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Abstract: Background & Aims: Different immune cells in tumor microenvironment shape tumor progression. CCL20
over-expression was reported as one of the “stemness” trait in TP53 mutated hepatocellular carcinoma (HCC). We
aimed to understand the effect of CCL20 on HCC progression. Methods: In two HCC cohort patients (n=95, n=85
respectively), serum CCL20 concentration was quantified by using ELISA. Expressions of CCL20 and CCR6 in 41
paired HCC tumor and adjacent non-tumor tissues were determined by quantitative Real-Time PCR, confirmed by
immunohistochemistry (CCL20) or by flow cytometry analysis (CCR6). Chemotaxis of splenocytes or purified CD19* B
cells to tumor cell-derived CCL20, and angiogenesis of different CD19* B subtypes responding to tumor cell-derived
CCL20 were measured in vitro. H22 murine hepatoma cells were inoculated into immunocompetent or immuno-
deficient SCID mice, tumor growth and metastasis were monitored after the mice were treated with anti-CCL20
neutralizing antibody or depleted B cells by anti-CD20. Results: Elevation of pretherapy serum CCL20 in HCC pa-
tients and increase of CCR6 expression in HCC tissues were closely associated with tumor metastasis and disease
poor prognosis. In HCC tissues, CCL20 expression was positively correlated with CCR6 (R?=0.3134, P=0.0002),
and CCR6 was exclusively identified in tumor infiltrated immune cells. CD19*CD5* B lymphocytes expressed higher
CCR®6, responded to tumor cell-derived CCL20 and enhanced angiogenesis in vitro. Neutralizing CCL20 activity in
immunocompetent mice, not in SCID mice, attenuated tumor incidence, restrained tumor growth and distal me-
tastasis. Tumor angiogenesis was significantly inhibited after CCL20 activity was blockade. In addition, inhibiting
B lymphocyte infiltration into tumor mileum also attenuated tumor growth. Conclusions: Tumor cell-derived CCL20
interacts with CCR6 highly expressed CD19*CD5* B cells, to promote HCC progression, which might be via enhanc-
ing angiogenesis.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common cancers with a poor outcome as
lack of treatment options. Currently, hepatic
resection is still the mainstay of curative treat-
ment for HCC which is confined to the liver with
satisfactory liver function [1]. However, recur-
rence rate can be as high as 80% of Asian
patients within 5 years after resection [2].

Several prediction models for recurrence risk
assessment based on the tumor gene signa-
tures have been developed. In the latest decade
several studies demonstrated that the gene sig-
natures both from HCC tumorous tissues and
from tumor-adjacent tissues were significantly
associated with the patients’ progression [3, 4].
Among them, the gene signatures in the tumor
microenvironment related to immune respons-
es and inflammation were found mostly related
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to the disease progression [5, 6]. Chemokines
are critical both in physiological and inflamma-
tory conditions to direct the mobilization of leu-
kocytes via interacting with their related che-
mokine receptors expressed on different cell
types [7]. CCL20, named as liver and activa-
tion-regulated chemokine (LARC), or macro-
phage inflammatory protein-3a (MIP-3x), or
Exodus-1 previously, is one of the CC chemo-
kines expressed in several tissues and differ-
ent cell types. In HCC, CCL20 over-expression
was reported as one of the “stemness” trait in
TP53 mutated HCC [8]. Some studies reported
that CCL20 could promote the HCC cell prolif-
eration and migration by inducing epithelial-
mesenchymal transition-like changes via PI3K/
PKB and Wnt/B-catenin pathways [9]. In addi-
tion to the direct effect of CCL20 on the tumor
cells, very recent study reported that HCC mes-
enchymal cell-derived CCL20 induced the mo-
nocyte-derived macrophages to express indo-
leamine 2,3-dioxygenase (IDO), which support-
ed HCC progression via establishing an immu-
nosuppressive tumor microenvironment [10].
Therefore, the HCC progression could be influ-
enced significantly by the infiltrated immune
cells in response to HCC-derived CCL20.

In the tumor microenvironment there were a
large amount of heterogeneous immune cells
that displayed different effects to shaped the
tumor growth and diseases progression [11].
CCR6 is the sole selective chemokine receptor
for CCL20. The interaction of CCL20 and CCR6
gave rise to different biological consequences
in homeostasis and pathology as the involve-
ment of distinct CCR6-expressing cells, includ-
ing immature dendritic cells, effector/memory
T cells, B cells, and NK cells [12]. In addition to
the tumor-associated macrophages, the effects
of B lymphocytes on tumor development had
been documented recently [13-15]. The effect
of blocking CCL20 activity on HCC growth and
metastasis in vivo is still unknown. In the cur-
rent study, we found that HCC cells-derived
CCL20 could promote HCC progression via
recruiting CCR6-expressed B lymphocytes,
especially the CD19*CD5* B cells. Blockade of
CCL20 activity restrained the HCC growth and
metastasis in the immunocompetent mice.
Elevated pretherapy serum CCL20 in HCC
patients might be a potential target for HCC
relapse intervention.
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Materials and methods
Ethics statement

All samples were collected with informed con-
sent from patients, and all related procedures
were performed with the approval of the In-
stitutional Ethics Committee of Cancer Hospital,
Chinese Academy of Medical Sciences in Bei-
jing (CH-CAMS, CH-BMS-002). All procedures
involving mice were approved by the Institu-
tional Animal Care and Use Committee at
CH-CAMS (NCC2014A011).

