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Laminin-332 mediates proliferation, apoptosis,
invasion, migration and epithelial-to-mesenchymal
transition in pancreatic ductal adenocarcinoma
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Abstract. The poor prognosis of patients with pancreatic ductal
adenocarcinoma (PDAC) is primarily due to the invasive and
metastatic behaviors of this disease. Laminin-332 (LM-332)
is a key component of the basement membrane barrier, and
is associated with tumor metastasis. The present study
provides evidence towards the potential function of LM-332
in carcinoma, indicating the distinct roles of the three LM-332
subunits (a3, B3 and y2) in cell proliferation, migration,
invasion, apoptosis and the epithelial-to-mesenchymal transi-
tion (EMT) in cancer. The roles of the a3, 33 and y2 subunits in
the malignant biological behavior of PDAC were investigated
in the present study. It was revealed that the a3, B3 and y2
subunits were upregulated in PDAC. Inhibition of all LM-332
subunits abrogated the tumorigenic outcomes, which included
cell proliferation, apoptosis, invasion, migration and EMT
in vitro. However, the three LM-332 subunits had different
degrees of effects on biological behavior. It was observed
that LAMA3 (a3) had a stronger effect on cell proliferation,
migration and invasion. In addition, LAMB3 ($3) knockdown
significantly increased E-cadherin levels and decreased
vimentin levels, indicating that LAMB3 was associated with
EMT. Likewise, LAMC2 (y2) mediated proliferation, apop-
tosis, invasion and migration. However, small interfering
(si)-LAMC?2 promoted the progression of EMT, which was
the opposite effect to that of si-LAMB3. The LM-332 subunits
(03, B3 and y2) may be novel therapeutic targets of PDAC in
the future.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is acommon malig-
nant tumor of the digestive tract, which is characterized by
rapid progression, high mortality and high invasiveness (1,2).
It has been reported that ~50% of patients have been confirmed
to possess metastasized cancer cells (3). Despite continuous
improvements in diagnosis and treatment, this type of cancer is
almost invariably fatal, and the 5-year survival rate of patients
is ~8% (4,5). PDAC has a high degree of malignant biological
characteristics, including invasion and metastasis, which
leads to a poor prognosis. Therefore, revealing the molecular
mechanisms underlying PDAC progression, and developing
corresponding targeted therapies, is essential to improve the
outcome of patients with PDAC.

Laminin is the main component of the extracellular matrix
(ECM); it is located on the basement membrane and plays an
important role in cell differentiation, adhesion and migration,
as well as signal transduction (6,7). Laminin-332 (LM-332) is a
primary member of the laminin family. It is composed of LNa3,
LNB3 and LNy2 chains, which are encoded by the LAMA3,
LAMB3 and LAMC?2 genes, respectively (8,9). The three genes
each express three strands, and the subsequent formation of
a heterotrimer is a key step in the formation of the LM-332
complex. It has been demonstrated that LM-332 promotes
various cell functions, including scattering, migration, polar-
ization, adhesion, proliferation and apoptosis, through adhesion
plaques and hemidesmosomes formed by interacting with
integrin a3p1 and a6p4 (10,11). In addition, these integrins
interact with adhesion molecules to affect signal transduction,
which plays a key role in tumor invasion and metastasis. These
characteristics of LM-332 suggest that it may play a key role in
the cancerous transformation of normal cells.

The epithelial-to-mesenchymal transition (EMT) refers to
the biological process in which epithelial cells are transformed
into cells with a mesenchymal phenotype (12). EMT plays a vital
role in tumor cell invasion and metastasis (13,14). When tumor
cells undergo EMT, the cell skeleton undergoes reorganization;
the epithelial cell phenotype is lost; and the expression levels of
proteins that enhance intercellular adhesion, such as E-cadherin,
desmoplakin, zonula occludens-1 and claudin, are decreased.
Simultaneously, molecular markers of interstitial cells, such as
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vimentin, fibronectin, matrix metalloproteinases and N-cadherin,
exhibit increased expression levels, resulting in decreased or lost
adhesion between cells, loose connection between cells, loss of
polarity, increased migratory ability, anti-apoptotic effects and
degradation of the ECM, which are important biological processes
for tumor invasion and metastasis to distant organs (15,16). By
detecting the expression levels of classic markers associated with
EMT in malignant tumors, their roles in the prognosis of malig-
nant tumors can be clarified, and key molecules can be selected
to screen patient populations with a high risk of metastasis and
provide effective evidence for predicting prognosis and metas-
tasis, and provide personalized treatment options.

