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Efficient expression of the human immunodeficiency virus type 1 (HIV-1) structural gene products Gag, Pol,
and Env involves the regulation by viral Rev and Rev-responsive elements (RRE). Removal of multiple
inhibitory sequences (INS) in the coding regions of these structural genes or modification of the codon usage
patterns of HIV-1 genes to those used by highly expressed human genes has been found to significantly increase
HIV-1 structural protein expression in the absence of Rev and RRE. In this study, we show that efficient and
stable expression of the HIV-1 structural gene products Gag and Env could be achieved by transfection with
a noncytopathic Sindbis virus expression vector by using HIV-1 sequences from primary isolates without any
sequence modification. Stable expression of these Gag and Env proteins was observed for more than 12 months.
The fact that the Sindbis virus expression vector replicates its RNA only in the cytoplasm of the transfected
cells and the fact that the lack of expression of HIV-1 Gag by the DNA vector containing unmodified HIV-1 gag
sequences was associated with a lack of detectable cytoplasmic gag RNA suggest that a major blockage in the
expression of HIV-1 structural proteins in the absence of Rev/RRE is caused by inefficient accumulation of
mRNA in the cytoplasm. Efficient long-term expression of structural proteins of diverse HIV-1 strains by the
noncytopathic Sindbis virus expression system may be a useful tool for functional study of HIV-1 gene products

and vaccine research.

Expression of the human immunodeficiency virus type 1
(HIV-1) structural proteins Gag, Pol, and Env is regulated by
the viral protein Rev, the Rev-responsive elements (RRE), and
their interaction with host proteins (11). Gag is expressed in
the form of a 55-kDa precursor, pr55°“, which is posttrans-
lationally cleaved into p17MA, p24CA, p7NC, and p6°°¢ by
the viral protease during virus assembly and maturation (11,
22). The expression of retroviral Gag proteins, which consti-
tute the principal structural components of the virus, is suffi-
cient to drive viral particle assembly and budding (11, 22). The
Pol proteins of HIV-1 (protease, reverse transcriptase, and
integrase) are synthesized in the form of a fusion protein that
includes part of the Gag protein (MA, CA, and NC, but not
p6°“¢). The Gag-Pol fusion protein is the result of a —1 ribo-
somal frameshift event between the p7NC and p6<*¢ domains
of Gag, which occurs with a frequency of 5 to 10% of the total
Gag proteins synthesized (11, 22). Full-length Env gp160 is
synthesized from the singly spliced mRNA in the endoplasmic
reticulum, cleaved into its noncovalently associated subunits,
gp120 and gp41, in the Golgi, and subsequently transported to
the cell surface (11, 15).

Expression of the HIV-1 Gag, Pol, and Env proteins by
DNA vectors has been restricted by the presence of multiple
inhibitory sequences (INS) in the structural genes encoding
the Gag, Pol, and Env proteins of HIV-1. This situation makes
the expression of the structural HIV-1 proteins dependent on
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the viral regulatory protein Rev, which is responsible for the
nuclear export and efficient expression of unspliced HIV-1
mRNAs (8, 10, 16, 17). Rev binds specifically to an RNA site
within HIV-1 mRNA named RRE. In the absence of func-
tional Rev/RRE, mRNAs containing INS are either retained in
the nucleus or degraded rapidly; therefore, little protein can be
expressed from these mRNAs. Modification of HIV-1 se-
quences, presumably removing the inhibitory sequences, can
result in significantly enhanced HIV-1 protein expression in
the absence of Rev/RRE (4, 6, 14, 19, 21, 24).

Transient expression of HIV-1 or SIV structural proteins in
the absence of Rev/RRE has also been achieved by using
several recombinant viral vectors including recombinant vac-
cinia virus (3, 13), alphaviruses (5, 23), poliovirus (7), and
vesicular stomatitis virus (20). However, strategies for long-
term expression of HIV-1 structural proteins are limited.
Recently it was reported that a noncytopathic Sindbis virus-
derived expression vector could be used for the long-term
expression of foreign genes (2, 12). In the present study, we
have demonstrated that this noncytopathic Sindbis virus ex-
pression vector could induce efficient and stable expression of
the HIV-1 structural proteins Gag and Env by using unmodi-
fied sequences from primary HIV-1 isolates. These data sug-
gest that this noncytopathic Sindbis virus expression system can
be a rapid and efficient means for achieving long-term expres-
sion of HIV proteins of diverse origin for use in functional
studies and vaccine research.

