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Abstract
Spontaneous tumor hemorrhage (TH) is frequently observed in solid tumors including human hepatocellular
carcinoma (HCC). TH implies fast-growing and worse tumor immunological microenvironment; however, the
underlying mechanism remains largely unknown. CLEC1B is a signature gene highly associated with tumor
progression. PD-L1 expression is a key biomarker predictive of immune checkpoint therapies, which showed
astonishing effect on various types of tumor. We assume that, in HCC, TH may closely associate with the
expression of these two molecules. In this study, 136 patients with HCC were enrolled. qRT-PCR showed that
CLEC1B expression is significantly lower in HCC tumor tissue. Immunohistochemistry of HCC tissue microarrays
demonstrated that PD-L1high and CLEC1Blow expressions were significantly correlated with TH and clinicopatho-
logical features indicating worse HCC progression. According to univariate/multivariate analysis, a combination of
PD-L1high and CLEC1Blow expression was an independent prognostic factor indicating the poor outcome. The
prognostic value of PD-L1high and CLEC1Blow was validated by Cox proportional-hazard analyses. Collectively,
tumor with TH is closely associated with CLEC1Blow & PD-L1high expression, which may imply high response of
PD-L1/PD-1 immune checkpoint therapies. CLEC1B may be a potential therapeutic target for PD-L1/PD-1
immunotherapy. PD-L1high and CLEC1Blow can be a valuable prognosis factor implying worse clinical outcomes.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common tumors
in the world [1]. Increasing evidence supports that tumor
microenvironment, which has high heterogeneity among different
individuals with HCC, plays a pivotal role in regulating HCC
progression [2,3]. Tumor microenvironment in HCC is composed of
growth factors or inflammatory cytokines, stromal cells, and
extracellular matrix proteins [4]. Some characteristics such as hypoxia
and tumor hemorrhage also belong to the category of the tumor
microenvironment. Change of the tumor microenvironment can
result in totally different aggressive type of HCC [5].

As an important factor of the tumor microenvironment, tumor
hemorrhage (TH) is recognized to be involved in tumor growth and
metastasis. It is known that during TH, red blood cells and platelets
aggregate around tumor cells, facilitating the formation of cancer cell
nests and playing a protective role from immune responses and shear
stress. Activated platelets also secret some growth factors which could
markedly promote angiogenesis and tumor growth [6]. So the
presence of TH in HCC specimens may be one key malignant
clinicopathological feature of HCC. Exploration of the molecular
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Table 1. Correlation among PD-L1 and CLEC2 Expression and Clinicopathological Characteristics in 136 HCC Patients

Clinicopathologic Variable n PD-L1 Expression CLEC2

High Low P Value High Low P Value

Patient number 136 26 110 40 96
Age (years) ≤60 81 16 65 .819 24 57 .946

N60 55 10 45 16 39
Sex Male 107 21 86 .772 31 76 .829

Female 29 5 24 9 20
HBsAg Negative 12 4 8 .190 5 7 .329

Positive 124 22 102 35 89
AFP (ng/ml) ≤20 55 6 49 .045 20 35 .143

N20 81 20 61 20 61
CPC A 109 21 90 .417 29 80 .149

B 27 7 20 11 16
Liver cirrhosis Absence 15 5 10 .138 6 9 .340

Presence 121 21 100 34 87
Tumor encapsulation Absence 50 13 37 .120 19 31 .094

Presence 86 13 73 21 65
Tumor size (cm) ≤5 45 4 41 .033 19 26 .021

N5 91 22 69 21 70
Tumor number Single 73 10 63 .084 18 55 .190

Multiple 63 16 47 22 41
Satellite nodules Absent 54 5 49 .018 23 31 .006

Present 82 21 61 19 65
Vascular invasion Absent 52 4 48 .008 22 30 .009

Present 84 22 62 18 66
Tumor differentiation I-II 69 8 61 .024 26 43 .032

III-IV 67 18 49 14 53
Tumor hemorrhage Absent 60 4 56 .001 26 34 .002

Present 76 22 54 14 62
TNM stage I 43 4 39 .048 17 26 .078

II–III 93 22 71 23 70

Abbreviations: CPC, Child-Pugh classification; HBsAg, hepatitis B surface antigen.
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contexts associated with these pathogenesis changes will help to
identify novel targets for HCC metastasis treatment.
C-type lectin domain family 1 member B (CLEC1B) is a novel

