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Abstract.
BACKGROUND: Cytokines play an important role in the immune response, angiogenesis, cell growth, and differentiation
in hepatocellular carcinoma (HCC).
OBJECTIVE: We performed a comprehensive study to identify tumor-related cytokines and pathways involved in HCC
pathogenesis.
METHODS: Cytokine production was evaluated in human HCC tissues and adjacent non-tumor tissues using an antibody-
based protein array technique. We compared cytokine expression in HCC tissues with that of hepatic hemangioma (HH),
liver metastasis of colorectal cancer, and noncancerous liver tissues from transplantation donors. The protein levels and
localization of the candidate cytokines were analyzed by western blotting and immunohistochemistry.
RESULTS: Increased expression of interleukin (IL)-1 receptor antagonist, macrophage migration inhibitory factor, and
IL-16 was observed in HCC and paired adjacent non-tumor tissues compared with noncancerous livers. In addition, there
were increased IL-16 levels in HCC tissues compared with HH. IL-16 treatment significantly increased cell proliferation in
vitro. The expression of extracellular signal-regulated kinase (ERK)1/2 and cyclin D1 was markedly increased in cells from
two HCC cell lines, Huh7 and HepG2, in a dose- and time-dependent manner. Phosphorylated to total ERK1/2 ratio was
increased in Huh7 cells following IL-16 50 ng/ml, but not HepG2 cells. ERK phosphorylation have occurred earlier than
protein accumulation at 48 h. Pretreatment with the ERK inhibitor, FR18024, or an anti-IL-16 antibody reduced the increase
in IL-16 production in HCC cells.
CONCLUSIONS: These results suggest that cell proliferation induced by IL-16 is mediated through the ERK pathway, thus,
we identified a new factor associated with HCC tumor growth.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common malignancy of the liver and is the 3rd leading
cause of cancer-related deaths worldwide [1]. The prognosis for patients with hepatocellular carcinoma
(HCC) is usually poor. HCC may occur as a consequence of various pathologic conditions that cause
chronic liver damage [1] and it is preceded by chronic hepatitis and liver cirrhosis, which alter the
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immune microenvironment to promote HCC development [2]. Under these conditions, the hepatic
immune cells release cytokines that play a role in defense [2]. Several cytokines are involved in the
immune response, angiogenesis, tumor growth, and differentiation in HCC pathogenesis [3].

Hepatic hemangioma (HH) is a benign liver tumor of the mesenchymal tissues [4]. These tumors
can grow large enough to cause a number of symptoms, including severe hepatic dysfunction. Lazăr
et al. demonstrated that inflammatory cytokines play a role in the angiogenesis of HH [4]. The acti-
vation of various immune modulatory cytokines and innate immune cells, such as natural killer cells
and dendritic cells, are downregulated in patients with the progression of HCC [5]. Consequently,
many cytokines are released in response to a diverse range of cellular stresses, including infection,
inflammation, and carcinogenesis. These proteins are generally grouped into two categories: pro-
inflammatory or anti-inflammatory [6]. Th1 cytokines, including interleukin (IL)-1�, IL-1�, IL-2,
IL-12p35, IL-12p40, IL-15, tumor necrosis factor (TNF)-�, and interferon (IFN)-�, are generally
referred to as pro-inflammatory, whereas Th2 cytokines, such as IL-4, IL-8, IL-10, and IL-5, induce
anti-inflammatory responses [3]. These cytokines activate a host response aimed at controlling cellular
stress and minimizing cellular damage.

The liver is an organ enriched with immune cells and liver cancer progresses by a viral-induced
immune response from chronic inflammation and consequent regeneration. Studies have shown that
increased expression of the Th2 cytokine, IL-10, in HCC tumors correlates with disease progres-
sion [7, 8]. Conversely, the Th1 cytokine, IFN-�, activates macrophages and increases TNF-�,
which compromises liver function [9]. Patients with HCC and either low serum IFN-� levels or
negative IFN-� receptor expression in cancerous tissues usually have large-sized tumors, higher
metastases, and an increased risk of tumor recurrence after curative treatment [10]. Th1 and Th2
imbalances in the HCC microenvironment induce metastasis and recurrence, thereby exerting a signif-
icant effect on patient prognosis. Identifying and characterizing factors underlying HCC pathogenesis
and their regulation may lead to improved diagnostic and therapeutic strategies. Understanding the
role of cytokines through longitudinal studies will provide further insight into the process of HCC
progression.