MATERIALS AND METHODS

DNA constructs. The plasmid pcDNA3.1(—) and pSinRep5 vector system
were purchased from Invitrogen (San Diego, Calif.). The noncytopathic Sindbis
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vector, pSinRepl9, was a gift from Charles Rice (Department of Molecular
Microbiology, Washington University School of Medicine). pGag and pGagins
have been described previously (19). The gag coding regions of CRF08 and
CRFO01 (18) were amplified by PCR with the primers Gag-for (5'GCTAG
AAGGTCTAGAAATGG GTGCGAGAGCG3', with the Xbal site under-
lined) and Gag-rev (5AGTTGCCCCCGAATCCTTATTGTGACGAGG3',
with the EcoRI site underlined). The PCR products were digested with Xbal and
EcoRI and cloned into pcDNA3.1(—) downstream from the human cytomega-
lovirus(CMV) immediate-early promoter (Pcmv) sequence, by use of Xbal and
EcoRI sites, to generate pgagCRF08 and pgagCRF01. To generate pSinRep5-
gag, pSinRep5-gagins, pSinRep5-gagCRF08, and pSinRep5-gagCRF01, Xbal-
Pmel fragments from plasmids pGag, pGagins, pGagCRF08, and pGagCRF01
were cloned into pSinRepS downstream from subgenomic promoter and up-
stream from polyadenylation signal, using the Xbal and Pmll sites. To gener-
ate pSinRepl9-gag, pSinRepl9-gagins, pSinRepl19-gagCRFO08, pSinRepl19-
gagCRFO01, Xbal-Pmel fragments from plasmids pGag, pGagins, pGagCRF08, and
pGagCRFO1 were cloned into pSinRep19 downstream from the subgenomic pro-
moter and upstream from the polyadenylation signal, by using Xbal and PmlI sites.

The HIV-1 env coding region from CRF08 (18) was amplified by PCR using
the primers Envc-for (5'GGCTCTAGAATGAGAGTGAGGGGGACAC3',
with that Xbal site underlined) and Envc-rev (5'GGCCACGTGTTACTGT-
TATTGCAAAGCTGC3', with the PmlI site underlined). The PCR products
was digested with Xbal and Pmlil and cloned into pSinRep19 using Xbal and
PmlI sites to generate pSinRep19-envCRF08. All plasmids used in this study
were constructed by standard molecular biology techniques and verified by re-
striction enzyme analysis and DNA sequencing.

In vitro transcription. Plasmid DNAs were purified with the QIAGEN
MAXiprep kit (Valencia, Calif.). For pSinRep5 and pSinRep19-derived vectors,
purified plasmid DNAs were linearized with either Notl or Pacl for runoff
transcription. An invitroScript CAP kit (Invitrogen) was used to synthesize RNA
transcripts. Transcribed RNAs were purified by phenol-chloroform extractions,
concentrated by ethanol precipitation, and resuspended in RNase-free Tris-
EDTA buffer.

Transfection and establishment of cell lines. COS-7 cells were maintained in
Dulbecco’s modified Eagle’s medium with 10% fetal bovine serum and antibi-
otics and passaged upon confluence. BHK cells were maintained in alpha min-
imal essential medium supplemented with 10% fetal bovine serum and antibi-
otics, and passaged upon confluence. RNA and DNA were transfected into cells
by DMRIE-C (Life Technologies, Gaithersburg, Md.) according to the manu-
facturer’s recommendations. To establish stable cell lines expressing HIV-1
structural proteins, pSinRep-19-derived constructs were transfected into BHK
cells. Cells were allowed to rest for about 12 to 18 h after transfection, and the
medium was changed to standard growth medium with 5 wg of puromycin/ml
(Sigma) for 1 to 2 weeks. The established BHK cell lines were maintained in
standard growth medium with 5 pg of puromycin/ml.

Immunoblotting. At 24 h after RNA transfection or 72 h after DNA transfec-
tion, the transfected cells were collected, and cell lysates and virus-like particles
(VLP) were prepared as previously described (9, 19). Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was carried out by standard
methods. Proteins were transferred to nitrocellulose (Schleicher & Schuell) as
described previously (9, 19). The blots were stained with an HIV-1-positive
human serum or a polyclonal sheep anti-HIV-1 Env serum in a phosphate-
buffered saline solution with 3% nonfat dried milk. Secondary antibodies were
alkaline phosphatase-conjugated antihuman or antigoat (Jackson Immunore-
search, Inc., West Grove, Pa.), and staining was carried out with BCIP (5-bromo-
4-chloro-3-indolylphosphate) and nitroblue tetrazolium solutions prepared from
chemicals obtained from Sigma.

