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ABSTRACT

Background Obese subjects with chronic hepatitis C
virus (HCV) infection have more rapidly progressive liver
disease.

Objective In this study, we aimed to compare the
hepatic cytokine and chemokine profiles in obese and
lean subjects with chronic HCV infection using qRT-PCR
and immunohistochemistry.

Methods Liver biopsies from 55 subjects were studied,
including 20 with chronic hepatitis C, 25 with
non-alcoholic fatty liver disease and 10 subjects with
non-diseased liver.

Results Compared to the control groups, the liver injury
in chronic hepatitis C was characterised by increased
expression of several T-helper-1 cytokines including
interferon-y and tumour necrosis factor-o, and
chemokines such as RANTES, IP-10 and MCP-1. In
particular, in comparison with lean (BMI =25 kg/m?) HCV
infected subjects, obese (BMI=30 kg/m?) HCV infected
subjects had increased hepatic expression of interferon-y
(p=0.004) and tumour necrosis factor-a. (p<0.001), as
well as increased expression of IP-10 (p=0.009) and
MCP-1 (p<0.001). Localisation of these inflammatory
chemokines revealed that in comparison to lean-HCV
subjects, HCV infected liver from obese subjects
exhibited significantly increased expression of IP-10
(p<0.001) and MCP-1 (p=0.02) in the inflammatory
infiltrate of the portal tracts. In parallel, there was
increased CD3 infiltration in the liver of obese-HCV
subjects.

Conclusions The data provide important mechanistic
information on the cause of hepatic injury in obese-HCV
subjects including: (1) enhanced T helper-1 cytokine
response patterns—to promote hepatocellular injury; (2)
increased expression of the chemokines IP-10 and MCP-1
at both the mRNA and protein levels—to enhance
inflammatory cell recruitment; (3) differing localisation of
these chemokines within the liver of obese-HCV versus
lean-HCV subjects—implying different inducing stimuli
and; (4) increased CD3 expression in the liver of obese-
HCV subjects—concordant with the increased
expression of T cell chemoattractants.

Hepatitis C virus (HCV) is a major cause of
chronic liver disease worldwide.! Obesity and
hepatic steatosis occur frequently in subjects with
chronic hepatitis C (CHC) and are associated with
more rapid progression of liver disease.? # Factors
contributing to this pathogenic process are not
clear, but may include mediators of the metabolic
syndrome such as adipokines, inflammatory cyto-
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kines, increased oxidative stress, apoptosis and
hepatic stellate cell activation.™®

Although hepatic steatosis alone is innocuous,
accumulating evidence suggests that fatty livers are
more susceptible to injury induced by a secondary
inflammatory stimulus, such as lipopolysaccharide
or Concanavalin A administration.” In this setting,
steatosis can exacerbate T cell mediated liver injury;,
partly by polarising T helper (TH) cells towards
a TH-1 response, with excess production of inter-
feron (IEN)-y and interleukin (IL)-2.'° ! In addition
to promoting a TH-1 cytokine response, obesity and
steatosis were associated with enhanced lympho-
cyte responsiveness to hepatic chemokines,
resulting in increased lymphocyte homing to the
liver in response to inflammatory insults."?

In CHC, the development of liver injury is largely
driven by HCV-stimulated immunological and
inflammatory responses. Thus, TH-1 inflammatory
cells, producing IFN-y and tumour necrosis factor
(TNF)-o. secretion, predominate in the liver and
correlate with the degree of inflammation in chronic
HCV infection.”® ™ In parallel, chemokines that
attract these pro-inflammatory cells are also
important in the progression of HCV-related liver
disease. In particular, IP-10 (the IFN-y-inducible
protein-10, also known as CXCL10), MIG (mono-
kine induced by IFN-vy, also known as CXCL9) and
I-TAC (IFN-inducible T cell o chemoattractant, also
known as CXCL11), as well as RANTES (regulated
on activation normal T cell expressed and secreted,
also known as CCL5), MCP-1 (monocyte chemo-
attractant protein-2, also known as CCL2), and
MIP-1a. (macrophage inflammatory protein-1a, also
known as CCL3), are involved in the selective
recruitment of lymphocytes to the liver. Moreover,
in CHC, increased expression of IP-10 mRNA in the
liver correlates with necroinflammation,'® while
high levels of MCP-1 mRNA correlate with more
advanced fibrosis.'®

Taken together, this evidence poses the question:
does obesity enhance the liver injury in HCV-
infected subjects by modifying intrahepatic cytokine
and chemokine expression? Thus, the broad aim of
this study was to examine whether obesity and the
presence of steatosis in HCV-infected liver is asso-
ciated with alterations in cytokine and chemokine
expression patterns. For comparative purposes, we
also examined the intrahepatic cytokine and
chemokine profiles in the liver of obese subjects
with non-alcoholic fatty liver disease (NAFLD)
alone, including subjects with steatosis and those
with non-alcoholic steatohepatitis (NASH).
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MATERIALS AND METHODS

Study population

Liver biopsies were obtained from 55 subjects. These included 20
subjects chronically infected with HCV genotype 1 undergoing
evaluation for antiviral therapy (10 obese and 10 lean). Obese
subjects were defined as having a BMI=30 kg/m? while lean
subjects had a BMI of =25 kg/m?. In addition, 25 obese subjects
with NAFLD (10 with steatosis alone and 15 with NASH) who
had liver biopsies obtained during bariatric surgery were studied.
The final group was 10 obese subjects with non-diseased liver
who also had liver biopsies obtained during bariatric surgery.
Both snap frozen liver tissue (stored in liquid nitrogen at —180°C)
and formalin fixed paraffin-embedded liver sections were avail-
able for all subjects.

