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Abstract. Laminin-332 (LM-332, formerly termed laminin-5) 
is a heterotrimeric glycoprotein that regulates cell adhesion 
and migration. Molecular alterations of LM-332 are involved 
in cancer progression. The aim of this study was to clarify 
alterations of LM-332 in gastric carcinoma. The expression 
of LM-332 subunits in 10 gastric carcinoma cell lines was 
investigated by RT-PCR, Western blotting, and immuno
cytochemical/immunofluorescent analyses. The promoter 
methylation status of LM-332-encoding genes (LAMA3, 
LAMB3 and LAMC2) was analyzed by methylation-specific 
PCR (MSP). The relationship between cell migration and 
LM-332 expression was assessed by the scratch assay. The 
expression of LM-332 was analyzed immunohistochemically 
in 90 gastric cancer tissues. Co-expression of laminin β3 and 
γ2 chains was often observed in gastric carcinoma cell lines at 
mRNA and protein levels. In contrast, there was no expression 
of laminin α3 at either the mRNA or protein levels. Extra
cellular secretion of laminin β3 and γ2 chains was found in 2 
of the 10 cell lines. The LAMA3 gene was transcriptionally 
silenced by methylation of the promoter CpG islands in all of 
the cell lines, while the LAMB3 and LAMC2 genes were 
silenced in several cell lines. Treatment with a demethylating 
agent, 5-aza-2'-deoxycytidine (5-aza-dC), restored expression 
of the LM-332-encoding genes. Methylation frequency of 

LAMA3 was higher than those of the LAMB2 and LAMC2 
genes in gastric cancer tissues. Migration distances were 
significantly correlated with cytoplasmic laminin γ2 chain 
expression. Immunohistochemistry showed frequent 
co-expression of laminin β3 and γ2 chains in gastric carcinoma 
cells, which was significantly correlated with depth of invasion 
and advanced tumor stage. The results suggest that the laminin 
β3 and γ2 chains accumulate intracellularly and play a role in 
gastric cancer progression, while epigenetic silencing of the 
laminin α3 chain may lead to inability to synthesize the 
basement membrane and may affect cancer cell invasion. 
Cancer cell motility appears to be associated with the cyto
plasmic laminin γ2 chain in vitro.

Introduction

The basement membrane (BM) is a supporting structure 
underlying the epithelium or endothelium. BM provides a 
scaffold for cellular growth and differentiation, and breakdown 
of the BM is now regarded as an essential step for tumor 
invasion and metastasis. Laminin, one of the major components 
of the BM, constitutes a family of at least 15 distinct isoforms 
in humans (1,2). The laminin molecule is a cross-shaped 
heterotrimer assembled from α, β and γ glycoprotein subunits. 
Five α, three β, and three γ subunits are known at present. 
Each member of the laminin family is currently designated on 
the basis of a system in which their trimers can be identified 
by Arabic numerals for three α, β, and γ chain numbers.

Laminin-332 (LM-332, formerly termed laminin-5) is a 
heterotrimer of α3, β3 and γ2 subunits, which are encoded by 
three distinct genes (LAMA3, LAMB3 and LAMC2, 
respectively). LM-332 interacts with integrin α6β4 in a hemi
desmosome and supports various cellular functions, i.e., 
adhesion to the BM, proliferation, migration, polarity, and 
apoptosis (2,3). Three subunits of LM-332 are synthesized 
separately, and subsequent formation of a heterotrimer is an 
essential step for the final composition of LM-332.

