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ABSTRACT

Objectives: The aim of this study was to explore the expression of Galectin-9 in hepatitis B virus (HBV)-
associated hepatocellular carcinoma (HCC), evaluate its clinicopathological significance, and investigate
whether Galecin-9 expression has prognostic value in HBV-associated HCC.

Methods: Immunohistochemistry staining was performed to examine the expression of Galectin-9 in paraffin-
embedded tissues from 140 cases of HBV-associated HCC specimens. The association between Gal-9 expression,
clinicopathological features and prognosis was analyzed by Kaplan-Meier method, log-rank test and Cox
regression analysis. Dual immunofluorescence (IF) staining was performed to identify the cell types that have
positive Gal-9 expression.

Results: Among the 140 cases of HBV-associated HCC, 39 (27.9%) cases showed high Gal-9 expression (score=6),
21 (15%) cases showed moderate Gal-9 expression (6>score23), 33 (23.6%) cases showed weak Gal-9 expression
(3>score>0), and 47 (33.6%) cases had no detectable Gal-9 expression (score=0). Positive Gal-9 expression
(score>0) was associated with lymph node metastasis (P=0.029), Ki-67 proliferation index (P=0.009) and poor
prognosis. Univariate and multivariate analyses showed that Gal-9 expression could be used as an independent
prognostic marker for HBV-associated HCC. Dual IF staining indicated that Gal-9 was mainly expressed in
CD68*'CD163* Kupffer cells (KCs) in HBV-associated HCC.

Conclusions: Gal-9 was specifically expressed in certain HBV-associated HCC. Positive Gal-9 expression was
significantly associated with poor prognosis, and Gal-9 could be used as a prognostic marker in HBV-associated
HCC. Specific expression of Gal-9 on KCs indicated it may have immunosuppressive function in HBV-associated HCC.
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INTRODUCTION

With more than 900 thousand new cases and 830
thousand deaths in 2020, liver cancer ranked as the 6%
most commonly diagnosed malignancies and third cancer-
related cause of death worldwide [1]. As the main
pathological type of liver cancer, hepatocellular
carcinoma (HCC) accounts for 75-85% of all cases and
chronic hepatitis B virus (HBV) infection is one major
risk for HCC [2]. Across the world, more than 250 million
people are HBV carriers, and new-born children from
HBV-infected mothers also become chronic carriers, they
are destined to develop HCC [3]. Thus, it is essential to
identify prognostic biomarkers in HBV-associated HCC.

Galectins belong to the lectin family that bind f-
galactoside through highly conserved carbohydrate
recognition domains (CRDs). Galectin-9 (Gal-9) is the
subgroup of tandem repeat-type galectins, since it
contains 2 conserved CRDs [4, 5]. So far, Gal-9 has
been identified as the ligand of several receptors, such
as T cell immunoglobulin- and mucin-domain-
containing molecule (Tim-3), CD44 and Dectin 1. Gal-9
could inhibit immune response through different
mechanisms [6]. For example, Gal-9 could induce Thl
cell death through Tim-3, thus inhibiting Th1l immunity
[7]. Gal-9 could increase iTreg cell stability and
function through the interaction with CD44 [8]. And
Gal-9 could induce macrophage mediated adaptive
immune suppression through its binding to Dectin 1 [9].

Recent years, Gal-9 has been found to have prognostic
value in certain cancer types. For example, in pancreatic
cancer, Sun et al. reported that higher Gal-9 expression
was associated with better disease-free survival (DFS)
and overall survival (OS) [10]. For breast cancer, Irie et
al. found that patients with Gal-9* tumors had a more
favorable DFS than patients with Gal-9- tumors, and
lower Gal-9 expression could predict a relatively higher
risk of metastasis [11]. In ovarian cancer, Schulz. et al.
found that moderate expression of Gal-9 could predict
poorer outcome than Gal-9 negative cases, however, it
seemed that patients with strong Gal-9 expression
predicted best outcome [12]. In lung adenocarcinoma,
patients with high Gal-9 expression had shorter survival
time than patients with low or negative Gal-9
expression [13]. In sum, the prognostic value of Gal-9 is
inconsistent in different cancer types.

