Int J Clin Exp Pathol 2014;7(5):2527-2535
www.ijcep.com /ISSN:1936-2625/1JCEPO000172

Original Article

Screening candidate metastasis-associated genes in
three-dimensional HCC spheroids with different
metastasis potential

Rongxin Chen’*, Yinying Dong’", Xiaoying Xie, Jie Chen, Dongmei Gao, Yinkun Liu, Zhenggang Ren, Jiefeng Cui

Liver Cancer Institute, Zhongshan Hospital, Fudan University; Key Laboratory of Carcinogenesis and Cancer Inva-
sion, Ministry of Education, 136 Xue Yuan Road, Shanghai 200032, China. "Equal contributors.

Received March 6, 2014; Accepted April 10, 2014; Epub April 15, 2014; Published May 1, 2014

Abstract: Purpose: Previously, we have established a tissue-like HCC spheroid which better mirrors the biological
features of tumorigenesis and metastasis. This study was to find out metastasis-associated genes between two 3D
HCC spheroids with different metastasis potential using comparative PCR arrays. Materials and Methods: Two HCC
spheroids derived from high-metastatic MHCC97H cells and low-metastatic Hep3B cells were formed respectively in
a rotating wall vessel bioreactor after 3D culture for 15 days. The candidate metastasis-associated genes related to
cell adhesion, matrix secretion and invasion in HCC spheroids were screened by RT2 profiler PCR arrays. The expres-
sion patterns of several differentially-expressed genes were further confirmed by real-time RT-PCR. Results: Total
of 123 differential expression genes (fold-change >2) were found between two HCC spheroids, including 70 up-
regulated genes (VCAM-1, IL-13, CD44, tenascin C, SPP1, fibronectin, MMP-2, MMP-7, etc) and 53 down-regulated
genes (E-cadherin, CTNND2, etc) in the high-metastatic spheroid. Function classification showed that the number
of up-regulated genes related to adhesion molecules mediating cell-matrix interactions and matrix secretion was
significantly higher in high-metastatic spheroid than that in low-metastatic spheroid. In contrast, the expressions
of adhesion molecules maintaining homotypic tumor cell adhesion were decreased in metastatic spheroid as com-
pared with that in low-metastatic spheroid. In addition, the expression pattern of seven selected genes associated
with tumor metastasis measured by real-time RT-PCR were consistent with results of PCR arrays. Conclusions: Obvi-
ous differences between two HCC spheroids in gene expression patterns of adhesion molecules, matrix secretion,
invasion and other molecules may determine the different metastatic characteristics and malignant phenotype of
HCC spheroid.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common cancer and the third leading
cause of cancer-related deaths worldwide [1].
Most of HCC patients die from cancer metasta-
sis even after receiving radical treatment. More
than 75% of HCC patients experience tumor
recurrence and metastasis within 5 years after
surgical resection [2]. Hereby, it is critical to
clarify the molecular mechanisms controlling
HCC metastasis for effective therapeutic
intervention.

Metastasis involves a complex cascade of sig-
nal events between tumor cells and stroma
microenvironment. Adhesion molecules medi-

ating cell-cell interaction and cell-matrix inter-
action play significant roles at the different
stages of metastasis such as tumor cell-cell
detachment, cell migration and matrix degrada-
tion, etc. Accumulating evidences also support
that alterations in cell-cell or cell-matrix interac-
tions contribute to the occurrence of cancer
metastasis [3]. However, the conventional
monolayer two-dimensional (2D) culture, in
which only cell-cell flat contact and little ECM
are involved, fails to produce a well-defined
geometry with cell-cell and cell-matrix spatial
interactions like a solid tumor in vivo.
Accordingly, there seems a challengeable task
to identify adhesion molecules and matrix pro-
tein related to invasion/metastasis only based
on the data from 2D cell cultures. Three-
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Table 1. Primers used for real-time RT-PCR analysis

