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Introduction

Summary

CD81 is a member of the tetraspan superfamily and plays a role in immune
responses and in hepatitis C virus (HCV) pathogenesis. We analysed CD81
cell surface and mRNA expression in different lymphocytic subpopulations in
human immunodeficiency virus (HIV)-1, HCV and dually infected subjects.
CD81 cell surface expression was evaluated with fluorescence activated cell
sorter (FACS) analysis; mRNA quantification was performed with semiquan-
titative polymerase chain reaction (PCR). CD81 cell surface expression on
CD4" T lymphocytes was significantly different by analysis of variance
(anova) test (P < 0-001), with reduced expression in HIV-1* patients. In B
lymphocytes, higher cell surface expression was present in HIV-1,in HCV and
in dually infected subjects compared to healthy controls. CD81 expression on
B lymphocytes showed a positive correlation with plasma HIV-RNA. CD81
mRNA levels in B lymphocytes were significantly higher in HIV-1* patients
compared to healthy controls. The potential consequence of the down-
regulation of CD81 in CD4" cells during HIV-1 infection in conjunction with
diverted CD28, CD4 and CD3 expression is the disruption of T cell function.
Increased CD81 expression on B lymphocytes might explain the higher
prevalence of lymphoproliferative disorders in HIV-1 and HCV infection.
Up-regulation of CD81 mRNA on CD4" T cells indicates that down-
regulation of CD81 occurs at the post-transcriptional/translational level.

Keywords: B lymphocytes, CD81, HCV infection, HIV infection, lymphopro-
liferative disorders, T lymphocytes

active anti-retroviral therapy (HAART). In particular, HCV
genotype 1b may possibly be involved in progression of HIV

Hepatitis C virus (HCV) and human immunodeficiency
virus (HIV) share the same parenteral route of transmission;
as a consequence the prevalence of chronic HCV infection is
higher among HIV patients than in the healthy population
[1,2]. Co-infection with HIV appears to affect adversely the
natural history of HCV infection, as it has been associated
with higher HCV viral load, more rapid progression to cir-
rhosis, liver failure and hepatocellular carcinoma [3-7].
Among HIV-infected Italian patients, the prevalence of HIV/
HCV co-infection is approximately 50% [1] and as anti-
retroviral therapy has dramatically improved morbidity and
mortality of HIV infection, HCV-related liver disease has
become a major cause of hospitalization and death in such
patients and often leads to difficulties in anti-retroviral
therapy management [8]. Moreover, HCV infection was
shown to be associated with an impaired recovery of CD4*
cell count in HCV/HIV co-infected patients receiving highly

infection to AIDS and death in haemophilic subjects [9,10].

CD81 is a member of the tetraspan superfamily of proteins
and is expressed widely on a variety of cell types, including
hepatocytes, B and T lymphocytes. The tetraspanins exert
their biological function as a consequence of their association
with other cell surface molecules. In B cells CD81 is associ-
ated with the CD19/CD21/Leul3 molecular complex and
co-stimulation of this complex together with CD81 lowers
the threshold for B cell activation and promotes cell prolif-
eration [11,12].In T cells CD81 is associated with CD4, CD8,
CD82 and integrins and plays a role in T cell activation
[13-16]. Engagement of CD81 enhances anti-CD3 stimula-
tion of T cells with regard to interleukin (IL)-2 and interferon
(IFEN)-y production and increases superantigen-induced T
cell activation and proliferation [17-20]. CD81 has been
demonstrated to bind HCV envelope 2 glycoprotein in vitro
and is a potential co-receptor for HCV, even though its role in
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cellular uptake of HCV is still debated [21]. HCV can modu-
late CD81 expression on CD19 cells; it was suggested that
HCV-mediated stimulation of CD81/CD19/CD21 complex
triggers B cell proliferation [22-24]. HCV genotype 1 deter-
mines an increase of cell surface CD81 expression [25].
IFN-o. is able to down-regulate CD81 expression in vitro in
peripheral blood mononuclear cells (PBMC) and in hepato-
cytes and in vivo in HCV-infected patients with virological
response to therapy, while higher levels of CD81 cell surface
expression correlate with genotype 1 and resistance to IFN
and ribavirin therapy [25].