RNA isolation and Northern blotting. Cytoplasmic and nucleic RNAs were
isolated from transfected cells by using the RNeasy Mini Kit (QIAGEN) accord-
ing to the manufacturer’s recommendations. The RNA samples were resolved on
a 1% agarose gel containing formaldehyde and transferred to nitrocellulose
membranes. To detect gag and gagins mRNA, the blots were blocked and probed
with a 3?P-labeled random-primed HIV-1 gag fragment (nucleotides 1231 to 1550
of the gag coding region). To detect gag and gagins RNA expressed by pSinRep5-
gag and pSinRep5-gagins (see Fig. 2), the blots were blocked and probed with a
32P-labeled random-primed pSinRep5 vector fragment [310 to 500 bp before
poly(A)]. Blots were washed and exposed to X-ray film.

RESULTS

Inhibitory sequences in the coding region of HIV-1 gag re-
duced the accumulation of gag-specific mRNA in the cyto-
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FIG. 1. Gag expression and mRNA distribution in pGAG-and
pGAGINS-transfected COS-7 cells. (A) Immunoblotting of pGAG
(gag)- and pGAGINS (gagins)-transfected cells. Cell lysates were sep-
arated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
transferred to nitrocellulose filters, and reacted with an HIV-1-positive
human serum. The positions of the Gag precursor molecules are in-
dicated by arrows. (B) Northern blot of mRNA from pGAG (gag)- and
pGAGINS (gagins)-transfected cells. Lanes 1 and 2, samples from
mock-transfected cells; lanes 3 and 4, samples from pGAG-transfected
cells; lanes 5 and 6, samples from pGAGINS-transfected cells. N,
nuclear fraction; C, cytoplasmic fraction.

plasm. Expression of HIV-1 Gag could be significantly en-
hanced by removing inhibitory sequences in the gag coding
region. The constructs pGAG and pGAGINS have been de-
scribed previously (19). The coding region for GAGINS con-
tains nucleotide modifications that remove ins sequences with-
out changing the amino acid sequences in HXB2 Gag. After
transfection of COS-7 cells, Gag was detected in the cell lysates
of pGAGINS DNA-transfected cells but not in wild-type gag
gene encoding DNA pGAG or in control DNA-transfected
cells (Fig. 1A). Transfection efficiency was comparable in all
cells, as monitored by cotransfection with a B-galactosidase
(B-Gal) expression DNA vector and detection of B-Gal activity
in the cell lysates (data not shown).

To examine whether gag-specific mRNA was influenced by
INS mutation, total RNA was extracted from either the cyto-
plasm or nuclei of transfected COS-7 cells. The amount of
gag-specific mRNA was detected by Northern blotting using
a radio-labeled RNA probe specific for gag. Although gag-
specific mRNA was detected in the nuclei of pGAG- and
pGAGINS-transfected COS-7 cells, cytoplasmic gag-specific
mRNA was detected only in the pGAGINS-transfected COS-7
cells (Fig. 1B). Therefore, it seemed that the lack of expression
of Gag protein by pGAG-transfected COS-7 cells was associ-
ated with reduced accumulation of gag-specific mRNA in the
cytoplasm.

Wild-type and INS mutant Gag proteins were expressed to
comparable extents in a Sindbis expression system, which rep-
licates in the cytoplasm. To address the question of whether
selective targeting of wild-type gag mRNA to the cytoplasm
could enhance Gag protein expression, we cloned both wild-
type gag and INS mutant gag genes into a Sindbis expression
system. The Sindbis expression system contains only nonstruc-
tural viral genes and self-replicates in the cytoplasm of trans-
fected cells. Therefore, the mRNA encoded by the Sindbis



11436 KONG ET AL.
mock gagins gagins gag  gag
A
it <= Pr55Ga
S———— A, e -
B
<+—gag RNA

FIG. 2. Gag expression and RNA levels in pSin-RepSGAG and
pSin-RepSGAGINS-transfected COS-7 cells. (A) Immunoblotting of
pSin-RepSGAG-(gag) and pSin-RepSGAGINS (gagins)-transfected
cells. Cell lysates were separated by SDS-PAGE, transferred to nitro-
cellulose filters, and reacted with HIV-1-positive human serum. The po-
sitions of the Gag precursor molecules are indicated by arrows. (B)
Northern blot of RNA from pSin-RepSGAG (gag)- and pSin-Rep5
GAGINS (gagins)-transfected cells. Lane 1, sample from mock-trans-
fected cell; lanes 2 and 3, samples from pSin-RepSGAGINS-transfect-
ed cells; lanes 4 and 5, samples from pSin-Rep5SGAG-transfected cells.

expression system will not go through a nucleus-to-cytoplasm
transport process.