Establishment of HCC

Gene Name  Forward Sequence (5" to 3’) Reverse Sequence (5’ to 3’)

spheroids under 3D rotating

CD44 GGTGAACAAGGAGTCGTC TTCCAAGATAATGGTGTAGGTG culture

VCAM-1 AGTTGAAGGATGCGGGAGT  GCAAAATAGAGCACGAGA Three dimensional rotating
SPP1 CAGTGATTTGCTTTTGCC AGATGGGTCAGGGTTTAG culture method and construc.
E-cadherin  ATTGAATGATGATGGTGGAC  GCTGTGGAGGTGGTGAGA tion of HCC spheroid were car-
MMP-2 GTTCATTTGGCGGACTGT AGGGTGCTGGCTGAGTAG ried out as the previously
MMP-7 GGGACTCCTACCCATTTG CCAGCGTTCATCCTCATC described with slight modifi-
MMP-9 CTTTGGACACGCACGAC CCACCTGGTTCAACTCACT cation. Briefly, approximately
GAPDH TCCTCCACCTTTGACGC CCACCACCCTGTTGCTGT 1x10" suspended HCC cells in

dimensional (3D) cultures in vitro resemble a
solid tissue with cell-cell spatial contact and
cell-matrix interactions, exhibiting high concor-
dance with in vivo conditions [4]. As an estab-
lished cancer cell model under 3D culture, the
tumor spheroid can mimic tumor microenviron-
ment close to that of tumors in vivo [5]. In the
previous study [6], we also established a tis-
sue-like HCC spheroid, apparently differed from
HCC cultured in monolayers, which can better
mirror the biological features of HCC tissue in
cell morphology, specific gene expression, pro-
tein secretion, tumorigenesis and metastasis,
suggesting that within 3D tissues, cell-cell and
cell-matrix contact might influence the expres-
sions of specific genes and further determine
the pathological characteristics of tumor. This
study was to investigate candidate metastasis-
associated genes related to cell adhesion,
matrix secretion and invasion between two 3D
HCC spheroids with different metastasis poten-
tial using comparative PCR arrays.

Materials and methods
Cell culture

Human HCC cell line MHCCO7H with highly met-
astatic potential was established in the Liver
Cancer Institute, Fudan University [7]. MHC-
C97H cells were cultured in Dulbecco’s modi-
fied Eagle medium (DMEM) supplemented with
10% fetal bovine serum and 1% penicillin-strep-
tomycin (100 units/ml, each), and human HCC
cells Hep3B with low metastasis potential,
obtained from Cornell University of USA, were
cultured in MEM containing 10% fetal bovine
serum and 1% penicillin-streptomycin (100
units/ml, each). After growth reaching 80% con-
fluence, the cells were harvested for further 3D
cell culture. All culture media used here were
supplied by GIBCO, USA.
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10 ml of DMEM medium

(GIBCO, USA) and a sterilized
PLGA scaffold of 4x4x1 mm were first seeded
into the RWV bioreactor (Synthecon, Houston,
TX, USA). The initial rotation speed of RWV bio-
reactor was set as 7-8 rpm for 18 h. Sub-
sequently, it was gradually modulated to speed
of 13-20 rpm to maintain cell aggregates in a
freely suspended state within the vessel. After
15 days rotating culture, a tissue-like HCC
spheroid was formed. The medium was
replaced after 36 h with fresh medium.

PCR array analysis of gene expression in HCC
spheroids

A HCC spheroid was pulverized in liquid nitro-
gen using a mortar and total RNA was extracted
from it using Trizol according to the manufac-
turer’s protocol (Invitrogen, USA). The RNA was
further purified by RNeasy® MinElute™ Clean-
up Kit (Qiagen). The purified RNA was reverse
transcribed to cDNA using the Superscript IlI
reverse transcriptase kit (Invitrogen, USA). The
Human Extracellular Matrix & Adhesion Mol-
ecules RT2 Profiler PCR Array and Tumor
Metastasis RT2 Profiler PCR Array (SABio-
sciences) were used to screen different gene
related to cell adhesion, matrix secretion and
invasion between two HCC spheroids with dif-
ferent metastasis potential. For data analysis,
fold-changes in each gene expression were cal-
culated using the “2Ct method, and house-
keeping gene controls were used for normaliza-
tion of the results. Positive value indicates
up-regulation of individual gene and negative
value indicates down-regulation.

