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Summary

The CXC chemokines, monokine induced by interferon (IFN)-gamma (MIG)
(CXCL9), IFN-gamma-induced protein 10 (IP-10) (CXCL10) and IFN-
inducible T cell alpha chemoattractant (I-TAC) (CXCL11), are known to
attract CXCR3- (CXCR3A and CXCR3B) T lymphocytes. We investigated
MIG, IP-10 and I-TAC mRNAs expression by semi-quantitative multiplex
reverse transcription–polymerase chain reaction (RT–PCR) in liver biopsies
obtained from patients with a first diagnosis of primary biliary cirrhosis
[(PBC) = 20] compared to patients with normal liver biopsy [normal con-
trols (NCs) = 20]. Chemokine production was assessed by enzyme-linked
immunosorbent assay (ELISA) in serum. Measurements were repeated 6
months after ursodeoxycholic acid (UDCA) treatment in PBC patients.
CXCR3A and CXCR3B mRNAs expression was examined in immunomag-
netically sorted CD3+ peripheral blood lymphocytes (PBL) pre- and post-
treatment by RT–PCR. Flow cytometry was used to evaluate the expression
of CXCR3+ PBLs of NCs and PBC patients. A marked mRNA expression of
MIG and IP-10 was found in PBC patients. I-TAC mRNA was not detected.
In serum of PBC patients there was a significant increase of MIG and IP-10
compared to NCs. Interestingly, there was a significant reduction of these
proteins in patients’ serum after UDCA treatment. I-TAC was not statisti-
cally different between groups. CXCR3A mRNA expression was found in
PBLs from PBC patients as well as in NCs. CXCR3B mRNA was expressed in
four of 20 (19%) NCs and 20 of 20 PBC patients. Flow cytometry revealed a
significantly lower CXCR3 expression in NCs (13·5%) than in PBC (37·2%),
which was reduced (28·1%, P < 0·01) after UDCA administration. These data
suggest a possible role for CXCR3-binding chemokines and their receptor in
the aetiopathogenetic recruitment of lymphocytes in PBC and a new mecha-
nism of action for UDCA.
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Introduction

Chemokines and their receptors have been involved in the
pathogenesis of a variety of liver diseases during initiation
as well as maintenance of hepatic disorder [1]. Growing evi-
dence suggests the implication of T lymphocyte migration
in the pathogenesis of liver diseases via chemokine produc-
tion in the liver tissue [2]. The CXC chemokines, monokine
induced by interferon (IFN)-gamma (MIG) (CXC9), IFN-
gamma-induced protein 10 (IP-10) (CXC10) and IFN-

inducible T cell alpha chemoattractant (I-TAC) (CXC11),
have been shown to attract T lymphocytes. CXCR3 is the
only receptor on T cells for MIG, IP-10 and I-TAC [3–5].
Recently, the CXCR3 gene was shown to generate two dis-
tinct mRNAs by alternative splicing of three different exons,
CXCR3A and CXCR3B [6,7].

Primary biliary cirrhosis (PBC) is characterized histo-
logically by the pathological destruction of interlobular
small bile ducts and chronic destructive cholangitis.
Recruitment of lymphocytes in the portal tracts is a key
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feature. In inflamed portal tracts of PBC patients, CD4+ T
cells of T helper type 1 (Th1) expressing IFN-gamma are
detected around injured bile ducts. Infiltrating T cells may
play an important role in the destruction of the biliary tract
in these patients [8]. Ursodeoxycholic acid (UDCA) has
been used for many years as the main treatment of PBC by
amelioration of portal inflammation. The mechanisms of
its action are multiple [9].

In the present study, we examined the production of
CXCR3-binding chemokines and their receptor in PBC
patients before and after UDCA administration.

Patients and methods

Patients

PBC diagnosis was established at the Gastroenterology
Department, University Hospital of Heraklion on the basis
of a cholestatic biochemistry, positive anti-mitochondrial
antibodies (AMA) and a compatible liver biopsy. Liver
biopsies, obtained from patients with abnormal liver func-
tion tests and negative virology studies, with normal archi-
tecture, were used as normal controls. All patients with a
first diagnosis of PBC were classified as stages II or III,
according to Ludwig [10]. Patients with stage IV (cirrhosis)
were excluded.

