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q_g 1Q0e g y p g
;
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Figure 3 shows the HCMV (Towne) genome organization and Xbal, Hindlll, and EcoRl restriction enzyme
45 maps.
Legend:
L = long segment
50 S = short segment
J = junction

Figure 3(A) shows the confirmation of S-HCMV-001 structure by Southern blot analysis. Lanes 1and 7

contain molecular weight markers. Lane 2 represents HCMV Towne DNA digested with Hindlll and probed

with Xbal M DNA. Lane 3 and half of Lane 4 represent the HCMV/beta-gal recombinant (S-HCMV-001)

55 digested with Hindlll and probed with beta-gal DNA. Lane 6 represents HCMV Towne DNA digested with
Hindlll and probed with beta-gal DNA.

Figure 3(B) shows the confirmation of recombinant virus (beta-gal insert at the Xhol deletion) structure

by Southern blot analysis. Lane 1 contains molecular weight markers. Lane 2 represents plasmid pSY1112

5
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reconbi napt ViU ?@@ﬁts t%l th EcoRl and probed with beta-gal DNA. Figure
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The present invention provides a recombinant human cytomegalovirus which comprises a foreign gene
inserted within the human cytomegalovirus genome, wherein the foreign gene is inserted within the 5.4 kbp
Xhol fragment shown in Figure 1, and is capable of being expressed in a human cytomegalovirus infected
host cell.

35 The foreign DNA sequence adapted for expression in a host may encode a human immunodeficiency
virus anti-sense mRNA sequence. This DNA sequence may comprise the DNA sequence which encodes a
human immunodeficiency virus anti-sense mRNA sequence and is shown in Figure 6.

Additionally the foreign DNA sequence may encode an antigenic polypeptide. In one embodiment of the
invention, the foreign DNA sequence encodes a malarial surface antigen. In another embodiment of the

40 invention, the foreign DNA sequence encodes beta-galactosidase.

In another embodiment of the invention, the foreign DNA sequence is adapted for expression by an
endogenous upstream human cytomegalovirus promoter. The endogenous upstream human
cytomegalovirus promoter may be the immediate early promoter.

Furthermore the foreign DNA sequence may be adapted for expression by a heterologous upstream

45 promoter. In one embodiment of the invention, the heterologous upstream promoter is the pseudorabies
gpX promoter. In another embodiment of the invention, the heterologous upstream promoter is the human
cytomegalovirus immediate early promoter.

The present invention also provides a plasmid designated pSY1157. This plasmid has been deposited
with the American Type Culture Collection (ATCC) in the E. coli host cell JM101. Also provided by the

s0 present invention is a plasmid, designated pSY1159, which has been deposited with the ATCC in the E. coli
host cell JM101. .

The present invention also provides a therapeutic composition comprising a recombinant human
cytomegalovirus which comprises a gene encoding a human immunodificiency virus anti-sense mRNA
sequence inserted in the 5.4 kbp Xhol fragment shown in Fig. 1, which is capable of being expressed in a

55 human cytomegalovirus infected host cell, and a pharmaceutically acceptable carrier. Pharmaceutically
acceptable carriers are known in the art to which the present invention pertains and include, but are not
limited to, 0.01-0.1 M, preferably 0.05 M, phosphate buffer or 0.8% saline. This therapeutic composition
may be used to treat a subject infected with human immunodeficiency virus by administering to the subject
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SAC C  shott littepial ropdat britparedt the ShiGLR shoHregib . Bf ThidAfegfertwadcloned ahd W6 interriaf  t he

Sal | 4si %! RagmentsRotRlling 154 R Weldlreovedthe Qe feaGfiﬁrH&nt irftluBoskiurt df QR lohd) infiraf|

repeat fepea€ el jorttichl redibn, JtheSshbrinteinal répeatdhd dlrdctichBiEHaLuniqldsHoR rediddNthel 44 kY Nal

r epeat , Saihieaginent rdaryingabetd-gaD ¢sdb 122N abojps) Ivias GifatétNinthuile X I ideletion site. The resulting
construction flanks the beta-gal gene with HCMV sequences appropriate for insertion by homologous
recombination into the HCMV virus (Homology vector, pSY920) (see Figure 2).

80
1.4 Confirmation of a functional construction of the homology vector pSY820 by transient expression

In order to determine whether the HCMV/beta-gal homology vector construction was correct and would

function when inserted into HCMV, beta-gal expression was tested in a transient expression experiment. In

55 this experiment the homology vector plasmid DNA is introduced into cells followed by superinfection with

wild-type HCMV. The viral fransacting regulatory signals should activate and allow for beta-gal expression

from the plasmid DNA if the beta-gal construction is correct and if the gpX promoter responds to the
heterologous HCMV signals.
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Three fragnents were subcl oned fromthe Xba D fragnent: BanHl * 5.4 kb
insert at Rl site (successful I nsertion) BanmH| 10 kb
insert at Rl site EcoRl 10. ZER9319|5?>%N into 5.4 kb Xhol deletion
(successf ul |nsert|on) At the present tine, vve have the above 9 cl oned

fragnents a bIe or.he I rtlon 15 ace the
Rl site q ﬁ:loegs eciﬂh j umt mI enlc :itf (Pg

del etion j‘ a a o hese
copst  uct i @Jsee Hod B coEhar 1o Lf’oq ngé
DSY920, frhy daft S&irh. 18" holrR idter B Rl werﬁ b i rssaté it e

Pr ONDt er :infedtbd B0E mBKAIBL 610 With IRSMAL GO heurY 1Sy, m& ¥6119 Wor8 hivdbtod ahdistod 18 tvE-gaed
conveni ent  BéislgaR Giday @F MeBB® ridholdyBrs! THaEinfbled & andaidlbyers/¥0 WY Bisk)kbreS NilRed in
exper i enghosphdtdbufbied sdin® (PBELINd Wb 02118 B GorltdkingdBN Sddiveh doastylsiakl(Eos)SThRRNd
whi ch gavgsate J2000amIErolles) Gvas Widdd intd Zréugdrt(sdoumicrblitér$) (383, the brizyrie SLBEIRIEOIONEQLIZ00
Syst emo 2fcrdlitels) Wae adued andjthd deveingsrianticitybidi cOloinwEs Mmyvhitofdticat a20Ckinm (37 F @QgADshowd int he
gl ycopr otTebla 1Xp$YpeXprogead beth-gg Jee thibolrankient expressiond sicihdichtiagntiatr thg banstectidnywash e

st ruct ur Forregband féngtion. coi | bet a- gal act osi dase. The resulting construct

pl aces beta-gal under the pseudorabies pronoter control with the gpX poly A
and termination signals. This constru®&d is inserted 30 into a derivative
of pSPB4 downstreamfromthe SP6 pronpter at the Sall site. Constructions:

ghlekpr]grmther for psemmlEmwgpé‘sdmmssmﬁ-mmm|ﬁlﬁsﬁ11esgrrent ang t he
u of the geffeExtEmUS TIITOr tH] n-ii | e tre—psegddr abi es
virus (PRV) geha és’ﬁgth Rantll 'J@Y‘) fk%g é?ﬁgoqsp %;ﬁé tlhe BanH
#7 fragment wa$ cpsveae the Nd I+site,_ rem)vﬂ-ng+al nost aII 2448t hg codi ng
regi on of gpX {o PRégX/8-gal m nus. -Thel Ndel srkte was filldd i0R18Thg BanH to
Bal | fragment ¢f HEGWVEcoRBH col i :bet & gal gene was insertled at thg BanH

site of the gpK pp®¥8ter fragnent (HanH #1®*&nd the C|terdf2dal |of gpX
(Nde site of Bim-IHCMV)E’ﬂQ%e rlesul'ti ng constrifcti on fuses th‘b%'g lor onot er

and trgnsl ati opal NeP@§®id | n-frlame*to [t he beta-gal structyral ne land

provi des the gpX_ternination land “polly A signals. The entli r ?&8nstlruct
resides on a 4.4 kb Sall fragnment which was cloned into the nulti-cloning
site of pSPihésediesuits tiseindicedte than the iatehdRigoysr gpipidiioter @6 Psoutidatied lisugdtiorin HFF
pSY844. 48island rdspands Wwelbloe HEMVRBYUIgmsipratsainginhilan exp@intehts, dSYOMRI aldd eikprasyaeibdta- at

