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Macrophage-secreted IL-8 induces epithelial-mesenchymal
transition in hepatocellular carcinoma cells by
activating the JAK2/STAT3/Snail pathway
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Abstract. Macrophages are a major component of the
leukocyte infiltrate of tumors and play a pivotal role in the
progression of hepatocellular carcinoma (HCC). However,
the molecular mechanisms by which macrophages promote
HCC invasion are poorly understood. The present study was
undertaken to investigate the relationship between macro-
phages and epithelial-mesenchymal transition (EMT) of HCC.
Double-staining immunohistochemistry was used to observe
the association between macrophages and EMT markers
in clinical HCC samples and it showed that EMT primarily
occurred at the edge of the tumor nest, in which infiltrating
macrophages were always observed. This indicated that CD68
which is a marker of macrophages, was correlated with EMT
marker levels. In addition, after being cultured with macro-
phages for 24 h, the ability of HCC cells to migrate and invade
increased, Snail and N-Cadherin expression was upregulated,
and E-Cadherin was downregulated. An antibody array assay
was applied to analyze the supernatant of these cultures and it
demonstrated IL-8 increased significantly in the macrophage
co-culture system. Finally, the role of macrophage-derived
IL-8 in the invasion of HCC cells was assayed, and down-
stream signaling pathways were also investigated. We found
that IL-8: i) may induce EMT and promote HCC cell migration
and invasion and ii) is associated with the JAK2/STAT3/Snail
signaling pathway. Taking together, these findings revealed
that macrophages that have infiltrated tumors may induce
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epithelial-mesenchymal transition of HCC cells via the IL-8
activated JAK2/STAT3/Snail pathway. Thus, this may offer a
potential target for developing new HCC therapies.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
types of malignant tumors worldwide, with high prevalence
in Asia and South Africa (1). Surgical resection is the most
common form of therapy (2), but HCC prognosis remains poor
due to tumor invasiveness, frequent intrahepatic spread and
extrahepatic metastasis (3).

Tumor metastasis is a complex process, and various factors
are involved in each step of the process (4). Recent studies
suggest that numerous genes and proteins play vital roles
in the metastasis of cancer cells. Epithelial-mesenchymal
transition (EMT) is the conversion of epithelial cells to mesen-
chymal cells; it is critical in the development of human cancer
invasiveness and metastatic potential (5). During the transi-
tion process, intracellular adhesion between epithelial cells
decreases and they acquire fibroblastoid properties, including
downregulation of E-Cadherin, an epithelial marker, and
upregulation of both N-Cadherin, a mesenchymal marker and
Snail, which regulates EMT (6). EMT assists cancer cells in
entering surrounding tissues by conferring invasive properties
and allowing them to establish a suitable microenvironment
for progression and metastasis (7). Iwatsuki ez al (8) report that
tumor buds, which involve a single cancer cell or small cluster
of cells at the invasive front of tumor tissue, probably undergo
EMT due to down-expression of E-Cadherin.

It has become clear that inflammatory cells present in the
tumor microenvironment play an indispensable role in cancer
progression (9). Tumor-associated macrophages, characterized
as immunosuppressive, pro-angiogenic, and tumor growth-
promoting, are a major component of the inflammatory cell
infiltrate of tumors (10). In a previous study, we found that
high levels of macrophage density, especially at the tumor
edge, and peritumoral macrophage colony-stimulating factor
(M-CSF) predicted high risk of recurrence and metastasis in
HCC patients who had received curative liver resections (11).
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Jensen et al (12) also found that dense infiltration of CD68*
macrophages at the tumor border were associated with poor
survival in patients with melanoma. Chen et al (13)reported
that macrophages can enhance the invasiveness and matrix-
degrading activity of small cell lung cancer cell lines in vitro.
Nevertheless, whether and how tumor-associated macrophages
function in HCC progression and the relationship between
tumor-infiltrating macrophages and EMT in HCC cells remain
poorly understood.

By culturing HCC cell lines with macrophages, we were
able to investigate the effect of the latter upon: i) HCC cell
migration and invasion in vitro and ii) EMT in HCC cells.
In addition, antibody microarrays were used to identify the
cytokines mediating the association between paratumoral
macrophages and EMT. To observe the relationship between
macrophages and EMT in vivo, double-staining immuno-
histochemistry was used to detect macrophage density and
EMT biomarker expression in specimens obtained from HCC
patients.

