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DESCRI PTI %%/“788 ANl MAL MODEL FOR EVALUATI ON OF
VACCI NES : Cross- Reference to Rel ated
Applications Thi s appli clat lon is a continuation-in-part of

co-pendi ng application Serial No. 5 48 760, filed May 1, 1997;
which is a continuation-in-part of mE r Serial No.

08/ 838,702, filed April 9, 1997. This appl ication also clains priority from
U S. provi si onal appl i cat | on Serl al 3. filed Decenber
9, 1997.° ANUMAL ML AL - ALeLE of the

| nventi on The present [ nvent i on reI ates to the eval uation
of vaccines. In one enbodinent, the 10 resent I nvention provides
humani zed ani mal nodel s for p8s-Rererence 1o ahans desi gned to
confer immnity ai nst,. human ath

agai nst the humst?t"kq“s apphcaH nBae '?ac%lﬁ %'rﬁ%g%%?u%gp#ﬁﬁg Jri)gﬁca B%%ﬂtN %n
furthey rel qjgmgt;@o HilYd WessCl, 3@97 lbvmchaﬁ fai coritiMiation-in-part of apﬁheaqimeSmal No.

I nvention provides attenuated replication- npetent H.V es and

repl i cati on-08/838,702, filediApgl9,i1927 I—W@%’é‘?ﬁ‘ﬂ%’ﬂsq a‘H’sfpﬁ’Pf’We% %(ﬂr%‘ﬂ?mlt he
present 'nveag f:é%ﬂmf%rﬁiﬁ% do6dI63, filed DedEBEOS, 196Dy for the treatnent of
tunors. patticular the present invention provides conbi nati ons
of i mmune-nodul ating proteins that induce systemic immunity against tunors
and provi des humani zed awﬂ%ﬁhor | mmunogene t herapy.
Background of the Invention nventional treatnent of
cancer typically Thuméxmnvmcmwwtomww:aMwOeSadennsemmﬁlment thehe
fat her,. of chenot hera Paul Ehr t utic
as a EQTagl ¢ Ppresent nven BX% a’é s Iy 'ngplggﬂeﬁ;sgfo; H‘l% e&ﬁ&&ﬁ% ofggc%ggg B&f&gﬂ’

or gani sms  Witb leenfer 1hﬁiidﬂwggﬁﬂmhhﬁ&t patﬂ'dyeﬁs ﬁmluj&tg vaccines dlrecteépgnmsiﬂslhuyxan S

sought in al|l types of chemp hera eyti cs, ancer .agent
However, spdBfmynedefiglepryyins: o ‘@F‘t‘?ﬂ d'@ﬁegﬁ’aﬁ]%}rﬁ’%ﬁ’f‘f’%rtﬁﬁm'ﬁ“’
anti cancer §feptksent invention wdés&tt&xtiﬁtea?@ﬁcﬁtonamﬂ RACRTV d@eikSandiréidicationg
needs to distinguish betvveen host cells that are 25 cancer ous and host

cel I's that odefective BRYhgescinss. Iha further pmbadimept, othe Jpreseat ARveption gejates, o

I ndi s¢£i m na I Lnfer@n Vides
ot 5 ogi o AL Epy for e reatel 67 bunkerd 11 ARG, B 3ol TR 9

di si nt egr at |mbniahém|oﬁmdmmbmndnlasn8m°m ﬁ@mdmdsys;qrphmmnyagamstmmomgé ues)
and i rmunosu glyve ac i on I rrpact on epithelial
tissues (e. Q‘R'8 umanize lg?od\égltiorﬁ%b@g &\é(raép P8duct i ve tissues and the
nervous system [Cal abresi and Chabner,

ac] \{
Conventional treatment of cancer typically involves the use of chemotherapeutic agents.
20 The father of chemotherapy, Paul Ehrlich, imagined the perfect chemotherapeutic as a "magic
bullet;" such a compound would kill invading organisms without harming the host. This target

specificity is sought in all types of chemotherapeutics, including anticancer agents.
However, specificity has been the major problem with conventional anticancer agents.
In the case of anticancer agents, the drug needs to distinguish between host cells that are
25 cancerous and host cells that are not cancerous. The vast majority of anticancer drugs are
- indiscriminate at this level. Typically anticancer agents have negative hematological affects
(e.g., cessation of mitosis and disintegration of formed elements in ‘marrow and lymphoid
tissues) and immunosuppressive action as well as a severe impact on epithelial tissues (e.g.,

intestinal mucosa), reproductive tissues and the nervous system [Calabresi and Chabner, In:
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Goodnan an®VQP¥44Z88 The Pharnacol ogi cal Basis of Therapeutlc%c’(‘%?tﬂn
Press, 8th Edition) pp. 1209-1216]. Success
W th chermt herapeutics as anticancer ager®s has al so been hanpered by the
phenonmenon of nultiple drug resistance, resistance to a w de range of
structurall medmdnaar@dGihﬁan, The PhgrmncobegicalaBasiscefntiherapersios dBergamprGEBressdith et
al . (1986) 25]. In addition, certain cancers are
non-respons?ﬁ’g'%?’g ?\/‘\’E}%@mt her apeuti cs agents and patients with these
cancers i nvari abl gucbess withi dhesnotherapentits g3antieaticdr apéntshasalsdibegnhanperddcoycthe

gl i obl ast oma It|for°gje recurrent netastatic | ano breast,

|l ung and panBrEqmFReL r?&‘@?@?dmgres‘s““"e’m‘sm"e to 2 ¥ide Fange ot srycpally, upplated s of

chenot Ber apy cytoloxic htidah&R cbMPounds [GFRELE: al! (TIRE) o Suveyd 8:25]. In RAHEdH,
therapi es or cancer inmunotherapi es have been devel oped. The goal of cancer

i mmunot her ap§ertain qa@ceﬁarmsesm@wgaq knowm chemotherppeptiofcagents ardpatignts with dhase e

and attack tugRLs abltyI die wxﬂ'}u;r W?’p %ﬁdvﬂﬁ% @%ogxgteﬁ‘gc tﬁlgﬂaﬁ{»m% Hﬁﬂffoﬁfel I's

requires the part|C| on o ocytes
T cells pl ayrQWMmeabtammdammaamemgmﬁpancmanecaneerpbnses i ncl udi ng the

recognition 15 ctl feviral |nfected
cells and providi ;ﬁrﬁ %%?B&Fgra%gﬁc %16 9°f°taﬂcer’ p%‘ c

anti badi es t baved nhethpiasl o eanber ﬂlr@.ﬁuoﬂﬁiap@ﬁ rhsve bébnodederopéd)r eTgoaB |or chﬁber
recogni ze its-t et ~ant gan the antl nmust be presented to
the T cell bmwmew%ﬂg%ﬁw thm to Tecognige g a5a %‘awarsrt.c
cell's, macr onhesRegnitich a8 rejédtdn %ehhﬁn aa@ :&Pﬁﬁk E& pattitipafibi-oPTaFRpioe

t ar get antigen as part of a conplex contai ni ng i mmmne no ecul es
termed maj or ¢#lskt oconpatibility 20 conplex (MHC) in mice and human

| eukocyt e anti gen Mﬁ\%}; &ué?ﬁi Jﬁﬂ: SRS | es
are known: MHC cl gs?é I ﬂ ecu gfgﬂexpr%gse ndem%therecq%ll g&gel S
and 15 of Md&n@hms ncsum%oﬁvwmfmm celle ambqrovidivg elprio B colls tapeanit
Cass | nol eﬁl'é ?)FQ&: odxesth tneu gens %lr e%sofn Aa@affgraaqf?aft% rt(.cj.?: Iy

recogni zed as relgn vVira ecod gni ze reign)
whi l e cl ass itttar@iaaﬂgdnahe mugeantstbsmesentadfonlagrmmg anl entigegrebencing @ll(APCh S

i ch ar o maPiRge Gty ParroRea ey tacs ools na B ke &P Grsherti Bt oo

and bact eri ajntigen as part of a complex con Exnﬁ?hﬁ@uﬁ@ﬁﬁ%hlé@te%@ﬁﬁjbt BefdcsapatibaNes on
APCs via their T cef recept or (TCR) l ex; the TCR corrpl ex

t oget Hdr ¢ PO (MO mmwm@ww@%sf q clagses of MHC
|, respecti Vﬂioiecu@&uw MACcHSs IhiHled@NhidiSrd Slorabdd dnGliSRklehted adisiayg t he

T cell to respond; activation al so requires antigen-independent
signal s pr ovwﬁt@ cbys Hrmoleq@@g%hmhwremressed only on &8Cs. rlasstlompleplescprgbant

present on t I

on the surfagtgd g#” P‘ﬁggfg%ﬁ%%lc@%#w &%hoés%ﬁ'i gﬁgﬁ%g&e@%‘g’i&m ?lggze
t he i nt er act fapeigmyfwhilaelass II molecules presestl ﬂrowmiﬂagmms dé?{ved frdmi proteing timtientered

costimyl atory signal § t ack t e secretion of i.nes,
Coo 1 P ot ot 3Pt oRacy bRl ot ikgock Rt D Bbirs WERD: o mainly derigyd fri fReladEs

function. EnggatseéH as parasites and bacteMé). 08/ 44788

PCT/ US98/ 06944 . . Ny 3
T cellsrecognize MHC-antigen complexes on APCs via their T cell receptor (TCR)/CD3

complex; the TCR complex together with the CD4 or CD8 coreceptors bind to MHC class II or

I, respectively. Occupancy of the TCR alone is not sufficient to active the T cell to respond;
30 activation also requires antigen-independent signals provided by the engagement of
costimulatory molecules present on the surface of the T cell with their cognate ligands present
on the surface of the APC. The costimulatory proteins serve to stabilize the interaction of the
T cell with the APC and to transduce costimulatory signals that lead to the secretion of
cytokines, proliferation of the T cell and induction of the T cell's effector function. Engagement



of the TCR in the absence of costinulation results in anergy (i.e.,

nonr esponsiwgogsfrgs of the T cell [Schwartz (1992) Geifinusbsioddas;
Liu and Linsley (1992) Curr. Opin. Immunol. 4:265; Allison (1994)
Curr. Qpin. Immunol. 6:414 and Linsley and Ledbetter (1993) Annu. Rev. ;
| nmunol . 11:191]. In addition to the requirenent for

costimul at or yﬁ%{egmi Rthe abS&ict 8f doSithiborCre it bh RF&QES, no sponsiv@ﬁés)%of the T

cytokines such as interleukin-2) in order to cause proliferation o )
ant i gen- r eactdell Sckwarty (1992) Cell 71:1065; Liu and Linsley$2923) @rr Qpin. lnmunelcds24s; dlisoms

have been identified as. ppLenthal GOSki tor l.ec

el udi ng. LTSS 8k, Dl ByBltlo hue G801 B Y eBREEUORD Ay Reg, Jmmun.

ﬁ3D28{3 CcT LA—ﬁ 11:191}. Inadcfitm_iiitbﬁe@équﬁé:ﬁémfdisosﬁmw&igmlk,ﬂ%ellmqﬂiﬁ(gm_ &m?fébt&el I,
as been shown to be an ortant .. costiul ator, require r

i nterl etki n- Xi¢4 ‘!ﬁ%“eﬂ?‘}c gﬁnﬁlﬂ'ﬁ?‘f@r‘ﬁﬂdﬁ°&wpﬂ$§tw&ﬂfé@5 ?{FR?E"?'BF"QSI'\e
10 CD28/ CTLA-geviralteR siitface proteii v teerPidehttTied Be pbraftial Yostifhubhtory BiblebuleB7 - 2

and B7-3). cer inmunotherapy ains to indu

Ca
{umor - speci f ifacluding LA 358N band membes 6f e (IRRGILA-4 family. The GDRHETLA4
o] €0t 0n Of 4T proifs, ksl 18!t LTUER, SXSKEhSl# UL Bh prtant

i nvol ved in 'yl ng an ppressing tunors I's support
the fact t hatcoitimalatorrequined for sndetlepliti2«Ht-2) driven proliferatibmofT cells.i T ligandsdor the

i nci depce of Rrei et al . (199 spl ant . L Pr. 25, ].
Howevelt 1. COSFCTLA Foreh e menivhes of e Hrally Rg R0 B2 B RTDY

i munol ?gi f:al |y noC4edr imtntiy 'cﬁ(xjsiamld ahnstbhd}llectﬂﬂnexaspeciﬁcl:'lrcellrespc?hkegthatheeffmﬁme
systemfails to, recogni ze an troy all] tunmpr cells, |pdee ni )

st udi es in'the FeieRan & JHAOT h aTbe ofdhas the {umpme aﬁmw%ﬂw&l%s%% an
| Mune r espona@teMe und/Raip fimors is supportedby TR facQNA iAMminckiiprdnisdd patients
recogni zabl e tunor-specific antigens oon et al. (1994) Annu. Rev.

| munol . 12: 39ye gvigcresedmeigence etsgmprs fFreist gl. (1983) Tramsplany Prog25d384]. Hoxsyers
for thesl ack P 'W [ iR rﬁﬁi{?:‘mﬁ I RRS&H

I ncl ud?sng fai uré&t%c%e%% ess VH cIq{%f&s%m‘alfglytl Oﬁgiur%%l ecul es, Bualt) B
downr egul at i dhatdhe immpumnssysten failstorecognizegod destroy el sumey calisl Infleedlaninial studies

munol - - Tod2g shopgithat dEpBpHy S} nifort B3 ftorcan ek Epilo B ke
177: 265 Cr oreaseomlexgirbss pékilly rebogriashle tiast-spécifts i Bens Qhuung: el (1894) AnhAIEv.

'|[_| E ga |n munoge rJPEWGf?P ?}?-552 rﬁ’Ef’r ﬁ@éﬂz’;‘é‘] ¢ %éi &ExpMsd; 1G: 11}.2 -Sgymﬂéag stf°’§s‘gF kﬂgﬁ argf gf ;
protei pg and/igfimmeE@kdiyOT tiaotReiEfie biinpPéHésaint108ig FAIRRY to eRpress MA R 1ass 1
nodi fi ed tunor cells are then examned for their ability to

i nduce an antoleqHasydovmEsgulation of transppsgess {97 antigen processing and ghe Jagk of gestigplaton sed
bel ow, these ﬁ&gﬁﬂ st%ﬁa&a,rba}eqoaﬁﬁa eF & (198%) HithmbI T TAdbY T840 ITBERlR & &2 91993} N

mce and rats e results have been confliciing | eadi’ng some In
field to queskEgnMedel73265; Crommeiet #lt (9% J.BxpshMed d 7333 5r&honget of. £1996) Human
devel opnent ienﬁ%ngqg t herapy protocols ained at the
treatment of humans. ) The majority of the existing ani nal
nodel s25 or i Munogiana atteeph by inersasd the imnmnogeaicity of tumor cells, gomas) eswodimg atoent
syngenei ¢ ani nal e.d.,..mce and.rat nd establi,shed tunoy cell |Lines.
Typi cal |y, oﬁé‘“?%cfg‘é‘ﬁ‘@s f‘&ﬁ‘g YIokes Ez‘ﬁeﬁ’-e?j min'gg'i“ﬁfi F’E}&g@é‘ﬂ' ‘ﬁeﬁi' o%nmﬂl%eg
establ i shed nfaueecdlld @Y then examined for the¥AbARY 4liAdskce an anti-tumor response (in vivo or in
PCT/ US98/ 06944 ) _ . ) L 4
cel | line, tH&meyd§disgussadbelowythess caperisentshayebaep carried optan primal medsls e.g., in
expressing thgick raﬁd‘fa?}s? bh®fhe results have bednBOHARASE RadihS! sdnkken A &fqle B the

cells are injected o recipient mce and the mce are exam ned

for tha0 pr eseantility affexistinganimal medelsfor ths doeelonmeant of imninmogring therapy gratecols aimed

I rradi ated nogifl tumor cells as a vaccine followed by a
chal  enge w tﬂ%rfr?ggf?f%fdh"fnﬂnn%r cells 5 (vacci nation/ chal | enge

experiment). |n sOThe maenity of thiexisting asigml modelsf foriamivmbgent Hietapy Gevobe thase of
immunocompetent syngeneic animals (e.g., mice and rats) and established tumor cell lines.

=

Typically, one immunogene (e.g., mouse IL-2) is introduced into an established mouse tumor



been shown to increase the i munogenicity of the tumor cel | (i.e., to
reduce the tunorigenicity of the tunor cell). An e | L1y
i nduced ani WA 9%44f8% is said to be i munogenic if the W@%ﬁ@ﬁﬁﬁs
rejected follow ng transplantation into syngeneic animals previously

I muni zed or vaccinated with irrhdiated cells of the same tunor.
Noni nmunogeni ¢ tunors are nQt rejected 10 under these Qon%tiogfscﬁed

Overal | the r&glijipe thy umgpeclis legter dn syifuRe o idsaity icAds eXPressing

conflicting. Effmnogene and the ASANR fimok BAIsGYPhReRE Hlo Phcigidit nEQSid e A are
nmol ecul e B7-1 1 n the nouse nel anoma cell |ine B-16 was found to

| ead to the r ekamivadder theprésence oftumorss ki some Bxpegments,the tige ogivadrradiatedmnodifipdy
one d e . J Pet iYsﬂ : . [ '

anot her study -1%%%3%“%%”& ﬁ&%‘d byEgcﬁe S e &@ﬁf éﬁr&%ﬂx{%ﬁ‘bﬂeﬁ& "bells

t unori géni c [ Gaecinatibn/elialler(gt 8%béyiment). Hx pomd\dasks, the' Ekpredsidn ofl certaih dmmanogendsdase
B7-1 expression s found taq, i.ncrease, the,jnmuno Lcit f B-16 cell.s, the
AUt hor 5. epor D shown 1 iiteasetoe FEiuRRraioty o4l Ry by PHRFBUF FrRTEREiTly
celI's did not ofiyaintt call). AnleapeRitntalt§ indided animal tumor is Jafd o Bk indmaftEeRis if the
unnodi fied or wld type B-16 cells [W et al., supra]. In another study,

t he tumgs ieesisclsd foflowing transplangation intg syngencic ammalspeeviqusly msunized or

mel anoma cel | $,4485reh QR Grrdditdbe 6fu§9 . Lriid HREs rEARRGed

I mmunoconpet ent mtgewf%h_o_ng et (;llf 1%?5)%%@%%@%#&. e
7:1771]10 Howewnder these copditiensi ¢ i nmunity was conferred by vaccination of nice
with B7-1 or - ' . eGt el e
expressi on of B7_1Oggag%£gﬁuﬁ§ﬁltg§§%ﬂ%ﬁ%?%&%§@lcg{: hasguv?/ggg#]gﬁ&r{%' tF 3
reduce the systamnle therempression of thefcestinadatéry nidiezuld B7ek pir the siousg niaddriomarcell Hhe ve

to that f b ' | ith wild typ I | |
cven when t he Bt pdl g0 e rbeipn OB exteentogt B ool e R Pl 1 oo
(Chong et al . st8yPW@peal. (1995) 1. Exp. Med. 182:1415) wh§inh@6ter Sy BRI ekpietsing 8216
rejectign of B7-1 expressjng tunor cell lines is limted to

hi ghl y PrmmunoSSHers e i be Bmongsni FChenet s @32 & xprMetb O 79573 ihhrsgeviere
fi br osar comas pg. dipression was found tJM&ghe M%Qggeﬁeﬁyg 6EE-4 LelRNle bitRorSreprted

mel anoma cell |ine does not reduce th unorigenicity of these

lines. As di sthstseimalsifbatacicetsd thesnedifiedB-16cells idid natalepelam anephanesdasystsmic
nes. . _ cEdsa
coll's (Vo oy oty aind?Gfindlfifbdir WA THSIEE SO [WHEPEL, SE th ndiher sty e

di ff erences i mxpréssioh ef/BT-1 of BR2-ifi meusercelbmctahtummhormelshdma cells was found tdicbifer ent

groups.,,However .- tupor cells expressing.qnly.B7-1 ha ound. t o.be
ot Tt e Slacal i Bl Fopdhet Ay eomas e 15 [ Chpme L 1, P R e THS
WO 98/ 44788  7:1771]). However, no systemic immunity was conferred by vaccination of mice with B7-1 or
PCT/ US98/ 0694 he .failure of B ne. to induce_t he

. -1
rej ection of é@mw&adeﬁﬁwgnmIm@ﬁmm °fB77’1°"§g‘§ t themglanomasells, o
i nduction of astophdoéduaitBE S¥teinit iRRIuBH doRfer¥d metameﬁ?rgssf.ﬁlca&-mﬁmﬁsgﬁf e,

conbi nati ons of B7-1 and cytokines were tested to see IS state o

aner gy coul d &S by ¥prsination with wild typesmslanamee pells s venrwhen SheBnraresying qebf deal es
and vargsous gﬁﬂ%@sgeiiﬁ&ff&%ﬁ-g;{?ﬂ@#e?ﬁ rg.?;aj)as proven .5 to be nore

effective thanthe use of cat'e ory of nolecules alone. For exanple,
t he expr &hss baen reporsd that ithe rejectionof BE- 1@preshingdumpréetldings isdinditel ke

was found to . .he. t ' | Cl 1 I'ls
o e e enc
er. . . e : ad ogsm e _
ST ook 5 ORIy Bl o P 57 Bl mlntel >
denpnstitat ed télHineiwas §RiEbOne @rdbp i et ¥ uMbrigenicity of theseGels (Wikibad Osipra).

nol ecul es and,ri;}i ¢yt oki ne and/or_ a chenpkine is preferable to the use of any
one s diicrepancy may be explained by differences in the level of B7-1 expression achieved by

different groups. However, tumor cells expressing only B7-1 have been found to be ineffective
n inducing the rejection of established tumors.



of these groups alone, the data fromdifferent groups using conbinations of
t hese nol ecybossies conflicting. For exanple, D || oecaiussnesss
reported that mce inmunized with A20 B cell |ynphoma cells m xed
with I'L-2 and the chenol dne | ynphotactin devel oped a potent anti-tunor
response 15 while mce immunized with B cell |ynphoma cells m xed

Wi th GV CSF devel opfdffurBUEB7-1 alone to induck BR4&8HioR BE bstdbKBRA RS WAS Bodnklhded 00
et al. (1996) Nature Med. 2: ;093_]. On the ot'her hand ) Levitsky et
al ., report edto bradues/tacthe induction ofta state of anergy mpatatially praetivs | gelie o Therefore,

| ynphorma

. . .cell.s.l| . et | - | shed
A20 tunors m?‘?“é"‘%c ﬁ°ﬁ§ﬁ-‘§?ﬁ‘gﬁ‘§lﬂ‘?‘éit er %£e§hﬁﬁ£kn?¥9 gé“é%’f”é’@?}bggl’or )
B7- 1- expr essi Cgm¥inftions bf cstithulatont méleandstand yarivus glowtd fh&ofs)or dytokimas ims lprovéd)
156: 3858]. This apparept . copnfljct lead,Dilloo a renner to .xemark that
"it [isP difflockh {abae,psgrive than the use 6F Ciihes calGEo Qfmgﬁ?ﬂl"érﬂ% Kok SRRles € can
be used to pi s6iBn oPB AN 'in Y rdkse NC hddhodurdbidniad elIAE was found to havB HEBffedt AT "
[ Nat ure Med. 997) 3:126]. Cearly the art needs inproved nodels for :
det er mi ni ng whtiedrmesjgenicity, F theserells mimmogompsteat smgenciaacs [ Gakmaym eh 19572,
or whi ch Human CeREHBR 84, BRAR0L, 168 BfRsiG'bf B6in TL1 128 1 DCA! BENC Of
particul ar human tunors. 25 I'n order to provide effective
cancer i munotdesoaminontapsl] fine substantinllyreeducedthe fumorigendaitytofi these cells in mice.
I mmunogeni city of n.tunor I i el l. redicti f _hyman
anti-t 3§mr %qférﬁ%s!rd\%g ';i%s porrxllmgesli: ha% %O%atemg iR g%heégc? e%oé?vbgtba(rt:’é’ﬁ t°¥of
ef f ecti ve vacecdstimalatopy mblbeulds and/ £6yitokine anl/ohalchemokitgispeefefableite dyuse of any one

virus (H'V) infection has al sgQ begen ered by the | ack of _suitabl e ani nal
odel s, | G venDtEe GuPs sone e St o HEPSRE BB inE PO AR ATS of hep Bl ales
system t her ecinflicfiflg, S6P &lahiplé, Billo6 bt ol Repott¥PthifRieled ifnmunized with A26 Bcelty¥iphoma
infection and H V vaccine eval uation, Existing ani mal nodels enpl oyed for
H vV  collsmixedivgth Inrdand B chemokine hanrbgiastn develepadaaotant AgsREIOE Sesponse
infectqg wit hwhﬂlé’ﬁni&:’immﬁﬁg&’%h B defAQYRphoma cells mixed With GIRALESC fevelo¥edd nidblY- 2.

cats infected wth feline i mmunodefiCiency virus a\% scid/scid nmice
reconst i t ut edrediced antirremorcresponsedRilldore @b (L6 NatreMed. 2096]. 0On ttheoetherrhand|
gg"_ ) 'Ugg g} Oggzkgﬁﬁky et al., reported that m%&d'omce with GM-CSF-expressing A20 B 1ym_phom%
eval uat i on of cdils Yead ac £ confpslete fdjeetioregll pre-establishedfA20ltimors while naeinadaswiths cither e
restricted th in . humans; eref ore, yaccines sh to be
protective i nﬂ[cl"ﬁ?"r?’ﬁeiﬁ?%g’é Bl expresying 65% rcﬁlfse‘%fi ™t ky e at 8\6@6)&‘2 IT““?"”“'
chi npanpees NBs6:3BILTTIHE aPpdveht benflivt Rhe@Dillob bR Brishnér itd el tAAY- “it![i] dfidullt t6Be

t he nunber of chi npanzees available for research is snmall and
therefore, itcqniidgntithatcprent myrige models eanche;used topigkythe Best’ cytoking formj nagtpular

exper | ment al i hiort {Nte ML 9570 52126 Clekrsy Ond Btk edls mdhSheR HiieR RS €

to HV - these animals must be confined for the rest of their |ives

at a cost of @geterining twhich cytokines, costimuatonmodnicsiang/of Sthemotagting, A niwhigh
(1995) Nat. 1 i) d Yl IS greater
t han that of N%ﬂ?bﬁ%netlﬁgg’le%fo r?g%g&?}?i na é)&%%rugénéggg cozélhillm ounnrg'lrsﬁt ai n. Most
i nport &Atly, In ordertepravjdesiectivervancebimmunbthetapy] theiartnetds vhehnstodnctdasesthe
infection with H V-2 .or V_nmust _be_us 10. a surrogate node] for
HIVSS |t ect i B inseeniply of b Supels o VeI o il mock AR e R G Bichumor
(hu- PBL- SCI D tmmfnerespbndess permitting infection of the human cells with

H V-1, have failed_jo rovide. a el in whi¢ch HV vacci nes and
HIV i mmunity can b IhEdeaplgpmesgof V%@mgﬂﬁm@@noﬁmmwﬁzﬁwa
that nost of {ie (HIWHERfedtioh hEMI D Rarriparel B the BeR Bfduititi SEmAChedeIC iGivét ke
exhi bi t activated cell phenotypes soon after reconstitution, and
al nost 381 | ( >complexinterastion ofHIVswiththe bnmunessystem, thera is nosubstitese forinumompdes i n

Tar 1 y- Lonmanniaid SR RRITV o Sl ion. | 13Akl shimal bt it er my.

(1995) | munoinfection and vaccine development include chimpanzees infected with HIV-1, macaques infected

with either SIV or HIV-2, cats infected with feline immunodeficiency virus and scid/scid mice
reconstituted with human cells and infected with HIV. None of these models are ideal for the



Today 16:529]. Therefore, the |ack of sufficient nunbers of inmature naive

T cells af besasm 788 reconstitution renders the hu-PBL-SG 6944
unsui t abl e e evaluation of anti-HV I muni ty oW ng
adm nistration of a H V vaccine. 20 The ul ti rrate system for-

the study of H'V vaccines is, of course, Fhe human. However,

gi ven the fact t hat I nf.ect i@ riably fatal

et hi cal consi“q¥ ﬁ@"mmes Iﬂeﬁpﬁfaﬁil"f‘ ﬁgﬁ{}é@ gfm‘ﬁ’j er ls\f’b‘?’ﬁﬁ%@??% By v
vacci ne eval uﬁinhﬁmmmmee RéictinESRoken BoiYe BEdtectiislialchinipanzees may fail to Plotedihudiing - HI V
I munity can be, assessed to permt the eval uatlon of HLV vaccl nes.

Brief Surmar S GhmMPARZeesTYayheiare sasy to protect from HIV infaqtion,, freaddftion; the avmbes ef

provi des nov%hm?%@é @v%ﬂab?@fo??éseme kall D th@€ford, it id Mificult to obtain statisticall
i dentification of inmune-nodulating genes and conbi nat'i ons t hereof usetul

for the tr eatsignificant experimental resits; these-animaleers costly toumaintaingnd on¢reexppsed émHIV

| nventi on pr%{ésgea%xﬁ{aél?gﬁq??%eCc%ﬂﬁ&édsfo?%ﬁﬁéétsofth r lives a @DQAs{ ggrL ess

at | east one T mune-nodul ating gene t SNt invert ifoh tal%s prov

met hods of t r$360,00000&hiojpdStbt albAlmond 61995)ant Med hz%]l While ﬂxeehpply/afcnacm@zes

nodi fied to express one . nor e, i -rmd |.at i L ng . genes. The novel

ani mal s of tﬂﬁgﬁ%'??ﬂg‘af‘ﬁgmmﬁp%ﬁaﬂ@amw Ostly to maimy o LA ng

vacci nes, i neﬁmlqmgcmmeﬁnwmem\amdnd/mﬁg hﬂfaﬁzodmmnvct &mﬁﬁtstmm
,.etc.). In addition, the subject

pat hogens (e.qg., rrg ? k[l'\i“ Lei shmani,

i nvent 1%n prawﬂg@satemo el tor HIYyl infectiop, sqdrfencawwgmewta#%ﬁumap =
\Igé'(l:' ;3 'nggg ) 828 gﬁi SBDNATY Aice), Mifle permitting infection WS Binflah/@8s with HIV-1, have failed to _
The present |pmﬂed¢taurmdelawbwhmw\é'eacmesmdﬂmmmmcenwmqumdng a

U 10T ent. to the fuct ol Gt e 1AMIR'T WABHAS oG B b reBRARAE Bl OHE LR

sust ai ned i nmune response. odi ment,
i nvention pr avivwied ceil‘phcmupessimﬁ aﬁnrﬂcbnstmmam and)ﬂ;nbstsall (ng9%) iremanlT cells exhibit

| ynphogytes expressin he CD45 en erei n 0. 9 t
Rkt GRS eheGu e ne Rk eV sy Riret 28 (RRFL YamE THa058 1 o
nai vedT I ynpheﬁy{elﬁnmhm@smbﬂmmzn Exp. Med. ﬂ&iﬂﬁtm&uhhﬁm&h@@@%)ﬁﬂ(ﬁ&ll on
provi des an | nt nouse conpri.sin upan T. . tes
expr essi ng ttféggbgg?%’ﬂ TS éli'ee]ia?F g?"ﬂfé%@? nupBsTs of ipmptueRaie 1\(I'cens

| ynphocyt es  reconstitution/1@iiefSHE thulPBIBSCHDP mddé] \ifsuftablé '8 Bie Vevalatidh aemﬂnwel Y,
at | east about 1% of the human T | ynphocyt es expreSS| ng the CDH45

anti gen repr &%BWRity oHewing edmigistration af g BN yegpmmes. The 10 i nvention i s

not liggted by th t ﬁn'gtg
a 2 pr ef er?ggafg#%ééﬁg‘ r%%fw e mnoﬁbﬁﬁ%llm?&ﬁro%s% i|n§na él
nouse. given the fact that mvanfmﬁoens dmestluﬁ\raualﬂyrmmwhmmns,t dtkical rnusidecihdions | ent

funor col s, rEn{ {8 men voluntess i P PRt Wy, P arbER doiil iRl
hunman t unor wdﬁdhsanmmwmﬂmtyﬂmbbumcdmmwmbbﬁlmynbﬂmsimbilnwhed t unor

cells, .15 primary tunors cells or tunor cells (established or
primary) nodified to express one or nore " i nmune- nodul ati ng genes,
genes encoding cell cycle regul~Brefs éndi ng i nducers

of apaopt osi s. In'anofher‘enbodfnént t he present I nvention
provi s a SCl D/ bdibgPressrisaventian Praydes novel humanized, anima! moadels that pepmithe £ of

exanpl e, | MMiRaAtf&kibS of ikfink-MoaMbitY gehss aaet:orhmﬂaﬁoﬁsith@eof&eﬁm& u{eeafgﬁne%P

the human i mmune cells, these cells may be, for exanple, hunman
spl enocyt es, O &pman tumors. In additigs, shepresent mmvpmrnvdmsvaamsmonmmgmﬂal

lavage. In appiiegtd &gre?srg?ﬁgét gr?&hnmﬁn@-?noﬁﬁllﬂg%%eq %he present invention also provides

methods of treating subjects having a tumor with a tumor cell vaccine modified to express one

30 or more immune-modulating genes. The novel animals of the present invention provide a means
of evaluating vaccines, including cancer vaccines and vaccines directed against human
pathogens (e.g., HIV, malaria, Leishmania, etc.). In addition, the subject invention provides

HIV vaccines including live attenuated HIV vaccines and HTV DNA vaccines.



nmouse conprising human i nmune cells further conprises human tunor cells. In
a preferredwoosmqrss enbodi nent, the tunor cells are derivedr€Twusysienots al

nervous systemcells, nost preferably glioblastoma cells. In
anot her preferred enbodi nent, the tunor cekls are malignant nel anoma 25
cells. The present -i-nvention further provides a nethod

conprising: (a) pr%g}eeakiz&éﬂﬁoﬂ_alsocommsaniﬁﬂﬂd@ﬂﬁa&m&ﬁnpﬁbihéamam
tunor cells; and (ii1i) human peripheral blood | ynphocytes; (b)
i ntroduci ng a nixmben ofdwymean immumescells genable of produging2 susfaipeddmgwne response. In one

reconstitutin : . J: gl 0 | ATe el dé’in% uidaf
| ynphocyt es; %W&Q%H@%&%lwgﬂtr%@%%@%@ﬁg? ?%S?rgdggﬁ%use oézgt?édnfp f oIril gr ovT\;t h
of the tunor dphplmcytes expressing the CD45 dntigen phertior atdldase mbouti 108nof thehbumant Aod

of the subject invention furthe rises . e| | fyi I t
one i e rmdUP&’t"F’ﬁﬁs eﬁgﬁﬁs,mgﬁe @ﬁﬁ%@g‘é‘ﬁ?ﬁ"‘h‘dﬂ‘g’“‘éﬁ Ifalvf?g&ré‘p r%‘gﬁf‘?@‘&‘ tgﬁ%r
a gene that enghd@itnent) tHepesert invehtichRptides afi immikasdeficiem mtousé comprising human M
cell prevents the .growh of the.intro uce%tugl})r &ell,ls in_a

reconstituted IYFBMWW‘P&??}Fﬁ@F%F@We@dV@Mi sastgoout 5% of these T lympfpgytes
gg{;ﬁggg/ 0694 L{epresent immature naive T lymphocytes. Alternatively, at least about 1% of the humaté T

t he met hod corpmphosytes exiressing ty CR4S patigem sepresenti immatyrp @aiye di bmphasytesy efheof
CETTLr IS ey oo RGPS e B Bl G Bt T

cells. T'n a preterre r-cells
conpri ses unmpeéférresicenibodinrent; ielimmanedefiientsamenid 2856B/beigemowss. cel | s
conpri ses i rradi ated.tu

r.cells. .In a rticularl r.ef
Pt hent . the i r/dpaPerirgdiak BBl B dlufoRtRbieh HpRe cbrBHERE hiin T
| Mune- nodul atirfghogpesfurthér compfisee hamadnimogcelts. CThe invantibe ismoglimitédby the hatare
one

gene t hat encodes an i nducer of apoptosis ) I
arbodi ment of e HHERAJIROrSFS mﬁwegs The hpdhPPRsiells K b G¥iEhlished rmonsilsy he
| ynphocyd es CGQifaly Rifiokd\R11S 8 BmEPENE (establishEd RPRRCHIGT Y expri® dnbl 6Pore

cells and the | ynmphocytes conme fromdifferent donors. 10

The present i ripawne-sedelaiinggepesygenes ensading eallicyele regyintars andgenes eppoding,indenersy:
(1) a of &%&bei ge nouse; (ii) irradiated and unirradi ated hunman
tunmor cells; andE @ Ty human peri pheral blood |ynphocytes; (b) .

. reconstituting sai dneaske embodimeritdhe preseitomventim pravides a SCID/beige mouse comprisingy
the nmouse with the irradi ated tunmpr. cells:. ( L nt roduci N | rradi at ed
tunor i poly S 5 e RS Bl e VeI (3 e oY Bieeie St
vacci na2eed nouhehkmén ivielvelld, thdie célls may be, fopiekdmysie,Huptin (RBIS) spletotyres, cells

In a preferred enbodi nent, the t hod further conprisges identifyi at.

| cact one | dseaed g oA A pRROeevegt n s Pt et SO o
regul ator, or RoeBsniriitly AR dRsuse tells further complisd HeBiin AoRABIR! Gfi b preflicase

t expression prevents the growmh of said unirradiated tunor cells in

' sai d vacci nat egnbegimsat, thepumor cells are derived from gentbacyiusisysem celis mesipseferably
+ provi des vaccigighaGRPLNS! ﬂgn&h&%errﬁﬁ RinB&diinBE, RO nAkYr L8RAre malignant mel&ithaAN

i mmune- nodul ati ng protein. The ce can be, for exanple, a tunor cell or
m croor §ani smosl&h as Lei shmania, Mycobacterium Listeria and Pl asnodi um

Preferably, the The prese:nf.t VRS TRt g{ob@gsc ? grgkh%grﬁolalﬁggn&e ) Pq'x‘ﬁh‘ﬁgi (@ a

. reqgul ator, inducer apoptosi's, a vir
suppr essor, etSCIDMeiga mofiseg (if) hemaminimod eelly; and (iiiphuohan pesipkenal blood dympprooyies) (b)

regul ators. The_vaccine of the present. . invention are not linited
byt ho. nat ur & TBFORREE AT 8ot b8 eomh sl B i oueE (S iR e oy
~speci fic embodionteining skideurietdells witiithe lyiiphoeytéPalid (af :B6nitoding tHe\tecobtitted Hduse
é 30 for growth of the tumor cells.

In a preferred embodiment, the method of the subject invention further comprises
identifying at least one immune modulating gene, or a gene encoding a cell cycle regulator, or
a gene that encodes an inducer of apoptosis, whose expression in a tumor cell prevents the

growth of the introduced tumor cells in a reconstituted mouse. In another preferred embodiment,



preferred enbodi nent, the cytokine is selected fromthe group consisting of
interleukin 2 interleukin 4, interleukin 6, interp®eprssddmooas
interleuli HVQQS"“%]?aanuI ocyt e- macr ophage col ony stinmulating factor
(GW CSF), granul ocyte colony stinulatinggfactor, interferon-ganma, tunor 30
necrosis factor-al pha. In an exenplified enbodi rrent a tunor cell

S 0 s ot e A S el 5 B GhSfg o

present i nver@éoh&mé&m&da@wm ﬁ%mﬂ&ﬁs@fﬁﬁﬁdiedlsotn ammmmmmeﬁmmsesr ng:
(a) providing: (i) a subj ect havi ng‘a tu r of t he éﬁntr
nervous systamatic¢lls cemprisgyynmadified tugras eelfs and ¢ second d comprises
mgi 4271;3;'ﬂ&%tﬂﬁt%c@ﬁ@h§ﬂ£ﬁc@ﬁy¥%@d%ﬂoﬁaﬁ,tﬁéﬂfaﬂi’aﬁdt@ﬂﬁcﬂkciqﬁ'asit one
PCT/ US98/ 06 %t Ieast one immune-modulating gene, or a gene encoding a cell cycle regulator, or a gene that g
addi tional i mupe nodul at cell cycle regulator or inducer of

apopt osi s; (°6‘f g‘g‘é"ﬂ?ﬁsor%ma t he expression vector into the tunor
under condi ti ons litmbcmbedxmbﬂttmfrﬂmmethedmatheamsmy ipventien, the tumor cells amhﬂra the

I mmune- nodul ator (and/or .a c | e r s

are expr essgymphocytes come ffo °Is§ﬁ¥§ 9?‘?%’5"&&'% {’n@egggir“g erred
enbodi nent, { %@%Jwﬁhmmowes 5 prior to transfer of the
expressi on vec the step of renoving, at |east a portion. of t r
from dfe subj ect 'BPWF%P’! iBygntign darther providesp w&%&w&&*ﬁr’eg@. v B%t E‘Sm

| rradiati ng 4 bdifiPinofi! |1 imadinted and BRI fifhdn miof BN 48 i Fhinf
protein and ulator (and/or a cell cycle regul at or

or inducer oferipberpl bbods)tyraptucytm r(bhmmgntnne spid; memsat with thenmnhaetes; Keck
into the subject Dﬁrga L RéifE th u{lﬂmafgﬁhli\ﬁ{,
enbodi nent W‘ém?%'ﬁ%ecfn uﬁ?tv?tertﬁe{:lg%n%?teggﬁ & &ﬁq’rm}tdr og%cren eastorone
addi tional desle imb thervacdinatddanovse;rand (€)ahonitoring the ys¢oinpteadimos rEOWth of the
nodul ating prqtej.n and anuaddrtronal i mmune- nodul ator (and/or a cell cycle
regul dPor ormPﬁB‘{% of apoptosis) into the imunized subject.

The invention furngprefirRdicfidoditnet; thtomiethodnsrthei o@nprises 1qanmfymg|angeasl(or)e an
i mmunodefi ci ent nouse, such as a SCl D/ bei ge_or  SCl

human cel | s: immmne modulating gege, wage&eamdeg&%ﬂgrﬂtreﬁa@tjﬁb%w r@rsaazllt ngne

conponent de{nu &?o §PHOsSR, WHIEE BxpRédsidf RAvents the growth of sailChnirrddisteduRoigeliSint | on
conprising an in I'ous” hunman pat hogen; (b) 'injecting the mouse with

t he i nj ect absaid yaceipatedmouse. t o produce an injected nouse; (c) exposing the
i nj eCtZﬁd nmuse toﬂ% mvenFon algé)ﬁggiﬁbé‘{]aganes%gﬂpﬁgﬂgm&ﬁfebﬂ& dnhtigenposed
e ecti o

nmouse ‘Tor the pres cell's by the
i nf ecti ous handamn pnﬂﬂmg-modulﬁmg‘ orogein.y | Theh eelh gam bec 9r] example, janfumes 8| o5, | n

|ae ggt once P Lfeﬁf ‘%‘F ! fagl it nb%!gqls geﬁlS%Iﬁ%ltiah ﬁlycgya?fé\;nlﬂp %m?gnasahg ?f]a(sgbdtbrﬁ f’ﬁ?&ﬁﬁf Qheat

osition. The
i nj ectabl e pimpdiedhddlatispEinicscell cgﬁﬂﬂbgnlﬂbemdmofapppﬁasls,avualfactor, adumoli dat e

vacci ne nmay conprrse prote ns Qr .peptides or crd and
i Seylebim R et Gefepriealafl ifielfe,

i munogeni c. Suppressor, et ans to ev

candi dgte vagg ﬁﬁepieseﬁpmaﬂ dtdiﬂatqmeamynms nature of the xmﬂme mofialatirgiprbteithe
I mmunogenic (i.e., capable_of invoking an_inmune respaon e directed 3& I nst

25 the pRpWYRfe Hin rspeRi G FrEpPO G, & pqditpnaljmomyng 105 & & Fpokyns.
derived) and @ik t@ﬁgo&iﬁﬁﬁ& R &ytokine is selwté&&&ﬂ&hebgfohﬁrmmegtbpmfeaeﬂqmul d

t herefore be rejec vacCine for use in a subject such

human). | n ainserishlonrde dntestvlsini Greinterlenkin 7 wfee'etlamrla pRB ey masTophage colony *

i nmunogeni c. ']Pﬁ g; ak g‘i GRRRELR . tum
phar macol ogi &a cargrr eré an%ﬁe I pI ents suc asﬁg tg%gorus gamma o
sol uti3ns, pme&rmsﬂbdtgt-alphapmmreném;glﬁeébrhbodumm&mmmenatﬁreasmgsm ensodipgks'

sol ution, er's 30 sol ut si ol.ogi ca b e.
Aqueous i nj e ég ?’Bﬂ“’éﬁr@ﬂm R?%?g g&?ﬁargﬁnymw‘imggﬁ‘e c%‘ﬁ%%? §$}é§§f\%{ﬂ§c§k&eﬂ
~increase the vi scqhk piesét iniveition fad@RR piodides & tisthod of Genting s nmevr ompriskid) y(a)
| providing: (i) a subject having a tumor of the central nervous system; (ii) an expression vector

encoding an immune-modulating protein, such as the human B7-2 protein, and at least one



cellul ose, sorbitol, or dextran. Additionally, suspensions of the active

conpounds ngyo 8244788 prepared as appropriate oily injeceCDmsSIs/06944
suspensions. Suitable lipophilic solvents or vehicles i ncl ude
fatty oils such as sesane oil, or syntheti@ fatty acid esters, such as
ethyl ol eate or WO 98/ 44788

PCT/ US98/ 06944 4ditional immune modulator or a cell cycle regulator or inducer of apoptosis; (b) transfefrthg
triglycerides, or |liposones, m?ﬂt ional ly, the suspension nmay al Fs‘]o ¢ont ai n

sui tabl e st abitht gpregsign vector into the umppymdercopgitions spdhthat the dmpHge-TGPiBtAE RTYICHY
t he conpounds 112l imn B d-Rbalis (ﬂl{(ﬁﬂﬁrcéﬁ &yR1R réulddr 3P in¥ucer of apoptosis)RE&PRdss& ed

solutions. Further, the i njectable preparation may conprise as adjuvant

(e.g., alum by atleasta pogtipmsif ghequmer. |In g preftrredembpdiment, the ngtyod fyrther Gomprises,
Theli g . Ui _ _
preferret o e Ekanelel bt 68 ciblecilf viRle E 58 of B UHERACATA BAYSR of 13 o

group conpri sifi@n the sebject and following thenmansferleffsaidicrpresgion iveotisr, irrbdintiignthe tumor cells
Mycobact eri um (e. 1%%[5 t ub-eé_&%lﬁgénsg)ﬁmtginndanglﬂ?snodllpﬁ_m lator (?%d/?}'f)% Q‘I‘?ﬁ avele.

causati ve agerfPi5Ps

by the nature refuldiétr &RIKROORPbptets) btEntodiEing M kARt tubbr cells baclPihf YR dubjetk

the injectable conposition.. In a preferred embodj ment, the conponent of the

hunan to Fa%ao g AMBYPIETd Sbiccht In anather emborlimest thy method SHEhe cEITISR
from t hey pat hogeshincinb Gt §AMPRR HAlitional dose of HRY¥ial8 tAmEOLERE %%ﬁrg&?mr%@xb mmune-

nmol ecul e or a peptide derived fromthe conplete protein ( .

be produced bym hgiproteinané ansddditional smmirierodulapiifandior siesll sieleregulator onindicerase
di gestion of t ‘N Lk . Df ,h). In another preferred enbodi nent,
t he conponent °2§P?ﬂ%"es‘s?.b“r‘r%‘r?‘?g olﬁéezlns &'gt conprises DNA. In a

particul arly preferTiedinvedtiofi fiethér, piokidedhl Amethod rdopPrising:Ov(a) grodlifg: (i) an

encodi ng a human i nodefi ci ency vir eno C bl e of expressing viral
structural gedg’g‘m%"‘mtmwﬁ?jts“q%ﬁééﬁgﬁ@ 8% Oy %ﬁm&m’ﬁ?@!ﬂm |cellls,
particl es. | n @)daifeasslesteardtion tdsing bi16astdNe component derived 80 al Hafin Pathspeh;d
DNA sel ected f(?l)omjit%he group consj sti n_g of pHP- 111,@ pHP- 2 and pHP- 3. B .

I'n anot her entf@d{iiineompopition sompeising aunfeetiqys humanpathogens (b)Jaiscting thy mawsg atity
replication- 28 inectable QBEbEIAY ah BFERA e | b ihtSinfebte® mouAR AR ©
of producing gtgfvjeg}ﬂ)i mted in?%g%n éfgﬁg@&% er-aﬁ y ?ﬁ’ggpabl e of
produci ng t he qomphsitiangans(t) rmeniterjegthe expossid moust far thi presdnce of ipfectign of the human
non- at t enuat e EE@ | ol | | |t fur f

change whi ch ?ceeig%g‘)'tshet ed‘)m/ﬁ Oﬂltﬂ\??%?rgﬁag?ﬁugxgggﬁ E&lgq%rﬁey@’rn?ecaﬁé?%a
enbodi neht , t heefatrédanixdaient,the injectingofisep fh)dnepediaicht teast openprjor to exposing the
preferably, the ‘genor;rhe of thﬁgatt nuapt edlaw rus cannot express .ﬁ@éunctl onal
Tat protein. ITOWS ¥ the compasiiigp. Ahermjeptable prapampon: AOmPHsHE 2 FARGRRIS JROTRR 2
attenuat ed Vi rgafidigd @itEiné iy EiprisFteinS 6ipeptides or nucleic acifd dnd s b &hm@sdgeaic.
preferably, the genone, of th&%}tenuat ed virus cannot. express either a

functional TatH¥eyerepsthis metiad offirea means tocyaluate candidate wgcings, e rapgidats yagcmes
attenuat ed Vi rdSedpsct&ifto 86 inhmogenic (i.e., caphti QP ifVoRing b HAmERPSsh sk Bfec®¥d against

H V[err H Verr] H Verr] and H Vf.err] 30 . I n anot her
enbodi méht , t HBe pathogen Fom whish the prolein, peptide ornurlsic acid wesderized and someiareppested
cells. The in 3 it Oehic! (hdd fcp?neﬂfgﬁeh’t is
renders theI L\e&iggéuﬂnﬂégl a c%c(m&‘ﬁﬂdﬂ&gttenu egfaﬁ]vag«gl%%b?g%ggg‘émﬁasmh
enbodi ment, t a8 aghumem) aincsl prefined embpdiment] thedujegiabls prepiratica s limgumegenic. The
DNA encodi ng Ine protease gene.. The cysteine protease gene nay be a
et shmani al - WSAIE GRS R S e Sy r R PP RO F R S e

from anot her csobiohss preféfiteyinsphlysioloBisEily cdimpatible buffers such as Hanks® solution, Ringer’s

30 solution, or physiologically buffered saline. Aqueous injection suspensions may contain

substances which increase the viscosity of the suspension, such as sodium carboxymethyl
cellulose, sorbitol, or dextran. Additionally, suspensions of the active compounds may be
prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles

include fatty oils such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or
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: . . . . 6!
cystei ne p?géégggs%ene is enployed it is preferably placed .ﬁCB’BS?sé%%e
conmbi nation with pronot ers and, th i onal |y, enhancers functi onal
in a Leishmania cell. As the | ei shmani al cystei ne protease gene is

not present in.i

Jpati fl ' le.,. ch l. . -
configurati on8 yEr"fS“ g%¥§§%§°gh?8§$%ﬁgg&é‘%?g%§ rﬁg‘?)?‘g"?aé? Sifable sippilizers or

| ei shmani al  cygeh@iwifich iRcrease the sBlubilip6fFthe Cdtfpdufids b @HEW forGthe PrépLativheT highly
vector such as pALT-Neo or pX. . As shown herein, t he, over expr.essi on

of cysteine prepc@ated solutions. Jirhes; the injerteble preparatin ey comprise as adivart(e8 . and
provi des an e@&gg&égﬁnymét@ eluftf's, SAR-19r evention of |eishmaniasis. In
e

. Fr
anot her preferr ] 2mbodi nent, “the heterol ogous DNA further
conpri sés DNA enco@heipventionrimnot limited by the matureoefcthe bimner pathogens Inyemeeferred

The pol - geno, PPREHER e MR biliogth b7 SifA HERF ol (B ocdipling s

vpr gene and inkmunodéficipacyevirus, Leishmania, Miceluariva (€2) Ms tuberc@lotis)yagr Riginad s

and, therefor Lei shmani a cell s, expressing H V proteins provi de a
neans to presé’?ﬁ“ﬂﬁ’ V?i?ﬁef“goéﬂ?&%)‘a_host in the context of an APC (i.e.,
provi des an The iri-dfitieA LoD Eiinited by the nature of the compdient T\ huntii pathopér

limted by the nature of the nonitoring enployed to detect the 15
presend® (or BE¥BHE e Hictabls comppsition, dn § peferrgdEmbodimahdhecompenent of the hugeanpy g

MOUSE CoNPr i Shdikhgen com%rises RUERTa pTHbSE ﬁ?gtllelﬁx defifed fréin Bié'p?ﬁibgé%yc&ﬂﬂéﬂéﬂls €).

Serum col I ected fromthe nouse ol 'ow ng vaccination and chal | enge
W th the pat hwaebe sregmplete proteirt meldcvloer a peptign desiverd:frorn the complete protyig {and may

I mmunogl obul i | Eg‘%i . ' al .

I munity). Ce ﬂb&u@&f@% mé@ﬁ!ﬁ%&ﬁﬁ%ﬁ&%@@%ﬁ%ﬁwﬁﬁ%ﬁﬁ n
may be exam nithchyprotein)ar inatngtherf prefesnad ctnbodimeRt) the compobent bfi ¢hedniman ipathogoh ng
but not,limted to, ign,vitro ELIL.SPOT anal ysi s..of y: I production.b
Pyrohodst o ( EmpriespRiar 5t PurbchilpreRRR Fpbaimim: he DN foRipst il DA
chal | enged m eRodibi$a Mnan immunodefigiéich @6y gehsrhecapstile fiRkpre@ing Viraltrh@iral gehes
Further, the use may be exanj ned for the presence of infection
in the sites B jneapehle ehobeing packaged dnfo iralmaghciest o gamefemsd aphadingy, the,BNA

chal l enge (eg ises plasmid DNALRRS{eA ioin'the SRR Y PRPO0 bHP S M plPaM M Ce
chal | enged wi ?or?plﬁlls?%%sméet ect the p[esen%-guﬂZS o? HI prrot el 1r:s I n

and/ or on | ynphocyinesothersimbedimsnt tp inigstable preparation comprises an attermipted feplication-
 mminodar i oi cnr ettt duihQRHiGRTR S (1] carklt oF g iy ¢ liiBllnteotion,
cells: (it i )daﬂ}dpreferabl}' incapablec ptviducing &paat_holbginalgbaxpcs: ssoviptedrigticinfectiody a .
conponents deg|v .. . c I . an
(e conpotsnabnabdre). AT esion i ot I R Rk 450 chanld hlon'cElatd e

i munodef i ci evits attenuated. Ihia)preferyed etmbodimedtothaatteaaated virhs Edntprisesj aamitatid @1 gene;
preparation to {Jr%ﬁiugﬁ an i‘fryae%ct.ed nouse; (c) £X -0541'3& t he.

i nj ect ed mousEIER A STBRATS of My Atten (‘a?“ﬁb‘m%’m’éfaat onal Tat protegy, s e g
nouse f28r t hearpirspBRAedémbodinkat, Htgefimed dT¢he HiRiated VERIS genb Rk Iisithey contpei
non- at t enuat ed RS human i n%od(;‘li ci ency virus. _%?g [ nvent‘i:on_ is?ssanot
linited by t hEVUREH-nel eens: BredaaBly.rthe genome of the afienuatod yirus GIamgt pxpeest 4itbaSle of -

causing a nonﬁﬂ&ﬁ&ﬂ%ﬁﬁ&eﬁl@ﬁﬁfﬂr&@iﬂnﬁ%ﬁ?&m&%g the attenuated vitdEls 3864417 88
PCT/ US98/ 06944

from the group consisting of HIV cyyaa.s: BTV cuv/apsmes s s BTV npasapsiaesimees 308 HIVi i

Bltat-B-

30 : In another embodiment, the injectable preparation comprises attenuated Leishmania
cells. The invention is not limited by the nature of the change which renders the Leishmania cell
attenuated. In a preferred embodiment, the attenuated Leishmania cell comprises heterologous
DNA encoding a cysteine protease gene. The cysteine protease gene may be a leishmanial

cysteine protease gene or a cysteine protease gene from another organism. When a leishmanial



12 Preferably, the non-attenuated virus is a virus isolated from
a patient wobs/#786S (i.e., a clinical | sol ate) or i|iBCHUSISAENT

| aboratory strain. Particularly preferred non-attenuated H V strains

i nclude the NLA-3 strain, the ADA strain gnd H V-1 prinmary isol ates
covering the different H'V cl ades (e.g., 92RWO08, 92BR003,

92HT593, etcC. cpvdid ﬁg{eﬁsef geaié Bmplldd #lib P ipldded itfl oferable combin@icdn&th
Reagent Program of tional Institutes o al t Bet hesda,

h
In a preferr eMﬁ%rﬁ’Pmﬂaﬂb npancess; fupptigpal é’c‘ ad-eishnapia %Qpé“ét%‘& lejshmanial ¢
once priar to teascei%ﬂé i Ghot HitesBRURE itk OndtilE oRARASdn' G, did6mosomal

I nj ectabl e pr Sar at on co | ses a candl date vaccine; a candi date
vacci ne may ceconfigumtion)y itcomprses hetorologousDNdr. Most| preferably; the lemlunm cysseine

| mmunog n|c However, as this nmethod offers a.nea evalyliat e.candi dat e
Vace nes. sonrofase fene Bt n 1 priesin reko SO BRI el Vb AT IRIRDEER <
(i.e., Capabl ﬂ:e@frerexpmhbmefo@ﬁmmtme in Leishmania deﬂsacemaesihe Eeisimthnagriingd

t he pat hogen from whic he raotein, peptide or ei.c.acid wa

derived) and BRoivides, an CIr% fﬂo?‘gti‘g”mﬂﬁ‘n Gﬁf”é‘”{‘%ﬁ J%GPB‘P‘?’h%'F@fTSﬁ’e
be rej ected agmBodiment, the hét&&ﬁgcﬂﬂ DNA Ufithé &Hﬂh@éét DN N esoding NdMbinan | N
a preferred embodinent, the injectable preparation is

i munogeni c. FBUodpfisiengY, yigs gﬁ@ﬁ&k@t@d f5om thegrap ﬁmsrsgeg pithe Fry@sRo Yiegge gene,

oL | 15 o 1S PR Ao ) oo A e e

present in t héeishmania cells infept eactapbiges andptherefore, d-azshrhamtacqﬂs ekpressing }Hﬁﬂjmtm nt,

oG o2 Aap YRl e s B B s

nol ecul e HIVvaccﬁi’e)a pepti de derived fromthe conplete protein (and may
be produced by pep nt hesi s 20 reco nant. DNA net hodol o |e or
prot ease di gest i on ‘F“’c o5 Bet limiped by, the natyrg o gﬂl‘}t’ﬂ@}‘m"g employed tg,defegt the,

embodi nBNnt,  t hRsenesRPAREceYYF inflt ot bf\the IRk irfimtned s i @ie SCID/bl itilbd dodMiprikifig a
particularly greferred enbodi ment, the DNA conprises prow ral DNA encodi ng

a HV genone human immunecoals ¢.& amueBB-ScH)bgymonsel| Serumeqllestad frgahths mense

oS, PRI O R Wy b o P08 PR

consi sting of hwhid immymbglobulinrdireptetPaghinst the pathogen (evidence of hfiteral irmmity)nCell so
provi des an att ted hu 1 ef i | enc lrus. e
genonme of then\‘/"f% @"%'8%‘? °°d?g#ﬂ§§{ %ﬁ ng% eé'(f%ﬁ}g?n ké'ﬂwn

The i naenti ontd the afYy including but notllimiteﬁ&d, zbyvzti'mELISBOﬂTa‘habﬁls ohg IENt;ﬁbdlmﬁon byt he

el ayed Lo MOPERREYL et PIFRATHE) SEisFRctond ) wrcgbeisd 54 chalngrimist e

attenuated vi f:atﬁog%ﬂmfected FBYSRE ithffaters) Fired, dhd réusd ailag bae;e&nanémbﬂmegresai‘ce

gene that canngt express a functional Tat protein Qr a functional
Nef protein. Pﬁnﬁwﬁiﬁﬁ%%@mmﬁmﬁw%@ﬁa@twlw¢t?gﬂneghaé’éwdf-sd
‘;_"r 3 [neﬁ Pe ‘“‘“ﬂﬁ‘v\%‘ég’g B 8:3% Bél1cOd frbnY brfide’chatlehdaSHifhlHIW 1/ BRECk the BRSence

PCT/ US4/ 06944af HIV proteins in and/or on lymphocytes and/or macrophages).

13
The invention furt Is . Lr f a
replication-defect rl@ée anér%g‘ﬁ"trlrﬁ]no epfogfhg%éyﬁ%@ﬁ@ﬂ\{ﬁh? @]F'ﬁ’gf% H§ arf
construct is Sahewkefitient mouse, suc}i asar8(IDAeige popseconmprising ImgnanfimphiRe dellsplifpad
and pHP- 3. niec " i.nvention al so Provi | des da.rr%t tﬁ_od h
conpri si ng:  ( BYeSkPls, iPEPATHOR | f‘)omgnggg Oyi5e Py dnore components derved Iom a fuman
immunodeficiency virus (HIV); and (iii) a composition comprising non-attenuated human
30 immunodeficiency virus; (b) injecting the mouse with the injectable preparation to produce an
injected mouse; (c) exposing the injected mouse to the composition; and (d) monitoring the
exposed mouse for the presence of infection of the human immune cells by the non-attenuated
human immunodeficiency virus. The invention is not limited by the non-attenuated virus

employed; any virus capable of causing a non-attenuated infection may be employed.



5 nmouse; (ii) human fetal hematopoietic tissue conprising human

I mmune cells %{g‘. ., fetal liver, bone marrow, thy%ﬂﬁ%&wode);
(iii) an iWJOe9 Ae preparation conprising one or nore conmponent s
derived froma human i munodefici ency virys vaccine; (iv) a conposition
conpri sing non-attenuated human i munodef} i ency virus; (b) inserting the
henmat opoi eti ¢ tissue under, the ki dney. capsul e of use.to
provi de a tr Zrderbinthsnopstiepated Wrusig s VRS 55 rfa’“igpam‘%%ﬂ% @?ﬁt %ghrﬂ%’bse
Wi th the vacGijife)d iPh Qties 188britorythind PRRILERIly (pEbferfoditoniafithuiaiee HIVjserained
mouse to the conposition; and (e) nmonitoring the exposed npuse tépr t}hIR/
presence’ of iinpluse thied¥f4-3 strain, the st and BEYr 1iprimarydsqlates cevesing the different

non-at t enuat ofylaR) o RIILISEREIE IZATIA! U avdiflBle from the NIHIAISR Kebdafihiafd Nt
limted by the non®dftenuated virus enployed; any virus capable of causing
an 5 Reforaict Beagantdiograrh of Nawonahinstithtes efifidalih.diethepdtaoMiabl y, t he

non-attenuated virus IS a.vi . . 1S0O | ' . Al DS
(i.e., aclinical Ingf%%e)d e(')'{rbgléls“gegt’\t}}erm en aﬁ%%%?@ﬁ%“@ﬁ%?%& a%é{;ﬂ&tp
Parti cul ar | y eppeingrthe chonsentoahd comymisition. HTHe $iijectibies preparhtioniccotripeisdsiadoafididate ai n,
t he ADA strain and ) H V-1 Erirrar I sol ates.dcoveripeg tgﬂe d"%ffe ent
H V cl ades (&2EFine; 8 siaifste vagong #ay; Compise Brpieins or peptides or,queleic acigs ang may Py o,

the NI H Al DS;Rasaedenis. Hadelte K189 5RHCE 88 b nitafOiHb3VA1Rdte bidtidee Fhccines, some
Institutes of Healtih, Bethesda, MD). 20 In a preferred

enbodi Hent,  toaedidaty vascinptjatsiexpictsd 18)bej immuapgenice e canable<af myokins 5n; BRg

exposi ng the BUZE difcthd GoafRI e gh&bgegx frobh Svhichl tﬁ&ﬁ%@hﬁ pBStRR 3 #hdiQD aG@WRE T SES

a candi date vacci ne; candi date vaccihe may conprise proteins or

pepti des or niedved) endisnindsreexpected toinot be immunogeniq (and/woujd flierefore be rejected as a

The subject invention also.,concerns s f.ar rati n LS of
vaccing for.use in ?‘}—b ec{l gucﬁx. as é"ﬁ&rﬁ&g Ina %r%m eﬁl%bcﬂﬂleﬁ, Ei'lea‘&‘@n%@lfilé

results 25 m an i NmMuNospot ‘assay, such as an’ enz nked

i Mmunospot ( Fpedpafafiln is itrmdidgenic. The injectablEipreparatidinglsy compriseiphempeniégicahdamiprsin

I mrmunospot assay, wherein a detectabl.e signal produced by the
assay } con\FéPP’QH‘SPEd%f{']‘H’PﬁtFP%\ isqussed 8b9¥E ng conput er - assi sted vi deo i magi ng
means. In ThediveRSH P hbt1infitbdDFMRHBRE bf thé beinpbatR GF e IHIV pregén in the
produced by neans of an enzyme substrate, reaction that, roguces a
det ect abl e cdmmwwmweﬂ%immm@h?@%%Maﬁm%%ﬁamm&&# pst

processed i ntaﬁm?ﬁoﬂio?&w&Qﬁ%ﬁ&bemw@c&e&naﬁnﬁ%kxzﬁgpw@ Pileif idle¥dle S
software, such as, To exanpl e, N'H I'magé Version 1.55 shareware.
The met hods ofr atpeptidendesived fiomdbmcdmplete protein fand may be produceshhy. peptide; ypthesss or

I nunoggpot as . ' €4 ' tgi&g | i Qftees
manual ﬁ?n’ cr os%%‘?oémgg% ?1“38‘8?‘3%’%%%?{0 pg%ga‘ggéggéfg%sﬁepéﬁg plrngw des o

obj ecti ve andpreferred embodimeng rthelcompivnentiofithe i@ HeimmisechNAvistiyslefsom HIV. In a

\Ié\(C:Z)T? 3/833/7 g g 9 Lp&rﬁculaﬂy preferred embodiment, the DNA comprises proviral DNA encoding a HIV gengmpe

Br ihef Desci Etdapab' ldlffheiﬂi'&sﬂg ifd1 8@Sctural genes but Cin;/c;apable ofwhgpmgedm@vikaﬂpgﬁaes.
schemati ¢ show ng the pLSN,. pLSNB70 LSN , PbLS a

pLSN- GFP r et rB\3 Preferred fopbogiptest, b Bk comprises pﬁ)“mg 5&?‘%&“5"?}?&@7 FEUP| ow
cytonmepsy hi sdoRe&mgs HP-IY\gIEPiZTaHd) 4MsG cells (2A), B7- 5

2-transduced D54MG cells ( , GVt CSF-transduced D54MG cells (2C), B7-2 and
GM CSF- t Fheinvwntienaisopmvides an stgnyated)human immpmedeficiency yEwsgvhsrran the

cells (2E). F%}ao,ﬁé Vﬁﬁ;%@ mutate%tatgen@iaﬁ& ﬁéﬁﬁ%ﬁﬁé)%ﬁhﬂﬁ%ﬁ&?rt

D54M5 cel I's stalne pe nmatched control antiDbodies _ Wwhile
t he hi st ogr anlimitad bythe natugsof thegputationrin the v and nefjgenes; insertionscdeletigns, substitutionsan
B7-2 antibodies. For Fig.  2FE .the Rigtqar .eqent s
unst ai ned wi lraq&;&gxp&gf}gn&u%tﬁ tge gt an% Hef genes. Bre%m%?y,ﬁ@g%ﬂ‘e%?ﬂle%&&uﬂt@%
30 comprises a mutated fat gene and a mutated nef gene that cannot express a functional Tat protein
or a functional Nef protein. In a preferred embodiment, the attenuated virus is selected from the

group consisting of HIV ey, HIV crviapsinet:asi-ss BTV npas/apsianimes 208 HIVig 3ernnan-



10 whil e the histogramon the right represents unstained

GFP- t r ansdupe ds/ar4d/G. Fi gures 3A and 3B shopcthmses/o6944
i nhibition of growh of B7-2-transduced D54MG cel |ls conpared to

unnodi fi ed D54MG cells in Hu-PBL-SCI D/ bg qgce. In Fig. 3A all mce were
reconstituted with PBLs while in Fig. 3B half the mce from both groups

were |eft The /et ﬁfrm&xegmnhés a DNA construct coﬁipﬁy.hg&h%rmds% show
the inhibition of growth of GWCSF-transduced D54Ms c onpar ed

to unnodi fi edrephication-defestiyeihympp inpmmodef mwy mgm@gwmtaeelemd
represent . I ment s.
Fi gures 5A angoxggws%o th“ﬁﬁto‘fgﬂf gﬂiﬁ? m;?f I ed D54M5 cel | chal | enges

in Hu- PB[hSﬁ&ﬁmdlsmpwnqﬁA)mamd delmpﬁang S(Q) prdyiding: c@) ¢ §6JD/beige

vacci nated with |r |at CSE cel |

o baSea antrows QR BunTEs SRR issye ceRRaing GRRTIRGTRE o (¢ 8o B VEy e
SCI D/ bg and  Sedrle/mfbw)iti9enus) Hph abde)elil) an injectable preparation coniiprithigashe bAntnel 7B
show RT activity in infected PBLs from LR id HR seronegat i

i ndi vi dual s uSSTRRPDEABSERYSH 3 hygpsn  immppodeTiciney; yirus, agsns; K"YN‘ mPpagition,

moi of 0. 001- Oyf}3fiing2ian-attenuated Hnan Erﬁﬁ;ﬁﬂ‘d&feﬁé&&lcg rus; éb)D/msemng the hemafop6ieti®s

8A- 8E denonstrate the in vivo infection of hu bg mce. Figures 8A-

8D show i mun8ssuesnderile Kidneyiappsule of the mousato pravide am’anﬁémtqddmc, (Piviggiingthn

PBLs 118m o LEEBE e PRy AEYEERpdoiE Rabdm M RhERo BT B B My

- shows t he per meusedaythe oémpdsitied; and (e} atosilorig ﬂle;expnsetl lnmuwor the presgnee nf)in&cabn

bl ood, spl een d.peritoneal of h ClD b reconstituted

wi th o e R TR o e R otisniaed B ALPRSIEA o (IR o
macrophagi ¢ t inRgitien tdlnmua;tedbymenon-anenuated vxruﬁxﬂ;uéﬁdga@mca@abﬁbf&aﬁﬂgan '
anal ysis of HI V-1-specific |FNy_production in PBLs of . HR and LR

uni nf ect ed i nB9Nyattepuated infection may be gmployed; 4 PDrgferably, the non-attenuated virus is a virus

PCT/ USQ8/ 06944lated from a patient with AIDS (i.e., a clinical isolate) or is a virulent laboratory stram,
Fi gures 10A- 10E denonstrate the H V-1 infection of human PBLS in

hu- PBL- SCI D/ bBarticularly preferrrdmen-attesnatediHBY strgins inshnde thedild3 strain, thepDA streinend es.

ot RPN BRRAR iy sy iRk MRS s St

after anti - CDétct awileble fiioin theiNJHr AINS Reschwhsind Refepace élthagtel’mgrdm Yf National
I nfected cell en and peritoneal |avage of

.n th S
hu- PBL- SCI D/ b s#‘ﬁ“&‘éf‘é‘%‘i‘ﬁs‘?‘f‘?ﬁf‘% "th PBLs froma LR or HR
i ndi vi@al, wth Oln spicharet embbdimehiDthi igjadtig Rf step bYlisireeared atlleidt oficeriérter r |
Fi gures 11A- 11F rovi de schematics show ng the organi zati on of the Hé 1
genome expoging e moapse (o, g? CHOFRATIYUCR: SEF {S'l“Pﬁ\? TRFPRFANPR Fomprises a cap ¥’€7
H V[ err]  (11¢decinkl oEa@8icate vaccine may dofnpHbs prifeis ®f pdptidéslokmucieid Gcids ¥iPmby be

(11F) clones. 10 Figures 12A-B provide schematics showi ng a
portion of t hnmpnogeRitne H V-1 sequence as well as the tat-B (Fig.

