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Abstract
AIM: To investigate the expression of programmed 

death (PD)-1, PD ligand 1 (PD-L1) and PD-L2 in liver 
tissues in the context of chronic hepatitis and hepato-
cellular carcinoma (HCC).

METHODS: Liver biopsies and HCC specimens from 
patients were collected and histologically examined. 
The expression of PD-1, PD-L1, and PD-L2 in biopsy 
specimens of chronic hepatitis and HCC specimens was 
evaluated by immunohistochemical staining. The as-
sociation between the expression level of PD-1, PD-L1, 
and PD-L2 and clinical and pathological variables was 
analyzed statistically. 

RESULTS: Expression of PD-1 was found in liver-
infiltrating lymphocytes. In contrast, PD-L1 and PD-L2 
were expressed in non-parenchyma liver cells and 
tumor cells. The expression of PD-L1 was significantly 
correlated with hepatitis B virus infection (1.42 ± 1.165 
vs  0.50 ± 0.756, P  = 0.047) and with the stage of HCC 
(7.50 ± 2.121 vs  1.75 ± 1.500 vs  3.00 ± 0.001, P  = 
0.018). PD-1 and PD-Ls were significantly up-regulated 
in HCC specimens (1.40 ± 1.536 vs  5.71 ± 4.051, P  = 
0.000; 1.05 ± 1.099 vs  4.29 ± 3.885, P  = 0.004; 1.80 
± 1.473 vs  3.81 ± 3.400, P  = 0.020).

CONCLUSION: PD-L1 may contribute to negative 
regulation of the immune response in chronic hepatitis 
B. PD-1 and PD-Ls may play a role in immune evasion 
of tumors.
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INTRODUCTION
Though active vaccination against hepatitis B virus (HBV) 
infection is successful, chronic HBV infection remains 
an important medical issue. There are approximately 400 
million individuals chronically infected with HBV world-
wide. Chronic HBV infection is one of  the major causes 
of  liver cirrhosis and hepatocellular carcinoma (HCC).

It is generally accepted that an appropriate T-cell 
response to HBV is crucial for viral elimination[1]. It has 
been suggested that HBV-specific CD8+ T cells have 
dual functions: the production of  antiviral cytokines to 
down-regulate HBV replication in hepatocytes and the 
elimination of  residual HBV-infected cells by cytotoxic 
activities[2]. Chronic HBV infection is characterized by 
weak or absent specific T-cell responses to HBV in pe-
ripheral blood. In the liver, low numbers of  HBV-specific 
CD4 and CD8 T cells have been found. However, those 
T cells show a low expression of  interferon (IFN)-γ 
and low cytotoxic activity[3,4]. Mechanisms leading to de-
creased cellular immune responses to HBV are not yet 
defined. Though there are many approaches suitable for 
priming specific CTL responses, their ability to break im-
mune tolerance mechanisms in chronically infected HBV 
patients requires further investigation. In this respect, un-
derstanding tolerance mechanisms in chronic HBV infec-
tion will further help the design of  strategies to overcome 
the unresponsiveness of  T cells.

Programmed death (PD)-1 is a member of  the CD28 
family and is involved in the regulation of  T-cell activa-
tion[5]. PD-1 is expressed on T cells, B cells, and myeloid 
cells. Two ligands for PD-1, PD ligand 1 (PD-L1) and 
PD-L2 (also known as B7-H1 and B7-DC), have been 
identified and have features as co-stimulatory molecules. 
A large number of  publications have indicated a role for 
PD-L1 in the negative regulation of  T-cell functions and 
the maintenance of  peripheral tolerance[6]. The exact role 
of  PD-L2 requires further definition. In murine liver tis-
sues, PD-L1 was found to be expressed on Kupffer cells 
(KCs) and liver sinusoidal epithelial cells (LSECs)[7]. He-
patocytes express constitutively low levels of  PD-L1 but 
show enhanced expression of  PD-L1 upon stimulation 
with interferons[8]. It has also been shown in cell culture 
that PD-L1 expression on hepatoma cells induces apopto-
sis in T-cells. PD-L1 deficiency leads to hepatic accumula-
tion and impaired apoptosis of  T-cells in a murine mod-
el[9], and PD-1 deficiency leads to enhanced proliferation 
of  effector cells in the liver during adenoviral infection[10].

