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Purpose: This research was conducted to make a primary culture of human retinal capillary endothelial cells (HRCEC)
and to study the cytotoxic effect of human immunodeficiency virus-1 (envelope) glycoprotein 120 (HIV-1 gp120) on
cultured HRCEC.
Methods: HRCEC were isolated and primarily cultured as dissociated single cell cultures. Immunohistochemistry and
immunofluorescence were used to identify specific markers of HRCEC and to reveal HIV-1 gp120 related receptors
(cluster of differentiation 4 [CD4], C-X-C chemokine receptor type 4 [CXCR4], and C-C chemokine receptor type 5
[CCR5]). The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) assay was used to demonstrate the
effect of HIV-1 gp120 on cell viability at seven different concentrations (0.01–0.15 mg/l) for 24 h or at a fixed concentration
of 0.08 mg/l for varying time intervals (4–72 h). After 0.08, 0.1, 0.12, and 0.15 mg/l HIV-1 gp120 were applied to HRCEC
for 24 h, cell apoptotic rates and the mitochondrial membrane potential were measured with flow cytometry; pro-caspase-9
and cleaved caspase-9 were evaluated with immunoblotting. Under each research condition, 0.15 mg/l of HIV-1 gp120
mutated proteins (423 I/P) were used as controls.
Results: Primary cultures of pure HRCEC were established, and the cells were characterized with their specific markers.
HIV-1 gp120 receptors CXCR4 and CCR5 were found on the cell surface of HRCEC; however, CD4 was negative.
Treatment of HRCEC with HIV-1 gp120 at concentrations <0.08 mg/l did not influence cell viability. However, a
concentration- and time-dependent increase of HIV-1 gp120-induced cell inhibition was demonstrated with MTT, when
the concentration of HIV-1 gp120 was more than 0.08 mg/l (r=-0.763, p<0.01). With increasing concentrations of HIV-1
gp120, the numbers of apoptotic cells and expression of cleaved caspase-9 protein increased, but Rho123 staining
mitochondrial membrane potential decreased.
Conclusions: HIV-1 gp120 assistant receptors CXCR4 and CCR5 are expressed on the cell surface of HRCEC, and HIV-1
gp120 can inhibit cell viability and induce apoptosis of HRCEC. The mitochondrial pathway is probably involved in
HIV-1 gp120-induced apoptosis of HRCEC, but the specific mechanisms remain to be uncovered.

