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Abstract: Integrins are cell surface adhesion molecules (CAM) that regulate via intercellular and cell-matrix signaling
various cellular processes including wound healing, cell differentiation, division, growth, migration and metastatic
dissemination. Although a correlation between carcinogenesis and changes in integrin expression, especially f1
integrin, has been reported, its role in colorectal liver metastases remains unclear. This study aimed to evaluate the
expression of B1 integrin in colorectal liver metastases and to correlate the pattern of expression with clinicopatho-
logical features and to investigate the putative role of B1 integrin expression on survival of these patients. Methods:
Formalin-fixed, paraffin-embedded (FFPE) tumor samples of 81 patients who were operated because of colorectal
liver metastases without any neoadjuvant therapy were obtained and stained with hematoxylin and eosin (H & E).
An immunohistochemical examination was performed using Dako, Peroxidase/DAB kit and a primary monoclonal
B1 integrin (CD29, fibronectin receptor subunit beta; ab3167, Abcam plc). B1 integrin expression was evaluated
according to the immunoreactive score of Remmele and Stegner and was related with clinicopathological features
of prognostic significance and with disease-free and overall survival as well. Statistical analysis was performed us-
ing SPSS version 21.0. Results: B1 integrin was overexpressed in tumor cells in 37 (48%) patients and in stromal
cell in 27 (33%) patients. The B1 expression was not statistically correlated with clinicopathological features of the
primary tumors but it was statistically correlated (p=0.03) with the histological grading of liver metastases. Kaplan-
Meier survival analysis showed that there is a tendency but no statistically significant correlation in disease-free
and overall survival. Conclusion: Considering that expression of B1 integrin in colorectal liver metastases remains
controversial, specially its relation with survival of patients, we showed that the B1 expression represents a reliable
prognostic factor regarding the grading of liver metastases of CRC and our findings imply that 1 integrin expres-
sion profiles may have further potential in identifying the stage of colorectal liver metastases and being a marker of
prognosis in these patients.
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Introduction ture, since the sinusoidal endothelial layer is
characterised by an incomplete cover of micro-
vessel structures, which leaves extracellular
matrix (ECM) components directly accessible to
circulating cells [6, 7]. Indeed, the metastatic
cascade is a dynamic process consisting of a
series of sequentially linked, interrelated steps
[8, 9]. During these steps, tumor cells progress
from cell-cell interactions to cell-ECM interac-
tions mainly involving cell surface adhesion
molecules (CAM), including integrins, selectins,
immunoglobulins, cadherins and CD44 [10,
The liver is the most important and common 11]. These interactions appear to be crucial for
metastatic site of CRC [2, B]. It is a unique fea- the formation of hepatic metastases [12].

Colorectal cancer (CRC) is the second leading
cause of cancer incidence and cancer-associ-
ated mortality in both males and females in
Western society [1-3]. The prognosis of CRC
patients is mainly determined by the metastat-
ic spread of the tumor [1, 4]. Thus, understand-
ing the mechanisms that contribute to metas-
tasis is of fundamental importance for desi-
gning better therapeutic strategies for treating
this disease.
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Amongst CAM, integrins are a versatile family
which consists of heterodimer cell surface
receptors composed of o and B transmem-
brane subunits; each of them includes a large
extracellular, transmembrane and short cyto-
plasmic domain [13]. In mammals, 19 « and 8
B subunits combine with each other to form a
family of 25 cell adhesion molecules, however
splice variants have been identified for some
subunits [14, 15]. Their ligands include compo-
nents of the extracellular matrix such as fibro-
nectin, vitronectin, collagen, laminin and
IgSFCAMs [14, 16, 17]. Functionally integrins
contribute to intercellular adhesion and con-
tact, anchorage-dependent cell survival and
regulate via outside-in and inside-out signalling
various cellular processes including wound
healing, cell differentiation, division, growth
and migration [18, 19].

Integrins expressed by tumor cells and host
cells can directly contribute to the control and
progress of metastatic dissemination. During
tumor development, changes in integrin expres-
sion, intracellular control of integrin functions
and signals perceived from integrin ligand bind-
ing influence the ability of tumor cells to inter-
act with their environment. This enables meta-
static cells to convert from a sessile, stationary
to a migratory and invasive phenotype [20].
Therefore integrin expression can profoundly
influence formation of metastasis [21-23]. Alter-
ations of integrin expression and their recep-
tors have been observed in various cancers
including colorectal cancer [23, 24]. However,
the mechanisms by which integrins participate
in the steps of the metastasis formation in vivo
are only partially understood [20].

