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Abstract. CC chemokine receptor 5 (CCR5) is a member
of the G-protein-coupled receptor superfamily. It plays an
important role in macrophage tropic human immunodefi-
ciency virus-1 entry and in some inflammatory reactions.
CCR5-893(–) is a single-nucleotide deletion that results
in complete truncation of the C tail of the gene product.
We detected CCR5-893(–) in a sample of patients in-
fected with  non-tuberculosis mycobacteria and found
that it was maintained heterozygously with a frequency of
2%. There is no association between this mutation and
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any immunodeficiency. Membrane expression of CCR5-
893(–) was substantially reduced compared to the wild
type, but this defective surface presentation recovered
greatly recovered in the presence of 2 mg l–1 phyto-
hemagglutinin (PHA). However, PHA inducement did
not affect the total intracellular expression of CCR5-
893(–) or wild-type CCR5. Thus we suggest there exist
some PHA-induced factor(s) that could mediate the pre-
sentation of truncated CCR5. 
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CC chemokine receptor 5 (CCR5) is a member of the
chemokine receptor subclass of the G-protein-coupled re-
ceptor (GPCR) superfamily [1]. It is involved in recruit-
ment of monocytes and macrophages into inflamed tis-
sues in infection or immune responses responding to its
ligands, MIP-1a, MIP-1b (macrophage inflammatory
peptides) and RANTES (regulated on activation, normal
T cell expressed and secreted) [2]. It also serves as an es-
sential coreceptor for cellular entry of macrophage-tropic
human immunodeficiency virus-1 (HIV-1) viruses (R5),
which are predominant in the early stages of HIV-1 infec-
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tion [3–6]. At more advanced stages, T-cell-line-tropic
virus (X4) strains emerge and use chemokine receptor 4
(CXCR4) as a coreceptor [7–9]. Although other chemo-
kine receptors are also involved in entry of various strains
of virus, these two chemokine receptors are generally rec-
ognized as the most important factors in AIDS progres-
sion [10]. There is evidence that ligands of CCR5 could
block the replication of macrophage-tropic viruses in
vitro [11, 12]. 
Surface expression of the CCR5 coreceptor may influ-
ence susceptibility to HIV-1 infection and AIDS progres-
sion. Several mutant alleles of CCR5 in natural popula-
tions, which cause low membrane expression of the pro-
tein, were found to be highly associated with retardation
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of AIDS progression [13, 14]. In particular, a single sub-
stitution of A to G in the CCR5 promoter was observed to
reduce promoter activity by about 45% and to delay
AIDS progression by an average of 3.8 years [15]. Muta-
tions in the coding region sequence have provided a good
opportunity for understanding expression of this receptor.
Among them, a 32-bp deletion mutant (CCR5D32),
which leads to a frameshift and early termination of the
receptor, was found to be abundant in Caucasians. The
CCR5D32 mutant is sequestered in the cytosol. Homozy-
gotes of the mutant allele showed complete resistance to
macrophage-tropic HIV-1 infection, while the heterozy-
gotes exhibited delayed progression of AIDS by about 2
years on average [16, 17]. More recently, another CCR5
deletion mutant, CCR5-893(–), was screened in Asians
[18]. The single-nucleotide deletion causes a frameshift
at codon 299 and results in premature termination of
translation. A difference in the frequency of the allele be-
tween HIV-infected and non-infected individuals showed
that the mutant carriers tended to be partially resistant to
initial HIV-1 attack [19]. Furthermore, another naturally
occurring 24-bp deletion (CCR5D24) was discovered in
sooty mangabey and red-capped mangabey monkeys, and
the mutant was also seen to affect infection of the simian
immunodeficiency virus [20, 21]. 
All these mutants share a common feature of intracellular
C terminus truncation. Studies have shown that CCR5
shares with other GPCR members some unique motifs in
the C-terminal cytoplasmic domain for ligand-dependent
receptor signaling, internalization and desensitization
[22, 23]. The impact of the C terminus on membrane ex-
pression of this protein has focussed interest on residues
in the C terminus that affect surface expression [24, 25].
To date, two anti-HIV strategies have been proposed
based on intervention at the chemokine receptor. Using
chemokines or their analogues to block the binding site
on chemokine receptors for HIV was demonstrated to be
efficient in inhibiting HIV entry, but the redundancy of
the chemokine system limited the application of this ther-
apy [12]. The other alternative is to interfere with the sur-
face expression of CCR5. An intra-antibody against
CCR5 arrested the receptor in the cytosol and prevented
it from being transported to the cell membrane [26]. In-
vestigation of individuals carrying those truncated mu-
tants elicited another anti-HIV therapy based on inter-
vention at CCR5. Since CCR5D32 did not confer suscep-
tibility to any immunodeficiency [7], this opens the
opportunity for an anti-HIV strategy based on interven-
tion at CCR5.
CCR5 has also been shown to regulate leukocyte chemo-
taxis in inflammation and to play a dominant role in 
the development of liver injuries associated with graft-
versus-host disease, in multiple sclerosis lesions and 
in rheumatoid arthritis [27–29]. Specifically, CCR5D32
was associated with a reduced risk of severe symptoms in