To focus on cytokine and chemokine patterns characterising
the inflammatory response alone (rather than fibrotic injury),
biopsies with advanced fibrosis (stage 3 or 4) were excluded.
Other exclusion criteria included co-infection with HIV or
chronic hepatitis B, alcohol intake in excess of 20 g/day, and the
co-existence of other forms of chronic liver disease.

All patients gave written informed consent. The study
conformed to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the institutional review board,
approval number SGH06/27.

Histopathological examination

The biopsy sections were analysed by an experienced histopa-
thologist blinded to the source of the liver biopsy, and to patient
demographic and laboratory data. Liver samples from subjects
with CHC were scored according to the Metavir system.'” The
degree of steatosis was semi-quantified according to the Brunt
criteria’® with slight modifications (0 is <5% of hepatocytes
affected, 1 is 5—32% of hepatocytes affected, 2 is 33—66% of
hepatocytes affected, and 3 is >66% of hepatocytes affected).
Steatohepatitis was defined based on the findings of hepatocel-
lular steatosis, hepatocyte ballooning, mixed inflammation and
zone 3 perisinusoidal fibrosis.'®

Real-time PCR

Primers were designed for the following genes: IFN-y, TNF-a, IL-
6, IL-10, IL-4, IL-13 RANTES, IP-10, MCP-1, MIP1-a. and B-actin.
Primer sequences are available on request. Primers were designed
to span intron—exon boundaries to minimise the likelihood of
genomic DNA amplification. All primers were purchased from
Invitrogen (Paisley, UK) as desalted grade, and the identity of the
amplicons was confirmed by sequencing at the Australian
Genome Research Facility Ltd (Brisbane, Australia). Quantitive
PCR was performed on the LightCycler 480 Real-Time PCR
System (Roche Applied Science, Mannheim, Germany) as
described before.’ A melting curve program was employed in
each assay to confirm the presence of a single, specific amplicon
of desired size. The standard curve method was used to deter-
mine the relative concentrations of each genes of interest with
the average of duplicate amplifications normalised to B-actin.

Immunohistochemistry

Formalin fixed paraffin-embedded liver biopsies were employed for
immunohistochemical (IHC) studies. Staining was performed to
evaluate chemokine expression as previously described.”> The
following antibodies and concentrations were employed: goat
polyclonal anti-human IP-10, goat polyclonal anti-human MCP-1
and goat polyclonal anti-human RANTES (R&D Systems,
Abingdon, United Kingdom) used at 7.5, 6.25 and 10 pg/ml,
respectively; rabbit polyclonal anti-human CD3 antibody (DAKO
Corp, California, USA) at a 1:50 dilution. Negative-control
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antibodies consisted of the species-matched immunoglobulin (Ig) G
subclass used at the same dilution as the primary antibodies. Bound
IP-10 and RANTES antibodies were detected with polyclonal rabbit
anti-goat IgG biotinylated antibody (DAKO Corp) at a 1:200
dilution. Bound MCP-1 was detected with a polyclonal goat anti-
mouse IgG biotinylated antibody (DAKO Corp) at a 1:200 dilution.
Bound CD3 antibody was detected with the Ultravision LP
Detection System AP polymer and fast red chromogen (Lab Vision
Corp, Fremount, California, USA). All sections were counterstained
with Dako Cytomation Mayer’s Hematoxylin (DAKO Corp). All
subject groups were represented in each run to ensure compara-
bility of subjective comparisons of stain intensity between groups.
Furthermore, a consistent protocol was applied to the duration of
colour development. Images were captured using Nikon Codpix
4500 camera (Nikon, Japan) affixed to a LICA DM LB microscope
(Leica Microsystems).

Immunohistochemistry scoring

RANTES, IP-10 and MCP-1 were independently assessed by an
experienced pathologist (SO) and an H score generated, with indi-
vidual scores determined for hepatocytes, inflammatory cells and
bile ducts. In this method, the number of positive cells per specimen
and the staining intensity expression for each of these chemokines is
semiquantitatively evaluated in each different cell type as previ-
ously described.?” CD3 expression was semiquantitated as the
percentage of positive mononuclear inflammatory cells present in
five consecutive high-power fields (400X; Leica DMLB; field
diameter 0.5 mm). For inclusion, each field had to include both
portal and lobular compartments and an average value was
determined as percent of CD3 positive cells per high power field.