Neoplastic transformation essentially involves alterations 
of cell-cell and cell-matrix adhesion molecules between the 
epithelium and BM. The amount and distribution of LM-332 
also undergo diverse changes during carcinogenesis. In colo
rectal carcinogenesis, the distribution of LM-332 is preserved 
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in the BM of adenomas but becomes discontinuous or reduced 
in carcinomas (4), resulting in loss of the BM. Several lines of 
evidence have demonstrated that the laminin γ2 monomer is 
overexpressed in invasive colorectal carcinoma, and this has 
been attributed to synergistic activation of the LAMC2 gene 
by TGF-β1 and HGF (5). We have reported that the laminin 
γ2 monomer is overexpressed in esophageal squamous cell 
carcinoma cells at the invasive front (6). Extracellular deposition 
or cytoplasmic accumulation of the laminin γ2 monomer has 
been reported in gastric adenocarcinoma (7,8). However, little 
is known about distribution patterns of LM-332 subunits in 
gastric carcinoma.

In this study, we investigated the expression patterns of 
both the mRNA and protein of LM-332 subunits and the 
relationship of migration activity with LM-322 expression in 
gastric cancer cell lines. Epigenetic alterations of the LAMA3, 
LAMB3, and LAMC2 genes were also analyzed. Finally, 
expression of LM-332 subunits was analyzed immunohisto­
chemically in gastric cancer tissues.

Materials and methods

Cell culture and reagents. Ten human gastric cancer cell lines, 
NUGC3, SNU1, SNU638, AZ521, JRST, KATOIII, MKN7, 
MKN28, MKN45, and MKN74, were obtained from the 
Japanese Cancer Research Resources Bank (Tokyo, Japan), 
Riken Cell Bank (Tokyo), or the American Type Culture 
Collection (Rockville, MD, USA). The cells were grown in 
RPMI-1640 medium (GIBCO BRL) containing 10% fetal 
bovine serum at 37˚C in a humidified atmosphere of 5% CO2 
in air.

Semiquantitative reverse transcription-polymerase chain 
reactions (RT-PCR). Expression of LAMA3, LAMB3, and 
LAMC2 was analyzed by semiquantitative RT-PCR. Total 
RNA was extracted from the cell lines. cDNA was synthesized 
from total RNA. Aliquots of cDNA (400 ng/µl) were subjected 
to PCR. cDNA generated from a human hepatoma cell line 
HuH-7 was used as a positive control for the LAMA3 gene, 
which was tested in our preliminary experiment (data not 
shown). GAPDH gene served as an internal control. Negative 
control reactions were run without a template cDNA. The 
sequences of PCR primers and thermal cycling conditions for 
amplifying each gene was determined as described previously 
(9,10). PCR products were electrophoresed on 2% agarose gels 
and visualized by ethidium bromide under UV illumination. 
All PCR reactions were done at least twice to validate the 
results.

Preparation of cell lysates. Protein extracts of cells were 
prepared by scraping lysed cells in RIPA lysis buffer (1% 
Nonidet P-40, 0.5% sodium deoxycholate (w/v), 0.1% SDS 
(w/v), and protease inhibitors in TBS). Samples were diluted 
and adjusted to the same protein concentration for quantitative 
Western blot analyses.

Preparation of conditioned media. To prepare conditioned 
media, cells were grown to semiconfluence in RPMI-1640 
medium containing 10% FBS. The semiconfluent cultures 
were washed twice with PBS and incubated in serum-free 

RPMI-1640 medium for two days. MKN7 cells were incubated 
for about five days because this cell grew far slower than did 
other cell lines. The serum-free culture supernatants were 
collected and centrifuged at low speed to remove floating 
cells and debris. Proteins were concentrated 100-fold by a 
ultrafiltration method using a concentrator (Millipore). Samples 
were subjected to subsequent Western blot analysis.

Antibodies. Antibodies used for Western blot analysis, immuno
cytochemistry, and immunohistochemistry were rabbit 
polyclonal anti-laminin α3, goat polyclonal anti-laminin α3, 
rabbit polyclonal anti-laminin β3 (Santa Cruz Biotechnology), 
mouse monoclonal anti-laminin γ2 (Chemicon), and mouse 
monoclonal anti-actin (Thermo Fisher Scientific). All anti
bodies were applied at the concentration suggested by the 
manufacturer.

