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ADHESION MOLECULES IN LUNG CANCER
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POJIb MOJIEKYJ1 AAE3UUN NPU PAKE JIEFKOIo
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Adhesion molecules play an important role in normal and disease processes and are implicated in cancer invasion
and metastasis. In the last decade, the role of some adhesion molecules in lung cancer as possible biomarkers has
been enthusiastically investigated. In this review article we discuss the role of some integrins, E-cadherin, ICAM-1,
VCAM, NCAM, CEA, selectins and CD-44 as novel tumor tools in the pathology of the lung cancer.

Key Words: adhesion molecules, lung cancer, cadherins, integrins, selectins, IgSF, CD44.

MosieKyJibl aare3ud MPUHUMAIOT YYaCTHE B PSA/ie B3aUMOAEHCTBHI MeKIy KJIETKaMi M CyOCTpaToOM Kak B HOpMe, TaK U
MPH NATOJIOTHH, & TAKKE UTPAIOT BAa’KHYIO POJib B MHBa3UHM M MeTacTa3upoBaHuu omyxoun. B nocieanue 10 jer uccieioBana
POJIb HEKOTOPBIX MOJIEKYJI aIT€3UH KaK IIOTEHIHAIBHBIX OHOMapKepoB paka jerkoro. B 063ope o6cyskmaercs poab psga
unterpunoB, E-kagarepuna, ICAM-1, VCAM, NCAM, CEA, cenextunoB u CD-44 npu pake Jjierkoro.

Kmouesvie cnosa: MONEKRyIIbl afre3ud, paKk JIETKOro, KaJrepuHbl, HHTErpuHbl, ceaektubl, IgSF, CD44.

The development of adhesion bonds among cells
is a fundamental process, which plays a crucial role.
Adhesion molecules act both in the initial phase of
embryogenesis for tissue formation, as well as in nor-
mal architectural maintenance and physiological growth
in adults. The development and physiological opera—
tion of all tissues of multicellular organisms are con—
trolled through regulating reactions that occur among
cells or between cells and their extracellular matrix com—
ponents. In the last decade with the bulk of studies in
the fields of physiology, biochemistry and genetics it
has been revealed that many of these cell-cell or cell-
matrix interactions are mediated by elements that are
named adhesion molecules [1-3]. In normal, adhesion
molecules participate in tissue growth and maintenance,
white blood cells extravasation, blood coagulation,
wound healing and inflammation. In cancer, they are
involved in invasion and metastasis [4, 5].

In 1889, Paget posed the question, “What is it that
decides which organs will suffer in the case of a dis—
seminated cancer?” [6]. This question for more than a
hundred years remains basically unsolved. However,
many new studies and investigations have identified
that the nature of cancer invasion and metastasis is
based on a molecular level. The role of adhesion mole—
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cules has been further elucidated in recent years and
is regarded to be of utmost importance.

The theory of adhesion forces was at first develo-
ped in 1944 by Comman [7] who said, “Adhesive bonds
are those that hold the cancer cells together and the
loosening of these adhesive restraints between cancer
cells allows them to detach and spread to distant sites
in the body”. Fifty years onward from this hypothesis,
results from research continue to urge more suppor-
ting experimentation to contribute to Comman’s theo-
ry. The adhesion molecules have been studied using
monoclonal antibodies, which specifically bind to these
telltale molecules. Furthermore, nowadays various ge—
netic methods are available. Information about the ini—
tial site of the malignant cells as well as for their meta—
static potential to invade in specific organs is crucial in
recognizing the uncontrolled growth, disorganization of
cells, morphological differentiation, invasion and me—
tastasis to distant organs. All these processes can be
explained, at least in part, by changes in the molecular
specificity of the adhesion molecules in tumor cells both
in primary site and in metastatic site [8].

Clinically, adhesion molecules may be proved good
markers in some types of malignant tumors providing,
furthermore, useful information in diagnosis and prog—
nosis. Additionally, by the use of monoclonal antibod-
ies conjugated with radiolabelled materials or drugs,
adhesion molecules may be implicated in the treatment
field as well. Until now, more than 100 adhesion mole—
cules have been identified. They belong to five large
families: integrins, cadherins, immunoglobulin gene su—
perfamily (IgSF), selectins and CD44. Adhesion mole—
cules have genetic and biochemical differences but al-
ways they interact and cooperate.

