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SLAMF6/Ly108 promotes the development of hepatocellular
carcinoma via facilitating macrophage M2 polarization
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Abstract. Tumor-associated macrophages (TAMs) are capable
of worsening hepatocellular carcinoma (HCC) prognosis by
accelerating tumor growth and progression. Signaling lympho-
cyte activation molecule family member 6 (SLAMF6; Lyl108
in mice) is an immune regulator that is involved in numerous
diseases. However, whether SLAMF6 might affect macro-
phage function in HCC has not yet been reported. Therefore,
the present study aimed to determine the relationship between
SLAMFG6 expression on macrophages and HCC progression.
In the present study, the expression of SLAMF6 in human
blood samples and mice was analyzed by flow cytometry.
Furthermore, macrophage-related polarization markers
were detected via reverse transcription quantitative PCR.
Clonogenic formation and Transwell assay were performed to
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determine the proliferation, migration and invasion of HCC
cells. In addition, a murine HCC model was established to
detect the function of SLAMF®6 in vivo. The results demon-
strated that SLAMFG6 expression was increased in CD14* cells
obtained from patients with HCC. It was also determined that
this increase was associated with a positive hepatitis B virus
DNA status and high levels of a-fetoprotein. Polarized TAMs
from THP-1 cells, murine peritoneal macrophages and murine
bone marrow-derived macrophages all exhibited higher
levels of SLAMF6 compared with M1 cells. Furthermore, an
increased expression of Lyl08 was detected in macrophages
obtained from mice tumor tissues, indicating that the tumor
microenvironment may promote Lyl08 expression and macro-
phage M2 polarization. Lyl08 small interfering RNA was
applied to macrophages, which resulted in the suppression
of M2 polarization. Lyl08-silenced macrophages attenuated
HCC cell migration and invasion and prevented tumor growth
by inhibiting the nuclear factor-xB pathway. Altogether, the
results from the present study suggested that SLAMF6/Ly108
was upregulated in TAMs, which may in turn accelerate the
development of HCC.

Introduction

Liver cancer was the seventh most common type of cancer
and the second leading cause of cancer-associated mortality
worldwide in 2020 (1). Among patients with liver cancer,
hepatocellular carcinoma (HCC) accounts for >90% of cases.
Patients with HCC typically demonstrate a poor prognosis,
which can be attributed to a diagnosis at an advanced
stage (2). Previous studies have reported that immunotherapy
can serve an important role in the treatment of HCC (3,4).
Based on these previous studies, it is necessary to evaluate
the functional molecules associated with HCC in order to
determine a potential therapeutic target in the HCC immune
microenvironment.
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Tumor-associated macrophages (TAMs) are a type of
primary tumor-infiltrating immune cells (5) that have been
demonstrated to promote tumor growth, metastasis and inva-
sion (6,7). TAMs can be divided into two main types as follows:
The classically activated M1 phenotype and the alternatively
activated M2 phenotype (8). M1 macrophages are polarized
by the activation of interferon gamma (IFN-vy), promoting the
T-helper (Th)l immune response and antitumor activity (9,10).
M2 macrophages are polarized by interleukin (IL)-4/IL-13
and are associated with the anti-inflammatory Th2 immune
response, which demonstrates a pro-tumor activity (11).
Previous studies have revealed that most TAMs are of the M2
phenotype, which promote tumor growth and progression and
therefore worsen the prognosis of patients with HCC (12,13).
To further validate the results of these studies, it is neces-
sary to explore and block the key stages of macrophage M2
polarization in order to inhibit HCC progression.

The signaling lymphocyte activation molecule (SLAM)
family comprises the following nine members: CD150
(SLAMF1), CD48 (SLAMF2), CD229 (SLAMF?3), CD244
(SLAMF4), CD84 (SLAMF5), CD352 (SLAMF6), CD319
(SLAMF7),CD353 (SLAMEFES) and CD84-H1 (SLAMF9) (14).
These are surface molecules that are expressed on hemato-
poietic cells. They are also a type of immune molecule that
can regulate innate and adaptive immunity by activating
associated immune cells (14,15). Among these nine molecules,
SLAMF6 (Lyl08 in mice) is highly expressed in activated T
and B cells. Its expression can also be increased in dendritic
cells and macrophages via inflammatory signals (16),
functioning as both a positive and negative regulator of the
immune response (17). SLAMF6 can inhibit the secretion of
T-dependent and T-independent antibodies (18). It has also
been reported that SLAMFG6 can activate natural killer cells
to induce cytotoxicity and influence IFN-y production (19,20).
SLAMPF3 is involved in the inhibition of HCC progression and
cell proliferation (21,22). In addition to SLAMFG, there are
several SLAMF family members that are expressed on the
macrophage surface, including SLAMF3, SLAMF4, SLAMF5
and SLAMF7 (23). SLAMFs have been demonstrated to nega-
tively influence the function of macrophages by reducing IL-6
production and increasing IL-13 secretion (24).

