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RRE decoys are short RNA oligonucleotides corresponding to the HIV Rev response element
(RRE) sequence, which protect cells from HIV replication by inhibiting the binding of the HIV
regulatory protein Rev to the authentic HIV RRE region. Previously minimal RRE decoy con-
taining the 13-nucleotide primary Rev binding domain of RRE was described to be a potent in-
hibitor of HIV in CEM cells. In this report, we analyzed and compared the ability of a series of
RRE decoy derivatives to inhibit HIV replication in CEM cells to develop increasingly effective
RRE decoy. Using an improved tRNA cassette to express high level of RRE transcripts in cells,
we found that a variant form of stem-loop II (SLII) binding domain of wild type RRE termed
RRE40 was more potent than any other RRE decoys previously developed or tested here and
protected all cells most effectively from HIV. RRE40 was previously selected in vitro which
binds to Rev protein 10-fold better than wild type RRE. CEM cells expressing RRE40 decoy
RNAs were shown to be specifically deficient in supporting Rev function. This confirmed that
RRE40 decoys inhibit HIV specifically by sequestering Rev binding to the authentic RRE target
in HIV RNA and indicated that RRE40 RNA identified by using in vitro binding studies also
binds Rev in cells. These observations have important implications for experiments involving
optimization of clinical application of RNA decoy based gene therapy protocol against HIV.
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Genetic modification of cells that leads to resis-
tance against viral replication could be mediated by
stable transfer and expression of genes which in-
hibit viral replication (1). A number of strategies
based on the intracellular expression of inhibitor
genes have been developed for inhibition of HIV-1.
Broadly, one can distinguish between protein-bas-
ed inhibitors, such as transdominant mutant viral
proteins and intracellular antibodies against viral
proteins, and RNA-based inhibitors which include
antisense RNA, ribozyme, and RNA decoys (4).
Compared to protein-based inhibitors, RNA-based
inhibitors have more potential advantages because
they are not likely to be immunogenic, may be easi-
er to express at high levels, can be more specific,
and therefore less likely to interfere with normal
cellular functions. Although antisense RNA and ri-
bozyme are highly specific and can be targeted to
many regions of HIV genome or mRNA, their use
could be potentially limited due to the propensity
of HIV to generate escape mutants which will be
resistant to inhibition.

RNA decoys are short RNA transcripts correspon-
ding to critical regulatory sequences on HIV RNA
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termed the trans activation response (TAR) sequen-
ce and the Rev response element (RRE) sequence
(8, 9, 19). The HIV encoded regulatory proteins Tat
and Rev can activate HIV gene expression by bind-
ing to TAR and RRE, respectively (15). Therefore,
expression of TAR or RRE decoys will inhibit HIV
expression and replication by competing with au-
thentic viral TAR or RRE sequences for binding to
Tat or Rev. A potential advantage of RNA decoy in
comparison to other RNA-based inhibitors is that
the generation of variant strains may be less fre-
quent since the RNA decoy target sequences are
highly conserved and alteration in Tat or Rev that
will inhibit binding to RNA decoy would also in-
hibit binding to their authentic RNA sequences on
HIV RNA. We have previously shown that HIV re-
plication was efficiently inhibited in the human CD
4+ T cell line CEM which were stably transduced
with a retroviral or adeno-associated viral vector
expressing TAR or RRE decoy RNA (8, 9, 18). Espe-
cially, we have developed a potent minimal RRE
decoy consisting of only the minimal 13-nucleotide
(nt) Rev binding domain (8). This primary site of
Rev which is present at the base of stem-loop 1IB
was defined by using in vitro binding studies (6,
22). A potential advantage to using this short RRE
decoy is that since no cellular factors binding to
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this short sequence have been identified while cel-
lular factors have been found to bind to other re-
gions of the HIV RRE, it may be much safer than
other inhibitors whose function may involve bind-
ing to physiological cellular factors (17). However,
bulk of human peripheral blood CD4+ T cells trans-
duced to express these developed RNA decoys have
been protected from HIV-1 replication at low levels
and only transiently (unpublished data). Thus, it
will be necessary to continously improve the effecti-
veness of RRE decoy for the clinical application of
RNA decoy-based gene therapy protocol to inhibit
HIV.