Western blot analyses for cell lysates and conditioned media. 
Samples of cell lysates and conditioned media were analyzed 
by conventional Western blot method. Proteins were resolved 
on 4-12% Bis-Tris gels (Invitrogen) under reducing condition. 
No protein controls were also electrophoresed, subsequently 
transferred to a PVDF membrane. Visualization was performed 
by chemiluminescence with specific antibodies.

Immunocytochemistry and immunofluorescence. Ten gastric 
cancer cell lines were cultured in Lab-Tek II CC2 Chamber 
Slide System (Thermo Fisher Scientific) in RPMI-1640 medium 
supplemented with 10% FBS. The media were removed and 
slides were washed with PBS. Cells were fixed in 4% para
formaldehyde for 15 min and permeabilized with 0.3% Triton 
X-100 with PBS. After blocking with 3% FBS in PBS, endo
genous peroxidase was quenched by 3% hydrogen peroxidase 
for 10 min. Slides were wiped again and incubated with a 
primary antibody against laminin β3 or laminin γ2 chain. 
Rabbit or mouse normal immunoglobulins were substituted 
for each primary antibody as negative controls. Detection of 
the laminin β3 chain was carried out by a biotinylated IgG 
and peroxidase-conjugated streptavidin kit (DakoCytomation), 
followed by development with 0.04% (w/v) diaminobenzidine 
solution with 0.01% hydrogen peroxidase for 5 min. Hematoxylin 
was used for counterstain. For an immunofluorescence study 
for the laminin γ2 chain, secondary antibody was conjugated 
to Alexa fluor 555 (Molecular Probes), and 4', 6-diamidino-2-
phenylindole (DAPI) was used for nuclear counterstain. Slides 
were mounted with aqueous mounting medium and sealed 
with coverslip. All staining procedures were carried out with 
a standard method to minimize variability.

Methylation-specific PCR (MSP). Methylation status of CpGs 
in the promoter regions of the LAMA3, LAMB3, and LAMC2 
genes were determined by conventional MSP. Genomic DNA 
was extracted from the cell lines and 50 gastric cancer tissues. 
Informed consent was obtained from each patient. DNA was 
treated with sodium bisulfite using EZ DNA Methylation-
Gold kit (ZYMO Research) and subjected to MSP. To detect 
methylation status of CpGs in the promoter regions of the 
LAMA3, LAMB3, and LAMC2 genes, two pairs of MSP 
primers specific for methylated or unmethylated alleles were 
used at appropriate temperature as described previously (11). 



INTERNATIONAL JOURNAL OF ONCOLOGY  39:  593-599,  2011 595

No template controls were used in the assays. MSP products 
were visualized on 2% TBE agarose gels containing 0.25 µg/ml 
ethidium bromide. Each sample was tested at least in 
duplicate.

5-aza-2'-deoxycytidine (5-aza-dC) and/or trichostatin A (TSA) 
treatment. To examine the role of CpG methylation and 
histone deacetylation in silencing of laminin-332-encoding 
genes, cancer cells were treated with 2 or 5 µM of 5-aza-dC 
(Sigma, St. Louis, MO, USA) for 72 h or with 100 nM of TSA 
for 24 h. Cells were also treated with 2 or 5 µM of 5-aza-dC for 
72 h followed by 600 nM of TSA for an additional 24 h. The 
timing and sequencing of 5-aza-dC and/or TSA was based on 
similar preliminary studies as well as published studies (11,12). 
After the treatment, expression of laminin-332-encoding 
genes was analyzed by RT-PCR.

In vitro migration assay (scratch assay). Cells (1x106/well) of 
eight cell lines (except MKN7 and KATOIII) were seeded 
onto 6-well plates and cultured in RPMI-1640 medium with 
10% FBS overnight at 37˚C with 5% CO2. When the cells 
were semiconfluent, a straight scratch was gently made through 
the central axis of the plate using a pipette tip. The plates were 
rinsed with PBS and culture media were replaced. Initial 
widths of the scratches were immediately measured. After 
24 h of incubation, the distance that remaining cells migrated 
across the scratch line was measured as described previously 
(13). Quantification was performed by photoshop. All scratch 
assays were done in triplicate. The results were expressed as 
the means ± SD.

