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GdCl; suppresses the malignant potential of
hepatocellular carcinoma by inhibiting the expression
of CD206 in tumor-associated macrophages
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Abstract. In the present study, we aimed to ascertain whether
there is a correlation between CD206 expression in tumor
associated-macrophages (TAMs) and the prognosis of primary
hepatocellular carcinomas (HCC) and we investigated the
effect of GdCl; on HCC. The expression of CD206 in HCC
tumor tissues and peri-carcinoma tissues was measured using
an array for liver tissues. The effects of GACI; on CD206 expres-
sion were examined in stimulated RAW264.7 cells. Target
gene expression was evaluated by RT-PCR, western blotting
and immunohistochemistry. The Transwell system was used
to assess the invasiveness of HCC cells. Finally, we established
a mouse model for HCC using N-nitrosodiethylamine (DEN)
to determine the effect of GdCl; on HCC. Liver tissue array
analysis revealed that CD206 was highly expressed in the
HCC tissues compared to the level in peri-carcinoma tissue.
We found that GdCl; suppressed the expression of CD206 in
the M2 macrophage phenotype of stimulated RAW264.7 cells
with an IC,, value of 0.07 ug/ul. In addition, GdCl, also induced
cell apoptosis in the RAW264.7 cells. Addition of GdCl; into
the culture medium of RAW264.7 cells markedly reduced the
invasive ability of Hepal-6 cells compared to the control cells.
Accordingly, GdCl; treatment increased the expression of
the epithelial-mesenchymal transition (EMT)-related protein
E-cadherin while expression of N-cadherin, TWIST and Snail
was reduced in IL-4-stimulated cells. Moreover, GdCl, treat-
ment inhibited HCC progression in DEN-induced HCC mice,
possibly by downregulating CD206. Our findings indicate that
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CD206 is a potential biomarker for predicting HCC prognosis
and that GdCl; suppresses HCC progression by downregu-
lating the expression of CD206 in TAMs.

Introduction

Hepatocellular carcinoma (HCC) is the most common type
of human liver cancer and is associated with a high mortality
rate (1). HCC normally develops from chronic inflammation
in which tumor-associated macrophages (TAMs), a paradigm
for polarized M2 mononuclear phagocytes, play a critical
role in inflammatory processes and promote disease progres-
sion (2-4). TAMs mediate tumor cell migration, invasion,
proliferation and trigger the malignant potential of HCC by
activating certain intracellular signaling pathways (5-7).

Identification and manipulation of TAMs are essential to
prevent the development of malignancy in HCC (8). Innovative
strategies to inhibit the function of TAMs such as pharma-
cological inhibitors may provide new options for therapeutic
intervention (9). However, apart from certain drugs used in the
clinic such as trabectedin, (10) most of the reagents are still
under pre-clinical investigation. Gadolinium chloride (GdCl;)
is aninjectable MRI contrast agent used in the clinic (11-13) that
is also widely used for macrophage blockage in animal experi-
ments. This drug may have applications for TAM blockage in
human cancers. However, despite accumulating evidence on
the influence of GdCl; on macrophages, the molecular mecha-
nism of GdCl, activity remains undefined (11-13).

CD206, also known as mannose receptor 1 (MRC1), is a
phagocytic and endocytic receptor that can recognize carbo-
hydrate ligands in target molecules. CD206 expression is
correlated with the alternatively activated (M2) polarization of
macrophages (14). In patients with advanced castrate-resistant
prostate cancer, upregulated numbers of CD14*/CD206" cells
were found in metastatic lesions, suggesting that upregulated
levels of CD206 expression may be correlated with tumor
metastasis (15). Nevertheless, the effect of GdCIl, on CD206
function and the role of CD206 in HCC remain unclear.

In the present study, 90 HCC cases were examined. The
expression level of CD206 in tumor tissues and peri-carcinoma
tissues was measured and the association between the CD206
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level and HCC prognosis was determined. In addition, we also
investigated the molecular mechanism of GdCl;-mediated
anticancer action in vitro and in vivo. Our findings support
the notion that GdCl; may be a novel therapeutic option for
the management of HCC by inhibiting CD206 expression in
TAMs.

