
Arch Virol (1993) 133:407-421 

_ A r c h i v e s  

Vi rology 
© Springer-Verlag 1993 
Printed in Austria 

Targeted inhibition of immunodeficieney virus replication in 
lymphocytes through retroviral mediated gene transfer 

F. Y.-T. Tung 1 and M. D. Daniel  2 

1 Department of Pathology, University of Florida, College of Medicine, Gainesville, Florida 
2 New England Regional Primate Research Center, Harvard Medical School, Southborough, 

Massachusetts, U.S.A. 

Accepted June 14, 1993 

Summary. To test the feasibility of gene therapy for AIDS patients, an animal 
model is needed to evaluate the efficacy and safety of this approach. Antiviral 
genes (encoding antisense RNA or viral protein) derived from Simian immu- 
nodeficiency virus (SIV) were efficiently targeted into C D 4 +  lymphocytes 
through retroviral-mediated gene transfer. After challenging with infectious 
viruses, the transduced lymphocytes that received antiviral genes were not only 
protected from SIV infection, but also from infection with HIV, for at least 25 
days. Furthermore, little or no cytolytic effect (syncytium formation) was ob- 
served in the protected cells. These data demonstrated that SIV or HIV rep- 
lication could be effectively blocked by antisense sequence(s) or negative dom- 
inant factors which were introduced into targeted cells through retroviral-me- 
diated gene transfer. 

Introduction 

Simian immunodeficiency virus (SIV) isolated from rhesus monkeys, has a 
lentivirus morphology, a CD 4 + cell tropism, and serological crossreactivity 
with HIV-1 and HIV-2 [3, 8]. Furthermore, SIV causes an AIDS-like disease 
in experimentally infected rhesus monkeys [18]. SIV has, therefore, been em- 
ployed as an animal model for studying potential treatments for human AIDS 
[9, 21]. 

Gene therapy has been proposed for treatment of AIDS [1]. The procedure 
would be initiated by taking bone marrow cells, including the hematopoietic 
stem cells, from an HIV-infected individual. The stem cells would be transduced 
with a recombinant virus that encoded an antiviral gene (an RNA or protein) 
which was capable of dominantly interfering with the intracellular growth of 
HIV. The modified stem cells would then be injected back into the patient 
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where they would  return to the marrow.  I f  only a small number  of  specific 
subsets o f  bone mar row cells are infected with HIV in the infected individual  
[16, 31], it is conceivable that ,  after targeting an antiviral gene, protected ceils 
would be selected by a virus specific cytotoxic-effect  to domina te  the body 's  
hematopoiet ic  system. This approach  would  probably  be suitable for already 
infected individuals where its purpose would  be therapeutic.  Inhibi t ion o f  HIV 
replication in varying degrees by antisense R N A  as well as sense R N A  has been 
shown [15, 26, 29]. We now report  that  using a murine  retroviral  vector [10, 
11, 13], an anti-SIV gene can be efficiently delivered into a cultured h u m a n  
CD 4 + cell line in which it can effectively block SIV and HIV replication. This 
report  represents the first step towards  the applicat ion of  antisense/sense gene 
therapy approach  in an animal  model.  

Materials and methods 

Cells and viruses 

The SIV macaque isolate 239, HIV-2 and HIV-1 producing cell lines have been reported 
[22]. The porcine transmissible gastroenteritis coronavirus (TGEV) was grown on swine 
testicle cells (ST) as previously described [34]. The human CD 4 + cell line HUT-78 was 
grown in RPMI 1640 medium supplemented with 10% fetal bovine serum, 2mM L-glu- 
tamine and antibiotics (penicillin and streptomycin, 100 units/ml each, Gibco, Bethesda, 
U.S.A.). NIH/3T3, amphotropic packaging cell line GP + envAM12 [19] and producer 
lines were grown in Dulbecco's Modified Eagle Medium supplemented with 10% donor 
calf serum (Gibco/BRL), 2 mM L-gtutamine and antibiotics. 

