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ABSTRACT A genetic defect in a CC-chemokine receptor
(CCR)-5, the principal coreceptor for the macrophage-tropic HIV
type 1 (HIV-1), recently was found to naturally protect CCR-5-
defective, but healthy, individuals from HIV-1 infection. In this
study, we mimic the natural resistance of the CCR-5-defective
individuals by designing a strategy to phenotypically knock out
CCR-5. The inactivation of the CCR-5 coreceptor is accomplished
by targeting a modified CC-chemokine to the endoplasmic retic-
ulum to block the surface expression of newly synthesized CCR-5.
The lymphocytes transduced to express the intracellular chemo-
kine, termed ‘‘intrakine,’’ were found to be viable and resistant to
macrophage-tropic HIV-1 infection. Thus, this gene-based in-
trakine strategy targeted at the conserved cellular receptor for the
prevention of HIV-1 entry should have significant advantages
over currently described approaches for HIV-1 therapy.

CC-chemokine receptor (CCR)-5 is a principal coreceptor for
HIV type 1 (HIV-1), which is required for macrophage
(M)-tropic HIV-1 entry into target cells (1–6). M-tropic
viruses represent the most prevalent phenotype isolated in
individuals shortly after seroconversion and during the asymp-
tomatic periods of the diseases (7–9). Several recent studies
presented compelling evidence that CCR-5 is critical to the
infectivity of HIV-1. Liu et al. (10) found that two uninfected
individuals, repeatedly exposed to HIV-1, inherited a homozy-
gous CCR-5 defect that contains an internal 32-bp deletion
resulting in a frame shift. The lymphocytes from the CCR-5
defective individuals are resistant to M-tropic HIV-1 infection.
Samson et al. (11) also identified the same CCR-5 mutation in
uninfected individuals, and none of the HIV-infected individ-
uals examined were homozygous for the mutation. Subsequent
large population studies confirm the protective role of the
CCR-5 homozygous defect (12, 13). Importantly, the individ-
uals with the homozygous CCR-5 defect are not associated
with clinical conditions (10–15), suggesting that the biologic
function of CCR-5 is compensated by other chemokine recep-
tors due to the redundancy of the chemokine family (16–19).
Thus, these findings demonstrate the critical importance of
CCR-5 for HIV-1 infection and dispensable nature of its
function (10–15), suggesting that inactivation of CCR-5 in
lymphocytes or stem cells should have therapeutic implication.

CCR-5 is a seven-transmembrane glycoprotein that is synthe-
sized in the endoplasmic reticulum (ER) and transported to the
cell surface, where CCR-5 binds its ligand (16–19) or serves as a
HIV-1 coreceptor (2–6). In our previous studies, we developed
an intracellular antibody (intrabody) approach to effectively
block the cell surface transport of the envelope proteins of HIV-1
by targeting an engineered antibody molecule inside the lumen of

the ER (20–24). CC-chemokines, such as macrophage inflam-
matory protein (MIP)-1a and regulated-upon-activation, normal
T cells expressed and secreted (RANTES), bind to their receptor
CCR-5 with high affinity (16, 25, 26). In this study, MIP-1a and
RANTES were genetically modified and targeted to the ER
lumen to intracellularly bind the newly synthesized CCR-5 and
prevent its transport to the cell surface. The transduced lympho-
cytes expressing the intracellular chemokine, termed ‘‘intra-
kines,’’ were found to resist M-tropic HIV-1 infection.

MATERIALS AND METHODS
Construction of Expression Vectors. The human MIP-1a and

RANTES genes were PCR-amplified from the cDNA of periph-
eral blood mononuclear cells. The MIP-1a and RANTES genes
then were linked with a KDEL sequence by PCR (20). The native
MIP-1a and RANTES genes and their derivatives were cloned
into expression vectors (Fig. 1A). All of the constructs were
confirmed by DNA sequencing (DNA sequencing core facility of
Wake Forest University).

