the virion structural protein is

unchanged from that in the native adenovirus from which the recombinant adenovirus is
produced, znd which contains a gene coding human immunodeficiency virus type 1, to
prepare a medicament for protecting against human immunodeficiency virus type 1
infection in a warm blooded mammal, by administering to said warm blooded mammal
intranasally one or more doses of the live recombinant adenovirus and subsequently
administering to said mammal one or more doses of 2 human immunodeficiency type 1

subunit protein. _
' This is the replacement sheet

3 1 MAR 1999

Date:



tpl Hev, Ad4-rev-gag, Ad5-tplenv-tplHev, Ad5-tplgag-tplHrev,
Ad7-tplenv[err]-tplHev, Ad4-tplenv[err]-tplHrev, or .
Ad5-tplenv[err]-tplHev, or a conbination thereof. 13. Use according to
claim12, wherein the live reconbi nag?agdenovi rus is Ad7-

tplenv[err]-tpl Hrev, Ad4-_t]pl envierr]-tplHev, or Ad5-tplenv[err]-t{p] Hrev,

or a conbi nat i hagcprlaress with asfpurth aspect Q€ ther preFgt {1y eBU), Ahers IS RRAY t he
human i nmunodef Bevaeniey foy produciog wntibogiestori eelli sedimicd imamnity tdsduassor di ng

16 " AR Rk DB R b 05 Bl RAERBLG LR Y

i munodef i et@mbinami sersorvingpess it whiclathsavitioh sooded! pratdirals, unchapgedsfrom thave

r econbi nan{ gden,o_vi ruses i P vvhivghht he vi ri').on st,ruct ur al Brot inis,.

unchanged FrBRPERERSIOVERS ITRT} iish RereoomPpipantiadengvims sproducede apdiiictht

~.adenovi r uscdntaif HRQRHE Séhe @mﬁ_mmlsmﬂbﬁhmniﬁﬁuﬁfh%dmc?r\%ﬂm N¥d#ig al n
of human i nodeficirency virus type lcading for the antigen Corresponding

to said anﬂ' ﬂmnégenﬁomcmﬂﬁéng}o§é}ﬁdneh¢dws(@dmalcw spidrRgHinpgdiated immunity,

- 35 - sai ghijy 3e&diRebdifg femilitedliata@dnirtn R, imiahrsasal or ubcinRBGWodsge OF
subcut aneous dosage form 17. The vaccine according to claim16 Wwherein

the live r&EBWbi nant adenovirus is selected fromone or more of the group
of consisting & aadmiance with at fyfilke adpecadf drvpresent invertidn, tleerel ingmvidedr us type

7, wherein a gegetdonstggeevgc%ﬂé/ forreﬂ%féetig’n Qgﬁngmaﬁeﬂnﬁﬁ%deﬂciency type 1
' infection in 2 warm blooded mammal, having a first stage comprising live recombinant
adenovirus in which the virion structural protein is unchanged from that in the native
adenovirus from which the recombinant adenovirus is produced, and which contain the
gene coding for the antigen corresponding to said antibodies or inducing said cell
mediated immunity, said first stagé being formulated in an intranasal dosage form; and a
second stage comprising a human irmnunddeﬁciency'type 1 subunit protein, said second
stage being formulated in an intramuscular dosage form; said first stage being

for administration pribr to the administration of said second
stage. '

This invention provides a method of producing antibodies or cell mediated
15 immunity to 2n infectious organism in a warm blooded mammal which comprises
~ administering to said warm blooded mammal intranasally, intramuscularly, or
subcutaneously, live recombinant adenoviruses in which the virion structural protein is
unchanged from that in the native adenovirus from which the recombinant adenovirus is
produced, znd which contain the gene coding for the antigen comresponding to said

20 antibodies or inducing said cell mediated immunity.
~ In its preferred embodiments, this invention provides a method of prodﬁcing
antibodies to human immunodeficiency virus (HIV-1), hepatitis B, hepatitis C, human
papilloma virus, respiratory syncytial virus, rotavirus, or parainfluenza virus in a warm
blooded mammal which comprises administering to said warm blooded mammal
25 | intranasally, intramuscularly, or subcutaneously, live recombinant adenoviruses in
which the virion structural protein is unchanged from that in the native adenovirus from
- which the recombinant adenovirus is produced and which conizin the gene coding for,
respectively, humezn immunodeficiency virus, hepatitis B, hepatitis C, human papilloma
virus, respiratory syncytial virus, rotavirus, or parainfluenza virus.
T This is the replacement sheet
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t he adenovi rus. 18 The vaccine according to claim17, wherein the
reconbi nant adenovirus is selected fromone or nore of the group consisting
of Ad7-tplenv[err]-tplHev, Ad4- tplenv[err]-tplHev, and
Ad5-tplenv[err]-tplHev. 19. The vaccine according to claim118 in the
formof a two stage vacci ne whose use further conprises adm ni stering one

or nore than one human i nunodeficiency type 1 subunit protein. 20. The
vacci ne according to claim19, whereiy the subunit protein is admnistered
subsequent to the |live reconbi nant adenovirus. 21. The vacci ne
according to claim 20, wherein the subunit protein is env or gag. 22.