Construction of retroviral vectors and producer lines 

The retroviral vectors were derived from the Moloney routine leukemia virus [2]. SIV 
molecular clone, SIVmac239 (GenBank database accession no. M33262), was used for 
constructing retroviral vectors. For vectors SIV gp + and SIV g p - ,  a 5.6 kbp Nar I-Sph I 
viral DNA (1079 nt-6702 nt) was isolated (gag-pol region), blunt-ended and ligated to the 
Barn HI linearized and blunt-ended pZipNeoSV ( x ) 1 vector. For vectors SIVenv + and 
SIVenv-, a 3.5 kbp Sac I-Sac I DNA (6011 nt-9482 nt, env region) of SIVmac was isolated 
and added to a Barn HI linker, then ligated to the Barn HI linearized pZipNeoSV (x)1  
vector. Producer lines were generated as described [19]. Briefly, packaging cell fine, 
Gp + envAM12, was electroporated with 5gg vector DNA, pSIVenv+, pSIVenv-, 
pSIVgp +,  and pSIVgp-,  respectively, and selected in the presence of 250 gg/ml active 
G 418 (Gibco) for 10-14 days. The individual G 418 resistant colonies were isolated with 
a cloning ring and expanded to a cell line. The virus titer of the producer line was determined 
on NIH/3T3 cells as described [20]. 

Transduction of HuT-78 cells and infection with SIV or HIV  

The human CD 4 + lymphoid cell line HuT 78 was co-cultured with producer lines in the 
presence of 8 gg/ml polybrene at a ratio of 1 : 1. The transduced HUT-78 cells were harvested 
and grown in the presence of G418 (500 gg/ml, active) and passaged 1:3 every 3 days for 
at least two weeks. Before challenging with uncloned SIVmac, HIV-1, and HIV-2 [4, 24], 
the HUT-78 cells were replenished with fresh medium in the absence or presence of G418 
for at least 24 h. All transduced cells had similar growth rate prior to challenge with viruses. 
A p p r o x i m a t e l y  10 6 viable cells in 5 ml medium were infected with 10 000 cpm reverse tran- 
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scriptase activity of uncloned SIVmac (approximately 400 TCIDs0 titered on HUT-78 cells), 
HIV-1 or HIV-2. Untransduced and vector transduced HUT-78 were used as controls. 

Polymerase chain reaction analysis of producer line and transduced HUT-78 cells 

DNA was extracted from producer cell lines and transduced HUT-78 cells by proteinase 
K/phenol/chloroform method [14]. Standard PCR technique was used for amplification. 
In brief, 1 gg sample DNA was added to the 50 gl solution containing 10raM Tris-HC1 
pH 8.3, 50 mM KC1, 1.5 mM MgC12, 0.001% gelatin, 200 gM each dNTPs, 2.5 Units Ampli 
Taq (Perkin Elmer) and 200 nM each primer. The foIlowing primers were used for PCR: 
For neomycin phosphotransferase gene, oligonucleotides 
5' ATGATTGAACAAGATGGATTGCAC and 
5' TCAGAAGAACTCGTCAAGAAGGC were used for 30 cycles. Each cycle consisted 
of 1 rain of denaturation (94 °C), 1 min of annealing (60 °C) and 2 min of extention (72 °C). 
For 13-globin gene, oligonucleotides 5' TGAAGTTCTCAGGATCCACGTGC and 
5' TGAGTCCTTTGG GGATCTGTCCA were used with the condition of 1 min of den- 
aturation (94 °C), 2 rain of annealing (60 °C), and 1 rain of extention (72 °C) for 30 cycles. 
For amplification of the "env region" of SIVmac, oligonucteotides 
5' A A G G C T T G G G G A T A T G T T A T G A G C  and 
5' G A A A T A A G A G G G T G G G G A A G A G A A C A C T G G  were used with the condition of 
1 min of denaturation (94 °C), 1 min of annealing (60 °C), and 3 min of extention (72 °C) 
for 30 cycles. For detection of HIV-1 polymerase gene, the nested PCR was performed. 
The DNA of interest was subjected to an initial round of 15 cycles amplification using 
outer primer pair (5' AAAATGATAGGGGGAATT and 
5' TACATCATTAGTGTGGGC),  with each cycle consisting of 1 min of denaturation at 
94°C, 1 min of annealing at 50 °C and 1 min of extention at 72°C. Five microliters (1/10 
volume) of the reaction mixture was then transferred to a second tube containing the inner 
primer pair (5' GTAGGACCTACACCTGTCAACATAATTGGA and 
5' TATTTCTGCTATTTTAAGTCTTTTGATGGGTC) for another 30 cycles amplifica- 
tion, with the condition of 1 rain of denaturation at 94 °C, 1 rain of annealing at 65 °C and 
2 min of extention at 72 °C. The PCR product (1/5 volume) was analyzed on a 1.2% agarose 
gel containing ethidium bromide. 

