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Abstract

This study aimed to evaluate the relationship between expression of LGR8, VEGF, MMP-2, MMP-
9, fascin-1 and cortactin with clinicopathological parameters in hepatocellular carcinoma (HCC).  The
six biomarkers were investigated immunohistochemically using tissue microarrays of 93 HCC specimens.
The tumor cells showed significant expression of LGR8, VEGF, MMP-9, fascin-1 and cortactin, but not
of MMP-2.  In addition, higher immunostaining scores for LGR8 in HCC showed negative correlation
with T and AJCC clinical stages and upregulation of MMP-9, but no correlation with poorer survival
rate; cortactin expression is correlated with poorer tumor differentiation in HCC.  Thus, our data
suggest that higher expression of LGR8 may facilitate tumor invasiveness in the early clinical stage of
hepatocellular carcinoma, and synergic effects of cortactin also play a crucial role in the intrahepatic
metastasis.  Although tumor biological evidence implicates the relaxin-like hormone family as endocrine
mediators of critical cellular action in cancer, characterization of target molecules and signaling
pathways specific for LGR8 in defined tumor entities and crosstalk of the relaxin receptors with other
receptor systems relevant to carcinogenesis will be of significant clinical relevance and may contribute
to novel therapeutic strategies against hepatocellular carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) is the most
common histological type of primary liver cancer,
accounting for 7.4% and 3.2% of all male and female
malignancies, respectively (21).  Poor prognosis and
therapeutic failure are identified in HCC patients,
especially in HCC cases with portal thrombosis and
TP53 mutation (2, 25).  The heterodimeric peptide
relaxin, a member of the insulin-like superfamily and
one of the first peptide hormones to be discovered (9),
is the founding member of the family of relaxin-like
hormones.  Relaxin, similar to its sister hormones
insulin and the insulin-like growth factors, is now
perceived as a multifunctional hormone (14).  Relaxin

and INSL3 have been identified in tumor tissues of
cancers of the breast (10), thyroid gland (11), gas-
trointestinal tract (28) and the male reproductive
system (16).  Relaxin has been implicated in defined
steps associated with carcinogenesis including tumor
cell proliferation, differentiation, invasion and
neovascularization (27).

LGR8, the recent landmark discovery of relaxin/
INSL3 receptor, is a member of the family of leucine-
rich repeat-containing G protein-coupled receptors
(12).  In recent studies, LGR8 has shown auto/para-
crine relaxin-like action in tumor tissues leading to
the elucidation of cellular pathways involved in the
proposed functions of relaxin in tumor biology.

There is increasing evidence for the involvement
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of relaxin in tumor invasion.  Cellular pathways in-
volve the matrix metalloproteinases (MMP) and tissue
inhibitors of MMP (TIMP) are important in normal and
abnormal physiological actions of cellular migration
and invasion.  Upregulation of MMPs by relaxin may
provide a possible mechanism for the indirect role of
relaxin in cellular invasiveness (Fig. 4).  Matrix metallo-
proteinases 2 and 9 (MMP-2 and MMP-9) have been
associated with metastatic potentials facilitating tumor
cell migration across basement membrane (29).

Vascular endothelial growth factor (VEGF), an
angiogenic stimulator, has been associated with tumor
growth and metastasis.  Relaxin has been shown to
upregulate VEGF in stromal and glandular epithelial
cells of the endometrium during wound healing and
VEGF and bFGF in the human myelomonocytic leu-
kemia cell line, THP-1, which expresses relaxin re-
ceptors (22, 32, 33).

Fascin and cortactin are actin-binding proteins
that are involved in the rearrangement of the cytosk-
eleton and facilitation of cellular motility (8, 34).
Previous studies have shown that fascin is markedly
upregulated in skin (5), breast (6), lung (23), colon
(15), brain (24), ovary (13), urinary bladder (30) and
gastric malignancies (31).  The gene responsible for
cortactin expression has been mapped in the chro-
mosomal region 11q13 and is frequently amplified in
some human cancers such as breast, head/neck carci-
nomas, gastric adenocarcinoma (20, 26, 31).