Patients and specimens

Two HCC cohort of 180 patients from CH-CAMS
(n=95) and Henan Provincial Cancer Hospital
(n=85) as described previously were included
in the study [16, 17]. Their pretherapy serum
samples were stored in -80°C and the patients
with lung metastasis or intrahepatic recurrence
with vascular invasion were defined as HCC
metastasis. In addition, 6 cases of normal
hepatic tissues were obtained from Beijing
YouAn Hospital, Capital Medical University.

Mice and cell lines

C57BL/6 mice, Balb/C mice and severe com-
bined immune deficiency (SCID) mice were all
purchased from Beijing HFK Bioscience, Chi-
nese Academy of Sciences. Human HCC cell
lines MHCC97L and MHCC9O7H were generous-
ly provided by Dr. Ran (Chinese Academy of
Medical Sciences, Beijing); HepG2, Hep3B and
mouse hepatoma cell line Hepal-6 were pur-
chased from ATCC, USA. HCC cell line Huh?7,
7703, mouse hepatoma H22 cell line and
human umbilical vein endothelial cells (HUVEC)
were purchased from Type Culture Collection of
Chinese Academy of Science, Shanghai, China.
Cells were cultured in Dulbecco’s Modified
Eagle’'s Medium (DMEM) or RPMI-1640 medi-
um supplemented with 10% fetal bovine serum
(Hyclone).

Determination of CCL20 expression and pro-
duction

Serum levels of CCL20 in HCC patients and the
concentrations in cell supernatant were mea-
sured using ELISA kits purchased from Wuhan
USCN, China, according to the manufacturer’s
instructions. CCL20 transcriptional levels were
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determined by quantitative Real-Time PCR
(QRT-PCR) using SYBR Green reagent (TakaRa)
in a 7500 Fast Real-Time PCR system (Life
Technology). The primer sequences were pro-
vided in Supplementary Table 1. Immunohis-
tochemistry (IHC) of rabbit anti-human CCL20
polyclonal antibodies (PeproTech, Cat. #500-
PO95A) was used to determine CCL20 expres-
sion in HCC tissues according to the manufac-
turer’'s instructions. Briefly, deparaffinized
tissue sections were treated by 3% hydrogen
peroxide after antigen retrieval in 0.01 M citrate
buffer, at pH 6, for 15 min. The sections were
blocked by using normal goat and rabbit serum
mixture for 30 min and then incubated with
anti-CCL20 polyclonal antibodies at 4°C over-
night. After washing, the section were then
stained with VECTASTAIN Elite ABC system
(Vector Labs) and colored with 3-amino-9-
ethylcarbazole.

Immunohistochemistry (IHC)

For CD19 staining in human HCC samples, the
antigens were retrieved in 0.01 M Tris/EDTA
buffer (pH 9.0) for 15 min, followed by treat-
ment with the alkaline phosphatase (AP) inhibi-
tor (Biodragon, Beijing, China) for 15 min.
Specimens were incubated at 4°C with 1:50
diluted mouse anti-human CD19 monoclonal
antibody (ZSGB-Bio, Beijing, China) overnight.
The sections were then incubated with com-
mercially optimized AP-labeled goat anti-mouse
IgG antibody at room temperature for 30 min
and colored with AP-Red solution for 12 min (all
reagents from ZSGB-Bio, Beijing, China). For
CD31 staining in human HCC samples and
mouse lung tissues, specimens were incubated
at 4°C with 1:100 diluted rabbit anti-human
and mouse CD31 polyclonal antibody (Abcam)
overnight. The sections were then incubated
with horseradish peroxidase (HRP)-conjugated
goat anti-rabbit antibody and colored with 3,
3’-diaminobenzidine (DAB) solution (all reagents
from ZSGB-Bio, Beijing, China). These sections
were scanned and analyzed by Aperio Scan-
scope and Console software version 12 (Aperio
Technologies).

Determination of CCR6 by flow cytometry
(FCM)

CCR6 transcriptional levels in HCC tissues were

determined by qRT-PCR using SYBR Green
reagent (TaKaRa) with the primers provided in
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Supplementary Table 1. To investigate the
CCRG6 expression on different cell population in

the HCC tissues, 5x10° single cells from fresh
sectioned HCC tissues were prepared as our
previous report [17] and double stained with
FITC-conjugated mouse anti-human CD45 and
PE-conjugated mouse anti-human CCR6 anti-
bodies (eBioscience). To detect the expression
of CCR6 on different cell lines, PE-conjugated
mouse anti-human CCR6 or PE-conjugated
Armenian hamster anti-mouse CCR6 antibody
(BioLegend) was added into 1x10° single cell
suspension. To analyze the expression of CCR6
on different murine B cell subsets, 1x10° single
splenocytes were prepared and triple stained
with PE-conjugated rat anti-mouse CD19, FITC-
conjugated rat anti-mouse CD5 and APC-
conjugated Armenian hamster anti-mouse CC-
R6 antibodies (all from BioLegend). All the Data
were acquired in LSR-Il (BD Biosciences) and
analyzed by using Flowjo software.