12A; wild-type Seq‘!‘ﬁ@ﬁﬁ){]&fﬁ%rﬂfogaisgcéﬁgnkgle g?@cﬁﬂﬁ]crﬂﬁilaﬁdanalysmofreu
mut ati ons (Fig. d-type seqguence provi In SEQ I'D NOS:27 and 28).

Fi gur e 283 s hoekainedsfiire aninimbspotassdyasuch esfanamzsmel-lmﬁmmypot (BLISR@T)wskdy.

ni trocel | ul os T, N-HA M||L a
Ontario) are &P&L&g&%g%g,#sgég%w{,%%ﬁ%r r‘}z ?‘v@éﬁaff e%t csn%aﬁ?r ced
monocl onal Abby the assgy iﬁcmehed m'arﬁjgm] intifge using computerﬁhm v:d'é@lnnﬁgmgmﬁénsamd
i ncubat ed at roothgé) o er q)tl énal) Is are_washed 2

e sl 1spro uce y means of an enzyme substrate

reaction that produces a detectable colorimetric signal. Once the detectable signal has been

30 processed into a digital image, the image can be analyzed using analysis software, such as, for
example, NIH Image Version 1.55 shareware. The methods of the invention can be used with
one- or two-color immunospot assays. Using the methods of the present invention eliminates
manual microscopic counting of immunospot assay results and provides objective and

reproducible immunospot assay analyses.



times with PBS and incubated at 37[err]C for 1 h with 100 [err]l/well of
RPM 1640 | 0ig 10% FCS. The cells of interest added
to each V\ew&%zhgﬁilot al volume of 200 [err]l as described P@f/ﬁstR‘Eﬂu
Materials and Methods. (3) Each well is 4hed with PBS/T (0.05% TV\EEN 20) -
4 tinmes and 20 bl ocked by 100 [err]l of 20% FCS in PBS/ T for 15 mn.
(4) 75 [err]l of biotinylated anti

m\b (2.5 ng/m,

Phar mi ngen) is then added to eacter 8L ii“overnlght at 4[err]C
(5) The Wigire apﬁmmm@hdmﬁpme PESNLRNBT0, pLISINGME, pRSNBGM t h
100 [err]l of peroxi dase-I|abel ed streptavidin (1:800 dilution,

CALTAG, Sout h anbpL-GEE reffayralsapstqugisni a) in PBS for 1 h. After
b hed i .
ei ng washed twice %&ﬁ% provide Hol tyfofh eﬁg/o %&ﬁsf&%diﬁébkhM@%@u d(§A9m

Chemical ) sol ution containing O I S then adde

i ncubat &d f or 24t@ngiyced DH4Mherlls Km&hﬁf‘gﬁﬁ-ﬁ‘wﬁm@ cells (20), B7-23adq1\é1qs}’0
(6) After bei
count ed by m&aifcsgﬁn%u&gg ﬂﬁg%ﬂ. m{g?ng as 3%2%“10%&’?%%?%?“. a

and Met hods  histograms on the left repﬁsgm D&4NIG sﬂsmmwmmcbﬂemmodws

capturing and uneration of ELl SP Fi gure 14A sho
retrieved |naé"2'5181%%%f%f“ 2133 @nrépreﬁphsﬁam W%YM agpj-huim m\flﬁé”
on the left i sntaooaiaﬂtmhgv\m mlﬁmgranaﬁ tHeNéfy reprdsehts uhb@inkdwila type DSAMGdeli¢l| e
and on the right recei ved 1,000 and 200Q PBLs together with AA-2,
respecti®el y. Whilgthedistopram ap the rightzepresepisapstained GFP-transdueed D5AMGye by setting
up a proper thresh@ighres344n 3B4how BRUBHGIAED bE ﬁ'ﬁwﬁrﬂf'mfzaﬁzhﬁﬁhcgé D54MG cells

ELI SPOTs using the option "Particle Analysis. 8/ 44788
PCT/ US98/ 069440mpared to unmodified D54MG cells in Hu-PBL-SCID/bg mice. In Flg 3A all mice werg

Figure 15 shoyg Eﬂan n f | C e | f

al | o-anti gens or to g%)ﬂeil lg 13n%?82%s% f%uﬁg&lgﬁﬁ %%MF%%&%

responses to Avrefonstitut of PBLs from a heal t hy donor at che ar) and a
ed. f f heal thy d (h hed bar) d

cancer tient und sol.i.d. bar ' Fi gur hows
VT ofaci 116 |yn§$sxg VA pd O BR R R b SE- kB Th R i
-a mul tiply-expas ﬁmWDMM@th@BBMIBQHw Figures 4A and 4B represent
Figure 16 sho& Egl SPOT anal es of the contribution of different

| ynphocyt e suf&@{rom two separate B"‘F‘F‘KPy producti on upon non-specific,

-al logenei c or HI V- Iy giﬁ@s@&iﬂ‘d%b@% ifihib{ieh 8f irbdiffed BSURIG cell challenges i Hu-
shows CD4-, CD8-, and/or CD56- de%&et ed, allogeneic PBL responses to AA-2;

Figure 168  PBL-SCID/nedgigs (§4\and HyPRL-$GID/hermics/(SB) yacrimwed:with irediated PSAMG-
aut ol oggus PBlgsRRESESRf an 10 HI V- 1- exposed, seronegative

i ndi vi dual . Definitions
To facilitate undelﬁsiu‘mﬁAgmdfﬁB sleow ﬂmmﬁdemage of 6DAYe lymphodytesria renonstitéd ned
bel ow. SCID/bg an odﬁﬁﬁgr&fj@&k’&y "i mrunodef i ci ent nmouse" refers to
a nouse or nouse s ra| n deficient in inmuune system
function, includi nFigired Hosid 7B shotviRT aotivity inrinfectad PBDsfran LRraad HRcseronégatibe

e ude, but MBI i S eGP s By af T 1peet b2 {1kl o008l 83001

C. B- 17<asi d/ sciIB)arspectiiy 7- SCl B- bei ge strains. Particularly

preferred i rrrrunodef |, Ci ent m e have severe conbi ned i munodefi ci encKK |
characterized by ¥igures8 B Viyp infegtionof, éﬁﬁ%@&gmﬁ Figures Ry
| ynphocytes (gp. shoﬁhﬁmﬁnﬁstlﬁmg%pmvllgﬁfm%ns in entoneal Ve i(8A -and @C) and
As used herein, "human T hocytes" refers to tges of human
origin. splenocytes (8B an 8D) of mice reconstituted with PBLs from a LR (8C and 8D) or HR
individual (8A and 8B). Figure 8E shows the percentage of HIV-1 infected cells in the
30 peripheral blood, spleen and peritoneal lavage of hu-PBL-SCID/bg mice reconstituted with

PBLs from a LR or HR individual and challenged with T cell or macrophagic tropic HIV-1.
Figure 9 shows an ELISPOT analysis of HIV-1-specific IFN-y productlon in PBLs of
HR and LR uninfected individuals.



When present in a nouse reconstituted with human bl ood cells, the human T
| ynphocyt esyo®y/44788 be obtained froma variety of sour ®exT/SIs/06vd4
reconstituted nouse including blood (i.e., peripheral bl ood

| ymphocytes or PBLs), |ynph nodes, spleen,peritoneal |avage, etc.

Human T | ynphocytes are identified by the presence of certain markers or

cell surface 25 F&iﬁéﬁ(ﬂ'—%deﬂﬁhéﬁ‘lte’lﬂe@al m@?ﬁon%aﬂ}ﬁﬂﬁh@@hl,m/bg
receptor (TCR) and 5. The (ﬁ‘y‘esence of hese markers on a

| ynphocyt e naymitetreatedeorinfieate ﬂsmGBSGnmmﬁoE@d%l%Shqw%Gs augdysis of
as i ncubation FV AT M TS ) ﬁ%ﬁl“

w th anti bodi esé cg%lél C theeds E%gg%ﬁ%? ers eégzr;]ﬁ%n%ges may be
directly | abeIlGDaﬁamﬁ-ﬁﬂ&ﬁtamcht)uﬁlgupﬂﬂﬁdlmalhememage of HIV-1 infegted eellsan the
phycoeryi hrin Texa ence of the anti.b ound,t o
Pha otr thce Sigploct and petiphest g by e Brepietind] WP BBl RONATR
antibody (ie. Hlaﬂdarmuhmﬁuoﬂwmﬁted: @D8 trléftment, and infected with HIWQL,pody or a
conponent thereof) that is |abeled. The stai ned | ynphocytes may _t hen be

anal yzed using a f ignresHALH provide schematics showipgth organizefi @sqf@r?cﬂvabsww
cell sorter) (llA andthe o&%%hﬁfthemur e‘mhé“(‘ﬁ@) %5%%@%&%1(: NCASe Bt
either C4 o WO 98/

PCT/ US98/ 0694411D) mvmWnefBIutnB (1 IE) and HIVmwm.,fwa (11F) clones.

@m:gi;qdet Egggn ! 'ﬂéﬂ}@?@éﬁ are a SO reﬁwp?g&a@r%gde Hf\h?&‘ q@fﬂfc

"I mmat ur e nai \ae wellrartheltat-B r(ﬁtg.) i34 ewild-type sequence providetinint SEQ I NO:2§)land ye£B

222& P?\éef (r_)];)t t’ﬂ’g?et{é g—@gé?ﬁ %@FF?&S‘?’%@M %@ﬁgw%wnggen) and are

said to be naive. ure 13 show¥R{sdkicnafia | ficwv Ehhyrw%cnmm gay dQs) GBKved+ T
ceIIsasweIIasCD4RA+TceIIs conpri sin

CD45+ T | ynphdegreeviogsdotomed;plates AMULTISCREENFUy, MW@% Mﬁmssa“ga, Ontariolpyes +
T cel |l sygepr e%@&&d%ﬂﬂ%ﬂfvﬁelﬂﬁdﬁé@m—ﬁ hotEIPRYY fSnocioha PABAGS Se/ini) e 00!

5% or nore he CD45+ T cells are either +8+ or CD4 + Ofr

t he sum of t hdiggss é?ehioag@ ap{ incpited at room temperatpresesernighth ) The weltire yashed @
CD4SRA+ i s at dnf‘e?%ﬁth%@%d éBbatdd at 37 for Lb with 10%1?&%1”&46 Eﬁé&ﬂg i'o%

t he surface of enat oporetrc ce exce roc
[ The Leukocyt &C8n(Theerils Eﬁmteszsﬁue)ﬂ;en Wedltmgachmhtoa(owwyme&mﬂaﬁmd@m

[ ymphol d cel | oM s B B S it P R B S g e

cell's, aher easidkditiyA00 fil dfR0%FCSin PBSAor 15 min. (4) 79 pklﬂ'bioﬁnylitéd anti-human IFN-y
Theterm SCID/be eg)sg efe o the. C.B-17-SCID-b noyse strain.

The &go&ﬁe})g@]gdw ? onemyght at 4°C. (5)

interc hangeablme RRlEirE washed four tlmes using PBS/TTd ifc@bited &mm filluTBErokiBhdeSabeled
refers to tunor cells of human ori a tunor cell is

neopl astic or sEeriddin(k80dintionyGAL %A@eﬂi(?“ﬂl stc%ﬁahmlﬂiEEWlﬁfdrh chftgrs
ie., those Wm'tﬁﬂ GiM3hed twice Mmﬁ%[mdqwe%ﬁ’l P‘Hldféd @'ﬂ.@é YS;E:??eS gollll.}&ow €

or nay be pri mary tunmor cells .e., tunor cel at ed
or expl3nted feontpining3%aWiCl, lsnhen taéded; inpuhawdrfyr 15:2fmir ahd shsedrfgva'rtpwsemg

primary tunor dﬁﬁés(ﬁ%ﬁk&%ﬁ?%ﬁ m&Hi%htfm m%e,fo%g&ﬁ‘% P%ﬂq cdidtid! lbg of

5 passages. mune ers o CE
t he i mmune sysbmput(:nzegv;dea'-xmigmskdﬂb’cnbedmMatenal&gmlrMethgﬁses antigen

resenting cells e of human ori ) The
oo pedi bral Bt Vst Aorpter serifed mags copming md enmgaten of FTISPQT

cells 25 a8y Figtre 14@EhéWea REQNIEd Riage o BDBPOT BEG: hﬁﬁm oesab Reood
Iynphocg&t es (PBLs) %ﬁm peri phergal bl ood m)ngnuc ear ceaP élPBIVEIs)

are usetP her el"FF I omithas lefh is 9 sentpl yich contains only AA-2. The wells ip gheymiddle and on theydghtous
system cel | s” r£@fved $,000rd206 SBESHRY with AR-5 NEpEERE AFighR! 9B %Rows a converted

binary image by setting up a proper threshold. Figure 14C shows computer enumeration of
ELISPOTs using the option “Patticle Analysis.”




system (i.e., cells derived fromthe brain and spinal cord).

A nouse "r i.Lyted with human peripheral bl ood | ynphocyt gso. i use
i n which 38€8g§lg‘lﬁﬁun&n PBLs have been introduced (e.g., by ?ﬁ?’rﬂasgseﬂr?ﬁlg%neal
injection) and persist for a period of 6 at | east 4 weeks. -
A " SCl D/ bei ge nmouse conpri si ng human irmun& cells" is a SCl D bg nouse that
has been rgconstitut ed uman. PBLs. or ., anot her .souy ce_of _hunman
i mmune cells (e.qg. ﬁﬁ'ﬁfﬁa# fsg?véﬁ éﬁéﬁb’f‘ ag%ﬁseeﬁa%t(s)mpg? ¢ W§2ﬂ35§° aNURRUE,
cont ai ns hunarlloantigens 6:cto EV- 1S6gebifib entipensiRigiee T3 Fiowsiallogeneic responses to\WA-2

98/ 44788
PCT/ US98/ 0694 2fPBLs from a healthy donor (hatched bar) and a cancer patient under chemotherapy (solid bar)y

human i nmune qg;%,#z } S GRs BVURpEARE Ainhodke feginbe it 3R mvrlr&,g{;ﬁﬁsedﬁ(fsolmrbr

i mmunogl obul i n are preferentially enployed for the
eval uat i%n of arawapliesposed, seronegative donor (hatched bai)nj ect abl e preparation” is a

preparation suitablgafehe Wﬁ%@uﬂ)ﬁe&#ﬁﬁ B0 dibufiéh & different lympho e%gbsets

mouse). 5 ating gene" is a g encodi ng a

protein that rolN-pprduction upenmorespecific, allogeneic oilyrb-specific antjger stinpflation. Figure

.1 mmune- nodul at.i e i ud re not.limt to. cytokines.
costinul atory 13&%&%@43%#&%@{%%F?ﬁ@#ﬂ?ﬁl@g&e&ﬁ& reg*on%%tto K}\I}, ?1gure 168

i mune- nodul atsheWgs glVel-specifiel IFN-y ELISPOT txljRi 3N autologuie PBRAtHspdneds. 6f an

A "cytokine" iis.a hornone-like protein, typically of |ow nolecular weight,
that relul at edIYol-exposed, fegonegy ﬁé‘?dt*vd‘ﬁ‘l’lrd/or duration of an i mune response
and is involved in cell to cell communi cati on. Exanpl es of
cytokines include but are not limted to the interleukins (e.g.,
interleukin 2, interleukin 4, interleukiDefigitionnterl eukin 7, interleukin
12), granul ocyte- . . St ' t

granul ocyte col onmﬁ% %ﬁ‘ln ﬁ%‘s‘?’é“é‘t‘%‘?ﬁﬁ‘?{rﬂ‘?@ l?éra(? Hﬂﬁ'&%}%&# E’%—d%?n%lnbélow'
tunor necrosis factAsused hdrein/ “TiNmuagdefidgiBnt mouse™ refers to a mouseiny momsesttainsvhiclcigc| e
regul ator” refgrs to an rotei 0se activi.t l at es .

progr essi on ofﬁﬁﬂg’t&’lﬂ’xﬁé’f‘c’&m ﬁg\é\’?"l”tﬁf’%&f? atd?%f g&%ﬁfnﬁye’lnlﬁwg? gFrEsticator s
are thoge thatmdnreBand &liymphocytes. Examplycofémmbicgieficicnt fiduseusinpinclude, bad anchior but

are not limted tqQ the HV e dyct. . inhihitors of
mamal i an cycﬁ%“ﬁ?,g t‘b‘?‘ﬁ ¢§‘17'¥8ﬁ)"_9°£83? _{ﬁmﬂfﬁme‘?@?ﬂﬂﬁ%@eﬁe s%%ﬁﬁcﬁéf@"
refers to any ppéferréd ilnneddficRat mitk hive 4 ¥V € SonttirtalifdiufiodtBiciency charabtlrizzd 69! | -
| nducers of apqgptosis include but are not limted to apoptin &é]e.product
of the chi ckerflack of mature T, B andingtural killer (MK hygaphadytes xg:, thedB-17SEH)-beige mouse

derivative anqugigf; H V vpr gene product. The term
"vaccine" as used herein refers to any preparation that gives rise to an
ant i gen20 ohs vsed hgreins “Ivman T dymnhoeydes™ nefers te Tdmmphpeytss of bushdn asigiman

ani mal i mmune Wist ' i Ci 1 i
t herapeutic i mnﬁ%@tkﬁé‘g&{cé @ﬁ%"“é&it‘?‘&@‘r‘f“‘“’é Elmd cens’%m;nafw}é&?%ﬁs ?n{ay
"expressi on védepbiihedfromsaaridieofsonrcesdh the secomstittet emasdinclading Hd0Y (o) petipheeal

containing a sijhed codin nce and appropriate nuclejc acid sequences
necessary for%??‘?glymphwytcs&@gg&g’fﬁm?gﬁ’“g%“b%@f%%}aﬁag%ﬁ%d codi ng
sequence i]p a partikuwh ﬁﬂbﬁ@ho@f;&ﬂﬁ&ﬁﬁﬁﬂ%?lﬂﬁgﬁes&fcé@fcmm' markerssﬁaueﬁkw”
necess or expression in_prokaryotes. include a pronoter. optionally an
oper at il pro m’g@a@g&@?’%%ﬁs%ﬁél BpprareRsPier tRCRIRd GD43 Tpspresenrsior
sequences. EukRdsy flatkersof a iyinghobyt&may bt deeritled by stanthrt ithEnde}t81H@1c8l feans such

enhancers, and term nation and pol yadeny| ation signals.

Transcri pt i on#F incubatipn (or stpiging) of & call sispesipn anieinjugdymphecytep withsatihodies spgeific
;‘ra P 2 ;‘/‘2 c g][ ! DNA fgre glﬁseenr(x:lglg(@ﬂtgﬁg% %P%ﬁdggg{lﬁ" e ARGy RBARE & g Witz nSroffore Afthtas
fluorescein, phycoerythrin, Texas Red, etc.) or the presence of the antibody bound to the surface

30 of a lymphocyte may be detected using a secondary antibody (i.e., an antibody directed at the

first antibody or a component thereof) that is labeled. The stained lymphocytes may then be

analyzed using a fluorescence microscope or a FACS (fluorescence-activated cell sorter)

analysis. “Mature human T lymphocytes” express either CD4 or CD8, CD3 and a TCR.



specifically with cellular proteins involved in transcription [Mniatis, et

al ., SciencwBs41sR37 (1987)]. Pronoter and enhancePCEIUSHRACI4H
 have been isolated froma variety of eukaryotic WO 98/ 44788
. PCT/ US98/ 06944 17 19

© sources including genes in yeast, insect and mammalian cells and viruses

! (anal ogous cOoNtH@hature human T lyrRIHIBRES expresstboth ODERS EDS (i. eﬁ,ﬂl&y&ké@D#Mdhésa
prokaryotes). The selection of a partlcul { QL onot er enhancer

depends on whatellsers algq préerred 19 ps mReRitaT cefisex HrmatTe pivefrEER Tdyephmeérest.
Some inftdieareyP yrhpHOEREDMES ﬁavé"ilgt ﬁ&ﬁ%@&ﬁ"t&l (2Y thed hveOndt el Eﬁ%ﬁ?
while others are functional 1n a limted subset of cell pes or
revi ew see Vosspecific far their TER o bean; Sﬁmlﬂmd b34 nonspeeifiparitqpaney agerfaid to be naive.
VBN ati s et aly S0LaE F ooy P ndiBTRDA s} R GRA) ChusRRE 15afiance!
is very actlve In a var | ~of cel rom man

manmal i an speci es addmmse “ctmmpnsmg TR+ (l‘sly!dphacytes whercm at least ahomi%roéﬂmr}mmamf

proteins in ma jan . cells /=] 4: 76 1985 Two
bther CBa5 L, Semiets ot B R T EtorgRE o i 2 WOk S pr i
‘ range of rramrabfﬁercmsnbmm&eamadm+s+ordmsm+forﬂm5ﬁmfhw§aﬁa&5gzrww49n
factor | a gene [Uetsukr et al. lol. Chem, 264:5791 (1989);
Kimet al., GeA&els %ﬁ@mmdngMiu%ﬁ.lmt@ntata Nuc. Acids. Res.
18: 5322 L (£929) ,Lméﬂﬂ &b%&:ﬂngn UhY Shrfith eraﬁ%ﬁat oi d&ecéﬂeu c’é%k
virus [Gorman et al., Proc. Acad. Sci. USA 79:6777 82) ]
- and the human exyﬂgml [@b¢ LQ@COFBQMBG!I Eacts BoolBarclay] ersgl] (1993), Acadelmc Press,

- (1985)]. 15 London hUKé%p.Zoz- tﬁff@rcx&fs%%%f@ﬁk?&?? md%ﬁ@ﬁ?ﬂ%&b&nﬁﬁgﬁ%@ﬁ

of DNA whi ch con guence provi

pronoter and etypes) OB4SROcChinalvh a(:ﬁ\mtedemdlmaimry T &elis, whiefpas ED4SRR s found on naive
repeats of retgrovjruses contain both pronoter and enhancer functrons) The
enhancer/prom) &FUS- may be "endogenous" or "exogenous" or

“het eroliggous. " An queeGRANTSCIDABES Rodkd"RERADL ke C.B-17-SCID-bdige MBEse\Wthiah ’['h&
naturally linked with a gi \éﬁﬁa_gene in the genone. An exo enous

(het er ol ogous) teps SCID/beigg D 3re ussd dntopshangeably hereived i n
j uxtaposition to a qgg Yo ﬁﬁgfs‘sﬁmgltcéﬁ@’nﬁ?érﬁotumorceﬂsoﬁ]mgﬂgﬂtiﬁﬂmﬂ:&l isa

nnlecular bi ol ogi cal ni qu resence of
"splicing si gnamhmramcmpwﬂsifmmlhw bef“establiskhed tumor ctlls,”megﬂrese whithedan

of expressi on §f uhbR @ RILAAY ' L0 AP miPh, Sy Bl Yt ELl Gt LS

~ renoval of introns e prinmary script an consrs

a splicebdonor frashily sobmdtonrexslanted fremndopatieht. €The2Brm “primaxy turhdy| cellst] eacompasses
Cl oni ng: A Labgr.ator nd .ed Har bor .l a oratory Press,
New York ( 1oaopriY moriatEmaniaica 5 fimr B S S0t 7 BERE et o
site is the splice Ihetenn“hummumﬁimmn?fmtoMIsl&&%mésy&éﬂﬁeg T, B and NK
Efficient exprfs& on of reconbi nant DNA sequences in eukaryotic cells

requires si gnafy@phocytes, antigenpregenting, eplis)fhatars ofhuman ongipni nati on and

pol yadenyl ati on of wﬂ@tehﬁ%?!&xﬁhéﬁm%d 1Pfnphoby RS Eefetsiid MufiRatdd) non-erythroid cells
term nation signals are generally found downstream of the polyadenyl ation

si gnal 2d ar ederived from the blood ofmm@d mpmemhblp%mhom Bl$hand

"poly A site hQﬂWl %ﬁ% %’ﬁf@sgﬁr Ld herein otes a DNA
sequence whi chgéjrrlrectsog%ﬁh e té’fm at i o% poer glen 11an%| on of the
nascent Rl‘me term ﬁmtralptrvoﬁ systemeells” paftry mcbeﬂ;ydmtw:dﬁmmﬂxet:mal nervous
r econbi nant tr es S. . ranscripts |acking a poly
A tail are uns %'5“8 ‘§dg"¥°é‘ﬁ @’%@d’??ﬂeﬂ!ﬂaﬁ‘ﬁ’é&pol y A signal

' A mouse “reconstituted with human peripheral blood lymphocytes” is a mouse in which
30 human PBLs have been introduced (e.g., by intraperitoneal injection) and persist for a period of
at least 4 weeks.
A “SCID/beige mouse comprising human immune cells” is a SCID/bg mouse that has
been reconstituted with human PBLs or another source of human immune cells (e.g., human fetal

hematopoietic tissues) and 'thus, contains human immune cells. SCID/beige mouse comprising
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utilized in an expression vector nmay be "heterol ogous"” or "endogenous." An
endogenous poly A signal is oneqjghat is found naturally at the 3"
end of the coding region of a given gene in the genone. A

het er ol ogous pQl ¥, i8:3in8 Bélls vibbse¥eRmy btntdsiaflehst WL Sehl bf RIARAIBABHAOENE (1g)

pl aced 3' of anot her gene. A commonly uSed heterol ogous poly A

signal is thea®pddenpntially smploypdifor thpieualuation of vacgipe® poly A signal is

contai ned on a 237 ,bp.B rasiricl] ﬂg,;lF . e Doyt
termnati'on and pol‘%?a‘glé%ﬁgg{ﬁ‘%lrﬁng’gn%%ﬁbggﬁ% a ﬂ&gﬂ%@fgh{}fﬁ%@g (§-§7 bp
fragment is amouse). contained within a 671 bp BanHl /Pstl restriction
fragment. erm, stabl e trdansf ectl " st ab

. The "
transfected" refer é"t‘?*“’l"ﬂ’ée"?’ﬁ‘?‘fﬂﬂﬁgﬂeoﬁ A rRF encodmg apmte'f‘%”éﬁﬂ%é‘flf%ﬁwm ninune
forei gn DNA i plsgorisheERARNEFofQinmule roldlitigahedneledd, but Biendt dintited 3, @Plokind)

transfectant” refers to a cell which has_stably integrated foreign or
exogenous DNAcestimylatagpmolecules and chemotastinse Thaprogdict of  impame-modylaling gepg is said

The terms "sel@actabke oAl Kekatg» " sel ectabl e gene product” as used herein
refer to the use o"%l a gene which encodes an enzymatic activity
that confers resi stAdteywking’ iamhermondlikepratein typically of low molecular wigight, thatzegulates i n
whi ch the sel gctabl e..mar | S ..eXPI-eSS Se I r

"dom na}ﬁt " a‘alfo 1‘%’5’%%%@%0 ugagﬁﬁé orﬁaﬁggm‘én%clc‘)egééﬁgﬁggEg;}ﬁgc{]?eg rrg%tc ?5.‘?1? ell

whi ch can be dehmohiestion. Examples of eytakines hnvinie [butdre aet limitddrte thebimteripikis (ef.,

b TR bdeE i R . e AR

resi stance -t 0 1By sirifthtiteg faltok, éoddhy G@nligting! factorD Rt fefon Fams QIFNY)AnG G
phosphot r ansf er ase . h ene which confers resistance to the
anti bi otic hygmanpesrasisfgtor-alp éﬂ‘%}:e?‘ -al xanthine- 20 guani ne

phosphqsi bosyl tr a%@%g%?ﬁ;:&iﬁ@ﬁﬂé ottt dn) Foteln) FhR! adiOiE Imotiiates

confers the 111ty To grow in the preSence of nmycophenolic acid.
Ot her sel ect alptogressierkefithe agh eyaie tPattishlaviypreferred cell cycle regylatorsare thosethat blagk aells t

0 BBy I SR g

(tk) gene whi ddhibitors of mammalian ggais,iete. conj unction with TK cell lines, the
car banoyl - phosphat e, synt het.ase- aspartate. 2 . NPT .
t r anscar banoyl ase- df o BIager gL ep '§f8‘ﬁ2° 3 iPLoteip vhose agtivity ipduces apoptosis

vviht h EAID gef i ;ﬁiman. Ir;ducers of apoptésid ificladeGut AEncTHIEd foRPoptin(thue pﬂﬂgdt ofthg clsickene
phosphori bosyl transferase r ne _whi . used in

conj uncti on wWeRFRIREIRYs YE} F”H:%e‘éa Bﬁ’éﬁ%g@m@e ﬁ%de‘h%m(‘é?re‘ﬁ‘%ﬂ%“%r kers
in NMBNTa|The ferfavhccink N SstcheRAEfeFSRE aty preparitio® Dkt ﬁes%maﬁﬁﬂtﬁ%nat
pp. 16.9-16.15. It is noted that sonme sel ectabl e markers can, be

anpl i fi ed and of igensdhat iscs garke nressated o 2n8l) of 1 animal impRe $Y§temsig ordesty elicit a

the CAD gene) hylactic and/or therapeutic immune response to the antigen. et ai | ed Disclosure
of the I nvent Pf)or? 4 P I'n ongp enbodi man%e:n the present invention

provi dé¥ humani zed Boeiteral “crprdssion vegfor”zds|used herein refers tof arecombinant 2N/ miolaqule f

Sg} '421% rgm ntu %g{mllnﬂnl-rgr% %Egﬂ%a md-[nréeéc?ucggg 254 lapﬂ}&gﬁkesnugf%{crgc}d sreglfences necessary for Y

PCT/ US9810694 £&xpression of an operably linked coding sequence in a particular host organism. Nucleic acid
sequences necessary for expression in prokaryotes include a promoter, optionally an operator
sequence, a ribosome binding site and possibly other sequences. Eukaryotic cells are known to

30 . utilize promoters, enhancers, and termination and polyadenylation signals.

Transcriptional control signals in eucaryotes comprise “promoter” and “enhancer”
elements. Promoters and enhancers consist of short arrays of DNA sequences that interact
specifically with cellular proteins involved in transcription [Maniatis, et al., Science 236:1237
(1987)]. Promoter and enhancer elements have been isolated from a variety of eukaryotic
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(I M) whi oMowk/a4r8slel i vered to human tunor cells i NnARERAUIKR06944
effective anti-tunmor response, including a system c anti-tunor

response. The Description of the Invention9is divided into the foll ow ng
sections: |. | mmuunogene Therapy; |1. The Hu- SCI D/ bei ge Mbdel For

| mrunot her apysousckd inckigifig igtits i yeakt, insect and sBMmAlAI11S Bsd vinses (adalogousitanarol on

OF Candi date Vacci nes Usi ng The Hu- PBL- SC| DJ bei g ) Model ; V. HV

Vacci nes; Vi .clomants, WWW@@@Q%&@@%P”&H@@' %%W/ﬂﬁa PREicplpr promoter

Production; apg eMidncer(depends 61 whit et b?d i tBT6L QARG bxphéhd kkSirstein of interest. Somé -
e

| mmunogene Ther apy nmunogene therapy involves th

i ntroduct i on ewkanyetieprometesandgnhangers have a hraad hastjange whileoothers are functionsliin &t e
the i ne r r i esz ' I | Qu:ent . ose
genesrng %ﬁgﬁ%ﬁﬁggg&#gﬁ#ﬁgﬁ at osg’%éwflgvo ve%gl}%ﬂ'tg %1‘3'12%?{'92{6?8{}] of
T cells. As dvamatissedl.atupra(1987Mk For example, theef] VA0 casly génetenlmncs isivery antive in a

i mmunogenic, i..e., .they fail t rovoke an.inmune response in,an

animal - ide varigty of gqi gy sy miapy pamEgan RhssiEe = pan e MRV o foe
The C.B-17 S BpdrOsT protéinsth R@mniitikbells fbijkieiin) &a ok, BNOBO 0145751 (19357 Twidther
enpl oyed for the humani zed nmpuse npdel as this strain of mce lacks T cell,
B cell and nexamples of promoter/enhanqer glementigctive in} a propd-rangs rimammalisy selktypssdre oor

(1991) 4. | | - i hert PR45S D bg
nouse gﬂppo m%h?‘g%%ﬁﬁé‘?é %‘g\%ﬁ t:aaf t%? cl)% Best gﬁﬁtﬁ“‘s‘ﬁg‘om d'rrhgﬁgtdt}nrrg F’%g%l
cel | lines as(198MiKigset pt.iGrae §1:A1HHAID) and Migushima andBa gyt Hund AnidswRese 18:5322

ffici I ' . ] ' I d,l
EobLC) ot ST it o kg e et B TR, RFLINGRR (B bl TGO ke
spl enocyt es ahead2SciISA 7967 77(1DEM) parall thdhummnt cywarpaloviasBashkit er /i) Celhal:521

reconstitut ed1 g m ce. | nportantly, the peripheral
bl ood of the @O8RkL- so O/ bg mce were found to contain : hi gh

nunber g5 of | MTat ur Ehedleid GFeMbiefénhaficet’t denbies £ segmieBVofDNA hlich condinSEegRERdEs
cells). These 25 results are in contrast to the results obtained b
reconsti t ut i ditPele ebproyidinghotyprameier and exbapssy functions (for example, the lopg, tarming

PBL-reconst i tdb&l oFrdfrotifuseSdaltaitioth prombter 478 ShhantdFihctivi). TPKe dniishcerpitbibter
activated cell phenotypes (HLA-DR+ and CD25+ or CD69+) Soon after
reconst it uti omay begndogenous” or “cxpgepaus” ar Theteraogaps. i Amendogeneny enhancer/nspmoter

mat ure nmenory; ' W@, iNs t: f |

anergy [Ri zza et a ;},Hgsupra, arry@f@l‘%na%%&aﬁgﬁ axog}le,' %nu%?%ég#gée??&kg%us nn
et al.2@0 enhéric®@gpromoten i afe wiich rie placed, intjoxtapanitiondé asgené by inasats ofigdmetis of
Imature naive T cells.after sy reconstitution renders the

Hu- PBL- SCI D nlgﬁtg?‘ﬁ%}?ﬁf'f“a%glgm?%rh l‘fl%caé%ﬁﬂgm‘e’)gn of anti-tunor

i mmuni ty. | n cont rakd presetive oftspREihg Sgiald” lof anexpressibivvecty bfigiresulteindighetikvels

+ 447
%/5 5@9 8?8%9 /of expression of\%% ?egémémgn% transcript. Splicing signals mediate the removal of injrgns

CD4+8+ cel |'s forf HaRimrPRINA trah &eipNad doblidt @Pa splidt Sondr Bd dddegtirsitSfSabbRiBK 8} CE
of th e2 rese ncEl., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory Press,
New York (1989) pp. 16.7-16.8]. A commonly used splice donor and acceptor site is the splice
junction from the 16S RNA of SV40.
Efficient expression of recombinant DNA sequences in eukaryotic cells requires signals
directing the efficient termination and polyadenylation of the resulting transcript. Transcription
30 termination signals are generally found downstream of the polyadenylation signal and are a few
hundred nucleotides in length. The term “poly A site” or “poly A sequence” as used herein
denotes a DNA sequence which directs both the termination and polyadenylation of the nascent
RNA transcript. Efficient polyadenylation of the recombinant transcript is desirable as

transcripts lacking a poly A tail are unstable and are rapidly degraded. The poly A signal



i nvention provide a suitable nodel for the evaluation of anti-tunor

L MuNity.  wo os/44788 The use of the Hu-PBL-SCl D) bg m ce@gyshs/sbsia!
for human imminogene therapy is illustrated herein for the
identification of a conbination of i mmne-gpdul ating genes (IM>) 5
effective in the treatnment of human glioblastoma nultiforne.

G i obl astoma tlforrre | lmar. ent » REry S em
neopl asm nHi hhe és“m %‘ggp yebeqﬁp%b nents T é‘gsnogps %’%g"o“g%&y
treat ment of @ sighl sohetnt mibmmhammﬂy atithe @' end of the codnﬁglregionmlfagnaﬁgﬁﬂeﬁeﬂﬁf

di agnosi s remnai ns | an one year [.Chang .et. al 83) Cancer, 52: ,7;
I\/ngnaI d ‘and ﬁﬁ?&ﬁb?ﬁ‘?ﬂ’ﬁ%&ﬁp sﬁ“ﬂﬁ?’iﬁ elb‘ls %Fneﬁéddg%cﬁis yYand
W kins, eds. andtfler gene. A‘eezlnﬁﬁniytubéd lfefdré'lﬂ%oul' oA SgnaP it the?ﬁvzﬂﬂpaﬁA%?gnal The

Although glioblastomas .in situ are nornma infiltrated to varyi d? %rees
i

by 5 Wﬁ aelwe%srpka BPRtRiRe epaaa37bz§%§;139ﬂ resfsigHens fragmeny and(d
Black et al. dr\lgdg% | Vatzﬂfgf\XSﬂn rook, supt;'Z?atJl%%]-w ﬂv'ﬂ?srf?ﬁ Hprﬁjdgﬁﬂ}x@é

t hese Iyrrphocyt es are IS may In part "due t
secretion of nmmuc;isvmlpneﬁl bnﬁ?dmlillﬂstb'es:ucﬂonafeagpwmstagl andi n E[ err],

transformng grow I:}ggt s ta%g r’rol“sm%?yn?.rf ,eulg n- 18{e &odu?f V\:hl ch

I nhibit |ynphocyte | on Rt ana ‘et
129: 2413; Si eﬁﬂtegﬁucﬁd of foi:ﬁﬁB))Niu rintthhe |gBmeate0 bf ﬂk%ﬁﬁ&cte&lcanne'rheetenﬁl"stable

supr a; Sa nura et Neur o-Oncol . 9:125; N ta e aI
(1994) 8rain Kausteciny 76 Rf@‘i‘t“ﬂ‘é“:" s‘a‘]’ly integrated ‘i’f""g(‘f@%’&ge’)ﬂﬁ‘ﬁ ApR

146: 317] . Im@&m@g@&r@@yﬁfe&@agﬁl es were designed to overcorre
such | ocal inmmunosuppressjon by pronpting tunor antigen presentation
and/or anti- 20 efmrselegmhimeghe’é a5 C'sleptablecgqne product” as used herein refer sg the

(rjl)zggtssed aboY&Of 65 a'ghc':f!'1 %ent tumrg&ﬁggﬁﬁ%%r tﬁe %ﬁl c}gﬁﬁugty

of such nodel sp@mmwrélmns\ykmbm selectable markes isuenprassed, Stleatabils npets may kel y

T SRR P G el e s

signi fi cant| y inlary mamnialidn ecethlide. Examplés ofaiominannielcatablerharkars include the baéleridla

et al. (1968) Scienc 6):370: Barker et al.. 97 : Cancer S.
S5 6v6: Doy AABERGTAE 1 Phephotiusmeyge llin g to g8 bt are pe) PGH PRERN
i nvention pr owsﬁﬁﬁcaom\mlg GMMWL&m {He Bfdterial hygrohhytth G phdspRufransferase
gl i obl ast oma iell lin | munogenes and hunan IynPhocytes

Usi ng retrovi (18 5@1&‘6‘?‘%1‘ ‘E@ﬁﬁ%’é"s‘é‘ﬁ%‘i‘}df’ﬂ&%h'ﬁﬂc rygremycin ang the basgern
efficient!y 3Quanine pHoSpHos &?r Eﬂxsfe&s%g&fe((ak@{'e@erﬁbd%' BPthe Ibi ﬁhﬁ'ﬁ(‘%ﬁ* the

| i ne. Thereafter, the ef f of Gw pressi on on

gl i obl ast onm @vilitate giow i fhepresense efmyeopkegolicracid. mmwlqcuhbmarmmm dominant
/ nbi
et 2 oo el DU B ol ke P Aibomn B sy

and human PBL Exawples af nehi-demiinantiselec@dlémbmiers include the thymidBElkinasm(@k) tgemrewlacidlst he

ef fect. on ¢ UL SEOU.LSGR bt 30 @ k! B cobb5 IS StESise. spartse

PCT/ US@3/ 0694 4ranscarbamoylase-dihydrooretase (CAD) gene which is used in conjunction with CAD-deficient
SCl D/ bg and SCl ce .accept human tunor apd | hocyte grafts w i hout
rej ection as lP/‘mgg‘e %Eﬁ%@?&'ﬁ?‘%?ﬁ‘ﬁﬁ?&wgﬁ?ﬁﬁé‘ﬁ&@@% gene Which
~ As shown her eiigiysed ﬁmb ﬁﬁcash @ith BPRGSEelPHvs B A reviehadsTIad R bf lsbleREble RkeRGRN
i n human nphocyte-reconstituted SClD)bg m ce denponstrating that

expressi on of ”f%’é’aﬁéﬂbb"%x’s provided inflambrsiok of @maurraiat 2p- 121 6 bivell is notey that
i mrunosuppr es i o
response. Fur ?Me??srfegdra%bié%t I on o@ﬂ@ﬁgﬁ%@mgﬁh} I e%g%m?hﬁab mark&@@.

vacci nafed the CAD gene).

iSC of
In one embodiment, the present invention provides humanized animal models suitable

for the evaluation of anti-human tumor immunity. These animal models permit the



with irradiated tunor cells transduced with B7-2 and G\ CSF denonstr at ed
t hat expr e suM4048 t hese genes by gliobl ast ona cel | BCTASRAAS844
system c i mmune response that inhibits tunor growt h at di stant
sites. These results provide the first in2tivo denonstration of human

Gwvt CSF 10 | mmunogene therapy in a human gliobl ast ona nodel .

The human gl ifamtammmoﬂdmeﬁhuoﬁebmmdmulmp genee AM(Gs) mhichrvépn deliveted tain

al | ogenei c systemthat conprises .estapl i shed human oma,cel |
line and | ynphisedptegor cells in shduc uce ag ¢: ﬁﬁ?‘@ﬁ"?ﬂ“@ﬁ“ﬁ%‘ﬁ’ﬁ? dnelydy gsa %Ef& © FSTRSE ¢

simlarities ‘I %Olﬂg%&cﬁme@mkhﬂ%nﬂaﬂ i @ivided into the folloWislp dections: I
apparent. Unli e e classical inmune-nediated rejection seen_in_ all ogeneic

organ 15 Innnuxmxsqm Hheragy) BnThqlﬁ\F@CB?/b?‘éﬂTM@elfﬁ%W‘ﬁh%Rya Bt-i(pmpbination
' passenger %ﬁ’é gﬂ%eE\L SP6YEdndidate Vac%mes UsitgPTH emﬁﬁjﬁbmmel e
initiat?ng aI r'c org FEJEC on responses by presentlng ant i 0
host MolisifVh &M &facdines] VE. Adtesmativte Stfategi¢soBmnCancerCTherapy An mme

Hi st tibilit L t aL (1990) Annal
Sur gery 212; SPBRHE AR S Sapted TSR ARYBE Sirg

128:279; Mol ler (1995) Transplantation Proc. 27:24]. The D54MG gli obl ast oma
cell line 20 enpl o¥ed In this nodel expresses only dass | MHC and not
Class Il MHC ore, the only Cass I MHC nol ecul es
avail abl e for tunog }gs,ﬁq; ' | i cédi teins that regdlftos e
present on engrafteraﬂlwr%g P%E In@%;ﬂ%g?&d\%%dgg%f%a??nmd prOI I obl as%dcl)ma
syst eml0s or modulatethe GnyevrsiTespbuse. Particwlarly waeful in the prgsest @Q@lﬁ@n frsrthase geangs | |
IVHC. unQyr | )l bg
model can be Hebgpegde Bﬁ?éé?qga W g’ﬁ& o{n%Q acr%%&?msystg t‘élfr% (;mo% n%%d%%gﬁéb u’rrgél
tunor cells anajorite6f aimors atré\mtsimmmmcem .thégufeih to provoke an immnnengspohsein @n
nodel is preferrefi to an all ogenei ¢ nodel system however, for certain
rapidly progressing tunors it may be difficult to obtain PBLs
fromthe same patient once the patient's tumor has been
established in the_ Hu- PBL SCI D m ce I n these cases, an al | ogenei ¢ nodel ,
usi ng PBLs fr SmikeSu-RBL-SGI/beige -0kl plE®dnor i s enployed. 30

The hurgn t unor / Hu'xg@lc SN scﬁbmgﬁﬁowee&emmumeeﬁbmsear:ﬁwsdeam
si npl e power ful method to anal yze hunman glrp@oc%te responses
to human t unoemploped doythe hunianized souse model as thip pteain @fé@cﬁlaﬂts 11 B cejbandnsiugal

uhi ch combi nalhpp (Rk) blfFRmBhdh (Abeyats ki dod (199882 thBRRER MetRhls 137:275). As

specific tunors
PCT/ US98/ 06 944hown herein, the SCID/bg mouse supports the growth of a variety of established human tympr

[11. Conbinati I rmuno ene.Thera
t unor / Hu- PBL- §%P B’“ﬁ@s éf Wa?ﬁ’gg%ﬁ’ l}sm§gﬂ?/bgﬁu%}ge\??§fﬁ yrecoqstltuted
and povger f ul mmaﬁpcmwmmmhadmecmmmmmmhwﬁsceﬁscdﬂmwtor

Genes {6, o, O fiecoRgRaieh el g pebesl oo ymepus t<I gy SERBUES

treat nent of sheci fic tum)rs Many i nmunonodul at ory genes
are potentially useful and nore than one makw neces% % for ..
overconing tunor i fmpedntlptheresipbaal bigod ofthe HurRRIeSGHN B miss otseh ViR Res,

maj or hi Stocogﬁﬁ.‘*ﬂe BYML%WW&ﬁs&FgW%ﬁsﬁQEWMaE&E These

nol ecul es [Dr tl. Acad. Sci
90: 353%5 Gaj e\mshlts ae mbm(stlt@ gisyesplts dbimined by recotitugeraf]C.BAdscidfscid mice (Hudeh-

From di ot i not SCD) T8 nSREPRERoRARREC B2 B0 Bla L WA b ol AR
cyt oki nes, andcﬁmmmlt;ﬂeﬁdtypee HUADRA s CD25+ or CDGmdomg&ealrmnﬁinpioesmd
cell cycle r e%&% (a)ﬁ (S>99‘!/o5]lq\lljn(1:§nr’1$ce?ls C%Bbl? ; Ot%'resmgnrl]éjry% e%&pés”&%gﬁéﬂlf indsthreof
reversible anergy [Rizza et al., supra; Tarry-Lehmann and Saxon, supra; Tarry-Lehmann et al.

30 (1995), supra). Therefore, the lack of sufficient numbers of immature naive T cells after
reconstitution renders the Hu-PBL-SCID model unsuitable for the evaluation of anti-tumor

immunity. In contrast, the Hu-PBL-SCID/bg mice show evident levels of CD45RA+ and



In the illustrative éxarrple provi ded herein, a conbination of the T cell

costi mul at or(%& mol ecul e B7-2 and t he therapeutic cyt pgimQos/m06944
gr anul ocytg’ (:4r47)8;§hage colony stinulating factor 15 (G CSF) is
enpl oyed to increase the i munogenicity oEza human gl i obl astoma cell line."

Genes encoding the B7-2 and GVt CSF protei is were introduced into and

7 PAILE" S it TS AT SR SO e

at | east one géene an at | ng
gene, a cell igyeslion progide akitableanodefdtithe evalfatiop opamistusmor mdﬁmty a t unor

o S0 S e s S ROy B

growth and 1llusqt‘a{efi ﬁér@ﬁltfblahé fdentificafion of i ARG ESmmune-modulating genes (IMGs)
nonocyt es/ macr ophages, mcroglia, and other antigen presenting cells. It

has recently fosmqmﬂ!?ﬁ‘eaﬂnmtdh“mm&@%ﬁ}?‘wlﬁmflfﬂr@i use as a treatnent
of neut ropeni a due %@ﬁr&q‘g& f ﬂ%ﬁ;oﬁ gkm
Burgess (1992) N. %ﬁ#&ﬁ% sz{hggm&c I et PL %%ﬁz%o&?stggmeﬁ;grs
_IQwhcoI 21: 5; ﬂﬁmnmshDEspyeiﬂqaovhmu lﬁagmsmgdm'eé gmmwsmdh@w% e, mean 1]
€ inportance Q i S %Eg ine.in t uno, r}pga%)é E29NggHas
recently denoWERYaL “ﬂfy %W’W&Esw%°§%%%@hﬁ"é? ‘ ’
vacci nati on WtBorald d Rekeablufa\(1 998) ki (Prinsiples 6UNedururmgenycR égacharycnid Féitkispalss, f i ¢
and mar ked rovvt h i nhi %ilo&i?zf] wild type tunor challenges in

nouse Addel s WPlfaBE‘ﬂE ingchonente: PR nel anoma [Dranoff et al.
supra] . O 10 cyt okjfig8epfsblashaiasdn .@ﬁ&@ﬁxd&ﬁﬁlw treiltraced tt&evagﬁ@gatdeg&es?:ﬂy

tumor growh inhibition in this nouse nodel B7-2 is one

of a famly (Bﬁxpnqcysw@mpmat@ﬂw)wewwmy% :211; Biack enal-(1392) hdlewosHrassy
that have rec?n 0\{ Qg&gcé £gatds {hgg: ‘25"8‘;&2% it tlE,B&{%tcﬁ'MﬁQ%gySbé‘lﬁCﬁﬁS(ﬁ@Xof or

T-cell activa antigen presentation in the
context of a sféageﬁon hﬂ' mummosqpatesdmvd ﬁcm@m@mstaglandmliz traggforaing growti factor

abjsencg5 of co t| wﬂ%%ﬂ‘égﬁﬁﬂ%g% wﬁxcﬁ'}nﬁlﬁ‘%p%&’té@Xﬁ&oﬁﬁw&’&ﬁalt995561' r

failur
PCT/ US98/ 0694H'nmuno]. 129:2413; Siepl et al. (1988) Eur. J. Immunol. 18:593; Kuppner ef al, supsz,

(1996)  Cancer St erof (3805 giro Opblo S8 Rl S pE Cop B FRRE Shpe s bbamer

costi mul at or gl e@obeAnayepathsl. 146:HE7)C| Iandunggene therapy stdm‘giasaxzhre ldesijred theen
suggested-that B7-1 expression pronotes differentiation of interne aﬂ_g‘e
TH cel | pr ecup¥eromeisaghjocp] BRIAYOSYNPFESSIQNLY RIgpting taraor anfigen ProsFRipRen 28 s)

while Bg-2 ex cYte activatich@ds to Tlerr]2 dlfferentlatlon (hurmral
I mune responses§ ii & awanura and Furue (1995) Eur. J. | munol

25:1913; Thonpson AsSEEss&batove, mesty eclmmrmasm thempy studigehaye used rodent
been 00 U8 b PRBIPEBAE! HolB, B Sl AT L ESNAORERo him B yiRins

nodel s [Hodgeg'sen[es . Lanier et
(1995) J. Irrntmﬁkleaﬂ.&m%,paﬂculaﬂg tra¢ faxlglioldd@ba mbdels utilizing rodent tumqrsrfretrﬂﬁ

25:3332]. M ct
Corar 2 " PSS G R SRR R e R SalAGA) BliAlRbA"S
Furt herzmor e, TuEsl fisoblastoinarmeltforge [Benda et al. (1968) smﬂcammﬂos Bgrkat & dir(@8713IPCs

within the first 12 hours of T c sti

mexi mal i nt er [Canger Res 339960y G‘H’e %1% oﬁﬁﬁs%ﬂcejﬁl 93?%9 °r?f°re1_§‘ﬁ(?ﬁ°(§8r§}t e
Bi ol . 55: 805] jnvention provides b1ov& Hamanizéd Yoise Blodel uiilizing = Bimad glibbladtoffackel] Bre, 1)
on APC' s after antigen stinulation suggests that B7-2 is the

pref erabl e cobumgnimmenogenss e antitunor cell-nediated i mune
15 responses ((ﬁﬂ-l okﬁd M-CSF and/or B7-2 were Siit8éntly MCs
' ET o e%gesss ?&r?m g an y

to be exam ned for reati ng human tunors in the
novel 30 transfenredhért vimrouid @mnghcblmnu linea ibereaften, theeflect o GMyGBF andéorn ot

limted to, A%QZ]'exgrressxgﬂ on ghoi:l]éstoma growth in vivo was examined in a human tumor/human PBL

{severe combined immunodeficiency mouse (hu-PBL-SCID) model. Human glioblastoma cells

(with or without therapeutic gene transfer) and human PBLs were grafied into SCID/bg or
SCID/nod mice and the effect on tumor growth locally and at distant sites was observed.



| i gand (FasL) [Hahne et al. (1996) Science 274:1363; Seino et al. (1997)
Nat ur e Medw3osl4a?ss Strand et al. (1996) Nature MedPCI/US3%0§944
| L-12A and |L-12B, IL-2, IL-4, IL-6, IL-7, IL-10, 20 G\t CSF, G CSF,
| FN-y, CD40 and TNF-a. In addition, genes2&ncoding cell cycle regulators
or inducers of apoptosis can be enployed in conbination with | M for the
nodi fi cati on SPID/bg and SCID/Mmbdiiiive ambt mnnaﬁxmma tymphecyte gmfts witbbutaiéjengion as

retroviral vectors cont ai_ni n nore | MG : (and/or cell cycle
regul ators ortheyd Hﬂ%‘@?‘g"edlfab b‘&%ﬂg 5?“8 constructed as described herein.
Vhen DT £5 hBARhQER, mlkﬁu(n%fcmw a8dBRditigsducdd tuhipis s seerinfhainar S

or inducers of apoptosis) is to be 25 - contai ned on the sane constyuct,

each ING is pywphocatstipconstinicd :SCIDfbgoRice emopsirafing fhat sxprgssion of these genes byorg'
as descyi bed Regalflm, Qe Me%&k?fokmﬂﬁﬁf. sloRiamd reulis'if aRiphifRiht aHndniGFS.

Once ar? ef f e 1VE Conbl n een tdentified for a particular
human immine mponsbhﬁmﬂxermm Jahnbltm lof wild &xpechallengegrowtlt ingnice yaseinated | s

in vivo or inyvitr I |%g
celI's (typi ca‘f"lﬂy‘“f‘g‘é‘egrﬂ‘m F%H%ﬁ%f’% 752em1drc?b§c§: Sff‘{eea"t"grﬁf“%? q{“rt SSHHTE
i ntroduct i on)thee genes byt ghdbhﬁtoﬁﬁtdeﬂtﬂindudkﬂ adeystemichimtnunerrespbhdel thiati inhibiteetumor
exanpl es bel ow, vari ety of_neans

del i very of IWE%thtab ‘ﬁ%ﬁéﬁest Jhese results ;gXngbmeﬁngmvgtdpgg%)sFa%&o&l%ﬁ gﬁ‘ -GPF

tumor 49 m&%g\%ﬁ théi‘aﬁ':ﬁﬂhuﬁﬁ{ iRbstokiaP@S@IES, retroviral infection,
etc.). 98/ 44788 .
PCT/ US98/ 06944 The human glioblastoma-Hu—PBL—SCID/bg model employed herein represents 2’6

b
he shown i n 1 HRSERRIIREE s oA BRen cplihddiings LA R N A APt
pr ﬁs g nt el:l n \\I/ﬁ (r;r]om mnmedadrmomy aahstmod:bbhsnnt:r: s\x;t;lgg?;ﬂtq amplogowstrmaﬂlamak oel y

i bi
cel | 5t ansd PP AENTES VRO e iR Reotid et MBS

nol ecul® B7- 2raggladtitonphizisystentisties of grafbyrigink I“pﬁSse@ér%hocy‘tes » These lymphocytes
Treatment of patients havj ng%gl i obl astoma pul.tifornme tuno

conduct ed as are important i 1gjtinfingallogeneic oreqn feicLton TEFRONYSS bY @fﬁ??“%@“ﬁ%m% beq

when pati ent SyygiphSdyee!ih theRoRSRAYE anegtnem Class I Majwﬂﬁfoﬁﬂnﬁdﬁbﬂﬁf Eomiﬂ&f«‘ (MHEj Ue -
is harvested and treated as described in nor

grown until shiersesieeat (193Rhanmals ey 3%%%98 Ml?"&ﬁd e é?smll?%’l) Aj@ﬂ‘é"s Surg.

transfer and ) ”’Q‘ﬁé’DtSm lﬁﬁidsﬁmﬁr&ul
transfected wt ffg éé%%egﬁ)c'g?nspl%ga o PrJJ" 79&1 g dme

sel ect 80 by gﬂwibndmﬂnsrmoqﬂ eXPERssse only sta_BMélél aeiés@tr(ilaﬁéa! MHdevaru megore
t ock
ViTus SLOCK e ooty Clase 1} MERG #ifechicd Bk H dubionegdd fredehfatiof i ShR/xdiE1 &

concentration o
[err]g/m. OJﬂabwp‘refmdbmengrsfteadﬂmn PBLs.NIn otheriveords) khis model tgliotastorpa syistent is naI
volunme to 1.5 ) arjt r owt h s in T25 fl asks are
i ncubated in “W?g’%q% m{cgg‘ﬁﬁ'étf’]r?g ?fg é]f‘sr;giif@ ]C, 5% CJerr] for 3
hours. The sane VOAwa%s&fbedra&bﬁmlﬁqnﬁﬁhnmﬁ&mmnrmmg model can bdudedlagaisi ng
virus is used as a control. After 3 hours, rther 3 m rgf culturehglg i um

i s added autologous moééayﬁwmmmwwr s pnd BB S5 fisaRFdRRTY
Medi umis chapg ﬁgucg&sml IBfefrR to an allogeneic mAd¥E Bfskend; %Uﬁe@%ﬁce?tﬁﬁl%pldly
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dulatory genes are potentially useful and more than one may be 7
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30 to the patient. As described more fully in the examples below, a variety of means may be
employed for the delivery of IMGs to human tumor cells (e.g., biolistic transformation of tumor

cells in situ, cationic liposomes, retroviral infection, etc.).
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In addition to the

expressi on of erent
Hepatitis C and replication-competent retrovirus (using the standard S+L- assay; Bassin ef al.
(1971) Nature 229:564).
30 Tumor cells that have been transduced with GM-CSF and B7-2 genes, selected and

expanded are cyropreserved for future use. Briefly, cells are aliquoted in small volumes into
cryopreservation tubes at 1 x .10‘ cells/tube. Tofal volume is made up to 0.5 ml with a mixture
of DMEM/F12, FCS and DMSO to make a final concentration of 10% FCS and 20% DMSO.
Cells are placed in an insulated styrofoam rack and placed at -80°C for 24 hr, then placed in
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to deliver therapeutic genes tq tunor cells (section IV). Another, apprqach
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PCT/ US@8/ 0694Blood samples are obtained, for standard blood chemistries and histology at each visit. 3ln

]

addition, blood id drawn one week after each vaccination for replication-competent retrovirus
assays.
Patients are observed for any toxicities. Patients' immunologic reaction to immunogene
therapy is monitored locally and systemicaily. Local immune response is monitored by
30 symptoms and signs of delayed type hypersensitivity (DTH) responses at the vaccination sites.
In addition, punch biopsies are performed at injection sites 2 weeks after each vaccination (i.e.,
days 14, 28 and 42). These biopsies are compared to a biopsy taken from normal lumbar flank
skin on day 1 (prior to initiation of therapy). Biopsies undergo standard pathologic examination
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Repl i cati on-conpet e vectors suitabl e for the of
HSV tk i ncl uHE’r‘T‘BE‘E‘l- n‘éﬁ‘seasfﬂiftg“f&ﬁ firect dnfprnatiop, copretpmedh aliy of s“m“‘ateﬂ’hMed %}s
(MV) vector Inlitﬁih'@r cEUEhowdet thBSa feia‘iigélv 106 bakidvity. T Sversbinelthis, MEBuchMnbiés €S,
Col d :glﬂ Har bor Laboratory Press, I d Spring Harbor, NY]. The
HSV tk gene iselsxtws SROT jaesgy Jor interferqnhy: PRRsiyEtiony is calssy used; %&es%lﬁaewssay.
recombisnant Qi B BhESirditn GEFNIC plbsctt b GKE RhPhrdAiFin response 1o expde
conprising the suicide vector I's prepared sul Cl vect DNA 1S

i nj ect ed i nt ¢o autelogous tumor cellqoa&moenntsrfermrprqdmmatsulngﬂy iasgociatedl wiith Tah deellhe
patient is t N | Loy i —_ ) I, the
Killing of tBn%Dr&gg sgge;&%r eSSIh%xe@Hzn%M@ﬁgé%@ucmgzugterfemJ&ﬁ?ﬂoﬁle(tg) In
Situ Product emosﬁtﬂmdmsnﬁﬁirbmwdesameasureofcellmedlateldmdniht}"On to the use

of replication-defective retr V|ral tor at tenpat ed vi ruses as

a means of deli vetr'lf‘ fgimical 1 é%fﬁﬁ ﬁl‘ ‘ﬁﬂ%‘dﬁbm BHRGers-

pat hogani ¢ i Mﬂaiﬂoﬁlh%prohmdxagnosucm ﬁ&ﬁ@(&g |MRPEUah9ﬁ1tEQﬁEﬁﬁEUuﬁ§ﬂ‘éhﬁlbﬂ

I njection of DNA constructs encodi gg e conponents necessary for

t he packagi n§aigpcesnepatesbipingd atgand 3¢ weeks ryenymonthsifprshe follawing yeascand yearlyt o
the tunmor 3O0¢hereafierce! | S Of a patient. Three separate DNA constructs are

i njected: 1) a DNA expression vector encodi ng. t he gag-pol genes
of aretrovirus (e g., I\/bIVLV) 2) a DNA expressmn vect or

encodi ng t he enveladnEyis ‘

G protein; and 3) 7@ 3 ' ‘ Far i

(e.g., a vecGSE | acki ng packaging signals and gag, poI ' and/ or env
G9TICS)psCOMPT |51 10k QRSN A5 Rlind o Morn RV 1 Blitden bl omf
PCT/ US98/ 069 4Kin cancers which are usually curable with surgery, mahgnant melanoma is often fatal due’to

all three DNA constructs w ackage and s seudot yped viral particles
conpri si ng RAt2ggressive naturg ﬁk% ﬁ‘faflﬁép‘ieé‘{] g@%%tor cont ai ni ng the

therapeutic gene( Teatrhéht aﬂyaﬁum&mg mdﬁgﬁéﬁ@ﬂbl%ﬂoma can be condilell ubihfR¥noAc&ls
created in situ in the patient's tunor. Such an approach is superior to the

i nj ection  modified tpexnsess By #nd QUGS asrescribad abayep Tumereells uyediarvyssted fiomng
cell lignes ( bXﬁn&a&rﬁéﬁ PRRURE ofipNAIRPbRASdnt G bindergo surgery and the cells are treated as

described in Example 11.

Combinations of other IMGs (and/or genes encoding cell cycle regulators or inducers -

-

of apoptosis) shown to be effective at reducing tumorigenicity and or at inducing local or



5 | i nes shedding a replication defective virus) are injected into a
patient, theopshiest' s I mmune “response is often di r epCEUSIBYSEHHHS t
the foreign cellular proteins rather than against the desired

target (the tumor cell). In contrast, the 2njection of DNA conprising the

conponents of the packaging cell line, rather than the cell |ine

itsel f, perm Eﬁ&:tt@mmm%wﬁ&mmusmpﬁg model of the piekent ivertidniared
target. 10 Comput er - Assi st ed | ymunospot _Anal ysi s

The present .mehwddﬁﬁav@a% farp dncluding gligblastoma and malignegtmmelangms, a5, for
exanpl e, dRi3A Y TRe Mbegf&ma%aatbﬁ verHkeifhe &@tmm@ns

Chang (1997) BloTec ni ques 1146-1149 t hat ut|

conput er - assi mednsdwed@oﬂmmgumgs ma&ysmnm@m@ﬂuimm (e-2187e} @SW-CSF) (and/or
for " det ect | n0 BNl CRINBRALY HibaR S BOB B UARBRTHEESccul 06 oL GS Bl 355

has al s8 been® 0 asses Ki'ne pro uc romvariou
i Mmune ef f ect @reinfrbdttion\intdithe gimdnt; ¢he pauent's tumori cammaysmmodzﬁechby intradutibe of

anti body or cytokine, pr Cti Ny el | he vi sual
counting of sﬁ&“s 'g% E ?é)t(lé'guﬂ gﬂ%ﬁ ﬁ&k’@é stief, Prothiz Physipel
unsui tabl e f opehandtdnifinant adenovmlses,' 1ipbsiheS, aifett%&uéﬁafmiaﬁ:mmte%nmat ed

| mage anaIyS|s systentand nmet hods used with | NMmunospot assay
accordi ng to aligwvedihexpesss v@tsé%ﬁm&foeef@sdwﬁtosleﬁ)m@mdm@e@ymm
makes e dal ety StubschR bolst fulf g%@#ﬁ'ﬂ&ed Pk ®
reprodu0|ble an an |1 1rig Iarge S e pools

St udi es requi kimmy cblgsmihgm of qiﬁsmnd Dwe(tdpm@ﬁwalwosomes bmhstxcs,@;icrms ectors

| ynphocyte asga e
| Tminospot as 2oy TARR DIAFERGRb bGP Rordt5 Al 1Bl Lep B RERRMERE endBlrills by 0
as m xed those casey wherealyd patmhd'sagmneceﬂsrwa:cd lengc:hy @nﬁod hegrhmimnen culture as

i rmunodefi ci en vi,rus .,anti ecific ted | mmune
responses. Reibvital ms‘i“"“"“gmﬁ?ﬁ’gﬁ@ '@lffﬁﬁafr?‘f’élrﬂfse Fﬂ‘g %%@WW%&'%N
i nvent iign conpribkisstdifdsh RiS@e’fabléto vaccinate the patitht WithiRédiRESaMoY Bells SHithirPa few
det ect abl e si gnal produced by the assaglls converted to a digital

i mage or si gnépysusiEng Dot Witish STEEY o 0 aprimRtion; Wit nd daysa{dumordeppliing may
exenplified eghndi #Bbpture of the “alarnf Hnat ﬁﬁéﬂc‘f? cﬁétﬂﬁﬂto:‘ SctiRbRAUGLAPE and

means of an enzyne substrate reaction that uces a detecta

g ol ori Imat ri c shhpnesmentpinstivited macrephaghind E¢wfﬁhm$§éh¢blmda‘luemshemer Hfugha
Such as, for EAMaBAT)SHLIRISs TG 48 MAAWAT oI AR 207 niBlbol 1308H" ©

nmet hods of the invention can be used with one- or two-color
i mmuno
manual P WO-S6T 44100+ S ° '
PCT/ US98/ 06944 As discussed above, the present invention provides humanized animal models that3re
counting of immunaospot assay results_and provi des_objective and
reproduci bl e R Fhoevaluation of tumgrcell vagringsy Taehu-PBL-SCID/beige mice of the pragent

fol | owi ng exafRleRforS Sty Provitlel At f18lds 68" helNalRRhess RilcREDALHBI LS caRkr

aspects of the present invention and are not to be construed as
limting the &uopityageingevarictysofhuman pathogens. The examiples brlowpraviderdatailed pretoenlur e

(1 o ary ;TR il G PSR e S imeblepa som/byg mi LS s
[ err] nol mice cofnpiigngtransplanted hworsh fetal heroatopaistic;tisspeg)g These anyinals gont{ig heme) ;

mg (mlligr a%mL {IJ gtd(a% el %re%glsu;te candidate vaccines (e.g., HIV vaccines, malaria vaccines,

Leishmania vaccines, M. tuberculosis vaccines, etc.). Both cellular anti-pathogen immunity and

humoral anti-pathogen immunity is assessed in the reconstituted and vaccinated animals.