Materials and methods

Cell preparations. MHCC97L and MHCCO97H are hepatitis
B virus (HBV)-positive HCC cell lines with the same genetic
background but different lung metastatic potential. Both were
established at our institute. The human monocyte leukemia
cell line THP-1 and two additional HCC cell lines, HepG2 and
Huh7, which are HBV-negative cell lines with low metastatic
potential, were purchased from the Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences, Shanghai,
China. MHCC97L, MHCC97H, HepG2 and Huh7 were
cultured in Dulbecco's modified Eagle's medium (Invitrogen,
Carlsbad, CA, USA) and THP-1 cells were cultured in
RPMI-1640 medium (Invitrogen). Media were supplemented
with 10% heat-inactivated fetal bovine serum (FBS) and 1%
penicillin/streptomycin solution (Invitrogen). We cultured the
cells at 37°C in a humidified atmosphere of 5% CO,.

To obtain PMA-treated macrophages, we seeded 1x10°
THP-1 cells into the upper insert of a 6-well Transwell appa-
ratus (0.4 mM pore size; Corning, Lowell, MA, USA) and
treated them with PMA (320 nM) for 24 h.

Patients and specimens. Clinical samples were collected
after obtaining informed consent, according to an estab-
lished protocol approved by the Ethics Committee of Fudan
University. We collected information on HCC patients who
received curative resections between January 2008 and
December 2009 at the Liver Cancer Institute, Zhongshan
Hospital, Fudan University, Shanghai, China. All data
collected was de-identified. All patients included in the study
underwent complete macroscopic removal of their tumors and
did not have distant metastases or any prior anticancer treat-
ment. The pathologic features of all cases were reviewed by
an experienced pathologist blinded to the original pathology
reports. Patients were divided into two groups, according to
whether HCC had recurred within two years. By using random
numbers generated via SPSS software version 16 (SPSS,
Inc., Chicago, IL, USA), 20 patients from each group were
selected for double staining immunohistochemistry. In total,
40 cases were picked, and 40 paraffin-embedded samples were
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obtained, including tumoral and paratumoral tissue, especially
from the tumor edge.

Establishment of co-culture system with macrophages and
HCC cells. After a thorough wash, PMA-treated THP-1
macrophages (upper inserts) were co-cultured with HCC cells
(in a 6-well plate, 2x10° cells/well) without direct contact.
After 24 h of co-culture, the upper inserts containing the
macrophages were discarded, and HCC cells were washed and
used for subsequent experiments.

Cell migration and Matrigel invasion assays: co-cultured
HCC cells. A wound-healing assay was used to evaluate
the ability of HCC cells to migrate following culture with
PMA-treated macrophages. Cells were grown to 80-90%
confluence in 24-well plates, and a wound was made by drag-
ging a plastic pipette tip across the cell surface. The remaining
cells were washed three times to remove cellular debris and
incubated at 37°C with serum-free medium. Migrating cells
at the wound front were photographed after 24 h. All experi-
ments were performed in triplicate.

Cell invasion assays were performed using 24-well
Trans-wells (8 ym pore size; Corning) pre-coated with
Matrigel (Falcon 354480; BD Biosciences, Franklin
Lakes, NJ, USA). In total, 1x10° cells were suspended in
500 1 DMEM containing 1% FBS and added to the upper
chamber, while 750 ul DMEM containing 10% FBS was
placed in the lower chamber. After 48 h of incubation,
Matrigel and the cells remaining in the upper chamber were
removed using cotton swabs. Cells on the lower surface
of the membrane were fixed in 4% paraformaldehyde and
stained with Giemsa. Cells in 5 microscopic fields (at
x200 magnification) were counted and photographed. All
experiments were performed in triplicate.

