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INTEGRIN RECEPTORS IN PRIMARY LUNG CANCER
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In the present review recent data regarding the role of integrins — an important category of adhesion molecules
mediating interactions among cells and components of the extracellular matrix — in lung cancer development is
discussed. Investigations have shown that down-regulation of a3 integrin subunit may contribute to enhanced tumor-
igenicity of c-myc-overexpressing small cell lung carcinoma, while the loss of avintegrin expression is correlated with
recurrence in node-negative lung carcinoma. Increased expression of a1f1 and 02p1 integrins have been shown to be
positively correlated with increased metastatic ability in squamous cell carcinoma. a3p1 integrin is a most critical
integrin for pulmonary development and epithelium integrity and its reduced expression in small cell lung cancer is
probably related to the increased aggressiveness of this type. Pulmonary cancer cells generally express fewer integrin
receptors than the normal epithelium. Additionally, since the ability of malignant cells to interact with extracellular
matrix components is thought to be important, integrin dependent migration of lung cancer cells is a crucial process.
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In multicellular organisms the development of adhe—
sion bonds either among cells or among cells and com—
ponents of the extracellular matrix, is a crucial process.
That is why it plays a main role both at early stage of
tissue consistence and later on. This happens because
the adhesive process is directly related to the differen—
tiation, architecture and normal tissue development. The
extracellular matrix consists of different proteins and
various polysaccharide molecules. The interactions
either among cells or among cells and substratum are
mediated by some molecules, which are named ad-
hesion molecules [1-3]. These molecules are very im—
portant because they determine if one cell remains
somewhere and where or if it migrates and where as
well as when it stops. Adhesion molecules participate
in the processes of embryogenesis and normal growth,
leukocytes migration and extravasation, wound heal-
ing, blood coagulation and inflammation, as well as in
tumor invasion and metastasis [4].

Since 1889 Paget had expressed the question:
“What is this that determines which organs will suffer in
case of a generalized cancer?” [5]. Today more than a
hundred years later, the question is still unanswered.
However, new data is accumulated. The theory of ad-
hesion bonds between cells that at first was reported
by Coman in 1944, a little after the 2™ World War, is
nowadays, at least in part, explained by cell adhesion
[6]. Cell adhesion is a key process. It has been postu-
lated that changes in cell-cell and cell-matrix interac—
tions account for the ability of cancer cells to trans-
gress normal tissue boundaries and disperse to dis—
tant sites. Complex and coordinated reductions and
increases in adhesion have been proposed to be ne-
cessary for tumor invasion and metastasis. It is now
obvious that the basic characteristics of the malignan—
cy as the out of control proliferation, the disorganisa—
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tion of cellular and morphological differentiation, the
tumor cell invasion and migration to distant organs can
be explained by the observed changes in adhesion
molecules, in the primary site and the metastatic or-
gan-target too [4, 5].

Adhesion molecules belong to five known families:
integrins, cadherins, immunoglobulin supergene fami—
ly (IgSF), selectins and CD44. These molecules are
different genetically and biochemically, but in some
cases they play roles that correlate with each other.

Integrins are transmembrane glycoproteins that form
heterodimers consisting of an alpha (o) and a beta (f)
subunit. There are 15 different § subunits and 9 a. sub—
units. The particular combination of a and f§ subunits
determines the specifity for ligand binding (Table). In—
tegrins are secreted by epithelial cells and by any type
of cell that derives from the three primary spermatic
zones. Most of them are SAM (substrate adhesion
molecules) mediating interactions among cells and
components of the extracellular matrix. Some of them
may be CAM (cell-cell adhesion molecules) partici—
pating in cell-cell interactions too, i.eg. the a4f1 and
the LFA-1 (lymphocyte function associated—1). Inte—
grins that are expressed by lymphocytes mediate het—
erotypic adhesion cell to cell, binding with some mem-
bers of the IgSF. Changes in secretion and/or in func—
tional activity of integrins, appear to merely regulate
the development and the progression of malignant tu—
mors. While their presence is important for the cell in—
stallation and differentiation, their change leads to more
aggressive behaviour. In vivo, changes of integrins have
been observed in epithelial malignancies like lung can-
Table. Functional classification of integrin receptors based on their binding
specificity