Recent data from other chronic viral infections, such 
as lymphocytic choriomeningitis virus, human immuno-

deficiency virus, and hepatitis C virus infections, indicate 
that up-regulation of  the PD-1/PD-L1 system may be 
responsible for the impairment of  T-cell function[11-18]. 
Blocking of  PD-L1 led to the rescue of  exhausted CD8 
T-cells even in the absence of  Th functions[15-18]. Kassel 
et al[19] examined the expression of  PD-1, PD-L1, and 
PD-L2 in patient liver samples and found that there was 
a direct link between the degree of  inflammation and the 
expression of  PD-1/PD-L1. Gao et al[20] found in patients 
with HCC that overexpression of  PD-L1 significantly 
associates with tumor aggressiveness and postoperative 
recurrence.

The expression of  PD-Ls was further suggested as a 
mechanism of  immune evasion for tumors[21]. Elevated 
expression of  PD-L1 was found in different tumor enti-
ties[22-29]. It could be shown that tumor cells expressing 
PD-L1 were able to induce apoptosis of  T-cells. Thus, 
it is necessary to investigate the expression of  PD-L1/2 
and PD-1 in the liver in the context of  viral hepatitis and 
HCC.

MATERIALS AND METHODS
Specimens
Specimens of  liver tissues were obtained by biopsy or 
surgery from 20 hepatitis patients (including 12 with HBV 
infection and 8 with non-viral hepatitis) and 26 HCC 
patients (including 21 with HBV infection) at Tongji Hos-
pital of  Tongji Medical College, Huazhong University of  
Science and Technology, China, between 2006 and 2007 
(Tables 1-3). Surgically resected or biopsy specimens were 
fixed in formalin and embedded in paraffin for routine 
histological diagnosis, and then embedded in OCT com-
pound and snap frozen in liquid nitrogen for immunohis-
tochemical analysis. The histological activity index (HAI) 
was assessed according to the classification of  Ishak et al[30],  
which combines grading and staging scores (Table 2). 
All patients with hepatitis C virus (HCV) and human im-
munodeficiency virus (HIV) infection were excluded. No 
patient underwent antiviral drug treatment prior to biopsy. 
Tumors were classified as stage Ⅰ to Ⅲ based on the 
Chengdu conference[31] and as grade Ⅰ to Ⅳ based on the 
Edmondson-Steiner Guidelines (Table 3). The Chengdu 
conference stage classification was based on tumor di-
mension and lobar distribution, vascular thrombosis, 
lymph node metastasis, distant metastasis and Child-Pugh 
staging. No patient underwent radiation or chemotherapy 
prior to surgery. 

Immunohistochemical staining 
Four micron sections of  the specimens were air-dried 
for 10 min and then fixed in acetone for 10 min. Endog-
enous peroxidase activity was blocked by treatment with 
0.3% hydrogen peroxidase in PBS for 30 min at room 
temperature. Sections were then washed three times in 
PBS. After blocking nonspecific binding with normal 
goat serum for 20 min at room temperature, sections 
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were incubated with primary antibodies in a humidified 
chamber at 4℃ overnight. Anti-PD-1 (J116), anti-PD-L1 
(MIH1), anti-PD-L2 (MIH18), anti-FoxP3 (236A/E7) 
and anti-CD3(UCHT1) antibodies were purchased from 
eBioscience (San Diego, CA) and used as primary an-
tibodies at the final concentrations of  5, 10, 5, 10 and  
5 μg/mL, respectively. The bound primary antibodies 
were detected with a Dako Envision™ Kit according to 
the manufacturer’s instructions, and sections were coun-
terstained with hematoxylin. IgG fractions from naïve 
mice were used instead of  the primary antibody as nega-
tive controls.