Given the relevance of CD81 in immune responses and in
HCV pathogenesis, and considering the profound deregula-
tion of the immune system determined by HIV, we decided to
investigate CD81 expression on different lymphocytic sub-
populations in HIV-1 infected patients with or without HCV
infection in order to evaluate a possible role of CD81 modu-
lation in the interaction between HIV and HCV infection.

Patients and methods

Patients

We performed a cross-sectional analysis of CD81 antigen
expression on the surface of different lymphocytic subpopu-
lations in 80 out-patients attending our institute. Of these
patients, 27 were dually infected with HIV and HCV
(HIV* HCV*); 42 had single HIV infection (HIV* HCV");
and 11 were chronically infected with HCV (HIV- HCV™).
Nineteen healthy volunteers were studied as controls
(HIV- HCV"). None of the HCV-infected patients had ever
been treated with interferon and/or ribavirin before the
study. A total of 56 HIV-1-infected patients were receiving
treatment with anti-retroviral therapy, while 13 were
treatment-naive.

HCV genotype was determined by means of a commercial
assay (Inno-Lipa HCV, Innogenetics, Gent, Belgium). HIV
RNA plasma levels were measured by using the branched
chain DNA (bDNA) technique (Versant HIV-1 bDNA, Bayer,
Milan, Italy), which has a lower detection threshold of 50
copies per ml. Patients infected with HBV (i.e. positive for
hepatitis B surface antigen: HBsAg) were excluded from the
study.

Flow cytometry

A total of 100 ul of fresh blood, collected in ethylenediamine
tetraacetic acid (EDTA)-treated tubes, were double-stained
with either CD4, CD8, CD19 or CD16 fluorescein isothiocy-
anate (FITC)-conjugated monoclonal antibodies (MoAb)
(Becton Dickinson, Mountain View, CA, USA) and with
CD81 R-phycoerythrin (PE)-conjugated MoAb (Pharmin-
gen, San Diego, CA, USA). Appropriate isotypic controls
were used for all the antibodies used. Stained specimens were
fixed with Immunoprep kit reagents (Beckman Coulter

Immunotech, Marseille, France) by means of Q-Prep work-
station (Beckman Coulter Immunotech) and analysed by
means of an EPICS XL flow cytometer (IL Coulter, Milan,
Italy). As most lymphocytes are CD81-positive we measured
the channel of mean fluorescence intensity (MFI) of the
CD81-positive peak on a logarithmic scale.

The expression of CD81 antigen on the cell surface of
gated CD4, CD8, CD16 and CD19 lymphocytes was also
quantified by means of a commercially available kit
(Quantum Simply Cellular Microbeads Kit; Sigma, St Louis,
MO, USA), measuring the number of antibody molecules
bound per cell (antibody binding capacity: ABC). This kit
provides a mixture of four populations of microbeads coated
with different amounts of goat anti-mouse immunoglobulin
with a precalibrated ABC. The microbeads, reacting in a
separate tube with directly labelled mouse MoAb, are used to
calibrate the fluorescence scale of the flow cytometer for each
antibody, thus converting the mean fluorescence intensity
measured on stained lymphocytes into the number of mol-
ecules of antigen expressed per cell.

Cell separation

PBMC were isolated from freshly drawn heparinized blood
by Ficoll density gradient separation. CD4", CD8"and
CD19" cells were positively selected from PBMC by means of
immunomagnetic beads ((Dynal ASA, Oslo, Norway),
according to the manufacturer’s instructions. This separa-
tion technique routinely yielded populations that were
> 95% pure as verified by cytofluorimetry.

RNA extraction and reverse transcription

CD4*, CD8" and CD19*" cells isolated from the patients were
lysed by addition of EUROzol (EUROClIone Ltd, West York,
UK) and total RNA was extracted according to the manufac-
turer’s instructions. Purified RNA was quantified by measur-
ing the absorbance at 260 nm. cDNA was synthesized from
1 ug of total RNA by priming with 40 g of oligo(dT) primer
(Finnzymes Oy, Espoo, Finland), 1 mM of each deoxynucle-
otide triphosphate and 200 units of AMV reverse tran-
scriptase (Finnzymes Oy). The reaction was first incubated
for 10 min at 70°C and then at 42°C for 60 min.