Detection of Protein Expression and Immunofluorescent
Staining. To label and precipitate recombinant proteins, cells
were radiolabeled with [35S]cysteine or [35S]trans and precipi-
tated with antibodies (27, 28). The protein samples were analyzed
by electrophoresis on SDS-polyacrylamide gels and visualized by
a PhosphorImager (28). For flow-cytometric assay, 5 3 105 cells
were incubated with a primary antibody for 1 hr, followed by
incubation with a fluorescein conjugate. The cells then were
analyzed on a Becton Dickinson FACScan (23). Indirect immu-
nofluorescent staining was performed as described (28).

Syncytium Formation Assay. HeLa-T41 cells (about 50%
confluence) were cotransfected with pCMV-CCR-5 and control
pRcyCMV (Invitrogen) or various chemokine expression plas-
mid DNA at different concentrations using a Calcium Phosphate
System (Promega). At the same time, HeLa cells were transfected
with T cell (T)- or M-tropic HIV-1 envelope protein expression
vector (5 mg) and Tat expressor (1 mg) (6, 20). Forty eight hours
later, the transfected HeLa cells expressing the envelope proteins
(2 3 105) were cocultured with cotransfected HeLa-T41 cells
(1 3 105) on 12-well plates. After 12–24 hr of cocultivation,
syncytia in each well were counted after crystal violet staining,
and the percentages of inhibition were calculated by syncytia
numbers in expressor-cotransfected wellsysyncytia numbers in
pRcyCMV-cotransfected wells.

Generation of Retroviral Packaging Cell Lines and Gene
Transfer. The MIP-1a-K or RANTES-K genes were cloned
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into the retroviral pLNCX vector (29, 30) (Fig. 1A). The
resultant retroviral shuttle vectors were transfected into the
amphotropic packaging cells (PA317), and the culture medium
of the transfected cells then was used to infect freshly seeded
PA317 cells (31). Forty eight hours later, the infected PA317
cells were selected with a G418 (800 mgyml)-containing me-
dium for 2 to 3 weeks. The G418-resistant colonies were
subcloned and characterized by genetic analysis to ensure the
entire incorporation of the genes into the chromosome of the
packaging cells. Peripheral blood mononuclear cells from
healthy individuals were separated on a FicollyHypaque den-
sity gradient, and nonadherent peripheral blood lymphocytes
(PBLs) were stimulated in a culture medium [RPMI medium
1640y20% fetal calf serum supplemented with recombinant-
interleukin 2 (1,000 unitsyml) (Chiron), and anti-CD3 (5
ngyml) (PharMingen)] for 48 hr (28). The stimulated PBL cells
then were transduced by coculture with the recombinant

packaging cells in the culture medium containing protamine
sulfate (5 mgyml) for 48 hr. The transduced PBLs were
harvested and cultured for 1 day, followed by repeated trans-
duction twice. After final transduction, the PBLs were incu-
bated in the culture containing G418 (600 mgyml) for 5 days
and then expanded in the culture medium for several days.

Chemotaxis Assay. PBLs (5 3 105) were suspended in 100
ml of the RPMI medium 1640 containing 0.25% human serum
albumin and added to the top chamber of a 5-mm pore
polycarbonate Transwell culture insert (Costar). Six hundred
microliters of the RPMI medium 1640y0.25% albumin con-
taining various concentrations of the recombinant human
MIP-1a, monocyte chemotactic protein 1, RANTES, or stro-
mal cell-derived factor-1 (R & D Systems) were added to the
bottom chamber of the Transwell. After 3-hr incubation at
37°C, the cell numbers in the bottom chamber were counted,
and percentages of the transmigration were determined.