platelet-related molecule that we assumed is associated with TH in
HCC. This molecule is secreted by the activated platelets around
tumor and proved to have an inhibitory effect on platelet aggregation
and tumor metastasis by binding to the surface of tumor cells in colon
carcinoma [7]. Although, recently, CLEC1B has been reported to
have a dramatic downregulation in the tumor of HCC [8], the role of
CLEC1B in HCC remains mostly unclear.
These days immunological microenvironment has been extensively

studied for its role in HCC progression. The immune checkpoint
therapy based on immunological microenvironment showed a
surprising curative effect against some types of cancers [9]. However,
immune therapies applied to HCC have not shown very satisfying
responses for all patients, suggesting that more underlying mechanism
remains to be revealed [10]. Antibodies targeting programmed cell
death protein 1 (PD-1)/programmed cell death 1 ligand 1 (PD-L1)
are representative antitumor immunotherapies that have been
successfully applied in some clinical trials for several cancers including
HCC [11]. Therapeutic mechanism is that blocking the interaction
between PD-1 and PD-L1 results in dramatic increase of anticancer
immune response [12]. Since anti-PD-1/PD-L1 therapy only works
on about 30% of patients, the biomarkers predicting this effect are
urgently needed. Data from these clinical trials showed that PD-L1
immunohistochemical expression in the tumor can predict the effect
of anti–PD-1/PD-L1 therapies in many tumor types. In addition,
high expression of PD-L1 also worked as a prognostic biomarker
indicating poor clinical outcomes in several studies [13]. So, a study
about PD-L1 in HCC is of great value.
There is, to the best of our knowledge, no study about the
correlation among PD-L1, CLEC1B expression, and TH in HCC. In
this present study, we aim to investigate the expression of both PD-L1
and CLEC1B in a cohort of HCC patients and explore their potential
correlation with clinicopathologic parameters, especially TH, as well
as the clinical outcomes.
Materials and Methods

Patient Populations and Specimens
This study was approved by the Ethics Committee of Xiangya

Hospital, China. Informed consent was obtained from each patient as
required for research purposes. One hundred thirty-six patients with
HCC were enrolled. HCCs were diagnosed according to the current
World Health Organization criteria. All the patients were treatment-
naive before surgery. Patient follow-up was terminated on 31 January
2017. The clinical outcomes of HCC patients are summarized in
Table S1. The clinical and pathological characteristics from Table 1
were comprehensively recorded. All research protocols strictly
complied with REMARK guidelines for reporting prognostic
biomarkers in cancer [14]. Fresh paired specimens of HCC and
adjacent nontumorous liver tissue were randomly collected from
HCC patients undergoing hepatic resection between September 2011
and March 2012 in the Department of Hepatobiliary Surgery,
Xiangya Hospital, China.

Bioinformatics Analysis
We use Tumor Immune Estimation Resource (TIMER) web

server (https://cistrome.shinyapps.io/timer/), a comprehensive ana-
lytic web tool which reanalyzed data from The Cancer Genome Atlas,
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to detect the CLEC1B expression in various cancer types. “DiffExp
module” was used to study the difference in mRNA expression of
CLEC1B between tumor and adjacent normal tissue [15]. GEPIA
web server (http://gepia.cancer-pku.cn/) was used to generate the
Kaplan-Meier analysis of overall survival (OS) and disease-free
survival (DFS) stratified by CLEC1B [16]. Data from 334 patients
with HCC were enrolled. Group cutoff was set as “median.”

Quantitative Real-Time RT-PCR (qRT-PCR)
The procedures of RNA isolation, reverse transcription, and SYBR

Green fluorescent-based qRT-PCR were performed as previously
described [17]. Primer sequences of CLEC1B (accession number
NM_016509.3) are as follows: forward: 5′-ATTCTGCT
GATCCTGTGCGT-3′; reverse:5′-TCCAGTTTGTGTCA
CAGGGG-3′.