Materials and methods

Reagents. Rabbit anti-CD206 primary antibody was
purchased from Abcam (Shanghai, China). Horseradish
peroxidase (HRP)-conjugated anti-rabbit secondary anti-
body and DAB reagent were obtained from Dako (Glostrup,
Denmark). Lipopolysaccharide (LPS) from Escherichia
coli 011:B4, GdCl, [gadolinium (III) chloride hexahydrate],
and N-nitrosodiethylamine (DEN) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). IL-4 (recombinant
murine IL-4) was purchased from PeproTech (Rocky Hill,
NJ, USA). Phycoerythin (PE)/Cy5-conjugated anti-mouse
CD16/32 antibody and fluorescein isothiocyanate (FITC)-
conjugated anti-mouse CD206 antibody were purchased
from Tianjin Sungene Biotech Co., Ltd. (Tianjin China).
The following antibodies were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA): mouse anti-NOS2
antibody, mouse anti-CD206 antibody, anti-cleaved caspase-3
antibody, anti-arginase I antibody and anti-TWIST. The anti-
Snail, anti-N-cadherin, anti-E-cadherin, anti-TGF-p1 and
anti-phospho-Smad3 antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA). The rat anti-
mouse Alexa Fluor 488 secondary antibody was purchased
from AbD Serotec (San Francisco, CA, USA). The following
antibodies were obtained from Life Technologies (Carlsbad,
CA, USA): Alexa Fluor 488 goat anti-rabbit, goat anti-rat
and goat anti-mouse IgG (H+L), Alexa Fluor 594 goat anti-
rabbit and goat anti-mouse IgG (H+L) antibody. PCR primers
were synthesized by Takara Bio (Dalian, China). The Cell
Counting Kit-8 (CCK-8), DAPI stain and the Griess reagent
were obtained from the Beyotime Institute of Biotechnology
(Haimen, China). The Annexin V/propidium iodide (PI) detec-
tion kit was purchased from Nanjing KeyGen Biotech., Co.,
Ltd. (Nanjing, China).

Analysis of CD206 expression in HCC tissue samples. The
protocol for the present study was approved by the Ethics
Committee of the Taizhou Hospital of the Zhejiang Province.
Ninety HCC and 90 peri-carcinoma tissue samples were
collected from primary HCC patients undergoing surgery at
the Taizhou Hospital of Zhejiang Province, China, between
January 2010 and September 2011 after obtaining informed
consent. All patients were monitored until September 2013.
The expression of CD206 was determined using a liver
tissue array [(liver,180)HLiv-HCC180Sur-03] according to the
manufacturer's instructions (Shanghai Outdo Biotech Co.,Ltd.,
Shanghai, China). Briefly, samples were deparaffinized, rehy-
drated, heated in citrate buffer (0.01 M, pH 6.0) and incubated in
endogenous peroxidase (3% hydrogen peroxide solution). After
blocking, the samples were incubated overnight with a rabbit
anti-CD206 antibody at 4°C, overnight. An HRP-conjugated
anti-rabbit secondary antibody and DAB reagent were used
for CD206 staining. Following this, all sections were double-
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stained with hematoxylin. Images were analyzed using
Aperio ImageScope software. All sections were reviewed
by two physicians in the Pathology Department of The First
Affiliated Hospital of Chongqing Medical University. A semi-
quantitative and subjective grading system that considered
both the intensity of staining and the proportion of tumor cells
that had an unequivocal positive reaction were used to analyze
the slides. The staining intensity was graded according to the
following criteria: 0, negative staining; 1, light yellow or light
brown staining; 2, yellow or brown staining; 3, dark yellow or
dark brown staining. The percentage of positive staining was
graded as follows: 0, positive staining in <1% of cells; 1, posi-
tive staining in 1-25% of cells; 2, positive staining in 26-50%
of cells; 3, positive staining in 51-75% of cells; 4, positive
staining in >75% of cells. The staining index was calculated as
the staining intensity multiplied by the percentage of positive
staining. Low expression was identified with a score <6 and
high expression was identified with a score 6-12.