As a membrane protein that is expressed on immune
cells, SLAMF6 has been proven to serve a role in numerous
diseases (25-28). For example, although the expression of
SLAMF6 on peripheral T cells is not markedly different
in patients with systemic lupus erythematosus, it has been
determined that the co-stimulatory function of SLAMF6
is lacking (25). In addition, SLAMF6 can promote Th17
differentiation (26). SLAMF6 can also stimulate the interac-
tion between colonic innate immune cells and Gram-negative
bacteria, thus reducing mucosal protection and enhancing
inflammation, resulting in lethal colitis in mice (27). The
administration of anti-SLAMF6 antibodies combined with
ibrutinib, which is a Bruton tyrosine kinase inhibitor that
serves as an anticancer targeted drug, can effectively eliminate
tumor cells in the spleen, bone marrow, liver and peritoneal
cavity (28). SLAMF6 can affect the function of Th2 by
binding to downstream proteins and transcription factors,
such as nuclear factor-kB (NF-xB) (29), which serves a role in
macrophage polarization (30).

The present study investigated the expression of SLAMF6
in the peripheral CD14* monocytes of patients with HCC
to determine whether this expression was associated with
the clinicopathological characteristics of these patients.
Furthermore, SLAMFG6 expression on different phenotype
macrophages was detected in order to explore the relationship
between this and HCC progression. This may provide a novel
therapeutic target for HCC treatment.

Materials and methods

Blood sampling and mononuclear cell isolation. Blood
samples were obtained from 34 patients with HCC and 33
healthy individuals at the Shandong Cancer Hospital and
Institute (Jinan, China). Patients with HCC did not receive
any form of antitumor therapy and were pathologically
diagnosed with HCC prior to sampling. None of the healthy
donors were positive for hepatitis B virus (HBV), hepatitis C
virus or human immunodeficiency virus, consumed exces-
sive alcohol or received any chemotherapy prior to sampling.
Human peripheral mononuclear cell isolation was performed
by centrifuging (800 x g; 15 min; 25°C) blood samples with
an EZ-Sep™ lymphocyte separation tube (Dakewe Biotech
Co., Ltd.). The mono-macrophages were marked with corre-
sponding markers immediately after the isolation. The present
study was approved by the Medical Ethics Committee of
Shandong Cancer Hospital and Institute and informed consent
was obtained from each participant. The clinicopathological
characteristics of the healthy donors and patients with HCC
are summarized in Table I.

Mouse HCC model establishment and macrophage isolation.
C57BL/6 mice were purchased from Beijing Weitonglihua
Laboratory Animal Co., Ltd. and maintained in a controlled
room (specific pathogen free; 12-h light/dark cycle; free access
to food and water, temperature, 20-26°C; relative humidity,
40-70%). All experiments involving mice were approved by
the Animal Care Committee of Shandong Cancer Hospital and
Institute and performed according to the Animal Management
Rules of the Chinese Ministry of Health. To establish a murine
model of HCC, 100 xl PBS solution containing 1x10% H22
cells (cat. no. CL-0341; American Type Culture Collection)
was subcutaneously injected into eight C57BL/6 male
mice (8-10 weeks old; average weight, 22.32+0.19 g). After
14 days, the mice were euthanized via intraperitoneal injec-
tion of 100 mg/kg sodium pentobarbital followed by cervical
dislocation (average weight, 24.17+0.62 g). The subsequent
experiments were conducted immediately after the tissues
were collected. The infiltrating lymphocytes from each type
of tissue were isolated by centrifugation (800 x g; 20 min;
25°C) over 40% Percoll solution (GE Healthcare) (31), after
which the expression level of SLAMF6 was evaluated by flow
cytometry.

Flow cytometry. Flow cytometry was performed to detect the
expression of SLAMF6 and various surface markers in macro-
phages. Human peripheral blood mononuclear cells (CD14%)
were stained with anti-human SLAMFG6-PE [cat. no. 317208;
3 ul stock solution/test (1x10° cells); BioLegend, Inc.]
and anti-human CDI14-FITC [cat. no. 301804; 5 ul stock
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Table I. Clinicopathological characteristics of patients with
hepatocellular carcinoma and healthy donors.