TissueMicroarray (TMA) and Immunohistochemistry (IHC)Analysis
TMAs of representative HCC tissues and adjacent normal tissues

were assembled as recommended. IHC staining was performed on
TMA. The following antibodies were used: anti–PD-L1 (rabbit
monoclonal 2 μg/ml; Abcam, Cambridge, MA) and anti-CLEC1B
Figure 1. CLEC1B mRNA level is significantly reduced in tumors o
expression of CLEC1B between tumor and adjacent normal tissues
server. ***P b .001. (B) Kaplan-Meier analysis of OS and DFS str
Abbreviation: LIHC, liver hepatocellular carcinoma.
(ab197349 1:50; Abcam, Cambridge, MA). IHC staining was
performed as previously described [17]. All IHC results were reviewed
by two independent pathologists in our hospital. PD-L1 expression
was considered as high when the proportion of cells with
membranous staining was N1% in all the neoplastic cells [18].
CLEC1B expression was assessed as high if a moderate or strong
membranous staining was observed.

Statistical Analysis
Statistical analysis was performed using Prism software (v.7.01;

GraphPad Prism Software, La Jolla, CA) and SPSS 24.0 software
(SPSS, Chicago, IL). Quantitative values are presented as mean ± SD
or median (range). Spearman’s correlation coefficient (r) was used to
access the correlation between PD-L1 and CLEC1B expression. χ2

test was applied to categorical data. The recurrence-free survival (RFS)
and OS were evaluated using the Kaplan-Meier method and the log-
rank test. Prognostic factors of RFS and OS were analyzed by
univariate and multivariate analyses. Cox proportional- hazards
regression model was used to determine if CLEC1B expression
combined with PD-L1 has prognostic value. P b .05 was considered
to be statistically significant.
f LIHC and associated with poor clinical outcome. (A) Differential
from various types of cancer. Data are extracted from TIMER web
atified by CLEC1B. Data are generated from GEPIA web server.

http://gepia.cancer-pku.cn/)was


Figure 2. Decreased expression of CLEC1B mRNA is related to
high risk of TH. (A) Representative gross specimens of HCC with/
without TH. (B) CLEC1B expression in NT, TH-negative tumor, and
TH-positive tumor. **P b .01. ***P b .001. Abbreviation: NT,
nontumor tissues.

Figure 3. Representative immunohistochemical staining charac-
teristics of CLEC1B and PD-L1 expression in four HCC patients. (A,
B) HCC with low CLEC1B and high PD-L1 expression. (C, D) HCC
with high CLEC1B and low PD-L1 expression. (E, F) HCC with low
CLEC1B and PD-L1 expression. (G, H) HCC with high CLEC1B and
PD-L1 expression.
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Results

Patient Demographics
Patients were most males (107/136, 78.6%). There are 124

patients with HBV infection; 81 patients have a high preoperative
serum alpha-fetoprotein (AFP) level (N20 ng/ml, 59.6%), Patients
were classified as A (109, 80.1%) or B (27, 19.9%) according to
Child Purge Classification. For the pathological features, the tumor
mean size was 7.5 (2-17.4) cm. Multiple tumor number, tumor
encapsulation, satellite nodules, vascular invasion, and liver cirrhosis
were observed in 63 (46.3%), 86 (63.2%), 82 (60.2%), 84 (61.7%),
and 121 (88.8%) patients, respectively. The distribution of tumor-
node-metastasis (TNM) stage in patients is as follows I (43/136,
31.7%) and II to III (93/136, 68.3%). Seventy-six (55.9%) of HCC
tumor samples were considered TH positive according to tumor with/
without hemorrhage.

Association between CLEC1B and TH and Poor Survival
As Figure 1A showed, by using web server of TIMER, CLEC1B

mRNA expression was proven to decrease dramatically in HCC when
compared with adjacent normal liver tissues (P b .001). Survival
analysis from GEPIA web server demonstrated that lower expression
of CLEC1B indicates poorer survival rate, both for OS (P = .017) and
DFS (P = .014) (Figure 1B). In order to confirm this, we tested CLEC
mRNA expression in cohort by qRT-PCR. As expected, consistent
result was obtained. The CLEC1B expression is significantly lower in
HCC tumor tissues (P b .01). In addition, when 76 tumors of HCC
are classified into subgroup by TH or not (Figure 2A), tumors with
TH showed even less expression of CLEC1B (P b .001) (Figure 2B).