Double-staining immunohistochemistry: CD68, Snail
and N-Cadherin in HCC clinical specimens. The double
immunohistochemical staining system is designed for the
simultaneous detection of two antigens on one slide. Five-ym
sections of paraffin-embedded clinical HCC samples were cut
using a rotation microtome (Leica RM2125RT). The sections
were deparaffinized in xylene (2x5 min) and rehydrated in
graded alcohols (100-70%, 5 min each) and distilled water.
After antigen retrieval with 0.01% EDTA pH 8.0 (boiled
10 min in a microwave), slides were processed with the Dako
EnVision™ GI2 Double-stain System (K5361; Dako, Glostrup,
Denmark). The primary antibodies were mouse anti-human
CD68 (ready to use; IS61330; Dako), rabbit anti-human Snail
(1:200; BS1853; Bioworld, Visalia, CA, USA), and rabbit anti-
human N-Cadherin (1:1,000; ab18203; Abcam, Burlingame,
CA, USA). The CD68 antibody was applied along with Snail
and N-Cadherin antibodies, respectively, to each specimen.
Negative controls were treated identically except for the
omission of the primary antibodies. Finally, the slides were
counterstained with hematoxylin for 2 min then mounted
with water-based mounting medium. Cells that stained posi-
tive for Snail and N-Cadherin were visualized using DAB*
Chromogen, and CD68 was visualized using permanent red
chromogen. Macrophages were identified by red stain, while
HCC cells undergoing EMT were identified by brown stain.
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Figure 1. Macrophages enhance HCC cell migration and invasion in vitro. Functional analysis is illustrated after co-cultured with THP-1 macropahges in
human hepatocellular cells in vitro. (A and B). After co-cultured with THP-1 macrophages, MHCC-97H and Hep-G2 migrated rapidly compared with control
group for wound channel closure (original magnification, x100). (C and D) A Transwell assay showed that the number of invading HCC cells were higher than

in control groups (original magnification, x100).

In each section, staining was captured by Leica QWin Plus
version 3 software (Leica Microsystems, Wetzlar, Germany).

Western blotting: EMT markers and the JAK2/STAT3 pathway
in HCC co-cultures. Protein (30 pg) from the total cell extract
of cell cultures was used to perform sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), then proteins
were transferred onto polyvinylidene difluoride membranes and
incubated with the corresponding antibodies. The membranes
were developed using the enhanced chemiluminescence
method (Pierce, Rockford, IL, USA). Rabbit anti-human Snail
polyclonal antibody (1:1,000; BS1853; Bioworld), rabbit anti-
human E-Cadherin polyclonal antibody (1:10,000; ab40772;
Abcam), and rabbit anti-human N-Cadherin polyclonal
antibody (1:1,000; ab18203; Abcam) were used to detect the
expression of Snail, E-Cadherin and N-Cadherin, respectively.
Rabbit anti-human JAK?2/p-JAK2 monoclonal antibody
(1:1,000; 3230; Cell Signaling Technology, Danvers, MA,
USA/1:1,000; 4406; Cell Signaling Technology) and rabbit
anti-human STAT3/p-STAT3 monoclonal antibody (1:1,000;
4904; Cell Signaling Technology/1:2,000; 9145; Cell Signaling
Technology) were selected to detect the JAK2/STAT3 pathway.
A monoclonal B-tubulin antibody (1:1,000; Beyotime Institute
of Biotechnology, Haimen, China) was used as an internal
control. Horseradish peroxidase-conjugated anti-mouse
and anti-rabbit antibody (1:5,000; KC-RB-035; KangCheng
Biotechnology, Shanghai, China) were used as secondary
antibodies. The intensity of protein bands was determined by

densitometry using the Bio-Rad system (Bio-Rad Laboratories,
Hercules, CA, USA). All experiments were performed in trip-
licate.

Immunofluorescence analysis: EMT markers in HCC
co-cultures. Immunofluorescence analysis of tumor cells
cultured on glass coverslips was performed as previously
described (14). Cells were cultured for 72 h in the appropriate
medium containing antibodies specific for E-Cadherin (1:500;
ab40772; Abcam), N-Cadherin (1:50; ab18203; Abcam) and
Snail (1:100; BS1853; Bioworld).