FIG. 1. (A) Schematic representation of construction of expression vectors. Human MIP-1a and RANTES genes and the modified RANTES-K
and MIP-1a-K genes were cloned into the pRcyCMV vector (Invitrogen). RANTES-K and MIP-1a-K were further cloned into a retroviral vector
(pLNCX). A CCR-5 expression vector containing an HA tag sequence (YPYDVPDYA) (34) also was generated. All of the constructs were
confirmed by DNA sequencing. c, packaging sequence. (B) Expression of native and modified RANTES. COS cells were transfected with 2.5 mg
of plasmid DNAywell and, 48 hr later radiolabeled with 60 mCi of [35S]trans (ICN) for 4 hr. The culture media (M) and cell lysates (C) were
precipitated with an anti-human RANTES (Sigma), analyzed by SDSyPAGE, and then visualized by a PhosphorImager (Molecular Dynamics).
Vector, pRcyCMV vector control; R, RANTES; and R-K, RANTES-K. (C) Intracellular retention of modified chemokines. COS cells were
transfected with 2.5 mg of pCMV-RANTES-K, pulse-radiolabeled 48 hr later with 60 mCi of [35S]cysteine for 30 min, and then chased for various
times. The culture media (M) and cell lysates (C) were precipitated with the anti-RANTES and analyzed on a 15% polyacrylamide gel. (D)
Intracellular localization by immunofluorescent staining. COS cells grown on coverslips were transfected with 1 mg of plasmid DNA, and 48 hr
later, stained with the anti-RANTES, followed by an anti-rabbit IgG-fluorescein isothiocyanate conjugate (Sigma). (a) pCMV-RANTES, (b)
CMV-RANTES-K, or (c) pCMV control-transfected cells.
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HIV-1 Infection and Reverse Transcriptase (RT) Assay. PBLs
in the RPMI medium supplemented with 10% fetal calf serum and
recombinant-interleukin 2 (1,000 unitsyml) and anti-CD3 (5 ngy
ml) were infected with 20,000 cpm RT activities of M- or T-tropic
HIV-1 viruses, respectively. After 4-hr incubation at 37°C, the
infected PBLs then were washed once and resuspended in the
culture medium, and the RT activities in 1 3 105 cellsyml were
determined after subtracting the background (27, 32). The trans-
duced and control lymphocyte lines were infected with HIV-1
viruses, and the viral production in the cultures was determined by
measuring RT activity as described previously (23, 27).

RESULTS
Expression and Intracellular Localization of Modified RAN-

TES and MIP-1a. Human RANTES and MIP-1a genes with or
without an ER-retention signal (KDEL) (20) were cloned into
expression vectors, respectively (Fig. 1A). To determine the
expression and localization of the native and modified chemo-
kines, COS cells were transfected with various expression vector
DNA and radiolabeled 48 hr later. The cell lysates and culture
media then were immunoprecipitated with either an anti-MIP-1
or anti-RANTES antibody. An 8-kDa protein band correspond-
ing to RANTES was found in both the medium and lysates of the
pCMV-RANTES-transfected cells, but not in the control cells
(Fig. 1B). However, in pCMV-RANTES-K-transfected cells, the
modified RANTES-K was predominately found in the cell lysate,
not in culture medium. To further determine the cellular reten-
tion of RANTES-K, the transfected cells were pulse-radiolabeled
for 30 min and chased for various times. The RANTES-K
proteins were found to be stably retained intracellularly with a
half-life over 4 hr (Fig. 1C). The localization of the native and
modified chemokines was examined further by immunofluores-
cent staining. As shown in Fig. 1D, a cytoplasmic ER staining
pattern was observed in the cells transfected with pCMV-
RANTES-K, whereas a perinuclear Golgi staining pattern was
seen in the cells transfected with pCMV-RANTES. The native
and modified MIP-1a also were expressed in a similar manner
with the RANTES (data not shown). Thus, these results indicate
that the modified CC-chemokines (intrakines) were expressed
and stably retained in the ER.