Statistical analysis

Continuous variables were represented as mean * standard
deviation. To determine differences between groups not normally
distributed, the non-parametric Kruskal—Wallis test was used to
compare groups, while the Mann—Whitney test was performed
for two group comparisons. To compare the means of normally
distributed variables, analysis of variance or Student t tests were
performed. The degree of association between non-normally
distributed variables was undertaken using Spearman’s non-
parametric correlation. The y? test was used to determine
differences in patient distribution for variables such as sex.
Differences in the grade of steatosis between subjects were
compared using either Mann—Whitney or the Kruskal—Wallis
tests. GraphPad Prism V.3.01 (GraphPad Software Inc, San Diego,
CA, USA) was used to perform all analyses.

RESULTS

Subject clinical characteristics

The clinical characteristics of all studied subjects are presented in
table 1. The clinical characteristics of obese versus lean HCV
subjects are presented in table 2, while the characteristics of
subjects with steatosis versus NASH are shown in table 3. HCV
subjects were predominantly male while patients undergoing
obesity surgery were more commonly female (table 1). Not
surprisingly, the BMI of subjects undergoing bariatric surgery
was significantly higher than HCV-infected subjects (table 1).
Similarly, fasting insulin and insulin resistance (IR), determined
using the homeostasis model of assessment (HOMA)?! were
significantly elevated in the NAFLD group, who also had a higher
grade of steatosis compared to other groups (table 1). Despite
this, the HCV group had higher mean serum alanine amino
transferase (ALT) levels and more hepatic necroinflammatory
activity (table 1). Within the HCV group, obese and lean subjects
were well matched for age, gender, duration of infection and viral
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load (table 2). It was not possible to match obese and lean-HCV
subjects for the extent of liver injury as the obese-HCV subjects
had consistently higher necroinflammatory activity. Thus, in
comparison to lean-HCV subjects, the obese subjects had
significantly higher serum ALT levels, necroinflammatory
activity and HOMA-IR scores (table 2). Similarly, all obese-HCV
subjects had hepatic steatosis; two with grade 1, four with grade
2 and four with grade 3 steatosis. In contrast, in the lean HCV
group, four subjects had grade 1 steatosis while six subjects had
no steatosis. As for steatosis grade in subjects with NAFLD, in
the steatosis group, one subject had steatosis grade 1, three had
grade 2 while six subjects had grade 3. In the NASH group,
steatosis grade 1 was present in one subject, four subjects had
grade 2, while 10 subjects had steatosis grade 3.

Obesity is associated with enhanced TH-1 cytokine expression
in CHC

Compared to subjects with normal histology and NAFLD, all
HCV subjects exhibited increased mRNA expression of the
cytokines, IEN-y (p<0.001), TNF-o (p<0.001) and IL-6
(p<0.001) (figure 1). There was however, no difference in the
expression of the TH-2 cytokines IL-4, IL-10 and IL-13 (figure 1).
Overall, TH-2 cytokines were expressed at lower levels compared
to TH-1 cytokines (figure 1).

Within the HCV group, the intrahepatic mRNA expression of
IEN-y and TNF-a were significantly increased in obese-HCV
subjects compared to lean-HCV subjects (p=0.004 and p<0.001
respectively) (figure 2A).

Compared to non-diseased liver, the NAFLD group as a whole
had increased expression of TNF-at (p=0.003) (figure 1). Within
the NAFLD group, only TNF-o0 mRNA tended to be increased in
the NASH group compared to subjects with steatosis alone
(p=0.05).

Obesity is associated with enhanced chemokine expression in
CHC
All HCV subjects had increased hepatic mRNA expression of
RANTES (p<0.001), IP-10 (p<0.001) and MCP-1 (p<0.001)
(figure 3) and MIP-1a. (p=0.02) (data not shown) compared to
other groups. In comparison to lean-HCV subjects, mRNA
expression of IP-10 (p=0.009) and MCP-1 (p<0.001) was
significantly increased in obese-HCV subjects (figure 2B).
Compared to non-diseased liver, only the chemokine MCP-1
was increased in the NAFLD group (p=0.01) (figure 3). Within

Table 1 Clinical characteristics of subject groups
Non-diseased

HCV NAFLD liver
Variable* (n=20) (n=25) (n=10) p Valuet
Age 45+6 53+12 41+14 NS
Gender (M:F) 16:4 8:17 2:8 0.001%
BMI (kg/m?) 28+6 42+9 41+6 <0.001
Fasting insulin (mU/1) 1411 21+12 15+6 0.05
HOMA-IR 3.0+1.8 6.7+5.1 40+1.6 0.04
ALT (U/1) 84+44 38+24 28+10 0.005
Lobular inflammation 1.9+0.9 1.0+0.7 0 0.0028§
Portal inflammation 1.8+0.8 0.9+0.8 0 0.001§
Steatosis grade 1.2+1.1 2.6+0.7 0 0.0058

*Results are expressed as mean=SD.