Antibody chip assay and ELISA verification of cytokines
produced in HCC co-cultures. Samples of serum-free culture
media were obtained from the supernatant of co-cultured
HCC cells (MHCC-97H and Hep-G2) and macrophages.
The levels of 80 human cytokines were determined using the
human cytokine antibody array G-Series 5 (RayBiotech, Inc.,
Norcross, GA, USA). Briefly, a panel of antibodies is immo-
bilized in specific locations on the surface of a glass slide.
Incubating samples with the array results in the capture of
cytokines by the corresponding antibodies. Bound cytokines
are then detected with a cocktail of biotinylated antibodies.
Signals are visualized using streptavidin-HRP conjugate and
colorimetry. Results are expressed in relative units of spot
color density, which reflect the concentration of each chemo-
kine. Color images of the array were analyzed using the Image
Lab 3.0.
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Figure 2. Morphological change of HCC cells. After being cultured with
macrophages, HCC cells were scattered and spindle shaped, especially the
Hep-G2 cell line; originally growing in a mass, Hep-G2 began to grow in a
solitary fashion after macrophage co-culture. In the co-cultured HCC cells
elongated parapodium could be observed (original magnification, x200).

Levels of MIP-3a, TNF-a,, RANTES, MCP-1, IL-6, IL-8,
IL-1p and GRO-a were measured via ELISA in serum-free
supernatant from HCC cell cultures, following the manufac-

turer's instructions (R&D Systems, Inc., Minneapolis, MN,
USA).

Statistical analysis. Statistical analysis was performed using

SPSS 16.0 software. Values are expressed as means + standard
deviations. The normality of the data was assessed by the
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Kolmogorov-Smirnov test. For normally distributed variables,
the experimental and control groups were compared using
the Student's t-test. The cut-off for statistical significance was
P=<0.05.

Results

Macrophages enhance HCC cell migration and invasion
in vitro. Phorbol myristyl acetate (PMA)-treated THP-1
macrophages were co-cultured with HCC cells in a non-contact
Transwell system. Matrigel invasion assays showed that the
number of invading HCC cells increased significantly after
being co-cultured with macrophages (Fig. 1C) (MHCC-97H,
44.7+6.5 vs. 234.7+13.3; Hep-G2, 25.0+6.0 vs. 191.7+17.6,
P<0.05; Fig. 1D). In addition, a wound-healing assay, used to
measure migration, demonstrated accelerated wound closure
in HCC cells cultured with macrophages (Fig. 1A and B).

Culturing HCC cells with macrophages is associated with
EMT. Control HCC cells formed clusters in culture and had
tight cellular junctions. By contrast, after being cultured with
macrophages, HCC cells were scattered and spindle shaped,
similar to fibroblast cells, especially the Hep-G2 cell line;
originally growing in a mass, Hep-G2 began to grow in a soli-
tary fashion after macrophage co-culture. In the co-cultured
HCC cells elongated parapodium could be observed (Fig. 2).
To clarify whether EMT had taken place, we assessed the
expression of Snail, E-Cadherin, and N-Cadherin, three key
markers of the EMT process, in HCC/macrophage co-cultures
using western blots. The results showed that Snail and
N-Cadherin expression was significantly enhanced in HCC
cells co-cultured with macrophages, while E-Cadherin expres-
sion decreased sharply (Fig. 3).
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Figure 3. Culturing HCC cells with macrophages is associated with EMT. The expression of Snail, E-Cadherin and N-Cadherin, three key markers of the
EMT process were assessed. (A) Western blots analysis demonstrated the expression of Snail, N-Cadherin and E-Cadherin in HCC cell lines and the ones
co-cultured with macrophages. (B-D) Semi-quantitative analysis demonstrated that Snail and N-Cadherin expression was significantly enhanced in HCC cells
co-cultured with macrophages, while E-Cadherin expression decreased sharply ("P<0.05).
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Figure 4. EMT in clinical HCC specimens. The expression of CD68, Snail and N-Cadhrin was detected by double-staining immunohistochemistry analysis.
(A-D) CD68 (red) and N-Cadherin (brown) were stained simultaneously on one slide. CD68-positive macrophages mainly infiltrated the stroma of the tumor,
and N-Cadherin-positive tumor cells were surrounded by macrophages. (E-H) CD68 (red) and Snail (brown) were stained simultaneously on one slide.
Macrophages were mainly observed around the edge of the tumor nest and in the area where macrophages were concentrated. The expression of Snail was also
stronger in such areas. (A, C, D and E, original magnification, x100; B, F and G, original magnification, x200; H, original magnification, x40).