Immunohistochemistry of gastric cancer tissues. Tissue 
microarray of gastric cancer tissues was purchased from 
SuperBioChips Laboratories (Seoul, Korea) and used for 
immunohistochemical analysis. Immunohistochemistry was 
carried out as described previously (3). Normal rabbit or mouse 
immunoglobulins were used as negative controls. Cytoplasmic 
expression was defined as positive when immunoreactivity 
was observed in >10% of carcinoma cells. 

Statistical analysis. Statistical significance of associations 
between the migration distances and the relative quantitative 
levels of laminin γ2 protein in Western blot was determined 
by Pearson's correlation test. The correlation between immuno
histochemical expression and clinicopathological characteristics 
was determined by the following statistical tests: Student's 

t-test for age, the Mann-Whitney test for lymph node 
metastasis and pTNM stage, and the χ2 test or Fisher's exact 
test for the remaining parameter. A P-value of ≤0.05 was 
considered significant.

Results

Coexpression of LAMB3 and LAMC2 mRNA in gastric cancer 
cell lines. Results of RT-PCR analyses are shown in Fig. 1. 
LAMB3 was intensely detected in 40% of the cell lines 
(SNU638, JRST, KATOIII and MKN7) and weakly detected 
in NUGC3 cells. LAMC2 was intensely detected in 60% of 
the cell lines (NUGC3, SNU638, JRST, KATOIII, MKN7 and 
MKN74) and very weakly detected in MKN28 and MKN45 
cells. Notably, LAMA3 was not amplified after 35 PCR cycles 
in any of the tested cell lines, even in triplicate experiments. 
Expression of three LM-332-encoding genes was not associated 
with histological type (intestinal/diffuse type) or histological 
grade (poor/moderately/well-differentiated adenocarcinoma) 
of gastric cancer cell lines.

Intracellular coexpression of laminin β3 and γ2 proteins in 
gastric cancer cell lines. Cell lysate proteins were subjected 
to Western blot analyses for evaluation of intracellular synthesis 
of laminin-332 subunits (Fig. 2A). Laminin β3 protein was 
detected in 50% of cell lines (NUGC3, SNU638, JRST, 
KATOIII, and MKN7). Nonprocessed laminin γ2 protein 

Figure 1. Expression of mRNA of the LM-332 encoding genes in gastric 
cancer cell lines analyzed by RT-PCR. HuH-7 cDNA served as a positive 
control for the LAMA3 gene. GAPDH was used as an internal control.

Figure 2. Protein expression of LM-332 in gastric cancer cell lines. (A) 
Western blot analyses for cell lysates. (B) Western blot analyses for conditioned 
media. 

  A

  B
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(155 kDa) was detected in 60% of cell lines (NUGC3, SNU638, 
JRST, KATOIII, MKN7, and MKN74). Processed laminin γ2 
protein (105 kDa) was not detected in any of the cell lines. 
Remarkably, laminin β3 and γ2 proteins were coexpressed in 
50% of cell lines (NUGC3, SNU638, JRST, KATOIII and 
MKN7). The presence of laminin β3 and γ2 proteins was 
consistent with the presence of the LAMB3 and LAMC2 
mRNA. Neither the non-processed (190 kDa) nor processed 
(160 kDa) form of laminin α3 protein was found in any of the 
cell lines despite the use of two kinds of antibodies.

