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Abstract
Background and Aim: Patients coinfected with both hepatitis C virus (HCV) and human
immunodeficiency virus (HIV) have accelerated liver disease compared with HCV mono-
infected patients. In chronic HCV infection, it is known that chemokines play a key role in
T cell recruitment and in determining the extent of hepatic injury.
Methods: In this study, we determined by quantitative real-time reverse transcriptase
polymerase chain reaction and immunohistochemistry the intrahepatic phenotype of the
cellular infiltrate and its associated chemokine profile and localization in a cohort of
relatively immune competent coinfected HIV/HCV subjects.
Results: Increased lobular expression of CD8+ cytotoxic T cells was found in the
coinfected liver in conjunction with increased expression of the T cell chemoattractant,
chemokine (C-C motif) ligand (CCL)5, compared with the HCV mono-infected liver.
Furthermore, the number of lobular-infiltrating CD8+ T cells was positively correlated
with the expression of CCL5. Immunohistochemical staining of CCL5 showed it to
primarily localize to the hepatocytes. Within the inflammatory infiltrate, proliferating
(Ki-67+) and apoptotic terminal deoxynucleotidyl transferase 2′-deoxyuridine 5′-
triphosphate nick end labeling + (TUNEL)+ cells were sparse.
Conclusions: Collectively, the data suggest that even in the setting of relatively immune
competent coinfected subjects, a pro-inflammatory milieu exists ,which can potentially
drive the increased T cell recruitment found in the HIV/HCV coinfected liver. This profile
is likely to contribute to the accelerated progression of liver disease observed in HIV/HCV
coinfection.

Introduction
Liver disease in subjects coinfected with hepatitis C virus (HCV)
and human immunodeficiency virus (HIV) is characterized by
increased necro-inflammation and fibrogenesis, leading to
increased mortalitybecause of liver failure and hepatocellular car-
cinoma.1 Although some reports have suggested that the HCV viral
load in HIV/HCV coinfected patients is increased, HCV itself is
not considered to be cytopathic.2 It is widely accepted that the
dominant mechanism of HCV-induced liver injury is primarily
immune-mediated, yet necro-inflammatory scores and fibrosis
grades have been shown to be higher in HIV/HCV coinfected
patients. Moreover, accelerated fibrosis is most evident in the
setting of decreased peripheral CD4+ T cell counts. Thus, effective
antiretroviral therapy leading to CD4 T cell recovery has been
shown to result in slower progression of fibrosis. However, overall,

the mechanisms of accelerated necro-inflammatory activity in the
HIV/HCV coinfected liver remain unclear.3

Liver injury in chronic HCV is characterized by T cell infiltra-
tion into the portal and lobular compartments. These T cells are
believed to be recruited from the circulation via chemokine-
dependent pathways, in which the chemokine (C-C motif) ligand
(CCR)5 and C-X-C motif chemokine receptor (CXCR)3 ligands
are heavily implicated (reviewed in Heydtmann and Adams4). In
the setting of HIV/HCV coinfection, differential localization of T
cells within the liver has been observed. In this regard, profound
depletion of periportal CD4+ T cells has been demonstrated his-
tologically.5 Additionally, other studies have shown by reverse
transcriptase polymerase chain reaction (RT-PCR) that the HIV/
HCV coinfected liver was enriched with CD8+ T cells, along with
increased expression of chemokines such as chemokine (C-C
motif) ligand (CCL)3, CCL5, and C-X-C motif chemokine ligand
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(CXCL)10.6 The data suggest that a different chemokine milieu
operates in the liver of HIV/HCV coinfection to that seen in HCV
alone. In parallel, a question arise whether the enrichment of T
cells in the liver of coinfected subjects is due to a viral mediated
imbalance in the proliferation/apoptosis pathways of T cells per se
or whether it is primarily dependent on chemokine recruitment.
Thus, further characterization of the hepatic inflammatory infil-
trate and associated pro-inflammatory mediators is likely to help
us gain insight into the molecular events underlying the progres-
sion of liver disease in the HIV/HCV group.