In this study, we have developed very effective
RNA decoys by analyzing and comparing the abi-
lity of various RRE decoy derivatives to protect
CEM cells from HIV replication. Using a modified
tRNA expression system to express high levels of
RRE decoy derivatives in CEM cells, we found
that a variant form of wild type RRE termed RRE
40 was more potent than any other RRE decoys
previously developed or tested here. RRE40 RNA
was previously selected and identified using in vi-
tro selection technique called SELEX. It binds
Rev protein 10-fold better than wild type RRE
and contains SLII binding domain of RRE with
several different sequences from wild type (2).
This RNA was also shown to have increased Rev
responsiveness in cells when inserted into the full
length RRE in place of Rev binding domain (21).
We found that CEM cells expressing RRE40
decoy RNAs exhibited diminished Rev function in
cotransfection assay, indicating that RRE40
decoys function as HIV inhibitor by inhibiting
Rev binding to its authentic RRE sequence in
HIV RNA and confirming that RRE40 binds Rev
in cells.

Materials and Methods

Cells and viruses

The HIV-1 virus strain used in this study was
the ARV-2 isolate propagated in HUT78 cells (16)
and provided by Dr. Cheng and Dr. Levy. CEM cell
which was provided by Dr. Nara is a CD4+ human
T-lymphocyte cell line which is highly susceptible
to infection with HIV-1, including the ARV-2 iso-
late (14). CEM cells were grown in RPMI 1640 me-
dium supplemented with 10% fetal calf serum (Hy-
clone, USA).

Construction of retroviral vectors and trans-
duction of CEM cells
Oligonucleotides RREIIAB, mRRE A, mRRE B,

Inhibition of HIV with RRE Decoy Derivatives 309

RRE40, and mRRE40 were cloned between the Sa-
cIl and BamHI site of the modified DCT vector pre-
viously developed (8, 9). This modified vector conta-
ins tRNA™ gene (A3-2) which retains a functional
3' RNA processing signal and two stem loop struc-
tures (hpl and hpll) between tRNA™ gene and
transcription termination signal. In addition, these
two stem loops were separated by short sequence,
L. The oligonucleotides representing various forms
of RRE sequences were inserted in the middle of
the L sequence to generate DCT-RREIIAB, DCT-
mRRE A, DCT-mRRE B, DCT-RRE40, and DCT-
mRRE40, respectively. Therefore, in these vectors
the oligonucleotide 1. is divided into LI and LII.
Vector DNA was converted to corresponding virus
as previously described (20). Briefly, 1 pug of pla-
smid DNA was electroporated into AM12 pack-
aging cell line (13) using a gene pulser (BioRad,
USA), and the transfected cells were selected with
0.7 mg/ml of G418. G418 resistant colonies were
pooled and used in subsequent experiments. Vector
containing virus was used to infect CEM cells, and
clonally infected cell lines were isolated by G418
selection and limiting dilution.

Infection of CEM cells with ARV-2 virus

2% 10° CEM cells were infected 100~1,000 TCID;,
units of ARV-2 isolated from chronically infected
HUT78 cells in a volume of 1 ml in the presence of 4
ug/ml of polybrene. Cells were washed once and
resuspended in the original volume. Every 3-4 days,
a sample of cells was withdrawn for analysis, and
cells were passaged at a 1:4 dilution ratio in fresh
RPMI 1640 with 10% fetal calf serum.

p24 antigen ELISA test

Viral protein concentration in the culture super-
natant was determined by a p24 antigen specific
ELISA kit from Dupont (Cat. No. NEK-060) ac-
cording to the manufacturer's instructions.

CAT assay

Chloramphenicol acetyltransferase (CAT) assay
were performed as previously described (7,8). Briefly,
0.3 ml of a 1.3x 10" CEM cells per ml were transfect-
ed using electroporation with gene pulser supplied
by BioRad (USA). All transfection mixtures contai-
ned 2.0 pg of a P-galactosidase expression vector as
an internal control for both transfection efficiency
and gene expression. Total DNA was adjusted to 10
ug with pCMV-IL2. 48 hrs after transfection, cell
lysates were prepared and assayed for CAT activity
as described previously (7, 8). The acetylated and
unacetylated forms of [“Clchloramphenicol were frac-
tionated on a thin layer chromatography plate (Ba-
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ker, USA) and shown by autoradiography. CAT ac-
tivity was determined by the percentage conversion
of unacetylated chloramphenicol into acetylated chlo-
ramphenicol after autoradiography.

