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Expression of they2 chain at the invasive front of differ-
ent tumors has indicated an important role for laminin-5 in
cell migration during tumor invasion and tissue remodeling.
As there is considerable need for reliable invasion and prog-
nostic markers we evaluated the correlation of laminin25
chain expression with clinicopathologic parameters and pa-
tient survival in 93 primary colon carcinomas. Epithelial cells
of normal mucosa were consistently negative for staining. In
contrast, positive cytoplasmic staining was observed in 89 tu-
mors (96%). Twenty-four (26%) cases were scored as sparse,
34 (37%) as moderate, and 31 (33%) as frequghthain
expression. There was a significant association of laminin-5
~2 chain expression and local invasiveness of colon carcino-
mas according to Dukes stage (A-@)<£ 0.001) and tumor
budding p < 0.001). A statistical significance could also be
noted in decreasing tumor differentiation & 0.001) and
correlation to tumor sizex= 0.032). No correlation was ob-
served to tumor site. Univariate analysis identified laminin-5
(p = 0.010), tumor differentiationy{ = 0.006) and Dukes
grade p < 0.001) as significant variables in predicting prog-
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INn colon carcinomas

nosis. However, by multivariate analyses, this study could not
demonstrate that laminin-$2 chain expression is an inde-
pendent predictive factor for survival.

The results indicate that laminin-® chain expression is
up-regulated during the progression of human colon cancer
and that it plays a role in the aggressiveness of these tumors.
Demonstration of laminin-52 chain positivity also facili-
tates detection of individual cells or minor cell clusters in-
vading the surrounding stroma.

Figures on http://www.esacp.org/acp/2001/22-4/lenander.
htm.
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1. Introduction

Colon cancer is one of the most common malig-
nant diseases in the western world, ranked as the sec-
ond leading cause of death from cancer. The incidence
ranges from 25—-40 per 100 000 population and the risk
of developing colon tumors begins in the fourth decade
of life and increases with age. The mean age at presen-
tation is 60—65 years. Approximately two thirds of the
patients will undergo a bowel resection with curative
intent. Nevertheless, more than 50% of these patients
are expected to die of the disease. This suggests that a
significant proportion of micrometasases are present at
the time of surgery which can be fatal for the clinical
outcome and underline the importance to find reliable
prognostic predictors to select patients for adequate ad-
ditional treatment as a complement to surgery.

Tumor development and formation of metastases is
a cascade of complex and poorly understood events.
In this process, the cells must gain the ability to in-
vade which is the characteristic of malignancy. Tran-
sition from anin situ tumor to initiation of invasive
growth requires that tumor cells detach from adhesive
interactions in the epithelium, penetrate the basement
membrane, dissolve the extracellular matrix and mi-
grate in the underlying interstitial stroma. At this point,
the tumor cells gain access to lymphatic and blood
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vessels for further dissemination. Within the intestine, they lacked several hemidesmosome associated pro-
the basal membrane separates the epithelial cells fromteins. Here they do not seem to function as stable an-
the underlying connective tissue, and colon carcinomas chorage devises and therefore the authors suggest a
have been shown to be characterized by loss of an in- role in the epithelial cell migration to the tip of the
tact basal membrane [1]. Hereby, one of the most im- villi [24]. Other groups have also shown that interac-
portant steps in tumor cell invasion to achieve dissem- tion of laminin-5 and integrins is essential for adhesion
ination is to permeate the 20—-100 nm thick basement of epithelial cells to the basement membranes [11] and
membrane composed by collagen type 1V, laminin, also by promoting cell migration [12,25]. Additional
heparan sulphate proteoglycan and nidogen, amongimportant factors in these interactions are proteases as

others [2].

Laminins, a major component in basement mem-
branes, belong to a family of glycoproteins organized
as a heterotrimer composed of one heawhain and
two light chains designated and ~, all originating
from different genes. At present, there are 11 differ-
ent subunit chains known that form at least twelve iso-
forms [3-7]. These different laminin structures are as-
sociated with cell adhesion, migration, proliferation,
growth and differentiation, as a true structural com-
ponent of the basal membrane, reflecting their di-
verse function and tissue specific involvement [8—14].
One of these isoforms laminin-5, previously termed
kalinin, nicein, epiligrin or ladsin, has been local-
ized to anchoring filaments involved in formation of

the hemidesmosomes and by this, serves as an im-

portant adhesion component for epithelial cells posi-
tioned on the basement membrane [15-17]. Laminin-
5 is composed of the:3,33 and~2 chains each en-
coded by separate genes, LAMA3 (18q), LAMB3 (1q
32) and LAMC2 (1q 25-31), respectively. Mutations