The present study investigated the roles of LM-332
subunits (a3, 3 and y2) in the malignant biological behavior
of PDAC. It was revealed that LAMA3, LAMB3 and LAMC2
were upregulated in PDAC cells. It could decrease cell prolif-
eration, invasion and migration by inhibiting the expression of
a3, B3 and y2 subunits. The present study identified a novel
molecular mechanism of action of LM-332 in PDAC, which
may provide a novel therapeutic strategy to block PDAC inva-
sion and metastasis.

Materials and methods

Cell culture. The human pancreatic cancer cell lines PANCI1
and BxPC3, and the normal human pancreatic ductal epithelial
cell line HPDE6¢7 (H6C7) were purchased from The Cell
Bank of Type Culture Collection of the Chinese Academy
of Sciences. All cell lines were cultured in Dulbecco's modi-
fied Eagle's medium (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.) in an incubator with 5% CO, at 37°C.

RNA interference. Small interfering (si)RNA duplexes against
LAMA3 (5'-GCACAAACATTAAACAACA-3"), siRNA
duplexes against LAMB3 (5'-GATGGAGGAAGATGTC
AGA-3"), siRNA duplexes against LAMC2 (5-GTCAAAGCCT
GTCCTTTGA-3") and control duplex (si-NC; 5-UUCUCCGAA
CGUGUCACGU-3") were designed by Guangzhou RiboBio Co.,
Ltd. Cells not transfected with siRNA served as the control
group. Cells were transfected with 50 nM siRNA duplex using
Lipofectamine® RNAIMAX (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.
PANCI cells (1x10° cells/well) were cultured in 6-well plates and
were transfected with siRNA for 48 h.

Reverse transcription-quantitative PCR (RT-qPCR). For the
RT-qPCR analysis, total RNA was isolated from H6C7, PANC1
and BxPC3 cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer's protocol.
cDNA was synthesized from total RNA (2 ug) using iScript™
cDNA Synthesis Kit (Bio-Rad Laboratories, Inc.). Amplification
reactions included 2 ul Mix, 2 ul RNA and 6 ul dH,O. The
temperature protocol was as followed: 37°C for 15 min, 85°C for
5 sec and 4°C for 10 min. qPCR was performed with an
ABI PRISM 7900 Sequence Detection System (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using the iTaq™
Universal SYBR-Green Supermix (Bio-Rad Laboratories, Inc.).
Amplification reactions included 1 yl cDNA template, 0.3 pl
each of the forward and reverse primers (10 xM), 0.2 ul 50X

ROX Reference Dye II (Takara Biotechnology Co., Ltd.), and
5 ul 2X SYBR Premix DimerEraser in a total volume of 10 pl.
The following primer sequences were used: -actin forward,
5-ACTCTTCCAGCCTTCCTTCC-3' and reverse, 5-CGTCAT
ACTCCTGCTTGCTG-3"; LAMA3 forward, 5-AAAGCGTAT
GTGGATAAATGTGG-3' and reverse, 5'-CGGAAAGCAGGC
GTAGAAA-3'; LAMB3 forward, 5-GGCAGATGATTAGGG
CAGCCGAGGAA-3' and reverse, 5-CGGACCTGCTGGATT
AGGAGCCGTGT-3"; LAMC?2 forward, 5“TTCTACAACGAT
CCGCACGAC-3' and reverse, 5-ACACCACCTCCTCCGTC
TCC-3'. Amplification of the transcripts involved an initial
denaturation at 95°C for 30 sec, followed by 40 cycles at 95°C
for 5 sec, 55°C for 30 sec, and 72°C for 34 sec. The cycle quanti-
fication (Cq) comparison method was used for relative
quantification. f-actin was used as the internal control for
normalization. All qPCR analyses were performed in triplicate.
Results were calculated using the 2244 method (17).