CLEC1B and PD-L1 Expression and Their Association with
Clinicopathological Features

CLEC1B membranous staining was detected in 29.4% (40/136)
of tumors (Table 1). PD-L1 was assessed to have membranous
reactivity in 19.1% (26/136) of tumors (Table 1). Representative
images of CLEC1B and PD-L1 IHC staining are shown in Figure 3.
The correlation between these two molecules and clinicopathological



Table 2. Univariate and Multivariate Analyses of Prognostic Factors with RFS and OS in HCC Patients (n = 136)

RFS OS

Variable HR(95% CI) P HR(95% CI) P

Univariate analysis b

Gender (male vs. female) 1.107 (0.797-1.464) .457 1.152 (0.844-1.526) .368
Age, years (N60 vs. ≤60) 1.225 (0.928-1.397) .065 1.178 (0.964-1.426) .078
HBsAg (positive vs. negative) 1.106 (0.805-1.442) .192 1.013 (0.723-1.105) .112
Albumin, g/l (≤35 vs. N35) 1.083 (0.832-1.562) .072 1.134 (0.848-1.543) .095
Child-Pugh classification (B vs. A) 1.135 (0.869-1.538) .071 1.225 (0.928-1.397) .059
Liver cirrhosis (presence vs. absence) 1.215 (0.932-1.616) .127 1.321 (0.925-2.062) .081
Serum AFP level, ng/ml (N20 vs. ≤20) 1.315 (1.028-1.661) .045 1.523 (1.092-1.962) .021
Tumor diameter, cm (N5 vs. ≤5) 1.705 (1.221- 2.183) .011 1.432 (1.115-1.924) .030
Tumor number (multiple vs. single) 1.641 (1.153-3.278) .015 1.626 (1.147-2.864) .013
Tumor encapsulation (none vs. complete) 1.214 (0.906-1.778) .131 1.204 (0.964-1.483) .061
Vascular invasion (presence vs. absence) 1.814 (1.401-2.221) .006 1.821 (1.352-3.461) .009
Tumor differentiation (III/IV vs. I/II) 1.262(1.097-1.635) .038 1.301(1.075-1.964) .023
Satellite nodules (presence vs. absence) 1.626 (1.213-3.892) .013 1.692 (1.104-2.246) .017
Hemorrhage (presence vs. absence) 1.715 (1.384-2.037) .022 1.852 (1.137-2.814) .008
TNM stage (II/III vs. I) 1.434 (1.136-2.648) .029 1.521 (1.206-3.128) .015
PD-L1 expression (high vs. low) 2.024 (1.526-5.969) .001 1.967 (1.562-2.765) .002
CLEC2expression level (low vs. high) 1.931 (1.406-5.236) .002 1.816 (1.351-5.078) .006
Combination of PD-L1 and CLEC2 a

II vs. I 1.856 (1.215-4.523) .005 1.936(1.314-5.735) .004
III vs. I 4.352(2.134-8.846) b.001 3.524 (1.618-7.267) b.001
III vs. II 2.135 (1.467-4.326) .0004 2.278 (1.522-6.225) b.001

Multivariate analysis b

Gender (male vs. female)
Age, years (N60 vs. ≤60)
HBsAg (positive vs. negative)
Albumin, g/l (≤35 vs. N35)
Child-Pugh classification (B vs. A)
Liver cirrhosis (presence vs. absence)
Serum AFP level, ng/ml (N20 vs. ≤20) 1.187 (0.956 -1.328) .083 1.204 (0.964-1.483) .061
Tumor diameter, cm (N5 vs. ≤5) 1.413 (1.026-2.129) .023 1.313(1.019-1.879) .038
Tumor number (multiple vs. single) 1.123 (0.962-1.612) .072 1.202 (0.974 -1.436) .064
Tumor encapsulation (none vs. complete)
vascular invasion (presence vs. absence) 1.321 (0.925-2.062) .081 1.221 (0.963-1.946) .057
Tumor differentiation (III/IV vs. I/II) 1.254 (0.893-1.473) .102 1.353 (0.932-1.923) .093
Satellite nodules (presence vs. absence) 1.705 (1.221- 2.183) .011 1.724 (1.236-3.221) .014
Hemorrhage (presence vs. absence) 1.413 (0.923-1.105) .066 1.523(0.985-1.921) .058
TNM stage (II/III vs. I) 1.564(1.109-2.352) .012 1.760 (1.352-2.461) .010
PD-L1 expression (high vs. low) 2.152 (1.856 -5.734) .001 1.936(1.314-5.735) .006
CLEC2 expression level (low vs. high) 2.395 (1.613-4.035) .0004 2.124 (1.526-5.969) .001
Combination of PD-L1 and CLEC2 a

