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Abstract Hepatocyte cell adhesionmolecule (HEPACAM), a
member of immunoglobulin superfamily, is an adhesion mol-
ecule. Although dysregulation of several adhesion molecules
has been implicated in the progression of non-small cell lung
cancer (NSCLC), the expression profile and functions of
HEPACAM in NSCLC remains unknown. In this study, it
was found that the expression of HEPACAM was downregu-
lated in NSCLC tissues. Forced expression of HEPACAM in
NSCLC cells inhibited the growth and migration of the cancer
cells, while knocking down the expression of HEPACAM
promoted cell growth, migration, and metastasis. In the mo-
lecular mechanism study, HEPACAM was found to be a neg-
ative regulator of beta-catenin/TCF signaling. Taken together,
this study revealed the suppressive roles of HEPACAM in
NSCLC and restoring the function of HEPACAM in NSCLC
might be a promising strategy for the therapy.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most com-
mon malignancies in the world [1]. Migration and dissemina-
tion of the tumor cells is the main cause of NSCLC-related
death [2]. Many cell adhesion molecules act as tumor suppres-
sors for the ability to restrict cell migration as well as growth
due to contact inhibition [3]. Understanding the functions of
these cell adhesion molecules would facilitate the develop-
ment of new therapeutic strategies.

Several cell adhesion molecules have shown suppressive
roles in the progression of NSCLC, such as E-cadherin [3],
cell adhesion molecule 1 (CADM1), and carcinoembryonic
antigen-related cell adhesion molecule 1 (CEACAM1) [4,
5]. HEPACAM1, which has been identified as a cell adhesion
molecule recently, belongs to the immunoglobulin superfam-
ily [6]. The functions of hepatocyte cell adhesion molecule
(HEPACAM) in the tumorigenesis have attracted much atten-
tion. Mutations in HEPACAM gene and hypermethylation of
the HEPACAM promoter region have been reported [7, 8].
Downregulation of HEPACAM was found in a variety of
cancer, including hepatocellular carcinoma (HCC), breast can-
cer, and so on [9, 10]. Forced expression of HEPACAM in
HCC cells inhibited the proliferation and colony formation of
HepG2 cells [10]. Similar phenotype was also observed in
breast cancer cell line MCF7 [9]. In addition, re-expression
of HEPACAM in MCF7 cells induced cell cycle arrest and
senescence by upregulating the expression of P21, P27, and
P53 [9]. Also, HEPACAM inhibited the proliferation of renal
cancer cells by blocking the translocation of protein kinase C
(PKC) [11]. On the other hand, HEPACAM showed
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suppressive roles in the angiogenesis and promoted the differ-
entiation of glioblastoma cells [12, 13]. The reports for the
effects of HEPACAM on the cell motility were controversial
[14]. It has been found that upregulation of HEPACAM in
MCF7, and HepG2 cells promoted cell migration [15, 16].
However, overexpression of HEPACAM inhibited the migra-
tion of the prostate cancer cells through inhibiting androgen
receptor nuclear translocation and ERK signaling [17]. Theses
controversial studies suggested that the effects of HEPACAM
on the migration of cancer cells were dependent on the cancer
types.

Beta-catenin/TCF signaling has been reported to play an
important role in the progression of lung cancer [18, 19]. In
the absence of wnt ligand, beta-catenin was phosphorylated
by glycogen synthase kinase 3 (GSK3) beta and degradated.
Inactivation of GSK3 beta (shown by upregulation of ser9
phosphorylation) led to the accumulation of beta-catenin in
cytoplasm and activation of beta-catenin/TCF signaling [20].
Although regulation of beta-catenin/TCF signaling by several
adhesion molecules has been reported, whether HEPACAM
would regulate beta-catenin/TCF signaling remains unknown.
This study aimed to examine the expression pattern and bio-
logical functions of HEPACAM in non-small cell lung cancer
and investigate the underlying molecular mechanisms.