Validation of different expression genes by
real-time RT-PCR

A HCC spheroid was pulverized in liquid nitro-

gen using a mortar and total RNA from it was
extracted using Trizol reagent (Invitrogen, USA).
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Figure 1. Macroscopic morphology of the HCC spheroids with a diameter of 1.0 cm. A: High-metastatic MHCCO7H
spheroid; B: Low-metastatic Hep3B spheroid.

Reverse transcription was performed with
primer oligo(dT)18 (Fermentas, Thermo Fisher
Scientific Inc). Selected gene transcripts were
quantified by real-time RT-PCR using gene-spe-
cific primers and SYBR Green Mix (Invitrogen,
USA). Samples were run in triplicate using a
real-time RT-PCR  thermo-cycler (Applied
Biosystems, Foster, CA) and the results were
analyzed by matched software. Relative expres-
sion of genes was determined by normalizing to
internal control (GAPDH) expression and pre-
sented as the 2% formula (*Ct=Ct_ . .. .-
Ct(GAPDH); Ct is the cycle threshold). All primers
were synthesized by Shanghai Sangon Bio-
logical Engineering Technology and Services.
Sequences of the gene-specific primers are
listed in Table 1.

Statistical analysis

Data analysis was performed using SPSS 15.0
(SPSS, Chicago, IL). Data are given as mean +
SD. Comparisons of quantitative data between
two groups were performed using the two-sam-
ple Student’s t test. A two-sided P value <0.05
was considered statistically significant.

Results
The formation of HCC spheroids

HCC cells seeded in a RWV bioreactor first
gathered at a low rotation speed of 8 rpm, and
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then turned into a loose aggregate within 48 h.
On day 5, it shaped a spherical form by modu-
lating the rotation speed of vessel. Sub-
sequently, it gradually changed from a loose
agglomeration to a compact spheroid at a high
rotation speed of 20 rpm. On day 15, two tis-
sue-like HCC spheroids with diameter of 1.0 cm
from the metastatic HCC cells MHCC97H and
the low-metastatic cells Hep3B were formed in
the RWV bioreactors, respectively (Figure 1).
Morphology and malignant characteristics of a
MHCC97H spheroid on the day 15 were found
close to that of solid tumor in our previous
study [6].

Gene expression in the high-metastatic HCC
spheroid was different from that in the low-
metastatic spheroid

A total of 123 differential expression genes
(more than 2-fold change), including 70 up-reg-
ulated genes (CD44, integrins, tenascin c,
SPP1, fibronectin, collagen, laminin, etc) and
53 down-regulated genes (E-cadherin, CTNND2,
etc), were identified in the high-metastatic
MHCC97H spheroid compared with that in low-
metastatic Hep3B spheroid (a list of partial dif-
ferentially-expressed genes in Table 2). The
number of up-regulated genes related to cell
adhesion and matrix proteins was more
increased in the high-metastatic MHCC97H
spheroid than that in the low-metastatic Hep3B
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Table 2. Partial list of candidate metastasis-associated genes with at least
2-fold change in the high-metastatic MHCCO7H spheroids relative to the low-
metastatic Hep3B spheroid