Results and Discussion

Construction of RRE decoy derivatives enco-
ding retroviral vectors

To test the effectiveness of RRE decoy derivatives
RNA to inhibit HIV-1, we constructed tRNA expres-
sion cassettes encoding several different forms of
RRE sequences. Fig. 1 shows the structures of the
RRE-derived sequences, tRNA expression cassette,
and the retroviral vector used in this study. Fig. 1A
(a) shows the secondary structure of the 234 nt full-
length RRE and the location of the primary Rev bin-
ding domain, a stem-loop (SL) structure composed of
13 nucleotides (boxed sequences), referred to as a
purine-rich bubble or as stem-loop D (6,22). Fig. 1A
(b) shows RRE IIAB consisting of a 45 nt sequence
encompassing stem-loops IIA and IIB of the RRE se-
quences, which was initially shown to be the major
Rev binding domain (12). Expression of RRE TIAB
via A3-5 tRNA transcription unit exerted a signifi-
cant inhibitory effect on HIV-1 replication, albeit the
extent of inhibition was less than that seen with
TAR decoy (12). Fig. 1A(c) shows mRRE A which
contains the 13 nt primary binding site for Rev fo-
und at the base of SLIIB of RRE forming the purine-
rich "bubble” referred above (shaded box) and an ar-
tificial stem-loop (open box) that replaces the na-
turally occurring sequence in SLIIB of RRE (mRRE,
m-minimal Rev binding domain). The artificial stem-
loop sequence, 5'-CUUCGG-3', is frequently found in
ribosomal RNA and is highly stable (3, 23). Using
an improved tRNA cassette to express high levels of
RRE transcripts, mRRE A was previously shown to
be a potent inhibitor of HIV in T cell lines (8, 18).
Fig. 1A(d) shows mRRE B, which contains the same
13 nt primary binding site (shaded box) and another
artificial stem-loop (open box), 5-UCUAACCUGA-3,
which is much less stable than the artificial stem-
loop in mRRE A. Fig. 1A(e) shows RRE40, a variant
selected by in vitro genetic selection called SELEX
for SL, domain II of wild type RRE that binds to Rev
10 fold more tightly than wild type (2). Fig. 1A
shows mRRE40, a variant sequence of SLIID and
I1B containing minimal but all the features required
for the high affinity Rev binding of domain II, which
is selected to bind Rev more tightly than wild type
RRE (2). Fig. 1B shows the proposed chimeric tRNA-
RRE transcripts. The various forms of RRE sequen-
ces shown in Fig. 1A were fused to the 3' end of a
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wild type tRNA™ gene (A3-2) which retains a func-
tional 3' RNA processing signal (indicated by arrow).
To improve the stability of transcripts derived from
this tRNA cassette, two stem loop structures (hpl
and hpll) were added on both ends of the RRE se-
quences. In addition, these two stem loops were
separated from the RRE oligonucleotide by short se-
quences, LI and LII, to minimize potential in-
terference with Rev binding to the RRE sequence.
These modification of tRNA structure resulted in a 5-
to 20-fold intracellular increase in the expression of
foreign RNA including TAR decoy relative to the un-
modified tRNA cassette (9). Furthermore, the ef-
fectiveness to inhibit HIV replication has been im-
proved by augmenting the intracellular expression
level of TAR decoy via structural modification of
tRNA expression cassette (9). The tRNA-RRE DNA
constructs were inserted into the 3'LTR of the mu-
rine N2A retroviral vector as shown in Fig. 1C so
that the tRNA-RRE templates would be duplicated
and present at both LTRs of the proviral DNA in
the infected cell line (5). The names of the various re-
troviral vectors are DCT-RREIIB, DCT-mRRE A,
DCT-mRRE B, DCT-RRE40, and DCT-mRRE40. Con-
trol vectors containing tRNA without inserts are term-
ed DCT.

Vector DNA was converted to corresponding virus
and used to infect CEM cells. G418-resistant clones
were individually isolated by limiting dilution and
expanded to clonal cell lines for further analysis.
CEM cells which were transduced with DCT-RRE de-
rivatives were observed to express comparable RRE
decoy RNAs using northern analysis as previously
described (8, data not shown).