30 The immunization efficacies of heterologous vaccines of human pathogens can be evaluated
in_ SCID/beige mice intraperitoneally injected with human peripheral blood mononuclear cells
(PBMC:s) or receiving human fetal thymus/liver tissue transplants. fn vivo human immune cell |
reconstitution in these animals has been demonstrated by analyzing the expression of different



pg (picograns); L (liters); m (mlliliters); [err]l (mcroliters); cm

(centinete " (mllimeters); [err]m (m crometer

(nanonet erg@”ﬁr hour); mn (mnute); nmsec (mllisecond); § ({Ugfgéoeﬁgﬂl
Centi grade); AMP (adenosne 5'-nonophosph ); CDNA (copy or corrpl I mentary
DNA); DT (dithiotheritol); ddHerr]O (double distilled water);
dNTP (deoxyribonuel eo p. 0 |§of-

tri phosphat e ““‘a'a? " ’Jdﬁg%%rlgglongg}&lfﬂwg rllv%k?ocse Bls”lé? m@b“’?@ Sglfsr)
I((b f (CDMKO)baaeation (H%A-DR) @nd Ch4 and @&cellsh’rhnmwbg umqghge)ﬂmdtxawa the
transfer RNA); nt | eot i ana I bo | eos

conpl ex) ; RNé‘i‘E‘a‘E F?l 8%?5&}‘2‘“%'3(*8&%??? dﬁ%’ﬂﬁﬁ‘ JEps lAPrT Sifve

é poly { i boaa E Eﬁé}éﬁﬁgﬁbﬂg (seE’B§ ERN%Y Hna b atisbhted sstsmimm&)l vasaihe(xamdl (et Ex.
ensi

Hydr oxy t hyl J1B)- péﬂ'&'z Pmn@[igcle@inamiﬁﬁW@ga@F'dwaﬂHB@ tyheyopigsip yithdPNA
saline); SDSysccines ﬂcg ) r@%r hti ﬁ%qns-glf B3cillCCalmette-G z.lenn (BCG),

(tris[Hydroxynet ;rpm evol ut’i ons
per mnute); smtmmemmemm@emmmd RRMs@b fescribed and ongvveek

NADr, _and pHEeg e lglgvee 08 Bl SO P BEIS T IR Mhosflos Pt |

ether) N, N, gN:ater Mian 100 mmﬁm@laﬁhﬁ&an ik ihaiuhizkd wiaditraifiusail etinjactioh iwdth

(Lur ! o950 ¢ AP ERA veosh S o deadhie ool B REReEed il Skkd DA vacsineg iy
NaCl per |it @kpredabptshridteipathofcd aﬂné‘_enwmlﬂah&uh&g‘ﬁnce SreRE i itiFed(11Pwekks later.
trypt one, 24;2'?15 yeast extract, g{égl ycerol, 3.8 g KH err]PJerr]

and 12.5 g, rlFl}’PPQF‘éF?lfe a%sr challengeq -wi FyES\pathogens such as i pwalaga,s

modi fied Eag A?cﬁbdi%ﬁbﬂ Bberciidbis bf Diidnnftlia M ¥ad e X Aqgﬂhe 159&&@55&&1;{ o)
ATCC 25 Aneri can Ty%N Culture Colletction ;  Beckman

(Beckman | nstcenirebmice r¢csiye DNA vaccines lacking gmstcomdmg) the B@th@m amtg;ks rAsftar wild

B tofy Di ck

I(3| gghem cafs %%n%ﬂégapo I'S, &9 %@Lcngﬁ%%ﬁ%%@%&ﬂgpmvt l? ,,ﬁ.%}f‘@%b}%dm
(Bi oRad, ' standard mEtlmﬂmldehe(h&)mn mmuiermmnng&ted(mmﬂmgmnmﬂyﬂsanﬂmd,
Weshb : Life T I Bet h
Rosoar oh | abdatetmetated e QENM roppmees iR reComivEiRa AL %%' Plefogyien 354 for
Cal tag (Calt agmbabidirderésponstiiGsing anbisérll San Fr anci sco, CRI

(Col | aborative Research Inc. : Bedf ord, MA); Eppendorf (Eppendor f,
Eppendorf North America, Inc., Mdison, W); Fal con (Bect on

D ckenson Lam\%ﬂ&gl n Park, NJ); Invitrogen (Invitrogen, San Diego,
CA); New runswi ck (New Brunswi ck Scientific Co. Inc., Edison,
NJ); N8B or New Efide mpgqsbplgygarowde details for the\progiggtion pg BTV vaccines, mcludmg live
PCT/ US98/ 0694

(New Engl and Eenuta%lén\f‘r'laccmesgev P y, mA%mes (’ﬁgedLmhmafua celis ekggﬁénlgon
W) ; HIVImmoteins g &he ﬁHﬂmrdﬂthageEﬂVSacmBe ngmdu@()eiluﬁhmﬁw anm&inar aEci a
LKB Gai t her shy ) ( Cor.por at i on i

R & D Syst embipRela Ay iy s debE Al PO R o BB e P B

Chemi cal Co. taﬁplantedmﬁ: fethiBematopdiefit tisse)ae descfibéd sbbagddn the examples Kelawi ng

Systeng, La Jolla, CA). Unl ess ot herw se indicated, all
restri€ti on enzynes were obtai ned from New Engl and Bi ol abs and
used accordi ernbve BiALERS Foif € dnher wi se i ndi cat ed,

synthetic oli gonucl eot | des vvere S nt ”-‘ u3| nan ABI DNA synt hesi zer,
Model No. 391.  Inaddition tothg qsonﬂ@sﬁghqva&rutbﬁﬂn@cm abimmung responses to

Ret rovi 1l gene ‘5‘%3‘“‘3‘2"5%‘3‘?%% e e et RO AL genes
for Gw CSF,
' ication- Vi ising Suicide
30 As discussed above replication-incompetent MoMLV-based vectors can be employed
to deliver therapeutic genes to tumor cells (section IV). Another approach to delivering genes

to tumor cells for the purpose of cancer therapy is the use of replication-competent retroviral



B7-2, GWCSF and B7-2, or GFP gene as shown schematically in Figure 1.

Figure 1 pwossiaszss a schematic showi ng the map of t h&CHFAISAPEH4
vector (pLSN), pLSNB70 (encodes hunman B7-2), pLSNGML (encodes
human GW CSF), pLSN-B& (encodes both B7-31and GMt CSF) and 15

pLSN- GFP (encodes GFP). " Al'l genes were cloned into the

E)glaglfal) nlégr r_eli_,%&@ﬁ(a§ M?%MB%MQ%M mm'xdt”tgencs [eSg thel_Hﬁ;i;is sigplexatirug|
ne era y an CcO- pen catl on er | .
08/ 336, 1321 . thymidine kinasq (g8 USBLATE) 8 ki Bere if o By bR ke KR o

their expr es %ax}' fecﬁe&‘ﬁgaﬁ@f‘t'l‘kﬁ{ is @hder certain conditibiEcellS ExpRussing thelsiitide
(long term nal " repeat ereas a neonycin-resi stance ‘2ene was _under the 20

control of argenmﬁesqmvme%rmk, wails eypressing she HYY. thgepg e killgd when they,
env gegglsl S CTAOT inheprpssnce It Ghmhlb fweais@?%&?@hmemlw forRahRPEAE

themr ructu roteins were
provi ded in tthéassy. Wmﬂwmmpﬂmw nkgenae#drehumudmmbtmwmfs

9078; Mar kow t z et I 988 J \/ roI 2 CRL
10686; M | | erhaying fram tumggs and 23%%%{@% <fcl Wi

bi - ci stronic l‘i’tﬁ&sh@éesé?ﬁ'&kﬁédaioﬁgf mk md wiay hﬁltgﬁaeéils aldng theinjection aackimly;
wer e |nterposed with an i nternal I’IbOSO entry s RE%}FElderlved fro
the e oe SN,y 08 FRHd R beyelyere Sk incp ertseise S Gorupats

(a) Copgtructi,eh gou&tﬁhlor cells to makeadtﬁ'erenc%&h! du%coﬁxedﬁﬂie\ﬁdeh&n of pLNL6, a
retroviral vector approved for clinical use in the Unlted St at es

of Anmerica. To conFe deliver isgiqidergens te 2laigr perceniags of thejpmor cellsdn 3 patientzg

construct ed. ed
o) he a seEpicetign-gompstent rpfil VBtEr GOERINELC] USRS Mubh o8 HoMIY,

the 3' LTR angtefefentiaityrinfoc rwalbc«hndmglccllas ag(tiBof cefls aregengrally the most rapidiyplividing
gg—fﬁégg / 06945fllsina patient, retroviruses may be employed to deliver genes to the tumor cells. ng use of

Indt hﬁ 15 LTR an@e@mpbﬁntmﬂuea&pzhﬁwmgspeaaepsmeﬂmpmgaieaom@rsmses
and the interna neqQ gene | NLO were renov

repl aced wit h°‘§5‘§§/ﬁff‘ﬁgf Jogatedptifhg "Fﬁ?é’\? ’éﬁ ?h&tv tor. Ikepp"auob'fﬂrﬂpetem‘i%m
To construct M%rmv&ﬁ%m@wmmlﬁea&mm&mteafwmmeymaﬁm

fragnment was 5 gel purified using Gened ean (Bi 0-101) according to the
manuf act ur er ' wirisgMLM) vedters RNA Tymap Viruses (1995) MolesylanBiglogy phBerdr Viysesaltoldng

th lyl'i nk t i )
ol ?ggﬁugl Ie(r;t ?%%'ml ﬁuﬁ@hﬁmymﬁegplﬂmw%me s inserted into

CGAGCCATGGAT (s MSMIV GATCASHOEHIGAGTOGOMAT DNA (1SE@qRES thicreate asgnigide vectorand 5

CGATCGCGAGT LLACGCGT GAT TCCAT
AGATCTGCGGOC(%@WRSQg e %%sre SP ‘g‘é‘gﬁh’% o DONA Is injected into the
anneal ed, patient's tfinGE(tEnAd ﬂjecgﬁh)adldttbe pdrienige thep givieh gautyqibﬁtﬁ W iajdction)
fragment and the || atlon xture_was used to transform conpet ent
DH5[ err] cel IB’R"EP@IE%l “@W‘fﬁ&f?%ﬁ&b"-%ﬂﬁ"%& confirmed by

restriction enzyme di gestlon of plasm d DNA prepared from

anpicillin-resistance bacterl al » coI onies as well as by DNA
sequen@dng near t héblsinpSiu Broduchion Q) HE pol ylinker. 15 To
generate a vector gp oﬁ'ﬂﬁe%séﬁf&ﬁﬁéﬁbﬁdéﬁéd%hme%w%ﬁﬁédi‘nh&esas

| sol ati on of have i ncorporated the vector pLSN

was creat ed. pn@usoﬁdﬂm vapgines foy capsersherapy or the preyeation of pathegericdriestions. fisal
control of t h&e?e%%?m%ﬂg&ngo%e/nﬂﬁﬂgoﬁxg rlnjec;&?mctff%llﬁ cghs%l}.{ctsaenm {h§tdd{nponents

necessary for the paékaging of a retroviral vector along with a therapeutic vector into the tumor
30 cells of a patient. Three separate DNA constructs are injected: 1) a DNA expression vector
encoding the gag-pol genes of a retrovirus (e.g., MoMLV); 2) a DNA expression vector
encoding the envelope gene of a retrovirus or a vesicular stomatitis virus G protein; and 3) a
replication-defective retroviral vector (e.g., a vector lacking packaging signals and gag, pol
and/or env genes) comprising a therapeutic gene(s) (e.g., GM-CSF, B7-2, etc.). Cells receiving



fragnment contai ning SV40 enhancer/pronoter was isolated frompLNSX [Mller,
A. D. and osman, GJ. (1989) BioTechni ques 7:980]. pLiSpudsstbeidalL
wer e di ges?ve‘w%q BanH and 20 Stul and the digestion products were
gel purified. A small fragnment of approxigately 350 bp whi ch )
contai ned the Sv40 pronoter from pLNSX was cloned into the pLLL vector. The
final AFQIHGA coxﬁﬁdt%ﬁi;?aék&b lhd ﬁ\'%?seuwﬁpe@@/ﬁﬁl paifedlespmipeisihg ROMA on
enzyme di gest 3 on usi ng BanH I n or.der
to i nsert a bmwaﬁamaxmmmiwemnommﬂwdmu%&mﬂ@ s ATRE PACKAZIRE neo
gene, he ne WA hluf. G eNrddPh infe ot

pol ymerase (S‘fepé 'érfaqe\%ggsuseg{ ﬁ’%‘% of. YR y t iggugfgne Jecmn
anpl i fi cati onofiaskaging cklidinesinior patigntr When mkdgﬁ)g céll lines apicallyrmansé ﬁ@‘ﬂblaib cell

[err]l . of dNTP _ (15 . 0.5 .. . of
f ol | owi fig pllwéf*%dd’"g amllééwemee?%ﬂ%@ﬁ%m&%ﬁﬁw%EQ
I D NG 4) and geg onse 1s oﬁ5n W Ma&am@tmds&d
NGO 5), 0.5 [errﬁ’ pPLNSX (0,Q1 [er and 38 Ll?err

ddH err]Q Thtarget ﬁhtr wewg celn Imson ciRCAiPR Ot ér@mlaﬁ ?ﬁ“&‘h“ the
control seq Ueﬂ&ﬁag(ng%ﬁ%T&ér «hmhé ézu?msnsyuf bé&iits B2 itBiné sé € telagedtky/

I ncrease the trength of the neo gene in tissue culture cells

[ Kozak, M (1&859de§k¢dtaﬂ$¢ 283] . The m xture was heated at
95[err]C for 5 mn and 1 [err]l of Pfu polynerase was added. This
reaction mxture was cycled through 30 cycles at 94[err]C for 1 nmin,
55[erri¢ for [NiCompatert AZR<R L Analysis WO 98/ 44788 :
PCT/ US98/ 06944

3 nin. After anpli ﬂ‘%ﬁﬁeﬁtﬁm‘?ﬂ%‘ A5Q 50T S pnosPqt Assay, methods, such 85, fmSTQ(ample

purified and by @adyasd-tkéd) immunospot (ELISPOAY)/dssai {( andl qmg(mpawecmqus
create pLSN. Confirmation of  proper constF (égon was

restriction eRZyHs-Highwt Bﬂ‘z&§° -agstst RRERg Fglysis. Originally devaloped

(b) Qoning O E@&cﬁﬂé‘ ERtb J0B6bnRérh- By mph¥i§tes, the immunospot assafasGio kel
B7-2 cDNAs weroé anplified ;';pgom nor nmal huyrrg‘n | ynphocyte RNA b

RT- PCR s f ol besdsto asqeseagmmsnro chien dromy JRtRUscBmEEseiiston ¢ ﬁf pithough the
anplification,
t a%@a&higm&%am ¥Ohd §indl® béu 1%&&1 Qe visual

ey o
sequence. For “anpliTicat’lon 0
pri mer pai r countipgof spatsiad 96-well plate udder mi Wmermakes this met@d.ugg;q@jgfor han ing

e SO TS 0 M P99 oot st

human GV CSF afdiWéndspotaysay lacdekding 1o the aibjeckinsention ovarnomes. thivipidhidn. afibis |systﬁQ
I D NO 8, 0 I|f|cat nofthe B7-2 cDNA, the foll ow.n rimer
pair wet® useqmales ‘;’Mgglys‘ssmp° Eﬁd%%‘?’%?ge

(SEQ I'D NO 9) swtiiedor Hinﬂﬁ? (%'Ie: sample C(I:)_gols Studies requiring lymphocyte proliferation assay,
5' - TTTGGATCCTTAAAAACATGTATCACTTTGT (SEQ I D NG 1?%H° The se uence_ 15

of the hunmar EYORXicOMRPheryie #5Ya3nd Prourei BERIENCY,288% § (enducts éﬁg‘gaﬁkfﬁl in
SEQ ID NG 11, 1gmn osPot asilagrof%n%ﬁzoﬁar'f&@fi dRfHondtidhddOushiy FAmpleR stidh as(:BiRed and

Promega) accor manuf acturer's instructions.
The PCR arrpl i ﬂyrmdlomte 2llogeneic weastionsoand the) byroan imgmymodeficiengy yius aptegenispesificon)

into Hi ’-“B%%L 18U (Pharnmacia) to generate

pT7T31 B? 2ceul'ﬁ1§dlﬁtég2 am%lfq?s %;,M CSF 20 gene was digested with

Hndli 11 and BanH dmenc kmbediment; the hotithds of thecsubleetHinvantige serprise performing an
immunospot assay wherein a detectable 51gnal produced by the assay is converted to a digital

image or signal using computer-assisted video imaging means. In an exemplified embodiment,
the detectable signal is produced by means of an enzyme substrate reaction that produces a
30 detectable colorimetric signal. Once the detectable signal has been processed into a digital
image, the image can be analyzed using analysis software, such as, for example, NIH Image
Version 1.55 shareware. The methods of the invention can be used with one- or two-color

immunospot assays. Using the methods of the present invention eliminates manual microscopic



pBl uescript KS (-) (Stratagene) to generate pBS-Gwvt CSF. Proper

anpl i fi cat ivwo9%4w18&| oni ng of the B7-2 and GVt CSF op&€T/ES8I06244
frames was confirmed by partial DNA sequencing and by restriction
enzynme di gesti on. (c) Caastruction O Retroviral Vectors
Cont ai ning B7-2. GW CSF And GFP Cenes 25 The B7-2 and GwW CSF .
CDNAs wer e sugsuhnipesf iimhdunospoeass®t resulisranll provides lobjebibhd dnd reproducible imyamenspdte
pLSNB70 and pLSN , respectively. To generate pLSNB70, pT7T318U B7-2 was
di gest ed wi t h2EHAMPYHSd t he B7-2 fragment was gel purified and cloned into
Bgl Il -di gested PLSN. To generate pLSNGVL, pBS-Gw CSF was di gested
with Hndlll and BanmH and the ' GW CSF fragnent was_gel purified
and cl oned into Hi Henfpllowing sxamplesiserva tqillusteate gertain prefigrred embodiments and agpects
addition, DN dhfbredceinbéifiBh bl srd B0 GRIEAG e RioBt flefeof, OP) was

al so I ns e retroviral vector to generate

PLSN- GFB. The GFP Ipcthe expreme@al disclosure whichnfulllowvi,cttie fqllowglgia"obrqgahympapab'e M

(gg; zigggene) Im(ﬁanr} p%f (‘mq&moia%c hy)Muf Qr%rr}o?a%;fr%u ?}’n"'afé%; prxrlrinm3 r(millimoles); y.xmolWD

PCT/ US98/ 0694&mcromoles), nmol (nanomoles); g (gravity); gm (grams), mg (milligrams); pg (micro@ﬁms);d
pair: 5' pr| .5 CCAT .SE D N0 .12) a
5 ori er B RFOTABR R FHERBHED L RERIeS, CartesrH peRes) TR fanilipkeRtr

anplified GFP ﬁ?ﬂﬁr&ﬁe&lﬁﬂﬁﬂn&héﬁ? im/(hb‘&; %ﬁgﬁﬁ\i@\l 188 (81 BbridR SO (dékrees
KS(-) to generate BS- G- was di gested with Notl and
Xhol ar8 the @mwﬂ@Mﬂamgsngei nemphwphatp); pDNﬁe(som complirpentary DNAD; RET| -

and Xhol - di ge tthlnﬁ?l %&Q f e
resul ting vecﬁ')rs contal néd ﬁﬁggﬁrr?/m Ay sta&ce gene cf'ulm\i/eeﬁr'llp tengE&

i nt er nal (nbonucm tiphosphate);. dNTP (dideoxyribonucleotide tfighosphate) bpibaseqairikbA
Bi -Cistronic trovir. odi B{- 2 Gvt . oy A
bi -cistronic &gl vP?"r vegt%'ml y%%%%@’?%ﬁﬁ@gﬁﬁfﬁ%%ﬂmﬁaﬂﬁ%‘&ﬁ
genes 10 (vasadphritehwieokide complé); RMamse (tnacledse); BNass (deatyribomcledse);amhbAA

1 o Esg v rolimhodbiminad): PRS Ghprmbarg b ging OB ppteaRdchaiy); REFES v

from Hi ndl I | - HpadxyRat] mdtaﬂﬁsiNi -dthanestifofid Cdcid] qmsqmabiss vabereliNaliME); 8Dgene
from Not I - b d Xhol - Eiested LSNB70. The three purified fragnents

were nixed t o@fé@‘ﬁ’@r“ﬁ?ﬁ{l sulfated; &i‘sr}ﬁ@’dms ydfoxquﬂmlhmrmﬂaawdr pehleride} apm ) SN
ol ati gt hoCENI T EGnepie) Ngstion e (ST hHIGE 108 MRS 01piEidtretl,
pCl TE-1 (Nov a@%nﬂmhbﬂmersmmlhugm 26 kM AT, apdipld 7 B FHRITA (@ﬂuleenslyc%bqﬁbt ed
ng ?/2\7/?; :s( i %g&l)’yl cther) N, N, Eéy‘r oVl r?ﬂ @?ﬁ%@é"g&%ﬁ%&g‘ﬁ%@ﬁ IgAt he
packagi ng cel (enkynedinkéEfrvgnddoriaat assa3y) LB (Lm-la-EEmandtth ¢ fryntone, 5 gyeaét ERGAT},
ki oy 1 por 8 1 RAC Ret Dipr b St 7L N s SRS h B g pmponen it
cell's were tr qesf &ahalds g glycerol, 3.8 g KH,PO, and 12.5 g, K,HPO, per liter); DME or DMEM
(Dulbecco's modified Eagle's medium); ABI (Applied Biosystems Inc., Foster City, CA); ATCC
25 (American Type Culture Collection, Rockville, MY); Beckman (Beckman Instruments Inc.,
Fullerton CA); Becton Dickinson (Becton Dickinson, San Jose, CA); BM (Boehringer
Mannheim Biochemicals, Indianapolis, IN); Bio-101 (Bio-101, Vista, CA); BioRad (BioRad,
Richmond, CA); Brinkmann (Brinkmann Instruments Inc. Wesbury, NY); BRL, Gibco BRL and
Life Technologies (Bethesda Research Laboratories, Life Technologies Inc., Gaithersburg, MD);
30 Caltag (Caltag Laboratories Inc., South San Francisco, CA); CRI (Collaborative Research Inc.
Bedford, MA); Eppendorf (Eppendorf, Eppendorf North America, Inc., Madison, WI); Faleon
(Becton Dickenson Labware, Lincoln Park, NJ); Invitrogen (Invitrogen, San Diego, CA); New
Brunswick (New Brunswick Scientific Co. Inc., Edison, NJ); NEB or New England Biolabs




wi th pLSNGM , pLSNB70, pLSN-B&, or pLSN-GFP using |i pofectam ne

(G bcol/- BRL)WQ Li pof ection was carried out accordi Ngpéfukdieoss
manuf act ur er s pro% ocol . PA317 cells were grown in
contai ning 10% FBS and penicillin and 25 34 streptomycin in an

at nosphere containing 10% CJerr] at 37C. Twenty hours prior to

| i pof ecti | Wl | t
SIO&ch(r:]f : 82ncy e(appFom mjﬁh : %%%fye ﬂf%ﬁg‘ ?qa?g%gsl% %gﬁstﬁ?lan ec;i
the cells, DNRhdrrhirgen (I]hgl)me SatdBeige, €A)OPhafmagcid @hmamlﬁE@aﬂlﬂbNgaMD)ng

a0t D10t 1co | ot eRSERE Colieh MaakELAIET D SR GC Boohe it 2
12 [err]1 of Mxmﬁﬁﬂismeslm (Sigtha€hkngeud Coy St. Tbais, NO0); and Strhtagens (Stititdgencs

wer e conbi ned _by. addi ng the ontaining solution dropwi se into the
| i pof ecPami neClaning Systpms.diadollas %STE was incubated at RT for 45 nmin.

Fol | owi ng this i nceyRfkd fferwise indicated, alldesHictioh eﬁ&ﬁé%f@&td%l\ﬂdf@ﬁe@@ﬁ @nd
m xed gently. The cells were washed with serumfree 8/ 44788
PCT/ US98/ 0694 Biolabs and used according to the manufacturers directions. Unless otherwise mdlcaw

col s were et BGEIGRAIS L HR s "%%““P&%*?%Fﬂ’r“?%’%@%%%’%f e

hr. After the 5 hr incubation, 2.5 nml of DVEM cont ai ni ng 20% FBS

and anti biotigs, was [ 1.3 . the cell re ipcubat e
overnlght Twenty o FHCA R %%%Med

with friesh Dlvgu_dj;_mmt_y_gglt ai ni ng 20% FBS and antl biotics. For vector
titration, the nediumwas ch ed at 24 hr afte S
Fepl aced it h1 1 os RO BRI TR o PR AP Dot eopfeined s SEoeis SN <
were to be cl gnedGM-CSF and’BI2, H"GFP d€éHoRh séHematichil $n P;%Qéqc‘ﬂg&@i brovidees) ,

the transfected PA317 s were split at a ratio into

sel ective mdﬁmwu@hom@mmam&swwﬂm@w PR¥NBI M (gncodes human Birg), 10%
FBS). 10 LSNGMI ( -1 PIRN-BEY (Mobdbs b\éﬁﬁni‘éraxﬁﬁ €s

super nat ant o? t he trgt#g?ect PA 17‘@9 ¢ {’tures 48 hrs g?t e?ﬂm

transf déti on pESNGFPRagbdes€di).s and i medi atel y frozen at -80[err]C for

| at er B752

I n The Human GI i ob??alsqener?aw?glqu_d Ega%gﬁ)éﬁnm% RIILQ-b %@Q cI es
cont ai ni'ng reﬂtnbinmtzl (19935)@Ben¢ Therapy R26% andeo-pesifinpoAplicdtion S%NSFOSIBB A3215

2, B7-2/ G\ CS G-P were used o tr du t he human, gliobl as

2 O R s o 525k AT LR B s T RSB o
The human gl i eRlra@dvaPLTR (long teﬂemmé;m [vﬁhb:tead dwﬁaéniyemrfeﬁxtancageﬁ WHiRinderlthk e
Uni ver5|ty, Durharn NC, Bi ner et al . Neuropathol. Exp. Neurol

40: 201P%as  c Femg}efgn internal SVA0 propotey;| Bafc‘eetoel%eﬂwgﬁ&ealgpwmmaceemm

with 10% f et ak'ort}@ﬁ‘éﬁﬁl ﬁf‘ck&%ﬂ% ﬁ' m&)to rgxdgr &Qm hcaﬁlﬁ'x' fnSérietent. These structural
penicillin-streptonycin so lon (Sig . e&!utarrate at 37gerr]C

ina mmwm@udmgpmmmmmmmwnq 4317 [ATCC CRL 907
(b) Retroviraivahisdies 91 (16¥8) . Virol. 62:1120) or PG13 [ATCC CRL 10686; Miller et al. (1991) J,

Virol. 65:2220). For the bi-cistronic vector containing GM-CSF and B7-2 genes, the two genes
25 were interposed with an internal ribosome entry site (IRES) derived from the
Encephalomyocarditis Virus (EMCV) genome (pCITE-1, Novagen).

(a)_Construction Of pL SN
. pLSN is a derivation of pLNLS6, a retroviral vector approved for clinical use in the
United States of America. To construct pLSN an intermediate vector, pLLL, was first
30 constructed.
pLLL was constructed using pLNL6 (SEQ ID NO:1) as a starting point. pLNL6
contains the MoMuLV promoter in the 3' LTR and the murine sarcoma virus (MSV) promoter



Frozen virus stock was thawed at 37[err]C. Pol ybrene was added to the

t hawed Vi r Wwso 98/44788 solution at a final concentration of Z2PURYSIBHSMHH.

Culture nedia was added to the virus solution to 25 bring the final

volune to 1.5 m. D54M5 cells in logarithmsc growth phase in T25 fl asks

(approximately 1 x 10[err] cells) were incubated in the virus supernatant

at 37[err] C, R%EELER!I Forf éase i subsequent cloningQiteps, thel feér cianimy sites amkthe intermadiS¥- and
pol ybrene wi thout virus was used as control. After 3

. . . .h ,
further 3 ni o Beoq Breseat BENLS were redenyesand eplags] Wi mttic pAlipkTE o geherate

I ncubat ed, pLLL overni ght. Media was changed the next norning.
WD 98/ 44788 o
PCT/ US98/ 06944 To construct pLLL, pLNL6 was digested with Clal and Bell and the vector fragmentyes

(c) Selection Tr ansdu : = -hou .
afterrefrovi rﬁgpwticﬁgﬁlﬁép ?’ger&h-ggo'[lgpr Formre %f?%%‘?n“g%@n%%r‘ﬁ sg‘ri\‘é‘ng @?L‘gﬂe
was added to tdded sert econeitimg. thybsbilylinkers sitth avag) ecnstrueted using the folevaeg dwy s
until conplete ,k sel ection had,t ake. | | S~ e
control fl askgl.\&"r‘é“ﬂ'é’éﬁ)‘.geif ter sel e&-ﬁ&?qﬁéﬁ&ﬂl‘f@C&h&%&Gé@éﬂ ed
in grow h nmedcgAGUEAIGCGATCCEAGGEATGATCATGCUTCRACTCGCEAT -1 25EQ B NG:2) aiitl)
and allowed to grow to confl uence. &%Aﬁ@[ém S
O B7-2 Expr e§5iGRAAGC RSN BROAMGGCCTCATCAGGCCTAGGAILfcAd GBY

cells appr Qe W&d@&}@% 1Y eftesdo LRk led,
after ?ltgom te%;eAr ature incu %@W‘?‘%ﬁs@%%%s In 01@3%%%?&5| ﬁe armese

. Phosphat e- Buf kinased aigHigated toithe gel purifieBBENLS vectegifiagment gndithe ligation pixturs Was used
200 [err]l of ,imupofl CeRee f f 0

serum 0.02% %oom'rﬁf?lngzclg %é&?r b)%ehgggrr%llljésﬁé%er%‘{ #s%gu _atogguélﬁ Waggo?%rfnei b%our
with 1 [err] grefriction enzyme digestoncafplasgrid BN Arpreparkd fran mmpicillinenesistani®e -bacterial
anti body (Ancell). or 1 Jerr of RPE: conj ygated.. . i e-control
murine 1gd er F§lo ﬁﬁstﬂﬂfsé’?f‘ CAYAGIRe nﬁkl sitgof inseptian,of the B‘EQ]?% sinlF
buf fer,is %lf__éefxédted vedlorldtnfaiiniped defeciable bTker Sanahl sliowsisrahd dsslationasfd

- on a cytoneter (B-D Flow 15 Cytoneter)_using standar techn:qgues.

(e) Analysis eslisglichdpveincarparatedhe igptor DNA, PLSN was created. pLSN contpins the e gepe
D54MG cel |'s aﬁ@gﬁ.@&ﬁﬁ&@&m coftrdl GRS SV ARankc/pidmots] 8 kRatéBLSN, 2 BamH/Stul

i ncubated in a for 24 hours. After this period of incubation,
nedi a was har Vregment cenfdining SV40 enhancer{prombtey aves isalated frompLNS (Millep| AD.andd

debris. The cgl| . : _ .
the. har vest ed S a0 P BT sRkAe Aok SBX it pr et wetd igesied il pufitund | 7

(Quant i3 ne, Stul and the digestibnPrdadnsts ever) gehpurjfied. Alsmalidingherd tofi ppproximately 350 bp

i nstructions. The |evel, of CSF / d , 1
ol | 5/ 24 hour SMiacaEaH BhSVALTPmE Fuh BENERE clopst oty e Rt R ER B Red o
originated.  product, designated pLLL/SVA0f wastoopfitsedi by restiction erzyfiedligabtidriSisingBanMG

Cells Fl'ow cytonetry studi es showed that B7-2 was
expressed on @AECHLrface of B7-2- and B7- 25 2/ G\t CSF- t ransduced D54MG

cell's but not on W grgbMB $nsert a EeRMmstdtion &RERH c6dnl 28 the beginning of the neo gehéler s

of magni tude fl uorescence shift conpared to isotype controls). Flow
cyt onet?y of demeeo gene was isolated from pLNSX using PCR. polymerase (Stratagene) was used to

e

amplify the gene. This amplification was conducted in 5 pl of 10x Pfu reaction buffer, 0.5 pl
of dNTP (15 mM), 05 mM of ecach of the following primers:
5'-AAGCTTGATCACCACCATGATTGAACAAGATGG-3' (SEQ ID NO4) and
5'-CCGGATCCGTCGACCCCAGAGTCCCGCTCAGAAG-3' (SEQ ID NO:5), 0.5 pl of
30 pLNSX (0.01 pg) and 38 pl of ddH,0. These pnmers contain the modified translation initiation
control sequence (-CCACCATG-), as this modification was found to greatly increase the

strength of the neo gene in tissue culture cells [Kozak, M. (1986) Cell 44:283]. _
The mixture was heated at 95°C for 5 min and 1 pl of Pf polymerase was added. This
reaction mixture was cycled through 30 cycles at 94°C for 1 min, 55°C for 1 min, and 72°C for



transduced D54MG cells without staining revealed mldly increased

aut of l uore npar ed to wld type D54MG.  Reprgsposdaiosya f 1 ow
cytonetry W@F@‘Sﬁj&ﬁs are shown in Figs. 2A— Figs 2A-E
provi de flow cytonmetry histograns for: type D54MG (2A), B7-2- 30 )

transduced D54MG (2B), GW CSF- transduced 4M5 (2C), B7-2 and

Filgs. A oD, o e BgplRfascsyif Rty coprh s hAGRIGR R gl hase i

PCT/ US98/ 0694¢he Bell-digested pLLL/SV40 vector to create pLSN. Confirmation of proper constructigh was

represent D54MG cell's stained w.th,isot ﬁ gﬁ ched control antibodies while
t he hi st ogr angade by restrictiog gnaype gigesion 5% asehe SSPHP#Ig wi th nonocl onal

anti-human B7-2 antibodies. For Fig. 2E, the hi stogram on the |eft
represents unstained wild type D54MG cel | s whil e the histogramon the
right represents uftClomiog upancBl;2 dad GAECBF CBNAs GM CSF

productigon was_si QEM-E@$QJ,¢§?§ ﬁ?%@fﬁﬁﬁn@ﬁﬂalﬂ%@iﬁﬂcﬁ@mﬁ/@ay)

and B7- 2/ E Y ansduc err] cells/day) ‘cel'ls but not
for wild typeREPOB/asTeliomanbrhaciecse, the ohgonucl@gﬁdesuse@;@ré’%@g'gpm qompripad
transduced D54MS cel | a . th
TABLE 1 an opt;u'rnzccfS e\ﬁcarygt'ilc%a{x %Igg%xé% ¢ ?J&r até;hﬁcg(onroé' sﬂée (g]ﬁ& FSF VD%‘IIAO le

W1 d Type Andfolldwing  primer  pair Tr avasduamsel: D54 MG By Eirim ( GVt CSFECCBGH ow
Cytometry (B7- 2)

B7-2 Expressi QWGGCTG%QWCL%? QEG' B NO6) a3 pferS

Productjpon 5. AATGGATECTNITACT¢¢TGGACTGGCTC-3' (SEQ ID NO 7) ThEsemence of the
Transferred) - (ne/l 0 err] Cells/Day) Fluorescence Shif 2

D54MG human F cDNA is availab e in GenBapk@ccession no. M112 0 and in SEQ I§ NO:8.
gj% Eﬁ%@p%%ua of the B7-2 cDNQOQhe following primer pair wag used: §' primer:
CSF) 15 5'-TWWWQ§L@B@GTAACATT-3' (SEQ IB NO: 9) and 3' primer:

1 eTﬁga
resul ts dengﬁﬁGth‘ﬁcﬁ%eu I'C gene exp(?'légsqs(l:'gn(sF%m%qO@ fhence

human di5i obl asf theburselB7-2 ¢DNA wasailablgin GérBenk acucssaonnmlmﬁmsddmsriﬂm@ﬂlt he
pLSN- based retrovifal vector l.s F duc
conpar abl e t oRIASR YaSpHReEOytpusing an iT'@ﬁ%‘rmgé‘t G\%ﬁ%ﬁo ta‘r:%ﬁ’n cIé Sﬁ

tumor cell |i gRfufadmpdhémptionr! . (1993) Proc. Natl. Acad. SCI .

90: 3539 and Jaffee et _al. (1993) Cancer Res, atl

B7- 2 - expribeB %ﬁmplé,ﬁedl 7¢3 geae wag Rgnad, d"F‘i"ﬂV\f %’Bﬁ% }T}P %@'gﬁ{)
I's essent'a"m%go ﬁ‘?ﬂ%lﬁyﬁ‘}ﬁfﬂlacm)togmmm@:?VThGU-H’TESTﬁHP@(aﬁBﬁMGMECSFIE
cel | suzrof ace) wever, -2 nol ecules were clearly present

gene was dtgested thh Hindlll and BamHI and cloned into HindIIl and BamHI digested
pBluescript KS (-) (Stratagene) to generate pBS-GM-CSF. Proper amplification and cloning of
the B7-2 and GM-CSF open reading frames was confirmed by partial DNA sequencing and by

restriction enzyme digestion.
5 jon O iral Vi ining B7- - d GFP Genes
25 The B7-2 and GM-CSF ¢cDNAs were subcloned into the retroviral vector pLSN to

generate pLSNB70 and pLSNGM], respectively. To generate pLSNB70, pT7T318U-B7-2 was
digested with BamHI and the B7-2 fragment was gel purified and cloned into Bg/ll-digested
PLSN. To generate pLSNGM1, pBS-GM-CSF was digested .with HindIll and BamHI and the
GM-CSF fragment was gel purified and cloned into HindIII- and BamHI-digested pLSN.

30 In addition, cDNA for the reporter gene green fluorescent protein (GFP) was also
inserted into the retroviral vector pLSN to generate pLSN-GFP. The GFP gene was PCR
amplified using Pfu polymerase (Stratagene) from pGFP (Clontech) using the following primer



on the surface of D54MG cells transduced with retroviral vectors containing
the B7-2 g@is9s/44788 and absent on wild type or GW CSF-tr BEEUS¢4| | s.
These results denonstrate that the 25 above-described retroviral
vectors provide sinple, reliable tools fo37transferring Gw CSF

and/ or B7-2 genes into human glioblastoma cells in vitro. WO

98/ 44788 air: 5'primer: 5-AAAAGCTTGGATCCACCATGAGTAAA GGA-3' (SEQID NO: 12) and
PCT/ US98/ 06944

Banpl o 3 - PipbnercSoMTCEABATTARTATRRGTHEAGHT SATGR:34SERIPNPEY: ithe PoR

SC DY bei ge An crﬁ:qvg A6td de&s into EcoRV-dx ested BlueddHpt KS¢J igenerate
descri bes the& é‘é‘S‘r’]? tut I on of SCi D/ﬁod and pge mce wth
ap

hurran PBL an(bBSQGFEﬁgrpB&-GEP#l wis digested withniverl @lﬂ*”!ﬂl fhecGEP fragroent 328 gehs.

For most expé?"f"ﬁé‘ﬁ%'%ﬁn ﬁ’fﬁv ‘?I \%&g‘g@%gﬂ gﬁﬁéft‘ieé I%%LSSCI D-bei ge mce

wer e pur ciseh ofthé feaﬂm@ectnrs(cor(ﬁimdrameowym resietancﬁcxm@) drivewby anfinternal st
vacci nati on/ chal | enge experinment, four to five week old fenale
SCI D/ nod mi ceSVAROmYEL ned from Dr. L. Pil ar ski (Cross Cancer
Institute, University of Al berta, Ednonton, Al berta). The mice were 10
maintained in filtered cages | n a VI_I’US free erll\\/,l rong

cotri noxazol e i n tigsionsy 2 PAIIORE e e e
Hu- PBL- SCI D nouse g% ofghdid féhbﬁpal \0@&&@%&3@9%@&@&@\37@&1@01@!@@ gehxesi
[ Zhang et al 1996) Proc . Acad. Sci. USA 93:14720

Briefl 0 eachsepaatedbyandRES Was constryctedras frdlpwvs. cFees E@A@awmtﬁwessé@uaﬁ% the 3 x

10[err] PBLs .
ol ut i on. A C Y IBR Bt Mk dnd Hlant gt AR SEARR S Riagrbed bolpy: 8 Gha-CoT
obt ai ned gene from\HidIl{ and HamFiBidigestet RCRipreduct (Seation t) yed theBtHmeee fiera Riorl-

ft tit from th
o oSt b e EVEHE T R st S e P B
(ELI' SA) usi ngN&IJmﬂ%hmige&@dJﬂ.SNWHehchwﬁBmiBﬂy | gM anti body (Jackson

Labs) and control human |1 gG ( Sigma ar

resul)t§5| ndi cat ed pEEM-IBEP @w@%&s@%@%@&ﬁ@@%&ﬁ@#ﬂ?ﬁ éﬁ"? Y
th h et h%qp%yﬂ Bagrhdridh Lsnal g

o o i peMSB m:r econst | fl on of §CI D/ nod mMEEBKIEand .

SCI D/ bg mi ce, ce with human PBLs
appeared to vpﬁWbTﬂfh(Rmmnz@BL donor to PBL donor and from nouse
to nmouse. Furthernore, many hu-PBL-SClI DY nod m ce . devel oped a

di sease characterlzed by cacheX|a alopeC|a and facial edenma 3 to 6 weeks
after 25 ; itz pat Retoviswsen i n unreconstituted SCI D/ nod

mce or in SCl D bg m_ce.

etiol ogy was uncl eg‘Ftr WBE}QWP@%X?%FE#“& E‘FPQE'&%F’E kﬁ thd Pﬂsnvfsiﬁnﬁé

CEj)i foeasqloand diAgh ahEButtimbie] C. sus\wnqonc?sgact?rmm RetMiller; AdD. (u?mﬁmg Cfiene'I'her
ifficulties, reconstitute red for.tugor

growth and vakdlbwlinoerionasidessH &" bison et ol & @%5‘51 ﬁﬁ'ﬁﬁ’f g"&rﬁ %sm"anSfectegrD

(b) Subcut anequs plsfieiM G2 SINB76PIEN-BED] 8r pLSN-GFP using lipofectaniime/ (Gib&/BRIJEN

week ol d SCID/bg mce were_injected subcut aneousl y (SC) .on the
Lipofection was carried out agcording to the manufacturet's protocol.

PA317 cells were grown in DMEM containing 10% FBS and penicillin and

25 .strcptomycin in an atmosphere containing 10% CO, at 37°C. Twenty hours prior to lipofection,
PA317 cells were placed into a T25 flask (Falcon) at 50% confluency (approximately 1 x 10°
cells/flask). To transfect the cells, DNA (4 pg) was added to 300 pl serum-free DMEM lacking
antibiotics in a microcentrifuge tube (Eppendorf), and mixed gently. In a 15 mi polycarbonate

tube (Falcon), 300 pl serum-free DMEM and 12 pl of lipofectamine were mixed gently. The

30 two solutions were combined by adding the DNA-containing solution dropwise into the
lipofectamine tube, and the mixture was incubated at RT for 45 min. Following this incubation,

2 m! of serum-free DMEM was added and mixed gently. The cells were washed with serum-free



right flank with 2 x 106 retrovirally-transduced and sel ected D54Ms cel | s.

Control mce WD 98/ 44788
CT/US98/06944
PCT/ US98/ 082 38/44788 P 42

were injected SC on the right flank with yyld type D54MG cel l's. Six days
post injection, m ce were reconstituted via I[P injection as
descri bed abqve with N]w ! I Rl cgd

iilgilim to_the cel ells were
| ynphocytes i E‘lfl%ﬁ)b REo] apaque gr&gl eag gﬂlt@adde 0 r%r‘#t he bucff coat
| ayer of incubated\&tGHEC hlaClO% @0 gnouhsar forfy/hrd mﬂurthc 5 mowbsnom 26im)iof RYEEM

e by oS b S o e A by 6 S 558058 ©

from each gr ojiemighf. W&%M&%m&mﬁﬂemaﬁmwmmdmmhm as
control s. Tunor size was neasured in three di rectlons b c}glﬁ% ers

every 35to 5 wmipining@O¥FRS and antihipsics. For vector titrafign.
untransduced iRk hdsteiitda Wih WRADIENP AR ik %Qhé‘-{?éited 24 hr later. When cells

unreconstitute (c) Statistical Analysis

‘Conpari son beware arbetciowed (i.8), for shei prodwictidnenf etab egmdufpsc clhlines) thedransfectesP A 7
st andard 1G418
(d) Tunor G oﬁlﬁwﬂﬁﬁﬁﬁwl%ﬁ &‘Z{’:%e%%gv{ﬁﬂlﬁ%f i omagl;néngAsr? PO nod
Mce 15 and 10% FBS)As descri bed bel ow, SCI D/ bgm ce receiving human PBL

| P t ied f
/i e wibh nearly 1B DeeEpe vt R e B AR £

signi ficant |gy@les 49hrs AEEFANSNHRROF the PA3 D¥cellk @i itriedinedly frozenped8PSC forilater

spl een and peripheral bl ood 38 days post reconstitution. This
exanpl e showsu¥hat both SC D/ nod and SCI D/ bg m ce supported the

growth of wild type D54MG cells (human gliobl astona) 20 subcut aneousl y
with 100% effici ency (35/ 35) regardl ess of hurran I ynphocyt e _
“reconsti t ut i oBxanipiel : g Qliobja elbl and

G CSF greiw wi b 100% %{.,L,k " amumcts@cw bg
mce (4/4, 8/8, angsugl esé’&. c}'?espec |velg‘§§ig Ve %?é MG t Unor s
transdused wi 2/BRYGM-GSH o IBFESkrevsad tortdansdis¢ectbie human ghoblastoma mmm D54MG.

| ynphocyte-reconstituted mce as detail ed bel ow 25

Reconstitution with human PBLs was m)nltored by ELISA for the presence of
human 1 g using serg dsueiCulthreof t he reconstituted mce.

SCl D/ bg mice — recel V|n ) hu PB 6/ 46 ant eveI s

(>100 ?err] g/n) ofthe, iman glioblps g"ﬁfh” b§4Mé )‘}?Bag [%a;ﬂ % b

reconstituti oy, Jgg WmﬁN@fBﬁer%IQﬁmﬂJ me %mwem 20U)%d8 cultured
enon %

PBLs failed to strateé human lg on serial testing and were excl uded
from the studinD@bucco’s M@hﬁ@ﬁe@t&%! iadPMEM) with K% fotelhovise serumdGabeod 8- hat
the sucgess of [ : Y ghe Skt FIPEI RNt | Y
from PBL donor wﬂggﬁfﬁh’n For tﬁé@g&yg gﬁ%bté,aml@ M g%thﬁ !

humidified atmosphere containing 5% CO,.

{b)_Retroviral Transduction
Frozen virus stock was thawed at 37°C. Polybrene was added to the thawed virus

solution at a final concentration of 4 pg/ml. Culture media was added to the virus solution to

25 bring the final volume to 1.5 ml. D54MG cells in logarithmic growth phase in T25 flasks
(approximately 1 x 10° cellé) were incubated in the virus supernatant at 37°C, 5% CO, for 3
hours. The same volume of media and polybrene without virus was used as control. After 3
hours, a further 3 ml of culture media was added to each flask and they were incubated
overnight. Media was changed the next moming.
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PCT/ US98/ 068 ébs/44788 : PCT/US9846944
SCID)bg mice (not SCI D/ nod) were preferred for tunor growth and

vacci nati on/ chal | enge experi ment s39 Exanple 4 - G owh
Suppression O B7-2 And GW CSF- Transduced D54Ms But Not WId Type

D54MGS | n Hu- PBL- SCI(EY Béledviofi ©f Transduced Cells In two separate experinents,
growt h of D54MG transduced with B7-2 jn hu recanst it

SCI D/ bg nice was marreatyriounhoyurs gfter sgro L”HR’H@H w%sﬁ%vﬂ%gp&ﬁwa MYHA AR08 St
unreconstitutgf g ﬁ&@dftekl%cum%maem&mﬁ&aﬁmwdw fhrdei dggs urdif comple®B.
For the results shown in , all mce received 2 x 10[err] _ tunor cells

(ei ther D54M3se1ecnonhadmkmrpmwmngyx theaontrel dleaks visre dead). ARer seleghan, tesells on
Day 0. Cre \é\g'q?e %;tg Fd S%ﬁ&\ﬁhe Wdalh c]og ining reducéd SHcEH t{a&i%l@ﬁhs@ hhrffPand

after t constl ution was conf

detection of saﬂbwsdhlgmtd@nﬂmeés >100 [err]g/mM . In the first experinent
(3A), all mce were reconstituted with human PBLs. In Fig. 3A
tumor volunme (nmerr]) is plotted over tlma(days) for mce
recei ving untransd i éi 3212 Expfe ol ©gomethb4MS') and D54MG cel | s

transduced with pLSB?O sI| ds ars . 7- In the secon
experinent (3B), 15Transduced P3MGieg W"F‘Pﬁﬁyg‘g? °‘§}‘%ﬁ°ﬁ gﬁ’ﬂscmpmg
D54MG- B7-2)  Wejger o6 Qﬁéﬁua&&l{ﬁfils mmutesmoozé/JmmﬁxCPHosym@)Buffeﬁdmee
3B, tunor vol une fm’r{err ) 1s plotted over tine (days) for mc¢

recei vi by unt r@BS) ubnealiqns B¢ spllssper 360 Hhofimmn r@mcggﬁmq@(g“é fetal calf
transduced wth l.

used to indicaEnm,0.02% %1%&;%1’9 P#@?%Qmﬁfe& el x%i)atecirrgx} E:Eg? ﬁhox@%ﬂ"!spg%ie

| ynphocyt es WeRRE-tdrijegateddnondtlonal anti-human B7-2 agtitwidn ndmeﬂ) orckpg pf)RPg-tcgmpde al

significance |n subcut neous h.nodel of
tunor vol unes } &t‘*ﬂ&“}#ﬁ?&"aﬁb&%"%& fg {lwﬁfﬁ'ﬁhad fo 8%8@#&&?&
growth curve [ﬁﬂ'ﬁ:ﬁﬂhﬂrl%tfoﬂahn(xﬁM) Sattiples wemeLthal gy on/a Eymeuec&-D Flow
Approach, IRL Press,. Oxford, UK]. By this criteria, the nean
tunor vé ume fOytomsten) nsing stardardischigyes. s i n human '

| ynphocyte-reconstituted mce was significantly |less than the nmean tunor
vol une 25 for wild type (| .e., non transduced) tunors by 22 days in
the first experi nmenelandlvisy i3 ession By BLISAt he second experi nent

(p<0.05 in both). f}aﬁg'd%(?édl ﬂ%ﬁ%’il?% yxi %&Za%g HHRE Sn T75 flasks wekd

unreconstituted mce was a DI to wld type tunors
(Fig. 3B). incubated irt-fitash wedia fgﬂé\hbth‘s i Afsrighis pesiod omcumm, medie waphateested pnd he

reconstituted m results |1
portion of the® ﬂ?@‘éﬁn‘r‘%ﬁﬁ mogﬁceglgghdqe @ZW@%&%@QSHQW%
| ynphocygo e- i ndeseieselsin the hﬁvmeaduamarmttese‘dfwmg aicemnbereialisi avilable kit (Quantikine,

lp)é[rr}) ng)é} 829 4R & D Systems) as per tgg {nﬁugsc%uer ’s instructions. The level of GM-CSF was cor}ﬁrted

to pg/10° cells/24 hours based on the cell number in the flasks from which the media originated.

E: i = = D

Flow cytometry studies showed that B7-2 was expressed on the surface of B7-2- and B7-
25 2/GM-CSF-transduced D54MG cells but not on wild type or GM-CSF-transduced cells (1-2
orders of magnitude fluorescence shift compared to isotype controls). Flow cytometry of GFP-
transduced D54MG cells without staining revealed mildly increased autofluorescence compared

to wild fype D54MG. Representative flow cytometry histograms are shown in Figs. 2A-E.
Figs 2A-E provide flow cytometry histograms for: wild type D54MG (2A), B7-2-
30 transduced D54MG (2B), GM-CSF-transduced D54MG (2C), B7-2 and GM-CSF-transduced
D54MG (2D), and GFP-transduced D54MG (2E). For Figs. 2A-2D, the histograms on the left



G owt h of GW CSF-transduced D54MG i n human | ynphocyte reconstitut ed mce
was rmderat&lp\)kahmhbl ted conpared to untransduced and/or unr pge@rfsbsbdoksed

controls in separate experinments. These results are

summari zed in Figs. 4A and 4B. For the results shown in
Fig. 4, all mce received 2 x 10[err] tun%or cells (elther D54MG 5 or
D54I\/GGMCSF) subcut on th ank

i nj ect ed IP msmthJWf%% g‘r tyq‘ﬁ%ﬂ’ ShERIRY Elx;%l%aé/)lgs%fgtpg\?% el |
i nj ection. au\saﬁnngoﬁih maiaﬁlonal antl-human By-zdatlmdiasoﬁoxdhg §£; then
human 1g IeveI S >1 err g/m in EL| SAs er hown

in Figs. 4A atnsiogrsnon efle Freresetsmstaged pd %ﬁg@fﬁ%ﬂ&kﬁgﬁﬁ% s?%ﬁ&ﬂﬂ °CSF)
wer e S HARRA G RbBRIIRG! | nes) |1 Fi g 4A Luror

vol ume (mﬂerr%ﬁ:{p ottegé

over tine 10 or m ce r ecejvin
unt r anssluced D54 IVG}MeCﬂiFspr()@lsmrdW@qumf@mt for mﬂél‘)ﬁ'aaw@ced (30 ng/10° celjs(day\ra

45, tumor vol Bird CRTE e (RRAD: SALBRY ok b pR A S et dr ol
g

untransduced cells. Gene emﬁmuwmwlnﬂmmmymﬁzmwlsél S

transduced with pLSNGML (open triangles). In Fig. 4, arrows are
used to indicate the tines at which tABLEDr cells and Iyrrphocyt es 15
were injected. Nei t her of _the_experine shown in Figs.
4A and 4B achi eved stat Wﬂ%‘l‘cheEfoessm‘bfi"gﬁr‘f ‘ng A on their
own. Hd0ever, when Trawsdpeed RSAMG By, BLISA(G QEHOW@WY(B 72 _ were
pool ed, Gwt CYF-transdficed tunors in 1urra Bhsy eco sﬁz% H%i ¢
significantly sr‘rRUer t han Véckad type|by 3 aﬁ/s (pd o I §i on of
D54MG GV 20 meCpF(GehH%’m'argfeﬁM)h s 'L ped ifn reco TSL | hed|mice.
These resul t Seedesnasid ate thatteaneh Ne10LelsDay) o Llug LSRN DI
recombi nant rietpOid vect Nofie €NCOding ei tgygr B7-J or GMC@F resul tgd in
an inhibition of—tuorror—gr oW e PHE-TECO ared S¢ D/ bg
mce (Figs. 3] dps#MG. | THHLSNB70 (B7-2) |denpns@.@ates tlhat the é@xpressjon of

ei ther the hupfman B7-2]gene_or .1 hutan GW CSF geng 25 I n gliobljast oma
cel | s overconespis@! |i Ssilon anggipesul ts| in a si@nificant
antitunor response. A$ denp ated iln the exanple below the n\(:nrng%i on of

bot h hunan

lﬁa CSFjgenes in gI i obj] ast oma cells indJyces a
systemis i nmu a

|nh$@|ts t upror growtlh at di stjant

sites. V2. - Aey—C ‘ D/ nod
And Hu- PBL- SCI ) bg 30 M ce Wt h Therapeut iC Gene l\/bdl f [ ed D54|\/G
Tunor Cells The above resultsTbéimﬁablrdte that ﬂﬁrapé\hictyehe Expmislog i teD34MG u man
PBL-reconsti tut ed SCID m ce vacci nati Qn of t ut ed
m ce prior tob¥R# Elé}l?&ét"mat“ﬁn ineyas b\gblaMS""é&E?ﬂsa °nw’ the GEQQE%%E

98/ 44788 retroviral vectors. Levels of GM-CSF production were comparable to those reported m

PCT/ US98/ 06944
(a) Vaccinati gﬁp@qﬁom@lig apduced irpgricell lines [Dranoff ef al. (1993) Prpc; Natl- ﬁcpg.lScl

vacci naj on/ chald S9RYGHRNKIIERar (1bYH dangiitenbeiont)d cRtica ¥ nad

mce were recons 2 x 10[err] PBL from healthy donors via IP
i nj ection. expressmnﬁ&ad:ﬁiwltlusmz iflow oxtometry B W@Gob}s esseafipliad PRy SYSBr a

(1ail bl eeds) figr, 4he or SSERECARLIMRAY Hhvorer, .5 holbbuBbbuledly sty s

after reconstl R Be St na Vi a I'njection o
on the surface of D54MG cells transduced with retrowral vectors containing the B7-2 gene

and absent on wild type or GM-CSF-transduced cells. These results demonstrate that the
25 above-described retroviral vectors provide simple, reliable tools for transferring GM-CSF

and/or B7-2 genes into human glioblastoma cells in vitro.



10[err] irradiated (20,000 rad) D54M5 cells (either wild type,

GFP- t r ansdue@ gs/44788 B7- 2 and GM CSF-transduced) . Fi PETH§9806944
post-vaccination, all mce received SCinjections of | X 10[err] .
unirradi ated wild type D54Ms cells on the right flank. Tunmor growth was

measur ed as descri bed above. 10 The second

vacci nati on epngh : % Eficiens niin [PRL Redénstititiériin SCIDA

SCI D/ bg mice [ laconic) were used I'n addl t i on, the order of i nj ect i ons was
slightly SCID/modMiee er ent. These mice first received SCinjections of 1
x 10[err] wld typpy Pééhﬁ ibesthe &é&bt’imnon of SCID/nod ki 8CIDVsR e micd ®ith day's
later, they were reconstftuted wth X 10[err] human PBL. Ten days

after reconsthM|PB|LanﬂI&t;m&mhmm@ﬂsmﬂmcln%seer] i rradi at ed
tumor cells (either wild 15 type, GFP-transduced, or

B7- 2/ G\t CSF-transduced) . (b) Vacci nation O

Hu- PBL- §CI D) bg M cg) \WriitialDAA¢ B Ther apeuti c Genes
| nduces A System c Immne Res ﬁe‘h‘ d. and

m ce were reconst i ¥orRAst xXpeER at%aamaﬁﬁ'aw&ﬂ%ﬁ‘?&ﬁakac%%?ﬁgﬁ%w ce%%rf?d type

D54MG cel |'s asuEiassd fréih & aaity @erdint&ihQ Mew Yiork). OFortie fift Oavtcinatidn/chiallehgt y pe 20
D54MG tunors 1 n human PBL- reconstltut ed SCl D/ nod mce whj ch hag‘h/%eﬁgg

vacci nat ed  experiment, foyrimfive wegk pldferpal s CH/ aodiaic-were ghialg

mar kedl y inhi t fAlbéHaC%dfﬁﬁﬁtﬁhnﬁfb%Wm Whid dwér}épe or
GFP—transduce@ ﬁ%d?ﬁa&})ﬁﬁ@w’ i)'Igm=rmﬂr(r)t)r vol une )( err]e)

pl ot t edoover maMm@dIm,ﬂgereﬁ@agmn}ewma@m MWWWMFOWF%&W
transduced w @@ (open squares; "Db54AMG B7-2-Gvt CSF"),
D54MG cel | s t%’é‘?ﬂ'&:‘&%ﬁ%"?ﬁﬁz‘?"% pLSN-GFP (solid circles: "D54Ms GFP")
or untransduced DBHWBLQGIDd@@émcbnSMmscmedoutasprevidaklﬁdﬁﬁ‘ibed[thIEi g.

5A, an arrow indjcates the h . |

i nj ect ed. et al. (1996) Froc. f)(mﬁmécQ%g] @5}‘1 §3 im Cép‘ﬂ%’g ea@Anboé'ﬁ%nsatsrate
that the gr ownagtitopkdis (ﬁ?ﬁﬁbctedmth 2-3 x 100BBMzeiugpenae i8S nl bhikiks'ddlahded Hu
PBL- SCI D) nod m ce vaccinated with irradiated B7- 3Q

2/ GVt C36- t r ansaitsslutions Aveaic IO ssuceshiaiasin recopgtitytion Sf SCED/bg mice wriebRined e
excl usi on of I BePReqdstitklig nitERert Bled2)
prevented thi shel}?eescpﬁom reacﬁl nggﬁ%m*%kgst ati st |scal significance.
Thi's probl em frem tig thid e the tuiman dg lovel ome adsesseskhnfaszymaljnker immunosorbent assay

Ir:,(é.l_n? bgbg?oggz%f@A%&Hg 5%0?1%5“1 %b%ﬂ aﬁglh%lgﬁ’ Ié@lfng antibody (Jackson %)9%%44788

In a second vemmiohhaitﬁanrlgG(&gmh)rent wild type growth inhibition was seen in
hunman PBL - econs uted S e .vacci nat ed at ed
D54NG- B9- 2/ Gt CSF t3 indic 'BEF“D‘%@D('}? R L U P%’S{’%WW%SG door
wild type D54W1ﬁﬁm%@1§ﬁ|%l&ﬂ| ﬂnﬁThobftcihlvﬁere SCﬂ)/bgm:ceSHﬁlﬂm:SGIDﬂlglmél on

experinment all mce were success Jy reconstituted wt
as j udged by mcenshitutionefSCIPmod mirs with Wﬁ?&saﬂfﬁedr‘@wmé’g‘a&gnggﬁbﬁﬁrzed in

Fig. 5B. In ¢ PBL donorfend frorPmohsd B motSe. URBHeFHUrS, thiny HuSPBIL-SCIMHodMfse i M
(days) for mce vaccinated with ei t her D54 cells transduc d W th

PLSN- BGO ( opefevsipned ediscascmbarnetrizpd by exchaxiralypecippmfgcial edema 3 to 6 weks
transd U(i';ed w E&oRJnﬁhkoﬁF%m?& debd ﬁtﬁfecons%m}:ﬁod nfde d¢h S@ﬂ’ﬂgg’ﬁﬂ‘& D54MS

cells ol'id squares Ig. 5B, arrows are used to indicate the
ti mes at whi clwith or without reconstitution. The etiology was unclear, though the possibilities of Graft

vs. Host Disease and diabetes melitis were considered. Because of these difficuities,
reconstituted SCID/bg mice are preferred for tumor growth and vaccination/challenge
experiments.

30 ubcutane im
Five to seven week old SCID/bg mice were injected subcutaneously (SC) on the

right flank with 2 x 10° refrovirally-transduced and selected DS4MG cells. Control mice




10 the tumor cells and Iyrrphocytes wer e |nJ ected as well as the tine

at which t ation was given. - pcT/usRRIdeéQ t he
M

first vacc study (Fig. 5A), in the second vaccination study wld
type D54MS cells were injected subcutan Qusly into the flank 20 days prior-
to vacci nati on. At the t| me of “vaccination, tunors were pal pable

E:(l)ntzi rrPJ[egr reL?Y@?Fg"ﬁl%lFfﬁﬁg?"Wperﬁgi‘gh ﬁh‘gﬁ‘ggp ?‘ﬁ&%%‘éf t%ga%(gpgﬁf—lﬁ@t Pansduced

D54MG. Howeveﬁxcewaefec&ﬂumawarmm&m a&umb%%wmurm tHuaetpdpidvid, . t unor
Si ze i ncreased sl |e%htl after va gitgélg @@&W at .a n of 8
mi err]) ‘and biaed lympbgeyiesdsolpted ona 1stopaqum ) 5 ﬁgaté%?'ﬁ‘é?| nent al

and control gﬂﬁ%oﬁf:ﬂxﬁ ¥&fthy Bétokss tR&SﬁstlﬁiuGﬁ' iwhi MmoifoPed by examinatiodyf sePOVA
(p<0.001) by day 42. 20 The above results denonstrate the

i nhi bi t5 on of(tailileckds) fop thepresenee ofthaman fgfey BJIS4¢ fin all but one expegiment; half of fheci nat ed

with irradi ated WSth i ni ng
the B7-2 and "Gk %ggg %%%%%strat esbec?ug’%{egx%{rngké%ﬁ on{g §sﬁggg1§genes
by oﬂhbﬁsdsmmadlﬂ&raerdd&msbymjpﬁ@vm itorhrdays. Compariserewashat

I nhibits tunor growh t | t
shoul d al so B’éadgé’f’@ffe? é #&Wd“r?ﬁ%gﬂmor\fﬁ?ﬁ %’%5[’5 5fg°é’ﬁsél|n‘(‘:teds§/nsdt em
has nore meconsnﬁ;tdmﬂuaé,ltles t o aut ol ogous systens than may be

I mredi atel y apparent. Unlike the classical I mmune- nedi at ed
rejection seen in allogeneic organ transplantation, this systemis free of
graft-gyigin " pasmﬁ‘&'ﬂm%t es.” These |ynphocytes are inportant in
initiating eneic organ rejection responses by presentjng
antigen to host | yGripedson stvwemmerwsm a@émoymwweévmwgeﬁesm%s I
maj or hi stocao LB L [ Larsen et al. (1990)

Annal s of Surg"g(;%‘;)‘/i gﬂa}ysg%g% Mr and Passaro (1993) Archives of Surgery
128: 279; Mol | er (1995) Transpl antation Proc. 27:24]. The D54MG
cell line expresse K: N |

vitro. Al though al{fbdRgEe

.98/ 44788 Mice

PCT/ US98/ 06944 .

expresbed by fhe Dhudepsribed helow, §W&%B@PWH@“%E@E&J°§WWWW% n

A ass || MHACe growth of a ik rhdliRniaell $ink Wxthlix@aﬂ}um% fREES hrid thBdeSaniiidie! nore
| i ke an autol ogous system he use of the hu-PBL-SCl D

nmouse nodel alethopstuated signifieantisyeisaf uman bm'BhO%? by flow cytometric gnalygis n spleen
dermonstrat ed &Bﬁeﬁﬁ%ﬁ%@&ggﬁaﬁo&r&a&m&e?\gﬂ s i1 sHolvs At Mot Scimmstnogene

therapy 5 B7-2 genes l one “or 1 n conbination). The
hu- PBL- SCI D neasd SCIYbpmicgeupported the growtlyofwildhtype BIMGoelts (humamglioblsgtoms)

I h Ear |
oancor 29 miunorRERSRt Sl I80%° Shadley (SRS 10BKEess of human, bimptpYA, | FarlY
i nfl uence of reembtitutivn. mﬂ#MGeumMshlgrlrmku?&wlithMIgMGSF Ew?éamth-@SE8l7l)
Cancer Res Hi et a : eller
et al. (1991)31&%r%§0&g %'Hggy ‘.‘idmncmsuﬁg w Qﬁé‘? ggnaggr“w

| mmunol . | Mggietiive gm&momfhmmehluamdhaamm-maMFwasmmbned by
the use of the SCI D)’ g.and the SC%EE/ nod rmui rains that are deficient in
NK cell's m human lymph WW@%‘B guigeasgigtpiled rod. Fert. 88:23 1;

MacDougal et al. (AQRdkinftehlwi KM@Bstasmomtored% HIISR forthe doft al.
(1992) Proc. Natl. Acad. Sci . USA 89: 3290; Mosi er et al . (199
hrﬁﬁ%(bg%e 158] .

J. Exp. Med. mmmnip usingstrieplissted fromsbe taif mgba;ec@snwtedgmpe
15 t
provi ded hereleﬁel‘é‘hgoﬁrg%h%%%éﬂ&4ﬁ)lﬂss{gﬁ&%@h&%ﬁgﬂgl =Cl {)?g%?a}:i éene transfer

(B7-2 and GW wifijp 164 daysofaecopstitusioha Sowevercof 12 SGIDInol muce that received human
PBLs failed to demonstrate human Ig on serial testing and were excluded from the study.
30 Subsequent studies with SCID/nod mice revealed that the success of human PBL

reconstitution also varied significantly from PBL donor to PBL donor. For these reasons,




In an in vivo all ogeneic human tunor/|ynphocyte system glioblastoma cells

t hat expr ew 98/44788 t hese genes result in |ynphocyte- nedi BEBUSIASPEses
that inhibit tunor growh locally and. at distant sites. These
results denonstrate the feasibility.of i4gmunogene therapy for 20
glioblastoma nmultiforne using B7-2 and GVt CSF genes. Exanpl e 6
- Transduct i GTHNE nkikdmeSTIDMolY wetbipreféfred fdBeutRor|grovith bbvaceinatibrkhatieng e | |

Li nes To determ ne whether nost of the human tunor cells
are suscept i fXBerimENSet r ovi r al transducti on, and whether the
T-cell costimulator gene B7-2 can be expressed in different 25 tunors,

a series of different types of hurran tum)rs wer e transduced vmth t he B7-2
vect or. -Exampled MRprésS nSail 11
Twent y- f our the ceIIs vvere cultured |n
medi a cont ai Ny J 1 ns of (418. Results of this
study ase shown i rln'Earb Isqaa&te expenments growtiDo BS4MG3tansduced with B7-2 in human
PCT/ US98/ 069

TABLE 2 . ¥hL reconsttuted SCID/bg mice wps matkedly. fnhibited gompared o %af“‘f uced andir, |,

_FI’_L SNB70 unreconstituted cogtrols Tidse resaltsird S'ﬁhnmiz&l in F/xgs 3A and 3B. Cel |
ype
HelLa cervical epi t ¥z thezesults shown in Figydpall mice recelved Z] xgl tumor,‘_q;}ls feithey P5ANED 5

car ci noma P54 4MG-B7-§W{)§Q1&QB&E' GARORER eI Bay 0. Mice Weékd\nfettel Iowith

++++++ [ 750- HT-29 col on adenocar ci nonma M Coy' s
++++ /1600 2 x 107 human PBL sjjgdayn/afte turor ogH injention. Reconsutxmmapgnfm@adhy

++++ / 1000

SK- N- MC neur o‘}ﬁmgn?“ % 11 Sk human l?éﬁﬁéi%\la@yﬁ@ﬁlé‘ the first mmm“‘i@i‘)’%g 6‘@ re !

SK- N- SH / ne uecdnktitated with humaa/FEYs NinEig: BEatumor volume (mm?’) is plotted aver time (days)

A-

RD4§ ;Lrb(raf/ gﬁ:[ nPI g:c%%c%v&%”u%h‘andeM cel\ﬂs (open circles; “DS41\4§’_;) aé\g és%ﬁ% cells

rhabdonyosar cediBduced with pLSNB70 (solid squares; “D54MG-B7-2"). In the second experiment (3B),
15 half the mice from both groups (D54MG and D54MG-B7-2) were left unreconstituted

(hatched lines). In Fig. 3B, tumor volume (mm?®) is plotted over time (days) for mice

receiving untransduced D54MG cells (solid squares) and D54MG cells transduced with
pLSNB70 (open triangles). In Fig. 3, arrows are used to indicate the times at which the
tumor cells and lymphocytes were injected.