Real-time polymerase chain reaction (PCR) analysis

Six ul of cDNA were used in a 50-pl reaction with TagMan
Universal PCR Master Mix (Applied Biosystems, Foster
City, CA, USA) to analyse target and reference gene
[glyceraldehyde-3-phosphate dehydrogenase (GAPDH)]
expression. Cycling conditions were 2 min at 50°C, 10 min at
95°C followed by 40 repeats of 15 s at 95°C and 1 min at
60°C. Sequence-specific fluorescent signal was detected by an
ABI prism 7007 Sequence Detection System. Ct values above
a set threshold were defined using the sequence detection
software supplied with the instrument. mRNA data were
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Table 1. Characteristics of the patients.

Skewed CD81 expression in HIV-1 infection

HIV-HCV~ HIV- HCV* HIV*HCV- HIV* HCV*
Number of patients 19 11 42 27
Age* 38 £ 10 52+ 12 42+ 12 41 *+8
Male/female 12/7 6/5 25/17 16/11
Years of HIV infection 5+4 13£5
Antiretroviral therapy with PI 13 11
Antiretroviral therapy PI sparing 19 13
No therapy 10 3
CD4" cell count/mm’ 910 * 344 889 * 348 379 £ 252 470 * 322
HIV-RNA (copies/ml) 24979 * 88 047 28 621 = 97 886
ALT** 22+ 12 81 =51 28 =23 66 = 58
AST*** 21 10 73 £ 62 26 £ 17 53 =39
HCV RNA (copies/ml) 949 046 = 1448 910 1116710 £ 1680410
HCV genotype 1 15
HCV genotypes 2, 3 and 4 12

Data are expressed as mean values * standard deviation. *P = 0-009; **P =0-001; ***P = 0-001. AST: aspartate aminotransferase; ALT: alanine

aminotransferase.

normalized relative to the GAPDH and then used to calcu-
late expression levels according to the AACt method.

Statistical analysis

Data were analysed using the spss version 11 for Windows
XP statistical software package. CD81 expressions on
CD4" and CD8" T lymphocytes, B lymphocytes and natural
killer (NK) cells, as well as CD4*, CD8", aspartate amino-
transferase (AST) and alanine aminotransferase (ALT), were
analysed by means of univariate and multivariate analyses of
variance (ANovA). Non-parametric correlation (Spearman’s
rho) and the Kruskal-Wallis test were used when investigat-
ing HIV plasma viraemia. For absolute levels Student’s t-test
was performed to compare the mRNA levels in the studied
groups.

Results

Patients

The characteristics of the patients studied are summarized in
Table 1. No significant difference emerged among the four
groups for gender, while a significant difference was present
regarding age, as HCV-infected patients were older, reflect-
ing the epidemiology of HCV in Italy (P = 0-009).

As expected, CD4" cell counts were significantly lower in
HIV*HCV* and in HIV* HCV™ than in HIV- HCV' and in
HIV- HCV™ patients (P < 0-05); while CD8" absolute count
and percentage were significantly higher in HIVF HCV* and
in HIVFHCV~ than in HIV-HCV*and in HIV HCV-
patients (P < 0-05). No differences in HIV RNA levels were
observed between HIV* HCV* and HIV* HCV™ patients.

ALT serum levels were significantly higher in
HIV* HCV* and in HIV- HCV* than in HIV* HCV™ and in
HIV-HCV~ (P =0:001).

