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Abstract

LAMCI encodes an extracellular matrix protein, laminin y1 chain, which is involved in several
biological and pathological processes including tissue development, tumor cell invasion and
metastasis. In present study, we demonstrated that both LAMCI protein and mRNA levels were
elevated in HCC tissue samples compared with non-cancerous tissue samples according to
western blot analyses, immunohistochemistry (IHC) and microarray. Moreover, high LAMCI
expression was positively correlated with incomplete encapsulation (p=0.014), poor overall (OS,
p=0.02) and disease-free survival (DFS, p=0.014). Using cell lines, we demonstrated that the levels
of LAMCI mRNA and protein were significantly higher in HCC cell lines than that in LO2 cell line.
After the expression of LAMCI was depressed by siRNA technique, the cell proliferation,
migration and invasion were depressed significantly. Taken together, these data suggest that
LAMCI is enriched in HCC; overexpression of LAMCI predicts poor prognosis, and enhances
tumor cell invasion and migration. LAMCI might be a new biomarker predictive of HCC prognosis
and might also be a useful treatment target.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third leading cause of cancer
mortality worldwide. Approximately 700,000 people
die of HCC each year. More importantly, the global
incidence is still rising [1, 2]. The prognosis of HCC is
poor because the disease is often at a fairly advanced
stage at the time of diagnosis. Liver resection remains
the main curative option for HCC with a 5-year
overall survival rate of 50-70% after curative
hepatectomy [2, 3]. However, the long term prognosis

is still unsatisfactory due to the high recurrence rate.
Although more and more molecular markers with
high sensitivity and specificity have been proposed,
none has justified its routine use in clinical practice till
now [3, 4]. Hence, a better understanding of more
molecular markers and pathways that contribute to
the progression and recurrence of HCC is critical to
develop more effective, targeted therapies [5, 6].
LAMC1 encodes laminin yl chain, a protein
essential for assembly of basement membrane.
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Laminins have been described in a wide variety of
biological and pathological processes including tissue
development, tumor cell invasion and metastasis
[7-9]. Moreover, laminin proteins are present in the
extracellular matrix and cell membrane, serving as
potential biomarkers for detection [7]. The laminin y1
chain has been reported to be involved in
carcinogenesis of the liver through Spl-mediated
transactivation at the LAMC1 promoter [10].
Moreover, C-16, a peptide derived from laminin y1
chain, had been shown to significantly promote cell
adhesion, enhance pulmonary metastasis and
migration of murine melanoma B-16 cells, possibly by
inducing the secretion of matrix metalloproteasis-9
(MMP-9) [11]. More recently, it was demonstrated
that LAMC1 is upregulated in uterine carcinoma, and
its expression was significantly associated with FIGO
stage, myometrial invasion, cervical/adnexal
involvement, angiolymphatic invasion and lymph
node metastasis [12,13]. However, there is lack of the
systematical investigation focusing on the expression
features of LAMCI1, clinical relevance, and biological
function in HCC.

In present study, we first assessed the LAMC1
expression in HCC and its associations with clinical
characters, tumor recurrence and patient survivals.
Our results suggest that LAMC1 might be a new
biomarker predictive of HCC prognosis and might
also be a useful treatment target.

Materials and Methods

Patients and tissue specimens

The fresh frozen HCC tissues (n=59) and
paraffin-embedded HCC specimens (n = 196) from
cases that were histologically confirmed and did not
undergo neo-adjuvant treatment were obtained from
Sun Yat-Sen University Cancer Center in Guangzhou.
Written informed consent was obtained from each
patient, and the study was approved by the Institute
Research Ethics Committee at the Cancer Center. The
including criteria for present study were: 1) no
previous treatment for HCC before surgery; 2)
histologic confirmation of HCC; 3) RO resection; 4) no
lymph node or extrahepatic metastasis; 5) HCV
negative, 6) the follow-up period >6.0months. After
surgery, patients were followed up 3 monthly for the
first 2 years, then 6 monthly thereafter with physical
examination, blood tests for AFP and liver function,
and contrast abdominal computed tomography (CT).
The last follow-up date for patients still alive was in
December 2016.

