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Accumulation of platelets in the liver may be an
important contributory factor to liver injury

in chronic hepatitis B virus infection
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Abstract: Background: Besides hemostatic properties, platelets have the features of inflammatory cells. Platelets
have been shown to be contributed to the pathogenesis of acute liver damage of self-limited viral hepatitis and
hepatitis B virus (HBV)-associated liver cancer in mouse models. However, the association between the platelets
and chronic HBV infection remains largely unknown. We aimed to clarify whether an accumulation of platelets in the
liver contributes to liver injury and fibrosis in chronic HBV infection. Methods: Sixty-five patients with chronic HBV
infection who underwent liver biopsy were included. Twenty-three healthy liver tissue samples were obtained from
donors whose livers were used for transplantation. The platelets in the liver tissues were identified by immunohis-
tochemistry. According to the modified histology activity index described by Scheuer, the degree of hepatic inflam-
mation and fibrosis of patients with chronic HBV infection was graded. Results: Patients with chronic HBV infection
had a significantly more extensive CD61+ platelets in the liver tissues compared to healthy controls (69.08+6.21
vs. 16.68+2.05/HPF, P<0.001). Chronic HBV infected patients with higher inflammatory grading scores had more
CD61+ platelets in their livers compared to those with lower scores (P<0.05). However, no association between
liver platelets and fibrotic staging scores was found in the patients (r=0.069, P=0.586). The platelets in the liver
tissues of patients with chronic HBV infection were also positively correlated with alanine transaminase (r=0.291,
P=0.021), aspartate aminotransferase (r=0.328, P=0.009) and total bilirubin (r=0.236, P=0.036) levels. Conclu-
sions: The accumulation of platelets in the liver may be involved in liver injury of patients with chronic HBV infection.
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Introduction

Despite the availability of effective vaccines
and antiviral treatment modalities, chronic hep-
atitis B virus (HBV) infection is a widespread
infectious disease with unfavorable outcomes
and life-threatening consequences [1, 2].
Chronic HBV infection is the principal cause of
liver cirrhosis and hepatocellular carcinoma
(HCC) [4, 2]. Although, the pathogenesis of
chronic HBV infection has been intensively
studied, it is not well understood.

Platelets, upon activation, have been demon-
strated to play a large role in initiation and per-
petuation of inflammatory responses [3, 4].

Platelets may function to modulation of local
inflammatory events through the release of
chemokines, cytokines, growth factors, hemo-
static proteins, and bactericidal agents [5, 6].
Platelets contribute to cytotoxic T lymphocyte
(CTL)-mediated liver immunopathology in mo-
use models of acute viral hepatitis indepen-
dent of procoagulant function and platelet
depletion may reduce the intrahepatic accumu-
lation of virus-specific CTLs and organ damage
[7, 8].

Recent studies have demonstrated that anti-
platelet therapy suppresses hepatic immuno-
pathology and prevents or delays the develop-
ment of HCC, as well as improving survival in
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Table 1. Clinical features of the patients with
chronic HBV infection

CHB (n=65)

Ages (yr) 48.22+10.27
Gender (M/F) 40/25
Hb (g/L) 108.78+24.59
PLT (x10°/L) 67.10+43.80
ALT (U/L) 46.53+57.52
AST (U/L) 53.70+76.46
ALP (U/L) 80.53+32.06
GGT (U/L) 47.68+46.245
Thil (umol/L) 35.57+£37.75
Alb (g/L) 35.85+4.81
HBeAg positive (%) 16 (24.61)
HBV DNA (1U/ml) 3.7911.34
Child-pugh scores 6.43+1.42
Inflammatory grades

G0/G1/G2/G3/G4 1/17/34/10/3
Fibrosis stages

S0/S1/S2/S3/S4 3/7/8/16/31

Alb, albumin; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase;
CHB, chronic hepatitis B; GGT, gamma-glutamyl transfer-
ase; Hb, hemoglobin; G, inflammatory grades; S, fibrotic
stages; PLT, platelets; Tbil, total bilirubin.

mouse model of chronic HBV infection [9].
Kondo et al investigated the platelets in the
liver tissues of chronic hepatitis C (CHC)
patients and they found that accumulation of
platelets may involve in thrombocytopenia and
liver fibrosis through the activation of hepatic
stellate cells (HSCs) in CHC [10].

However, to the best of our knowledge, the
platelet kinetics in the liver tissues of patients
with chronic HBV infection is not fully elucidat-
ed. Therefore, the aim of the present study was
to clarify the histopathological findings of plate-
lets in human liver tissues of patients with
chronic HBV infection.