In HCC, several studies have shown that Gal-9 expression
also have prognostic value. For example, in one study, Li
et al. reported that Gal-9 was highly expressed in Kupffer
cells (KCs), which were colocalized with Tim-3 positive
T cells in HBV-associated HCC patients. They also found
that positive Tim-3 expression predicted poor survival in
HBV-associated HCC patients, and blocking the

interaction between Tim-3 and Gal-9 could increase the
function of Tim-3 positive T cells [14]. However, they
didn’t evaluate the prognostic value of Gal-9 in their
study. Several other studies showed different results.
Sideras et al. found that 79% HCC patients had Gal-9
expression, while Gal-9 mainly expressed in tumor cells,
they also found that low Gal-9 and PD-L1 expression
level and low number of CD8* tumor-infiltrating
lymphocyte (TILs) were associated with reduced outcome
in HCC [15]. Besides, they also found that high level of
circulating Gal-9 could also predict better survival in
HCC. Furthermore, combined analysis of intra-tumoral
Gal-9 expression and its circulating level could more
confidentially predict survival [16]. Zhang et al. found
that Gal-9 expression could be detected in 56.5% of HCC
patients, Gal-9 was mainly expressed in tumor cells and
its expression was closely correlated with histo-
pathological grade, vascular invasion, lymph node
metastasis and intrahepatic metastasis. They also found
that patients with Gal-9* tumors had longer survival time
than those with Gal-9- tumors [17]. According to these
studies, the cell type that express Gal-9 was not
consistent, and the prognostic value of Gal-9 seemed also
controversial. Thus it is necessary to further evaluate the
prognostic value of Gal-9 in HCC.

In current study, we examined the expression of Gal-9 in
140 HBV-associated HCC tumor tissues, evaluated the
association between Gal-9 expression and clinico-
pathological features, and also evaluated its prognostic
value in HBV-associated HCC. Besides, we also
examined the cell types that have positive Gal-9
expression.

MATERIALS AND METHODS
Patients with HBV-associated HCC

HBV-associated HCC tumor tissues were collected from
140 patients that received surgery at Xijing Hospital
(Xi’an, China) from 2008 to 2013. Tumor specimens were
formalin-fixed, paraffin-embedded and stored at the
Department of Pathology of Xijing Hospital. After the
surgery, patients were followed up with an average period
of 51 months (1-116 months). And detailed pathological
diagnosis was later on confirmed by two experienced
pathologists that are blinded to the study design. The
diagnostic standard was based on the seventh edition of
AJCC (American Joint Committee on Cancer) staging
manual. All of the clinical information was collected from
electronical record in Xijing Hospital.

Immunohistochemistry (IHC) staining

The formalin-fixed tissue samples were routinely
processed by IHC staining to examine the expression of
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Gal-9 with a Gal-9 specific antibody (#54330, Cell
Signaling Technology; 1:400), as we previously
reported [18]. Detailed protocol of IHC staining was
provided in Supplementary Materials.

Immunohistochemistry evaluation

For the evaluation of Gal-9 expression, first, we observed
the slides under low magnification (x100) to find
representative Gal-staining area, and then examined the
expression of Gal-9 under high magnification (x400).
The expression of Gal-9 was carefully assessed in a
semiquantitative manner. Details regarding IHC
evaluation are provided in Supplementary Materials.

Immunofluorescent (IF) staining

Slides were applied to IF staining with a Gal-9 specific
antibody (#54330, Cell Signaling Technology; 1:400),
CD68 antibody (GB13063-1, Wuhan Servicebio
Technology, 1:2000), Glypican 3 (GPC3) antibody
(ab95363, Abcam, 1:100), CD163 antibody (Ab156769,
Abcam, 1:150) or CD206 antibody (GB13438, Wuhan
Servicebio Technology, 1:2000), as we previously
reported [19]. Detailed procedures for IF staining are
provided in Supplementary Materials.