In this report, we have compared the phenotype of resident liver
cells (lymphocytes and macrophages) in a relatively immune-
competent cohort of HCV/HIV coinfected subjects compared with
HCV mono-infected ones. In parallel, we determined by quantita-
tive RT-PCR (qRT-PCR) and immunohistochemistry staining the
associated expression of key chemokines mediating lymphocyte
recruitment to the liver. We further utilized immunohistochemistry
to localize relevant chemokines and enumerate CD3+, CD4+, and
CD8+ T cells and CD68+ macrophages. In addition, proliferating
and apoptotic leukocytes were examined by immunohistochemis-
try to estimate the relative contributions of recruitment, prolifera-
tion, and survival to the inflammatory infiltrate in the liver.

Methods

Subjects and samples. Liver biopsy samples were obtained
from eight HIV/HCV coinfected and 16 HCV mono-infected
patients prior to anti-HCV treatment (Table 1). Each coinfected
case was matched with two HCV mono-infected control patients
based on liver histopathology, as read by a pathologist masked to
their disease status, including the grade (necro-inflammation) and
stage (fibrosis) as determined by the Scheuer score.7 All patients
provided written informed consent. The study conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional review board.

qRT-PCR. Total RNA was extracted from snap frozen liver
with Trizol (Invitrogen, Carlsbad, CA, USA). Messenger RNA

expression of CCL3, CCL5, CXCL10, and interferon (IFN)-γ gene
transcripts were amplified by qRT-PCR from all coinfected and
16/18 HCV mono-infected liver RNA samples. Five hundred nano-
grams of RNAwas treated with Turbo DNase (Ambion,Austin, TX,
USA) before complementary (c)DNA synthesis with SuperScript
III kit (Invitrogen, Melbourne, Australia). qRT-PCR amplification
of target gene transcripts were conducted in duplicate in 96-well
plates with the Roche Light Cycler 480 (Roche Diagnostics, Basel,
Switzerland). Primer sequences and PCR cycling conditions were
performed as previously described.8 Gene expression was analyzed
using the ΔCt relative to the expression of the housekeeping gene
β-actin.

Immunohistochemistry. Immunohistochemical studies to
quantitate the expression of chemokines, and the number of CD3,
CD4, CD8, CD68, and Ki-67 (a marker of cell proliferation)
positive cells were performed in all coinfected and 15/16 HCV
mono-infected samples. Antigen retrieval was performed by micro-
wave heating in either 10 mmol/L citrate buffer pH 6.0 or 1 mM
Tris-EDTA buffer pH 9.0 for 20 min. Endogenous peroxidase and
biotin was blocked with 3% H2O2 and with a biotin blocking kit
(DAKO, Glostrup, Denmark) followed by a serum block. Primary
antihuman antibodies for CCL3 (14 μg/mL, R&D Systems, Min-
neapolis, MN, USA), CCL5 (10 mg/L, R&D Systems), and
CXCL10 (7.5 mg/L, R&D Systems) were incubated for 2 h at room
temperature, while the CD3 (1:50, DAKO), CD4 (10 μg/mL, R&D
Systems), CD8 (clone C8/144B, 1:50, DAKO), CD68 (clone
EBM11, 1:50, DAKO), and Ki-67 (clone MIB-1, 8 mg/L, DAKO)
antibodies were incubated for 1 h. Negative control sections were
incubated with matched species immunoglobulin G isotype anti-
bodies that were substituted for the primary antibodies. Bound
complexes were visualized with 3,3′-diaminobenzidine (DAB)
before counterstaining with hematoxylin and cover-slipping.

Terminal deoxynucleotidyl transferase 2'-
deoxyuridine 5'-triphosphate nick end labeling
(TUNEL) assay. Apoptotic cells were detected in tissue sec-
tions with the In Situ Cell Death Detection kit (Roche Diagnostics)
that labels the terminal end of nucleic acids in fragmented DNA
with 2′-deoxyuridine 5′-triphosphates conjugated with fluorescein
isothiocyanate. DNase-treated sections were used as positive con-
trols, while negative controls were incubated with buffer without
terminal deoxynucleotidyl transferase. The sections were then
cover-slipped with a 4′,6-diamidino-2-phenylindole-containing
mounting medium (DAKO) and visualized with fluorescent
microscopy.