Table I. Concentration of cytokines in the cell culture medium.

MHCC-97H Hep-G2

Control Co-cultured Control Co-cultured
MIP-3a 54.65+8.87 57.42+12.67 58.99+6.71 68.41+11.48
TNF-a 28.95+6.03 603.89+15.18 30.86+4.18 625.32+56 .43
RANTES 31.21+4.14 36.21+£3.96 20.34+3.14 22.89+8.48
MCP-1 442.38+20.95 451.20+34.66 527.00+£77.71 571.55492.29
IL-6 17.76+3.55 911.68+67.24 27.27+9.27 848.32+57.29
IL-8 16.74+2.09 4317.74+291.08 29.01+14.13 4347.40+192.09
IL-1p 13.57£2.05 461.42+26.73 28.69+5.45 525.36+34.553
GRO-a 15.03+2.48 15.24+5.57 12.95+2.38 14.01£2.04

EMT in clinical HCC specimens. Double-staining immu-
nohistochemistry analysis of HCC clinical samples showed
that macrophages which stained CD68 positive were mainly
observed around the edge of the tumor nest (Fig. 4). Notably,
in the area where macrophages were concentrated, Snail and
N-Cadherin expression was high.

Macrophage-derived IL-8 induces EMT in cultured HCC
cells. We used antibody arrays to investigate which macro-
phage-secreted cytokines promoted HCC cell invasion in our
co-culture model. Serum-free culture media was obtained
from cell-normalized cultures; as shown in Fig. 5, levels
of macrophage inflammatory protein-3a. (MIP-3a), tumor
necrosis factor-a (TNF-a), RANTES, monocyte chemo-
attractant protein (MCP-1), IL-6, IL-8, IL-1p and growth
related oncogene-a (GRO-a) were significantly elevated in
both co-cultured MHCC-97H and Hep-G2 cells.

In order to verify the results obtained from the array,
ELISA was used to assess levels of the cytokines listed above
in the supernatant of HCC/macrophage co-cultures and HCC
control cultures. No significant differences between MIP-3a,
RANTES, MCP-1 and GRO-a levels were found between
the co-cultured and control groups, but the levels of TNF-a,
IL-6,1L-8 and IL-1f increased significantly in the media from
co-cultured HCC cells (Table I; Fig. 6A and B). As shown in
Fig. 6C and D, we observed a nearly 100-fold increase in levels
of secreted IL-8 in the supernatant of HCC cells cultured with
macrophages relative to control HCC cells.

IL-8 induces a mesenchymal-like phenotype in HCC cells
via dose-related activation of the JAK2/STAT3 pathway. To
investigate whether IL-8 and JAK2/STAT3 activation plays a
critical role in inducing EMT, we cultured Hep-G2 cells with
macrophages in the presence of varying levels of IL-8 (0, 1,
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Figure 6. ELISA verification of cytokines produced in HCC co-cultures (A and B). The cytokines that had been discovered by antibody arrays (in Fig. 5)
were verified by ELISA, and the supernatants of MHCC-97H/Hep-G2 and macrophage-MHCC-97H/Hep-G2 co-culture systems were obtained for analysis.
(C and D) The IL-8 levels in the supernatant of MHCC-97H, Hep-G2, macrophages and macrophage-MHCC-97H/Hep-G2 co-culture systems were analyzed
by ELISA.
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Figure 7. Role of IL-8 signaling in EMT. (A) The expression of Jak2, p-Jak2, Stat3, p-Stat3 and Snail were assessed in Hep-G2 exposure to different
concentrations of IL-8. (B-D) Semi-quantitative analysis demonstrated that Jak2/Stat3/Snail pathway could be activated by IL-8. (*P>0.05; “P<0.05).
(E) Immunofluorescent analysis of E-Cadherin, N-Cadherin and Snail in Hep-G2 vs. Hep-G2 that was incubated with IL-8. The green signal represents the
staining of the corresponding protein and the blue signal represents the DAPI-stained nuclei. The morphological change of Hep-G2 after incubated with IL-8
was also observed. (F and G) Functional analysis is illustrated after IL-8 had been added to the media for 24 h. A Transwell assay showed that the number of
invading Hep-G2 cells were higher that in control groups (original magnification, x100).