Table 2 Clinical characteristics of obese and lean HCV subjects

Obese HCV Lean HCV
Variable* (n=10) (n=10) p Valuet
Age 45+6 44+6 NS
Gender (M:F) 8:2 8:2 NS+
BMI (kg/m?) 33+3.3 23+3 0.005
Duration of HCV infection (yr) 21+9 20+9 NS
Fasting insulin (mU/1) 20+13 8+3 0.05
HOMA-IR 40*1.3 2.2+1.9 0.009
HCV viral load (IU/ml) 2.1x10° 1.4x10° NS

(+2.5x10°) (+1.3x10°)
ALT (U/) 10446 56+12 0.02
Lobular inflammation 24+1.0 1.3+0.8 0.01
Portal inflammation 2.4+05 1.2+0.4 0.004
Steatosis grade 22+19 0.3+0.5 0.009

*Results are expressed as mean = SD.

+Mann—Whitney test unless otherwise specified.

+y? Test.

ALT, alanine amino transferase; BMI, body mass index; HCV, hepatitis C virus; HOMA-IR,
homeostasis model of assessment-insulin resistance.

the NAFLD group, MCP-1 mRNA was increased in NASH
subjects compared to subjects with steatosis alone (p=0.04)
(data not shown).

Localisation of intrahepatic chemokine expressions

To further validate the differences in mRNA expression of the
chemokines, and to determine whether obesity and the presence
of steatosis influence the cellular source(s) of chemokines within
HCV-infected liver, the extent of protein expression and the
cellular localisation was compared by IHC for RANTES, IP-10
and MCP-1 in the liver of the HCV and NAFLD groups. In the
HCV and NAFLD (steatosis and NASH) livers, RANTES was
primarily detected in the hepatocytes and inflammatory cells
(figure 4). Consistent with the mRNA findings, HCV-infected
livers from lean and obese subjects exhibited more RANTES
expression compared to livers from NAFLD subjects (figure
3A—C). There were no differences between RANTES expression
(immunoreactivity) in the liver of obese and lean HCV subjects
(figure 4A B). There was minimal expression of RANTES in non-
diseased liver (figure 4D).

In HCV-infected liver samples, IP-10 was predominately
expressed by hepatocytes, biliary epithelial cells and inflamma-
tory cells in the portal tracts. In particular, the liver of obese-
HCV subjects had significantly increased expression of IP-10
within the portal tracts compared to livers of lean-HCV subjects
(p<0.001) (figure 5A,B and 7A). Moreover, except for some

Table 3 Clinical characteristics of NAFLD (steatosis versus NASH)
subjects

Steatosis NASH
Variable* (n=10) (n=15) p Valuet
Age 50+13 55+12 NS
Gender (M:F) 37 5:10 NS+
BMI (kg/m?) 418 42+10 NS
Fasting insulin (mU/1) 1810 23+14 NS
HOMA-IR 5.8+3.8 7.4+6.1 NS
ALT (U/1) 31+18 45+29 NS
Steatosis grade 25+0.7 2.6+0.6 NS
Lobular inflammation 0.5+0.5 1.3+0.6 0.006
Portal inflammation 0.2+0.3 1.6+0.6 <0.001

tUnless otherwise specified, Kruskal Wallis test, comparing HCV, NAFLD and non-di |
+y2 Test.

§Mann—Whitney comparing HCV and NAFLD.

ALT, alanine amino transferase; BMI, body mass index; HCV, hepatitis C virus; HOMA-IR,
homeostasis model of assessment-insulin resistance; NAFLD, non-alcoholic fatty liver
disease.

Gut 2010;59:397—404. doi:10.1136/gut.2008.165316

*Results are expressed as mean=S8D.

+Mann—Whitney test unless otherwise specified.

+y? Test.

ALT, alanine amino transferase; HOMA-IR, homeostasis model of assessment-insulin
resistance; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.
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In addition, livers from subjects with NAFLD had increased mRNA expression of TNF-a. (**p=0.003) in comparison to non-diseased livers.

relatively scant staining of biliary epithelial cells, there was no
other positive staining of IP-10 within the portal tracts of
subjects with NAFLD (steatosis or NASH) or those with non-
diseased liver (figure 5C,D).

Similarly, MCP-1 expression was evident within hepatocytes,
biliary epithelial cells and the inflammatory infiltrate in the
portal tracts of the liver samples from HCV-infected subjects,
compared to all other groups (figure 6). Again, MCP-1 expression
was significantly increased in the portal tracts of obese-HCV
subjects compared to lean-HCV subjects (p=0.02) (figures 6A,B
and 7B).

Within the NAFLD group, hepatocyte expression of MCP-1
tended to be enhanced in NASH compared to steatosis alone

(p=0.05) (figure 6C,D). Moreover, in livers from NAFLD subjects
(steatosis or NASH), there appeared to be increased expression of
MCEP-1 in hepatocytes adjacent to steatotic regions (figure 6D).
Thus, while HCV-infected livers exhibited increased expression
of MCP-1 within the portal tracts, livers with NAFLD had
increased MCP-1 expression in hepatocytes, particularly in
steatotic regions.