The expression levels of  PD-1, PD-L1 and PD-L2 
were defined as the quickscore which was calculated ac-
cording to the Detre S’s method[32]. In brief, the propor-
tion of  cells staining positively throughout the section 
was termed category A and was assigned scores from 
1 to 6 (1 = 0%-4%; 2 = 5%-19%; 3 = 20%-39%; 4 = 
40%-59%; 5 = 60%-79%; 6 = 80%-100%). The whole 
section was scanned at low power in order to gauge the 
general level of  intensity throughout. The average inten-
sity, corresponding to the presence of  negative, weak, 
intermediate, and strong staining, was given a score from 
0 to 3, respectively, and termed category B. The product 
(A × B) was recorded as the quickscore.

Statistical analysis
The association between the expression level of  PD-1, 
PD-L1, and PD-L2 and clinical and pathological variables 
was analyzed statistically by the Student’s t test and Cor-
relation analysis using SPSS 12.0 software. Values of  P < 
0.05 were considered to indicate statistical significance, 
and all tests were two-tailed.

RESULTS
Immunostaining of PD-1
Typically, lymphocyte infiltration occurred in liver tissues 
of  patients with hepatitis (Figure 1A). In these tissues, 
lymphocytes were recognized as small mononuclear cells 
and showed positive staining with anti-PD-1. The pat-
tern of  staining was consistent with the fact that PD-1 
molecules are associated with cell membranes. The PD-1 
positive cells showed a scattered pattern in liver tissues. 
Liver cells were not stained with anti-PD-1, which is con-
sistent with the tissue specificity of  PD-1 expression. The 
expression of  PD-1 in liver tissues from patients with 
hepatitis had no relation to age, gender, alanine amino-
transferase (ALT) and total bilirubin (TB) level, HAI or 
etiology (Table 4). 

In peritumoral regions of  HCC and within tumor tis-
sues, PD-1 positive cells accumulated as massive lympho-
cyte infiltration took place (Figure 1D and G). Therefore, 
the expression level of  PD-1 was determined by lympho-
cyte infiltration and was not dependent on the parameters 
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Table 1  Patient information

Patients Age (mean, yr) Sex (M/F) Etiology (viral/non-viral)

Hepatitis 36.6 14/6 12/8
HCC 49.3 21/5 21/5
Total 43.8   35/11   33/13

HCC: Hepatocellular carcinoma.

Table 2  Characteristics of patient samples with hepatitis

No. Age (yr) Sex Disease, etiology HAI

LB10 35 M Hepatitis, HBV   2
LB24 18 M Hepatitis, HBV   2
LB18 43 M Hepatitis, HBV   3
LB23 33 M Hepatitis, HBV   3
LB26 36 F Hepatitis, HBV   3
LB11 72 M Hepatitis, HBV   4
LB21 40 M Hepatitis, HBV   4
LB7 26 M Hepatitis, HBV   4
LB9 40 F Hepatitis, HBV   5
LB25 25 M Hepatitis, HBV   6
LB31 28 M Hepatitis, HBV   6
LB8 22 M Hepatitis, HBV 13
LB4 36 F Hepatitis   2
LB19 56 F Hepatitis   2
LB22 28 F Hepatitis   2
LB16 43 M Hepatitis   3
LB20 42 F Hepatitis   3
LB27 19 M Hepatitis   3
LB30 55 M Hepatitis   3
LB17 35 M Hepatitis   4

HBV: Hepatitis B virus; HAI: Histological activity index.

Table 3  Characteristics of patient samples with hepatocellular 
carcinoma

No. Sex Age (yr) Disease, etiology Grade Stage

c002 M 71 HCC, HBV Ⅰ Ⅰ

c005 M 42 HCC, HBV Ⅰ Ⅰ

c025 M 34 HCC, HBV Ⅰ Ⅰ

c009 M 58 HCC, HBV Ⅰ Ⅱb
c021 M 50 HCC, HBV Ⅰ Ⅱb
c042 M 48 HCC, HBV Ⅰ

c045 M 49 HCC, HBV Ⅰ

c014 M 48 HCC, HBV Ⅱ Ⅰ

c046 F 53 HCC, HBV Ⅱ

c023 F 34 HCC, HBV Ⅲ Ⅱa
c027 M 45 HCC, HBV Ⅲ Ⅱa
c026 F 18 HCC, HBV Ⅲ Ⅱb
c029 M 43 HCC, HBV Ⅲ Ⅱb
c043 M 61 HCC, HBV Ⅲ