t he Xheo Igald@hsigntiyin réshensétogRbudblalfiessayperinfectiohOasAvokld pe xpettedi@ablpdrt of the | ong
I nternal repeat, the junction region, the entire short internal repeat and
part or the unique short region (Fig. TABLE2This fragment was cl oned and two
internal 45 Xhol fragnments totalling 5.4 kb were renoved. The del et ed
fragment includes pariRaNGIENTEXPREEBIONASEAYH-GALARTMTY INPsATeEBCL i On Tepi on,

the sirt i nferma—Tepeat—ata—fractTomrof—the—ungue—shprt—region The
4.4 kb Sail [rafNf carryi hspudorsbies,) Intensity of Evzymo fResnonsek | 909280 jnto the
Xho | del etipn p8Ys20 The repul tiHg copstructi om+ | anks thp betsasgal | gene

wi th HCW sepuemmB¥gpX¥ippalopr| ate f-or ipsertion by honol ogops rosdnbijpati on
iaro the HCOWV vipBYe2i (Honol opy vettor, | pSY920) ¢see Figure|2).09%0 1.4
Confirmati on| of HEMVUEBgalona] construction of thé honol ogy| vedk288 pJy920 by
transi ent expredeiplgmidn or der t o*det efmi ne whet her the HOQW/ 9e28- gq]
honol ogy veclkor constructioh was-corrgct and would functipn W34 injserted

I nto HCW, beta-gal expression was tested in a transient expression
experigent. In 55 this experinment the honol ogy vector plasmd DNA is

i ntr oduced lisaitien ¢ @RV gpX/pdtd-ganat HoMVusipg psyseect i on with wil d-type HCOW. The
viral transacting regulatory signals should activate and all ow for beta-gal
expr essi on pSve2s plasmig IDNANwad dodBined wiilin ¢ICVYt BINA)ahd drenstetted dito GIFF | cslisc asingethd and
i f the gpdlyerempntasol (Bastignddids t o t he het er ol ogous HCOW signals. 10
EP0319870B1In Miscage b |pgsitive rsteck wasnssfecled ert! plitechoys| A totel df TO\Mueapiaquesiverg pickedidiie

met hod owh-s)gawé%hwe KigRciarsasondanp el stocgs. OF theascreeardarDeiackswe @.6%) were pesiiiye by VEM

medi a ( pONES 1asery o ithessupematantsi feam infepted Aol aultyresy (Thar{psmRinagtayins er purified
through additional rounds of plaque picking.

65 1.8 Confirmation of recombinant HCMV

The presence and location of the beta-gal gene inserted into HCMV was confirmed by Southern blot
analysis. Figure 3B presents the data from analysis of this recombinant virus containing beta-gal as an
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glutanine, no serumand 200 m crogranms/m DEAE Dextran). DNA was allowed to
absorb for "4 hours, the mediumwas renoved and cells were re-fed with the
same media, wthout DEAE Dext r anEP@HO&¥MBHg 10% 5 fetal calf serum 16
hours |ater the cells vvere again re- fed At 48 hours after transfection,

t he cel I"ssey[ve %oegg] muj fi ar of 10 h HCW. in 10 hours Iater
fﬂ?eﬁf'eg“ “‘Eﬁwe 'Q dal?on o.l sl %‘ e %ﬂ%ﬁf“‘d@? gﬁ”
& o e %1 ende e e %3 b

-gal
sodi UB ey %bé pare | m%ﬁ to
Z buff el’befa%@lfhnmr& {wo Hagments3P ind U Bt &Hﬁfﬁ% |§ééh&ilf %l?g : nte result
m crol i ttemngiatsVamt m%@msbomﬁ‘aud@uﬁ' JREURA N Kth & inkeVE fuhbted traffhent ERA | bﬁ@&fed at
420 nm (tRbrterdlinal réfoatifegiibnts that Comkifs tle sahe BRAQeqiei@lCed beta-gal™ in thi
transi ent Theps esuts dicite Skt it i8 Gossiblel th Gelétd Blo Xhb RgBA BEEJLHICH hiitito Ha&t é‘rfare&ﬁé‘és and
f unctiocoriebign JehBii 4 thls ot IRANBCHXGerkXBREE TodidN isimGiAby pSrmiséile BCSULVindntputatibns
LYSATES d# 4 tie gpresence in the virusHislohime of amuraitsed guplidatebst Atyeniafofiemigo cdhtained inGhi. 420

“’s«‘é—‘i

20 region. pSY920 + 4+ + o+
2. 848 PRV
0.218 HEW [.anstwmonnf a,sa{zqr;d1beta-gal constructlon pSY@21, for insertion into EcoRIH fragment using CMV
ﬁoozﬁ'sH@«i&L{ﬂ&h] +/ - (2)252388 giz
p!a r go: = fi |
gnd ¢t ells
s LI E‘{éﬁ ;;%fﬁﬂé T “Wﬁmﬁmmsm "
regul gt Q¥ S g,e[ th E;zf 'éa @ E’%ﬁ 's°8' W‘@%‘eg"pﬁéi 8- 30
transrl 'z EHJ R response seLPd A es super-| nfection, as would bgs
expecte BLE 2 35 TRANSI ENT EXPRESSI ON ASSAY
[elror - QZ(B-E apcog&mcn nA\LYSATES Plasm d Pseudor abi es Intensity

of Enzy ”E ﬁﬁﬁﬂ@nﬂ% imfedifate Sy pRMGRE leon of HCMV was cloned and fused to a beta-gal construct +
+ 25 which contained thd H8¥ Ik ip5)Y atipeﬂijlétion signal at the 3' end.

0. 218 pSYUbhstructions: We have cloned theH9 kb Xbal E fragment from the Ibng unique region. This fragment

0. 961 4(@ontains the IE promidkeMégibe20)] A 2.1 kb Pst fragment was sub-cloned from the Xbal'giece (see Figure

0. 286 Nd). FheaBstifredigment includes the IE promoter and enhancer, cap site, the first exon and the first 2 introns O-

0. 212 4%p o.the AUGpoienstartof PRV gpX/ beta-gal into HCW using pSY920 pSY920

pl asrpd DNAisveabancesipomatedfragmett vea€iiddedDid/a batedga frapnehicmbisiding thie dolibliihg 6lehérts. usi Ng
t he pol Jin eateoghprayoe i trundask 4t the ' @id at3ip BamHI witet Ibdated ciarinozacide #rdrh itheeantiioo ¢ k
was sel &Emiaes. hergtep(ahthe B’ @ugt of this igeneais thef promoter| regiodicton BEV i rgeneincliding bé

whi ch 58’019'1'@%' dapeot TK which ig fusedtinrirarae ip the betg-gabgane Kibe PetfBamHbirgmend drom dwer3y

st ocks, o Tiegase sarying ithpepoly,adenyiation slggal js logatadiabthe Gpendrehithe ibete-g#l gone.

i nf ed egh"l:' H’° F O3t g IP'é‘?,dotﬁ’Slerf’dﬁ'Td qf ithig jetapgak congfuct b the (Pt site pletile HBY ough
addi ti on2re9PB AR §'"Q)'f’° %F‘éﬁ'ﬁ@mﬁ‘l‘”@k‘fmdhe WW'E@’W forRRie RS¥9df  r econbi nant
HCW Th A ene. | nser ed i nto HCW was
confi rrrea e ' m'sq—""ﬂ'q“ ata from

andl ysi s s e . X on "etz; IIIII Tolh
|nse>r4‘t§ H&étgén?eﬁngﬁf?e m"% Z?::%I? EWI ‘%&%QS‘”Q%@ lér‘an u ﬂgg%gg

Lane 2 contains plas ﬁl gested Wi 24 as a

cont r ol 2% @bnfitrhiod 6% fﬂi&ifdng%l%ﬁ'&%n AP YIHNDy kb RRBAERbressRh 8- 2 kb and 4.4 kb
representing both the p"l_dmmn‘d—rh'e—b'e%‘a—gaasm gene respectively

are wevealAgdiesctibsdtn Section 1.4, the DNA from the HCMV [E/beta-gal plasmid pSY921 was tested in the
transient expression system. The plasmid beta-gal gene responded to HCMV signals and expressed the

enzyme. In this construction, the IE promoter may produce less enzyme than the gpX promoter in the

transient assay system (Tables 1, 2). However, the beta-gal expression was observed to begin sooner after
super-infection than did gpX promoted expression. In addition, there was some measurable expression of

50 the beta-gal from the IE promoter in the absence of viral super-infection (see Table 1).
It is interesting to note that pSY921 also expressed beta-gal in this system when pseudorabies was
used to super-infect the cells (Table 2). Thus, just as the gpX promoter responded to heterologous

regulatory signals when located in HCMV, the IE promoter of HCMV responds to the heterologous signals of
pseudorabies.