Obesity is associated with increased CD3 cells expression in
HCV infected livers

As the chemokine profile detected in obese-HCV subjects may be
anticipated to promote T cell recruitment, we sought to deter-
mine by IHC the expression of CD3 (a pan T cell marker) in
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Figure 3 Hepatic chemokine mRNA expression in all studied groups. Compared to NAFLD and non-diseased liver, subjects with CHC had increased
mRNA expression of the chemokines, RANTES, IP-10 and MCP-1 (*p<0.001 for all comparisons). In addition, livers from subjects with NAFLD had
increased mRNA expression of MCP-1 (**p=0.01) in comparison to non-diseased livers.

obese-HCV and lean-HCV subjects. There was a significant
increase in the relative expression of CD3 cells in regions of
inflammatory cell infiltration within both the portal tracts and
lobules of obese-HCV subjects (p=0.02), compared to lean-HCV
subjects, including subjects with comparable inflammatory
scores (figures 8A,B).

Relationship of cytokine and chemokine profiles with types of
liver injury

In the HCV group, the degree of hepatic necroinflammation by
the Metavir scoring system correlated with mRNA expression of
TNF-o. (r=0.51, p=0.03), IFN-y(r=0.73, p=0.003) and IP-10
(r=0.8, p=0.002). MCP-1 mRNA expression tended to correlate
with the NAS score in the NAFLD group (r=0.31, p=0.08).

DISCUSSION

In chronic hepatitis C infection, the presence of obesity and
steatosis appear to be important co-factors in increasing hepatic
inflammatory activity and in accelerating the development of
fibrosis.> The association between hepatic steatosis and the
development of fibrosis is dependent upon the extent of
necroinflammation.® As pro-inflammatory  cytokines and
chemokines are key mediators of necroinflammation in CHC, we
sought to determine whether distinct patterns of expression of
these mediators drive inflammation in obese subjects with CHC

Figure 4 Immunohistochemical analysis of RANTES
protein expression in studied groups. RANTES expression
was primarily detected on hepatocytes and inflammatory
cells. The expression of RANTES in the liver of lean-HCV
subjects (A) was not increased when compared to
obese-HCV subjects (B). Liver from subjects with NAFLD
(C) and non-diseased liver (D) exhibited low expression of
RANTES. There was no difference in the expression of
RANTES between subjects with steatosis and NASH
(data not shown). Original magnification <400.

Gut 2010;59:397—404. doi:10.1136/gut.2008.165316

in comparison to lean subjects with CHC. To focus on cytokine
and chemokine expression in association with hepatic inflam-
mation, we studied subjects with HCV genotype 1 infection, but
excluded biopsies with advanced fibrosis. Thus, by comparing the
intrahepatic cytokine and chemokine profiles in obese-HCV and
lean-HCV infected subjects and those with NAFLD alone, we
were able to make several relevant observations. Firstly,
compared to NAFLD and non-diseased liver, the liver injury in
CHC is characterised by increased expression of TNF-a, IFN-y,
IP-10 and MCP-1. Secondly, obese subjects with HCV exhibited
an exaggerated TH-1 cytokine profile with further increases in
TNEF-o. and IFN-y expression. Thirdly, in obese-HCV subjects,
there was enhanced intrahepatic expression of the chemokines,
IP-10 and MCP-1. Immunohistochemistry data substantiated the
mRNA analysis and showed that in HCV-infected livers these
chemokines were localised in areas of inflammation within
hepatocytes and portal tracts. In parallel with increased expres-
sion of T cell chemoattractants, there was increased expression of
CD3 cells in the livers of obese-HCV subjects. Finally, within the
NAFLD group, compared to steatosis alone, subjects with NASH
had increased hepatic expression of the cytokine TNE-a and the
chemokine MCP-1.

Despite the more significant metabolic disturbance evident
in the NAFLD group (characterised by higher BMI, fasting
insulin levels, HOMA-IR and increased steatosis), subjects with
CHC had more hepatic inflammation. Furthermore, there was
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Figure 5 Immunohistochemical analysis of IP-10
protein expression in studied groups. IP-10 expression
was evident in the inflammatory cells in the portal tracts
and hepatocytes as well as hiliary epithelial cells.
Compared to lean-HCV subjects (A), there was significant
expression of IP-10 within the portal tracts of obese-HCV
subjects (B) (p<0.001). The increased expression of
IP-10 in the portal tracts of obese-HCV versus lean-HCV
subjects was also evident in livers with comparable
degrees of portal inflammation (A & B). In NAFLD (C) and
non-diseased liver (D), IP-10 was weakly expressed in
the hepatocytes. There was no difference in the
expression of IP-10 between subjects with steatosis and
NASH (data not shown). Original magnification <400.

increased hepatic necroinflammation in obese-HCV compared
to lean-HCV infected subjects. Therefore, the data from the
present study clearly emphasise the detrimental impact of the
co-existence of obesity (and its related metabolic disturbances)
and HCV on liver injury. Notably, the necroinflammatory liver
injury due to either, HCV alone or, NAFLD alone is less aggres-
sive than when both diseases co-exist.