Northern blot analysis of antisense and sense RNA expressed in transduced 
HUT-78 cells 

Total RNA was extracted from transduced HUT-78 cells with a Stratagene RNA Extraction 
Kit. RNA was fractionated on a 1.2% formaldehyde gel and capillary blotted onto charged 
nylon paper (Micro Separation Inc.). The blot was probed with a [32p]labeled DNA 
fragment prepared by PCR. 

Reverse transcriptase (RT) activity assay 

Viral replication was monitored by RT activity in the cell-free supernatant [5]. Two milliliter 
aliquots of cell-free supernatant were removed at different days postinfection for RT activity 
assay. Two milliliters of RPMI 1640 medium with 10% FBS were added into each cell 
culture after each removal. 

Results 

Construction o f  retroviral expression vectors 

A 5.6 k b p  D N A  f r a g m e n t  o f  S IVma c  239 ( N a t  I -Sph 1) e n c o m p a s s i n g  the  p r imer  
b ind ing  site, gag-pol, viv, a n d  5' env (gag-pol region)  a n d  a 3.5 kbp  D N A  frag- 
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ment of SIVmac239 (SacI-SacI)  encoding vif, vpx, vpr, rev, tat, and env (env 
region) were separately subcloned into the Bam HI site of the expression vector 
p Z i p N e o S V ( x )  1 in both sense (SIVgp+ and SIVenv+)  and antisense 
(S IVgp-  and S I V e n v - )  orientations (Fig. 1). The orientation of the inserts 
was determined by restriction mapping and D N A  sequencing. These retroviral 
vectors were used to transfect the amphotropic packaging cell line, 
Gp + envAml2.  The producer lines which produced a high titer of  recombinant 
virus (approximately 106-107 cfu/ml) were isolated for transduction experiments. 
There was no evidence of replication competent virus in the transduced cells 
by checking the infectivity of culture medium on NIH/3T3 cells as described 
[20]. 

P C R  analysis o f  producer cell line and transduced HUT-78 cells 

After G 418 selection (more than two weeks), total cellular D N A  was extracted 
from the producer lines and pooled transduced cells for PCR analysis. The 
results showed positive for "env region" for D N A  extracted from producer 
cells, S I V e n v -  and SIVenv + (Fig. 2 A), but only positive for D N A  extracted 
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Fig. 1. Construction of retroviral expression vectors. A Genomic organization of SIVmac 
and restriction endonuclease sites that were involved in construction of the expression 
vectors. For SIVgp + and SIVenv +, the viral DNA was inserted in the sense orientation. 
For the SIVgp - and SIVenv-, the viral DNA was inserted in the antisense orientation. 
B Structure and RNA transcripts of expression vectors. The inserted genes are under the 
control of Moloney murine leukemia virus LTR. The marker gene (Neo) is expressed by 
splicing and is under the control of the viral promoter in the Moloney LTR. 5'sd Splicing 

donor site; Ysa 3' splicing acceptor site 
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Fig. 2. PCR analysis of producer lines and transduced HUT-78 cells. A, B DNA were analyzed 
for env gene (2,3 kbp). One ng plasmid DNA (pSIVenv-) was used as positive control (1). 
The packaging cell line (A, 2) or untransduced HUT-78 (B, 2) was used as negative control. 
DNA isolated from producer cell lines SIVenv- and SlVenv + (A, 3 and 4) and from 
SIVenv- transduced HUT-78 cell were positive for env gene (B, 3), but DNA isolated from 
SIVenv + transduced HUT-78 cell was negative (B, 4). C DNA were analyzed for neo gene 
(794 bp). One ng plasmid DNA, pZipneoSV( x ) was used as a positive control (1). The 
results were positive for SIVenv- (3) and SIVenv+ (4) transduced HUT-78 cells, but 
negative for untransduced cells (2). D DNA was analyzed for human 13-globin gene (185 bp). 
The human cellular DNA (1 gg) was used as a positive control (1). DNA isolated from 
NIH/3T3 cells was used as a negative control (2). The results were positive for untransduced 
(3), SIVenv- transduced (3), and SIVenv + (4) transduced HUT-78 cells. One kbp ladder 