HCC patients Healthy donors

Variable (n=34) (n=33)
Sex

Male, n (%) 26 (76.47) 25 (75.76)

Female, n (%) 8 (23.53) 8 (24 .24)
Age, mean years (range) 60 (41-80) 44 (21-62)
HBV-DNA, n (+, %) 12 (35.29) 0
AFP,n (>100, %) 14 (41.18) 0
Single tumor, n (%) 13 (38.24) 0
Lymphatic metastasis, n (%) 10 (29.41) 0
Distant metastasis, n (%) 7 (20.59) 0
TNM stage I-1I, n (%) 13 (38.24) 0

AFP, o-fetoprotein; HBV, hepatitis B virus; TNM, Tumor-Node-
Metastasis.

solution/test (1x10° cells); BioLegend, Inc.] antibodies for
30 min at 4°C. Furthermore, murine macrophages (CD11b")
were stained with anti-mouse SLAMF6-PE [cat. no. 2124557,
3 ul stock solution/test (1x10° cells); eBioscience; Thermo
Fisher Scientific, Inc.] and anti-mouse CD11b-PE-cy7
[cat. no. E07514-1633; 2 ul stock solution/test (1x10° cells);
eBioscience; Thermo Fisher Scientific, Inc.] antibodies
for 30 min. A total of ~10,000 cells were analyzed using
BD FACSAria II (BD Biosciences) equipment and cells were
gated according to their forward and side scatter properties.

Cell culture. Murine HCC cell lines, including H22 [cultured
in RMPI-1640 containing 10% FBS and 1% penicillin/strep-
tomycin mixture (cat. no. 15140-122; Gibco; Thermo Fisher
Scientific, Inc.)] and Hepal-6 (cat. no. CL-0105; cultured
DMEM containing 10% FBS and 1% penicillin/streptomycin
mixture), were obtained from the American Type Culture
Collection. Murine peripheral macrophages (PMs) and bone
marrow-derived macrophages (BMDMs) were cultured in
DMEM containing 10% FBS and 1% penicillin/strepto-
mycin mixture and placed at 37°C in a humidified incubator
containing 5% CO,. The human monocyte cell line THP-1
(cat. no. BNCC100407; BeNa Culture Collection; Beijing
Beina Chunglian Institute of Biotechnology) was cultured
in RMPI-1640 supplemented with 10% FBS and 1% peni-
cillin/streptomycin mixture. DMEM (cat. no. C11995500CP)
was obtained from Gibco; Thermo Fisher Scientific, Inc.,
RMPI-1640 (cat. no. SH30809.01) was purchased from
HyClone; Cytiva and FBS (cat. no. WXBD5226V) was
obtained from Sigma-Aldrich; Merck KGaA.

Macrophage polarization. Mouse peritonitis was induced by
intraperitoneal injection of 1 ml sterile 6% starch solution in
six 8-10 week old male C57BL/6 mice. After 72 h, mice were
euthanized via intraperitoneal injection of 100 mg/kg sodium
pentobarbital followed by cervical dislocation. The peritoneal
cells were harvested by irrigating the abdominal cavity and the
PMs were enriched by quick adhesion. Model establishment,

harvesting of cells and quick adhesion were described previ-
ously (32). PMs were polarized into M1 phenotypes using
100 ng/ml lipopolysaccharide (LPS) for 24 h at 37°C, while
M2 macrophages were polarized using 20 ng/ml IL-4 for 24 h
at 37°C. PBS was used as a control. Furthermore, six 4-6 week
old male C57BL/6 mice were euthanized via intraperitoneal
injection of 100 mg/kg sodium pentobarbital followed by
cervical dislocation. The BMDMs were collected by flushing
the femurs and tibias (32). BMDMs were polarized into the
M1 phenotype using 20 ng/ml granulocyte macrophage
colony-stimulating factor (cat. no. AF-315-03-20; PeproTech,
Inc.) treatment for 5 days at 37°C, while the M2 phenotype
was obtained using 100 ng/ml macrophage colony-stimulating
factor (cat. no. AF-315-02-10; PeproTech, Inc.) treatment for
5 days at 37°C. Samples were then stimulated using 100 ng/ml
LPS for 24 h to induce M1 or 20 ng/ml IL-4 for 24 h to induce
M2.