According to their B subunits, integrins are
divided into four subfamilies and integrins with
Bl-subunits are called B1 integrins. The B1
integrin subfamily (or Very Late Antigens, VLA)
is characterised by a B1 subunit associated
with at least nine a subunits (termed al-a9,
CD49a-i) constituting the largest subfamily of
the integrins [25, 26] and can bind to collagen,
laminin and fibronectin [26]. B1 integrin is the
mainly expressed integrin in normal and tumor
cells and controls developmental processes
including angiogenesis, tumor progression and
metastasis [27]. This integrin typically medi-
ates adhesion of epithelial cells to the base-
ment membrane and may also contribute to
cell survival of tumor cells by interacting with
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others molecules. For example, it usually acti-
vates cytokine receptors or growth factors
receptors [28]. Based on these observations,
B1 integrin has become a target of interest for
immunotherapy in several types of cancers,
including breast cancer [29-34], gastric cancer
[35], lung adenocarcinoma [36-38], glioblasto-
ma [39], prostate cancer [40], pancreatic ade-
nocarcinoma [41] and CRC [42-45]. Immunohis-
tochemical studies of expression of 31 integrin
in CRC have shown that the expression of this
integrin has considerable heterogeneity within
the primary tumor [42-45] and is correlated
with cellular differentiation [46], indicating that
alteration of expression of 1 integrin in
colorectal cancer might contribute to an altera-
tion in adhesiveness and invasiveness of can-
cer cells. But there are no studies which inves-
tigate the prognostic value of the expression of
B1 integrin within liver metastases of CRC.

The aim of this study is to assess the immuno-
histochemical 1 integrin expression in colorec-
tal liver metastases and its relationship with
clinicopathological features of prognostic sig-
nificance. Our additional hypothesis is that the
enhanced expression of B1 integrin in liver
metastases could affect the progress of metas-
tasis and may therefore be of prognostic rele-
vance influencing disease-free and overall
survival.

Material and methods
Patients

Our study included patients with colorectal liver
metastases who underwent curative hepatic
resection for the first event of the metastases
from 1995 to 2010 in the Department of
Surgery at the University Hospital Erlangen.
Patients upon whom a neoadjuvant therapy of
the primary tumor or of the liver metastases
was performed, patients with synchronous
metastases in other organs or patients who
died postoperatively were excluded. The clinical
and histopathological data of the patients were
retrieved from medical files of our cancer regis-
tration system and included age, gender, clini-
copathological parameters of primary tumor
and liver metastases such as location, differen-
tiation, tumor size, regional lymph nodes,
venous and lymphatic invasion and stage of the
primary tumor, time interval between primary
and metastatic tumor and location, number,
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Table 1A. Characteristics of the primary
colorectal tumors (n=81)

characteristics n %
location

colon 43 53

rectum 38 47

differentiation

well 1 1

moderately 68 84

poorly 12 15
pT category

T1 2 2.5

T2 14 175

T3 58 71.5

T4 7 8.5
pN category

NO 42 52

N1 22 27

N2 17 21
venous invasion

VO 57 70.5

V1 10 12.5
lymphatic invasion

LO 26 32

L1 41 50.5
stage

| 10 12.5

Il 23 28.5

I 30 37

1% 18 22

diameter and differentiation’s grade of the liver
metastases. Tumors were classified at the
institute of pathology according to the 7" TNM
cancer staging system of the American Joint
Committee on Cancer (AJCC) and the Union for
International Cancer Control (UICC) [47] and
were graded as well, moderately or poorly dif-
ferentiated depending on their behavior accord-
ing to the recommendations of the World Health
Organization (WHO) [48]. Disease-free survival
and overall survival were defined as time from
the first diagnosis of liver metastasis to local
recurrence in the liver and to cancer-related
death, respectively.

The subsequent 81 patients of our study com-
prised of 45 males (56%) and 36 females (44%)
with a median age of 62 years (mean: 62, range
43-81 years) at the diagnosis of liver metasta-
ses. The clinicopathological characteristics of
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Table 1B. Characteristics of hepatic metasta-
ses (n=81)

characteristics
n %
liver metastasis in relation to the primary tumor
synchronous 18 22
metachronous 63 78

median time internal: 19 months (range, 4-163)
distribution of liver metastases

unilobular 66 815
bilobar 15 18.5
number of liver metastases
1 54 67
2 17 21
3 4 5
>3 6 7
type of hepatic resection
right lobectomy 23 28
extended right lobectomy 3 4
left lobectomy 9 11
trisegmentectomy 3 4
bisegmentectomy 11 14
non-anatomic bisegmentectomy 7 8
segmentectomy 15 18
non-anatomic segmentectomy 7 9
mesohepatectomy 3 4
differentiation grade
moderate 70 87
poor 9 11
unknown 2 2
hepatic tumor size mm
median 47
range 6-270