20 A standard test for statistical significance in subcutaneous tumor growth models is
comparison of tumor volumes by ANOVA'af a point approximately two-thirds along the
growth curve [Gallagher et al. (1993) Tumor Immunology: A Practical Approach, IRL
Press, Oxford, UK]. By this criteria, the mean tumor volume for B7-2-transduced tumors
in human lymphocyte-reconstituted mice was significantly less than the mean tumor volume

25 for wild type (i.e., non-transduced) tumors by 22 days in the first experiment and by 35 days
in the second experiment (p<0.05 in both). Interestingly, growth of D54MG-B7-2 tumors
in unreconstituted mice was also mildly inhibited compared to wild type tumors (Fig. 3B).
However, growth inhibition was much more marked in the reconstituted mice. These results
suggests that, aithough a small portion of the growth inhibition seen for D54MG-B7-2 may

30 - be human lymphocyte-independent, the predominant effect is dependent on human
lymphocytes. |
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ef ficient th&f tumor volume 33 Heshovsr time; (daysy forumise Tecsiving uﬂﬂ@nsdilwdw vo or

ex vi VO gene Dsumtadilelsblant ud?&Y‘ﬁMQiﬁMd‘é’ells transduced w&ﬁSﬂs%Gﬁ?J S Blafizils). es“
dEnDOnST ¥

(i.e., primary) tissues or tunors. hus I nportant to

B7- 2 t r ansdud® Fignd.jarrows e@hﬁsﬂmmm@he pm:mwumlhotumnebﬂh and’ lymﬂhoeytesnd _
sever als t UNDiyere in speci mens from surgery or biopsy were propagated in
culture for less ‘}eﬁan 5 passages and transduced with the pLSNB70
virus as descri bedNeitherbof. the. expériraents sliowaditc FigendAt il 4B dchijfe@&l statistical  Wer e

SobeEt 5, s 0O R 9 e o ey oo
Cul tures were pooled, GM-CSF-transdéiell| tufngfR€in human PBL-reconstituted MR Wife
Transducti on o feantly smaller than wild type by 55 days (p<0.001). No inhibition of D54MG-GM-
20 CSF tumor growth was observed in unreconstituted mice.
These results demonstrate that transduction of D54MG tumor cells with
recombinant retroviral vectors encoding either B7-2 or GM-CSF resulted in an inhibition
of tumor growth in human PBL-reconstituted SCID/bg mice (Figs. 3 and 4). This

demonstrates that the expression of either the human B7-2 gene or the human GM-CSF gene

25 in glioblastoma cells overcomes local immunosuppression and results in a significant

antitumor response. As demonstrated in the example below, the expression of both human

B7-2 and GM-CSF genes in glioblastoma cells induces a systemic immune response that
inhibits tumor growth at distant sites.

30 ice Wi ic Gene- i AMG T ells
The ability to inhibit tumor growth in human PBL-reconstituted SCID mice by

vaccination of the reconstituted mice prior to challenge with tumor cells was examined.
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goat anti - nouse anti body as the secondary antibody. The majority
of the sel ect axdesaritled alfavee, the -~ transduced tunor cells that

surviveg gr owth | NThOGoRiFRENAfioR apdfibith SAPROnRAUANNT, Bl in tis msealél," ACC

staining for B7-2 _
PCT/ US98/ 06948CID/bg mice (Taconic) were used. In addition, the order of injections was sligifity

Exanpl e 8- Retr VII’ Transducti on GWL.CSE n ri rrary
Tunor Cel I's aiftérend, Fresc mice &sﬁrﬁeﬁ’ﬁﬁl%l'm%ﬂm% X IE‘SW?%HPqSﬂg&éB&S

expressi on hagigheRks e EayOiale, tﬁ@lva&eekconsnmted withl Px 10 huinaf PBP.E Uleh Gays
efficacy [Jaffee et al. (1993) CancerRes. 53:2221 and Dranoff et al. (1993)

Proc. Natl . Ae%mwcgenmue;smces\xesyw%dmméﬂ%’ﬁtradam'ewmﬂs(Fttbqro‘ﬁlé ver e

constrygted tRAL GFP-transduced ¥R BRINEM-EHRriHARRGV CSF cDNA to exami ne the
| evel of GV expressed I'n transduced tunmor cells. The first

vector pLSN, which contains the wild type MOMV LTR was descri bed
above in Ex. 1 as Wg e . R 415G ect

pLGCTSN ( ATCC 9780
whi ch the A

A / : r L Bv ‘.,,: “ R g <t
enthancer  pr omot g@%ﬁ%ﬂ%‘?@ AR e eopinged Vﬁccmﬁeqfivéwmg wif?9s 10
PLGCTSN ¢ ?nt aild tyge DS4MG el fxadzkaibed gbave.g A8 lshawitinFig. IA, i‘g&lvl'tﬁ?f gﬂde?ieor
Se en ro erte LNt Q
P L(g;l(JJTS to ¢ pbéﬁ’&%m%m Jgf'r“°@%‘t%§¢1§m°&%‘“ )'Tﬂ'ﬁ’éh éﬂg Pesp vageiatedy s

rel eased fromyinB3mididtsdB7-0IGM-CSF-Bihs@licB@ D5AMG was markedly Bihititedcétipardd RNd
BanH and this fragnment was inserted into Hindlll- and BanHl -di gested 15

PLGCTSN to gefuseayagcipates withwilghtype or GFP-transduced D54M®. HaFig Sie femes veluee| |
line (SK- MEL- {mm#% [{ftotidiBvét GimeTBEs] fOPmRE vilRin¥ted with either D54 cells transduced with

PLSN-BGY (open squares; ;D54MG-B7-2-GM-CSF”), D54MG cells transduced with

25 PLSN-GFP (solid circles;l “DS4MG-GFP”) or untransduced D54MG cells (solid squares;
“DMS4MG”). In Fig. 5A, an arrow indicates the time at which the tumor cells were
injected.

While the results shown in Fig. SA demonstrate that the growth of wild type

D54MG tumors was inhibited in Hu PBL-SCID/nod mice vaccinated with irradiated B7-

30 2/GM-CSF-transduced D54MG cells. However, small sample sizes due to the exclusion of

several unsuccessfully reconstituted mice (3/12) prevented this effect from reaching

statistical significance. This problein was subsequently overcome by ﬁerfonning all
remaining studies with reconstituted SCID/bg mice.



adenocarci noma (LJ) culture ["AD1 (L)" ] were transduced with retroviruses

derived from ei ther pLSNGML, pLGCTSN-GM pLSNB& or and
sel ect ed WWOPSH#4T8  The expressi on of Gw CSF was de?%mgg%y
ELI SA using culture supernatants collected from 20 t he (418-sel ect ed-

cultures. Table 4 sunmarizes the anount 48f GW CSF (ng/lO0[err] cells/24
hr) present in the culture supernatants.

TABLE 4 In a second vapcivgtiomsxperment,wildype gawthinhibitionwassaadn ApEan- esh

Tunor Cel | CglghU ' ' inated Vit ithdiated D54MG-B7-2/GM-CSFendVEL - 1
ADL(LJ) 25 retostinuted SCID/be ot SRBTS) e 0.1

0.03 : but not in mice vaptiSitEd\with either wild type D54MG or D54MGSGFP cells. In this
g second v&%i%%ﬁ%gm all mice were successfully recongﬁtgted with human PBLs
0.65 5 as judged by ELISA(Buniar Jgs>100 pipned)] Theaesults SdBiimarzeddn Fig. BB- B) was

used as a negatiyve control for 30 ‘the expression of . GWCSE i.pn the
transduced c gﬁlg é,%' PSR oIGE (RCHS Plotfed ayes ﬂﬂ’ﬁgd@& g mice vaccinated with cither, o 4

GVt CSF at  <0.pls4RelsHahsddbedrwith gmN-m éf'sqiaréd) i“DBAMIGSB -0 GME-CSF), D34MG
background | evel 98/ 4473)5 )

PCT/ US98/ 069 #glls transduced with pLSN-GFP (solid circles; “D54MG-GFP") or untransduced D54M&3

of the ELI SA Rey ot ld,ﬁgg 8ssed 9
ng/ m/10[err ]celzﬂﬁ@%‘ngﬁlﬁf én hZﬁﬁ%"S&%%y use tgﬁﬁéeir?egg%ﬁgd
human el anortie tombt cells and lymphokytesowerSitickhted ad welhandhe time kewhith the vaivinatim
expression was determned 3 nonths after cells were sel ected by
A418. 5 WasEIVeR- A sinilar study was perfornmed using a primary human

adenocar ci noma culumnlike the first vaccinafibd ctudy (Figl 154,/ thesegond whdcitagomatedypwitpar ed

as follows. The t | ssue was, surgi cal enpve laced in

BisS on 1 ce (TRRENIC pos F dmee gkt iota e fapls 2oy BP0t i BRLRALY-

hood. Ten i | A¢ihel i oF vedcinaBorotufbss Werd fAshble (12 nirh bh hEmiRR! Miftefivaebindivdl, t he

tunmor tissue was added. Using forceps and a_scal normal _tissue
Mm;:e

|
sur r oukdi ng  tereongmeRsh copiguadenpapertialiy in nyige vaccinated wigh gfﬁm‘m@“@rred to
a second pet %54&01@ N SR Pin thibSvaciitied it BMSCEPB7-S 'ﬂgﬁs’dﬂééﬁbsmcs, tumnor si¥8S

~mnced. Ten 0f a suspension contalning the mnc tunmor was transferred
to a 15 increased slightly aftentivactipatioal (peaking ® acwédneaft & ng), andether régmysedi on at

100xg for 8 m. t t . ' J LW 2
of | DNEM cont & Erea=s B Bpsrimentel and ot B hlihéd SHADARHALLY 7
transferred thy ANGUArp<LOiybuday42he fol | owi ng enzynes were added: 1 ng/m
15 col | agenage e V. 10 [err]g/ ol .hval urani dase type.V, 300 .U m
DNase pe |V andaﬁ'ﬁaﬁ%‘}%’ﬂlﬁ#m Stahd &e'%&’é%{na#ﬁ‘ao‘:&ﬁy%%‘?‘ allepige SOMH
suspensi on Wds mideSAcdinated vith@adidte iy dejléiratisdudedswittkietgvifab vectdds containing

mn. The cells were then plated in tissue culture fl asks %o t ai ni ng, DVEM
cont ai ni ng 13bg B7-2 and GM-CSF genes and demonstrates that expression of these genes™by

glioblastoma cells induces a systemic immune response that inhibits tuamor growth at distant
sites. '

25 It should also be noted that the present model, while an allogeneic system, has more
similarities to autologous systems than may be immediately apparent. Unlike the classical
immune-mediated rejection seen in allogeneic organ transplantation, this system is free of
graft-origin “passenger lymphocytes.” These lymphocytes are important in initiating
allogeneic organ rejection responses by presenting antigen to host lymphocytes in the

30 context of allogeneic Class Il major histocompatibility complex (MHC) [Larsen et al. (1990)
Annals of Surgery 212:308;‘Chandler and Passaro (1993) Archives of Surgery 128:279;
Moller (1995) Transplantation Proc. 27:24]. The D54MG cell line expresses only Class I
MHC and not Class Il MHC in vitro. Although allogeneic Class I MHC molecules are



FCS, 10 [err]g/ M gentanycin sulfate, penicillin/streptonycin/glutamne
sol uti on ( Gvb®s/s5iss) and 1.25 [err]g/ M anphot eri cirCcEgsssmwbiug
medi um) and grown overnight in an incubator 20 containing 5% CJ err]
at 37[err]C. On the second day, non-adheggent cells were renoved by
washing the flasks with 3 ml growh medium The nmedi um was changed every
3-7 days expressed By RAOB5AMGURI intdhS nfbEOVMNR absthée &fdgrmsrigﬁ Ichass magiceel | s
were transduced wth the pLSNB70 virus and grown in the presence
of (418 as dgwsitiveyeallsihthe fumor renders this model more lieanantolpgonssyssm e 4, the

transduced and sel.gct L bR @i@ . ]
produced GwvvanFdl;] ‘gg Pgﬁ%gi}%?% - < ﬁ%‘#}fﬁl zgi%;ﬁ :?gﬂ %1}05 %ﬁiﬁﬂr@g‘&
expressi on efied demonsteated exapell ityean i invdoamsmhegene therapy Ng
(418). Thus, the  or B2 U0 rr&iiifie.d relt’.r yiiallﬁ)ﬁxe%hg_rwSN i.S ca‘PabI e of
producithg hi JHnESMCS i Geerst (algpe orn combinatiog). ;The hu- MAEPOMF . The
level of GV G¥imBeRhgpewértul iRihold €o afilyze hithsh KRPREUIRITEsponses to human t@fiéks
further nodification of the vector (%{zs’ use of cell-type- or

{ | 1
ti ssue- speci fir¥venByhicapest pgnunotheragy, using b FBLSCIRgics Were fimited btbease
tp?; / bg‘ég} ogg j §6 f ABidhd] mRAE NIt fyniphBGyte SRIVLT [Reddy et al. (1987) cXiQePﬁgfz}‘”SS
Exanpl e 9 - Bi:2856xHiblret al. C308HRASES. STAYES; Mugller e (199) Candes Rab 512k And
Pri mar . T I . XNr t.h t B7-2 and
i CSFY er agfBa«r2t (b Cled el Immpoti. 35,2977 Fileftidn i e Qs
bi - ci stroni c byathe 0sé ofahe SGIDVsY ang i \NRTED/robmouts strsihrs thatprecdeficient ih dNKpéells M d

used Tor tr arbaen Efmees (58 o Refrod Kl ply MofDrsgi o o ) cHlngaindh [ohea

mel anoma cel 1130i106; Frchikh 2da/A1992) PRoc INEHAEAA. Sci. USA 89:32903 RvaferbrdiN0993) el |
culture ADL(LJ) were transduced and sel ected b After

418.
sel ection (typFeRMsd. b7k Mafiovee eb‘b’pﬂ??ﬂ&“@é’ﬁ} Immgaol 365458k si on of G CSF
and B712 in In conllBSSE tﬁé"B&&iﬁl’a& g%ﬁﬁéaﬁ%c@?slt ﬁ'ﬁﬁh&ﬁm dEx'nbrEéﬁt@J abl e

4) and flow cytonetry, respectively. Tabl'e 4 shows that the |evel
of GMW CSF expfliciernt bicistronicigene tiansfern (B7-2@nd GMrE8F)de hywoan glioblpstema cells in vitro. t o

t he nmono- ci st l.c_ ' - - | 3. ' | ess
than the - sy lS it bbb npiiotieric i, dicBbtf iy HpBS | °0
FACS anal ysi sthésageneatesult infigrhphocyte-mediatetl rsponsesahatiisitibiotenor gpowiiNeedlly aad d
bi-cistronic NBE)) vectors expresse 7-2 i.n.poth cel |l .types.
These r eaul ¢ < GRS Chosh areufs Brrsssise B FnatbiSror impunosse st i)

si mul t 20eous| gliobRbtbMwimudtifointe\&iHigB - PahdGMaCSBgnesshed and prinmary tunor
cultures with virus derived fromthe bi-cistronic pLSNB& vector.
Exanpl e 10 - Construction O Expression Vectors For The H gh Level
Expressi on OfExample 6 - Trap Exprés@Be Of The B7-2 Gene In | i = i
strength of the retroviral ve det erm nes the express
transduced gddBeS n eukaryotic cells. To increase the |level of gene
expressi on, we hawv : Lf E}EHM, ai1series
of vectors with en a‘rilceg &%%Hogtﬁ?éﬁﬁgt_ Mﬁ%mya{%ﬂ%fﬁggﬁrtﬁ a ,1
supra). To f uranbductionypndwhethdnthed-celitostimulatorgayt B7-2 dan bs expressedrindiffsenter al

pronot £¢ s was,.exanj ned in.dhe ! ell _line La. (ATEC 2),

usi ng g{ _ scuﬁox%,r%%g?s[oef ;&l tgéggé}ih%é’r‘# SV %gldgﬁl_é%tvﬁg’ t&?’:&g%‘ S

pl aced under @Cdmditionsfos trsfhictioirabre as described in Ex. 2. Twenty-four hrs after transduction,
the cells were cultured in media containing different concentrations of G418. Results of this

aefier
the .20

study are shown in Table 2.



of either the OW-IE pronoter/enhancer, the EFla

25 contr ol

pronot er/ enhancer with or wi thout intron 1, the I\/[%p 644 (the
nodi fi ed MYR24T88 present in pLGCTSN), and the H f@% a nunber
of these CAT constructs are descri bed |2 Robi nson et al ., supra) :
The plasm ds were transfected into HelLa Rells and 48 hr later cell | ysat es

wer e
et al, supra
TAR eI enent
co-transfect

prepared and assayed for
). Constructs 30 conrahnnmg pl asm ds conprising the

(i.e., the HV LTR and the ronoters) wer
ed al ong wi t AransdugtionQf Fumor; Ié’aﬁﬁé"[lﬁh NEJE)

summari zed i

n Table 5. I n Table 5,

CAT activity as described (Robinson

H V-1
e al so

relative to fthe activCdlyType , the
fol | owi Ng ablitupirane oo T Ot oo AT
PCT/ US98/ 06944 el a cervical epithelial
(the 15442 kb EFla emﬁ/ prom)ter el emQMEMorrprl qi ng*"’ﬁ{?@nlw
EFla-intron fFa—4F5 bp—fragrert—contar i g tjne. EFla
enhancer / pr offo SW480@oloa apmocircigor® fap DMEM ot R t o leod++/750-1008f | he
human EFl a gEnN H V+Tat (the, HlV-J/LTR c,onst ct C ectegd with
t he -2 golan adenpr e ﬁﬁp}a 9*'%5@9;3;
(pPMCT-cat coftra - N m_,_ﬁgtw_mraesm on construct).
TABLE 5 %ﬁﬁfﬁ;ﬁqﬁ&é P{omot &f pE: -+ /1000
Rel ative Act vty %1
1.0 10 SK-N-MC neuroblasfomal a+| nMBMH—f-NaPy+NEa.a +++/ 600
2.16 10 EFTIa- 1jntron
0.02 SK-N-SH / neuroblastongy \/+ anEM+NaPy+NEa.a. ++
8' %g A-431 epidermoid carcmol\égr% Tai DMEM ++/250
1.2 RD enib§ondtsul ts ghown ip_Table 5 § ndi cg%ze_ t the human
EFl a pronot ef pl uSpphbdontydbdr&iinal 5 has stronpest { y co par ed
with all other—promoters—tested. —TMUsS, (e Eria pronot er be
used t¥xs drive the ek paomaf t herlapeut iBMEMhes in tdrfﬁT"‘"é@W*&OOO
Ret rovi r al . asm d consit r uct ich fhe EE on
pronot er / enhfincer | H%hgh%atomam. vetih SDWDVM §+}§ 69 d huti c
genes is desgribedpbg te tumor F12/DMEM Conft ¢ lAQioﬁmslﬂwditsP asm d
Expression Ve ' =20
The human EFja enBildgprostatertomer i s labundaMEM transkri beﬂHﬁH@Overv br oad
range A375 melanoma DMEM -+ / 1000
20 SK-Mel-1 melanoma MEM g:‘l‘lss‘;ensm /300
* 1+: <10 scc; 2+: >30 scc; 3+: >50 scc; 4+: >80 sce; 5+ >100 scc; and
scc: single cell clone. MEM (Minimal Esstential Medium); NaPy (sodium
pyruvate); NE a.a. (non-essential amino acids).
The results shown in Table 2 demonstrate that most of the established human tumor
25 cells were efficiently transduced by the pLSNB70 virus. Some of the tumor cells are more
resistant to G418 than others. The transduction rate was determined by counting the number
of G418-resistant cell colonies. Expression of the B7-2 gene was demonstrated by
immunohistochemical staining using an anti-B7-2 monoclonal antibody. Except for the few
cell lines that were sensitive to low levels of G418 (e.g., PC3), most of the tumor cell lines
30 tested were efficiently transduced with the B7-2 gene, and selected by G418 within two

weeks.



of cell types including L929, HeLa, CHU-2 and CCS cells [Uetsuki, T. et
-al., J. Bi oo 588788 ' 264:5791 (1989) and M zushi ma, $cTANsHBdIAaL A,
i S., Nuc. Acids. Res., 18:5322 (1990)]. A 1. 442 kb fragnent
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- acceptor fromthe human EFla gene was isolated from human genom c DNA as
fol | ows. riole A Rrdcha PRRE BN ts 125 to

1 1567 in the htmar gat ac ' a g
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PCT/ US98/ 0694 ¢hecimens from sur or biopsy were agated in culture for less than 5 passa. es &fd
i ' ge% % ?_sgr thte,mlpsol ation of the 1.44 kbgfragmant

pol ymerase chain reaction (PCR sol /
. cont ai ni ng t htransduced with thepk-SNB @p Heseriead/ip Exnd t After transguctigy the culfyses.
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pSSOH was constructefd by
H RfMBerg /250 vhl { Cel l .

was thé r ecobmended gRAtgIA(PL)
- products were
fragnent was |
Hi ndl | | / Xbal
bel ow) to gen
di gestion of

The

aBSDG
JCIReMa (1) -

By 220 (Lo N tgnd 0N Syt 0 o gomael p dec
 Sonereth e oYL (LS ALeAD (6200 e 4 SD 2 Wit

are: SD5A 5'- TCTAGR GGCOGAATTCG-3' (SEQ ID NGO 17) and
- SD5B 5' - GATCCGAATTCGGCC TOOGCGGCCGCTCTAGATGCA-3' (SEQ ID NO. 18) .

! The ligation of this oligonucleotide pair into pLI destroyed the Pstl site.
. Fol | owi ng the As showminy Tablsn, primage tumor pultvsesawere dopmd 3o he sengitixg o Wgest ed

cwith Hindl 11 aoadeRanichabt B4t EloRBaatith A58 5ig/m 41852 Nbver i3s3t 0P the

¢ Hndlll/BanH fragnent containing the SV40 enhancer/pronoter,
. 16S splice j utransdugedgelds were sebgediyathin 1hédays. Thesresults shavain Fipble Bglustratsther esi s

i of theqdi gest| . f‘ﬂgH%-ﬁ ,9 Do1fd .9 |1 t r r ose
gel (SeaPl aqucke, I'ER}EI 5 oll-"'rcg‘gﬁ({:t S, gl ’&gﬁ%gﬁmﬁ@?. Iiﬁe'mg%rﬁﬁ P
fragment was with phSNBGO. B exptessioiiwasalscagpmfinse] byeimmmemohisochemical staining by
di gestion with .err]-Agar. | (New Engl and Bi Q] aps) .f d .
i sgpr opanol pP g bP’l%{fﬁgm?ﬁﬁz méblslgy as t%g primary ann{x?d?' agud a%ll'{‘(?-\i\a%elegéoat anti-
' mouse antibody as the secondary antibody. The majority of the selected cells (i.e, the
transduced tumor cells that survived growth in the presence of G418) showed positive

30 - surface staining for B7-2.



30 according to the manufacturer’s directions.
572 bp frag&e% s inserted into the plasmd pcDVI [G<aya 85’?(?]6944

supra] as pcDVl was digested with Hindlll and Ba 2.57
kb fragnent contai ning the SV40 Oooly A sequences and the pBR322
WD 98/ 44788

backbone was ligated to the 572 bp
PCT/ US98/ 0694 .

fragment contafh

pol yl i nker. The In animal sumﬁthl mgmva bﬁsm-dsma@rdaﬁ&msmmowntobe related
The 671 bp BanHl / Pst | fragrrent cont a| ni nga t he SV4O bol y A se uence SVv40

map units 25Ysitytherapeatiy effigacy Paffenstal 2474 24 Bregg 19
digested 5 ﬁ‘rogcﬁﬂlatw(\cge Bésnt”SA@U@siﬁ“roni?ﬁrehﬁ%ﬁ'&Ma B{—ﬁﬁé?ééon

'%%
di gested wit responds E unit 2770). The ends
wer e t Seat ed conttined the hqn@ncﬁMdﬁ&liz nENén@ ms tha levebaf GM-CSF expressgd imt

e oo Uil S, e WA R ViR b il e ML LR, o 10

pUCSSD. The $Mé@espribad ahove in Ex. 1 as svas|therconsruction df pLENGM/le dTHerseennp W&ESD as a

BanHl / Pvul | f SSD5 t
tgget her ut heP *’%&t(ﬁa@—ﬁ@@ ﬂ}ogg}mffﬁ Wfq)ﬂ%%ﬁ%%%%&fﬁ*@#ﬁ@%&,' ggul I
[ agrent 1 ORGICY e -eped b CHEV-IE @l lPin A DATA B

bp frh‘grrent cont ai ni ng the Sv40 enhancer/pr onot er and_ 16S splice_junction

and t hk TAR eleranis Whighdleads o an igarsesed deyekofrexprgteionin Wamartsils in additigp,
di gestion of Fﬂé&S W dotaftiR Rh ei’ﬂaﬁ’tfed packaging sigfdllah@h. 3%&&3&&%#%&1&%%

foll owed by isolation on |ow nelting agarodse and recover

- descri bed abMﬁn%@m@&M@%@@&Mﬂsmdllnmm&@@ﬁNt@mnﬁelvm(t hi s
f |
were i xed ¢ S sadBGhE THE GBS bt R ledtb AR RS B, oSF U 1P BgteliBy o' °

pSSD5. The p&h&lHuuHHrammepEEﬂi thie frbgrners whhmsérteh lironFigiIII- and BamHI+dégested ct i on

sites: Xbal fil RI . (b)
Const ridct i onP %ES B?‘&?"ét)%‘ﬁgﬁ aRif. A pl asnid, pHEF-B70, in which the

EFl a enhancer/ pr Mufien infeldhofid defl letel ﬁmm@-l ATCC H'mmp)" @5 the Mpridar¥ he
human B7-2 gene-was constructed as foI The B7-2 gene was

removed fr omafimesenripeme @ dudtme[AD rapsdyead; i M‘E‘WW ¢ he

i solated either pLWGﬂﬂf PEGOPSN- GNQ%LS!\@@ﬁﬁI gLQNBﬂB%H&"Leiéi&eﬂ%mﬂSHEﬁé aBSD5
t o- generate pHEF-B70 NB70 was constructed b

ligating the mlﬁéﬁ@M'GSE%%@tmﬁﬂ bﬂ'gh:@és{gng pujture S“P““WOQIEE%C

BanHl i gest { wbd NelOIRS 6

Robi nszgn et a , 43 &l&?%ﬂﬂ TbEd %s(ﬁ?ggﬂg%nst ruct | %‘ﬁno ce})lf_/le?:_ I L-12
In the pl asrrﬂ\dmmﬂlel:mmm@mt@m and IL-12B genes are under the
transcriptional control of the EFla enhancer/pronoter. 30 '
(i) doning O The Human |L-12 cDNA RNA was isolated from
activated NC37 B cells (ATCC CCL 214) ,lamlége I L-12A

ELISA Of GM-CSF Expression In Established And Fresh Tumor Cell Cultures

Vector | SK- -1 ADI1
25 Control (pLSNB70) 0.1 0.03
pLSNGM1 .9 4

pLGCTSN-GM 9 8
pLSNBGY 9 0.65

The virus derived from pLSNB70 (encodes B7-2) was used as a negative control for
30 the expression of GM-CSF in the transduced cells; pLSNB70-transduced melanoma cells
expressed GM-CSF at <0.1 ng/ml/10° cells in 24 h which was close to the background level



and |IL-12B cDNAs were isolated by RT-PCR as descri bed in Ex. 1. The

fol |l owi ng ) 8B {4588 WO 98/ 44788 PCT/US98/06944
PCT/ US98/ Oggddfiw - 56

were enployed for the anplification ofjthe |1L-12A cDNA 5' - GAA
GATCTGCGECCGCCACCATGECCCCCTGEGTCAGE- 31 (SEQ |1 D NO 19; optim zed

initiation se ek REENGMI aad th PLECERTIGMEanéfacAll délI8 expressed 9
GATAGC- 3' (SE%Q%%). T% PCR product was cloned directly into
EcoRV- di gest edng/fl/10cells of BM/ESk:inj24 thr. KBipis studygsgd progszablishof dumpa molanomg cell

| L- 12A codi ng %&R%Mﬁlf{n@{hﬁ?\%llggb 3 F ssion was défermihed 3 months after cells

The foll ow ng rs-were enp rt anplification of the IL-12B
c DNA: wére s éotédMITIAIBACCATGTGTCACCAGCAGITGGTC- 3' (SEQ | D NO 22;

optim zed I ni,tiati sequence .underlin - :

5 - AAGGAS CCT AACT GO SR SR a8 SOt d B6's ‘t"ﬁ% P@g%bf"dﬁj’?”%?%‘al\}m
product was cl m@ﬁminﬁq&m}anﬂr&wep&@mmwmmuemdrmm was surgicall¥S( - )
to generate pKS-1L-12B; the |1L-12B codi(ggfre ion is ﬁ'r@?\/iggge‘i,\ﬁ %L’:_‘gﬁlg

NO. 24. renpovesh placedindBINon 155 mpmedigely afer sprgepyand;tran & Qe eg
by restriction, enz ' Sf3MBSS was placed in a sterile petri dish and (the timePiEd Was | ON
O pLSN-1L-12 hoeola'mﬂhﬂiﬁé fCIE)}T)'_SI\EV?LSZPia‘:se zxin?sétrg\r/’fralls vagctor containing a

| L- 12A- | RES- | Ladde®EUsing forospsand a scalpel, pormal tissue gymounding the fuser Was 1emoved gn

fol | ow four,fra ii{)\ﬁ h fla g I 12 RfBSS and the tu

rel easeggfrom 6‘?(?’19%%% y&gﬁdggéts%a%u?%m&tcgﬁmg{r? %@B%? tr?eml L-elztlx?l)orgene
rel eased was mineedn TeK Tl lof a iBBerisiondontemingdhe minctd fiotor wasidangfeored tadhd EMCV
| RES was rel eased . fro

: RESS .by di ' Lt h I dal;
and a pLSN vecthpubsand fsselisuee 8&%&%% cm%%néﬂggéhk%n@% g%‘éggorogia%%pbya
renovi ng the Hiye defi§ wei@RGudpeded Bl-DhiY 6f DMERS contaiitish 1004 BES. The rédispended cells
digestion with Mul and Ps

Al . These four fra nts were conbined an
ligated with N@3mi) were transterrgdyg %Owl-mbbgéﬁ@d%ﬁwms a&w&dﬁﬁﬁlm !
PLSN- 1 L-32. V, 10leANMHREIMARIade Y, 300 BmIDNELE §p8 TV &) [ pghBS- v pr
W th No£1 and %lggmg?\edty?ehe v&r gene fragnment was i,'gat ed with

Wi

Not | - and Xhol gefitayeysinclipge.Skhe celle suspensipaveas fieg iqsupated at 37°C wit #paking 156G r om
PNL4-3 [ Adachi 6t ﬁle'cﬁgﬁ?g#ggglaty& EQssueai gl]m@@&hﬁ:ﬂﬁ@'ﬁm dah@ining 10%

pBl uescript 25 enerate pBS-vpr i ) .
(iii) ConstrucFCBi0@g/milgEitainyeid fulfate, penicillin/streptomycif/ghamine saketion (Gibro/BRL) 2

the foll owing thyee.,f t i - the | L-12A .. . .
ol eased 11 om BRSI 25 A RPpREs, CrPP pdim] A Hrshrevermight ip a JEBEol TS
rel easedof r om pitaihing 52BCOY atl3 TPES t On thevdetdndNialy) naraiihdent cells verdidmoved BB was

rel eased 30 from M. RES8 by .di gesti wi th Xhol .and,C al , ,These
fragnents wer e V@ingthe |fﬁf% ““th%Em?mX’Fﬁb?‘g‘-gm&n gﬂﬁg‘ﬁﬁeﬂ*’d‘r’ﬁ&f"&?“ ﬁﬁéﬂr‘?’ys
PHEFVPr was cogglehdifg Gbnitiie gro@iiratd Bf BE cells.3Phe délls were transducePwith the PBENBT0

i solated from pLSNvpr with pHEF1aBSD5 that had been digested with

BanH and tr eatisus andigrov fdhe preseper s fifd a5 described above.
As shown in Table 4, the transduced and selected primary human tumor cells

25 [AD1(LY)] produced GM:CSF in the range of 1-8 ng/ml/10° cells/24 hr (GM-CSF
expression was determined 2-3 weeks after the cells were selected using G418). Thus, the

un-modified retroviral vector pLSN is capable of producing high levels of GM-CSF in
primary human tumor cells. The level of GM-CSF expression may be cell-type dependent,
and further modification of the vector (e.g., use of cell-type- or tissue-specific enhancers

30 and/or promoters) may further increase the level of expression in specific tumor cells.
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57 WO 98/44788 (d) Construction Of pHEF- I L- 13CEHRRPs44
pHEF- 1 L-12- G\t CSF contains a |L-12A-EMCV_ | RES-1L-12B- poliovirus | RES

GW CSF tri-cistron under the transcript Pbnal control of the EFla

enhancer/ pronot er . . . . i ) [ - GMt CSF, the
fol | owi ng f RRalRiC el I x3S100 AL 1 3 vt .. 20 £ i.11IRa

Ndel - PspAl  frachirelfls cont ai ni ng the I L- 12B- EI\/CV I RES—I L- 12A cistron isol ated
from pHEF-1L12; a 1320 bp Ndel - Sphl fragnent contai ni ng
the EFl a‘intron iFosxaressbath theBiidmand GM-CSF therapeutic genes simultaneously 1n tupaps b

i val ont SRR AR SLRLAR PR PRSI 04 1 sl Wi pleomi A

| ocat el wit h;vas ttalnsfected into PA317 cells and viru§ was harvékB( dng uséd fon érapsductioniasus

genore [LaMp 57:515] .10
i mor s € hatoRRTFIoeS it a Dt APt gy 1 ik SCMIEL-1 and the prinsty
(e ) Constr Uﬂbﬁ&ﬁrcﬁ‘onﬁl'ﬁﬂ daltfsSAD1(LY) were transduced and selected by GlﬁlEF -ARérCSF was

di gestion &”%ﬁcﬁiaééaci?%%ﬁgr}?%@ng@ﬁ@%#%%E{eés‘i’wﬁé@ﬁf gl i

was gel puri 15
(1) gOons'Pr uct%?sgﬁv@&ﬂ %LW&%WWEPIMHCQ%W %ﬂeﬁyége?npegnveﬁl):{j e BG

in whikh theTahlemomaﬂlmgleai RAGVECSE expression forshe biecistionic vector was simi
drive the expyg @B'Lls%m@%&oﬁaﬂﬁn%w SRAVELA MR ok oo bR 165

bi -ci stroni ¢ cons onstruc oms The
B7- 2- | RES- GrhéxfsFcidtroniz vettonini the ﬁmmgm?d)l(hbwltwm)MACS analysis 1nd1cated that from

Fragment . hesmbno ShgfpndThLS ol b 25 ol sRED it 0Bt 7y e

pHEFla BSD5 detl tgpeserHiege foshits démonstrate that both B7-2 and GM-CSF can be éx@Jessed

Lo H 12 CHPeapt Jendosoa s o st et sod PTG CGTPT EHBTSRIRV TR | <

used to dri v&nt,maﬁ-&ﬁmeq,s@is&amg Lgﬂgagtvgamhuman | L-12 gene and GW CSF cDNAs.
PLSN- I L- GWt CSF was constructed by ligation of the

foll ow ng four. fragrrent s into BarrHI - 25 d| gest ed pLSN- G-P:
the 1489 bp pOM) , & e Gedtd the HighA%vel Expression Of

di gested pL G-F; cont ai ni ng ragrren rom
Xbal - Not | - Ilmmm&m_ d| gested pHEF | L-12; the 760 bp | L- 12A

cont ai ni ng frangBE; g} Igg.g! ef
pHEF-1L-12; and P&'ng @@ cont a| n| ngd?t?némrfcgmtee?pr o ﬂl g’am-ll
di ges2@d transduced gene in enﬂmryqﬂd&iéllt LT4 incfelebe0BE Jevel of gene expressM@ W8haw¢788

PCT/ US98/ 06 94€'d1ﬁed the MLV vector and generated a series of vectors with enhanced promoter strength

(Robinson ef al.,, supra). To further improve the promoter strength, the strength of several
promoters was examined in the human tumeor cell line, HeLa (ATCC CCL 2), using a
reporter CAT assay. Plasmids in which the CAT. gene was placed under the transcriptional
25 control of either the CMV-IE promoter/enhancer, the EFla promoter/enhancer with or'
without intron 1, the MCT promoter (the modified MOMLV LTR present in pLGCTSN),
and the HIV LTR (2 number of these CAT constructs are described in Robinson ef al.,
supra). The plasmid_s were transfected into HeLa cells and 48 hr later cell lysates were
prepared and assayed for CAT activity as described (Robinson et al., supra). Constructs
30 - containing plasmids comprising the HIV-1 TAR element (i.e., the HIV LTR and the pMCT
promoters) were also co-transfected along with a tat expression construct. The results are
summarized in Table 5. In Table 5, the promoter activity is expressed relative to the activity
of the CMV-IE promoter. In Table 5, the following abbreviations are used: EFle+intron



58 (h) Construction O The pLCTSN pA-BG EF Retroviral

Vect or WO 98/44788 pLCTSN- pA- BG- EF contai ns a cistron c®@irusIs/neg44 he
EFla enhancer/ pronoter, B7-2 and G\ CSF cDNAs and SV40

pol yadenyl ation signal inserted in an irggerted orientation
(relative to transcription fromthe 5 LTR). This vector was constructed by
S | gapho 0493 kb BR1d &ihbsost/péndober eRmchi@Hpribiag Wtioh 1) BR] klihtrer@ 435/ |

di gested pLCISN vector: EFl a enhancer/pror‘rRitner from,S%%- él

di gest ed pHEPp fragment squtaining the-EF1 ¢ enbancsp{promgisf corresponding . map WS | 'i°§§ ted

PLCTSN-BG, a A arSe b Gl Tt . L it g6-tafisfected with the
pSP72SVpA. - Qf'ﬂé}{ l%eﬁ%ﬁﬂc?fsil\%t %ﬁgégg,%{agﬁﬂggmgg gel -?)curif ing the
fol | owi ng t hraexpbbdsioh porgtreat); MCT @MCT-cat) andMCT+EMEM T oat go-tempfected with i ¢ h
Not | - Xhol, the EMCV | RES fr )pGEM-IRESB cut with Xhol-Hi ndllI
(Hi ndl Pl par f1e485°XPERE°R sk cDNA from PCR anplified and

Hindl I | -BanH di gested DNA (Ex. 1). gfi ed fragnent were then |igated
wth Notl-Rantl digested aot o N SAL BG ‘ .
(i) Construcjion O The | RRHOE AdS

PLCT- pA- BG EF—ctrtai ==t St T CONpT T STy L ITe—Fr ta T e r,

B7-2 and Gvi CSIKCMBMEs and SV40 pol yadenyl ati ohOsi gnal insertled in
an inverted grrentatrton (relatiJe to transcription fromthe|5

LTR) but |acks the theEkde*igEm® found inlpl CTSN-pa.  2:16 BG- EE vdct or .
pLCT- pA- BG EF was const t y ligation of the foll @qusng three

fragments w tHa—i-red- @,&!Iﬁg?rgcstcd pEESN—EH-& cnhg}?gc. proreter—fr om
Sal | -Not| 20 di gestmarmatiEF, the B7-2/1 RES/ GWt CSB.18i stron from

Not | - BanHl dfgeSTEd PLTTSN BG gnd tne Sv40 pol yA stgnal frdm

Not | - Hi ndl I | }di gest ed pSHVIEEVpA, pSPPB3VpA was mmde by PCR
anplificatiop of the SV. C'E A signal frjom piSbueBac- Hs B
(I'nvitrogen) L j — i eHH—ard—EcoRl—5+t-es—ana—etored

into H ndl1l-EcoRl digested pSP72 (Pronega). 25 The pl asm ds

described above arfheirddikOMowk th TableS hioReé thaeth Buman/BRI¢ Plof@tdr pRi lits jntron
expl anted tunor cells as well as tunor _cells in a patient, usin FiEﬂzjﬁection

of nak¥d pl adns the strongest acm,c_ommédﬂﬂl Ak athst avemptsie tquQnsT}E’F’ fough
the use of a er B ve Hééalté &ivetRe expreion of therapeutic'gBhies ®Yiutndt cellS.CR&WoSiral

descri bed abdve are dsed to generate reconbinant virus which is used to

transduce t henéplesuiddonsitustsiimwhichtheEF kadtinteon msorhoter/ephanegr is ysedfoidsivethe i n

s 3 xpressi ' ' i L VO 98/ 44788
(F:>UCT / ldrsg 8?8 6o Fpression oq'%?e?z{ﬂegt?cdgéngs £ 48scrithe AL bw? s

(i) Denonstration of Biologically Active GW CSF Fromthe GwW CSF G stron
To denonstrate th Gv ppEJUeRCes io at ed D) O@%cation
Al 120 Al) () AL D111kl Of

and used to gener afe—AtrEart—frott= v 0 et S are
expreszy N0 agph¥der/Promoter GW CSF, the follow ng GW CSF bioactivity assay

ot tute, Canbri dijeumeg B cembmmesiPrapoiels Btk rRbFay ma very boad e
of cell types including 1.929, HeLa, CHU-2 and COS cells [Uetsuki, T. et al., J. Biol. Chem.,
264:5791 (1989) and Mizushi;na, S. and Nagata, S., Nuc. Acids. Res., 18:5322 (1990)]. A
1.442 kb fragment containing the human EFla enhancer/promoter and a splice donor and
25 acceptor from the human EFla gene was isolated from human genomic DNA as follows.
The 1.442 kb fragment corresponds to map units 125 to 1567 in the human elongation factor
la gene (SEQ ID NO:14). _ '
_ Genomic DNA was isolated from the MOU cell line (GM 08605, NIGMS Human
Genetic Mutant Cell Repository, Camden, NJ) using standard techniques [Sambrook, J. et
30 al., Molecular Cloning: A Laboratory Manual, 2nd. ed., Cold Spring Harbor Laboratory
Press, (1989) pp. 9.16-9.23). Two synthetic oligonucleotide primers were used to prime the



Phyi sol . 145: 458] . Mo7e cells were maintained i n DVEM
suppl ement 0% FBS, 2 nM L-gl utaniine, 100 ga

penicilli n%%{)%%ym n, and 100 Unm GWCSF at 37[err]C, 103/0C s‘g§/ﬁ9_44
Wiaen the cells were at exponential growt/}), phase (viability > 90%, they
were washed tw ce 10 with DMEM ard cultured for 48 hours inthe

absence of GWCSF. A ter t tarvatl e Mo7e.
cells, with 8P %D‘f &?%8 fw%ls%%%gﬂg%g%% gment cont2 M and
seeded into Yol Emmdnraﬁceﬂpfdmdaératms Puitent Nos. 404831195, 4;&83[,202\@&!4 966,188 t ot al

vol unme of 200 [err]l with serial di|utions of a standard GwW CSF
sol ution-of ReSHRACRERtdplo ngcorporatedbyrefgwgr nat ant harvested from

HeLa cells transf %EeDl\ﬁthr ted HEFR 5 SGofRbin® HBE - follawing  sequence:
| L-12- G\ CSF plasm d (a1: 20 0 dllutlon ‘of the culture supernatant was

enpl oyé&d) .  S“AAGCTTTAGAGCTAWGEENASGAATS! (SEQ MYyNE:153.7[The rf}EE leldwiaeferr ],
t h |
dio-mee::al (k:lyl }[Nﬁi afe'fze%fg {ilnﬂng&ffwﬁ]enyf%ﬁ% razoﬁzukrlﬁ fﬁargm iih tde'lgh 8 5 7r cs 5%8) was

added and 1uL33 chretains the fdlowihgaequendeh at-mmmc;mrmcea W’EGAIBhe

br' 01 “cont 1 (AT B-taPes AL B e stemesa et se i be d BRelET 4900 o 20

di ssol ved i nkj @Rerhé. r1}¢Raa‘ndmah§!wére &tbaﬁrosmath.ahe Sethtecz89:482 (1988) at
570 nm (OD[er r]) of each was obt ai ned usi ng a mcroplate
readert® A st&ﬁ'ﬂél’d %M@Umbﬁ§ﬁr@étlé@’iﬁ$lﬂwmﬁ§‘°f°a°h1’"me”‘t°FFélsR‘hovm
GMVt CSF conce tRda b on in
2&54?60' 1A PERIEREGE ﬁ‘?g%ﬁﬁ. b we 6 %or 1%@%0@@?&? %{:ﬁ&é

t he harvested supernatant was o y conparing its
st andard cur 72°C Md 5 minutes, 30 cyeles; UTagDNA polymernse wascabtainedTfedyh BerBin-Elmer

WO 98/ 44788

PCT/ US98/ 069 Eztus, the reaction buffer used was that recommended by the manufacturer. %8 PCR

TABLE 6 reaction products wketetactrophatesaton@ loveelfing agioose ¢het 10442 kb fragmentedas

Cul ture Super ata Transfected

Hel au ] gp mql digested with Hindlll and Xbal. T}@ﬁegEIIXbaI fragmen {_N?s(é

-Protein mLsJ/errtﬁd into pSSDB ¢deséribed below?ﬂto generate pEEFDABSDS.

Bi t t Cont ent, St

OI oactivity ( ) PSSBS was congu'u%trt]:d w gllgest)ogo plasmid pLI [Oka a@ﬁg% B,

8- 8% Mol. Cell. Bloi'- 3:280 (1983)] with Pstl Q:d%l%kl Synthetic ohgonucleo'i{d@é"gﬁkgmg
: andar

0.2 were ligated g(y;o the Ps1l and EcoRI endqpfgﬂ.@to generate the polylinkerqf pR8B$ (the

g- S 20 SD5 polylufg%). The sequences of the o&&gxggleagde pair used to creatdl (AP gaS'ﬁnkgr

are: SD5A 5-TCTAGAGCGGCCG CGGAGGCCGAATTCG-3' (SEQ ID NO:17) and
SD5B 5'- GATCCGAATTCGGCC TCCGCGGCCGCTCTAGATGCA-3' (SEQ ID NO:18).
The ligation of this oligonucleotide pair into pLI destroyed the Psi site. Following the
addition of the polylinker, the plasmid was digested with HindlII and partially .digested with
25 BamHL. The 572 bp Hind[Il/BamHI fragment containing the SV40 enhancer/promoter, the
168 splice junction and the SDS5 polylinker was isolated by electrophoresis of the digestion
products on a low melting temperature agarose gel (SeaPlaque, FMC BioProducts,
Rockland, ME). The 572 bp fragment was cut out of the gel and the agarose was removed
by digestion with B-Agarase I (New England Biolabs) followed by isopropanol precipitation

30 according to the manufacturer's directions.
The 572 bp fragment was inserted into the plasmid pcDV1 [Okayama and Berg,
supra) as follows: pcDV1 was digested with HindIIl and BamHI and the 2.57 kb fragment
containing the SV40 poly A sequences and the pPBR322 backbone was ligated to the 572 bp



pHEF- GM CSF 0.29 29 0.3 65

(1: 2000) woo9s/d4788 PHEF-1L-12-Gv 0. 03 PCT/US98R6944
0. 235 CSF (1:2000) 15 The results shown in
Table 6 denonstrate that the PCR anplifigd GV CSF sequences encode

bi ol ogically active GMCSF. In addition these results denonstrate that

pl aci ng the%@&ﬂtﬁhﬁ@ﬁw@%%ﬁﬁé&)ﬂm&&%@%&é éﬁvxﬁcrnﬁﬂ ahd pdlylinker. The

pHEF- | L- 12- reduces the anount of expressed
(relative torasultingplaginit wasmiamedpB8ldssi on vector). Wil e the |evel

Che ampunt of | v CBF §3F SARRST Pl FaePEnSiRRIng e EPARENY F aplibl] 00

sufficient t enap units 2533 1p13204)veas zethoved GipcSV40 BNACING eloned ihenplUC1S digestbdby t he

ability of tu nsgduced..w t.h | = Cl cretrovrrus
(ie, pKSNBGQ)“n{l)‘@”?’ﬁh @gﬁsiﬂ ﬂ%ﬂ?ﬁ‘ﬁ%&hﬁﬂé‘{%ﬁ%ﬂﬁ@ ®© t unor
cell's (Ex. 5)SV40mapumt2770) Emrmaﬁvér&ueatedmaxmaw aBBth:p%%tehﬁent I'n

SCl D/ bei ge M ce An |n VI vo_ hu-PBL- SCI D npbuse/ human t unor

nodel was esblist medlnpéowwtawﬂ inkers (New Jingland Bialsls) were ligategto thegng

[Boussi ot | & SHoSR s QUTTL DR o cSafiort  erif JUCRYS Thesvp 2ol K511 -

and B-cel | sequmcescﬁlbﬂbMWMdUC&&DﬁS&BﬂWPﬂﬂ[ﬁMl d cell, natural

A L il
et a ¥

activity of nbm%mm&mmmmcm muqsﬁwmemerptasﬁﬂmmmemlmxas t he
NK cel | function del etgg gva ng_ (Q&Sd (C. B-_17-sci.d- hei g‘e Inbred
Taconi c). bp fragment ¢ontaining the;8V40 enhanc oter and 16S splice junction

PCT/ US98/ 0694 giylinker from pSSD; this fragment was obtained by digestion of pSSD with Sspl £d
To investigate the ability of SCI DI m ce to support the growth of hunman

t unor partiakdigestion wigh, Bemiil fele dsrdation opdow melfing ageEqse ang [geaVeRAs 5
pri mar tumhﬁsc%waﬂo%é\%ﬁ'sﬁlﬂk%s \m)ﬁa?zlﬂl}’vuﬂ% BmbdtGro §&1§&§§3 fihis Sra@intt he

mce were nonitored for tunor up to nont Primry
tunmors were tcomanstdic SY40 poly MQueﬁm (The &hrex mrmetsevetﬂtmmedm&thm andhligated
operating 5_. | f tions.
operating o using T4 RR gk bifeald PRRIR! 11836100 of RS RhBhl : £RNI
processi ng. [restridtioh witest )@ubrbbtle.?‘ly\&rcﬂaﬂdikdm‘.ed to renove

necrotic debris and connective tissue and were mnced into 1-2 nm pi eces.

Q)...

The pi eces were then treated with the foll ow ng enzymatic

sol utions in HBSS (b Cahai ERHEBSBIpENsSi ons: for

gl i obl gstomas: 0. 025% coI I a enase 04% DNase_and 0. 05% Pronase, with 10
shaki @ for 30 mirf Bgof‘ﬂﬁ%ﬂ‘%?tﬁ'ﬂ‘h&‘! cHPromoleris yspAig dayo thin s
used as the Qﬁﬂes%.mn ofthe humafl B0 Gl @l ConfBtiea sl Rllopt| ThE 70 kISt OB
cul tures; or hepat onas: ny/ | agenase type 1V, 300
U m DNase tygamred femlpncl‘SNBW (descnped bqlgrf)rhy «ymquzﬂx BawHl and fhe #s01a8AC i t h
shaking for @WI H[;;EM F asi s of
the gromh ne |um or prgfﬁgar at ona %éF%HEg}aBSDsmgléﬁggm%ﬁﬁ%op

pLCTSNB70 was constructed by ligating the B7-2 gene released from pT7T318U-
25 B7-2 (Ex. 1) by BamHI digestion into BamHI-digested pLCTSN (ATCC No. 97802;

Robinson et al., supra).

(¢) Construction Of pHEF-11-12
In the plasmid pHEF-IL-12, the IL-12A and IL-12B genes are under the
transcriptional control of the EF1a enhancer/promoter.
30 " (i) Cloning Of The Human IL-12 cDNA
' RNA was isolated from activated NC37 B cells (ATCC CCL 214) and the IL-12A
and IL-12B cDNAs were isolated by RT-PCR as described in Ex. 1. The following primers



15 “for col on adenocar ci nonas: tunors were processed by

physi cal di_ssoci ation (cutting) or by enzymatic tr ing 1
ng/ M col | a’&gﬁ%‘gsfype V, 10 [err]g/m hyal ur oni da?%g"’@“soo
U n DNase type IV and 10 [err]g/m gentamycin sulfate. The cells .
suspensi on was then incubated at 37[err]5é wi th shaking for 60 m n. DVEM was
used as the - basis of the growth nmedi um for%‘gri mary adenocar ci nona

cul tures. 20were employed forf dhe namphficaien ©of ndhe cBHI2A WSDNAY eatEPALSI ng

the enzyne s &ﬁ‘éﬂﬁ F@%@éé&&%ﬁecccccmcs&@m@?ﬂo | igTeRO: 15°M
1640 was usegj as the basis o e growt h nedi um for pri?n?g/
mel anoma ‘cul optimiged initiation sequence underlinpd) and HOOTRT CEAGTRAGBBAAGCATIGher e

then filtere ' HRS . .qQnt .

Ficol | - hypaqg}éi‘t’lg{écﬁg'lg{@%?%g@é%@f ?rhe%llggk .%ﬁéﬁ"‘%‘h"& dcngﬁprﬁgpt%%%v'g{gc %%xg for
30 m n525 pBhuscriptKS(-)ite penerale pKSSHI-12A. eTheThd 2 Arebéding fegionviepvidedrim8ED and
washed tw ceHS/éH] BSS (centrifuged at 100xg for 10 mn) and
counted. The Zlwere then seeded into the appropriate medi um
(e.g., RPM 1640, TRMiMowiyphiiedivéra bhployel forthk BmpbhSESh 6 IL-$48 cDNA:

containing 10% FCS and antibiotics if desired] for culturin resuspended
into freezi né‘AAAGAGCTQMT@?CéWQEé@rI@3 @GRy Npg#% ePiimizedt i on

into mce or .f.or. | 1 i?ﬁ‘ddm?ﬁi _a
Three to fourn;l %ﬁ*%%{e@é%ﬁdﬁ%?%ﬁAgggﬁ%At o6 m ﬁc(ﬁlc%%? sCf3r om
est abli0shed (SEQ ID NO:23).uFhaerPCReprioduct was clomaddlitieet] yeiotodicoR¥ -qigestetl ipBivesagipt
SCI D) bg mce h fl ank I @adh . EL ifa. L. J cell
sanpl e vas. aln i per AR T8 e -8 Hana rssipn js prBat FR BB

pal pabl e t unPrsper chastructicn df bsthdLe 2 onstmitts Hasl vérified & réstriction enzyme digestiodD
98/ 44788

PCT/ US98/ 06944 QD_QQBSMQDQW | 62
g/é:BE/EJ " pLSN-12 is a retroviral3%ec®P borfidinBg b 10N 2 RARES-THUIBbi-LisHBs. STd N
ce

Pal pa Tunsenstruct pLSN-IL-12, the following four fragments wenggel pyrified: the Ikp]2Agene

II\E/IS E: 2b| i shed releas&!*'gglgﬁﬁ(ﬂtﬁA by( g/i()gesﬁon with t¥RY anld Rp ML 3hd AN12B géRlrbigased

Days
'njected from pKS-IL-12B by digessian with Nof and Xiol; the EMGSS TRES paesslesssd from
Mel anonma . - . ..
e PGEM-IRESS by digestion With Xhol and czgf{ _aﬁ%{yl%& %écztlr )?ailg?gﬁ couininga
20- 30 PspAl site geigrated by removingidhedfidhvepr gene from pLSNvpr (descritidd pelaw) by

3 x 1 OZIO dig%stion with Mlul W%éo '_I'llxeSse four gggn?tsm%o%]%mleg at\%ligated wl%tti-ﬁ@oﬁz 5.7

Cancer

100 and Miul-digestTPILSNvpr to generafe pLSN-MIO[Er 1 ] 7 8-14
100 adi t 4AMG .
5 5|_ 8)?. %provrrra% constructed by fligestion of pBg?vpr with Notl and thf< an& %e%; |

gene fragment was ligated with Nofl- and Xhol-digested pLSN. The vpr gene was PCR
amplified from pNLA4-3 [Adachi ef al. (1986) J. Virol. 59:284] and inserted into pBluescript
25 KS(-) to generate pBS-vpr.
iii cti f =1L~
To construct pHEF-IL-12, the following three fragments were isolated: the IL-12A
gene was released from pKS-12A by digestion with Clal and PspAl; the IL-12B gene
released from pKS-IL-12B by digestion with Nofl and X#ol; the EMCV IRES was released
30 from pGEM-IRESS by digestion with Xhol and Clal. These fragments were cloned into
Notl- and PspAl-digested pHEFvpr. pHEFvpr was constructed by ligation of a 360 bp
BamHI fragment isolated from pLSNvpr with pHEF1aBSDS3 that had been digested with
BamHI and treated with alkaline phosphatase.
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15 Primary Tunors Mel anoma _ Mel DD

4 x 10[ er r ] wo 987447885 30-40 100 PCT/US98/0694YE]
DJ 3 x 10[err] 4 '30- 40 100
Mel TM 3 x 10[err] 5 57 30-40 100 20

The results shown in TabI e 7 denonstrate that the SCl D/bg mce can support

grow h of 5 R u&" lines very efficiently and
SOME — primary tunor cells (eg., nelanom

cells), albeit w tll!HEtF He«l\bﬁl\éCSF@om;'a IIeIlAMBMCV&E&-M%E- poliovirus IRES#

established t | ecti.on nar, ast oma
col 1o (B g ANRESE Gr-tiston iier i kSRt nd ooy iR dibblBlntaioled hE'S | O
cell's (singl ecoﬂmam -IBGMICSE, the following 2our fragmentaérd géliparifiedar2373p hin 3
mont hs in SCID/ m ce. T-cel | rredlated al l ograft

rej ectidn hasNed-SawAlkitsgment senseining the 117 E‘Mqu RER-He %) cistron ‘”‘atedm aft ed

W th human P%tﬁ;eﬂs.fr[q kpylBp wtzexa.ipmﬁ%%%i 1dﬂmmﬁ$me@ﬁo&%ﬁbpor

. human spl eno

l'egre et al [ mmnol 153: . However, the
SCl D/ bg IL-12; M@pﬁwél-mthfa@amt mrémmwﬂte;quemsm ftqm pKiS{PR|(an
reconstitution 19’3’ RS R RH e
could be rec oqut%té&t vf\lAl g‘ﬁgr n%ﬂ&g%ﬂﬁyfm amgllﬁgée&gﬁ{%én %%agd d

98/ 44788 first ~730 bp of the poliovirus genome [LaMomca et al. (1986) J. V1rol 57:515] using

PCT/ US98/ 06944 63

nodel ?‘g in W%SE'&}]‘B&%S”Q%‘HWH@JW°§F‘8§ bg mice were reconstituted wth
human PBLs by injecting 2 x 10[err] freshly isolated human PBLs
into the peritoneal cavity. After 4-8 weeks, the PBL-injected mce
were sacrificed anldnsEichgn (LpilEs SE he peritoneal cavity,

j 5Pl een and per i pheiak. et WA ErRerkuESAEIIE MBS 8y AainbRAi a0 NSt

nouse or 5 human cell markers. Isot%g)e mat ched nopuSe S were used
for control svith§mqlgnd partaldigestiongvith HincIl. eetp%ﬂtglemm@ln S bivfregngnt The

];rglr Lgmngaﬁm#%%gﬁ?ﬁﬁaﬁgﬁ@?%d% ?’? f)?%@glﬁ\son) anti - CD3 (Lgﬂrrzn Bect on

: Di ckinson), anti-CD4 (Becton Dickinson), anti-CD8 (Becton D ckinson) and
: nouse g?r ker: (6 C gntk1 r@gs&-ﬁ-ﬁ[err] (Pharm ngen). 10
TABLE % Human CD45
gré:_ee n A plasmid, pHEF-BG, in which the 1459% EF1a enhancer/promoter is used to

0,
Perit oneal Ca@rpp?xe expression of both the human B7-2 and &@CégcypNAs (a bi-cistronic constructy|, o
resul ts shown Icansliabdes aS IR The B72-IREY-GRCCSY Bcistrdnte ﬂ@%rﬁ‘mem flnfed Y 15

reconstituted W th human Iynﬁ ocytes, with CD45+ human cells constltutlng

up to ~60 % frompLSN-B@9 @ & hbdigestion withyNodl und BamHpemd:the gel purifiedfragrpns of

The perdont ageali Far RER. pBAT dgeed pHEF 40P CRARRRHERIES ™ °°

popul ati on present in the reconstituted SCID bg mce was exam ned

' by FACS as follows 1D/ b NCS ¥R constituted with PBLs
- isolated fromt hre@%ﬁ%ﬁ@gxﬁmfg&m b?czib Ug:bst%ﬁiewﬁgﬂém

pLSN-IL-12-GM-CSF provides a retroviral vector in which the MoMLYV LTR is

used to drive the expression of both the human I1.-12 gene and GM-CSF cDNAs. pLSN-IL-

12-GM-CSF was constructed by ligation of the following four fragments into BamHI-

25 digested pLSN-GFP: the 1489 bp MoMLYV vector fragment derived from Sacll-Xbal-

digested pLSN-GFP; the 1680 bp IL-12B-IRES containing fragment from Xbal-Nofl-

digested pHEF-IL-12; the 760 bp IL-12A containing fragment from NotI-PspAl digested

PHEF-IL-12; and the 1252 bp GM-CSF containing fragment from PspAl-BamHI digested
PHEF-IL-12-GM-CSF.



in Ex. 3. After 4-8 weeks, the PBL-injected mce were sacrificed and

| ynphoi d or gans, PBLs and peritoneal exudates were harvested and
wer e anal yZ2¥@ MM4T88CS. The percent age of T Iynphocytww@f;%“ms
al so determned within the CD45+ popul ation in the peripheral .
bl ood of human donors A and B.. The fol | o ng markers were exami ned: CD45RO
(anti- 25 CD45RO, Becton Di ckinson), CD45RA (anti-CD45RA, Becton

Di cki nson), HLA- onstruction QP CTSN-pABG-EERetravithl ¥BStor The results are

e ac(COraa TP} BefROEE eoeblE o cormmrish b AL, 210

and HLA- DR poB7-2iand) GM-CSF cDNAs and \8940 Golkd&fylation signal inserted in an inverted
PCT/ US98/ 06944 . .. ; \ 6
TABLE 9 orientation (sglative,fo franscrptign E?Wﬁh%éy%@%u’ﬁ%‘%ﬁ’?‘?’n“ﬁk@“&&%ﬁ by

Popul atson | rlléiﬁbﬁ’@f—ﬁ:@@lﬁ(vh%&ree ﬁ'agcx%eents with Iéggm and Sall digested pLCTSNF\YSc:or

M ce nor/ Mous RA+
RO+DR+ EF1a enhancey/preypoter from Sall-Nethdigested pHEE, B7-2/IRES/GM;CSF cistron frpm

37 9. I

99 %H—Notl dxgest8d7 pLCT ﬁﬁa b&a V40 npolyﬁé%lgnal ﬁ'om%m-}’{mdm %xgesaea

1.6 58pSP72SVpA.37 SCl D/ bg-B 41 48
12 92 7,410

21 76 pLCTZSA\BBG was cons%nsc%d by gel-purifying ﬂci'e }'oﬂ/ow%?%geef lg§ﬂ.| %?“%’h%m in

g?; :) lD/e o 90 denongé Batzemﬁa&oxh PESNBTO ¢l evith [NobT- X7, thé EMCY IRESHRIm g_GEM-PIES&
gmceconta| | ure enit C i.e.,
C+8+ ool |5 cut it ol Kbt padai 2 the s 657 BONR o PER bbbt s o
the results ofhRINBEmAY df Igeﬁsmmt i an The urified ﬁ&&@%&ﬁﬂkﬂh@%&i wiihCe
(Hu-PBL-SCID). In human PBL-reconstituted B-17 scid/scid 15 m ce

most human | yNeffr8eHbdigesiad ilGTSNde Freae @4 CTSNBGhenot ypes ( HLA- DR+ and CD25+

or CD69+) soon after reconstitution, and alnost all (>99% human T cells
exhi bit mature ) rmry phenotypes (CD45RO+) in a state of
reversi bl e anergy ' ' 1he PROFDA-BGSER Retroviral VectorTar ry- Lehnmann and

Soxon, 9UPT 312 R el W B B bl

t he Hu- PBL- SGird GM-CSF cDNAsztié SVd0 pelyddebylatidneigriahinserted insat inwerted foriemtgtiont unor

| ovels. o CouBR R tinersian Fom e 1T yplagle U Pepeb sem oot R EERGR o1

Thus, the Hu- EemmrbgpmpAﬁG-Ehwr@ﬁmwdmyenganaﬁ of rthy fslldwengSthirdeabl e

nodel for t he evaI uat ] on ant i -tum)r i nity 12 -
Aut ol ogous Hufremen ,ffgf.' EFla ‘enhancer/promoter ﬁ'omI}p}I?V '
20 digested pI-IEF, the B7-2/IRES/GM-CSF cistron from NofI-BamHI digested pLCTSN-BG,

and the SV40 polyA signal from Nofl-HindITI digested pSP72SVpA.

PSP72SVpA was made by PCR amplification of the SV40 polyA signal from
pBlueBac-His B (Invitrogen) with primers containing HindIII and EcoRI sites and cloned
into HindIlI-EcoRI digested pSP72 (Promega).

25 The plasmids described abév_e are introduced into tumor cells, including freshly
explanted tumor cells as well as tumor cells in a patient, using injection of naked plasmid
DNA, liposome mediated gene transfer or through the use of a gene gun (biolistics). The
retroviral vectors described above are used to genefa_tc recombinant virus which is used to
transduce the encoded IMGs into tumor cells (primary and established) in culture as
30 described in Exs. 1 and 2. | |



25 To provide an autol ogous Hu- PBL-SCl DY bg/ human tunor nodel,
primary human tunor cells are prepared and injected SCinto the

fl anks of SO¥@P%/¢788 ce as described in Ex. 11. The prRGEESISOGA44
cells are first transduced with vectors encodi ng one or nore

t herapeutic proteins (e.g., B7-2, GWCSF,59L-12A, 1L-12B, etc.) and mce
are injected with the transduced tum)r cells (after seI ectl on) as
wel | as non-transd P 3 ~ b £

establ i shed (1.2 months), the. mce stituted vvrt ‘7
PBLs (i.e., (PBLs .geﬂdg")easwa &ﬁtf*ﬁ@@éfﬁf @fxémuema{sowdgﬁg&wé%ﬁm
cells). For eagiysedto mmtewmd%mmsﬁbm eénsé&tﬁé‘ka le'Bf efbrédsigiablivect ed

with tunor cel sand he rate of WD 98/ 44788
PCT/ US98/ 0694 4M-CSF, the following GM-CSF bioactivity assay was performed using the GM-C%%-

t abl t T
Cuccess ato dprenth TL Et R ks AR Dafige MR bt B OO Lt o

PBLs and 1 wedhyiselt b45:488).1 receive II\/G transduced tunor cells.
The tunor size (mi.er i s neasur.ed d and t ' are

noni tored for sur vrl@%fe] gepﬁe%eée famtan mu cfuﬂ‘g%/ W‘ﬂ@"%‘%r@&%%r ons
of 5 thfﬂ-ﬁlﬁﬁﬂﬁﬂeﬂ@ﬂ][hﬂ’ﬁuﬁtﬁﬂlﬁ%ﬁ‘aﬂt&hydiﬂ aﬂ&mﬁﬂl MS@-):SF@GWC 10% Cas.

regre55| on of _tunor si|ze and nouse. surviva

M ce from eacWesmdhgrells wers atsxpeneatia) smwtgamsemabﬂm 399%%@%(%%@%%@1 I's
and  jp vﬂrhabpmw Ann B8 4& 4hdss & e aﬁs%ﬁa/ee&k GRLCSFTRAMS tﬁ@%ﬁﬁ ¥ty

(ie., anti-tunor cell ‘ITmunity) (e.g., [err]Cr rel ease
assays, proli f@%ﬁsmmnc%ék¢?¢@=ﬂ$,oﬁﬂwbw2w/ow1m Werecwashed once “ﬂﬁet her

any of t he asggtinfna iR Soed YEatl U6 SRIpEkALE 1 W 0ReARARNE

rejection. erati sa s AN |mng
Spl enocyt es arnd 20§ phiitinextinl dibitions ofsmitatdeni GMeOSH Mtroﬂmﬁmnmedxmmeorar e

- - cul t i t hal | di at ed . d ith
CNGs or vari SRS PRER fih HeLakeld fRgt SR ity oIRGB ML CSERERITEE. 1
for prois f er atiqp-GM-CSH gldsigd DNA (8 112000 itutioh bikhE Elfule dupdrhatant was Efpieyeli).ne,

e.g., on day 4 of culture d deter err H-thy dine_incorpaoration
into cel | ul ar After two da Hging at H?lﬁ?a P Oz, Oeachw 1, 20 pul of g‘iﬁng

| ynphocyt es &ﬁylmburyi]@tse&tpneme&&dwn LHmAEd) (3 m‘%ﬁﬁlhn PBS) was added and

untransduced or transduced tunpr cells to increase t frequency of T cell
precursors  theplates warpingyhated forgmother & hows Thypurplegnistalsweengters Wﬁé‘;

cells are the f . eFr b r to
Gotermmne 11 PouRRE RGNl Malorla te qpl il ol S‘r*??aﬁ?%@%ﬁ&sw
t unor r2pr essidissolved in 100 pl of acidified mopropﬁpt ORicroptidal dabsigyt at A0 nm (ODy;,) of each

Interferony (J \ tu necrosr fac or,a and - 2 oklnes
associ ated wi 'gvﬁelﬁ(l?‘%% Iopﬁg‘ ?ﬁn&]amx a& ﬁé@éa;t’{%%"d (?Pslquﬁ?gi’% g
and acti vat i onhonodm GM-CSNﬁneaiuiaﬁmrugmhstmmbgmcaﬁg | GMLCSF &bﬂcbxm‘anbeﬂ()

cells and the nsi on of CD8+ eff ctor .cells
el y to hay oMY 0 PRPTP BT FEBined by FRmeiring 4 L) GHh B SBEdHGS uss.noa

ani mal s | acki r}ggultbge@mgfnggggd%mbk types do not effici ent ly elimnate
tunors or netastases
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Lynphocytes isolated fromthe PBL and tunor

1:56] .

reconstituted mce are
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of IFNy, TNFa and IL-2 into the cuIturE‘ABI{Esﬁnatants at various tines

by 227 3] BelmiaionOr S il \pkSangor™ - (1999)
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| mmyne- Nbdul at i ng. Genes
uce sys nuc immunity against unmodified

An in vivo hu-PBL-SCID mouse/human tumor model was established to study the
combined effects of B7-2 and GM-CSF expression in human tumor cells, C.B-17 scid/scid
mice [Boussiotis et al. (1993) Proc. Natl. Acad. Sci. USA 90:11059] lack both T- and B-cell
function but do maintain normal myeloid cell, natural killer (NK) cell, macrophage and
dendritic cell functions [Shpitz ef al. (1994) J. Immunol. Meth. 169:1]. To also avoid the

function deleted was employed (C.B-17-scid-beige Inbred, Taconic).