Liver biopsy material was obtained from 20 patients (18
females, age 21–62 years) with primary biliary cirrhosis
(PBC) and 20 normal controls (NCs) (17 females, age
32–64 years) (Table 1). As normal controls, we considered
patients with a very mild increase in aminotransferases with
negative virological and immunological tests and a normal
liver biopsy. Peripheral blood (serum and mononuclear cell
isolation) was also collected at the time of the biopsy and 6
months after UDCA treatment (13–15 mg/kg body weight).
Consent was obtained in all cases, and the local Research
Ethics Committee granted approval for these studies.

Purification of peripheral blood lymphocyte (PBL)
subpopulations

Peripheral blood was diluted immediately 1:1 in Iscove’s
modified Dulbecco’s medium (IMDM; Gibco, Invitrogen
Corporation, Paisley, UK), supplemented with 10 IU/ml
preservative-free heparin (Sigma, St Louis, MO, USA).
Diluted peripheral blood was centrifuged on Lymphoprep
(Nycomed Pharma AS, Oslo, Norway) at 400 g for 30 min at
room temperature in order to obtain the peripheral blood
mononuclear cells (PBMCs). The CD3+ PB cell subpopula-
tion, representing T lymphocytes, were isolated from the
PBMC fraction by magnetic-activated cell sorting (MACS)
(Mitenyi Biotec GmbH, Bergisch Gladbach, Germany),
according to the manufacturer’s protocol. In all experi-
ments, the purity of each subpopulation was >95%, as esti-
mated by flow cytometry. Isolated CD3+ cells were placed
immediately into TRIzol in order to extract mRNA [11].

Reverse transcription–polymerase chain reaction
(RT–PCR)

Total RNA was extracted from PBLs and liver tissue homog-
enized on ice with a glass homogenizer using 1 ml RNAzol
solution. RNA extraction and RT–PCR were performed as
described previously [12,13]. Briefly, 100 ng mRNA was
denatured in the presence of 5 mM oligo (dT) 12–18
primer. It was then reverse-transcribed in a 10-ml volume
with Superscript II (Gibco), 1 ¥ RT buffer, 1 mM deoxyri-
bonucletide triphosphates (dNTPs), 5 mM dithiothreitol
(DDT) and 2·5 U/ml RNAsin (Promega Corp., Southamp-
ton, UK) at 42°C for 60 min. One-ml aliquots of cDNA
were PCR amplified in a 25-ml reaction, containing:
1 ¥ PCR buffer and 2 mM MgCl2 0·2 mM dNTPs, 0·5 mM
sense and anti-sense primers for CXCL9, CXCL10, CXCL11,
CXCR3 and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and 0·4 U High Fidelity Expand polymerase

Table 1. Patients’ characteristics.

Normal values PBC Controls

Number of patients 20 20

Females, n (%) 18 (90%) 17 (85%)

Age, median (range) 49 (21–62) 55 (32–64)

%AMA+ 100% 0%

Stage II (Ludwig) 13 (65%) n.a.

Stage III (Ludwig) 7 (35%) n.a.

ALP (median, range) 35–129 U/l 165 (120–320) 89 (40–144)

TBL (median, range) <1·3 mg/dl 1·2 (0·6–2·2) 0·6 (0·4–1·2)

gGT (median, range) 5–36 U/l 44 (22–120) 34 (22–56)

SGOT (median, range) <31 U/l 55 (30–144) 44 (19–140)

SGPT (median, range) <31 U/l 68 (44–220) 64 (24–93)

gGT: gamma-glutamyl transferase; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotranfrerase; n.a.: not applica-

ble; TBL: total bilirubin; PBC: primary biliary cirrhosis; SGOT: serum glutamic oxaloacetic transaminase; SGPT: serum glutamic pyruvic transami-

nase; AMA: anti-mitochondrial antibodies.
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(Roche Molecular Biochemicals, Lewes, Sussex, UK). An
identical parallel PCR reaction was performed containing
starting material, which had not been reverse-transcribed.
PCR products were resolved by electrophoresis on 2%
agarose gels and visualized by ethidium bromide staining.
The ratio of PCR product, as measured by densitometry
between tested genes and GAPDH at a constant volume of
RT product, was used for cross-sample comparison. The
oligonucleotide sequence and product size for specific
primer pairs used are shown in Table 2.