II vs. I 2.017 (1.532-5.945) .003 2.135 (1.376-6.862) b.0001
III vs. I 4.827 (1.926-9.431) b.0001 3.944 (2.014-8.678) b.0001
III vs. II 2.846 (1.542-6.476) b.0001 2.524(1.221-6.926) b.0001

Abbreviations: CI, confidential interval; NA, not adopted. Significant difference is shown in bold.
a I, CLEC2High/PD-L1low; II, PD-L1High/CLEC2High and PD-L1Low/CLEC2Low; III, CLEC2Low/PD-L1High.
b Cox proportional-hazards regression.
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features is shown in Table 1. It is low expression of CLEC1B that was
significantly correlated with markers of HCC progression, including
tumor size (P = .021), satellite nodules (P = .006), vascular invasion
(P = .009), and tumor differentiation (P = .032). As expected, TH was
markedly related to low CLEC1B protein level (P = .002).

On the contrary, high PD-L1 expression was significantly correlated
with high AFP levels (P = .045), tumor size (P = .033), satellite nodules
(P = .018), vascular invasion (P = .008), and tumor differentiation (P =
.024), all of which indicate worse HCC progression. Notably, high PD-
L1 was also significantly associated with TH (P = .001), suggesting a
high level of red blood cells/platelets infiltration and hypoxia.

Prognostic Role of CLEC1B and PD-L1
Univariate analysis revealed the following features as prognostic factors

related with RFS and OS: high AFP level, tumor diameter (N5 cm),
multiple tumor number, vascular invasion, tumor differentiation, satellite
nodules, TMN stage, TH, high PD-L1 expression, low CLEC1B
expression, and combination of CLEC1Blow and PD-L1high expression
(Table 2).Multivariate analysis further screened that only tumor diameter
(hazard ratio [HR]=1.413, P = .023; HR=1.313, P = .038), satellite
nodules (HR=1.705, P = .011; HR=1.724, P = .014), TMN stage (HR=
1.564, P = .012; HR=1.760, P = .01), PD-L1 expression(HR=2.152, P =
.001; HR=1.936, P = .006), CLEC1B expression (HR=2.395, P =
.0004; HR=2.124, P = .001), and combination of CLEC1Blow and PD-
L1high (HR=4.827, P b .0001; HR=3.944, P b .0001) behaved as
independent predictors of RFS and OS (Table 2).

Next, survival analysis of OS and RFS was performed in the cohort
to assess the predictive value of CLEC1B integrated with PD-L1.
Three risk groups were stratified by CLEC1B and PD-L1 expression:
group I (32/136, 23.5%), CLEC1Bhigh and PD-L1low; group II (83/
136, 61.0%), PD-L1High and CLEC1BHigh, and PD-L1Low and
CLEC1BLow; group III (21/136, 15.4%), CLEC1BLow and PD-
L1High. Notably, the 1- and 3-year OS rates in group III were
significantly lower than those in II and I groups (52.8% versus



Figure 4. Combination of CLEC1Blow and PD-L1high indicates a
worse clinical outcome for patients with HCC. (A) Kaplan-Meier
analysis of OS. (B) Kaplan-Meier analysis of RFS. Stratification is as
follows I, CLEC1BHigh/PD-L1low; II, PD-L1High/CLEC1BHigh and PD-
L1Low/CLEC1BLow; III, CLEC1BLow/PD-L1High.
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61.6%, 72.3%; 18.7% versus 33.1%, 63.5%, respectively). A
consistent result was obtained for RFS analysis. Patients with the
expression of CLEC1BLow and PD-L1High had the worst survival rate
(P b .001, Figure 4).