patients with multiple sclerosis and asthma [30, 31]. My-
cobacterium tuberculosis infection stimulates human
alveolar macrophages and peripheral blood monocytes to
produce RANTES and some other CCR5 ligands. Thus
CCR5+ Th1 effector cells can be recruited to the site of
infection by these chemokines, and enlisted in establish-
ment and maintenance of granulomas which are the char-
acteristic histopathologic lesions of tuberculosis. This
hints at a potential role for CCR5 in the immune response
to intracellular pathogens.
On the other hand, there was experimental evidence
showing remarkable effect of various microbial
pathogens or their products on HIV replication in vivo
[32–34]. Among them, Gram-negative bacterial cell wall
constituents (e.g. lipopolysaccharide, LPS) could down-
regulate CCR5 gene promoter activity and up-regulate
RANTES promoter activity, thus yielding a deficient
condition for R5 strains entering into macrophages [35].
This raises the question whether chemokine inducers, for
example, phytohemagglutinin (PHA) or LPS [36, 37],
could influence the reduced membrane expression of
CCR5 mutants.
In this report, we demonstrated that CCR5-893(–), which
was detected in the Chinese population, was not seen to
be associated with any obvious immunodeficiency and
showed that the cell surface expression of CCR5-893(–)
was substantially reduced compared to wild type. More-
over, the lowered expression was recovered in the pres-
ence of PHA, an efficient chemokine inducer. This re-
search provides convincing evidence for the existence of
limiting factor(s) that may regulate CCR5 trafficking. 

Materials and methods

Patients and controls
The peripheral blood samples were collected from 
28 Chinese patients affected with non-tuberculosis my-
cobacteria (NTM) and other 102 healthy people. The pa-
tients suffered recurrent infections of poorly virulent my-
cobacterial species such as M. avium, M. kansasii and M.
chelonae, but they did not show vulnerability to viral,
bacterial or fungal infection. An immune work-up re-
vealed a normal complement of C3 and C4, normal Ig
levels (including IgM, IgG and IgA subtypes) and normal
T-cell-mediated cellular immunity in these patients. 
The genomic sense and antisense primers for genomic
DNA, which was extracted from the peripheral blood
mononuclear cells, were designed as 5¢-CCTAAGC-
TTGGGGATCCGGTGGAACAAGATGGAT-3¢ and 
5¢-CAGGAGCTCCCCTCGAGCCACTTGAGTCCGT-
GTCACA-3¢. The target segment was amplified by 
35 cycles of denaturation at 95°C for 60 s, annealing at
55°C for 55 s and extension at 72°C for 100 s. The PCR
products were directly sequenced or cloned into



