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I

Aim: Polyps of the colon and rectum are considered to be premalignant lesions in the development of
colorectal cancer. However, knowledge of how normal epithelial cells gain invasive properties is limited.
Laminin 5 c2 chain expression was investigated to determine the role of laminin 5 as a marker of potential
invasiveness in colorectal polyps.
Material/methods: Sixty seven polyps of different types (15 hyperplastic polyps, 12 serrated adenomas,
16 tubular adenomas, and 24 adenomas with a villous component) were assessed for c2 chain expression
of laminin 5 by immunohistochemistry on archival, paraffin wax embedded sections.
Results: Ten polyps stained positive and the number of polyps expressing the laminin 5 c2 chain increased
significantly as the phenotype of the adenomas became more atypical: none of the 15 hyperplastic polyps,
two of the 16 tubular adenomas (12.5%), and six of the 24 adenomas with a villous component (25%)
were positive. Two of 12 (17%) serrated adenomas, regarded as a distinct form of colorectal neoplasia,
showed c2 chain expression. Furthermore, laminin 5 c2 chain expression correlated with lesion size.
Polyps smaller than 10 mm expressed the c2 chain less frequently than did those equal to or larger than
10 mm.
Conclusion: Laminin 5 c2 chain expression was found to increase progressively towards a more atypical
phenotype of adenoma. The results suggest that, in the future, laminin 5 c2 chain expression may be used
as an indicator of incipient malignant transformation of a benign colorectal adenoma.

t is now well established that most colorectal carcinomas
(CRCs) arise from benign adenomas, and that individuals
having an adenoma are at higher risk of developing CRC.1 2
These epidemiological observations are based on the fact that
the prevalence of adenomas within a population parallels
geographically the prevalence of colon cancer.3 Furthermore,
both conditions increase with age and adenomas have been
found to precede carcinomas by five to 10 years. Clinical
studies have also shown that removal of polyps prevents the
development of colorectal cancer.4 5
Although adenomas are considered to be benign, 3–12% of
the polyps are known to present as invasive carcinomas at the
time of diagnosis.6 7 Even if it is not clear how benign
adenomas develop into malignant lesions, genomic aberrations have been suggested to play an important role in
malignant transformation because most of the CRCs (80–
90%) show chromosomal instability. A proposal concerning
the origin of this instability was presented in a classic study
by Fearon and Vogelstein. These authors suggested that
progressive histological abnormalities in adenomas coincide
with the sequential accumulation of genetic defects within
the cells.8
Traditionally, colorectal polyps are divided into two
subtypes: hyperplastic polyps and adenomas (tubular, tubulovillous, and villous). Although hyperplastic polyps are
regarded as non-premalignant lesions, they have recently
been described as potential risk markers.9 10 The rate of
invasive carcinomas within colorectal adenomas has been
estimated to be 4–5% for tubular adenomas and 30% for
adenomas with a villous component.1 11
In 1990, Longacre and Fenoglio-Preiser described polyps in
which the epithelium showed a mixed feature of hyperplastic
and adenomatous structures expressing cytologically neoplastic characteristics, which they termed ‘‘serrated adenomas’’ (SAs).12 They found intramucosal carcinomas in 10% of
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their SAs, whereas more recent investigators have reported
malignancy in up to 20% of all SA cases.12 13

‘‘It has been claimed that laminin 5 promotes cell
migration and/or invasion after the c2 chain has been
cleaved by metalloproteinases’’
In the process of invasion, epithelial cancer cells need to
penetrate the basement membrane and subsequently migrate
into the extracellular matrix (ECM). Here, proteases, such as
metalloproteinases (MMPs) and serine proteases, degrade or
process the ECM for further dissemination of the cancer cells.
Laminins are a group of matrix proteins localised at the
basement membrane where they are involved in cell
adhesion. The laminin (ln) family consists of cross shaped
heterotrimers composed of a, b, and c subunits. At present,
11 isoforms of the molecule have been described, reflecting
diverse tissue specificities and biological functions, such as
cell adhesion, migration, proliferation, growth, and differentiation.14–16 One isoform, ln-5, is composed of a3, b3, and c2
chains, each encoded by different genes, namely: LAMA3
(18q 11.2), LAMB3 (1q 32), and LAMC2 (1q 25–31).17–19
Interacting with integrins, ln-5 anchors the epithelial cells to
the basement membrane.20–26 Furthermore, it has been
claimed that ln-5 promotes cell migration and/or invasion
after the c2 chain has been cleaved by MMPs (MMP-2 and
membrane type 1 MMP) secreted by cancer cells or
neighbouring stroma cells.27 28