Cell culture

Normal primary NPECs (NPECw and NPEC01)
were established as described previously, and

cultured in  keratinocyte/serum-free = medium
(Invitrogen, Carlsbad, CA, USA). The HCC cell lines
(LO2, MHCC-97H, MHCC-97L, SNU-449, SK-Hepl,
HCCLM3, HLE, Mahlavu, PLC/PRF/5, Hep3B,
Huh?7, and HepG2) were cultured in DMEM (Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Carlsbad, CA, USA), and
in a humidified 5% CO?2 incubator at 37°C.

Quantitative RT-PCR analysis

Total RNA was extracted from fresh tissue
specimens and HCC cell lines by the TRIzol reagent
(Invitrogen, Grand Island, NY, USA) according to the
manufacturer’s instructions. After measuring the
concentration and quality of RNA by NanoDrop
spectrophotometer (ND-1000, Thermo Scientific,
Massachusetts, USA), 2 ug of the total RNA was used
to synthesized the complementary DNA (cDNA)
using a reverse transcriptase kit (Invitrogen, Carlsbad,
CA, USA). Quantitative Real-time RT-PCR (qRT-PCR)
using the Power SYBR Green qPCR SuperMix-UDG
(Invitrogen, Grand Island, NY, USA) was used to
determine the mRNA level of the target genes on a
Light Cycler 480 SYBR Green 1 Master (Roche,
Indianapolis, IN, USA). p-actin was used as an
internal control. Three independent experiments were
performed to make sure the quantitative
determination.

Western blotting analysis

The proteins extracted from tissues and HCC
cells were stored in 1x SDS sample buffer with protein
inhibitor, cocktail (F. Hoffmann-La Roche Ltd, Basel,
Switzerland). The concentration of proteins was
measured by the BCA method using Spectramax M5
(Molecular Devices, Sunnyvale, CA, USA). After heat
denaturation at 98°C for 10 minutes, equal amounts of
protein (20ug for tissues, 10ug for cells) were

electrophoretically =~ separated in 9%  SDS
polyacrylamide  gels, and  transferred to
polyvinylidene difluoride (PVDF) membranes

(Millipore, Bedford, MA, USA). 5% skimmed milk or
5% bovine serum albumin dissolved by PBS-T was
used for blocking the membrane for 1 hour. Then the
membrane was incubated overnight at 4°C with
indicated antibodies. Then the membrane was
incubated at normal temperature for 40 minutes with
the secondary antibody (AB) (Pierce, Thermo Fisher
Scientific Inc., Rockford, IL, USA). The signals were
detected using enhanced chemiluminescence (ECL)
(Amersham Pharmacia Biotech, Piscataway, NJ,
USA). The membranes were stripped and normalized
with a mouse monoclonal antibody against human
p-tubulin (diluted 1:3000; Santa Cruz Biotechnology,
Texas, USA) to confirm equal loading of the samples.
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Then the membrane treated with an HRP-conjugated
secondary Ab (Pierce, Thermo Fisher Scientific Inc.,
Rockford, IL, USA). Equal amounts of whole tissue or
cell lysates were electrophoretically separated in a 9%
SDS polyacrylamide gel electrophoresis (PAGE) and
transferred to a polyvinylidene difluoride (PVDEF)
membrane (Pall, Port Washington, USA). 5%
skimmed milk was used to block the membrane for 1
hour (h) at room temperature. Then the membrane
was incubated with the indicated antibodies
overnight at 4°C. The signals were detected using an
enhanced chemiluminescence (GE Healthcare, New
Jersey, USA). The membranes were stripped and
probed with a rabbit monoclonal antibody against
human p-tubulin (diluted 1:3000; Santa Cruz
Biotechnology, Texas, USA) to confirm equal loading
of the samples.

Immunohistochemical analysis

The paraffin-embedded HCC samples were cut
into 4-pm sections. Then the sections were baked for 2
hour at 65°C, deparaffinized in xylenes and
rehydrated with alcohol to distilled water. Three
percent hydrogen peroxide was used to block
endogenous peroxidase activity at room temperature
for 10 min, and then the sections were boiled in
Citrate Antigen Retrieval Solution (PH=6.0) for 5 min
in an electric pressure cooker antigen retrieval. After
that, the sections were incubated with the rabbit
polyclonal anti-LAMC1 antibody (diluted 1:300,
Abcam, Cambridge, MA, USA) overnight at 4 °C in a
moist chamber and a secondary antibody for 30 min at
37 °C on the next day. Subsequently, the sections were
stained for protein detection in 3, 3-diaminobenzidine
for 2 min and counterstained with Mayer’s
hematoxylin to stain nucleus. Finally, the sections
were dehydrated and mounted. As a negative control,
the primary antibody was replaced by normal rabbit
serum.