Histological types of the lung cancer. Lung can-
cer is the most common cause of death among all types
of cancer. It is calculated that the number of deaths
from lung cancer exceeds 600,000 persons per yeatr,
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worldwide. Adenocarcinoma is the most common type
among all the histological types of lung cancer. Meta-
static spread is the main mechanism of death in pa—
tients suffering from lung cancer. According to the his—
tological characterizations of WHO (WHO, histological
typing of lung cancer, 1982), lung cancer is classified
into two large categories: small cell lung cancer (SCLC),
which represents 20-25% of all lung cancer, and non
small cell lung cancer (NSCLC) representing the rest
of the cases. Adenocarcinoma, squamous cell carci—
noma, adenosquamous cell carcinoma, and anaplas-
tic large cell carcinoma are types of NSCLC. Adeno-
carcinoma is subdivided in bronchioalveolar, alveolar,
lobular and mixed type. Bronchioalveolar carcinoma is
a well-differentiated variety of adenocarcinoma; his—
tologically it could be placed between adenocarcino-
ma and squamous cell carcinoma. However, its bio—
logical behavior differs significantly from the classical
adenocarcinoma since it is characterized by multiple
pulmonary locations resulting from its scattering by air
dispersion. This characteristic peculiarity is observed
only in this lung cancer histological type. Furthermore,
bronchioalveolar carcinoma is less aggressive with a
better prognosis comparing with the other histological
types of the lung cancer.

Integrins. Integrins are transmembrane glycopro-
teins consisting of a and B subunits. There are at least
15 different a chains and 9 different 3 chains allowing
thus by their combinations the presence of a large num-
ber of integrin molecules. They are mainly secreted by
epithelial cells, but other cell types may also secrete
integrins. The majority of integrins participates in cell-
substratum interactions acting thus as receptors of ex—
tracellular matrix components e.g. collagen, laminin, fi—
bronectin, and vitronectin [3, 9, 10]. Some members of
the integrins family, such as a3, and its closely related
LFA-1 (lymphocyte function associated—1) can further—
more function as cell-cell adhesion molecules. Integ—
rins found on lymphocytes intermediate in heterotypic
reactions among cells, bound with some members of
the immunoglobulin gene superfamily (IgSF). B inte—
grins play an important role in metastatic cell migration
in sarcoma Rous, bladder cancer, and colorectal can—
cer [10-12]. B integrins also participate in signal trans—
duction, as well as in oncogenesis, and cell growth pro—
cesses. Their critical role in lung cancer is still disputed
and little data is available, offering thus a rich field of
scientific research. Among integrins, (3, and B;are the
most studied. a,B, and a,f, integrins are virtually im—
plicated in the metastatic process in squamous cell lung
cancer. 03, integrin is implicated in the carcinogenetic
process in experimental animals suffering from ovari—
an cancer. This integrin has not at all been studied in
humans suffering from lung cancer. Of all B, integrins,
the a,,B; which is restricted to platelets, and the o3,
integrin, it is nowadays well known that they represent
receptors for fibronectin, fibrinogen, vitronectin, throm—
bospondin, and von Willebrand factor. It is of special
interest that some peptide analogues containing the
RGD (arginine—glycine—aspartic acid) sequence may

be useful in the prevention of lung cancer metastases
to other organs, since when they were intravenously
administered to mice, no lung cancer metastases in
other organs were observed [13, 14]. It is notable, that
this RGD sequence represents the integrins epitope.