Chemokine enzyme-linked immunosorbent
assay (ELISA)

Extracellular chemokine activity of serum was measured by
sandwich ELISA, according to the manufacturers’ instruc-
tions (Duoset® ELISA Development System; R&D Systems,
Abingdon, UK). Briefly, mouse anti-human CXCL9,
CXCL10 and CXCL11 antibodies (2 mg/ml) were used to
coat goat anti-mouse IgG microplates overnight at room
temperature (EvenCoat™; R&D Systems). Biotinylated goat
anti-human CXCL9, CXCL10 and CXCL11 antibodies were
used for detection. ELISA was developed by incubation with
streptavidin–horseradish peroxidase followed by tetrameth-
ylbenzidine and H2O2 as the substrate.

Flow cytometry

Two-colour flow cytometry was used for the analysis of PBL
subpopulations, as described previously [14]. Briefly, 106

isolated PBLs were incubated with staining reagents for
30 min on ice. In particular, anti-CXCR3 phycoerythrin-
cyanin 5 (PE-Cy5)-conjugated (clone 1C6; BD Pharmin-
gen™, San Jose, CA, USA) was combined with anti-CD3 PE
[monoclonal antibodies (mAbs); Beckman Coulter, Mar-
seille, France]-conjugated mouse anti-human monoclonal
antibodies representing the T cell marker. PE-Cy5- and
PE-conjugated mouse immunoglobulin (Ig)G of the appro-
priate isotype served as negative controls. Analysis on
30 000 events was performed in an Epics Elite model flow
cytometer (Coulter, Miami, FL, USA). The results of CXCR3
staining were expressed as the percentage of cells expressing
CXCR3 within the PBL CD3+ cell population.

Statistical analysis

Statistical analysis was made using the spss statistical
package (version 13.0; SPSS, Inc., Chicago, IL, USA). Results
are expressed as mean � standard error of the mean. The
Kolmogorov–Smirnov test was used to check the Gaussian
data distribution. Statistical comparisons were performed
using the one-way analysis of variance (anova) test with
Tukey’s post-hoc comparisons. If Burtlett’s test indicated a
significant difference between standard deviations, the non-
parametric Kruskal–Wallis test was used instead. A P-value
of 0·05 or less was considered statistically significant.

Results

Chemokine expression and production

Marked MIG and IP-10 mRNA expression was confirmed
in the liver biopsies of the PBC patients (100%). In contrast,
there was almost no expression of MIG and IP-10 mRNA in
NCs (Fig. 1). I-TAC mRNA expression was not detected in
35 cycles of amplification in patients with PBC or NCs
(data not shown).

CXCR3-binding chemokines were assessed by ELISA in
peripheral blood from PBC patients and NCs. There was a
significant increase of MIG (68·49 � 1·97 pg/ml) and IP-10
(694·85 � 27·4 pg/ml) levels in serum in PBC patients com-
pared to NCs (30·61 � 2·52 pg/ml and 34·20 � 0·81 pg/ml,
P < 0·001, respectively), revealing a similar pattern with
liver tissue mRNA expression for these chemokines (Fig. 2).
Interestingly, there was a significant reduction of both MIG
and IP-10 in the serum of PBC patients after UDCA admin-
istration (38·64 � 1·56 pg/ml for MIG, P < 0·001 and
289·20 � 11·98 pg/ml for IP-10, P < 0·001) compared to
untreated patients (Fig. 2). I-TAC serum levels showed no
differences between groups (NC 29·8 � 4·6 pg/ml, PBC
before treatment 62·2 � 22·6 pg/ml and PBC after UDCA
55·6 � 11·5 pg/ml).

Chemokine receptor expression

The CXCR3 receptor expression was examined, using
RT–PCR and flow cytometry, in CD3+ PBL from PBC

Table 2. Primer sequences used for the reverse transcription–polymerase chain reaction studies.