Gene Name of gene Fold up- or.
symbol down-regulation
VCAM-1 Vascular cell adhesion molecule 1 2750.00
IL-1B Interleukin 1, beta 1846.15
MMP-7 Matrix metallopeptidase 7 1389.11
Cbh44 CDh44 1232.95
COL6AL Collagen, type VI, alpha 1 733.33
TNC Tenascin C 637.50
COLGA2 Collagen, type VI, alpha 2 562.50
MMP-1 Matrix metallopeptidase 1 462.50
uPAR Plasminogen activator, urokinase receptor 444.44
MET hepatocyte growth factor receptor 318.18
MMP-2 Matrix metallopeptidase 2 256.82
SPP1 Secreted phosphoprotein 1 (osteopontin) 221.05
LAMB3 Laminin, beta 3 154.55
COL16A1 Collagen, type XVI, alpha 1 76.25
FN Fibronectin 74.55
LAMA3 Laminin, alpha 3 68.46
COL4A2 Collagen, type IV, alpha 2 51.93
ITGAS Integrin, alpha 5 30.00
COLBA1 Collagen, type V, alpha 1 27.50
ITGB3 Integrin, beta 3 23.18
TGF-B1 Transforming growth factor, beta 1 21.21
IL-18 Interleukin 18 12.64
ITGAG Integrin, alpha 6 8.38
ICAM-1 Intercellular adhesion molecule 1 8.04
ITGA2 Integrin, alpha 2 6.76
LAMA2 Laminin, alpha 2 6.50
ITGB1 Integrin, beta 1 6.00
HGF Hepatocyte growth factor 5.73
LAMB1 Laminin, beta 1 4.50
ITGB5 Integrin, beta 5 4.23
MDM2 Mdm2 3.64
CTSK Cathepsin K 3.33
COL1A1 Collagen, type |, alpha 1 3.29
VEGFA Vascular endothelial growth factor A 3.19
MYC V-myc myelocytomatosis viral oncogene homolog 3.00
ITGAV Integrin, alpha V 2.31
SRC V-src sarcoma viral oncogene homolog 2.27
CTNND2 Catenin (cadherin-associated protein), delta 2 -1931.26
VTN Vitronectin -162.64
SSTR2 Somatostatin receptor 2 -67.49
HPSE Heparanase -30.08
COL15A1  Collagen, type XV, alpha 1 -22.68
COL8AL Collagen, type VIII, alpha 1 -22.68
ITGA4 Integrin, alpha 4 -22.68
ITGA8 Integrin, alpha 8 -22.68
CTsL1 Cathepsin L1 -22.28
COL11A1  Collagen, type Xl, alpha 1 -17.32
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spheroid, suggesting
that the highly meta-
static spheroid sec-
reted more matrix
proteins and was
much more inclined
to interact with ma-
trix proteins (Table
3). Specifically, some
different genes enc-
oding adhesion mol-
ecules and matrix
proteins were up-re-
gulated in the high-
metastatic HCC sph-
eroid. Among them,
collagen l and IV, two
important abundant
collagen proteincom-
ponents in liver stro-
ma, and integrin av,
B1, B3 mediating
cell-matrix  interac-
tions, were all highly
expressed in the
metastatic MHC-
C97H spheroid. In
contrast, expression
of some homotypic
tumor cell adhesion
genes (eg. E-cadhe-
rin, CTNND2, etc)
was decreased in
the MHCC97H spher-
oid compared with
that in the Hep3B
spheroid, implying
that loss of tight
tumor cell-cell adhe-
sion facilitates tumor
metastasis. Of note,
expression of adhe-
sion molecules medi-
ating heterotypic cell
adhesion (eg. VCAM-
1, ICAM-1) was inc-
reased in the high-
metastatic  MHCC-
97H spheroid. High
expressions of VC-
AM-1 and ICAM-1 on
the surface of tumor
cells indicates that it
has high potential
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KISS1R KISS1 receptor -14.02 capability to com-
ADAMTS8  ADAM metallopeptidase with thrombospondin type 1 motif, 8 13 binewithreceptorsexpr-
HTATIP2  HIV-1 Tat interactive protein 2 -11.41 essed on stromal
COL14A1  Collagen, type XIV, alpha 1 9.38 cells (eg. endothelial
MCAM Melanoma cell adhesion molecule -9.33 C?“'_ macrOph?ge)
COL7AL  Collagen, type VII, alpha 1 8.03 within tumor micro-

environment.

ADAMTS13 ADAM metallopeptidase with thrombospondin type 1 motif, 13 5.4

NCAM1 Neural cell adhesion molecule 1 -5.14 In addition, as shown
CDKN2A Cyclin-dependent kinase inhibitor 2A -4.98 in Table 3, pro-in-
E-Cadherin  Cadherin 1, type 1, E-cadherin (epithelial) -4.09 flammatory factors
MMP-9 Matrix metallopeptidase 9 -3.33 (IL1B, 1L-18), cyto-
NF2 Neurofibromin 2 (merlin) -3.03 kines (TGF-B), grow-
ADAMTS1 ADAM metallopeptidase with thrombospondin type 1 motif, 1 -2.62 th factor and recep-
BRMS1 Breast cancer metastasis suppressor 1 -2.59 tor (HGF/Met), angio-
COL12A1  Collagen, type XlI, alpha 1 2.5 genesis-stimulating
APC Adenomatous polyposis coli 221 factors (VEGFA), on-
Positive values indicate up-regulation of individual genes; negative values indicate down-regulation. cogene (src, myc,