CD81 surface expression on CD4" T lymphocytes
derived from peripheral blood mononuclear cells

CD81 cell surface expression on CD4* T lymphocytes in the
four groups of patients according to HIV and HCV infection
was significantly different by aNnova test (P < 0-001) (Fig. 1).
HIV-1 infection was correlated strongly with a significantly
reduced CD81 surface expression (P < 0-001); in fact, CD81
antigen was significantly lower both in HIV//HCV" patients
(median 3-80) and HIV*/HCV™ patients (3:60) compared
to HIV'HCV* subjects (5-:00) and healthy controls (5-30).
When the studied population was analysed according to
HCV infection, we did not observe any significant difference
between HCV-infected and HCV-negative patients on CD4*
T cells (Fig. 1). In multivariate analysis no correlation was
found between CD81 MFI on CD4* T lymphocytes, sex and

FACS analysis of CD81 surface expression
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Fig. 1. CD81 expression by mean fluorescence intensity on CD4* T
lymphocytes derived from peripheral blood mononuclear cells of
healthy controls (a), HIV/HCV™ (b), HIV//HCV™ (c) and
HIV*/HCV* (d) patients. (a) versus (c): P < 0-001; (a) versus (d):

P <0:001; (b) versus (c): P<0-001; (b) versus (d): P <0-001.
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FACS analysis of CD81 surface expression
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Fig. 2. CD81 expression by mean fluorescence intensity on CD19*
lymphocytes derived from peripheral blood mononuclear cells of
healthy controls (a), HIV/HCV* (b), HIV*/HCV~ (c) and
HIV*/HCV* (d) patients. (a) versus (b): P < 0-001; (a) versus (c):
P=0-04; (a) versus (d): P<0-001.

age, whereas the correlation was confirmed regarding HIV-1
infection (P <0-:001; R*=0-3). Considering only HIV-1-
infected patients, we did not find any correlation between
CD81 MFI and CD4 cell count or plasma HIV-RNA. HIV-1
infected patients receiving anti-retroviral therapy with
HIV-1 viraemia < 50 copies/ml did not show a significant
difference in the expression of CD81 on CD4* T lymphocytes
compared to viraemic untreated patients (median MFI
values: 3-82 and 4-27). In order to further confirm our data
we decided to evaluate CD81 cell surface expression on CD4*
T lymphocytes using a commercially available method with
high sensitivity. We therefore performed ABC with FACS
analysis. ABC for CD81 on CD4" lymphocytes was signifi-
cantly lower in HIV* HCV™ patients (median value 29152,
range 8957-31240) and in HIV* HCV" patients (median
value 27 151, range 10 030-35703) compared both to
HIV- HCV" patients (median value 37 683, range 22 697—
69 476) and to HIV'HCV™ healthy controls (median value
39 568, range 21 784-80 451) (P < 0-05).

CD81 surface expression on CD19* lymphocytes
derived from peripheral blood mononuclear cells

The four groups had significantly different levels of surface
CD81 expression on CD19" lymphocytes (P = 0-01). Patients
with single HCV-infection presented higher levels of mem-
brane CD81 expression compared to healthy controls
(median values: 6-80 and 5-60, respectively) (P < 0-001).
Surface levels of CD81 in both HIV*/HCV™ (median MFI
6:60; P=0-04) and HIV/HCV' (median MFI 6-90;
P <0-001) patients were significantly higher than healthy
controls and similar to HCV single-infected subjects (Fig. 2).

In multivariate analysis no significant correlation was
found between CD81 MFI on B cells, age and sex, while
a correlation was confirmed with both HIV and HCV

infection status (P = 0-036, r* = 0-1). Interestingly, regarding
CD81 MFI on B lymphocytes in HIV infected patients, a
positive correlation was identified between CD81 cell surface
expression and HIV-RNA (Spearman’s rho: P=0-019, with a
strength of correlation of r = 0-08), while no correlation was
present with the CD4 cell count.

CD81 surface expression on CD8" T lymphocytes and
natural killer cells

Finally we analysed CD81 cell surface expression on CD8" T
lymphocytes and NK cells in the four groups of patients. We
did not observe any statistical difference either on CD8" T
cells or on NK cells (Fig. 3). A lower percentage of CD16 NK
cells were evidenced in HIV-infected patients compared
to healthy controls and single HCV-infected patients
(P =0-006).