Western blot analysis. Proteins extracted from H6C7, PANCI1
and BxPC3 cells using radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology) containing 1 mM
phosphatase and protease inhibitors. The protein concentration
was quantified using a bicinchoninic protein assay kit (Beyotime
Institute of Biotechnology),and then 20 ug protein were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis
(8 to 12% gels) and transferred to polyvinylidene difluoride
membranes (Merck KGaA). The membrane was blocked with
5% skimmed milk powder at room temperature for 2 h. Then,
the membrane was incubated with primary antibodies against
LAMB3 (1:2,000; cat. no. LAMB3:26795-1-AP; ProteinTech
Group, Inc.) LAMC?2 (1:2,000; cat. no. LAMC2:19698-1-AP;
ProteinTech Group, Inc.), E-cadherin (1:2,000; cat.
no. E-cadherin:20874-1-AP; ProteinTech Group, Inc.) vimentin
(1:2,000; cat. no. Vimentin:10366-1-AP; ProteinTech Group,
Inc.) and LAMA3 (1:1,000; cat. no. ab151715; Abcam)
overnight at 4°C. Primary antibodies were detected with a
HRP-conjugated goat anti-mouse IgG (1:5,000; cat. no. A0216)
or goat anti-rabbit IgG (1:5,000; cat. no. A0218; both Beyotime
Institute of Biotechnology) secondary antibodies for 2 h at
room temperature. Proteins were visualized using an enhanced
chemiluminescence kit (Merck KGaA) according to the
manufacturer's instructions. Protein bands were normalized
to a-tubulin and protein expression was semi-quantified by
ImagelJ (version 1.8.0; National Institutes of Health).

Cell viability assay. A total of 3x10° PANCI cells were seeded
in 96-well plates overnight. All cells were transfected with
siRNA for 2 days. Cell Counting Kit-8 (CCK-8) solution
(Beyotime Institute of Biotechnology) was added to each
well and incubated for 2 h according to the manufacturer's
instructions. The absorbance was measured using a BioTek®
Synergy™ HT reader (BioTek Instruments, Inc.) at 450 nm.
All assays were repeated in triplicate.

Colony formation assay. An initial density of 500 cells/well were
seeded in 6-well plates, and cultured for 2 weeks. The cells were
fixed with 4% paraformaldehyde for 30 min at room temperature
and stained with 0.1% crystal violet for 1 h at room temperature
(Sigma Aldrich; Merck KGaA). Colonies containing >50 cells
were counted using a light microscope at x10-20 magnification.
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Figure 1. Expression of a3, B3 and y2 chains of LM-332 in human pancreatic ductal epithelial and pancreatic cancer cell lines. (A) A normal pancreatic cell
line and two pancreatic cancer cell lines (PANC-1 and BXPC-3) were prepared and examined via WB analysis. (B) The expression levels of LAMA3, LAMB3
and LAMC2 were examined via reverse transcription-quantitative PCR. Each experiment was performed in triplicate. "P<0.05, ““P<0.01 vs. H6C7 group.
LM-332, laminin-332; LAMAZ3, laminin subunit a3; LAMB3, laminin subunit $3; LAMC2, laminin subunit y2; WB, western blotting.

Cell invasion and migration assays. The Transwell membrane
(Corning, Inc.) was coated with Matrigel for 2 h at room
temperature during the invasion measurement, and Matrigel
was not used for the migration measurement. PANCI cells
(5x10%) were seeded into the upper chambers in serum-free
medium, and 600 ul medium containing 20% FBS was added
to the lower chambers. After incubation for 24 h, the cells
adhering to the upper surface of the membrane were removed.
The invaded or migrated cells that had adhered to the lower
surface were stained with 0.1% crystal violet for 1 h at room
temperature and calculated by counting the number of cells in
nine random fields of view using a fluorescence microscope at
x10-20 magnification,.

