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Abstract: Background: A subpopulation of patients with chronic hepatitis B virus (HBV) infection coupled with
moderate/severe liver necro-inflammation were analyzed. The results show normal/mildly elevated alanine trans-
aminase (ALT) levels. Objective: The goal of this study was to investigate the role of serum chemokine profiles as
a possible biomarker of hepatic necro-inflammation in patients with HBV infection and normal/mildly elevated ALT
levels. Method: A total of 122 previously untreated patients with chronic HBV infection and normal/mildly elevated
ALT levels underwent liver biopsy and histological grading of liver necro-inflammation (GO-G4). Levels of 13 serum
chemokines was measured by flow cytometry. Expression of selected increased chemokines was further verified by
enzyme-linked immunosorbent assay (ELISA). Results: Expression of (C-C motif) ligand 2 (CCL2), CCL11, CCL17, and
chemokine (C-X-C motif) ligand 1 (CXCL1), CXCL5, and CXCL11 were upregulated in the patients with moderate or
severe liver necro-inflammation. Serum levels of CCL2 and CCL17 were significantly elevated in patients with chronic
HBV infection and significant liver necro-inflammation, compared to those with mild liver necro-inflammation. CCL2
and CCL17 were the risk factors for significant liver necro-inflammation (P=0.012 and P=0.014, respectively). The
area under the receiver operating characteristics curve (AUROC) for predicting significant necro-inflammation of
combined CCL2 and CCL17 were 0.83, with 78.57% and 71.43% sensitivity and specificity, respectively. Conclu-
sion: High levels of CCL2 and CCL17 are correlated with hepatic necro-inflammation, and these chemokines may be
useful as serum biomarkers for liver necro-inflammation in patients with chronic HBV infection and normal/mildly
elevated ALT.

Keywords: Hepatitis B virus, liver necro-inflammation, monocyte chemoattractant protein-1 (CCL2/MCP-1), thy-
mus- and activation-regulated chemokine (CCL17/TARC)

Introduction

Hepatitis B virus (HBV) infection is associated
with a high rate of morbidity and mortality and
is a worldwide public health problem [1]. Liver
inflammation and necrosis are the important
components of the pathogenesis in chronic
liver disease, which may lead to progressive
liver fibrosis, cirrhosis, and hepatocellular carci-
noma [2, 3]. Moreover, early and accurate
detect liver necro-inflammation should be prior
to liver fibrosis [4].

Currently, liver biopsy remains the gold stan-
dard for determining the severity of the liver
necro-inflammation, but clinical application has

been greatly limited because it is invasive, and
has an impact on specimen and procedural
complications [5]. Alanine transaminase (ALT)
is an enzyme that is released from the dam-
aged hepatocytes and can be used as an indi-
cator of the severity of liver injury,especially for
those patients with acute or active hepatitis or
chronic HBV patient with flare. A minor eleva-
tion in ALT levels could be observed and is
always considered to be clinically insignificant
[6]. However, in clinical practice, a subpopula-
tion of Chronic HBV infection frequently exhibits
persistent and normal serum ALT levels [7, 8],
this possess a great challenge to the physicians
since this could mask the severity of liver injury,
in turn, affect the decision when a mandatory
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Table 1. Baseline characteristics of patients with chronic hepatitis B virus (HBV) infection and nor-

mal/mildly elevated serum alanine transaminase (ALT) levels

Variables

Total (n=122)

Group A (n=52)

Group B (n=70)

Age (years)
Gender
Male
Female
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)
TB (u/L)
HBVDNA (log10 IU/mL)
HBsAg (log10 IU/mL)
Liver inflammation
Mild necro-inflammation (GO-1)

Significant necro-inflammation (G2-4)

37 (28, 43)

60 (49.18%)
62 (50.82%)
45.5 (29, 57.25)
32 (26, 40.25)
81 (60.1, 94.53)
23 (16, 35)
12.05 (9.88, 15.1)
8.09 (6.15, 8.23)
4.07 (3.56, 4.64)

68 (55.74%)
54 (44.26%)

37.5 (28.25, 43)