(BRL) was used as a molecular marker for gel electrophoresis 

f rom S I V e n v -  t ransduced  HUT-78 cells (Fig. 2 B). W h e n  D N A  extracted f rom 
S I V e n v +  t ransduced  HUT-78 before  G 4 1 8  selection was used for P C R ,  weak  
posit ive band  for  env region was also observed (data  not  shown).  However ,  the 
P C R  analysis o f  neo gene showed  posit ive for bo th  S I V e n v -  and SIVenv + 
t ransduced HUT-78 cells (Fig. 2 C). This da ta  suggested that  bo th  the full-length 
and spliced R N A  transcripts  (Fig. 1) were t ransferred into the SIVenv + trans- 
duced  HUT-78 cells. A possible  explanat ion  is tha t  splicing d o n o r  (nt 6853) and 
acceptor  (nt 9062) sites in the sense R N A  o f  env  region resulted in the spliced 
R N A  being more  f avourab ly  packaged  into viral particles. The N o r t h e r n  R N A  
analysis also suppor t s  this hypothesis  (Fig. 3). 

N o r t h e r n  ana lys i s  o f  t r a n s d u c e d  H U T - 7 8  cells 

Tota l  cellular R N A  was ext rac ted  f rom t ransduced  HUT-78 cells which were 
selected with G 418 and main ta ined  in the presence or  absence of  G 418 (500 gg/ 
ml, active). The R N A  blots were p r o b e d  with [32p]labeled env, pol ,  and neo 
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Fig. 3. Northern blot analysis of transduced HUT-78 cells. Total RNA was extracted from 
SIVenv- (1) and SIVenv + (2) transduced HUT-78 cells (grown in the absence of G 418), 
and probed with [-32p]labeled neo specific probe (A) or env probe (B) as described in Materials 
and methods. The full-length (6.5 kb, upper band) and spliced (2.5 kb, lower band) RNA 
transcripts were shown Undenatured one kbp ladder (BRL) was used as migration indicator. 

28S Migration position of 28S ribosomal RNA 

specific probes, respectively. The full-length RNA encoding antisense of env 
region, as well as spliced neo RNA, was seen in the S IVenv -  transduced HuT- 
78 cells, but only spliced RNA encoding neo gene was seen in the SIVenv + 
transduced HUT-78 cells (Fig. 3). For SIVgp + and SIVgp - transduced cells, 
both full-length (8 kb) and spliced RNA (2.5 kb) were seen (Fig. 4). The ratio 
of full-length and spliced RNA was different in the SIVgp - transduced HuT- 
78 in the presence or absence of G418. In the presence of G418, the spliced 
RNA encoding the neo gene became dominant  (Fig. 4, lane 1). A 2.7 kb RNA, 
which comigrated with neo spliced RNA, also hybridized to the pol  probe in 
the SIVgp + transduced HUT-78 cells (Fig. 4 B, lane 3). This 2.7 kb RNA could 
be the splicing intermediate of the full-length transcript of the SIVgp + .  The 
slightly different size of spliced RNA transcripts could be due to the distortion 
by 28S ribosomal RNA during blotting, or different lengths of  potyadenylation. 
Repeated experiments with prolonged electrophoresis showed that the size dif- 
ference was minimal. This data indicated that the presence of G418 in the 
growth medium influenced the steady state level of primary RNA transcripts. 
In the presence of G 418, the cells maintained a high steady state level of  spliced 
transcripts. 

Inhibi t ion o f  S I V  and  H I V  replication in the t ransduced HUT-78  cells 

After infecting fractions of transduced cells with uncloned SIVmac or HIV-1, 
RT activities (Fig. 5) and syncytium formation (Fig. 6) were monitored. The 
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Fig. 4. The effect of G 418 in the steady state of RNA expression. Total RNA was extracted 
from SIVgp- (1 and 2) and SIVgp + (3 and 4) grown in the presence (+) or absence ( - )  
of G 418 (1 mg/ml, 50% active). The same quantity of each RNA sample (5 gg) was loaded 
in A and B. A was probed with [32p]labeled neo probe. B was probed with [32p]labeled 
SIVmac pol specific probe. M Undenatured 1 kbp ladder (BRL) was used as migration 