Expression of laminin β3 and γ2 proteins released by gastric 
cancer cell lines. In Western blot analysis for conditioned 
media, neither non-processed (190  kDa) nor processed 
(160 kDa) laminin α3 proteins were found in any of the cell 
lines despite the use of two kinds of antibodies (Fig. 2B). The 
laminin β3 chain was detected in JRST and MKN7 cells. The 
non-processed laminin γ2 chain (155 kDa) was identified only 
in MKN7 cells. Noteworthy, the processed laminin γ2 chain 
(105 kDa) was also detected in JRST and MKN7 cells. The 
latter was not observed in Western blot analysis of the cell 
lysates. The other eight cell lines did not release any LM-332 
subunits into the conditioned media.

Visualization of laminin β3 and γ2 proteins by immunocyto­
chemical examination. Cultured cells on the chamber slides 
were subjected to immunocytochemical examination for 
evaluation of the expression of laminin β3 and γ2 chains 
(Fig. 3). There was no detectable immunoreactivity with a 
control antibody (data not shown). The laminin β3 chain was 
specifically immunostained in the cytoplasm of 50% of the 
cell lines (NUGC3, SNU638, JRST, KATOIII and MKN7). 
By means of intuitively comparing the saturation of fluorescent 
dye, the laminin γ2 chain was found in the cytoplasm of 60% 
of the cell lines (NUGC3, SNU638, JRST, KATOIII, MKN7, 
and MKN74). The results of both stainings were consistent 
with those of RT-PCR and Western blot analyses for cell 
lysates.

Methylation of the LAMA3 promoter correlates with lack of 
LAMA3 expression. MSP analysis showed PCR products for 
unmethylated and methylated promoter regions of the 
LAMA3, LAMB3 and LAMC2 genes (Fig. 4). Notably, the 
LAMA3 promoter was methylated in all of the 10 cell lines. 
The LAMB3 promoter was methylated in 50% of the cell 
lines (SNU1, AZ521, MKN28, MKN45 and MKN74) and 
partially unmethylated in the remaining cell lines. The 

Figure 3. Immunocytochemistry for the laminin β3 chain and double immunofluorescent staining for the laminin γ2 chain in gastric cancer cell lines. (A) 
Immunocytochemistry for the laminin β3 chain. Positive staining is brown and nuclei counterstain is hematoxylin. Original magnification, x400. (B) Double 
immunofluorescent staining for the laminin γ2 chain. Nuclei were counterstained with DAPI (blue). Original magnification, x400.

Figure 4. MSP analyses for the LM-332-encoding genes in gastric cancer cell lines. U, unmethylated PCR products; M, methylated PCR products.
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LAMC2 promoter was methylated in 40% of the cell lines 
(SNU1, AZ521, MKN28, and MKN45) and partially or 
completely unmethylated in the remaining cell lines. The 
methylation status of LAMB3 and LAMC promoters was 
consistent with the lack of gene expression determined by 
RT-PCR.

Re-activation of the laminin-332-encoding genes expression 
by 5-aza-dC/TSA treatment. To further examine the role of 
CpG methylation and histone deacetylation in silencing of the 
laminin-332-encoding genes, cancer cell lines were treated 
with 5-aza-dC and/or TSA. 5-aza-dC restored expression of 
the laminin-332-encoding genes in cancer cell lines (Fig. 5). 
Treatment with TSA alone had no effect. Combined treatment 

with 5-aza-dC and TSA restored expression of the laminin-
332-encoding genes synergistically in several cancer cell 
lines. 

Migration activity is associated with laminin γ2 protein 
expression. In the scratch assay, NUGC3, SNU638 and JRST 
were more motile than other cell lines (Fig. 6A and B). The 
migration distances were significantly correlated with quanti
tative levels of cytoplasmic laminin γ2 proteins determined 
by Western blot analysis (p<0.05; Fig. 6C).

Methylation of laminin-332-encoding genes in gastric cancer 
tissues. Methylation status of laminin-332-encoding genes 
was analyzed by MSP in gastric cancer tissues. Methylation of 

Figure 5. Re-activation of the LM-332 encoding genes by 5-aza-dC treatment in gastric cancer cell lines. As indicated, cells were incubated for 72 h with 2 µM 
or 5 µM 5-aza-dC and/or for 24 h with 600 nM TSA. After the treatment, expression of the LM-332 encoding genes was analyzed by RT-PCR.