Morphometric analysis. Intrahepatic CD3+, CD4+, and
CD8+ T cells and CD68+ cells were enumerated in portal and
lobular regions provided that each section stained for the indi-
vidual leukocyte marker had more than five portal and three
lobular high power (400×) fields. Expression levels of chemokine
proteins was assessed and scored by an independent histopatholo-
gist (S.O.) masked to the HIV status of the samples. The score was
based on the semiquantitative enumeration of positively stained
hepatocytes, mononuclear cells, and other cells (biliary epithelia
and endothelia) as well as an index of the intensity of the staining.

Table 1 Clinical features of the subjects in the study

HIV/HCV
coinfected†

HCV mono-
infected†

Number of subjects‡ 8 16
Gender (M/F) 8/0 11/5
Age 40.5 (32–53) 38.4 (22–47)
HCV load 3.7 × 105–6.9 × 107 7 × 105–6.9 × 107

HCV genotype 1 and 4 1a, 3b, and 3a
HIV load 0–341
CD4+ T cells/mm3 544 (240–870)
Total inflammatory score (0–8) 3.4 (1–7) 3.8 (1–5)
Fibrosis score (0–4) 1.8 (0–4) 1.8 (0–4)
Serum AST (U/L) 102.5 (33–202) 93.5 (6–308)
Serum ALT (U/L) 207.5 (36–497) 135.8 (28–462)

†Mean and standard deviation values are shown where applicable.
‡Subjects were matched according to their histopathology scores.
AST, aspartate aminotransferase; ALT, alanine aminotransferase; HCV,
hepatitis C virus; HIV, hepatitis C virus.
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Statistical analysis. The Mann–Whitney U test was used
for statistical comparisons between patient groups. Correlations
were calculated using the Spearman’s test (Prism Version 4.0;
GraphPad, San Diego, CA, USA).

Results

Clinical characteristics of study subjects. The two
subject groups were comparable in age, HCV viral load, histologi-
cal inflammatory, and fibrosis scores (Table 1). Slightly higher, but
not statistically significant, serum transaminase levels were found
in HIV/HCV coinfected patients but did not correlate with T cell
infiltration or chemokine levels. The HIV/HCV coinfected patients
were relatively immune-competent with a median CD4+ T cell
count of 544 cells/μL, and all had low or undetectable HIV viral
loads (attributable to the combination antiretroviral [cART]
therapy that all were receiving).

Liver infiltration of CD3+, CD4+, CD8+ T cells,
and CD68+ macrophages. All leukocyte subpopulation
markers, including for the T cell subsets (CD3, CD4, and CD8)
and macrophages (CD68), showed immunoreactivity in the both
the portal and lobular compartments in both HIV/HCV coinfected

and HCV mono-infected liver samples (Fig. 1). The portal tracts
were infiltrated by both CD4+ and CD8+ T cell subsets and mac-
rophages at variable density. In contrast, the lobules were primar-
ily infiltrated by macrophages, with CD8+ T cells as the
predominant T cell subset.

The results of the morphometric analysis were consistent with
the visual observations (Fig. 2). When compared with HCV mono-
infected patients, lobular CD8+ T cell counts were significantly
higher in the coinfected group (median count 34 cells/mm2 vs 9
cells/mm2, P = 0.0082). A somewhat higher number of CD4+ and
CD68+ cells were also found in the lobules in the HIV/HCV
coinfected liver samples, but this was not statistically significant
(median count 13 and 338 cells/mm2 vs 3 and 216 cells/mm2,
P = 0.2345 and P = 3152), respectively. CD8+, CD4+ T cells, and
macrophage numbers were not significantly different in the portal
tracts.

Intrahepatic expression of CXCL10, CCL3, and
CCL5 mRNA. Semiquantitative analysis of intrahepatic
mRNA expression of the T cell chemoattractants, CXCL10,
CCL3, and CCL5 was performed by qRT-PCR in all HCV-infected
patients. When compared with mono-infected subjects, coinfected
patients had significantly higher intrahepatic expression of CCL5
mRNA (P = 0.032), but not CCL3 or CXCL10 mRNA (Fig. 3).