Cell culture, M1 macrophage and M2 macrophage polariza-
tion. The macrophage-like, mouse RAW264.7 cell line and the
mouse liver cancer cell line Hepal-6 were used in the present
study. Both cell lines were maintained in DMEM/F-12 culture
medium containing 10% fetal bovine serum (FBS) and grown
in a 5% CO,-humidified incubator at 37°C. The RAW264.7
cells were induced to transform into the M1 phenotype by
stimulating them with LPS (2.5 pg/ml; 2 h) and were then
transformed into the M2 phenotype by exposing them to 10 ng/
ml IL-4 for 48 h as previously described (16). The polarization
of M1 and M2 was then verified by flow cytometry, immuno-
cytochemistry, RT-PCR, western blotting, and Griess assay for
the expression of the following cell markers: iNOS (NOS2),
Arg-1, CD16/32 and F4/80. Induced M1 and M2 macrophages
were collected for further studies.

Effects of GdCl; on the proliferation and apoptosis of
RAW264.7 macrophages. The CCK-8 assay was used to
measure cell proliferation according to the manufacturer's
instructions. RAW264.7 (5x10%) cells/well seeded on a 96-well
plate were treated with different concentrations of GdCl; (0,
0.01,0.05,0.1,0.2,0.4,0.6,0.8 or 1 pg/ul) for 12 h. Each treat-
ment was performed in quadruplicate. The WST8 was then
added into each well, and cells were cultured for another 3 h.
Absorbance at 450 nm was measured using a microplate reader
(xMark™ Microplate Spectrophotometer System; Bio-Rad
Laboratories, Hercules, CA, USA). Data were analyzed using
regression analysis with SPSS 21.0 software (17), and the IC,,
concentration of GdCl; was determined. The cleaved caspase-3
level was also examined by immunocytochemistry and flow
cytometry using Annexin V/PI staining.

Expression of CD206 in RAW264.7 cells and cd206 siRNA
transduction. CD206 expression in M1 or M2 macrophages
with or without GdCl, pretreatment was determined by western
blotting, RT-PCR and immunocytochemistry. To downregu-
late CD206 expression, macrophages were seeded onto 6-well
plates. CD206 small interference RNA (siRNA) (Santa Cruz
Biotechnology) or negative control siRNA (siRNA-A) (Santa
Cruz Biotechnology) were mixed with Lipofectamine 2000
transfection reagent (Invitrogen) in 200 ul serum-free culture
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medium. The mixture was added onto the cells. After 6 h, the
media were replaced. Forty-eight or 72 h after transfection, the
downregulation of CD206 expression was determined.

Cell invasion assay. After the indicated treatments, RAW264.7
cells were co-cultured with Hepal-6 cells for the determina-
tion of Hepal-6 invasive capability. The invasive capacity of
cells was analyzed using a Transwell-Matrigel system (BD
Biosciences, San Jose, CA, USA): 3x10* Hepal-6 cells were
suspended in serum-free culture medium and plated in the
upper chamber which was coated with Matrigel. The lower
chambers were pre-seeded with M1 or M2 macrophages with
or without GdCl; and CD206 or control siRNAs. After a 48-h
incubation at 37°C, the number of invasive cells was deter-
mined using a microscope. Five fields were randomly selected,
and the average number of invasive cells was calculated.

In vivo study. Two-week old male BALB/c mice were
purchased from the Laboratory Animal Center of Chongqing
Medical University. The animals were randomly divided into
four groups with 30 animals each: control, DEN, DEN+GdCl,
and GdCl,. To establish the rodent primary HCC model, mice
were administered an intraperitoneal injection of DEN (5 ug/g)
on week 0 to induce HCC within 40 weeks (18). The mice in
the DEN+GdCl; group received an intraperitoneal injection of
GdCl; (10 pug/g) twice weekly, starting eight weeks after the
DEN injection until the end of the study. Control animals were
administered saline. In the GdCl; group, mice received GdCl,
(10 uglg) eight weeks after the first saline injection. The tumor
volumes were calculated using the following equation: V =
(Iength x width?)/2. The tumor volume growth rate (TVGR)
and tumor inhibition rate (TIR) were calculated using the
following equations:

TVGR = (VDEN+GdCl3/VDEN) x 100% (19);

TIR = [(Average tumor weight of group DEN - Average tumor
weight of group DEN+GdCl;)/Average tumor weight of group
DEN] x 100% (20).

The animal survival was analyzed using the Kaplan-Meier
assay and the log-rank test.