Figure 6. A correlation between migration analyzed by scratch assay and laminin γ2 expression. (A) Representative images of straight scratch made in the 
migration assay. Bar, 612.9 and 286 µm. (B) Distance that cells migrated across the scratch line. C, Cytoplasmic laminin γ2 expression analyzed by Western 
blotting is also shown side by side. Relative quantitative levels are shown below band images. The migration distances were significantly correlated with the 
quantitative levels of laminin γ2 proteins (p<0.05).
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LAMA3, LAMB2 and LAMC2 genes was detected in 70, 24 
and 20% of the 50 gastric cancer tissues, respectively. 
Methylation frequency of LAMA3 was significantly higher 
than methylation frequencies of LAMB2 and LAMC2 in 
gastric cancer tissues (p<0.001). Methylation status of laminin-
332-encoding genes was not siginificantly correlated with 
clinicopathological features (data not shown). 

Association of the expression of laminin β3 and γ2 chains with 
clinicopathological characteristics. Fig. 7 shows representative 
results of immunohistochemistry for laminin β3 and γ2 
chains. Expression of laminin α3 was detected in normal BMs 
but not in carcinoma cells (data not shown). There was no 
detectable immunoreactivity with negative controls (data not 
shown). Positive staining for laminin β3 and γ2 chains in the 
cytoplasm of carcinoma cells was observed in 50 (56%) and 
53 (59%) of the gastric cancer tissues. Notably, laminin β3 and 
γ2 chains were significantly coexpressed (p< 0.05). For both 
laminin β3 and γ2 chains, positivity was significantly 
correlated with depth of invasion and advanced tumor stage 
(p<0.05).

Discussion

In the present study, analysis of expression profiles of laminin-
332-encoding genes by RT-PCR showed that LAMB3 mRNA 
and LAMC2 mRNA were often coexpressed in gastric cancer 
cell lines. These results suggest that LAMB3 and LAMC2 
genes are regulated by a similar mechanism or undergo 
gene transcription dependently. In contrast, LAMA3 mRNA 
expression was not detected in any of the cell lines, suggesting 
that transcription of the LAMA3 gene is regulated by a mech
anism different from that for LAMB3 and LAMC2 genes.

Coexpression of laminin β3 and γ2 chains in gastric 
cancer cell lines was further supported by results of Western 
blot analyses of cultured cell lysates and immunostaining. 
These results suggest that cultured gastric cancer cells generate 
laminin β3 and γ2 chains during autonomous growth in vitro.

Of note, laminin β3 and γ2 chains were also assumed to be 
secreted into culture media by JRST and MKN7 cell lines. 
This notion is supported by previous data showing that tumor 
cell lines expressing laminin β3 and γ2 chains, but not the α3 
chain, could secrete γ2 monomer or β3γ2 heterodimer (14,15). 
Simultaneous detection of processed (105  kDa) and 
nonprocessed (155 kDa) laminin γ2 chain in the conditioned 
medium of MKN7, which was not observed in the cell lysate 
of MKN7, is consistent with the results of a previous study 

showing that a γ2 subunit is digested into a mature form after 
extracellular secretion (16).

By using MSP, we demonstrated that silencing of the 
LM-332-encoding genes was correlated with hypermethylation 
of the promoter in gastric cancer cell lines. To confirm the role 
of epigenetic alterations in transcriptional repression of the 
LM-332-encoding genes, we treated gastric cancer cell lines, 
in which the LM-332-encoding genes was methylated, with 
5-aza-dC alone or in combination with TSA. Treatment with 
5-aza-dC restored the LM-332-encoding genes expression in 
cancer cell lines. Moreover, combined treatment with 5-aza-dC 
and TSA restored expression synergistically, indicating CpG 
methylation and histone deacetylation have an important role 
in silencing the LM-332-encoding genes. 