85 These results indicated that pSY921 was intact and functional.
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3 contains Towne DNA digested with EcoRl and probed wi th beta-gal DNA

denonstrating that there is no 5 hybridization of the probe to the parent
virus. Lane 4 contains DNA fromt RP Q3t5MiBilant virus probed wth beta-gal
and reveals two fragnents H and U that contain the inserted E. coli gene.

VW interp | S t to. dndi e Lh hqnol us reconbi nati on has
occurr ed ?%H shiintes [ERY g L ﬁqﬁ—géﬁ%ﬂﬁg%d one of the terninal

repeat frageisy dNAAhas cBMbi 'dr\ﬁthtz%&\ﬁé‘ﬁﬁ SRAERS FirF FARSS dhGRbALS Section
i\ndi cate § B3 pdid-gah postSrnSbBort Ko ?ih@ntiﬁ Gand BiGted S TWant: %ﬁvﬁlﬁd&% ga?';%
| NSert ANk R Wits Pibding oF RIAHA pGHRERSH. Work ddhtinuedQnMe fHher AR # binant!' >
regi on i svipe.aRabley, gy \iRsitive restltd Hdifdd thRUAAIE! drdiroter! ProbaLly fLrEbﬁorQrt@éFpr &
the Vi r usfopsjnQehesG thé Bedin AlldcatioR th IENDY. TREALreigh gdnBE canbb RkpiBese Ot it ¥
this regi either uddék commoEdf hotdidgous (IE) orthefRIVGELE (G Ron@bViru€ BrombtbrdCt | on, pSY921,
for insertion into EcoRI H fragnent using CW 15 |E pronoter Qur goal is
to expressi Wenfficatiocddisamnd ®ionofitHoMVEemsissiwblAvr indértidrllakd bxpresion/of oy fast es and
other cells permssive for HV. HCOW infects OKT4 | ynphocytes and expresses
at | east i mWedaratcentiouind ip ¢xiiipe gtharcmgipns of Hizes HCWW | deson(e2i6 , addilionatn cthep Kiahjaddtign
repl i cat efsagmenten the insegiion and expeessiomef dereiamgends Located within ¢het19\kb Xbé O fegpent $ssa a
20 for ei gh# KeRamh iragment ¢nataising @ pertionodt theteng fietivRal feegd (Toisdragment exp@ssBe @ mRYAls:
const r it # A Keawiydressageprd ¢ Wﬂ@'qua'_tbee_aéla{“P?gr Heck b ’F'@gﬂ ig thecpost-ibhdapireRNA

cl oned an?f°°f_“ﬁ§e‘ir3’ botg 93'\;?3@? late fimes dfing {nfegtion apd;maps;te. poouiAiRP hasewarsiuneirepm gt thiRho| v
adenyl at i 88 @M%Y @Phe 37 end. Constructions: We have cloned the 19 kb
Xbal E fr Jom.the | on ni egion. This fragnment contains the IE
pr onot %J %%@'ﬁq}he ;9’ yg": 14 gman]t :S/ivas Slﬁlb-C| oned fromthg Xbal
piece (see hg\iohed’ss ki fml-ﬁisf];ag ERYEE 3% nl ﬁéttb BP siter Kad 'the. PR TS Al et
enhanper’&d&%ﬁbea'ab&e (‘&.gs was ihsd oeéSH"Fi'@JPQSS)% th 'ir{x?i f tnd BQ-%ﬁlggdPstr g th' ready
protei N Siedh lestablibhed, this hBW laSit FpEYRH ?E&Qﬁﬂk@&s oﬁﬁﬂﬁd?tt Eﬁ st fctn but
bet a- gal dsagdmditbetly H Homoldhda rdchifbidaion. OW NG el enent s. Fhe Bet a-gal enzyne is
truncaked at the 5° end at the BanH site located 4 amno acids fromthe
am no- t e3.insudon oLEMBg_Meﬁ-TgaIUM@HEMVBE\ﬂmQéARﬂ)hﬁn@@s the pronoter region
of the HSV TK gene I ncluding the protern start codon of TK which is fused

i n-frame toAtriombéredf andgpandepe rensfedtivh skeks- Waeriladé in@RMENHSYH I 2Nk eV DRA Gvefdf

t he HSV TrHixegcim garious profiontignst dnd trarateytediieHFF Icallsiusing thb golgtirenie Snelthda.cithe tesilts of these3'
“end of 30t Heandfestiens e degerihed in3Mabld I3cOnebstqrk ontadf 80 siidwbd higieg thaim bxpacted bea-geb detitity t he
5' end of(CTh)sant thisawasaised: fonthe risolationzf rechrabifpt viws.tAerecdmbinaat HBAY W€ puetitid drom

r epl aci nghis Isteck-oy, plagueppusiiingtiasr This racomivirant-iBivied | t& gjye diveobest yibld of viest and EBXAR1 .

2. 3 | nseramopg thesHqMMsecqmbingats gongiucted deimie s & nesul, e bl gffots bayerbern foqusedhan |
del et i on i3 sitpgfarihe ingprtion of fereioniagnas. This 1eeqibinant ¥irus wee dgsignatet) SHIOMY-008 Hecksiofgal
const r Hctiid ¥ruRd@IcalyFEduend 5 low love! faout 1%) @ijyvhite,plaqueg whes @apsgyed; ferdletsrgalgtrodupion.
EcoRl H (8% plaques baya Agt bpancharagledzed,y 1 3)  Thi's construction is pSY930.
2.4 Confirmation of a functional construction of the pSY921 by transient
expression 45 As described in Section 1.4, the DNA fromthe HCW
e/ bet g-gal plasmi d pSY921 was tested in the transient expression system
The plasnm d beta-gal gene responded to HCW signals and expressed the
enzynme. In this construction, the IE pronoter may produce | ess enzyne than
the gpX pronoter in the transient assay system (Tables 1, 2). However, the
bet a- gal expression was observed to begin sooner after super-infection than
di d gp& pronoted expression. In addition, there was sone neasurabl e
expression of 50 the beta-gal fromthe IE pronoter in the absence of viral
super-infection (see Table 1). It is interesting to note that pSY921 al so
expressed beta-gal in this system when pseudorabi es was used to
super-infect the cells (Table 2). Thus, just as the gpX pronoter responded
t o het%®rol ogous regul atory signals when |ocated in HCW, the |IE pronoter of
HCW responds to the heterol ogous signals of pseudorabies. 55 These
results indicated that pSY921 was intact and functional. 12 EP0319570B1
2.5 Insertion of HCW/ beta-gal IE into HCOW at EcoRl H using pSY930 pSY930
DNA vvasg conmbi ned with HCW DNA and transfected into HFF cells as described
in Section

in
in

13



1.5. A beta-gal

reconbi nant virus. /
the I E pronoter probably functions t
PhgihS

positive transfection stock was identified and pl ated out.
Twent y-seven positive plaques were 5 picked fromthis plating for further
purification. Wrk continues on BM@319%40RY purification of this

However,

| ocation in HCOW. Thus foreign genes

the prelimnary positive results indicate that
ress foreign genes in the EcoRl
be expressed at this site in HCW