Proteomics represents a powerful tool for discovering cancer-specific biomarkers and their properties
during cancer progression [11]. In the present study, we performed differential profiling of cytokines
from HCC tissues and adjacent non-tumoral liver tissues using a cytokine array. Our findings may help
to identify factors involved in HCC invasion and progression that may lead to the development of new
therapeutic strategies.

2. Materials and methods

2.1. Drugs and antibodies

Recombinant IL-16 (rIL-16) and anti-human IL-16 antibody (Ab) was obtained from R&D Systems
(Minneapolis, MN, USA) and recombinant human macrophage migration inhibitory factor (rhMIF)
and recombinant human interleukin-1 receptor antagonist (rh IL-1ra) was obtained from PeproTech
(Rockey Hill. NJ, USA). These reagents were dissolved in phosphate buffer saline (Nissui Phar-
maceutical, Tokyo, Japan) and stored at –20◦C until use. The extracellular signal-regulated kinase
(ERK) inhibitor II, FR180204, was obtained from Merck Millipore (Darmstadt, Germany), dissolved
in dimethyl sulfoxide (Fujifirm Wako Pure Chemical, Osaka, Japan), and stored at –20◦C until use.
In addition to anti-human IL-16 Ab, the following Abs were used: rabbit anti-ERK1/2 polyclonal
Ab, rabbit anti-phospho-ERK1/2 polyclonal Ab, and rabbit anti-cyclin D1 polyclonal Ab (Santa Cruz
Biotechnology, Santa Cruz, CA, USA).
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2.2. Human liver tissue samples

Human liver tissue samples preserved in our internal human tissue bank were obtained from patients
undergoing partial hepatectomy for liver disease, including HCC and liver metastasis of colorectal
cancer, at St. Marianna University Hospital in Kanagawa, Japan. Liver samples were managed using
anonymized numbers and each patient provided written informed consent before surgery. No patients
showed evidence of concurrent hepatitis B or hepatitis C virus-related HCC. Noncancerous liver
samples from Caucasian and Hispanic transplantation donors were supplied by the National Disease
Research Interchange (Philadelphia, PA, USA) through the Biomedical Research Institute, Human
and Animal Bridging Research Organization (Chiba, Japan). The St. Marianna University School of
Medicine Ethics Committee approved this study (approval number 1208).

All tissue samples were frozen in liquid nitrogen or fixed in 10% formalin and embedded in paraffin.
Non-tumor tissue specimens were obtained from at least 10 cm away from the tumor region and they
were confirmed to be free of tumor cells by pathological analysis.

2.3. Cytokine and chemokine profiles using antibody arrays

Whole protein from liver tissues was extracted using a lysis solution (Tris-HCl 50 mM, pH 7.4,
EGTA 1 mM, 0.001% leupeptin) and supernatants were collected after centrifugation for 30 min at
15,000 rpm. Simultaneous profiling was performed to identify the relative levels of multiple cytokines
in a single sample using the Human Cytokine Array Panel A (Proteome ProfilerTM, R&D Systems)
which consists of 36 cytokine and chemokine Abs spotted in duplicate onto a membrane [12]. The
assay was performed according to the manufacturer’s instructions. The membrane was blocked with
10% bovine serum albumin in Tris-buffered saline, followed by incubation with the primary Ab while
shaking at 110 rpm at 4◦C overnight. After a series of washes, 2 mL of a 1:500 dilution of biotin-
conjugated Abs were added to the membrane. The membrane was incubated on a shaker for 2 h at room
temperature. Following a wash, the membrane was incubated with streptavidin-conjugated peroxidase
for 1 h at room temperature. Reactive proteins were detected by enhanced chemiluminescence using an
ECL Plus Kit (GE Healthcare, Buckinghamshire, UK). The arrays were scanned into a computer and
optical density measurements were obtained with the densitograph software, CS Analyzer 3 (ATTO,
Tokyo, Japan). The net density gray levels were determined for each spot by subtracting the gray
background levels from the total raw density gray levels.

2.4. Cell lines and cell cultures

The HCC lines, Huh7 and HepG2, were obtained from the Riken Gene Bank (Tsukuba, Japan). Cells
were cultured in RPMI-1640 medium containing 10% fetal bovine serum (Sigma-Aldrich, St. Louis,
MO, USA) with penicillin (100 units/mL) and streptomycin (100 �g/mL) at 37◦C in an atmosphere
of 5% CO2 and 95% O2. Cells (5 × 105) were seeded in culture dishes. The cells were incubated for
48 h and the second Day was designated as Day 0. From Day 0, cells were incubated with rIl-16 at
concentrations of 20, 50, or 100 ng/mL for either 48 h or 72 h.