c044 M 56 HCC, HBV Ⅲ

c020 M 49 HCC, HBV Ⅳ Ⅱb
c040 M 52 HCC, HBV Ⅳ

c004 M 64 HCC, HBV
c011 M 41 HCC, HBV
c019 F 40 HCC, HBV
c028 M 50 HCC, HBV
c015 M 48 HCC Ⅰ Ⅰ

c001 M 37 HCC Ⅰ Ⅱa
c003 M 62 HCC Ⅰ Ⅱa
c007 F 65 HCC Ⅲ Ⅱa
c022 M 64 HCC Ⅳ Ⅱa

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.
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Figure 1  Immunohistochemical staining of liver tissues from patients with hepatitis and hepatocellular carcinoma for programmed death-1, programmed 
death-L1, and programmed death-L2. A-C: Programmed death (PD)-1 (A), PD ligand 1 (PD-L1) (B), and PD-L2 (C) expression in liver tissues with hepatitis; D-I: 
PD-1 (D and G), PD-L1 (E and H), and PD-L2 (F and I) expression in liver tissues with hepatocellular carcinoma (HCC); D-F: Peritumoral region; G-I: Intratumoral 
region. A, D and G: PD-1 was expressed on the membrane of infiltrated lymphocytes in liver tissues with hepatitis and HCC; B, E and H: PD-L1 was expressed on the 
membrane of hepatic cells and/or tumor cells in liver tissues with hepatitis and HCC; C, F and I: PD-L2 was expressed on the membrane of hepatic cells and/or tumor 
cells in liver tissues with hepatitis and HCC. Solid arrows indicate PD-L1+ tumor cells, and dashed arrows indicate PD-L2+ tumor cells. Magnification 200 ×.
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Table 4  Programmed death 1/programmed death ligands expression in liver tissues of patients with hepatitis (mean ± SD)

n PD-1 P PD-L1 P PD-L2 P

Age (yr)
   < 36.6 12 1.67 ± 1.826 0.297 1.08 ± 1.240 0.873 1.83 ± 1.467 0.905
   ≥ 36.6   8 1.00 ± 0.926 1.00 ± 0.926 1.75 ± 1.581
Gender
   Male 14 1.43 ± 1.604 0.903 1.07 ± 1.207 0.898 1.71 ± 1.437 0.702
   Female   6 1.33 ± 1.506 1.00 ± 0.894 2.00 ± 1.673
ALT level (U/L)
   Normal (≤ 40) 11 1.45 ± 1.440 0.866 1.27 ± 1.191 0.330 2.00 ± 1.673 0.517
   Abnormal (> 40)   9 1.33 ± 1.732 0.78 ± 0.972 1.56 ± 1.236
TB level (mmol/L)
   Normal (≤ 19) 13 1.46 ± 1.613 0.814 0.92 ± 0.862 0.496 1.77 ± 1.691 0.903
   Abnormal (> 19)   7 1.29 ± 1.496 1.29 ± 1.496 1.86 ± 1.069
HAI score
   < 4 12 1.00 ± 1.477 0.159 0.67 ± 0.778 0.053 1.50 ± 1.567 0.276
   ≥ 4   8 2.00 ± 1.512 1.62 ± 1.302 2.25 ± 1.282
Etiology
   HBV 12 1.83 ± 1.528 0.125 1.42 ± 1.165 0.047 2.08 ± 1.311 0.304
   Unknown   8 0.75 ± 1.389 0.50 ± 0.756 1.38 ± 1.685

PD: Programmed death; PD-L: Programmed death ligand; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; TB: Total bilirubin; HAI: Histological 
activity index.

Wang BJ et al . PD-1/PD-Ls in viral hepatitis and HCC



of  age, gender, tumor stage or grade, or HBV infection 
(Table 5).