22 (42.3%)
30 (57.7%)
47.5 (33, 59.75)
36 (26.25, 43.75)
80.5 (59.75, 94.6)
22.5 (16, 36.75)
11.85 (9.23, 14.9)
8.23 (6.74, 8.23)
4.03 (3.59, 4.61)

26 (50%)
26 (50%)

37 (28, 43)

38 (54.29%)
32 (45.71%)
40.5 (28, 56)
30.5 (24.75, 39)
81 (60.4, 94.6)
24 (16.75, 33.25)
12.1 (10.38, 15.4)
7.41 (4.72, 8.23)
4.11(3.46, 4.7)

42 (60%)
28 (40%)

Data are expressed as median and interquartile (IQR) or numbers and percentages. Abbreviations: HBV, hepatitis B virus; AST,
aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase; GGT, gamma glutamyl transferase; TB,

total bilirubin; HBsAg, hepatitis B surface antigen.

Table 2. Serum chemokine expression in the significant and mild
liver necro-inflammation groups with chronic HBV infection and

normal/mildly elevated serum ALT

may be directly related the inju-
ry [10, 11].

Variables G<2 (n=26)

G>2 (n=26)

P value For example, C-C motif ligand 2

CXCL8 10.67 (9.77, 30.19)

CCL11 52.30+40.38
CCL17 23.07 (17.82, 46.24)

CCL3 5.7 (5.01, 16.38)
CXCL1 54.24 (31.96, 83.28)

CXCL11 12.59 (7.91, 20.88)
CCL4 10.67 (9.77, 30.19)

10.85 (9.77, 32.38)
CXCL10 178.55(110.08,278.48) 217 (149.73,278.69) 0.159°
73.09+31.62
111.02 (49.22, 197.81) 0.000°
ccL2 137.31 (93.57, 170.79)  267.23 (211.44, 371.7) 0.000°
7.01 (5.04, 14.72)
CXCL5 142.12(70.9, 190.35) 369.19 (199.51, 730.96) 0.000°
102.06 (71.58, 149.72) 0.001°
22.1(12.65, 33.57)
10.85 (9.77, 32.38)

(CCL2) has been proven to be
an important indicator in acu-
te and chronic liver hepatic in-
0.044° jury [12, 13]. Furthermore, pro-
gression of chronic liver necro-
infammation due to HBV infec-
0.691° tion is associated with differen-
tial levels of chemokines [14].
Thus, these chemokines pro-
0.038° vide a good opportunity to all-
0.801° ow us to determine if some of

0.801°

aMann-Whitney U tests. "T-test.

antiviral therapy should be initiated. Therefore,
the levels of ALT may not always be a reliable
indicator in such a scenario. Therefore, more
precise and noninvasive serum markers are
great in need.

There is a strong interaction or interplay bet-
ween host defense and HBV infection [9], which
lead to persistent liver inflammation and fibro-
sis [3]. As a result, a large number of chemo-
Kines are released into the hepatic tissues or
into circulating bloodstream, and some which
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them are directly related to
the degree of liver injury by si-
mply quantifying them and
measuring them quantitatively. For example,
CCL17 has been regarded as a promising infl-
ammatory role of disease progression and
outcome in hepatocellular carcinoma [15]. Th-
erefore, by correlating expression of chemo-
kines with the pathological findings via biop-
sy, the relationship or association of the ex-
pression patterns of some chemokines with
histological status could be established and
could be used as a guidance for clinical pra-
ctice. Therefore, a noninvasive and chemok-
ine-related approach could be of potential no-
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Figure 1. Serum chemokine expression and liver necro-inflammation in patients
with chronic HBV infection and normal/mildly elevated serum alanine transami- Histopathology and
nase levels. The levels of serum chemokines CCL11, CCL17, CCL2, CXCL5, CXCL1, grading of liver necro-
and CXCL11 were increased in the group with chronic HBV infection and significant
liver necro-inflammation compared to the group with chronic HBV infection and
mild liver necro-inflammation.