tissue-type plasminogen (tPA) and metalloprotease-2
(MMP2) expressed by stromal cells [26—28]. However,
these proteases have tissue specific patterns explaining
their diverse functions in different tissue [29]. Gianelli
et al. showed that the laminin-52 chain is the pri-
mary target of MMP2 cleavage, providing cell migra-
tion during tissue modulation and tumor invasion [30].
Further, previous studies found that Laminin-5 is only
expressed in small clusters of undifferentiated cancer
cells just ahead the invasive front of the lesion, known
as tumor budding [31-33].

Against the background that Laminin-5 has been
proposed as a marker of invading cancer cells [32], as
well as a predictor of microinvasion [34], and that tu-
mor budding has been suggested as a useful prognos-
tic factor in adenocarcinoma of colorectal cancer [35].
The aim of this study was to investigate the diagnostic
and prognostic impact of Laminin-52 chain expres-
sion in colon carcinomas.

in any of these genes is now known to cause the severe2. Materialsand methods

skin blistering disease Herlitz junctional epidermioly-
sis bullosa (HEJB) [18-22]. Although it is known that
laminin-5 expression is up-regulated in coloncarcino-

mas, no investigations have been presented demon-

2.1. Tissue samples

Files from a total of 93 consecutively chosen pa-

strating whether these genes are up-regulated and/ortients resected for colon adenocarcinomas at Ersta

amplified in colorectal cancer.
Cell-matrix interactions play an essential role in the
structural morphology and functional differentiation of

the tissue where cell-basal lamina interactions are me-

diated by a group of transmembrane proteins known
as integrins. Integrins are composed of two noncova-
lent subunits and 3, both which contribute to the
binding of matrix proteins. For example, Knox et al.

Hospital between 1993 and 1996 were examined. The
study was limited to patients classified as Dukes stage
A-C, i.e., only cases presenting local invasive tumors
at surgery were included, excluding those with distant
metastases. Thus, all patients entered into the study
underwent curative surgery. There were 52 women
(56%) and 41 men (44%); the mean age was 74 years
(range 51-92). The clinicopathologic features are sum-

demonstrated in prostate tissue that the basal cells aremarized in Table 1. All cases were selected by origi-
attached to the basal membrane through interactions nal histopathological diagnosis and the original hema-

between the laminin receptai651 to form focal ad-
hesions and the634 integrin has shown to be as-
sociated with formation of hemidesmosomes [23]. In

contrast, Orian and Rousseau et al. could not demon-

toxylin/eosin (HE) glass slides were reexamined by
two pathologists (A.0. and G.A.) to confirm the origi-

nal diagnosis as well as the representativity of the sec-
tions used for histochemical studies before immuno-

strate a true hemidesmosome in the intestine becausehistochemical staining was performed. Samples were
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Table 1

Correlations between clinicopathologic parameters and laminjg-Bhain expression in 93
colon carcinomas

Parameter Overall Laminin-5 expressién
0 1 2 3 p value
Dukes stage
A 20(21) 2(10) 9 (45) 6 (30) 3(15) .001
B 52(56) 1 (2) 12(23) 24(46) 15(29)
C 21(23) 1 (5 3(14) 4(19) 13(62)
Tumor differentiation
Well 23(25) 2 (9) 9 (39) 9 (39) 3(13) <o0.001
Moderate 55(59) 2 (4) 13(24) 23(41) 17(31)
Poor 15 (16) 2 (13) 2(13) 11 (74)
Tumor size
<2cm 12(13) 2(17) 4(33) 3(25) 3(25) .@B2
2-4cm 22(24) 2 (9) 6 (27) 9 (41) 5(23)
> 4cm 59 (63) 14 (24) 22(37) 23(39)
Tumor localization
Right colon 51(55) 3 (6) 15(30) 16(31) 17(33) 497
Left colon 42 (45) 1 (2) 9(22) 18(43) 14(33)
Tumor budding
0 3 (3 1(33) 2 (67) <0.001
1 18(20) 2(11) 10(56) 4(22) 2(11)
2 43 (46) 8(19) 22(51) 13(30)
3 29(31) 1 (3) 4(14) 8(28) 16 (55)
Tumor cell dissociation
0 22(23) 3(14) 15(68) 4(18) <0.001
1 36(39) 1 (3) 8(22) 17(47) 10(28)
2 23 (25) 11(48) 12 (52)
3 12 (13) 1(8) 2(17) 9 (75)

*Data are given as number (%).