MHCC97H spheroid, whereas inhibiting cell
proliferation (CDKN2A), disrupting angiogene-
sis (ADAMTS1, ADAMTS13, ADAMTSS8) and
tumor metastasis suppressor (BRMS1, KISS1R,
HTATIP2) were up-regulated in the Hep3B
spheroid. It hinted that the highly metastatic
HCC spheroid has stronger capabilities of pro-
infammation, proliferation, pro-angiogenesis
and metastasis compared with the low-meta-
static spheroid. As for ECM degradation, types
of ECM proteinases were expressed differently
between two HCC spheroids. For example,
MMP-1, MMP-2, MMP-7 and cathepsin K were
over-expressed in the MHCC97H spheroid while
MMP-9, heparanase and cathepsin L1 were up-
regulated in the Hep3B spheroid.

Verification of differential expression genes in
HCC spheroids

To assess the validity of the PCR array data, we
confirmed seven differentially-expressed genes
by real-time RT-PCR including adhesion mole-
cules (VCAM-1, CD44, SPP1, E-cadherin), ECM
degradation (MMP-2, MMP-7, MMP-9) (Figure
2). Increased expression of VCAM-1, CD44,
SPP1, MMP-2, MMP-7, and decreased expres-
sion of E-cadherin and MMP-9 in the metastat-
ic MHCC97H spheroid were consistent with
results of PCR array.

Discussion

Disrupting cell-cell and cell-matrix interactions
within tumor tissue is regarded as one of the
most important events during the process of

2531

Mdm2) were highly

expressed in the
tumor metastasis, especially at the phase of
tumor cell detachment, ECM degradation, and
distant tumor cell colonization [3, 8]. However,
data based on 2D cell culture cannot be con-
vincing on explaining the roles of adhesion mol-
ecules in the tumor metastasis due to lacking
of cell-cell and cell-matrix interactions. On the
other hand, gene expression signature derived
from the whole tumor tissues in many litera-
tures cannot exactly define the specific contri-
butions of each compartment in tumor metas-
tasis because of impacts of stroma cell and
matrix contents in tumor tissue. The 3D tumor
spheroid better resembles in vivo tumor pheno-
types and gradually becomes a promising
model for studying tumor biology and cancer
stem cells, screening anti-cancer drugs and
developing new therapeutic approaches [5,
9-13]. Besides mimicking the important biologi-
cal characteristics of tumor tissues, another
unique advantage of tumor spheroid is to study
the specific biological roles of cancer cell-can-
cer cell, or cancer cell-matrix directly with free-
ing from the effects of other stroma cells. In the
previous study, we established a metastatic
HCC spheroid model similar with real solid
tumor in structure and biological function as
specific gene expression, protein secretion,
tumorigenesis and metastasis. Here we further
produced two HCC spheroids from two HCC
cells with different metastasis potential and
investigate candidate metastasis-associated
genes related to cell adhesion, matrix secretion
and invasion. As far as we know, it is the first
time to comparatively analyze candidate
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Table 3. Molecular function classification of 123 differential expression genes between two HCC
spheroids

Number and name of up-regulated genes in HCC spheroid
Metastatic MHCCO7H spheroid (70 genes)  low-metastatic Hep3B spheroid (53 genes)

Category

Cell-cell interactions

homotypic cell adhesion molecules 2 (CTNNA1, CDH6) 4 (E-cadherin, CTNND2, CDH11, CNTN1)
heterotypic cell adhesion molecules 3 (VCAM1, ICAM1, PECAM1) 2 (NCAM, MCAM)

Cell-ECM interactions

Transmembrane adhesion molecules 18 (CD44, Integrin al, a2, a3, a5, ab, a7, av, 5 (Integrin a4, o7, a8, oL, SGCE)

or receptors am, B1, B3, B4, B5m, FXYD5, EPHB2, Selectin E,

Selectin L, uPAR)