Cell apoptosis analysis. After transfection of PANCI cells for
48 h, the cells were digested with trypsin and then washed
twice with cold phosphate buffered saline to collect the
cells. Subsequently, according to the manufacturer's instruc-
tions, using a FITC Annexin V Apoptosis Detection Kit
(Beyotime Institute of Biotechnology), Annexin V FITC and
propidium iodide were used to double stain the cells. The
percentage of early + late apoptotic cells was analyzed by a
BD FACSCanto™ II (BD Biosciences) flow cytometer using
BD FACSDiva software (version 6.1.3; BD Biosciences).

Statistical analysis. All experiments were performed in trip-
licate. All values were presented as the mean + SD. GraphPad
Prism 6.02 (GraphPad Software, Inc.) was used to determine
the statistical significance of differences in the means of
experimental groups. A paired Student's t-test was used to
analyze the statistical significance between two groups of
data. One-way ANOVA followed by a Student-Newman-Keuls
post hoc test were used for multiple comparisons. P<0.05 was
considered to indicate a statistical significant difference.

Results

a3, B3 and y2 chains of LM-332 are upregulated in PDAC
cells. In order to determine the expression levels of the a3, 3
and y2 chains of LM-332, the present study assessed LAMA3,
LAMB3 and LAMC2 expression levels in two PDAC cell lines
(PANCI1 and BxPC3) and a human immortalized, non-tumori-
genic pancreatic ductal epithelial cell line (H6C7). LAMB3 and
LAMC?2 expression levels were significantly increased in PANC1
and BxPC3 cells, both at the protein and mRNA levels (Fig. 1).
In addition, the protein expression level of LAMA3 in the PDAC
cell line was increased compared with the normal pancreatic
cell line. However, there was no difference in the mRNA
expression of LAMA3. These results indicated that the expres-
sion of LAMA3, LAMB3 and LAMC?2 in the PDAC cell line
is increased (particularly the level of LAMB3) compared with
the normal pancreatic cell line. Subsequently, the present study
selected PANCI cells for the subsequent experiments, as there
were higher differences in the expression levels of LAMB3 and
LAMC?2 when compared with the findings in BXPC3 cells.

Knockdown of LAMAS3 inhibits proliferation, migration and
invasion, promotes apoptosis, and regulates EMT in PANCI
cells. To further investigate the function of LAMA3, the present
study used siRNAs designed specifically against LAMA3 to
test the biological behavior of PDAC cells. The CCK-8 and
colony formation assays were used to detect cell proliferation.
Transwell migration and invasion assays were used to detect
cell migratory and invasive abilities, respectively. Flow cytom-
etry was used to investigate whether LAMA3 promoted PDAC
proliferation by regulating cell apoptosis. The RT-qPCR
results confirmed that transfection with si-LAMA3 led to the
downregulation of LAMA3 in PANCI cells when compared
with the findings in si-NC cells (Fig. 2A). The CCK-8 assay
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Figure 2. Knockdown of LAMA3 inhibits PDAC cell proliferation, migration, invasion and EMT, and promotes PDAC cell apoptosis. (A) LAMA3 mRNA
expression was evaluated via reverse transcription-quantitative PCR in PANC-1 cells transfected with si-LAMA3. (B) Cell proliferation was analyzed by
Cell Counting Kit-8 assays in the Control, si-NC and si-LAMA3 groups. (C) Colony formation assays were performed in the si-NC and si-LAMA3 groups.
(D) Transwell invasion and migration assays. (E) EMT-associated proteins E-cadherin and vimentin were examined via WB analysis in the Control, si-NC
and si-LAMA3 groups. (F) The percentage of apoptotic cells was demonstrated by flow cytometry in the si-NC and si-LAMA3 groups. Scale bar, 100 ym.
""P<0.01 vs. si-NC group. PDAC, pancreatic ductal adenocarcinoma; EMT, epithelial-to-mesenchymal transition; siRNA, small interfering RNA; NC, nega-
tive control; LAMAZ3, laminin subunit a3; WB, western blotting.
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demonstrated that the viability of PANCI cells transfected
with si-LAMA3 was significantly impaired when compared
with the findings in si-NC cells (Fig. 2B). Similarly, the results
of the colony formation assay indicated that si-LAMA3
decreased the number of colonies (Fig. 2C). In addition, the
migration and invasion assays demonstrated that the migra-
tory and invasive abilities of PANCI cells transfected with
si-LAMA3 were significantly reduced (Fig. 2D). To be certain
of the requirement of LAMAS3 for EMT, western blotting was
used to evaluate the EMT-associated protein vimentin and the
epithelial marker E-cadherin. It was revealed that si-LAMA3
significantly reduced vimentin expression, but there was
no difference in E-cadherin expression when compared
with the findings in si-NC cells (Fig. 2E). Simultaneously,
in LAMA3-knockdown cells, the number of apoptotic cells
increased, particularly those in the early stages of apop-
tosis (Fig. 2F). Overall, these results indicated that LAMA3
knockdown could inhibit proliferation, migration and inva-
sion; promote apoptosis; and regulate EMT in PDAC cells.