pGEMD-3Zf(+) vector (Applied Biosystems, Foster City,
USA). Sequencing of PCR products or recombinant plas-
mids was performed on an ABI PRISM377 DNA se-
quencer with the BigDye Terminator Cycle Sequencing
Ready Reaction Kit (Perkin-Elmer Applied Biosystem).
Restriction enzyme digestion analysis was obtained in an
independent PCR amplification reaction using genomic
DNA. Thermal cycling was performed by 35 cycles of
95°C for 60 s, 55°C for 30 s, and 72°C for 40 s, with the
use of the primers 5¢-ACCAAGCTATGCAGGTGAC-3¢
(forward) and 5¢-AGGCTGTGTATGA AAACTAAGC-3¢
(reverse). PCR products were digested with BsiYI (MBI
Fermentas, Burlington, Canada).

Construction of the expression plasmids
HA-tag was appended to the N terminus of the wild-type
or mutant CCR5 by use of PCR with another forward
primer: 5¢-CGTGGAACTTAAGCTTACCATGGGGTA-
CCCATACGATGTTCCAGATTACGCTGATTATCAAG-
TGTCAAGTCC-3¢, where the italicized letters indicate
the sequence encoding the HA-tag. The reverse primer
was as above. The PCR products were digested by
HindIII and XhoI, and inserted into pcDNA3.0 or pIND
(Invitrogen, Frederick, Md.).

DNA transfection
Monolayers of CV-1 were cultivated in RPMI-1640
medium (Life Technologies, Grand Island, N.Y.) contain-
ing 10% fetal calf serum (FCS; Hyclone, Logan, Utah),
and that of COS-7 in DMEM medium (Life Technolo-
gies) containing 10% FCS. The monolayer cells were
transfected with the plasmids using Effectene Transfec-
tion Reagent (Qiagen, Hilden, Germany) according to 
the manufacturer’s manual. To construct an inducible ex-
pression system, the cells were cotransfected with both
pIND-CCR5/CCR5-893(–)/LacZ and pVgRXR (1:1),
and then induced by Ponasterone A in concentrations
ranging from 0 to 10 mmol l–1 together with or without 
2 mg l–1 PHA after 6 h of the transfection. The cells were
incubated for another 24 h and then harvested for the flow
cytometry or ELISA experiments to be described below. 

Flow cytometry
The HA-tag antibodies used to identify the HA-appended
receptor were rat monoclonal antibodies specific for the
HA-tag (Roche Applied Diagnostics, Hongkong) and
FITC-conjugated goat anti-rat antibodies (SBA Corp.,
Fountain Hills, Ariz.). The transfected cells from each of
the transfection treatments (~105) were digested from the
plate with 2% EDTA solution, collected by centrifuga-
tion and washed with PBS. To detect the surface antigen,
the cells were incubated with HA antibody for 30 min at
4°C in PBS containing 0.02% sodium azide. They were
then washed and stained with the secondary antibodies
for 30 min at 4°C. After being stained and washed, the

cells were resuspended in PBS containing 2% (v/v)
paraformaldehyde and then analyzed on a Becton Dick-
inson flow cytometer (FACScalibur) installed with CEL-
LQUEST software. The mean fluorescence intensity was
used as a measurement of membrane expression at every
unit of cell number. To detect the intracellular antigen, the
cells were permeabilized with PBS containing 2%
paraformaldehyde and 0.05% saponin (Sigma) for 10
min before being stained. The rest steps were the same as
those for detecting the cell surface antigen except that the
washing buffer was replaced with PBS containing 0.05%
saponin.