Chemotaxis assay on tumor cell-derived CCL20

Tumor conditioned medium (TCM) collected
from murine hepatoma cell line H22 or normal
culture medium was treated with 10 pg/ml rat
anti-mouse CCL20 neutralizing antibodies
(R&D systems) or rat IgG, at 37°C for 30 min-
utes. In lower chambers of transwells (5 um
pore size, Corning), 600 ul treated medium
were added, and in upper chambers, 1x10°
whole splenocytes or sorted CD19* B cells in
100 pl culture medium were added. Each con-
dition was triplicated. The cells with medium
alone was used as spontaneous migration.
After incubation at 37°C for 2 hours, the migrat-
ed cells in the lower chambers were collected,
counted and double-stained with FITC-con-
jugated rat anti-mouse B220 (eBioscience) and
PE-conjugated Armenian hamster anti-mouse
CD3 antibodies (BioLegend) or with FITC-
conjugated rat anti-mouse CD5 antibody when
sorted CD19* B cells were added. The stained
cells were analyzed by using FCM.

Cell sorting and tube formation assay

Splenocytes from Balb/c mouse were stained
with PE-conjugated rat anti-mouse CD19 and
sorted for CD19* cells by using FACS Aria Ill (BD
Biosciences). 1x10% CD19* B cells in 100 ul
were plated in the upper chamber of a transwell
(5 um pore size) and 600 ul condition medium
of H22 cells with 50 ng/ml mouse recombined
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Figure 1. Expression of CCL20 in HCC patients and disease metastasis. A. CCL20 mRNA expression was measured
by gqRT-PCR in 41 pairs of HCC (Tu) and matched adjacent no-tumor (Para) tissues, and healthy hepatic (Donor)
tissues from 6 liver donors. Ubiquitin mRNA served as an internal control. B. Representative CCL20 staining by
using immunohistochemistry in HCC tumor tissues and adjacent no-tumor tissues. C. CCL20 concentration in the
pre-therapy serum of 95 HCC cases from CH-CAMS were determined by ELISA. After being followed for 3 years, 50
cases had metastasis (Meta) and 45 cases did not have metastasis (No-Meta). D. Kaplan-Meier estimated patients’
disease-free survival based on the mean value of serum CCL20 levels in the CH-CAMS cohort (95 cases). E. Kaplan-
Meier estimated patients’ overall survival based on the mean value of serum CCL20 levels and tumor size in two
combined cohorts from CH-CAMS (95 cases) and from Henan Cancer Provincial Hospital (85 cases) with a median
follow-up period of 19 months. G1: tumor size <5 cm in diameter and serum CCL20< mean; G2: tumor size >5 cm
in diameter or serum CCL20> mean; G3: tumor size >5 cm in diameter and serum CCL20> mean. The P=0.026 by
log rang test. Data were presented as mean + SD.

CCL20 protein (PeproTech) were added into the
lower chamber. After incubation at 37°C for 2
hours, the cells from upper and lower chamber
were collected, respectively. For tube formation
assay, 3x10* HUVEC were mixed with the sort-
ed CD19* B cells, or with the lower chamber B
cells or with the upper chamber B cells at 1:1
ratio, respectively. The cell mixtures in 100 pl
DMEM medium containing 5% FBS were then
plated onto the neutralized collagen. After
being cultured for 16 hours the cells were fixed
with 4% paraformaldehyde for 10 min, washed,
and analyzed under an inverted light micro-
scope (Leica). Closed networks of vessel-like
tubes were counted from each well [14, 15].
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Monitor the tumor growth and metastasis in
vivo

To determine the effect of secreted CCL20 on
tumor growth, 1x10° Hepal-6 cells in 100
PBS solution with or without 150 ng recom-
bined murine CCL20 protein were injected sub-
cutaneously into male C57BL/6 mice (6 weeks
old). On the day 7, day 14, and day 21 after
tumor cell injection, 20 ul saline containing 150
ng recombinant CCL20 protein or 150 ng BSA
was injected into the tumor bed of each mouse
respectively.

To determine the tumor cell growth after block-
ing the CCL20, 5x10* H22 cells in 50 ul PBS

Am J Cancer Res 2017;7(5):1151-1163
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solution with 50 pg rat IgG, or rat anti-mouse
CCL20 neutralizing antibodies were inoculated
subcutaneously into male Balb/C mice or SCID
mice, respectively. Tumor size was measured
every 3-5 days. The tumor volume was calcu-
lated by lengthxwidth?x0.5 [18].

To determine the tumor growth after blocking
the B cells infiltration, 5x10* H22 cells in 50 pl
PBS were injected into left lateral lobe of the
liver of Balb/C mice. One and three days after
tumor cell inoculation, each mouse received 50
pg rat 1gG, orrat anti-CD20 neutralizing anti-
bodies through intraperitoneal injection. Liver
nodules were quantified on day 10.