CD81 mRNA expression in CD4* T lymphocytes and
in B cells

We assessed CD81 mRNA expression in CD4" T cells and in
B cells in a subgroup of single HIV-1-infected patients
(n=12) and in healthy controls (n = 10) with real-time PCR.
CD81 mRNA resulted in significantly up-regulated HIV-
infected patients compared to HIV™ patients in both cellular
populations (P < 0-05 in both cell types) (Fig. 4).

Discussion

We have demonstrated that CD81 expression is modulated
by HIV-1 on CD4" T lymphocytes and by both HIV-1 and
HCV on B lymphocytes. CD81 is expressed widely and forms
complexes with different antigens on the surface of various
cell types in a cell type-specific manner; such associations
influence its capacity to deliver signals to target cells [26]. In
human T cell lines CD81 can associate with CD4 and CD8

FACS analysis of CD81 surface expression
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Fig. 3. CD81 expression by mean fluorescence intensity on CD8*
lymphocytes and natural killer cells derived from peripheral blood
mononuclear cells of healthy controls, HIV-/HCV*, HIV//HCV™ and
HIV*/HCV* patients.
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Fig. 4. CD81 mRNA expression on CD4* T cells and CD19*
lymphocytes of HIV//HCV™ patients and HIV-/HCV~ healthy controls
with real-time polymerase chain reaction. CD4" T cells, P = 0-008;
CD19" cells, P=0-010.

co-receptors and it has been demonstrated that in murine
off T cells CD81 functions as a T cell co-stimulatory signal,
leading to strong proliferation of CD4" and CD8 * cells inde-
pendently from CD28 [27]. Moreover, CD81 cross-linking
greatly enhances anti-CD3 activation of both T cell receptor
(TCR)of (CD4" and CD8") and TCRY T cells with regard
to IFN-y production [18,19].

CD81 is down-regulated on CD4" T lymphocytes during
HIV infection independently from HCV infection. It has
been demonstrated that HIV Nef protein disrupts T cell
receptor machinery by down-modulating cell surface
expression of CD4 and expression or signalling of CD3-
TCR; Nef also down-modulates class I major histocompat-
ibility complex (MHC) surface expression [28-31]. Finally
Nef down-modulates CD28 by accelerating endocytosis
[32]. The potential consequence of the concerted down-
regulation of CD28, CD4 and/or CD3 and CD81 is disrup-
tion of antigen-specific signalling machineries in CD4" T
cells following a productive antigen recognition event. More-
over, CD81 is involved in the induction of strong virus-
specific T helper responses that are required for maintenance
of effective cytotoxic T lymphocyte (CT) function in chronic
viral infections [27], therefore down-regulation on CD4* T
cells might impair T cell responses and favour HIV disease
progression and possibly the emergence and worsening of
other diseases such as HBV, EBV, CMV and other opportu-
nistic infections. In particular, the down-regulation of CD81
expression on CD4" T cells in HIV/HCV co-infected indi-
viduals might explain the more rapid progression of HCV
chronic hepatitis [33].

It is relevant to point out that no correlation between
CD81 expression and CD4" cell count was found; down-
regulation of CD81 expression is probably an early and per-
sistent immunological defect related to HIV infection.

Compared with healthy donors, CD4" T lymphocytes
from HIV-infected patients showed lower CD81 cell sur-
face expression and higher CD81 mRNA, indicating a

Skewed CD81 expression in HIV-1 infection

post-transcriptional/translational or a recycling mechanism
for CD81 down-regulation during HIV-1 infection.

Recently, it has been demonstrated that engagement of
CD81 provides a co-stimulatory signal resulting in increased
expression of HIV in vitro, both in primary CD4* T lympho-
cytes and in Jurkat cells [34]; HIV-1 might interfere with
CD81 expression in vivo to ensure efficient viral transcrip-
tion and regulation.

Regarding B lymphocytes, we have confirmed previous
data showing a significant up-regulation of CD81 on B cells
in HCV-infected patients [25], even though we did not
detect a significant correlation between CDS81 levels of
expression and HCV-RNA, as already reported by others
[35]. More interestingly, we have observed a significant
up-regulation of CD81 on B cells in HIV-1 infected patients
independently of HCV infection.