Confocal immunofluorescence microscopy
The transfected cells were plated on coverslips and fixed
in 2% paraformaldehyde for 15 min at 4°C, rinsed five
times with PBS, permeabilized with 0.1% Triton X-100
in PBS for 5 min at 25°C, and then incubated together
with rat anti-HA antibody and rabbit anti-calnexin anti-
body (Stressgen Biotechnologies Corp. Victoria, Canada)
for 30 min at 4°C. After incubation, the cells were rinsed
five times with PBS and stained with FITC-conjugated
goat anti-rat antibody or phycoerythrin (PE)-conjugated
goat anti-rabbit antibody (SBA). The cells were further
rinsed five times and bathed in PBS. Images were
recorded on a Zeiss LSM510 (Jena, Germany) confocal
microscope.

Enzyme-linked immunosorbent assay
The monolayer cells were also transfected with pcDNA3-
LacZ or pIND-LacZ. Transfection with pIND-LacZ was
followed by inducement with Ponasterone A. After 24 h
of transfection, the concentration of LacZ was deter-
mined by ELISA (Roche, Basel, Switzerland) according
to the manufacturer’s manual.

Results

Detection of the CCR5 mutant from patients affected
with NTM
To assess the effect of CCR5 in predisposition to any im-
munodeficiency, especially the rare disease, NTM infec-
tion, we directly sequenced the coding region of the
CCR5 gene in NTM subjects. We found that 1 of the 28
NTM patients was heterozygous for CCR5-893(–). Ex-
cept for the CCR5-893(–) allele, no other sequence vari-
ation was detected. To examine association between the
mutant and the disease, we were able to collect blood
samples of the other family members of the proband. The
family consisted of the proband (II-1), her parents and
other two sibs (fig. 1A). The father of the proband was di-
agnosed twice as being infected with pulmonary tubercu-
losis. Genotyping at the polymorphic site indicated that
the mutant allele was transmitted from the proband’s nor-
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mal mother who was also heterozygous for the mutant
gene. The proband’s sister was also a carrier of the mutant
allele but showed no symptoms of lung infection. Thus,
there is no convincing evidence for genetic association
between the mutant and the lung disease.
To explore the population distribution of CCR5-893(–),
we genotyped 102 randomly selected Chinese adults at the
polymorphic site. These individuals had no record of hos-
pitalization for pulmonary tuberculosis. Four of the 102
individuals were detected as heterozygotes for the mutant
gene, indicating that CCR5-893(–) had an approximate
frequency of 2%. This prevalence of the mutant allele in
the natural population suggests that it might not necessar-
ily be associated with any serious genetic disorders.

Impaired membrane expression of CCR5-893(–) and
its recovery with PHA inducement
To investigate the effect of C tail truncation on expres-
sion, flow cytometry analyses were carried out to detect
pcDNA3-CCR5 or pcDNA3-CCR5-893(–) by live (fig.
2A, C) or fixed (fig. 2B, D) staining. Two cell lines,
COS-7 (fig. 2A, B) and CV-1 (fig. 2C, D) were used for
the expression analysis. The cells transfected with
pcDNA3-LacZ were treated as a control in this experi-
ment (red curves in all the plots).
Figure 2A, C shows that the membrane expression of
CCR5-893(–) (green curves) was greatly reduced when

Figure 1. (A) A Chinese nuclear family affected with NTM. II-1 in-
fected with M. avium was the proband and carrier of CCR5-893(–).
Her father was diagnosed twice as a pulmonary tuberculosis pa-
tient. Her mother and sibs had no any history of mycobacterial in-
fections. (B) Genotypes of the NTM family members at the CCR5
locus. The deletion of a C at the site of 893 causes the loss of a
BsiYI cleavage site. The DNA fragments generated by BsiYI were
identified from 10% acrylamide gel electrophoresis. Lane 1, I-1;
lane 2, II-1; lane 3, II-2; lane 4, I-2; lane 5, II-3.