NK activity of the SCID mouse, a new SCID mouse strain, SCID/bg, which has the NK cell



30 | mune- nodul ati ng genes may be delivered to human tunor

cells in viwopounMi7ssx vivo by a variety of neans. PCT/US98/06944\D
08/ 44788

PCT/ US98/ 06944 61 67
(a) Retroviral Transduction Retroviral vectors encoding

<R atfifity 6% SETIN/Bg trie!t0 Siipbrt the gréwAof hidnsh tumor

% S as described in Exs. 2, 6 and 7. The

i mmune- nodul at i ng Hro%\%ﬁ%o
r.c

established or primary t

transfer cells, several ¢skablished hngan wmon 9¢l} kines andvé primeryfumerssre rarsplagtednt by
I ncreasing the t the
I ncreasi ng t hd® h&&ﬁ?&ﬁ/@% eP ?ﬁé (?Plggg)e/m 1t§%§?%§§go}ﬁe Vi ru‘? ttoﬁpgcr”fths'

single cell clpeimfsy fufmor w&re trpatediasciollows)\ 3Minarahinples werebubtainsdan tieedopesatigg owt h

in the presence ) of CA18 (or | ect...ve nedium suitable for the
sel ect alfl e mameER aithe HmeAf FrectigR up F‘SQII% &mms 6"3’““?‘]&’8#5% &R ones

produci ng t he yRhEl&S fortilnhREfteOfroddssibi  Fredh hen@ma Oweré QidsBté® RS Rnidve

titer of the producer cell line further, the PA317 cells can _be rei nfected
Wi th ecot r opi mesrptiodsbrigand connegtive gissue gndweze minsed iatodt mnweanm

celI's] and the hest, pradue G}?n&ﬁk% ety RAESsohdnO i HBSS to ov:dé@éll‘%ﬁ”%feﬂsnon-go

i mprove the transduction I Cl e retrovirus are used in co at1on
with ' | i pdenglinblastomas| 9«015‘3(9 ispldgenase,d).04%0 DNags andc0.0556 Pnérasecwith i r us

upt ake. | ncy
usi ng ¥ ovi Fﬁ@?fmw ?ﬁ%?gralgéame}ﬁ’hm ﬁ\te arge |1%8’£§'$|dca?g}%cb%’g
tunor cel | s i tihegrovgh gledinbl fasprimarg ghichlasterhacubores; express 15 _excess

| evel s of the transferrin receptor ransferri sedt ase
the tr andtr ReprBEr | marak easgimese (Y. 408 WRT PORT et v S0

pol yl ysine [ Loghiligestimidin su{fa@9¢37°C with shaking fbit B0RHin ORIVEPI T640 or DMENIA12 wagver al
recent reports denonstrated that ‘rpﬁs)ll aci ng,the, SU (surface)

domai n of t he u8gdasdhehasispf the e ferprimagy. hepatoma UlESEor - medi at ed

transdugf i on for col6 liGlo8CHohs2S RitRS wete ﬁlocesﬁédgﬂﬁ%hﬁfdaﬁ Hﬁ?oc?a@@n 1373;
Cosset et al. (1995) J. Virol. 69:6314; 20

Virol . 66:7374¢utting) @hby anoympHeUteetment 9By 1) maim} eollagwseen@] V ﬂﬁeug/ml

NG 25) | MRS o v SO U DRSO e 0 RR Sl Ay Tl

t he env gene aﬁspMbemmsUhnnm@atedaﬁTCmthrsbﬂnq:xfpd&mna BMEM wasirsed gy theluct
However, earlier. studies have est ed hat ‘the nmodi fied Env
fusi on prote| rli’ P& ?%’?wfhffg ?% & °§g§r8ﬁbl y and efficient

eﬂt ry. Zhus, the 25forme1anohfgﬁmﬁﬂ&rcéllsmm_ _ idd&k:ﬁglﬂemme%onﬁTﬁdeaaﬂ:E@b sooel with
the native env. gene to, prodyce _retroviru . article bearing a

m xture of Wi MW%EH%EKSH&I%WW%M%W%W@F digmsdorpranasy

of the new vegiddnohns cimadd. Ned by transducing gliobl astomas or nel anonas

expressing high | evel s of transferrin receptor.

(b) Reconbi nant Ad éﬂpewsr@lﬂg v@b%r@slsms were then filtered througheaGnetsneshiand layered
adenovi ruses &,

DNA (~7 kb), an a%‘(flviei ?/lg] tage Ob%dlh@ %gﬁﬁﬁ%g? g{(ﬁ??;drag%%%g%éom%h

titer V2% us prabeeent tep. The cells at thpdhtemmmdrdmméanq $ogey twvise iwith\BBSS Bi ol .
7:109-128]. rat.s to
efficiently dgi? ng'gl? geglgéZﬁ ?‘frh yearg Slé’ﬂ‘g’t?dhenbe ﬁ%‘ﬁe‘gﬁ?‘ e@‘fleg T'Petbf ewed
i n Becker appropriate medium {e.g., RPMI 1640, DMEM, DMEM/F12 (all available from Sigma), etc.
containing 10% FCS and antibiotics if desired) for culturing, resuspended into freezing

medium for storage or used directly for injection into mice or for gene transfection
30 applications.
Three to four million primary tumor cells and 2 to 6 million cells from established
tumor cell lines were injected SC per flank of SCID/bg mice (both flanks were injected if
a large enough cell sample was available). The mice were monitored for the presence of

palpable tumors. The results are summarized in Table 7.
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PCT/ US98/ 0 8
et al. (199 ?ﬁsﬁ‘ﬁsot ein Expression in Aninmal Cells, Roth et aI /USDgOGM@ nd
to the central nervous system [5£aV| dson et al. (1993) Nature
Genet. 3:219]. Rat livers have also been“efficiently t ransduced
ex vivo and then re-inplanted [ Shaked et al. (1994) Transpl antation
57:1508] . The repI i CPABDE 7def ecti ve reconbi nant
adenoviruses are enpl oyed; these viruses contain a del etion of
the key i mediate_ear | yEgablishment Of §9@Mq@%ﬂ&hm@%‘§c supra) . To
generate and propagate reconbi nant viruses, gﬁlmo?ell l'i ne such as
293 cells which supe Ofhe El E ﬁtsge(ps i rg tra

enpl oyed. ReconmumspRiocdlstdnovi r Celss ar e,gﬁlﬁ ed :E use of
intracel lul ar reconbi nat| on b%m a d enco ( g rmst

of the viral gepene

(eg., a cytokl E:gl)lL egcket ed 10 by regi ons of hom)l ogy vvlth the vi ral
integration s I L-4

and | L-%0, bot Mdllmdﬁﬁ the control of a CW inmmedi ate early enhancer
pronoter, have been%%on%gruct eg Reconbi nggt adenovi rw

expressi ng human B7A37and Gw 0 as well a second ¥Prus
expressing both thegiklyEpA ands i fgs12B sulgni ts arexgggst ruct ed.jgo

The DNA constructs are cloned as bi-cistronic units with | RES as descri bed
in Ex. 1. 15 Hepatoma St andard nethods are used to construct the

reconbi nant adenovi tus (G nd re supra a Becker et
al ., supra). Briefl @Zch pl E’m(g is co} ransfectﬁgﬁ oget her \#9

pJM 7 (19d crobi Bréiy&@w, Toronto) into sub-confluent nonolayers of 293
cells (ATCC CRL 1573), using cal CI um phosphat e precipitation and a
gl ycerol shock Ini t MPA4G8C onb2RFR° vir al 3 %focks are t}Pered on
nmonol ayers of 293 cgjds; and gl @sed si ngl e plaquegsi4are obtaingg and 20
tested for cytokine expression usll%’trs\g an ELI SA. Viral stocks are anplified

and titered onGlioBlastoma cells, and stored in aliquots at -70[err]C, if
necessary, stocks C 1centr t by ce rifugatio, density
gradients. To- nieeﬁ)%ﬂ anf‘ & Lh. Le ea-m—agg-new-z-uses—@ﬁﬁ-e&m y

i sol at eg anaryt'nmi-s ceI I's are mixed with adenoviral stocks in a

m ni mal vol uneT—Frters—of—stoctks—are typrcat Ty
10[ err]-10[ er r Meldnomiedi um i s repl aced after .several hours and the cells

are foll owed for ex on 25 p of §he reco nt adenoyi - encoded
| MGs and/ or reporte&‘ﬁi’rﬁe 4x10 g A pg? ial dr awblgék of using
a adenoviral delivenelpystem isxiffat t he 4 ransducego-40 aebl s may
retain or express small quantiti es of adenoviral antigens on their surface
[ Yang et MelTMiogs) NeiQre Genel. 7:362]304&ccond gerd®ation”
adenoviral vectors which contain del etions in the E2a gene are

avail a and are || g‘mtl 30

and a Ib%(ﬁger peri ogﬁ'g?e%%l%tﬁgégﬂs"\sﬂlg%% € gene o : EiIE)bP % |5/ ﬁg ?,Q

supra and Eng eifﬂxerestabhshed human tumet lids very EfibientliPant theyNatpport thegtowtBof sonldSA

91: 6196] . Ifnecessar are.inserted jnto_.second .._geperation
adenoviral vedYR¥ ﬁg?g  Delpoms ile)t ?'lheﬁ ‘HH’@Z‘&WF&%WE%H‘%“V&?%‘?‘F&%| ly
i rradi at ed of establishel @it eli Tide€ ClnjeRtion 630k tdﬂgnme@l gﬂoﬁlaitoﬁﬂ Belksi(BE 86 @idher
mani pul ati ons _are undertaken to | nduce he tumyr fel |'s to secrete

i mune- st i mul 34 179 tsyvedias ipection gt prgmazy Bertatema erlls &‘é‘&gl%‘il‘?j‘ﬁﬂlq‘ 1Ry give rise to
WO 98/ 44588 patpable tumors within 3 months in SCID/bg mice.

PCT/ US98/ 0694
T-cell mediated allograft rejection has been demonstrated in SCID mice (scid/scid)
engrafted with human PBLs [Malkovska et al. (1994) Clin. Exp. Immunol. 96:158] or
human splenocytes [Alegre ef al. (1994) J. Immunol. 153:2738]. However, the SCID/bg
mouse strain has not previously been used in hu-PBL reconstitution studies. To determine
30 whether the SCID/bg mouse could be reconstituted with human PBLs to provide an animal

69



nol ecul es, the expression of small quantities of adenoviral proteins (when
first generwdiogmq78s vectors are enployed) may provi de PCTAeSSBI069HMe
adj uvant effect. Furthernore, the recipient i s subsequently
boosted with retrovirally transduced tumgs cells (which express the

cyt oki nes and tunor antigens, but not the adenoviral antigens).

The reci pi ent model 2 Vifl @ficet Béne therdy,- SIODMgmhife wére reconstitutéd Wi Burh&SEBIRSes  at
a secondary distant site vvher non-transduced tunor i s inplanted; the

generation of by iiestiag ?é‘s]dbrf@ém)’ iglatedihuman PRLS inte thrcpritensal Gaviy. Afier A8 ¢

| muni ty has pegl ﬂlePBL-mjectedﬂﬁ&v@’eEanctg:ed and, cells harvested from the/peritonédi 84t§d
Cationi ¢ Li posone tioniCc |1 posones have proven to be a

saf e and ef f esgl¢encandemriphekal bldod crrecs amglyzékbyl BACS using putihodiss againgd movsd em  of

e

Acad. Sci . USﬁe&ﬂnﬁﬂﬁébd in Table 8. Theat’ot!o\ﬁrrg ititeidies were( 1568 &) tlﬁse)atpemneﬁsophys.

Acta 1154: 327 cinical are wa S ni c
li posones to R RIATkers HE ‘@f‘%(@‘@ﬁ F1it °"t“ﬁbﬁ %?8@0?“&2? |q:'°‘¥“|£’b$
patients [ CappgRinsen), an'u-CD4 (Bictdd! Ditik 31, afdoBs n%ﬁﬁ&)@ﬂdmﬁh&%ﬁ al .

(1993) Nature Cenet. 135] or to introduce, 15 by direct
intra-tunor i w}ttemwserﬂ-?-li genkostinmul ator B7-1 into nalignant nel anona
| esi ons in order to induce a cell-nediated i mune response [ Nabel
et al. 101993) Proc. Natl. Acad. TABLE® . USA 90:11307].

Cationic |ipo ) }

i posones ittt e ot e doliery AHUMIBLID o0 | s.
Li gand-t ar get by coval gggdsy attaching

i gands or angt f—tjre—catrontctrposome—Wren

gliobl astoma fells are toBBLtargeted trlansferrin i §.146B6 as the |igpand as
gl i obl astoma fells press high Tevel's of the transterrin
receptor on their sur fwnem el anomn kel | s are  5-69% ta be

targeted, internalizing receptors, monoclonal antibodies directed agai nst

el anoma- Speci fi C qye results showhl"id %@Ffa%g:}néngﬁ%&é fiafls Hf@x ?)gg&ﬁﬁsr_ﬁgpl oyed

as the ligand. 25 encoglng [
GV CSF 1and | Lret@stifuted fwath eaian mhmmWH human cellsmnﬁnmmnwe@

cationic |ipos usin d odol r ! |veI

I s encapsul at 8%% %E?sh'% ‘Ptlgg' 03% %%hg ﬂ%& %8?‘? ‘é“?ﬁ?gﬁ%

g_re t hen usedin the reconstitutedanite. ansf er the DNA to tunor cell s |n X: VO byI |
irect intra-tunor_jnjection vitro S ante

tunor cells) foll o&tﬁl*’W"F@Fﬂ?ﬁﬂJﬁ‘f‘n H’éﬂé@ﬁ%@d“@%‘ﬂ’%@&h é‘gf‘ Tent
(e.g., 30 preseninPiié keRBiistituted SCID/bg mice wi¥Rx3Rirkd B9FACS as follows. SCID/bg

PCT/ US98/ 06944

(d) Ger® Tr ansnferwetsnemsmsql wish PBLs isolated from three healthy ngnagn dogpyscas described
(mcrobal I'i stipfg) 3 Sa Qg%rqfl P81 11 &4 méﬁstgfg h @ﬁm%g n of
DNA- coat ed part?%l es | nto cell’s %r t| sues |ésacrgtgé§t(§3 nto eéz{sngrface
of tiny (~1-3PBbs m]dmﬂntoneal exudatcsmeminmt;d g@l were pnatyzedjbst BACS: Themereentags es
and t hese par .
i npact ed ont ot’{ﬁﬁ ar et ﬁ%‘h&é oa' IF es%%ﬁ??ﬁ%ﬁ%"f‘ﬁ%%@?fm
menbr ane and blood of human Hmbgm mdhl ’ﬂhdfoﬁomggmkersabére eﬂn&neﬂelﬂD&tﬁRﬂJ(m‘re
qui ckl ysresealp, 208 OGP BRAGRSS" CB¥SRE! GiE8D4sRA, Becton Dickinson), HLA-DR
(MG2600, Caltag), CD4 and CD8. The results are summarized in Table 9. In Table 9, the
following gbbreviations are used: RA+ (CD45RA positive); RO+ (CD45RO positive);
RO+DR+ (CD45RO and HLA-DR positive).
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off of the particle and is expressed. The biolistic method has been used to

transfect mammal i an cells [WIllianms et al. (1991) P

Acad. Sci. UENI¥ET06: Tang et al. (1992) Nature Séfgfqg%t&“
Sanford et al. (1993) Methods Enzynol. 217:483]. 10

hand- hel d biolistic apparatus (BioRad) i $4used to transfer DNA into turmr
cells orisolated tunor fragnents. This device uses conpressed
heliumto drive a disc-shaped nacropronﬁ?mﬂga whi ch carries on
its surface mcroparticles of gold (1-5[err]m of gold which have been
coat ed Perseintabe QfiT LyinphbcpteSmhsets IDNlAe CDdHT Bapiufativm incdu-RBLESCIPédrani ne)
(Wllians" et al., supra). This Migppar at us has been used to
successful |y tfranstec r| mary
encodi ng the |

accordiny to tlhe menufadturar g Loet culet Lope (B iobRad) tand thal b ioligtlc

apparatus is ysed to ' [reshly Exp nte:i

tunmor cells o dﬂp‘é‘gﬁ va in{%eﬂ umps—-eﬁ—g %h, ..,tgsta{ C

nodul es on th¢ sembsgsa qf the )i vep msl appna |l esgpns jon §he pki gy.

Exampl e 14 - Hortter Chgractertization jofHurmer P ONST TUTEO ST OF pei ge

And SCI D/ nod 30 DonorBJ de 63 25 1.6 THi s 8kampl e 3Fr ov] de84

addi tional chgrag | zat{i on,,of {t he redonstitutjed SCl Dinod, and '

SCl D/ bei ge m g¢e § i’ 'i’ﬁ’ a4 Eﬁa-nqﬁas-a—aia-l-é_a” 18 8 67 To
el | pfec

study tie effijcisensmgel [humgn ijmmuae q nstyg utijon Jgn ski d 3@i ce
SCI D/ nod ard—SCrOrberge T te - WeT e TEeCoNStT tutred—wt T PBCS— o1
di fferent donors as described in Ex. 25 3. Anal yses of human Ig

| evel s at 2, or 4- TThegeskits shéwrin Table rlsmonstrate that thipasipticreltieodiod thie Fof-PBL-

t hese strains ce were. abI of .produci ng humm at s
aver agi ng 500- %B;QFEP?’]%?‘HH“ Of%mbaq‘frg\‘?r Ehe nr‘ég%és§e¢}§%+%+éflll%A
(Ex. 3). Appr and CR4sRA+ hﬂlh)‘ T(hésetréh&lté‘ﬁ Y/ contchsteb €2 resaRslobtained by reconsﬁtuﬁthe

reconstitution abl e unt of | gS. .

The percent agégwq%ﬁ%‘i Eﬁ}bgﬁﬁ%"gﬁa?ﬂ?’r‘m ‘F?"@?"@H{te‘ﬂ#%? ﬂ7 soitéeid
conpart pEnts Ghicéhost humanl oéy@&%ﬂﬁlbithbﬁvﬁﬁd ealpﬁxewsmgmnmh ¢pgs+ont hs
after reconstitution. escrl bed in | s were

harvest ed frorfr§&¥9tb era mwwwdekmvﬂl%ﬂ%é)hmcellgﬁ#e@ﬁmam
(Spl enocyt es memory phenotyfs é%%mgwsta@w%@émmgwﬂ,ﬁ& (199885 sigra) yzed

by flow cytonet ry | ng-ant agal nst WO 98/'447
PCT/ US98/ 0694 Tarry-Lehmann and Saxon, supra; Tarry-Lehmann ef al., supral. Therefore, the lack of 71

the human | eul(}%egtrﬁbi{beééwm@ﬁensm& m%gn%ﬁ?gﬂgﬁﬁm - 1?] ! gs.

Fi gures 6A an e resu
6A i ndi 2&t ed trhadel mﬂm&gehmvalaaﬁmﬁ antintemat iemnidnity.r & comtast] thiedih-PBL-

wi th human PB al | ree S tt e var i n_ anong
donors (donor ;S%I?ﬂ’ mice n ‘Yﬁ&‘%ﬁﬁﬁ%%%ﬁgﬁ}éaﬁwgﬁkﬁ Bk/sf'l‘?e %ﬁ&&"

desi gnati on i nedonstingion! MsmeEJPBQf-S@DYBQHﬁI& of the present inveuRpEdvidela!saitbld t h
donorPBLS). In co or ast t he og\?nr all reconstitution efficiency in the

-

SCl d/ nod mode ti-tugmor iMMWAKY; n t he peritoneal cavity, <5%
in the spleen, and aI nost undet,ect abl e in the peripheral

bl ood(Fi g. 6B; donor sX- Z) Donor to donor variation was al so nore pronounced
i n the SCl D/ nogapipied, e lu-Fid o 1D ignan Tumor Modeloasons di scussed in
Ex. 3, consti tut %stﬁu ﬁxﬁ&?ﬁz[n?

vacci natﬁlﬁon/ chal | eﬁﬁeﬁgﬁ%eearzﬁmrlreng P?,E-%e{/@g}i% tron o F%‘%ﬁﬂ’llaat e] human

vacci nes) . tumor cells are prepared and mJected SC into the flanks of SCID/bg mice as described in Ex.

11. The primary tumor cells are first transduced with vectors encoding one or more
therapeutic proteins (e.g., B7-2, GM-CSF, IL-12A, IL-12B, etc.) and mice are injected with

the transduced tumor cells (after selection) as well as non-transduced tumor cells. Once

30 palpable tumors are established (1-2 months), the mice are reconstituted with autologous
' PBLs (i.e., PBLs isolated from the same patient that provided the tumor cells). For each
tumor, a minimum of 10 SCID/bg mice are injected with tumor cells and the rate of



Example 15 - Anti-H V Immunity Cannot Be Assessed By In Vitro Assays
The tinme cowsarssdi sease progression after H 'V infection vagdcwessreesadi ng

on a nunber of factors inCIuding viral strains and host immune
responses. Wiile the majority 15 | V-i nfected subjects devel op Al DS
at a nedian of [err] 10 years, up to 5- 18A)of I nf ected

[Faynes ot al CepotyARGFfaiddie kit 6l dclinkihe U2 R GFRLA Hopgflsdt >

Engl. J. Med. >302 iith&injected thineovill eroeivkeantaldgoys RBILs and 1 week later will mesiveMSGirggest s

t hat some |nd| vi qual,s nma e.J esi st an i nfecti,on b
nul tiple ~  tansdu ﬁ’é‘?? ¥‘fl€k ts(mmt nga sﬁ?ﬁf’m%ﬁ%ﬁ'@%&ﬁﬁmﬁf’w
negative [ Det glohitéred dbr sﬁﬂng%) Tﬂese Aﬁﬂbl lafeedseaQo determine! Whidh &ofi®iraGensSyMNdr .

7:1263 and Taylor (1994) J. NIH Res. J&i Bot h host
genet i ¢ 5f act otherapeticonimmynesnqdulsting smfrm )resHlt i e eagaession pHMmes sies and
exposure, edBY¥uselsa¥ivaP! €s i n the devel opment of protective

i mMmunity. The meonﬁanl sunﬁgo resi stance to HV infection in the

H V- exposed but uniMite fromdesch growp dursacrifieed ﬂbe’ala@someatabdmm spleeniicellsarai fi ¢
cytotoxic T ¢ LVt 0, | e.resp

genetic |oci ﬁfaﬁ‘}?é% E b doide %eﬁs\t,\&é E%ﬂ;'édt@é%%égé léerlé%’é nwotrﬁgg‘%% i gen

processi ng (TA&)mmey)Qeg-ﬂ NCreleaszerstays, proliferatibn\ant cpuokint producuon) to dedérmaret | - HLA
ant i bodj es. V\hll stroggl i ndir ct evi dence su rts, the hypothesis, that
these 10" ez Gity apseyn ol mrmBeIt R HAER wih SPEaR BRS¢ y
agai nst HV infection, direct in vivo experinents attesting to
this hypothesis are sti I || ackl ng. Understandi ng the mechani sm of
such protective i Rrolifs Assays And fn Vo riming t he desi gn and testing of

effective prophyl a%};leﬁoc%@s and lymphvxﬁﬁe cBRSisGMEd FOUBO TR AL hffce’ £OLIENS.
WD 98/ 44788

PCT/ US98/ 0694 gultured with lethally irradiated tumor cells transduced with IMGs for various lengths of 72

gI'?l)ss;IJ-ge Peks Lh%%ﬁixﬂ%%f%%f%ﬁ%{ﬁesg ngorﬁ'oq‘ che@yé rommn 41 Il ?&I ?&R; "

i ndi vi disal s vv&nyaudmse.gpbridnlyéofmlmreanddetermldnﬂg\?ﬂéthymﬁmeunconpprahheinto defbilar wer e

~col | ect ed, &# fg lt h PHA in culture and then incubated 5 wthT
cel | ormacrop zﬁ% ‘bﬁ 8%%4 \- 1. Infection was scored on the basis of H V-1
RT activity Responditlg | lveﬂpnsﬁytqit ﬁfgﬁega gaégnsﬂﬁwlxageamlw (%Ei@y)pahﬂxe?t s’
sera. i) Stud Subjec

i ndi vi dual s wSREansgreRd of trarpdyged W%Vecegﬁghﬁéweﬁh? &saveary of gr sllgrewgpors

het er osexual gpecific to the t@tﬁoﬁ%%ﬁﬂ&%spbﬁﬁﬁﬁﬁih@@eﬂé‘a}mﬂ YarRfttell ik6 i@ t NET S
over az% riod of up to 10 years, but have remai ned H V negative as
e

det er nidfed by cioyretheperental Mm&tenmgsfyn vifre prming gereratscicis which can cause
reaction (P wqeeér‘?gkmgocul tivation. H gh-risk (HR) donor | is the
ar

het er osexual of a bi sexual individual who had a CD4 count
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Such effector cells are likely to have particular relevance to the elimination of tumors since

animals lacking these effector cell types do not efficiently eliminate tumors or metastases
[Whiteside er al. (1994) Clin. Immunother. 1:56].

Lymphocytes isolated from the PBL and tumor reconstituted mice are co-cultured

30 with autologous untransduced or mock-transduced and IMG expressing tumor cells are

assayed for the production of cytokines associated with cell-mediated immunity. Secretion
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three tIes wi t h PB8me remnorinells escapshizunune [T eellgegognition and ehrmn;mubanve&yw th

gc(r)zza;?erEDTA 'Na %Idm% a{)eé(?p& mpgf ﬁ@d ﬁﬁé@&l?aﬁ% l Wﬁa&%{% hs per
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30 Immune-modulating genes niay be delivered to human tumor cells in vivo and ex

vivo by a variety of means.
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sol uti o (Si gm}.gsmg@w)mu& %@ﬂh%ﬁ@hﬁ]m&gbmgmﬁ (@99)] Vid8l. 69:2639).0 heras
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was scored unduman transieran geer i 2005 dpderg wading region provided it §§Qa%§@ 25'?0
reduce backgrg&gﬁll ﬁéu?ﬁf'ﬁ g BQhdhck Bito B STRIothaft Ut tiie v %E%MV
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(L) o 2% e ey e ot P e B P ey

was i ncubat ed oftthk heﬁ%&&ﬁy&hmﬁéd@mmmg glichRstoinas br héladorias bﬂ;&e&&gnﬁéh
Tris-HC1, 20nM DTT, 0.6 mwhC [err], 60 mM Na

0. 05%\P40, 5 [leé’F]rs]"SFgﬁSfW@F PBdeoxyt hynidilic 25 aci d, 10 [err] g/m
of polyriboadenylic acid and 10 [err]Mof [a-[err]P]dTTP (DuPont NEN,
specific act | Vi ty 800 O K rrm)l ) The reaction was incubated at
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DNA (~7 kb), and have the advantage of a broad host cell range and high titer virus production
[Graham and Prevec (1991) Meth. Mol. Biol. 7:109-128]. Adenoviruses have been used in
vivo in rats to efficiently deliver genes to the liver and the pancreatic islets [reviewed in Becker
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. Fig.
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squar es and tri angg?re‘:gt klf‘i'ow #‘ac‘%ﬁ’\#ap#rfp \ﬂ&isgc@%%ﬁ%ﬁwak&%ﬁdw?gﬁ?ect ed
with HV-1[er rc]:llsaandestonﬂmaliqlﬁts@ﬂ-ﬂomdf m&w Stoclaapaoohcentrated byldeatrifugation
solid circles show. CtIVt uni nf.e Ls HR-
squares and t P t@?ag’ "o X’fecg ﬁi‘ 3’8& M tljffﬁh&‘T?ﬁ?ﬁ ect ed
Wi t hI HI V[ ﬁ”] mmaelmexﬂied@mmeam&ﬁﬁlao&ﬁﬁf &mn%al] vol;}uneﬁgmd mmh%gfﬁhlgee
results showe ey Wi 0 err t he onor s s. were.
still infect eg“’; R&}eﬂnﬁfa‘w lérealagfgo a&efﬁemg H?wwﬂ&q cglls a5¢ foflpwed for GRressiam
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deletions in the E2a gene are available and are associated with less inflammation in the recipient

30 and a longer period of expression of the gene of interest [Yang e al., supra and Engelhardt
et al. (1994) Proc. Natl. Acad. Sci. USA 91:6196]. If necessary, IMGs are inserted into second
generation adenoviral vectors. However, since the transduced tumor cells are lethally irradiated

- before injection into the recipient and since other manipulations are undertaken to induce

the tumor cells to secrete immune-stimulating cytokines and to express surface signalling
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L% P and, 20 U ks o S B ot i oy B 9Bt MBI - 2

wel | as targedcc&eshgmhérﬂmnﬁm'smmmxwmd)mdttmmgmsaﬁﬁmusismsedm wer e

t hawed and used fector cells éé‘% V‘\:Pﬁ addededto the wells at
E/T ratio of W."D@FDZ‘.AEL‘“‘ (sxplanted jumap eelis of digectly into exposed WMAES (6.8, ot e ¢
in RPM nedi upgedf neem&@dmamee/eﬁﬁﬁmdna&ouﬁm%m fhesBnpt 37C, 25

5% Jerr]/5%CJerr] for 24 hr. After overnight
i ncubation, the wells were washed four tines using PBS— Tween 20
(PBS-T, 0.05%,, . SRBEL &
m n, and i ncubal
bi ot | ngd at ed-Migese- anti - human | FN-y (Pharm ngen 2. 5 [err]g/m in PBS-T) at

4[ err] Cover ni ght . 5@8 X\%ﬁ ﬁ D& Mﬁspﬁ? Snd and
~incubated with perOX| asg }Q?qlt‘)&q strept Vi %tag, Sout h San
. Franci sco, mscmmﬁe&smdmewatamuami hr. IFN—y pr oduci ng :
cells were detecte r br o outs af
NiC[err] staini ng'ii W i iendy SH f%m%sﬁlgﬁ%u%({"%&mw?%gg g‘?/
distilled H esdlSCIBMEigainiceWerexdconsitatedvaritls PBheofidiffidrent dodors 4s\described in Ex.

25 3. Analyses of human Ig levels at 2, or 4-7 weeks after reconstitution showed that both of
these strains of mice were capable of producing human Igs at levels averaging 500-600 pg/ml;
1g levels were assessed by ELISA (Ex. 3). Approximately half of the SCID/nod mice used
in the reconstitution study did not produce detectable amount of human Igs.

- The percentages of human lymphocytes present in different organ compartments of -
30 the reconstituted mice were determined two months after reconstitution. As described in Ex.
11, cells were harvested from peritoneal cavity (P.W. or peritoneal wash), spleen (Splenocytes
or S.P.), and peripheral blood (PBL), and analyzed by flow cytometry using antibodies against
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produci ng cells was counted using a video-imgi ng (Appligene, Strasbourg,
France), and conmput er anal ysi s7pystem Control sanples were
prepared using the sane effector cells plus aut ol ogous PBLs t hat
were not i nf ek femiM iblkob}td/surface marker CD45. The results are swinthariz¥dlif FigufsnéiEn@onor s.
But Not LR Donors. Contain H V-Specific Responders 5 Four
LR and three #& donors' PBLs, unstinulated, were incubated with mtomycin

C-treated, H V-inferhataisha @Qﬁ%ﬁ&ﬁ&&%@n&&g&ﬁumm yreconstituted

nitrocel |l ul ose-bottoned plate at had been coated with an

anti-IFN-y anmmmmmmwmcmm@w%ﬁm@mm¢oa9rérdoaqung

h J
¢ secongary oLk Bty G AR ol M
ELI SPOT/ wel | mmumagmms) Inventfaétjthe aveiabirecdisituiéh efficiencyin he Sk¥nod

di anonds, open,circ]es, an triangl es s the esu usi ng, P from
donor s mice Waploy. L 4R 0% 2 e Bl Ry, SPetn arspleg iy Sophe bl
squares, soli g Blood\@igS6H; BéhoRDN-E) B&)or-to-donorvanatz&fWalEJlﬂo:’éﬁahﬂlﬁ&dUSi ng
PBLs fromdonors HR -1, HR-2_and HR- 3, reslgectrvel Hl V- 1-speci fi ¢- ELI SPOT
are shown as ke SGIRMof wyce; Fasghis reasop,ap Well astee repspnsglisgpssed in Exih resensiiiedt he
backgrggnd fr WE%fmed for vaccination/challenge SXpeHRRA enewghﬂuongof citididate

H V-specific | produci ng responders were oBserveof PBLs of
four LR donorwaceimesypt for donor 4, who showed a frequency of | FN-y

pr oduci ng ' cells at one in 1 x 10[err] PBLs at the highest E/T
ratio. In contrast, the exr stence of HI V-specr fi c responders in
t he PBLs of oA 3) o - : Asgdysthe E/T ratio

of 10 1 | he re uenci es | HI V-s ec FN— A uci.ng cells
were 14,21, and 281% pms e °?%'58‘TSF§r°gress‘°n h?%rnf?‘r‘rgnweéﬁ gﬁBf"s
whi ch was si ghirhbes aﬂfabaérsdhdlﬁcmgeﬂfal kthhiris d8d B6st ithminRSredpohsed MHile theGhajbrite 20
LR donors. Even at an E/T ratio_ of 0.4:1, H V-specific IFN—ZO/producr ng

cel I's Mre st PTHIVginfested sbycsts develop AIDS af y;mgdipn pfi 7 H0years, Wt9c)L0% of infected

The contri but h@j&, ﬁ%ﬂ%s (ﬁ?ei:? this
Hl V-specific il B ot cti o%ggﬁ%rt her st ugr ed by depl etr nH %Déld3
or CD56 cel | sS¢ienge?PiEI24 aodBplmovf(l?SﬁébTeEngl J. Med. 3323ﬁ]dbd@dseqyim¢10wlt he in

0 T CTo e e SO e .

high-risk expbdukes divitunls inenmaemE TN kg, 1s 994) bAcquired
:Sajeﬁe | abe gd Bi I¥hg dyseg ame??gfpt i(ve ?:)iagnostiecs,
Canbr i 3he, %@ﬁe%‘g‘gpggl%gé‘fﬁ%ﬁ"ﬁ@gq NI &es, r1'z ‘The depl etion

was carried Out bYBﬁﬁhédmﬁchﬁmﬁndtﬁeMWan%c&sMMymm&eUSI ng
nouse lgderr] sorting ﬁ ntrol. After depletion, cells were

washed Wit h cmma&rq%edrlmﬁd&ﬁﬁor%@a tectiviejimpupigy. ckhe ppchanism of rgpistancep
HI V-1-i nfect eemh@c&gﬁrﬁaﬂw Wﬁ&ﬁd&&nﬁ?%&f

96-wel | plate 24 has descri bed above. To eval uate

contribution eftoqomﬂ\ﬁeaeam%mfm&arffmmtef ﬂywpheeme, genetic loci lmlreﬁl t he

| FN-y pioduct {94 . ﬁﬁ@# Qﬁég@w ﬁﬁuégg&g ogjmused
Thus, the ratio (10: "1) was based on the starting PBL nunber

bef ore depl et phanti-Hlak aritibediest Wihilesstrong indirect evideny(Gupports4iigypothesis that these

PCT/ US98/ 06 94A3cposed but uninfected individuals have protective immunity against HIV infection, direct 49
in vivo experiments attesting to this hypothesis are still lacking. Understanding the mechanism
of such protective immunity is necessary for to the design and testing of effective prophylactic

30 vaccines and immunotherapeutic regimens.



quantitative analysis indicated that CD8 T cells contributed significantly

to the proc‘gﬁéhﬂ{ygs "™ of IFN-y (48-71%. E{,émsgm}ﬁg“ I n

Vi vo Resi st 1 Infection Is CD8 T Cell - Dependent
The above informati on was used to further_delineate the nmechani smof in

-Vivo protection 5 fromH V-1 in the’feconstituted SCI D/ bg m ce.
SCI DY bg mice were reconsti M . L f A donors
which were either Hpiletes 3 RS RIVICHR S, IP-EL ‘

mce were thegdg&gcul ated with the nmacrophage-tropic HI V-1[err] and the
ability to infect _ . the human PBLs_in vivo was exam ned. PBLs from
HR donor 1 were enpPdgtemmingifymrhogytesfyom high risk (HR) individupls were susceptiblathe

targets of Hl M 1i:1 i R ¥al-Te) ?g“i- fikeSan 0
(a) Depletion o 1 %@ﬁ,&ﬁl’?@ﬁ&éﬁu_ égﬁa%%?%f&l ce il &M%cubf%a CD8 T
cel I s wére depithT ed! amactephegs ttapit HIWdls knfection wasiscorexian Sie bayisod HIVWA RT activitsid .

Sci . SA 90, 5687] . hthe.ohb%' ypdj fication. Anti-human CD38
anti body was W‘@Bhlftlpg?nelmgglgmmgw‘ SCi t\égsa{}%'fts 8 hybridoma (ATCC GRL .
8014) using protein A afi)iSwmdwSubjaebtsrm (| nmunoPur e Plus, Pierce).

toral s 15 2 aTye b veselib b g elep nipe el |
i njection, ang Wmobexudl inftdurde WRE HIVPbéifive partners over a pEtild dffap &S 10 fars, Bt
confirmthe depletion of CD8 T cells,. hu-PBL-SCID/bg mce were killed,

and t hd0l ynphbtvpremaingdFHV nagatiye asfelspmingd iy raprated seralogical asay, polywgrasefhain. 11
Th | . [ W a’ 4% &E{GL wr

ang I(;taTC-S a\rllvteir - aﬁnr?gél_’ &agd?k%{c?&ﬁx)e%%h }Hﬁi-ﬂEﬁ g@‘%’? gkn&%hc | nesx(()ln or \r/]vigt(:a R)
PE- ant i - human ofabisezuatindivii@! wint had b G4 pouBzd 400 00 ubat tHeitink of positiye FIY diagnosisf or 30

mn on ice foll Y.t hr.e es wth i nost ai ni f S

cont ai ni ng mﬁyﬁ%?(f“ﬁ%‘?ﬁ@?ﬁﬁ” W%@? ﬁéﬁr%‘?‘ﬁ?‘.‘“ﬁ%s‘%ﬁg‘f’ En'g{%o&gﬁ and
PEnouse- | g an¢hefparkéérmankptack Yeforetis disgdsis, and the HIV-msitivopdrmet'ssCD4 count has

(b) I'n Vivo Resistanc o HV Infectign.is endent Upon T. Cell
Reconstt ut i oﬁe"éﬁ'ﬁ"%&@/‘ﬁéb %WB%IW@YE&@E}W?W&&QW° @pm%ﬁglgﬁ’@eks
later. 25 kndvaito 88 BIV-A ipodiivd sifice 19086GAndSios@CD4 sV femathed inthe 360-406/gs. 10a
and 10c show FACS anal ysi s of splenocytes fromthe reconstituted

hu- PBL- SCI D/ b&ng® & wasestimated:thatymprolacted anal semtoalplace ks dimes before this sdyiq,
ant i - NUMan - COf urRdoted 4R doblfct Bas %ﬁﬂ&&'me@yggn&&. YiRtiohhrusHa@Been1 0D

and ] show FACS anal ysi s of splenocyltes derived fromthe
reconst i t ut ed iselatepfomgptytohasspgglutinin (PHA)-blasted EBE: of both il ¥ positivei parymes. Ihesebody

treat t. 30 . - 3 | [ ' ' L] (o]
anti body, the “?% ?ﬁeﬁgwﬁl‘é?%% %%d'ﬁﬂwé%ﬁt@é%%?%%%gﬁﬁs ets
wer e obser veddo fictEhareicommdiBIEA bapldtypes. FAdditichelanyltiply exXposed,ninfected individuals \\O

gg—/ﬂ'ﬁggg /0694 tho fit into the above criteria were also included in the in vitro studies. Blood provided by 80

CD4 cel l's, andafiian®RedCrosiihdeluhtBerd initl labbfitory with SPriveHR eXposiredts HAV ieve

reconstituti Ortlie slogrce of control PBLs.
-2 (i) Virus Preparation

HIV-1 strains used in this study include laboratory-established T cell tropic (HIVyy 4 3)

and macrophage tropic HIV-1 (HIV y ,ns also referred to as HIV ,p,) [Adachi ez al. (1986)

J. Virol. 59:284). HIV,y ., and HIV)y .p, are available as catalog no. 78 and no. 416, respectively

from the NIH AIDS Research and Reference Reagent Program of National Institutes of Health,

30 Bethesda, MD and the sequence of pNL4-3, a plasmid containing a proviral form of HIVyy . ;

is available in the GenBank database under accession number M19921. Virus stocks were

prepared from infected peripheral blood mononuclear cells or macrophages as described [Chang

and Zhang (1995) Virol. 211:157). Briefly, macrophage cultures were prepared from HIV-seronegative

donors by adherence of PBLs to plastic flasks as described previously with minor modifications



mce treated with anti-CD8 anti body, there were simlar nunbers of CD45

cells in thgodpksns (12% Fig. 10b), but the CD8 cedrsusssinesss
virtually absent (0.1% Fig. 10d). These nice were i nocul at ed
wi th the macrophage-tropic H V-1[err] on7day 14 after reconstitution and
killed 5 14 days later for analysis as described above. Results of

this study argiassne@d.(P86)J. Bufmi®l. Mcthods 95:273).| BLs were prepared by density gradiéhl Fi g.
| Oe, the percentage of H'V-1 infected cells in the_spleen (open bars; and
i sepwatinayysing \waphocy separation mediup{Ogganon feknika Corp.cPushpm, NC).

in
chal I enge i s B s wiiites i B @40 medium supplefidited With S09%RER indivale et ed
with anti-CD8 anti body. 1 The Tesults shown in Fig | Oe

denonstrat e tlnman serue Approsimatelyt 3 x OUPRYswsreptiichedte VS flask and incubaged ovemmight 1

0,50 590l o e ol P 4250l

reconst it ut edincibated wittc@02% EDTAdpPBSfoeS5-10 min. The cells weddichlietted with a tallseraper g .

10e, hu-PBL-SCI.D/ bg m ce, #1 15 d . #16). Th resul.ts denonstrate

oot T o S platsh s 4s sl g e 1 bl gy i ok SbiY e e as e
medi at ed by hagiMink® by trypan 6lu8 stainifigh Oty irfitial monocytes were characterized ByeWslglitker ence
observed between the in vivo shown in this exanple and . the in vitrao

studi es (Ex. Symgmdithespabae pacrephagssivy bptyVrightsstaining apd microsspie sXamumehen- be
properhy assessed g1V virus stockp%e&'pfeiﬂz@dSﬁ'bhiéfél%gfﬁée‘ﬁﬁgdeﬁgor%ﬂﬂflgﬁtzngq{unﬁﬁ the

in vitro assays for cell-nediated inmunity a

hu- PBL- SCI D/ bBBlsode#+ ymphaestes(Teockh ot macrphegeitropic piruses) demacmopbages (ipaceophagdel f or
t he assessne . . ' r | yve d int Vi Il f the
v vo v 1t iy i onfiky Seepfodndlubhg Gl mtor a2, ek Fateetof | 1
d](cavalI S/p(id in ¢dm6qug ﬁﬁvﬁ;bﬁl@ﬁﬂ&hﬁﬁe@hﬁﬁg@&a?ﬁ@tﬂﬁﬁ?& e°rfrca_|_ inichﬁorsgﬂﬁi ns

o] -1 sinc e. chal | enge, strains setrér{ Iﬁ‘ﬁ‘tg %’dc n

nmacr ophage tr%ﬁ ctip vyerg 1o an mvﬁf@”t?ﬁ ftheeerkob R produghion GRS V-1
stai ns 15N t hewée ek BSACIS) KD agday 4ddeTCIDSD adshigse HR i ndi vi dual s

under investigation. 25 Ot her studies have denonstrated the

devel opment of cel Thesang vimpgocks e Heed fardpth frvire and in vivo experiments, fhgmultighicity < o ¢
humans [ Row aggs . - hat ey | ;
umans [ Ro %ﬂ%ﬁ)@mﬁj Gtissub qARR infiBious &&@gﬁm,%%&ﬂy%% dilutioh' @

Cerici et al. (1992) J. Infect. Dis. 165:1 : onés et al. (1993)
Lancet 341: 860k virus stock on HIVHinegative (PHay-stinulate) RBLs as deseribed pggiogdy[Chapganidci et

(1096) 1 munoP 2 shrmg 58§ asebfil b, P PUARAT mcty PRI Som BN,

30  20suggeddners wetestimuletel wite 25 g/t PHATNS deyspriorts éxfectibreand shven mainoainied n't

role in protecty i nst v 1oy STl i,munodefj ci ency \Vihis

I nfection [Sam?{@l %?5‘?&’63‘4‘3"“5‘.°/1\£%§1“@a%§%??“%2¥@’gjﬂ.‘&”‘)- PBES were It is
" possi bl e t hat plaedin 4g@elbEpLites af BEinilionh pervedllund infgcttd vith samlle Hijited viras/supdnitnts
contribute to.t‘f}é, develg‘F nt of resistancito H V-1 I nfection

[ Haynes et al dupligate..Cul s gyere vy £-4 days. At approximateliyy-§ Weeks 738

PCT/ US98/ 06944 time, infection kinetics was determined. The dilution point that gave 50% of positive infection 81
Med. 2:405 and Detels et al (1996) Al DS 10: 1050. However, the two HR
subj ect?? who §98¢ prtof Hrq wells) was considered fp hefhe @ pRiRt-PBL- SCI D/ bg nouse

chal | enge study do not ﬁﬁfrfﬁm&'ﬁ%ﬂ mféﬁ-gﬂtpl ot ypes. In
vivo protective inmunity agal nst - as al so_been hypot hesi zed to

i nvol ve Hepaeinized petiphsral blosd wsgoliected frors HR e lowerisk LR )RRV -negative
chenoki nes [ i ' o . . 0:181c.11 .+ | ddi tion,
a7 ot T s 1B, PBLs ke peoRA by A EN S ention wit b i ikt A
have recent | ywhsyerforaied asdesaibbdprevioslydChang andZhiang, supes). Beiefly| PBIls wené eated on

[ Paxt on.et al.. . L. Med _2:412]; subsequent genotype
anal ysir38 of tw&émuﬁfﬁﬁﬁmﬂa@ﬁﬁ%mﬂﬁﬂl %'é‘%?ﬁ'é’ﬁh%gﬁﬁwl"mv‘q at 0.2 mot.

The culture was split at a 1:3 ratio every 3-4 days. The supernatant was harvested for reverse
transcriptase (RT) assay, and infections were also confirmed by immunohistochemical staining

as described (Chang and Zhang, supra); Briefly, adherent cells were washed with PBS three

times, fixed in cold acetone and methanol (1:1) for 2 min, washed three times in PBS, and




I ndi cat es thét they have honobzygous defects in the CCR-5 |loci that encode

the macropkk?& 18; H V-1 coreceptor [Liu et al @EEARhshdds
86: 367] PCR anal ysis ofsix multiply- exposed, 10

uni nfected i ndi vi dual s including the two HR subjects in our in vivo study
showed t hat one i s heterozygous and five are wild type. Both of

homozygous. w I BebgiinbloRoss e AR FRS bt ierionin P iR S0 R Mot Bifept

PBLS ) ﬂjwﬁ"é\%/ﬁ?e&%?e'sﬁﬁ%é@a%%ﬂmmmmmlpﬂmmmpo%n}ysme .
macr ophage-tropi c -1l Infection in vitro | eiln
vitro ELI'SPOT émghylsSWMWWWEWF@&@M&M‘SWWWSQH‘%&M 15

that when ex p%?%ob@ﬂ&&éﬂ&%ﬁu&k %niau;lﬂ% 2% 85 21 % Tritdnixg 00 b 228 asasiat ed,

H V-1 anti gen-speci roduction was hi gher from CD8
celI's than frdmPBSwasnsedas te fitst itibpdyrand Sie|incubation|was fppe at room temperayesifoy s,

égﬁblpgsggg: ?i\(; trl&u& %}mgﬂt i : M ; I n %ﬂ d‘:(Ei | tgl)%?lgggﬂsay %sg];mot
be excl uded. Tiheleells Werelmcubﬂmviﬂi #£1:200xdilutireaf@ormal sheep anusert gtyodriRiemperature

HI V-seronegatl e | ndi v al s | Ci_pat t he j.n .vivo .D.bei nmouse
chal | enge 20 30 mint &h(}j’ulﬁ’é‘? Sﬁ?‘é‘% B’F%%‘E’F?%"ﬁ“?ﬂ%ﬁ"aw b ?tgé)%'

their CD4 T Ceddn HagiaH hitfbo Anfdtldhhh?ﬁr}uchwasusedatlZSOMltﬁSnﬁfdﬁndeﬂedsawdynto

characterize the possible machanl snms Qf _CD4 or natural
cel | - med® at ed mpmmfm”“f' dar %‘t“&WE’@W“h"dfwnmesmPBS'TW““z%é/QBBQ/‘@%‘hI ts

denonstrate thg eﬁﬁﬁﬁe ABE BBining sdibiich (Ekh‘mﬁﬁllg avidit hAbictRyRed horseradlsh

nodel for evaluatlng the protective imunity of individuals exposed t
HI V-1. The SCImrdxidase Pierce ChemicaldCaz)at ragm mnm fqrépman V\Mtﬁ fowrragre m@s and

hi o model i o BEEPTRpaR B Qs kA B A3 Diminobenridile oy kBB AR

vacci nees. solution (ngmﬁ»almhmg 08% N;@ﬂ,tfenmﬂ&md The reabtivnwaa siOppdd byaashing s

The biggest frustat in the sear far. reconbi r.ot ej ich . mght
serve a § cells t{‘ g’i&ﬂsﬁgﬁ%‘f’ggﬁﬁcgf H‘fdt?%%s' @"?%&c?l’aegf% t hat
reconbi nant prgHoRighép hwmes@edbackgraﬁﬁh&ﬁmgbmh&@pnmuym@mhsecmdaggmsérmmne
response which are not protective to_nm | s agal n he. pa k@é/otic
and viral pat hegeReabsarted ph fyedhngee ?BB’F% Bfg@ef%fff%"gﬁ é&?ﬂ?‘g’s@(}lo/eﬁs emis
the inability room temperature ®r SR bREARNY SirkiRitEdalKshspeEifié bickdahPdigAlA The

nodi fi cati ons such as gl ycoqu]I ati on and phosphoryl ation whi ch

eukaryoti c pr opedenfages efpositive gvpragerof mere thantreeSPrPERitiMaL i on
and bec 8
gﬁg 694 4counts of 1,000 &qo%%éﬂ@ g2

PCT/ US9

bi ol ogi cal |y active [Zhafig) B Assay (1995) Nuc. Acids Res. 23:4073].
| nruni zat i on based | . ' '

trigger protective ?‘%sﬁﬂsgg%mﬁggev%gé%%?g&g%g?%ggﬁgi‘%éoﬁpéabpi%éw%‘ge not
assunme t he conmediurh Gipetratant) whsireubsdtddavith §@y ofa redctionvockiail cantaming 50V Teis-HELy

most succosst uPE8320rMBYE bty epbric, o 05 Negh Bl atp Bl o

attenuated or hddadingmilREpdlitiadayitc acit ah 00/GM of pd-BPIATIB(DEPoRE NEBK specific
such an approach, unswtab1J

efor H V vaccines,. it t..to understand
why vacci nes activity 80 ﬁ@%@ﬁﬁ‘&?‘@&dﬂhyhgagﬂggvé%ﬁal{%@s’@sg%m nes

wor k because t &&H&E d air dried 98 DECI Pab& Wad WalHed 3 ltithes
i dent i cal V\nthp&}?gt of the%%oect ed a?nhgueng eb Even if a

protein has re%(@&&ﬁw@rﬁé ol MW%PH&@W@%‘”@WP}!

gl ycosyl ation 10 an@gﬂ& q ' A
protective inmmune respon Tode ] roceSS| ng and

present 30i on ofRAES)\ambysise protel n to the i Mmune systemis not appropriate.

Immunohistochemical staining was performed as described in section iii above. For
FACS analysis, red blood cells were lysed with ammonium chloride solution [containing 9
ml of 0.16 MNH,Cl and 1 mi of 0.17 M Tris (pH 7.62 to final pH 7.2)]. The cells were stained
with PE-anti-mouse-H-2K¢(Pharmingen), fluorescein isothiocyanate (FITC)-anti-human-CD45



This is due to the fact that the node of processing and presentation of a
protein by Woi9sSi4dTss presenting cell (APC) plays a deRGCEV§S/06#4ec | n
the specific recruitnment of distinct T Cell subsets into an

I mmune response [ Schirnbeck et al. (1994)75)J. |Inmmunol. 152:1 110]. Two
alternative 15 antigen processing pathways are now known [ Schirnbeck

gg 4al4.2i S $ ﬁr af(aﬁctmezlmzweh Didkiion), phgcoeryﬂxrin%ﬁ&ihfnaﬁ-lﬁﬂ@} FIYOartFigiman CD8VE. 3
. . e irst alternative is the exo nous pat wa oug
whi ch anti gen@mé?r lpmnb%rff%mweécetfal loyied P Swrﬁs%ﬁs“ﬂ%mwmw@“?{ﬁe
endocyt osi s tainifld O PRFBSY0. @Aﬁm%@baﬁﬁmhamlaﬂmmme 1g3qvere

endopl astni ¢ retrcu um pass through t he appar atus and enter
aci di fi ed endmsalfersorntrel siing, Theamplss WWM@E%&E’SISMMM%WO
into peptides, Theﬁ/ll—lgg tide conplex is then brought to the cell surface,
wher e |It%tcan (Becton o%)recognl zed by heI per T ceI I s (CD4+) The second
alternative is the endoded®iisFamnifig [ e Stgeppibie Th 1 Zho jiteg
proteins in the cytpsol ate.c LNt 0 eptide i n

to 10 amino acids) A’%ﬁ’@’“ g h’@e@w @%&Wﬁﬁ%ﬁﬁ%
transport - assGgdivitets wereassuscepnb[UﬁPBLﬁlﬁ'o:ﬁ'ﬁﬁi?ﬂal m@ommﬂdnﬁbﬁtﬂlﬁﬁ@ﬁe to
WMHC class | nol ecul es. After bindi r_}_g the conpl ex IS transported

t hr ough t he GGP’&F @&aﬁhtlﬁglgt@’fhﬁg &Fwwéﬁm@els?mwdé&??%@n@éﬁﬁgm zed

by Q&gi;n,f?, &Pk #ﬁﬂﬂ.l%w
prot ei n antlgens st %ngéﬁ'&n ﬁ&wm@éel S I ch are not protgéctive
in HV. In faanopxcfm‘éq.@e(l%ﬂwrwﬁtatQﬂmﬁllsshmmegenrs@mwnﬁangles,rcspecﬁvely; _

unsuccessf ul a m)st of osed of, Vi its
expressed in %elcac I fe&%ﬁd’ﬁgn ﬂeﬂﬁ?seh%gvﬁt“g n@ﬁf’%u lesx(o%{gr%ous aﬁtlgen
presentation mnwuwwmmwo}mmdmmamm I%dHR-Z)nifeﬁédwlthHDl,ﬁlm _

vagi nal, etc. d t.h at hwa f antigen presenta | ntracel | ul ar vs
extracel | ul ar )at(@m‘”‘“?“"Bn sﬁlﬁf é"‘ﬁ@@“gf&f?a‘t%é%%ﬂ'ﬁ o et Yereo H
[MIlerisand “%Q&T—%&Q@ptd\éﬁhmmﬁinu; 'ﬁﬁ]lmmunosmmmgreﬁﬂtﬁiccﬁhﬁﬁéﬂtﬁé-ﬁgﬁgsay

Sci ence 272:1888 In Ex. 17-18 above, it was shown that

in vivo prot ed I mmunity against HV in mul ti pl e- exposed,

seronegat i ve indi vigiglifer bxantifid Whdid n I8¢ ViRl PRI W iR e R GRS
WD 98/ 44788

PCT/ US98/ 0694 HIV-1 infection, the tissue culture infection was performed using a series of diluted virus 83

Shour o b ofr SpAREARReAA 80400 MU el oA, 1

| ynphoc2@ es ( GH4RT eativity (CRM/iphiicplottad@gaing diysepostiinfectioni Thegpen cu-cles show RT

het er ol ogous prot ctlon te di nt strain Askarr,
supra and U néf vily'in ﬁg‘?ﬁ@%ﬁ‘f‘%&#@n PEYa tﬁ'ﬁ%’f"[“%ﬂﬁs%‘t WYl e
protective in Bﬂmﬂoﬁtmm‘&tanmgomwlm, at2 moi of 0.001 4@oI0e0, lréspédtmtlyl T?e ’

i mmunogeni ¢ protein_ is generate ntigen presentl ng ge i ke
the Gigsien gk éwn? E’Rik&? Pﬂ*shﬁh%?yl SpHEeTamd &iageles ty of
using direct IQBl4¥vR'i'Ja@@s’iﬂy%PBLsﬁ-oml-lR-I infeRl QAR AYVI 2] at @ hiof 105001 HHAG.6001,
responses simlar to those induce by |ive attenuated vacci nes has

been defbnst r JesPectivelya Ahesg resultpsheyed thateyeswithemei of | lo*bt!rs HR dopprs'ABLs were
li cat |
appl i ca 'F’”Ssuprg{&t&% Acompambleéo@&ﬁ@pgrtd_?% prowo?ﬁt’ec&oﬁ'@th%tﬂdﬁﬂoﬁ nne

and Askari, de a vaccl ne capabl e of
presenting Hi \bfp'mmsmsqrwdtbmemﬁk andHR individualst iSinilar results have begndepiorted he

Corshmani a - tet VT Rl B b Ji/ 0 Bl PA P e

capabl e of ac tlitﬁgis&nmihmt tlhe pbssibleaifatitre bif thie profecive ifimunity in these individuals.

. tomacrophages. Biologically active cysteine protease was produced using
“ this system O her |nvest|gat ors have reported the production of

- biologisally Foda
+ Plasnodi unyoel i i -
[ et al., supra;la¥dgin et al. (1993) J. Immunol. 150:5059; Liu and Chang

Nl Biochem  par ast 0B o Rt e ik bl i B AP FinEion whll)

crrcunsporozorte proterns hn

the human PBL-reconstituted severe combined immunodeficiency mouse model (hu-PBL-SCID)



it is possible to produce eukaryotic proteins which assune natural

confi gurat Hg@ LRs4gsbi S System The i npact OpcTUses/ 6944
over - expres Ré/z%ystei ne proteases in Lei shmani a pat hogenesis was 20

exam ned. \Wen Lei shmania cells over-proguci ng cystei ne proteases were
Injected into susceptible BALB/CT m ce as a vaccine, the parasite

failed to infect. _m.ce_s ugntl vy chal L enge it .Leish I a;

t hus, the mdsﬁmd@’?mﬁg’f@ﬁﬁ&msgﬁgﬁwﬁg%°£{*’F8’F1°l'j° Bt \%LCC ne.
This mmwh 8 Sathfinfeiaiindiydubls | Ths Hpvpdintodel s wiedto et desiisodptibility

| nmunogens iCc rovi de. protection . . .agai a variety o eci es
of Lei shnani an@mmm“‘ﬁm@ﬁlﬁ?WC} B‘&Ygﬁ%%‘ﬁ%’e Wﬂag’%%é cell
system provi digmadh HofidtverPREd folrEtohsfitdtds-3 SCEDME thidt atIhmS asieséribe@ .
(i.e., from pat hogens) hi n_t he macrophages (APC) w t hout

t
causi ng5di seadeT crwr:écsg?qtr@mmh@hagéhf hucPRI-§GTTfbg grice were challengod with 1 cpld,
del i vering VaMhQ&%Pﬁwll\ﬁsﬁxg aTeib, hf’%ﬂﬁg?gg?bet%ﬂ&{ HAE hctof4hi2MBuced

configuration s 1denti e expected pathogens
(e.g., wild tzmesthédia/ Ttorveiekssiftert V- behallerige micewere killed, and singleicellsyspgesidnger ed

within the APC to humans. Such a protein woul e ocessed. an . nt ed
30 o nueHRT R e A RASt T RER st RSB AR AR "
t he product i ofiowtytGinktoy aiysis, and PCR. All eXpdritientsoreré pafordedin aicsafetydewl8i ve
agai nst._H V. '

T i de. Lej shpani ; | i ,
expresdPng Hi fﬁcﬂiﬂbﬁﬂéimmkm&’,’%&# %msg"g’ &a&‘%ﬁ%g@%{&%?se%ﬁ%and/ or
gag genes ar eafd euis seieides Wh sl fale Toninived AR UnitersitydfMbdalt €ase

gene as bi- or tri-cistronic constructs using pX or pALT-Neo vectors
(ki ndly provided b;[hecellsharv&swdﬁmnﬂmfggaﬂ mice were analyzed by flow cytometry

PCT/ US98/ 06944._. . I : g . 84
Drs. Steven Bgs\}%graé‘flglm%usnedmﬁflrahrl]sﬁo WP%%WW %oén éeé‘tcllagsé‘ a?ub%dgta% "F?g%‘t; aen l?au'gmll}lar vard
Medi cal SchoolCp4s, CD3, CD4, and®DR antihodied'gs desoritied ilNExl 1¢ Antha same titriedHIVelbinfgetion

I nsert g bet ween two -tubul.'hn l.ntergeni c .. . egr'uen %&geﬂﬁémw

t he st§ le ex WBP R ﬁee%“%%?fg’?‘?“fﬁmé?fmﬁcﬁs%gﬂ B PP RE ST ON

of such bi- OHIV-positive Falieniy vers oxRmboldnalianti-pia untibbdyas dsstibedis Bt. 5. Repdenmtive t r at ed
(see Exs. 2, .9 and 5@] 1Q) . Exlg,remo of gag-pol. and_env .proteins
froma repli CWW%%&M%WBH -‘én@s%gé“t'ﬁ?gf shovwn in Fig. 8 aﬂé‘.“g‘?f"“ﬁHP- 1)
has been succgified 4 wedksdRertasohstiniton aldsingledeil susperiRiofil Were pepired Fomahd thtte

gene(s) interest are used to transfect Lelshmanjia nmajor cells

f
as descri bed Fif&!ﬂ\g%g@n wmm%form@mn& Figs. 82 WW?Y.PHHH'E‘PSF‘VF
pl asm GoDNA | grin itttk pefifdndal i AL a8 SplbdticPtel, REpEAIRIY Sfintied Redrfitiied

of Lei shmani a ce| : S :oy. el ectroporation. The electroporated cells are then
grown in sel efrmadRiipdividual. Figsisqmnd 8dshow HAVriertigativedmmunestaiving ofigritasesl] g/ m

(418 when the s/ [ : . .