**For grading of laminin-5 expression see material and methods.

classified for histologic type [36] and Dukes stage ac-
cording to standard criteria [37]. Evidence of tumor
budding (small clusters of undifferentiated cancer cells
just ahead of the invasive front) and tumor cell dissoci-

residues # 1017-1178) and GST were performed ac-

cording to methods described earlier [25].
Representative blocks of formalin-fixed and paraffin-

embedded sections from colon tumors were cut five

ation (single cancer cells scattered in the stroma) were #m thick and subjected to a standard horseradish per-

documented by two of the authors (A.0. and C.L.) on

oxidase avidin—biotin-complex (ABC) technique. In

newly HE stained samples. Classification was based on brief, the sections were deparaffinized with xylene,

the predominant Laminin-52 chain staining pattern
in the specimens. Tumor budding and tumor cell disso-
ciation were divided into four groups according to the
degree: 0= none, 1= mild, 2 = moderate and 3-
severe, according to Hase et al. [35].

2.2. Immunochistochemistry

Preparation and characterization of polyclonal anti-
bodies raised in rabbit against a fusion protein contain-
ing the C-terminus of the laminim2 chain (amino acid

rehydrated and microwave treated for 10 minutes at
500 W in 10 mM sodium citrate buffer (pH 6). Af-
ter a brief rinse in Tris buffered saline (TBS), pH 7.6,
the sections were treated with 0.5% hydrogen perox-
idase in distilled water for 30 minutes to block en-
dogenous peroxidase activity, followed by 1% bovine
serum albumin (BSA) in TBS for 20 minutes to pre-
vent unspecific staining. After incubation overnight at
4°C with the rabbit polyclonal antibody against th2
chain of laminin-5 (1:500), a biotinylated antirabbit
IgG (1:200) was applied for 30 minutes. After rins-
ing in TBS, the biotinylated secondary antibody and
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horseradish peroxidase-conjugated antibiotin antibody judged as tumor budding cells from the HE-staining

(Vector Elite standard kit, cat. PK-6100) were applied
to the sections according to the manufacturer’s instruc-
tions. Peroxidase activity was visualized by apply-
ing diaminobenzidine tertrahydrochloride, 0.6 mg/ml
with 0.03% HO,, for 6 min. The slides were then
slightly counterstained with hematoxylin, dehydrated

(p < 0.001) (Fig. 1, A and B). However, in some
tumors graded as sparse laminin:8 chain positive,
stained cells could be scattered at different parts of the
tumor. We also analyzed thg2 expression in lymph
nodes invaded by cancer cells where we found the
same frequent cytoplasmic staining of infiltrating car-

and mounted. Parallel incubations to adjacent sections cinoma cells as seen in the budding cells at the inva-

where the lamininy2 chain antibody was replaced
with BSA served as negative controls.

Staining of the laminin-52 chain was categorized
semi-quantitatively as follows: & negative, no cells
were positive, 1= sparse, one or a fewk6%) cells
were positive, 2= moderate, a significant amount
(>5%-<20%) of cells were positive, and3frequent,
an extensive amount20%) of cells were positive.

sive front of the tumor. Adjacent normal colon mucosal
cells were consistently negative for staining.
Laminin-5~2 chain staining was positive in 89 tu-
mors (96%). Four cases (4%) were scored as nega-
tive, twenty-four (26%) as sparsely, 38 (37%) as mod-
erately, and 32 (31%) as frequently stained (Fig. 1,
D-F). Correlation’s between laminin-& chain stain-
ing pattern and clinicopathologic features of the tu-

The degree of staining was evaluated independently by mors are summarized in (Table 1). The number of

two investigators (C.L. and G.A.) and any cases with

laminin-5~2 positive cells showed a significant cor-

discrepant scores were reevaluated by a third investiga- relation to increasing Dukes stage & 0.001) and

tor (A.0.). All evaluations were performed in a coded
manner without knowledge of the clinical and patho-

decreasing tumor differentiationp (< 0.001). There
was also an association to tumor size £ 0.032),

logical data of the patients. No mucinous cancers were however, no correlation was observed to tumor loca-

included.
2.3. Satistical analysis

Five patients with more than one tumor and one
that died of unknown cause were excluded for survival
analysis. The follow-up interval ranged from 1 to 79
months past surgery. Of the 86 patients included in the
survival study, 20 died of coloncancer (23%).