HCC conditioned medium (HCM). After culturing H22 cells for
24 h, serum-free DMEM was collected for use as HCM. Newly
isolated PMs (2x10° per well) seeded into 12-well-plates were
exposed to 200 xl HCM, producing a final volume of 1,000 pl
with complete medium (DMEM containing 10% FBS). The
control group was treated with 200 yl FBS-free DMEM added
to 800 ul complete medium. The final percentage of HCM
was 20%.

SLAMFG6 interference. SLAMF6 expression was inhibited in
murine PMs via transfection with SLAMF6 small interfering
RNA (siRNA). Three siRNAs were tested and all sequences
were working. The sequences of the siRNAs are presented
in Table II. SLAMFG6 siRNA (120 pmol) or non-targeting
negative control siRNA (120 pmol) (Biosune Biotechnology
Co., Ltd.) were transfected into the PMs in each of the 12
wells using lipofectamine RNAiIMAX (cat. no. 13778-150;
Invitrogen; Thermo Fisher Scientific, Inc.) for 24 h at 37°C.
After 24 h, the PMs, which had been transfected with siRNAs,
were treated with Bayl11-7082 (10 yM; cat. no. HY-13453;
MedChemExpress), an inhibitor of NF-«B, for 2 h before IL-4
(20 ng/ml) was added for 24 h. SLAMF6-silenced PMs, nega-
tive control PMs and their culture supernatants were collected
(immediately or after storage at -80°C in an ultra-low tempera-
ture freezer within 1 month) to examine the effect of SLAMF6
on cell proliferation and invasion, since macrophages exert
their function on tumor cells via secretion of cytokines.

Analysis of tumor cell migration, invasion and proliferation,
and in vivo assessment. The culture supernatant of
SLAMF6-silenced PMs and control PMs was used to culture
Hepal-6 cells. Transwell assay cell migratory and invasive
abilities were determined using 24-well transwell chambers
with an 8-um pore polycarbonate membrane insert (Corning,
Inc.; cat. no. 3422). For invasion assay only, the membrane
was pre-coated with 50 ul Matrigel (cat. no. 356234; BD
Biosciences) for half an hour. Then, ~2.5x10* Hepal-6 cells
suspended in 200 pl serum-free DMEM were loaded onto the
upper chamber, while 600 yl medium collected from corre-
sponding macrophages, as aforementioned in the SLAMF6
interference section, was added to the lower chamber. After
16 h (migration) or 24 h (invasion), the cells on the lower
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Table II. Sequence of Ly108 small interfering RNAs used for transfection and of primers used for RT-qPCR.

Primer

Sequence

Small interfering RNA
Control, sense
Ly108-366, sense
Ly108-567, sense
Ly108-1190, sense

RT-qgPCR
Homo--actin, forward
Homo-B-actin, reverse
Homo-SLAMEF6, forward
Homo-SLAMF6, reverse
Homo-TNF-a, forward
Homo-TNF-a, reverse
Mouse-f3-actin, forward
Mouse-[3-actin, reverse
Mouse-ly108, forward
Mouse-ly108, reverse
Mouse-arg-1, forward
Mouse-arg-1, reverse
Mouse-TNF-a., forward
Mouse-TNF-a, reverse
Mouse-iNOS, forward
Mouse-iNOS, reverse
Mouse-IL-1f3, forward
Mouse-IL-1p, reverse

UUCUCCGAACGUGUCACGUTT

GCUAAUGAAUGGCGUUCUATTUAGAACGCCAUUCAUUAGCTT
CCUGCAAAUCAGCAACCUUTTAAGGUUGCUGAUUUGCAGGTT
CCAUGACAAUUUACUCCAUTTAUGGAGUAAAUUGUCAUGGTT

CATGTACGTTGCTATCCAGGC
CTCCTTAATGTCACGCACGAT
GGCCCAGGGAATGTAGTTTCA
ACTGACTCCCCCAGAATCCC
GAGGCCAAGCCCTGGTATG
CGGGCCGATTGATCTCAGC
CGGGCCGATTGATCTCAGC
TACAGCCCGGGGAGCATCGT
CCTTCAGGGTAATGGGTTGGTT
CCTTCAGGGTAATGGGTTGGTT
TGTCCCTAATGACAGCTCCTT
GCATCCACCCAAATGACACAT
GCCACCACGCTCTTCTGTCT
TGAGGGTCTGGGCCATAGAAC
GCCACCAACAATGGCAACAT
TCGATGCACAACTGGGTGAA
ACCTTCCAGGATGAGGACATGA
AACGTCACACACCAGCAGGTTA

Arg-1, arginase-1; IL-1p, interleukin 1f; iNOS, inducible nitric oxide synthase; RT-qPCR, reverse transcription quantitative PCR;

SLAMF®6, signaling lymphocytes activation molecule family member 6; TNF-a, tumor necrosis factor-a.

chamber were stained with 0.1% crystal violet for 10 min at
room temperature. The number of invaded cells were counted
under a light microscope (magnification, x200).