Extracellular matrix protein (ECM) 17 (SPP1, Tenascin C, FN, COL1A1, COL4A2, CO- 8 (Vitronectin, COL7A1, COL8A1, COL11A1, COL12A1,
L5A1, COL6A1, COL6A2, COL16A1, LAMA2, LAMB1, COL14A1, COL15A1, LAMAL)
LAMB3, LAMA3, ECM1, SPARC, VCAN, THBS3)

ECM proteinases 7 (MMP1, MMP2, MMP7, MMP10, MMP14, 9 (MMP3, MMP8, MMP9, MMP11, MMP12, MMP13,
MMP15, Cathepsin K) MMP16, Heparanase, Cathepsin L1)

ECM proteinases inhibitor 4 (TIMP1, TIMP2, TIMP4, CST7) 1 (TIMP3)

Pro-inflammatory factor 2 (IL1B, IL18) 1 (IL8RB)

Cytokines, chemokines and receptors 5 (TGF-B, TGFBI, HGF, Met, FLT4) 6 (IGF1, CCL7, CXCL12, CXCR4, SSTR2, FGFR4)

Cell cycle 1 (CDKN2A)

Angiogenesis-related molecules 1 (VEGFA) 3 (ADAMTS1, ADAMTS 13, ADAMTS8)

Oncogene 3 (SRC, MYC, Mdm?2) 1 (MYCL1)

Tumor suppressor gene 2 (TP53, RB1) 2 (APC, NF2)

Tumor metastasis suppressor 2 (MTSS1, CD82) 3 (BRMS1, KISS1R, HTATIP2)

Unknown function 4 (CTBP1, SPG7, EWSR1, TNFSF10) 7 (RORB, TRPM1, TSHR, NR4A3, KAL1, CLEC3B, PNN)

A 0.081 DHep3BSpheroid MMHCC97HSpharoid The identified can-
| = * . e
2 007F X dldatg metastasis
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& x 005f ) i
Z O Joat metastatic spheroid
€ g - : . and the low-meta-
2 8 0-031 static spheroid were
k) 0.02¢ categorized as (1)
« 0.01F genes encoding ad-
0 a ! L hesion molecules
CD44 SPP1 VCAM-1 MMP-7 o
B 4r mediating cell-cell
é = * O Hep3BSpheroid MMHCC97HSpheroid and.cell—matrlx inte-
2 ‘f_: ractions; (2) genes
s 3¢ encoding ECM-de-
% § grading proteolytic
DE: s2r enzymes; (3) genes
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Figure 2. Expression of differentially regulated genes was confirmed in HCC spheroids by ~ ated with angiogen-
real-time RT-PCR. A: In comparison with that in Hep3B spheroid, expression of VCAM-1,  esis, cell cycle and
CD44, SPP1 and MMP-7 was significantly increased in the high-metastatic MHCCO7H  cytokines, etc.
spheroid. B: MMP-2 was highly increased while E-cadherin and MMP-9 were significantly

decreased in the MHCC9O7H spheroid, compared with that in the Hep3B spheroid. Results Gene expression pa-