Evaluation of IF staining

Quantitation of the colocalization between Gal-9 and
CD68, GPC3, CD163, CD206 was analyzed by Coloc 2
of Fiji (ImageJ, 1.52i, National Institutes of Health,
USA). Detailed procedures about IF staining evaluation
are provided in Supplementary Materials.

Statistical analysis

We performed statistical analysis using SPSS 23.0
statistic software (version 23.0, IBM, Armonk, NY,

USA). Descriptive statistics, such as mean, standard
deviation, and absolute and relative frequencies, were
calculated to define the basic characterizations of the
study cohort. Chi-squared test was performed to
evaluate the association between the expression of
Gal-9 and patients’ clinicopathological features.
We generated survival curve by Kaplan-Meier
method and compared them by log-rank test. Then,
the hazard ratios with their 95% confidence intervals
(Cl) were evaluated by Cox proportional hazards
models. P < 0.05 was regarded as statistically
significant.

Ethics approval

This study was approved by the ethics committee
of Xijing Hospital, Fourth Military Medical
University.

Availability of data and material

Data and material used to support the findings of this
study were provided in the article.

RESULTS
Expression of Gal-9 in HBV-associated HCC tissues

Gal-9 expression was examined in 140 HBV-associated
HCC samples. Results showed that, among these
samples, 39 (27.9%) cases had strong Gal-9 expression
(score>6), 21 (15%) cases had moderate Gal-9
expression (6>score>3), 33 (23.6%) cases had weak
Gal-9 expression (3>score>0), and 47 (33.6%) cases
had no detectable Gal-9 expression (score=0).
Representative IHC staining results were shown in
Figure 1. These results indicate that Gal-9 is specifically
expressed in certain patients with HBV-associated
HCC.

Figure 1. Representative IHC staining result to show the expression of Gal-9 in HCC tissues. (A) Negative Gal-9 expression; (B)

Positive Gal-9 expression.
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Expression of Gal-9 is correlated with some
clinicopathological features in HBV-associated HCC

We provided the clinicopathological features of the 140
HBV-associated HCC patients in Table 1. HBV-
associated HCC patients were separated into two groups
according to the expression level of Gal-9, that is, cases
with strong, moderate and weak Gal-9 expression were
all designated as positive Gal-9 expression (score>0),
while cases with no detectable Gal-9 expression were
designated as negative Gal-9 expression (score=0).
Then, the association between Gal-9 expression and
clinicopathological features was analyzed, and positive
Gal-9 expression was found to be correlated with lymph
node metastasis (P=0.029) and Ki-67 proliferation
index (P=0.009), while no association was observed
between Gal-9 expression and age, gender, tumor
differentiation, tumor stage and tumor-node-metastasis
(TNM) stage (Table 2). These results demonstrate that
Gal-9 expression is closely associated with some
clinicopathological features, that is, lymph node
metastasis and proliferation index in HBV-associated
HCC.