Since cancer prognosis is dependent on the ability
of cancer cells to detach from the primary site and to
reattach to a secondary metastatic site, Bredin et al [15]
supported the important interactive role of 3, and 3; in—
tegrins which bind to anti-adhesive molecules of the
extracellular matrix e.g. thrombospondin. Furthermore,
the same investigators studied the integrins expression
in each of the main four histological types of lung cancer
(adenocarcinoma, squamous cell carcinoma, small cell
carcinoma and large cell carcinoma). They found that 3,
integrins were expressed in small cell and squamous
cell types of lung cancer. In all histological types of lung
cancer, with an exception of large cell and squamous
cell carcinoma, hapto— and chemo-tactic mobility to fi—
bronectin, laminin and type IV collagen was observed. It
is well documented that carcinogenic transformation is
clearly associated with alterations in the integrins ex—
pression. The VLA-3 integrin (very late antigen-3) as
well as its ligands (laminin, fibronectin, type IV collagen,
nikeine, and endactin/nintogen) were studied immuno-
histochemically in the different types of lung cancer by
Bartlazzi et al [16]. The a,B, integrin was expressed in
bronchial epithelium as well as in the basement mem-
branes of the airway tract. In NSCLC the same integrin
was expressed in 82% of cases, not depending on the
histological type and grade of the tumor [15]. Conversely,
only 13% of the SCLC expressed the a,f3, integrin and
its ligands. Integrins play an important role in cancer
prognosis. They can be used as biomarkers for disease
progression. Patients with SCLC and lymph node in—-
volvement were studied. Loss of the q, integrin expres—
sion was associated with a faster disease progression
comparing with the group of patients without lymph node
involvement [17].

Clark et al [18] studied the alteration in extracellular
matrix components observed in patients with adeno—
carcinoma of the lungs. They investigated the a,, a;, a,
integrins, as well as the type IV collagen and type IV
collagenase expression levels in those patients. They
found that the progressive loss of the type IV collagen
from the basement membrane as well as the reduced
expression of the a, integrins were clearly associated
with a lower grade in cancer differentiation [18]. Type IV
collagenase expression was associated with lymph node
involvement. When lymph nodes were involved, then the
0, integrin expression was significantly increased [18].
Other investigators have also shown that the cancer cell
interactions with extracellular matrix components are
mainly intermediated by 3, integrins [19].

Furthermore, it was detected that bone metastasis
in lung cancer cases is the result of a complicated
mechanism which is largely influenced by the osteo—
clasts activation and the subsequent interactions bet-
ween adhesion molecules and cancer cells. The me-
diating role of (3;integrins in the osteoclasts activity as
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well as in the parathyroid hormone secretion is very
significant [20].

Cadherins. Cadherins are transmembrane pro-
teins that represent the chief mediators of cell—cell
adhesion via calcium dependent, homotypic interac—
tions i.e. a molecule on one cell binds to cadherin
molecules of the same type on another cell [21]. In
the absence of calcium ions the cadherins are degra—
dated rapidly by a specific protease. Cadherins form
a family with dozens of members sharing some char-
acteristics regarding their structure and function. Cad-
herins are the most important of adhesion molecules
since when they are secreted, then the inhibition of
activity of other adhesion molecules that participate
in cell-cell adhesion has less or no meaning. Differ—
ent types of cadherins exist. Most important are: 1)
epithelial cadherin (E-cadherin) also known as LCAM,
uvomorulin, Arc—1, and cell-CAM 120/80; 2) neural
cadherin, (N-cadherin) which is expressed by nerve
and muscle tissue; 3) placental cadherin, (P-cad-
herin); 4) retinal cadherin, (R-cadherin); and 5) vas—
cular endothelial cadherin (VE—cadherin) which is ex—
pressed by vascular epithelia. Cadherins function is
regulated directly by their binding to a series of intra—
cellular proteins, named catenins, (a, B, and y); they
interact with the actin filaments of the cytoskeleton
[22]. The group of catenins consists of a—catenin, -
catenin, y—catenin, as well as the p120 molecule, which
is regarded to be a new catenin. Loss of function and/
or expression of anyone of the E-cadherin/catenin
complex elements makes the cell unable to act ad-
hesively. Reestablishment of the E-cadherin/catenin
complex makes it once more capable for adhesion
interactions. E—cadherin downregulation has been as—
sociated with a number of cancers including gastric
cancer, pancreatic cancer, head and neck cancer,
bladder cancer, prostate cancer, colorectal cancer,
breast cancer and primary liver cancer [23—-30]. Re—
cent studies have shown a decreased expression of
E-cadherin in lung cancer cases [31, 32]. In a recent
study, it was shown that E-cadherin could be a useful
prognostic indicator in the course of patients with lung
cancer since levels of E-cadherin showed diagnostic
sensitivity in 66.6, 47.6 and 43.7% of the patients with
squamous cell carcinoma, SCLC, and adenocarcino-
ma, respectively [32]. The expression of E-cadherin/
catenin complex was also studied in NSCLC cases. A
decreased expression of E-cadherin, a—catenin, and
y—catenin was detected while f—catenin was not ex—
pressed at all [32]. Additionally, an association be—
tween E-cadherin/a—catenin complex with the histo—
logical type of adenocarcinomas was found. A de-
crease in the expression of this complex was also
found in poorly and moderately differentiated lung
carcinomas. In the well differentiated carcinomas al-
terations like the above mentioned were not observed
[32]. Alterations in E-cadherin/catenin complex were
also found in NSCLC. It is well documented that this
complex plays a fundamental role in the establish—
ment of a malignant, aggressive phenotype.