Along with the increasing numbers of patients with
human immunodeficiency virus type 1 (HIV-1), HIV-1related eye diseases have become a great challenge for
ophthalmologists all over the world. Severe retinopathy and
uveitis [1] are the main untreatable causes of ablepsia in these
patients, since the pathogenesis has remained unclear until
now. However, researchers have believed that disruption of
the structure and function of the blood-retina barrier (BRB) is
the primary cause [2-5]. The BRB consists of the outer barrier
(retina pigment epithelial cells and their tight junctions) and
the inner barrier (retina capillary endothelial cells and their
tight junctions), both of which are important in maintaining
the integrity and normal function of the BRB. Our previous
research focused on the destruction of the outer barrier by
HIV-1 proteins [6,7], but further research about the inner
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barrier was delayed until we could successfully establish
primary cultures of inner blood-retina barrier cells [8].
Whether the destruction of the inner barrier is more important
than that of the outer barrier to HIV-1 retinopathy has not been
proved.
It is well known that HIV-1 infections involve binding of
the viral external envelope glycoprotein (gp120) to cellsurface cluster of differentiation 4 (CD4) molecules, followed
by interactions with coreceptors of C-X-C chemokine
receptor type 4 (CXCR4) and C-C chemokine receptor type 5
(CCR5; T cells and macrophage cell-surface binding of the
natural chemokine receptors), which results in the fusion of
the viral and cellular membranes [9]. In addition, previous
studies demonstrated that dissociated HIV-1 gp120 in blood
is toxic to cells through the HIV-1 related coreceptor (CXCR4
and CCR5), inducing oxidative stress, inflammatory
cytokines, apoptosis, and tight junction injury [10,11]. Our
previous studies revealed that HIV-1 gp120 could induce
oxidative stress in human retina pigment epithelial cells [6],
but the influence of HIV-1 gp120 on human retinal capillary
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endothelial cells (HRCEC) and its mechanism remained
unknown. To clarify this question in the current research, we
first established primary cultures of HRCEC identified by
specific markers (von Willebrand factor and zonula
occludens-1). At the same time, the expression of HIV-1
related receptors (CD4, CXCR4, and CCR5) was investigated,
and further we exposed primary cultured HRCEC to HIV-1
gp120. Thereafter, the cytotoxic effect of HIV-1 gp120 on
cultured HRCEC was investigated to explore the possible
molecular mechanism.
METHODS
Reagents: Gp120, obtained from the National Institutes of
Health AIDS Reagent Program (Rockville, MD), was a
generous gift from Prof. Hui Zhang of Thomas Jefferson
University (Philadelphia, PA). Dulbecco’s modified Eagle’s
medium/High Glucose (DMEM), fetal bovine serum (FBS),
penicillin, and streptomycin were purchased from Hyclone
(Logan, UT). Rat antihuman CD4, CXCR4, and CCR5
monoclonal antibodies were purchased from R&D Systems
(Shanghai, China). Rabbit antibodies against (cleaved)
caspase-9 antibody (No. 9501-Asp330, No. 9502) were
obtained from Cell Signaling Technology (Danvers, MA).
Except for those indicated in the text, all other chemicals and
reagents were obtained from Invitrogen/Gibco (Grand Island,
NY).
Tissue source, primary culture, and identification of HRCEC:
This study was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki for
Research Involving Human Tissue. After receiving consent
for research use and Sun Yat-sen University ethics committee
approval, six postmortem eyes (donors age 24–32) were
obtained from the Eye Bank of Zhongshan Ophthalmic Center
(Guangzhou, China) 8–24 h after death. Only eyes free of
ocular pathology were used to establish primary cultures. The
research was conducted according to the tenets of the
Declaration of Helsinki.
The methods for isolating, culture, and identifying
HRCEC were described in our recent published paper [8],
which was focusing on primary culture of human retina cells.
To investigate HIV-1 related receptors (CD4, CXCR4, and
CCR5) in HRCEC, antibodies against CD4, CXCR4, and
CCR5 were used and analyzed with immunofluorescent
staining and immunocytochemistry microscopy.
Preparation and treatment of gp120 protein: A solution of
gp120 with a concentration of 2 g/l was made by adding
100 µg freeze-dried powder of gp120 in 50 µl PBS. Then the
prepared solution was stored at −20 °C, and was diluted with
serum-free culture fluid when used. HRCEC were cultured in
the plastic plates (Sigma, St. Louis, MO) until subconfluence
and treated with gp120 at concentrations [12] of 0.01, 0.02,
0.04, 0.08, 0.1, 0.12, and 0.15 mg/l for 24 h, or with 0.08 mg/
l of HIV-1 gp120 solution culture for different periods of 4,
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8, 12, 24, 48, and 72 h. In the control group, HRCEC were
treated with 0.15 mg/l of HIV-1 gp120 mutated proteins (423
I/P), which did not bind to CD4 or CXCR4/CCR5 as a result
of the disruption of the HIV-1 gp120 bridging sheet [13], and
the other conditions were the same as each research group.
Each experiment was repeated at least three times.
Cell viability assay: Cells were grown in 96-well plates at a
density of 1×104 cells/well. After the indicated treatments, 3[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide
(MTT) was added to a final concentration of 5 g/l to each well
for 4 h, after which the culture medium was removed and
150 μl of dimethyl sulfoxide (DMSO) was added to each well.
Absorbance at 490 nm was measured using a multifunctional
microplate
reader
(POLARstar
OPTIMA,
BMG
Labtechnologies, Ortenberg, Germany).
Evaluation of apoptosis: Apoptotic rates were analyzed with
flow cytometry (FACS) using the Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) kit (Sigma, St.
Louis, MO), in which annexin V binds to the exposed
phosphatidylserine on the plasma membrane of apoptotic
cells. Staining was performed according to the manufacturer’s
instructions provided by Sigma Company (Sigma), and FACS
was conducted on a FACS Caliber (Becton Dickinson,
Mountain View, CA). The percentage of the early apoptosis
was calculated from the proportion of cells that was annexin
V-positive but PI-negative, while the percentage of the late
apoptosis plus necrosis was calculated from the proportion of
cells that was annexin V- and PI-positive.
Measurement of mitochondrial membrane potential: Loss of
the mitochondrial membrane potential (ΔΨm) was assessed
with flow cytometry using the fluorescent indicator
Rhodamine123 (Rho123; Sigma), as previously described
[14]. Briefly, Rho123 working solution was added to the
culture to a final concentration of 2 g/l, and then the culture
was incubated in the dark for 30 min at 37 °C. Cells were then
washed with PBS and evaluated immediately for Rho123
fluorescence using a FACS Caliber, at an excitation
wavelength of 488 nm and an emission wavelength of 525 nm.
Western blot analysis: Cells were lysed with 20 ml of ice-cold
lysis buffer (50 mM HEPES, 5 mM EDTA [EDTA], 100 mM
NaCl, 1% Triton X-100 pH 4) in the presence of a protease
inhibitor cocktail (Roche, Berlin, Germany). Protein
concentrations were determined with the bicinchoninic acid
(BCA) protein assay kit (Pierce, Rockford, IL). Protein
samples (20 μg) were resolved on 10% sodium dodecyl sulfate
PAGE (SDS–PAGE) gels and transferred onto a
polyvinylidene difluoride (PVDF) membrane (Millipore,
Bedford, MA) using a semi-dry system (Bio-Rad, Hercules,
CA). The membranes were incubated with specific antibodies
against pro-caspase-9 (No. 9502), cleaved caspase-9 (Asp330
No. 9501; 1:100) and β-actin (1:500). β-actin was used as a
loading control in experiments with cellular proteins.
Chemiluminescence was visualized by exposure to X-ray
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Figure 1. Expression of CD4, CXCR4, and CCR5 in HRCEC. CXCR4 (C and D) and CCR5 (E and F) receptors were positive on the cell
surface of HRCEC, but the CD4 receptor (A and B) was negative. A, C, and E were by immunocytochemistry; B, D, and F were by
immunofluorescent staining. To focus on specific markers in immunofluorescent staining, 4', 6-diamidino-2-phenylindole (DAPI) nuclear
staining on B, D, and F was not displayed. Three independent experiments were performed.
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Figure 2. Effects of HIV-1 gp120 on the
cell viability of HRCEC. A: Dose–
response effects of HIV-1 gp120 for 24
h in an MTT assay. B: Time course of
the effects of HIV-1 gp120 on HRCEC.
HRCEC were incubated with 0.08 mg/l
of HIV-1 gp120 for the times indicated.
Cellular viability=(absorbance rate of
study group÷absorbance rate of control
group) ×100%.*p<0.05, # p<0.01
compared with control (HIV-1 gp120
mutated proteins, 423 I/P). Each data
point represents the mean±SD of three
independent experiments.