Discussion
As one of the most leading causes of malignant tumor-related death,
HCC is characterized by its rapid progression and frequently poor
prognosis. Chemoresistance against the majority of conventional
anticancer agents is common, making HCC a worldwide problem.
Immune checkpoint therapies nowadays have raised a revolution in

cancer treatment. Antibodies targeting PD-L1/PD-1 have already
been administrated in various clinical trials against different types of
malignancy and got impressive results [19–21]. The efficacy of
response to this therapy is shown to have a close correlation with PD-
L1 expression in tumors [11,12]. However, it remains unknown what
characteristics of HCC indicate a better efficacy for PD-L1/PD-1
immune checkpoint therapy.
In order to achieve this, we explored the relationship between PD-

L1 expression and clinicopathological features in HCC patients. We
showed that high PD-L1 is significantly correlated to biological and
pathological markers (AFP, tumor size, satellite nodules, vascular
invasion, tumor differentiation, tumor hemorrhage, and TMN stage),
indicating advanced HCC progression and aggressiveness.
Among these significant markers, the presence of TH was
frequently observed by us in the postoperative tumor specimen of
HCC (Table 1, Figure 2A). Emerging evidence supported the strong
association between TH and tumor microenvironment [22,23].
Complicated microenvironment in tumor results in high heteroge-
neity of HCC, making the therapeutic effect totally varied. TH in
HCC implies tumor microenvironment of red blood cells releasing
and platelet aggregation, which could promote tumor growth,
invasion, and metastasis partially through the activation of NF-kB
pathway [24,25]. The inflamed tumor microenvironment is another
cause of tumor vessel injury [26]. Tumor immune microenvironment
also closely interacts with hemorrhage. For instance, peritumoral T-cell
infiltrates inmelanoma are shown to have an associationwith low tumor
hemorrhage, both of which reflect lower risk of metastases [27]. This
evidence, to some extent, is in accordance with our finding between TH
and PD-L1. Our study is the first to show that TH in HCCs displayed
high PD-L1 expression.

Taken together, we believe further exploration is worthy following the
direction of TH and PD-L1. We hypothesized that CLEC1B may be
another keymolecule related toTHbecause growing evidence showed that:
1) CLEC1Bmakes an inhibitory contribution to platelet aggregation [28];
2)CLEC1B is significantly downregulated inHCC [8]; and 3)CLEC1B is
involved in metastasis of various cancer types [29]. However, in the field of
HCC, we did not find any data exploring the correlation among
clinicopathological features, CLEC1B, and clinical outcomes. In our study,
analytical data returned from TIMER and GEPIA showed that decreased
CLEC1B expression in HCC is associated with poor prognosis. This
decreased CLEC1B expression in tumor was further confirmed by qRT-
PCR in our cohort. Interestingly, opposite to high PD-L1 expression, it is
low CLEC1B expression that associated with clinicopathological features
indicating progressiveHCC.Additionally, as expected, there is a prominent
correlation between low CLEC1B expression and high risk of TH. This
correlation was also supported by the qRT-PCR result, which showed the
lowestCLEC1BmRNAexpression in tumorwithTH.Based on the above
findings, we provided evidence that TH, the frequent clinicopathologic
observation in tumors of HCC, may be a preliminary sign for screening
patients with high PD-L1 expression; CLEC1B may be the biomarker
reflecting TH.

PD-L1 together with CXCL12, an inflammation-related chemo-
kine, has been reported to be an independent prognosis factor [30].
Coinciding with these studies, our research data were the first to
validate the predictive role of CLEC1B and PD-L1 in the prognosis of
HCC. Patients with the expression pattern of CLEC1Blow and PD-
L1high had the worst survival outcome. This intriguing finding also
indirectly reflected that HCC tumor with hemorrhage could be a
clinical-pathologic feature indicating bad outcome.

In conclusion, this work is the first to reveal that HCC with
hemorrhage is closely associated with CLEC1Blow and PD-L1high
expression, therefore providing some estimation about whether to use
PD-L1/PD-1 immune checkpoint therapies. CLEC1B may be a
potential therapeutic target for PD-L1/PD-1 immunotherapy.
CLEC1Blow and PD-L1high can be a valuable prognosis factor implying
worse clinical outcomes.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.tranon.2018.02.010.
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