PD-1 was expressed on infiltrating lymphocytes (Fi- 
gure 2A). These lymphocytes were CD3 positive, as both 
T-cell types were present in liver tissues and HCC tissues 

(Figure 2B). In addition, a significant portion of  infiltrat-
ing lymphocytes were FoxP3 positive, indicating that 
negative regulation by regulatory T cells is operative in 
HCC (Figure 3).

Immunostaining of PD-L1 and PD-L2 in hepatitis
It has been reported that PD-L1 and PD-L2 are abun-
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n PD-1 P PD-L1 P PD-L2 P

Age (yr)
   < 49.3 21 6.45 ± 4.510 0.397 4.56 ± 4.304 0.779 4.73 ± 3.524 0.202
   ≥ 49.3   5 4.90 ± 3.872 4.00 ± 3.625 2.80 ± 3.120
Gender
   Male 21 5.60 ± 4.154 0.844 4.45 ± 4.390 0.826 3.67 ± 3.619 0.769
   Female   5 6.00 ± 4.147 4.00 ± 3.098 4.17 ± 3.061
Stage
   Ⅰ   5 4.75 ± 2.500 0.252 7.50 ± 2.121  0.0181 2.75 ± 1.893 0.624
   Ⅱa   6 7.00 ± 5.612 1.75 ± 1.500 2.60 ± 2.302
   Ⅱb   5 1.67 ± 1.528 3.00 ± 0.001 1.33 ± 1.528
Grade
   Ⅰ, Ⅱ 12 5.78 ± 3.632 0.958 6.80 ± 5.495 0.153 4.00 ± 3.775 0.736
   Ⅲ, Ⅳ 10 5.67 ± 4.975 2.44 ± 1.878 3.44 ± 3.046
Etiology
   HBV 21 5.60 ± 4.154 0.844 4.69 ± 4.231 0.464 3.73 ± 3.615 0.876
   Unknown   5 6.00 ± 4.147 3.00 ± 2.449 4.00 ± 3.098

1The significance among different stages is mainly the difference between stage Ⅰ and Stage Ⅱ (including Ⅱa and Ⅱb) according to the SNK analysis. PD: 
Programmed death; PD-L: Programmed death ligand; HBV: Hepatitis B virus.

Table 5  Programmed death 1/programmed death ligands expression in liver tissues of patients with hepatocellular carcinoma (mean 
± SD)

B

A

Figure 2  Expression of CD3 and programmed death-1 on regular liver 
sections from a patient with hepatocellular carcinoma. Serial sections were 
prepared from the same liver sample of a patient with hepatocellular carcinoma; 
CD3 and programmed death (PD)-1 were stained on these serial sections. CD3 
was expressed on the membrane of liver-infiltrating lymphocytes, and the ex-
pression of PD-1 had a similar pattern to that of CD3, indicating PD-1 was also 
expressed on liver-infiltrating lymphocytes. A: PD-1; B: CD3.

B

A

Figure 3  Immunohistochemical staining of liver tissues from patients with 
hepatocellular carcinoma for FoxP3. FoxP3 was expressed in liver-infiltrating 
lymphocytes in liver tissues with hepatocellular carcinoma. Liver infiltrating lympho-
cytes were mainly FoxP3 positive. A: Intratumoral region; B: Peritumoral region.

Wang BJ et al . PD-1/PD-Ls in viral hepatitis and HCC



dantly expressed on KCs and LSECs[7]. In liver tissues 
with hepatitis, the expression of  PD-L1 and PD-L2 was 
weakly detectable (Figure 1B and C), and the percentages 
of  PD-L1 and PD-L2 positive cells were found to be 
only 0.57% and 1.29% of  total cell counts, respectively. 
Cells with PD-L1 and PD-L2 expression were clearly 
different from lymphocytes and hepatocytes and repre-
sented rather KCs and LSECs.

The PD-L1 expression in liver tissues from patients 
with hepatitis had no relation to age, gender, or ALT and 
TB level (Table 4). Enhanced PD-L1 expression seemed 
to be associated with HBV infection, as compared with 
non-viral hepatitis (Table 4). In contrast, there was no 
relationship between PD-L2 expression and age, gender, 
ALT and TB level, or the etiology of  hepatitis (Table 4).