H

eit her under conttrol—qf honpl ggous (J IZ) rheteragl Qgouys. (GPY) her pes\/i rus
ronoters. 10 3.|1Stoeker]t i f Plenid gn HEMVDNAeL ondPay eept OF off HIWAE per mi ssi ve for
iImserjion and expressijlon of forjei gn genefp piqued’ hﬁr%&[”“i ng tlo ex?m' ne

ot her regi ons of f Hof—ethe—xieo—ureHi on fragnent
for the insertidnCkhl |eXpRO$Le dn 1912% or ef g4genke$! Logdat ed wilthin the 19 kb
Xba D fragment ifs a .[4 kb BanHl $%Agment Bnt af FERY 4 Wortign of the Iong
internal repeat.| Thi$ |fragnent [expresses| 23 &7 15|a*t* Kb early
nessage and a ngjor 2.7 kb garly nmessage ‘f'ﬁe_ 2! 7! rrFmﬁ i s |the npst
abundant nRNA prjoducgd at LeEs early and I.%’e t dgrihg infection and
maps to about 6(J0 bapg-pairs ugstreamof| tRe.RIf shte ¢n this [fragment (29).
3.2 Constructior] of §ie honol ody vector pSY_1 1232 )T iy Cl Oorjed 5.4 kb
BanmHl fragment wjas opgned at the RBlhckivi € and thie 5 bet g- gal construct
(descfi bed abovg (11@)])) nb@msrhidSerdoGEMVSE FLgure sblp) g he ifntegrity of
the beta-gal cornstract| f1asli.aLydady been festygblishgd, fhis ney plasnid
(pSY1112) constrjuct ags not furft heos)t ested 1y tf apsi et- i nfedti on but was
used directly ir honpllogous redonbi nation. 1825 3 20l ns¢rtion df PRV

gpX/ heta-gal intlo HGW BanH (4.4 kb) usj ngapSY1242 A|nunber |of independent
twanst ecti on stdcks 4re made ijn which Y1312 jand H DNA vlere m xed in
vari ous proportifons &nd transfdcted in HFF18el ||s20si ng the pql ybrene _
met hod. The resyl €5-bff 1H@98ugd( tPansf ecti obs ardédes¢rtbed iln Table 3. One
stock out of 30 [showkd hi gher tlhdi@xpecjt ed8bet -1gal ctivity (CT3-3) and
this gas used fdr the|isolation of reconpinfnt i'Bus. |A recorfbi nant HCOW
was purified frdqmthtgd stock by pl ague pluri®icati'®n. Thi s redonbi nant
proved to give tlhe b24t yield df (W%hs nd '8nzy[ré! anofg t he HOw

reconbi nants corlstruftjed to datle. As a resugt inifttTal effforts have
been focused on |t hi sesite for tlhe insertij o?zof ei g ;\%nes. This

recombi nant virys wes |desi gnat gd S- HCM/;OO ) q &’;.))OI tthi s virus
typically produqegrey I_o,vy1 @%E (gpout 1% qf t& Pl §qiles when assayed for
bet a- gal product|i on., These tle ppues haye nobybeep charadteri zed. 40 45
50 55 13 EP q 319 %70 Bl TAE»Lé 3 Stocgk . l?g@,jrri Gwpo HCYW DNA

Day post CT ONPG 5 10/ 11 20 -

pl aqdes harvedt Cig{1 1112 |[err] 10-20/ | 15 44 31 2

(10/ 3) 2 6 | 32(D) ND 3 11 15 - 31*
37++++ 4 7 20/ 4 7 a4 5 | +- 1.0 [err]

32(D) ND 6 8 . 122 18 3% ++ - 7

3 32 8 9 | noplasmid | no HCMV - 15 BND( D) ND 9

no H&w (D D 15 T0O — no pl asnid

no HCW - 32 (D ND

3.4 Confirmation of S-HCMV-001 structure by Southern blot analysis

45

In Figure 3A viral DNA was digested with Hindlll and probed in a Southern blot with the homologous

Xbal M fragment (see Fig. 1 for restriction map) or with beta-gal DNA. When probed with the Xbal M
fragment, Hindlli fragments E, G, and K from Towne DNA hybridize (lane 2). In the recombinant, both
fragments E and G which result from inversion of the unique short region have increased in size due to the
insertion of the beta-gal gene, but the K fragment remains the same size (lane 3 and 1/2 of lane 4). This

indicates that the insertion of beta-gal in the junction region in effect freezes the unique long segment of the

genoms in one orientation and prevents the normal reorganization of the genome that occurs in this region.
When the same digested DNA is probed with the beta-gal gene (1/2 of lane 4 and lane 5), only fragments E
and G hybridize, confirming the conclusion reached above. Lane 6 shows that there is no hyridization of
beta-gal with the Towne strain DNA as expected.

56
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CT4-1 1112 1.0 [err] 15/ 13 20 2 (10/ 3)
4

13 " 20'3 13 20 -
13 20 + 20 EP 0 319 570 B15 13

6 13 20 + CT5-1
1112 [err 20/ 8 16 + 2 (10/3)
8 1@' - 8 18 - 26
4 Woe haye identified 2 sites on the CM@ genome wntﬂiﬁ’ the internal rep§at region which allow deletion
(12/16) and/or msért?on of foreign-genes and pe t the expression of these gen%s using either heterglogous or
21 5 _hdfnologous herpesvirus c§>romoters 3 _ -
12 21 +/- 3 9 no plasmd
16(D)  NBxamph4l 1112 0.5 [err] 5/ 11 15 + - 2
(12/16) 11 20 3 - 15 (D)
ND 4 DESIGN AND CHEMICM. SYNTHESIS OF DNA CODING FORCHI3 ANTI-SENSE RNA 5
7 10 15 +/- 6 11 15
+/ 7 Zamecnik, et al. {80) published a study on the effects of ti-sense RNA on/HIV Bplication in vitro. This
1 1 1wk pointed toispecifiy anti-senge 5Né_’g thatjwere atfectiy@\i/blocking HIV replication. Bak8d upon this ND

3. 4 Conf i infereatiens we fesipneqihe/aniense wenee Thersynthasis hihe prdirsansgigene ispulingd inJakle 4.

In Fi gure 3A viral DNA was digested with H ndlll and probed in a Southern
bl ot wi't h* fﬁw&ﬁﬂ_@éﬁ;ﬂﬂ% Mfragnent (see Fig. 1 for restriction nap)
or with bet with the Xbal] Mfragnment, Hi ndl]]
fragnents_E > %s, "F?“?r%’ﬂ‘f’#dfhﬁ%b DRV 15Ytpezed g3 51“@”52)“3'"9 Gorvppgional chemical
reconbi nafit" °bor'h ?agments E and G which result frominversion of the

uni que,short region have increased in size due to the insertion of the
beta- ga gene, but the K fragment renai @apgigegsane size (lane 3 and 1/2 of
| ane 4). This so indicates that the insertion of beta-gal in the junction
region in effect freezes the unique | ong segnent of the genone in one
orientation and prevents the normal reorgani zation of the genone that
occursag n this region. Wien the sane digested DNA is probed with the

bet a- gal ger®ligoidess S¥nth@tmads (&nd Iane 5), only fragments E and G hybri di ze,
confirm ng the concl usion reached above. Lane 6 shows that there is no
hyridi zation of beta-gal with the Towne strain DNA as expected. 55 14 EP
0 319 570 Bl Summary: We have identified 2 sites on the CW genonme w thin

t he i neer nall-MepRATITGT EGACSCGTAG TCACCAGTERCCRIACACCOAATTETGAAAATEBICGAGN of foreign
genes and pernmt the expression of these genes using either heterol ogous or
3 horol 0gous BneAGEISTERACCATT TTRAGBAETGRETRTAORECOACIEET GAGTARBLRTGENE CAL

SYNTHESI S OF DNA CODI NG FOR HI'V ANTI - SENSE RNA 10 Zamecni k, et al. (30)
publlshed a study on the effects of anti-sense RNA on HV repllcatlon in
vitro. ®rhis %vl%rgm nted to specific anti-sense RNA's that were effective

i n bl ocki ng BRPRIE i on. Based upon this information, we designed the
anti-sense gene. ThE synthesis of the anti-sense gene is outlined in Table
n ragment _