2.5. Immunohistochemistry

Hepatic tissue samples fixed in 10% formalin were embedded in paraffin and sliced longitudinally
into 5-�m-thick sections. Paraffin-embedded samples were deparaffinized in xylene and rehydrated in
a graded ethanol series. Endogenous peroxidase activity was inactivated with 0.1% hydrogen peroxide.
After blocking with bovine serum for 30 min, the slides were incubated with an anti-IL-16 polyclonal
Ab diluted to 1:200. Immunoreactivity in the sections was demonstrated using the DAKO Envision
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system (Carpinteria, CA, USA) following the manufacturer’s instructions. Finally, the tissues were
counterstained with hematoxylin and eosin. Microscopic observation was performed using a Carl
Zeiss Axiophot microscope (Hitschfeld Optical Instruments, St. Louis, MO, USA). Rabbit serum was
used as a negative control.

2.6. Cell proliferation assay

Huh7 and HepG2 cells (4×104) were cultured with rIl-16 for 4, 16, and 24 h in 96-well flat
bottom plates (Costar, NY, USA) in 200 �L of RPM1-1640 medium. After incubation, 20 �L of
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)
substrate was added to each well. Cell proliferation was evaluated using a CellTiter 96 Aqueous One
Solution Cell Proliferation Assay (Promega, Madison, WI, USA) and the procedure was performed
according to the manufacturer’s instructions. Absorbance was measured at 490 nm with a Multiscan
microplate reader (Thermo Labsystems, Vantaa, Finland). The proliferation rate was determined as
the ratio of the optical density of treated to control cells.

2.7. Western blot analysis

Whole cell extracts were prepared from HepG2 and Huh7 cells using cell lysis buffer and nuclear
proteins were extracted using a NE-PER Nuclear and Cytoplasmic Extraction Kit (Pierce Biotech-
nology, Rockford, IL, USA). Protein concentration was measured using a Bio-Rad Protein Assay Kit
(Hercules, CA, USA). Samples (30 �g) were resolved by 10% SDS-polyacrylamide gel electrophoresis
and then transferred to a Hybond-ECL membrane (Roche Diagnostics, Basel, Swiss). The membrane
was blocked overnight at 4◦C with 5% skim milk in Tris-buffered saline containing Tween 20 (NaCl
150 mmol/L, Tris-HCl 10 mmol/L, pH 7.5, Tween 0.5%). The membranes were incubated with primary
Ab for 2 h at room temperature and reactive proteins were detected by enhanced chemiluminescence
(ImmunoStar, Wako, Tokyo). Signal intensities were analyzed using a C-DiGit Chemiluminescent
Western Blot Scanner (LI-COR Bioscience, Lincoln, NE, USA), and protein expression was quanti-
fied by densitometric analysis. Expression of �-tubulin was used as a control to normalize the respective
band densities.

2.8. Statistical analysis

Data are expressed as the mean ± standard error of the mean (SEM). The Steal-Dwass test for mul-
tiple comparisons was used to evaluate differences between respective groups. All statistical analyses
were performed using JMP®13 software (SAS Institute Inc., Cary, NC, USA). A p-value < 0.05 was
considered statistically significant.

3. Results

3.1. Identification of differentially secreted cytokines in HCC tissues by cytokine array

First, we identified three cytokines that were significantly differentially expressed between paired
tumor and adjacent non-tumor regions from liver tissues of six patients with HCC and noncancerous
livers from transplantation donors (Fig. 1a). All differentially expressed cytokines were upregulated
at least 2-fold in the liver tissues of patients with HCC. Interleukin-1 receptor antagonist (IL-1ra)
and macrophage migration inhibitory factor (MIF) are cytokines commonly associated with HCC
pathogenesis [10, 11]. Thus, as expected, we found that the IL-1ra spot density from HCC liver
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samples of non-tumor and tumor regions differed by 4.1- and 3.7-fold, respectively, compared with
noncancerous liver tissue. Similarly, the spot density of MIF from HCC liver samples from non-tumor
and tumor regions was also different by 4.9- and 4.9-fold, respectively. However, we also found that
the IL-16 spot density from HCC liver samples of non-tumor and tumor regions differed by 2.4-fold

