
INTRODUCTION
En dome trial can cer is one of the most com mon gy ne -

co logi cal ma lig nan cies in Pol ish popu la tion with
in ci dence es ti mated at 15 per 100,000 women per year.
The most cases (80-90%) of newly di ag nosed spo radic
en dome trial car ci no mas are estrogen- related tu mors (type 
I) and they are as so ci ated with en dome trial hy per pla sia
show ing ex pres sion of es tro gen (ER) and pro ges ter one
(PR) re cep tors. These tu mors arise in rela tively younger
pre- or post- menopausal women and are as so ci ated with
ei ther en doge nous or ex oge nous, un op posed es tro gen ex -
po sure [12]. His to logi cally, they are low- grade,
en dometrioid en dome trial car ci no mas but the rare mu ci -
nous ade no car ci no mas are also con sid ered Type I carci-
no mas, since they usu ally ex press es tro gen and/or pro ges -
ter one re cep tors. Clini cally, Type I car ci no mas are usu ally
char ac ter ized by a fa vor able prog no sis. About 10-20% of
spo radic en dome trial can cers, des ig nated as Type II, are

not as so ci ated with es tro gen stimu la tion and show ing
nega tive or weakly posi tive ER and PR ex pres sion. These
tu mors usu ally arise at atro phic en dometrium and oc cur at 
an older age. His to logi cally, they are high- grade car ci no -
mas of nonen dometrioid dif fer en tia tion, most fre quently
serous, less fre quently clear cell. Type II car ci no mas are
char ac ter ized by an ag gres sive clini cal course and poor
prog no sis [19]. In the last dec ade, the great ef fort has been
done to un der stand the mo lecu lar path ways lead ing to
neo plas tic trans for ma tion of en dome trial cell. Ac cord ing
to ac cu mu lated data can cer de vel op ment is char ac ter ized
by self- sufficiency in growth sig nals, in sen si tiv ity to
growth in hi bi tion, eva sion of apop to sis, angio gene sis, in -
va sion of sur round ing tis sue and me tas ta sis for ma tion.
For this last pro cess, im pair ment of tis sue in teg rity is most 
cru cial. In mam mal ian epithe lial cells, cell- cell ad he sion
is me di ated by pro tein com plexes or gan ized into dis tinct
func tional struc tures termed tight junc tion, ad herens junc -
tion and des mo somes. The tight junc tion forms a dif fu sion 
bar rier be tween cells and the ex tra cel lu lar en vi ron ment
[1], des mo somes re sist me chani cal stress across the epi -
the lium and main tain tis sue in teg rity [16]. Moreo ver,
al ter na tion of ex pres sion of cer tain genes can also modu -
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ABSTRACT
Endometrial cancer is one of the most common gynecological malignancies. Unfortunately, molecular pathogenesis of this
neoplasm remains poorly understood. Using MacroArray technique, we analyzed expression profile of genes encoding adhesion
proteins in neoplastic tissue derived from 40 patients diagnosed with the endometrial cancer between 2003 and 2004. Analysis of
statistic dependences between gene expression profiles and tumor grade pointed out thirteen genes encoding adhesion proteins
(cadherin-1, -5, -8, -13, -15, integrin alpha-1, -6, integrin beta-1, -8, zyxin related protein-1, paxillin, catenin alpha-1), which are
significantly over- or under-expressed (11 and 2 genes respectively) depending of tumor grade. Taking under consideration clinical 
stage of the cancer we pointed out eleven genes (integrin alpha-8, integrin beta-1, -3, cadherin-8, -15, catenin beta-1, paxillin,
trombospondin-2, ninjurin-1, desmocollin-3) encoding proteins crucial for cell-cell interaction those expressions were altered
showing statistically significance for different clinical stage according to FIGO classification.
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late the re spon sive ness of neo plas tic cells to stan dard
regi mens of che mo ther apy [15, 21] and se ver ity of cy to -
toxic ther apy side ef fects [7-9].