N 40

5'- AATTGTCGACGCGTACTCACCAGTCGCCGCACACCCAATTCTGAAAATGGTCGAC -3
3 CAGCTGCGCATGAGTGGTCAGCGGCGTGTGGGTTAAGACTTTTACCAGCTGTCGA -5

50

Splice Accepto: Site

The N,N-diisopropyiphosphoramidites, controlled-pore glass columns and all synthesis reagents were

55 obtained from Applied Biosystems, Foster City, California.
Synthetic oligonucleotides were prepared by the phosphite triester method with an Applied Biosystems
Model 380A DNA synthesizer using a 10-fold excess of protected phosphoramidites and 1 micromole of
nucleotide bound to the synthesis support column. The chemistries used for synthesis are the standard
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15 4.1 Synthesis of DNA oligonmers The two fragnents shown in Table 4 were
synt hesi zed as follows, using conventional chem cal synthesis methods: 20
TABLE 4 25 O igoners Synthesi zedP Q819§79Bt ) 30 1- A

AATTGT CGACGCGTACTCACCAGT CGCCGCACACCCAATTCT YGAAAATGGTCGAC 1-B

AGCTGT T;I'T;I'"% 2T L OEECOCACT OCT ACCC oe AC 3y H na Fragment s:
Fr ag men Ie agjé ’ S ‘A I.r‘-ﬁg i‘lg]*l]; A: -\f‘fﬁ?’ﬁ.?{é q{g%?’u {EI n? IE‘A’ ‘v‘ . RS !. AC

-3 3 " describe Biide i ge sothe -9

45, removed protecting group as recommended by Applred Biosystems (1984) was greater than 97 5%

Hd/?’ Sl The crude oligonucleotide mixture was purified by preparative gel electrophoresis as descrrb&ﬁt&y tﬁpl ice
Donor  Shpged BiosyitloinS Brofdeai€ Bit Mdventiek 8, 1DB£ (USer Bulldtih NOP13).Pihb REIDIBRIS & EortehtRS .

cont r ol li@Crafedl BMII026 20% abpéndisy BRI tha ength Yithd\@igbrier T3 @AiMfed olifoM6r vaie idehiiiad ned

f rom Appy Ueehadovariy sicetfronthe bet andextractedGat Itef cRish britt sodlyprbdediré (33).

ol i gonucl| e ifrdgsentser-£& ad eBawessd mixpd (50 eng (il @8qh}) ihbated 10i 65SC @and Bldved & anhdahbyn
Appl ired siBivip syaitgearsodu heiperRB:@ A1(DNA ot §51tCh @6 imreat 4aSC,niQ nain 41042 0] 1h rein @E3Z Cof

pr ot ect edl {9hais ptroera tamperate®). Jhel arheaiedcPNAwdsdigaiéd into vbatan pB8 M18 6 Wimoh Steatagere)

synt hese$ with fgefii tand blindiiiand Tensforrted rinte UM Q9s Coleniad Wersr scespngdhlayséoipni hybritlipagion

st andar dsi abgigul frrgmeny 15z Thigy pesitive olowss verecseleptag MiNAvaE dgolated dromthelcolonies

- synt hes (i Preareptiod\Asd Beagined B ageroseep! SDSQ'PPWBE'& fosingertsi Bya DAdnsentsof G plgamids t he
ol i gdfrepee P?%'ﬂ'i'% By ?elpr"at’@ab tmqmsﬁ pibfecARdgd aeeanﬁ ? ESiRApRya )

proc ed i"’@%r g% th

e
th %’ﬁ "r i ¥, ho r"bt '&t‘
ol oup ok %rﬁﬁc@gmﬂ Wb Eﬁr%ﬁ éﬁ? b,
The ¢ % R aamrarrqteee Adtn nﬁgars "%ﬁa‘% ould
Z—I (-Ejhgﬁp%e lb & hig st an

Noverrberm 113 e acry a e ge concenty an tion
vari ed from 10 to 20% depend| ng upon t e l'ength of the oligomer. The
puri fi ed2 @bAsHWBHY of\p8®1168lENt i fi ed by UV shadowi ng, excised fromthe gel and
extragted by the crush and soak procedure (33). The fragnents 1-A and 1-B
wer e m xedhg P& wegmedt comaihiig thé AIBME0E brombter énhancértegichl (Fig\veshdtSactidi R22pasiut | O
sl ow y atand intle@halcSack sit® o dreapge 1.8 kb fraymipAiCanyiny tBé IE pednidter hhd shancat anp art bf therd 10
m n at firstdmtrob,dimheling tharcey site.lThis shorteaet IE Grobiér fragmehtivga thedllinked 10 thedetaqyal gohts ML3+
(fr om Susingt eafiagment of biérpasi sinipldxdin/Riidineridhasd WSV ITK) gand td supply theruntahsiatad &' ehtVbOO.
Col or¢ ethe WwiRNA. Ther Reglfeagmbnt atihé 5'repd lof/HSV TK wast ¢oopledute iBagHHBEer$ ridddined 6 thaghent
1-A Tthdttytfp@émﬂl hate-gel trroment (deseribed plove, SdctioDRIR). Tikis canstiyictianeedntéinsofraddional
col oni edmipgraids, frem heed Rrskiof thentK esueiualaspe and Slepar be Bamldl)linker (see Figyh ) dke s f or
i nser t sbotargab canigs, the B4 Trsoenp pelvadenyatiancpignals attee & as desaribee e 22 dheyPstFag
ext ensi EHGHM Frgmeqtifinsaner At the son sit bihe HRATIS sqoment (FigsBhigsrenig pS¥H32.n Syl 157)
was $ho t Q cont ai the correct A frarrent sequence and was sel ected for

i i Sy Y N ORI Weered for ultimate pI acenent

into an H v i.on

cont r ol Qe iﬁgw%&"s'eﬂ e ss'ﬁ'ds’\f,%\/" {3? 2% &Mh )E’F ?p ﬁe |(sr?§(§ q gne
codl g, et ec y ex 5t essi on of beta- gal The initial constructs

[ nvoI ved pl aci ng fragment A 20 downstream fromthe | E HCW pronoter and

upstream of beta-gal so that anti-sense RNA synthesis would occur when

bet a- gal expression was observed. The first step in this procedure was to

construct and test an

45

50

55
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| nproved new HCW | E pronoter-beta-gal vector (pSY1132). 4.2 Construction
of pSY1132°'25 The Pstl fragnent containing the HCW | E pronoter enhancer
region (Fig. 4 and Section 2.2) wEP ¢3t9 &0 Bhe internal Sacl site to create
a 1.1 kb fragnent carrying the IE pronoter and enhancer and part of the
first intron, including the cap site. .III' h 5shortened | E pronoter fragnment
was t hen Ilnked to the beta-gal gene ) '5 a fragnent of herpes sinplex
thym di ne ki nasHHSX! TI(\ gehe to cllnn| \L the untranslated 58' end f 30 the
nMRNA. The Rsal ragrrentTransIQntéxm'Bssaombf@ie ABY Amiksonse Sequnced to BafHl
I'TAker s and j oi 1efl|a§nth he 5 end yemvi NGmbiRiy & ERSME RIS fescri bed
above, Section é Tht-s—eonstrdett ' Ap acids, 3
fromthe 5 end| oPSY® TK strudt ural ker (see
Figure 6). The pel'GMYlF/E-¢ad i eq tH'“e gnal s at

the 3' as descr bed (Section 2.2) *F Pst - Sac, g HOW fragn"'l.f;‘ﬁ’t9 if inserted
at thewmap site|o HSV TK senge (Flg. G")_l_to create [pS 22 35 4.3
Confirmation of Q&/ cgnstrucition by transient expr 9on pSY1132
was tested in the tr hSY844

t exgr ES_._SI oﬂn system (Tabl e 5).
(see Section 1.11) served as a gositiVve control I n these ass 4p 45 50 55
16 EP0319570131p§§A&£ 5 Trandi ent Hxpressign of the A OS g%é,' Sense

Sequené® 5 HCMV |E/A|5§/§.g5n d + HCW I nt gnsiglyie0f | Enzyne
Response OO0 420 pSY113 + +t+ 0.2026" [ *
2.8301 HCOW [eryf] - + + + + 00520 P.8247 +
+ + + + pSY12608219 +/- + +/~ 0.1049 14 o.1168

pSY844 HCMV/IE/AIRS/g-gal + + + o+ 0.1460. 821 PRV
[err] + + 4 +/- 0. 7319 +6.1457