compared to its wild type (light-blue curves). However,
the total expression of CCR5-893(–) (green curves in fig.
2B, D) was comparable to its wild type (light-blue curves
in the correspondingly figures). This observation sug-
gests that the impaired membrane expression of CCR5-
893(–) might be due to defective trafficking rather than to
changes in its intracellular expression. 
In the above system, the fluorescence intensity of CCR5-
893(–) on the cell membrane was remarkably enhanced
when 2 mg l–1 PHA was added to the culture medium
(yellow curves in fig. 2A, C). On the other hand, cell sur-
face expression of wild-type CCR5 (dark-blue curves in
fig. 2A, C) was not seen to change significantly under
PHA treatment. Comparing the dark-blue curves in fig.
2B, D to the light-blue ones shows that the PHA induce-
ment did not influence the intracellular expression of
CCR5-893(–). This thus indicates that the impaired mem-
brane expression of CCR5-893(–) was recovered in the
presence of PHA.
The pIND/pVgRXR inducible system was established to
explore the change in surface expression with varying
concentrations of Ponasterone A. Fig. 3 illustrates the
membrane expression of CCR5-893(–) and its wild type
in the cell lines COS-7 (fig. 3A) and CV-1 (fig. 3B). The
pattern of change in the expression level over various
Ponasterone A concentrations showed that the expression
level saturated after the concentration had increased up to
5 mmol l–1. Again, the PHA inducement was shown to be
an effective factor in recovering the impaired membrane
expression of CCR5-893(–), while the saturating level of
membrane expression of wild-type CCR5 was not en-
hanced under PHA treatment, excluding the possibility
that the accessibility of the HA-tag to its detecting anti-
body was enhanced by PHA inducement. In addition, we
carried out ELISA to explore the effect of PHA and
Ponasterone A concentration on expression of LacZ. Fig-
ure 4A demonstrates expression of LacZ in the cell lines
CV-1 and COS-7, both of which were transfected with
pcDNA3-LacZ but treated with (+) or without (–) PHA.
The expression was not affected by the PHA treatment,
indicating that the inducible expression system estab-
lished in the present study was not influenced by the pres-
ence or absence of PHA. Figure 4B shows the trend for
an  increase in expression of LacZ with increasing con-
centration of Ponasterone A in the two cell lines trans-
fected with pIND-LacZ. Together with the previous ob-
servation of the saturated intracellular expression of
CCR5, we would anticipate the existence of other factors
that play important roles in regulating the membrane ex-
pression of the gene.  

Subcellular distribution of CCR5-893(–)
The subcellular distributions of CCR5-893(–) and the
wild-type CCR5 were examined using immunofluores-
cence confocal microscopy (IFCM). Figure 5 depicts views

A
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Figure 2. Surface and intracellular expression of wild-type CCR5 and CCR5-893(–) in COS-7 (A, B) and CV-1 (C, D) cells. For detection
of surface expression of CCR5 (A) or CCR5-893(–) (C), cells transfected with pcDNA3-CCR5 or pcDNA3-CCR5-893(–) were treated with
(light blue or yellow for the two transfection treatments, respectively) or without (dark blue or green for the two transfection treatments,
respectively) 2 mg l–1 PHA. For detection of intracellular expression of CCR5 (B) or CCR5-893(–) (D), transfected cells were permeabi-
lized with saponin before staining. Cells were also treated with (light blue and yellow for the two transfection treatments, respectively) or
without (dark blue and green, for the two transfection treatments, respectively) 2 mg l–1 PHA. Cells transfected with pCDNA3-LacZ were
used as controls (red).

of IFCM, which were obtained from the two cell lines,
COS-7 (left panel) and CV-1 (right panel). Each of the
panels was divided into two groups: A and B representing
the IFCM views for the subcellular location of wild-type
CCR5, C and D for CCR5-893(–), while A and C repre-
sent the IFCM views obtained from the cells without
PHA treatment, and B and D represent the views obtained
from the cells with PHA treatment. The three columns of
the views S-HA, S-Calnexin and Merge represent the
views of locations of endoplasmic reticulum (ER), the re-
ceptor and their merge, respectively. Calnexin, an ER
chaperon that takes part in folding of proteins in the ER,
was observed in the perinuclear regions of the cells.
The IFCM view A shows that the subcellular location of
CCR5 partially overlaps with that of ER, indicating that
only part of the CCR5 was retained in ER and part was
transported onto the membrane. The IFCM view C re-
veals a different scenario for CCR5-893(–), which was
mainly arrested in ER. However, comparing IFCM view