Materials and methods

Cell lines and culture conditions

The human NSCLC cell lines (H520 and H460) and
HEK293Tcells were purchased from the American Type Cul-
ture Collection (ATCC). Cells were cultured in Dulbecco’s
modified Eagle’s medium (Invitrogen) supplemented with
10 % fetal bovine serum (FBS). All cultures were maintained
in a humidified atmosphere containing 5 % CO2 at 37 °C.

Patients and specimens

A total of 52 NSCLC tissues and paired noncancerous tissues
were obtained from patients who received surgery for NSCLC
at Wujin Hospital, Jiangsu University. The diagnosis of
NSCLC was histologically confirmed by two pathologists
and none of the patients received preoperative therapy. All
of the patients agreed with this study. Tissues and paired non-
cancerous tissues were stored at −80 °C.

Plasmid construction and transfection

The coding sequence of HEPACAM was amplified by PCR
and inserted into the expression vector pcDNA 3.1-myc. The
HEPACAM expression vector and empty pcDNA3.1 were
transfected into H520 and H460 cells using Lipofectamine

2000 reagent (Invitrogen) following the manufacturer’s in-
structions. After the selection with G418, the resistant cells
were pooled and further confirmed the expression of exoge-
nous HEPACAM using anti-myc antibody.

Real-time PCR analysis

Total RNA was extracted from NSCLC tissues and matched
noncancerous tissues using TRIzol reagent (Invitrogen) ac-
cording to the manufacture’s instruction. The isolated RNA
was used for cDNA synthesis using the reverse transcription
kit (Promega, Madison, WI) following the manufacturer’s in-
structions. Real-time PCR was performed using a Stratagene
MAXP3000 PCR system and Brilliant Q-PCR Master Mix-
ture. The primer pair used for amplification of the human
HEPACAM gene was as follows: forward primer, 5′-
TGTAGTGAAGTGGCAGCTGA-3′ and reverse primer, 5′-
TCTCATGTGAGCAGTTCAAG-3′. As an internal standard,
a fragment of human beta-actin was amplified by PCR using
t h e f o l l ow i n g p r i m e r s : f o rw a r d p r im e r , 5 ′ -
GATCATTGCTCCTCCTGAGC-3′ and reverse primer, 5′-
ACTCCT GCTTGCTGATCCAC-3′.

Western blotting

Cells were lysed using an immunoprecipitation assay buffer,
separated by 10 % SDS-PAGE, transferred to polyvinylidene
difluoride membranes (Millipore, Bedford, MA) and probed
with specific antibodies. The immunoreactive protein bands
were visualized by an ECL kit (Pierce). Antibody to
HEPACAM was purchased from Abcam, antibodies to beta-
catenin, Cyclin D1, c-Myc and c-Jun were purchased from
Cell Signaling Technology, and antibody to GAPDHwas pur-
chased from Santa Cruz Biotechnology.

RNAi of HEPACAM in NSCLC cells

RNA interference (RNAi) lentivirus particles (si con and si
HEPACAM) were purchased from GeneChem (China). Cells
were incubated with the lentivirus particles for 24 h and then
selected with the medium containing puromycine.

Immunohistochemistry

Clinical NSCLC tissues and paired noncancerous tissues were
fixed in formalin, embedded in paraffin, and cut in 5 μm-thick
consecutive sections. After deparaffin and antigen recovery
(in sodium citrate solution, pH 6.0, 20 min, 98 °C), the sec-
tions were washed thrice in 0.01 mol/l phosphate-buffered
saline (PBS) (8 mmol/l Na2HPO4, 2 mmol/l NaH2PO4, and
150 mmol/l NaCl) for 5 min each, blocked for 1 h in 0.01 mol/
l PBS containing 0.3 % Triton X-100 and 5 % BSA, followed
by addition of anti-HEPACAM (1:100) antibody at 4 °C
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overnight. After brief washes with 0.01 mol/l PBS, sections
were incubated with 0.01 mol/l PBS containing horseradish
peroxidase-conjugated rabbit anti-goat IgG (1:500) for 2 h,
followed by development with 0.003 % H2O2 and 0.03 % 3,
30-diaminobenzidine in 0.05 mol/l Tris–HCl (pH 7.6). Immu-
nohistochemistry for each sample was repeated thrice.