To prepare murine hepatoma homografts, 2x10° H22 cells
in 100 ul PBS were subcutaneously injected into the groins
of 14 C57BL/6 male mice (8-10 week old; average weight,
22.72+0.17 g), which were anesthetized by intraperitoneal
injection with 50 mg/kg sodium pentobarbital. At 8 days
after H22 cell injection, SLAMF6-silenced PMs and control
PMs were injected into the tumor site, after which time the
size of tumors was measured. Tumor volume was calculated
using the following formula: 1/2ab’ (a, long diameter; b, short
diameter). The procedure was repeated every other day. On
the 18th day, all mice were euthanized via intraperitoneal
injection of 100 mg/kg sodium pentobarbital followed by
cervical dislocation (average weight, 25.03+0.71 g), after
which tumors were collected and their size and weight were
determined. The maximum tumor volume was as follows:
1/2x17.0x16.5x16.5=2,314.125 mm?®.

RNA isolation and reverse transcription quantitative (RT-q)
PCR. According to the manufacturer's protocol, RNA was
extracted from THP-1 cells and PMs using the Fastagen
RNA isolation kit (cat. no. 220011; Fastagen Biotech).

Subsequently, RNA was reverse transcribed into cDNA using
the Takara reverse transcription kit (cat. no. RR0O37A; Takara
Biotechnology Co., Ltd.). The PCR thermocycling conditions
(Bio-Rad Laboratories, Inc.) were as follows: 95°C for 30 sec,
followed by 40 cycles of 95°C for 5 sec. The relative expres-
sion levels were normalized to endogenous control and were
expressed as 2444 (33), The primers used for PCR are listed
in Table II.

Western blotting. PMs were transfected with negative
control or Lyl08 siRNA and lysed with RIPA lysis buffer
(cat. no. POO13B; Beyotime Institute of Biotechnology)
at 4°C. Proteins (5 pg/lane), the concentration of which was
determined by the BCA protein determination method
(cat.no. A53225; Thermo Fisher Scientific, Inc.), were separated
by 10% SDS-PAGE and transferred onto PVDF membranes.
After blocking membranes with 5% bovine serum albumin
(cat. no. A8010; Beijing Solarbio Science & Technology Co.,
Ltd.) for 2 h at room temperature, membranes were incubated
with primary antibodies against phosphorylated (p)-NF-kB
p65 (Cell Signaling Technology, Inc.; cat. no. 3033; 1:1,000);
NF-«B (Cell Signaling Technology, Inc.; cat. no. 8242; 1:1,000)
and B-actin (Cell Signaling Technology, Inc.; cat. no. 3700;
1:1,000) at 4°C overnight. The secondary antibodies
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(anti-mouse IgG, HRP-linked, cat. no. 7076S, 1:2,000, Cell
Signaling Technology, Inc.; anti-rabbit IgG (H+L) antibody
conjugated to biotin, cat. no. 14708S, 1:2,000, Cell Signaling
Technology, Inc.) were incubated with the membranes at 25°C
for 1 h. A western blot Imaging System (Tanon Science and
Technology Co., Ltd.) was used to detect protein bands and
obtain images using the Alldoc-ECL 2019 software (Tanon
Science and Technology Co., Ltd.). The data were analyzed
via densitometry and normalized to expression of the internal
control (f-actin).

Statistical analysis. All data were analyzed using GraphPad
Prism 8 software (GraphPad Software Inc.). A Student's
t-test was used to determine differences between two groups.
One-way ANOVA followed the Tukey's post hoc test was used to
determine the differences between more than two groups. Data
are presented as the mean + standard error of the mean. P<0.05
was considered to indicate a statistically significant difference.

