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Abstract

Extracellular matrix (ECM) proteins are a major component of the tumor stroma. Laminins emerge as one of the main 
families of ECM proteins with signaling properties. Apart from the structural function, laminins and products of their 
degradation affect survival and differentiation of cancer cells, motility of cancer and stromal cells, angiogenesis, invasion 
into distant organs, and other aspects of cancer development. Here, we discus expression of laminins in colorectal can-
cer (CRC), studying of laminin functions in in vitro and in vivo models of CRC, and using laminins as prognostic markers 
of CRC. Recently, we have reported a new approach to assessing prognostic power using classifiers constructed from 
sets of laminin genes. The method allows for accurate prognosis of CRC and provides additional information that may 
suggest possible molecular mechanisms of laminin function in CRC progression.
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ЛАМИНИНЫ В КОЛОРЕКТАЛЬНОМ РАКЕ: ЭКСПРЕССИЯ, 
ФУНКЦИИ, ПРОГНОСТИЧЕСКАЯ ЗНАЧИМОСТЬ  
И МОЛЕКУЛЯРНЫЙ МЕХАНИЗМ ДЕЙСТВИЯ  
С.А.Родин1,2, Д.В.Мальцева1
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Резюме

Белки внеклеточного матрикса (ВНМ) представляют собой одну из важнейших составляющих опухолевой стромы. 
В отличии от других молекул ВНМ, ламинины являются семейством белков с ярко выраженными сигнальными 
свойствами. Кроме организации клеток в пространстве, ламинины и продукты их деградации влияют на выжива-
ние и дифференцировку опухолевых клеток, миграцию опухолевых и стромальных клеток, ангиогенез, инвазию 
опухолевых клеток и другие процессы развития рака. В этой работе представлен анализ литературных данных 
по экспрессии ламининов в опухолях при колоректальном раке (КРР), изучению роли ламининов в развитии КРР 
в in vivo и in vitro экспериментах и использованию ламининов как прогностических маркеров КРР. Недавно, мы 
применили новый подход, использующий классификаторы на основе экспрессии групп ламининовых генов, для 
изучения прогностической значимости ламининов при КРР. Этот метод позволил дать более точный прогноз раз-
вития КРР в пациентах и предложить возможный молекулярный механизм действия ламининов при КРР. 
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INTRODUCTION

Colorectal cancer (CRC) affects colon and/or rectum 
and is the second or the third (depending on gender) 
most common malignancy in humans. The individu-
al tumors are very different in the genetic/epigenetic 
mutations involved, the metastatic potential, the het-
erogeneity of cancer cell populations, and the tran-
scription profiles [1]. Therefore, there is a need for de-
velopment of prognostic and predictive strategies for 
efficient treatment of CRC [1]. Also, there are patients, 
especially at the late stages of CRC, that are resistant to 
existing treatment protocols warranting development 
of new approaches.

Tumors do not consist of the neoplastic cells only, 
but also cancer-associated fibroblasts, immune cells, 
vessels, extracellular matrix (ECM), and more [2]. Two 
major families of ECM, which are abundantly pres-
ent in tumors, are collagens and laminins. Laminins are 
heterotrimeric glycoproteins that consist of one α, one 
β, and one γ chains. Five α, four β, and three γ laminin 
chains and 16 trimers (laminin isoforms) have been de-
scribed in the human body to date [3]. Laminins are 
named after their chain composition, e. g. laminin-332 
(LN-332) consists of α3, β3, and γ2 chains. Some lami-
nin isoforms are capable of polymerization, e. g. as a 
part of basement membranes (BM) 3. BMs are thin lay-
ers of ECM proteins that consist of two interconnect-
ed polymers of laminins and collagens interconnected 
by nidogens with additional ECM proteins and growth 
factors attached [4]. The membranes isolate epithelial 
or endothelial cells from underlying stroma and are in 
contact with almost all organized cells in the human 
body. The blood and lymphatic vessels, the gut, and 
the tumors themselves contain BMs 3. Dissemination of 
cancer cells to metastatic sites implies traversing of up 
to four BMs making it an important part of cancer de-
velopment. In BMs, laminins are in direct contact with 
cellular surface interacting with various receptors such 
as integrins, sulfated glycolipids, dystroglycan, Lutheran 
receptor, 67 kDa laminin receptor, MCAM, and others 
[3]. Importantly, laminins have been shown to trigger 
signaling events inside the cells via interaction with the 
cellular receptors affecting survival, differentiation, po-
larization, and migration of the cells. It has been shown 
that the majority of steps of cancer development are 
affected by laminins at certain extent [5, 6]. Laminins 
have been used as prognostic markers of various can-
cer types including CRC [5]. Importantly, a therapeutic 
strategy targeting tumor-specific interaction between 
LN-332 and Syndecan 1 using monoclonal antibodies 
has been developed in order to inhibit squamous cell 
carcinoma proliferation and dissemination [7]. Hence, 
studying laminin functions in cancer is useful both for 

development of prognostic and therapeutic strategies.