Figure 3. Apoptotic cell death of
HRCEC treated with HIV-1 gp120.
After being treated with gp120 at
concentrations of 0.08, 0.1, 0.12, and
0.15 mg/l for 24 h, apoptotic cells were
analyzed using the annexin V-FITC/PI
double marked method by FCM. Early
apoptotic cells were annexin -positive
but PI-negative (left blank plots); late
apoptotic ells were annexin V- and PIpositive (right corrugated plots). The
ratio of apoptotic cells increased
significantly with the increase of protein
concentration. #p<0.01 compared with
control. Data represent the mean±SD of
three independent experiments.

films. The optical densities of the bands were scanned and
quantified with Gel Doc 2000 (Bio-Rad). Data were
normalized to those of the corresponding β-actin levels.
Statistical analysis: Data are expressed as the mean±SD.
Differences between groups were assessed with one-way
ANOVA, and the correlation of bivariate between the
concentration of gp120 and its cytotoxic effect were analyzed
with a statistical software program (SPSS 17.0; SPSS,
Chicago, IL). p<0.05 was considered indicative of statistical
significance.
RESULTS
Primary culture and identification of HRCEC: HRCEC were
cultured, maintained, and passaged using specially designed
media and following the procedures optimized by our research
group as described previously [8]. The purity of HRCEC was
analyzed
with
immunochemistry
staining
and
immunofluorescence microscopy and confirmed with FACS
with antibodies against its specific markers. As indicated in