Knockdown of LAMB3 inhibits proliferation, migration
and invasion, promotes apoptosis, and regulates EMT in
PANCI cells. To confirm the requirement of LAMB3 in the
biological behavior of tumor cells, si-LAMB3 was transfected
into PANCI cells. Its expression was significantly decreased
when compared with the findings in si-NC cells (Fig. 3A).
Likewise, cell proliferation was significantly reduced by
si-LAMB3 (Fig. 3B and C). Similarly, si-LAMB3 decreased
migration and invasion in PANCI cells (Fig. 3D). The protein
expression levels of E-cadherin and vimentin were assessed
via western blotting. It was noted that the expression of
E-cadherin was significantly higher, and the expression of
vimentin was significantly lower in cells transfected with
si-LAMB3 (Fig. 3E). Simultaneously, in LAMB3-knockdown
cells, the number of apoptotic cells increased, particularly
those in the early stages of apoptosis (Fig. 3F). These results
revealed that LAMB3 knockdown could inhibit proliferation,
migration and invasion; promote apoptosis; and regulate EMT
in PDAC cells.

Knockdown of LAMC?2 inhibits proliferation, migration and
invasion, promotes apoptosis, and regulates EMT in PANCI
cells. The RT-qPCR results confirmed that transfection with
LAMC?2 siRNA led to the downregulation of LAMC2 in
PANCI cells when compared with the findings in si-NC
cells (Fig. 4A). The CCK-8 assay indicated that the viability of
LAMC2-knockdown PANCI cells was significantly impaired
when compared with the findings in si-NC cells (Fig. 4B).
Likewise, the colony formation results showed that si-LAMC2
decreased the colony numbers (Fig. 4C). Furthermore, the
migration and invasion assays showed that the migration and
invasion of PANCI cells with si-LAMC2 was significantly
reduced (Fig. 4D). In addition, si-LAMC?2 significantly
decreased E-cadherin expression and increased vimentin
expression when compared with that in si-NC cells (Fig. 4E).
Furthermore, among cells transfected with si-LAMC?2, the
number of apoptotic cells increased, particularly those in the
early stages of apoptosis (Fig. 4F). These results indicated that
LAMC?2 knockdown could inhibit proliferation, migration and
invasion, promote apoptosis, and regulate EMT in PDAC cells.

Discussion

Among patients diagnosed with advanced metastatic disease,
pancreatic cancer is one of the most malignant tumors and
deadly types of cancer, due to the difficulty in early detection
and lack of diagnostic and prognostic biomarkers (18,19). Due
to its highly malignant biological characteristics, pancreatic
cancer has a poor prognosis (20). Although various compre-
hensive treatment methods have been enhanced in recent years,
the 5-year survival rate of patients remains very low (21). It is
necessary to elucidate the invasion and metastasis mechanisms
underlying pancreatic cancer in order to improve the current
treatment situation.