Mesothelioma is a very aggressive carcinoma usu—
ally involving individuals exposed to asbestos. The dif-
ferential diagnosis of mesothelioma from lung adeno—
carcinoma is often very difficult. It has been clearly
shown that E- and N-cadherin can be used as dia-
gnostic/differentiating markers in the above mentioned
cancer types [33]. In particular, it was shown that
N-cadherin is expressed in the pleural cells of me-
sotheliomas, whilst E-cadherin is not expressed in
those cells. E-cadherin is expressed, though, in other
epithelial cells of the lungs [30]. The reliability of these
two cadherins as diagnostic and differentiating mar-
kers is confirmed by the use of the monoclonal anti-
bodies and immunohistochemistry [31].

The expression of E—cadherin/catenin complex is
also applied in the differential diagnosis between bron-
choalveolar carcinoma and adenocarcinoma. This ex—
pression is much higher in bronchoalveolar carcino-
mas [34].

In SCLC, an expression of various cadherin types
is observed. Particularly, downregulation of E-cadherin
is found being directly associated with a less invasive
ability in the primary site, but with a high metastatic
potential [35, 36].

Immunoglobulin gene superfamily (IgSF). Mem-—
bers of IgSF are surface cell molecules sharing a seg—
mental structural region consisting of 70-110 amino
acids in the immunoglobulin chain. In this family be-
long molecules that are involved in cell recognition like
the major histocompatability antigens (MHC), lympho—
cyte function associated antigen (LFA-1), receptor of
the platelet derived growth factor (r-PDGF), platelet
endothelial cell adhesion molecule-1 (PECAM-1),
colony stimulating factor receptor (CSF-1R). Further—
more, this superfamily includes molecules that partici—
pate in neural cell adhesion such as neural cell adhe—
sion molecule (NCAM), vascular cell adhesion mole-
cule (VCAM), intercellular cell adhesion molecules,
(ICAM-1, ICAM-2), product of the deleted in colon can—
cer gene (DCC), and the since 1965 recognized car-
cinoembryonic antigen (CEA) [37-39]. IgSF members
mediate the cell-to—cell adhesion interactions in ho-
motypic (e.g., an ICAM on one cell binds to an ICAM of
the same type on another cell) or heterotypic manner.