Real-time quantitative PCR. Total RNA was extracted from
cells or tissues using an RNAiso Plus extraction kit according
to the manufacturer's instructions (Takara). RNA was reverse
transcribed using the PrimeScript® RT Master Mix (Takara),
and RT-PCR was performed using an ABI Prism® 7500
sequence detection system (Life Technologies). PCR amplifi-
cation was carried out using SYBR® Premix DimerEraser™
(Takara) with the following primers: cd206, sense, CTCAA
CCCAAGGGCTCTTCTAA and antisense, AGGTGGCCT
CTTGAGGTATGTG; NF-kB, sense, AGATGGCCGGTTC
TAGAC and antisense, AGGTGGTTGGTGAGGTTGATG;
arg-1, sense, CAGAAGAATGGAAGAGTCAG and antisense,
CAGATATGCAGGGAGTCACC; inos, sense, CTGCAGCAC
TTGGATCAGGAACCTG and antisense, GGGAGTAGCCT
GTGTGCACCTGGAA; S-actin, sense, GACCCAGATCAT
GTTTGAGACC and antisense, GCTAGGAGCCAGAGCAGT
AATCT. Reaction conditions were as follows: 95°C for 30 sec;
95°C for 5 sec; 55°C for 30 sec; 72°C for 34 sec for 40 cycles.
All amplifications were repeated three times. Relative expres-
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sion from the amplified RNA samples was calculated using the
2-45CT method.

ELISA and biochemical assays. Animals were anesthetized
with an intraperitoneal injection of 1% pentobarbital sodium
and blood was collected by heart puncture. Blood serum
was isolated by centrifugation and used for analysis. Tumor
necrosis factor-a (TNF-o) and interleukin (IL)-6 levels in
the mouse serum or the culture medium of macrophages
were determined using an ELISA kit according to the manu-
facturer's instructions (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). ALT and AST levels in blood serum
were assessed using a Modular auto-biochemical analyzer
(Hoffmann-La Roche, Basel, Switzerland).

Histology and immunohistochemistry. Mouse tumor samples
were stained with 0.5% Sirius red (Sigma-Aldrich) and saturated
with picric acid solution to study the fibrosis of the mouse liver
tissue. For immunohistochemical analysis, the sections were
incubated with primary antibodies for F4/80 (1:50), CD206
(1:50), cleaved caspase-3 antibody (1:400) or NOS2 (1:50) at
4°C overnight. Samples were washed and incubated with Alexa
Fluor 555 goat anti-rat and goat anti-mouse IgG (H+L) or
Alexa Fluor 488 goat anti-rabbit and goat anti-rat IgG (H+L)
secondary antibodies. Some samples were deparaffinized in
xylene and rehydrated in an ethanol series. After blocking, the
samples were probed with an anti-CD206 antibody (1:4,000) or
an anti-CD31 antibody (1:50) at 4°C overnight. Immunostaining
was performed using an immunohistochemistry kit according
to the manufacturer's instructions (Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., Beijing, China). Antibody
binding was visualized using 3,3'-diaminobenzidine tetrahy-
drochloride (DAB). Images were analyzed using Image-Pro
Plus software and the expression of CD31 was quantified using
microvessel density (MVD) score (21).

Western blotting. Total protein was extracted and separated
using sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE). Lysates were transferred onto a PVDF
membrane (Millipore, Billerica, MA, USA). The membranes
were blocked and incubated overnight with primary antibodies
at 4°C. Following washing, the membranes were incubated
with HRP-labeled secondary antibodies. Bands were visual-
ized using enhanced chemiluminescence (ECL) kits according
to the manufacturer's instructions (Beyotime Institute of
Biotechnology). Antibodies for $-actin and GAPDH were used
as internal controls.

Statistical analysis. Data were analyzed using SPSS 21.0
software and GraphPad Prism 5. Statistical significance was
determined using one-way analysis of variance (ANOVA),
Student's t-test, Chi-square analysis, linear progression
analysis, log-rank test, and COX association analysis. Data
are presented as mean + standard deviation (SD). P<0.05 was
recognized as significantly different.

Results

A high level of CD206 expression correlates with poor
survival of HCC patients. CD206 was highly expressed in
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Table I. Relationship between CD206 expression and the clinical characteristics of the HCC cases (in HCC tumor tissue; para-

HCC tumor tissue).