Results

Enhanced SLAMF6 expression in TAMs is related to the
severity of HCC.SLAMFG6 expression level was detected in the
peripheral CD14* monocytes of patients with HCC and healthy
donors. As presented in Fig. 1A, the percentage of peripheral
CD14* monocytes expressing SLAMEF®6 in patients with HCC
was significantly higher compared with healthy donors. The
relationship between SLAMF6 expression level and the severity
of HCC was subsequently analyzed. As presented in Fig. 1B,
the expression level of SLAMF6 was assessed in six groups
of patients categorized according to the following criteria:
i) The HBV status (negative or positive); ii) the a-fetoprotein
(AFP) level (> or <100 ng/ml); iii) the number of tumors
(single or multiple); iv) the lymphatic metastasis occurrence
(yes or no); v) the distant metastasis occurrence (yes or no);
and vi) the different stages of tumors. Among these groups,
only two presented with differences in SLAMF6 expression.
The expression level of SLAMF6 in CD14* monocytes from
patients with HCC who were HBV-positive was significantly
higher than in HBV-negative individuals. Furthermore, an
increased expression of SLAMF6 was demonstrated in patients
with HCC whose serum AFP level was >100 ng/ml compared
with those exhibiting AFP level <100 ng/ml, which indicated
a relationship between SLAMF6 expression and HCC poor
prognosis (34). Since the age distribution of the patients and
the healthy donors was too different for SLAMF6 expression,
we made the comparison between the low and high age groups
and found no difference between the two age groups (Fig. S1).

To determine the expression level of SLAMF6 in TAMs,
a murine tumor model of HCC was established, after which
the expression of Lyl08 was determined in TAMs isolated
from tumor and liver tissues. As presented in Fig. 1C, when
compared with liver tissues, the TAMs isolated from tumor
tissues expressed a higher level of Lyl08. These results
demonstrated that SLAMF6 expression was increased in
TAMs, which may be associated with the poor prognosis of
patients with HCC.

M?2-like macrophages exhibit a higher SLAMF6 expression.
As previously reported, TAMs are considered to be M2-like

macrophages (35). The present study therefore compared the
expression level of SLAMF6 in different types of macrophages.
To achieve this, human THP-1, murine PMs and murine
BMDMs were polarized into M1- and M2-like macrophages.
As presented in Fig. 2A, different expression levels of TNF-a,,
a M1 marker, indicated that polarization was successful. In
addition, the results from RT-qPCR demonstrated that the
human M2-like phenotype exhibited higher SLAMF6 expres-
sion level compared with the M1-like phenotype. However, the
results from flow cytometry analysis revealed that the human
MI-like phenotype expressed a higher percentage of SLAMF6
compared with the M2-like phenotype.

For murine PMs, the mean fluorescence intensity (MFI)
of Lyl08 expression in the M2-like phenotype was higher
than that in the M1-like phenotype. However, the percentage
expression of Lyl08 did not significantly differ between the
two groups according to flow cytometry analysis (Fig. 2B),
which may be due to the fact that the PMs we collected were
induced by the starch and already expressed ~90% Lyl108.
Regarding murine BMDMs, the percentage of expression and
MFI of Lyl08 in M2-like macrophages were higher than in
M1-like macrophages (Fig. 2C). These results suggested that
the M2-like phenotype exhibited higher SLAMFG6 expression
level compared with the M1-like phenotype.

Macrophage SLAMF6 expression and polarization is
promoted in the tumor microenvironment. The aforemen-
tioned results indicated that the M2-like phenotype exhibited
increased SLAMFG6 expression level. Thus, the present study
aimed to determine the reason behind this increase. The
effect of HCC microenvironment on PMs was therefore
assessed by using HCM. As presented in Fig. 3A, 200 ul
HCM significantly promoted Lyl08 expression in PMs and
induced two positive peaks rather than one positive peak
following the negative peak. This result may be due to the
fact that HCM enhanced Lyl08 expression in macrophages
that already expressed a certain amount of Lyl08, and HCM
might trigger the Lyl08 expression in macrophages that did
express the molecule at a lower level. In addition, the expres-
sion levels of M2 marker arginase-1 (arg-1) and of the Ml
markers TNF-a, IL-1p and inducible nitric oxide synthase
(INOS) were increased in the HCM group compared with
the control group (Fig. 3B). It was therefore hypothesized
that the tumor microenvironment may enhance SLAMF6
expression and that an unknown mechanism may promote
M2 polarization in these conditions.