Expression of laminin chains in the normal gut  
and CRC
Expression of all 5 known laminin α chains has 

been detected in the developing and mature human 
small intestine [8]. Expression of α4 is very low and 
mostly attributed to the mesenchymal tissues. Lami-
nin α1 chain is mostly expressed at the early stages of 
the intestine development and expression level in the 
mature gut is low, but localized in the epithelial frac-
tion that is believed to be the source of cells for the 
neoplastic transformation. Interestingly, there are evi-
dences that α1 laminins are involved in the progression 
of CRC (see below). Laminin α2, α3, and α5 chains are 
responsible for the maintenance and function of the 
mature small intestine suggesting the expression of 
LN-511, LN-521, LN-211, LN-221, LN-311, and, impor-
tantly, LN-332.

Among all laminin isoforms, LN-332 and its compo-
nents have been most often associated with cancer 
development and poor prognosis for the patients [9]. 
Several studies have shown expression of a LN-332 
component, γ2 laminin chain, in CRC tumors and, es-
pecially, at the invasive front [10–12]. Fukazawa et al. 
[13] demonstrated expression of another component 
of LN-332, β3 laminin chain, in tissue specimens from 
CRC patients. Immunostaining of tissue specimens 
from CRC patients has shown expression of α5 laminin 
(detected by 4C7 antibodies), β1, and γ1 chains and, 
surprisingly, almost no expression of β2 and α2 laminin 
chains [14]. Our analysis of existing microarray data of 
CRC tumors revealed significant expression of α5 and 
α4 laminin chains (Galatenko et al., in press).

Laminins in in vitro assays and xenograft models 
of CRC
Corroborating with the analysis of tissue speci-

mens from CRC patients, colon carcinoma cell line 
LIM1215 has been shown to express LN-511 and to ad-
here to it in EGF-dependent manner. The adhesion is 
mediated by interaction of LN-511 with multiple inte-
grin receptors, primarily integrin α6β4 [15]. Combina-
tion of EGF treatment and LN-511 substratum is also 
responsible for increased motility of LIM1215 cells [16] 
suggesting LN-511 involvement in the progression and 
metastasis of CRC.

Ectopic overexpression of LAMC2 gene, which en-
codes laminin γ2 chain, in HCT8 and HCT116 CRC cells 
led to increased rate of proliferation and enhanced 
migration and invasion compared with that of the vec-
tor-transduced control cells [17]. De Arcangelis et al. 
[18] introduced a α1 laminin expression vector into 
HT-29 human colonic cancer cells and injected the 
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cells into the nude mice (xenograft model). The induc-
tion of ectopic laminin α1 expression led to a signif-
icant increase in tumor growth and to an increase in 
recruitment of tumor and vascular cells into the tu-
mors in comparison with that in xenograft models 
based on unmodified HT-29 cells. Disruption of laminin 
α1 expression in CaCo2 epithelial colorectal adeno-
carcinoma cells that are normally express the laminin 
chain blocks the tumor growth in the xenograft mod-
els of CRC [18]. The in vivo experiments suggest that 
the influence of laminin α1 chain on the CRC tumor 
progression is important and reminiscent of the normal 
gut development.

Laminins as prognostic markers of CRC
Early studies of laminin predictive and prognostic 

power used single laminin chains as biomarkers of the 
outcome in the patients. Thus, prognostic implications 
of laminin γ2 expression have been thoroughly stud-
ied on several cohorts of CRC patients. One group has 
demonstrated positive γ2 laminin cytoplasm staining in 
96% of studied CRC tumors (89 out of 93) [10]. Uni-
variate analysis has identified LN-332 expression as a 
statistically significant marker of the outcome of the 
disease. However, multivariate analysis has failed to 
confirm that expression of laminin γ2 chain is an in-
dependent marker of CRC. A later study [11] utilized a 
cohort of 103 CRC patients and has confirmed by both 
uni- and multivariate analyses the predictive power of 

laminin γ2 chain expression. But, the method of quan-
tification chosen by the authors does not allow reliable 
absolute quantification of the expression. Shinto et al. 
[12] quantified laminin γ2-positive cells in different 
areas of 120 individual CRC tumors and evaluated the 
area-specific prognostic significance of the expression. 
Only expression of laminin γ2 chain at the invasive 
front of the tumor has been identified as an indepen-
dent prognostic marker in uni- and multivariate analy-
ses, while the expression in the center of the tumors 
has failed to correlate with the outcome of the disease. 
Huang et al. performed a meta-analysis of publically 
available datasets of microarray data of patients with 
CRC and found out that expression of γ2 correlated 
with poor clinical outcomes in terms of overall surviv-
al, disease-specific survival, disease-free survival, and 
recurrence-free survival [17]. Since laminin γ2 chain 
has been shown to enhance migration of cancer cells, 
the results are in concert with the probable molecular 
mechanism of γ2 action.