Patients and methods
Study subjects

Sixty-five patients with chronic HBV infection
who underwent liver biopsy are included.
Twenty-three specimens of healthy liver tissues
obtained from donors whose livers were used
for transplantation were used as controls. The
study was performed with informed consent
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obtained from patients for the use of their liver
tissues in the investigation, and was approved
by the ethical committee. The basic character-
istics of the enrolled subjects are listed in Table
1.

Histopathology

The liver tissues were fixed with 10% formalin
and embedded in paraffin. The tissues were cut
into 2 uym sections and then used for histologi-
cal and immunohistological analyses. The sec-
tions were stained with hematoxylin and eosin
and examined under a light microscope. The
degree of hepatic inflammation and fibrosis
of liver fibrosis was evaluated according to
the classification proposed by Scheuer [11].
The histopathological diagnosis and classifica-
tion was performed by the experienced
pathologist.

Immunohistochemistry

Immunohistochemical staining was performed
on 2 um paraffin sections of tissues. Sections
were deparaffinized and blocked endogenous
peroxidase with 3% H,0,. The antigen retrieval
was performed using a standard protocol. A
mouse anti-human CD61 monoclonal antibody
(Dako, Glostrup, Denmark) was used as the pri-
mary antibody. CD61 is a platelet-specific anti-
gen. The slides were incubated with primary
antibodies overnight at 4°C and then MA2000.
MA2000 polymer immunohistochemical detec-
tion system at 37°C for 20 min (Beijing Zhong
Shan lJingiao Biological Technology Co., Ltd,
China). Stained sections were developed with
diaminobenzidine (Life Technologies, Carlsbad,
USA) and counterstained with hematoxylin
(Dako, Glostrup, Denmark).

Measurement of cells

Five sections of each sample were randomly
selected and photomicrographs were obtained
at a magnification of 400x and captured for
analysis using Image Pro-Plus 5.0 software
(Media Cybernetics, SilverSpring, MD, USA).
The numbers of CD61+ positive cells per high-
power field (HPF) were counted in a blinded
fashion by the experienced pathologist [12].

Statistical analysis

All data analysis was performed using SPSS
22.0 software (SPSS Inc., Chicago, IL, United
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Figure 1. Immunohistochemical analysis of CD61+ platelet accumulation in the liver tissues of patients with chronic
HBV infection. Representative images of CD61 by imunohistochemistry in the liver tissues of healthy control and
a patient with chronic hepatitis B (A). Comparison of CD61+ platelets between healthy controls and patients with
chronic HBV infection (B). CHB, chronic hepatitis B; G, inflammatory grades; HC, healthy control; HPF, high-power

field; S, fibrotic stages. Scale bars represent 200 pym.
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Figure 2. Comparison of CD61+ platelets in chronic HBV infected patients with different inflammatory grades (A) and
fibrotic stages (B). G, inflammatory grades; S, fibrotic stages. *P<0.05, **P<0.01.

States). Continuous variables were expressed
as mean and standard deviation (SD) or stan-
dard error of the mean (SEM). Statistical com-
parisons between two groups were performed
by Mann-Whitney-U-test, multiple comparisons
by ANOVA-test or Kruskal-Wallis H test. Co-
rrelation analysis was performed by Pearson or
Spearman rank correlation test. A P-value
<0.05 was considered statistically significant.

Results
Patient characteristics

Sixty-five patients with chronic HBV infection
were included in the present study. The base-
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line demographics are shown in Table 1. The
mean age of patients was 48.22+10.27 years
and 40 (61.53%) of the patients were male.
Sixteen (24.61%) patients were HBeAg posi-
tive.

Intrahepatic accumulation of platelets in pa-
tients with chronic HBV infection

In the normal control group, there was a small
amount of positive CD61 staining cells. The
density of CD61+ platelets was significantly
increased in the livers of patients with chronic
HBV infection (69.08+6.21/HPF) as compa-
red with normal tissues (16.68+2.05/HPF, P<
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Figure 3. Correlations between the numbers of CD61+ platelets in chronic HBV infected patients with inflammatory

grades (A) and fibrotic stages (B).

Table 2. The clinical relevance of CD61+
platelets in patients with chronic HBV infec-
tion

r P value
Hb 0.159 0.214
PLT 0.042 0.746
ALT 0.291 0.021
AST 0.328 0.009
ALP -0.007 0.957
GGT 0.065 0.611
Thil 0.236 0.038
Alb -0.016 0.898
HBV DNA -0.120 0.964
Child-pugh scores 0.006 0.964

Alb, albumin; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase;
GGT, gamma-glutamyl transferase; Hb, hemoglobin; PLT,
platelets; Thil, total bilirubin.

0.001). The platelets were predominantly seen
in the sinusoidal space of the periportal area
with inflammation in the liver tissues of patients
with chronic HBV infection (Figure 1).