A number of previous studies have demonstrated that adhe-
sion and extracellular matrix proteins promote the development
of various solid tumors, including pancreatic cancer (22-24).
Metastasis is a deadly feature of cancer, requiring the invasion
of cells through the basement membrane, which usually acts
as a barrier between tissue compartments. As with numerous
types of cancer of epithelial origin, LM-332 is a key element
of the basement membrane barrier (25). As an ECM protein
unique to epithelial cells, LM-332 plays a key role in cell adhe-
sion and migration (8,26).

LM-332 is encoded by LAMA3, LAMB3 and LAMC?2,
which are associated with tumor invasiveness in various types
of malignant tumor (27). The a3 chain of LM-332 is essential
for the interaction with a3f1 integrin, which promotes cell
adhesion, migration and invasion (28). It was recently demon-
strated that upregulation of LAMA3 is associated with poor
prognosis in PDAC (17). In our previous study, the increased
expression of LAMA3 was significantly associated with worse
differentiation, deeper depth of invasion, more advanced stage,
and shorter survival time in PDAC (17). In addition, LAMA3
expression was assessed in human PDAC cells and it was
revealed that it was significantly higher in PANCI cells than
in H6C7 cells. LAMAS3 knockdown had a significant effect
on the proliferation of PANCI cells, as demonstrated by the
CCK-8 and colony formation assays. Furthermore, the inva-
sion and migration of PANCI cells in the Transwell assay were
significantly decreased following LAMAS3 knockdown.

LAMBS3 encodes two transcript variants (29); nevertheless,
it seems that only the truncated form of LAMB3 is translated
into proteins (30). In prostate carcinoma cell lines, when
this variant is expressed (where it is naturally lacking), cell
migration and tumorigenicity are promoted (31,32). It was
previously indicated that overexpression of LAMB3 is associ-
ated with clinicopathological features and decreased survival
time of patients with PDAC (20). The results of the present
study suggested that LAMB3 expression may play a key role
in the progression and prognosis of PDAC. As a potential
biomarker of cancer invasion and metastasis, LAMB3 partici-
pates in the focal adhesion pathway (33). However, to the
best of our knowledge, the function of LAMB3 in pancreatic
cancer has not yet been investigated. Similarly, the present
study found that LAMB3 knockdown has a significant effect
on the proliferation, invasion, migration and EMT of PANCI1
cells. Further research is required in order to validate whether
loss of LAMB3 expression is associated with methylation at
the promoter region and clinicopathological features of poor
prognosis in PADC.
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Figure 3. Knockdown of LAMB3 inhibits PDAC cell proliferation, migration, invasion and EMT, and promotes PDAC cell apoptosis. (A) LAMB3 mRNA
expression was evaluated via reverse transcription-quantitative PCR in PANC-1 cells transfected with si-LAMB3. (B) Cell proliferation was analyzed by
Cell Counting Kit-8 assays in the Control, si-NC and si-LAMB3 groups. (C) Colony formation assays were performed in the si-NC and si-LAMB3 groups.
(D) Transwell invasion and migration assays. (E) EMT-associated proteins E-cadherin and vimentin were examined via WB analysis in the Control, si-NC and
si-LAMB3 groups. (F) The percentage of apoptotic cells was shown by flow cytometry in the si-NC and si-LAMB3 groups. "P<0.05, ““P<0.01 vs. si-NC group.
PDAC, pancreatic ductal adenocarcinoma; EMT, epithelial-to-mesenchymal transition; siRNA, small interfering RNA; NC, negative control; LAMB3, lam-