HCC intratumoral

HCC peri-tumoral

CD206 expression CD206 expression
High (12) Low (78) P-value Positive (68) Negative (22) P-value
Gender
Male 9 65 0441 56 19 1.000
Female 3 13 12 3
Age (years)
<65 8 73 0.016 56 19 1.000
>65 4 5 12 3
Tumor size (cm)
<5 4 50 0.000 26 5 0.209
>5 18 28 42 17
Pathological grading
I 4 13 0.230 13 4 1.000
II-111 8 65 55 18
TNM stage
I 5 49 0.210 42 11 0.455
/vl 7 29 26 11
Tumor capsular
Present 10 55 0.498 53 12 0.053
Absent 2 23 15 10
Metastasis
Yes 0 7 0.587 5 2 1.000
No 12 71 63 20
Table II. Cox regression model.
B SE Wald df Sig Exp (B)
Pathological grading 0.371 0.184 4.085 1 0.043 1.449
TNM stage 0.750 0.303 6.113 1 0.013 2.117
Gender 1.276 0.543 5.528 1 0.019 3.581
HCC CD206 0.863 0412 4.394 1 0.036 2.371

the HCC tissues compared with that in the peri-carcinoma
tissues (Fig. 1A). Kaplan-Meier analysis with log-rank test
demonstrated that patients with high CD206 expression in
tumor tissues had a poorer prognosis than patients with low
CD206 expression (P=0.008) (Fig. 1B). No significant differ-
ences was detected for peri-carcinoma tissues (P=0.772). Next,
we examined the association between CD206 expression and
the demographic and clinical characteristics of the HCC
patients. As shown in Table I, patients <65 years of age or with
a tumor size <5 cm had reduced levels of CD206 expression in
HCC tissues (P<0.05). COX regression analysis indicated that
the pathological grading (RR=1.449, P=0.043), TNM stage
(RR=2.117,P=0.013), gender (RR=3.581, P=0.019) and CD206

expression in tumors (RR=2.371, P=0.036) were independent
factors associated with prognosis (Table II).

GdCl; suppresses CD206 expression and induces apoptosis
of macrophages. LPS and IL-4 were used to stimulate the
RAW264.7 macrophages to mature into M1 and M2 macro-
phages. Following LPS stimulation, expression of iNOS,
NF-kB, and CD16/32 target genes was upregulated, whereas
Arg-1 expression was downregulated (Fig. 2A-D). M2 macro-
phages have much higher levels of CD206 and Arg-1 than their
M1 counterparts. These results confirmed that IL-4 induced an
M2 macrophage phenotype in the RAW264.7 cells which have
a higher CD206 expression level. To understand the effects
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Figure 1. Association between CD206 expression in HCC and HCC patient survival. (A) Representative immunohistological data of CD206 staining. a, b
and ¢ were derived from three HCC tissues; a’, b’ and ¢’ were derived from related peri-carcinoma tissues. Magnification, x200. Scale bar, 100 ym. (B) The
association between CD206 expression and overall survival time. HCC tissues, n=90; peri-carcinoma tissues, n=90.

of GdCl; on RAW264.7 cells, CCK-8 assay was conducted.
We found that GdCl; inhibited the proliferation of RAW264.7
cells in a dose-dependent manner. The IC,, and ICs, values of
GdCl, treatment were 0.07 pg/ul (0.26 mM) and 0.19 ug/ul
(0.71 mM), respectively. We found that at the lowest cell inhi-
bition rate induced by 0.07 ug/ul GdCl, treatment, the CD206
expression in IL-4-stimulated cells was efficiently suppressed
(P<0.001) (Fig. 2E-G).

We next investigated apoptosis in LPS- or IL-4-stimulated
RAW264.7 cells following treatment with 0.07 pug/ul GdCl;.
As shown in Fig. 3A and B, GdCl; incubation induced apop-
tosis in both the LPS- and IL-4-stimulated RAW264.7 cells.
However, 0.07 pug/ul GdCl, treatment did not induce significant
apoptosis in liver hepatoma Hepal-6 cells (Fig. 3C).