The aim of our study was to pro file ex pres sion of genes 
en coded ad he sion pro teins to can di date those typi cal for
tu mor grade or clini cal stage by the mean of mac roAr ray
tech nique.

MATERIALS AND METHODS
Histo pa tologi cally con firmed neo plas tic tis sue de rived 

from 40 pa tients di ag nosed with en dome trial can cer was
used for RNA iso la tion per formed ac cord ing to TRI rea -
gent pro ce dure. Pa ti ent’s char ac ter is tic is pre sented in
Table 1. Con trol group com prised 10 healthy pa tients who 
un der went hys ter ec tomy by the rea son other than tu mor
dis ease. Af ter quan tity and qual ity es ti ma tion, iso lated
RNA was used in Mac roAr ray ex peri ments. Into our work 
we in cor po rated BD At las TM Hu man Can cer 1.2 Ar ray
(BD Bio sci ence Clon tec, Palo Alto, USA) and all ex peri -
men tal pro ce dure was done ac cord ing to rec om mended
man ual. Briefly, dur ing the first step DNA con tami na tion
was re moved and pure RNA was used for re verse tran -
scrip tion in or der to pre pare probe la beled with
ra dioi so tope [?-32P]. Ra dio la beled probe was then hy brid -
ized to ex pres sion ar ray “car ry ing” 1180 of cDNAs
rep re sent ing genes im por tant for neo plas tic trans for ma -
tion. Plas mid and bac te rio phage DNAs spot ted on the
ar ray served as nega tive con trols to con firm hy bridi za tion
speci fic ity. Sev eral house keep ing cDNAs also spot ted on
the ar ray served as posi tive con trols for nor mal iz ing
mRNA abun dance. When the hy bridi za tion step was com -
pleted, in ten sive mem brane wash ing was per formed and
the re sult of ex peri ment was visu al ized us ing ra dio ac tiv -
ity scan ner (Cy clone, Perkin El mer, USA). In or der to
ob tain hard copy of each re sult the auto ra diog ra phy was
done. Af ter sig nal nor mali za tion fi nal re sults were ana -
lyzed us ing At la sImageTM soft ware (BD Bio sci ences
Clon tech, Palo Alto, USA). In or der to ana lyze sta tis tic
de pend ences be tween gene ex pres sion pro files and tu mor
grade or clini cal stage we per formed Kruskal- Willis test,
us ing Sta tis tica soft ware (Stat soft v 8.0).

Ta ble 1. Char ac ter is tics of pa tients di ag nosed with en dome trial
can cer in cluded into this study.

Grade Number 
of patients % Mean age

(years)
Last period
age (years)

G1   6 12.2 63.6 51.3
G2 29 59.2 62.6 51.6
G3   5 10.2 71.8 51.0

Control   9 18.4 50.1 47.6

FIGO stage Number 
of patients % Mean age

(years)
Last period
age (years)

I 30 61.2 61.6 51.2
II   5 10.2 67.7 51.5
III   5 10.2 52.2 50.7

Control   9 18.4 50.1 47.6

RESULTS
Analy sis of sta tis tic de pend ences be tween gene ex -

pres sion pro files and tu mor grade pointed out thir teen
genes en cod ing ad he sion pro teins, which are sig nifi cantly 
over- or under- expressed (11 and 2 genes re spec tively)
de pend ing of tu mor grade (data pre sented in Table 2).
Most cases of G3 en dome trial can cers were char ac ter ized
by sta tis ti cally im por tant over- expression of eight genes.
These are cad herin 1 (type 1, E- cadherin), cad herin 15
(M- cadherin), cad herin 8 (type 2), in tegrin beta 1, cad -
herin 13 (H- cadherin), in tegrin beta 8, zyxin re lated
protein-1 (ZRP-1) and pro tea some ac ti va tor subunit 1
(PA28 al pha). In com pari son to poorly dif fer en ti ated G3
tu mors only two genes were over- expressed in G2 and one 
in G1 en dome trial can cer tis sue. These are cad herin 5
(vas cu lar epithelium- cadherin), pax il lin and in tegrin al -
pha 6 re spec tively. In con trast, only one gene en cod ing
cat enin al pha 1 (cadherin- associated pro tein) was under-
 expressed in ex am ined tis sue and it was ob served in G1
en dome trial can cer ex clu sively. 