Fig. 1. (Continued)
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Fig. 1. Antibody-based microarray analysis of HCC patient samples. (a) All protein array analyses were done according to the
manufacturer’s instructions. Antibody array layout (upper panel). Positive controls (Posi) are located in the upper left-hand
corner (two spots) and higher right-hand corner (two spots), and negative controls (Nega) are located in the lower right-hand
corner (two spots) of each array panel. Pixel densities were analyzed by densitometry. The expression of individual proteins
was calculated after normalizing to the positive control on each array (middle panel). Among the several cytokines evaluated,
the expression of the IL-1 receptor antagonist (ra), MIF, PAI-1, and IL-16 were increased 2-fold in tumor regions of HCC
tissues and paired adjacent non-tumor regions compared with noncancerous liver samples (lower panel). Representative
images of six independent experiments are shown. (b) Western blot analysis showing IL-16 expression and band intensities
in HCC, hepatic hemangioma (HH), and noncancerous liver tissues. Levels of �-tubulin are shown as a control and used for
normalization. The percentage of IL-16 expression in respective cancer tissues is shown as the value relative to the average
(as 100%) of seven non-cancer liver tissues. The image of Fig.1b was assembled from separate blots representing HCC and
HH/noncancerous livers. Data indicate the mean ± SEM. Data are representative of 5–7 independent experiments. Sample
numbers are given in parentheses.

and 1.9-fold, respectively, although the differential expression was lower compared with that of the
other two cytokines.

A number of studies have previously reported a relationship between aberrant expression of IL-1ra
and MIF and HCC pathogenesis [13, 14]. Therefore, we determined whether the upregulation of IL-16
contributes to HCC pathogenesis. IL-16 protein expression was measured in HCC liver samples and
compared with that of the benign tumor (HH) and noncancerous liver samples using western blot
analysis. The protein levels of IL-16 in both non-tumor and tumor regions of the HCC tissues were
higher compared with those found in HH and noncancerous liver tissues (Fig. 1b).

3.2. IL-16 secretion in human liver tissue

Next, we evaluated IL-16 secretion in liver tissues by immunohistochemical analysis. In HCC tissues
with hepatitis, IL-16-positive cells were commonly found with perivascular blood cells, but not with
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hepatocytes or tumor cells. Also, there were no IL-16-positive cells in the noncancerous liver tissue,
although there was some slight positivity in HH and liver metastasis of colorectal cancer tissues
(Fig. 2a).

IL-16, which has been characterized as a chemoattractant for T cells, is produced by peripheral lym-
phocytes [15]. We verified whether IL-16 secretion is observed in the area of infiltrated lymphocytes.
As a T lymphocyte marker, many CD3-positive cells were observed with HCC cells and hepatocytes
in noncancerous regions. Furthermore, IL-16-positive cells were localized to the area of infiltrated
CD3-positive cells (Fig. 2b).

3.3. Effects of IL-16 on the proliferation of HCC cells

To determine the effects of IL-16 on HCC cell proliferation, we evaluated the HCC cell lines,
HepG2 and Huh7. We found that rIL-16 treatment for 48 h significantly increased cell proliferation in
HepG2 cells in a dose-dependent manner (no treatment: 100.0 ± 6.2; rIL-16 20 ng/mL: 105.4 ± 11.0;
50 ng/mL: 143.9 ± 6.1; and 100 ng/mL: 171.7% ± 9.4%). Proliferation of Huh7 cells exposed to
rIL-16 was also increased (rIl-16 20 ng/mL: 114.9 ± 5.7; 50 ng/mL: 167.7 ± 8.4; and 100 ng/mL:
170.4% ± 7.2%) compared with untreated cells (100.0% ± 4.4%) (Fig. 3a). Cell proliferation increased
in untreated HCC cells in a time-dependent manner, and furthermore, IL-16 treatment increased HCC
cell proliferation. The proliferation of IL-16-treated HepG2 and Huh7 cells increased significantly at
48 and 72 h compared with IL-16 treatment for 24 h (Fig. 3b).