C to D, CCR5-893(–) was clearly released from ER to the
membrane when PHA was present in the culture medium
(fig. 5D). Comparing view A to B shows that PHA did
not cause a significant change in the subcellular distribu-
tion of wild-type CCR5.

Discussion

CCR5 is widely accepted as playing an important role in
human infection by macrophage-tropic HIV virus. Vari-
ous mutants of this receptor have been discovered in nat-
ural populations and found in association with altered re-
sponses to HIV infection or AIDS progression when
compared to their wild type [7]. 
Among the patients affected with NTM, we detected a
carrier of the CCR5-893(–) mutant, which causes a pre-
mature termination of translation and leads to deletion of
35 but gain of 10 new amino acid residues within the 
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C terminus intracellular domain of the receptor. Pedigree
analysis of the mutant carrier and a population survey
showed that there is no sufficient evidence supporting a
pathogenic association of this mutant gene with suscepti-
bility to NTM infection, a rare disease caused by an un-
known immunodeficiency [38]. Although a population
frequency of the mutant allele was estimated as 2%, ho-
mozygotes for the mutant gene were not seen in our sam-
ples and have not been reported in the literature. This may
suggest that the mutant allele would be maintained in the
natural population as heterozygotes. 
Discovery of the CCR5 mutant opens an opportunity for
understanding the molecular mechanism of the delayed
progression of symptoms in AIDS patients who carry
CCR5-893(–) [18, 19] and for exploring the significance
of the C terminus of CCR5 for its membrane expression.

Infection of HIV is usually accompanied by coinfection
of certain opportunistic germs, for example M. tubercu-
losis, Giardia, M. avium complex, herpes virus, or Pneu-
mocystis carinii are common in HIV infection [39–41].
In addition, PHA was found to possess similar roles to
these bacteria in inducing production of chemokines and
in regulating activity of the chemokine receptor promot-
ers. Thus, PHA in the present study plays a similar role to
bacterial infection in creating a favorable/unfavorable en-
vironment for HIV entry.
Employing the mammal inducible system established in
the present study, the flow cytometry experiment demon-

Figure 3. The dynamic change in membrane expression of wild-
type CCR5 and CCR5-893(–) in COS-7 (A) and CV-1 (B) cells with
increasing concentrations of Ponasterone A inducement. Cells were
transfected with pIND-CCR5/pIND-CCR5-893(–) and pVgRXR,
and 6 h later induced with Ponasterone A in increasing concentra-
tions from 0 to 10 mmol l–1 in the presence (�, �) or absence (�, �)
of 2 mg l–1 PHA.

Figure 4. Expression of LacZ in COS-7 and CV-1 cell lines. The
cells were transfected with pcDNA3-LacZ and incubated with
(black) or without (gray) 2 mgl–1 PHA (A). The cells were trans-
fected with pIND-LacZ, induced by Ponasterone A at varying con-
centrations from 0 to 10 mmol l–1 and incubated with or without 
2 mg l–1 PHA (B). The cells without transfection treatment were
used as controls.