To determine the tumor cell metastasis after
blocking the CCL20, 1x10° H22 cells in 0.2 ml
PBS were intravenously inoculated into the
Balb/C mice. On the day 1 and day 4 after the
H22 tumor cell inoculation, each mouse re-
ceived 100 pg rat IgG, or rat anti-CCL20 neu-
tralizing antibodies through intraperitoneal
injection. Lung metastasis nodules were quan-
tified on day 21, and the lung tissues were fixed
in formalin. The sectioned tissues were stained
with haematoxylin and eosin. Microvescular
density in metastatic tumors was determined
by staining of CD31.

Statistical analysis

All statistical analyses were performed using
SPSS 18.0. Student t tests and ANOVA analysis
were used to compare the paired data and data
of multiple groups, respectively. Mann-Whitney
U tests were conducted to compare the non-
parametric data. Categorical data were com-
pared by using x? tests or Fisher’s exact tests.
Pearson’s correlation tests were used to exam-
ine the associations between the expression
levels of CCL20 and CCR6. Log-rank tests were
used to determine significance of survival data
in the Kaplan-Meier curve. A P-value of less
than 0.05 was considered to be statistically
significant.

Results
HCC tumor tissues over produce CCL20

CCL20 can be constitutively produced in low
levels by various cell types including hepato-
cyte and inflammatory cells [19]. To confirm the
over-production in the HCC cells, we analyzed
the CCL20 mRNA transcription by using qRT-
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PCR in 41 pairs of HCC and adjacent non-tumor
tissues, that were derived from CH-CAMS
cohort, and normal hepatic tissues from 6
healthy donors. Compared to the healthy livers,
both the tumorous and adjacent non-tumor tis-
sues showed higher expression of CCL20 (Fi-
gure 1A). Nevertheless, CCL20 expressing lev-
els were significantly increased in tumorous tis-
sues than in non-tumor tissues (Figure 1A). By
using immunohistochemistry (IHC) staining we
found that CCL20-positive cells were mainly
recognized in the tumorous tissues (n=15) and
some of the HCC cells were highly stained with
anti-CCL20 antibodies. CCL20-positive cells
were negligibly distributed within the no-tumor
tissues (Figure 1B).

We then quantified the pretherapy serum
CCL20 levels in 95 HCC patients who received
curative hepatectomy in the CH-CAMS. Fifty
patients had metastasis after being followed
for 3 years. Their CCL20 serum levels showed
significantly higher than those without the
metastasis (Figure 1C). By using the mean con-
centration of the CCL20 in all the HCC patients,
we found that the disease free survival rate in
the cases with higher levels of serum CCL20
was significantly lower than in those with lower
levels of serum CCL20 (Figure 1D).

To validate the effect of CCL20 on HCC progres-
sion we determined the serum CCL20 concen-
tration in another HCC cohort from Henan
Provincial Cancer Hospital and analyzed the
overall survival in all the HCC patients. The
patients with higher serum CCL20 concentra-
tion showed substantially worse overall survival
than those with lower serum CCL20 concentra-
tion (Figure 1E). These data suggested that
overproduction of CCL20 in HCC greatly affect-
ed the disease progression.

CCL20 expression in HCC is positively corre-
lated with the infiltration of CCR6-positive cells

When we cultured the HCC cell lines (Hep3B,
HepG2 and Huh7), and murine hepatoma cell
lines (Hepal-6, H22) in the presence or ab-
sence of recombined CCL20 protein, we found
no significant differences in cell migration and
proliferation (data not shown). We also observed
no differences in the cell proliferation and
migration after the neutralizing antibodies
against CCL20 were added in the cell culture

medium (Supplementary Figure 1). These data

Am J Cancer Res 2017;7(5):1151-1163
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Figure 2. Expressions of CCR6 in HCC tissues and disease metastasis. A. Expression of CCR6 in HCC tissues ana-
lyzed by FCM after the single cells were prepared. Representatives of six independent patients. B. Pearson’s analy-
sis of correlation between CCL20 and CCR6 mRNA expression levels determined by gRT-PCR in 41 HCC cases. C.
CCR6 mRNA expression levels were determined by qRT-PCR in 41 HCC cases with (n=20) or without (n=21) metas-
tasis. Ubiquitin mRNA served as an internal control. Meta: metastasis; No-Meta: non-metastasis. D. Kaplan-Meier
estimates patients’ disease-free survival (DFS) based on the mean value of CCR6 levels, with a median follow-up

period of 20 months. Data were presented as mean * SD.

indicated that the direct effect of CCL20 on
tumor cell might be subtle.

CCR®6 is the exclusive high affinity receptor for
CCL20, we then examined the expression of
CCR6 in HCC cell lines, murine hepatoma cell
lines and the human HCC tissues. All the tumor
cells showed negligible expression of CCR6
(Figure 2A and Supplementary Figure 2). In-
stead, CCR6 were mainly detected on the
CD45-positive intrahepatic immune cells of
HCC tissues (Figure 2A). We therefore hypoth-
esized that the tumor cell-derived CCL20 sup-
ported HCC progression through recruiting dif-
ferent types of immune cells. To validate the
effect of tumor cell-derived CCL20 in recruiting
CCR6-expressing immune cells that in turn sup-
ported the HCC progression, we evaluated the
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correlation between CCL20 and CCR6 in the
aforementioned 41 HCC tissues. Pearson’s
analysis showed that CCL20 expression was
positively correlated with the CCR6 in HCC
tumor tissues (R?=0.3134, P=0.0002) (Figure
2B). To generalize the association of CCR6 and
CCL20 in HCC, we further examined the corre-
lation of CCL20 and CCR6 gene expression
data in large cohorts of HCC patients, which are
available from the public database (GSE9843,
GSE14520, GSE16757 and GSE25097). In all
the data sets, CCR6 expression was found
significantly correlated with that of CCL20

(Supplementary Figure 3).