3 and 5 ng/ml) for 24 h, subsequently testing their invasive In addition, we observed that the ability of Hep-G2 cells
potential in vitro. JAK2/STAT3 activation was indicated by an  to invade the extracellular matrix in vitro increased in the
increase in phosphor-specific forms of JAK2/STAT3 relative  presence of IL-8 (Fig. 7F and G). The shape of the cells
to total forms of JAK2/STAT3. We found the activity of both  became fusiform and the conjunctions between them loose.
JAK2 and STAT3 increased with increasing IL-8 concentra- Immunofluorescence analysis also revealed that levels of the
tions (Fig. 7A-D). epithelial marker, E-Cadherin, decreased, while levels of
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the mesenchymal markers, N-Cadherin and Snail, increased
(Fig. 7E).

Discussion

Multiple studies on various types of human carcinomas
have demonstrated a positive association between the activa-
tion of an EMT program and poor prognosis or advanced
disease (15-18). This suggests that EMT plays a critical
role in cancer progression. The tumor microenvironment is
composed of an extracellular matrix, fibroblasts, myofibro-
blasts, endothelial cells, immune cells and soluble factors.
A recent study revealed that stromal cells in solid tumors
represent a dynamic, flexible asset for tumor progression (19),
and it is recognized that the balance between tumor immu-
nity and tumor progression is important (20). Macrophages,
an important component of the tumor microenvironment,
was observed mainly to infiltrate the stromal area and it is
reported that they can promote tumor progression and are
associated with poor prognosis (21-25). By using double-
staining immunohistochemistry to investigate clinical
samples, we found that the number of HCC cells that switch
from an epithelial to a mesenchymal-like phenotype may
constitute only a small fraction of the total primary tumor
mass; mesenchymal-like cells were especially common at
the edge of tumor nests, while macrophages were primarily
observed in the border areas of the tumor nest and stroma.
This phenomenon indicates that macrophages that have
infiltrated the tumor stroma may play a key role in the EMT
process in HCC. The double-staining immunohistochemistry
was applied only to observe the location of macrophages and
tumor cells which were undergoing EMT in HCC tissues, and
no statistical analyses were performed.

As mentioned above, macrophages were part of tumor's
adjacent stroma, and their correlations with patient survival
have largely been related to the macrophage secretome which
involves factors that stimulate tumor cell proliferation and
survival, angiogenesis and release of proteases essential for
extracellular matrix remodeling (26-28). In the present study,
we hypothesized that macrophages that infiltrate the stroma
could influence tumor cells in the epithelial state by secretion
of certain cytokines. In order to determine whether the asso-
ciations are causal, we used a non-contact system described
previously for co-culture macrophages and HCC cells and
THP-1 macrophages were used as macrophage model because
PMA-treated THP-1 macrophages had an M2 functional
profile (13,29). We demonstrated that culturing two HCC
cell lines with macrophages led to EMT, upexpression of two
mesenchymal markers, N-Cadherin and Snail, and induction
of invasiveness. Therefore, it is possible that soluble factors
secreted by macrophages could induce adjacent epithelial
tumor cells to undergo EMT and acquire metastatic potential.

Although our antibody array results indicated that the tran-
sition of HCC cells from an epithelial to a mesenchymal-like
phenotype was associated with the secretion of multiple cyto-
kines and chemokines, including MIP-3a, TNF-a, RANTES,
MCP-1, IL-6, IL-8, IL-1p and GRO-a, when ELISA was
used to verify these differences, only levels of TNF-a, IL-6,
IL-8 and IL-1p were found to increase. IL-1f and TNF-a
are reported to regulate IL-8 expression in fibroblasts (30),
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endothelial cells (31), gastric carcinoma (32) and prostate
cancer (33). Soria et al (34) found that coordinated expression
of TNF-a and IL-1f may promote breast cancer recurrence.
Moreover, Akiba et al (35) discovered that cancerous tissue
samples with high IL-8 levels have a significantly higher
frequency of portal vein invasion. Various studies have also
shown that IL-6 is important in the pathogenesis of HCC,
and it has been known for some time that, in humans, IL-6
levels are increased in serum from patients with chronic liver
disease, including cirrhosis and HCC (36,37). Recent studies
have indicated that IL-6 is capable of inducing EMT in human
breast cancer cells (38), so we cannot reject the possibility that
IL-6 contributes to EMT in HCC.