Each section was independently evaluated by
two pathologists who were blinded to the clinical
status of the patients. The biomarker was evaluated
according to staining intensity scored as (0, negative;
1, weak; 2, moderate; 3, strong) and the extent of
staining scored as the percentage of positive cells. The
final immunoreactivity score (IRS) is the product of
intensity score multiply the extent score.

siRNA transfection

The siRNA oligoribonucleotides were purchased
from Sigma (ID: NM_001042422). The scramble RNA
duplex for the siRNA was nonhomologous to any
human genome sequences. Hep3B and HepG2 cells (2
x 10%) were seeded on 6-well plates for 24 h, and then
transfected with 12.5 nM of the RNA duplex and 5 pL

of Lipofecta-mine RNAIMAX (Invitrogen, Grand
Island, NY, USA), according to the manufacturer’s
instructions. After 48h or 72 h, cells were harvested
for further experiments.

MTS assays [3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide assay)

MTS assays were used to measure cell viability.
48 hours after transfection with siScramble, siLAMC1
(3000cells/well) were plated in six plicate in 96-well
cultured with DMEM containing 10% FBS. By the
indicated time point, each well was added 20 p L
MTS, then cells were incubated for 3 h at 37°C. The
absorbance was measured at 450 nm using the
Spectramax M5 (Molecular Devices, Sunnyvale, CA,
USA).

Cell invasion and migration assay

After being subjected to serum-starvation for 24
hours, 2x10* Hep3B cells were plated into the upper
chambers (Corning Costar Corp., Cambridge, MA,
USA) of transwell plates with or without a Matrigel
coating (BD Biosciences, Bedford, MA, USA). Each of
the lower chambers was filled with 500 pl DMEM
supplemented with 10% fetal bovine serum. After
incubation for 12 (migration) or 24 (invasion) hours,
the cells that migrated to the reverse sides of the
inserts were fixed in methanol for 10 min, stained
with 0.5% crystal violet (Sigma-Aldrich, St. Louis,
MO, USA) for 10 min, photographed, and counted (4
random 100x fields per well). Migrated cells were
plotted as the average number of cells per field of
view from 3 different experiments.

Statistical analysis

Two-tailed Mann-Whitney test was used to
analysis the differences between groups. ROC
analysis was used to determine the cut-off value for
LAMCI1. The chi-square test was used to analyze the
relationship between LAMC1 expression and the
clinicopathological  characteristics. =~ Kaplan-Meier
method and compared by log-rank test were used to
calculated the OS, DFS and sub-analysis by TNM
staging. The prognostic variables in predicting OS and
DFS were assessed by multivariate Cox proportional
hazards regression analysis. Variables that proved to
be significant in the univariate analysis were tested
subsequently with the multivariate Cox proportional
hazard model. The forward selection method was
used for multivariate Cox proportional analysis. All
statistical tests were two-sided, and p< 0.05 was
considered significant difference. All the statistical
were performed using the SPSS 16.0 statistical
software (SPSS Company, Chicago, Illinois, USA).
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Results

Expression of LAMCI1 was up-regulated within
HCC tumor tissues

Western blotting and qRT-PCR were performed
to explore the expression of LAMC1 in 59 HCC
patients. The difference in both western blot and
qRT-PCR was obvious between tumor tissues and
normal samples (Fig 1A, Fig 1B). By microarray, the
expression of LAMC1 mRNA was significantly higher
in HCC tumor than that in match normal tissues
(p<0.001) and significantly higher in tumor with early
recurrence than that without recurrence (p<0.001) (Fig
1C). As shown in Fig 1D, the LAMC1 expression is
higher in HCC tumor than that in normal liver tissue
and matched liver with cirrhosis. All in all, expression
of LAMC1 was up-regulated in HCC tumor.