Further analysis conducted in the aforemen-
tioned 41 tumor tissues indicated that the HCC
patients with distal metastasis had higher lev-

Am J Cancer Res 2017;7(5):1151-1163
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(A) Tumor conditioned medium from murine hepatoma cell line H22 was
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same amount of rat IgG, (isotype) for 30 minutes. The chemotaxis assay on
murine splenocytes was then conducted for 2 hours by using a transwell
with 5-um pore size. The numbers of migrated cells in the lower chambers
were collected, counted and stained with FITC-conjugated B220 and PE-con-
jugated CD3 for FCM analysis. Normal culture medium with cells only was
used as spontaneous migration. Data were presented as the fold changes
related to the spontaneous migration. Experiments were repeated twice. (B)
The splenocytes were stained with PE-conjugated CD19, FITC-conjugated
CD5 and APC-conjugated CCR6 and analyzed by FCM (left panel). Data were
the representatives of 3 independent experiments. The splenocytes stained
with PE-conjugated CD19 and FITC-conjugated CD5 were sorted into 3 popu-
lation: CD19*CD5*, CD19*CD5, and CD19CD5* by FACS Aria Il. The CCR6
mMRNA expression was quantified by qRT-PCR (right panel). (C) The CD19* B
cells were sorted from splenocytes and chemotaxis assay was conducted as
described in (A). The numbers of migrated cells in the lower chambers were
collected and counted and stained with FITC-conjugated CD5 for FACS analy-
sis. Data were presented as mean * SD. *, P<0.05; **, P<0.001.

els of CCR6 expression than those without
metastasis (Figure 2C). Using the mean ex-
pressing levels of CCR6 from all the HCC
patients we found that the patients with
increased infiltration of CCR6-expressed cells
in HCC tissues showed a poorer prognosis
(Figure 2D). These results indicated that
increased infiltration of CCR6* immune cells in
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response to tumor cell-deri-
ved CCL20 supported the
HCC progression.

Blocking tumor cell derived-
CCL20 inhibits the recruit-
ment of CD19*CD5* B
lymphocytes

It was found that CCR6* B
cells could enter inflamed tis-
sues in which CCL20 expre-
ssed [20]. To investigate the
role of CCR6* B cells in res-
ponse to the tumor cell-
derived CCL20, we conducted
a chemotaxis assay on murine
splenocytes. The murine he-
patoma H22 cell line was
found to constitutively pro-
duce certain amount of CC-
L20 (Supplementary Figure
4). When tumor conditioned
medium was treated with
anti-CCL20 neutralizing anti-
bodies, the migration of B lym-
phocytes was significantly
inhibited. However, the per-
centage of recruited CD3-
positive cells increased to
some extent (Figure 3A).

Several studies have docu-
mented the important roles of
B lymphocytes in promoting
cancer progression [13, 14].
Recently, it was found that
CD19*CD5* B cells increased
significantly in tumors and
this subset of B cells promot-
ed the tumor growth [14]. We
then determined the CCR6
expression on this subset of B
cells. FACS analysis of mouse
splenocytes showed that the

CCRG6 expression level in CD19*CD5* cells was
significantly higher than that of CD19*CD5"
B cells (Figure 3B). We also sorted the CD19*
CD5*, CD19*CD5, and CD19CD5* cells and
quantified their CCR6 mRNA levels. qRT-PCR
analysis showed that the CD19*CD5* B cells
had higher CCR6 mRNA levels than other two
cell population (Figure 3B).

Am J Cancer Res 2017;7(5):1151-1163
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We further sorted the CD19* B cells and con-
ducted the chemotaxis assay using the tumor
conditioned medium collected from H22 cells.
When CCL20 activity was blocked by anti-
CCL20 neutralizing antibodies, the migration of
CD19*CD5* B cells was more dramatically
inhibited than that of the CD19*CD5 B cells
(Figure 3C). These data indicated that CD19*
CD5* B cell subset was an important responder
to the tumor cell-derived CCL20 to support the
HCC development.

CCL20 responding B cells support the angio-
genesis

HCC is typically a hypervascular tumor, and
microvescular invasion is the most important
risk factor for HCC distal metastasis [21]. We
then analyzed the angiogenesis capacity of B
cells that were recruited to the tumor condi-
tioned medium containing CCL20. The sorted
CD19" B cells were added into the upper cham-
ber of a transwell in the tumor conditioned
medium for 2 hours, and the migrated B cells in
the low chamber or un-migrated B cells in the
upper chambers were then co-cultured with
HUVEC cells for 16 hours. The tube numbers of
the HUVEC co-cultured with the migrated B
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cells was significantly higher than that of HUVEC
with the un-migrated upper chamber B or with
total CD19* B cells (Figure 4). This result indi-
cated that the CCL20 responding B cells had
higher capacities to support the angiogenesis.