The transfor né%h%e%%wam %/fg%g%ggéel?’l ds}%é?eem%ofgwtﬁg?gﬁo%@ H&gﬁ%i lity to
confer protecti on Theresultsofimapaostading dedionsbried tHatplinif the 10 b BBESCID/bgutioni t h
human PBLs (i.e.. .hu-PBL-SCI D/ b 1,Ce) . . are i.nfect | T

Lei shmani a cefTsE "'Lﬁﬁ%%%“%%‘é@?‘g}s%ﬂeﬁﬂ%@% e?tﬂﬁrsfﬁeﬁgrat\ég-cﬁ% gnhv 15
const r st Two trbgic HDVH, at&jaenciefbfabout 144%cof aells fronalie perignl lavapé(Fig. 82),10.8-5%

Eval uation of protectiagn, ajnst_infection is._congqucied two weeks
after HV-1 cﬂgfﬂ?%‘ﬂ@'é‘?s @151 %’_Prae%és“ﬁ/? w@&éﬁwﬁ&w@r °°?1s' L‘_"mmfri ce
are isol ated andintlmiceeSmbéthed Gidh PBES FrbmiRAwAHEE HIVORHMfted ihdividial wéed

using a nodified _ ELI SPOTnet hodEx. 17). The cysteine protease gene
will provide peastivedentaniiIydmmprostainiag (Figr8eand 8d, peritoneal lavaggand spleem &sppgielyd| / env

gene wi |l proy '-@qﬂigg@gs{}:ﬁ oM _Hgﬁﬁ E@ﬁ#’ hnes 20
whi ch demnst\rsg@etﬂgég%%l ty to e%ﬂggel}{g}?ld(})%er%go?gggnt ¢ n ‘%(s:t‘s?gﬁkand/or
whi ch i38duce analysis, suggesting thit méctiedwasgpstablished-it\the time bfichaliinge Theseimbultsf t he

ELﬁ;ﬁ gt I nven taxl'e%trllnuqrnagzetd rx}leﬂg%%\lge ge, the solid, hatchezl nd stlngged\éz?rg?ebpegetn Sells %m

peritoneal lavage, spleen and peripheral blood, respectively. Reconstitution of mice with
PBLs from the LR-1 donor (#1-7), the LR-2 donor (#8-14), the HR-1 donor (#15-21) and
the HR-2 donor (#22-27) were confirmed by ELISA for human Ig and FACS analysis for



! Exanpl e 20- Construction of H V-1 DNA Vacci nes

Hi st ori cal | wo dsna7ssost effective vacci nes have been |ive att ePORUSB/EH44
i nactivat ed pathogens. 25 At t enuat ed viruses al so have shown prom se
in AIDS research, the nobst potent protectjion of an AIDS-1ike ’
fvirus (SIV) in a primate has been observed using attenuated SIV in nmacaques

[Daniel's et al, gﬁ%ﬂsﬁ%@%ﬁéﬁ ‘H B &k, MBI h@itfes infARWiR R thabibtiage

vacci nes may pr effectrve HV imunity in hunans. In this
exanpl e, DNA tropis HiVais 20é SEiopictd mdgre%trefeqﬁngmﬂ! the T-cell trmorIéIqu-ar Thefres

contai ning an LA Le ed Ll qembr
constructs 30" haﬂg‘agL orpr ‘gﬁ“%‘g’&g ep |ca I on- @gfnéctlve row rus vx/m ch

-t

. are enpl oyed BBLMsﬂaﬂmrmkswmobmned provi ded. WO
98/ 44788
PCT/ US98/ 06944 o - | o 85

(a) Attegnuat egx2anbiig LMfediiEdThtiine Reshohde HRVIng RS
Several “HV clones cont ainin mJt atlons in the tat and n?;w%gneswg@eq
const ruct ed To investigatritflis i wvq nroresction is dus atdsagtip nagt tp HI X!  celf- at -

nef- HV cl Onﬁ:gmﬁ'r ‘?es?(ﬁﬂés }I%A ﬁmvxduals,acmvemmta-ﬁh scnbitiveFRAEHOTUCL S
may be enployed as proviral vacci nes (i.e., naked DNA) or enployed 5
as a vaccine WWWM@QMYWE@ apligenpresstalionat i cs

showi ng the o ni. zat n

organi zati on OF 1 fén 'L\?fé’YFfel{sﬂdé}a"ﬁlvﬁng Flﬁa&valmgﬁy ﬁg&‘%ﬁgﬂ‘%ﬁ%@?‘ﬁ
(11D), 1dl V[ er of CDA1T1 celidevdlofintent [Wenneddefa). (T996NE Immiiiol. 156:1442). Figure 11,
t he open boxes indicate sequences derived fromH V[err] the solid boxes

i ndi cate sequences derived from HI V[ err] the shaded boxes

I ndi cat e sequences (HeELISPOTT A of [N [P and t he strl ped boxes
I ndi cat e sequences derived from HI V[err]

di scussi ng the con3JRRQF WW%@F??SE“M[M‘YH@R“F{} 9'9?,5)611‘@5““"81 M‘fﬁﬁé“r of
precursor 181:45 mﬁ'ﬂyﬂ&l nﬁﬁﬁic&iﬂ:ﬁErT&ﬁﬂnﬁﬁrﬁﬁmﬁ%M&mW 5.2 S-WEE

Hi V[ err] provi de ength H V-1 enone Tl is a
virus that shoitoceiinsebottomedplatgpMuitisongentHiA, dilin W@atﬂ@ﬂglﬁlﬁd pemdl n

e e e i i S Y

has denonstr amﬂsmmhagﬁnmmmmamoa‘aspay.nh&cmnwasconﬁrmﬁbsth’éamw gene

nunber ) ad Sy nsfisodepial bichg CRTEeR I dSRURT) 08 SRER gt wo

alterations ( Gb@%daadeezmmadmmdmdualsmamam)orMugenresﬁresaiohmmmm
consists of the insertion of_the CW-I|E enhancer .in

5' LTR regi on¥B&s H¥r1-infected RREsoysre reats mer@fﬁéhwﬁ)rfg#?% wapRed; TR

The secgnd 20 and resusperiBiéll & RPN £RBST630 @bnthitlifg 1 0% FBSHhA 20 wis/hlth@Aidd P
codons between nt sgSl and 5851 of the t at gen kﬂ[}nun‘oered

according to tzwommmbmdmlmﬂvmwmm ate akkx 10 pgr
ALDS, Los A o o itk ot kPR Pm L3 g sid o | 01

has been ssed I n several i nes
(Chang and Zhaseffectonpells(E), wrefadded]to the wells at E/T matio ¢fif.4:1, ¥{leand|10dan mﬁga'mse in

it 6781 ana o eI M ki R Bite e bs BRI 2P0 Coone,
this clame coms® M#5% CO,for24hr. -an engi neered Hindl Il site atnt 8784 and two
engi neered Xbal sites atnt, 9019 andn

provi de schematics frerjehf meybstion ?Velfsﬁ'ée"wfi‘?'ﬁém?‘ﬂs rgéﬁgfé’%‘gz%s
\Qﬁlj I i 'celfs tB h fm E gfllasgrl;gocos%), blodked with'20%%FBS & FESID £ féofh thtfyeyanfefdr 15niriahal inédbhied 26)
with 100 pl of biotinylated-mouse-anti-human IFN-y (Pharmingen, 2.5 pg/mil in PBS-T) at
4°Covemight. Each well was then washed four times using PBS-T and incubated with peroxidase-labeled
30 streptavidin (Caltag, South San Francisco, CA)in PBS/T atroom temperature for 1 hr. IFN-y-producing
cells were detected as purple brown spouts after DAB (Sigma) and 0.3% NiCl, staining. The
wells washed four times with double distilled H,O and air-dried, and were the number of IFN-y




(Fig. 128 wi I d-type sequence provided in SEQ I D NOS: 27 and 28). H V[err]
a Tat - rus, was constructed by ligation of the f@él@yyg,gsﬁpree
fragnents \%)95/447&57 kb BanHl - EcoRI fragnent isolate fgrom

H V[err] which provides the env-vector ckbone- gag- pol region (nt

8465 to 5743) and2) a~0.6 kbEcoRI-Asp718 fragnent isolated fromH V[err]
whi ch provi des ene, (nt 574 634, 1
KbAsp 7! - BamProdsighests oS SRR PR g Hisprapry Crrofiachd StasBify Frark, fraf
the env gene Chhpfiebaalyss §46h.) Control samples were prépared hsidg/fi8same effector cells plus

PCT/ US98/ 06944 86
(i) ConstTuct |aBﬁQ1°GP“SI~ﬂB\¥[5é1WY"“°“°tmfectedw‘thmv “LiV[err] was constructed by
ligation of the followi ng two fragments: 1) a ~5.7 kb BanHl - EcoRl

fragnent isol ated fromHIV[err] whi ch
backbone- gag- pol r dbi PBLshnom SRANNETS. B
fragnent. i sol at ed Qe ‘M-]étﬁﬂﬂ FR%PO &% f, Wmﬁ&?(y ;negl on.
HI V[err]5 does not F‘é}lrol‘ uami% hm‘ﬂ ?%nct onal é%%%r N protel ns cand i's
macr ophage tr (ﬂ;mte(dABB/-mfecﬁegmnd))gous PBLs in a 96-well mu'ocellulose-botton(edlp)ate that had

Construction HV [err ucted by
ligation of t 83"f°8?tF J@“‘PW Fféﬂwgmiﬁcgg'l@h}']ymd%%%&i B=coR
fragment isol ats&dmfafﬂiase:kw[p%hhas phtePdnt g Sntitody. afhvrevlﬂﬁh@&mnnanzed
backbone- gag- pol 10 gi on (nt 8465 to 5743)

2.7 kb
EcoRl - BanHl  f izKigehin Figod, Qpeamkm -VELSPOT/well is P‘°ggd Wﬁﬁ“%ﬂ“&e@h"t he
tat - envyy egi oRgg W[’ﬁ"&l ds, FPecircte indUperthiaRgIEs LAY Hie RihitshAing PBLEEbm donors

proteins and i's tropi c NL4 3°env_gene).
(iii) Construdi-bARe, LRIB\;MLRF respectively. The solid squares, spliddigmondpendselideirelesct ed

by ligation of f
% 7nggoM S fragm%ﬁﬁ%om.%?err#MOw ées%w{i‘ﬁe vect or

- backbone- U3- gagshohnisahemeand:SEmmphu;tmlléaﬂaer&ﬂ»&d@xng&er@opn&ﬁomcmﬁ kb
Sa/ | - Bbr PI fragrrent oI al ro [ row
tat-env-nef regi on %d g @%%ﬂﬁ é‘w)N &M“‘@%ﬂ?ﬂ’“ﬁ% ﬁﬁ grrent
i sol at et f r ompBils ¥f foar LR dwﬁvrséxcastw doaer 4.)vho amo»&aa&ret;@exﬁsa BﬂB?N-y Ho\i‘{uﬁﬁg ]

does not produce fupcti o

al rot i ns and T ce
tropic (NL4- 3 cglisat } 105 FBLs at the ghest%fl‘ratxo 157 f}-iftv-wx

r ow des the env vect or

H V[ err] responders in the PBIS S 1K samnegaﬁve a&mﬁ Wete Eﬁﬁl}r latetted at the B/ Dfatib BE
followng three fragnents: 1 7kb Sall fra rrent | sol at ed
fromHV [err ]lowmheg'eqam ‘ﬂ@c‘ﬁémmm s woedagl e 0% cells

~region (nt 10%§&héﬂréiﬁ§am wasQighfficanly a@aﬁpkmnﬁ@gt fr&ﬁhﬁwﬁhérom

H V[err] row es the tat-env-ner region (nt 5785 to 9365)
and 3) 20 -~0. 9mmrmwmmmhmmcm~smmmme@me whi ch

provi des Us (nt o‘?%"fl&ﬁge’h%gdfg) Hi V[ err] does not produce

functional Tat™ el'ns and i s nmacrophage tropic (AD38 env gene).
The tat- nef- HV cmamamlﬁhﬁmﬂﬂhﬁnﬂmmaswmmmeeﬁeedomﬁsmsﬁy pegifioyed

as naked accin S str cts nay
be transfect eﬁ%%%“%ﬁ”a@l w%%ﬁ@?éﬁcﬁséﬂﬁ% Hl}
or macr ophages Hitidforprbr o B EIISPOT ailfy. n viro Bahuous Seplenon s ctrtabted €0 as
described in Ex. 15 and the atte te I ruses X ' as
vacci ne® The 355‘{11°Wﬁe?°rt‘l‘ﬂd9p]€1‘%f§s€%g:as Mﬁs’ %f—gwmwd
infection in tith M6t anti-human CD4-, 8DR- Umgﬂﬁ&xﬁﬁfs&gG%élédBﬁNﬂgﬁﬁbhmet ed
i mrune responses which will then control

(PerSeptive Dxagnosncs, Cambridge, MA) at 50 beads per cell on ice for 30 min. The depletion

was carried out by sorting the cells on 2 magnet for 5 min two times using mouse IgG, sorting

as control. After depletion, cells were washed with culture medium and seeded in triplicates

30 with the HIV-1-infected autologous PBLs as target cells in an anti-IFN-y-coated 96-well plate
for 24 h as described above. To evaluate the contribution of individual subpopulation of lymphocytes
in the IFN-y production, comparison was based on the initial number of PBL used. Thus,

the E/T ratio (10:1) was based on the starting PBL number before depletion. Results of this



limt the infection induced by these viruses. Ex. 21 bel ow provide

protocol s w0 9s/id78&Vval uati on of these attenuated viPOTHR8/A6044
proviral DNA vaccines in hu-PBL-SCl D bg m' ce. WO 98/ 44788
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(b) Replication-Defective H V-1 Packagi ng Vect or Vacci nes

Expression v vuﬁﬁat;tsts Méatédhﬁat ODBHBEELIS Gorftfibuild\siERfidaBFitoBE hratisctioh ©

provi de usefu V- DNA vaccines as these constructs express
viral struct M&T’Nﬁéﬂ%gl%ht Iack the ability to generate viral RNA
capabl e of being packaged into viral particles. 5 (1)
Construction of EXpI’eSSI on Vectors Capable of Synt heS| s of All Viral
Structural Ghxemplei -Un ¥ Resistande4o HIEVi-1Ihfect Dependent  pHP-1 | acks

t he prinmer bindi n RBS t PPT

of the untransl at gﬂmg&té‘%@%ﬁ%%‘éﬁ&%ﬁﬁgﬁﬁg"mﬁ entry ?FW

(rj et rovi(gsc'[i)l) pmt nﬁthﬂﬁednsht 1:utedeIID/l|a_lg|1&1/{ce'[SCI]:DW«:&dmélé Fémﬁfsa;:\fﬁth?ﬁlb Cet
onor site con S a st.r ura es ep
for the nef gdf@m %%W%Pg 8 herlls pram %@é Ft‘}?‘?s?'ngf t he
viral protei rtﬁm were then mocutadéﬁ’wim e Q¥dcrtpRagdRfpYd FING1,G AR AR tBe Rilify 15 ikt NY

H V-1 infection in termof the viral proteins expressed yet this

vi rus cannot M@mﬂ’%@d"?wmﬁp Eﬁ@%@dmtlwmmmm
i nt roduced | &F@ts‘bl}‘ ssibility
that wild-ty %/Cf\:}llsfaﬁgstﬂe be prog‘&f:éx%d ﬁ,&@}é&’ﬂ&’%@; reco ?na‘?{)on Thus,

pHP- 1 provi des an excel | ent H V DNA vacci ne. 15 pHP- 1 was
constructed as fol)ows.. E , a.t-rPQ"o ' nhancer pronoter
CW- TATA- TAR fr agniéht . ﬁgéMMtedfrom

dl kB/ Sp1- CW- TATA—c'mchens were depldﬂd‘&s&@bﬂfbﬂ[ﬂéskﬂetal.((—lm}’&w Nitl. Mlead. §6i. 743]
by Brpl-H ndl Il digestion and cloned_into  EcoRV- ested

pSP72 ( Pr omedéSA 99:2684] Wit e folloyigg medificatinp. nﬂ'N"Pm%Pﬁ@Dééﬁ‘Plﬂ°d¥iUﬁ°el§F§€dd
whi ch ascmeE%I@I‘ﬂ%bﬁdd?ﬂQAﬁ‘C@@ﬂ.%lf}%g%@mmwtcﬁﬁﬂﬁ QBPm'e

Initiation context and a major splice donor site of OuUS sar comnma

w rus Th| s |Blm&eromaslwtctawmamwedemﬁ@mzpmgomepqud@mtwgy@wgmxmt@at|des
\(Y , 4 (3

( SEQ u GAC X
ATCCACCGGGCGAWAnMQnSEQcMﬁm@:@)’Ieumf €DB T cells, buBBLSCIDMhg sniceavdrekilled,

pSP- CW- TAR the ding,s S
obt ai ned by }Bﬁ[‘%%ﬁ?m%q%ﬁ?‘%taﬁﬂ dgscg"-ﬁ%@n%xgllaggﬁ g‘ﬁ%rlx\ﬁg a
5 priner [5 stdﬁii@@éﬂi@ﬁﬁﬁu AoLGEF R (PhAfMinE T and FITC-anti-human-CISHAnti IO, 3 1) |
and a 3" priner. d tr am .of the Sphl t he 5' - AT TITTG
TTOCTCAAGS 3 B %‘ 3’??1" MWM‘BE@?MW@%l - Sphl
(~660 20 for 30 in éide Edliotved b@ﬂﬁwwasn@smtn iU Gstithing bmtt»watsﬂmﬂmgest ed
pSP- CW- TAR- SD t 0_obt ai n pSP- CW- TAR- SD- dI

Rext the pol yEIeFERE8S QL 0R6NSN. Srtvwbmsshed i mossede subHAG: mysse T paes Wit he
fol | owi ng as controls.t Nree fragnments: a 1112 bp Hpal - Sphl fragnment isol ated
from pSP- CW- TAR- SD- dl . gag (contains the pronoter-TAR-SD-dl . gag),
a 7922 bp Sphl - Xhol fragrrent (dJ. gag pol - env gpt) of pNLgpt and
a plasmd vector bg . , . L6 ) i
(Stratagene). )

ORISY

Reconstitution and CD8 depletion were confirmed by FACS analysis 4 weeks later.

25 Representative FACS analysis are shown in Fig. 10. Figs. 10a and 10c show FACS analysis
of splenocytes from the reconstituted hu-PBL-SCID/bg mouse #11 immunostained with anti-mouse
H-2Kd, anti-human CD45, anti~humat1 CD4 or anti-human CD8 as depicted. Figs. 10b and
10d show FACS analysis of splenocytes derived from the reconstituted hu-PBL;SCID/bg
mouse #14, after anti-CD8 antibody treatment. |

30 As shown in Fig. 10, in mice receiving no antibody, the following percentages of

human lymphocyte subsets were observed: 14% human CD45 cells (Fig. 10a), 7% human
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/069-
Lastly, (151 mgssr’rade by the followi ng ligation: Notl-Xhol {56?591)% of
pHP- dl . pA contai ning dl. CM/ T A- TAR- SD- gag- pol - env-gpt, a 422 bp
poly-A site from Xhol - Pst | _ st ed pREP9 (I'nvitrogen), and

e PR LA e A S S lﬁszﬁlge@eil FEISPS Sipeks AT TG et g { o

hal f-Bbr Pl 3njce treated with ann-CDS antibody, there were sithilarRfhbedd 6f OP45 cfls in the spleen
replication- cgzn;getent H V(RC-HI reconbi nant coul d be 8enerat ed,

human TE671 &E3%.Fig. AGchuttae GRrisils were xirually abse (01 Yo, fiig- @Hﬁhasemvmj t he

transfected ,; iy ed el |
line M4 for mfc'élays tk/ﬁi% cel Wg?ﬁ Ei Nl““"’MM&?E)ESQE\I?eersear ch a 8 Re¥eedr:ence
Reagent5 Pr ogrlddaysflatéicfor amakybis asviesdribed shovef Redulis offthis Bl @sémnmmzed inFighD) are
an HTLV-I tralasformed human CD4+ | ynphoma cell line, which are very
sensitive to HHV-1 infection. No infectious H V-1 was detected

after a 2 nonth caabig Weeﬂxep&cmmtgebgl—nvlmfectedcenhﬁthé)qmeneopaﬁl?&s}hvm
production in cell s nt ai n 0 det e the nt h I

pr ot ei ns, cel%eﬂ"?té’ V?ﬁ&(%’ ngggr gf‘ qﬂ’t‘g‘ftfﬂg in
conpari son WggR) mceweremtueaﬁum;ﬂ(p@pyhﬁ&bbdyonstruct pNL4- 3. Results of
this study shomed that the level of viral 15 proteins synthesized by

pHP-1 Was  si ni | ar Theresaligshown indig Jpq mﬁ@tmmse reconstituted with PBLs from

Anal ysi s of n qmegéll ture
super nat ants HER Gndf 1 m?ﬁ‘@i“*&%@ﬁ%‘%‘?‘@m% oycatgll vgglg?ﬁgr%%l uct1on was
reduced 40% fpmserp.l—ﬂe‘&em afiea GBS cell tid:pletion, similarly retchnstlmdddmtylmamnsqepmhk

ev are funcit Byaleeg e SREL seRgRR A B ley Difertilie Bty

site in the pwmiwmymoﬁonfroﬁaﬂv 1mfedhmhthe3edoﬁstmhedmiéetsonddia¥éd$g¢ummes

wor ks ]Jj ke t e SDsite (i.e., allowng partition of
splicet and ?fX'FFPQNAs into the cytoplasn. pHP- 1

contains the bact %%ﬁﬁ%&e&%&@e@ﬁ@w&eﬂ@i@&nwﬂ@sﬂdﬁinﬂﬁs earﬁ”tﬁeﬂzﬂﬁmﬂene IS
renmoved frompHP-1_to create pHP-2 as follows. pHP-I is gested W|th BanHl

and Sphl ies (Exa }@)indicatas g anti-HIM ! protectivyimgmynity pannghhe firopegy gssggsed
pHP- | )fragﬁe%hﬁub Hifderidhi I m@@znﬁ@ﬁ?éﬂ%ﬁ-ﬂa&dﬁ&m&u&%& eH ndl 1]

and the 322 bp Ba nt 8870 1)-Hn 192 of
pHP- 1) fragnﬂh@MEBlirSGMb&dede m P@Hldvﬁﬂswﬂmmodel&ﬂﬂlemmhnd t he

|421| SO at ed. Ws%gc %ﬁgmmtp ?ts Wlth ‘&@?Hﬁ'q g%kg%%{uggnd t e@(::]rlregt
kb FC?ele (%;&Eﬁﬁ&:ﬁdgmhﬂtﬁﬂe@ohﬁtdg@ﬂbsﬂﬂﬁ@bﬂmﬂwagamstaltematﬁerskgment i's
:—hS(r)ld?I | - Xhol @gwq %@5 5%‘%‘5‘?‘2 Bﬁ?’?’g% gﬁﬁ%‘ﬁ%@k@gf’m S%Y' yene of
pHP-1 and al wfeumtRied toltiRRnddgbhotsHIV-1 strains in the cq@@$ponding partners of these HR individudlhie nef

gene is insert into pHP-2 to generate pHP-3. pHP-3 contains all HYV
structural U “m"esu%gﬂ%s and like pHP-1 and pHP-2 is

repliczgion-def ectoﬁi&sm&ameamﬁaﬂ&d%de&qﬂpamfbm-m@mmm
anplification using prlrrers havi ng.a Hi ndl || 85' imer) or a Xhol site (3

)
primer) in adeaFIY-3gxposed humans [Rowlangefogesyesal A3 895) Nat. ed. 1 :59; Taylor (1994), supra;
PCT/ US98/ 06944 erici et al. (1992) J. Infect. Dis. 165:1012; Rowland-Jones ez al. (1993) Lancet 341:860;

Pinto et al. J. Clin. Invest. 96:867; Clerici et al. (1994) J. Am. Med. Assoc. 271:42 and Shearer
and Clerici (1996) Immunol. Today 17:21]. Studies of the simian AIDS models have also
30 suggested that cell-mediated immune responses play an important role in protection against
simian immunodeficiency virus infection [Salvato et al. (1994) J. Med. Primatol. 23:125].
It is possible that some genetic factors including HLA haplotype may also éontn’bute to the

development of resistance to HIV-1 infection [Haynes et al., supra; Kaslow et al. (1996) Nat.



89 to sequences conplenentary to the nef gene. The anplified PCR

product iswdsseabssd with H ndl 11 and Xhol and |i gapeniussd/dsosse
four fragnments derived frompHP-1 used to generate pHP- 2

(descri bed above) to generate pHP-3. Thegnef PCR product is thus used in

pl ace of the Hi ndll1-Xhol adapter used to generate pHP-2 in the
construct i onygly 24gs axhnete'éezaz ADSIOIOZLM%W&HEW@WW pP- 1,
pHP-2 and pHP-3 can Iace on vector backbone havi ng a

kananyci n- resntb@&?mh SCHYhemoyss ghallenge sty danof sharecammen Hh Adapleiypesysi ng
t andar d A
Spproval ‘of DA v A0 B Ciniaty Al FrV Al bikp bEAPAERRER ol

and/ or pHP- 3 thd\iindfions dféMchﬂlmﬁmﬁscrstaah&ﬂN&hemdﬁnesé@@cchl et al. (1995) Scu:némnct i on

Gascri Bea 1027018117 ik sdben, CR Gup ASatt ol ool ot Bitpmttednfifialle , o

Candi dat e Vaw&e&nﬂyb&uslﬁﬁhtoﬂﬁb&dmwﬁmbﬁmmmv1mfecnon[1>axtone:a7mgs>6pxarml e
descri bes the use of hu PBL- SCI D/ bg m_ce for the eval uation of vacci nes

desi gned to NaaMpé 4125 subseguegt genoniae apalyrisof these frerjadividualyby PCROPASAIGEE h ni ce
exposed nﬁv W%%Mkﬂo&ﬂﬁéﬁo&&% hegllrbpic t aken

to avoid exposure to uble 15 | oves are worn and m Ce are

halndl ed (pri dHVilgomeeptosilivenil{)996)1Fel §6: B@Yﬂ»g}lesldtsgﬁi@lanﬂws@ﬁbmﬁ@osed, .
Hl V.
ond ¢ Dsue o ampfoeta FREAalsasabdind b AR st R i plo By Shotueatthac o 20

kept in a bi d¢siksredygousand fivenee wild type. Both of the HR subjects parficipiing s the tnivaon O
Hu- PBL- SCI D/ b

M SCl D/ b d
HosorT bod 1 m Sies v homezy o PilidYPoGiRs o Wissgponsistn i i BRT £ &
density gradi Ioeﬂfesa%tlm hubgatsiviere Quceptible td mk&mﬁgeuéﬁmm-ﬁ)mfeam ik ool at ed

PBL are resuspended in PBS at_a concentratjion o 10[err]/m Freshly

i sol ated PBLs (i .&Vhiletheinvitro ELISROTianslysis forthe JATVi- L spetive shictos fisctiongshewedd for -
the r nst i ' mg;oseg ,Fm«e feQdBsRRL: gghgp,p;pwﬁ oat
preparelggl ons a‘gﬂpir vided by b d banks) pernﬁlt.agé”mgd’gtnﬁd at roonf
t enper ature IFN-y Mmummmmmmmmmmmwpmwm
reconstituti

%@n&‘?% SLlé &ngﬁﬁ&! (%f P?D%%ﬁsttgﬁer : ce due o1 of doubbe Hgmmre PBS

SCI D/ bg mice are ’i'nj-ec hunan
The i nj ect ed cells (CD4* CDs*amthadqpleaomasPthbmhm 'lﬁragetssmssxbleﬂhdt&mde pi ece

of paper towel e ca hot.t. tQ. . .. . nhal atl of t he
beddi ng andmgv%f@ﬁé@@wa%ﬁﬁﬂ&“%ﬂ”ﬁmmm“‘m ?Fﬂ) engU

Recons3a t ut i @tudiPshairhiséhad® protective immunity develbpedae thiei? CDAW ceﬂ/@ﬁiﬁﬂatﬁﬁl Riirthieh e

i njection of hyman PBLs, bl ood 1s coll ected fromthe ISe ta| I
usi ng a m cr GRESASnepasER|e dEreetnzy ‘yel esfa%qﬁﬁqné“ﬁﬂ?%

human resistancdO 98/ 44788

PCT/ US98/ 06944 : 90

The above results demonstrate the usefulness of the in vivo hu-PBL-SCID/bg mouse

model for evaluating the protective immunity of individuals exposed to HIV-1. The SCID/bg

25 mice can be reconstituted with human PBLs and infected with HIV-1 at a near 100% success
rate. Inaddition, this model is useful for the assessment of the immune status of HIV-1 vaccinees.

el9- 2 is!
The biggest frustration in the search for recombinant proteins which might serve as
vaccine again-st'a vanety of diseases is the fact that recombinant proteins expressed in Escherichia
30 coli trigger immune response which are not protective to mammals against the parent eukaryotic
and viral pathogens. A major drawback of the bacterial expression system is the inability
of bacteria to carry out post-translational modifications such as glycosylation and phosphorylation
which eukaryotic proteins require in order to assume their natural configuration and become



I mmunogl obulin (hu-1g) by ELISA. Animals with hu-Ig levels > 100 [err] g/ m
are consi dﬁ&%@r‘ﬁ i at successfully reconstituted. Ani nal SP&M}&W‘)J

| evels > 1 the tine they are to be vaccinate
(|. ., injected with a preparation corrp§&5| ng a candi date vacci ne such as -
attenuated HV or a HV preparation) may be enpl oyed for

the eval uatiqQn of .vacgi a receiyve th f| rst
dose of vaccl?'ﬂgg‘iani’ %é’&gﬁﬂgfgftearl (1%9152:&6?(5% %ﬁ%ﬁ&gﬁ%?@B iization bastd

(c) I nmuniz teins assedRBE. %f%@gb&mﬁmbﬁnﬂahewm Mprorinses

Hu- PBL- SCI D/aﬁtl)’gi eatr%rc ar e-c nera}ttg Fﬁ described in ction ; .above. One
week - donohpssype Hon,of the,wt Wamslnsw@‘ B OPEVRCTER i ce

are anest hetma&ﬂw&x& 1taommfwsi&y of vaccinology. THE'@Bst kitRessfil GcSifitioRs RAEb&H

anesthesia is rea the animal is placed in a restraint device 10°

and i nfruni z epérinimed byitheuse ofpjterpated o inastivated pathomens dAlthoyek safefy conpgmis aker | )
TCl D50
i( nj ection, oml}?n ﬁ’pﬁé%l B%(\%%? %1{0#1 m%g%g’reg’g{ i %}Eﬁrﬁ& m&éﬂmndw \?ccmejs gDNAI n

sal i ne) of rm:hmdpnguutemited)dﬂxogmsgmrk pﬂﬂelv)ccmeawmrkthmﬂwy eontaimpretefnson.

After first injection e.sane imuni zati on process is be
repeat ed twi %&° se P%?d%?ﬁc%g?%%agd%ememdp&h?ﬁfﬂﬁ "zations. 15
One week after tthdn@ﬁﬁpNﬁijl&@feb@%d@fop&bﬁst&hﬁs&ﬂbtﬁhﬁﬁ&ﬁdaﬂdﬁs&rg Bhyosyition
vacci ne, the ani ma ischallenged with wild type H V isol at eshy

ip. ifecti mdmowhwlawmﬂ stilb@yl %Wm&?ﬁn&m&m response if thgymade
met of ane. FO&W@%W@%I@%C&@%W%WP& mu(;agﬁtog/rllaté- bl ood

sanpl es are coll ected week I to
moni tor Hi v-'ﬂusnﬁm@uMﬁMMuogmwsngMPresmmmofamtamrbmghmu ng an

:\r/];: | gﬁﬁe@%ﬁ%ﬁﬁ@%%ﬁ%&ese;r ch a%&gr encecgéagesg%eﬁr ogram

of Nati onal mmhmsﬂonsde{%mpckeml (1994) J. Ininamsl. ;mnung] |T9vm:mated out as

descriped in 15. At various ti flced

by o ool ke i s Fr B Endi (e 3L PP an MDA

fsacrl fice, thamhl(?%) Naetanglfoneméd 334:42). The lﬁi‘s&ﬂl&gﬁuﬂé\ﬁ tl&péxegdﬁoas"paﬂmbl ect edd
or exam natjon. 0 V1|n ectlon Tes e es are 0 use

"to investiga “gFWh’Jj__’q‘ E’&“"‘Béﬁéf yesitheriepdocytosis 5

(d) Eval uatl&g &@M@@%HM&&%MM&H@M I@eﬁmgVectors

I n Humani zed SCID/'bei ge M_ce uman i m"rune unction in

est abl i shed mmﬂmg@dxﬁﬁ%@owqu@ﬁhﬁwfprmb
tissugg (Ii Vﬂfopebﬁ%@“?he W@Pepﬁﬁg&ﬂlem%nmuﬁﬂwg the EBE QUW%EI”' mel s

provi de node the eval uation of H V vaccl nes and anti-HV
gene ther apybmagdbslwlmT ceﬂs (CD4"). The second altemative igthg erdogenios pathveabit  of
Hunmani zed SG| repar ed
for transpl aﬂlpl on as @g'l- ms’ Fr%m? de £l Sgﬁ@sﬂﬁ{ﬁépuﬁéssé&ﬁpo'sﬁg@

(H V- negat i vie)1 at’kﬁ:o%xdg)eﬁmapcpmded enweéiemduphsmhtreucnhda withotranépiwteassoeited

Bi osci ence Resour
PCT USO8/ OGWS&%IMTAP@mdbmdﬂ:m S MES T molecules. After binding, the complex. ¢

Inc. g anedmraﬁﬁbneamwaﬁeaolgna@aﬁhsw th€ceiGuiice| wiitee i€ Cnlba rdtofifzedByl 1640
medi um suppl enent with 10%fetal calf serum (FCS), 50 units/m

penicillin a%"t??ﬂ“'f@"r“sf(a?m }?P?%H‘BWW‘W uble;prtein antigens stimulates(IM s b pned
on wet ice andellsfidnd@énotplotictivel HIVY irbfact the 8VRlopmeht BF ABFvdceint ik 8&nf O the

presence

unsuccessful because most of the vaccines are composed of viral subunits expressed in E.
coli and are ptwenmd through exogenous antigen presentation pathway. The route of immumnization
30 (oral, rectal, vaginal, etc.) and the pathway of antigen presentation (intraéellular vs. extracellular)
may hold the key to success in HIV vaécination [Miller and McGhee ( 1996)'Nat. Med. 2:751
and Bloom (1996) Science 272:1888].
In Ex. 17-18 above, it was shown that in vivo protective immunity against HIV in
multiple-exposed, seronegative individuals is cell-mediated rather than antibody-rhediated.



of HHV using a PCR assay. In addition, for future use, the organ fragnents
or di ssoci ayeds/a4s7ss cells are frozen in 10% DMSO and 40%pc5aus98/06944
SCID/bg mice are anesthetized with metofane. A 1.5 cm area on the back of
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wi th povidone iodine. A l-cm flank incision is made to expose the

right or/and hghdforkth\R¥Snation strategy for induction of inkHkeRty &ﬂﬁm&%ﬁﬁb@aﬁecicﬂyws
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ant i body geneﬁmmﬁmmmmmwm&mde&demedeWagenes

ar eprovi dedi n pendi n icatjon, Serial 08/ 336, 132 t i scl.osure
of which is Helepgeneatead “%"f%}f'w&?@ 1 fanktlr HIV pRici

(i) Eval uatl%u@.fog 4| Bisr6pidally active s&mmaeéwgpk&dved%ﬁgmﬂawm{actors
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placedysn a rgﬁ%ﬂ%p@ﬁﬂd%asﬁﬂﬁu}n%baﬁ Eﬁgm%%ttnjazcﬁ{etp?&biﬁé ﬂ‘ieﬂhhfa%@fﬂ’laﬂ S as

descri bed above (virus 1 di um or I n saline)
t hree i nj ect i &b, supra; Kebiniet eln{1993d. Inwmol 150 5059; Lumdlqhetsg @Q%d’w Haﬂ’ days

apart), the a

i njection (0. W‘ﬁ‘l%%gg%%g%d&b&? ‘hg‘%‘ré’s é?l%{m#'%'lneﬁo She.

Fol | ow ng wi |m1swmlaammmoummmh&mmmﬁmmﬂﬁdsgmd
weekly fromthe tajﬂ1 und r .t he anest he ne to check

£ ishmani meé‘ofa
for H'V infection. acto OVET-CXpressing ¢ veaﬁ’?‘Sﬁs F‘llﬁé’ 'ﬁﬁ'f'ﬁf’g ?%?sbsrvéas
deat h) 20t hﬁ aadmbcsmeah Leishvahih belie 6vePprodiiny qeeimd ﬁbﬁﬁseumiﬁjfctedmtosusoepnue |
post - anest hes At the sane tine, 00 per.i t opeal | avage a pl een
are col | ect edﬁ?&}ﬂcmﬂsamm%mpmmfﬂ?wwfa ﬁ?ﬂmmﬁ%ﬁ?ﬁg itro
CM by EL| SPCReignarfs i, BRIndditiel L eisAniania cells functioned asvﬂ a¥ehhtbdSfccine. This
PCT/ US98/ 06944 92

It is clear fd@?ﬁmestamstmaw%@sprmmﬁl mpaynogens whichnrende nrateetion
model s sui t abl Ging 5 variety oﬁ?gaés &E&%&%ﬂcgﬂeﬂmﬂla\{nfé@&ﬁwgﬁagg%% ug[ \e/ q

i munity. In a I t1on, present | nvention
live HRY vaccm@mmndd@ma@@pmwaw genbmateipnateing oftintersht (aﬂtfremipuhogms)m ty.

El\/)t;?gﬂ :I 52 a;] d%ﬁ 'ﬁ%eer ic;"‘gp%iaéetsfgf'a‘ évx%?ocu)l-caﬁ"‘%x%g%ise?se.( }l‘Slis Sstem, isused to gla()vide a
vector for delivering vaccines against HIV so that immunogenic proteins whose configuration
is identical with that of the expected pathogens (e.g., wild type HIV strains) can be delivered
and be delivered within the APC to humans. Sucha protein would be processed and presented

30 to the immune system through the endogenous pathway resulting in the production of cytotoxic

- T lymphocytes which are protective against HIV.

To provide Leishmania cell vaccines expressing HIV proteins, sequences of HIV
gag-pol/env, env and/or gag genes are cloned downstream of the Leishmania cysteine protease
gene as bi- or tri-cistronic constructs using pX or pALT-Neo vectors (kindly provided by
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1640 cont ai ng 10% F t he presence of IL-2 (20 Um) for 5 days. H V-1
ndlgF e ¥cidafion b

i nfection vaceina N1 fred by reverse transcriptase assay as
reported previously [Chang et al. (1995) Vi r ol ogy 211: 157-169].
The i nfect ed f ) I trogen for |ater use.

PHA- st i mul at*etmRie. ' PBES20of the sane individual were

used as a negativmseﬁanyﬂiemstéﬁmwmhmbemhvemméﬂummﬁhd%é\ssay
The EL| SPOT assay several steps which were carried out over four

consedt i ve Aftgpuated viruses also have shogmpromissinAIPS ressarchsshe moss Petent pseteation ;i t h
anti body, cagFhykizé é"ﬁmﬁ %’a}n%ﬁ&%%ﬁ ndary
anti body, enzyne colnlfcugatlon 2 col or eve?rg% Fa%‘zlm% nsky eg&g
(1988) lDamelsset al| (A9 Sticnae 25 SA381. 1Thepdorg Giftenviatetl HRY viesiriep miayi grovide
m)dificatio ogen Q[err]
m tonycin C reat elgwyh sin f’gb’"’[ errﬁ%ﬁgﬁﬁﬁ“ﬁ%ﬁﬁ’@%ﬁf |&n%% 10%
ECS and Ilt_) ?ﬁwuammmmmmmﬁm?m@w?mwmwp hadd
een cubat e Wi S at or so transferre
fromthe rolNFPEEE 6@8""&8“&&‘?@"5 arvgus w hich are e @Mé?ﬁﬁ%ﬁ%wcm Yee- vel |
plate in 10Grbddéd | and incubated at 37[err]C, 5% CJerr] for 24 h, using
AA- 2




or PBLs alone as controls. 15 HI- V- 1- speci fic i mmune
responses wlg/s$igedi ed usi ng unstinul ated, frozen PBLs PCT/US8/06544
10[err] to 1 X 10[err]) which were obtained from seronegative

HI V- 1- exposed, high-risk or ugexposed, |owrisk donors. In each ~
wel I, the thawed effector PBLs were |ncubated W|th 1 X 10[err]
mtomycin Ctreatgg s $icdt hEProlFiEd] 3 acdimisal vol une of 200
[err]] for . , autol ogous PBLs were use as
controls. 20 SeveralHIVcloncs containing myatipRs ifdhedes 394 NEABCREHHUE EMsTURle

Vi deo- | magi . |af§@p tes

wer e pl aced %H’%"ﬁ“&? aten an ﬁd1 umvralga;{%f‘e(s)’n dbsggt Hef B Elohed lﬁﬁlm&np&hﬁ

I Mages were

captured usi W&Wmﬁmmﬁmmlw

connected to an I gene ¢ er _usi m." Th 2.03
(Appl i §ene, asa"”"“‘gw‘%ﬁ'ﬁ%v&ﬁlt%d nﬂf%%&w cs% 0@% %{1

ad ;Jstl n}g fOGEftﬁélﬂivt ?&Wﬁi@m&ﬂﬁ&mﬁﬁﬁoﬁﬁemnmt (ma)m.amm,,w a
pIC ure e 1ornm

TIFF) before it was_anal éiﬁﬁ using th @_E evvah_‘e
"N H | mage VEA6),8AVicbemis (FHY. HYaivmege:adf 7.2 DY HD) %P‘tﬁse and
saved in Oneggye gy, e b&ﬁsﬂ&ﬁaﬁ%@&@&%@mﬁmm&%séﬁﬁdx@é&ﬁd@t& he

I mge was sha penet or snoot hed adj ust.i ng t he greyscal eto

obtain the bmenpssdmvbdﬁom&‘é:lw&é @W*me

to a b| nary .an for roper thr eshol d. The

i ndi vi ual \Aé‘f‘itg%&pe&“ﬁaﬁ%% nggcfepx %grlogxp Pe counted using the
"anal ysis particl mfomﬁﬂgmmwwﬁcmt-nef-Mclmﬁmmm cl es

can be pre-defined so tha kgr ouyn |ffere

it omat | cal | GV cloes ave desbet s provia HIV-T one Yo prapyany Tt fenfth HIV2F
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(b) Results of Corrput er - Assi sted ELI SPOT assay h“ﬁ‘ﬁ

nor mal i munofbeaprvelone protein- \Seguences engeding the ﬁ’é‘ﬁ%qpﬁ PIpteip Q%‘b bii57hE

| nduc Wejdwﬂ?matfa&m RIS Stroph !
mar ke? | FN-y prmallﬁ'f:‘flé’i 'S reaction serves as a good model for
t he ELI SPOT aﬁ&agnvgmﬁme;nawmg@mﬂ@%%ﬂg@bm@ der accesHiARBHRYSE d

donors' PBLs %4’732)%“ £ bn i adl‘i?{l v%ﬁ_&nﬁggr&gaﬂ&gn&@ ﬁlihinéﬁf d ZhiXgee

days, and N3 equendyt ucing cells in the PBL
popul ati on V\B@rd)?mblﬁrsnd(brhpnﬁbﬂsﬁ%fﬂxemseruonofthawlﬁmmmbdylandt he

n Che it 1 oookbPaeB: pORI,AELF AR P Do SALHepel R R DI FE 118 second

St er egiy Cr 0S gRfdfionRbRsiskAd ithe integration of fhise[stop codonks baweamtass B 5851 bfme e

l'ighter in the surroundlngr gion, siml to atlon
[ Czer ki nsky d4t ggpe [nymbesesd °9°"3‘F‘Brfﬂfh h@{f?éfﬁgﬁfgﬁ%‘f"“% "‘ls:‘f‘_’l OTs
were disti nCtAq) LosAlamosMoﬁéihi)dfaﬂfysLbQME'W‘] TS tah IV dldriedes bea Ot S
whi ch were sma denser and nostly unifornmed When .t he

conput er vid swmgeeﬁm@meémm gell lines(Charg and Zhang; suprdt KViiakeen o
appear m,?f‘/a;gh %quune M%&%sm&&@alﬁmeu e Behiidh € 14A

shows a print nput er SPOT 1 mage
procesxed by xitmlfanem%hhraddmomtothdmtmdmgmdfﬂl‘ﬁlﬂeemﬂcom,tthleclyge contains| ef t

had the t t AA- I h th
cgnt ai ﬁedarlggﬁﬁn%ﬁ“’%lgg‘ﬁn s;';e et?ggjl%%ﬂlgp“r’esgm%ﬁd%ﬁ%lag& 40'?9%&1??225,{ ar et
AA-2. Using @FigireI2A-B@Fdvide schengiiticeshbdfl)g a fiditon of the wild type Hilgd se:ltEmeSE’OT sis

easily viewed as black spQ d can be counted Fi gur e
14C). The nuritdes e ta-B (g 1 %%HE’C Wﬁﬁ%‘@@&ﬁ%%é “gg stem

I's simlar tqgig 12B; wild-typ e"ké&ueﬂ&tﬁéﬁHdﬂQﬁlSEQmNdS?Tﬁdndzef ShEQnRTapscope.

Thi's processing system avoi ds the tedjous 20 nd u? easant

enurmer3R i on e¥iys Wasenpstrugied by ligatien ?ﬁfhﬂrwwaﬁp tkpyBambLEeARI

fragment isolated from HIV )y which provides the env-vector backbone-gag-pol region (nt
8465 t0 5743) and 2) a~0.6 kb Ewm-A@718 fragment isolated from HIV cyvaep Which provides
the tat gene (nt 5743 to 6343) and 3) a~2.1 kb Asp718-BamHI fragment isolated from HIV 4
which provides the env gene (nt 6343 to 8465).




t he darkness and the size of the ELI SPOT can be pre-defned using the

anal ysis p. the result unifornly elimnates PRIZLS
[ W&?ﬁpar ed wit 3 9411

artifacts. h manual m croscopic count1 ng,
conputeri zed analysis is accurate and obgectlvely di stingui shes the snaller
artificial spots fromthose redf? ones. In addition to the "N H

| mage" program any. picfure-orient program can be used to
retrieve and print the @b§¥%$%%n$H§§ ADSat-Bhhef B A representative

ELI SPOT assay for gaf. specifi vad b REGRSI By 1 BEP5S e foRbWihg T Gdgments: 1
| ynphocytes i s shown |nB’ff” uIFea15A The % ng of a healthy dono%mreact)ed to

"~ AA-2 showi ng a~5.7 kb BamHlcFqsRI fragmrt isplated fram BTG uass VhicBprovides the epv-gector

day-stimul ati %g@ gﬁpﬁ _Bamit I

6- day-stinul atron %é%ﬁal %tlsggscdgﬁﬁj tlahg7<'];1c ]E(c)OgReIﬁBel C Han%ﬁlglsfgtsegonse
of a cahcer mmmgmgmchwmmaﬁemmmmrmmmm@pywmmms
before the te | ess, .t han at of the heal t hy
donor. This r@g‘iﬂ%kgﬁﬁgﬁﬁg‘ﬁgg ?’ﬁdf%@%‘cg\ég °fast and yet
sensitive protocol for @gg ‘ of a strong, non-specific

| mmune response. To dermnstrate the specificity and
sensitivity of t he‘@ﬁﬂmna’ﬁm gatign pfthe following two fragmens:\ 1) § ~3deci fi ¢

| PCs }n an H'%Mm%mm&%%wmﬁ@w dual ,
WO 98/ 44788

PCT/ USYUB/ 069 44gion (nt 8465 to 5743) and 2) a ~2.7 kb EcoRI-BamHI fragment isolated from HIV oyypas 9 5

compar ed +0 ity bffesSB0Uh GhyrelH! EIHC L Vol pltRh0Mndl P0G

HI V- 1- anti gen” pr A Reche-f S was st ed
The secreti orprabmbEMn;theﬂnromanﬁwvggerl V-1 antigen pr esent| ng
cells would be an indicat. £xposure to H V-1 [Jassoy et al
(1993) J. Vi r Siteg DRALBX goneersiorp o target cells were prepared

by infecting a'ut0|ang&smgﬁl,&vaﬁb&m&edbyhgdhbﬂop@éf&ﬁmdhﬂ&e&hgrdm dyal s as
described in the Material s and hods. section above. The results

of thi & st udySr/KeiNeol el oo Vi PIOdes the weglorbackhope-teqgdpH@ o nt ai n

any HIV-1- Spe!e%-lt)h fnt 10349to 5785)!1%%%%&&{&&%&?&@%&?%%@& %mTHMLk Srahek0: 1
ratio, Figure n contrast, the PBLs from g ISk

donor have awmwmmmmmsww@w&ammmw fragment 1 0
| ymphocyt es iﬁ- dfromﬁl‘\lt ho w11i@ In tES'(tE]{%?fquﬁAdf &v,},g‘,,% doEb'fot.

exi stence of 1 -spe ris I's in
concor dance vproducpﬁamhml;Tat@pNefmotehmtan&lsghcqllltsmlcs(kll-éfieqagew i nd| vi dual s

have 2 devel opeﬂ ?H?V-s% '@Ee&ﬁﬁﬁ CTL responses [Clerici et al.
(1992) Y Inf. Dis. 165 ADSERM® Rowl and- Jones et al . (
1995) Nature Medi CHIVqdimdab 4hms%sﬁ&tddlﬁﬂikaﬁﬂ®ﬁhﬁlfﬂlo€ﬂﬂﬁhreefmgmmts Dan be

detected in HV- i ndi.vj d in,.vitro [ i on | Wal ker
et al. (1987)3"5]’]&’10@%%%%{4 ]#"W LP@‘MWt he

precursor fr edpienit 2634970 5783)) 2y 4 SK6 kmmmsmmrﬁgﬂeﬁusolated mﬁmvl nsdhickt ed
only after in vitro stinulation [A_dhous et a . I mmunol .

o7 51267°" o Grrpritesdhe at-mmetasmip ot 5 .10 B360) amisi) 2 1598 kb SHPFAVRaMASHERARL. Jones
et al . 2 1995)isolated from HIVELUL %ﬂ'p?m&st;sf(ﬂf%k to 10349). 'HAHY c,!.\,t,w},.,,g%,,d oes

denonstrates that the ELI assay i1s sensitive . to detect
a weak anti germtpmdmfﬂtmcttmmeon Mmsmm¢mme(m&e’ptam)r sor
frequency w t hout Of 1

To. study the rol es cf%/lﬁpdal’ e§%l§s§5 s%ﬁé@%s a%h%iﬁtel le élpacsnglhe

HI V-1 - speci f |DNAvaccmesoraltmmtm:&y rtisee DNAneonstfiiofs mAybe, trabifedied i) eitherPBIls|  of

the three sub s of ytes re depl eted epar at e
experinments a M QWWWB

shown B@& Fi gmmﬂ@ﬁawstsolﬁaasakdmtéamgxqslahdwm:ﬁumxsdauw%maﬁbﬁadt to
di fferent extents, to I FN-y production_in both the all| ogene| c and

HI V- 1- speci f | 5 VResines| Thrstat- pef- HR: clgpesdigoribed above will estailish an infrgtionNg thedwosts
account ed f oranghifdiice B hufmbE Zrﬁf@ellmm ‘Pésﬂ&ﬁé‘s WKith %é%epﬂh&@&ﬁﬁrbp&

In the HI V-1 exposed but uninfected individual owever,
contri but ed timitthginfectioninduced by these viruses. Ex. 21 belowprowdeprotocolsfortheevaluauon

of these attenuated viruses and proviral DNA vaccines in hu-PBL-SCID/bg mice.



up to 71% to the HIV-1 specific IFN-y secretion and CD4 and NK cells only

account ed f\QH 98/44788 14% and 10% of total I FNy producti onpegmpesidenasc! v.
. Toget her these studi es denonstrated a quick analysis for the

quantitation of IFN-y producing cells ingantigen-specific and non-specific

30 | mmune reactions. The conbi nation of an inmmuospot

: assay With a conpypeRe ! AIRC PPAckhdih®Vector Vaccines and processing
systemsinplifies e experl MEnt a procedures and can be used for the

clini cal thﬁfmmMMome-wmwmmmmqﬁd
sl 76r 1 mnodigr DEARSERs o K o diRicRe vial oAl ks Rot G 48 ©

WO 98/ 44788 to generate viral RNA capable of being packaged into v1ral pamcles
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be used nore conveni entih
appl i cati ons ggl&hra

Gene kirf2 i oassays for m scel I aneous
interl eukin functions |Q ang ano reparati on] The met hods

ek i1 ks ories bindie SUEBS). pavois o PPELY EPBRme

[ Czer ki nskyet I mage
capture syst em%un&s}gé@ieadgw eglf)%@ op ?%t é&"?@gﬁg&ov#t% Wgﬁg‘“ﬁoiﬁq%m one
i mge syst em(¥) and the major HIV- lsphce dinbr (SIN) Isite iR h somtaids ;thBhsmmmrﬂ@dnasn t he
above ecificat]j are herein i.ncor t ed ere Var| ous
ol £ RBr T onexant ot e At B i HReR b Ssine s el &

t he inventi opHPLI frod@esapRAviresdapilie dffvameckingHIVerinfettidnif tefth bf the mynbtems

departing from thhe scope and spirjit of the_ invention. AIthough

the inventi OWWGEH‘SMGWB@GWW@S%WW%tw e mutatigpyiptradnged
preferred emapginapabs %Q&&ﬁ%ﬁﬁ?ﬁﬂt%ﬁ@&pémiﬁ!@mﬁe%dﬁ&d

cl ai med shoul d not be unduly limted to Such specif
enbodi nment s. bymerembination.i Tans, pHRH provides ehexcelient HEV DNA vaccine. descri bed nodes

for c ng out @Hsg,gc ﬁlﬁl

nol eca{Sryl 9o t‘ﬁﬁ’bil galéggy or M g&%gﬁsﬁ{g?g{%ﬁt&g’%ﬁ éetgijorﬁ&ﬂi n the
scope of the G\N'll‘m-ﬂ‘gkcﬂam(apptmm m)wwmmmmlmvmmmz
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SEQUENCE LI sﬁ?ﬁm“&ﬂﬁfvmﬂﬂzﬂw %‘H‘"dm*g“ﬁ%wcﬂnﬂ%ﬂ OoN:

Appl i cant Nardigestpd pSP72 (Profig) vialdlivkerlproviding HindIBtaha BamIIl délesive sites whicB102
N-W- 57t h Ter rx?tg:gs a modified gag AUG with Kozak translation initiation context and a major splice
20 donor site of Rous sarcoma virus. 'Dnslmkerwasfonnedbyamealmgthefollowmgohgmmcleonds:
-AGCTTGGTCGCOOGGTGGATCAAGACOGGTAGCOGTCATAAAGGTGAT TTCGTCG-3!
(SEQIDNO:29) and 5'-GATCCGACGA AATCACCTTT ATGACGGCT ACCGGTCTTG
ATCCAOOGGG CGACCA-3' (SEQIDNO:30). This first subclone was called pSP-CMV-TAR-SD.
Secondly, the gag coding sequence was obtained by PCR from pNLA4-3 (a full-length
25 HIV-1 plasmid) using a 5' primer [5'-CGGGATCCAC CATGGGTGCG AGAGCGTC-3'
(SEQ ID NO:31)] and a 3' primer downstream of the SphI site in the gag gene [5'-ATCCTATTTIG
TTCCTGAAGG-3' (SEQID NO:32)]. The PCR product was digested with BamHI-Sphl (~660
bp) and this fragment was ligated with BamHI-SpkI digested pSP-CMV-TAR-SD to obtain
pSP-CMV-TAR-SD-dl.gag.
30 Next the poly-A minus subclone pHP-dl.pA was constructed by ligating the following
three fragments: a 1112 bp Hpal-Sphl fragment isolated from pSP-CMV-TAR-SD-dl.gag
(contains the promoter-TAR-SD-dl.gag), a 7922 bp Sphl-Xhol fragment (dl.gag-pol-env-gpt)
of pNLgpt, and a plasmid vector backbone provided by EcoRV-Xhol digested pBS-KS(-)
(Stratagene). |




Cty: Gai nesville St at e/ Provi nce: Fl ori da

Country: Postal Code/Zip: 32606- 6939 : e
nunber : wos(slﬁiﬁs 392- 3315 (ii) TITLE OF | NVENTION: Ani i ROST
Eval uati on O Vacci nes (iii) NUMBE SEQUENCES: 33 (1v)
CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Sal i wanchik, Lloyd &

Sal i hi k STREET:,. N.W,.41' - t ' o 1.

(g) | \g?'rlli | Gai nesvilraf%y’ {’E%'l Wnﬁa‘e(‘ﬁ)%é%#wg -lﬁf&(’m Ng&'[ﬁgl (9?5§%%%B%WAUSA
(F) z PI 3260;8;_;@?&2 dl.CMV-TAT)(&-B'mm@EpWR I BML Eémoly-Abslite ﬁ'omX&oﬁDsﬂ/EE)IC;JI\/I
TYPE: Flo IS . CSJVP . onpa e

CPERATI NG Svassed p&%ﬂ%@&@ and Nofl Pl digegipd B’éﬁ%ﬁ?\&ﬁ‘%&?ﬁ Af B -dase
#1.0, Vi [ : idddih gﬁm’j 'ﬁ;%rom  BbAP1

APPL] CATI ON bil%égﬁ)xslgo " (B) .i:ﬁl hc; DAﬁ'Ig%ISQ omat(ﬂg)hﬂf

CLASSI H CATI Gie. (vii) PRI OR APPLI CATI ON DATA: (A) APPLI CATI ON

NUMBER.  US 08/ 8487 - O MAY- j |

PRI OR APPLI CATI ON &%&:’mmm"h"m&%f{%yﬁcﬁg %@%ﬁ%@%‘*‘%@‘%ﬁ?&%ﬁ

(B) FILI NG DAifian TB67ARRBIsATCC CRI{8805) vyeroFinR R iGIEFT] DNAGIRYIE r@hdfected

(O REFERENCRFIESRE SOt pith e nphom ¢4 e M A TR LA R ONTH

| NFORMATI ON:  AIDS Research ahd\Refeenbikéabrit Ploghe) of Natiosh] Bidtitutes of Health, Béthesd&;L EFAX:

(352) 372-5800_  (2) I NFORVATION FOR SE&D NO 1: . %l% SEQUENCE,
CHARACKER| STIMB) are an HTLV-1 transformed human + lymphoma cell line, which are very sensitive

to HIV-1 infection. No infectious HIV-1 was detected after a 2 month coculture indicating

the absence of RC-HIV production in cells containing pHP-1. To detect the synthesis of HIV-1

proteins, cell lysates were prepared and analyzed by Western blotting in comparison with

a wild type HIV-1 construct, pNL4-3. Results of this study showed that the level of viral
15 proteins synthesized by pHP-1 was similar to that of the wild type pNL4-3.

Analysis of reverse transcriptase (RT) activity in the transfected culture supernatants
indicated that the level of active RT production was reduced 40% for pHP-1 compared with
the wild type construct pNL4-3. The expression of Gag-Pol function indicates that tat and
rev are functional. Thus, the artificially engineered splice donor (SD) site in the pHP-1 construct,

20 which is unrelated to HIV sequences, works like the wild type SD site (i.e., allowing partition
of spliced and unspliced mRNAs into the cytoplasm).

pHP-1 contains the bacterial gpr gene and lacks the HIV nef gene. The gpt gene is
removed from pHP-1 to create pHP-2 as follows. pHP-1 is digested with BamHI and Sphl
and the ~7 kb BamHI (nt 8870 of pHP-1)-Sphl (nt 1842 of pHP-1) fragment is isolated.- pHP-1

25 is digested with BamHI and Hindlll and the 322 bp BamHI (nt 8870 of pHP-1)-HindIl (nt
9192 of pHP-1) fragment is isolated. pHP-1 is digested with Xhol and EcoRI and the 431
bp Xhol (nt 9764 of pHP-1)-EcoRI (nt 10195 of pHP-1) fragment is isolated. pHP-1 is digested
with EcoRI and SphI and the ~1.8 kb EcoRI (nt 10195 of pHP-1)-Sp2I (nt 1842 of pHP-1)
fragment is isolated. These four fragments are ligéted together along with an HindIlI-XAol

30 adapter to generate pHP-2. pHP-2 lacks the gpf gene of pHP-1 and also lacks the HIV nef
gene.

The nef gene is inserted into pHP-2 to generate pHP-3. pHP-3 contains all HIV structural
genes and like pHP-1 and pHP-2 is replicatioﬁ-defecﬁve. The nef gene is isolated by PCR
amplification using primers having a HindIll (5' primer) or a Xhol site (3' primer) in addition



WO 98/ 44788 | | PCT/ US98/ 06944

98 WO 98(#498sLENGTH: 6145 base pairs ' (B) TYPEpcoTrsSegsv4sCi d
(C) STRANDEDNESS: doubl e (D) TOPOLOGY: |i near (i) I\/C]_ECULE

TYPE: DNA (genoni c) (xi) SEQUENCE RESCRI PTION: SEQ I D NO 1:
GAATTCATAC CAGATCACCG AAAACTGTCC TCCAAATGTG TCCCCCTCAC ACTCCCAAAT 60

Coo0000oCT TR PRI ARG e e At PR el R w0

AAGT AACGCC AHMIIBOAABoBEA Tgaedwith AiE AR TAsOEntsAGIveT Aany PG HTdAGTherate 240

TGoOC00aT REARRABIRRI  entertif o i e @ gl il e nceof 360

TGT GGTAAGC Al BB oLadaptcT (Mol SEHchAGAICA ifihe ComBEGEnAEAIBAGGTC 420
CAGCCCTCAG CAGTTTCTAG TGAATCATCA GATGTT w 480
AATGACECTG TA@T&M&%&&@@% US&“"’“ 540
CTTCOGCTCT oy Tondard 600
CGATAGACTG W GTﬁlAiCCCGTH EA? TCCCAATAAAa%I[CTTGCT %TGCA 660

GAATCGTGGT Cegeiies W@mm@@ NAWCG 720
. C

e A i SRS B e [

CCACCACCGG GAGGT _
TATGITTGAT %’Wﬁm@m@ﬁhﬁ? Tk@ValdBedTin A ABLFSTIDAg vhice @Glessribed 900

10 in Ex. 21 below.

This example describes the use of hu-PBL-SCID/bg mice for the evaluation of vaccines
designed to induce immunity against human pathogens. When working with mice exposed
to attenuated or wild type HIV, extreme caution is taken to avoid exposure to HIV. Double

15 gloves are worn and mice are handled (prior to anaesthesia) using long forceps. All procedures
related to HIV are conducted in a Bio-safety level 3 facility; all blood and tissue samples transferred
out of the level 3 facility are kept in a bio-safety container.

O] -

Hu-PBL-SCID/bg mice are prepared as described in Ex. 3 or as follows. Human PBLs
20 are isolated by density gradient centrifugation on Ficoll-Hypaque (Ex. 15). The separated
PBL are resuspended in PBS ata concentration of 4 x 10”/ml. Freshly isolated PBLs (i.e.,
within 2 hr of isolation) are preferred for the reconstitution of SCID/bg mice. Frozen PBLs
and buffy coat preparations (as provided by blood banks) permitted to stand at room temperature
for ~24 hr demonstrate a reduced efficiency of reconstitution compared to freshly isolated

25 PBLs. _
. SCID/bg mice are injected i.p. with 2 x 107 human PBLs in 0.5 ml PBS. The injected
animals are placed in clean cages on a folded piece of paper towel (on the cage bottom) to

avoid inhalation of the bedding and are checked daily.

30 Three to four weeks after the injection of human PBLs, blood is collected from the
mouse tail using a microtainer (Beckton Dickinson). The blood sample is tested for human



GACCCGIGGT GGAACTGACG AGTTCTGAAC ACCCGECCGC AACCCTGEGA GACGTCCCAG 960

GGACTTTGGEG TT GIGGECCCGAC CTGAGGAAGG GAGTCGATGT GC:‘AATQQ@Q@‘S”,(,@’]‘QZO
CCCGTCAGGA TC TGGTAGGAGA  CGAGAACCTA AAACAGITCC CGCCTCCGT 80
TGAATTTTTG CTTTCGGTTT GGAACCGAAG TGTCTGCTGC AGCGCTGCAG 1140
CATCGITCTG TGITGICTCT GICTGACTGT GrI T TTGICTGAAA ATTAGGGCCA 1200

O AT AP O e 29

%CSQ;ZCT T-é-8 AN reCRERREAABAIREORNTBI-TE IAACSHAGAPE BONFGAGCERY are to] 380
447 . PCT. 6944
99 GGTTAAGAT@ MMM?TWMW’E%@&&@%&

1440 AL SV ORI Seplae T Aol HTRAGHECC
1500 TAAGCCT CCICCTCITC CT C CCCCTTGAAC WTC
1560 Gﬁ\cccca'mumwﬂmﬁr@éﬂmf mﬁmmf Fcc

1620 GATCTGATCA AGAGACAGGA TGAGGATCGT TTCGCATGAT TGAACAAGAT GGATTGCACG
1680  CAGGTTCTCC GOOCGCTTGG GTGGAGAGGC TATTOGGCTA TGACTGOGCA CAACAGACAA
1740 CENTRIOA 104 icrWithdizrrolorms DA FaIiiss TG

1o00 TSR0 %@%@% SRR
1920 GGGACT GajfeF irféctibd $3BEK ¥8 AT memfwc
% 828 CTGCCGAO% tﬁeGT suAr\TCcEAIane o;r anes ec-s'fé-rlcs;reca%ﬁ Gg(é;(aBCmG a?gr%é mares ct;%evxce
10 and immunized with either 1) 0.5 mil of attenuated HIV (e.g., HIV ypyapgnapmess ) {TCIDS0
=50 1o 100, in AIM-V serum-free medium) by i.p. injection, or 2) 0.2 ml (containing approximately
30 pg DNA in saline) of naked proviral DNA (e.g., pHP-1) via intramuscular injection. After
the first injection, the same immunization process is be repeated twice, with three days between

immunizations.

15 - One week after the last injection of the attenuated live or DNA HIV vaccine, the animal
ischallenged with wild type HIV isolates by i.p. injection (0.5 ml, TCID50= 100) under anesthesia
with metofane. Following immunization and challenge with wild type HIV-1, blood samples
(0.1 ml) are collected weekly from the mouse tail to monitor HIV-1 infection by immunohistochemical
staining using an anti-p24 monoclonal antibody (prepared from hybridoma 183-H12-5C; available

- 20 from the NIH AIDS Research and Reference Reagent Program of National Institutes of Health);
the staining is carried out as described in Ex. 15. At various time points, the animals are sacrificed
by cervical dislocation after induction of anesthesia. At the time of sacrifice, the blood, peritoneal
lavage and spleen are collected for examination of HIV-1 infection. The splenocytes are also
used to investigate HIV-1-specific CMI responses by ELISPOT (Ex. 17).

25

Humzn immune fimction in established in SCID/beige mice using humsn fetal hematopoietic
tissues (liver, thymus, lymph node or bone marrow). These humanized animals provide models
for the evaluation of HIV vaccines and anti-HIV gene therapy strategies.

30 (i)_Establishment of Humanized SCID/beige Mice

Human fetal tissue is prepared for transplantation as follows. Human fetal tissue

(HIV-negative), 17-24 gestational weeks, is obtained from Advanced Bioscience Resources,



CTACCTGCCC ATTCGACCAC CAAGCGAAAC ATCGCATCGA GCGAGCACGT ACTCGGATGG 2100
AAGCCGGT CTWEIBAGHECAG GATGATCTGG ACGAAGAGCCA TCAGGGGCTC GOGCERATE(RISS8/06944 60
AACTGTTCGC CAGGCTCAAG GOGOGCATGC CCGACGGCGA GGATCTCGTC GTGACCCATG 2220
GOGATGCCTG CTTGCCGAAT ATCATGGTGG AAAATGANCG CTTTTCTGGA TTCATCGACT 2280
GTGGCOGGCT GGGTGTGROG GACCGCTATC AGGACATAGC GTTGGCTACC CGTGATATTG 2340
CTGAAGAGCT  TGRGAlHnteAd\CA AN HRBELEERenented2 400

CCGATTCGCA GCGCATCGCC TTCTATCGCC TTCTT GOGGGA 2460 .
GGGGTTCG_?% ATGR0% feted MM%W&%&%W%&W‘ es5520
CGCCGCCTTC T v};,iri%ﬁ Hdetved Wil T6iHonts. Flstdethd¥164d iétestéd ForitindPresence? 580
CCTCCAGCGC G%% GCTGGAGIT CTTCGCCCAC CCCGGGCTCG ATCCCCTCGC. 2640
GAGTTGGTTC AGECHELTSAE a PCRGswyChnadiitioncioofitae uagsthecorgrdragmenis podisgociatedy 700
ATCCGT AT nww ATCCATGCCC CCGAACTGCA 2760
GGAGT G(% C GGGACGCTCC TGCGCCTGAT 2820
ACAGAACGAA TTGCT T LA/ b@AiE: GEBIGECATIIT GOt are0sTEABEKOS each2880

AGOCCTGOA GOUSFEI A IR Pk S v BRRREL Pl po RO P 1m0

CCGAGGGACA CTAGISinE afin id friadd fohbbse GAGTSHT 0BG 1T INAREYETAT CGATTAGTCC 3060
100 AATTTGTTAA AGACAGGATA TCAGIGGTCC AGGCTCTAGT TTTGACTC@A ATCA
3120 AGCTGAAGCC Thmmpayfetahliverand thynysare cuiwih g sharpblagerigtp s ?‘eﬂgﬂ:m

3180 10 About 10 pieces of each tissue are implanted under the kidney capsule using a 16 or 18-gauge

trocar. The wound is sutured and metal clips are secured over the wound to ensure the healing

Blood samples (0.1 ml) are collected from mouse tails monthly to confirm the presence

of human immune cells (as described in Ex. 11; additional markers such as CD25 may also

be employed) and human Ig in the peripheral blood (by ELISA) in the transplanted SCID/bg

15 mice. Once the immune system of the SCID/beige mice is successfully humanized, they are
used for vaccine evaluation. Altematively, transduced human hematopoietic stem cells (CD34+

-cells) carrying anti-HIV genes can be injected i.p. into the humanized SCID/beige mice. Hematopoietic

stem cells are transduced (i.e., infected) using Moloney murine leukemia virus (MoMLYV)-based
vectors or HIV-based vectors comprising anti-HIV genes (e.g., anti-HIV ribozymes and intracellular

20 single chain antibody genes). Examples of MoMLV-based vectors comprising anti-HIV genes
' are provided in co-pending application Serial No. 08/336,132 the disclosure of which is herein

incorporated by reference.

25 The humanized (i.e., transplanted) SCID/bg mice are anesthetized with metofane
and placed in a restraint device and injected with attenuated HIV vaccines as described above
(virus in AIM-V medium or DNA in saline). After three injections of the attenuated HIV
vaccines (spaced 3-7 days apart), the animals are challenged with wild type HIV-1 by i.p.
injection (0.5 ml, TCID50 = 100) under the anesthesia with metofane. Following wild type
30 HIV injection, blood samples are collected weekly from the tail under the anesthesia with
metofane to check for HIV infection.
At various time points (before death), the animals are sacrificed by cervical dislocation
post-anesthesia. At the same time, the blood, peritoneal lavage and spleen are collected for
the examination of HIV infection and in vitro CMI by ELISPOT as described in Ex. 17.



AAAAGGEEEG AATGAAAGAC CCCACCTGTA GGITTGGCAA GCTAGCTTAA GTAACGCCAT 3240

TTTGCAAGEC WT ACATAACTGA GAATAGAGAA GITCAGATCA AGGT 98/06943 0
CAGATGGAAC AT GGGCCAAACA GGATATCTGI GGTAAGCAGT TCCT 33560
GCTCAGGGCC AAGAACAGAT GGAACAGCTG AATAT AAACAGGATA TCTGTGGTAA 3420
GCAGITCCTG CCCCGECTCA GGGCCAAGAA CAGAT CCAGATGCGG TCCAGCCCTC 3480

AGCAGTTTCT AGAGAA TGITTC GOCC . CAAGGACCTG AAAT 3540
GTGCCTTATT T@Aﬁ%ﬁlﬁ%gﬁ%%% W@% table; 00
CCCGAGCTCA AT A et Reatioh I GRES N ed (i ah B BBRemiriahity & 4dditioh e PrédefGrivention3660
GAGTCGOOCG GGTACCCGIG TATCCAATAA ACCCTCTTGC AGITGCATCC. GACTIGICGT 3720
CTCGCTGTTC vepcipgsderthednduetionef gufi-FEY jopmunity3 78
CATTTGOGEG CTOGTOCGRG ATCGGGAGAC CCCTGCOCAG GGACCACCGA CCCACCACCG 3840
GGAGGTAAGC TGGCTGUCTC GUBCGTTTCG GTGATGACGS TGAAMCCTC TGACACATGC 3900

AGCTCCCGGA 3960
A C 4020
ATA GI 4080

CCATATGCGG TGTGAAATAC CWTG CGTAAGGAGA AAATACCGCA TCAGGECGECTC 4140

AGCTCACTCA AAGECHAR? RS e e B 2 Bt e A BrmeleRasoid oo

CATGTGAGCA AARGGRGIAR X %ﬁ@@ %%@W ExpMEET68:605-62114320
TTTCCATAGG CTCCGCCCCC CTGA GCA TCA CAGAGGTG 4380
GCGAAACCCG A qeomt @8FEBethesdag 440

corecodirT % %&?@%@W@ 260
CAAGCTGGGC TGseaRG(RCS): mmmmnre&mm, 2eM CteminE AT adbaiAgssentiall 6 20
amino acids, and sodium pyruvate. Human peripheral blood lymphocytes (PBLs) were obtained
from healthy or repeatedly HIV-1-exposed seronegative donors and separated by FICOLL
gradient as previously reported [Chang et al. (1995) Virology 211:157-169] and frozen in
15 liquid nitrogen until use.
' ii ion of Su a
PBLs were thawed at 37°C and used only if the viability was higher than 90%. They
were incubated with mouse anti-human CD4-, CD8-, CD56- or mouse IgG,-labeled BIOMEG
magnetic beads (PerSeptive Biosystems, Framingham, MA) at 50 beads per cell on ice for
20 30 min. Cell depletion was carried out by sorting the cells on a2 magnet for 5 min twice using
mouse IgG, sorting as a control. After sorting, cells were washed with medium and seeded
with either stimulator or target cells in each experiment as described below.
ion jmulat et
AA-2 cells were used as stimulator or target cells in the allogeneic reaction. For stimulation,
25 AA-2 was treated with 5 pg/ml of mitomycin for 2.5 h, washed with phosphate-buffered
saline (PBS) three times, and seeded at .5 X 10* cells per well in a round-bottomed 96-well
plate together with various subsets of T cells prepared as described above from 2 X 10* to
- 5X10° per well in triplicates in RPMI 1640 containing 10% FCS and 20 U/ml of IL-2 (Bochringer
Mannheim Canada) in a total volume of 200 pl. The cells were incubated at 37°C, 5% CO,
30 . for 3 days before being used in the ELISPOT assay. To prepare target cells for the detection
of HIV-1-specific effector function, PBLs from either healthy or HIV-1-exposed but mninfected
donors were treated with PHA (5 pg/ml) for 2 days and infected with wild-type HIV-1 ata
multiplicity of infection doses of 0.2 for 3 h. After infection, PBLs were incubated in RPMI



CTATCGICTT GAGICCAACC CGGTAAGACA CGACTTATCG CCACTGGECAG CAGCCACTGG 4680
TAACAGGATT wgasM#588-CGA GGTATGTAGG CGGTGCTACA GAGTTCTTGA AGT GCH&EXXT598/06%i440
WO 98/ 44788 PCT/ US99/ 06944
101 TAACTACGGC TACACTAGAA GGACAGTATT TGEBATCTGC GCTCTGCTGA AGCCAGITAC
4800 CTTCGGAAAA AGAGITGGTA GCTCTTGATC CGGCAAACAA ACCACCGCTG GTAGCGGTGG

4860 TTTTTTTdnh Iﬁ&ﬁﬁ OSW ) fa5 8y CHVA 1 AviYertibiy whd T
4920 GATCTTTTTICT A G A GIG GAA c TCACGTTAAG GGATTTTGGT
4980 CATGAGATWWM@R esmastrppaeiprevisusiy{Chaogesal (1800 ErvivgnA
5040 SEAAACT

2100 A4 i alahe e PRAGIREE

5160 GTAGATAHE iniEciBABESE! AEEE0T MG THEBROGE 2 ACTETE GRWL. TGATACCACG
5220 AGACCCACGC TCACOGECTC (AGATITATC AGCAATAAAC CAGCCAGOCG GAAGGGOCGA
5280 GAAGT GGTCCTECARA=CFTTATEESC CTCCATCCAG TCTATTAATT GTTGCCGGGA
5340 AGCTAGAGTA AGREITEEOT asstyTetérilistéps WhithweishdiciedIut Gek EurSonbdcabivé daps G

5400 CATCGTGGTG TCACGCTCGT CGTTT%I AT &! T%TTC A%l %I : m

5460 AAGGCGAESSHo

2080 TAATTCT %%WW@H oo ofnariCal e
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5640 CAAGTCAT henmoh kit 02526 witbhebllowngmaiifiatosdior deaniimg teniingkaricG

2780 ARoooaRntr R AR R At QERONL R &

2760 b REed A tohtu & ARG

5820 FCS and IL-2 (20 U/ml) were added to each well. Meanwhile, PBLs which had been incubated
for 3 days with stimulators were also transferred from the round-bottomed 96-well plate to
the nitrocellulose-well plate in 100 ul and incubated at 37°C, 5% CO, for 24 h, using AA-2
or PBLs alone as controls.