The HAI was assessed to evaluate inflammation in 
the liver according to the classification of  Ishak et al[30]. 
As shown in Table 4, a weak correlation between PD-L1 
expression and HAI was found, which is consistent 
with previous observations that PD-L1 expression can 
be stimulated by viral infection and further pulse with 
IFNs[8]. The correlation between HAI and PD-L1 expres-
sion might be explained by the production of  proinflam-
matory cytokines by infiltrating lymphocytes in chronic 
viral hepatitis. In contrast, there was no relationship be-
tween PD-L2 expression and HAI (Table 4).

Immunostaining of PD-L1 and PD-L2 in HCC
It has been reported that PD-L1 is abundantly expressed 
on cancer cells in various types of  tumors. Therefore, 26 
HCC specimens and peritumoural tissues prepared from 
surgery were examined for the expression of  PD-L1 
and PD-L2. The tumors were classified as stage Ⅰ (n = 
5), stage Ⅱa (n = 6), or stage Ⅱb (n = 5) based on the 
Chengdu conference, and as grade Ⅰ (n = 10), grade Ⅱ (n 
= 2), grade Ⅲ (n = 7), or grade Ⅳ (n = 3) tumors based 
on the Edmondson-Steiner Guidelines (Table 3).

In peritumoural tissues, the expression of  PD-L1 and 
PD-L2 was significantly elevated. However, the expres-
sion of  PD-Ls appeared to still be restricted to cell types 
like KCs and LESCs (Figure 1E and F). Compared with 
liver tissues from patients with hepatitis, the expression 
of  PD-Ls was recognizably enhanced in intensity for 
IHC staining with respective antibodies.

PD-L1 and PD-L2 had focal or scattered expression 
in 24 (92.6%) and 23 (88.9%) of  26 HCC specimens, re-
spectively (Figure 1H and I). Thus, the enhanced expres-
sion of  PD-Ls was a general phenomenon in HCC. In 
tumor tissues, tumor cells expressing PD-L1 and PD-L2 

were detected. These cells had a different morphological 
appearance and were characterized by large nuclei sur-
rounded by thick cytoplasm (Figure 1H and I). Tumor 
cells were heterogeneous in regards to the expression of  
PD-L1 and PD-L2 molecules, and less than 50% of  cells 
in tumor tissues expressed these molecules. Thus, the 
expression of  PD-L1 and PD-L2 did not appear to be 
regulated by an exogenous inducer for cancer cells, but 
rather was an intrinsic characteristic of  these cancer cells.

The expression of  PD-L1 was more pronounced at 
an early stage of  HCC, while there was a lower level of  
PD-L1 expression with increasing stage of  HCC (Table 5). 
Thus, the expression of  PD-L1 appeared to be an early 
event during tumor progression. In contrast, there was no 
significant correlation between tumor grade and PD-L1 
expression level. In addition, HBV infection had no sig-
nificant influence on PD-L1 or PD-L2 expression in HCC 
(Table 5).

Compared to liver tissues from patients with chronic 
HBV infection, PD-1, PD-L1, and PD-L2 expression 
levels in HCC were greatly enhanced (Table 6).

DISCUSSION
It has been demonstrated that the PD-1/PD-L1/PD-L2 
system can deliver a negative signal to T cells and lead to 
T-cell exhaustion or apoptosis[9,10,33,34]. To assess the role 
of  the PD-1/PD-L1/PD-L2 system in chronic HBV 
infection and HCC, we analyzed the expression of  these 
molecules in liver tissues from patients with these condi-
tions. From the results of  this study, we conclude the 
following: (1) the expression of  PD-L1 and PD-L2 is de-
tectable on KCs and LSECs in liver tissues with viral and 
non-viral hepatitis; (2) PD-L1 expression in liver tissues 
is enhanced in patients with chronic hepatitis B; and (3) 
PD-1 and PD-Ls expression are significantly enhanced 
in peritumoral and tumor tissues. The first two findings 
are in agreement with previous findings[19,20]. It will be 
interesting to investigate the role of  PD-L1 expression in 
chronic HBV infection. While KCs and LSECs are the 
cell types expressing PD-L1 and PD-L2 in peritumoral 
tissues, a portion of  tumor cells in HCC gained the abil-
ity to express PD-L1 and PD-L2. PD-L1 and PD-L2 
expression in tumor tissues occurred in the early stage 
and may represent an important contribution to immune 
evasion during tumor progression. Thus, HCC may evade 
immune control by different mechanisms including nega-
tive regulation of  T-cells.