inflammation

By following the liver
biopsy procedural proto-

velty specifically for those with normal and col strictly, liver tissues were obtained by an
mild ALT levels. experienced physician, The specimens were
fixed with formalin, processed for routine histo-
The aim of this study was to investigate the pathology, and reviewed by two experienced
role of serum chemokines as a possible bio- pathologists who were unware of the patient’s
marker of hepatic necro-inflammation in chron- clinical information.
ic HBV patients with normal/mildly elevated ALT
levels. The Scheuer histological scoring (grading) sys-
tem (GO-G4) was used to classify the grade of
Patients and methods the chronic hepatic inflammation for each liver
specimen [16]. The grades are scored as fol-
Study participants lows: GO (no or minimal portal inflammation, no
lobular inflammation), G1 (portal inflammation,
This study included 122 patients with chronic lobular inflammation but no necrosis), G2 (mild
HBV infection who were hospitalized from piecemeal portal necrosis, focal lobular necro-
March 2014 to October 2016 at the Department sis or acidophil bodies), G3 (moderate piece-
of Infectious Diseases, Shengjing Hospital. The meal portal necrosis, severe local lobular cell
study protocol conforms to the ethical guide- damage), and G4 (severe piecemeal portal
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Figure 2. Correlation between the serum chemokine levels and liver necro-inflam-
mation in CHB patients with normal/mildly elevated serum alanine transaminase
levels. The chemokines CCL11, CCL17, CCL2, CXCL5, CXCL1, and CXCL11 in pa-
tients with chronic HBV infection and normal/mildly elevated alanine transaminase
levels were significantly correlated with liver necro-inflammation.

necrosis, damage includes bridging necrosis). A
grade =2 indicates significant liver necro-infla-
mmation.

Laboratory analysis

Utilizing a fully automated biochemical analyzer
(AU5800 Analyzer, Beckman Coulter Inc., Su-
zhou, China), the following hepatic enzymes or
biochemical substrates were assessed: ALT,
aspartate aminotransferase (AST), alkaline pho-
sphatase (ALP), y-glutamyltransferase (GGT),
and total bilirubin (TB). The limit of normal
serum ALT level was 0-40 U/L.

HBV serological markers including HBsAg, hep-
atitis B envelope antigen (HBeAg), antibodies
against HBsAg (anti-HBs), HBeAg (anti-HBe),
and HBcAb (anti-HBc) were measured using a
fully automated chemiluminescence immunoa-
ssaymethod (I2000SR, Abbott Laboratories, Ab-
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inflammation  inflammation

mokines in 52 of the
enrolled patients (group
A) were detected by flow
cytometry using a Bio-
Legend LEGENDplex™
Multi-Analytic Flow As-
say Kit (BioLegendinc,
San Diego, CA, USA) following the manufactur-
er’s instructions. The following 13 chemokines
were measured: CCL2, CCL3, CCL4, CCL5, CCL-
11, CCL17, CCL20, and C-X-C motif ligand 1
(CXCL1), CXCL5, CXCLS8, CXCL9, cxCL10, and
CXCL11.

Enzyme-linked immunosorbent assay analysis
of serum CCL2 and CCL17

Serum CCL2 and CCL17 levels in 70 of the
enrolled patients (group B) were detected by
ELISA using a BioLegend LEGEND MAX™ ELISA
Kit with pre-coated plates (BioLegend Inc, San
Diego, CA, USA) following the manufacturer’s
instructions.

Statistical methods

The data were analyzed using SPSS version
22.0 (SPSSInc, Chicago, IL, USA) and expressed
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Table 3. Independent risk factors for significant liver necro-inflammation
in chronic HBV infected patients with normal/mildly elevated serum ALT