Effects of Intrakine on CCR-5-Mediated Syncytium Forma-
tion. To examine the effects of the intracellular chemokine
(intrakine) on the CCR-5 surface expression, a CCR-5yCD4-
mediated syncytium formation assay was performed. The trans-
formed cells expressing CD4 (HeLa-T41) (20) were cotrans-
fected pCMV-CCR5 with different amounts of expression plas-
mid DNA, and 48 hr later, cocultured with the HeLa cells
expressing M (ADA and YU2)-tropic HIV-1 envelope proteins
(6) for 12–24 hr. As shown in Fig. 2A, in the cocultures with the
cells expressing intrakines, significant inhibition of M-tropic
envelope-mediated syncytium formation was observed. When
cotransfected with 10 mg of pCMV-MIP-1a-K or pCMV-
RANTES-K, M-tropic envelope-mediated syncytium formation
was almost completely inhibited. However, the T-tropic envelope-
mediated syncytium formation via fusin (33) was not inhibited by
the transfection of pCMV-MIP1a-K or pCMV-RANTES-K
(data not shown). Inhibitory effects on the syncytium formation
of M-tropic envelope proteins also were observed in the cells
cotransfected with pCMV-MIP-1a or pCMV-RANTES (Fig. 2).
Repeated experiments showed similar inhibitory effects. The
partial inhibition by expression of native chemokines may be due
to partial saturation of the binding site of CCR5 as well as
interference of CCR5 transport to the cell surface. To determine
whether the inhibitory effect of intrakines is a result of the
intracellular binding, coimmunoprecipitation assays were per-
formed. In the cells cotransfected with pCMV-MIP-1a-K and
pCMV-HA-CCR-5 tagged with a hemagglutinin (HA) tag se-
quence (34), the MIP-1a-K proteins were coprecipitated by using
the anti-HA antibody (data not shown). Thus, these results

suggest that the intrakines bind newly synthesized CCR-5 and
prevent their transport to the cell surface.

Blockade of M-tropic HIV-1 Entry into Transduced Lym-
phocytes. To further determine the effects of CC-intrakines, a
CCR-5yCD41-human lymphocyte line, PM-1 (35), was trans-
fected with various expression vectors followed by G418
selection. The lymphocytes transduced with the native MIP-1a
or RANTES expression vectors failed to grow up, whereas
viable transduced lymphocytes expressing the intrakines (PM-
RANTES-K and PM-MIP-1a-K) were generated. This result
suggests that continuous stimulation by CC-chemokines may
have an adverse effect on lymphocytes, and intrakines retain
newly synthesized CCR-5 in the ER, probably resulting in their
degradation inside the cell. A control PM-1 line transduced
with pRcyCMV vector (PM-CMV) also was generated. The
expression vector incorporation into the transduced lympho-
cytes was demonstrated by genomic PCR amplifications. The
transcription of the incorporated genes also was demonstrated
by RT-PCR (Fig. 3A).

The effects of the intrakine on the CCR-5 surface expression of
the transduced lymphocytes were examined by a flow-cytometric
assay. As shown in Fig. 3B, the surface expression of CCR-5 was
detected on the PM-CMV, but decreased to a background level on
PM-MIP-1a-K. In contrast, comparable levels of the surface
expression of CD3, CD4, and CXCR4 were detected on both
PM-CMV and PM-MIP-1a-K. The selective inhibition of CCR-5
cell surface expression on the PM-RANTES-K also was observed.
These results suggest that RANTES- and MIP-1a-intrakine spe-
cifically block the CCR-5 surface expression.

We then examined whether the transduced lymphocytes are
resistant to the HIV-1 entry by using an envelope-complementa-
tion assay. In this assay, HIV-1 envelope glycoproteins expressed
in trans complement a single round of replication of an envelope-
deleted provirus encoding the chloramphenicol acetyltransferase
(CAT) gene (6, 23). As shown in Fig. 3C, high levels of CAT
activities in PM-CMV infected with the recombinant YU2 or
ADA viruses were detected, but only low levels of CAT activity in
PM-RANTES-K were detected. Dramatic inhibition of M-tropic
recombinant HIV-1 entry into PM-MIP-1a-K also was observed.
This result indicates that intrakine expression effectively protects
the transduced lymphocytes from M-tropic HIV-1 entry.