Ta ble 2. Sta tis tical de pend ences be tween ex pres sion of se lected
genes and tu mor grade

Gene Gene name Grade
G Median

Range Statistical
analysis

Min Max H p
A14a
A14a
A14a

cadherin 1, type 1,
E-cadherin
(epithelial)

G1 0.00 0.00 0.00
7.00 0.0302G2 0.00 0.00 0.00

G3 0.00 0.00 0.11
D02d
D02d
D02d

cadherin 5, type 2,
VE-cadherin
(vascularepithelium)

G1 0.59 0.53 0.77
7.15 0.028G2 0.37 0.09 1.44

G3 0.31 0.21 1.17
D04d
D04d
D04d

cadherin 15,
M-cadherin
(myotubule)

G1 0.00 0.00 0.00
7.00 0.0302G2 0.00 0.00 0.00

G3 0.00 0.00 0.10
D05d
D05d
D05d

cadherin 8, type 2
G1 0.00 0.00 0.00

7.00 0.0302G2 0.00 0.00 0.00
G3 0.00 0.00 0.18

D05e
D05e
D05e

integrin, 
alpha 6

G1 0.03 0.00 0.20
11.23 0.0036G2 0.00 0.00 0.05

G3 0.00 0.00 0.12

D06f
D06f
D06f

integrin, beta 1 
(fibro- nectin recep-
tor, beta polypeptide, 
antigen CD29
includes MDF2,
MSK12)

G1 0.00 0.00 0.00

7.00 0.0302G2 0.00 0.00 0.00

G3 0.00 0.00 0.36

D06g cadherin 13,
H-cadherin (heart)

G1 0.00 0.00 0.00
7.00 0.0302

G2 0.00 0.00 0.00
D07d
D07d
D07d

integrin, beta 8
G1 0.88 0.72 1.00

6.89 0.032G2 0.51 0.05 1.74
G3 0.09 0.00 2.49

D08f
D08f
D08f

paxillin
G1 0.30 0.21 0.39

9.38 0.0092G2 0.08 0.00 0.67
G3 0.00 0.00 0.45

D09d
D09d
D09d

catenin
(cadherin-associate
d protein), alpha 1
(102kD)

G1 0.45 0.37 0.73

7.05 0.029G2 0.24 0.00 1.62

G3 0.60 0.07 2.09

D11f
D11f
D11f

Zyxin-related
protein ZRP-1

G1 0.00 0.00 0.00
7.00 0.0302G2 0.00 0.00 0.00

G3 0.00 0.00 010

F05b
F05b

proteasome
(prosome,
macropain)
activatorsubunit 1
(PA28alpha)

G1 0.13 0.00 0.27 11.75 0.0028

Analy sis of sta tis tic de pend ences be tween gene ex -
pres sion pro files and clini cal stage of tu mor pointed out
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eleven genes en cod ing pro teins cru cial for cell- cell in ter -
ac tion those ex pres sions were al tered show ing
sta tis ti cally sig nifi cance for dif fer ent clini cal stage (data
pre sented at ta ble 3). In the case of nine genes, sig nifi cant
over- expression was noted and what is most im por tant,
seven of them were over-ex pressed in stage III ac cord ing
to FIGO [18]. Sta tis ti cally im por tant over- expression of
genes en cod ing ad he sion pro teins for each clini cal stage
of en dome trial can cer is pre sented be low. In tegrin al pha
8, cad herin 8 type 2, in tegrin beta 1, cat enin (cadherin-
 associated pro tein) al pha 2, throm bo spondin 2, nin jurin 1,
des mo col lin 3 were over ex pressed in ana lyzed tis sue de -
rived from FIGO stage III en dome trial can cer, whereas over-
expression of genes en cod ing cad herin 15 (M- cadherin)
and in tegrin beta 3 bind ing pro tein (beta 3- endonexin)
were noted only in FIGO stage II tu mors. Only two genes,
pax il lin and cat enin beta 1 (cadherin- associated pro tein),
were under- expressed in ex am ined tis sue and this phe -
nomenon was ob served only in sam ples de rived from
pa tients in clini cal stage III ac cord ing to FIGO [18].

