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Abstract

Laminin 5 plays an important role in cell migration during tumor invasion and tissue remodeling.
Although this chain-like molecule is reportedly expressed in the tumor-stroma interface of squamous cell
carcinoma (SCC) of the lung, the prognostic significance of its expression has not been elucidated. Therefore,
we investigated the clinicopathologic significance of laminin-5 2 chain expression in SCC of the lung and the
localization of laminin-5 52 chain expression in intrabronchial precancerous lesions. Using immunohisto-
chemistry, we investigated the distribution of the laminin-5 2 chain in 14 cases of intrabronchial precancerous
lesions, | case of microinvasion to bronchial wall, 21 cases of intrabronchial squamous cell carcinoma and 57
cases of SCC of the lung. Laminin-5 32 was expressed in the cytoplasm of tumor cells. Tumor cells at the
cancer-stromal interface and at the invasive front frequently showed immunopositivity for laminin-5 y2 in both
intrabronchial precancerous lesions and SCC of the lung. Moreover, this protein was strongly expressed in
cancer cells showing scattered invasion. Laminin-5 ¢2 expression was correlated significantly with prognosis
(p=00151). These results suggest that expression of laminin-5 2 is a relatively early event in the genesis of
bronchial squamous cell carcinoma, and that increased laminin-5 2 immunoreactivity is a significant predictor
of poor outcome in patients with SCC of the lung

tion'~®.  Structurally, the basic laminin molecule is a

Introduction cross-shaped heterotrimer of polypeptide chains, consist-

Laminins are a family of glycoproteins found in the ing of one heavy chain («) and two light chains (4 and
extracellular matrix. Their functions include develop- )2, Differences in these chains and their combina-
ment and maintenance of the basement membrane, and tions produce a variety of laminin isoforms that are
regulation of cell adhesion, migration and differentia- tissue-specific and probably have different functions®.
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So far, 11 laminin isoforms have been identified®.
Laminin-5, consisting of the laminin «3, 83, and 2
chains, is involved in the attachment of keratinocytes to
the basement membrane within the dermal-epidermal
Jjunction through interaction with «381 and 634
integrins, facilitating epithelial-mesenchymal cohesion in
vivo®®. In addition, laminin-5 plays a major role in
epithelial cell motility, and has been shown to promote
vigorous cell scattering when added to the medium of
epithelial cell cultures”. In particular, laminin-5 32 is
an important molecule for cell motility, and has been
detected at the leading margin of invasive colon and
breast cancers®?.  Specific cleavage of the laminin-5 2
chain by matrix metalloproteinase-2 (MMP-2) has been
reported to be critical for cell migration during tumor
invasion and tissue remodeling'®, and this molecule is
reportedly expressed in cancer cells located at the tumor-
stroma interface in some human carcinomas®'V. It has
been reported that increased laminin-5 32 immunor-
eactivity, which may reflect a high invasive potential of
cancer cells, is a factor indicating a poor prognosis for
patients with various cancers'?~'. However, previous
studies on the relationship between laminin-5 32 in
lung cancer and prognosis have focused only on
adenocarcinoma. In this study, we investigated the
prognostic significance of laminin-5 2 chain expression
in SCC of the lung and the localization of laminin-5 2
chain expression in intrabronchial precancerous lesions.

Materials and Methods

Materials

We included 57 cases of surgically resected SCC of the
lung and 36 biopsy-resected intrabronchial lesions in the
current study. These samples had been resected
between 1995 and 1999 at the Department of Surgery,
Tokyo Medical University Hospital. The patients ran-
ged in age from 45 to 85 (mean 60.1) years. Each
sample was diagnosed as stage I, II, or III disease.
None of the patients had received chemotherapy or
radiation therapy before surgery. Twenty-one cases
(36.8%) were classified as stage I disease, 15 (26.4%) as
stage II, and 21 (36.8%) as stage I1I.  The biopsy samples
were diagnosed pathologically as bronchial squamous
metaplasia in 5 cases, dysplasia in 5 cases, carcinoma in
situ in 4 cases, microinvasion to the bronchial wall in 1
case, and stage I intrabronchial squamous cell carcinoma
in 21 cases.