Positive Gal-9 expression predicts poor prognosis in
HBV-associated HCC

In order to assess the prognostic value of Gal-9 in
HBV-associated HCC patients, we investigated the
potential association between Gal-9 expression and
overall survival (OS). The survival curves of HBV-
associated HCC patients with different expression
levels of Gal-9 were analyzed by Kaplan-Meier
analysis and log-rank test. And significant difference
was found between patients with Gal-9* tumor and
patients with Gal-9- tumor (P=0.0016, Figure 2). We
also analyzed the OS of HCC patients with different
MRNA levels of Gal-9 in GEPIA database. Results
showed that HCC patients with higher Gal-9 mRNA
level tended to have poorer OS than patients with
lower Gal-9 mRNA level (P=0.0012, Figure 3).
These results were consistent with our IHC staining
results. Then, by using Cox regression analysis, we
analyzed the prognostic factors for OS. Results of
univariate analysis indicated that Gal-9 expression
(P =0.002), tumor stage (P =0.003), lymph node
metastasis (P <0.001), distant metastasis (P =0.040)
and TNM stage (P <0.001) were closely associated
with the prognosis of HBV-associated HCC patients.
In  multivariate analysis, results showed that
Gal-9 expression (P =0.004), tumor stage (P =0.015)
and lymph node metastasis (P <0.001) were
associated with OS (Table 3). These results
demonstrate that the expression of Gal-9 can be used
as an independent prognostic marker in HBV-
associated HCC.

Gal-9 mainly expresses in CD68*CD163* KCs in
HBV-associated HCC

To further evaluate the potential function of Gal-9 in
HBV-associated HCC, we analyzed the cell types that
had Gal-9 expression. We did dual IF staining using
antibodies for Gal-9 and GPC3 (a marker for HCC
cells) or CD68 (a marker for macrophages). Result
showed that, Gal-9 was mainly colocalized with
CD68, indicating that most of the Gal-9 positive cells
were macrophages (Figure 4A). Very few
colocalization of Gal-9 and GPC3 was observed in all
the specimens we examined, indicating that most
tumor cells didn’t have Gal-9 expression (Figure 4B).
Then we analyzed whether Gal-9 mainly express in
KCs or M2 macrophages by dual IF staining using
antibodies for Gal-9 and CD163 (a marker for KC
activation) or CD206 (a marker for M2 macrophages).
Results showed that Gal-9 was mainly colocalized
with CD163, but not CD206, indicating that Gal-9
mainly expressed on KCs but not M2 macrophages
(Figure 4C, 4D). The quantitation of colocalization of
Gal-9 with different markers were shown in Figure
4E-4H. These results indicate that Gal-9 mainly
express in CD68*CD163* KCs, while barely express
in HCC tumor cells or M2 macrophages.

DISCUSSION

Gal-9, a S-type lectin that belongs to Galectin family,
plays an essential role in the regulation of immune
response. Gal-9 was identified as a ligand of Tim-3, and
its binding with Tim-3 could induce Th1 cell death, thus
inhibiting Th1 immunity [7, 20]. Besides direct interaction
with Tim3 on T cells, Gal-9 could promote the expansion
of CD11b*Ly-6G* cells, which represent the granulocytic
myeloid-derived suppressor cells (MDSCs), thus
indirectly regulate Th1l immune responses [21].

Besides Tim3, Gal-9 has also been identified to interact
with other receptors, such as CD44 and Dectin 1. Wu et
al. found that Gal-9 was highly expressed in induced
regulatory T cells (iTreg), and Gal-9 could bind with
CD44 to activate Smad3, thus increase the stability and
function of iTreg cells [8]. Gal-9 could also bind with
Dectin 1, resulting in macrophage mediated suppression
on adaptive immune response in pancreatic ductal
adenocarcinoma (PDA) [9]. Recently, Gal-9 was
identified as a program death-1 (PD-1)-binding
molecule, and the interaction between Gal-9 and PD-1
could attenuate TIM-3/Gal-9-induced cell death, thus
regulate the exhaustion of T cells and the efficacy of
immunotherapy [22].

Recent years, Gal-9 were found to be specifically
expressed in various tumor cells and play a critical role
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Table 1. Clinicopathological features of 140 HBV-associated HCC

patients.