Ta ble 3. Sta tis tical de pend ences be tween ex pres sion of se lected
genes and tu mor stage

Gene Gene name FIGO
stage Median

Range Statistical
analysis

Min Max H p
D04d

D04d

D04d

cadherin 15,
M-cadherin
(myotubule)

I 0.00 0.00 0.00

7.00 0.0302II 0.00 0.00 0.10

III 0.00 0.00 0.00

D04f

D04f

D04f

integrin, 
alpha 8

I 0.00 0.00 0.00

14.35 0.0008II 0.00 0.00 0.00

III 0.00 0.00 2.08

D05d

D05d

D05d

cadherin 8,
type 2

I 0.00 0.00 0.00

7.00 0.0302II 0.00 0.00 0.00

III 0.00 0.00 0.18

D06f

D06f

D06f

integrin, beta 1 
(fibronectin
receptor, beta
polypeptide,
antigen CD29
includesMDF2,
MSK12)

I 0.00 0.00 0.00

7.00 0.0302II 0.00 0.00 0.00

III 0.00 0.00 0.36

D07g

D07g

D07g

catenin (cadhe- 
rin-associated
protein),
alpha 2

I 0.00 0.00 0.00

14.35 0.0008II 0.00 0.00 0.00

III 0.00 0.00 2.50

D08d

D08d

D08d

thrombos-
pondin 2

I 0.00 0.00 0.00

14.35 0.0008II 0.00 0.00 0.00

III 0.00 0.00 1.54

D08f

D08f

D08f

paxillin

I 0.11 0.00 0.67

8.96 0.011II 0.26 0.21 0.45

III 0.00 0.00 0.08

D09e

D09e

D09e

catenin
(cadherin-assoc
iated protein),
beta 1 (88kD)

I 0.00 0.00 0.31

7.13 0.028II 0.13 0.00 0.25

III 0.00 0.00 0.13

D09f

D09f

D09f

integrin beta 3
binding protein
(beta3-
endonexin)