Several of the pro-inflammatory cytokines and chemokines
examined were differentially expressed in HCV-infected livers
compared to NAFLD and control groups. However, in obese
subjects with CHC infection, the expression of the TH-1 cyto-
kines, TNF-o. and IFN-y were specifically increased when
compared to lean-HCV infected subjects. In concordance with
previous reports, the extent of the intrahepatic expression of
these cytokines correlated with the degree of necroinflammation.
Since necroinflammation is the main determinant of liver disease
progression and fibrosis,® it is likely that the exaggerated liver

Figure 6 Immunohistochemical analysis of MCP-1
protein in studied groups. Compared to lean-HCV
subjects (A), there was increased expression of MCP-1 in
the portal tract inflammatory cells of obese-HCV subjects
(p=0.02) (B). Compared to subjects with steatosis alone
(C), there appeared to be increased hepatic expression of
MCP-1 in subjects with NASH (p=0.05) (D). Staining of
MCP-1 appeared accentuated in hepatocytes adjacent to
fat cells (black arrow) (D). Non-diseased liver showed
weak expression of MCP-1 in hepatocytes and biliary
epithelium (data not shown). Original magnification

X 400.
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injury observed in obese-HCV subjects is, in part, driven by this
pro-inflammatory cytokine profile. In addition, TNE-a. plays
a crucial role in glucose and lipid homeostasis. By antagonising
adiponectin, TNF-o. promotes steatosis by enhancing fatty acid
uptake, inhibiting fatty acid oxidation and reducing lipid
export.?? Similarly, increased expression of TNF-g. in the liver of
obese-HCV infected subjects correlates with reduced insulin
sensitivity. Taken together, excess fatty acids and increased
insulin resistance can therefore perpetuate an inflammatory
response with the generation of further mediators including
TNE-o and IEN-y.

In response to HCV infection, there is an increased intra-
hepatic expression of chemokines which are responsible for
lymphocyte recruitment. In particular, we found the expression
of both IP-10 and MCP-1 to be significantly enhanced in the liver
of obese-HCV infected subjects. The expression of IP-10 is
known to be increased in both the serum and liver of patients

Gut 2010;59:397—404. doi:10.1136/gut.2008.165316
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Figure 7 IP-10 (*p<0.001) (A) and 8 -
MCP-1 (*p=0.02) (B) protein | *
immunoreactivity in portal tracts of
obese- versus lean-HCV subjects.

IP-10 expression in the portal tracts

obese-HCV

with CHC,?® with expression correlating with both the degree
of hepatic injury®® and the response to antiviral therapy.?*~2°
Furthermore in CHC, intrahepatic TH-1 cytokines and, in
particular, IEN-y, drive the increased expression of IP-10 and
thereby promote the recruitment of lymphocytes to the liver.
This is relevant in view of our observation of an increased TH-1
cytokine response in obese-HCV infected livers. Others have
observed increased serum levels of IP-10 in overweight-HCV
infected subjects with a BMI over 25 kg/m2 compared to those
with a BMI below 25 kg/m2.%* These elevated serum IP-10 levels
were associated with a higher steatosis grade.?* The reasons why
IP-10 in particular is increased in conjunction with steatosis and
HCV is not entirely clear. It has been shown however that
saturated free fatty acids can directly augment the production of
IP-10, and enhance migration of Iymphocytes to inflammatory
sites.?” However, in liver samples with steatosis alone, there was
no apparent increase in IP-10 expression. It is likely therefore that
the increase in IP-10 mRNA expression in the liver of obese-HCV
infected subjects is produced by the cumulative effects of fatty
acid accumulation and HCV infection.

MCP-1 is important in monocyte and T cell recruitment, is
induced by HCV and also has an emerging role in the patho-
genesis of the metabolic syndrome.’®~* In concordance with our
data, during chronic hepatitis, increased expression of MCP-1 has
been shown to be evident (by immunostaining and gene
expression) in portal tract inflammatory infiltrates.®! Further,
increased expression of serum and hepatic MCP-1 was detected in
subjects with NASH compared to those with steatosis alone.®
Expression of MCP-1 is specifically increased in atherosclerotic
lesions,® 3 and inhibition of MCP-1 expression or that of its
receptor CC chemokine receptor 2 reduces the extent of
atheroma formation.®* In obese mice, MCP-1 contributes to the
development of hepatic steatosis, by inducing the expression of

Figure 8 CD3 (T cell) protein expression in obese- and
lean-HCV subjects. Compared to lean-HCV subjects (A),
obese-HCV subjects (B) had increased T cell infiltration in
areas of hepatic inflammation (p=0.02). Original
magnification X< 200.
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SREBP-Ic—an important transcription factor for lipid
synthesis.?’ Therefore taken together, in the setting of HCV and
steatosis, MCP-1 is likely to play an important role in liver injury
by promoting both hepatic inflammation and the further devel-
opment of steatosis.