3.4. IL-16 increases the expression of ERK and cyclin D1

Recently, studies have shown that aberrant, rapid changes in mitogen activated protein kinase
(MAPK) and ERK activation are important for cancer growth, survival, and motility [16]. Thus, we
evaluated the expression of ERK1/2 and phosphorylated ERK1/2 in HCC cells treated with rIL-16
and found that IL-16 markedly increased total ERK 1/2 protein levels in both HCC cell types in a
dose-dependent manner (HepG2: no treatment: 100.0 ± 6.1; rIL-16 20 ng/mL: 125.9 ± 6.1; 50 ng/mL:
160.1 ± 7.3; and 100 ng/mL: 238.5% ± 14.7%; Huh7: no treatment: 100.0 ± 7.7; rIL-16 20 ng/mL:
119.0 ± 9.0; 50 ng/mL: 179.5 ± 4.9; and 100 ng/mL: 196.4% ± 5.0%). The ratio of phosphorylated to
total ERK1/2 protein levels was not changed in HepG2, however, Huh7 cells treated with 50 ng/mL
IL-16 (226.5 ± 8.9 %) exhibited a significant increase compared with that of controls (100.0 ± 23.3%)
(Fig. 4a). These results suggest that ERK phosphorylation may arise earlier than protein accumulation
over a 48-hour period.

Many oncogenes promote cell proliferation by accelerating the G1-S phase transition [17]. We found
that cyclin D1 levels were dose-dependently increased in both HepG2 (no treatment: 100.0 ± 23.7;
rIL-16 20 ng/mL: 195.7 ± 22.2; 50 ng/mL: 295.4 ± 23.7; and 100 ng/mL: 448.8% ± 119.3%) and Huh7
(no treatment: 100.0 ± 18.6; IL-16 20 ng/mL: 248.5 ± 45.2; 50 ng/mL: 317.9 ± 51.9; and 100 ng/mL:
481.2% ± 18.6%) cells following treatment with IL-16 (Fig. 4b).

3.5. Effects of an ERK inhibitor on rIL-16-induced ERK and cyclin D1 upregulation in HCC cells

To determine whether IL-16 acts through the ERK/cyclin D1 pathway, HCC cells were pretreated
with the ERK inhibitor, FR18024, followed by rIL-16 treatment. We found that total ERK1/2 protein
levels were reduced in both rIL-16-treated HepG2 and Huh7 cells; however, the phosphorylated ERK
to total ERK ratio was not changed. Furthermore, cyclin D1 protein expression was not increased by
pretreatment with FR18024 (10 �M) in rIL-16-treated HCC cells (rIL-16 treatment versus pretreatment
with FR 18024, p < 0.05) (Fig. 5). Incubation with FR18024 (10 �M) alone had no effect on ERK1/2
and cyclin D1 protein expression.
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Fig. 2. (Continued)
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Fig. 2. (a) Immunohistochemical analysis of IL-16 in tissue samples of noncancerous liver (B), hepatitis B virus-related HCC
(D), hepatitis C virus-related HCC (F), hepatic hemangioma (H), and liver metastasis of colorectal cancer (J). Consecutive
sections were stained with hematoxylin and eosin (A, C, E, G, and I). Original magnification × 200. Scale bar = 100 �m. (b)
IL-16-positive cells around the infiltration area of CD3-positive cells from tumor (lower panel) and adjacent non-tumor regions
(upper panel) of nonviral-related HCC. Consecutive sections stained with hematoxylin and eosin are shown on the right side.
Original magnification × 200. HBV+, hepatitis B virus-positive; HCV+, hepatitis C virus-positive. Scale bar = 100 �m.

3.6. Effects of an ERK inhibitor and anti-IL-16 Ab on IL-16-induced HCC cell proliferation

Next, we determined the effects of an ERK inhibitor or anti-IL-16 Ab on HCC cell proliferation
induced by rIL-16. Pretreatment with FR18024 (10 �M) significantly decreased rIL-16-induced pro-
liferation in HepG2 and Huh7 cells, whereas anti-IL-16 Ab pretreatment (50 ng/mL and 80 ng/mL)
also significantly decreased proliferation in rIL-16-treated HepG2 and Huh7 cells (Fig. 6). Incubation
with either FR18024 or anti-IL-16 Ab alone had no effect on cell proliferation.