Efficient Gag expression was detected in cells transfected
with the Sindbis RNA vector (pSinRep-5) containing wild-type
gag or gagins sequences (Fig. 2). This result was in sharp con-
trast to that obtained for the DNA vectors containing these
two gag sequences (Fig. 1). There was little variation between
two separate clones of Sindbis vectors containing wild-type gag
or gagins sequences (Fig. 2). RNAs containing wild-type gag or
gagins sequences were detected in the transfected cells (Fig. 2).
When normalized for the amount of cytoplasmic gag RNA,
comparable quantities of Gag molecules were detected in the
Sindbis vector-containing wild-type gag and gagins sequences
(Fig. 2). As expected, no Gag was detected in COS-7 cells
transfected with a control Sindbis vector containing a B-Gal
gene (Fig. 2).

Expression of Gag by the Sindbis vectors containing wild-
type gag or gagins sequences in human (293T), monkey (COS-
7), mouse (NIH 3T3), and hamster (BHK21) cells was further
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compared. No significant differences between cells transfected
with the Sindbis vector containing wild-type gag sequence and
cells transfected with that containing the gagins sequence were
seen (Fig. 3). The overall expression of Gag by the Sindbis
vectors containing wild-type gag or gagins sequences in mouse
NIH 3T3 cells was less than that seen in COS-7, CHO, 293T,
or BHK?21 cells (Fig. 3). This difference may be related to the
transfection of the NIH 3T3 cells being less efficient than that
of other cells. The transfection efficiency was measured by
cotransfection with a B-Gal expression DNA vector and the
B-Gal activity was lower in NIH 3T3 cells than in the other cell
lines (data not shown). However, we cannot rule out the pos-
sibility that the replication of the Sindbis expression system is
less efficient in NIH 3T3 cells than in other cell lines.

Efficient expression of primary HIV-1 gag and env genes by
the Sindbis expression system. We next addressed the ques-
tion of whether efficient expression of Gag using unmodified
sequences from primary HIV-1 isolates could be achieved by
using the Sindbis expression vector. To answer this question,
we cloned gag genes from primary HIV-1 isolates representing
CRFO01 (subtype E) and CRF08 (B/C recombinants) from
China (18) into the DNA expression vector pcDNA3.1 and the
Sindbis RNA expression vector.

After transfection of COS-7 cells, Gag molecules were de-
tected in cells transfected with the Sindbis vectors containing
CRFO01 or CRFO08 gag sequences (Fig. 4, lanes 5 and 6). In
contrast, no Gag was detected in cells transfected with
pcDNA3.1 containing CRF01 and CRF08 gag sequences (Fig.
4, lanes 2 and 3). The DNA transfection was successful, as
evidenced by the expression of 3-Gal molecules from the co-
transfected control DNA vector (data not shown). These re-
sults suggest that inhibitory sequences are present in the gag
sequences of diverse strains, including primary HIV-1 isolates
from different subtypes.

Long-term and stable expression of primary HIV-1 gag and
env genes by a novel noncytopathic Sindbis expression system.
Because of the stringent requirement for Rev/RRE for the
expression of HIV-1 structural gene products, strategies for
efficient and stable expression of HIV-1 structural proteins are
scarce. As demonstrated above, efficient expression of HIV-1
Gag proteins from unmodified gag sequences would be
achieved by using the Sindbis virus vector. However, because
of the cytopathic effect induced by the Sindbis virus vector,
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FIG. 3. Immunoblot of pSin-Rep5GAG (gag)-and pSin-RepSGAGINS (gagins)-transfected cells. Cell lysates were prepared from 10° cells 24 h
after transfection, separated by SDS-PAGE, transferred to nitrocellulose filters, and reacted with an HIV-1-positive human serum.
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FIG. 4. Comparison of Gag expression by DNA vectors and pSin-
Rep5 vectors. Cell lysates were prepared from 10° cells 3 days after
transfection, separated by SDS-PAGE, transferred to nitrocellulose
filters, and reacted with HIV-1-positive human serum. Lanes 2 and 3,
samples from cells transfected with the DNA vectors pgagCRFO08 and
pgagCRFO1-transfected cells, respectively; lanes 5 and 6, samples from
cells transfected with Sindbis vectors pSINRep5-gagCRF08 and pSIN-
Rep5-gagCRFO1, respectively.