Increased hepatic chemokine expression during chronic
inflammation would be expected to promote recruitment and
retention of inflammatory cells at the site of injury. % In
support of this paradigm, we detected increased T cell infiltration
in the parenchyma and portal tracts of HCV-infected liver with
steatosis. Of relevance to our observation, recent data in mouse
models of obesity indicate that fatty liver has a significantly
higher propensity to recruit circulating lymphocytes (CD4 and
CD8 Tcells as well as B cells), compared to non-fatty liver.!> This
property of fatty liver to recruit lymphocytes is further amplified
in the presence of an additional inflammatory stimulus such as
lipopolysaccharide.'? Preferential homing of lymphocytes to
mouse fatty liver was further shown to be due to increased
lymphocyte sensitivity to chemokines, a response not observed
in lean animals.'® Thus, restoration of normal weight in obese
mice abolished lymphocyte sensitivity to liver chemokines.'?

Apparent low level expression of several of the cytokines and
chemokines studied was found both in liver samples with
normal histology and in those with steatosis alone (both by
mRNA and protein expression techniques). This finding may
support the concept that these mediators represent part of the
physiological immune surveillance of the liver.?® Alternatively, as
these biopsy specimens were obtained from obese subjects, the
low level expression of these cytokines and chemokines may
relate to obesity or the metabolic syndrome. In this regard, it may
be pertinent that the expression of TNF-o tended to be increased
in the NASH group compared to both control subjects and those
with steatosis alone. Similarly, in agreement with others in
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NASH subjects, we found increased MCP-1 expression suggesting
that these inflammatory mediators are also important in the
pathogenesis of inflammation in NASH.

In summary it appears that both host and viral-related factors
play a key role in driving the liver injury observed in subjects
with CHC. In particular in obese-HCV subjects, there is upre-
gulation of cytokines (TNF-a and IFN-y) and chemokines (IP-10
and MCP-1) that are important in inducing both hepatic
inflammation and lipid deposition thereby perpetuating further
inflammation. The net effect of this mileu is an environment of
chronic inflammation and progressive liver damage. This data is
relevant to clinical practice as interrupting the forward loop of
inflammation by viral eradication and or weight loss may be
expected to impact favourably on liver injury.

Competing interests None.

Ethics approval This study was conducted with the approval of the St George
Hospital in Sydney, Australia.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Bedossa P, Moucari R, Chelbi E, et al. Evidence for a role of nonalcoholic
steatohepatitis in hepatitis C: a prospective study. Hepatology 2007;46:380—7.

2. Hourigan LF, Macdonald GA, Purdie D, et al. Fibrosis in chronic hepatitis C correlates
significantly with body mass index and steatosis. Hepatology 1999;29:1215—19.

3. Leandro G, Mangia A, Hui J, et al. Relationship between steatosis, inflammation,
and fibrosis in chronic hepatitis C: a meta-analysis of individual patient data.
Gastroenterology 2006;130:1636—42.

4. Palmer C, Hampartzoumian T, Lioyd A, et al. A novel role for adiponectin in regulating the
immune responses in chronic hepatitis C virus infection. Hepatology 2008;48:374—84.

5. Gochee PA, Jonsson JR, Clouston AD, et al. Steatosis in chronic hepatitis C:
association with increased messenger RNA expression of collagen |, tumor necrosis
factor-alpha and cytochrome P450 2E1. J Gastroenterol Hepatol 2003;18:386—92.

6. Walsh MJ, Vanags DM, Clouston AD, et al. Steatosis and liver cell apoptosis in
chronic hepatitis C: a mechanism for increased liver injury. Hepatology
2004;39:1230—8.

7. Clouston AD, Jonsson JR, Purdie DM, et al. Steatosis and chronic hepatitis C:
analysis of fibrosis and stellate cell activation. J Hepato/ 2001;34:314—20.

8. Jonsson JR, Barrie HD, O'Rourke P, et al. Obesity and steatosis influence serum and
hepatic inflammatory markers in chronic hepatitis C. Hepatology 2008;48:80—7.

9. Yang SQ, Lin HZ, Lane MD, et al. Obesity increases sensitivity to endotoxin liver injury:
implications for the pathogenesis of steatohepatitis. Proc Nat/ Acad Sci U S A
1997,94:2557—62.

10.  Kremer M, Hines IN, Milton RJ, et al. Favored T helper 1 response in a mouse mode!
of hepatosteatosis is associated with enhanced T cell-mediated hepatitis. Hepatology
2006;44:216—27.

11. Li Z, Soloski MJ, Diehl AM. Dietary factors alter hepatic innate immune system in
mice with nonalcoholic fatty liver disease. Hepatology 2005;42:880—5.

12.  Bigorgne AE, Bouchet-Delbos L, Naveau S, et al. Obesity-induced lymphocyte
hyperresponsiveness to chemokines: a new mechanism of Fatty liver inflammation in
obese mice. Gastroenterology 2008;134:1459—69.

13. Napoli J, Bishop GA, McGuinness PH, et a/. Progressive liver injury in chronic hepatitis
C infection correlates with increased intrahepatic expression of Th1-associated
cytokines. Hepatology 1996;24:759—65.