the primary tumors are illustrated in Table 1A.
The liver metastases occurred synchronously
in 18 cases (22%) and metachronously in 63
cases (78%) with a median time interval of 19
months (range 4-163 months). The characteris-
tics of the hepatic metastases and the type of
the performed hepatic resection are demon-
strated in Table 1B. The mean follow-up for all
patients was 65 months (median follow-up: 55
months), with a range between 1 and 188
months. During the follow-up, 20 patients (25%)
received adjuvant chemotherapy. Twenty-seven
patients (33.3%) developed metachronous
recurrent hepatic metastases, 10 of them in
other organs as well (peritoneum, lymph nodes,
lung, pleura, brain). These events occurred in a
median period of 16 months (range, 4-60) after
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Figure 1. Immunohistochemical presentation of the expression of B1 integrin in tumor cells of colorectal liver
metastases, poorly differentiated, with positive (A) and negative immunoreactive score (B) and in stromal cells of
moderately differentiated metastases with positive (C) and negative (D) immunoreactive score.

the curative resection (RO) of the first event of
liver metastases.

Tumor samples and immunochemistry

Tumor blocks (samples) were taken from the
diagnostic archives of the Institute of Pathology
of the University Hospital Erlangen and the use
of materials was positively stated by the local
Ethical Committee. Tumor samples were previ-
ously fixed in 4% buffered formalin and embed-
ded in paraffin (FFPE). One section of FFPE tis-
sue of each sample was stained with
hematoxylin and eosin to confirm the presence
of the tumor by light microscopy. All stained
slides were reviewed by an experienced pathol-
ogist. Sections (4 um) were obtained from the
paraffin blocks and immunohistochemical
reactions were performed with the Dako REAL™
EnVision™ Detection System, Peroxidase/DAB
kit (Dako Denmark A/S, Denmark). The kit was
employed in a two-step procedure. The first
step was incubation of the tissue with an opti-
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mally diluted primary antibody and the second
step was incubation with Dako REAL™
EnVision™/HRP reagent of the kit. This reagent
was a peroxidase-conjugated polymer, which
also carries antibodies to immunoglobulins.
The reaction was visualized by Dako REAL™
DAB+ Chromogen. Primary monoclonal p1
integrin (CD29, fibronectin receptor subunit
beta) antibody [4B7R] (ab3167) was obtained
from Abcam plc, Cambridge, UK (dilution 1:35).
Negative controls were prepared omitting the
primary antibody and using non-immune 1gG
instead of primary antibodies showed no
staining.

Immunohistochemical assessment

Tumorous immunoreactivity was graded
depending on the percentage of cancer cells
stained: Score O means negative; score 1
means 1 to 10% of tumor cells positive; score 2
means 11 to 50% of tumor cells positive; score
3 means 51-80% of tumor cells positive and

Int J Clin Exp Pathol 2014;7(1):288-300



B1 integrin expression in colorectal liver metastases

Table 2. Correlation of B1 expression in tumor cells of liver metastases
with clinicopathological findings of primary tumors

Characteristics

Patients with positive (=3) Patients with negative (0-2)
Remmele score (n=37) (%) Remmele score (n=44) (%)

sex
male 19 (51.5)
female 18 (48.5)
age
<60 18 (48.5)
>60 19 (51.5)
location of primary tumor
colon 20 (54.0)
rectum 17 (46.0)
differentiation of primary tumor
well 0(0.0)
moderately 28 (75.5)
poorly 9 (24.5)
tumor size of primary tumor
T1 2 (5.5)
T2 3(8.0)
T3 30 (81.0)
T4 2 (5.5)
lymph node metastasis of primary tumor
0 17 (46.0)
1 13 (35.0)
2 7 (19.0)
venous invasion of primary tumor
absent 9 (24.5)
present 19 (51.5)
lymphatic invasion of primary tumor
absent 25 (67.5)
present 3(4.5)
stadium
| 4 (10.5)
Il 12 (32.5)
1 16 (43.5)
\% 5 (13.5)

0 (0% of cells stained)
to 12 (>80% of the cells
stained at 3+ intensity).

p-value The interpretation was
negativity from O to 2
26 (59.0) and positivity from 3 to
18 (41.0) 0.485 12 according to the
Remmele-score recom-
17 (38.5) mendations [50]. Evalu-
0.365 ation was performed
27619 independently and bli-
nded by two of the
23(52.5) 0.873 authors.
21 (47.5)
Statistical analysis
1(2.5)
40 (91.0) 0.062 Data analysis was per-
3(6.5) formed with SPSSv21.0
(SPSS Inc., Woking, UK).
0(0.0) Relation between 1 int-
11 (25.0) egrin and the clinico-
28 (63.5) 0.061 pathologic features we-
5 (11.5) re analysed by Fisher
exact test or Chi-square
tests and all tests were
24 (54.5) two-tailed.  Univariate
9(20.5) 0.365 survival analysis con-
11(25.0) cerning  disease-free
survival and overall- sur-
17 (38.5) 0.343 vival were made with
22 (50.0) the log rank test [50]. All
results were displayed
32(79.5) in the Kaplan-Meier per-
7 (16.0) 0.412 formance [51]. The Cox
regression [52] has
6 (13.5) been used to model the
11 (25.0) effect of various factors
14.(32.0) 0.314 on survival and to
observe the indepen-
13 (29.5)