................................................................
Abbreviations: CRC, colorectal carcinoma; ECM, extracellular matrix;
ln, laminin; MMP, metalloproteinase; SA, serrated adenoma; TBS, Tris
buffered saline
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MATERIALS AND METHODS
Tissue samples
Between 1993 and 1999, a total of 67 polyps (size range, 1–
110 mm; mean, 17.1) were collected from 49 patients. Forty
nine polyps were removed endoscopically, whereas the
remaining 18 were obtained from surgical specimens. All
specimens were selected according to the original histopathological report. To confirm the original diagnosis and
sample representativity, all haematoxylin and eosin stained
slides were reviewed by an independent pathologist (ÅÖ).
Classification for histological type and grade of atypia was
carried out in accordance with the World Health Organisation
classification.38 After reclassification, the material consisted
of 15 hyperplastic polyps, 16 tubular adenomas, 24 adenomas
with a villous component, and 12 SAs. Nine patients, in
whom the polyps originated from a resection specimen,
suffered from a synchronous carcinoma in a different part of
the colon. The SAs were classified as a polyp expressing
dysplastic adenomatous epithelium in the deeper part of the
crypts, in combination with the saw tooth (serrated)
configuration of a hyperplastic polyp on the surface.12 39
Ten polyps were classified as right sided (caecum to the
mid-transverse colon), 26 as left sided (from the midtransverse colon to the rectum), and 27 as rectal (up to
15 cm from the anal verge). For four polyps, we were unable
to give an exact location of the origin from the colonoscopic
report. Our study was approved by the Karolinska Institute
local ethics committee and all participating subjects gave
fully informed consent.
Immunohistochemistry
The polyclonal antibody was raised in rabbits against a fusion
protein containing the C-terminus of the ln c2 chain (amino
acid residues 1017–1178) and glutathione-S-transferase.
Preparation and characterisation were done according to
methods described previously.40
Representative blocks of formalin fixed, paraffin wax
embedded sections from colon polyps were subjected to a
standard horseradish peroxidase avidin–biotin complex
procedure (Elite Standard kit; catalogue number PK-6100;
Vector Laboratories Inc, Burlingame, California, USA). In
brief, the sections (5 mm thick) were dewaxed with xylene,
rehydrated, and microwaved for 10 minutes at 500 W in
10mM sodium citrate buffer (pH 6). After a brief rinse in Tris

Table 1

buffered saline (TBS) (pH 7.6), the sections were treated
with 0.5% hydrogen peroxidase in distilled water for 30
minutes to block endogenous peroxidase activity. To reduce
non-specific staining, the sections were exposed to 1% bovine
serum albumin in TBS for 20 minutes. The sections were then
incubated with the rabbit polyclonal antibody to the c2 chain
of ln-5 (1/500 dilution) at 4˚C overnight. This was followed by
incubation with a biotinylated antirabbit IgG (1/200 dilution)
for 30 minutes. After rinsing in TBS, the biotinylated
secondary antibody and the horseradish peroxidase conjugated antibiotin antibody (Vector Elite standard kit; catalogue number PK-6100) were applied to the sections according
to the manufacturer’s instructions. The peroxidase activity
was visualised with diaminobenzidine tetrahydrochloride
(0.6 mg/ml with 0.03% H2O2) for six minutes.
Counterstaining was performed using Mayer’s haematoxylin
and, finally, the slides were dehydrated and mounted.
Parallel incubations of adjacent sections in which the primary
antibody was omitted served as negative controls.
Cytoplasmic staining of the ln-5 c2 chain was defined as
the percentage of stained cells, with ( 5% being regarded as
negative and . 5% as positive staining. The slides were
evaluated independently by two investigators (CL and GA),
and all cases with discrepant scores were reviewed until a
conclusive judgement was reached. All evaluations were
performed in a blinded manner without knowledge of the
patient’s clinical and pathological background.
Statistical analysis
The pattern of associations between ln-5 c2 chain expression
and clinicopathological parameters was determined by means
of the x2 exact test for trend (two sided).