Downregulation of CD206 expression by GdCl; or cd206
SiRNA results in reduced invasiveness of HCC cells. We next
used the Transwell Matrigel assay to determine the role of
CD206-expressed M2 macrophages on the invasiveness of
HCC cells. Hepal-6 cells were co-cultured with macrophages,
and the number of invading Hepal-6 cells was counted.
Pre-treatment of macrophages with GdCl; before the Transwell

assay markedly reduced the number of invading Hepal-6 cells
(P<0.001) (Fig. 4A and B). As GdCl, is able to either decrease
the CD206 expression or induce the apoptosis of macrophages,
it is necessary to clarify the precise role of CD206 in this
phenomenon. RNA interference was used to downregulate the
CD206 expression in RAW264.7 cells, and the knockdown
efficacy was confirmed (Fig. 4D and E). Notably, knockdown
of CD206 in RAW?264.7 cells also reduced the capability of
Hepal-6 cell invasion (P<0.001). In contrast, IL-4-stimulated
M2 macrophages enhanced the invasiveness of Hepal-6 cells.
These results suggest that GdCl; inhibited the invasiveness
of HCC cells induced by the M2 macrophage phenotype
of RAW264.7 cells and we speculated that CD206 may be
involved in this process.

Downregulation of CD206 in M2 macrophages decreases
the EMT of Hepal-6 cells. Expression of the epithelial-
mesenchymal transition (EMT)-related protein E-cadherin
was reduced while N-cadherin, TWIST and Snail expression
increased in the Hepal-6 cells treated with IL-4-stimulated
RAW264.7 macrophages. GdCl, treatment or downregulation
of CD206 expression reversed this result (Fig. 4C and F).
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Figure 2. LPS- and IL-4-induced M1 and M2 macrophage phenotype conversion and the effects of GdCl; on CD206. RAW264.7 cells were incubated
with 2.5 pg/ml LPS or 10 ng/ml IL-4. (A) mRNA expression of inos, NF-kB, cd206 and arg-1 were evaluated by quantitative RT-PCR 48 h after treatment.
(B) Protein expression of iNOS, Arg-1 and CD206 was determined by western blotting at 0, 24 or 48 h after treatment, and is expressed as gray scale relative
to the internal control B-actin. (C) NO concentration ( #M) in cells stimulated with LPS or IL-4. (D) Expression of CD16/32 and CD206 was examined by flow
cytometric analysis 48 h after treatment. RAW264.7 cells were incubated with 2.5 pg/ml LPS or10 ng/ml IL-4 in the presence or absence of 0.07 ug/ul GdCl;
for 48 h. (E) Expression of NOS2, CD206 or GAPDH was measured by western blotting, and expressed as gray scale relative to the internal control GAPDH.
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Figure 3. GdCl; induces cell apoptosis in M1 and M2 macrophage phenotypes induced by LPS and IL-4. RAW264.7 cells were incubated with 2.5 pzg/ml LPS
or 10 ng/ml IL-4 in the presence or absence of 0.07 ug/ul GdCl; for 48 h. (A) Cells were immunostained with anti-cleaved caspase-3 and anti-NOS2 or anti-

CD206 antibodies. Nuclei were counterstained with DAPI. Magnification, x400. (B) The number of positive cells was counted. "™

P<0.001; ns, no significance.

(C) Apoptosis of Hepal-6 cells was measured by Annexin V/PI staining followed by flow cytometric analysis.

These findings imply that CD206 may play a role in the EMT
process.

Long-term treatment with GdCl; inhibits the progression
of HCC and prevents liver fibrosis in mice. To evaluate the
effects of GACl,; in vivo, DEN was used to establish a model of
HCC in mice. We found that long-term treatment with GdCl,
reduced tumor weight and volume of the DEN-treated mice
(tumor volume, P<0.05; tumor weight, P<0.05) (Table III;
Fig. 5A and B). Additionally, serum IL-6 and TNF-a levels,
TGF-p1 and phospho-Smad3 expression in liver tissues were
significantly elevated in the DEN-treated mice, while GdCl,
therapy reduced the expression of IL-6, TNF-a, TGF-f1 and
phospho-Smad3 (Fig. 5C and H). In addition, the animal
survival data in the different groups demonstrated that
long-term treatment of GdCl; was relatively safe (P<0.001)
(Fig. SE). Sirius red staining indicated the presence of liver

fibrosis in the DEN-treated mice, which was attenuated
following GdCl; treatment (Fig. 6B and C). No significant
differences were found in the serum levels of ALT and AST
between the DEN and DEN+GdCl,; groups (Fig. 5SD). Together,
these results indicate that GdCl, inhibited the progression of
HCC and prevented liver fibrosis in DEN-treated mice.