Protection of CEM cell lines expressing RRE
decoy derivatives from HIV-1

Parental nontransduced CEM cells and CEM cell
clones transduced with either control DCT vector or
retroviral vectors encoding the various modified tRNA-
RRE DNA templates were analyzed for their ability
to suppress the replication of HIV-1. Cells were in-
fected with 100~1,000 TCID;, of the ARV-2 virus, and
the spread of virus was measured by syncytia for-
mation (Table 1). Patterns of syncytia formation in
CEM cells following HIV infection was previously
shown to directly correlate with the spread of virus in
culture measured by a p24 antigen concentration (8).
Therefore, syncytia formation will indicate HIV re-
plication in tested CEM cells. The expression of tRNA-
RRE transcripts in CEM cells had no measurable ef-
fect on their growth rate over an extended period
time, and microscopic examination revealed no mor-
phological differences between parental CEM cells
and the clonal isolates expressing tRNA-RRE tran-
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A.Structure and sequence of variable forms of RRE
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Fig. 1. Structure of chimeric tRNA, various forms of RRE decoy templates, and retroviral vectors. A. Structure and sequence
of various forms of RRE. (a) The proposed secondary structure of the HIV Rev response element (RRE) shows a central stem
and five stem-loop structures. The primary Rev binding site was mapped to a short region within stem loop (SL) II (boxed se-
quences) which forms a purine-rich “bubble”, also known as stem-loop D. (b) The RRE-derived sequences used as decoy RNA
(RREIIAB, open box) correspond to the sequences within SLITA and SLIIB. (c) The RRE-derived sequences used as decoy
RNA (mRRE A) correspond to the primary Rev binding domain (shaded box) and a short stem-loop structure (open box),
which replaces the naturally occurring stem-loop in RRE. (d) The RRE-derived sequences used as decoy RNA (mRRE B) cor-
respond to the primary Rev binding domain (shaded box) and a short stem-loop structure (open box) which replaces naturally
occurring stem-loop of RRE. (e) The RRE-derived sequences used as decoy RNA (RRE40, open box) correspond to the se-
quences within the SLII domain with the variant sequences (bold letters) which were selected in vitro to bind Rev 10-fold
more tightly than the wild type. (f) The RRE-derived sequences used as decoy RNA (mRRE40, open box) correspond to the se-
quences containing the primary Rev binding domain with the variant sequences (bold letters), which were shown to bind Rev
more tightly than the wild type. B. The chimeric-various RRE decoy constructs consist of wild type human tRNA™ gene and
various RRE sequences inserted between the tRNA and the transcription termination signal (T). Two stem-loop structure
(hpl and hpll) and additional short sequences (LI and LII) are present on both sides of the RRE sequence in the chimeric
tRNA-various RRE transcript. C. The chimeric tRNA-variable RRE constructs were inserted into the polylinker sequence
present in the 3'LTR of the N2A vector to generate retroviral vectors. In the target cells, the tRNA-RRE DNA template was
duplicated and transferred to the 5'LTR.
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Table 1. Result of challenging tRNA-RRE transcript expressing CEM cell clones with HIV-1°
Cells days PI Cells days PI
d10 d13 d1i8 d24 d28 d10 d13 di8 d24 d28
CEM +w + o+ b ++++ DCT-mRREB-1 + + F 4 o+ ot
-2 ? ? ++ +++ ++++
DCT -1 + ++ 4+ A+ o+ -3 ? + 4+ +++ A+
-2 ! + + +t e+ -4 ? ? + 4 et
DCT-RREIIAB-1 + + + ++ ++++ DCT-RRE40-1 ? W W +W %
-2 + + 4 +++ -2 ? +
-3 + ++ 4 Fa— R -3 ? + + +
-4 ? + + ++ ot -4 + ?
DCT-mRREA-1 ? + ot +++  DCT-mRRE40-1 ? ++ ++
-2 + + -2 + + + +
-3 +wW ++ +++ ++ -3 ? +W ++
-4 ? -4 ? +w + +

*Patterns of HIV-1 replication in individual cells were determined by degree of syncytia formation in 10° cells at different

days post-infection (PI). The numbers under vectors indicate individual CEM cell clones. {

; no syncytia, ?7; indeterminate

syncytia, +w; less than 1% in 10° cells form syncytia, +; 1-10% form syncytia, ++; 10-15% form syncytia, +++; 25-50% form

syncytia, ++++; more than 50% form syncytia.)