RESULTS
We investigated 67 polyps regarding their expression of the
ln-5 c2 chain. Tables 1–3 and fig 1 summarise the results.
Immunoreactivity for the ln-5 c2 chain occurred in all cases
only in the cytoplasm and epithelial cells of normal mucosa,
and hyperplastic polyps were consistently negative (fig 2).
Ln-5 c2 chain staining was positive in 10 of the total
number of 67 polyps. No hyperplastic polyps stained
positively, whereas 10 of the 52 adenomas expressed the c2
chain. Significantly increasing numbers of polyps showed
expression of the ln-5 c2 chain from hyperplastic polyps
(none of 15) to tubular adenomas (two of 16; 12.5%) and
adenomas with a villous component (six of 24; 25%)
(p = 0.037). Ln-5 c2 chain expression was also related to
increasing polyp size (p , 0.022). Polyps smaller than
10 mm (32 polyps) were less frequently c2 chain immunopositive than were polyps equal to or larger than 10 mm (31
polyps) (p , 0.006) (fig 1; table 3). We were not able to
define the size of four polyps (one hyperplastic polyp, one
tubular adenoma, and two villous adenomas) because they
were resected using a piecemeal technique and no statements
were given in the patient reports. Two of the 12 serrated

Immunoreactivity for laminin 5 c2 in 67 colorectal polyps

Colorectal polyps

Number

Mean size (range)
(mm)

Hyperplastic polyps
Tubular adenomas
Villous component
Serrated adenomas
Total

15
16
24
12
67

6.3 (4–10)
8.2 (2–20)
32.4 (8–110)
8.7 (1–30)
17.1 (1–110)

Laminin 5
Negative

Positive

15
14
18
10
57

0
2 (12.5)
6 (25)
2 (16.7)
10 (14.9)

(100)
(87.5)
(75)
(83.3)
(85.1)

p Value
0.037

Data for the laminin 5 positive and negative groups are given as numbers (%); for grading of laminin 5 c2
expression, see Material and Methods.
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Accumulating data suggest that ln-5 c2 chain expression is
increased during carcinogenesis.25 29–35 This is in accord with
our studies, which show that ln-5 c2 chain expression is
upregulated during the progression of human colon cancer.36
In another study, we found that ln-5 may help to identify
patients with ulcerative colitis who have an increased risk for
CRC.37
The aim of our present study was to investigate the
expression of the ln-5 c2 chain in subtypes of colorectal
polyps known to constitute different risk lesions.
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Laminin 5 (%)
Number

Negative

Positive p Value

Colorectal polyps

67

57 (85)

10 (15)

Colon adenocarcinoma*

93

28 (30)

65 (70)

,0.001

Data for the laminin 5 positive and negative groups are given as numbers
(%); for grading of laminin 5 c2 expression, see Material and Methods.
36
*Data from Lenander et al.

adenomas (17%) stained positively for the ln-5 c2 chain. We
found no significant differences in positive staining according
to the patients’ sex, tumour grade, or localisation of the
polyps.