Inhibition of M-Tropic HIV-1 Infection of Transduced Lym-
phocytes. To further determine the intrakine effects, PM-MIP-
1a-K and PM-CMV cells in parallel were washed with fresh

FIG. 2. Inhibition of CCR5-mediated syncytium formation by
intrakines. HeLa-T41 cells on 6-well plates were transfected with 2.5
mg of pCMV-CCR-5 alone or cotransfected with different amounts
(2.5, 5.0, or 10 mg) of expression vectors. Forty eight hours later, the
transfected cells (1 3 105) then were cocultured with the HeLa cells
expressing M (ADA)-tropic envelope proteins (2 3 105), and the
syncytia in each well (duplicate) were examined 12–24 hr later. The
percentages of inhibition of syncytium formation are presented.
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culture medium, and then infected with each one of several
primary HIV-1 isolates (ADA, JRFL, and SF162). The viral
particles in the culture medium then were determined by RT
assay. As shown in Fig. 4A, a significant increase of RT levels was
observed in PM-CMV cell cultures infected with the primary
HIV-1 isolates after 8 days of infection, and at day 12 postinfec-
tion, the RT levels reached the peak level. In contrast, only
transient, very low levels of RT activities were observed in the
medium of PM-MIP-1a-K cultures infected with the HIV-1
isolates. Thus, these results indicate that the transduced lympho-
cytes expressing the MIP-1a-intrakine are resistant to M-tropic
HIV-1 infection.

Next, the biological features of the transformed lymphocytes
were examined to assess the effect of MIP-1a-intrakine on
lymphocytes. PM-CMV and PM-MIP-1a-K cells were found to
have a similar cell viability determined by trypan blue exclu-
sion. PM-CMV and PM-MIP-1a-K had comparable prolifer-
ation rates (data not shown). [3H]thymidine incorporation,
which represents the cellular DNA synthesis rate, was exam-
ined and found to be similar to parental lymphocytes (Fig. 4B).
Thus, the lymphocytes expressing intrakine remain viable.

Anti-HIV-1 Effects of Intrakine in Primary PBLs. To
further evaluate potential therapeutic application, whether
intrakine expression would protect primary PBLs from M-
tropic HIV-1 infection was assessed. The intrakine gene
(RANTES-K or MIP-1a-K) was cloned into a retroviral

shuttle vector, pLNCX (Fig. 1 A). The resultant vector (LNCX-
RANTES-K and LNCX-MIP-1a-K) was transfected into a
packaging cell line (PA317), and the recombinant retroviral
packaging cell lines were generated after G418 selection.
Primary human PBLs were stimulated and then transduced
with the recombinant vector by coculture with the recombi-
nant packaging cells, followed by Neo selection. The vector
incorporation into the genome of the transduced PBLs was
demonstrated by genomic PCR (data not shown). The trans-
duced or mock-transduced PBLs were infected with M- or
T-tropic isolates, and the viral production in the cultures was
examined by measuring the viral RT activity. As shown in Fig.
5A, only low levels of RT activity were detected in the
RANTES-K-transduced PBLs infected with M-tropic viruses
(ADA, BAL, JRFL, and SF162), but high levels of RT activity
were detected in the mock-transduced PBL culture infected
with these HIV-1 viruses. The specificity of the intrakine effect
was demonstrated, because T-tropic virus IIIB equally infected
the transduced and mock-transduced PBLs (Fig. 5A). The
viability of PBLs transduced with RANTES-K was about 90%,
comparable to that of mock-transduced PBLs. The majority of
PBLs transduced with RANTES-K remained viable during the
experiment infected with M-tropic viruses, whereas the mock-
transduced PBLs gradually died after M-tropic virus infection,
indicating the survival advantage of the transduced PBLs in
vitro after HIV-1 infection. Similar anti-HIV-1 activities also