scripts (data not shown). The parental CEM cells and
two clones transduced with the control DCT vector
manifested similar patterns of syncytia formation.
CEM clones transduced with the DCT-RREIIAB or
DCT-mRRE B vector did not seem to have resistance
against HIV-1 replication as compared with the con-
trol cells. In contrast, CEM cells transduced with the
DCT-mRRE A or DCT-mRRE40 vector showed more
inhibition of syneytia formation than control cells or
the clonal cells transduced with the DCT-RREIIAB or
DCT-mRRE B vectors. However, as previously re-
ported (8), we observed some heterogeneity in the de-
gree of resistance to HIV-1 among CEM clones in
spite of comparable expression of RNA among clones
transduced with the same vector. In contrast to
mRRE B decoy whose expression showed no inhibi-
tion of HIV-1 and contains only 13 nt primary bind-
ing site for Rev and an unstable stem-loop, mRRE A
decoy whose expression slightly inhibited HIV-1 re-
plication contains both the same 13 nt primary bind-
ing site and an artificial stable stem-loop. This ob-
servation implies the importance of stable structural
maintenance and native configuration of RRE decoy
for its function as an inhibitor of HIV-1. We have pre-
viously observed a similar correlation between stable
secondary structure and effectiveness of RNA decoys
in inhibiting HIV-1 replication (8, 9). CEM clones
transduced with the DCT-RRE40 vector exhibited
most efficient inhibition of syncytia formation. Espe-
cially all the cells transduced with this vector were
most durably protected against HIV-1, a result not
seen In other clones transduced with other vectors. In
conclusion, in the challenge experiments of clonal cell
lines with HIV-1, RRE40 decoy was found to be more
effective in inhibiting HIV-1 than natural RRE decoys

containing the Rev binding domain. RRE40 is a vari-
ant selected by in vitro genetic selection of SL domain
IT of wild type RRE that binds to Rev 10-fold more
tightly than wild type (2). This indicates that in-
crement in the binding affinity of in vitro selected
RRE derivatives to Rev protein can also improve the
effectiveness of RRE decoy RNA to inhibit HIV-1 re-
plication in cells.

To confirm that the expression of RRE40 decoy
RNAs in cells can effectively inhibit HIV-1 replica-
tion, the spread of virus in cells transduced with the
DCT-RRE40 vector was measured and compared to
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Fig. 2. HIV-1 secretion from CEM cells transduced with re-
troviral vectors encoding RRE40 decoy RNA. Two CEM
clones transduced with DCT (DCT-1 (lane 1) and -2 (lane 2))
and three CEM clones transduced with DCT-RRE40 (DCT-
RRE40-1 (lane 3), -2 (lane 4) and -3 (lane 5)) were infected
with HIV-1, and the secretion of virus into the media 24
and 28 days post infection was determined by a p24 ELISA
test.
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Fig. 3. CAT activity in CEM cells transfected with CAT ex-
pression plasmids. Parental CEM cells or CEM clones trans-
duced with the DCT or the DCT-RRE40 vector were trans-
fected with no DNA (lane 1) or a CAT expression vector con-
taining RRE (pDM128) alone (lanes 2 and 3) or together
with a Rev expression vector (pRev) (lanes 4-9). As control,
cells were transfected with CMV-derived CAT expression
vector (pCMV:CAT) (lanes 10 and 11). CAT activity was det-
ermined as described in Materials and Methods. The numb-
ers under the vectors indicate individual CEM cell clones.

those with the control DCT vector by a p24 ELISA
assay of culture supernatant at 24 and 28 days post-
infection (Fig. 2). As shown in lanes 1 and 2 of Fig. 2,
two CEM cells transduced with the control DCT vec-
tor supported the replication of HIV. However as
shown in the lanes 3-5 of Fig. 2, p24 antigen release
was very limited and reduced 10°-10° fold in the case
of all CEM cell clones expressing RRE40 decoy RNA.
Consequently, RRE40 decoy RNA is a very potent
antiviral agent against HIV-1.