ICAM-1, VCAM-1 and LFA-1 play an important role
in the inflammation processes of the air exchange route
as well as in oncogenesis. ICAM-1 is expressed in
NSCLC and LFA-1, which is a ligand for ICAM-1 par—
ticipating in T-lymphocytes response, is moreover ex—
pressed in lung adenocarcinomas in contrast to the
VCAM-1 expression [40]. ICAM-1 participates signifi—
cantly in carcinogenesis and metastasis. Serum levels
of ICAM-1 were apparently high in patients with lung
cancer comparing to healthy individuals. Additionally,
serum levels are directly associated with disease sta—
ges. Though, after therapeutic intervention serum ICAM
levels seems not to be altered [41]. In patients with re—
lapsing lung cancer who received blood transfusions,
a negative correlation between ICAM-1 expression le—
vels and metastasis was observed [42].
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High NCAM serum titer is a dynamic biomarker for
SCLC cases. Recently, it has already been exploited in
clinical practice [43]. By using monoclonal antibodies
against NCAM it is easy to identify the neurosecretory
carcer cells which normally are absent in the respiratory
epithelium. Thus, NCAM is a very good specific bio—
marker in neuroendocrine tumors of the lungs. NCAM is
constantly expressed in SCLC and carcinoids. Possibly,
this is valid for NSCLC cases, but a larger number of
studies are still needed. Nevertheless, presence of neu—
roendocrine biomarkers in NSCLC may not be signifi—
cantly associated with prognosis, though it is obviously
implicated in the management field since NSCLC tu-—
mors with increased neuroendocrine differentiation
seems to be highly chemosensitive. NCAM is not ex—
pressed in adenocarcinomas and squamous cell carci—
nomas of the lung. NCAM is a very sensitive indicator in
tumors of neuroendocrine origin with 80, 93 and 58%
expression in large cell neuroendocrine carcinomas
(LCNEC), SCLC and carcinoids, respectively [43].

CEA is an oncofetal glycoprotein of the IgSF inter—
mediating in cell adhesion requiring simultaneously the
presence and function of some other adhesion mole-
cules. It is well established that CEA and E-cadherin
both participate in lung epithelial junctions as well as in
the cytoskeleton formation. In SCLC decreased CEA
expression was associated with high grade metastatic
tumor ability [36].

It is well known that angiogenesis plays an important
role in tumor growth and metastasis. A prevascular and
a vascular phase are recognized in this phenomenon.
Endothelial cells play a crucial role is both phases. Thus,
antibodies against factor VIl and PECAM play an im-
portant role. PECAM is more sensitive in studying im—
munohistochemically the angiogenesis phenomenon. It
has been clearly shown in NSCLC cases [44].

Selectins. Selectins are transmembrane glycopro-
teins with a domain rich in lectin that bind to carbohy-
drates and mediate in heterotypic reactions between
blood cells and endothelial cells during the lymphocyte
homing and leukocyte adhesion. The well known mem-
bers of this group are P-selectin (also known as
GMP-140 or PADGEM), E-selectin (also known as
ELAM-1) and L-selectin. These molecules are found
on the surface of activated endothelial cells, which have
the suitable receptor. L—, P—, and E-selectin partici—
pate in calcium—dependent cell-cell adhesion, medi-
ating the initial attachment of flowing leukocytes to the
blood vessel wall during the capture and rolling step of
the inflammatory adhesion mechanism [45]. Accumu—
lation of leukocytes in inflammation in response to me—
diators is essential for effective host defense to infec—
tion and injury. E—selectin acts on stimulated by cyto—
kines endothelial cells, so that these endothelial cells
interact with cancer cells, leading to further progres—
sion of the metastatic process. The relation between
serum levels of E-selectin and prognosis in NSCLC
cases were studied by measuring serum levels of two
carbohydrate antigens, the sialyl Lewis x (SLX) and the
sialyl Lewis a (CA19-9) [46]. It was found that high

serum E-selectin levels in patients were associated with
a worse prognosis comparing with patients who had
normal serum E-selectin levels [46]. In more detail,
when high serum levels of E-selectin were associated
with high levels of carbohydrated antigens (SLX and
CA19-9), then the prognosis was extremely poor [46].
Studies have also shown that carbohydrate antigens
(SLX and CA19-9) play a role of ligands for selectins
and are responsible for the cancer cell adhesion to the
endothelium. The E- and P-selectins intermediate in
these reactions. The carbohydrate antigens are found
in different types of cancer. Mostly, they have been
detected in lung cancer, gastric cancer, pancreatic
adenocarcinoma and colorectal cancer, being detec—
ted either in cancer cell surface or in blood serum of
patients. Thus, they have been proposed as important
indicators in the diagnosis of cancer. Until now, research
has shown that selectins and their ligands play an im—
portant role in cancer invasion and metastasis [47].
Another endothelial cell adhesion molecule, the
Lu-ECAM-1, produced in lung blood vessels, is strong—
ly associated with the metastatic implantation of mela—
noma cancer cells to the lungs.