High level of LAMCI correlates with poorer
progress in HCC patients

To find out the relationship between the
expression of LAMC1 and the progression of HCC,

and the association between LAMCI and
clinicopathology variables, 196 HCC tumors were
subjected IHC staining with a human LAMCI1
antibody. The median follow-up period was 49
months, and the median overall survival (OS) was
51.9£17.9 months. The 1, 3, 5-year OS and disease-free
survivals (DFS) for whole group were 81.6%, 61.2%
and 53.8% respectively; and 57.1%, 42.9% and 39.8%
respectively. According to the ROC analysis, we
determined the cut-off value of LAMC1 as 04.
Tumors exceeding 04 were defined as high
expression. Of the 196 tumors, 54 (27.5%) were high
expression of LAMCI. There were relationship
between LAMC1 and tumor capsule (Table 1,
p=0.014). According to the Kaplan-Meier analysis,
patients with higher LAMC1 expression had shorter
OS and DFS (p=0.001, Figure 2A, 2B). Stratification
analysis based on TNM staging I and II showed that
higher LAMC1 suggested poorer prognosis in
early-median stages in both OS and DFS (p<0.001,
p=0.001 respectively Figure 2C, 2D).

Table 1. Correlations between LAMCI1 expression and clinicopathalogic characteristics in 196 patients with HCC

All High LAMC1 Low LAMC1 P value

Clinicopathalogic characteristics (n=196) (n=54) (n=142)

Age(year) 48.46+11.64 47.74+12.59 48.72+11.29 0.595
<50 107 32 75 0.418
>50 89 22 67

Gender
male 166 47 119 0.574
female 30 7 23

HBsAg

negative 31 10 21 0.523

positive 165 44 121

AFP
<400ng/ml 107 28 79 0.635
>400ng/ml 89 26 63

Macro-vascular invasion

negative 160 47 113 0.228

positive 36 7 29

Tumor size(cm) 7.1+4.0 7.3£3.2 7+4.3 0.23
<5cm 75 19 56 0.584
>5cm 121 35 86

Tumor Number
single 153 43 110 0.744
multiple 43 11 32

Tumor capsule
incomplete 94 36 58 0.014
complete 102 18 84

TNM staging
I-1I 141 38 103 0.736
IMa-IITb 55 16 39

PLT(109) 190.9+82.3 215.4+111.3 181.6+66.3 0.058

ALT(U/ml) 55.0+80.8 49.35+41.1 57.2491.5 0.888

AST(U/ml) 48.1+42.6 47.1+32.3 48.4+50.0 0.559

ALB(g/L) 42.4+4.0 42.1+4.1 42.5+3.9 0.503

TBIL(umol/L) 19.1£21.7 16.7+7.1 20.0+25.1 0.278

CRE(umol/L) 77.1£15.2 76.2+15.8 77.5+15.1 0.603
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Figure 1. LAMC 1 expression is increased in HCC patients. A. LAMC 1 and GAPDH expression in tumor tissues (T) compared with adjacent matched normal tissues
(N), as assessed by western blotting. (n = 4 paired, p=0.011, paired Wilcoxon signed-rank test). B. Expression of LAMC1 mRNA in tumor and match normal tissues
by microarray (P<0.0001). C. Expression of LAMCI mRNA in HCC with recurrence (T-R), HCC without recurrence (T-NR), match normal liver (MN) and normal
liver (N) tissues by microarray. (TR and T-NR vs. MN, T-R vs. T-NR P<0.0001, P=0.0016 respectively) D. Expression of LAMCI in normal liver tissue, hepatocellular
carcinoma tumor tissue and matched liver with cirrhosis.
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Figure 2. Increased LAMC 1 expression is correlated with poor prognosis of HCC. A. LAMC 1 expression was associated with OS according to Kaplan-Meier
analysis. (n=196, p=0.001). B. LAMC | expression was associated with DFS according to Kaplan-Meier analysis. (=196, p=0.011). C. Subgroup analysis for OS based
on TNM staging |-l (n=141 P<0.001). D. Subgroup analysis for DFS based on TNM staging I-Il (n=141, P=0.001).
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Cox proportional hazards model was used to
find out the relationship between LAMC1 expression
and prognosis. After univariate Cox regression
analysis, all variables with significance were put into
analyzed by multivariate analysis. The multivariate
analysis showed that LAMC1 expression (HR 1.662,
p< 0.001), pTNM staging (HR 1.972, p=0.02) were
independent predictors in OS (Table 2) and LAMC1
expression (HR 2.732, p< 0.001), pTNM staging (HR
1.619, p=0.014) and macro-vascular invasion (HR
1.662, p=0.001) were independent predictors in DFS
(Table 3).