Clinicopathological features

No. of patients (%)

Gender
Male
Female

Age, yrs
Median
Range

Tumor differentiation
Well
Moderately/ Poorly

T stage
Tl
T2
T3
T4

N stage
NO
N1

M stage
MO
M1

TNM stage
I
I
1l
v

103 (73.6)
37 (26.4)

56
17-82

52 (37.1)
88 (62.9)

77 (55.0)

36 (25.7)

25 (17.9)
2 (1.4)

120 (85.7)
20 (14.3)

135 (96.4)
5 (3.6)

74 (52.9)
28 (20.0)
17 (12.2)
21 (15.0)

in antitumor immunity. For instance, in gastrointestinal
stromal tumors (GISTs), Komita et al. found that the
direct interaction between Gal-9 positive tumor cells
and Tim-3 positive NK cells may be involved in the
suppression of antitumor immunity [23]. In colon
cancer, Wang et al. found that Gal-9 could stimulate
NK cell migration, thus promote immune surveillance
[24]. In glioma, Yuan et al. found that Gal-9 was highly
correlated with immune checkpoint molecules and M2
macrophages, indicating a suppressive immune
response [25]. In nasopharyngeal carcinoma (NPC),
Klibi et al. found that blockade of Galectin-9/Tim-3
interaction could alleviate the Thl-suppressive effect,
thus improve antitumoral T-cell responses [26].

Besides tumor cells, Gal-9 has also been found to be
specifically expressed in other cell types in different
tumors. For example, in early-stage small cell lung cancer
(SCLC), Chen et al. demonstrated that Gal-9 was mainly
expressed in TILs, and Gal-9 expression was markedly
correlated with immune infiltration in the tumor
microenvironment. They also found that high expression

level of Gal-9 on TILs predicted better recurrence-free
survival (RFS) in stage I-1ll SCLC [27]. In muscle-
invasive bladder cancer, Qi et al. found that Gal-9 mainly
expressed on tumor-associated macrophages (TAMS),
which predicted poor OS and RFS [28]. In osteosarcoma,
Gal-9 was found to be expressed in regulatory T cells
(Tregs), and its interaction with Tim3* T cells resulted in
the suppression in Thl responses, thus inhibit immune
response [29]. In metastatic differentiated thyroid cancer
(mDTC), Severson et al. found that Gal-9 was expressed
in tumor-involved lymph nodes (TILNs), and Gal-9 may
contribute to the dysfunction of PD-1*Tim3*CD8* T cells,
thus promote disease progression [30]. Recently, Isobel et
al. showed that expression of Gal-9 was upregulated in
both CD8* and CD4*T cells in the TILs and peripheral
blood in patients with virus-associated solid tumors
(VASTS) , and Gal-9 expression was also related to the
impaired function of T cells [31]. Since Gal-9 expression
was indicated to be associated with the formation of
suppressive immune microenvironment, Gal-9 was
considered as a potential ideal target for cancer therapy
[5, 32, 33].
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Table 2. Association between Gal-9 expression and clinicopathological features in HBV-associated
HCC patients (n=140).

Galectin-9 expression

Clinicopathological features No. of patients Negative Positive %2 P value
Age 0.239 0.625
<60 96 33 63
>60 44 17 27
Gender 0.007 0.932
Male 103 37 66
Female 37 13 24
Tumor differentiation
Well 52 19 33 0.024 0.876
Moderately/poorly 88 31 57
Tumor stage
T1-2 114 42 72 0.340 0.560
T3-4 26 8 18
Lymph node metastasis
NO 120 47 73 4.361 0.029*
N1 20 3 17
TNM stage
I-11 106 42 64 2.904 0.065
Hi-1v 34 8 26
Ki-67
<10% 50 25 25 6.914 0.009*
>10% 90 25 65
Gal-9, Galectin-9; TNM, tumor-node-metastasis.
*Statistically significant (P<0.05).
Galectin-9 expression
— Gal9 (-)
100
—_ . —— Gal-9 (+)
X ]
N’
= 4
=
t -
2 50
§ ]
& |
0 —r r 1 rr 11
0 50 100

Survival tim e (Months)