Inhibition of Rev function in cells expressing
RRE decoy derivatives

To clarify whether RRE40 decoys function by inhi-
biting Rev, we assayed Rev function in CEM cells
expressing RRE40 in a transient transfection sys-
tem using a reporter plasmid, pDM128, and a Rev
encoding plasmid, pRev, as shown in Fig. 3. pDM
128 has a single intron containing both the HIV-1
RRE sequence and the bacterial chloramphenicol a-
cetyltransferase (CAT) coding sequences (7). Since
this intron is efficiently removed by splicing in the
absence of Rev, cells transfected with pDM128 will
express only trace amount of CAT activity. As
shown in the lanes 2 and 3, transfection of pDM128
without pRev into cells resulted in very low level of
CAT expression. Rev enhances accumulation of un-
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spliced and singly spliced HIV RNA in the cyto-
plasm of HIV infected cells and diminishes accu-
mulation of multiple spliced viral RNA species pro-
duced early in viral infection. Thus, cotransfection
of pDM128 with pRev will permit unspliced tran-
scripts to enter the cytoplasm, increasing CAT ac-
tivity many folds. As shown in the lanes 4-6 of Fig.
3, cotransfection of CEM cell and two CEM clones
stably transduced with the control vector DCT with
pDM128 and pRev resulted in a 15-20 fold increase
in CAT activity. In contrast, if Rev function is inhi-
bited, in RRE40 decoy expressing CEM cells co-
transfected with pDM128 and pRev, splicing will be
efficient, resulting in a decrease in CAT activity. As
shown in the lanes 7-9 of Fig. 3, Rev dependent
stimulation of CAT activity increased only 2-5 fold
in three CEM clones stably transduced with DCT-
RRE40. This decrease in the CAT activity was not
due to nonspecific inhibition of CAT activity in the
cell extract since Rev-independent CAT expression
from a standard CMV promoter driven CAT expres-
sion plasmid was efficient in all cell lines tested
(lane 10 and 11 of Fig. 3). Together with the fact
that no inhibition of Rev dependent stimulation of
CAT activity was seen in CEM clones expressing
TAR decoy RNA (8 and data not shown), these ob-
servations strongly suggest that the inhibition of
CAT activity in CEM clones harboring DCT-RRE40
vector is the result of specific interaction between
the vector transcribed RRE40 decoy RNA and the
transfected Rev gene product. In conclusion, cotrans-
fection experiments demonstrated that cells expres-
sing RRE40 decoy RNA were specifically deficient
in supporting Rev function, indicating that these
RRE decoy derivatives inhibited HIV-1 replication
in cells specifically by sequestering Rev from bind-
ing to authentic RRE target in HIV RNA. In addi-
tion, these experiments confirm that the in vitro se-
lected Rev binding SLII domain of the RRE, which
was previously systematically selected by in vitro
binding assays (2), also binds Rev in cells.

Even though HIV replication was efficiently in-
hibited in selected human CD4+ T cell line trans-
duced with retroviral vectors expressing RNA decoys
8, 9, 19), HIV replication was inhibited at low levels
and only transiently in bulk of human peripheral
blood CD4+ T cells transduced to express RNA decoys
(unpublished data). Therefore, several approaches to
improve the effectiveness of RNA decoys to inhibit
HIV replication will be necessary for clinical ap-
plication of gene therapy protocols to HIV infection.
One such approach is to improve the gene transfer ef-
ficiency by vector development. Another approach is
to increase the intracellular concentration of RNA
decoys. We have previously shown that the ef-
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fectiveness of TAR decoys could be improved by aug-
menting the expression level of TAR decoys via struc-
tural modification of tRNA expression cassette (9). A
potent Pol II transcription unit, we have recently de-
veloped, could be also used to increase the intracel-
lular expression level of RNA decoys (11). This unit is
based on highly expressed TBN transcript which is a
spliced RNA product utilizing cryptic splice signals
present in the normally spliced DHFR mRNAs and ac-
cumulating exceedingly high levels comparable to the
levels reached by the highly abundant endogenous ac-
tin mRNA, or MoMLV RNA expressed in chronically
infected cells. Another approach which has been stu-
died here is to develop increasingly effective RNA
decoys. In this study, RRE40 decoy RNA, which was
previously selected in vitro to bind Rev protein 10-fold
much better than wild type SLII binding domain of
RRE (2), was found to be a more potent inhibitor
against HIV-1 replication than mRRE A decoy RNA
which was previously developed (8). In vitro selection
methods called SELEX can be employed to isolate
short RNA molecules from RNA libraries that bind to
many types of proteins, including non-RNA binding
proteins, with high affinity and specificity (10, 24).
Results from studies here suggest that in vitro selec-
tion of RNA ligands which bind specifically and avidly
HIV structural or regulatory proteins could be useful
for the development of HIV inhibitors. Stable ex-
pression of such RNA ligands would render cells resis-
tant to HIV replication.

To evaluate the efficacy of RRE40 decoys in clin-
ical setting, polyclonal peripheral blood CD4+ T cells
will be transduced with vectors expressing RRE40
decoy RNA and then challenged with HIV. In ad-
dition, the effectiveness of RRE40 decoy RNA as
HIV inhibitor will need to be compared with other
potentially useful HIV resistance mechanisms that
have recently been described (4). These studies will
have important implications for experiments in-
volving the development of clinically relevant gene
therapy protocols.
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