The vafci ne accThill ingentdore latsonprddidesieerpositionefos PHoduesnadtifydaé Lo cel
t wo. St age vacgi n rotection

gpl20[err] or 120[ err.] . 23. . A or p

agai nst huﬂnﬂ?ﬁ%\%ﬁ%‘f’b&oéﬂﬂﬁf%@ OFEAnHEEY 2 WA plo WW%GG@BF‘%&T&I,

having a fi ligk rédofilbina@oadenbsinies d WEch geVmbianichrd oMb idisndhinpdal febmt he
virion structural praqt elé%nlos, unchanged fromthat in’'the native adenovirus

from whi ch {8 18 BedRBynadanoxiRhBem Yiuch e seenmpinant adengvigs is pradiwediandt he
gene codi ng wfigéh E&ﬁai%rlhb%téﬂc @eafng%‘epnﬂl d?ﬁthR caghﬂmﬂ& E?@g%liﬁsangbohfé@% ng
I f ated in an

said cgl/]l nedjated inmunity, said first stage I'’ng 1Ormnmu )

i nt r amsal syd el lamgdiatedo bpmunity, agid compesitipm yeimghfonmplated in an

i mmunodef i Ciiﬁ%?ésél)’lﬂﬁmhuﬁﬂwmrtsuﬁ&ﬁ&ngb{&doigéé"{o%cond stage being fornul at ed
in an intramuscul ar dosage form sai Irst®stage being for adm nistration
prior to the adm nistration of said second stage. 24. The vacci ne of
claim 23, wherein the live reconbi nant adenovirus is Ad7- ' :
tplenv[err]-tplHrev, Ad4-tplenv[err]-tplHev, or Ad5-tplenv[err]-tplHrev,

or a conbi nation thereof. : _ _
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¢ 36- 25. The vaccine of claim 24, wherein the human i mmunodeficiency type
1 subunit protein is env. 26. The vacci ne of claim 25, wherein the env
subunit protein is gpl20[err] or gpl20[err]. 27. A reconbi nant
adenovirus which is X-tplY-tplHev; wherein X is Ad‘4 Ad5 or Ad7; Y is
env; and the env is fromthe I\éystraln@g{; eco@olna
adenovi r usS3e YaFeinm §eing f@FHVlﬁ‘f AN\GR; QHapasa d‘?‘r%"ﬁ'lsé‘ﬂ?f[ QF Fl}bcu{aapwse S8ge¢ 29,
The reconbghgnt adenovirus according to claim27 which is Ad4-tplenvferr]-

t pl Hrev. 30. The reconbi nant adenovirus according to claim27 which is
Ad5-tplenv[err]- tplHrev.

17.  The vaccine according to claim 16 wherein the live recombinant adenovirus is
selected from one or more of the group of consisting of adenovirus type 4, adenovirus
type 5, and adenovirus type 7, wherein a gene 1n the early region 3 has been deleted in
the adenovirus.

18 The vaccine according to claim 17, wherein the recombinant adenovirus is
selected from one or more of the group consisting of Ad7-tplenvy-tplHrev, Ad4-
tplenvpn-tplHrev, and Ad5-tplenvyn-tplHrev.

19. The vaccine according to claim 18 in the form of a two stage
vaccine whose use further comprises administering one or more than
one human immunodeficiency type 1 subunit protein.

©20.  The vaccine according to claim 19, wherein the subunit protem is administered
subsequent to the live recombinant adenovirus. -

21.  The vaccine according to claim 20, wherein the subunit protein is env or gag.

22.  The vaccine according to claim 21, wherein the env subunit protein is gp120mn
or gpl120gp. ‘ ‘
23. A two stage vaccine for prot#ction against human immunodeficiency type 1
infection in a warm blooded mammal, having a first stage comprising live recombinant
adenovirus in which the virion structural protein is unchanged from that in the native
‘adenovirus from which the recombinant adenovirus is produced, and which contain the
gene coding for the antigen correspondihg to said antibodies or inducing said cell
mediated immunity, said first stage being formulated in an intranasal dosage form; and a
second stage comprising a human immunodeficiency type 1 subunit protein, said second
stage being formulated in an intramuscular dosage form; said first stage being
for administration prior to the administration of said second stage.

24.  The vaccine of claim 23, wherein the live recombinant adenovirus is Ad7-
tplenvyn-tplHrev, Ad4-tplenvyn-tplHrev, or AdS-tplenvun-tplHrev, or a combination
thereof, '
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