our previous research [8], primary HRCEC expressed von
Willebrand factor and zonula occludens-1.
Investigation of HIV-1 gp120 related receptors in HRCEC:
According
to
the
immunocytochemistry
and
immunofluorescence, CXCR4 and CCR5 receptors were
found on the cell surface of HRCEC, while the CD4 receptor
was not. Data are shown in Figure 1.
Effect of HIV-1 gp120 on cell viability of HRCEC: To
determine the cytotoxicity of HIV-1 gp120 on HRCEC, we
used the concentration gradient of gp120 and various
exposure durations to demonstrate the cytotoxicity with MTT
assay. In groups treated with low concentrations (<0.08 mg/
l) of gp120 protein, HIV-1 gp120 protein demonstrated no
significant effect on the viability of HRCEC. However, in
groups with a concentration of gp120 protein exceeding
0.08 mg/L, the HIV-1 gp120 protein appeared to significantly
inhibit the cell viability of HRCEC in 24 h, showing a clear
dose-dependent manner in Figure 2A (r=-0.763, p<0.001). In
groups treated with a fixed concentration of 0.08 mg/l, HIV-1
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Figure 4. Collapse of mitochondrial
membrane potential (ΔΨm) measured
with FCM in HRCEC treated with
HIV-1 gp120. The fluorescence signal
of Rho123 decreased significantly with
the increase of the HIV-1 gp120
concentration. *p<0.05, # p<0.01
compared with control. Data represent
the mean±SD of three independent
experiments.

Figure 5. Expression of caspase-9 in
HRCEC with or without HIV-1 gp120
treatment. A: western blot showed the
expression of pro-caspase-9 (full length,
using antibody No. 9502) and cleaved
caspase-9 (37 kDa, using antibody No.
9501-Asp330) in HRCEC without or
with gp120 treatment. The activation of
caspase-9 is reflected by the appearance
of the bands representing the 37-kDa
cleavage product. B: The densities of the
bands were quantified with Bio-Rad Gel
Doc 2000. Arbitrary densitometry of
cleaved caspase-9 show that its
expression increases significantly with
the increase of HIV-1 gp120 protein
concentration. #p<0.01 compared with
control. Data represent the mean±SD of
three independent experiments.

gp120 could significantly inhibit the viability of HRCEC after
12 h culture, showing a time dependence in Figure 2B
(r=-0.833, p<0.001).