A direct involvement of relaxin/INSL3 receptor
LGR8 in carcinogenesis remains to be demonstrated.
This is the first report that tissue microarrays were
used to demonstrate the expression and relationship
of LGR8, VEGF, MMP-2, MMP-9, fascin-1 and cort-
actin with clinicopathological parameters of hepato-
cellular carcinoma.  It was hoped that such an approach
would provide the structural basis to elucidate the
action and regulation of relaxin receptor-derived signal
cascades in HCC.

Materials and Methods

Hepatocellular carcinoma tissue microarray
slides were constructed from 93 paraffin-embedded
primary tumors and 25 non-tumor normal liver tissues.
Two experienced pathologists confirmed the patho-
logical diagnosis in each case before the tissue array
was constructed.

Histological differentiation (or clinical stage)
was determined according to the TNM (WHO criteria).
One core tissue sample was taken from a representative
area of each paraffin-embedded tumor tissue, and the
tissue microarray slides were constructed.  Each rep-
resentative core sample in the tissue microarray slide
was 2 mm in diameter.  None of the patients had re-
ceived chemotherapy before surgery.

Immunohistochemistry

Tissue microarray sections were dewaxed in
xylene, rehydrated in alcohol, and immersed in 3%
hydrogen peroxide for 10 min to suppress endogenous
peroxidase activity.  Antigen retrieval was performed
by heating (100°C) each section for 30 min in 0.01
mol/L sodium citrate buffer (pH 6.0).  After 3 rinses
in phosphate buffered saline (PBS) for 5 min, each
section was incubated for 1 h at room temperature
with one of the following antibodies all diluted in
PBS: mouse monoclonal antibodies to human fascin-
1 (1:100 dilution; NeoMarkers, Freemont, CA, USA),
human MMP-2 (1:100; NeoMarkers), human MMP-9
(1:100; NeoMarkers), and mouse polyclonal anti-
bodies to human cortactin (1:100; Santa Cruz Biotech-
nology, Santa Cruz, CA, USA), a mouse monoclonal
antihuman VEGF antibody (1:50; clone VG1, DAKO,
Carpinteria, CA, USA), and a mouse polyclonal to
LGR8 antibody (1:100; abcam, Cambridge, MA,
USA).  The slides were washed 3 times in PBS for 5
min, incubated with horseradish peroxidase-labeled
rabbit anti-mouse immunoglobulin (DAKO; 1 h at
room temperature), washed 3 times and incubated
with a solution of diaminobenzidine (DAB) at room
temperature to visualize peroxidase activities.

Two experienced pathologists evaluated the im-
munoreactivity and histological appearance of all
tissue samples in the microarray.  The intensity of
cytoplasmic and membrane tumor cell staining was
scored on a scale of 0 to 3: with 0 being no staining,
1 as weak intensity, 2 as moderate intensity and 3 as
strongest intensity, and the percentage of tumor cells
with cytoplasmic or membranous staining at each in-
tensity was estimated.  The percentage of cells (from
0 to 100) at each intensity was multiplied by the cor-
responding intensity (from 0 to 3) to obtain an immu-
nostaining score ranging from 0 to 300.

Statistical Analysis

All results are expressed as means ± standard
error of the mean (SEM).  Immunostaining scores of
fascin-1, cortactin, MMP-2, MMP-9, VEGF and LGR8
in the HCC cases were compared to the score of the
normal liver tissue.  Student t-test and Pearson Product
Correlation test were used to analyze the relationship
between the expression of these six biomarkers and
the clinicopathological parameters of the hepato-
cellular carcinomas.  Statistical significance was
defined as a P value of less than 0.05.  In addition,
survival time was calculated from the date of surgery
to the date of death.  Survival times of two groups
divided on the basis of median cortactin immun-
ostaining scores were compared.  Survival analysis
was done using the Kaplan-Meier survival test.
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Table 1.  Immunostaining scores for six biomarkers in hepatocellular carcinoma and normal liver cells