indicator 

HUT-78 cells transduced with antisense constructs of gag-pol and env regions 
were effectively protected (no RT activity) from SIVmac infection for more 
than 20 days when compared to cells transduced with the corresponding sense 
constructs. The viral activity (RT) from cells transduced with sense construct 
ofgag-pol  region was lower than that from cells transduced with sense construct 
of env region (Fig. 5 A). The partial interference could be due to the gag and 
polymerase proteins expressed in SIVgp + transduced cells (data not shown). 
The mechanism of partial interference is unclear. The higher RT in the control, 
untransduced HUT-78 cells, could be due to slightly higher cell number and/or 
G418 selection in transduced cells. There was little or no cytopathic effect 
(syncytium formation) in protected cells (cells transduced with S I V e n v -  and 
S I V g p - )  compared to that in unprotected cells (high degree of syncytium 
formation in cells transduced with SIVenv +) ,  at 20 days postinfection. Inter- 
estingly, there was little or no inhibition of SIVmac replication and strong 
cytopathic effect in S I V g p -  transduced HUT-78 cells when culture was main- 
tained in G418 selection (Figs. 5 B and 6). 

When the fraction of pooled transduced cells was infected with HIV-1, cells 
transduced with sense and antisense constructs ofgag-pol  region were effectively 
protected from viral infection. Almost no viral replication was observed in 
SIVgp + transduced cells and minimal viral replication was observed in SIVgp - 
transduced cells (Fig. 5 C). The slightly higher background RT activity (ap- 
proximately 3 000 cpm/ml) in SIVgp + transduced cells was derived from the 
empty SIVmac viral particles (data not shown). Cells transduced with antisense 
and sense constructs of the env region were not effectively protected. It should 
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Fig. 5. Inhibition of  SlVmac and HIV-I replication in transduced HUT-78 cells. HUT-78 
cells were transduced with recombinant viruses by co-culturing with producer lines as 
described in the method. About 106 viable cells grown in the absence (A and C) or presence 
(B) of G 418 were infected with 10 000 cpm reverse transcriptase activity (RT, approximately 
400 TCIDs0 on HUT-78) of  uncloned SIVmac (A and B) or HIV-1 (C). S I V g p -  Cells were 
transduced with antisense construct ofgag-pol region. S I V e n v -  Cells were transduced with 
antisense construct of env region. SIVenv + Cells were transduced with sense construct of  
env region. SIVgp + Cells were transduced with sense construct of gag-pol region. In the 
parallel experiment, untransduced parental cells (HUT-78), without G 418 selection, were 
infected with SIVmac as a control. Vector transduced cells were included as control for 

HIV infections (C) 
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Fig. 6. Syncytium formation of SIVmac infected HUT-78 cells. Cells transduced with re- 
combinant viruses, expressing sense RNA (A and B) or antisense RNA (C and D) of gag- 
pol region and grown in the absence (A and C) or presence (B and D) of G 418 as described 
in Fig. 5. The giant cell fusion was easily seen in unprotected cells (A, B, D). The photographs 

were taken 20 days postinfection 

be noted that significant cytopathic effect (approximately 90%) was observed 
in unprotected cells at 25 days postinfection. Therefore, the RT assay was 
terminated after 25 days. To study the mechanism of nearly complete protection 
of HIV-1 infection, the cellular DNA was extracted from the cells harvested at 
25 days postinfection and subjected to PCR analysis. In agreement with the 
RT results, no HIV- 1 proviralpol sequence and little HIV- 1 proviralpol sequence 
can be detected in the SIVgp+ and SIVgp-  challenged cells, respectively 
(Fig. 7). The sensitivity of this PCR analysis is less than 5 copies per sample 
(data not shown). The inability to detect HIV-1 proviral sequence in SIVgp + 
transduced cells could be due to the cell death of small number of infected cells 
in which complete viral replication is blocked but expression of HIV-1 env gene 
is normal. When HIV-2 was used as the challenging virus [4], similar results 
were obtained (data not shown). All of these challenging experiments were 
repeated at least twice. The results shown were the mean of two initial exper- 
iments. Subsequent experiments performed several months later also demon- 
strated similar results. These data suggested that there might be different mech- 
anisms by which transduced cells were protected from SIVmac and HIV-1 (or 
HIV-2) infections. 