Cell growth assay

Crystal violet assay was performed to examine the effects of
HEPACAM on the growth of NSCLC cells. Equal number of
control cells and experimental cells were seeded in 12-well
plates and cultured in medium supplemented with 10 % FBS
at a density of 1000 cells/well. Medium was changed every
other day. After 10 days of culture under the standard condi-
tion, the mediumwas removed and the cells were stained with
0.5 % crystal violet solution in 20 % methanol. After staining
for 10 min, the fixed cells were washed with PBS and
photographed. The colonies were solved using 1 % SDS so-
lution. OD 600 nm was measured.

Cell migration assay

Cell migration assay was performed using a modified Boyden
chamber. Cells (2×105) suspended in 0.1 ml medium contain-
ing 1 % FBS were placed in the upper chamber, and the lower
chamber was loaded with 0.152 ml medium containing 10 %
FBS. 6 h later, cells that migrated to the lower surface of filters
were detected with traditional H&E staining. The migrated
cells were counted under the inverted microscope. The exper-
iments were repeated thrice.

In vivo metastasis assay

H520 cells overexpressing luciferase were established by
stable transfection and selection with G418. The activity
of luciferase was determined by luciferin (Xenogen) and
an in vivo imaging system (Xenogen). The luciferase la-
beled H520/si con cells and H520/si HEPACAM cells (1×
106 cells in 200 μl PBS) were injected into the left ventricle
of the nude mice (six mice for each group). The metastatic
lesions were monitored. Before mice were anesthetized with
Forane (Abbott), luciferin (150 mg/kg intraperitoneally) was
injected into the nude mice 10 min before imaging. The
nude mice were placed into a light-tight chamber of the
CCD camera system (Xenogen), and the photons emitted
from the luciferase expressing cells within the animal were
quantified for 1 min using the software program Living
Image (Xenogen) as an overlay on Igor (Wavemetrics). This
study was carried out according to the recommendations of
the National Institutes of Health.

Results

Downregulation of HEPACAM in NSCLC samples

The matched normal and tumor tissues were used to examine
the expression profile of HEPACAM transcripts in NSCLC
tissues. The results showed that HEPACAMwas expressed in
almost all of the adjacent normal tissues. However, the mRNA
level of HEPACAM was significantly downregulated in
NSCLC tumor tissues (Fig. 1a). Moreover, the protein level
of HEPACAM was decreased in tumor tissues shown by the
immunohistochemistry staining and Western blot analysis
(Fig. 1b,c). These observations suggested that the expression
of HEPACAM was downregulated in NSCLC tissues.

HEPACAM inhibited the growth and migration
of NSCLC cells

To further study the roles of HEPACAM inNSCLC, we stably
transfected H520 and H460 cells with HEPACAM expression
vector (myc-HEPACAM). Cells transfected with pcDNA3.1
plasmid served as control. After selection with the G418 for
2 weeks, cells were pooled and examined the expression of
exogenously expressed HEPACAM (Fig. 2a). Cell migration
assay using a Boyden chamber was performed to evaluate the
function of HEPACAM in cell motility. Compared with the
control cells, overexpression of HEPACAM in H520 and
H460 cells inhibited cell migration remarkably (Fig. 2b). Al-
so, colony formation assay was used to examine the effects of
HEPACAM on the growth of NSCLC cells. Expression of
HEPACAM inhibited the colony formation of H520 and
H460 cells (Fig. 2c). In the next study, we knocked down
the expression of HEPACAM in H520 and H460 cells using
two independent targeting sequences (Fig. 3a). We investigat-
ed the effects of knocking down HEPACAM on the growth
and migration of NSCLC cells. As shown in Fig. 3b, c, down-
regulation of HEPACAM promoted cell growth as well as cell
migration of H520 and H460 cells (Fig. 3b, c). These data
suggested that HEPACAM inhibited the growth andmigration
of NSCLC cells.