Integrin receptors
Collagen receptors
Fibronectin receptors
Laminin receptors

Vitronectin receptors
Others

Binding specificity
1ol a2, o3, av
B1-a3 a4, ab,p3-av, allb, 6, av, p7-ad
B1-a1, a2, a3, a6, a7, f3-av, 4-ab
B1-av,p3-av, allb, f5-ov
B1-a8 a9, 8-av
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cer [7], breast cancer [8], colorectal cancer [9], pros—
tate cancer [10], gastric cancer [11], pancreatic cancer
[12], hepatocellular carcinoma [13], renal cell carcino—
ma [14], skin cancer [15], ovary cancer [16] and en—
dometrial cancer [17].

Beta integrins appear to play a central role in mi—
gration of different human tumor cell lines including fi—
brosarcoma, bladder carcinoma and colon carcinoma
[18]. In the present review article we are dealing with
integrins adhesion receptors in primary lung cancer.
The role of integrins in the migration of lung cancer cells
has not been extensively investigated, offering a bril-
liant field of research. 1 and B3 integrins have been
better investigated. Integrins are very important for the
normal development of the lung, the host defence to-
wards pulmonary infection and in pathogenesis of adult
respiratory distress syndrome (ARDS) [19]. By using
monoclonal antibodies there has been identified the
participation of some integrin subunits in normal lung
and particularly in bronchial epithelium, endothelium and
smouth muscles of the lung.

Increased expression of a1p1 and a2p1 integrins
have been shown to be positively correlated with in—
creased metastatic ability in squamous cell carcinoma
[20]. In addition, B 1 integrins show charasteristic dis—
tribution patterns in solid tumors and they are poten—
tially useful in tumors identification. a3p 1 integrin is a
most critical integrin for pulmonary development and
epithelium integrity and its reduced expression in small
cell lung cancer is probably related to the increased
aggressiveness of this type. a3p1 is the main laminin
binding integrin anchoring alveolar and bronchial epi-
thelial cells to the basement membrane at all stages of
human fetal lung development, as well as in adults [21].
Additionally, mice homozygous for a3 integrin gene
deletion die shortly after birth appearing lungs that have
markedly reduced branching from the mainstem bron-
chi and terminal bronchial epithelium being cuboidal
rather than flattened as in normal lung is observed [22].
a3p1 integrin was detected in bronchial epithelium and
basement membrane of the airways. An apparent step-
wise decrease in the expression of integrins including
a3pB1 has been observed, in order, from normal bron-
chial epithelium to non small cell lung carcinoma and
then to small cell lung carcinoma. Pulmonary cancers
generally express fewer integrin receptors, than the
normal epithelium [23, 24] and for non small cell lung
carcinoma, the decrease in a3g 1 is significantly more
common in poorly differentiated tumors [23].

On the other hand, Bartolazzi et al [25] reported that
integrins are expressed in 82% of the patients with non
small cell lung carcinoma (NSCLC) with no any asso-
ciation with the type and the degree of differentiation.
On the contrary, only 13% of small cell lung carcinoma
express a3p1 integrin and its ligands which are locat-
ed near the basement membrane of the cell.

Barr et al [26] correlated the decreased expression
of a3p1 integrin with the highly invasive and metastatic
behaviour of small cell lung carcinoma (SCLC). In their
study they used the most virulent SCLC cell line, the