Immunohistochemistry

The primary antibody used for immunohistochemical
staining was mouse monoclonal anti-laminin-5 2
[Ono Y. Cancer, 1999] (1-97; kindly provided by
Dr. Setsuo Hirohashi, National Cancer Center Research
Institute, Tokyo, Japan). Surgically resected specimens
were fixed in 10% formalin and embedded in paraffin,
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4-ym-thick tissue sections were cut from each block,
mounted on poly-L-lysine-coated slides, and dried over-
night at 37°C.  Sections were deparaffinized with xylene,
treated with 0.3% hydrogen peroxide in methanol, and
rehydrated in PBS. They were then autoclaved in 10
mM citrate buffer (pH 6.0) for 10 min at 120°C, and
allowed to cool at room temperature for 30 min. The
sections were preincubated in 2% normal porcine serum
in PBS, and incubated overnight at 4°C with the primary
antibody against laminin-5 y2. They were then washed
three times with PBS and treated with an appropriate
secondary biotinylated antibody (1:200 dilution,
Vectastain ABC kit, Vector Laboratories, Burlingame,
CA) for 30 min. Following several washes with PBS,
the slides were reacted for 30 min with avidin-
biotinylated horseradish peroxidase H complex, rinsed
three times in PBS, and incubated for 1-3 min in 0.05%
diaminobenzidine (DAB) including 0.01% hydrogen
peroxide. The slides were then rinsed in distilled water,
counterstained with hematoxylin, and mounted. As
positive controls for every assay, sections we had previ-
ously validated to be strongly positive were used. As a
negative control, the same class of mouse immunog-
lobulin was used instead of the primary antibody.

Evaluation of laminin-5 42 chain expression

Two observers (YE and HS), who had no previous
knowledge of each case, independently reviewed the
immunohistochemically stained sections, and all discrep-
ancies were resolved by joint review of the slides in
question. Biopsy samples were categorized according
to the number of immunopositive tumor cells attached
to the basement membrane as —, and -, indicating that
less than 5% , and more than 5% of the tumor cells were
positive, respectively. Surgical specimens were categor-
ized according to the number of immunopositive tumor
cells as —, +, and + +, indicating that less than one
twentieth, one twentieth to one fifth, and more than one
fifth of the tumor cells were positive, respectively.

Statistical analysis

The relationship between laminin-5 32 expression
and clinicopathological factors was analyzed using the
x” method and Fisher’s exact test. Survival rates were
calculated by the Kaplan-Meier method for analysis of
censored data. The significance of differences in sur-
vival was analyzed using the log-rank test by univariate
analysis with the SPSS ver. 8.0 (SPSS Inc., Chicago, IL,
USA) software package. Differences were considered
significant at P <C0.05.

Results

Immunohistochemistry of the intrabronchial pre-

cancerous lesion

No tumor sample was completely negative. Overall,
expression of laminin-5 2 was observed in 2 of 14
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Fig. 1 Immunohistochemical staining of laminin-5 2 in the border of carcinoma in situ and normal bronchial epithelium.

Magnification : X200.

Table 1 Expression of laminin-5 2 in intrabronchial lesions

Bz . carcinoma microinvasion to Intrabronchial

rsr?el::ggsuiz dyeplasia in situ bronchial wall Sq:;lzli?lginzen
Laminin-5 2 (—) 5 (100%) 5 (100%) 2 (50%) 0 ( 0%) 5 (23.4%)
Laminin-5 92 (+) 0 ( 0%) 0 ( 0%) 2 (50%) 1 (100%) 16 (76.6%)
total (cases) 5 5 1 21

precancerous lesions (14.3%), 0 of 5 cases of bronchial
squamous metaplasia (0%), 0 of 5 cases of dysplasia (0%),
2 of 4 cases of carcinoma in situ (50.0%), and in the only
case of microinvasion to the bronchial wall (100%).
Sixteen (76.6.%) of the 21 cases of intrabronchial
squamous cell carcinoma were positive for laminin-5
y2. These results are summarized in Fig. 1,2 and
Table 1.