Induction of apoptosis in HRCEC by HIV-1 gp120: To clarify
the mechanism of gp120-induced cytotoxicity on HRCEC, we
examined early and late apoptosis in HRCEC using annexin
V-FITC and PI double labeling of living cells. Annexin V
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binds to phosphatidylserine exposed on the cell membrane,
one of the earliest indicators of cellular apoptosis. As shown
in the plots in Figure 3, FACS analysis revealed that the
numbers of early and late apoptotic cells increased with gp120
exposure in a dose-dependent manner. When the
concentration of gp120 was >0.08 mg/l, the difference was
significant compared with control.
Involvement of the mitochondrial pathway in HIV-1 gp120induced apoptosis: Mitochondria play a crucial role in
regulating cell death, and the loss of ΔΨm is an irreversible
event in the mitochondrial apoptotic pathway. To confirm
whether gp120 causes the loss of ΔΨm in HRCEC, we
evaluated Rho123 fluorescence in the cells, while the
depolarization of ΔΨm was assessed by the reduced Rho123
accumulation in the mitochondria. We employed this
indicator to estimate the effect of gp120 on the ΔΨm. As
shown in Figure 4, treatment of cells for 24 h with 0.08, 0.1,
0.12, and 0.15 mg/l of gp120 led to significantly decreasing
Rho123 fluorescence in a dose-dependent manner (r=-0.842,
p<0.001).
However, caspase-9 activation also occurs mainly via the
mitochondrial pathway, so we tested the effect of gp120 on
the activation of caspase-9 at the same time. As shown in
Figure 5, treatment with gp120 caused significantly increasing
cleavage of pro-caspase-9 in a dose-dependent manner
(r=0.792, p<0.001). These two results together indicate that
HIV-1 gp120 induces apoptosis of HRCEC most likely via the
mitochondrial pathway, though the specific mechanism
remains to be studied.
DISCUSSION
HIV-1-associated retinopathy (disruption of the blood-retina
barrier) is a great threat to human visual function and quality
of life [15]. The most likely effect of blood-retina barrier
disruption on infections is increased access to ocular tissues
and perhaps increased access of immune cells to the eye [3,
16]. However, the specific mechanisms of the impact of
HIV-1 on the human blood-retinal barrier are not yet known
[17].
Gp120, a highly glycosylated hydrophilic envelope
protein of HIV-1, located on the virus particles and infected
cell surface, or just in free form, has the ability to target the
cell surface of CD4 and CXCR4/CCR5 receptors [18-20].
Gp120 involves many types of cells and may cause injury and
even apoptosis of different cells, even without the CD4
receptor [21]. Ullrich et al. [22] reported that binding of
gp120/160 with CXCR4 induces caspase-dependent
apoptosis of human umbilical endothelial cells, which are not
CD4+ cells but uninfected CXCR4-positive bystander cells.
Researchers have also demonstrated that the viral envelope
glycoprotein gp120 plays a key role in the process of HIV-1
violation of blood-brain barrier [23-25]. In our study, we
found that the CD4 receptor was not expressed on HRCEC,
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but CXCR4/CCR5 receptors were indeed expressed on the
cell surface of HRCEC. Although the source of the cells in
Ullrich’s study (human umbilical endothelial cells) was
different from that in our study [22], our results (HRCEC,
newly proved uninfected CXCR4/CCR5-positive bystander
cells) confirm Ullrich’s finding, and suggest the gp120induced damage to HRCEC is also probable mediated by the
CXCR4/CCR5 receptor.
To appropriately demonstrate the toxic effects of HIV-1
gp120 protein on HRCEC, we have to find a suitable
concentration. From the present studies about gp120 cellular
toxicity, the concentration range varied widely, from 1 pM to
10 uM (0.12 ng/ml–120 mg/l range, 1 nM=0.12 mg/l).
However, the clinical studies reported by Oh et al. [26] that
the concentration of gp120 in plasma of patients with acquired
immune deficiency syndrome was 0.1–0.8 nM (0.012–
0.096 mg/l). Therefore, we chose to use the concentration of
gp120 from 0.01 to 0.15 mg/l, which covered the
concentration range in the actual situation of patients with
acquired immune deficiency syndrome. When the protein
levels are >0.08 mg/l, HIV-1 gp120 induced significant
inhibition of the cell viability of HRCEC in a dose- and timedependent manner. With the increasing concentration, the rate
of HRCEC apoptosis statistically significantly increased
compared to the control group.
As we know, mitochondria are the core of the intrinsic
apoptosis pathway, storing many cysteinyl aspartate specific
proteinase–induced activation and chromosome breakage
proteins [27,28]. The role of mitochondria in apoptosis
includes the release of caspase-activating factors such as
cytochrome C, the loss of electron transfer function and
reduction in energy generation, the disappearance of ΔΨm as
well as the related function of the Bcl-2 family of proteins to
promote and inhibit apoptosis. The mitochondrial
participation in apoptosis is connected with the collapse of the
ΔΨm, which is considered the “point of no return” in the death
cascade [29]. Our results demonstrated that HIV-1 gp120
enhanced the collapse of ΔΨm and caspase-9 activation,
which may lead to a significant increase in mitochondrial
breakdown. In all, these results indicated that the
mitochondrial pathway is probably involved in HIV-1 gp120induced apoptosis of HRCEC, but the specific mechanism
remains to be studied.
Taken together, the present findings show that HIV-1
gp120 assistance receptors of CXCR4 and CCR5 are
expressed on the cell surface of HRCEC (new defined
uninfected CXCR4/CCR5-positive bystander cells), and
HIV-1 gp120 is cytotoxic to cultured HRCEC in a dose- and
time-dependent manner. The subsequent analysis of FACS
with annexin V-FITC and PI labeling shows that HRCEC
death induced by different concentrations of HIV-1 gp120
proceeds through the apoptotic pathway. The mechanism
involves the loss of ΔΨm and activation of pro-caspase-9,
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indicating that the mitochondrial pathway is probably
associated with gp120-induced apoptosis. Further
investigation in CXCR4/CCR5 interaction with the HIV-1
envelope and the mitochondria pathway of HRCEC apoptosis
may ultimately prove the specific mechanisms of HIV-1
related retinopathy.
ACKNOWLEDGMENTS
We thank Huang Li for help in statistical analysis of the data
in our paper. HIV-1 gp120 protein was obtained from the
AIDS Research and Reference Reagent Program, Division of
AIDS, NIAID, NIH. Informed Consents of all included
patients were obtained. The research was conducted according
to the tenets of the Declaration of Helsinki. Supported by:
National Natural Science Foundation of China (81000389),
Guangdong
Natural
Science
Foundation
(10451008901004945), Guangdong Provincial Science and
Technology
program
(2008B060600026
and
2009B060700089), Youth Projects of Medical Research Fund
of Guangdong Province (B2010107), and Fundamental
Research Funds of State Key Laboratory of Ophthalmology.
REFERENCES
1.
2.