CD44. CDA44 is a cell surface glycoprotein that plays
an important role in lymphocyte cell homing, activation
of T—cells and adhesion of hyalouronate and other ex—
tracellular matrix proteins to cells, participating thus in
the metastatic cascade [48]. Recent studies have
shown that CD44 mediates cell-cell and/or cell-matrix
interactions.

Many research data support the role of CD44 in the
early cancer diagnosis. With the use of polymerase
chain reaction (PCR), Matsumura et al [49] showed that
the neoplastic tissues overexpress many CD44 splice
variants. This phenomenon does not appear in normal
tissues. The expression of a specific gene seems to be
associated with the presence of metastasis. Of course,
more research data is needed to support the above
mentioned observations [49]. Various CD44 splice vari—
ants are dependent on different exon locations in the
CD44 molecule. Until now at least nine splice variants
of CD44 have been identified. The CD44v6 isoform is
regarded to be a good prognostic indicator in the first
stage of NSCLC patients. This fact is not valid for the
CD44s variant [50].

In general, CD44 expression is associated with tu—
mor development in colorectal cancer, breast cancer,
bladder cancer, prostate cancer as well as in melano—
mas. Its expression is neither related to SCLC nor to
NSCLC (brochioalveolar carcinoma of the lung is an
exception). The normal bronchial epithelium strongly
expresses CD44 at the basal part and not at the apical
ones. In adenocarcinoma a decreased/absent expres—
sion of CD44 has been observed [51]. Further research
is needed to elucidate and reevaluate the entire role of
CD44 in lung cancer cases.

Conclusions. In recent years, a bulk of information
on the role of adhesion molecules in normal and di-
sease processes has been published. The interest is
heating up among adhesion molecules that could be
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possible biomarkers in diagnosis and prognosis of va—
rious malignancies. The role of different adhesion mo—
lecules in lung cancer has not sufficiently been clari—
fied. Integrins play a crucial role in lung cancer, but only
little data is available. a3, and a,[3, integrins are impli—
cated an squamous cell carcinoma of the lungs. The
role of a3, integrin which is very well documented in
experimental animals, has not at all been studied in
human lung cancer cases. Peptide analogues with RDG
sequence prevent lung cancer metastases to other or—
gans in mice. 3, integrins are expressed in SCLC and
squamous cell types of lung cancer. a,B, integrin is
expressed in the majority of NSCLC and in only 13% in
SCLC. E-cadherin is downregulated in lung cancer,
being furthermore a useful prognostic indicator with a
significant diagnostic sensitivity in SCLC, squamous cell
carcinoma of the lungs, and adenocarcinoma. Down-
regulation of E-cadherin, a—catenin, and y-catenin (but
not of B—catenin) is observed in NSCLC cases. In
adenocarcinoma of the lung, a direct association bet-
ween E-cadherin/catenin complex and tumor grade is
observed. In mesotheliomas, N-cadherin (but not
E-cadherin) is expressed. Thus, N-cadherin comes in
very handy as a differentiating diagnostic tool mainly
for lung adenocarcinoma. Bronchioalveolar carcinomas
highly express E—cadherin. Various types of cadherins
may be expressed in SCLC. ICAM-1 is expressed in
NSCLC, while VCAM is not expressed. NCAM is a very
good diagnostic marker in SCLC with exploitation in
clinical use. Neurosecretory tumors constantly express
NCAM, which is a very sensitive indicator in tumor cases
of neuroendocrine origin. CEA expression is downregu—
lated in SCLC in association with high tumor metasta-
tic ability. PECAM is the most sensitive indicator of an—
giogenesis. High serum E-selectin levels are observed
in patients suffering from lung cancer and are directly
associated with the prognosis. CD44 is not expressed
in SCLC or adenacarcinoma (except for alveolar cell
carcinoma). However, for more reliable results, the role
of CD44 needs to be reevaluated.
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