Another component of LN-332, β3 laminin chain, 
has been shown to be useful in predicting clinical out-
comes of CRC in patients in the stage dependent man-
ner [13]. While no significant difference in expression 
of β3 laminin chain in patients with good and bad prog-
nosis at Stage II of CRC was detected, among patients 
with Stage III high expression of β3 correlated with 
poorer prognosis. Importantly, expression of the lami-
nin chain has also a predictive power for Stage III CRC 
patients, because multivariate analysis has shown that 
β3-low patients benefited from adjuvant chemothera-
py and β3-high patients did not.

Proteomic analysis of secretomes from HCT116 CRC 
line and its more metastatic derivative revealed 
that expression of β1 laminin chain correlated with 
aggressiveness of the cells [19]. The authors also 
demonstrated using ELISA that expression of laminin 
β1 chain was significantly higher in patients with 
CRC in comparison with that in healthy individuals. But 
the study lacks statistical power as samples from only 
19 patients and 47 healthy individuals were analyzed 
and the conclusion warrants additional verification. If 
proven right, the method might be useful in the clinic 
for diagnostics of CRC.

We have applied a new approach to estimate 
cumulative predictive power of the entire laminin 
family (Galatenko et al., in press). The estimation was 
based on analysis of publically available datasets of 
microarray data of CRC patients using construction 
classifiers based on expression of laminin genes. 
Our data suggest that predictive power of the whole 
laminin family is higher than that of any individual 
chains, but it is achieved already with some pairs and 
triples of the genes. Analysis of the triplets and their 

Figure 1. Two possible molecular mechanisms of laminin involvement 
in progression of CRC. (A. and B.) Basement membrane (BM) perme-
ability hypothesis. A. Low ratio of α4 to α5 laminin chain expression 
levels leads to formation of hard-to-traverse BMs that might contain 
cancer cells inside the primary tumor. B. High ratio of α4 to α5 lami-
nin chain expression levels leads to formation of easy-to-traverse 
BMs that might facilitate cancer cell escape from the primary tumor. 
(C. and D.) Epithelial-mesenchymal transition hypothesis. C. Low ra-
tio of α4 to α5 laminin chain expression levels shifts plastic cancer 
cells to a more epithelial phenotype. LN-511/521 are represented 
as cross-shaped. D. High ratio of α4 to α5 laminin chain expression 
levels shifts plastic cancer cells to a more mesenchymal phenotype. 
LN-411/421 are represented as T-shaped.
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weights in the classifiers has revealed that high ratio 
of laminin α4 to α5 expression levels correlates with 
poorer prognosis in CRC patients. Application of the 
gene signatures method allows for not only more 
accurately predict the outcomes of CRC in patients, but 
also hypothesize the molecular mechanism of laminin 
action in the progression of CRC.

Possible molecular mechanisms of 
laminin involvement in progression of CRC
One possible mechanism of molecular action might 

be associated with BMs produced by cancer cells them-
selves. It has been earlier shown that leukocytes have 
an increased ability to traverse α4-rich BMs in compar-
ison with α5-rich BMs [20, 21]. Since molecular mech-
anisms of penetration through a BM are similar for 
leukocytes and cancer cells, laminin α4-low/α5-high ex-
pressing tumors produce hard-to-traverse BMs. It is pos-
sible that α5-rich BMs are impregnable for cancer cells 
thus the tumors restrict their own progression and dis-
semination (Fig. 1A). In case of laminin α4-high/α5-low 
expression, cancer BMs are easy to traverse that is the 
first step of the tumor progression (Fig. 1B).

Earlier, it has been shown that increased level of 
LN-411 and decreased level of LN-511 are associated 
with epithelial to mesenchymal transition (EMT) [22]. 
Importantly, LN-411 reduces adhesion of the cancer 
cells to LN-511, suggesting that high α4/α5 laminin 
expression ratio will lead to complete replacement of 
α5 laminins by α4-containg ones and will drive plastic 

tumor cells to a more mesenchymal and aggressive 
phenotype (Fig. 1C and D).

Both possible mechanisms of laminin involve-
ment in progression of CRC are just hypotheses and 
need experimental confirmation. The BM permeability 
hypothesis could be tested by quantification of circulat-
ing tumor cells in patients and xenograft models based 
on CRC lines with various α4/α5 laminin expression 
ratio. Also, analysis of xenograft models based on non 
aggressive CRC lines (such as RKO and SW-480) with ec-
topic overexpression of LAMA4 gene, which encodes 
laminin α4 chain, might be instrumental for testing of 
the hypothesis. The EMT hypothesis can be tested by 
simple treatment of CRC cells with purified laminin iso-
forms LN-511/521 and LN-411/421 to detect expres-
sion of markers of EMT.

CONCLUSION

Colorectal cancer is a serious healthcare problem 
that warrants development of new prognostic and 
therapeutic approaches. Application of the gene signa-
ture method allows for not only more precise progno-
sis of CRC outcomes in patients, but also allows propos-
ing possible molecular mechanisms of CRC progression 
and metastasis. Laminins are involved in progression of 
CRC in patients at different stages. Knowledge on the 
molecular mechanisms of laminin involvement in CRC 
might be useful for development of new therapeutic 
approaches.
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