Immunohistochemistry of squamous cell carcinoma

of the lung

Expression of laminin-5 2 was clearly demonstrated
in SCC of the lung, but not in normal epithelial or
stromal cells. All of the positive immunoreactions were
cytoplasmic and were seen especially in cancer cells at
the cancer-stromal interface, the staining intensity in
each specimen being moderate to strong (Fig.3).
According to the number of tumor cells positive for
laminin-5 2, 27 (47.4%) of the 57 tumors were categor-
ized as —, 12 (21.0%) as + and 18 (31.6%) as ++
(Table 2). Most of the cells that showed positivity for
laminin-5 2 in ++ tumors had proliferated into
strands or small nests, whereas most of those in +
or ++ tumors had grown into large tumor nests or
sheet-like structures with or without small tumor nests.

The centers of all large tumor nests were negative for
laminin-5 2.

Association between the category of the number of

immunopositive tumor cells and patient’s prognosis

The increased number of immunopositive tumor cells
was significantly associated with a reduced overall
patient survival (P=0.0151; Fig.4). In SCC of the
lung, the patients with a low expression of laminin-5 32
had a good prognosis when compared to those with
high values.

Discussion

In this study, we examined the expression of the
laminin-5 92 chain in 14 intrabronchial precancerous
lesions, 22 cases of intrabronchial squamous cell car-
cinoma and 57 cases of SCC of the lung. Overall,
laminin-5 92 expression was observed in 2 (16.7%) of
the intrabronchial precancerous lesions, 17 (77.3%) of
intrabronchial cancer lesion and 30 (52.6%) of the SCC
of the lung. In most tumors, laminin-5 92 was local-
ized in the cytoplasm of tumor cells at the tumor-stromal
interface. Focal but strong expression was found fre-
quently in cancer cells that showed budding into the
fibrous stroma. Intense staining for laminin-5 2 was
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Fig.2 Expression of laminin-5 2 in the intrabronchial precancerous lesions.
(A) Negative expression of laminin-5 92 in normal bronchial epithelium.
(B) Negative expression of laminin-5 52 in squamous metaplasia.

(C) Negative expression of laminin-5 2 in dysplasia.

(D) Positive expression of laminin-5 32 in carcinoma in situ attached to the basement membrane.
(E) Positive expression of laminin-5 32 at the invasive front in microinvasion to the bronchial wall. Arrows indicate

the invasive front.

(F) Positive expression of laminin-5 32 in intrabronchial squamous cell carcinoma.

Magnification : X400 for A-F.

also found in cancer cells that had invaded the stroma in
scattered, thin strands. These observations are in keep-
ing with previous studies of colon cancer®?')19), gastric
cancer'®, pancreatic cancer'”, breast cancer'V, uterine
cervical cancer”®V, oral squamous cell car-
cinoma!?1®919 - and malignant melanoma®'V. The
preferential expression of laminin-5 42 at the invasive
front of cancer indicates that laminin-5 y2 may be
useful as a marker for stromal invasion by cancer cells.
In this study, laminin-5 92 expression was found in
16.7% of bronchial precancerous lesions. Although this
observation may indicate a tendency for these lesions to

be invasive and/or prognostic potential, additional
studies will be needed to determine the significance of
these laminin-5 y2-positive cells in intrabronchial pre-
cancerous lesions.

An important step in the metastatis of cancer is the
proteolysis of extracellular matrix proteins, which allows
migration of mneoplastic cells through the basement
membrane into the interstitial stroma?”. Human
membrane-type-1 matrix metalloproteinase (MT-1-
MMP) is a key enzyme in the process of extracellular
matrix protein breakdown. It has been shown recently
that rat laminin-5 can serve as a substrate for MT-1-
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Fig.3 Immunohistochemical staining of laminin-5 2 in surgi-
cally resected SCC of the lung.

(A) Expression (—) : few or no tumor cells were
positive.

(B) Expression (+) : the tumor nest was circumfer-
entially positive.

(C) Expression (++) : almost all tumor cells were

positive. Magnification : X200 for A-C.