3.

4.
5.

6.

7.

8.

© 2011 Molecular Vision

9.
10.
11.

12.

13.

14.

15.

Holland GN. AIDS and ophthalmology: the first quarter
century. Am J Ophthalmol 2008; 145:397-408. [PMID:
18282490]
Cvetkovich TA, Lazar E, Blumberg BM, Saito Y, Eskin TA,
Reichman R, Baram DA, del Cerro C, Gendelman HE, del
Cerro M. Human immunodeficiency virus type 1 infection of
neural xenografts. Proc Natl Acad Sci USA 1992;
89:5162-6. [PMID: 1594627]
Epstein LG, Cvetkovich TA, Lazar ES, DiLoreto D, Saito Y,
James H, del Cerro C, Kaneshima H, McCune JM, Britt WJ,
del Cerro M. Human neural xenografts: progress in
developing an in-vivo model to study human
immunodeficiency virus (HIV) and human cytomegalovirus
(HCMV) infection. Adv Neuroimmunol 1994; 4:257-60.
[PMID: 7874392]
Annunziata P. Blood-brain barrier changes during invasion of
the central nervous system by HIV-1. J Neurol 2003;
250:901-6. [PMID: 12928906]
Sander B, Larsen M, Moldow B, Lund-Andersen H. Diabetic
Macular Edema: Passive and Active Transport of Fluorescein
through the Blood–Retina Barrier. Invest Ophthalmol Vis Sci
2001; 42:433-8. [PMID: 11157879]
Yu QR, Zhang ZP, Zhang H, Lin HT, Li XM, Bai L, Cai WB.
Inducible nitric oxide synthase is involved in the oxidation
stress induced by HIV-1 gp120 in human retina pigment
epithelial cells. Chin Med J (Engl) 2008; 121:2578-83.
[PMID: 19187599]
Bai L, Zhang Z, Zhang H, Li X, Yu Q, Lin H, Yang W. HIV-1
Tat protein alter the tight junction integrity and function of
retinal pigment epithelium: an in vitro study. BMC Infect Dis
2008; 8:77. [PMID: 18538010]
Lin H, Zhang Z, Zhang H, Yan P, Wang Q, Bai L. Primary
culture of human blood-retinal barrier cells and preliminary
study of APOBEC3 expression: an in vitro study. Invest
Ophthalmol Vis Sci 2009; 50:4436-43. [PMID: 19369234]

16.

17.
18.
19.

20.

21.

22.

23.