GdCl; downregulates the expression of CD206 in tumor
tissues and promotes apoptosis of CD206-positive cells
in vivo. Quantitative RT-PCR and western blot analysis
demonstrated that both the mRNA and protein expression
levels of CD206 were upregulated in the DEN-treated mice.
GdCl; treatment reduced the upregulation of CD206 expres-
sion in tumor tissues (Fig. 5SF and G). Even though the M1
macrophage-related iNOS expression was upregulated at 28
and 32 weeks after DEN injection, a reduced level of iNOS was
observed at 36 weeks after DEN injection (data not shown).
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Figure 4. GdCl; suppresses the aggressive phenotype of HCC cells induced by the M2 macrophage phenotype of RAW264.7 cells. (A) Transwell Matrigel
analysis of Hepal-6 cells co-cultured with culture medium derived from RAW264.7 cells. RAW264.7 cells transfected with CD206 siRNA or control siRNA
were stimulated with LPS or IL-4. (B) Invasive Hepal-6 cells per field. (C) Expression of E-cadherin, N-cadherin, Snail, TWIST and GAPDH in HCC cells

co-cultured with RAW264.7 cells following exposure to different treatments.

These data demonstrated that the majority of macrophages in
the DEN-induced HCC had the M2 phenotype. At 40 weeks
after DEN injection, F4/80-positive cells expressed CD206,
and cleaved caspase-3 expression was barely detectable in
these cells (Fig. 6A). We found that GdCl; treatment reduced
the number of cells expressing CD206 and iNOS and increased
the number of cells expressing cleaved caspase-3, indicating
that GdCl; treatment could induce macrophage apoptosis in
the mouse liver. In addition, as shown in Fig. 6D and E, GdCl,
treatment downregulated the expression of CD31, CD206 and
the CD31-associated MVD value in liver tissues, revealing that
it also had the ability to inhibit tumor angiogenesis.

Discussion

The clinical association of TAMs in the tumor microenviron-
ment with poor prognosis has been extensively documented in
numerous types of cancers (22). TAMs consist primarily of a
polarized M2 macrophage population and promote prolifera-
tion, migration and invasion of tumor cells by secreting growth
factors, proangiogenic factors and metalloproteinase (23,24).
The mannose receptor 1, or CD206, plays a key role in the
phagocytosis of pathogens, antigen presentation, intracel-
lular signaling and resolution of inflammation (25). Previous
studies have detected increased expression of the mannose
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receptor CD206 in TAMs isolated from breast tumor tissues
(23,26). However, the relationship between CD206 expression
and HCC prognosis has not yet been elucidated. In the present
study, we showed that CD206 expression is an independent
factor associated with the prognosis of HCC patients, with
elevated levels of expression being associated with poor prog-
nosis. In addition, increased CD206 expression was observed
in HCC tissues compared with peri-carcinoma tissues and in
cultured macrophages stimulated by IL-4.

GdCl; is an MRI contrast agent which is widely used
at present and whose safety has been evaluated (27,28). We
found that high dosages of GdCl; markedly suppressed the
proliferation of macrophages. However, at its IC,, (0.07 ug/ul)
concentration, CD206 expression was suppressed efficiently in
TAMs. In addition, at this dosage, GACl; inhibited the aggres-

siveness of Hepal-6 cells induced by the M2 macrophage
phenotype of RAW264.7 cells. After CD206 expression was
downregulated by RNAi for comparison, the cells lost their
ability to increase the aggressiveness of Hepal-6 HCC cells,
as observed following GdCl; treatment.

To further elucidate the role of CD206 and the therapeutic
value of GdCl;, we investigated the epithelial-mesenchymal
transition properties of Hepal-6 cells. EMT is a process by
which epithelial cells lose their polarity and cell-cell adhesion
properties and gain migratory and invasive abilities to become
mesenchymal stem cells (29). The transcription factor TWIST
is known to regulate tumor metastasis, and plays a crucial role
in mediating the migration and invasion of HCC cells (30).
In accordance with our findings, we found that E-cadherin
was downregulated while TWIST, N-cadherin, and Snail
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Table III. Tumor inhibition rate (TIR) and tumor volume growth rate (TVGR) of tumor-bearing mice at week 40 (n=4 in each

group, data are expressed as mean + SD).