+ + 1. 0014 -0./0481 QgSY1159 - -0.0036

+ Noplasgnio384 HCWW fer 1] + - -0.0211

0.1816 + + : 0.2026 -0.0549 98%6016D

+ 2 + - 0.1166 20 [err] +
+/ - Infected cell monditydré Wretwashed in PBS and lysedtin/ PBS containing 1%Onch4onic defbrdéR36

No pl asm @iP40). An aliquot of the lysate (100 microliters) was diluted into (700 lambda) Z buffer Qrngga%d as
-0. 0460 Z2destribéccprdvimsigel | nonol ayers were washed in PBS and |ysed in PBS
cont ai ni ng TRé msults from ittesalasays dreiicite tHAPASY) 1324¢1infatti afjdl Ginctiohal. tik edditigr; aficdnsthiot
m cr ol got ewith)thesamcathid| HAMMIE ipromotef/grbancbretrapmient isZhdombsk adtivenst thedmpag/ gromeéter beta-gal
descri bedugiane\so derstested Tampare 401 pSYB44)r dsnirt the srasen ol pS¥921 (reliryingt the tidiger HEBIVLIE3 2

is int actff?aﬁentx the elaproid HNA wap, capgele pf some slight bﬁtacqahwreamn in the absence of CMV super-
infection

35 4.4 Construction of anti-sense RNA gene: beta-gal fusion vectors (pSY1159 and 1160)

The initial construction of the anti-sense homology vector involved insertion of the anti-sense gene from
PSY1157 (see Section 4.1) into the Bglll site preceding the beta-gal gene in pSY1132. In order to achieve
this the fragment A construction was cut from pSY1157 with Sall and the 45 basepair Sal insert was purified

40 from a 3% low melting point agarose gel. The vector pSP72 (a derivative of pSP64) was cut with Sall in the
multiple cloning site downstream of the SP6 promoter and was ligated to the purified A fragment. This
construction (pSY1158) places the anti-sense RNA gene into a multiple cloning site with unique BamHl| sites
flanking the construct. The insert was then cut from the plasmid with BamHI and the purified insert DNA,
now with BamHI ends, was ligated into the Bglll site of pSY1132 within the HSV TK region immediately

45 upstream from the beta-gal 5' end and downstream from the HCMV IE promoter/enhancer. The insertion of
the anti-sense fragment occurred in 2 orientations, the "correct” anti-sense orientation relative to the
promoter (pSY1159) and in the "incorrect™ sense orientation (pSY1160).

The constructions pSY1159 and 1160 wers confirmed by double-stranded dideoxy sequencing and by
restriction analysis.

50
4.5 Effect of anti-sense gene insertion on beta-gal construction: transient expression assay

pSY1159 and 1160 were tested in the transient expression assay system (Table 5). When the anti-
sense sequence is present in the (correct) anti-sense orientation (pSY1159), the downstream beta-gal gene
55 is expressed at low levels in the system. However, when the sequence is in the opposite orientation at the
same location (pSY1160), even less beta-gal is detected. It is not clear why the anti-sense sequence affects
the expression level of beta-gal and work is under way to investigate this phenomenon.
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30 with the truncated HCW | E pronoter/enhancer fragnent is the nost active
of the herpes pronoter beta-gal fusions so far tested (conpare to pSY844).
As in the case of pSY921 (carryi RGO STRBYer HCW | E fragnent), the

pl asm d DNA was capabl e of sone slight beta-gal expression in the absence
of CW sy @ornétmich%g{:t“inorn\ie 4. 4nti§:onsétructi on of anti-sense RNA gene:

bet a-gal - %he initial construction of the

ti- | j i 1 Lon. qf ) i - f
ROREINEC bk ki o b A ALV ke
T pSY 11346 bibs Odr ASNA b&yuétetd GHén Itu&dstot’: _l‘f:lg bd%a— P15Vofe C hdpftlds Wets-gaut
from ps&ﬂr&-zioij\ﬁ Whbnfdsh samél sdqiéncéds ard AREP B the SALmInEISE Tbbta YRS mbch" ﬁiﬁgele veéiddot T OM
a 3% | owxgredsion Brg pBrdiitiall uSHaNiELR6h Vaifhlthe rdddmbi&t bsduddrapieé2 (2@ derivative of

pSP64) WasTHeUAIDSVaiitiBenSéllgbnel Has thBéh pratledl ibBHi Sotgal Bfa Shrbéky GGdiA Shé @RMexprbsdcie SP6
pr onot enevalrkels béds rdised aiamekichlly. t he purified A fragnent. This construction
(pSY158) places the anti-sense RNA gene into a multiple cloning site with
uni que BamirbrysAntisense RNAlgeneccobdiractiosnst ruct . The insert was then cut fromthe
plasmd with BanH and the purified insert DNA, now with BanmH ends, was

| i gat ed i n¥e heygecapgiructed A H@ badepairSarfitisaise viRNA genet o HBVbESEd wpgi publishetreidiaat el y
45 upst ndigating thatihisifequsageds gifctive'in winejinbingkintoiiiM senlication. Therantitsbrse IREMgeneChas

pr onof e PP RIAcAE ader the, gontralodl asireng 1B HOMN cprogiptar/enhancersenvesemendibelgwel axpressionn 2
or i ent at"PhHpren epgipeered ps acmarker for anti-sqnse; BNA oxpsessian. Wik the paisense RNY fesed tthenot er
(pSY1 1S58POYMIMing of Fraal-the,prepsinpfevel.of AA andaralein 519tk ( pSY1160). The
construt‘Etxi ons, pSY1159 and 1160 were confirnmed by doubl e-stranded di deoxy

sequez?ci—ﬁag"-i)é-leﬁsd by restriction analysis. 50 4.5 Effect of anti-sense gene
r

iaserti Qi - r Lon: o n i p i Y1159 and
1750 ey s LR BE: Ft7p SOHES WIS with ST RN BETHERT b ERARSBRI P Rncn
the anti- sense sequence is present in the (correct) anti-sense orientation

(PSY1159) ,in bher MU 1he DS Berids IRNEG8 BrgeP ok it SRR siittegl, EMENREL: Dol N
the syskBgto hiBWaNERS colldlafd adtiidly §HEHBE GRA HImI the RfadRBRAHY SrSméidrl & Mcaitlrépart at
the sangzs) a6saited e (repivatidnl SHCMVERSBI i B-imBRIcRed ahe bemdAGFaRSH & Ghioctd cbiis dA@!

cl ear Wigrehdae intvithlititeP @616 PreSentbd A8 6\ideAds 1B:GATECtibm Bhed¥ Bt fpbst o $rW at Bth Gets- gal
and wor kind ©KT8'CkabpopélatiohsOcannsupsdrti IIEME replivation) NiNEreseAEof ithrhediate BirlyOraRscipte 70 Bl
4.6 CongbmiscMvomisfettad OKA* @ells haalsd e Henwhstatst (265 dNhe oxpEfNaBIopdRedXBie] wd. 59
and 14 60avdouspd cetowbinant HCMV adohiginibg: ttiwe- bpkd-gal lcadseteninseetad at e r A Ssite Gm theHBavei er |
bef or e [ragmentiofribe Tewne rstrain.t Thishirus dedignsied Stzaim) 601e was pliogenHighvhiish dtdpald beepsilgssi on
of the geieried by bluss plaqup|agsay \pe by, hete-ga) lenzwmet determitationsnin thie vieus the babigel gewliences
when f ug@olied by the AGVigeX bpiagp! Rimmotas e degeribed in Qections 3.8 We bavgelsg ugpd| Towne,

expr essBIFS: AcHerty) Butevits sfiege dwiepsdingias musicher quaniitatad By thecstandarg plaquecassayf Wo

bet a-%§afave WMP"W gspare Jo gronitoy Hedafectio ohthe QkE¢ ik fing HUTSvith 1G4 fean
with th8esied - Jefestienuy Q5T & dymahocytoq BYCMN™) sense gene has been pl aced
behi nd beta-gal as a carboxy fusion and the expression | evel has been