HEPACAM negatively regulated beta-catenin/TCF
signaling

To study the underlying molecule mechanism, we screened
the effects of HEPACAM on various signaling pathways
using reporter gene assay. Overexpression of HEPACAM
was found to inhibit the activation of Topflash (reporter gene
for beta-catenin/TCF signaling) induced by wnt3a (Fig. 4a).
Moreover, knocking down the expression of HEPACAM pro-
moted the inactivation of GSK3 beta (shown by the increase in
the phosphorylation of Ser9 in GSK3 beta) (Fig. 4b). These
observations suggested that knocking down the expression of
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Fig. 1 The expression of HEPACAM was decreased in NSCLC tissues.
a HEPACAM mRNA level in NSCLC samples and adjacent normal
tissues. HEPACAM mRNA levels in 52 NSCLC samples and 52 paired
adjacent normal tissues were examined using real-time PCR. The
HEPACAM expression was normalized to that of beta-actin (left panel).
Data was calculated from triplicates. In the right panel, the expression of

HEPACAM was expressed as Log2([C]/[N]). C cancer tissues, N normal
tissues. b The protein level of HEPACAM in NSCLC samples and paired
adjacent normal tissues was examined by immunohistochemistry
staining. c Western blotting analysis to examine the protein level of
HEPACAM in NSCLC samples and paired adjacent normal tissues

Fig. 2 Forced expression of HEPACAM inhibited the growth and
migration of H520 and H460 cells. a Forced expression of HEPACAM
in H520 and H460 cells. H520 and H460 cells were transfected with
pcDNA3.1 vector or the HEPACAM expression vector, and selected
with G418. G418-resistant cells were pooled and confirmed the

overexpression of HEPACAM by Western blot analysis. b Forced
expression of HEPACAM impaired the migration of H520 and H460
cells in the migration assay using a Boyden chamber. c Colony
formation assay to analyze the effects of HEPACAM on the growth of
H520 and H460 cells by crystal violet assay. *P<0.05; **P<0.01
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HEPACAM activated beta-catenin/TCF signaling. In addi-
tion, downregulation of HEPACAM in H520 cells promoted
the expression of several beta-catenin/TCF target genes, such
as c-Jun, CyclinD1, and c-Myc (Fig. 4c). As shown in Fig. 4d,
dominant negative beta-catenin (DN beta-catenin) abolished
the promoting effects on cell growth induced by knocking
down HEPACAM, suggesting HEPACAM regulated cell
growth through modifying beta-catenin/TCF signaling
(Fig. 4d). Taken together, HEPACAM negatively regulated
beta-catenin/TCF signaling in NSCLC cells.

Downregulating the expression of HEPACAM promoted
the metastasis of H520 cells in vivo

To validate the effects of HEPACAM on the metastasis of
NSCLC cells in vivo, H520 cells were labeled with luciferase
gene and then knocked down the expression of HEPACAM.
Cells were injected into the tail vein of nude mice, and the
metastasis of these cells was monitored by an in vivo image
system after the administration of luciferin (the substrate of
luciferase). Knocking down the expression of HEPACAM
resulted in an increase in metastasis signals (Fig. 5a, b),

suggesting that downregulation of HEPACAM promoted the
metastasis of NSCLC cells.