I 0.00 0.00 0.00

7.00 0.0302II 0.00 0.00 0.12

III 0.00 0.00 0.00

D11d

D11d

D11d

neural cell
adhesion
molecule 1

I 0.00 0.00 0.00

7.00 0.0302II 0.00 0.00 0.00

III 0.00 0.00 0.08

D11f

D11f

D11f

ninjurin 1

I 0.00 0.00 0.00

7.00 0.0302II 0.00 0.00 0.00

III 0.00 0.00 0.10

D14g

D14g

D14g

desmocollin 3 I 0.00 0.00 0.00 7.00 0.0302

DISCUSSION
Despite of great effort, molecular pathogenesis of

endometrial cancer remains poorly understood. Using
Macro-Array technique we have taken attempt to evaluate 
the expression profile of genes encoding cellular proteins
involved in tissue integrity preserving. Depending on
analyzed parameter, we selected several genes, which are
able to characterize different grade or clinical stage of
endometrial cancers. Comparison of genes describing
grade of tumor with whose representative for different
clinical stage revealed that overexpression of genes
encoding cadherin 8, integrin beta 1 or ZRP1 (zyxin
related protein 1) usually observed in G3 endometrial
cancer is correlated with clinical stage III according to
FIGO classification [18]. Moreover, over-expression of
cadherin 15 observed in tissue derived also from G3
tumors was correlated with clinical stage II according to
FIGO classification. Cadherin family includes cell adhesion
molecules responsible for cell-to-cell recognition and
adhesion in solid tissue [11, 24]. They can be divided into
several groups. The first one named classic cadherins
comprises calcium-dependent hemophilic adhesion
molecules frequently associated with specific junctional
structures. They are expressed in several types of tissue
with some specificity. For example, E-cadherin is mostly
observed in epithelial cells, N-cadherin in the nervous
system, smooth muscle cells, fibroblast and endothelial
cells whereas VE-cadherin is specific for the endothelium
[6, 11]. The cadherin family includes also desmosomal
cadherins (desmocollins, desmogleins), atypical cadherins
(T-cadherins) and protocadherins which are characterized 
by the presence of a variable number of EC domains
linked to a cytoplasmic tail which presents no homology
with classic cadherins. The loss of cadherin-mediated cell
adhesion is typical for transition from a normal epithelium 
to poorly differentiated carcinoma [14, 23]. Cells
undergoing this process lose their polarity, become
invasive, and resist apoptosis. Accumulated data suggests
that different cadherins are involved in metastatic process. 
For example, aberrant expression of N-cadherins in
selected cell lines promotes invasion and metastasis.
N-cadherin has also been shown to increase metastasis
from mouse mammary tumors [13]. Another particle,
OB-cadherin is expressed by metastatic prostate cancer
cells and bone osteoblasts [3]. These observations have
led to the hypothesis that this cell adhesion molecule is a
modulator of prostate cancer cell metastasis to bone [22].
Furthermore, cadherins can associate to growth factor
receptors and modulate their intracellular signaling. It is
postulated that, depending on the types of cells and on the
receptors expressed, cadherins may play different and
cell-specific roles [4]. Another protein playing a crucial
role in cellular adhesion stabilization is paxillin.
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According to our results, under-expression of paxillin
gene was observed in G2 tumor sections and correlated
with FIGO clinical stage III. Focal adhesion plaques
(FAP) are structures that form at the ends of actin fibers
and serve as sites for transmission. Proteins at focal
adhesion plaques form multiple interaction and signal
transduction networks, which regulate cell adhesion,
spreading, motility and convey signals into the nucleus to
regulate gene transcription, cell proliferation, dif feren-
tiation and apoptosis. The proper function of FAP
structure depends on LIM domain proteins composed of
zyxin, paxillin and several related proteins. They do not
have enzymatic domains and serve as adaptor proteins for
the assembly of multiple protein complexes in different
subcellular compartments. The zyxin subfamily includes
zyxin Trip6 (thyroid hormone interacting protein 6), LPP
(lipoma preffered partner) and Ajuba [2]. These proteins
share high sequence similarity, especially within the LIM
domain region. Mammalian paxillin family members
include paxillin, Hic-5 and leupaxin [20]. In comparison
to zyxin, paxillin family proteins have additional protein
interaction domains within the N-terminal domain.
Biological function of zyxin/paxillin proteins remains
unclear. According to literature, these proteins can affect
steroid hormone receptor activity in a hormone-dependent
manner [10, 17, 25]. As it was shown by Degenhardt at al
[5], zyxin via its LIM domain region interacts with the E6
oncoprotein of human papillomavirus type 6. Because of
interaction, zyxin is moved from focal adhesion plaques
to nucleus and enhances transcriptional activation by
GAL4-zyxin protein. Implementation of gene expression
profiling based on array analysis put a great effort to
understand the role of different molecular pathways in
neoplastic transformation. It allowed us to distinguish
several genes seemed to be most crucial for cell adhesion
impairment during transformation of endometrial cells.
We still have to remember that most important is to
understand the reason underlying observed genes expression
alternation in order to establish new prognostic factors
and tailored therapy for endometrial cancer.
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