FIG. 3. Blockade of M-tropic HIV-1 infection into transduced lymphocytes. PM-1, a CD41-human T lymphocyte line, was transfected with
plasmid DNA by electroporation and selected in medium containing G418 (800 mgyml) for 2 to 3 weeks (28). The G-418 resistant lymphocytes
were assessed further. (A) Genomic and RT-PCR of transduced cells. Genomic DNAs and RNAs were extracted from the lymphocytes, and the
RNAs then were reverse-transcripted into cDNA, as described (27). The MIP-1a fragments were specifically amplified from the genomic DNA
or cDNA of PM-MIP-1a-K (A), not PM-CMV (B), with a pair of primers corresponding to the T7 promoter and 39-MIP-1a sequence. The DNA
molecular weight markers (M) were ØX174-HaeIII: 1,353, 1,078, 872, 603, 310, and 281 bp. (B) Flow-cytometric assay. PM-MIP-1a-K or PM-CMV
(5 3 105) were incubated with the mouse anti-CCR-5 (LeukoSite, Boston) (49), CXCR4 (R & D Systems), CD3, or CD4 antibody (PharMingen),
and then stained with an anti-mouse IgG-fluorescein isothiocyanate conjugate (Sigma). The parental PM-1 cells were incubated with an irrelevant
anti-rabbit IgG antibody, followed by incubation with the anti-mouse IgG-fluorescein isothiocyanate as negative control. After staining, the cells
were analyzed on a Becton Dickinson FACScan. The percentages of positive staining cells are for anti-CD3: PM1ynegative control, 1.0%; PM-CMV,
98.6%; and PM-MIP-1a-K, 98%; for anti-CD4: PM1ynegative control, 3.3%; PM-CMV, 37.7%; PM-MIP-1a-K, 34%; for anti-CCR5: PM1ynegative
control, 0.9%; PM-CMV, 36.4%; and PM-MIP-1a-K, 1.0%; and for anti-CXCR4: PM1ynegative control, 1.6%; PM-CMV, 74.7%; and
PM-MIP-1a-K, 72.8%. (C) Blockade of M-tropic HIV-1 entry by the envelope complementation assay. PM-RANTES-K (R-K) or PM-CMV (PM)
(2 3 106) were infected with the recombinant viruses with ADAenv or YU2env (20,000 cpm RT) by overnight incubation. Sixty hours later, the
infected cells were lysed and used for determination of CAT activity. PC, positive control for CAT assay.
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were observed in the PBLs transduced with MIP-1a-K (data
not shown). Thus, these results demonstrate that transduced
primary PBLs expressing intrakines were resistant to M-tropic
HIV-1 infection.

To further determine the selective inactivation of CCR5 in
the primary human PBLs, the PBLs transduced with RAN-
TES-K or MIP-1a-K after Neo selection and mock-transduced
PBLs were subjected to chemotaxis assays. As shown in Fig.
5B, the responsiveness of PBLs transduced with RANTES-K
or MIP-1a-K to the stimulation of recombinant stromal cell-
derived factor 1 or monocyte chemotactic protein 1, which
binds the chemokine receptor CXCR4 or CCR2, remained
normal, when compared with that of mock-transduced PBLs.
In contrast, the PBLs transduced with RANTES-K or MIP-
1a-K were insensitive to the stimulation of MIP-1a and
RANTES (Fig. 5B). In addition, the PBLs transduced with
RANTES-K or MIP-1a-K also were shown to have normal cell

proliferation and DNA synthesis rates in the stimulation
condition of interleukin 2 and anti-CD3 (data not shown).

DISCUSSION
In this study, we mimic the natural resistance of the CCR-5-
defective individuals by designing an intrakine strategy to
phenotypically knock out CCR-5. The phenotypic CCR-5
knockout lymphocytes were viable and resistant to M-tropic
HIV-1 infection. Therefore, this intrakine strategy should have
therapeutic implication to genetically protect HIV-1 permis-
sive cells from HIV-1 infection. This intrakine strategy has
several features that may render this strategy superior over
currently described anti-HIV approaches. First, this anti-HIV
approach is targeted to the conserved cellular receptor, and,
therefore, frequent HIV mutations may be not able to evade
this strategy (10–15). In contrast, currently described anti-HIV
approaches are primarily targeted to the highly variant viral