Lyl08 silencing reverses M2 polarization and inhibits HCC
progression. Previous studies have revealed that M2-like
macrophages can promote HCC growth and invasion (6,8,12).
Lyl08 siRNA was therefore used to investigate the role of
Lyl08 in macrophage polarization and HCC progression.
As presented in Fig. 4A, Lyl08 expression was successfully
decreased following siRNA transfection. The results also
demonstrated that following Ly108 silencing, the expression of
the M2 marker arg-1 was decreased, while the expression of
certain M1 markers, including TNF-a, IL-1p and iNOS, was
increased. The culture supernatant of macrophages treated with
Ly108 or control siRNA was subsequently co-cultured with
Hepal-6 cells (Fig. 4B). Following co-culture, the proliferation,
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Figure 1. SLAMF6 expression level is increased in monocytes and tumor-associated macrophages. Peripheral CD14* monocytes were isolated from 34 patients
with HCC and 33 healthy donors. (A) Flow cytometry analysis was used to measure the percentage of SLAMF6*CD14* cells among monocytes. The monocytes
were assessed using CD14* in human peripheral blood mononuclear cells. (B) Association between SLAMF6 expression level and the clinicopatholog-
ical characteristics of patients with HCC. (C) Using flow cytometry, Lyl08 expression level was evaluated in the infiltrating macrophages (assessed using
CD11b*) isolated from the tumor and liver tissues of mice, which were subcutaneously injected with 1x10° H22 cells for 2 weeks. "P<0.05 and “P<0.01.
SLAMF®6, signaling lymphocyte activation molecule family member 6; HCC, hepatocellular carcinoma.

migration and invasion of Hepal-6 cells was significantly =~ Macrophage Lyl08 promotes HCC growth in vivo. To
decreased. These results suggested that Lyl08 could inhibit the = improve our understanding of the effect of TAM Lyl08
migratory and invasive abilities of Hepal-6 cells. on HCC progression in vivo, a murine model of HCC was
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Figure 2. M2-like macrophages exhibit higher SLAMF6 expression level. (A) Flow cytometry analysis was used to determine the percentage of SLAMF6*
THP-1 cells, and the relative expression of SLAMF6 and TNF-o was evaluated via reverse transcription quantitative PCR. The percentage of Lyl08* cells,
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significance; SLAMF6, signaling lymphocyte activation molecule family member 6; PM, peripheral macrophage; BMDM, bone marrow-derived macrophage;
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established. Lyl08 siRNA or control siRNA was transfected
into M2-like macrophages, which were subsequently injected

(Fig. 5A).

into C57BL/6 mice. The results demonstrated that, compared

with control M2-like macrophages, Lyl08 siRNA-transfected
M2-like macrophages inhibited the growth of H22 tumors in

terms of growth rate, gross tumor volume and tumor weight

Lyl08 promotes HCC growth via the NF-xB pathway. The
present study aimed to determine the potential underlying
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mechanism of Lyl08. As presented in Fig. 5B, the Lyl108
siRNA-transfected group presented higher expression
of p65 phosphorylation. Furthermore, treatment with
Bayl11-7082, an inhibitor of NF-«B, inhibited the phosphor-
ylation of p65. In addition, when Lyl108 siRNA-transfected

macrophages were treated with Bayl1-7082, they were
able to re-polarize to the M2 phenotype. This result was
determined according to higher Arg-1 and IL-1f levels and
lower TNF-a and iNOS levels (Fig. 5C). Macrophages of
which phenotype was reversed by Bayl1-7082 treatment
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also promoted the proliferation, migration and invasion of
Hepal-6 cells (Fig. 5D). These results indicated that Ly108

may promote HCC progression by inhibiting the NF-xB

pathway.



10 MENG et al: SLAMF6 EXPRESSION IN M2 MACROPHAGES

5-
2000- , 47
A -o- NCsi-RNA kR Py
-5 & e Y ) w1500 & Ly108si-RNA 2 34 PY
4 ' % ® @ € £ .
T A S 9] % ]
T J =
NCGsiRNA QE, 1000 2 24
s o A & & 3 %
¥ - & > i |
. 500 1 S
Ly108siRNA u
0- 0 T T
(day) 8 10 12 14 16 18 NCsi-RNA Ly108si-RNA
B - 3
5 150 C 210 L 20
g8 e 5
s 5 c 1.51 ok
83 2 6 S
g2 50 g g 1.0{ =
k5 g4 S
o 0 .g 2 ; 0.5
p-p65 W W — 3 o 5 00
‘ . Ctr  Bay11-7082 § " ctr Bay11-7082
P65 W - - - @ 8 50-
4 z
Actin WS — — 5 5 451
s o B
o 2
NCsiRNA + - - - % g 1.0-
Ly108siRNA - + + + s 3
3 $ 0.5
Bay11-7082 - - - + o 2 -_
8 3§ 0.0l—
o Ctr  Bay11-7082 o« Ctr  Bay11-7082
¢ BN 600+ %