one that overexpress the c-myc oncogene. The ex—
pression of c—-myc is accosiated with reduced homo-
typic cell adhesion, small cell doubling time and en-—
hanced soft agar cloning ability. In addition, c-myc ex—
pression leads to reduction of a3f1 integrin, while the
transfection of a full length gene encoding the a3 inte—
grin reverses some of the effects of c—-myc, by increas—
ing SCLC cell aggregation and depressing soft agar
cloning, but it does not affect the doubling time. The
inverse relationship between c—-myc and a3p1 integrin
has been demonstrated in other tumors too, as in neu-
roblastoma, where the increased expression of N-myc
resulted in the reduced expression of a2, a3 and p1
integrin subunits [27, 28], increase of tumor cell inva—
siveness and worsened tumor prognosis [28]. Finally,
they observed that engaging the a3p1 with specific
antibody P1B5 enhances the soft agar cloning ability
of the transfected cells, but it does not affect cell ag—
gregation. These findings suggest that a3p1 integrin
may mediate the homotypic adhesion of SCLC cells
and that unengaged a3f1 integrin suppresses the
growth of desaggregated SCLC cells. Thus, the down—
regulation of the a3 integrin subunit may contribute to
the enhanced tumorgenicity of c-myc overexpressing
SCLCs by allowing the growth of tumor cells that have
reduced contact with ligand—expressing substratum or
cells, a condition that occurs during the growth of the
primary tumor, tumor invasion and metastasis.

The B3 class of integrins includes: the platelet gly—
coprotein allbp3 and avp3 which binds fibronectin, fi—
brinogen, vitronectin, thrombospontin and von Willle—
brand’s factor.

Given that cancer prognosis depends on the ability
of cancer cells to detach from the primary site and to
attach to the metastatic one, Bredin et al [24] support
that f1 and B2 integrins play an important role in the
tumor progression, on the whole, since these integrins
connect with molecules that have anti—-adhesion role,
e.g. thrombospondin. Thus, they examined five cell lines
representing the major types of lung cancer (adeno-
carcinoma, squamous cell carcinoma, small cell lung
cancer, large cell lung cancer) by performing cytomet-
ric analysis to characterize their integrin expression. The
main finding was that lung cancer cell migration to—
wards extracellular matrix is integrin dependent. The
basement membrane is normally impermeable to large
proteins and cells. However, during tumor cell inva—
sion, tumor cells attach to components of the extracel-
lular matrix and the basement membrane, degrade it
and migrate through the matrix [29]. Integrins appear
to play a central role in this adhesion process. The same
conclusions have been made in fibrosarcoma, bladder
carcinoma and colon carcinoma [18]. The role of inte—
grins for the migration of lung cancer cells has not been
extensively investigated. In addition to mediation to cell
adhesion and motility, the p1 integrin family also par—
ticipates in signal tranduction [30, 31], tumorigenicity
[32, 33] and growth regulation [33, 34]. Changes in
expression or modification of the integrins have been
noted during malignant transformation in various cells
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but only a few studies have reported a clear correlation
between the degree of transformation or malignancy
and and the pattern of the integrin expression. For ex—
ample, high levels of expression of the o181 and o241
integrin have been related to increased metastatic ability
in squamous cell carcinoma cells. In particular, Bredin
et al demonstrated that all histological types express
B 1 integrins, exept large cell lung cancer. In squamous
cell carcinoma and large cell carcinoma a 3 integrin
expression was found. All cell lines showed hapto- and
chemotactic migration towards fibronectin, laminin and
type IV collagen, except the large cell line that did not
show hapto— or hemotaxia towards laminin and the
squamous cell line, which did not show chemotaxia to—
wards none of the three above mentioned elements.
Using monoclonal antibodies, it was demonstrated that
B1 integrin was necessary for this chemo and hapto-
tactic cell migratipon, while $3 subunit was not. In large
cell lung cancer, which does not express 1 integrin,
CD44 seems to have a mediating role.