Figure 2. Kaplan-Meier survival curve to show the association between Gal-9 expression and overall survival in HBV-
associated HCC patients.
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In HCC, the cell types that express Gal-9 is still
controversial, and the prognostic value of Gal-9 has not
been well studied. In Li’s study, Gal-9 was found to be
highly expressed in KCs, while in two other studies,
Gal-9 was found to be mainly expressed in tumor cells.
In addition, they also got different conclusions in the
prognostic value of Gal-9 in HCC. In Li’s study,
although they didn’t directly evaluate the prognostic
role of Gal-9, they did find that positive Tim-3
expression could predict reduced survival in patients
with HBV-associated HCC. Since they found that when
the interaction between Tim-3 and Gal-9 was blocked,
the function of Tim-3* T cells could increase, indicating
that positive expression of Gal-9 in KCs may predict
poor survival. While in other three studies, Sideras et al.
and Zhang et al. found that patients with Gal-9* tumors
seemed to have longer survival time than patients Gal-9-
tumors [14-17]. These discrepancies might come from
the different patients they studied, Li et al. specifically
studied HBV-associated HCC patients, while the other
two groups didn’t specify a subclass of the HCC
patients. Because of these discrepancies, more studies
are needed to confirm the cell types that express Gal-9
and the prognostic value of Gal-9 in HCC patients.

In our study, we examined Gal-9 expression in 140
HBV-associated HCC patients and found that Gal-9 was
specifically expressed in certain patients, and Gal-9

expression was closely correlated with some
clinicopathological features, that is, lymph node
metastasis (P =0.029) and Ki-67 proliferation index (P
=0.009). We also found that patients with Gal-9* tumors
tended to have shorter survival time than patients with
Gal-9- tumors. Our Cox regression analysis results
showed that Gal-9 could be an independent prognostic
marker for HBV-associated HCC. In addition, by using
dual IF staining, we confirmed that Gal-9 was mainly
expressed in CD68*CD163* KCs rather than tumor cells
or M2 macrophages, indicating that Gal-9 may be
involved in the formation of immune suppressive
microenvironment in HBV-associated HCC.

Our data are more consistent with Li’s results, we think
it’s because that we all used tissue samples from HBV-
associated HCC patients. In Li’s study, they also
showed CD68+ KCs had highest Gal-9 expression in
HCC by flow cytometry. Yet, in their study, they only
evaluated the prognostic value of Tim-3, but not Gal-9
[14]. Here, in this study, we confirmed that positive
expression of Gal-9 was significantly associated with
poor prognosis, that is, Gal-9 had prognostic value in
HBV-associated HCC. Since Li’s study showed that the
Tim-3* T cell function can be increased by blocking the
interaction between Tim-3 and Gal-9, we proposed that
expression of Gal-9 in KCs may mediate a suppressive
function on anti-tumor T cell response.

1.0

0.8

0.4

Percent of overall survival

0.0

— Low LGALS9 TPM
— High LGALS9 TPM

Logrank p=0.00084
HR(high)=2.3
p(HR)=0.0012
n(high)=327
n(low)=327

Months

Figure 3. Survival of HCC patients with different Gal-9 mRNA levels from the GEPIA database. (http://gepia.cancer-pku.cn/;
Cutoff-high (%) = 10; Cutoff-low (%) = 90). HCC patients with high Gal-9 mRNA level have significantly poor survival than those with low Gal-9

mRNA level (P=0.0012).
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Table 3. Cox regression analysis of prognostic factors for overall survival in HBV-associated HCC patients
(n=140).