Discussion

Up to date, five families of adhesion molecules have been
found including immunoglobulin superfamily, caherin,
selectin, integrins, and CD44. These adhesion molecules al-
low cells to communicate with the microenvironment. Several
adhesion molecules have been reported as tumor suppressor.
Therefore, downregulation of the adhesion molecules is a
strategy which is taken by the tumor cells to promote
metatasis. In this study, HEPACAM, a member of immuno-
globulin family, was found to be downregulated in lung cancer
and inhibits the growth and migration of NSCLC cells, which
further emphasized the tumor suppressive roles of adhesion
molecules.

Downregulation of HEPACAM was found in several can-
cer types, including HCC, bladder cancer, and breast cancer
[8–10]. Hypermethylation of the HEPACAM promoter region
was found in these malignancies [8]. Therefore, further

Fig. 3 Knocking down the expression of HEPACAM promoted the
growth and migration of H520 and H460 cells. a Downregulation of
HEPACAM in H520 and H460 cells by RNA interference (RNAi). b
Colony formation assay to examine the effects of knocking down

HEPACAM on the growth of H520 and H460 cells by crystal violet
staining. c Knocking down the expression of HEPACAM promoted the
migration of H520 and H460 cells. *P<0.05; **P<0.01
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Fig. 4 HEPACAM inhibited
beta-catenin/TCF signaling. a
Overexpression of HEPACAM
inhibited the activity of Topflash
reporter induced by wnt3a. b
Knocking down the expression of
HEPACAM promoted the
phosphorylation of GSK 3beta. c
HEPACAM inhibited the
expression of target genes
downstream beta-catenin/TCF
signaling. d The inhibition of
beta-catenin/TCF signaling by
dominant negative beta-catenin
(DN beta-catenin) abolished the
growth advantage of H520 and
H460 cells induced by
downregulation of HEPACAM.
*P<0.05; **P<0.01

Fig. 5 Knocking down the expression of HEPACAM promoted the
metastasis of H520 cells in vivo. a Monitoring metastasis of H520/si
con and H520/si HEPACAM cells on day 42. Images were obtained at

the indicated time point after injection, respectively. b Mean photon
counts of each group of mice were quantified and were displayed on
day 42. Each bar represented the mean±SD. *P<0.05; **P<0.01
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analyzing the methylation status of HEPACAM promoter in
the NSCLC samples will provide novel insight into its regu-
lation. Although the inhibitory effects of HEPACAM on the
cell growth were well recognized, the functions of
HEPACAM in cell motility remained controversial. Re-
expression of HEPACAM in HCC and breast cancer cells
promoted the migration of cancer cells [15, 16], while
HEPACAM inhibited the migration of prostate cancer cells
in vivo [17]. Similarly, inhibition of cell migration by
HEPACAM was observed in this study. These observations
suggested that the functions of HEPACAM in cell migration
were dependent on the context of the malignancies.

In this study, HEPACAM was found to negatively regulate
the beta-catenin/TCF signaling. Several adhesion molecules
were found to regulate beta-catenin/TCF signaling. E-
cadherin, a member of the cadherin family, inhibited beta-
catenin/TCF signaling by restricting beta-catenin on cell
membrane [21]. However, integrin activated beta-catenin/
TCF signaling through inactivating GSK3 beta [22]. In this
study, knocking down the expression of HEPACAM
inactivated GSK3beta (shown by upregulation of phosphory-
lated GSK3 beta) and increased the expression of several beta-
catenin/TCF target genes. These observations suggested the
negative regulation of beta-catenin/TCF signaling by
HEPACAM. HEPACAMwas reported to inhibit PKC signal-
ing, androgen receptor signaling, and ERK signaling [17].
Therefore, restoration of HEPACAM in cancer cells might
be a novel strategy for lung cancer therapy.

Although our study was indicative, further study is needed
to find out the detailed mechanism for HEPACAM to regulate
beta-catenin/TCF signaling. Also, investigations using
HEPACAM knockout mice would further elucidate its func-
tions in lung cancer.
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