Figure 1 Immunohistochemical staining of CD3 (a), CD68 (b), CD8 (c), and CD4 (d) of hepatitis C virus (HCV)-infected patients. Infiltration of CD3+
T cells and CD68+ macrophages, identified by the brown 3,3′-diaminobenzidine chromogen (a,b, 200×), were found within the portal tracts (PTs) and
lobules (L) in the liver of both human immunodeficiency virus/HCV coinfected and HCV mono-infected subjects. Similarly, cytotoxic CD8+ and helper
CD4+ T cells (red arrows) were found in the portal tracts and lobules (c,d, 400×) of both coinfected and mono-infected patients.
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Intrahepatic IFN-γ mRNA in HIV/HCV coinfection.
The intrahepatic expression of the type I cytokine IFN-γ mRNA
was not significantly different (P = 0.1246) in the HIV/HCV
coinfected patients compared with the HCV mono-infected
patients (data not shown).

Localization of intrahepatic chemokine expres-
sion in HIV/HCV coinfection and HCV mono-
infection. Intrahepatic expression of CXCL10, CCL5, and
CCL3 was detected by immunohistochemistry (Fig. 4). CXCL10
was abundant, featuring the most extensive and highest intensity
staining in hepatocytes of the three chemokines studied (Fig. 5a).
Occasional CXCL10 expression in mononuclear cells and biliary
epithelia was also found. CCL5 staining was also localized mostly
to hepatocytes, followed by mononuclear cells and biliary epithe-
lia at variable frequencies and intensities (Fig. 5c,d). CCL3
expression was also found predominantly in hepatocytes and occa-
sional infiltrating mononuclear cells, but at a much lower intensity
in hepatocytes when compared with staining for CXCL10 and
CCL5 (Fig. 5b). All isotype control-stained sections and normal
liver sections showed no DAB staining, indicating that the
chemokine staining was specific.

Semiquantitative analysis of intrahepatic CXCL10, CCL5, and
CCL3 protein expression on immunostained sections revealed no
statistical significance in the level of expression of these
chemokines between the coinfected and the mono-infected group.

Correlations and associations between all T cell
subsets and CD68+ cells with chemokine IFN-y
expression. We examined the association between the extent
of T cell and macrophage infiltration (numbers) of the liver in
relation to chemokine and IFN-γ expression. The number of CD3+
T cells infiltrating the lobules was correlated with the mRNA
expression of CCL5 (P = 0.04, r > 0.55, Fig. 5a) and CXCL10
(P = 0.043, r > 0.55, Fig. 5c). Furthermore, CCL5 mRNA was cor-
related with lobular CD8+ T cell numbers (P = 0.047, r > 0.55,
Fig. 5b) and also showed a positive trend with the number of portal
CD8+ T cells (P = 0.06, data not shown). In addition, CD4+ T cell
numbers were correlated with IFN-γ mRNA expression
(P = 0.008, r > 0.55, Fig. 5d).

T cells apoptosis and proliferation in HIV/HCV
coinfection compared with HCV mono-infection.
We also wanted to determine whether the enrichment of T cells
within the liver of coinfected subjects could be due to an imbal-
ance in the apoptosis/proliferation process. Assessment of
TUNEL-stained and Ki-67 expression showed a very low fre-
quency of mononuclear cells that were either apoptotic or prolif-
erating in both subject groups (Fig. 6). There was no difference in
the extent of intrahepatic T cell or hepatocyte apoptosis or prolif-
eration between groups.

Discussion
In this study, we have examined the intrahepatic localization and
expression of T cell subsets and chemokines in a relatively
immune competent group of HIV/HCV coinfected patients com-
pared with those with HCV mono-infection. We have observed
increased lobular CD8+ T cell infiltration and expression of CCL5
mRNA in the HIV/HCV coinfected liver. In addition, CCL5 and
CXCL10 were widely expressed by hepatocytes in the HIV/HCV
coinfected livers. Furthermore, CCL5 mRNA expression was
strongly correlated with lobular CD8+ T cell infiltration, while