The pattern of associations between lamininb

tion (p = 0.477). Figure 2 shows the survival curve
obtained with the Kaplan—Meier method indicating de-
creased survival as a function of increased numbers of
laminin-5~2 chain expressing tumor cells. Univariate
analysis identified laminin-5p( = 0.010), tumor dif-
ferentiation p = 0.006) and Dukes grade (< 0.001)

as significant variables in predicting prognosis (Ta-
ble 2). However, when a multivariable model was con-
structed with all the clinicopathological variables, only
Dukes grades were identified as significant covariates.

chain expression and clinicopathologic parameters was Neither laminin-5y2 chain staining, tumor grade, tu-

determined by using the gamma exact test. Survival

mor budding nor tumor cell dissociation provided any

curves were generated according to the Kaplan—Meier independent prognostic information on survival.

method and compared using the log rank test. Prog-

nostic relevance of clinicopathologic variables was an-
alyzed applying univariate and multivariate Cox pro-
portional hazards models.

3. Results

Laminin-5 2 chain expression was examined by
immunohistochemistry in a series of 93 primary hu-
man colon carcinomas. As previously described for
colon carcinoma, positive signals were always cyto-
plasmic and only detected in cancer cells mainly lo-
calized to the invasive front [31,32] (Fig. 1, C and
F). These laminin-5y2 chain positive cells showed
strong correlation to the undifferentiated cancer cells

4. Discussion

Figures on | http://www.esacp.org/acp/2001/22-4/
lenander.htm.

Earlier studies by Pyke et al. [31,32] as well as Sor-
dat et al. [33] indicate that laminin-5 is a marker of in-
vading cancer cells at the invasive front of the tumor.
Both groups also claimed that thes2 positive cells
represent tumor budding cells which has been associ-
ated with a worse clinical outcome [35]. In addition,
Skyldberg et al. [34] recently reported that laminin-5
~2 chain expression can be used to predict the inva-
siveness of uterine cervical lesions. To our knowledge
only two studies have evaluated the prognostic sig-
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Fig. 1. Human colon adenocarcinoma stained by hematoxylin/eosin (H/E) (A) and immunohistochemistryy®ctiaén of laminin-5 (B—F).
(A) Marked tumor budding. (B) Performed on an adjacent section to A, showing strong staining-{@c¢hein in clearly budding cancer cells at

the invasive front of the cancer. Note how clear the budding cells are visualized compared to H/E staining. (C) High magnification, demonstrating

the strong cytoplasmic staining with the laminimy2 chain antibody in budding cancer cells. (D—F) Showing a colon tumor representing a
sparse (D), moderate (E) and frequent{B)chain staining. Bars, 140m (A, B, E and F), 24um (C) and 36um (D). This figure can be viewed

on http://www.esacp.org/acp/2001/22-4/lenander.htm.

nificance of the laminin-52 chain expression in tu-
mors, Soini et al. in pancreatic adenocarcinomas [38]
and Ono et al. in tongue cancer [39]. Therefore we
wanted to investigate if the expression of ffzchain

of laminin-5 could be used as a marker in patients suf-
fering from colon carcinomas. In addition we wanted
to study the relationship between tumor budding, tu-
mor cell dissociation, differentiation grade, size, loca-
tion and laminin-5y2 chain expression.

In the present study we found that lamininy2
chain is expressed in 96% of the malignant colon tu-
mors investigated, indicating a high activity of lamin-
in-5 synthesis in colon cancer tissue. This is in accor-
dance with previous reports where 89-100% of the tu-
mors were immunostained [31,32,39]. Only four out
of 93 tumors were negative for staining, two classi-
fied as Dukes A, (one highly- and one moderately-
differentiated) one as Dukes B (highly differentiated)
and one as Dukes C (moderately differentiated). Fur-
thermore, in the Dukes A group, only three patients

(15%) were classified as gradey3 staining compared

to 13 patients (62%) in the Dukes stage C group. We
also found that laminin-52 staining correlated sig-
nificantly with progression from Dukes grades A to C.
This is in line with previous reports, that laminin-5 has
a potent cell migration and tumor cell invasion promot-
ing activity [12,30]. In agreement with earlier studies
[31-34,38,39], laminin-52 expression was preferen-
tially detected in cancer cells at the invasive front of
the tumor, i.e., in budding tumor cells. Hase et al. [35]
demonstrated that these tumor budding cells were as-
sociated with a worse clinical outcome. In line with
our results, they also found that the incidence of severe
budding increased with higher Dukes grades as well as
decreasing tumor differentiation (data not shown). In
addition, we found these parameters to be correlated
to increasingy2 chain staining. In agreement with our
study, Ono et al. [39], studying squamous cell carci-
nomas of the tongue, verified a strong association of
the~2 staining to infiltrative growth and poorer tumor
differentiation.
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Fig. 2. Kaplan—Meier survival curve for 86 patients with colon adenocarcinoma related to the lamipioR@ain expression 0-3 (log rank test:
p = 0.010).