Neutralizing CCL20 activities in immunocom-
petent but not in SCID mice inhibits tumor
growth and metastasis

We then analyzed the effect of CCL20 on tumor
growth and metastasis in vivo. After the H22
cells were inoculated into Balb/C mice via sub-
cutaneous injection, each mouse received 50
pg rat anti-mouse CCL20 neutralizing antibod-
ies (n=8), or the same amount of rat IgG, (n=12)
twice in the first week. Twenty days after the
tumor cell injection, all the mice without any
treatment (n=5, data not shown) and 11/12
(91.7%) mice that received the rat IgG, devel-
oped tumors. However, only 4 of 8 mice (50%)
that received anti-mouse CCL20 neutralizing
antibodies developed tumors. Tumor growth in
the anti-CCL20 antibody treated mice was
slower compared with those received the rat
IgG, (Figure 5A). In the SCID mice, which have
no T cells and B cells, the tumor incidence rate
and tumor volume had marginal difference
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Figure 5. Blockade of CCL20 attenuates the tumor growth and metastasis in immunocompetent mice. A. 5x10*
H22 cells in 50 pl PBS were subcutaneously injected into Balb/C mice and treated with 50 ug anti-CCL20 neutral-
izing antibodies or rat IgG, (as isotype control) twice in the first week after inoculation. Tumor incidence rate (left
panel) and tumor volume (right panel) were shown for the group of mice (n=12 for rat IgG, group and n=8 for anti-
CCL20 group). B. 5x10* H22 cells in 50 ul PBS were subcutaneously implanted into SCID mice and treated with 50
pg anti-CCL20 neutralizing antibodies or rat IgG, twice in the first week after inoculation. Tumor incidence rate (left
panel) and tumor volume (right panel) were shown for the group of mice (n=10 for rat IgG, and n=8 for anti-CCL20
group). C. Representatives images of the lung histology of Balb/C mice that received 1x10° H22 cells in 0.2 m| PBS
through intravenous injection and treated with 100 pg anti-CCL20 neutralizing antibodies or rat IgG, (as isotype con-
trol) twice in the first week. Scale bars, 400 uym (left panel). The numbers of metastatic nodules in the lungs were
shown for the group of mice (right panel, n=5 for each group). NS: No significant difference. D. Representative of
CD31 immunohistochemistry staining in lung tissues of the mice that were treated with rat IgG, or with anti-CCL20
neutralizing antibodies. Tu: tumor nodule. Scale bars, 100 ym. E. 1x10° Hepa1-6 cells in 100 pl PBS were subcu-
taneously injected into C57BL/6 mice, then the mice were treated with 150 ng BSA in 20 pl saline or with 150 ng
recombined murine CCL20 protein in 20 pl saline every week. The tumors at indicated time points were measured
for each mice (n=5 for saline group and n=6 for CCL20 group). Data were presented as mean + SEM. *, P<0.05.

between IgG, treated group (n=10) and anti- dramatically decreased compared with the
CCL20 antibody treated group (n=8) (Figure mice that received the rat I1gG, (Figure 5C). We
5B). observed no effect of the anti-CCL20 neutraliz-
ing antibodies in decreasing the tumor metas-
We also investigated the tumor metastasis tasis in the SCID mice (Supplementary Figure
after blocking the CCL20 activities. After H22 5)
cells were injected into Balb/C mice intrave-
nously (DO), each mouse received 100 pg rat As the capacity of the CCL20 responding B cells
anti-mouse CCL20 neutralizing antibodies on in supporting angiogenesis, we then analyzed
D1 and D4 (n=5) or the rat IgG, (n=5) at the the microvescular density in lung metastatic
same time points. On D28, all the mice received tissues from the mice that received rat IgG, or
rat IgG, or the mice without any treatment (n=5, anti-CCL20 neutralizing antibodies. The CD31
data not shown) developed lung metastasis. staining in the lung tissues from anti-CCL20
However, only 3 mice (60%) which received the antibody treated group decreased apparently
anti-CCL20 neutralizing antibodies displayed compared with the rat IgG, treated group
the surface lesions in the lungs. Quantification (Figure 5D). To eliminate the effect of subtle
of the surface lesions in the lungs showed the amount of CCL20 produced by some other cells
tumor numbers and tumor size in the mice that on tumor growth, we used another murine hep-
received anti-CCL20 neutralizing antibodies atoma cell line, Hepal-6 cells that had unde-
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Figure 6. Depletion of B lymphocytes attenuates the
tumor growth in immunocompetent mice. A. Repre-
sentative image of gross liver of Balb/C mice. A total
of 5x10* H22 cells in 50 ul PBS were injected into
left lateral lobe of the livers of Balb/C mice. Each
mouse received 50 pg rat anti-mouse CD20 (n=4)
via intraperitoneal injection on D1 and D4, respec-
tively. Same amount of rat IgG, (n=6) were injected
at the same time points as a control. All the mice
were sacrificed at D10 and the liver tumor nodules
were quantified. Scale bars, 0.5 mm. B. The num-
bers of tumor nodules in the liver were shown for the
groups of mice (n=6 for control group and n=4 for
anti-CD20 neutralizing antibodies treated group).