MMP and MMP-22922_ [t has also been reported that
cell migration on laminin-5-coated Transwell filters is
correlated with MT-1-MMP expression and can be
abolished by MMP inhibitors. Thirupandiyur et al.
examined the potential role of the MT-1-MMP-cleaved
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Fig. 4 Kaplan-Meier overall survival curve of laminin-5 52

Chain expression are shown for 57 patients with
squamous cell carcinoma of the lung (log- rank test for
trend : P=0.015).

laminin-5 B33 chain in the migration of DU-145 prostate
carcinoma cells?®. Their data suggested that the cells
showed significantly increased migration on MT-I-
MMP-cleaved laminin-5. A previous study has shown
that tumor cells at the cancer-stromal interface and at the
invasive front frequently co-express immunopositivity
for the laminin-5 43 and y2 chains in both squamous
cell carcinoma of the tongue and colorectal carcinoma.
Strong expression of these two proteins was clearly
demonstrated in cancer cells showing diffuse invasion?®.
Taken together, these findings indicate that not only
laminin-5 2 but also (3 play an important role in the
invasive properties of cancer cells.

We believe that the ability of cancerous cells to invade
the bronchial wall is acquired in a sequential manner
during carcinogenesis. It has been established that
malignant transformation arises through an accumula-
tion of genetic alterations. This stepwise transforma-
tion is known as multistep carcinogenesis. Lung car-
cinoma is the leading cause of cancer death world-
wide?®. The prognosis of patients with lung carcinoma
is generally poor, and the overall 5-year survival rate is
17%2®. This makes primary lung carcinoma one of the
most malignant solid tumors, with a wide range of
invasive and metastatic behavior. There is a high
probability that alterations in the genotype of bronchial
epithelial cells play a role in carcinogenesis. In this
context, bronchial squamous metaplasia and dysplasia
can be considered as precancerous lesions, and mutation
of the P53 tumor suppressor gene, and deletion of
chromosome 17p have been reported in such
lesions?” 39, being initially evident in the basal layerV.
We have recently reported that downregulation of
a-catenin and/or S-catenin, which may reflect dysfunc-
tion of the cadherin-mediated cell-cell adhesion system,
is an important marker of atypia during carcinogenesis
of the bronchial epithelium®?. We hypothesized that
not only molecules involved in cell-cell adhesion, such
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Table 2 Association between laminin-5 42 expression in the SCC of the lung and clinicopath-

ological factors

inin- aminin- laminin- -
Factors Laml(nin)S 2 Ldml(nin)S y2 am(1+r3r 5) 2 S'I%n\ig]cl?;)ce
n=27 n=12 n=18

Gender
Male 26 12 16
Female | 0 2 0.361
Histology?

Well diff. SCC 3 1 1

Mod diff. SCC 17 7 11

Por diff. SCC 7 6 0.954
Primary tumor size

pTO,1 10 1 3

pT2 13 9 10

pT3 3 1 5

pT4 1 1 0 0.210
Pathologic stage (pTNM)

Stage 1A 6 1 0

Stage 1B 5 3 6

Stage 11 8 3 4

Stage 111 8 5 8 0.371
Nodal involvement

negative (pNO) 12 7 9

Positive (pN1, 2) 15 9 0.722
Lymphatic invasion

negative 13 10

positive 14 8 0.804
Vascular invasion

negative 16 8

positive 11 10 0.480

1) Well diff. SCC, well differentiated squamous cell carcinoma ; mod diff. SCC, moderate
differentiated squamous cell carcinoma ; por diff. SCC, poorly differentiated squamous cell

carcinoma.
2) P values determined by the yx? test.

as cadherin, but also those involved in cell-substrate
adhesion, such as laminin-5, play an important role in
the invasive behavior of cancer cells. Therefore, in the
present study, we investigated the expression of the
laminin-5 92 chain in intrabronchial precancerous
lesions and SCC of the lung. We found that increased
laminin-5 92 immunoreactivity in tumor cells, suggest-
ing a high propensity for invasion, was a significant
marker of poor outcome in patients with SCC of the
lung. Moreover, our findings indicated that laminin-5
y2 may play an important role in the progression of
human intrabronchial lesions and squamous cell car-
cinoma.

In the intrabronchial precancerous lesions we detected
laminin-5 y2 expression at the invasive front. Our
data suggest that expression of laminin-5 32 is a rela-
tively early event in the genesis of bronchial squamous
cell carcinoma, and that increasing histological atypia is

accompanied by a further increase in the expression of
this molecule. Finally, an increased level of laminin-5
y2 in SCC of the lung might play an important role in
local invasion beyond the basement membrane and
progression to an advanced stage.
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