Figure 2 Morphometry results for CD3, CD8, CD4, and CD68
immunohistochemistal staining within the portal tracts (a) and lobules
(b) of human immunodeficiency virus/hepatitis C virus (HCV) coinfected
(closed shapes) and HCV mono-infected patients (open shapes). All
leukocytes identified by positive immunoreactivity in the liver were
counted and the area measured. The portal tracts were densely infil-
trated with CD3+ T cells, including both CD4+ and CD8+ subsets, at a
higher frequency than CD68+ macrophages (a). No differences were
found in the number of the leukocyte subsets of any subset in portal
tracts of coinfected and mono-infected patients. In contrast, CD8+ T
cells were the predominant T cell subset within the lobules, and mac-
rophages were the predominant cell type. In addition, a significantly
higher number of CD8+ T cells were found in the coinfected liver
samples compared with the mono-infected liver (P = 0.082).
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lobular CD4+ T cell numbers were positively correlated with
IFN-γ. Finally, the processes of apoptosis and cell proliferation
were not enhanced in the coinfected liver samples. These data
indicate that liver injury in the setting of coinfection with HIV and

HCV is characterized by increased CD8 T cell infiltration and is
likely to be driven by chemokine expression.

The major limitation of this study is the small number of sub-
jects; thus, a type 1 error is possible, and also the two subjects with
very high CD8+ T cell infiltration skew the correlations. However,
the enrichment of CD8+ T cells in the lobules of HIV/HCV
coinfected patients is noteworthy as the patient groups studied here
were closely matched by necroinflammatory grade. Previously,
intrahepatic mRNA expression of the T cell markers, CD3ε,
TCRα, CD8α, and CD8β was reported to be increased in HIV/
HCV coinfection in comparison with HCV mono-infection and
was more pronounced in coinfected patients who were not receiv-
ing cART.6 Similarly, an increase in CD3 gene expression was
more pronounced in HIV/HCV coinfected patients who were naïve
to antiretroviral therapy, compared with treated coinfected patients
and HCV mono-infected patients.9 Furthermore, an increased ratio
of intrahepatic CD8+ : CD3+ T cells have also previously been
found in HIV/HCV coinfected patients.10 Collectively, these data
clearly show that HIV/HCV coinfection is associated with an
increase in CD8+ T cell infiltration into the liver. Although CD8+
T cells did not directly correlate with histological markers of liver
injury, it is known that cytotoxic CD8+ T cells suppress HCV
replication through a combination of direct cytolysis via the
perforin/granzyme pathway, or activation of Fas ligand, and the
production of Th1 cytokines.3,11–14 In chronic HCV, repeated bouts
of inflammation driven by viral persistence lead to ongoing hepa-
tocellular injury and the emergence of fibrosis via the activation of
profibrogenic hepatic stellate cells.3

Chemokines are key mediators of leukocyte trafficking and are
heavily implicated in the immunopathogenesis of chronic HCV
infection.15,16 The chemokines, CXCL10, CCL5, and CCL3 were
selected for examination because they are well-documented
chemoattractants for activated T cells and have previously been
shown to be associated with T cell inflammation in the HCV-
infected liver.17–21 Furthermore, CCL3 and CCL5 are secreted by
CD4+ T cells and macrophages after infection with HIV in vitro.22

No differences in intrahepatic CXCL10 and CCL3 mRNA expres-
sion were found, yet CCL5 expression was significantly higher in
the liver of HIV/HCV coinfected patients. Furthermore, there was
a correlation between CCL5 mRNA expression and the number of
lobular infiltrating CD8+ T cells. This result is intriguing as it
suggests that HIV coinfection in HCV-infected individuals is asso-
ciated with further induction of CCL5, which in turn is likely to
drive increased recruitment of cytotoxic CD8+ T cells into the
coinfected liver.

Figure 3 Intrahepatic chemokine messenger RNA (mRNA) expression
in human immunodeficiency virus (HIV)/hepatitis C virus (HCV)
coinfection compared with HCV mono-infection. Chemokine mRNA
expression was quantified in HCV mono-infected and HIV/HCV
coinfected patients and normalized to the expression of the housekeep-
ing gene, β-actin. The chemokine with the highest expression level was
C-X-C motif chemokine ligand (CXCL)10, followed by chemokine (C-C
motif) ligand (CCL)5 and CCL3. There was a significant increase in CCL5
mRNA (P = 0.032) expression in HIV/HCV coinfected samples com-
pared with HCV mono-infected liver samples. No statistically significant
differences were found between groups for either CXCL10 or CCL3
mRNA expression.
◀
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Further analysis of liver infiltrating mononuclear cells indicated
that they had a low frequency of markers of apoptosis (TUNEL-
positive) or proliferation (Ki-67+), consistent with previous
reports.5,23 These collective results suggest that recruitment of
effector cells from the circulation is the major determinant of T
cell accumulation in the infected liver, as opposed to in situ
proliferation. Once inside the liver parenchyma, these cells may
well have enhanced survival as they appear to have low rates of
apoptosis.