Biomarkers Intensity % Staining Total score

Hepatocellular carcinoma (n = 93)
Fascin-1 expression 0.10 ± 0.04* 0.12 ± 0.05* 0.20 ± 0.11
Cortactin expression 1.16 ± 0.08* 57.45 ± 4.00* 84.88 ± 8.30*
LGR8 expression 0.25 ± 0.05* 3.08 ± 1.30* 3.48 ± 1.35*
VEGF expression 1.82 ± 0.06* 87.85 ± 2.48* 160.81 ± 7.68*
MMP-2 expression 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
MMP-9 expression 1.09 ± 0.04* 87.10 ± 2.50* 97.31 ± 4.03*

Normal liver cells (n = 25)
Fascin-1 expression 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Cortactin expression 0.30 ± 0.15 0.60 ± 0.31 0.60 ± 0.31
LGR8 expression 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
VEGF expression 0.90 ± 0.10 5.00 ± 0.75 5.50 ± 0.90
MMP-2 expression 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
MMP-9 expression 0.40 ± 0.04 2.80 ± 1.32 2.80 ± 1.31

Data are the means ± standard error of the mean (SEM) of immunostaining scores for six biomarkers in hepatocellular
carcinoma and normal liver cells.  *: P < 0.05 vs. normal liver cells.

Fig. 1. Hematoxylin and Eosin (H&E) stain (A0, B0, C0, D0, E0, F0) and Fascin-1, cortactin, LGR8, VEGF, MMP-2 and MMP-9
staining of hepatocellular carcinomas (A1, B1, C1, D1, E1, F1).  Original magnification, × 400.
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Table 2. Total immunostaining scores of six biomarkers and clinicopathological parameters of hepatocellular
carcinoma

Fascin-1 Cortactin LGR8
total score total score total score

n Mean SEMa Correlation Mean SEM Correlation Mean SEM Correlation

TNM stage
T stage

T1 58     0.10   0.08 r = 0.05   78.93   9.94 r = 0.10     3.78   1.65 r = -0.23*
T2 18     0.22   0.22   86.17 22.23     5.85   4.51
T3 14     0.64   0.64 105.00 21.50     0.00   0.00
T4   3     0.00   0.00   98.33 56.45     0.00   0.00

N stage
N0 93     0.20   0.11   84.88   8.30     3.48   1.35
N1   0

M stage
M0 90     0.21   0.12 r = -0.04   83.38   8.48 r = 0.15     3.60   1.39 r = -0.09
M1   3     0.00   0.00 130.00 35.12     0.00   0.00

AJCC stage
I 58     0.10   0.08 r = 0.05   78.93   9.94 r = 0.08     3.78   1.65 r = -0.23*
II 17     0.25   0.25   78.19 23.90     6.56   5.06
III 16     0.60   0.60 111.33 20.99     0.00   0.00
IV   3     0.00   0.00   65.00 30.14     0.00   0.00

Tumor differentiation
Well   9     0.00   0.00 r = 0.13   58.00 12.87 r = 0.26*     3.33   2.36 r = -0.14
Moderate 62     0.10   0.07   75.44   9.92     3.37   1.55
Poor 20     0.65   0.48 116.75 20.16     4.25   3.99
Anaplastic   2     0.00   0.00 180.00 20.00     0.00   0.00

VEGF MMP-2 MMP-9
total score total score total score

n Mean SEM Correlation Mean SEM Correlation Mean SEM Correlation

TNM stage
T stage

T1 58 167.41   9.71 r = -0.05     0.00   0.00   98.62   5.34 r = 0.03
T2 18 124.40 15.66     0.00   0.00   86.67   7.71
T3 14 171.79 21.63     0.00   0.00   97.86   8.72
T4   3 200.00   0.00     0.00   0.00 133.33 33.33

N stage
N0 93 160.81   7.68     0.00   0.00   97.31   4.03
N1   0

M stage
M0 90 160.61   7.88 r = 0.02     0.00   0.00   97.22   4.17 r = 0.08
M1   3 166.67 33.31     0.00   0.00 100.00   0.00

AJCC stage
I 58 167.42   9.71 r = -0.04     0.00   0.00   98.62   5.34 r = 0.03
II 17 121.25 16.90     0.00   0.00   85.00   8.61
III 16 173.67 20.23     0.00   0.00   98.00   8.12
IV   3 200.00   0.00     0.00   0.00 133.33 33.30