Intrahepatic accumulation of CD61+ plate-
lets correlates with inflammatory grades and
fibrotic stages in patients with chronic HBV
infection

Patients with higher inflammatory grading (G)
scores had significantly more CD61+ platelets
in their livers compared to those with lower
scores (Figure 2). Significantly more CD61+
platelets were found in the liver tissues of
patients with different fibrotic staging (S) scores
compared to normal control group (Figure 2).
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The density of CD61+ platelets was positively
correlated with G scores (r=0.268, P=0.031),
but not correlated with S scores (r=0.069,
P=0.586) (Figure 3).

The clinical relevance of CD61+ platelets

The association between the CD61+ platelets
and the clinical parameters were analyzed
(Table 2). CD61+ platelets numbers in the liver
tissues of patients with chronic HBV infection
were positively correlated with serum alanine
transaminase (ALT) (r=0.291, P=0.021), asp-
artate aminotransferase (AST) (r=0.328, P=
0.009) and total bilirubin (r=0.236, P=0.036)
levels.

Discussion

A growing body of evidence derived from rodent
and in vitro studies highlights the role for plate-
lets as active players in liver inflammation and
liver fibrosis [13, 14]. In chronic HCV infection,
patients with HCV related liver cirrhosis had a
more extensive platelet area in the liver com-
pared to controls [10]. However, the role of
platelets in the pathogenesis of chronic HBV
infection is not clear. In the present study, we
investigated the platelets in the liver tissues of
patients with chronic HBV infection. We found
that the platelets were significantly accumulat-
ed in the liver tissues of patients with chronic
HBV infection and platelets were mainly clus-
tered in the portal areas or within the lobule.
Furthermore, the numbers of platelets were
correlated with inflammatory grades as well as
ALT and AST levels, which indicating that plate-
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lets may be involved in inflammatory reactions
for destruction of infected cells.

Platelets can express a variety of adhesion
molecules and immune receptors on their
membranes which are instrumental for interac-
tions with the endothelium and different sub-
sets of circulating leukocytes to achieve their
immunological functions [15, 16]. In the injured
liver, platelets may interact with hepatic sinu-
soidal endothelial cells (HSECs) and influence
effector cell recruitment and activation [13]. In
vitro study has demonstrated that platelets
may activate isolated HSECs to express chemo-
kine (C-X-C motif) ligand 8 and chemokine (C-C
motif) ligand 2, thereby promoting neutrophil
and lymphocyte recruitment [17]. Furthermore,
platelets also interact with neutrophils to trap
microbes in neutrophil extracellular traps,
which may promote neutrophil mediated hepa-
totoxicity [18]. In vivo murine experiments,
platelets are a primary mediator of viral hepati-
tis [13]. Platelets are present at sites of tissue
damage in the mouse models of CD8+ T cell-
mediated acute viral hepatitis and depletion of
the platelets may ameliorate disease severity
by reducing the accumulation of hepatic virus-
specific CD8+ T cells [7]. Antiplatelet therapy
can effectively diminish the number of intrahe-
patic HBV-specific CD8+ T cells and HBV-
nonspecific inflammatory cells, and can pre-
vent the development of HCC prevent in a
mouse model of chronic immune-mediated
hepatitis B [9]. However, the mechanisms of
platelets in the pathogenesis of liver injury of
chronic HBV infection deserve further
investigation.

We note that the platelet infiltration is not cor-
related with the stage of fibrosis in chronic HBV
infected patients in the present study. However,
platelets have been reported to play a role in
liver fibrosis in mice [13]. Rodent studies reveal
that platelet lysates can drive the profibrotic
cytokine secretion by HSCs in vitro and exacer-
bate fibrosis [13]. However, platelets may also
suppress fibrogenesis and initiate fibrolytic
pathways. Platelets can reduce liver fibrosis
and promote liver regeneration in mice by
secreting hepatocyte growth factor [19].
Although the platelet area in liver tissues
increased along with an increase in fibrosis
stages in patients with CHC, all the liver tissues
were obtained from the patients who under-
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went hepatectomy for HCC with hepatitis C
virus infection and the platelets were detected
in the noncancerous liver tissues [10]. Thus,
more studies are needed to explore the contri-
bution of platelets to liver fibrosis in chronic
HBV infection.

In conclusion, the present study indicated that
the accumulation of platelets in the liver may
be involved in liver injury of patients with chron-
ic HBV infection. The study provides additional
evidence on the important role of platelet in the
pathogenesis of chronic HBV infection. How-
ever, further studies of the biological functions
of infiltrating platelets in the liver tissues of
patients with chronic HBV infection are
needed.
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