Alterations in extracellular matrix, cell-cell and cell-
matrix adhesion are thought to be important in tumor
progression and metastasis. Keeping that in mind, Clar-
ke et al [35] studied adenocarcinomas of the lung for
immunohistochemical expression of integrins a2, a3,
av type IV collagen and type IV collagenase. Type IV
collagen represents a major structural component of
the basement membrane, essential for anchorage and
growth of normal epithelial cells and benign epithelial
proliferations [29]. Type IV collagenase is a neutral
metalloproteinase that plays a major role in its metabo—
lism. Loss of basement membrane permits lung can-
cer cells enter the blood and lymphatic vessels creat-
ing a systematic spread. Their results showed that in—
tegrins a2 and a3 and type IV collagenase expression
differ in tumors that have and have not spread to re—
gional lymph nodes, and that this finding might be prog—
nostically and therapeutically important. In particular, it
was found that with decreasing tumor differentiation,
there is a progressive loss of type IV basement mem-
brane collagen and decreased integrin a2 expression.
Integrin av was increased in tumors with nodal me-
tastasis compared with those without metastasis. The
importance of an integrin expression has been observed
in melanoma too, where cells selected for low expres—
sion of avp3 grew more slowly when injected into im-
munodeficient mice compared with cells expressing
normal levels of avp3 integrin. This inhibition is revers—
ible with transfection av complementary DNA. In hu-
man melanoma, the vitronectin receptor is expressed
in metastatic melanocytes, but not in benign melano—
cytes [36]. Loss of a2 and a3 integrin was associated
with increased an expression. Type IV collagenase ex—
pression was associated with lymph node metastasis
and appears to be an independent predictor of short—
ened survival. So, measurable alterations in integrins
and extracellular matrix may be of prognostic impor—
tance in recectable adenocarcinomas of the lung.

Contrarywise, Smythe et al supported that loss of
an integrin expression is related with recurrence in pa—

tients with node negative lung carcinoma who under—
went “currative” resection [23]. Neither histologic type
nor tumor differentiation status correlated with recur—
rence during follow up. However, 75% of patients with
negative nodes who exhibited recurrence lost an ex-
pression, compared with only 10% of patients with neg—
ative nodes who did not exhibited recurrence. So, loss
of an expression may serve as a marker for patients
with node negative non small cell lung carcinoma who
are at high risk for recurrence, potentially directing ad—
ditional therapies.

Interactions between carcinomatous cells and lami—
nin, a major component of basement membranes, play
a pivotal role during several steps of the invasion-me—
tastasis cascade [37]. Integrin laminin receptors include
al, a2, a3, a6 and a7 in various combinations with p1
and p4. The differential expression of laminin recep-
tors has been shown to modulate the invasive capa-
bility of malignant cells. The role of a1 in the invasive
and metastazing phenotype of epithelial neoplasms
appears limited except for hepatocellular carcinomas
[38], small cell neuroendocrine, and, notably, bronchi—
oloalveolar lung carcinomas [39]. Downregulation of a2
has been reported in many different tumors [40], where—
as data about a7 are fragmentary [41]. In contrast, a3
and a6 containing integrin laminin receptors have been
consistently reported to be strongly expressed in nu-
merous epithelia and their perinent carcinomas [17, 40,
42-45].

As for squamous carcinoma and adenocarcinoma
of the lung, Patriarca et al [46] showed that a3 integrin
is strongly expressed and that it predominates over 6.
In addition, it was found predominance of a6A subunit
expression over the one of a6B subunit. It is remark—
able that in normal bronchial epithelium, a6 colocal-
ized with 4, whereas in the tumor, a.6A frequently over—
lapped with g1 in a circumferential pattern. It appears
that av a3/a6 balance could play a role in the variable
metastatic behaviour of neoplastic cells of different pri—
mary sites. Particularly a3 predominates over a6 in tu—
mors with more precocious and often widespread met-
astatic properties, such as lung, kidney and ovary [42,
45-47]. Conversely, in tumors with somewhat more
restricted or selective (lymphatic), and often sluggish
metastatic proclivities a6 is often predominant over .3,
i. eg colon [42, 44, 45], and endometrium carcinomas
[17]. Similarly, in less aggressive carcinomas, predom-
inance of a6B was reported. Interestingly, in experi—
ments in vitro, a6A/f1 was shown to induce a migra—
tion capacity twice stronger than that induced by a.6B/g1
[48]. Interestingly in many cases, it was found a total
switch from the hemidesmosome-associated laminin
receptor (a.6/p4) of normal bronchial structures to the
less structurally and spatially organized laminin receptor
(a6/p1). Finally, it was found an inverse correlation be—
tween B1C splice variant of 1 and proliferation-relat—
ed molecule ki-67.