Whitney U tests. Pear-
son or Spearman’s ra-

Univariate analysis

Multivariate analysis

nk correlation tests we-

Chemokine OR (95% Cl) P OR (95% Cl) P re performed to asse-
CXCL8 1.008 (0.989-1.028)  0.418 ssthe associations bet-
CXCL10 1.003 (0.998-1.008)  0.227 ween serum chemokine
coL11 1.018 (1.000-1.036)  0.054 levels and liver necro-
inflammation grades. A
CCL17 1.021 (1.008-1.035) 0.001 1.015(1.003-1.027) 0.014 logistic regression anal-
ceL2 1.013 (1.005-1.020)  0.001  1.010(1.002-1.018)  0.012 ysis was performed to
CXCL5 1.005 (1.002-1.009) 0.003 1.000 (0.995-1.004) 0.811 ctors of significant liver
CXCL1 1.023 (1.008-1.038) 0.003 1.007 (0.990-1.026) 0.413 necro-inflammation. Ar-
CXCL11 1.018 (0.991-1.054)  0.190 ea under the receiver
cCL4 1.008 (0.989-1.028)  0.418 operating characteristi-
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3001 | | . L. . .
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i marized in Table 1.
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Figure 3. Serum expression of CCL2 and CCL17 in
CHB patients with liver necro-inflammation and nor-
mal/mildly elevated serum alanine transaminase
levels. The levels of serum chemokines CCL17, and
CCL2, were increased in the group with chronic HBV
infection and significant liver necro-inflammation
(G=2, n=28), compared to the group with chronic
HBV infection and mild liver necro-inflammation
(G<2, n=42).

as mean * standard deviation (SD), or me-
dian and interquartile (IQR) or numbers and
percentages. Comparisons between groups (si-
gnificant [G=2] vs. mild [G<2] necro-inflammati-
on) were carried out using T-test or Mann-
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flammation in patients with chronic HBV infec-
tion and serum ALT levels <2 ULN

We first screened an array of serum chemo-
Kines and their serum levels were measured in
52 of total patients (group A). According to the
pathological results, the patients were divided
into significant liver necro-inflammation (G=2)
and mild necro-inflammation group (G<2), res-
pectively. In a total of 13 chemokines mea-
sured, both CCL20 [38/52 (73.08%)] and CX-
CL9O [43/52 (82.69%)] levels were below the
limits of detection, CCL5 [30/52 (57.69%)] was
upper limits of detection. In the remaining 10
detectable chemokines, there were no signifi-
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Figure 4. ROC curves for prediction of significant liver
necro-inflammation in CHB patients and normal/
mildly elevated serum alanine transaminase levels.
ROC curves of CCL2, CCL17, CCL2, and CCL17 for
the diagnosis of significant liver necro-inflammation
in patients with chronic HBV infection and normal/
mildly elevated alanine transaminase are shown.

cant differences in CXCL8, CXCL10, CCL3, and
CCL4 levels between the patients with signifi-
cant and mild necro-inflammation (P>0.05 for
all). However, significant differences were
detected in the serum levels of CCL11, CCL17,
CCL2, CXCL5, CXCL1, and CXCL11 between the
patients with significant or mild necro-inflam-
mation (P<0.05 for all) (Table 2, Figure 1).

Correlations between serum chemokines and
liver necro-inflammation

We next determined if there is a correlation
between each serum chemokine level and the
degree of liver necro-inflammation. CXCL11,
CCL11, CXCL1, CCL17, CCL2 and CXCL5 we-
re found to be positively correlated with liver
necro-inflammation (r=0.29, r=0.281, r=0.4-
69, r=0.592, r=0.533, r=0.533, respectively,
P<0.05 for all). CCL17, CCL2, and CXCL5 exhibit
a strong correlation with the degree of liver
necro-inflammation (Figure 2).

Independent risk factors for significant liver
necro-inflammation

Univariate logistic regression analyses were
carried out to analyze the possible predictors of
significant liver necro-inflammation. These find-
ings showed that CXCL8, CXCL10, CCL11,
CCL3, CCL4, and CXCL11 were not associated
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with liver necro-inflammation (P>0.05 for all). In
contrast, serum levels of CCL2, CCL17, CXCL5,
and CXCL1 were significant associated with sig-
nificant liver necro-inflammation (P<0.05 for
all) (Table 3).

A multivariate logistic regression analysis sh-
owed that serum levels of CXCL5 (P=0.811)
and CXCL1 (P=0.413) were not independently
associated with significant necro-inflammation,
while CCL2 (P=0.012) and CCL17 (P=0.014)
were associated with significant liver necro-
inflammation (Table 3).