DISCUSSION
Several investigators have shown that the ln-5 c2 chain is
expressed in epithelial cells at the invasive front of malignant
tumours.29–35 Furthermore, it has been stated that ln-5 c2
chain expression is upregulated during human colon cancer
progression and that expression can be related to the
aggressive nature of a neoplasm.36 To investigate the early
steps of progression towards CRC, we analysed the ln-5 c2
chain expression patterns in 67 polyps of different types.
Based on the histological findings, we divided them into four
groups to differentiate benign polyps (hyperplastic) from
polyps with a malignant potential (tubular adenomas,
adenomas comprising a villous component, and SAs).
Overall, 10 of the 67 (15%) polyps stained positive for the
ln-5 c2 chain and, considering only polyps with a malignant
potential, in total, 10 of 52 (19%) expressed the ln-5 c2 chain.
In an earlier study, we showed that 96% of colon
adenocarcinomas were positive for the c2 chain of ln-5.36 To
date, only a few studies have investigated the possibility of
using ln-5 c2 chain expression as a preinvasive marker.
However, our results are in concordance with the results of
Skyldberg et al, who found c2 chain positivity in 22% of
precancerous stages and in 100% of the investigated invasive
cervical carcinomas.32 Habermann et al investigated the ln-5
c2 chain as an early marker for risk assessment in patients

suffering from ulcerative colitis, a disease known to carry an
increased risk of developing cancer. They found that the c2
chain was expressed in 20% of biopsies from a group of
patients who later developed colorectal carcinoma.37
However, the expression of the ln-5 c2 chain in 19% of the
adenomatous polyps reported here is in contrast to the
findings of Sordat et al,25 who found no cytoplasmic
expression of the c2 chain in the 15 colorectal adenomas
investigated.
In our study, ln-5 c2 chain immunostaining was seen only
in the cytoplasm of adenomatous epithelial cells located at
the basal membrane, whereas epithelial cells of normal
mucosa, in addition to all hyperplastic polyps, were negative.
Ln-5 c2 chain expression in adenomas differs from the
pattern seen in CRC. Here, the positive cells are located either
near to the basal membrane, representing budding cells, or as
scattered tumour cells in the stroma.29 30 36
The subepithelial basal membrane plays an important role
as a barrier at the epithelial–stromal junction and is lost in
most invasive carcinomas, whereas its continuity is preserved
in benign lesions. Neoplastic invasion requires degradation of
the basal membrane and removal of ECM tissue boundaries,
where MMPs and serine proteinases play a key role. Ln-5 is
an extracellular matrix protein essential for static cell
adhesion and, in addition, it promotes cell migration and/or
invasion after being cleaved by MMPs. Interestingly,
Koshikawa and colleagues28 have suggested that membrane
type 1 MMP, a cell surface anchored protein, which can both
directly cleave the c2 chain and activate MMP-2, may play a
role in the early phases of tissue invasion—for example,
when a carcinoma in situ may still be dependent on external
factors to initiate local invasion. According to this scenario,
ln-5 and in particular the c2 chain could be an efficient
substrate for migrating cells.29 It has also been suggested that
the c2 chain of ln-5 is involved in the metastatic process of
several similar entities because it is expressed in the
cytoplasm of cancer cells located at the invasion
front.29 30 32 36 41 Furthermore, Giannelli and Antonaci emphasised that it is unusual for an extracellular molecule to have
an intracellular distribution pattern.42
The importance of c2 chain staining in the cytoplasm of
colorectal polyps is not known. However, we have shown that
the c2 chain of ln-5 is widely expressed in preinvasive tissue

Table 3 Correlations between clinicopathological parameters and laminin 5 c2 chain
expression in 67 colorectal polyps

Sex
Female
Male
Differentiation
LGD
HGD
Size (mm)*
(5
6–9
10–19
> 20
, 10
> 10
Localisation*
Right colon
Left colon
Rectum

Laminin 5 expression

Ln 5

Number

Negative

Positive

Positive (%)

p Value

28
39

24 (86)
33 (85)

4 (14)
6 (15)

14.3
15.4

NS

36
16

31 (86)
11 (69)

5 (14)
5 (31)

13.9
31.3

NS

18
14
16
15
32
31

17
14
11
11
31
22

1
0
5
4
1
9

(31)
(27)
(3)
(29)

5.6
0
31.3
26.7
3.1
29

10
26
27

9 (90)
24 (92)
21 (78)

1 (10)
2 (8)
6 (22)

10
7.7
22.2

(94)
(100)
(69)
(73)
(97)
(71)

(6)