Table 2. Analyses of prognostic factors for overall survival

univariate multivariate analysis

analysis
Variables p-value  Hazard ratio (95% CI) p-value
Gender(male/female) 0.115
Age (<50/>50) 0.155
TNM staging (I 11/11I) <0.001 3.393(1.804-6.382) <0.001
Number(single/ multiple) <0.001
Diameter(<5cm/>5cm) <0.001
Macro-vascular <0.001
invasion(negative/ positive)
Capsule(incomplete/complete) ~ 0.021
AFP (<400/>400) 0.01
HBsAg (-/+) 0.823
ALB 0.917
PLT 0.229
ALT 0.557
AST 0.002
TBIL 0.81
LAMCI (low /high) 0.002 1.972(1.27-3.062) 0.02

Table 3. Analyses of prognostic factors for disease-free survival

univariate  multivariate analysis

analysis
Variables p-value Hazard ratio (95% CI) p-value
Gender (male/female) 0.227
Age(<50/>50) 0122
TNM staging(I I1/11I) <0.001 2.732(1.558-4.790) <0.001
Number(single/ multiple) <0.001
Diameter(<5cm/>5cm) <0.001
Macro-vascular <0.001 1.662(1.132-2.440) 0.01

invasion(negative/ positive)
Capsule(incomplete/complete) 0.002

AFP(<400/ >400) 0.016

HBsAg(-/+) 0433

ALB 0.936

PLT 0349

ALT 0447

AST <0.001

TBIL 0.885

LAMCI (low/ high) 0.015 1.619(1.103-2.378)  0.014

Expression level of LAMCI in normal and HCC
cell lines

The mRNA and protein levels of LAMC1 were
used to determine the expression level of LAMC1 in

normal liver, immortalized liver cell line (LO2) and
panel cell lines (HuH-7, HepG2, Hep3B, Mahlavu,
HLE, HCCLM3, SK, MHCC-97H, -97L, and SNU-449).
Both qRT-PCR and Western blot showed that the level
of LAMCI in panel cell lines, especially HepG2 and
Hep3B, was obviously higher than the normal liver
and immortalized liver cell line (LO2) (Figure 3).

Knockdown of LAMCI suppresses the
proliferation, migration and invasion of HCC
cells

To explore the potential roles of LAMC1 in HCC
tumorigenesis, we knocked down the LAMC1 in
HepG2 and Hep3B with distinct siRNA duplexes. The
efficiency of downregulation was validated by
Western blotting. As Fig. 4A showed, the level of
LAMC1 was nearly abolished in siLAMCI1
transfectants. At the indicated times, we performed
MTS to determine the viability. Compared to the
control, siLAMC1 transfectants displayed
significantly lower proliferation (Fig. 4B). As shown in
Figure 4C, the ability of migration and invasion in
Hep3B siLAMClcells was decreased.

Discussion

In present study, we demonstrated that the
expression of LAMC1 was significantly higher in
HCC tissue compared to that in normal liver tissue,
high expression of LAMC1 was significantly
associated with incomplete tumor encapsulation and
tumor recurrence, and for the first time, we revealed
that high expression of LAMCI predicted poorer OS
and DFS for patients with HCC after hepatectomy,
especially for patients with early-mediate stage HCC.
We also demonstrated that when the expression of
LAMC1 was depressed, the «cell proliferation,
invasion and migration were depressed significantly.

Extracellular matrix proteins constitute an
integral part of the tumor microenvironment and play
critical roles in regulating tumor cell proliferation,
survival, autophagy, migration, and invasion [14].
Laminins are heterotrimeric extracellular matrix
glycoproteins that contain an a-chain, B-chain, and
y-chain, which are encoded by five a (al-a5), four p
(P1-p4), and three y (y1-y3) different laminin (LAM)
genes[7-9,15,16]. These chains account for the 15
laminin trimeric assemblies (laminin 1-15) to date,
and 15 members of this family are present in different
basement membranes, which serve different
functions. Among these different polypeptides,
laminin-y1 is present in all laminin isoforms, except in
laminin-5, and it has a widespread distribution in
most basement membranes [7-9].