15 HIV-1-specific immune responses were studied using unstimnlated,_ frozen PBLs

(4 X 10* to 1 X 10°) which were obtained from seronegative HIV-1-exposed, high-risk or

un-exposed, low-risk donors. In each well, the thawed effector PBLs were incubated with
1 X 10¢ mitomycin C-treated autologous HIV-infected PBLs in a total volume of 200 pl for
24 h. The uninfected, autologous PBLs were used as controls.

20 v ti ized Vide

* The dried nitrocellulose 96-well plates were placed on top of an illumination box

and images were captured using a thu 4910 series monochrome CCD camera which was
connected to an Appligene computer using program “The Imager” version 2.03 (Appligene,
Plesonton, Georgia). The image was opt:mlzed by adjusting contrast, greyscale, and exposure

25 time and saved in a picture file format (TIFF) before it was analyzed using the shareware
“NIH Image Version 1.55.” The readings of 6-24 wells can be captured and saved in one
file and processed together. When refrieved, the image was sharpened and/or smoothed by
adjusting the greyscale to obtain the best ﬁossi_ble resolution. The image was then converted
t0 a binary (black and white) format by setting up a proper threshold. The individual well

30 was selected and the spots were counted using the “analysis particles” option in the program.
“The size of perticles can be pre~defined so that background spots of different size will be automatically
excluded.



TGCACCCAAC TGATCTTCAG CATCTTTTAC TTCACCAGC GITTCTGGGT GAGCAAAAAC 5880

AGGAAGGCAA AAAAGGGAAT AAGGGCGACA CGGAAATGIT GAA'%@E% /0692 40
ACTCTTCCTT ATT ATTGAAGCAT TTATCAGGGT TATTGICTCA TGA

CATATTTGAA TGTATTTAGA AAAATAAACA AATA T CCGCGCACAT TTCCCCGAAA 6060
AGTGCCACCT GACGTCTAAG AAACCATTAT TATCAT TTAACCTATA AAAATAGGECG 6120
TATCACGAGG CCCTTTC AA 6145

(2) 1 NFORVATI ON FOR "NCE CHARACTERI STI CS:

(A) LENGTH. 67 baslﬁldaﬁhﬁﬁunmmocompetengglldﬁh’ﬁﬁht? illé@érﬁic@mﬁgbhdnmulatlonnéduces( 0238
STRANDEDNESS: si ngl e D T OGY: _lin 447
PCT/ US98/°069 4gst:ong cell-mediated i nnmuné re)sponse, accompanied with marked IFN-y prﬂqc’mrw%:gcu

h | : O spomse.
TP \CLNer Mihhih Serdial good mode for hALIBFOPRET | Bnchelapanipentiitsponse, (*1)

CATGGATECT ' AGBaEThad @m mu:ed with BdiattdBACATs target cells for three days, and

(A LENGTH b By bttt odlohg ortn o it doplal vl it BEASPOT -

STRANDEDNESS: assayn!g Id&cnbed in the Mateifl} and¥2€th6dsy The sposdsrmed by IRN-y)sedviing ChllsE

TYPE: other ny CtLee it caeﬁulose-bottomed 96—weg@%th)nE\§1g$é &e étgtggmlcf;s;;glta\lAwerc dark
purple in the center and a little lighter in the surrounding region, similar to previous observation

10 [Czerkinsky et al. (1988) J. Immunol. Methods 110:29-36]. These ELISPOTs were distinct
and easily distinguished from the artifact spots which were smaller, denser and mostly uniformed.

‘When the computer video-image system was employed, the smaller artifacts did not appear

from the background at the magnification used. Figure 14A shows a print-out of a fine-tuned
computer ELISPOT image processed by the free shareware “NIH Image.” The well on the
15 left had the target AA-2 alone. The wells in the center and on the right contained 1,000 and
200 PBLs respectively, along with the target AA-2. Using a binary format (Figure 14B), the
image of ELISPOTS is easily viewed as black spots and can be counted automatically (Figure
14C). The number of IFN-y producing cells (IPC) counted using this system is similar to
that determined with the aid of a stereomicroscope. This processing system avoids the tedious
20 and unpleasani: enumeration experience under the microscope. Most importantly, as both
the darkness and the size of the ELISPOT can be pre-defined using the analysis program,
the result uniformly eliminates unwanted artifacts. When compared with manual microscopic
counting, the computerized analysis is accurate and objectively distinguishes the smaller artificial
spots from those real ones. In addition to the “NIH Image” program, any picture-oriented
25 program can be used to retrieve and print the captured image.

A representative ELISPOT assay for non-specific allogeneic response using mixed
lymphocytes is shown in Figure 15A. The PBLs of a healthy donor reacted to AA-2 showing
over 1,000 IPCs in 1X10* PBLs after a 3 day-stimulation and the number of IPCs doubled
after a 6-day-stimulation (Fig. 15A). In contrast, the allogeneic immune response of a cancer

30 patient, who had been under chemotherapy two weeks before the test, was 50 times less than
' that of the healthy donor. This result demonstrates that ELISPOT is a simple, fast and yet
sensitive protocol for assessing the frequency of a strong, non-specific immune response.

To demonstrate the specificity and sensitivity of the ELISPOT assay, the frecjuency
of HIV-1 specific IPCs in an HIV-1 repeatedly exposed (high-risk), but uninfected individual,



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 3: CGATCGCGAG TCGACGCGTG ATCAGGCCTA
GGATCCATGG @ipasMagsCT GCGGCCGCAA 60 GCTTA PCT/US98/06944
65 (2) | NFORVMATI ON FOR SEQ I D NO 4: (1) SEQJENCE CHARACTERI STI CS:
(A) LENGTH 33 base pairs (B) TYRE: nucleic acid (O
STRANDEDNESS si ngl e (D TOPOLOGY: |inear (i ) MOLECULE

TYPE: ot her @thdd in a control, low-ridkAndiviluR i3 khe R¥toldpBRS HIV=1-anbPéd presenting ( Xi )
SEQUENCE DESCRl PTION: SEQ | D NO 4:  AAGCTTGATC ACCACCATGA TTGAACAAGA TGG

33 (2) | NFORM@&FWSEQ}%SN@% The secretiop;of IR\=ypoRencoppiaringHHv=] anhigess;

A) LENGTH: 34 2
(ST?R’ANDEDNESS: E‘l‘l?"§"f:""«agp Gk Would be a2 Bde‘?{'@ qf BlibFex ﬂggfd HIVE V?fsﬂ’ e\ 4R (E)'C)
TYPE: ot her nué’irejogy G:2844-2852]. The targetApllDRSORepared iy infedtingautologbhyPBLs from ( xi )

S N DR e rspondm indivills i destiibad in tne Matcrials st Metiods SLédeR bove. The

34
PCT/ US98/ 06944mﬂsofﬂnsMMMmmmePBIsﬁmnﬂwlowmkdmmmwcﬁlﬁhahW FOR

SEQ I'D NG 6: respond&s 2:1 up &Q\I S:ET gﬂé %qE§L,§I£ 15B). In contrast, the PBLs from the

high-risk donor have a precursor frequency of 28 HIV-1- spec:ﬁcmponderspa' 1X10* lymphocytes
without in vitro stimulation (Figure 15B). The existence of HIV-1-specific IPCs in the high-risk

10 donor is in concordance with previous reports that high-risk seronegative individuals have
de\}eloped HIV-1-specific CTL responses [Clerici et al. (1992) J. Inf. Dis. 165:1012-1019
and Rowland-Jones ef al. (1995) Nature Medicine 1:59-64]. While HIV-1 specific CTLs
can be detected in HIV-1-infected individuals without in vitro stimulation [Walker e al. (1987)
Nature 328:345-348], HIV-1-specific CTLs and the precursor frequencies in hlgh-nsk individuals

15 were demonstrated only after in vitro stimulation [Aldhous et al. (1994) Clin. Exp. Immunol.
97-61-67, Clerici et al. (1992) J. Inf. Dis. 165:1012-1019 and Rowland-Jones et al. (1995)
Nature Medicine 1:59-64). This result thus demonstrates that the ELISPOT assay is sensitive
enough to detect a weak antigen-specific immune response and to determine the precursor
frequency without an additional step of in vitro stimulation.

20 To study the roles of individual T cell subsets in the allogeneic and HIV- l-speclﬁc
immune reactions, CD4, CD8, CD56 (NK), or all of the three subsets of lymphocytes were
depleted in separate experiments and an ELISPOT assay was performed as described. As
shown in Figures 16A and 16B, all three cell types contributed, albeit to different extents,
to IFN-y production in both the allogeneic and HIV-1-specific reactions. In the allogeneic

25 reaction, NK cells accounted for about 30% , CD8 26%, and CD4 16% ofthe IFN-y production.

"In the HIV-1 exposed but uninfected individual, however, CD8 cells contributed the most,
up to 71%, to the HIV-1 specific IFN-y secretion and CD4 and NK cells only accounted for
14% and 10% of total IFN—y production respectively. Together these studies demonstrated
a quick analysis for the qumﬁlaﬁon of IFN-y producing cells in antigen-specific and non-specific

30 immune reactions.

The combination of an immuospot assay with a computer-assisted data acquisition
and processing system simplifies the experimental procedures and can be used for the clinical
or experimental assessment of general and specific immune responses, especially when dealing

with a large sample size. Immunospot assays according to the present invention can also



(A) LENGTH 35 base pairs (B) TYPE: nucleic acid ' (O

STRANDBDNE (D) TOPOLOGY: |i near (ii)

TYPE: ot her ﬁ’ﬁf‘gﬁ% aci d (A) DESCRI PTION: /desc = -?ﬁﬁ‘?éég‘*kﬁ%xi)
SEQUENCE DESCRI PTION: SEQ | D NO 6: GC TTCCACCATG TGGCTGCAGA GCCTG -
35 (2) | NFORMATI ON FOR SEQ I D NO 7: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 29 base pairs YRE: cleic.acid s C
STRANDEDNESS: R§iusggmere conveniently “’(’}?)3“’1’%‘19%51 al f‘l‘ﬁ%sa}”"ﬁ’dmg ey W‘fﬁ?ﬁﬁﬂﬁé ) |
TYPE: ot her nuglgib ﬁdﬁ@bﬁassaysfmmsceﬂaﬁeﬁﬁsmm [Chapend Cui, iDpksparation]. (X1 )
SEQUENCE DESCRI PTI ON: SEQ I'D NO 7:  AATGGATCCT ATCACTc:CT%ﬁg\ig{g/ggcr@ﬁ

29 (2) | NFORMAEmwthodspf the-prepent ivention can also be ysedswithypyg-gol methpdes:

(A) LENGTH 4 zé}gﬁ&y%z ($988).J. Inzmunol A«leﬂ):dsTYE’Ei-sﬂ}{&h@laeolaﬁhﬂge capure yet (C)

STRANDEDNESS: OLOGY: | i near
TYPE: ot her nwlaenmoaznpubpnateﬁlwrsmﬂl(themmtuwm sysfeensc = ) DNA" (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 8:- ATGTGGCTGC AGAGCCTGCT GCTCTTGGGC

ACTGTGGCCT GCAGCATCTC TGCACCCGCC 60  CGCTCGCCCA GCCCCAGCAC GCAGCCCTGG
GAGCATGTGA ATGCCAT QURpuBlhddHoRCHGPatents difkd in REINSVEGHeGificA T R IETOATCNAEPE@MES

AT AL T i S P B M
AAGGCECCCCT  TGARE M Emtibn FAD6E\eppardht to thot Ekilled in the art without departing from the scope

and spirit of the invention. Although the invention has been described in connection with

10 specific preferred embodiments, it should be understood that the invention as claimed should
not be unduly limited to such specific embodiments. Indeed, various modifications of the
described modes for carrying out the invention which are obvious to those skilled in molecular
biology or related fields are intended to be within the scope of the following claims.



TACAAGCAGC ACTGCCCTCC AACCCCGGAA ACTTCCTGIG CAACCCAGAT TATCACCTTT 360
WO 98/ 44788w0 98/44788 PG 6a4 4
104 GAAAGITTCA AAGAGAACCT GAAGGACTTT CTGCTTGTCA TCCCCTTTGA CTGCTGGGAG
420 CCAGICCAGG AGTGA 97 _

435 (2) | NFORMATI ON FOR SEQ I D NO: 9: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 30 base pairs sEouefvE® LEk¥Phic nucleic acid (©
STRANDEDNES Sipnghitd lirormaTIon: (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: other nucleic acid (A) DESCRI PTI ON: /desc = "DNA" (xi)
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(i) SEQUENCE CHARACTER! STI CS:

(B) TYPE:
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(C) STRANDEDNESS: doubl e
(ii) NCLECULE TYPE ot her

-f%gg
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(A) LENGTH: 972 base pairs

E)

nucl ei ¢ aci

' gcrlusss/omﬁ D)

SEQUENCE -DESCRI PTI ON: SEQ I D
GCCTTCCTGC TCTCTGGTGC TGCTCCTCTG
CCTGCCAT GCCAATTTGC AAACTCTCAA
GGACC AGGAAAACTT GGTTCTGAAT
AGTGTTCATT - CCAAGTATAT GGGCCGCACA

105 AGITTTGATT

300
360

420

480

GW(H"FTTCIEAA&@@%&&ECEﬁﬁﬁr6%&56CXHHSEfGiEECEEEEAIEEEéTGEH&EEEGQEBAcrccciiﬁﬁ

AAGATAATGT CACAGAACTG TACGACGTITT CCATCAGCTT GICTGITTCA

TTl«JEAG{¥¥téEQEEE%@fEEBECiﬂﬁEKCEX&EIE&&EiGéd&HﬁTEEbd:éﬁéﬂ&i@ﬁEEBGGAGCCKHH&

CACCTTTCTC TATAGAGCTT GAGGACCCTC AGCCTCCCCC AGACCACATT

720

TTGTATCAAT

"AATTCTGAAC

ATAACAGAAA
AAGAAGATGA
CAGQMATCTC
TTCCCTGATG
CT132dATCTT
CCTTGGATTA

CAGCT GT A(dcctCs A CARTCE TAICEA T AT Crer@ LGB EACcCEEIAGEREAd AnccTARAT CTAYTECAAAT

GGAAGAAGAA GAAGCGGECCT CGCAACTCTT ATAAATGTGG AACCAACACA

840

AAGAGAGT GReREXGECCAPITTACRARBAGAAMMAATTICATAACTAGEIAAAASKI AAGTTCID

CAAGGTCAGG
TGCCCCGGCT
TGTGGTAAGC
CAGCCCTCAG
AATGACCCTG
CTTCCGCTCT
CGATAGACTG
GAATCGTGGT
GGGGTCTTTC
CCACCACCGG
TATGTTTGAT
GACCCGTGGT
GGACTTTGGG
CCCGTCAGGA
TGAATTTTTG
CATCGTTCTG
GACTGTTACC
TCACAACCAG

GCCAACCTTT

AACAAAGAAR

CAGGGCCAAG

AGTTCCTGCC

CAGTTTCTAG'

TACCTTATIT

CCGAGCTCAA

CGTCGCCCGE

CTCGCTGTTC

ATTTGGGGGC

GAGGTARGCT

GTTATGCGCC

GGAACTGACG

GGCCGTTTTT

TATGTGGTTC

CTITTCGGTTT

TGTTGTICTCT

ACTCCCTTAA

TCGGTAGATG

AACGTCGGAT

CAGCTGAATA CCAAACAGGA TATCTGTGGT AAGCGGTTCC

AACAGATGAG ACAGCTGAGT GATGGGCCAA ACAGGATATC

CCéGCTCGGG
TGAATCATCA
GAACTAACCA
TAARAGAGCC
GTACCCGTAT

CTTGGGAGGG

TCGTCCGAGA.

GGCCAGCAAC
TGCGTCTGTA
AGTTGTGAAC
GTGGCCCGAC
TGGTAGGAGA
GGAACCGAAG
GTCTGACTGT
GTTTGACCTT
TCARGARGAG

GGCCGCGAGA

GCCAAGAACA GATGGTCCCC
GATGTTTCCA GGGTGCCCCA
A'I.‘CAG'I‘TCGC. TTCTCGCTTC
CACAACCCCT CACTCGGCGC
TCCCAATARA GCCTCTTGCT
TCTCCTCTGA GTGATTGACT
TTTGGAGACC CCTGCCCAGG
TTATCTGTGT CTGTCCGATT
CTAGTTAGCT AACTAGCTCT
ACCCGGCCGC AACCCTGGGA
CTGAGGAAGG GAGTCGATGT
CGAGAACCTA AAACAGTTCC
CCGCGCETCT TGTCTGCTGC
GTTTCTGTAT TTGTCTGAAA
AGGTCACTGG AAAGATGTCG
ACGTTGGGTT ACCTTCIGCT

CGGCACCTTT AACCGAGACC

AGATGCGGTC
AGGACCTGAA

TGTTCGCGCGE

GCCAGTCTTC

GTTTGCATCC

ACCCACGACG

GACCACCGAC

GTCTAGTGTC

GTATCTGGCG

GACGTCCCAG

GGAATCCGAC

CGCCTCCGTC

AGCGCTGCAG

ATTAGGGCCA

AGCGGATCGC

CTGCAGAATG

TCATCACCCA

ATGGAGAGGG
240

300
360
 420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320

1380



- ACATGTTTTT %o o

e gt -

SEQ | D NO 14: (i) SEQUENCE CHARACTERI STI CS: A) LENGTH:
" 1451 bas @qurtncg‘cc GGCCGCTTGEG GTGGAGAGGC TATTCGGCTA TGACTGGGCA CAACAGA 1740
TCGGCTACTC TGATGCCGCC GTGTTCCGGC TGTCAGCGCA GGGECGCCCG GTTCITITTG 1800
TCAAGACCGA CCTGTCCGGT GCCCTGRATG AACTGCAGGA CGAGGCAGCG CGGCTATCGT 1860
GGCTGGCCAC GACGGGCGTT CCTTGCGCAG CTGTGCTCGA CGTTGTCACT GAAGCGGGAA 1920
GGGACTGGCT GCTATTGGGC GAAGTGCCGG GGCAGGATCT CCTGTCATCT CACCTTGCTC 1980
CTGCCGAGAA AGTATCCATC ATGGCTGATG CAATGCGGCG GCTGCATACG CTTGATCCGG 2040
CTACCTGCCC ATTCGACCAC CAAGCGAAAC ATCGCATCGA GCGAGCACGT ACTCGGATGG 2100
lAAGCCGGTCT TGTCGATCAG GATGATCTGGE ACGAAGAGCA TCAGGGGCTC GCGCCAGCCG 2160
AACTGTTCGC CAGGCTCAAG GCGCGCATGC CCGACGGCGA GGATCTCGTC GTGACCCATG 2220
GCGATGCCTG CTTGCCGAAT ATCATGGTGG AAAATGGCCG CTTTTCTGGA TTCATCGACT 2280
GTGGCCGGCT GGGTGTGGCG GACCGCTATC AGGACATAGC GT’i‘GGCTACC CGTGATATTG 2340
CTGAAGAGCT TGGCGGCGAA TGGGCTGACC GCTTCCTCGT GCTTTACGGT ATCGCCGCTC 2400
CCGATTCGCA GCGCATCGCC TTCTATCGCC TTCTTGACGA GTTCTTCTGA GCGGGACTCT 2460
GGGGTTCGAA ATGACCGACC AAGCGACGCC CAACCTGCCA TCACGAGATT TCGATTCCAC 2520
CGCCGCCTTC TATGAMAGGT TGGGCTTCGG AATCGTTTTC CGGGACGCCG GCTGGATGAT 2580
CCTCCAGCGC GGGGATCTCA TGCTGGAGTT CTTCGCCCAC CCCGGGCTCG ATCCCCTCGC 2640
GAGTTGGTTC AGCTGCTGCC TGAGGCTGGA CGACCTCGCG GAGTTCTACC GGCAGTGCAA 2700
ATCCGTCGGC ATCCAGGAAA CCAGCAGCGG CTATCCGCGC ATCCATGCCC CCGAACTGCA 2760
GGAGTGGGGA GGCACGATGG CCGCTTTGGT CGACéCGGAC BGGACGCTCC TGCGCCTGAT 2820
ACAGAACG'AA"I‘TGCTTGCAG GCATCTCATG AGTGTGTCTT CCCGTITTCC GCCTGA-GGTC 2880
ACTGCGTGGA TGGAGCGCTG GCGCCTGCTG CGCGACGGCG AGCTGCTCAC CACCCACTCG 2940
AGGGCGTGCA GCGCTGCAGA GGCCGAGTGC AGAACTGCTC CAAAGGGACC TCAAGGCTIT 3000
CCGAGGGACA CTAGGCTGAC TCCATCGAGC CAGTGTAGAG ATAAGCTTAT CGATTAGICC 3060

TCTGATGAAG CCCAGCGTGT TTTTAAAAGT TCGAAGACAT CTTCATGCGA CAAAAGTGAT
(2) 1 NFORMATI C]glmlécslg SEQ I D NG 12:
(A) LENGTH. 29 base pairs ' 9 TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE
TYPE: otR IARG@fdT8TT caccTescce (GRATERAGAR deRcRbtadadescceTatBNA" 1440 (Xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 12: AAAAGCTTGG ATCCACCATG AGTAAAGGEA
29 (2) R TSEQTIrEraNErd FceTeecTes (GTICASECHENCESTASARMC TERLST0 CS:
(A) LENGTH 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDMEfSECcTet® Gc®CCTCTTC CTCCATCDC TOPGLIICYC ¢JQCTREAAC CTCEUAGETROL ECREE
TYPE: other nucleic acid (A): DESCRI PTI ON: /desc = "DNA"
ggQJENCE CRESHIRLET |cBAIrCRECE ITDTAIRCAGS ORI TG AT TCITRATACE TCATERD
WO 98/ 44788
PCT/ US98/cASErbATCA AGAGACAGGA TGAGGATCGT TTCGCATGAT TGAACAAGKYS GGRTTGCARECORMATPON FOR

960

PCT/US98/069449 7 2
(1) SEQUENCE CHARACTERI STI CS:

(xi)




(B) TYPE:
TOPOLOGY:
DESCRI PTI ONWOSB(44178E)
TGCACGTCCC TTCCAGGCGG
CTGAGAGTAA TTCATACAAA
TAAACTCCCA CTAACGTAGA

nucl ei ¢
i near

TCTCGTCAR

AGAGCGCACA TCGCCCACAG

TGCCTAGAGKCARRIERFRSACH

TTTTCCCGAG GG

aci d

NO 14:

(C) STRANDEDNESS:
(i1) MOLECULE TYPE: DNA (genom c)

singl e

(D

Ot usosAga-NCE

P
AAGCTTTGGA GCTAAGCCAG CAATGGTAGA GGGAAGATTC

120 AGEACT

180 ACCCA
4chm&§%%£
0

GT

(‘C

R
mﬁ%ﬁ@“ﬁ%

HE ipannag HontahcTon Shiieh

)

€€

60 CCTCCCCGTC ACCACCCCCC CCAACCCECC CCGACCGGAG -
CCTGCCTTGG GGAATCCCAG GGACCGTCGT

oreePeass

ARean SR B ooty

Rt ACEkLddetir AAC§5I 44CTTT

GIGCCGIT GTGTGGITCC CECEEECCTG

T A aeACRRCEPIChOirdal aEdfdaceha CTCEETECAG
GGAAGTGGGT GGGAGAGTTC GAGGCCTTGC

236 8accb il AR CEdHrATETCCASARGTAE¥pCEfEdsCEs CTCRE£CCCC
720 CCTTCGCGCC TGTCTCGCTG CTTTCGATAA GTCTCTAGCC

ATTTMMTJ&H&%E%MEQGMBWHWW% TCTIGIAAAT

GCGGGCCAAG ATCTGCACAC

CGTGCGT

GGACGEEEGT AGTCTCAAGC

840 TGGTATTTCG GITTTTGEEG CCGCGEECEE CGACGEEECC

CéddoeaeTcA0 e cbASRCONERGEfIOCEEXERAECEGN BCCREBLTe ACCGASNATC

960 TGGBCCGECCT GCTCTGGTGC CTGECCTCGC GCCGCCGTGT

AT CGCCCCEHaReTHH#pCAENGAACEA? BACPMAEATT GRCETARST CHEGACCTAGRATEGETCT AGCSERRAGA

TGGCCGCTTC CCGEECCCTGC

1080 TGCAGGGAGC TCAAAATGGA GGACGCGGCG CTCGGGAGAG

CGGGECGGGTEraCTMCORECTARCT BATOACKPIICCI VIR CACTIGCTITITPECR%S FCETEMREEC CGTEERI TCA

TGTGACTCCA CGGAGTACCG

AGT ACGT CGTCOCRCTABCFTABAAGAGTS QCACAACCCC TCACTCGGGG

GAGTCGCCCG
CTCGCTGTTC
CATTTGGGGG
GGAGGTAAGC
AGCTCCCGGA
AGGGCGCGTC
ATAGCGGAGT
CCATATGCGG
TTCCGCTTCC
AGCTCACTCA
CATGTGAGCA
TTTCCATAGG
GCGAAACCCG
CTCTCCTGTT
CGTGGCECTT
CAAGCTGGGC
CTATCGTCTT

TAACAGGATT

GGTACCCGTG

CTTGGGAGGG

CTCGTCCGGG

TGGCTGCCTC

GACGGTCACA

AGCGGGTGTT

GTATACTGGC

TGTGARATAC

TCGCTCACTG

AAGGCGGTAA

ARAGGCCAGC

CTCCGCCCCC

ACAGGACTAT

CCGACCCTGC

TCTCATAGCT

TGTCTGCACG

'GAGTCCAACC

AGCAGAGCGA

TATCCAATAA
TCTCCTCIGA
ATCGGGAGAC
GCGCGTTTCG
GCTTGTCTGT
GGCGGGTATC
TTAACTATGC

CGCACAGATG

ACTCGCTGCG

TACGGTTATC
AAAAé&CCAG
CTGACGAGCA
AAAGATACCA
CGCTTACCGG
CACGCTGTAG
AACCCCCCGT
EGGTAAGACA

GGTATGTAGG

ACCCTCTTGC
GTGATTGACT
CCCTGCCCAS
GTGATGACGG
AAGCGGATGC
GGGGCGCAGC

GGCATCAGAG

CGTAAGGAGA

CTCGGTCGTT
CACAGAATCA
GAACCGTAAA
TCACAAAAAE
GGCGTTTCCC
AiACCTGTCC
GTATCTCAGT
TCAGCCCGAC
CGACTTATCG

CGGTGCTACA

CGCCAGTCCT
AGTTGCATCC
ACCCGTCAGC
GGACCACCGA
TGAAAACCTC
CGGGAGCAGA
CATGACCCAG
CAGATTGTAC
ARATACCGCA
CGGCTGCGGT
GGGGATAACG
AAGGCCGCGT
CGACGCTCRA
CCTGGAAGCT
GCCTTTCTCC
TCGGTGTAGG
CGCTGCGCCT
CCACTGGCAG

GAGTTCTTGA

CCGATTGACT

GACTTGTGGT

GGGGBGTCTTIT

CCCACCACCG

TGACACATGC

CAARGCCCGTC

TCACGTAGCG

TGAGAGTGCA

TCAGGCGCTC
GAGCGGTATC
CAGGAAAGAA
TGCTGGCGTT
GTCAGAGGTG
CCCTCGTGCG
CTTCGGGAAG
TCGTTCGCTC
TATCCGGTAA
CAGCCACTGG

AGTGGTGGCC

1200 GGCGCCGTCC AGGCACCTCG ATTAGITCTC GAGCTTTTGG

3660
3720
3780
3840
3300
396Q
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
.4620
4680

4740



GGGEEGAGEEG TTTTATGCGA TGGAGITTCC CCACACTGAG TGGEGTGGAGA CTGAAGITAG 1320
WO 98/ 44788x0 98/44788 POTNIS90692694 4
107 GCCAGCTTGG CACTTGATGT AATTCTCCTT GGAATTTGCC CTTTTTGAGT TTGEATCTTG
1380 GITCATTCTC AAGCCTCAGA CAGIGGTTCAgPAGITTTTTT CTTCCATTTC AGGTGICGTG
1440 AAAACTCTAG A

1451  ( 2)raANRORAMAThENTRER. SEArACDANOTEETATCTGE GofrtreCICRURMNRGEINERACTERISSTI CS:

(A) LENGTH 24 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESE8cARAK QRRGTTGGTA GCTCTTERYC TGROLAEKA AGCRERECTG GTAGOGEYGA/OL EQuiE
TYPE: other nucleic acid (A) DESCRI PTION: /desc = "DNA" (xi)
SEQUENCE TBFSaRCPH ITGMAAGEARY RCATIBCEES CAGRGERAA GGATCRRAGCEEGRECCITN 4920

24 (2) |1 NFORVATI ON FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGERrc2STOR MSCERETCTC ACGCTCAGTG GARFGARKRE: TOAGETEARS G@ARTTTGGT 498¢ Q)
STRANDEDNESS: si ngl e (D TOPOLOGY: Iinear: (1) MOLECULE

TYPE: ot ICTGARAETR TSARARAAGGA TCTTCACCTA GAYCITTTR| ARTIEPPAATIERAGTITTAINA" 5040 (i)
SEQUENCE DESCRI PTI ON: SEQ I D NO 16: TCTAGAGITT TCACGACACC TGA
23 (2) ARFATIRRA ORTATATEACTAAQEYY SICTGACAGT TACCAATGCT TAATCAGTGA — 5100

GGCACCTATC TCAGCGATCT GTCTATTTCG TTCATCCATA GTTGCCTGAC TCCCCGTCGT 5160
GTAGATAACT ACGATACGGG AGGGCTTACC ATCTGGCCCC AGTGCTGCAA TGATACCGCG 5220
AGACCCACGC TCACCGGCTC CAGATTTATC AGCAATAAAC CAGCCAGCCG GAAGGACCGA 5280
GCGCAGAAGT GGTCCTGCAA CTTTATCCGC CTCCATCCAG TCTATTAATT GTTGCCGGGA 5340
AGCTAGAGTA AGTAGTTCGC CAGTTAATAG TTTGCGCAAC GTTGTTGCCA TTCCTGCAGG 5400
CATCGTGGTG TCACGCTCGT CGTTTGGTAT GGCTTCATTC AGCTCCGGTT CCCAACGATC 5460
AAGGCGAGTT ACATGATCCC CCATGTTGTG CAAAAAAGCG GTTAGCTCCT TCGGTCCTCC 5520
GATCGTTGTC AGAAGTAAGT TGGCCGCAGT GTTATCAC'fC ATGGTTATGG CAGCACTGCA 5580
TAATTCTCTT ACTGTCATGC CATCCGTAAG ATGCTTTTCT GTGACTGGTG AGTACTCAAC 5640
CAAGTCATTC TGAGAATAGT GTATGCGGCG ACCGAGITGC TCTTGCCCGG CGTCAARCACG 5700
GGATAATACC GCGCCACATA GCAGAACTTT AAAAGTECTC ATCATTGGARA AACGTTCTIC 5760
GGGGCGAARA CTCTCARGGA TCTTACCGCT GTTGAGATCC AGTTCGATGT AACCCACTCG .5820
TGCACCCAAC TGATCTTCAG CATCTTTTAC T'I'fCACCAGC GTTTCTGGGT GAGCAAAAAC 5880
AGGAAGGCAA AATGCCGCAA ARAAGGGAAT AAGGGCGACA CGGAAATGTT GAATACTCAT 5940
ACTCTTCCTT TTTCAATATT ATTGAXGCAT.TTATCAGGGT TATTGTCTCA TGAGCGGATA 6000
CATATTTGAA TGTATTITAGA AARATAAACA AATAGGGCTT CCGCGCACAT TTCCCCGAAA 6060
AGTGCCACCT GACGTCTAAG AAACCATTAT TATCATGACA TTAACCTATA AAAATAGGCG 6120
TA'];.'CACGAGG CCCTTTCGTC TTCAA 6145
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 67 base pairs
({B) TYPE: nucleic acid

(C} STRANDEDNESS: single
(D) TOPOLOGY: linear



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 28 base pairs

(B) TYPE: | ei cid (C) STRANDEDNESS: single

TopaLoay: | W Oskadred (ii) MOLECULE TYPE: other nucleic acidPCT’Us’s"’SQ)‘(A)

DESCRI PTI ON: /desc = " DNA" (xi) $FQUENCE DESCRIPTICON: SEQ 1D NO.17: -
TCTAGAGOGG CCGOGGAGGC CGAATTCG 28

(2) 1 NFO?I\/ATI g\ll‘f EQME NQE: gﬁé%%ﬁSEQJENCE CHARACTERI STI CS:

(A) LENGTH:
PCT/ USO8/ 06044 (A7 DEECRIPTION: / ey 108 (B) TYPE:

| ei I D) TOPOLOGY:
In:J(r:]e:IrC aCI ||)SE|3&}E5JE%CI'R$EEMPEEE@ nuc Jezlng :m d ( )(A)
DESCRI PT&%AA&L%S %ccs Q&& GATcTcGAéd hﬁféﬂé&&@ﬁsﬁ%@ﬂd&h&i@ I' D Ngp18:

GATCCGAATT CGECCT : 36
(2) | NFORMRER®N FOR SEQ I D NO I 9. (1) SEQUENCE CHARACTERI STI Cgy
(A) LENGTH. 40 base pairs (B) TYPE: nucleic acid (O

STRANDEDNESSNrorMAgIeNn FOR sEQ 1D ¥dB: TOPCLOGY: |inear (i) MOLECULE
TYPE: other nucleic acid _
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 65 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

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

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CGATCGCGAG TCGACGCGTG ATCAGGCCTA GGATCCATGG CTCGAGATCT GCGGCCGCAA 60
GCCTTA . . 65
{2) INFORMATION FOR SEQ ID NO:4:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
AAGCTTGATC ACCACCATGA TTGAACAAGA TGG 33
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = "DNAY

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

CCGGATCCGT CGACCCCAGA GTCCCGCTCA GAAG 34



(A) DESCRI PTI ON: /desc = "DNA" (xi) SEQUENCE DESCRI PTION: SEQ I D

NO 19: GAR#\¥$d4788 GOGCCGCCACC ATGTGGCCCC CTGGGTCAGC PCT/US98/06944

40 (2). | NFORVATION FOR SEQ I D NG 20: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 29 base pairs (f93 TYPE: nucleic acid : (O -
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE

TYPE: ot pgr rietRvRrtoM bRl SEQ 1D No:6: (A) DESCRI PTION: /desc = "DNA
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 20: CCTCTCGAGT TAGGAAGCAT TCAGATAGC

29 (2) | NFORWABEGDENCERCIBRACTER IS Gxl:: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 762 hape.EmarHs 35 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: doub] eryPE: nucleic a€B) TOPOLOGY: |i near (1i) MOLECULE

TYPE: other nucl écr STBAWDEDNESS: singlg A) DESCRI PTI ON: /desc = "DNA"
(xi) SEQUENCE DESCRITOPPIREY:SEQeab NO 21: ATGIGECCCC CTGGGTCAGC CTCCCAGCCA

CCGCCCTCAC CTGCCECGEEC CACAGGTCTG 60 WD 98/ 44788

PCT/ US98/ 069#4#) MOLECULE TYPE: other nucleic acid 109 CATCCAGCGG
CTCGCCCTGT GTCCCHECABSTRERTIONT A AT GPNY'CC AGCGOGCAGC 120 CTCCTCCTITG
TCGCTACCCT GGTCCTCCTG GACCACCTCA GITTGGECCAG AAACCTCCCC 180

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
CCCGGGAAGC TTCCACCATG TGGCTGCAGA GCCTG 35
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ARTGGATCCT ATCACTCCTG GACTGGCTC ’ 29
(2) INFORMATION FCR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 435 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

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

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

ATGTGGCTGC AGAGCCTGCT GCTCTTGGGC ACTGTGGCCT GCAGCATCTC TGCACCCGCC 60
CGCTCGCCCA GCCCCAGCAC GCAGCCCTGG GAGéATGTGA ATGCCATCCA GGAGGCCCGG 120
CGTCTCCTGA ACCTGAGTAG AGACAC'i‘GCT GCTGAGATGA ATGAAACA_GT AGAAGTCATC 180
TCAGAAATGT TTGACCTCCA GGAGCCGACC TGCCTACAGA CCCGCCTGGA GCTGTACARG 240

CAGGGCCTGC GGGGCAGCCT CACCAAGCTC AAGGGCCCCT TGACCATGAT GGCCAGCCAC 300

TACAAGCAGC ACTGCCCTCC AACCCCGGAA ACTTCCTGTG CAACCCAGAT TATCACCTITT 360



GIGGCCACTC CAGACCCAGG AATGITCCCA TGCCTTCACC ACTCCCAAAA CCTCCTGAGG 240

GCCGTCAGCA. ACATGCTCCA GAAGGCCAGA CAAACTCTAG AATTTTACCC TT - 300
GAAGAGATTGYAY BMIABAGA TATCACAAAA GATAAAACCA GCACAGTGGA Gog’:{?@[&r&s’“m 360
CCATTGGAAT TAACCAAGAA TGAGAGITGC CT. TCCA GAGAGACCTC TTTCATAACT 420-
AATGGGAGIT GCCTGGECCTC CAGAAAGACC TCTTTTATGA TGGBCCCTGIG CCTTAGTAGT 480
ATTTATGAAG ACTTGAAGA G QG52 CTG 540
ATGGATCEPAMAEAERSRACK %‘%1%%@&%% %?G%TAT TEATGAGCTG 2% 600
ATGCA%G S‘é@g‘ CAGTGAGACT GI'GCCACAAA AATCCTCCCT TGAAGAACCG 435 660
GATTTTT CAAGCTCTGC ATACTTCTTC ATGCTTTCAG AATTCGGGCA 720
GTGACTAT, AT MATGCTTCCT AA 762
(2) |NFC§§A$F’%WSE%@%ENO 22: 4 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 24 Bassneai éfaracTErIsTICS:(B) TYPE: nucleic acid (O
STRANDEDNESS: si &) @EneTH: 30 baseDPaikePOLOGY: | i near “(i1) MOLECULE
TYPE: other nucl ggC 1@8Ed nucleic acid (A) DESCRI PTI ON: /desc = "DNA" (xi)
SEQUENCE DESCRI P¢ O TrARDNEENOs27g1e AAAGAGCTCC ACCATGTGTC ACCAGCAGIT GGIC
34  (2) | NFORMAT(EN ToEbLEBRQ 1inebor 23: - (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 28 base pairs (B) TYPE: nucleic acid ' (O
STRANDEDNESEi 1 )S MOGEGULE TYPE: othefDhucl€PO0FH: | i near (1i1) MOLECULE
TYPE: ot her nucl ¢éAx DESCRIPTION: /desc (sA)DMXESCRI PTI ON: /desc =DNA" (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 23:  AAGGATCCTA ACTGCAGGGC ACAGATGC
28 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

TGTGGATCCA CCATGGGACT GAGTAACATT 30

{2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TTTGGATCCT TAAAAACATG TATCACTTTT GTCGC _ ' 35
(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 972 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

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

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

ATGGGACTGA GTAACATTCT CTTTGTIGATG GCCTTCCTGC TCTCTGGTGC TGCTCCTCTG 60

AARGATTCAAG CTTATTTCAA TGAGACTGCA GACCTGCCAT GCCAATTTGC AAACTCICAA 120
AACCAAAGCC TGAGTGAGCT AGTAGTATTT TGGCAGGACC AGGAAAACTT GGTTCTGAAT 180

GAGGTATACT TAGGCAAAGA GAAATTTGAC AGTGTTCATT CCAAGTATAT GGGCCGCACA 240



(2) | NFORMATI ON FOR SEQ | D NO: 24: WD 98/ 44788

AAAAGCTTGG ATCCACCATG AGTAAAGGA
{2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY : linear

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

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

AATCTAGATT ACTATTTGTA TAGTTCATCC

PCT/ US98/ 069648/44788 110 POTYUSOB/QLSHMCE
CHARACTERI STI CS: (A) LENGTH 987 base pairs (B) TYPE:
nucl eic acid (© STRANDEDNESgs doubl e (D TOPOLOGY:
| i near (i1) MOLECULE TYPE: other nucleic acid (A
DESCRI PTaehNrr7cAeE Coaacddifé cacccTdpeh ) cTobARMRNCEr1dnBATSART66RAAGEEY | D NSD 24
- ATGTGTCACC AGCAGITGGT CATCTCTTGG TTTTCCCTGG TTTTTCTGGEC ATCTCCCCTC 60
GT GGCCAT AtatXicAK. BEARCADEANGEACHARARA [CETASIGEEA AYSEATERIRICCAITCAGRRGAT 360 120
GCCCCTGGAG AAATGGTGGT CCTCACCTGI GACACCCCTG AAGAAGATGG TATCACCTGG 180
ACCT T GGAGETEGRERCA CEELAMGTT MHCGHKCTTC TAEECAKONARG COETEXCOET ARTFNEALAAA 420 240
GAGTTTGGAG ATGCTGGECCA GTACACCTGI CACAAAGGAG GCGAGGTTCT AAGCCATTCG 300
CT CCT GCT GTARCRGARX\ ARETCTACAT GARTIFRALT TTGCTHAIGAA CIKCGATBATITRAT COPREAALCTAG 480 360
AAAGAACCCA AAAATAAGAC CTTTCTAAGA TGCGAGGCCA AGAATTATTC TGGACGITTC 420
ACCT GCT GARGCISGATEN CTATT TRTT ASFARSCARA TRATTARSTA TIGRAFENTGRATEGRATAETRAGA 540 480
GGCTCTTCTG ACCCCCAAGG GGTGACGTGC GGAGCTGCTA CACTCTCTGC AGAGAGAGTC 540
AGAGGGGACASHATATS S ASFATANTAT CACHERCET FACEHCREET /AT CRIRTACSTERSTTERCA €90 600
GCTGCTGAGG AGAGTCTGCC CATTGAGGTC ATGGTGGATG CCGITCACAA GCTCAAGTAT 660
GAAAACT AGACRLERATAN GERGCASEIE APERRSSAER CRFERTEAC ANRCAMRARSACCARSACRREAAC 560 720
TTGCAGCTGA AGCCATTAAA GAATTCTCGG CAGGTGGAGG TCAGCTGGGA GTACCCTGAC 780
CTTTTATCTT CACCTTTCTC TATAGAGCTT GAGGACCCTC AGCCTCCCCC AGACCACATT 720
CCTTGGATTA CAGCTGTACT TCCAACAGTT ATTATATGTG TGATGGTTTT CTGTCTAATT 780
CTATGGAAAT GGAAGAAGAA GAAGCGGCCT CGCAACTCTT ATAAATGTGG AACCAACACA 840
ATGGAGAGGG AAGAGAGTGA ACAGACCAAG AAAAGAGAAA AAATCCATAT ACCTGAAAGA 900
TCTGATGAAG CCCAGCGTGT TTTTAAAAGT TCGAAGACAT CTTCATGCGA CAAAAGTGAT 260
ACATGTTTTIT AA 972
(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "DNA"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
29

30



ACCTGGAGTA CTCCACATTC CTACTTCTCC CTGACATTCT GCGITCAGGT CCAGGGECAAG

840

AGCAAGAGAG_AAAAGAAAGA TAGAGTCTTC ACCGACAAGA CCTCAGCCAC aGr oa‘gg@g,mm@oo

CGCAAAAATG WA
GAATGGGCAT CTGTGCCCTG CAGTTAG

(2) | NFORMATI ON FOR SEQ | D NO: 25:
(A) LENGTH. 2097 base pai
(C) STRANBEDRIFSEMATIAN, @R sBQ I No:14:

WO o8/ aa78s U )%g&fmfggcaaﬁgﬁz%cs
ase pairs
' S
{&CCTGIC

111 ‘(xi) SE
CCTGCTGGTC T
Cil'ﬁé GCCAGAGT
C CCAGTGITGC TTGTGTGAAG

GTGTGCAGTG TCGGA
CGTCATTCCA TCCGA

GRS\ (§6Xoh{ZEIACA
TGATGCTTAC TTGCCTCCCA ATAACCTGAA GOCTGTGGTG

)

CATCAGGGECC AT

AGAGGATCCA CARGACEEdSEhcR THESTREFFIbNT SBGCTOGIG14 -

GATGAACCAG CTTCGAGGCA AGAAGTICCTG CCACACGEGT
GAACAT CCGReoTAfdeR TdARAJICRACTARTGATACR T SEERGATSC

(B) TYPE:
‘(D) TOPOLOGY:

QN4 SEQ | D NO 25:

AGCAGTGECC AATTTCTTCT CGGEGCAGCTG TGCCCCTTGT

CCTCCCCGTC
AGGACTCGCC
ACCCAGAGAT
AGARGAGCCA
TCCCCGAGAA
GGGTARACTG
ARCCCGTATA
AGAACACAGG
CCTTGCGTGC
GCTTCGGETT
TCGTGCTTGA
CCTTCGCGCC
TGCTGCGACG
TGGTATTTCG
TTCGGCGAGG

TGGCCGECCT

ARGGCTGGCC

TGCAGGGAGC
ACAAAGGAAA
GGCECCETCC

GGGGGAGEGE

ACCACCCCCC

CCTGCCTTGG

CGCTGCGTTC

TGCCTEAGGC

GTTGGGGGGA

GGAAAGTGAT

TAARGTGCAGT

TAAGTGCCGT

CTTGAATTAC

GGAAGTGGGT

GTTGAGGCCT

TGTCTCGCTG

CTTTTTTTICT

GTTTTTGGGG

CGGGGCCTGC

GCTCTGGTGC

CGGTCGGCAC

TCAARATGGA

AGGGCCTTTC

AGGCACCTCG

TTTTATGCGA

CCAACCCGCC

GGAATCCCAG

CCGCCCCCTC

TCCGGTGCCC

GGGGTCGGCA

GTCGTGTACT
AGTCGCCGTG
GTGTGETTCC
TTCCACGCCC
GGGAGAGTTC
GGCCTGGECE
CTTTCGATAA
GGCARGATAG
CCGCGGGCGE
GAGCGCGRCC
CTGGCCTCGC
CAGTTGCGTG
GGACGCGGCG
CGTCCTCAGC
ATTAGTTCTC

TGGAGTTTCC

CCGACCGGAG
GGACCGTCGT
ACCCGCCCEC
GTCAGTGGGC
ATTGAACCGG
Gscrcceécr
AACGTTCTTT
CGCGGGCCTG
CTGGCTGCAG
GAGGCCTTGC
CTGGGGCCCC
GTCTCTAGCC
TCTTGTAAAT
CGACGGGGCC
ACCGAGAATC
GCCGCCGTGT
AGCGGAAAGA
CTCGGGAGAG
CGTCGCTTCA
GAGCTTTTGG

CCACACTGAG

106 (i) SEQUENCE CHARACTERI STI CS:
nucleic acid
| i near

(A) DESCRI PTI ON:

60
120
180
240
300
360
420
TGCACSEBOCC

540
CTGAGAGTRA
TAAACTCCCA
TCTCGTCATC
AGAGCGCACA
TGCCTAGAGA
TTTTCCCGAG
TTCGCAACGG
GCCTCTTTAC
TACGTGATTC
GCTTAAGGAG
CGCGTGCGAA
ATTTAAAATT
GCGGGCCRAG
CGTGCGTCCC
GGACGGGGGET
ATCGCCCCGC
TGGCCGCTTC
CGGGCGGGTG
TGTGACTCCA

AGTACGTCGT

TGGGTGGAGA

AG CGTGACEEECC CAGGACCGECT ACTATAGCTC ATCTT

87-

(ii)
/desc = " DNA"
PCT/ US98/ 06944

ATGAGGECTCG CCGTGGGAGC

CCTGATAAAA CTGTGAGATG
TTCCGCGACC ATATGAAAAG
AAAGCCTCCT ACCTTGATTG
CTGGATGCAG GITTGGTGTA
GCAGAGITCT ATGGGTCAAA
AAGAAGGATA GIGGCTTCCA
CTAGGCAGGT CCGCTGEGTG

COAEGEARAC CTAT GAGAA
TTCATACAAA 120
CTAACGTAGA 180
ACTGAGGTGG 240
TCGCCCACAG 300
AGGTGGCGCE 360
GGTGGGGGAG 420
GTTTGCCGCC 480
GGGTTATGGC 540
TTGATCCCGA 600
CCCCTTCGCC 660
TCTGGTGGCA 720
TTTGATGACC 780
ATCTGCACAC 840
AGCGCACATG 900
AGTCTCAAGC 960
CCTGEGCEEC 1020
cCaGCCCTGC 1080
AGTCACCCAC 1140
CGGAGTACCG 1200
CTTTAGGTTG 1260
CTGAAGTTAG 1320



. GCGGATGGGA CGGACTTCCC CCAGCTGTGT CAACTGTGTC CAGGGTGTGG CTGCTCCACC
CTTAACCAAT AWOKEE#E8A CTCGGGAGCCC TTCAAGIGIC TGAAGGATGG TGCT GCRAITUS98/069436 0

I
!

600

GIGGCCTTTG TCAAGCACTC GACTATATTT GAGAACTTGG CAAACAAGGC TGACAGGGAC 720
CAGTATGAGC TGCTTTGCCT AGACAACACC CGGAAGHe#SG TAGATGAATA CAAGGACTGC 780
.CACTTGECCC AGGTCCCTTC TCATACCGTC GI'GGECCCGAA GTATGGGECGG CAAGGAGGAC 840
i TTGAT CT GO gsaadtteECAc 1o AR A e TCAA A AATH O 66 /OMEPEGAAT ATGBAPAETS . 1380900
TTCCAACTAT TCAGCTCTCC TCATGGGAAG GACCTGCTGI TTAAGGACTC TGCCCACGEG 960
TTTTTAAAAGTHCAEIEICAMSIGRTAIRA CACTGAAGA AT PRETT - GPTEdIEhc GloSTOTENGT 144020
GCCATCCGGA ATCTACGGGA AGGCACATGC CCAGAAGCCC CAACAGATGA ATGCAAGCCT 1080
GTGAAGT GGTarahomREGAG CCACCACGAG AGGCTCAAGT GTGATGAGIG GAGIGITAAC  14B140
AGTGTAGGGA AAATAGAGTG TGTATCAGCA GAGACCACCG AAGACTGCAT CGCCAAGATC 1200
AT GAAT CGAG| DA CTHRNAGIOIC ADRASED I8 MATISGAGGCGT TTGTCTACAT AGCGGGCAAG 1260
TGTGGICTGG TGCCTGICTT GGCAGAAAAC TACAATAAGA GCGATAATTG TGAGGATACA 1320
CCAGAGGCAG GGTAINT FEQUENTET CERFXGCTER IBMIGBGAAAT CAGCTTCTGA CCTCACCTGG 1380
GACAATCTGA AAGGCAAGAA LENGTHCRRAFPasec@atresT TG GCAGAACCGC TGGCTGGAAC 1440
ATCCCCATGG GCCTGCTCGBA TYRETAMGAREC MREGACTGCA GATTTGATGA ATTTTTCAGT 1500
‘GAAGGTTGTG CCCCTGCGEFL STRANPEDNERS: TE@aETCTCT GTAAGCTGTG TATGGGCTCA 1560
GGCCT AAACC TGTGTGAABL TPORREAF¥ N AARIXCCGATACT ACGGCTACAC AGGCGCTTTC 1620
WD 98/ 44788 . . PCT/ US98/ 06944
1112 AGGTGTCTEE 18k YSFGTEIAC ACCAGACTGT CCCACAGAAC
11680 (A) DESCRIPTION desc = "DNA"
(xi) SEQUENCE DESCRIPTION: SEQ. ID NO:15:
AAGCTTTGGA GCTAAGCCAG CAAT 24
(2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single .
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = "DNA"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
TCTAGAGTTT TCACGACACC TGA 23
(2) INFORMATION FOR SEQ ID NO:17:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGBY: linear
(ii) MOLECULE TYPE: _ofher nucleic acid
(A) DESCRIPTION: /desc = "DNA"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
TCTAGAGCGG CCGCGGAGGC CGAATTCG 28

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs



ACTGGGGGAA AAAACCCTGA TCCATGGGCT AAGAATCTGA ATGAAAAAGA CTATGAGTTG 1740
CTGIGCCTTG ATGGTACCAG GAAACCTGIG GAGGAGTATG CGAACTGCCA CCT %ﬁssms} 00
GOCCCGAATC AYPSHTHST CACACGGAAA GATAAGGAAG CTTGCGTCCA CAAGATA 60
CGTCAACAGC AGCACCTATT TGGAAGCAAC GTAACTGACT GCTCGGGCAA CTTTTGITTG 1920
TTCCGGTCGG AAACCAAGGA CCTTCTGITC AGAGATGACA CAGTATGITT GGCCAAACTT 1980

CATGACAGAA ACACATATGA AAAATACTTA GAAGAAT ATGITCAAGEC TGITGGTAAC 2040
CTGAGAAAAT GCTCCACE? Q":‘ Y %e‘,CTGCA CTTTCCGTAG ACCTTAA 2097
(2) | NFORVATI ON F E S ZGenr (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 140 ba Irs (B) TYPE: nucleic acid (O
STRANDEDNESS: , dqu A OQ%ig! | near (i1) MOLECULE
TYPE: ot her nffér m’I‘eE it M o;'{h%e AL EﬁﬁéRl PTION: /desc = " DNA" (v)
FRAGVENT TYPE: | | n ar % 1) SEQUENCE DESCRI PTI ON: SEQ I D NO 26:
AGGCGTTACT Cgﬁ%%m@é ok G \Rb : AEATCCTAGA CTAGAGCCCT 60
GGAAGCATCC Al G CCTAAAACTG CTTGTACCAA TTGCTATTGI AAAAAGTGTIT 120
CCTTTCAT T Gak RS dabocTcose GECOGCTCTA GATGCA 36140
(2) 1 NFORNVATI ON FOR SEQ I D NO 27: (1) SEQJENCE 'CHARACTERI STI CS:

(A) LENGTH,) 78ydoRfifrivai E6r sEQ ID No:148) TYPE: nucleic acid (C)
STRANDEDNESS: double . (D) TOPOLOGY: i near (1i1) MOLECULE
TYPE: ot her nugl)ekgousiicl cuARACTERISTEA): DESCRI PTI ON: /desc = " DNA" (v)

FRAGVENT TYPE: | i negr LENGTH: @RiPasS8ERAINCE DESCRI PTI ON: SEQ I D NO : 27:
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:189:
GAAGATCTGC GGCCGCCACC ATGTGEGCCCC CTGGGTCAGC 40
(2). INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /de_sc = "DNA"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
CCTCTCGAGT TAGGAAGCAT TCAGATAGC | ' 29
(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 762 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

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

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

ATGTGGCCCC CTGGGTCAGC CTCCCAGCCA CCGCCCTCAC CTGCCGCGGC CACAGGTCTG 60



: TATAAGATGG GIGGCAAGTG GTCAAAAAGT AGTGTGATG GATGGECCTGC TGTAAGGGAA
' AGAATGAGAC wo 98/44788

;WO 98/ 44788

{113 (2)

i (A) LENGTH: 70 base pairs (B) TYPE:
| STRANDEDNGSSeadtet béRaccetar ercecrBiacl Shéddaoyca

"TYPE: other nucleic acid (A) DESCRI
FRAGVENT dpéRbectreNedicTacceT cérdoreSiiehiiaicc RS eRrRcohs pSE@:’i‘dEcUO 28180
CTCAGGTACC TTTAAGACCA ATGACTTACA AGGCAGCTGT AGATCTTAGC CACTTTTTAA
AAGAAAAGEPGECCACTC CAGACCCAGG AATGTTCCCA TGCCTTCACC ACTCCCAAAA CCTGCTGAGG 240
-(2) | NFORMATI ON FOR SEQ I D NO 29: (i) S
(A L ENGIddcoDEAGTASACATECTCCA GAAGGCCAGA CRYACTYPAS ARTTITBICCC AXTGAACTTCT 30600
. STRANDEDNESS: singl e (D) TOPOLOGY:
-TYPE: ot hZAAGREXITS| ETCATGERGA TATCACAAAYN GATADASCR BTAGMTGH 63CCTCTINA" 360
FRAGVENT TYPE: | i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 29:

ADNTGGGAGTT GCCTGGCCTC CAGAAAGACC TCTITTTATGA
ATTTATGARG ACTTGAAGAT GTACCAGGTG GAGTTCAAGA
ATGGATCCTA AGAGGCAGAT C'ITTCTAGAT CAARACATGC
ATGCAGGCCC TGAATTTCAA CAGTGAGACT GTGCCACAAA
GATTTTTATA AAACTAAAAT CAAGCTCTGC ATACTTCTTC
GTGACTATTG ATAGAGTGCAT GAGCTATCTG AATGCTICCT
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34 base pairs

{B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

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

PCT/US98/06944

60
70

PCT/ US98/ 06944
| NFORMATI ON FOR SEQ | D NG 28: 409 (i) SEQUENCE CHARACTERI STI CS:

nucl eic acid (O

ecAfPieTCe Aecébédmm ECYbE
PTION: /desc ="

EQUENCE CHARACTERI STI CS:
| i near (i) MOLECULE

: AGCTTGGT GSATTERET CRATCEXGRBATRGAT T IECCHRAATECH GRTFRATTT TICTEBACT 420

TGGCCCTGTG CCTTAGTAGT 480
CCATGAATGC AAAGCTTCTG 540
TGGCAGTTAT TGATGAGCTG 600
AATCCTCCCT TGAAGAACCG 660
ATGCTTTCAG AATTCGGGCA 720

AR 762

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

ARAGAGCTCC ACCATGTGTC ACCAGCAGTT GGTC
(2} INFORMATION FOR SEQ ID_..NO:ZB:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

34

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

AAGGATCCTA ACTGCAGGGC ACAGATGC

(2) INFORMATION FOR SEQ ID NO:24:

28

(v)

60
70

(v)
55



(i) SEQUENCE CHARACTER! STI CS:

(B) TYPE: nucleic acid P%?&gf%g

(D) TOPOLOGY: |i near (i)
| (A) . DESCRI PTI ON: /desc = "DNA" (v)-
(xi) SEQUEN®E DESCRI PTION: SEQ I D NO 30:

(2) I NFORMATI ON FOR SEQ I D NO 30:
(A) LENGTH. 55 base pairs
STRANDEDNESYO %/447i8c

TYPE: other nucleic acid
FRAGVENT TYPE: |i near

GATCOGACGA AATCACCTTT ATGACGGCTA COGGTCTTGA TCCACCGGGC GACCA 55
(2) 1 NFORMATI €N P@ﬂ’%@ STICS WO 98/ 44788

PCT/ US98/ 06944 (&) L :TH 987 base pairs 114 (i) SEQUENCE
CHARACTER _STI CS: 22; g; 28 base pairs (B) TYPE:
nucl ei ¢ aC|d . ne single (D) TOPOLOGY:

| i near her nuclelc acid (A
DESCRIPTICN: Xﬁcf: GQVENT TYPE: |inear (xi)
SEQUENCE DES 2} Eﬁ‘ < TCCAC CATGRGTGOG AGAGCGTC

28 (2) INFCRMATI §2 (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH %Ql)b%i&ﬂﬁinr SESCRIPTION: SEQ ID NO:24:

(2) INFORMATION FOR SEQ ID NO:25:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2097 base pairs

(B) TYPE:

nucleic acid

(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

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

ATGTGTCACC AGCAGTTGGT CATCTCTTGG TTTTCCCTGG TTTTTCTGGC ATCTCCCCTC 60
GTGGCCATAT GGGAACTGAA GAAAGATGTT TATGTCGTAG AATTGGATTG GTATCCGGAT 120
GCCCCTGGAG AAATGGTGGT CCTCACCTGT GACACCCCTG AAGAAGATGG TATCACCTGG 180
ACCTTGGACC AGAGCAGTGA GGTCTTAGGC TCTGGCAAAA CCCTGACCAT CCAAGTCAAA 240
GAGTTTGGAG ATGCTGGCCA GTACACCTGT CACAAAGGAG -GCGAGGTTCT AAGCCATTCG 300
CTCCTGCTGC TTCACAAAAA GGAAGATGGA ATTTGGTCCA CTGATATTTT AAAGGACCAG 360
AAAGAACCCA AAAATAAGAC CTTTCTAAGA TGCGAGGCCA AGAATTATTC TGGACGTTTC 420
ACCTGCTGGT GGCTGACGAC AARTCAGTACT GAETTGA&AT TCAGTGTCAR AAGCAGCAGA 480
- GGCTCTTCTG ACCCCCAAGG GGTGACGTGC GGAGCTGCTA CACTCTCTGC AGAGAGAGTC 540
AGAGGGGACA ACAAGGAGTA TGAGTACTCA GTGGAGTGCC AGGAGGACAG TGCCTGCCCA 600
GCTGCTGAGG AGAGTCTGCC CATTGAGGTC ATGGTGGATG CCGTTCACAA GCTCAAGTAT 660
GAAAACTACA CCAGCAGCTT CTTCATCAGG GACATCATCA AACCTGACCC ACCCAACAAC 720
TTGCAGCTGA AGCCATTAAA GAATTCTCGG CAGGTGGAGG TCAGCTGGGA GTACCCTGAC 780
ACCTGGAGTA CTCCACATTC CTACTTCTCC CTGACATTCT GCGTTCAGGT CCAGGGCAAG 840
AGCAAGAGAG AAAAGAAAGA TAGAGTCTTC ACCGACAAGA CCTCAGCCAC GGTCATCTGC 500
CGCARAAATG CCAGCATTAG CGTGCGGGCC CAGGACCGCT ACTATAGCTC ATCTTGGAGC 960
'GAATGGGCAT CTGTGCCCTG CAGTTAG 987



(B) TYPE: nucleic acid (C) STRANDEDNESS: singl e (D)

TOPOLOGY: ow&§%h7ss (| i ) MOLECULE TYPE: ot her nucl ei ¢ aci dPCT,U598,06944(A)
DESCRI PTI " (v) FRAGMVENT TYPE: I|inear (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NG 32: fﬁpCTATTTG TTCCTGAAGG

20 (2) | NFORVATI ON FOR SEQ I D NG 33: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 4 PeddrSprION: SEQ ID AR)25! YPE:

(O STRANDEISI%Té %ém?oiubgl e D ToPALaeY: circul ar (i)

MOLECUL o8t ARircBedcebérarebére Tacacearee TeddadPeRE HididbéRire/ desCgg " DNAT
(xi) SE DESCRIPTICN SEQ I D NG 33: CGTGGECCC GAGAGCTGCA TCCGGAGTAT

CTAGAT Clghiead 1Az ercadarb SfaTEAETE TCG@&@@M&@&WT GA@gECCCAA
CGACCCCCGC CCATTGACGT CAATAATGAC 120 TGATGITCCC ATAGIAACGC CAATAGGGAC
TTTCCAT HetcsédatA AT RET ¢6TichTTeea TeddreatdSCAREHSYAEC TEARETHARAC TTLRCAAAAT
GITCGTAATAA CCCCGCCCCG TTGACGCAAA 240 TGGGECGGTAG GCGIGTACTC TAGAAGGTCT
ATATAAGGARGASFSECGICCTACATIGAMIRAESGCC ATREIBGCAA ACGAAGCGGA TGCTGTGACA 240

115 TATACTACTT ATCTGGICTC TCTGGTTAGA CCAGATCTGA GCCTGGEGAGC TCTCTGECTA

360 ACFﬁ@EEﬂk@GQ@ﬁ@@@ﬁEﬂmu@ﬂﬁ!ﬁﬁﬁbNﬁRxﬁﬁfﬁﬁﬂ?ﬁ%ﬁb@Kﬁﬁﬂﬁ@@ﬂﬂ@e@@CAAGAGEG

nucl eic acid

420

GCAGAGTTCT ATGGGTCAAA AGAGGATCCA CAGACTTTCT ATTATGCTGT TGCTGTGGTG 360
AAGAAGGATA GTGGCTTCCA GATGAACCAG CTTCGAGGCA AGAAGTCCTG CCACACGGGT 420
CTAGGCAGGT CCGCTGGGTG GAACATCCCC ATAGGCTTAC TTTACTGTGA CTTACCTGAG 480
CCACGTAMAC CTCTTGAGAA AGCAGTGGCC AATTTCTTCT CGGGCAGCTG TGCCCCTTGT 540
GCGGATGGGA CGGACTTCCC CCAGCTGTGT CAACIGTGTC CAGGGTGTGG CTGCTCCACC 600
CTTAACCAAT ACTTCGGCTA CTCGGGAGCC TTCAAGTGTC TGAAGGATGG TGCTGGGGAT 660
GTGGCCTTTG TCAAGCACTC GACTATATTT GAGAACTTGG CAAACAAGGC TGACAGGGAC 720
CAGTATGAGC TGCTTTGCCT AGACAACACC CGGARGCCGG TAGATGAATA CAAGGACTGC 780
CACTTGGCCC AGGTCCCTTC TCATACCGTC GTGGCCCGAA GTATGGGCGG CAAGGAGGAC 840
TTGATCTGGG AGCTTCTCAA CCAGGCCCAG GAACATTTTG GCAAAGACAA ATCAAAAGAA 900
TTCCAACTAT TCAGCTCTCC TCATGGGAAG GACCTGCTGT TTAAGGACTC TGCCCACGGG 960
TTTTTAAAAG TCCCCCCAAG GATGGATGCC AAGATGTACC TGGGCTATGA GEATGTCACT 1020
GCCATCCGGA ATCTACGGGA AGGCACATGC CCAGAAGCCC CAACAGATGA ATGCAAGCCT 1080
GTGAAGTGGT GTGCGCTGAG CCACCACGAG AGGCTCAAGT GTGATGAGTG GAGTGTTAAC 1140
AGTGTAGGGA AAATAGAGTG TGTAI&RGCA GAGACCACCG AAGACTGCAT CGCCAAGATC 1200
ATGAATGGAG AAGCTGATGC CATGAGCTTG GATGGAGGGT TTGTCTACAT AGCGGGCAAG 1260
TGTGGTCTGG TGCCTGTCTT GGCAGAAAAC TACAATAAGA GCGATAATTG TGAGGATACA 1320
CCAGAGGCAG GGTATTTTGC TGTAGCAGTG GTGAAGAAAT CAGCTTCTGA CCTCACCTGG 1380
GACAATCTGA AAGGCAAGAA GTCCTGCCAT ACGGCAGTTG GCAGAACCGC TGGCTGGAAC 1440
ATCCCCATGG GCCTGCTCTA CAATAAGATC AACCACTGCA GATTTGATGA ATTTTTCAGT 1500
GAAGGTTGTG CCCCTGGGTC TAAGAAAGAC TCCAGTCTCT GTAAGCTGTG TATGGGCTCA 1560
GGCCTAAACC TGTGTGAACC CAACAACARA GAGGGATACT ACGGCTACAC AGGCGCTTTC 1620



GTAGCCGTCA  TAAAGGTGAT TTCGTCGGAT CCACCGAGAG ATGGGTGCGA GAGCGTCGGT 480

ATTAAGCGGG GGAGAATTAG ATAAATGGGA AAAAATTCGG TTAAGGCCAG méé%s/m 1540
ACAATATAAA VS MHAREATA TAGTATGGGC AAGCAGGGAG CTAGAACGAT TCGCA 00
TCCTGGCCTT TTAGAGACAT CAGAAGGCTG TAGACAAATA CTGGGACAGC TACAACCATC 660
CCTTCAGACA GGATCAGAAG AACTTAGATC ATTAMATAAT ACAATAGCAG TCCTCTATTG 720
TGTGCATCAA AGGATAGATG TAAAAGACAC CAAGGAAGCC TTAGATAAGA TAGAGGAAGA 780

GCAAAACARRETGRSFER (TREAGRASEEARPACT R CATACERIAF ABRAAEINACRRARBAGCCA®8C 840

ATCACCT ACAER AR R SR TR PR RIRR ERAMIE TG et ™0 960
GO A RSB A AR SRR R SRt T a0 1080
CATCACA R AR EF R AR A SRR e R b T 251000
CCTGaoATT RAMATA PAAGUM B1R TACOEMEE ALAM OGS TATARACA ™ 1350

GYOEE R hEn et At far e ARG ATANGAET GadEO@MECGAL 980 1380
GCAAGCTTCA CAAGAGGTAA AAAATTGGAT GACAGAAACC TTGITGGTCC AAAATGCGAA 1440

CCCAGAT tigtaAvNonh TAEATAPCAXARATA crrnChd HoAfEA TC e GARS &S TOMERAALEAT 20401500
GACAGCATGT CAGGGAGIGG GGGGACCGG CCATAAAGCA AGAGITTTGG CTGAAGCAAT 1560
GAGCCAAGTAAAAAAR IdCTACACCTAXTEAAAICTGAGANGACH ISR CEfTdbdTAd AcCEACCAAAG2097 1620
AAAGACTGIT AAGIGITTCA ATTGTGGCAA AGAAGGCAC ATAGCCAAAA ATTGCAGEEC 1680
CCCTAGGAAA AHCRIATIONT FEOARATIH GG: 2NMAGGAAGGA CACCAAATGA AAGATTGTAC 1740
TGAGAGACAG GCTAATTTTT TAGGGAAGAT CTGGECCTTCC CACAAGGGAA GGCCAGGGAA 1800
TTTCTTCAG AGGAGSEREBCAGEBARACARISERBNCCAGAA GAGAGCTTCA GGTTTGGGGA 1860