Cell associated transmission also inhibited in the transduced cells 
expressing antisense RNA 

HIV spreads by cell-free, as well as cell-associated transmission. The above data 
suggested that HUT-78 cells transduced with antiviral genes could prevent cell- 
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Fig. 7. PCR analysis of HIV-1 sequence. The cellular DNA was extracted from SIVgp-  
and SIVgp + transduced HUT-78 cells after infecting with HIV-1 for 25 days and subjected 
to PCR analysis for HIV-1 pol (A) and human [3-globin gene (13) as described in Materials 
and methods. 1 Uninfected HUT-78 cells; 2 and 3 SIVgp + and SIVgp-  transduced HuT- 
78 cells, respectively; 4 10 fg of plasmid DNA pHXB 2; 5 HIV-1 persistently infected HuT- 

78 cells. The HIV- 1 pol (1 kbp) gene and human b-globin gene (185 bp) are shown 
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Fig. 8. Viral activities of transduced HUT-78 cells 
after co-cultivation. Approximately 10 6 trans- 
duced HUT-78 cells were co-cultured with 
SIVmac persistently infected HUT-78 cells at a 
ratio of 100 : 1. The reverse transcriptase activi- 
ties (RT) were monitored at 3, 6, 8, and 9 days 
after co-cultivation by removing 2 ml of cell-free 
supernatant each time. SIVgp- SIVmacinfected 
HUT-78 cells co-cultured with HUT-78 cells trans- 
duced with antisense construct of gag-pol region. 
SIVgp+ SIVmac infected HUT-78 co-cultured 
with HUT-78 cells transduced with sense con- 
struct of gag-pol region of SIVmac 

free transmission.  To  investigate whether  t ransduced cells could  also be pro- 
tected f rom cell-associated transmission,  HUT-78 cells t ransduced with the an- 
tisense or  sense cons t ruc t  o f  gag-pol region were co-cul tured at a 100 : 1 ratio 
with HUT-78 cells persistently infected with SIVmac.  It is believed that  the ratio 
o f  uninfected to infected cells is much  greater  in infected individuals [31]. After  
nine days  o f  co-cul t ivat ion (Fig. 8), the viral activities o f  unpro tec ted  cell pop-  
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ulations (transduced with sense construct) were five times greater than those 
in protected cell populations (transduced with antisense construct). The viral 
activities in protected cell populations were mostly derived from persistently 
infected HUT-78 cells. Furthermore,  significant syncytium formation (90-95%) 
was observed in unprotected cell populations compared to low levels of syn- 
cytium formation (5-10%) in protected cell populations after 9 days of  co- 
cultivation. These data suggested that celt-associated viral transmission was 
also inhibited in the protected cell populations. 

Inhibition of  viral replication in transduced cells is virus specific 

In order to demonstrate that inhibition of viral replication is virus specific, we 
used the same constructs, pSIVgp + and p S I V g p -  DNA,  to transfect the ST 
cell line. The transfected cells were selected with G 418 (1.5 mg/ml, active) then 
challenged with TGEV at an M.O.I. of  0.5. The results suggested that there 
was no protection against viral infection in pSIVgp + and pSIVgp - transfected 
ST cells, compared to ST cells transfected with an antisense copy of the peplomer 
gene of TGEV (Table 1). This data indicates that the inhibition of  SIVmac and 
HIV replication in the transduced HUT-78 cells is virus specific. 

Table 1. Cytopathic effect of TGEV infection on 
transfected ST cells 

Cells CPE (%) 

pMNC/ST 90 
pMNCTGP +/ST 80 
pMNCTGP-/ST 10 
pSIVgp - /ST 80 
pSIVgp +/ST 80 
pZiPNeoSV/ST 80 

ST cells were transfected with plasmid DNA and 
selected with 1.5mg/ml of active G418. The pool of 
G 418 resistant cells was infected with TGEV at M.O.I. 
of 0.5 for 2 h. After aspirating the viral supernatant, 
DMEM supplemented with 10% FBS was added and 
incubated at 37 °C and 5% CO 2 for 30 h. The CPE was 
scored at 30 h postinfection by judging the percentage 
of cells lysed, pMNC/STST cells transfected with MNC 
vector; pMNCTGP +/ST and pMNCTGP-/ST cells 
transfected with vector encoding sense and antisense 
copy of peplomer gene of TGEV, respectively [35-]; 
pSIVgp - ~ST, pSIVgp +/ST, and pZiPNeoS V/ST cells 
transfected with DNA as described previously 
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Discussion 