This is the first study to examine the expression intrahepatic
chemokines in HIV/HCV coinfection by immunohistochemistry.
Similarly to previous reports in the HCV mono-infected liver,8,17,20

the primary sources of the chemokines studied in HIV/HCV

coinfected liver were hepatocytes, followed by mononuclear cells,
and in some patients, biliary epithelia also showed expression.

Another interesting result in this study was that the levels of
intrahepatic IFN-γ mRNA were positively correlated with lobular
CD4+ T cell numbers, which suggests that this lymphokine maybe
derived from those cells. The secretion of the type I cytokine IFN-γ
by effector CD4+ T helper cells is critical to the effective immune
response against HCV.3,12 Part of this response includes the induc-
tion of a number of interferon stimulated genes, including
CXCL10 to recruit effector T cells into the liver.24 In addition, in
vitro studies have shown that co-stimulation of hepatocytes with
HCV proteins in combination with IFN-γ induces the secretion of
CXCL10 and CCL5.25 The previous reports of intrahepatic

Figure 4 Immunohistochemical staining for C-X-C motif chemokine ligand (CXCL)10, chemokine (C-C motif) ligand (CCL)3, and CCL5 in HCV-infected
patients. Intrahepatic chemokine protein expression was detected by immunohistochemistry for quantitative analysis. Positively stained cells for each
chemokine were identified with the 3,3′-diaminobenzidine chromogen chromogen (brown staining). CXCL10 (a, 100×) was the most abundantly
expressed chemokine with hepatocytes being the primary source, although some mononuclear cells and biliary epithelia also showed positive
staining. CCL3 (b, 100×) was the least expressed chemokine in hepatocytes but was more prominently in mononuclear cells. CCL5 (c,d, 100× and
400×) was expressed in hepatocytes at varied intensity in addition to occasional mononuclear cells. Matched isotype control antibodies were included
in each experiment and showed no immunoreactivity (see inserts in each panel), indicating the chemokine staining was specific.
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cytokine expression, in particular IFN-γ, in the HIV/HCV
coinfected liver compared with the HCV mono-infected liver are
conflicting with both enhanced and reduced expression reported.
These discrepant results are likely to be attributable to the immune
status of the HIV/HCV coinfected patients included in the reports.
Immunocompromised patients (CD4+ T cell counts <400 cells/
mm3) have been found to have low IFN-γ expression compared
with HCV mono-infected patients26,27 consistent with the progres-
sive CD4 T cell depletion of HIV disease. In addition, IFN-γ
mRNA expression has been shown to increase with increasing
peripheral CD4+ T cells counts.9,28 Paradoxically, it has been
reported immunocompromised patients have a greater risk of
advanced fibrosis, although this may related to a longer duration of
HIV infection and exposure to factors potentially associated with
liver injury, including antiretroviral therapy (ART) and opportu-
nistic infections.29 In the present study, the coinfected subjects
were relatively immune competent with a median CD4+ T cell
count of 544 cells/mm3. In combination, these data suggest CD4+

T cells are likely to be a major source of IFN-γ and are likely to
play an important role in exaggerating the pro-inflammatory envi-
ronment within the liver, particularly when immune restoration has
been achieved via cART.

In summary, we have shown an enhanced pattern of inflamma-
tion in the HIV/HCV coinfected liver as evidenced by enrichment
of CD8+ T cells and increased IFN-γ and chemokine expression.
These data provide further insights into the immunopathogenesis
of liver injury in HIV/HCV coinfected patients. Further studies
are warranted to examine the chemokine receptor utilization
on the infiltrating leukocytes and to extend the spectrum of
HIV/HCV coinfected patients to include those with advanced
immunodeficiency.
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