This suggests that integrins might become future
parameters of prognostic relevance. Notably a simi-
larly inverse correlation was recently reported in some
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breast carcinomas [49]. All these concern squamous
cell carcinoma, adenocarcinoma, and large cell carci—
noma. Small cell carcinoma differ significantly in inte—
gin expression profile [35, 47]. Integrins also differed
significanrly in pulmonary alveolar cell carcinomas in
which a1p1 and a3p1 are consistently found, whereas
a6 was consistently absent [47].

Interaction between cancer cells, extracellular ma—
trix and endothelial cells is a crucial factor for meta—
static cascade in lung cancer. The integrins that medi-
ate this interaction are mainly g1 integrins. It is inter—
esting that it has been observed that integrin-like
proteins that contain the aminoacid sequence RGD
(arginine— glycin—aspartic acid) can be used for pre—
venting metastasis of the lung when they are given with
antibodies which have this epitope. It is reminded that
integrins are connected with substrance by RGD se-
quense.

Bone marrow metastasis is a result of a multistep
process that includes osteoclasts motivation and inter—
action between the adhesion molecules of the cancer
cells and the ones of the bones. Several studies have
shown the mediating role of 33 integrins in motivation of
osteoclasts and the expression of parathyroid hormone.

In conclusion, the role of integrins is multiplex, but
there are a lot to be illustrated until they take their place
in cancer diagnosis and therapy. Many studies are in
process and it is very possible that soon some inte—
grins will prove useful biomarkers.
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POJ1Ib MOJIEKYJ1 UHTETPUHOB NP1 NEPBU4YHOM PAKE JIETKOIO

OG630p MOCBSIIEH AHATM3Y MOCJIEHAX JAHHBIX O POJIM HHTETPHHOB — MOJIEKYJI a/IT€3UH, OIIOCPEAYIOIHUX B3aUMOIEHCTRBIS
MESK/IY KJIETKAMHU ¥ BHEKJIETOUHBIM MATPUKCOM, B PA3BUTHH PAKa JIETKOr0. Pe3yJibTaThl HCCIIE0BAHMS CBUIETENBCTBYIOT O
TOM, YTO yrHETEHHE IKCIPECCHH CYObEAMHUIBI 0.3 HHTErPUHA MOKET BHOCHTb BKJIAJ[ YCHJIEHHE TYMOPOT€HHOCTH KJIETOK
MEJIKOKJIETOYHOI KapIMHOMBI JIETKHMX, THIIEPIKCIPECCUPYIONIMX C-MYC, B TO BPeMsl KaK yTPaTa 9KCIPECCHU HHTETPHHA OV
KOPPEIHMPYET ¢ PENUIMBOM KapIMHOMBI JIETKHX, He HMeIoleil MeTacTta3oB B TMM(MATHIECKNX y3JaX. Y CTAHOBIEHO, YTO
runepakcnpeccusi MHTerpuHoB ol f1 u 02f1 MOJIOKUTETHHO KOPPEIUPYET C NOBBINIEHHOH METACTATUYECKOM CIOCOGHOCTHIO
IUIOCKOKJIETOYHO# KapuuHombl. UHrerpud a3B1 BaskeH [UIsi TKAHU JIETKOTO U IEJIOCTHOCTU SNUTEJHSI, U €r0 IOHMKEHHAS
IKCIPECCUs] NIPU MEJIKOKJIETOYHOM PaKe JIErKOro, BO3MOKHO, ONpEENsET arpecCUBHOCTh TOr0 THNa paka. Booouie,
OIyX0JIEBbIE KJIETKU SKCIPECCHPYIOT MEHbIIE PELENTOPOB HHTETPHHOB 110 CPABHEHHIO ¢ HOPMAJIBHBIMH JIIHTEIHAIbHBIMU
KJIETKaMH, YTO BJIUSET HA HHTETPHH3ABHCUMYIO MUTPAIMIO OMYXOJEBBIX KJIETOK.

Kntouesste caoea: pak Jerkoro, HHTErpPUHbI, MOJIEKYJIBI aJir€3UH.
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