Gene Sense Antisense bp size

CXCL9 5′-CTCTTTCCTGGCTACTCCAT-3′ 5′-TCTCGGTGGCTATCTTGTTA-3′ 354

CXCL10 5′-CTGAAAGCAGTTAGCAAGGA-3′ 5′-TATTTGAAGCAGGGTCAGAA-3′ 330

CXCL11 5′-TTTCAGATGCCCTTTTCCAG-3′ 5′-CAAACATGAGTGTGAAGGGC-3′ 322

CXCR3 full size 5′-AAGTGCTAAATGACGCCG-3′ 5′-CAAAGGCCACCACGACCACCACCA-3′ 770

CXCR3 splice variant 5′-CCAAGTGCTAAATGACGCCG-3′ 5′-CTCCCGGAACTTGACCCCTGTG-3′ 622

GAPDH 5′-CAACGGATTTGGTCGTATTG-3′ 5′-GATGACAAGCTTCCCGTTCT-3′ 184

GAPDH: glyceraldehyde 3-phosphate dehydrogenase; bp: base pairs.
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patients and NCs. In addition, CXCR3B was examined by
RT–PCR in the same groups. mRNA expression of CXCR3A
was found in CD3+ PBL in all PBC patients and in 17 of 20
NCs. In contrast, mRNA expression of CXCR3B was
detected in four of 20 NCs tested and in all PBC patients
(20 of 20) (Fig. 3). Flow cytometry revealed that CXCR3
expression on CD3+ cells was significantly (P < 0·001) lower
in NCs (13·54 � 1·25%) compared to the patients with PBC
(37·27 � 1·41%) (Fig. 4). Treatment with UDCA reduced
CXCR3 expression significantly (P < 0·01) in patients with
PBC (27·30 � 1·66%) compared to untreated patients
(Fig. 4).

Discussion

In the present study we revealed increased expression of
CXCR3 binding chemokines in liver tissue combined with
increased serum levels of these chemokines. CXCR3 recep-
tor was also increased in CD3+ PBL obtained from patients
with PBC. Moreover, the spliced variant of the CXCR3 was

invariably present in CD3+ PBL obtained from PBC patients
compared to PBL from normal controls. UDCA administra-
tion could alter the CXCR3 chemokine expression and
production.

Chemokine production in liver tissue might play an
important role in the migration of CXCR3+CD3+ cells into
the inflamed liver of patients with PBC. Our data suggest a
role for specific chemokine–chemokine receptor interac-
tions in the pathogenesis of PBC. IP-10, MIG and I-TAC
are responsible for T lymphocyte – mainly cytotoxic CD8+

and regulatory T cell (Treg) – migration in tissues. It has
been demonstrated recently in patients with hepatitis C
virus (HCV) infection that CXCR3high T cells were
increased in the liver, correlating with the degree of
inflammation [15].

A limitation of our study is the lack of assessment of
CXCR3+ cells in the liver of patients and normal controls.
However, Chuang et al. [16] have already demonstrated
their presence in the portal tract of PBC patients. Moreover,
a very recent paper has demonstrated that Tregs not only

Fig. 1. CXCR3 binding chemokines are expressed highly in liver biopsies obtained from primary biliary cirrhosis (PBC) patients. Total RNA was

extracted from liver biopsies of PBC patients (n = 20) and normal controls (NCs, n = 20), and multiplex reverse transcription–polymerase chain

reaction (RT–PCR) for chemokines and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was performed. (a) Representative PCR blots of

mRNA expression from tissue obtained from patients with PBC and NCs, probed for CXCL9/monokine induced by interferon (IFN)-gamma (MIG),

CXCL10/IFN-gamma-induced protein-10 (IP-10) and GAPDH. In order to control for genomic contamination each sample has a reverse

transcriptase negative control (RT–). The gel shows fluorescence of ethidium bromide-stained PCR products resolved by electrophoresis.
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Fig. 2. Serum levels of CXCL9/monokine

induced by interferon (IFN)-gamma (MIG)

CXCL10/IFN-gamma-induced protein-10

(IP-10) are increased preferentially in primary

biliary cirrhosis (PBC) patients, while this

increase is regulated by ursodeoxycholic acid

(UDCA) administration. CXCR3-binding

chemokines were measured by enzyme-linked

immunosorbent assay in serum of PBC patients

(n = 20) and normal controls (NCs, n = 20).
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P. Manousou et al.

12 © 2012 British Society for Immunology, Clinical and Experimental Immunology, 172: 9–15



60

100

770 bp

184 bp

184 bp
RT+ RT–

RT+ RT–

NC1 NC2 NC3 NC4 PBC1 PBC2 PBC3 PBC4 PBC5

NC1 NC2 NC3 NC4 PBC1 PBC2 PBC3 PBC4 PBC5

622 bp

80

40

20

0
NCs PBC

CXCR3 A

CXCR3 B

CXCR3 A

CXCR3 B

GAPDH

GAPDH

C
X

C
R

3
 d

e
n
s
it
o
m

e
tr

y
 a

n
a
ly

s
is

%
 m

a
x

Fig. 3. CXCR3A and B are expressed highly in peripheral blood lymphocytes (PBLs) of primary biliary cirrhosis (PBC) patients. Total RNA was