Epigenetic inactivation of LM-332-encoding genes through 
aberrant promoter methylation has been reported in lung, 
bladder, breast, and prostate cancer cell lines and cancer 
tissues (11,17-19). Frequencies of LAMA3 methylation have 
generally been higher than frequencies of methylation of 
LAMB3 and LAMC. Similar results were obtained in the 
present study, suggesting that epigenetic regulation of LM-332-
encoding genes, especially LAMA3 silencing, plays a role in 
the progression of gastric cancer. The LM-332 molecule has 
been demonstrated to be synthesized initially as three monomers 
of each subunit, which are then glycosylated (16). Subsequently, 
β3 and γ2 chains assemble into a β3γ2 heterodimer, followed 
by incorporation of the α3 subunit to form an α3β3γ2 
heterotrimer. Therefore, frequent laminin α3 chain suppression 
due to DNA methylation may play a critical role in the 
cytoplasmic accumulation of laminin β3 and γ2 chains in 
gastric cancer cells. 

The laminin γ2 monomer is frequently expressed in 
invasive carcinomas and has recently been recognized as an 
excellent invasion marker for epithelial tumors (3,6-8). In this 
regard, it is interesting that cytoplasmic laminin γ2 chain 
expression was significantly associated with gastric cancer 
cell motility in vitro as shown by the migration assay. LM-332 
is a constituent of the BM that provides static adhesion and 
hemidesmosome formation, but the monomeric laminin γ2 
chain does not act as a morphogenesis protein. The results 
suggest that the cytoplasmic laminin γ2 chain plays a positive 
role in gastric cancer cell motility.

The results of in vitro expression studies were further 
supported by results for primary tumor tissues. Laminin β3 
and γ2 chains were often coexpressed in cancer cells of 
gastric cancer tissues, and both of them were associated with 
depth of invasion and advanced tumor stage. The results 
suggest that coexpression of laminin β3 and γ2 chains is 
involved in the aggressive phenotype of gastric cancer cells, 
resulting in the progression of disease. Previous immuno
histochemical studies have shown significant coexpression of 
laminin β3 and γ2 chains in the cytoplasm of invading or 
budding tumor cells in colorectal carcinoma, lingual squamous 
cell carcinoma, hepatocellular carcinoma, and basal cell 
carcinoma of the skin (4,9,20,21). We have also reported 
overexpression of laminin β3 and γ2 chains in biliary cancer 
(3). Our results further support the notion that laminin β3 and 
γ2 chains play an important role in cancer progression.

Mechanisms underlying cytoplasmic accumulation of 
laminin β3 and γ2 chains in cancer cells in vivo are not 

Figure 7. Representative results of immunohistochemistry for laminin β3 (A) 
and γ2 (B) in gastric cancer tissues. Original magnification, x400.
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known. Firstly, interactions of cancer cells with stromal cells 
may promote an accumulation of laminin β3 and γ2 chains 
(3). Secondly, it is thought that suppression of α3 chain 
expression may hinder LM-332 trimer secretion, leading to 
abnormal accumulation of the β3γ2 heterodimer (4). Our 
results support the latter possibility, but further investigation 
is necessary. 

Loss of any of the five component chains of the laminin-
integrin complex (LM-332 and α6β4) could disrupt the 
hemidesmosome and BM, leading to cancer cell invasion 
(11,18). Loss of LM-332 could favor disassembly or reduction 
in the number of hemidesmosomes with a consequent failure 
of cell anchoring, leading to an invasive and metastatic 
phenotype (11). While loss of any chains results in loss of the 
functional molecule, expression of one or more chains 
(especially β3 and γ2) may promote cancer cell invasion (2). 
Since LM-332 is a component of the BM, which is a major 
barrier for invasion of cancer, detection of methylation of 
LM-332-encoding genes may be useful for distinguishing 
aggressive gastric cancers from non-aggressive ones (11). 
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