Serum expression of CCL2 and CCL17 in CHB
patients with liver necro-inflammation and se-
rum ALT levels <2 ULN

Based on the analyzation of chemokine selec-
tion, CCL2 and CCL17 were independent fac-
tors for significant liver necro-inflammation.
Furthermore, CCL2 and CCL17 were further
detected in 70 chronic HBV infected patients
with ALT levels <2 ULN (group B). In accordance
with flow cytometry results, expression of CCL2
in patients with significant necro-inflammation
was higher than patients with mild necro-
inflammation (139.4 (106.55, 196.75) pg/ml
vs. 92.54 (71.52, 113.57) pg/ml, p<0.001). Ex-
pression of CCL17 in patients with significant
necro-inflammation was higher than patients
with mild necro-inflammation (228.97 (146.3,
352.6) pg/ml vs. 124.71 (81.92, 195.64) pg/
ml, p<0.001) (Figure 3). The serum expression
of CCL2 and CCL17 was positively correlated
with the degree of liver necro-inflammation
(r=0.513, r=0.432, P<0.05, respectively).

Prediction of CCL2 and CCL17 for liver necro-
inflammation in CHB patients with serum ALT
levels <2 ULN

In order to assess if a unique serum pattern of
CCL2 and CCL17 expression could provide the
necessary information for distinguishing mild
from significant necro-inflammation in CHB
patients, a receiver operating characteristics
curve (ROC) was constructed and the area
under curve for CCL2 and CCL17 was deter-
mined, respectively. Use the maximum Youden
index as the best cut-off point. When a cut-off
value of 113.1 pg/ml of serum CCL2 was used,
the AUROC was 0.802, 95% confidence interval
(Cl) was 0.689-0.888 with sensitivity and spec-
ificity of serum CCL2 for diagnosing significant

Int J Clin Exp Med 2018;11(9):9371-9379
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Table 4. Comparative diagnostic performance of CCL2 and
CCL17 for significant liver necro-inflammation in chronic HBV
infected patients with normal/mildly elevated serum ALT

pression of chemokines may
result in excessive inflammation
[17-19]. In this study, we detect-

ed the major CC and CXC chemo-

Variable AUROC Sensitivity (%) Specificity (%) PPV (%) NPV (%)

ccL2 0.802 75 76.19 67.74 82.05 kine levels in chronic HBV infect-
CCL17 0.754 75 66.67 80 ed patiepts with Qifferent (.je-
CCL2&CCL17 0.830  78.57 7143 6471 83.33 grees of liver necro-inflammation

Abbreviations: AUROC, Area under the receiver operating characteristics curve;
PPV, positive predictive value; NPV, negative predictive value.

necro-inflammation of 75% and 76.19%, posi-
tive predictive value (PPV) and negative predic-
tive value (NPV) of 67.74% and 82.05%, respec-
tively. When a cut-off value of 147.88 pg/ml of
serum CCL17 was used, the AUROC was were
0.754, 95% Cl was 0.637-0.849, sensitivity and
specificity of serum CCL17 for diagnosing sig-
nificant necro-inflammation were 75% and
66.67%, PPV and NPV were 60% and 80%, res-
pectively (Figure 4, Table 4).

Combination of CCL2 and CCL17 for predict
significant liver necro-inflammation in chronic
HBV infected patients and serum ALT levels <2
ULN

To improve the diagnostic performance for sig-
nificant liver necro-inflammation, binary logistic
regression analysis was conducted by the com-
bination of CCL2 and CCL17. The two variables
were transformed into a new but combined
probability. The optimal cut-off for the com-
bined probability was 0.308, AUROC 0.83, 95%
Cl (0.721-0.909), sensitivity 78.57%, specificity
71.43%, PPV 64.71% and NPV 83.33% (Figure
4).

Discussion

In the study, we advanced the important role of
chemokines in the development of liver injury in
chronic HBV infected patients with normal/
mildly elevated ALT levels. Moreover, we char-
acterized the diagnostic value of CCL2 and
CCL17, and the combination of CCL2 with
CCL17 could be considered as the potential
noninvasive biomarkers for detecting signifi-
cant liver necro-inflammation in those CHB
patients with normal or mild ALT levels.