inin subunit $3; WB, western blotting.
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Figure 4. Knockdown of LAMC?2 inhibits PDAC cell proliferation, migration and invasion, and promotes PDAC cell apoptosis and EMT. (A) LAMC2 mRNA
expression was evaluated via reverse transcription-quantitative PCR in PANC-1 cells transfected with si-LAMC?2. (B) Cell proliferation was analyzed by
Cell Counting Kit-8 assays in the Control, si-NC and si-LAMC?2 groups. (C) Colony formation assays were performed in the si-NC and si-LAMC2 groups.
(D) Transwell invasion and migration assays. (E) EMT-associated proteins E-cadherin and vimentin were examined via WB analysis in the Control, si-NC
and si-LAMC?2 groups. (F) The percentage of apoptotic cells was illustrated by flow cytometry in the si-NC and si-LAMC2 groups. ““P<0.01 vs. si-NC group.
PDAC, pancreatic ductal adenocarcinoma; EMT, epithelial-to-mesenchymal transition; siRNA, small interfering RNA; NC, negative control; LAMC2, lam-
inin subunit y2; WB, western blotting.
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Research generally suggests that overexpression of LM-332
or one of its subunits (particularly vy2) is associated with poor
prognosis in the majority of cancer types (34). It has been
reported that the cytoplasmic expression of LAMC?2 demon-
strates high invasive potential of tumors and is correlated with
distant metastasis, particularly hepatic metastasis, and poor
prognosis (27). Similarly, it has recently been demonstrated that
overexpression of LAMC?2 is associated with poor prognosis
in PDAC (17). However, the presence of y2 appears to predict
an improved prognosis in breast and colon cancer (35,36).
The present study revealed that LAMC2 knockdown had a
significant effect on the proliferation, invasion and migration
of PANCI cells. However, si-LAMC?2 significantly decreased
E-cadherin expression and increased vimentin expression,
indicating that si-LAMC2 promoted the progression of EMT.
Further research is required in order to validate the transduc-
tion pathway and underlying mechanism of LAMC2.

EMT is a process that converts epithelial cells into mesen-
chymal stem cells, with loss of polarity and adhesion, and gain
of migration and invasive properties (37). EMT can enhance
the invasive, migratory and metastatic ability of tumor cells,
and it can help cells escape apoptosis induced by certain
factors in the process of tumor development. However, tumor
metastasis involves numerous factors, such as cytokines and
the internal microenvironment, and EMT may be one of the
most important factors in the overall process (38). Tumor
cells collected from bone metastases in patients with prostate,
breast and colon cancer expressed EMT markers, and those
with ovarian cancer showed EMT in the process of metas-
tasis (39-41).

There may be some limitations of the present study. First,
there were no investigations into the effects of LAMA3,
LAMB3 and LAMC?2 overexpression. Secondly, this study did
not explore the underlying mechanism that mediates cell inva-
sion and migration, or EMT regulation by LM-332 in PDAC.
Furthermore, there was no investigation into the reason that
the three LM-332 subunits a3, f3 and y2, exerted different
effects on PDAC cells, nor was there any investigation into
the underlying mechanism of this finding, which will form
the main focus of future research. In our previous research,
enhanced expression of LAMA3, LAMB3 and LAMC2 were
confirmed with tissue analysis (17,20). The increased expres-
sion levels of the three subunits of LM-332 were significantly
associated with worse differentiation, deeper depth of inva-
sion, a more advanced stage and shorter survival time in
PDAC. Zhang et al (33) illustrated that LAMB3-mediated
invasion and migration may occur through the PI3K/Akt
signaling pathway. However, the exact underlying mechanism
of LAMA3 and LAMC?2 in PACD cells remains unclear, and
further studies are required to confirm this hypothesis. We
will try to explore functional analysis in a future study. Such
as, it will be necessary to confirm co-localization of LAMA3,
LAMB3 and LAMC?2 in pancreatic cancer cells and to inves-
tigate the interaction with specific integrins.

The present study revealed that LAMA3 knockdown was
closely associated with cell proliferation in PDAC. In addition,
LAMB3 knockdown regulated the EMT-associated proteins
E-cadherin and vimentin, indicating that LAMB3 is essential
for EMT. Furthermore, LAMC?2 was associated with invasion
and migration in PDAC. These results may provide potential

targets and novel therapeutic strategies for the control of inva-
sion and metastasis in PDAC.
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