extracted from PBLs; the CD3+ PB cell subpopulation representing T lymphocytes were isolated from the peripheral blood mononuclear cell
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3-phosphate dehydrogenase (GAPDH) was performed. (a) Representative PCR blots of mRNA expression from CD3+ PBL obtained from PBC

patients and NCs, probed for CXCR3A and B and GAPDH as internal control. In order to control for genomic contamination, each sample has a

reverse transcriptase negative control (RT–). The gel shows fluorescence of ethidium bromide-stained PCR products resolved by electrophoresis. (b)
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express CXCR3, but also Th17 and Tc17+ lymphocytes [17].
These findings suggest that a future detailed quantitative
study is necessary to clarify the situation.

Increased serum levels of IP-10 and MIG have been
reported in PBC patients, with this increase being analo-
gous to disease stage. These chemokines are expressed in
the portal areas in PBC patients, but not in NCs. CXCR3
receptor has also been reported to be increased in PBLs of
PBC patients [16]. Our findings are in agreement with this
study. Interestingly, increased levels of these chemokines,
but not of CXCR3+ lymphocytes, were also found in first-
degree relatives of PBC patients. The same group has also
shown that circulating CD4+CD25+ Tregs are reduced in PBC
patients and their first-degree relatives. In addition, the
ratio of hepatic Tregs over hepatic CD8+ cells was also lower
in PBC patients than in patients with chronic hepatitis C
and autoimmune hepatitis [18]. Moreover, recent experi-
mental evidence suggests that deficiency of Tregs results in
the development of anti-mitochondrial antibodies and
autoimmune cholangitis [19]. Recently, it has been sug-
gested that CXCL10 could mediate the hepatic recruitment
of Tregs expressing CXCR3 after natural killer (NK) T cell
activation in mice liver [20]. More importantly, recent data
suggest that CXCL10 is a pro-fibrotic factor, which partici-
pates in cross-talk between hepatocytes, hepatic stellate
cells (HSC) and immune cells. NK cells seem to play an
important role in controlling HSC activity and fibrosis.
CXCL10 blockade may constitute a possible therapeutic
intervention for hepatic fibrosis [21]. Therefore, our find-
ings may indicate an anti-fibrotic effect of UDCA, and may
also indicate an impaired migration of CXCR3B lym-
phocytes in the liver of PBC patients. Reduced recruitment
could explain the increased CXCR3+ PBLs found in the
peripheral blood of PBC patients in our study. Another
possible explanation of this impaired migration could be
that CXCR3+ cells might be Tregs [22,23]. This needs to be
clarified in future studies.

The origin of IP-10, MIG and I-TAC is of particular
interest. In atherosclerosis, IP-10 is expressed by endothelial
cells, smooth muscle cells and macrophages, whereas MIG
and I-TAC are expressed only in endothelial cells and
macrophages. Interestingly, nitric oxide (NO) treatment
decreased IP-10 induced by IFN-g [24–26]. This finding
is in agreement with already published data from our
group [27].

IP-10, I-TAC and MIG are detected on liver sinusoidal
endothelium [28]. Conversely, MIG and IP-10 are secreted
not only by endothelial cells but also by cholangiocytes and
activated stellate cells [29,30]. If so, in PBC, IP-10 and MIG
might be secreted by endothelial cells and direct T cells into
the portal tracts. We have hypothesized previously that the
primary event in PBC is an overproduction of endothelins
by liver endothelial cells, leading to ischaemic necrosis of
intrahepatic bile ductules [31]. The possibility that sinusoi-
dal endothelial cells might be the source of the increased

chemokines is consistent with recently published work by
Schrage et al. [32].

In this study, we have also reported a reduction of
CXCR3 binding chemokines and CXCR3+ PBLs after UDCA
treatment in PBC patients. Although UDCA was adminis-
tered for a relatively short period of time before reassess-
ment, there was a significant reduction. It is plausible,
therefore, that the beneficial effect of UDCA in PBC is also
due to chemokine reduction in liver tissue.

In conclusion, a possible model explaining our findings
in PBC is that IP-10 and MIG production in liver tissue
could create a gradient towards the liver for CXCR3
expressing lymphocytes to migrate into the inflamed bile
ductules [33,34]. UDCA, in addition to the previously
reported mechanisms [9], may also protect from lym-
phocyte damage on the bile ductules. This model outlines a
working hypothesis for future studies.
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