Group Average tumor weight TIR (%)* Average tumor volume (cm®) TVGR (%)*
DEN 0.231+£0.057 - 0.180+0.507 -
DEN+GdCl, 0.107+0.068° 53.7 0.070+0.261° 38.8

*TIR = [(Average tumor weight of DEN group - Average tumor weight of DEN+GdCl; group)/Average tumor weight of DEN group] x 100%.
TVGR = (Viumor pensaacty! Viumor pen) X 100%. "P<0.05, compared with average tumor weight/volume of DEN group.

were upregulated in Hepal-6 cells which undergo EMT when
co-cultured with M2 cells. Interference of the pharmaco-
logical treatment with GdCl; of macrophages or by silencing
of CD206 expression efficiently reversed the downregulation
of E-cadherin and the upregulation of TWIST, Snail, and
N-cadherin, indicating that GdCl; inhibited the RAW264.7-
induced aggressiveness of HCC cells mainly by inhibiting the
expression of CD206 in the M2 macrophage phenotype. In the
mouse HCC model, a long-term injection of GdCl; efficiently
inhibited the progression of HCC. Fibrosis-associated TGF-f1
and phospho-Smad3 expression was reversed by GdCl; treat-
ment. We found that there were no significant differences
in the serum levels of ALT and AST between the DEN and

DEN+GdCl; groups. We speculated that although GdCl,
inhibited the DEN-induced HCC and fibrosis, the long-term
use of GdCl; might increase the ALT and AST levels (particu-
larly ALT levels). This could be considered as a side-effect
of GdCl;. It was reported that the mannose receptor family
contains the fibronectin type II repeat domain, which binds
to collagens (type I-III) with high affinity. After binding, the
mannose receptor internalizes collagen in macrophages and
liver sinusoidal cells, which plays a crucial role in fibrosis (31).
The expression of CD206 was downregulated after GdCl,
treatment in the mouse liver. Remission of liver fibrosis was
possible by downregulation of CD206 expression in tumor
tissues and the promotion of apoptosis of CD206-positive



2654 ZHU et al: GDCL; INHIBITS HCC MALIGNANCY

merge

DEN treated mice (week 40)

merge

merge

merge

DEN +GdCl3 treated mice (week 40)

Ll Gdc, C
ok
30 |—|
w W
R 20
e e
[ -
DEN+GICI, DEN 22
g
ZE q0
Sz
%8 oL
0
N GdCI3 DEN+GdCI3 DEN
DEN+GACI3
s iy E
‘: i et Ie e < CD31 (MVD)
Fo e vt 200+
BRI e e 4 ks CD206
. ) < *kk
3T, 3 .
b 2 L 1504 [ |

100+

Average positive expression
(400x microscopic field)

DEN DEN+GdCIz DEN DEN+GdCI3

Figure 6. GACl; promotes the apoptosis of CD206-positive cells in vivo. (A) The expression of F4/80, CD206, cleaved caspase-3 and NOS-2 in liver tissues was
examined by immunostaining 40 weeks after injection of DEN. (B) Sirius red staining in liver sections. (C) Average fibrosis foci in liver sections determined
by Sirius red staining ("“P<0.001, n=6). (D) CD31 and CD206 expression. Scale bar, 50 ym. (E) Quantified data of CD31 and CD206 expression. “P<0.01;
P<0.001. n=12.



ONCOLOGY REPORTS 34:

M2 cells in the DEN-induced HCC mice. Ruttinger et al (32)
reported that a single dose of GdCl, elevated the serum levels
of TNF-a and IL-6 in rats. However, in the present study, we
did not detect a significant elevation in the above inflammatory
factors in mouse serum, possibly due to a difference in treat-
ment regimens and detection analysis.

CD206 is not secreted. We found that downregulation of
CD206 in M2 macrophages inhibited its pro-tumorigenesis
functions, possibly by affecting cytokine secretion. For
instance, it has been reported that the HEK293 cells co-trans-
fected with CD206 and human Toll-like receptor 2 cDNA
are able to secrete IL-8, whereas cells transfected with either
receptor alone are not (33). IL-8 is secreted by proangiogenic
macrophages in cancer (34). In the present study, we showed
for the first time that GdCl; suppressed the malignant poten-
tial of HCC in vitro and in vivo mainly by inhibiting CD206
activity. Importantly, long-term administration of GdCl; only
slightly affects liver function or animal survival, suggesting
that it may be a safe therapeutic agent which could yield a
promising strategy for the treatment of HCC.
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