Numbers of chemokines could participate in
the damage to liver tissue caused by the
immune response, and the dysregulated ex-
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and normal/mildly elevated ALT
levels. The data showed that the
levels of CCL11, CCL17, CCL2,
CXCL5, CXCL1, and CXCL11 were
upregulated in patients with chronic HBV infec-
tion and significant liver necro-inflammation
compared to those with mild liver necro-inflam-
mation, indicating that different levels of CC
and CXC chemokines could be involved in the
pathogenesis of liver necro-inflammation in
HBV infections. The findings of this study are
consistent with those of previously published
studies that showed that the CC and CXC che-
mokine subfamilies are modulators of immune
system-induced hepatocyte damage and in-
flammation [20, 21].

More importantly, in this study, the chemokines
CCL2 and CCL17 were identified to be indepen-
dent risk factors for moderate/severe liver
necro-infammation. CCL2 is also known as
monocyte chemoattractant protein-1 (MCP-1)
and have known to play the major role in the
recruitment and activation of Kupffer cells to
the injured liver and was acknowledged as a
promotor to liver inflammation [14, 22]. Indeed,
our result showed that serum CCL2 was elevat-
ed in patients with chronic HBV infection who
had significant liver necro-inflammation, even
with normal or slightly elevated ALT. This may
mean that measurement of serum CCL2 is a
more sensitive reflection of liver necro-inflam-
mation, in accordance with the recent research
that CCL2 levels can change prior to significant
changes in the levels of serum aminotransfer-
ases in mouse models of liver injury [23]. CCL17
is also called thymus- and activation-regulated
chemokine (TARC) and the function role of
CCL17 in liver inflammation remains limited
and controversial. It has been reported that
elevated CCL17 could suppress immune
response and contribute to immune tolerance
in liver disease [24, 25], while another study
reported that CCL17 is absent from the liver
under normal conditions and upregulated in
chronic liver inflammation [26]. In our study, the
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results showed that the serum levels of CCL17
were positive and significantly elevated in
patients with chronic HBV infection and signifi-
cant liver necro-inflammation. Taken together,
serum CCL2 and CCL17 expressions were posi-
tive with histological injury and could be used
as biomarkers for clinical practice.

In the study, 54/122 (44.26%) chronic HBV
infected patients had significant liver necro-
inflammation with normal/mildly elevated ALT.
Due to the limitation of ALT, no accurate nonin-
vasive marker could be used to the evaluation
of liver necro-inflammation in chronic HBV in-
fected patients with normal/mildly elevated ALT
levels. As described above, we have detected
CCL2 and CCL17 was up-regulated and con-
firmed them as risk factors in significant liver
necro-inflammation. We further analyzed the
diagnosis ability of CCL2 and CCL17. The AUC
curve of CCL2 and CCL17 for predicting signifi-
cant liver necro-inflammation was 0.802 and
0.754. Across the further analyze, the diagnos-
tic efficacy of combined CCL2 and CCL17 was
superior than single CCL2 or CCL17. The AUC
curve for predicting significant necro-inflamma-
tion was increased from 0.754 to 0.83, 74.3%
(52/70) in patients that were correctly eval-
uated.

This initial study has several limitations. It was
conducted at a single center and involved a
small study sample, with a small number of
subjects being enrolled in each of the two liver
necro-inflammation groups. We suggest that
large-scale, controlled, multicenter studies sh-
ould be carried out in the future. In this study,
chemokines were detected from serum sam-
ples, and the expression of chemokines in the
liver tissues was unknown. Therefore, in future
studies, serum chemokine levels and liver che-
mokine levels should be studied and compared.
In addition, diagnosis accuracy needs to be
improved, and additional serum markers like
soluble CD163[27] might need further compar-
ison and combination.

In conclusion, the findings of this study show
that serum levels of CCL2 and CCL17 could dis-
tinguish mild and significant liver necro-inflam-
mation in patients with chronic HBV infection
and normal/mildly elevated serum ALT levels,
and that the combination of CCL2 and CCL17
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may improve the diagnosis accuracy for liver
necro-inflammation.
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