3.7. Synergistic effects of MIF and IL-1ra in combination with IL-16 on HCC cell proliferation

Finally, we determined the effects of MIF and IL-1ra in combination with IL-16 on HCC cell
proliferation. MIF alone (170.3 ± 11.6%) significantly increased Huh7 cell proliferation and IL-1ra
(140.9 ± 12.4%) tended to increase proliferation compared with untreated cells (100.0 ± 5.3%). How-
ever, the MIF (161.9 ± 8.7%) and IL-1ra (130.6 ± 8.6%) combination with IL-16 did not significantly
increased cell proliferation compared with IL-16 alone (143.9 ± 3.9%). Thus, a synergistic effect of
MIF or IL-1ra in combination with IL-16 was not observed (Fig. 7).

4. Discussion

HCC promotes and exacerbates chronic inflammation and infection [18, 19]. There is increasing
recognition of the role of cells in mediating these responses, especially the cytokine cascade, during
the immunopathogenesis of chronic hepatitis virus-associated HCC or noninfectious HCC. Therefore,
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Fig. 3. Proliferation of HepG2 and Huh7 cells cultured with rIL-16. (a) Cells (5 × 104) were treated with IL-16 at 20, 50,
and 100 ng/mL in 96-well plates for 48 h. Cell proliferation was measured using the MTS assay and measuring absorbance
at 490 nm. Cell proliferation is presented as the ratio of the optical density of IL-16-treated cells to that of untreated cells.
Data indicate the mean ± SEM and are representative of eight and six independent experiments with HepG2 and Huh7 cells,
respectively. p < 0.05 versus untreated cells. (b) Cell proliferation of HCC cells treated with 50 ng/mL rIL-16 was evaluated
for 72 h. Data indicate the mean ± SEM and are representative of six independent experiments each with HepG2 and Huh7
cells. *p < 0.05 versus untreated cells. #p < 0.05 versus untreated cells for 24 h.

characterization of the expression profile of tumor-associated inflammatory cytokines in HCC will
need to new diagnostic and therapeutic strategies.

In the present study, we identified cytokines associated with the pathogenesis of HCC by proteomic
analysis using an antibody-based protein microarray technique. Three significant cytokines, IL-1ra,
MIF, and IL-16, were differentially expressed between paired tumor and adjacent non-tumor regions
from HCC patients and tissues of noncancerous livers. We found that all differentially expressed
cytokines were increased by at least 2-fold in the tissues of patients with HCC. As expected, we
also identified IL-1ra and MIF in our study as both are cytokines known to be associated with HCC
pathogenesis[10, 11]. Also, compared with noncancerous liver, the IL-16 spot density of HCC liver
samples of non-tumor and tumor regions was increased by 2.4- and 1.9-fold, respectively. Although
the expression of IL-16 in HCC was lower compared with that of the other two cytokines, we focused
on IL-16 production in HCC tissues.

IL-16 is produced in T lymphocytes, B lymphocytes, mast cells, and dendritic cells [15, 20]. It
is a pleiotropic cytokine and its activity affects both chemical attraction and modulation of T cell
activation [15, 20]. Although the involvement of IL-16 in allergy and autoimmune diseases is well
known, its role in HCC pathogenesis is unclear [21, 22], although IL-16 contributes to the production of
tumor-related inflammatory cytokines [23, 24]. There is recent evidence of an association between IL-
16 polymorphisms and susceptibility to a variety of cancers [25, 26]. Although IL-16 polymorphisms
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Fig. 4. Western blot band intensities of (a) ERK1/2 protein and phosphorylated ERK1/2 protein and (b) cyclin D1 in HCC
cell lines. HCC cells were treated with IL-16 for 48 h. Total ERK1/2 increased significantly in HepG2 and Huh7 cells in
a dose-dependent manner. Data indicate the mean ± SEM. ERK1/2 and phosphorylated ERK1/2 data are representative of
six independent experiments. Cyclin D1 data are representative of five (HepG2) and six (Huh7) independent experiments.
�-Tubulin was used as a loading control and to normalize protein intensities. ERK, extracellular signal-regulated protein
kinase.

were associated with susceptibility to HBV-related HCC compared with patients with chronic hepatitis
B, there is no evidence of an association between these polymorphisms and HCC risk compared with
that of healthy subjects [27].