Our results demonstrated that the expression of
LAMC1 was up-regulated in HCC tumor tissues and
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cell lines, compared to normal liver tissue and cell
lines. Similarly, Lietard ] et al had demonstrated that
LAMCI mRNA was 2.8-fold increase in human HCCs
compared with control livers, and the laminin y1
chain was involved in carcinogenesis of the liver
through Spl-mediated transactivation at the LAMC1
promoter [10]. Wewer and Albrechtsen had shown an
increased deposition of laminins in the sinusoids, and
an active process of basement membrane remodeling
was suggested in human livers during the
development of both primary and secondary cancers
[17]. These results hypothesized that LAMC1 might
contribute to the tumor development. However, little
is known about the underlying mechanisms.

Tumor cell adhesion to substratum is a first step
for invasion, and laminin plays an important role in
this process followed by degradation of this matrix
and invasion of infiltrating cell into new intracellular

space [18]. It was also reported that in mouse
melanoma cells, lamininyl chain peptide C-16
promotes migration, matrix metalloproteinase
(MMP)-9 secretion, and pulmonary metastasis. The
interaction of the tumor cells with laminin initiates the
protease cascade leading to the production of active
MMP-2 and to the degradation of the basement
membrane [11]. In uterine carcinoma, Kashima et al.
also revealed that LAMC1 expression was
significantly associated with myometrial invasion,
cervical/adnexal  involvement,  angiolymphatic
invasion and Iymph node metastasis [13]. In
agreement with previous studies, our results
demonstrated that high LAMCI expression was
positively correlated with incomplete encapsulation
and tumor recurrence after surgery. It indicated that
overexpression of LAMC1 was associated with tumor
growth and invasion.
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Figure 3. LAMC | expression in different HCC cell lines. A. LAMC 1 protein expression in different HCC cell lines, as assessed by western blotting. B. LAMC |
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In present study, for the first time, we
demonstrated that LAMCl was an independent
predictor of prognosis, according to univariate and
multivariate analyses, and high expression of LAMC1
predicted poorer overall and disease-free survival for
patients with HCC after hepatectomy. The subgroup
analysis based on TNM staging revealed that LAMC1
might accurately predicate the prognosis in
early-mediate stage HCC after curative resection.
Only few studies reported the association between
LAMC1 expression and tumor patient prognosis
[19-21]. In glioblastoma, Ishibashi M et al. reported
that high expression of LAMCI1 predicted shorter
survival [19]. Ke HL et al. also revealed that the
LAMC1 expression is associated with grade,
recurrence, and progression-free survival in
meningioma [20]. Furthermore, lamin A/C was also
described as a marker for colorectal cancer and for
colorectal cancer displaying a more aggressive

phenotype [21,22]. Our results highlighted the
potential use of LAMCl as a new biomarker
predictive of HCC prognosis.

Little is known about the underlying
mechanisms of LAMC1 in HCC tumorigenesis. As a
transmembrane protein, LAMC1 may mediate cell
adhere and migration. So the relationship between the
LAMC1 expression and tumor cell invasion and
migration was investigated in the present study. Our
results demonstrated that the ability of proliferation,
invasion and migration was significantly decreased in
siLAMClcells, compared to the normal tumor cell
lines. Adhesion of cancer cells to the extracellular
matrix play a pivotal role in regulating a variety of
cellular processes during tumor development, such as
motility, invasion and metastasis. Recent studies
revealed that laminin regulates neurite growth and
neuronal migration via integrin signaling through the
AKT/GSK-33 pathway, loss of laminin expression
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Journal of Cancer 2017, Vol. 8

3000

impaired phosphorylation of FAK [23-25]. In the
prostate cancer, Kong L et al. revealed that
knockdown or overexpression of lamin A/C resulted
in inhibition or stimulation, respectively, of cell
growth, colony formation, migration and invasion,
and knockdown or overexpression of lamin A/C
decreased or increased, respectively, protein levels of
phosphor-AKT in cancer cells, suggesting lamin A/C
proteins are positively involved in malignant
behavior through the PI3K/ AKT pathway [26].

In summary, we investigated the expression and
potential role, as well as the underlying molecular
mechanisms, of LAMC1 in HCC. Our data revealed
that LAMC1 up-regulation was correlated with tumor
recurrence and poor prognoses, and suggested that
LAMC1 might be a new biomarker predictive of HCC
prognosis and might also be a useful treatment target.
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