IL-8 expression in cancer has been associated with tumor
growth and survival, increased tumor cell migration and inva-
sion, and increased neovascularization (39-41). Therefore,
IL-8 was the major focus of the present study. In this study,
IL-8 levels increased in cultures containing both HCC cells
and macrophages, and this increase was much greater than
that seen for IL-6. We hypothesize that the large increase in
IL-8 levels was due to synergy between TNF-a and IL-1p.
Our ELISA results showed that IL-8 concentrations were
mainly elevated in the supernatant of cultured macrophages
and co-cultured HCC cells and macrophages, while the levels
of IL-8 in cultured HCC cells were appreciably lower. This
suggests that IL-8 is secreted primarily by the macrophages
and is probably involved in the development of HCC in vitro.

STAT3 is regarded as a critical transcription activator
for cell cycle or cell survival-related genes, and its phos-
phorylation has been linked to HCC tumor progression (42),
angiogenesis (43) and tumorigenesis (44). Colomiere et al (45)
have reported that activation of the JAK2/STAT3 pathway may
result in EMT-associated phenotypes of ovarian cancer cells.
Moreover, consistent suppression of STAT3 activity may abro-
gate N-Cadherin and vimentin expression, consistent with the
loss of cell motility in ovarian cancer (46). In a study of head
and neck tumors, the JAK2/STAT3/Snail signaling pathway
was identified as the major factor in inducing EMT (47), but
little attention was paid to the tumor stroma, which could be
the most important trigger for EMT. Fernando et al (48) illus-
trated the essential role of IL-8 signaling in the acquisition
and/or maintenance of the mesenchymal and invasive features
of Brachyury-overexpressing tumor cells; they also showed
that IL-8 secreted by HCC cells undergoing EMT could
potentiate tumor progression by inducing adjacent epithelial
tumor cells to undergo EMT (48). These authors, however,
did not investigate pathways downstream of IL-8 that may
induce EMT. Therefore, we investigated the hypothesis that
HCC cells may undergo EMT via the JAK2/STAT3 pathway.
Our western blot data from HCC cultures showed that JAK?2/
STAT?3 activation was positively associated with IL-8 levels
in a dose-dependent fashion. Moreover, Snail expression also
increased with increasing IL-8.

Our data provide novel evidence for the importance of
macrophages in HCC pathogenesis. Moreover, we confirm
that the soluble cytokines secreted by macrophages, such as
IL-8, can trigger a switch in the phenotype of HCC cells. In
light of these results, the development of strategies aimed at
interfering with cytokines appears to be a rational approach
for preventing metastasis, which would improve HCC thera-



INTERNATIONAL JOURNAL OF ONCOLOGY 46: 587-596, 2015

peutic efficacy. In addition, our results indicate that: i) IL-8
is the most probable candidate cytokine to induce EMT in
HCC cells and ii) the JAK2/STAT3/Snail signaling pathway
may lie downstream of the IL-8 receptor axis. Our research
demonstrates, for the first time, the mechanism by which
macrophages that have infiltrated the tumoral stroma can
induce EMT in HCC. They also provide a new perspective on
how IL-8 is linked to the JAK2/STAT3/Snail pathway.

There are several potential limitations of the present
study. It should be noted that this study primarily focused on
macrophages that infiltrated the stroma of the tumor. However,
the tumor immune microenvironment is composed of various
kinds of immune-related cells, such as neutrophils (49),
natural killer T cells (50), T lymphocytes (51) and T regula-
tory cells (52), which can influence the biological activity of
HCC cells. Although the macrophage is widely recognized
as the major type of inflammatory cell that infiltrates tumors,
we cannot be certain that the macrophage is the only cell
type influencing EMT in HCC. In addition, in this study, we
focused primarily on the effect of IL-8 rather than those of the
other cytokines identified by our antibody array. As mentioned
above, IL-6 was another potential trigger of EMT in HCC.
Thus, future studies should investigate the role of additional
cytokines in affecting HCC pathogenesis; moreover, an attempt
to characterize the network of immune-related cytokines in
HCC should be considered.
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