Tumor differentiation
Well   9 155.56 27.03 r = 0.01     0.00   0.00   98.89 15.32 r = -0.08
Moderate 62 162.02   9.61     0.00   0.00 101.45   5.07
Poor 20 166.00 15.63     0.00   0.00   83.50   7.23
Anaplastic   2   95.00   5.00     0.00   0.00 100.00   0.00

a: SEM: Standard Error of Mean
*: P < 0.05
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Results

Immunostaining Scores of LGR8 Correlate with T and
AJCC Clinical Stages of Hepatocellular Carcinoma

Immunostaining scores for the six biomarkers
in the HCC cases analyzed are presented in Table 1
and representative samples are illustrated in Fig. 1.

Among the 93 HCC cases, LGR8 immun-
ostaining scores were significantly higher (3.48 ±
1.35, P < 0.05) (Table 1) than in the staining of the
normal liver tissue.  Among these tumors, 9 (10%)
were well differentiated, 62 (67%) were moderately
differentiated, 20 (21%) were poorly differentiated
and 2 (2%) were anaplastic differentiation.  Additional
information, including TNM and AJCC clinical
staging distributions, is presented in Table 2.  Using
the Pearson Product Method Correlation test, higher
immunostaining scores of LGR8 showed a negative
correlation with T stage and AJCC clinical stage, but
not with N and M stages (Table 2 and Fig. 2).

Correlation of Immunostaining Scores of LGR8 with
Upregulation of MMP-9 May Provide a Possible
Mechanism in Cellular Invasiveness of
Hepatocellular Carcinoma

Cellular pathways involving the matrix metal-

loproteinases (MMP) and tissue inhibitors of MMP
(TIMP) are important in normal and abnormal physio-
logical actions of cellular migration and invasion
(Fig. 3).  In our study, higher immunostaining scores
of LGR8 showed a positive correlation with immu-
nostaining scores of MMP-9 (P < 0.05; Fig. 4) which
may provide a possible mechanism in cellular in-
vasiveness of HCC.  In addition, some studies have
suggested that high circulating relaxin levels indirectly
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Fig. 2. Significant correlation between clinicopathological data and immunostaining scores of LGR8 and cortactin in hepatocellular
carcinoma.

Fig. 3. Relaxin indirectly affects multiple steps in tumor pro-
gression and is a regulator of VEGF, NO, MMP and
TIMP.  Tumor cell migration and neovascularization
are dependent on these factors.
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stimulate the formation of vasculature for tumor
cell growth and invasion through the upregulation of
VEGF in breast and prostate cancers (10), but in our
study, higher immunostaining scores of LGR8 did not
show a correlation with immunostaining scores of
VEGF in HCC.

Immunostaining Scores of Cortactin Correlate with
Histological Grades of Hepatocellular Carcinoma

Fascin-1 and cortactin are two important com-
ponents among actin cross-linking proteins.  Fascin-
1 is markedly upregulated in several different types
of tumors including breast, skin, lung, colon, brain,
ovary, urinary bladder and gastric malignancies.  And
cortactin expression is frequently amplified in breast,
head/neck carcinomas and gastric adenocarcinomas.
In our study, cortactin immunostaining scores were
significantly higher (84.88 ± 8.30, P < 0.05) (Table 1)
than in the staining of the normal liver tissue.  Using
the Pearson Product Method Correlation test, higher
immunostaining scores of cortactin showed a positive
correlation with histological grading, but not AJCC
clinical, and T, N or M stages.  (P < 0.05; Table 2; Fig.
2).  However, the immunostaining scores of fascin-1
in HCC were neither significantly higher than that of
the normal liver tissue nor showed correlation with
clinicopathologic parameters.

Relationship of Cortactin Expression to Survival Time

Consisting of 67 males and 26 females, the 93
patients with 5-year follow-up were divided into two
groups on the basis of median cortactin immu-
nostaining scores.  The number of deaths in five years
and the median survival time among the HCC patients
with higher cortactin expression (n = 47, immunostain-

ing scores � 80) were 22 deaths and 46 months and
those with lower cortactin expression (n = 46, immu-
nostaining scores < 80) were 19 deaths and 54 months.
Using the immunostaining scores as variables, higher
cortactin immunostaining scores were not significantly
associated with higher mortality in HCC (P > 0.05;
Fig. 5).