PD-1/PD-L1 expression may play a role in viral hepa-
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Table 6  Comparison of programmed death 1/programmed death-L expression in liver tissues of patients with hepatitis or hepatocellular 
carcinoma (mean ± SD)

Diagnosis n PD-1 P PD-L1 P PD-L2 P

Hepatitis 20 1.40 ± 1.536 0.000 1.05 ± 1.099 0.004 1.80 ± 1.473 0.020
HCC 26 5.71 ± 4.051 4.29 ± 3.885 3.81 ± 3.400

PD: Programmed death; PD-L: Programmed death ligand; HCC: Hepatocellular carcinoma.
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titis[13,14,17,18]. Upon activation, T-cells express PD-1 and 
are therefore susceptible to negative signaling by its li-
gands[33,34]. In our work, it is evident that liver-infiltrating 
lymphocytes were positive for PD-1. The activated T-cells 
may enter liver tissues due to attraction by chemokines. 
Due to the expression of  PD-L1 and PD-L2 on KCs and 
LSECs in liver tissues and on cancer cells in HCC, liver-
infiltrating cells would frequently encounter negative sig-
nals and become “exhausted” T-cells.

In chronic viral infection, virus-specific T cells are 
dysfunctional either because of  interaction with regula-
tory T cells[35] or interaction between PD-1 and its ligand 
PD-L1, which results in the down-regulation of  T-cell 
functions[11-14]. Recently, blockage of  PD-L1 emerged as 
an effective measure to promote the proliferation and 
functions of  T-cells in lymphocytic choriomeningitis virus 
infection of  mice[15]. Barber et al[15] demonstrated that vi-
rus-specific, exhausted cytotoxic T-lymphocytes regained 
their ability to proliferate and perform functions such 
as IFN-γ production and killing of  target cells. In HIV- 
and HCV-positive patients, virus-specific cells also have 
high expression levels of  PD-1, which may explain their 
dysfunction[12-14,16-18]. Therefore, the blockage of  PD-L1 
and PD-L2 may restore impaired T-cell functions in in-
dividuals with persistent HBV infection and may lead 
to effective immunological control of  viral infection. It 
is evident that T-cell functions are impaired in patients 
chronically infected with HBV. In our work, PD-L1 is 
up-regulated in chronic HBV, suggesting that PD-L1 
may play an important role in chronic HBV infection 
due to the negative control of  proliferation and func-
tions of  liver-infiltrating T-cells. A recent study demon-
strated that a blockage of  PD-L1 could restore the func-
tions of  peripheral and intrahepatic T-cells from patients 
with chronic hepatitis B[36].

Our findings have important implications for immu-
notherapeutic approaches to chronic hepatitis and HCC. 
Until now, the focus of  experimental approaches has 
been to improve the ability of  vaccines to induce a broad, 
strong T-cell response. However, these efforts could be 
compromised by the fact that specific T cells may be un-
able to exert their functions in the liver due to negative 
regulation, despite effective priming in the peripheral and 
local lymphoid organs. Thus, future research on immuno-
therapeutic approaches should consider the blockage of  
negative T-cell regulation in combination with immunos-
timulation.

Taken together, PD-L1 and PD-L2 were expressed by 
KCs and LSECs independent of  viral and non-viral hepa-
titis and were up-regulated by chronic HBV infection and 
in HCC. The presence of  PD-L1 and PD-L2 may lead to 
the suppression of  immune responses and therefore fa-
cilitate viral persistence and carcinogenesis. Furthermore, 
the expression of  PD-1, PD-L1, and PD-L2 in HCC was 
significantly higher than in hepatitis and correlated with 
the stage of  HCC and the number of  infiltrating lym-
phocytes, indicating the importance of  the PD-1/PD-Ls 
system in tumor development.
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