14.  McCaughan GW, George J. Fibrosis progression in chronic hepatitis C virus infection.
Gut 2004;53:318—21.

15. Harvey CE, Post JJ, Palladinetti P, et a/. Expression of the chemokine IP-10 (CXCL10)
by hepatocytes in chronic hepatitis C virus infection correlates with histological
severity and lobular inflammation. J Leukoc Biol 2003;74:360—9.

404

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Muhlbauer M, Bosserhoff AK, Hartmann A, et al. A novel MCP-1 gene polymorphism
is associated with hepatic MCP-1 expression and severity of HCV-related liver disease.
Gastroenterology 2003;125:1085—93.

Friedman SL. Evaluation of fibrosis and hepatitis C. Am J Med 1999;107:27S—30S.
Brunt EM, Tiniakos DG. Pathology of steatohepatitis. Best Pract Res Clin
Gastroenterol 2002;16:691—707.

Yin JL, Shackel NA, Zekry A, et al. Real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) for measurement of cytokine and growth factor mRNA expression
with fluorogenic probes or SYBR Green . Immunol Cell Biol 2001;79:213—21.

Liu N, BiF, Pan'Y, et al. Reversal of the malignant phenotype of gastric cancer cells by
inhibition of RhoA expression and activity. Clin Cancer Res 2004;10:6239—47.
Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model assessment:
insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:412—19.

Yamauchi T, Kamon J, Waki H, et al. The fat-derived hormone adiponectin reverses
insulin resistance associated with both lipoatrophy and obesity. Nat Med
2001;7:941—6.

Apolinario A, Majano PL, Alvarez-Perez E, et al. Increased expression of T cell
chemokines and their receptors in chronic hepatitis C: relationship with the histological
activity of liver disease. Am J Gastroenterol 2002;97:2861—70.

Romero Al, Lagging M, Westin J, et al. Interferon (IFN)-gamma-inducible protein-10:
association with histological results, viral kinetics, and outcome during treatment with
pegylated IFN-alpha 2a and ribavirin for chronic hepatitis C virus infection. J Infect Dis
2006;194:895—903.

Diago M, Castellano G, Garcia-Samaniego J, et al. Association of pretreatment serum
interferon gamma inducible protein 10 levels with sustained virological response to
peginterferon plus ribavirin therapy in genotype 1 infected patients with chronic
hepatitis C. Gut 2006;55:374—9.

Apolinario A, Diago M, Lo lacono O, et al. Increased circulating and intrahepatic T-
cell-specific chemokines in chronic hepatitis C: relationship with the type of virological
response to peginterferon plus ribavirin combination therapy. Aliment Pharmacol Ther
2004;19:551—62.

Laine PS, Schwartz EA, Wang Y, et al. Palmitic acid induces IP-10 expression in
human macrophages via NF-kappaB activation. Biochem Biophys Res Commun
2007;358:150—5.

Westerbacka J, Kolak M, Kiviluoto T, et al. Genes involved in fatty acid partitioning
and binding, lipolysis, monocyte/macrophage recruitment, and inflammation are
overexpressed in the human fatty liver of insulin-resistant subjects. Diabetes
2007;56:2759—65.

Kanda H, Tateya S, Tamori Y, et al. MCP-1 contributes to macrophage infiltration into
adipose tissue, insulin resistance, and hepatic steatosis in obesity. J Clin Invest
2006;116:1494—505.

Haukeland JW, Damas JK, Konopski Z, et al. Systemic inflammation in nonalcoholic
fatty liver disease is characterized by elevated levels of CCL2. J Hepatol
2006;44:1167—74.

Marra F, DeFranco R, Grappone C, et al. Increased expression of monocyte
chemotactic protein-1 during active hepatic fibrogenesis: correlation with monocyte
infiltration. Am J Pathol 1998;152:423—30.

Takeya M, Yoshimura T, Leonard EJ, et al. Detection of monocyte chemoattractant
protein-1 in human atherosclerotic lesions by an anti-monocyte chemoattractant
protein-1 monoclonal antibody. Hum Pathol 1993;24:534—9.

Gosling J, Slaymaker S, Gu L, et al. MCP-1 deficiency reduces susceptibility to
atherosclerosis in mice that overexpress human apolipoprotein B. J Clin Invest
1999;103:773—8.

Boring L, Gosling J, Cleary M, et al. Decreased lesion formation in CCR2-/- mice
reveals a role for chemokines in the initiation of atherosclerosis. Nature
1998;394:894—7.

Zeremski M, Petrovic LM, Talal AH. The role of chemokines as inflammatory
mediators in chronic hepatitis C virus infection. J Viral Hepat 2007;14:675—87.
Afford SC, Fisher NC, Neil DA, et al. Distinct patterns of chemokine expression are
associated with leukocyte recruitment in alcoholic hepatitis and alcoholic cirrhosis.
J Pathol 1998;186:82—9.

Shields PL, Morland CM, Salmon M, et al. Chemokine and chemokine receptor
interactions provide a mechanism for selective T cell recruitment to specific liver
compartments within hepatitis C-infected liver. J /mmunol 1999;163:6236—43.

Gut 2010;59:397—404. doi:10.1136/gut.2008.165316


http://gut.bmj.com/
http://group.bmj.com/