Univariate Multivariate

HR 95% CI P value HR 95% ClI P value
Gal-9 expression (positive vs. negative) 1.918 1.265-2.908 0.002* 1.877 1.179-2.744 0.004*
Age (=60 yr vs. <60 yr) 0.879 0.586-1.320 0.535 — — —
Gender (female vs. male) 1.186 0.771-1.826  0.437 —_— —_— —_—
Tumor stage (T3-4 vs. T1-2) 2.015 1.267-3.206 0.003* 2.811 1.209-5.811 0.015*
Lymph node metastasis (N1 vs. NO) 4578 2.735-7.662 <0.001* 7.281 3.175-20.742  <0.001*
Distant metastasis (M1 vs. M0) 2,572 1.042-6.344  0.040* 0.545 0.192-1.553 0.256
TNM stage (I11-1V vs. I-11) 2.401 1.576-3.657 <0.001* 0.475 0.175-1.290 0.144

Tumor differentiation (poorly vs.
moderately/well)

Ki-67 (>10% vs. <10%) 1.356 0.911-2.017 0.133  —  — —_—

1.235 0.838-1.821  0.286 —_— S -

Abbreviations: Cl, confidence interval; HR, hazard ratio; TNM, tumor-node-metastasis.
*Statistically significant (P<0.05).
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Figure 4. Representative dual IF staining result to show the colocalization of Gal-9 with different cell markers. Dual-IF
staining of Gal-9 and CD68 (A), Gal-9 and GPC3 (B), Gal-9 and CD163 (C), Gal-9 and CD206 (D). (blue: nuclei; red: Gal-9; green:
CD68/GPC3/CD163/CD206; yellow: merge). Quantitation of the colocalization of Gal-9 and CD68/GPC3/CD163/CD206 is shown in (E—H).
PCCs (above threshold) of Gal-9 and CD68/GPC3/CD163/CD206 were 0.83, -0.05, 0.84 and 0.38, respectively. Results showed that Gal-9
was mostly expressed on CD68*CD163* KCs, but not HCC tumor cells or M2 macrophages. Scale bar, 50um (left column) and 10um (right
column).
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Our data is not consistent with the other two studies,
which might be caused by the different group of samples
we used. We specifically studied Gal-9 expression in
HBV-associated HCC, but the other two studies didn’t
specify the subclass of HCC. More studies are still
needed to examine the prognostic value of Gal-9 in HCC
patients that are not HBV-associated. Besides, although
our results demonstrated that KCs specifically expressed
Gal-9 in HBV-associated HCC, however, how Gal-9
expression was regulated in KCs is not known. Recently,
Selno et al. reported that transforming growth factor
beta type 1 (TGF-B)/Smad3 pathway could regulate the
expression of Gal-9 in colorectal cancer [34]. And Chen
et al. reported that EZH2 could promote Gal-9 expression
through miR-22 in HCC cells [35]. Further study was
also needed to verify whether Gal-9 expression is also
regulated through similar mechanisms in KCs in HBV-
associated HCC.

In brief, in this study we confirmed that Gal-9 is
specifically expressed in certain HBV-associated HCC
patients, and positive Gal-9 expression is closely
correlated with some clinicopathological features, that
is, lymph node metastasis and proliferation index, and
also poor prognosis. Furthermore, Gal-9 is mainly
expressed in CD68*CD163" KCs, indicating it may
promote tumor progression through the induction of
immunosuppressive microenvironment. Our  results
suggested that Gal-9 could be a new marker for
prognosis and a potential target for the therapy of HBV-
associated HCC.
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SUPPLEMENTARY MATERIALS
Supplementary Methods
Immunohistochemistry (IHC) staining