0.022
0.006

NS

Data for the laminin 5 positive and negative groups are given as numbers (%); for grading of laminin 5 c2
expression, see Material and Methods.
*In four polyps, the size and localisation was not defined.
HGD, high grade dysplasia; LGD, low grade dysplasia; NS, not significant.
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Table 2 Laminin 5 c2 expression in colorectal polyps
and colon cancer
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Figure 2 (A) Tubular adenoma
showing negative staining. (B)
Tubulovillous adenoma showing
positive laminin 5 c2 chain staining
(avidin–biotin complex technique).

such as in colon adenomas of various types, whereas no
expression is seen in non-dysplastic lesions (hyperplastic
polyps) or in normal epithelial cells lining the entire colon
and rectum. It seems that structural changes in ln-5 are
relatively early events during the development of invasiveness.
Traditionally, hyperplastic polyps have been regarded as
being non-neoplastic and lacking malignant potential.
Despite new data indicating that a subset of hyperplastic
polyps (right sided and/or large) might form a subtype with
increased malignant potential,9 43 44 the fact remains that very
small hyperplastic polyps, commonly encountered in the
distal colon and in the rectum, lack malignant potential. In
our study, this hypothesis regarding hyperplastic polyps as
non-premalignant lesions was supported by the finding that
none of these polyps was immunohistochemically positive for
the ln-5 c2 chain. However, most of these hyperplastic polyps
were small (14 of 15 were , 10 mm) and 13 of 15 were
located on the left side of the colon or in the rectum.
‘‘We have shown that the c2 chain of laminin 5 is widely
expressed in preinvasive tissue such as in colon adenomas
of various types, whereas no expression is seen in nondysplastic lesions (hyperplastic polyps) or in normal
epithelial cells lining the entire colon and rectum’’
It has been stated that SAs might be precursors of
colorectal carcinoma with a tendency to malignant transformation similar to that of tubular adenomas. Therefore, we
included 12 SAs, comprising different types of mixed

adenomatous tissue, in our study. Interestingly, a higher
proportion of these lesions were positive for ln-5 c2
expression (two of 12; 17%) compared with tubular
adenomas (two of 16; 12.5%), although polyps including a
villous component showed even higher expression (six of 24;
25%). This indicates that the risk for malignant progression
of SAs is lower than for an adenomatous polyp including a
villous component, but higher than for a tubular adenoma.
This is in agreement with the literature, where the risk of
developing into an invasive carcinoma has been estimated to
be 4–5% for tubular adenomas, 10–20% for SAs, and 30% for
adenomas including a villous component.1 7 12 13
The overall incidence of carcinomas arising in adenomatous polyps according to size is approximately 5% for polyps
less than 10 mm, 10% for polyps between 10 and 20 mm, and
45% for polyps larger than 20 mm.1 Our data demonstrate a
difference in the expression of the c2 chain according to size,
where one of 32 (3%) polyps smaller than 10 mm showed
positive staining compared with nine of 31 (29%) polyps
larger than 10 mm (p = 0.006). In contrast to earlier
observations in CRC,36 there was no relation between ln-5
c2 chain expression and the histopathological grade of
differentiation.
As far as we know, this is the first report investigating the
ln-5 c2 chain staining pattern in colorectal polyps of various
types. Based on our results, we suggest that ln-5 c2 chain
expression might be an early event during neoplastic
progression towards colorectal cancer. This could be of
paramount importance for therapeutic strategies and for
designing surveillance programmes.
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Figure 1 Laminin 5 c2 chain
expression in relation to polyp type,
size, and histological grade.
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Take home messages

N
N
N

Laminin 5 c2 chain expression was found to increase
progressively towards a more atypical phenotype of
adenoma
Laminin 5 c2 chain expression also correlated with
lesion size: c2 chain expression was higher in polyps
> 10 mm than in those smaller than 10 mm
Thus, laminin 5 c2 chain expression might be an early
event during neoplastic progression towards colorectal
cancer
Laminin 5 c2 chain expression might be a useful
indicator of incipient malignant transformation of a
benign colorectal adenoma and could have an
important part to play in therapeutic strategies and
surveillance programmes
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