tectable CCL20 secretion (Supplementary Fi-
gure 4), to confirm our findings. After the Hepal-
6 cells being injected subcutaneously into syn-
geneic C57BL/6 mice, 150 ng recombinant
CCL20 protein (n=6) or 150 ng BSA in 20 ul
saline (h=5) was injected into the tumor bed
once a week for three weeks. In the mice that
received the BSA/saline, detectable tumor
mass formed in 5-7 days after Hepal-6 cell
injection and peaked in 10-12 days. The formed
tumors decreased gradually in size after day
12-14 and vanished within 28 days. This tumor
growth trend was also observed in the mice
without any treatment (data not shown).
However, in the mice that received the same
amount of CCL20/saline, the tumor growth was
stable in the mice (Figure 5E).

Depletion of B lymphocyte infiltrating in immu-
nocompetent mice attenuates tumor growth

Several types of immune cells have been docu-
mented to express CCRG6, including T cells, B
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cells, macrophages and NK cells [10, 12]. To
confirm the effect of B cells in promoting liver
cancer, we injected H22 hepatoma cells into
left lateral lobe of the livers of Balb/C mice to
mimic the tumor mileum of HCC development.
When the B cells were depleted by using anti-
CD20 neutralizing antibodies (n=4), tumor
growth was significantly inhibited compared
with that in the mice that received the rat IgG,
(n=6) isotype (Figure 6). This data suggested
blocking the B cells that response to tumor
secreted CCL20 could attenuate HCC growth in
vivo.

To further confirm the effect of infiltrated B
cells in supporting angiogenesis for HCC pro-
gression, in human HCC tissues (n=13), we
stained the markers of B cells (CD19) and blood
vessels (CD31). Analysis under microscopy
showed that CD19* B cells tended to accumu-
late around microvessels instead of distribut-
ing evenly throughout the tumor tissues

(Supplementary Figure 6).

Discussion

Chemokines generated by infiltrating leuko-
cytes, resident stromal cells or tumor cells are
important mediators in tumor progression.
These soluble molecules are able to guide the
infiltration of different types of leukocytes that
shape the tumor growth [11, 22]. In this study,
we found that CCL20 was significantly up-regu-
lated in most of HCC tissues and elevation of
pretherapy serum CCL20 was closely associat-
ed with tumor metastasis and patient survival
times. HCC cell-derived CCL20 was able to
recruit CCR6-expressing CD19*CD5* B lympho-
cytes, which in turn supported the tumor pro-
gression through enhancing angiogenesis. HCC
growth and metastasis were inhibited signifi-
cantly after blocking CCL20 activity in the
immunocompetent mice but not in the immu-
nodeficient mice. Malignant transformed hepa-
tocytes were an important source of elevated
serum CCL20 in HCC patients and elevation of
pretherapy serum CCL20 might be a potential
marker for HCC progression prediction and a
potential target for HCC relapse intervention.

Several studies documented that both tumor
cells and tumor-associated macrophages were
able to produce CCL20 in vivo [12, 23-25]. Our
previously study found that the up-regulation of
CCL20 was associated with the mutation of
TP53 and the over-expression of CCL20 was
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one of the “stemness” trait in HCC [8]. In the
present study, we found that CCL20 was signifi-
cantly up-regulated in most HCC tissues and
some of the HCC cells were highly stained of
CCL20. It is unclear how the CCL20 affects the
disease progression. In cell culture system we
found slight effects of CCL20 directly on cell
proliferation and metastasis. Expression of
CCR®6, the sole selective chemokine receptor
for CCL20, was detected negligibly on the HCC
tumor cells. We therefore hypothesized that the
HCC cell-derived CCL20 affected the HCC pro-
gression through recruiting CCR6-expressing
leukocytes which in turn affected the disease
progression. Indeed, the CD45-positive intra-
hepatic immune cells of HCC tissues were
found to be the dominant CCR6-expressing
cells. Moreover, both our results and public
gene expression profiling data of large HCC
patient cohorts (GSE9843, GSE14520, GSE-
16757 and GSE25097) demonstrated positive
correlation between the expression of CCR6
and CCL20. The HCC tissues with metastatic
potential and adverse outcome showed higher
CCR6-expressing levels than the non-metastat-
ic cases. Notably, a study from Liang’'s group
reported that monocyte-derived macrophages
in response to the HCC cell-derived CCL20 sup-
pressed the proliferation of effector T cells and
promoted the expansion of immunosuppres-
sive regulatory T cells to accelerate the tumor
metastasis via HIF-1a/CCL20/IDO axis [10].