Western blot analysis confirmed that IL-16 is expressed in HCC tissues. IL-16 expression levels in
both non-tumor and tumor regions of HCC tissues were higher compared with those found in benign
tumors, HH, and noncancerous liver. Also, IL-16 secretion in HCC tissues was observed in blood
perivascular cells (CD3-positive cells), but not in hepatocytes and tumor cells, suggesting that the
IL-16 produced in infiltrating T cells acted on HCC cells. Although there was minor IL-16 secretion in
noncancerous liver and liver metastasis of colorectal cancer, we believe that IL-16 may is an important
cytokine in HCC pathogenesis.
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Fig. 5. The ERK inhibitor, FR18024, decreases the rIL-16-induced increases of ERK1/2 and cyclin D1 protein expression in
HepG2 and Huh7 cells. The two HCC cell lines were pretreated with 50 ng/mL FR18024 followed by a 48-h incubation with
rIL-16. ERK1/2 and cyclin D1 protein expression in HepG2 and Huh7 cells treated with IL-16 were determined by western
blot analysis. �-Tubulin was used as a loading control and to normalize protein intensities. Data represent six independent
experiments. N, number of samples.

Next, to clarify the molecular mechanisms of IL-16 augmentation underlying inflammation-
associated HCC, we determined the effects of IL-16 on HCC cell proliferation in vitro in cells from
two different HCC cell lines, HepG2 and Huh7. We found that rIL-16 treatment significantly increased
cell proliferation in a dose- and time-dependent manner both cell lines. Templin et al. demonstrated
that IL-16 is involved in the proliferation of leukemia Jurkat T cells. Functional assays demonstrated
that IL-16 knockdown inhibits proliferation with a significant delay in cell cycle progression to the G2

phase [28].
The ERK signaling pathway regulates the activity of proteins involved in proliferation, cell cycle,

and apoptosis through the MAPK/ERK cascade [16, 29]. Zhang et al. demonstrated that a low dose of
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Fig. 6. Effects of an ERK inhibitor and anti-IL-16 Ab on IL-16-induced cell proliferation in HCC cell lines analyzed after
48 h by western blotting. HepG2 and Huh7 cells were pretreated with FR18024 (5 or 10 �M) or anti-IL-16 Ab (50 or
80 ng/mL) followed by a 48-h incubation with rIL-16. The cell proliferation rate was measured by MTS assay. Data indicate
the mean ± SEM. All data are representative of eight independent experiments. The addition of FR18024 or anti-IL-16 Ab
alone did not affect cell proliferation.

rIL-16 stimulates the proliferation of Jurkat cells and rIL-16 may be a dose-dependent regulator for
growth or apoptosis mediated through the protein kinase C (PKC) or ERK signal pathway in Jurkat
cells [30]. The expression of ERK and cyclin D1 proteins was significantly higher in patients with
histologically poorly differentiated tumors and associated with the presence of intrahepatic metastasis,
suggesting that increased expression of these factors is clinically relevant [31]. Many oncogenes
promote cell proliferation by accelerating the G1-to-S phase transition. As a key regulator of G1 phase
reentry and progression, cyclin D1 is a frequently altered cell cycle regulator in cancer [17]. IL-16-
treated HCC cells significantly increased the levels of total ERK1/2 and cyclin D1 protein. To determine
whether IL-16 acts through the ERK/cyclin D1 pathway in HCC cells, we pretreated cells with the ERK
inhibitor, FR18024, prior to rIL-16 treatment. Increased total ERK1/2 protein levels were inhibited by
pretreatment with FR18024 in IL-16-treated HepG2 and Huh7 cells. However, the phosphorylated ERK
to ERK ratio was not significantly changed by IL-16 treatment alone or pretreatment with FR18024. The
ratio of phosphorylated to total ERK1/2 was increased in only Huh7 cells treated with 50 ng/ml IL-16,
but not in HepG2 cells. Considering that IL-16 was exposed to HCC cell for 48 h, the phosphorylation
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Fig. 7. Synergistic effect of MIF and IL-1ra in combination with IL-16 on HCC cell proliferation. Huh7 cells (5×104) were
incubated with IL-16 and MIF or IL-1ra at 50 ng/mL concentrations in 96-well plates for 72 h. Cell proliferation was detected
using the MTS assay by measuring absorbance at 490 nm. Cell proliferation is presented as the ratio of the optical density
of cells treated with MIF and IL-1ra in combination with IL-16 to that of untreated cells. Data indicate the mean ± SEM.
Data are representative of eight (MIF treatment, right panel) and six (IL-1ra treatment, left panel) independent experiments,
respectively. P < 0.05 versus untreated cells.

of ERK may have occurred earlier. We reasoned that phosphorylated ERK protein levels were relatively
lower than that of total ERK and increased ERK phosphorylation concomitantly increased with total
ERK. Furthermore, cyclin D1 expression was not increased by pretreatment with FR18024 in rIL-16-
treated HCC cells. Our findings suggest that HCC cell proliferation induced by IL-16 is mediated,
in part, through increases in ERK1/2. However, it has been reported that the overexpression of many
upstream growth factors in HCC, such as endothelial growth factor, vascular endothelial growth factor,
platelet-derived growth factor-� (PDGF-�) and transforming growth factor-� (TGF-�), are activated
through the Ras/Raf/MEK/ERK pathway [16]. Therefore, other factors should also be considered.