rai sed dramatically. 10 Summary: Anti-sense RNA gene constructions: W have
constyucted a 50 basepair anti-sense RNA gene from H V based upon published
data 1 ndicating that this sequence is effective in vitro in blocking HV
replication. The anti-sense RNA gene has 15 been placed under the control
of a strong | E HCW pronot er/ enhancer sequence and beta-gal expression has
been engineered as a marker for anti-sense RNA expression. Wth the

anti sense RNA fused to the carboxy termnis of ‘B-gal, the expression |evel
of RNA and protein is good. Exanple 5 20 I NFECTI ON OF HUT78 CELLS I N VI TRO
W TH RECOVBI NANT HCW AND EXPRESSI ON OF A FOREIGN GENE In order to deliver
the AIDS anti-sense RNA to target OKT4 cells using our strategy, HCW nust
be 25 able to infect these cells and actively transcribe RNA fromthe

i med¢ ate early pronoter. A recent report

56
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(28) describes the replication of HCOW AD169 in T-|ynphocytes. The
denonstration of infected cells and increases in viral titer were presented
as evidence for infection. These ERGSWATOM to show that both OKT4+ and
OKT8+ subpopul ations can support HCM/ repl i cation. The presence of
i medi ate e nf ected OKT4+ cells has al so been
denonstr at egﬂ%%ﬂé@%ﬁ? e""t'a°>? ea'fel rre 'rslT?bépdrted here, we 30 have used
reconbi nant HCW cont ai ni ng the bet a-gal _.cassefte inserted at the Rl site
b\g{t he BanH fragnent of the Towne strai ﬂ' BER & i rus, designated Strain

, Was chosen because it coul d | ue plaque assay or
by beta-gal enzyne determ nati oﬂ?‘:ﬁ?" |&()si-"v:i"I wﬁﬁe&%‘é'tga gal gene is
controlled by the PRV gpX beta-gal pronoter as described in Sections
3.1-3.4. W have al so used Towne, AD169, and "Jerry" but with these viruses
pl aques nua) bmfeytions Centércasshy (% afestioas Gedteespl aque assay. We 35 have used
three éifferent assays to nonitor the infection of the OKT4 cell |ine
HUT-78 with HCW (as described in Section Il, "Infection of OKT4+
Lynmphocyt es by HCW"). 40 45 50.55.18 ERQ3 10y Pontilafietion oSyl t s of our
experirrents‘ﬂﬁﬂe—e-h-em—i—n—ia-b-l-e—ée——‘mslsé-s—s 2 10 12 14

I nfection OKT4+ Cells with H I nf ec us Cepter Assay (%

| nf ect ?%us%&\nters) 10 Days Post*I'nf ec?1 on \f&hg 40 0.0 0.0 3
7 ) 12 bhi15 13001 0.01
0.1 0.03 0.0 15> 13%7 9‘3wne 0003 00 o0

0.01 ADI%9 0.3 002003 13 0. 0p.s6 Cb6b1AD1Q>9o 0.0

0.02 1.8 0. 56 0. 007 0.0 .0 20 Jerry

002 Jerdy 0.0 000 00 0.00.0 0. OZX) no ViQ.Qs 0.0

0.0 0.0 0.0 0.0 0.0 b) Cell Free
Virus Ti tel“°(”FF‘!J/ 105 celI's) 30 Mys Po890 | nf e®fion Vid@s 0.0 0.0

4 8 I 1 14 001

20 25 200 i 0 5.To0

600 670% !nfecuous&fnters = ™ ce’l‘ls/ml aques}

350 1300 200 5 B3 Su '3’&%?“‘““ plated)

29 21 0 0 ' 0 no virus _ _

0 b9 Cell Free Vrus Titer (PFU/10% cells) 0 45 Both the infectious

center%assay (a) and the assay of cell free virus (b) indicate that HCOW is
capabl e of infecting HUT-78 cells. The i nfDavkiPostdnfeenidrer assay i ndicates
that the mebitwum nunher of infec#ed QKT8 cells8 (mpximih of 1.18%in this
experinment) is observed 5-7 days post infection. AD169 |eads to nore
|nfect?e5d c@P!s than does Towne #hich 2 turn 4&ads to flore thén its
reconbl"nan 001, containing t bet a- .gal ge of E. ¢oli. Strain "Jerry",
the clini ctérl ingol ate, failed tgggroduéégsl gnl ?&cant i nPectiou? centers in
this 50 cel{pjgpne. These data asrﬁ suppgyt e l%%the celk free xirus titers
produced from I nf ected HUT-78 cu turese?TabI e The "hi ghest virus titers
were ofyservegdyin AD169 infectedagells apout 1 yveek aftgr infegtion. Lower
titers were obtained for the Towne strain and even |lower for 001. Titers
for strainnélssy” did not increase durgng thepexperinment. 0

45 Both the infectious center assay (a) and the assay of cell free virus (b) indicate that HCMV is capable of
infecting HUT-78 cells. The infectious center assay indicates that the maximum number of infected OKT4
cells (maximum of 1.8% in this experiment) is observed 5-7 days post infection. AD169 leads to more
infected cells than does Towne which in turn leads to more than its recombinant, 001, containing the beta-
gal gene of E. coli. Strain "Jerry", the clinical isolate, failed to produce significant infectious centers in this

s0 cell line. These data are supported by the cell free virus titers produced from infected HUT-78 cultures
(Table 8b). The highest virus titers were observed in AD169 infected cells about 1 week after infection.
Lower titers were obtained for the Towne strain and even lower for 001. Titers for strain "Jerry" did not
increase during the experiment.

Establishing the infection of various lymphocyte cell types by HCMV is complicated by the carryover of

65 the inoculum virus prepared as a crude cell lysate. In our experiments, the crude cellular lysate contains not
only virus but considerable amounts of beta-gal activity. This activity was sufficiently high and stable as to
mask any activity produced by OKT4 cells infected with 001. The results presented in Table 5 should not
be affected by the carryover of material from the inoculum. Rising virus titers and increasing infectious
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Establi shing the infection of various |ynphocyte cell types by HCW is
conplicated by the carryover of 55 the inoculumvirus prepared as a crude
cell lysate. In our experinments,ER®81EORI cel | ul ar | ysate contai ns not
only virus but consi derabl e armunts of beta gal acti vi ty This activity was

"t cct egory [t oo nen, e ot w8 i ik CaPloR S ppeso o ot
fect ul't W ' "” et ed
oy e e i sl e, 'mﬁs'g‘ e ?‘é'?m%%'h?'l?rﬁ LS8 Lo 00 PR ©
i ncr eaS| ng | nf ectious 19 EP031957OBl centers indicat e active infection.

MY SUuPs agldBRles €XPEri Ments we are using cell-free virus preparations and are
taking sanptres at zero tinme immediately after infection and absorption to

bet t er cofte; RbizndAYin PRHeHdldedMiruséa VbR B Roizman &3B! €23 Bidnun PBbs, RI1gdERN, 1N
"The Her p2EyicodeRé GMO Nankdrvis, iB."ViFaP infedbhs Bﬂiumaﬁsp Epiderfidlogy ing f@éﬁﬁopr R8SEvahyY,

1982. 2. &., ppol46-181) Blafenutn PONEMY76S, in "Viral |Inf ect I ons of Hunans:

Epi demi ol &@yEleinghd BoBtemplancet A1-8, 19#y.ans, ed., pp. 143-161, Pl atenum Press,

NY, 1976. 4. BQ. Neff, 8t al. Prod-bithe Soediot-ExpbiBint. and Med) ¢603287,119%9. 1974. 4. B.J. Neff,

et al., P5.8aA. Pokintdiel. Sownal dfdnfeckious tDiseasBi1d4:4704TEI 19#8d. 160: 32- 37, 1979. 5. SA

Pl ot ki n, @tM.dust, et dolnfectioh 3311-114f9¢5.i ous D sease 134:470-475, 1976. 6. M

Just, et B&IRC. Gehre.®t el Argh.Intarn. Metl: 140: 986-939, 1980. R. C. Gehrz, et al., Arch.