only transient expression of Gag proteins was obtained. Re-
cently, a noncytopathic Sindbis virus vector which allows long-
term expression of target gene products has been developed
(2). We first evaluated the expression of unmodified gag and
gagins gene expression in this noncytopathic Sindbis virus vec-
tor.

BHK cells were transfected with the Sindbis Rep-19-con-
taining gag or gagins sequences and selected by resistance to
puromycin. One month after transfection, comparable Gag
molecules were detected in cells transduced with the Sindbis
Rep-19-containing gag and gagins sequences (Fig. 5A, lanes 2
and 3). The expression of Gag molecules was rather stable in
these cells. One year after transfection, efficient expression of
Gag molecules could still be detected in the BHK cells trans-
duced with the Sindbis Rep-19-containing gag or gagins se-
quences (Fig. 5A, lanes 5 and 6).

Next, we addressed the question of whether efficient and
stable expression could be achieved with the Sindbis Rep-19
vector by using unmodified gag sequences of CRFO1 and
CRFO08. BHK cells transfected with Rep-19-containing gag se-
quences of CRF01 or CRF08 were established, and efficient
expression of Gag molecules was detected in these cells 1
month after transfection (data not shown). One year after
transfection, Gag proteins corresponding to CRF08 (Fig. 5B,
lane 2) and CRFO1 (Fig. 5B, lane 3) were still detected in
transfected BHK cells. The Gag expression levels in these cells
1 year after transfection were not significantly different from
those of cells at 1 month after transfection (data not shown),
suggesting that expressions of CRF01 and CRF08 Gag by the
Rep-19 vector were stable. Also, pelletable Gag could be de-
tected in the supernatants of transduced BHK cells (Fig. 5B,
lanes 5 and 6), suggesting that VLP may be formed from these
cells.
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FIG. 5. Long-term expression of Gag from diverse HIV-1 strains.
(A) Gag expression by the noncytopathic Sindbis virus vector contain-
ing either the gag INS mutant sequence (pSinRep19-gagins) or the
unmodified gag sequence (pSinRep19-gag). Cell lysates were prepared
from 10° BHK-21 cells 1 month or 12 months after transfection and
analyzed by immunoblotting by using HIV-1-positive human serum.
(B) Long-term expression of primary HIV-1 isolates by the noncyto-
pathic Sindbis virus vector containing either the CRF08 gag sequence
(pSinRep19-gagCRFO08) or the CRF01 gag sequence (pSinRepl9-
gagCRFO1). Cell lysates (lanes 1 to 3) were prepared from 10° BHK-21
cells at 12 months after transfection and analyzed by immunoblotting
with HIV-1-positive human serum. VLP from the supernatants of
these cells (lanes 4 to 6) were prepared and analyzed by immunoblot-
ting as described in Materials and Methods by use of an HIV-1-
positive human serum.

Finally, we tested the ability of the Sindbis Rep-19 vector to
express HIV-1 Env proteins, using unmodified env sequences
from the CRFO08 isolate. As was the case for gag, expression of
the CRF08 Env protein was not detected when the control
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FIG. 6. Long-term expression of HIV-1 Env protein from CRF08 by the noncytopathic Sindbis virus vector. Cell lysates were prepared from
10° BHK21 cells at 1 month (A) or 12 months (B) after transfection and analyzed by immunoblotting with an HIV-1-positive human serum or a

polyclonal sheep anti-gp120 antibody.

DNA vector pcDNA3.1 was used (data not shown). In con-
trast, efficient expression of CRF08 Env proteins from trans-
fected BHK cells was detected 1 month after transfection (Fig.
6A, lane 1). As expected, no Env proteins were detected in
mock-transfected BHK cells (Fig. 6A, lane 2). The specificity
of the Env proteins was confirmed by reactivity with a poly-
clonal sheep anti-gp120 antiserum (Fig. 6A, lane 3). Further-
more, efficient and stable expression of CRF08 Env proteins
was achieved in these cells 1 year after transfection (Fig. 6B,
lane 2).