Biological heterogeneity of HIV or SIV is reflected by differences in host range, 
replicative properties, and cytopathic effect in infected cells [7, 12, 28, 32]. 
Restriction endonuclease mapping and sequence analyses of HIV [24] and SIV 
[3] isolates, as well as the patterns of neutralization of different isolates by 
antibodies, also demonstrate genetic diversity, particularly in the envelope gly- 
coprotein [6]. The genetic variation is a major obstacle to the design of vaccines 
or therapeutic agents effective to different variants. SIV macaque isolate shares 
about 55% amino acid sequence identity with HIV-1 in the gag and pol genes 
and less than 31% in the env gene [25]. Our studies have demonstrated that 
an antiviral gene (antisense RNA or viral gene) can be delivered to CD 4 + 
cells by means of a retroviral-mediated gene transfer technique. The transduced 
cells were not only protected from parental viral infection (SIV, macaque and 
sooty mangabey isolates), but also from other related viral infections (HIV-1 
and HIV-2). The mechanisms by which the retroviral vectors inhibited the 
replication of immunodeficiency viruses is not clear. One possible mechanism 
is that the antisense RNA binds to the viral RNA before reverse transcription 
occurs or arrests translation of targeted mRNA. In the transduced cells ex- 
pressing SIVmac associated gag and poI polypeptides, the SIVmac poly~eptides 
may function as mutant peptides, which may interact with HIV polypeptides, 
and inhibit HIV replication by interfering virus assembly [33]. 

Three lines of evidence indicated that the effective inhibition of SIVmac and 
HIV replication was unlikely due to clonal variation. First, the pooled trans- 
duced HUT-78 cells were used for challenge experiments. In fact, the fraction 
of HUT-78 cells transduced with the antisense construct of env region effectively 
inhibits SlVmac but not HIV-1 and HIV-2. Furthermore, fractions of HUT-78 
transduced with sense construct of gag-pol region did not support HIV-1 rep- 
lication but support a certain degree of SIVmac and SIVsm (sooty mangabey 
isolate, data not shown). Second, height level of gene transduction efficiency 
(> 60%) by co-culturing HUT-78 cells with producer lines was employed in 
this experiment. Third, no specific pattern of integrated provirus was shown 
by Southern hybridization (data not shown). 

A major advantage of this approach is the potential of in vivo applicability. 
Antiviral genes can theoretically be introduced into bone marrow stem cells 
from AIDS patients through the use of retroviral vectors. The manipulated 
marrow cells could then be infused back to the patients where progeny derived 
from the bone marrow stem cells carrying the antiviral gene would be resistant 
to viral infection. The feasibility and safety of using retroviral gene transfer for 
human gene therapy has been demonstrated recently [17, 23, 27]. The ap- 
proaches described in this report could be tested in SIV infected monkeys. 

In previous reports [t 5, 26, 29], partial and transient inhibition of HIV was 
achieved in cell culture by antisense RNA. In these three cases, only small size 
antisense RNA was used (less than 1 kbp) for inhibition of HIV replication. In 
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our study, a 1.5 kbp antisense construct of SIVmac gag region (including LTR, 
primer binding site and the majority of gag) did not effectively inhibit SIVmac 
replication (data not shown). Antisense R N A  of SIVmac env region (3.5kb) 
can effectively inhibit SIVmac replication and partially inhibit HIV replication. 
The antisense R N A  of SIVmac gag-pol region (5.6 kb) can effectively inhibit 
both SIVmac and HIV replication. From our Nor thern  anNysis, there is no 
significant difference in R N A  levels in those transduced cells expressing antisense 
and sense RNA. These data suggest that the effectiveness of the antisense R N A  
inhibition could be related to the size of  antisense sequences. Since the viral 
titers used for the challenge in the previous experiments were not clearly defined, 
a correlation can not be drawn between these experiments. Recently, Sczakiel 
etal.  [30] have shown effective long-term inhibition of HIV-1 by antisense 
R N A  when a low M.O.I. of challenging virus was used. The effective inhibition 
of SIV and HIV replication in this report may also be due to low M.O.I. used. 
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