I nter'f. NMbd-P. Glasr, ebal g Amng ipterm Madh 91:676-683, 1979. J P. G aser et al., Ann. Intern.

Med. 91 :§PeL 98'3"3"1’97393' énn. fgteqn. Megk; 183 478-483, 1986 _ Ann. Intern. Med. 101:
478- 483, a’l%ﬂs of al. \glacule ‘§°""19t Aéer"’af%P’(éw! &P'd Seing; Hagor hahorabasy Biess
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Claims
50
1. A recombinant human cytomegalovirus which comprises a foreign gene inserted within the human
cytomegalovirus genome, wherein the foreign gene is inserted within the 5.4 kbp Xhol fragment shown
in Figure 1, and is capable of being expressed in a human cytomegalovirus infected host cell.

55 2. The recombinant human cytomegalovirus of claim 1, wherein the foreign gene encodes a human
immunodeficiency virus anti-sense mRNA sequence.
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Claims
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1. A recombinant human cytomegalovirus which comprises a foreign gene inserted within the human
cytomegalovirus genome, wherein the foreign gene is inserted within the 5.4 kbp Xhol fragment shown
in Figure 1, and is capable of being expressed in a human cytomegalovnrus infected host cell.

§6 2. The recombinant human cytomegalovirus of claim 1, whersin the foreign gene encodes a human
immunodeficiency virus anti-sense mRNA sequence.

20



~

28. R'W Braun and H. C. Reiser, Replication of Human Cyt Lrus in
Hurman Peri pheral Bl ood T 40 Cells, J. Virol. 60:29- 361@3&#@ ’ mm
Thonsen, et al., Proc. Nati. Acad.ERR®A19§%B81: 659- 663

Zanecni k, et aI , Proc. Natl. Acad. Sci. USA 83:4143-4146, 1986. 31.

hi |
Ve de, B 53% el W, SV BteoER g 2 o] dr” iy 0o corhips = oo

Met hods in % _ . Zagursky, et al., Anal.
Techn. 2:89-9 Eﬁ@?]\cggér G%ﬁA?é&&@Tc Gr])serl ments in Ml ecul ar
Cerfet i cg, 4C0+hq reddmbght 'ﬁ’ﬁtﬁé?t%yton%alov% of %Ei?n 3%9reﬂ1qggforGGnEHeﬂ§ entBdet -anAntigenic
reconbi nant Rypeda&Yt onegal ovirus which conprises a foreign gene inserted
wi t hin the human cyt omegal ovi rus genone, wherein the foreign gene is

i nserted 6 tiNeredoit®inant huttlip cyidnidgalbvirag) B E1him S4) Mrein thd—fofbitnCgene eddlesl & mariRbI e
of bei ng expsufseantigo® a hurman cyt onegal ovirus infected host cell. 55 2.
The recenbi nant human cytonegal ovirus of claim1l, wherein the foreign gene
encodes aéhuTmaedombinand Herhancdytomegaloyvirvsied claimt 1, -vwhenain dhenflidiyn Yenpuencodes E2 Qoli beta3.
The reconbi rgalactosidean cyt onegal ovirvs of 2, wherein the foreign gene
conprises a nucl eotide sequence

5' - GCGTACTCAteAgsp ohAlalMGl. Jvherel theyforeigh @enecie yrdsr Aenfrel dh@fran
cyt onedal OV|9"9‘39°E‘H“SE|PSHP§Y‘? ﬂ“m%@?@?%b‘t"l‘l%p'f’mtéfrgn gene encodes an anti genic

pol ypept| recorrbl nant man cytone aI ovj r us of claim4, wherein
t he forel %‘g '8° "f"[ﬁ{?ﬂ "”§u?ff%\ad’8 éri’fhletj@n °f6d?9°"°1’ﬁé’p?t@8'8rfﬁ'f“ﬁ'ént
hunan cyt onme F'S%"r"\/'tspqu § 1% MR IPmedipR PAY Rt or ei gn gene encodes E. col |

bet a- g‘,gl %Ct;?'uglrgc%ﬁtgmanz hurﬂ}- y‘o%\ Jmﬂr claPr%J meFeYn tggr?ogé%nO%HE lf!ssun(agr c%l’nt%l '29 ;'

wherein 't ug r con enous upstream
human cyt onega 0\9| ru pro#oter . The reconbl nant human cytorregal ovi rus of

claim7, WaefrglrbomBiant AHRMCRHSgdiRiRls’ & iim 6)UWHERINGId MIBFEIGHORY bfshiSamPHroMBbiaE | S
the i medi atife SBldoVabids qm%@gopro%%, gpR-pro hagr.r €cOMbi nant human cyt omegal ovi r us
of claign1l, wherein the foreign gene is under control of a heterol ogous

upstr eam p{.0MRtrédombikdht hurkd dyRmegaRvIBITF clikh 18 wheisin AR BEMr6ldgolis Gpstdant prambtbris
wher ei n t he thehuatad breegalowifls inindiatePaG Padntater] S t he pseudor abi es virus

gl ycoprotein gpX pronoter. 25 11. The reconbi nant hunman cyt onmegal ovi rus of
claim9, koA dierapbitic compasitiod coroprisingiiist reeamhinantomniae recylosegaiveirdsusteataim 2 and a
cyt onegal oviphersapauticalli suitableccamiery pronoter. 12. A therapeutic conposition
conprising the reconbi nant human cytonegal ovirus of claim2 and a 30

phar maceufl$-calvaoging gpmerising theafeperehinant] Bimap, cytgmedalewirue winglelns # ragd ahehamesetiedinant
human cyt omsﬁtyt%ﬁb iigfs of claim4 and a pharmaceutically suitable carrier.

35 14. A vaccine conprising the reconbi nant hunman cytonegal ovirus of claim
5 and & pH&rMﬁ%‘ﬂ? (CERPrisa 4R tespphinapt humag cytopegalovipyg of I‘f@t"hﬂé’ﬂ? |acprl?6’t?ﬁ?5’§'?af'Y on
of clai m 12 golegager the treat ment of a subject infected with human

|nnunodef| ng Vi rus. ccine f cl ai e.in.
| n-mml zin gg ;ﬁ Hﬁé ::u%ﬁ &tjc:’rétﬁtfsmgn f J@r{! éﬁf?{a Use é" S r}l{gata rg]vojf rausugject YtSetdd With human

\/
16. The vaccine of claim 13 for use in immunizing a human subject against human cytomegalovirus.
17. The vaccine of claim 14 for use in the treatment of a human subject against malaria.
45 Patentanspriiche

1. Rekombinantes Human-Cytomegalovirus mit einem im Human-Cytomegalovirusgenom insertierten
Fremdgen, wobei das Fremdgen im in der Figur 1 gezeigten, 5,4 kbp-groBen Xhol-Fragment insertiert
und in einer mit dem Human-Cytomegalovirus infizierten Wirtszelle exprimierbar ist.

50

2. Rekombinantes Human-Cytomegalovirus nach Anspruch 1, wobei das Fremdgen flir eine Antisense-

mRNA-Sequenz eines Human-Immundefizienzvirus kodiert.

3. Rekombinantes Human-Cytomegalovirus nach Anspruch 2, wobei das Fremdgen die Nukleotidsequenz
55 5'-GCGTACTCACCAGTCGCCGCACACCCAATTCTGAAAATG-s' umfaBt.

4. Rekombinantes Human-Cytomeganwrus nach Anspruch 1, wobei das Fremdgen flir ein antigenes
Polypeptid kodiert.
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2. Cytomégalovirus humain recombinant de la revendication 1, dans lequel le géne étranger code pour
une séquence d'’ARNm antisens de virus d'immunodéficience humaine.

3. Cytomégalovirus humain recombinant de la revendication 2, dans lequel le géne étranger comprend
50 une séquence nucléotidique
§-GCGTACTCACCAGTCGCCGCACACCCAATTCTGAAAATG-3".

4. Cytomégalovirus humain recombinant de la revendication 1, dans lequel lo géne étranger code pour un
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55
5. Cytomégalovirus humain recombinant de la revendication 4, dans lequel le géne étranger code pour un
antigéne de surface de la malaria. '
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