FIG. 4. (A) Resistance to M-tropic HIV-1 infection of transduced lymphocytes. PM-MIP-1a-K or PM-CMV (2 3 105) were equally infected with 20,000
cpm RT of M-tropic HIV-1 viruses for 4 hr, and then replaced with the fresh culture medium. RT activities in duplicate wells after subtracting the
background level are presented. Solid lines indicate PM-MIP-1a-K, and dotted lines indicate control PM. (B) DNA synthesis rates of transduced
lymphocytes. PM-MIP-1a-K or PM-CMV (0.5 3 106) were incubated with 10 mCi of [3H]thymidine (ICN) for 12 hr at 37°C. After washing, the
incorporation of the isotopes into the cells was determined by a scintillation counter and presented after subtracting the background level.

FIG. 5. (A) Resistance to M-tropic
HIV-1 infection of transduced PBLs.
Human primary PBLs were trans-
duced by cocultivation with the recom-
binant retroviral packaging cells
(PA317-RANTES-K). The transduced
or mock-transduced PBLs (2 3 105)
were equally infected with 20,000 cpm
RT of several M-tropic (ADA, BAL,
JRFL, and SF162) or T-tropic (IIIB)
HIV-1 for 4 hr, and then replaced with
the fresh culture medium. Every 3 to 4
days, cell numbers in each well were
counted, and RT activities (1 3 105

cellsyml) in duplicate wells are pre-
sented after subtracting the back-
ground. Solid lines indicate PBLs
transduced with RANTES-K, and dot-
ted lines indicate mock-transduced
PBLs. (B) Chemotaxis assay. The
PBLs (5 3 105) transduced with MIP-
1a-K or RANTES-K after Neo selec-
tion or mock-transduced PBLs were
added to the top chamber of a 5-mm
pore size insert (Costar). Six hundred
microliters of various concentrations
of the recombinant MIP-1a, monocyte
chemotactic protein 1, RANTES, or
stromal cell-derived factor 1 (R & D
Systems) in the culture medium were
added to the bottom chamber. After
3-hr incubation at 37°C, the cell num-
bers in the bottom chamber were
counted, and percentages of the trans-
migration are presented.
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components (36, 37). Second, this intrakine approach is aimed
at the prevention of virus entry, rather than interfering with
viral replication and maturation after HIV-1 infection targeted
by other anti-HIV-1 approaches. Therefore, the intrakine-
modified cells should be truly immune to HIV-1 infection.

In addition to these features, this intrakine approach is
especially well suited to be translated into clinical practice.
Only limited numbers of CCR-5, probably fewer than 700
moleculesycell, are expressed on the surface of lymphocytes
(16, 38), and, therefore, achievable expression levels of in-
trakines by current vectors may be sufficient to inactivate
CCR-5. A potential problem of gene therapy is the host
immune responses, especially cytotoxic T cells, destroying the
transduced cells expressing foreign proteins (39–42). How-
ever, transduced cells expressing human chemokines would be
not immunogenic.

Moreover, this gene-base approach also would be superior
over administration of chemokines for extracellular inhibition
of HIV-1 infection. Intrakines expressed by a transduced cell
are concentrated in the ER (half-life . 4 hr) and bind and
sequester the newly synthesized CCR-5 coreceptors inside the
cell. The sequestrated coreceptors likely are degraded inside
the cells as demonstrated in previous studies (43–46). Because
a genetically modified lymphocyte or stem cell can live over
months up to an individual’s lifetime, this gene-based intrakine
therapy therefore should have a potent and long-lasting anti-
HIV effect. In contrast, chemokines with a short half-life in
vivo (,10 min) (16, 47) would require frequent administration
into infected individuals throughout their lifetime, which may
be ineffective and induce inflammatory reaction (16, 47). The
studies to systematically assess the effects of intrakine expres-
sion on primary lymphocytes and stem cells in cell culture as
well as in animal models are ongoing. Finally, this strategy can
be used effectively to inactivate the T-tropic coreceptor (33) as
well (48). Thus, this intrakine strategy for genetically immu-
nizing lymphocytes or stem cells from HIV-1 infection can be
developed into effective treatment and even prevention of
HIV-1 infection.
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