3456

Hoshino H. Coreceptors of HIV infection and the development
of HIV entry inhibitors: overview and targets. Nippon Rinsho
2002; 60:81-7. [PMID: 11808343]
Huang SH, Jong AY. Cellular mechanisms of microbial
proteins contributing to invasion of the blood-brain barrier.
Cell Microbiol 2001; 3:277-87. [PMID: 11298651]
Yao Q, Compans RW, Chen C. HIV Envelope Proteins
Differentially Utilize CXCR4 and CCR5 Coreceptors for
Induction of Apoptosis. Virology 2001; 285:128-37. [PMID:
11414813]
Oh SK, Cruikshank WW, Raina J, Blanchard GC, Adler WH,
Walker J, Kornfeld H. Identification of HIV-1 envelope
glycoprotein in the serum of AIDS and ARC patients. J Acquir
Immune Defic Syndr 1992; 5:251-6. [PMID: 1740750]
Xiang SH, Kwong PD, Gupta R, Rizzuto CD, Casper DJ, Wyatt
R, Wang L, Hendrickson WA, Doyle ML, Sodroski J.
Mutagenic stabilization and/or disruption of a CD4-bound
state reveals distinct conformations of the human
immunodeficiency virus type 1 gp120 envelope glycoprotein.
J Virol 2002; 76:9888-99. [PMID: 12208966]
Vander Heiden MG, Chandel NS, Williamson EK, Schumacker
PT, Thompson CB. Bcl-xL regulates the membrane potential
and volume homeostasis of mitochondria. Cell 1997;
91:627-37. [PMID: 9393856]
Esposito S, Porta A, Bojanin J, Gualtieri L, Cesati L, Vismara
E, Principi N. Effect of highly active antiretroviral therapy
(HAART) on the natural history of ocular manifestations in
HIV-infected children. Eye (Lond) 2006; 20:595-7. [PMID:
16410815]
Jeng BH, Holland GN, Lowder CY, Deegan WF 3rd, Raizman
MB, Meisler DM. Anterior segment and external ocular
disorders associated with human immunodeficiency virus
disease. Surv Ophthalmol 2007; 52:329-68. [PMID:
17574062]
Gendelman HE, Lipton SA, Tardieu M, Bukrinsky MI, Nottet
HS. The neuropathogenesis of HIV-1 infection. J Leukoc Biol
1994; 56:389-98. [PMID: 8083614]
Keele BF, Derdeyn CA. Genetic and antigenic features of the
transmitted virus. Curr Opin HIV AIDS. 2009; 4:352-7.
[PMID: 20048697]
Chen B, Vogan EM, Gong H, Skehel JJ, Wiley DC, Harrison
SC. Structure of an unliganded simian immunodeficiency
virus gp120 core. Nature 2005; 433:834-41. [PMID:
15729334]
Speck RF, Penn ML, Wimmer J, Esser U, Hague BF, Kindt TJ,
Atchison RE, Goldsmith MA. Rabbit cells expressing human
CD4 and human CCR5 are highly permissive for human
immunodeficiency virus type 1 infection. J Virol 1998;
72:5728-34. [PMID: 9621031]
Lin G, Baribaud F, Romano J, Doms RW, Hoxie JA.
Identification of gp120 binding sites on CXCR4 by using
CD4-independent human immunodeficiency virus type 2 Env
proteins. J Virol 2003; 77:931-42. [PMID: 12502809]
Ullrich CK, Groopman JE, Ganju RK. HIV-1 gp120- and
gp160-induced apoptosis in cultured endothelial cells is
mediated by caspases. Blood 2000; 96:1438-42. [PMID:
10942389]
Kanmogne GD, Primeaux C, Grammas P. HIV-1 gp120
proteins alter tight junction protein expression and brain
endothelial cell permeability: implications for the

Molecular Vision 2011; 17:3450-3457 <http://www.molvis.org/molvis/v17/a371>

pathogenesis of HIV-associated dementia. J Neuropathol Exp
Neurol 2005; 64:498-505. [PMID: 15977641]
24. Avison MJ, Nath A, Greene-Avison R, Schmitt FA, Greenberg
RN, Berger JR. Neuroimaging correlates of HIV-associated
BBB compromise. J Neuroimmunol 2004; 157:140-6.
[PMID: 15579291]
25. Meyer JS, Katz ML, Maruniak JA, Kirk MD. Embryonic stem
cell-derived neural progenitors incorporate into degenerating
retina and enhance survival of host photoreceptors. Stem
Cells 2006; 24:274-83. [PMID: 16123383]
26. Oh SK, Cruikshank WW, Raina J, Blanchard GC, Adler WH,
Walker J, Kornfeld H. Identification of HIV-1 envelope

© 2011 Molecular Vision

glycoprotein in the serum of AIDS and ARC patients. J Acquir
Immune Defic Syndr 1992; 5:251-6. [PMID: 1740750]
27. Kaul M, Garden GA, Lipton SA. Lipton. Pathways to neuronal
injury and apoptosis in HIV-associated dementia. Nature
2001; 410:988-94. [PMID: 11309629]
28. Ho TC, Yang YC, Cheng HC, Wu AC, Chen SL, Chen HK,
Tsao YP. Activation of mitogen-activated protein kinases is
essential for hydrogen peroxide -induced apoptosis in retinal
pigment epithelial cells. Apoptosis 2006; 11:1899-908.
[PMID: 16927023]
29. Jeong SY, Seol DW. The role of mitochondria in apoptosis.
BMB Rep. 2008; 41:11-22. [PMID: 18304445]

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 23 December 2011. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.
3457