The issue of dysregulation of CD81 expression on CD19
cells during HCV infection has not yet been clarified com-
pletely; in fact, different papers have reported that expression
of CD81 on peripheral B cells is increased in HCV-infected
patients [35-38], while Cacoub et al. [39] have described
down-regulation of CD81 expression; our data support the
observations of increased CD81 expression on B lympho-
cytes during chronic HCV infection. Recent works have
demonstrated that engagement of CD81 facilitates B cell
activation and proliferation [40] and in particular HCV
envelope 2 protein is able to induce hypermutation of the
immunoglobulin gene and cellular proliferation through the
mitogen-activated protein kinase/extracellular-regulated
kinase (MAPK/ERK) signalling pathway via CD81 [41-43];
these data explain partially the linkage between HCV, B cell
activation, autoimmune diseases and lymphoproliferative
disorders [40,44].

In HIV infection, B lymphocytes are severely damaged
and show signs of phenotypic and functional alteration
[45,46]. A significant polyclonal B cell activation is observed
commonly and associated with hypergammaglobulinaemia,
autoantibodies and autoimmune diseases [47,48]. HIV-
induced up-regulation of CD81 might contribute to such B
cell deregulation and favour polyclonal B cell activation, as
the CD19/CD21/Leul3/CD81 complex reduces the thresh-
old for B cell activation by significantly enhancing B cell
receptor signalling. Moreover, in HIV/HCV co-infected indi-
viduals, interaction of HCV envelope 2 glycoprotein with the
second extracellular loop of CD81 might lead to B cell
deregulation by interfering with the function of the CD19/
CD21/Leul3/CD81 complex. CD81-mediated activation of
B cells might explain both the frequent appearance and the
occasional emergence of autoimmune diseases and lym-
phoproliferative disorders in HIV-1-infected patients, as has
been described in HCV infection [48,49]. Treatment of HCV
infection leads to normal levels of expression of CD81 [50];
it is therefore desirable to also treat HCV-related chronic
hepatitis in co-infected patients to avoid emergence of
autoimmune disorders and lymphoproliferative diseases.
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CD81 up-regulation on B cells is correlated positively with
HIV viraemia and might be due to a transcriptional mecha-
nism; compared to healthy donors, CD19* lymphocytes from
HIV-1-infected patients display significantly higher levels of
CD81 mRNA. HIV proteins exert important functions in
their relevant target cells in vivo and have been shown to
modulate expression of several cellular proteins [51]. In par-
ticular, tat can deregulate the expression of several heterolo-
gous cellular and viral genes and extracellular far is
mitogenic for mammary and amniotic epithelial cells and
stimulates the expression of genes of pathogenetic interest in
HIV infection [52,53].

A recent paper by Kronenberger et al. [38] has analysed
the dynamics of CD81 cell surface expression on different
PBMC populations in HCV-infected patients treated with
IFN-o. and found a significant up-regulation of CD81 on
CD4, CD8, CD19 and CD56 cells in HCV patients before
treatment compared to healthy controls. Our data confirm
the up-regulation of CD81 on B cells, but we could not
detect any significant up-regulation in CD4*, CD8" and NK
cells in the presence of HCV infection, even if a tendency
towards higher expression was evidenced in NK cells. Our
case file of HCV single-infected individuals is limited to 11
patients and it is possible that the low number of patients did
not reach statistical significance, while in HIV/HCV
co-infected subjects the presence of HIV-1 infection might
interfere with the influence of HCV on CD81 expression. To
validate our data further we also analysed CD81 expression
with the ABC. This system allows conversion of the MFI into
the number of molecules of antigen expressed per cell, and
confirmed the results obtained with mean fluorescence.
Therefore, the expression of CD81 on CD4*, CD8" and NK
cells requires further evaluation.

Altogether, our data suggest that both HIV-1 and HCV
infection determine a profound dysregulation of the expres-
sion of the tetraspanin CD81 on B lymphocytes and HIV-1,
and also on CD4* T cells; such modification of expression
might alter the signalling threshold required to stimulate
both the T cell and B cell receptors and therefore affect
HIV-1 and HCV disease progression and potentially cause
lymphoproliferative disorders.
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