were normalized to GAPDH. *, **P<0.05. tterns of candidate

metastasis-associ-
metastasis-associated genes related cell adhe- ated genes in the high-metastatic MHCC97H
sion, matrix secretion in HCC spheroids. spheroid were obviously different from that of
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the low-metastatic Hep3B spheroid. Of impor-
tance, the number of up-regulated differential
genes related to cell adhesion and matrix pro-
tein in the high-metastatic HCC spheroid were
apparently more than those in the low-meta-
static spheroid, indicating that the highly meta-
static spheroid secretes more matrix proteins
and there are more interactions between can-
cer cell and matrix proteins, ultimately resulting
in facilitating HCC metastasis. Specifically,
these candidate genes play important roles in
tumor metastasis. (1) Adhesion molecules
CD44 and integrins expressed on the surface
of cancer cells can bind to matrix such as hyal-
uronic acid, SPP1 or collagen mediating cell-
matrix interactions to promote tumor metasta-
sis. CD44 is also a surface mark for HCC
stemness [14]. Integrin av, B1, B3 are frequent-
ly involved in cell migration, tumor dissemina-
tion by mediating cell-matrix interactions. (2)
Extracellular matrix protein secretion such as
tenascin ¢, SPP1, fibronectin, collagen, laminin,
was apparently up-regulated in the metastatic
HCC spheroids. SPP1 over-expression is closely
associated with HCC growth and metastasis
[15]. SPP1 can bind to its receptors CD44 or
integrins expressed on cancer cell, and acti-
vate many signal pathways and induce epithe-
lial-mesenchymal transition (EMT) to facilitate
tumor metastasis [16]. Under 3D culture, SPP1
is important for the formation of vasculogenic
mimicry by HCC cells through activating MMP-2
and urokinase-type plasminogen activator
(uPA) [17]. As similar way, tumor-derived tenas-
cin C promotes cancer invasiveness via EMT
regulation in colorectal cancer [18]. Collagen |
and 1V, two important collagen components in
liver disease, can change the matrix stiff and
induce cancer cell dissemination.

On the contrary, maintaining homotypic tumor
cell adhesion (e.g. E-cadherin) was decreased
in the high-metastatic spheroid, implying that
loss of tight tumor cell-cell adhesion facilitates
tumor metastasis. It has been shown that
reduced E-cadherin expression is associated
with HCC metastasis [19]. E-cadherin is an
important switch in epithelial-mesenchymal
transition (EMT) and EMT confers metastatic
potential to tumor cells. However, adhesion
molecules mediating heterotypic cell adhesion
(e.g. VCAM-1, ICAM-1) was increased in the
high-metastatic HCC spheroid. VCAM-1 and
ICAM-1 expressed on the surface provide tumor
cell the potential capability to bind with recep-
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tors on stromal cells (eg. endothelial cells, mac-
rophage) within tumor microenvironment.
Recent study has shown that VCAM-1 aberrant-
ly expressed on breast cancer cells mediates
lung metastasis by binding to its counter-recep-
tor integrin a4p1l on metastasis-associated
macrophages and providing the survival advan-
tage to breast cancer cells [20, 21]. This sug-
gests the importance of VCAM-1 in the tumor
dissemination.

As for ECM degradation, specific types of ECM
proteinases were expressed in the high-meta-
static HCC spheroid. For example, MMP-1,
MMP-2 and MMP-7 involved in tumor invasion
and metastasis has been reported [22, 23]. Wu
et al have also reported that in three-dimen-
sional (3D) culture model, HCC cells secrete
more MMPs to increase the invasion potentials
[24]. Interestingly, another important matrix
proteinase type, MMP-9 expressed lowly in the
metastatic spheroid compared with that in the
low-metastatic spheroid. However, MMP-9 level
significantly up-regulated in a HCC invasion
model established by 3D co-culture of HCC
cells and a liver tissue fragment (data not
shown), suggesting that MMP-9 might begin to
increase once the detached HCC cells from pri-
mary tissue invade into matrix.

There were other genes of interest on the PCR
array that warrant further investigation, for
example, IL-13 and CTNND2. The pro-inflamma-
tory cytokine IL-1B is a critical component of the
persistent inflammatory milieu where HCC fre-
quently derived. Recently, IL-13 has been
described as a factor promoting cancer stem-
ness and invasiveness of colon cancer cells
[25]. Little is known regarding the specific roles
of down-regulated CTNND2 in HCC metastasis.
The CTNND2 gene encodes a protein called
delta-catenin. This protein likely helps cells
stick together to mediate cell adhesion and
plays a role in cell movement. Identification and
further characterization of these genes in
human tumor tissues may allow a better under-
standing of HCC metastasis.

In conclusion, obvious differences in the gene
expression patterns of adhesion molecules,
matrix secretion, invasion and other molecules
may determine the different metastatic poten-
tial of HCC spheroid. Screening candidate
metastasis-associated genes in the metastatic
HCC spheroid facilitate to investigate cell-cell
and cell-matrix interactions during HCC metas-

Int J Clin Exp Pathol 2014:7(5):2527-2535
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tasis, ultimately aiming to find the target for
inhibiting HCC metastasis.
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