In addition to the macrophages, CCR6 has
been confirmed to be expressed on the effec-
tor/memory T cells, B cells, and NK cells [12].
The presence of “ectopic lymphoid-like struc-
tures (ELS)”, which contained heterogeneous
immune cells, has been widely observed in dif-
ferent cancers [26]. The poor prognosis of HCC
was found closely associated with higher den-
sity of ELS, which facilitated the malignant
hepatocyte progenitor cells by providing a cel-
lular and cytokine milieu for tumor survival and
proliferation [27]. Our results presented here
demonstrated that the recruitment of B cells by
tumor conditioned medium was dramatically
inhibited by anti-CCL20 neutralizing antibodies,
indicating that the B leukocytes were important
responders to the HCC tumor cell-derived
CCL20. Oncogenic potential of B cell malignan-
cies had been reported to be promoted by CD5
and STAT3 feed-forward loop [14]. This was
consistent with our results which showed that
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the expression of CCR6 were apparently up-
regulated in CD19*CD5* B cell subset com-
pared with the CD19*CD5 B cells or CD19
cells. When the CCL20 activity was blocked,
the recruitment of CD19*CD5* B cells was
mainly inhibited, while it showed moderate
effect on CD19*CD5' B cells, indicating that the
CD19*CD5" B cell subset was an important
responder to the tumor cell-derived CCL20.

Tumor associated B cells were found to contrib-
ute to tumor development through promoting
tumor angiogenesis [15]. Our angiogenesis
assays showed that CCL20 responding B cells
effectively facilitated the angiogenesis com-
pared with the CCL20 non-responding B cells.
After blocking the CCL20 activities in vivo tumor
metastasis was inhibited, meanwhile the angio-
genesis in tumor metastatic lung tissues was
also reduced. Our current study by using the
wild type immuno-component mice and the
SCID mice, which have intact myeloid linage
(microphage, dendritic cells and granulocytes)
but deficient in T and B cells, showed that the
CCL20 activity was mainly affected in the
immuno-component but not in the SCID mice.
Moreover, depletion of B cells also suppressed
the orthotopical growth of CCL20 expressed
hepatoma. These results indicated the poten-
tial effect by manipulating all the immune cells
in the tumor microenvironment to shaped the
tumor growth in patients.

We observed that tumor-adjacent tissues had
also increased CCL20 expression compared to
the normal hepatic tissues. The reasons might
be due to the infiltrated inflammatory cells, and
the intrinsic changes in the tumor-adjacent
hepatocytes. Several studies reported that
variety of transcriptional factors including
NF-kB could bind to the CCL20 promoter region
and mediate its transcription [28]. Therefore,
the intrinsic genetic lesion that induced the
hepatocyte malignant transformation, such as
the TP53 mutation, NF-kB activation, led to the
upregulation of CCL20. The stem-cell-like can-
cer cells presented in the tumor-adjacent tis-
sues which up-regulated expression of CCL20
might also be the potential seeds for tumor
growth and metastasis.

In summary, the results from our current study
indicated that HCC-derived CCL20 were able to
recruit the CCR6-expressing CD5" B cells,
which in turn affected the disease progression.
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Blockade of the interaction of CCL20 with CCR6
warranted further investigation as a potential
therapeutic target and HCC relapse inter-
vention.
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Supplementary Table 1. RT-PCR primers

RT-PCR primers Sequences

Ubiqutin F ACTCGTTGCATAAATTTGCGCTC
Ubiqutin R CGAAGATCTGCATTTTGACCTGTT
CCL20 F TGCTGTACCAAGAGTTTGCTC
CCL20R CGCACACAGACAACTTTTTCTTT
CCR6 F CCATTCTGGGCAGTGAGTCA
CCR6 R AGCAGCATCCCGCAGTTAA

Agg, e H22 B 4.
g -®:|sotype
[ == anti-CCL20 —
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Supplementary Figure 1. Cell viability and Transwell migration array of H22 cells cultured with medium in the pres-
ence or absence of anti-CCL20 neutralizing antibodies at indicated time points. A. Cell viability of H22 cells treated
with or without anti-CCL20 neutralizing antibodies at selected time points were determined by CCK8. B. The migra-
tion potential of H22 cells treated with or without anti-CCL20 neutralizing antibodies were measured by Transwell.
Isotype, rat IgG,; anti-CCL20, anti-CCL20 neutralizing antibody. Data, mean + SD.
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Supplementary Figure 2. The expressions of CCR6 in human HCC cell lines and murine hepatoma cell lines were
analyzed by FCM.
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Supplementary Figure 3. The correlation between CCL20 and CCR6 mRNA was analyzed by Pearson’s method in
HCC patients’ tissues from four independent published data sets.
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Supplementary Figure 4. CCL20 concentration in the culture medium of Hepal-6 and H22 cells was assayed by
ELISA. Data, mean + SD.
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Supplementary Figure 5. Representatives of the gross images of lungs isolated from SCID mice that received intra-
venous injection of 1x10° H22 cells in 0.2 ml PBS and treated with 100 pg anti-CCL20 neutralizing antibodies or
rat 1gG, isotype control twice in the first week after inoculation (left panel). The numbers of metastatic nodules in
the lungs (right panel, n=3 for rat IgG, isotype control group and n=2 for anti-CCL20 group). Data were presented
as mean + SEM.

CD31

Supplementary Figure 6. IHC showing microvessels (CD31, brown) and B cells (CD19, red) staining in the same HCC
samples; scale bars, 500 um (upper panel) or 50 um (lower panel).