4004

2004

Clonogenic formation

Number of colonies
o

C

=
=

Bay11-7082

lew

250+ -

200+

Migration

= 100 um

Migration cells in 200x vi
o o

e e

Ctr  Bay11-7082

(o2}
o
%
%

Invasion

=
=

— 100 um
Invasion cells in 200x view
N N
° ° O

SRt R

Ctr Bay11-7082

C

Bay11-7082
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Discussion

SLAMF6 is an immune regulator that is expressed at the
surface of hematopoietic cells. Previous studies have revealed
that SLAMF®6 is involved in numerous diseases, including
systemic lupus erythematosus and lethal colitis (25,27).
However, the role of macrophages SLAMF6 expression
in HCC progression remains unknown. The present study
reported increased SLAMF6 expression levels in the HCC
microenvironment, which facilitated M2-polarization and
promoted HCC cell migration, invasion and proliferation.
The results from the present study suggested that there
was a relationship between SLAMF6 and TAM-related
tumor-promoting inflammation. SLAMF6 expression level
was higher in the peripheral CD14* monocytes of patients
with HCC compared with healthy donors and was associated
with certain clinicopathological characteristics of patients.
Furthermore, TAMs, also known as M2-like macrophages,
exhibited higher SLAMF6 (Lyl08 in mice) expression level
compared with M1-like macrophages. In addition, the tumor
microenvironment was determined to be the cause of high
SLAMF6 expression and could also promote macrophage
polarization. SLAMF6 expression in TAMs was able to
promote HCC cell proliferation, migration and invasion, indi-
cating the important role of SLAMF6 in HCC development.
After demonstrating that SLAMF6 was upregulated in
the peripheral CD14* monocytes of patients with HCC, our
study aimed to elucidate the relationship between SLAMF6
expression level and certain clinicopathological characteris-
tics of patients with HCC, including HBV status, AFP level,
the number of tumors, the lymphatic metastasis occurrence,
the distant metastasis occurrence and the different stages
of tumors. Only SLAMF6 expression level in the CD14*
monocytes from patients with HCC that were HBV positive
or whose serum AFP levels was >100 ng/ml was significantly
higher compared with the control group. This may be due to
the diversity of the patients from whom blood samples were
obtained. Upregulated SLAMFG6 levels were also observed in
the murine HCC model, which verifies this conclusion.
Macrophages are classified into two phenotypes: The clas-
sically activated M1 phenotype and the alternatively activated
M2 phenotype (8). Among these, the M2-like phenotype is
considered to be a TAM, serving an important role in the
promotion of tumor growth and progression and accelerating
HCC cell invasion and migration, thereby worsening patient
prognosis (12,13). The results from the present study revealed
that TAMs had higher SLAMFG6 expression levels compared
with M1-like macrophages. Furthermore, these findings were
in accordance with those obtained in human blood samples,
indicating that the monocytes from patients with HCC may
have a tendency towards the M2 phenotype and may therefore
exhibit higher SLAMF6 expression level. The present study
also demonstrated that the tumor microenvironment may
facilitate macrophage SLAMF6 expression and polarization.
The tumor microenvironment is extremely complex and
its components could promote the expression of SLAMF6.
However, this conclusion is difficult to verify. The results
from the present study indicated that SLAMF6 silencing
significantly inhibited the proliferation, migration and inva-
sion of Hepal-6 cells. Furthermore, SLAMF®6 silencing

could inhibit tumor growth in the murine HCC model. Taken
together, these finding suggested a potential role of SLAMF6
in TAM-mediated HCC progression.

NF-«B is a signaling pathway that serves an important
role in macrophage polarization (30). It has been reported that
SLAMF6 regulates the function of Th2 cells via the NF-kB
pathway (29). The results from the present study demonstrated
that SLAMF6 accelerated HCC growth by inhibiting the
NF-«B signaling pathway.

The findings from our study suggested that increased
SLAMF6 expression levels in patients with HCC may be
caused by the tumor microenvironment, which promoted
HCC development via the NF-«xB signaling pathway. However,
further investigation is required to determine the relationship
between SLAMFG6 expression and the clinicopathological
characteristics of patients with HCC. Furthermore, deter-
mining why SLAMF6 expression level was upregulated in M2
macrophages and elucidating the mechanisms underlying the
interactions between SLAMF6 and NF-«xB should be the aim
of future studies.
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