() LENGTH: 140 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: double

(D) TOPOLOGY: linear

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

{v) FRAGMENT TYPE: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

AGGCGTTACT CGACAGAGGA GAGCARGAAA TGGAGCCAGT AGATCCTAGA CTAGAGCCCT 60
GGAAGCATCC AGGAAGTCAG CCTAAAACTG CTTGTACCAA TTGCTATTGT AAAAAGTGTT 120

GCTTTCATTG CCAAGTTTGT . ) 140
(2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 70 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(iif MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = "DNA"

(v) FRAGMENT TYPE: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
TATAAGATGG GTGCGCAAGTG CGTCAAAAAGT AGTGTGATTC GATGGCCTGC TGTAAGGGAA 60

_ AGAATGAGAC 70



AGAGACAACA ACTCCCTCTC AGAAGCAGGA GCCGATAGAC AAGGAACTGT ATCCTTTAGC 1920
TTCCCTCAGAW@ISHA4TIS TG GCAGCGACCC CTCGICACAA TAAAGATAGG GGEGECRET/S98/0694980
WD 98/ 44788 PCT/ US98/ 06944

116 AAGGAAGCTC TATTAGATAC AGGAGCAGATIBATACAGTAT TAGAAGAAAT GAATTTGCCA

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060

GGAAGATGEA AACCAAAAAT GATAGGGEGGA ATTGGAGGIT TTATCAAAGT
GARCAGIFDREATIONT AGA/BED OF ®CEZNCAT AAAGCTATAG GTACAGTATT

AGGACAGTAT
AGTAGGACCT

ACACCTGTCA ACATAATTGG AAGAAATCTG TTGACTCAGA TTGGCTGCAC TTTAAATTTT

CCCATTHGT SEGRNTE GHARECTERIACIRGTA AAATTAAAGC CAGGAATGGA
GTTAAACAAT (IOGIERTMGACO ASePaiakA ATAAAAGCAT TAGTAGAAAT
ATGGAAAAGGIAGZRRAANELFIIRCAAMMATT GGGCCTGAAA ATCCATACAA
TTTGCCATAA (AGSRRANDEDRESRGHAMIBAA TGGAGAAAAT TAGTAGATTT
AATAAGAGAA (RIT TRROKOGKE TIFEBEAAGTT CAATTAGGAA TACCACATCC
AAACAGAAAA AATCAGTAAC AGTACTGGAT GTGGGCGATG CATATTTTTC
GATAANGACHOLRALE/ JYBEA qEeFCReRErc AIEATACCTA GTATAAACAA
GGGATTAGAT (T CREFREEEZCN GYEeTT CCAPRRGGGATGGA AAGGATCACC
CAGTGTAGCA TGACAAAAAT CTTAGAGCCT TTTAGAAAAC AAAATCCAGA
TATCAAVACERAMENT GRPEr HPSPETAGGA TCTGACTTAG AAATAGGGCA

AAAATAGAGG AACTGAGACA ACATCTGTTG AGGTGGGGAT. TTACCACACC
CATCABRAAEEFREEF AERFRIBEPF T E5Rr &P A PRTGAAC TCCATCCTGA

{(2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

{(v) FRAGMENT TYPE: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
AGCTTGGTCG CCCGGTGGAT CAAGACCGGT AGCCGTCATA AAGGTGATTT CGTCG
(2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 55 base pairs
(B) TYPE: nucleic Tacid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "DNA"

(v) FRAGMENT TYPE: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
GATCéGACGA AATCACCTTT ATGACGGCTA CCGGTCTTGA TCCACCGGGC GACCA

(2) INFORMATION FOR SEQ ID NO:31:

TGGCCCAAAA
TTGTACAGAA
TACTCCAGTA
CAGAGAACTT
TGCAGGGTTA
AGTTCCCTTA
TGAGACACCA
AGCAATATTC
CATAGTCATC
GCATAGAACA
AGACAAAAAA
TAAATGGACA

-?%%@% %%%@%%&%@%&%ﬁ“

55
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AAACTTCTTA GGGGAACCAA AGCACTAACA GAAGTAGTAC CACTAACAGA AGAAGCAGAG 3120

CTAGAACT GG“WCAG GGAGATTCTA AAAGAACCGG TACATGGAGT GTAT T¢df0698/069431 80
CCATCAAAAG AGC AGAAATACAG AAGCAGEGEEC AAGGCCAATG GACATATCAA 3240
ATTTATCAAG AGCCATTTAA AAATCTGAAA ACA T ATGCAAGAAT GAAGGGTGCC 3300 -
CACACTAATG ATGTGAAACA ATTAACAGAG GCAGTACAAA AAATAGCCAC AGAAAGCATA 3360
GTAATATGGG GéﬁA rolleen M{&ACCCATAC AAAAGGAAAC ATGGGAAGCA 3420
TGGTGGACAG AGTAT ] LA G SulieCTGAGT GGGAGTTTGT  CAATACCCCT 3480

-
CCCTTAGTGA AGITAIGGHA G@I@&%@%ﬁﬁAGAACCCA TAATAGGAGC AGAAACTTTC 3540
TATGTAGATG GGGCAQ; (ot T TAGGAA AAGCAGGATA TGTAACTGAC 3600
AGAGGAAGAC AAAAAQHTQEpggﬁﬁﬁﬂfﬁQE& CACAACAA ATCAGAAGAC TGAGITACAA 3660

WD 98/ 44788

PCT/ US98/ 06944

117  GCAATTEATCYILSIEE ok : BTGkt 18 TAGAAGTAA  ACATAGTGAC AGACTCACAA

3720
3780
3840
3900
3960
4020
4080
4140
4200
4260

TATGCATT GG (AAECAHTERA0MCPACAAGCADNTAAGAGTG AATCAGAGTT AGTCAGTCAA
ATAATAGAGC AGTTAATAAA AAAGGAAAAA GTCTACCTGG CATGGGTACC AGCACACAAA
GCAATTGHAGRANBNTGAAEA NEBAGATGCG TTGGTCAGTG CTGGAATCAG GAAAGTACTA
TTTTTAGATG GAATAGATAA GGCCCAAGAA GAACATGAGA AATATCACAG TAATTGGAGA
GCAAT G T AEGTRAE THESEAAPTIORACDALCTD MBAGTAGCAA AAGAAATAGT AGCCAGCTGT
GATAAATGTC AGCTAAAAGG GGAAGCCATG CATGGACAAG TAGACTGTAG CCCAGGAATA

' THSGARETAC ANEGTIRCACACAPTIMGAAGGA AAAGTTATCT TGGTAGCAGT TCATGTARCC

AGTGGATATA TAGAAGCAGA AGTAATTCCA GCAGAGACAG GGCAAGAAAC AGCATACTTC
CTCTTANZORPATIBCACR/SRG M BOCBAGTA AAAACAGTAC ATACAGACAA TGGCAGCAAT

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

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

(v) FRAGMENT TYPE: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
ATCCTATTTG TTCCTGAAGG 20
(2) INFORMATION FOR SEQ ID NO:33:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12494 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double .
(D) TOPOLOGY: circular

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

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

CACGTGGCCC GAGAGCTGCA TCCGGAGTAT CTAGATGGAG TTCCGCGTTA C?.TAACTTAC 60
GGTARATGGC CCGCCTGGCT GACCGCCCAA CGACCCCCGC CCATTGACGT CAATAATGAC 120
TGATGTTC(.;C ATAGTAACGC CARATAGGGAC TTTCCATTGA CGCTAATGGG AGTTTGTTTT 180
GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAATAA CCCCGCCCCG TTGACGCAAA 240

TGGGCGGTAG GCGTGTACTC TAGAAGGTCT ATATAAGCAG AGCTCGTTTA GTGAACCGTT 300



TTCACCAGTA CTACAGITAA GGCCCCCTGI TGGTGEECAEE GGATCAAGCA GGAATTTGEC

4320

ATTCCCTACA wWDOB@3788AG TCAAGGAGTA ATAGAATCTA TGAATAAAGA ATTAAARYINSS/063B0

ATTATAGGAC AGGTAAGAGA TCAGCCTGAA CATCTTAAGA CAGCAGTACA AATGGCAGTA

4440

TTCATCCACA ATTTTAAAAG AAAAGGGEEGEG ATTOREGEEGT ACAGTGCAGG GGAAAGAATA 4500

GTAGACATAA TAGCAACAGA CATACAAACT AAAGAATTAC AAAACAAAT TACAAAAATT

4560

CAAAATTT arrad ¥ acTT RATTECTOACCRAGSEAAGACHNASACCONE FTAICEAASBCNIIGECTAAAG 3604620

CTCCTCTGGA AAGGTGAAGG GGCAGTAGTA ATACAAGATA ATAGTGACAT AAAAGTAGIG
CCAAGAAGAETAREERAA ABACTEATTIE AREEAT AN T BXGUAING TACRIIECCINGG ATCRARBATE GT
GIGGCAAGTA GACAGGATGA GGATTAACAC ATGGAAAAGA TTAGTAAAAC ACCATATGTA
TATTTCAAGRASETEDCE ARBEEEISRECT ICETACEPACAERCFCARGT ATRSRRACHN CEFAGTIGERAA
AATAAGI TCA GAAGTACACA TCCCACTAGG GGATGCTAAA TTAGTAATAA CAACATATTG
GGGT CT GCAT TARSGEA (GRAGARFRARC BARECACRT AIBBREACSACTMBRC TR\ CRECAMAFAEAG
GAAAAGAGA TATAGCACAC AAGTAGACCC TGACCTAGCA GACCAACTAA TTCATCTGCA
CTATTTT GRRCAKTHTRAR TCTARRAGRIAT TASTATCOGLCARGCPARRACAFARCPACERE: TEFRTEMAG
TCCTAGGTGT GAATATCAAG CAGGACATAA CAAGGTAGGA TCTCTACAGI ACTTGGCACT
AGCAGCAT TH&CAGISEAR, CEAGRARCEISCRRBFMRTIACETIREPEITA

i AGAGGACAGA TGGAACAAGC CCCAGAAGAC CAAGGCCCAC AGAGGGAGCC ATACAAT

EETRAE A

- TGGACACT RSTRERSRFF 908K
WD 98/ 44788

118 T

S R SRR TR T T
P us9o 6944
OFPREIHER RROMEATEA FPRIAAESE RERSASARGE ARTATS A Con e
840

GCAAAACAAA AGTARGARAA AGGCACAGCA AGCAGCAGCT GACACAGGAA ACARCAGCCA

GGTCAGCCAR

ATCACCTAGA

AGTAATACCC

GCTAAACACA

GGAAGCTGCA

GATGAGAGAR

AGGATGGATG

CCTGGGATTA

AGGACCAAAG

GCAAGCTTCA
CCCAGATTGT
GACAGCATGT
GAGCCAAGTA
AAAGACTGTT
CCCTAGGAAA
TGAGAGA&AG
TTTTCTTCAG
AGAGACAACA

TTCCCTCAGA

AATTACCCTA
ACTTTAAATG
ATGTTTTCAG
GTGGCGEGAC
GAATGGGATA
CCAAGGGGAA
ACACATAATC
AATAAAATAG
GAACCCTTTA
CAAGAGGTAA
AAGACTATTT
CAGGGACGTGG
ACAAATCCAG
AAGTGTTTCA
AAGGGCTGTT
GCTAATTTTT
AGCAGACCAG
ACTCCCTCTC

TCACTCTTIG

TAGTGCAGAA CCTCCAGGGG CAAATGGTAC
CATGGGTAAA AGTAGTAGAA GAGAAGGCTT
CATTATCAGA AGGAGCCACC CCACAAGATT
ATCAAGCAGC CATGCAAATG TTAAAAGAGA
GATTGCATCC AGTGCATGCA GGGCCTA:‘TG
GTGACATAGC AGGAACTACT AGTACCCTTC
CACCTATCCC AGTAGGAGAA ATCTATAAAA
TMTGTA TAGCCCTACC AGCATTCTGG
GAGACTATGT AGACCGATTC TATAAAACLTC
AAAATTGGAT GACAGAAACC TTGTTGGTCC
TAARRGCATT GGGACCAGGA GCGACACTAG
GGGGATCCGE CCATAAAGCA AGAGTTTTGG
CTACCATAAT GATACAGAAA GGCAATTTTA
ATTGTGGCAA AGAAGGGCAC ATAGCCAAAA
GGAAATGTGG ARAAGGAAGGA CACCAAATGA
TAGGGAAGAT CTGGCCTTCC CACARGGGAA
AGCCAACAGC CCCACCAGAA GAGAGCTTCA
AGARGCAGGA GCCGATAGAC AAGGAACTGT

GCAGCGACCC CTCGTCACAA TAAAGATAGG

ATCAGGCCAT
TCAGCCCAGA
TAAATACCAT
CCATCAATGA
CACCAGGCCA
AGGAACAAAT
GATGGATAAT
ACATAAGACA
TAAGAGCCGA
AAAATGCGAA
AAGAAATGAT
CTGAAGCAAT
GGAACCAAAG
ATTGCAGGGC
AAGATTGTAC
GGCCAGGGAA
GGTTTGGGGA
ATCCTTTAGC

GGGGCAATTA

EaC
TA

4680
42740
4800
48860
4920
54930
5040
€89 00
5160
68920

3840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1980



: GAAGCCATAA TAAGAATTCT GCAACAACTG CTGITTATCC ATTTCAGAAT TGGGTGTCGA

5460
- CATAGCAGAA AC TCGACAGAGG AGAGCAAGAA ATGGAGCCAG TAGAT da220
. ACTAGAGCCC TC CAGGAAGTCA GCCTAAAACT GCTTGTACCA ATTCCTATTG 5580
i TAAAAAGTGT TGCTTTCATT GCCAAGITTG TTT CA AAAGCCTTAG GCATCTCCTA 5640
. TGGCAGGAAG AAGCGGAGAC AGCGACGAAG AGCTCATCAG AACAGTCAGA CTCATCAAGC 5700

racTacA R AR PR AP S SR AR B aG **Sasc

W TAPTBEANSIrTARATOAR O AOORPRAGA 216580
AGACAGT TGAGACT G AACGAGAAGT ATCAGCACTT | GTGAGATGG GOGTGGAAAT 5940
GCEGCCACCARTEXahhd W dARAT T EEEnchE TAARSCTATR G T CRRGAMAYY  AdTASNCET CA 2166000

CAGTCTATTA TGGGGTACCT GTGTGGAAGG AAGCAACCAC CACTCTATTT TGIGCATCAG 6060
AT GCTAAAGGR ATHSTEA TGP AGE AGARAT A E GITGRACTERG ACARAGAEEXC TTEIGTAGECA 2226120
CAGACCCCAA CCCACAAGAA GTAGTATTGG TAAATGTGAC AGAAAATTTT AACATGTGGA 6180

AAAAT GACAECAETRATAATACTINERCATRACR AR AT TINBCT TARARTGHN TEACRBAET AA 2286240
AGCCATGTGT AAAATTAACC CCACTCTGTG TTAGTTTAAA GTGCACTGAT TTGAAGAATG 6300
ATACT AAT AR TRMAHAT HECTAARECOGAEARR ARGATEMAREA TAANGIRGAGNC TATEIOAGARCT 2346360
GCTCTTTCAA TATCAGCACA AGCATAAGAG ATAAGGTGCA GAAAGAATAT GCATTCTTTT 6420
ATAAACT T GAGTARAGT AGCAABAT ITISARKRA AT TAGKT.CTEAACTIUGATANGT TACTIAGIECT 2406480
CAGTCATTAC ACAGGCCTGT CCAAAGGTAT CCTTTGAGCC AATTCCCATA CATTATTGTG 6540
CCCCGGCT ETICATE GEFAARSASA RRTARTARRATGOASEIA TCTAGTAGKTII CAGR@IRRTTAT 2466600
GTACAAATGT CAGCACAGTA CAATGTACAC ATGGAATCAG GCCAGTAGTA TCAACTCAAC 6660
TGCTGTTARATRAGACAIS AT FARRETAL/ORCRARAGE T I TAGCAAT RROCRCATE . TRAAGCRTAEAG 254720

ACAATGCTAA AACCATAATA GTACAGCTGA ACACATCTGT AGAAATTAAT TGTACAAGAC 6780
CCAACAA ATREATECOAECH] NERTRTEERE PEEPCCFTEF TA 258%340

GATAAAGACT TCAGGAAGTA TACTGCATTT ACCATACCTA GTATAARACAA TGAGACACCA 2640

GGGATTAGAT
CAGTGTAGCA
TATCAATACA
AAAATAGAGG
CATCAGARAG
GTACAGCCTA
GTGGGAAAAT
AAACTTCTTA
CTAGAACTGG
CCATCAAAAG
ATTTATCAAG
CACACTARTG
GTAATATGGG
TGGTGGACAG
CCCTTAGTGA
TATGTAGATG

AGAGGAAGAC

ATCAGTACAA TGTGCTTCCA CAGGGATGGA
TGACARAAAT CTTAGAGCCT TTTAGAAAAC
TGGATGATTT GTATGTAGGA TCTGACTTAG
ARCTGAGACA ACRTCTGTTG AGGTGGGCAT
ARCCTCCATT CCTTTGGATG GGTTATGAAC
TAGTGCTGCC AGAAAAGGAC AGCTGGACTG
TGAATTGGGC AAGTCAGATT TATGCAGGGA
GGGGAACCAA AGCACTAACA GAAGTAGTAC
CAGAAAACAG GGAGATTCTA AAAGAACCGG
ACTTAATAGC AGAAATACAG AAGCAGGGGC
AGCCATTTAA ARATCTGARA ACAGGAAAAT
ATGTGARACA ATTAACAGAG GCAGTACAAR
GAAAGACTCC TAAATTTAAA TTACCCATAC
AGTATTGGCA AGCCACCTGG ATTCCTGAGT
AGTTATGGTA CCAGTTAGAG AAAGAACCCA
GGGCAGCCAA TAGGGARACT AAATTAGGAA

AAAAAGTTGT CCCCCTAACG GACACAACAR

AAGGATCACC
AAAATCCAGA

AAATAGGGCA

.TTACCACACC

TCCATCCTGA
TCAATGACAT
TTAAAGTAAG
CACTAACAGA
TACATGGAGT
ARGGCCAATG
ATGCAAGAAT
ARATAGCCAC
ARAAGGARAC
GGGAGTTTGT
TAATAGGAGC
AARGCAGGATA

ATCAGAAGAC

AGCAATATTC

CATAGTCATC

GCATAGAACA

AGACARARRA

TARATGGACA

ACAGAAATTA

GCAATTATGT

AGAAGCAGAG
GTATTATGAC
GACATATCAA
GAAGGGTGCC
AGRAAAGCATA
ATGGGAAGCA
CAATACCCCT
AGAAACTTTC
TGTAACTGAC

TGAGTTACAR

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600

3660



| CAATAGGAAA AATAGGAAAT ATGAGACAAG CACATTGTAA CATTAGTAGA GCAAAATGGA 6900
ATCCCACTTT ArAASIAGAT A CCTAGCAAAT TAAGAGAACA ATTTGGAAAT AATAAARCAAIS9S/06B80
TAATCTTTAA GCAATCCTCA GGAGGGGACC CAGAAATTGT AACGCACAGT TTTAATTGIG 7020

WD 98/ 44788 117 PCT/ US98/ 06944
119 GAGGGGPATT TTTCT ACTGT AATTCAACAC AACTGTTTAA TAGTACTTGG TTTAATAGTA
7080 BOFS SACACTO\GMARM BFAFACRAAA/SEEATAACERCCCAIRRA
7140 GAATAAAACA ATTTATAAAC ATGT GGCAGG AAGTAGGAAA AGCAATGTAT GCCCCTCCCA
7200 TCAATCENDSC AMRRTEATTCAT AGEREZIR FATARBACICCAERIAGBCTA AR ABRTABACGATREI G
“ 7260 GIAATAACAA CAATGGEGTCC GAGATCTTCA GACCTGGAGG AGGCGATATG AGGGACAATT
17320 GCGARAARIGRACARCIIRATARAAARNGCAARET ST TREATEA TATECGAECA TAGRBCACABRAGCABECA
7380 CCAAGGCAAA GAGAAGAGT G GT GCAGAGAG AAAAAAGAGC AGT GGGAATA GGAGCTTTGT
7440 ; ' AGTDRATEGH 3% :
7500 TACAGGCCAG ACAATTATTG TCT GATATAG TGCAGCAGCA GAACAATTTG CTGAGGCCTA
7560 TTORSTRGHAC ARRTBANTARGSGORCEARET CARCATEHET AATRT GAENG /IRATECSRGRCCAGBERA
. 7620 GAATCCTGEC TGIGGAAAGA TACCTAAAGG ATCAACAGCT CCTGGGGATT TGGEGGTTGCT
7680 CTCSAARGICTACHTIGRTOERECCARRSETGT G EP PRI AR ATAGT SSERRCTRATAAATEPC
TGGAACAGAT TTGGAATAAC ATGACCTGGA TGGAGIGEGA CAGAGAAATT AACAATTACA

{7740
17800 CASAENRICEC RIEREEAEHACRPAREANISARITISRCR AREHCTSERR (OAARRMTAT GAACRAG

7860 AATTATTGGA ATTAGATAAA TGGECAAGIT. TGTGGAATTG GITTAACATA ACAAATTGEC

7950 TOTTEPASGRNS IRTACA R TR, AR A ACEATR A RCEANT ALFOT

1980 TG G TAGIABAGH A AARASAST B AR AT T TR
CTCTTAARAT TACCAGGAAG ATGGCCAGTA AAAACAGTAC ATACAGACAN TGGCAGCAAT 4260
TTCACCAGTA CTACAGTTAA GGCCGCCTGT TGETGGGCGE GAATCAAGCA GGAATTTGGC 4320
ATTCCCTACA ATCCCCAAAG TCAAGGAGTA ATAGAATCTA TGAATAAAGA ATTAAAGARAA 4380
ATTATAGCGAC AGGTAAGAGA TCAGGCTGAA CAfCTTAAGA CAGCAGTACA AATGGCAGTA 4440
TTCATCCACA ATTTTAAAAG AAAAGGEGEGG ATTGGGGEGGT ACAGTGCAGG GGAAAGAATA 4500
GTAGACATAA TAGCAACAGA CATACAAACT AAAGAATTAC AAAAACAAAT TACARAAATT 4560
CAAAATTTTC GGGTTTATTA CAGGGACAGC AGAGATCCAG TTTGGAAAGGE ACCAGCAAAG 4620
CTCCTCTGGA AAGGTGAAGG GGCAGTAGTA ATACAAGATA ATAGTGAcAT ADAAGTAGTG 4680
CCAAGAAGAA AAGCAAAGAT CATCAGGGAT TATGGAAAAC AGATGGCAGGE TGATGATTGT 4740
GTGGCAAGTAlGACAGGATGA GGATTAACAC ATGGAAAAGA TTAGTAAAAC ACCATATGTA 4800
TATTTCAAGG AAAGCTAAGG ACTGGTTTTA TAGACATCAC TATGCAAAGTA CTAATCCAAA 4860
AATAAGTTCA GAAGTACACA TCCCAUTAGG GGATGC:AAA TTAGTAATAA CAACATATTG 4920
GGGTCTGCAT ACAGGAGAAA GAGACTGGCA TTTGGGTCAG GGAGTCTCCA TAGAATGGAG 4980
GAAMAAGAGA TATAGCACAC AAGTAGACCC TGACCTAGCA GACCAACTAA TTCATCTGCA 5040
CTATTTTGAT TGTTTTTCAG AATCTGCTAT AAGARATACC ATATTAGGAC GTATAGTTAG 5100
TCCTAGGTGT GAATATCAAG CAGCACATAA CAAGGTEGGA TCTCTACAGT ACTTGGCACT 5160
AGCAGCATTA ATAAAACCAA AACAGATAAA GCCACCTTTG CCTAGTGTTA GGAAACTGAC 5220
AGAGGACAGA TGGAACAAGC CCCAGAAGAC.CAAGGGCCAC AGAGGGAGCC ATACAATGAA 5280

TGGACACTAG AGCTTTTAGA

GGAACTTAAG AGTGAAGCTG

TTAGACATTT

TCCTAGGATA

5340



CCCACCTCCC AATCCCGAGG GGACCCGACA (GGCCCGAAGG AATAGAAGAA GAAGGTGGAG 8100
AGAGAGACAG CC ATTCGATTAG TGAACGGATC CTTAGCACTT ATCT 98/06934-60
ATCTGCGGAG GIGCCTC TTCAGCTACC ACCCCTTGAG AGACTTACTC TTGATTGTAA 8220
CGAGGATTGI GGAACTTCTG GGACGCAGGG GGT GC CCTCAAATAT TGGTGGAATC 8280
TCCTACAGTA TTGGAGTCAG GAACTAAAGA ATA GI' TAACTTGCTC AATGCCACAG 8340
CCATA A PREACAGASARRE T ALOBMIGE: AIIAGMREACBRIGATAGAGs400 8400
CTATTCGCCA CATACCTAGA AGAATAAGAC AGGGCTTGGA AAGGATTTTG CTATAAGCTT 8460

TATATAT Ashcérnbhid AahChaTIcT ASARCIAcTE et téc NorAGhAA rebdPdreah T CGsa60 8520
AACACTTTTT AAGCCGTAGA TAAACAGGCT GGGACACTTC ACATGAGCGA AAAATACATC 8580
GT CACCT Caendtatdfo MGG AT C CEAERCAENGGCAGMNEAAGIR APAEAdCCAS IrnGAdtéETas TCT 5520 8640
GAACAATGGA AAGGCATTAT TGCCGTAAGC CGTGECGGIC TGGTACCEEG TGCGITACTG 8700
WO 98/ 4448RGAGCCC TGGAAGCATC CAGGAAGTCA GCCTAARACT GCTTGTACCA ATTGCTATRGT/ US88¢ 06944
120 GCGCGIGAAC TGGGTATTCG TCATGICGAT ACCGITTGTA TTTCCAGCTA CGATCACGAC
8760 AAGSKGCTICH TSCCTIRARGICEATTIGATHTAEGHEA AT GCEOSAATERTE T TCASOT T
8820 ATTGATGACC TGGT C—ZGATAC CC-ZGT C—ZGT ACT GCGEaET TGCGA TTCGTGAAAT GTATCCAAAA
8880 g ; : ECARGRT CAGC NBCATRACT GACEATGT T
8940 GITGATATCC CGCAAGATAC CT GGATTGAA CAGCCGTGGEG ATATGGGECGT CGTATTCGTIC
9000 COTCTIRTOT AACCESTAAC T RRGIATRYGICARTCCRERRICATAXIAGRAGUABTRGTRGCCAGATH GA
9060 TAAGATACAT TGATGAGITT GGACAAACCA CAACTAGAAT GCCAGIGAAAA AAATCGCTTTA
9120 THRTITHRTAGEN @WWWWWWAMTAM&AG

9180

GAAAATATTA AGACAAAGAA AAATAGACAG GTTAATTGAI AGACTAATAG

AGACAGTGGC
GGGGCACCAT
CAGTCTATTA
Amcrmsc
CAGACCCCAA
AAAATGACAT
AGCCATGTGT
ATACTAATAC
GCTCTTTCAA
ATAAACTTGA
CAGTCATTAC
CCCCGGCTGE
GTACAAATGT
TGCTGTTARA
ACAATGCTAA
CCAACAACAA
CAATAGGAAR
ATGCCACTTT

TAATCTTTAA

AATGAGAGTG
GCTCCTTGGE
TGGGGTACCT
ATATGATACA
CCCACAAGAA
GGTAGAACAG
ARAATTAACC
CAATAGTAGT
TATCAGCACA
TATAGTACCA
ACAGGCCTGT
TTTTGCGATT
CAGCACAGTA
TGGCAGTCTA
AACCATAATA
TACAAGAARA
AATAGGAAAT
AAMACAGATA

GCAATCCTCA

AAGGAGAAGT ATCAGCACTT
ATATTGATGA TCTGTAGTGC
GTGTGGAAGG AAGCAACCAC
GAGGTACATA ATGTTTGGGC
GTAGTATTGG TAAATGTGAC
ATGCATGAGG ATATAATCAG
CCACTCTGTG TTAGTTTAAA
AGCGGGAGAA TGATAATGGA
AGCATAAGAG ATAAGGTGCA
ATAGATAATA CCAGCTATAG
CCARAGGTAT CCTTTGAGCC
CTAAAATGTA ATAATAAGAC
CAATGTACAC ATGGAATCAG
GCAGAAGAAG ATGTAGTAAT
GTACAGCTGA AéACATCTGT
AGTATCCGTA TCCAGAGGGG
ATGAGACAAG CACATTGTAA
GCTAGCAAAT TAAGAGAACA

GGAGGGGACC CAGAAATTGT

GTGGAGATGG
TACAGAAAAA
CACTCTATTT
CACACATGCC
AGAAAATTTT
TTTATGGGAT
GTGCACTGAT
GAAAGGAGAG
GAAAGAATAT
GTTGATAAGT
AATTCCCATA
GTTCAATGGA
GCCAGTAGTA
TAGATCTGCC
AGAAATTAAT
ACCAGGGAGA
CATTAGTAGA
ATTTGGAAAT

AACGCACAGT

AAAGAGCAGA
GGGTGGARAT
TTGTGGGTCA
TGTGCATCAG
TGTGTACCCA
ARCATGTGGA
CAAAGCCTAA
TTGAAGAATG
ATAAAAAACT
GCATTCTTTT
fGTAACACCT
CATTATTGTG
ACAGGACCAT
TCAACTCAAC
ADRTTTCACAG
TGTACARGAC
GCATTTGTTA
GCAAAATGGA
AATARANRCAR

TTTAATTGTG
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5940

6000
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6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840 -

6900

6960
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TTAACAACAA CAATTGCATT CATTTTATGT TTCAGGTTCA GGGGGAGGTG GGGAGGTTTT 9240
TTAAAGCAAG TWWORGSEET ACAAATGTGG TATGGCTGAT TATGATCCGG CTGCCT@@&RAIS9s/085a0
CGTTTCGGTG ATGACGGTGA AAACCTCTGA CACATGCAGC TCCCGGAGAC GGTCACAGCT 9360
TGTCTGTAAG CGGATGCCGG GAGCAGACAA GOCCGIEAGG GOGCGTCAGC GGGTGTTGGC 9420
GGGTGTCGGG GCGCAGCCAT GACCGGTCGA CTGCAGTCTC TGCAGGAATT CGATATCAAG 9480
CTTATCGATA T , n 2089540
GTATTACAAT TCACTGGCCG TCGTTTTACA ACGTCGTGAC TGGGAAAACC CTGGCGTTAC 9600
CCAACT TAATT1GERETR ECEAG CEARAT EENGACATIE GEEONGTCT GRCATFIATA CRGAARKECC 7149660
CCGCACCGAT CGCCCTTCCC AACAGTTGCG CAGCCTGAAT GGCGAATGGA AATTGTAAGC 9720
GTTAATAT TERATEAANSA ARNFTTACSOET ANCUEECATT AETTGGAAN QACEATHET GICTTAMEZAA 7209780
TAGGCCGAAA TCGGCAAAAT CCCTTATAAA TCAAAAGAAT AGACCGAGAT AGGGTTGAGT 9840
: e SEOT 7269900
9960
: TCGBCTCEA 8 2 TATC ARICATAATIGA  73R9020
GCTTGACGGG GAAAGCCGGC GAACGTGGCG AGAAAGGANG GGAAGAAAGC GAAAGGAGCG 10080
GGCGCTAGCHSAGERITSACATIA TREARCTRTAPACARE TRARAATICH ANCATTAGRE RTACCALCYACG 7389140
CTTAATGCGC CGCTACAGGG CGCGTCAGGT GGCACTTTTC GGGGAAATGT GCGCGGAACC 10200
~ ‘ SAGDE ARPIERFACC ASTEAGAAAA FRACKTRICC 7419260
TGATAAATGC TTCAATAATA TTGAAAAAGG AAGAGTATGA GTATTCAACA TTTCCGIGIC 10320
GCCCTTATTEE T FRRSARET T CEATESPPTCT REEFERBE MESRARBESS TG 738380
\]{\12)198/ 447T81;SCAGGCCAG ACAATTATTG TCTGATATAG TGCAGCAGCA GAACAATTTG CTGAGGBQX USQ'%GOO6944
TTCAGGCGCA ACAGCATCTG TTGCAACTCA CI_-\.GTCTGGGG CATCARACAG CTCCAGGCAA 7620
GAATCCTGEC TGTGGAAAGA TACC'I’AAAGG ATCAACAGCT CCTGGGGATT TGGEGTTECT 7680
CTGGAAAACT CATTTGCACC ACTGCTGTGC CTTGGAATGC TAGTTGGAGT AATAAATCTC 7740
TGGAACAGAT TTGGAATAAC ATGACCTGGA TGGAGTGGGA CAGAGAAATT AACAATTACA 7800
CAAGCTTAAT ACACTCCTTA ATTGAAGAAT CGCARAACCA GCAAGAAAMAG AATGAACAAG 7860
AATTATTGGA ATTAGATAAA TGGGCAAGTT TGTGGAATTG GTTTAACATA ACAAATTGGC 7920
TGTGCTATAT AAAATTATTC ATAATGATAG TAGGAGGCTT GGTAGGTTTA AGAATAGTTT 7980
TTGCTGETACT TTCTATAGTG AATAGAGTTA GGCAGGGATA TTCACCATTA TCGTTTCASA 8040
CCCACCTCCC AATCCCGAGGE GGACCCGACA GGCCCGAAGG AATAGAAGARA GAAGGTGGAG 8100
AGAGAGACAG AGACAGATCC ATTCGATTAG TGAACGGATC CTTAGCACTT ATCTGGGACG 8160
ATCTGCGGAG CCTETGECCTC TTCAGCTACC ACCGCTTGAG AGACTTACTC TTGATTGTAA 8220
CGAGGATTGT GGAACTTCTG GGACECAGGG GGTGGGAAGC CCTCAAATAT TGGTGGAATC B280
TCCTACAGTA TTGGAGTCAG GAACTAAAGA ATAGTGCTGT TAACTTGCTC AATGCCACAG 8340
CCATAGCAGT AGCTGCACGGE ACAGATAGGGE TTATAGAAGT ATTACAAGCA GCTTATAGAG B400
CTATTCGCCA CATACCTAGA AGAATAAGAC AGGGCTTGGA AAGGATTTTG CTATAAGCTT 8460
TATATATAGT GTTATAGTGC GCCAGATCTC TATAATCTCG CGCAACCTAT TTTCCCCTCG 8520
AACACTTTTT AAGCCGTAGA TAAACAGGCT GGGACACTTC ACATGAGCGA AARATACATC ‘8580
GTCACCTGGG ACATGTTGCA GATCCATGCA CGTAAACTCG CAAGCCGACT GATGCCTTCT 8640
GAACAATGGA AAGGCATTAT TGCCGTAAGC CCTGGCEETC TGGTACCGGS 8700

TGCGTTACTG



GIGAAAGTAA AAGATGCTGA AGATCAGITG GGTGCACGAG TGGGTITACAT CGAACTGGAT
CTCAACAGCG
- ACTTTTAAAG G TGGECGCGGTA TTATCCCGTA TTGACGCCGG GCAAGA
CTCGGTCGECC GCATACACTA TTCTCAGAAT GACTT.

AAGCATCTTA CGGATGGCAT GACAGTAAGA GAATTATGCA GIGCTGCCAT AACCATGAGT
- GATAACACIG

T TTCCABRRR A TR T AT AT C AT T CRGTTAT
CocanaCTAICTRRETGA R S rbdacl Fepes SIS MYt o2
ATTCTCAPR AP AT Sramiet S IRen TR s ©

AGCACTGEEEG

GATCAA R R A A B S S R T AR "Tr O AACTO
GATGAA T CGCTGAGATA GGTGCCTCAC TGATTAAGCA ‘TTGGTAACTG
TCAGA ThACd COEANGRAAATIEEAETAAR | Gisbbd Ao AEATHGAddT cETARTEERAAA
AGGATCTAGG TGAAGATCCT TTTTGATAAT CTCATGACCA AAATCCCTTA ACGTGAGITT

TCGT TCCAGEaéadiniper (GtEérddoth AlaCore YR CEdHoBAAEaCCAGSEECEATS cOREAITEA T T

TG AGIACTCACC AGTCACAGAA

TTTCTGCGCG TAATCTGCTG CTTGCAAACA AAAAAACCAC CGCTACCAGC GGIGGTTTGT

TTGCCCGATAAEMRART. DARTEAACT (CCRACANACCECAXNOTASIA TCECXSTEAAKYG AEATKIITELAG
ATACCAAATA CTGTICCTTCT AGIGTAGCCG TAGITAGECC ACCACTTCAA GAACTCTGTA
GCACCGCCTATéSRALE TR ATCTCOMTATCrIZTCI TG BENATT CERCCTRC AENSTEBEGAT
AAGICGTGIC TTACCGGGIT GGACTCAAGA CGATAGITAC CGGATAAGEC GCAGCGEGTCG

10440

TGAGAGTTTT CGCCCCGAAG AACGTTTTCC AATGAT%@sgwo}fgg{ég

10620
10680

o740740

824?860
10920

4980
11040

s89dol 100
11160

90d01220
11280
9044340
11400
91449460
11520
914d 580
11640

GCCTGAACSTAKSIIBGAH CBRATTECATA GRATCIAT GRCTICRGEITYS. CRERCAGETH ACCARIRIAACT G9249.700

AGATACCTAC AGCGT GAGCT ATGAGAAAGC GCCACGCTTC CCGAAGGGAG AAAGGCGGAC
AGGT ATCCTEARIGES A RARTCTIGATHGOCERR TOTATSBEACRS, CFEEIRECEGA

CGTTTCGGTG ATGACGGTGA AAACCTCTGA

TGTCTGTAAG
GGGTGTCGGE
CTTATCGATA
GTATTACAAT
CCAACTTAAT
CCGCACCGAT
GTTAATATTT
TAGGCCGAAA
GTTGTTCCAG
CGAARAACCG
TTGGGGTCGA
GCTTGACGGG
GGCGCTAGGS
CTTAATGCGC
CCTATTTGTT
TGATARATGC

GCCCTTATTC

CGGATGCCGG

GCGCAGCCAT

CCCTCGACCT

TCACTGGCCG

CGCCTTGCAG

CGCCCTTCCC

TGTTAAAATT

TCGGCAARAT

TTTGGAACAA

TCTATCAGGG

GGTGCCGTAA

GAARGCCGGC

CGCTGGCARG

CGCTACAGGG

TATTTITCTA

TTCAATAATA

CCTTTTTTGC

GAGCAGACAA
GACCGGTCGA
CGAGGGGGEG
TCGTTTTACA
CACATCCCCC
ARCAGTTGCG
CGCGTTARAT
CCCTTATARA
GAGTCCACTA
CGAT&BCCCA
AGCACTAAAI
GAACGTGGCG
TGTAGCGGTC

CGCGTCAGGT

AATACATTCA

TTGAARAAGG

GGCATTTTGC

CACATGCAGC
GCCCGTCAGG
CTGCAGTCTC
CCCGGTACCC
ACGTCGTGAC
TTTCGCCAGC
CAGCCTGAAT
TTTTGTTARA
TCAARAGAAT
TTAAAGAACG
CTACGTGAAC
CGGAACCCTA
AGAAAGGAAG
ACGCTGCGCG
GGCACTTTTC
AATATGTATC
ARGAGTATGA

CTTCCTGTTT

TCCCGGAGAC
GCGCGTCAGC
TGCAGGAATT
AARTTCGCCCT
TGGGAAAACC
TGGCGTAATA
GGCGAATGGA
TCAGCTCATT
AGACCGAGAT
TGGACTCCAA
CATCACCCTA
ARGGGAGCCC
GGAAGAAAGC
TAACCACCAC
GGGGAAATGT
CGCTCATGAG
GTATTCAACA

TTGCTCACCC

GGTCACAGCT
GGGTGTTGGC
CGATATCAAG
ATAGTGAGTC
CTGGCGTTAC
GCGAAGAGGC
AATTGTAAGC
TTTTAACCAA
AGGGTTGACT
CGTCAAAGGG
ATCAAGTTTT

CCGATTTAGA

GAAAGGAGCG

ACCCGCCGCG

GCGCGGAACC

ACAATAACCC

TTTCCGTGTC

AGAAACGCTG

11760
9349 820

9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320 -

10380



AACGCCTGGT ATCTTTATAG TCCTGTCGGG TTTCGCCACC TCTGACTTGA GOGTCGATTT 11880

TTGTGATCCT WORSASBECG GCGGAGCCTA TGGAAAAACG CCAGCAACGC GGCCT THOI/NS8/06944.0
CGGITCCTGG CCTTTTGCTG GCCTTTTGCT CACATGITCT TTCCTGCGIT ATCCCCTGAT
TCTGTGGATA ACCGTATTAC CGCCTTTGAG TGAGORPBATA CCGCTCGCCG CAGCCGAACG
WO 98/44788

12000
12060
PCT/ US98/ 06944

CTCCCCGCGC—GWTGECCEAT TCATTAATGC AGCTGGCACG ACAGGTTTCC CGACTGGAAA

12120

12180 COBSACAGTS GRESBICATIGARAGTIAK [CHRCCARBRE AR RIAT TTC AR TAISBCACCBCAMECT
12240 TTACACTTTA TGCTTCOGGC TCGTATGITG TGTGGAATTG TGAGOGGATA ACAATTTCAC
12300 AGCTIITAAEA ACTIACCAZRBAT TIFRERCIIN SCERSAGRAET AARBRGAA
12360 CAAAAGCTGG AGCTCCACCG OGGTGBOGGC CGTCTCTAGA ACTAGTGGAT CCCCCGGGCT
12420 CCREHINFIC CCATHACRE AT CTRERT AR TR P TARIASE CRAC PEACYRPAAGCRREATCG
12480 GCAGATCTGA TATC

12494 AAGCATCTR) CHEATGFCAR GACAGTAAGA GAATTATGCA GTGCTGCCAT AACCATGAGT 10680

PCT/ US98/ 06944
Ref er onc GRTANPIH FOSCHRAETT ACTECTGRGR, AGCATIOG FRFECAASER CEFRFCHRY K 28740

SUbpopul TEFEREAGH ACARTPEEn SrPPREE ploqrrants, arfiigpked GoRRErdtds  nontfol
Sk ﬁﬁf%&%f Sapnol oo osadppliy Mbcafode MERRRAE: Moseo
CGCAAACTAT TAACTGGCGA ACTACTTAC;].' CTAGCTTCCC GGCAACAATT AATAGACTGG 10920
ATGGAGGCGGATAAAG'ITGC AGGACCAC'i'T CTGCGCTCGG CCCTTCCGGC TGGCTGGTITT X 10980
ATTGCTGATA AATCTGGAGC CCGTGAGCET CGGGTCTCGCG GTATCATTGC AGCACTGGGG 11040
_ CCAGATGGTA AGCCCTCCCG ';'ATCGTAGTT ATCTACACGA CGGGCAGTCA GGCAACTATG 11100
GATGAACGAA ATAGACAGAT CGCTGAGATA GGTGCCTCAC TGATTAAGCA TTGGTAACTG 11160
TCAGACCAAG TTTACTCATA TATACTTTAG ATTGATTTAA AACTTCATTT .TTMTTTAAA 11220
AGGATCTAGG TGAAGATCCT TTITTGATAAT CTCATGACCA AAATCCCTTA ACGTGAGTIT 11280
TCGTTCCACT GAGCGTCAGA CCCCGTAGARA ARGATCAAAG GATCTTCTTG AGATCCTTTT 11340
TTTCTGCGCG TAATCTCCTG CTTGCAAACA AAAAAACCAC CGCTACCAGC GGTGGTTTGT 11400
" TTGCCGGATC AAGAGCTACC AACTCTTITTT CCGAAGCTAA CTGGCTTCAG CAGAGCGCAG 11460
ATACCAAATA CTGTCCITCT AGTGTAGCCC TAGTTAGGCC ACCACTTCAA GAACTCTIGTA 11520
GCACCGCCT.A CATACCTCGC TCTGCTAATC CTGCTTACCAG TGGCTGCTGC CAGTGGCGAT 11580
AAGTCATGTC TTACCGGGTT GGACTCAAGA CGATAGCTTAC CGGATAAGGC GCAGCGGTCG 11640
GGCTGAACGGE GGGGTTCGTE CACACAGCCC AGCTTGGAGC GAACGACCTA CACCGAACTG 11700
AGATACCTAC AGCGTGAGCT ATGAGAAAGC GCCACGCTTC CCGAAGGGAG AAAGGCGGAC 11760
AGGTATCCGG TAAGCGGCAG GGTCGGAACA GGAGAGCGCA CGAGGGAGCT TCCAGGGGGA 11820
AACGCCTGGT ATCTTTATAG TCCTGTCGGE TTTCGCCACC TCTGACTTGA GCGTCGATTT 11880
TTGTGATGCT CCTCAGGGGG éCGGAGCCTA TGGAAAAACG CCAGCAACGC GGCCTTTTTA 11540
CGGTTCCTGE CCTTTTGCTG GCCTTTTGCT CACATGTTCT TTCCTGCGTT ATCCCCTGAT 12000
TCTGTGGATA ACCGTATTAC CGCCTI’TGAG TGAGCTGATA CCECTCGCCG CAGCCGAACG . 12060
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1. A nethod conprising: 2 (a) provi di ng: 3
(i) an i rNO8det8Bci ent nouse conprising human cells; 4 PCT/US98/06944
(1) an injectabl e preparation conprising at |east one conponent 5

derived froma human pat hogen; and 6 123 (iii) a
conposition -conprising an infectious human pat hogen; 7 (b)

i njecting said nouse with said injeRefdéneepr eparation; 8 (c)
exposing said injected nouse to said conmposition; and 9 (d)
MoNi t or i REhe@ MLEXRCS Warsh Y YEMORIA. G BirPird Xe8. FocbE] (1 994P tlytatoxio T lynaghdeyeiman

10 activity and CD8 §bpbysuldtiinseTicHildre £ eick SLBTVinfBaRory LR GRP. Immuol.

2. The rret hodgﬁgpydl ng to claiml1, wherein said i munodeficient nouse is
sel ected 2 romthe group consisting of SCl D beige and SCI D/ nod. 1

T e, g %Waﬁe’v@'m WeltBr el ﬁfﬁ%&;?h L |
Once

i mmune 2

auo eresporéeto %ﬁi&n :
wher ei n sald gl rior
: gﬁ}mﬁwse 0 Sa. p. Med. 168%

to exposing s conp05|t on The net hod

?EZ"B?LE%%HH ﬁ%ﬁ#‘%ﬁ%ﬁa" R Py 03%3“4% FElfhided PG

Mycobacteriu and Pl asnodi um 6. The

met hod accordl ng to cl al wh re| n sai conp nent of sai d human pat hogen
2 . Eomsrk-Jeand§- Fhang 19%5) “GF‘PS T‘F’r"&é\‘% B3n ey %3

pat hogen. 1 viruses: genetic analyseszo Waarngmt lenssmlmanbm@m

sai d conponensellst Viralogy Rk -Hd hogen 2 conpri ses a pol ynucl eoti de.
WO 98/ 44788 PCT/ US98/ 06944

125 1 - Clerici, M., 1.V. Giorgi, CKh €hawt\WaGudensn.di h Zaclo Pe Guptes HN. Hpdt-6i Nishaniay,
pol ynucl eot i déAqsrpikysand GM. Shearee(1992)° ‘@ﬂmedlmwemmm“mmdeﬁmm

I munodef i ci enirys (V) type binsernegativbiiomoséxualipencgigh necentsexed] exposwre ta HEN-1°3
genes but i ncdpabiDés. dﬁS:b@lianlBackaged into viral particles.
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1 9. The nethod according to claim38, wherein said

pol ynucl eoty rises plasmd -2 DNA sel ect ed from tplag/gposued44
'sti ng WP SRR
consi sting ff -1, pHP-2 and pHP- 3. 1 _ 10. The net hod

according to claim1l, wherein said inj eclf%qbl e prepar at ren—conprises—2—— -

an attenuated replication-conpetent humait’i nmunodefi ci encmlvi r

11. The method according to claim 10, wherein the genorm” IH"ﬁji“"EulﬁﬂliHI ed
[ "M S *

virus 2 conprises a nutated tat B _
met hod according to claim 11, wherein said genone further conprises a 2
nmut at ed nef gene. 1 . 13. The method according to claim1,
wher ei nlsai d i nj ecl.aBieethad<OBPHIPSN conpri ses 2 attenuat ed Lei shmani a
cells. 1 , a gﬁo%xddm The nmethod according to claim 13, wherein said
attenuated Lei shrrawa cel'l cérrpri ses 2 _ heterol ogous DNA encoding a
cystei ng protease gene. 1 (@  animmunodefigentmauseeonimisingbumaRiesdls t o cl ai m
14, wherein said heterol ogous...DNA A | %ﬁ'ﬁl"%in %oﬁf;&ﬁﬁy ng a
human i fmunodef i ci ency Vvi rus%é)ene %ﬁég@@%ﬁ%ﬁ%ﬂt e gréuable?:s(t)nsi sting 3
of the gnv gene, the gag gene t he derivedfemea hirhan patlioggwiand t he rev gene, the
vif gene, the vpu 4 geng, the vpr.gene and the. nef. ne. .
16. A nfthod conprising: 2 () aqﬁs’&?ﬁmpns’ﬁm‘gﬁcﬁﬂgwpa&gm’
(1) g SCl DV bei ggp)NOUSGecingRiid fiote Wit ihjedtble prephration; 4
(1) an injectable preparation_conprising one or mgre conponents derived
5 8 (c)  exposing said injeated monsea o RIdFIABABREN F‘E‘ﬁcy virus; and 6
(i) conposi ti co b Sk AQn- \ | fetTkiig henay 7

9 | g@ 9 8%Walagﬂpd§é&ﬁ5u§§%o?ﬁlelﬁwmﬁg of #¥ee i

Vi rus;

126 Qo0 ( Is¥lls byi sajddufectioys burhah pathegen.wi t h sai d i nj ect abl e
preparation; 9 (c) exposing said injected nouse to said
conposition; and 10 (d) moni toring said exposed nouse for
the pregence of i nReTHeinmthod hecoading thciaiaml, wherein said immunodeficient mouse is selected

2 from the group consisting of SCID/beige and SCID/nod.

1 - 3. The method according to claim 1, wherein said human cells are human immune

2 cells.

4. The method according to claim 1, wherein said injecting of step (b) is repeated

2 at least once prior to exposing said mouse to said composition.

5. The method according to claim 1, wherein said human pathogen is selected from
2 the group comprising human immunodeficiency virus, Leishmania, Mycobacterium, Listeria

and Plasmodium. =

6. The method according to claim 1, wherein said component of said human pathogen
2 comprises at least a portion of a protein derived from said pathogen.

7. The method according to claim 1, wherein said component of said hurnan pathogen

2 comprises a polynucléotide..



11 ' y sai d non-attenuated human
| mmunodef | W@pg44788 r“HllI'lWll[ﬂ"lﬂw +17. The met hod acc®QI/¥8Ps0694d| ai m
16, wherein said injectl ng atep ( is repeated 2 at | east once
prior to exposing said nouse to said conpgsition. 1 18. The’
met hod according to claim 16, wherein said conponent of Said human

i mmunogef i ci ency 2. The methdd dcbdrding EuldimeTs whdreih €43@ polpnudRbtide@Ompr

encoding a protein derived fromsaid virus. 1 .. 19. The
met hod 2ac c or BINAyenceding adupman pmynedeniciency A grneme SApAkls of cxressing yira)

i munodi f.i ci : le ¥f Beise 4 8RS vi icles: 20. The
nmet hod “accor Qi ngb'tgtom%ap?ill’% 19, erein said cc‘forrpri ses proviral DNA 2

encodi ng a human i munodefi ci ency virus genone capabl e of expressing viral

structyral 3 n ' . ' [ . Vi .

parti c:ies. 1 2. Qﬁeﬁéﬂ&&&ﬁwgo%sﬁ%%g%?g%@%ﬁhg Ic%%%@%%r ein-
sai d DBA conDN/sstecpddtom the ighdapZonsisting of piRA} pHIP-2raadpHPS. gr oup consi sti ng
of pHP-1, pHP-2 and pHP-3. 1 22. The net hod accordingto
claim 16, wherein said injectable preparation conprises 2 an
attenugted replicapl PheGARSEIcERHinb tokim! 1NWHEIH 8id MicRABN pebirbifon comprises
23. An attenuated hunman_ inmunodeficiency virus wherein the genone of said
virus 2 an giggmpeted roplieationcampetenthumga framuppdeficiency 8Y nef gene. 1

24. The virus according to claim 17, wherein said virus is selected from

the group 2 consisting of HHV[err] HVerr] HVerr] and HV[err]
1 1 : 25.11 ATheanéthol! dcoording 40 glaimnld), whereih the genoson of maid atteovatedoius assay,
sai d t hod conprisin perform ng an i munospot assay wherein a

det ect bl e SF&’H g"%det?{%ege'to a digital imge 3 usi ng

conput er-assi sted vi deo ineging means, and analyzing said digital image of
:SLS; ds Ilg nal 4 12, lﬁxé Pn%th%g %L%%&itsxg tr(r)e c?ann% 11, wherein said gvef\gn?est{ﬁez 8cgmprises a

2 mutated nef gene.

13. The method according to claim 1, wherein said injectable preparation comprises

2 attenuated Leishmania cells.

14. The method according to claim 13, wherein said attenuated Leishmania cell comprises
2 heterologous DNA encoding a cysteine protease gene.

15. The method according to claim 14, wherein said heterologous DNA further comprises
DNA encoding a human immunodeficiency virus gene selected from the group consisting
of the env gene, the gag gene, the pol gene, the taf gene, the rev gene, the vif gene, the vpu

HOW N -

gene, the vpr gene and the nef gene.

16. A method comprising:
(@  providing:
@) a SCID/beige mouse comprising human immune cells;
(ii) an injectable preparation comprising one or more comf;oncnts derived
from a human immunodeficiency virus; and

(iii)  acompositioncomprisingnon-attenuated human immunodeficiency

N A AW N e

virus;



1 26 T ng to claim25, wherein said signal is
gener at ed :}ﬂ m DE"@BE r te reaction. 1 PCT/US98/06D44 The
"~ met hod accordl ng sal d digi tal i mage is optim zed for 2
contrast, grayscal e and exposure tine. ‘{1 28. The net hod
according to claim25, wherein said con‘b er-assi sted video imaging 2
means gonprises 3 anera capable of producing
vi deo :émages and@ mjccnngsaxdn{og%eb\ylthsm BIC capabl e of

producigng digit al (¢)rrageﬁposﬁlgsaaﬁhjmdmous€&mm compbsmon, and 29. The

met hod according tq cIa|m28 erein said gi ng soffware i e | mager 2
Versidf 3.03. 1@ toiig s grpormetise S e FEORRS Oh e on ¢ 38

whereijy said anal ysi s nmamde 6AIBY 5@ Ror-aHRaEated human imRiuA6ERTRIeASy Aifts! war e.

1 31. The nethod according to claim?25, wherein said

I munospot assay measures 2 production of a cytokine in a cell

popul ati on. aad |84 O ILfi to
express1 an antlgen ancFmeﬂmdac ne-ﬁé%%ﬁgt@%n%aﬁf& E%g%%f@g%dfﬁgd
33. The vacciatieasaomepeioni ekpnsuigaaxmxﬂﬁsemmﬂmpeﬁﬁdx.i nmune- nodul ati ng

protein 2 Is selected fromthe group consisting of a cytokine, a
costinulatory nolecule, a chenotactin, 3 a cell cycle regulator, an
i nducen of apopt 098 Iheretiot dcodrdiigtstlatni 16, wharinsi i
34. The vacci ne accordi nig to claim32, wherein said cell_is selected from
the grdup 2 Viruscomppisesiat %ﬁgpamoeefgﬁmﬁpwdmmsmd&ﬂ efhdrom said girysy ang
Pl asnodi um 1 35. The vaccine according to claim 32, wherein
sai d i mune-nodul ati ng protein 2 is B7-2.

1 19. Themethod according to claim 16, wherein said component of said uman immumodeficiency

2 virus comprises DNA.

1 20. The method according to claim 19, wherein said DNA comprises proviral DNA

2 encoding a human immunodeficiency virus genome capable of expressing viral structural

3 genes but incapable of being packaged into viral particles.

21. The method according to claim 20, wherein said DNA comprises plasmid DNA
2 selected from the group consisting of pHP-1, pHP-2 and pHP-3.

22. The method according to claim 16, wherein said injectable preparation comprises

2 an attenuated replication-competent human immunodeficiency virus.

23. An attenuated human immunodeficiency virus wherein the genome of said virus

2 comprises a mutated fat gene and a mutated nef gene.

24. The virus according to claim 17, wherein said virus is selected from the group

consisting of HIV v s HIVemviansmernimess FTVNLa/aDssBimers A00 HIVyy tmee Bras-

25. A method for analyzing resulis from an immunospot assay, saidmetlmdcomprising
performing an immunospot assay wherein a detectable signal is converted to a digital image
using computer-assisted video imaging means, and analyzing said digital image of said signal

H LW =

using analysis means.
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128 1 accord| ng to claim32, wherein said
cell is awovsigerss! I "” ﬁulﬁmc'mu 37. An expressi on Veptosssiogosd Si ng

a pol ynucl eoti de sequence s an antigen 2 and at |east one
I mmune- nodul ati ng protein. 127 38. The expression vector )
according to claim37, wherei n sai d i nmune-nodul ating 2 protein is

sel ected fromthe group consisting of a cell cycle regul ator an i nducer of
apoptosis, 3 a viral factor and a_tunor suppressor.

39. Thk expressi o%%%mdho%@mgwlm%w&ww smelrlezenexmdhymenzyme

I mmune; npdul ahfur%ge protein is B7-2. 1 40. An
|m"runo%ief|C| m)use corrprl sing a sufficient nunber of human i nmune 2

cells, wherein said cells are capabl e of producing a sustained i mune
response in said e. . . 1. .The, i. nodef.i ci_ent use
according to clai i?t‘iﬁ‘ WMW@W ﬁmg’ﬁé‘%‘ma&?éf PRIMUZEAIPT se
human 4 Iynpgm&yggeéa}@mémp&u}JEnWS anti gen wherein at |east about 3
10% of the human i mrune cells expressi ng the CD45 antigen represent

i mature naive T 4 Iyrrphocyt es. 42 The :
I mmunoglefi ci ent ﬁ‘PﬁB Qoéﬂnﬁiﬁ ﬂng@,gue 2
cells igorrprl se hurran T hocyt €s expreSS| ng t e%S antigen wherein at

| east Zbout ﬁeanscompﬁﬁsof the human i mmune ceI | s expressing the CD45

antigen repr esent nal
43. The i rrrrunodef | en%‘wr%%us%heégc} é‘“f Oduc g:\%%g lé"agga’ierel n said human.
i nmune4 2 ce(t)s cmmmﬁwmmameloyﬁp&mgmmbmzmsﬁ@wﬁaﬂn@S

antigen wherein at |east about 3 1% of the human i mune cells
expressing the CD45 antigen represent immature naive T 4 | ynphocyt es.

1 1 449, The theffiod S&orEipRb dlhﬁmﬂ, WhérkinisiTd #Raginyf36f0ArB isThe Endpetise | s

a SCl D/ bei ge nouse. 1 . The mouse according to claim44
furthet conp Versiond-O%8unan turmor cel | s.

30. The method accarding to claim 25, wherein said analysis means comprises image
2 processing software.

31. The method according to claim 25, wherein said immunospot assay measures

2 production of a cytokine in a cell population.

32. A vaccine comprising a cell modified to express an antigen and an immune- modulating
2 protein.

33. The vaccine accqrding to claim 32, wherein said immune-modulating protein
2 is selected from the group consisting of a cytokine, a costimulatory molecule, a chemotactin,

a cell cycle regulator, an inducer of apoptosis, a viral factor, and a tumor suppressor.

1 34. The vaccine according to claim 32, wherein said cell is selected from the group

2 consisting of Leishmania, Mycobacterium, Listeria and Plasmodium.

35. The vaccine according to claim 32, wherein said immune-modulating protein
2 isB7-2.



129 1 emiﬂlﬁﬂ W e nmouse conprising human i mmune cell's.
Th ﬂ m to claim46 further co Seoy MmN

tum)r cel | gvogé}{‘ms '" .nouse according to cl gIE‘i‘m wherein

said tunor cells are establlshed t unor - cells. 1 49.-

The nmouse according to claim47, wherein said tunor cells are primary tunor

2 cells . .. 50.. Th e ac aim 47,

wherei h said tuno#-'c"éﬂ"‘s?“‘s?%"°8’éiﬂg\?‘88‘“ rg%hr@’ &&gelﬂ gfﬁ‘%gr{l/ous system

cells. 1 51. The nouse according to cIa|n150 wherein said

tunor cells are glloblastona cells t hod

-conpribing: 2 37. Anexpression Wcmﬁ%ﬁm}yﬂb‘ﬂ“gdemﬂmmdemamgm (i)

a SCl [} bei g6;ngQtiRest offe immune-modulating protein. (ii) human tunor cells; and 5

(tii) human peripheral bl ood Iynﬁ%ocytes (b)

introducing a first dose of said tunor ceIIs Into said nouse;

(c) econstltut S!pﬂsﬁ&l’& fola) -1k grptgmﬁpgﬂ W Elacols SEHP é"an

I ynphogzyt es; 3 e Stof: g v st 2? noni tor| ng

sai d rbconstprbmmmelwd;faomﬂm grohpcapsistingtof @ ¢éellsxtld regulator, andhduger of apbptosis,

53. Th nethod rdi 0 cIa|n152 wherein said tunor cells express at

| east bne 2 2 ?M‘)’mﬁm gene 1 54. The net hod

according to claimb52 further corrprl sing identifying at | east one 2

I mmune_ nodul ati ng_gene whose ex ESSI on prevents.the ar.owt h of id
i ntrodliced tunor @g The expregsign vec ,itg 7, Wherein sig framunc-my dulating

55. The nmet hagegGeBy3i Ng to claim52 conprising, followng said
reconstitution,

40. An immunodeficient mouse comprising a sufficient number of human immune

2 cells, wherein said cells are capable of producing a sustained immune response in said mouse.
1 41. The immunodeficient mouse according to claim 40, wherein said human immune
2 cells comprise human T lymphocytes expressing the CD45 antigen wherein at least about
-3 10% of the human immune cells expressing the CD45 antigen represent immature naive T
4 lymphocytes. '
1 42. The immunodeficient mouse according to claim 40, wherein said human immune
2 cells comprise human T lymphocytes expressing the CD4S5 antigen wherein at least about
3 5% of the human immune cells expressing the CD45 antigen represent immature naive T
4 lymphocytes.
1 43, The immunodeficient mouse according to claim 40, wherein said human immune
2 cells comprise human T lymphocytes expressing the CD45 antigen wherein at least about
3 1% of the human immune cells expressing the CD45 antigen represent immature naive T
4 “lymphocytes.
1 44, The mouse according to claim 40, wherein said mouse is a SCID/beige mouse.

1 45. The mouse according to claim 44 further comprising human tumor cells.



2 the additi onamm ﬂ iWgti ng said reconstituted nouse with a
second dosaN0f9814uT8Br ﬁmll II”WI: " |m WO 98/ 44788 PCT/US98/06944
PCT/ US98/ 06944 L 130 1

56. The nethod according to cla|n155 whgrgei n said first dose of tunor
cells conprises 2 unnodi fi ed turmor cells and said second dose of

tunor cells conprif6sA SCIDEgE RidudeWoRIprisifg hsman iminune cells. - 57. The
met hod according to claimb56, wherein said irradiated tunor cells express 2

at | east one inmune-nodul ati ng gene. 1 58. The net hod

accord'ﬁg to clai mﬁzrhe%@moﬁmg%mmemkﬁcﬁ sﬁ?mhﬁaimc&wmr 2

cells. - ) The nmet hod accor di ng to aim52, wherein said
t unor ceIIs are primary tum)r ceIIs 60. The

met hod according t aim52 erei um)r el rom 2
central * nervous sy‘& gtff M 8 clhim ﬂ%"‘i‘ﬁ?‘%g@ﬁ‘&gﬂ}"& ng to
claim5®, whegefikn said tunor cells are glloblastomaz cells.

62. The nmethod according to claimb52, wherein said tunor cells and sai d
| ynphocytes 2 conme fromthe sanme donor. 1 63. The

net hod pccording tgy, cimmmuEe?acc&laag%amﬁﬂﬂwwemrma%&c%nsdarsahdmigycmbpcyt es
2 cone fromdifferent donors . A netho

conpri s?ng: ells. (a) provi ding: 3 (i)
a SCl D/ bei ge nouse; 4 (i) i rradi ated and

uni rradi ated human tunor cells; and 5 (rii) human
peri phetal bl ood | §wpTHeopouss according to claim 47, wherein said tumor cells are derived from

2 central nervous system cells.
1 51. The mouse according to claim 50, wherein said tumor cells are glioblastoma cells.

52. A method comprising:
(@  providing:
@) a SCID/béige mouse;
(ii) hurhan tumor cells; and
(iii)  human peripheral blood lymphocytes;
®) introducing a first dose of said tumor cells into said mouse;
() reconstituting said mouse containing said tumor cells with said lymphocytes;

and

LT-T- - BN - SR Y I I

@ monitoring said reconstituted mouse for the growth of said tumor cells.

~

1 53. The method according to claim 52, wherein said tumor cells express at least one
2 " immune-modulating gene.

54. The method according to claim 52 further comprising identifying at least one
2 immune modulating gene whose expression prevents the growth of said introduced tumor

cells in said reconstituted mouse.

55. The method according to claim 52 comprising, following said reconstitution,
2 the additional step of vaccinating said reconstituted mouse with a second dose of tumor cells.



6 (b) n sai d nouse with said | ynphocytes; 7
(c) vac B%},,glﬂssa m&ﬂgﬂﬂl‘lﬂl ﬂlE’DI rradiated tunor cellg CTI§§98d06944

(d) intro u0|ng sal cells into said vaccina

and WD 98/ 44788 .
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(e) noni toring said vacci nated nouse for the growmh of said unirradi ated
tunmor 10 cells. 1 65. The net hod
accordihg to clai mﬁ%emammwclmﬁwmmao&ermo@en&

at | easy one | e nmodul gt i ene. . ..The nmet hod
accor di‘g t o “@/g {ﬁ"ﬁ #%Pgm%ﬁ%ﬁta@mqeﬂwmsmwwm
i mrune- nodul ati ng gene whose expression prevents the growh of sai d

unirradi ated tunor 3 cells in said vacci nat ed nouse.

67. A nethod of tSafhegehodansprding toelim:ip, E{h@rmalduma@bdmmhmllsexmcssm ng:
2 2 e expressi on vector encoding an antigen
and at | east ongég%edlt or?.gﬁy d%la'&ggﬁé}le i mmune nodul ator; and 4
(b) transferring said expression vector into said tunor under condi ti ons

such 5 that s en and said i mmu mpdul at or
are explr essed by at" ?‘é"a@?‘h@aﬁ‘ﬂ@? tﬂafémg)wwmmgm““ﬂsmesﬁ“ RS o

1 2 cells. 68. The met hod according to claim67 further conprising,
prior to transfer of said 2 expression.vector, the step of renoving at
| east a portion of said tunor from said subject and 3 foll ow ng said
transfer of said @¥PTRSHEAEH ABGHRE to HAiPsD FhirB s hbhdr Y mﬁﬁ-id. g,;,,q,;esm ng
said 4 antigen and said im’ru%e nodul at or a Pﬂ?ro g Sag.){

irradi #ed t ¥ cells back into 5 said subject to create an

i mmuni zed subj ect . 1 69. The nethod according to claim68
further conprising, introducing at |east one 2 addi tional dose of
irradidted tum)r &@-I The msthedaccondipg s clainasiz, whereinosaill temibricellsmrerderiveidfrdmt or 3
into s 70. The nethod, according to
claim ?8, wher el n a’gg*%ﬁ%lﬁodul ator is selected 2 from the group
consisting of a cytol dne, a costinmul atory nol ecul e, a chenotactin, a cell
cycle re n, i ndycer . apoptosis,.a viral factor, and a
tﬁrmr :Siuppr essor . g%ha‘rl'gexhe daccor ngtoc ?Zeveremsa:dtmnorcellsarcghoblastoma

2 celis.

62. The method according to claim 52, wherein said tumor cells and said lymphocytes

come from the same donor.

%]

63. The method according to claim 52, wherein said tumor cells and said lymphocytes

2 come from different donors.

1 64. A method comprising:

2 (a) providing: _

3 () a SCID/beige mouse;

4 (i)  irradiated and unirradiated human tumor cells; and

5 (ili)  human peripheral blood lymphocytes;

6 ®) reconstituting said mouse with said lymphocytes;

7. (¢)  vaccinating said mouse with said irradiated tumor cells;

8 @ introducing said unirradiated tumor cells into said vaccinated mouse; and
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9 (e) monitoring said vaccinated mouse for the growth of said unirradiated tumor
10 cells.

65. The method according to claim 64, wherein said irradiated tumor cells express

2 at least one immune-modulating gene.
1 66. The method according to claim 64 further comprising identifying at least one
2 immune-modulating gene whose expression prevents the growth of said unirradiated tumor

cells in said vaccinated mouse.

67. A method of treating a subject having a tumor, said method comprising:

(2) providing an expression vector encoding an antigen and at least one additional
immune modulator; and

(b) transferring said expression vector into said tumor under conditions such
that said antigen and said immune-modulator are expressed by at least a portion
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of said tumor.

68. The method according to claim 67 further comprising, prior to transfer of said
expression vector, the step of removing at least a portion of said tumor from said subject and
following said transfer of said expression vector, irradiating said tumor cells expressing said

antigen and said immune-modulator and introducing said irradiated tumor cells back into
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said subject to create an immunized subject.

69. The method according to claim 68 further comprising, introducing at least one
2 additional dose of irradiated tumor cells expressing said antigen and said immune-modulator

into said immunized subject.
70. The method, according to claim 68,.wherein said immunomodulator is selected
2 from the group consisting of a cytokine, a costimulatory molecule, a chemotactin, a cell cycle

regulator, an inducer of apoptosis, a viral factor, and a tumor suppressor.

1 71. The method, according to ¢laim 70, wherein said immunomodulator is B7-2.