In our study, immunopositivity was preferentially toplasmic antigens in epithelial cancer cells and the
located to the invasive front of the tumor except for fact that laminin-5 is considered to be an early marker
grade 1 (sparse) stained cells. Twenty-four cases (26%) of invasiveness, it would be interesting to investigate
were found to belong to sparsely stained tumors and the expression of this antibody in colon polyps where
some of these laminin-52 chain positive cells were it might stain potentially malignant cells in the colon
seen as single cells with distinct cytoplasmic staining crypt.
scattered throughout the tumor mass, i.e., not only at  Even thoughy2 chain expression was not an inde-
the invasive front (Fig. 1D). This phenomenon has not pendent predictor of survival in a multivariate analysis
been described before in the evaluation of colon ade- in the present study, it was significantly correlated to
nocarcinomas. Earlier investigators only stated t#at tumor differentiation and size in the univariate analy-
chain immunoreactivity was almost exclusively con- sis. In several multivariate analyses, tumor differentia-
fined to cancer cells and most prominent at the inva- tion has shown to be independently prognostic of sur-
sive front [31-33]. Since Pyke et al. [32] also demon- vival [40-43]. However, most studies find no signif-
strated coexpression of the chain of laminin-5 and icant adverse relation of tumor size to survival [41—
the urokinase plasminogene activator (UPAR) in the 46]. The relationship of the2 chain positivity to tu-
budding cancer cells, it would be interesting to inves- mor size in our study might reflect that large tumors
tigate the expression of uPAR in these scattered cells. have a higher potential to express extensive areas of
Interestingly, they suggested that there must be a tight invasive cells. Furthermore, our results verify that in-
regulation of these proteins since they were not able to creased immunoreactivity of the chain in colon ade-
find any expression of these proteins in adjacent non nocarcinoma correlates to the tumor budding cell phe-
budding cancer cells. notype, decreasing tumor cell dissociation and differ-

Sordat et al. [33] investigated 15 colon adenomas entiation. Hase et al. [35] reported that patients with
and found an enhanceg? chain expression of the more undifferentiated cancers showed a higher inci-
basement membrane at the periphery compared to nor-dence of tumor budding which is well in line with our
mal colon mucosa. However, no cytoplasmic staining observations. They also claimed that severe budding
could be detected within the adenoma cells. As the was seen in 21.8% in well- or moderately differenti-
~2 chain antibody used in our study only detected cy- ated tumors, which differs from our study where we
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Table 2
Univariate survival analysis

Variables n Categorical factors
Deaths % x2* p-value
Dukes stage 186 <0.001
A 19 5
B 48 167
Cc 19 11 579
Tumor differentiation 1®@6 0.006
Well 20 1 5
Moderate 53 13 25
Poor 13 6 42
Tumor localization 7 0543
Right colon 46 10 parg
Left colon 40 10 259
Laminin-5~2 chain expression 139 0010
0 4 1 250
1 21 3 143
2 32 125
3 29 12 414
Tumor budding 168 0641
0 3 0 0
1 15 4 267
2 40 8 200
3 28 8 286
Tumor cell dissociation p3 0070
0 19 1 5
1 33 7 212
2 22 7 318
3 12 5 417

*The log rank statistic (modifieg?2).

found severe budding (2 and 3) in 73% of well- or mod-
erately differentiated tumors and in 100% of tumors
with poor differentiation (data not shown). In paral-
lel, well- and moderately differentiated tumors showed
high laminin-542 chain expression (2 and 3) in 67%.
We were not able to find any difference in survival,
where Hase et al. found that the outcome was worse
in tumors presenting severe budding in well- or mod-
erately differentiated lesions.

In agreement with previous reports on carcinomas
of epithelial origin of different anatomic sites [31-34,
38,39], the present study supports that laminin5
chain expression is a marker of local invasiveness and
that it might be of prognostic importance. Furthermore,
it confirms that positive laminin-52 chain staining
of cells facilitates identification of tumor budding and
dissociated colon tumor cells.
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