Discussion

In many studies, multiple factors, such as virus
infection, genetic mutation, cell cycle regulator dys-
function and imbalances in growth factors, have been
shown to induce the incidence and progression of
HCC (7).  However, details on factors determining
early metastasis and rapid progression of HCC are
still unknown, but it is known that one requirement is
enhancement of cell motility.  In fact, enhanced move-
ment of cancer cells has been reported to correlate
with greater metastatic potentials in animal models
and poorer prognosis in human cancers (3).

Relaxin indirectly affects multiple steps on
tumor progression and it is an established regulator of
VEGF and MMPs.  Viability and migratory behavior
of tumor cells are dependent on these factors.  The
identification of the relaxin/INSL3 receptor LGR8
has been a major advancement in relaxin-like research.
This landmark discovery has provided the structural
basis to elucidate the action and regulation of relaxin
receptor-derived signal cascades induced by a novel
auto/paracrine relaxin-like system potentially affect-
ing important steps in carcinogenesis (17).  In our
study, higher immunostaining scores of LGR8 showed
a negative correlation with T and AJCC clinical stages.

Tumor growth is critically dependent on angio-
genesis and some studies show that high circulating
relaxin levels indirectly stimulate the formation of

Fig. 5. Survival rates analyzed using the Kaplan-Meier survival
test.
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vasculature for tumor cell growth and invasion through
upregulation of VEGF in breast and prostate cancers
(10).  In liver tumor, mechanisms of VEGF-induced
metastasis have also been demonstrated (18).

The role of MMP-2 and MMP-9 has been
extensively studied in the last few years and it has
been shown that MMP-2 and MMP-9 are necessary
for cancer cell attachment to distant sites (19).  Upregu-
lation of MMP-2, MMP-9 and MMP-14 by relaxin
may provide one mechanism for the indirect role of
relaxin in cellular invasiveness.  These factors are as-
sociated with metastatic potential facilitating tumor
cell migration across basement membrane (29).  In
our study, immunostaining scores of MMP-9, not of
MMP-2, were significantly higher than in the staining
of normal liver tissue.  But both MMP-9 and MMP-2
in HCC were not associated with clinicopathological
factors related to aggressive disease.  In addition,
higher immunostaining scores of LGR8 showed a
positive correlation with immunostaining scores of
MMP-9 supporting that the LGR8 and MMP-9 cas-
cades seemed to play a role in early tumor cell migra-
tion in hepatocellular carcinoma.

Fascin-1, a 55-kDa globular protein, plays
important roles in the formation of cellular protrusions,
migration and extracellular matrix adhesion (1).  Cort-
actin, a p80/85 protein, regulates the actin cytoskeleton
through its involvement in cell motility, adhesion,
polarization, contraction and others (35, 36).  In a
recent study, it was shown that overexpression of
cortactin may play a role in the metastasis of HCC by
influencing cell motility and intrahepatic metastasis
in cell lines (4).  In our study, overexpression of cort-
actin, but not fascin-1, was significantly correlated
with tumor differentiation in human HCC tissues, and
this observation also supports the role of cortactin
being closely associated with intrahepatic metastasis,
but neither cortactin nor fascin-1 immunostaining
scores showed significant correlation with clinico-
pathological parameters in HCC.  To our knowledge,
this is the first report to evaluate association of
expression of LGR8, VEGF, MMP-2, MMP-9, cort-
actin and fascin-1 with tumor progression in hepa-
tocellular carcinoma.

In conclusion, although the understanding of
relaxin-like actions in tumor biology is still in its
early stages and there are more questions than answers.
In our study, our data support the cascades that over-
expression of LGR8 with upregulation of MMP-9
may play a role in the invasiveness of HCC by in-
fluencing cell migration in early AJCC clinical stage,
but expression of VEGF immunostaining scores does
not seem to be upregulated by LGR8 in tumor neovas-
cularization.  And finally, cortactin also plays a role
in the migration or invasion of HCC; cortactin is
especially closely associated with intrahepatic me-

tastasis in human HCC although the precise mechanism
remains to be elucidated.
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