DISCUSSION

Expression of HIV-1 structural genes depends on the regu-
lation of Rev/RRE. In the absence of Rev, DNA vectors con-
taining gag, pol, or env genes cannot be expressed efficiently
(11). The reason for the restricted expression of HIV-1 struc-
tural genes in the absence of Rev is not totally clear. Removal
of inhibitory sequences from these genes results in efficient
Rev-independent expression of Gag and Pol (19, 21). One
explanation for this phenomenon is that the inhibitory se-
quences prevent efficient transport of these mRNAs from the
nucleus to the cytoplasm. Another possibility is that the inhib-
itory sequences result in rapid degradation of the mRNA in the
nucleus and/or cytoplasm (1). It has also been suggested that
the codons used in the HIV-1 structural genes do not match
those that are used in the highly expressed human genes. Use
of codon-optimized HIV-1 sequences has resulted in signifi-
cantly enhanced gene expression (4, 24). In the present study,
we have demonstrated that efficient expression of HIV-1 struc-
tural proteins with unmodified HIV-1 sequences can be
achieved by using the Sindbis expression system but not with a
DNA expression vector. Unlike DNA vectors, which require
nucleus-to-cytoplasm transport of the transcribed mRNA, the
Sindbis expression system replicates its RNA only in the cyto-
plasm. Our results are consistent with the idea that the major
blockage in the expression of HIV-1 structural genes is at the
level of cytoplasmic accumulation of mRNA.

Because of the stringent requirement for Rev/RRE, achiev-
ing efficient expression of HIV-1 structural proteins, especially
long-term expression, has been difficult. In the absence of
sequence modification, expression of HIV-1 structural proteins

by DNA expression vectors is usually undetectable (4, 14, 19,
21, 24). In contrast to the results obtained with DNA vectors,
efficient expression of HIV-1 structural proteins by use of un-
modified sequences has been achieved with several recombi-
nant viral vectors, including vaccinia virus (3, 13), alphaviruses
(5, 23), vesicular stomatitis virus (20), and poliovirus (7). How-
ever, this expression is usually transient, due to cytopathoge-
nicity of the recombinant viruses. The results presented in this
study suggest that the noncytopathic Sindbis vector pSinRep-
19 could offer a useful system for achieving long-term expres-
sion of HIV-1 structural proteins from diverse HIV-1 strains
including primary HIV-1 isolates.

Transduction with DNA vectors containing selection mark-
ers can result in the establishment of cell lines expressing the
gene of interest. Previously, we had established mouse p815
cell lines expressing HIV-1 Gag by using pcDNA3.1 with a
modified HIV-1 gag sequence (19). However, we observed that
the expression of Gag in this cell line decreased significantly
over time (B. Liu and X.-F. Yu, unpublished results). We have
also tried to stably express HIV-1 in BHK cells by using
pGAGINS. Although stable cells resistant to selection with
G418 were obtained, the expression of HIV-1 Gag by the DNA
vector pGAGINS was extremely low (Liu and Yu, unpub-
lished). This observation was in sharp contrast to the results
that we obtained with the noncytopathic Sindbis virus vector
(Fig. 5). These results suggest that the noncytopathic Sindbis
virus vector may have advantages for long-term protein expres-
sion in certain cell types over the traditional DNA expression
vectors with a CMV promoter.

Efficient long-term expression of HIV-1 structural proteins
with unmodified viral sequences from primary HIV-1 isolates
may have several advantages. HIV-1 structural proteins ex-
pressed in these cells may assemble into VLP. Retroviral Gag
protein alone can drive the formation of VLP (11, 22). Coex-
pression of Pol and Env proteins with Gag may allow incor-
poration of Pol and Env into VLP and these VLP could be part
of HIV vaccine strategies for the induction of anti-HIV im-
mune responses. Since viral RNA and other critical viral reg-
ulatory proteins are not part of the system, these VLP will be
safer than whole killed viral particles. Efficient long-term ex-
pression of HIV-1 Env proteins from diverse HIV-1 strains
obtained in the field could offer an alternative means of pro-
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ducing modified Env proteins, as opposed to a transient ex-
pression system such as a vaccinia virus or baculovirus vector.
Efficient and stable expression of HIV-1 structural proteins
may also enable functional studies of these proteins from pri-
mary HIV-1 isolates.
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