Paraffin-embedded HCC tissue wax blocks were cut into
4 um thick tissue pieces and placed on glass sides. Slides
were then subjected to IHC staining to evaluate Gal-9
expression. Briefly, slides were deparaffinized in xylene,
and rehydrated through gradient ethanol series (100%,
95%, 90%, 80%, 70%); then, antigen retrieval was
performed under high temperature and pressure in
sodium citrate buffer (0.1mol/L citric acid /0.1mol/L
sodium citrate, pH 6.0) for 90 seconds. After endogenous
peroxidase was inactivated using blocking solution (SP
KIT-A3, MXB Biotechnologies), slides were washed by
phosphate buffered saline (PBS) for 3 times. Then, slides
were blocked with nonimmune goat serum (SP KIT-B3,
MXB Biotechnologies) for 20 minutes at room
temperature and incubated with anti-Gal-9 antibody
(#54330, Cell Signaling Technology) in a humidified
chamber overnight at 4° C. After being washed 3 times
with PBS, slides were then incubated with horseradish
peroxidase (HRP)-labeled goat anti-mouse/rabbit 1gG
(KIT-5030, MXB Biotechnologies) at room temperature
for 30 minutes, followed by 3 times washes with PBS.
Visualization reaction was conducted by the application
of Diaminobenzidine (DAB, DAB-4033, MXB
Biotechnologies) and then stopped for 3 minutes in tap
water. Slides were then counterstained with hematoxylin
for 5 minutes, raised in water, dehydrated in ascending
concentration of ethanol (70%, 80%, 90%, 95%, 100%),
followed by clearance with xylene, and cover slip
permanently for light microscopy observation. Positive
control and negative control were set in each group in
order to avoid false positive or false negative results.
Slides were digitally scanned using Nano Zoomer SQ
workstation at the x40 setting (HAMAMATSU, Inc).

Immunohistochemistry evaluation

The staining intensity  (O=negative, 1=weak,
2=moderate, and 3=strong) and percentage of positive
cells (0=0%; 1=1-25%; 2=26-50%; 3=51-75%; 4=76-
100% stained cells) were evaluated and multiplied to
obtain an immunoreactivity score. Samples with
score>6 were grouped as strong Gal-9 expression,
samples with 6>score>3 were grouped as moderate Gal-
9 expression, samples with 3>score>0 were grouped as
weak Gal-9 expression, and samples with score=0 were

grouped as negative Gal-9 expression. For statistical
analysis, samples with strong, moderate or weak Gal-9
expression were all grouped as “positive Gal-9
expression” (score>0), and samples with no Gal-9
expression were grouped as ‘“negative Gal-9
expression” (score=0). For survival analysis, patients
were also divided into two groups according to the same
principle, that is Gal-9 positive group (score>0) and
Gal-9 negative group (score=0).

Immunofluorescent staining

Paraffin-embedded HCC tissue slides were prepared as
above. Slides were also deparaffinized, rehydrated,
antigen retrieved, and blocked endogenous peroxidase
and nonspecific protein binding as above. Then slides
were incubated with corresponding primary antibodies
in a humidified chamber overnight at 4° C. Slides were
then washed 3 times with PBS before they were
incubated with Cy3/FITC-conjugated goat anti-rabbit
IgG secondary antibody (GB23303, Wuhan Servicebio
Technology, 1:500) for 1 hour at 4° C in darkness.
Next, slides were stained with 4’°,6-diamidino-2-
phenylindole (DAPI) to visualize the nuclei. Finally,
slides were sealed by anti-fluorescence quenching seal
tablet (G1401, Wuhan Servicebio Technology) before
they were observed and imaged under a laser scanning
confocal microscope (NIKON ECLIPSE C1, Nikon
Corporation, Japan) and an imaging system (NIKON
DS-U3, Nikon Corporation, Japan). Antibodies used for
immunofluorescent staining were: Gal-9 antibody
(#54330, Cell Signaling Technology; 1:400), CD68
antibody (GB13063-1, Wuhan Servicebio Technology,
1:2000), Glypican 3 (GPC3) antibody (ab95363,
Abcam, 1:100), CD163 antibody (Ab156769, Abcam,
1:150) and CD206 antibody (GB13438, Wuhan
Servicebio Technology, 1:2000).

Evaluation of immunofluorescent staining

Pearson’s correlation coefficient (PCC) was acquired in
region of interest (ROI). The number “1” represents
perfect correlation (protein B is necessary where protein
A is present); the number “-1” represents complete
exclusion (protein B is absent where protein A is
present), and zero represents random relationship
(protein A and protein B are randomly distributed, no
correlation). Scatterplot analysis was also displayed in a
2D intensity histogram.
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