We also studied the effects of an ERK inhibitor and anti-IL-16 Ab on rIL-16-induced HCC cell pro-
liferation and found that pretreatment with either FR18024 or anti-IL-16 Ab significantly decreased
rIL-16-induced proliferation in HepG2 and Huh7 cells. These findings suggest that HCC cell prolifer-
ation is closely associated with IL-16-mediated activation of the ERK/cyclin D1 pathway. Thus, HCC
cell proliferation by IL-16 is ERK pathway dependent.

We considered the magnitude of the IL-16 effect on HCC cell proliferation. MIF is known to
increase the proliferation of tumor cells including HCC, which suggests that MIF is associated with
HCC initiation and progression [14, 32, 33]. In the present study, IL-16-induced HCC cell proliferation
was a somewhat lower compared with that observed following MIF treatment and was equivalent to
that of IL-1ra. Moreover, the potential synergistic effects of MIF or IL-1ra in combination with IL-16
was not apparent compared with either agent alone. The proliferative effect of IL-16 in HCC was also
equivalent to that of insulin-like growth factor as reported by Ma et al. [34]. Therefore, we conclude
that IL-16 is an important cytokine for tumor progression in HCC cells.

Recently, IL-16 activity has been closely associated with the progression of various cancers and the
underlying mechanism has been partially elucidated in cutaneous T cell lymphoma (CTL), multiple
myeloma (MM), and breast cancer. However, the mechanism for promoting cell growth is different
in each of these cancers. IL-16 has the potential to act directly, either in an autocrine or paracrine
manner, to induce tumor cell growth, such as that observed in CTL and MM. In contrast, CD9 and C-C
chemokine receptor type (CCR) 5, as well as CD4, are capable of binding to IL-16. Secreted IL-16
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from various cells has the potential to act through CD9, which has been observed in breast cancer.
Lung epithelial cells lack CD4 for IL-16 binding, suggesting that CD9 may act as an alternate receptor
for IL-16 [35].

CD9 is a member of the tetraspanin protein family and has a role in malignancy, the immune system,
cell signaling, adhesion, morphology, motility, proliferation, and tumor invasion. Furthermore, CD9
has been identified as a prognostic marker or predictor of metastasis is some cancer types [36]. Lin et
al. demonstrated that CD9 may differentially affect tumor growth and progression in HCC [37]. CD9
was found to be highly expressed in metastatic HCC cells and promoted HCC cell migration [37]. In
the present study, it is possible that the action of IL-16 mediated through CD9 may be involved in
HCC tumor proliferation [36]. Many hepatocellular carcinomas occur in chronically inflamed livers.
Immunosurveillance for tumor malignancy and progression is conducted primarily by cytotoxic T lym-
phocytes. In contrast, tumor infiltrating T cell-tumor cell interactions may interfere with an immune
response against tumor progression, suggesting that insufficient immunity facilitates tumor develop-
ment [38]. These results suggest that IL-16 produced by T cells contributes to the recruitment of CD4-
and CD9-positive immune cells or HCC cells that facilitate tumor progression. Therefore, immunother-
apeutic treatment strategies may be suitable for HCC. Neutralization through IL-16 antibodies would
represent one novel therapeutic approach.

A limitation to our study is that we did not have staging data for the HCC patient tissue samples.
Further studies are needed to elucidate the role of IL-16 in HCC development using animal models
and to examine IL-16 production and secretion in patients with HCC.

In conclusion, we identified IL-16 as an important cytokine overexpressed in human HCC tissues
from both non-tumor and tumor regions and IL-16 production may activate the ERK/cyclin D1 signaling
pathway, thereby leading to tumor growth. Our study also illustrates the usefulness of proteomics to
better understand the underlying mechanisms and pathways involved in HCC. We believe that these
findings provide a better understanding of HCC development and may contribute to new strategies for
HCC treatment.
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