B

A
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strated that membrane expression of CCR5-893(–) was
almost undetectable but its intracellular expression was
comparable to that of its wild type (fig. 2). Venkatestan et
al. [24] have demonstrated that the other CCR5 C termi-
nus mutant could react normally with the antibodies di-
rected against the conformational epitope and possess an
unchanged steady-rate of endocytosis. Thus, we antici-
pate that the impaired expression of CCR5-893(–) was
due to defective trafficking rather than to its intracellular
expression. This at least partially explains the retarded re-
sponse of the mutant carriers to HIV infection. Moreover,
the experiment interestingly revealed that the defective
membrane expression of CCR5-893(–) recovered to
wild-type level by inducement with PHA; however, the
presence of PHA did not influence either the membrane
or intracellular expression of the wild-type CCR5. 
IFCM analysis also clearly demonstrated a comparable
level of intracellular expression of CCR5 and CCR5-
893(–) but reduced membrane expression of CCR5-
893(–) and recovery of the defective expression of the
mutant under PHA inducement. Shioda et al. [19] also
observed defective CCR5-893(–) membrane expression
in a different system in which virus was used as vector.
Another interesting phenomenon observed by using the
expression system employed in the present study was the
saturated expression of CCR5-893(–) and its wild type
over increasing concentrations of Ponasterone A. This is
in sharp contrast to the ELISA experiment in which ex-

pression of LacZ in both COS-7 and CV-1 cell lines was
observed to increase with increasing Ponasterone A con-
centration. However, the saturated level of wild-type
CCR5 was not enhanced under PHA treatment. Thus, in-
ducement by PHA recovered trafficking of CCR5-893(–)
rather than enhancing the accessibility of the HA-tag to
its detecting antibody. These observations also strongly
suggested the existence of other cell factors that regulate
membrane expression of CCR5. The role of the C tail of
CCR5 in its cellular surface expression was also stressed
in the CCR5-CXCR4 chimera experiment [24], in which
the C tail of CCR5 was replaced by that of CXCR4 and
expression of the chimera was seen to be substantially re-
duced on the membrane. 
In addition to the impaired membrane expression of
CCR5-893(–), the mutant was also shown to be defective
in intracellular signaling transduction [25]. The present
study demonstrated the significant effect of PHA induce-
ment in recovering impaired membrane expression. How-
ever, we were able to show that the treatment did not re-
sult in repairing the defective intracellular signaling
transduction (data not presented but available on request). 
Among conditions proposed to influence HIV-1 corecep-
tor activity of CCR5 are its association with CD4 [42,
43], its functional interaction with the virus envelope gly-
coprotein that is mediated by the extracellular domain of
CCR5 [44–46], and its local density at the cell surface
[47, 48]. A high local density of HIV coreceptor could fa-

Figure 5. Confocal views of the subcellular distribution of wild-type CCR5 and CCR5-893(–) in COS-7 (left) and CV-1 (right) cells. The
transfected cells expressing wild-type CCR5 or CCR5-893(–) were treated with (row B and D) or without (row A and C) 
2 mgl–1 PHA. Cells transfected with pcDNA3-CCR5 or pcDNA3-CCR5-893(–) were permeabilized with saponin, then stained with rat
anti-HA mAb and FITC-conjugated goat anti-rat secondary antibody. Endoplasmic reticulum (ER) was stained with rabbit anti-calnexin
mAb followed by PE-labeled anti-rabbit IgG. Green indicates the location of CCR5 expression and red, ER.



vor the clustering of activated viral fusiogenic proteins
that seems important for the formation of fusion pores
[49–51]. Entry of HIV-1 into its target cells does not need
intracellular signaling or internalization mediated by the
C tail domain of CCR5 [52–54]. Thus, inhibition of
virus entry can be effectively realized by invoking CCR5
dysfunction, including down-regulating of cell mem-
brane expression of CCR5 or directly blocking the
virus/coreceptor interaction. Our experiment demon-
strated recovery of impaired membrane expression of
CCR5-893(–) in the presence of PHA. This means that
PHA inducement may maintain a required level of CCR5
membrane density for the deadly virus to enter the target
cells. Further studies focusing on screening for the fac-
tors that directly affliate the defective trafficking of the
mutant CCR5, could potentially identify selective targets
for anti-HIV drugs.
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