score 4, >80% of tumor cells positive within the
tumors. The immunostaining intensity was eval-
uated by light microscopy and scored on the fol-
lowing scale: negative (0), weak (1), moderate
(2) and strong (3). We took into account both
the proportion of positive cells and the intensity
to give a semiquantitative estimate levels of
antigen in the tumor and in the neighboring
stroma. To identify the integrin’s expression, a
combination factor of immunoreactivity and
intensity according to the Remmele-Scoring
system was performed [49]. The theoretical
limits of this immunoreactive score range from
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dent prognostic value of
immunoexpression  of

B1 integrin. P-values <0.05 were considered to
be statistically significant.

Results

Staining pattern of B1 integrin in colorectal
liver metastases

B1integrin expression was observed throughout
the colorectal hepatic metastases. An example
of strong immunoreactivity of 1 expression in
tumor cells is shown in Figure 1A and, in con-
trast, a tumor sample negative for 1 expres-
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Table 3. Correlation of B1 expression in stromal cells of liver metastases
with clinicopathological findings of primary tumors

Characteristics

Patients with positive (>3) Patients with negative (O-
Remmele score (n=27) (%) Remmele score (n=54) (%

sex
male 13 (48.0)
female 14 (52.0)
age
<60 12 (44.5)
>60 15 (55.5)
location of primary tumor
colon 17 (63.0)
rectum 10 (37.0)
differentiation of primary tumor
well 0(0.0)
moderately 23 (85.0)
poorly 4 (15.0)
tumor size of primary tumor
T1 1(3.5)
T2 4 (15.0)
T3 21 (78.0)
T4 1(3.5)
lymph node metastasis of primary tumor
0 14 (52.0)
1 7 (26.0)
2 6 (22.0)
venous invasion of primary tumor
absent 7 (26.0)
present 10 (37.0)
lymphatic invasion of primary tumor
absent 14 (52.0)
present 3(11.0)
stadium
| 4 (15.0)
Il 9 (33.0)
I 7 (26.0)
1% 7 (26.0)

Correlation of B1
integrin expression in
liver metastases with

p-value clinicopathological
features of the primary
32 (59.0) 0.343 colorectal cancer
2 (41.
0 The expression of B1
23 (42.5) 087 ir:tegrin whasI relatledbto
. clinicopathological ba-
31(57.5) ckground of the primary
CRC. There was no sig-
26 (48.0) 0.208 nificant relation be-
28 (52.0) tween the expression of
Bl integrin in liver
1(2.0) metastases with pati-
45 (83.0) 0.776 ent’s sex or age, loca-
8(15.0) tion and histopathologi-
cal features of the
1(2.0) primary tumors. These
10 (18.5) results are shown in
37 (68.5) 0.626 Table 2. The B1 integ-
6 (11.0) rin’s expression in liver
metastases stroma
27 (50.0) was' al§9 not statistical-
15 (27.5) 0.972 ly significant correlated
’ ’ with the clinicopatho-
12(22.5) logical features of the
primary tumors (Table
19 (35.0) 0.816 3).
31 (57.5)
Correlation of 1
43 (79.5) 0715 integrin expression with
7 (13.0) ) histological grading of
liver metastases
11.
i((%%) The pattern of B1 integ-
23 (42.5) 0.542 rin expression within
11 (20.5) the tumor cells of

sion in Figure 1B. Within metastases 1 integ-
rin was expressed by tumor stroma as well but
in less amounts compared to the tumor cells.
Samples positive and negative for 31 expression
in stromal cells are presented in Figure 1C, 1D,
correspondingly. Specifically, expression of the
Bl integrin was increased in tumors in 37 (48%)
patients, 24 of whom had a negative expres-
sion in stroma, whereas the B1 integrin was
increasingly expressed in 27 patients (33%), 14
of whom had a negative expression in tumor.
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metastases was strong
in poor differentiated
metastases and weak in moderate differenti-
ated metastases, as showed in Figure 1, where
the expression of (1 integrin in poorly
differentiated metastases (Figure 1A) is really
stronger than this one in moderated differenti-
ated metastases (Figure 1C). These differenc-
es were statistically significant (p=0.03). In
contrast, the expression of B1 integrin in tumor
stromal cells shows no correlation between his-
topathological grading and B1 integrin expres-
sion (p=1.12) (Table 4).
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Table 4. Correlation of B1-integrin immunolabel-
ing with the differentiation grade of liver metas-
tases

Remmele score in tumor cells

tumor (p=0.03)

i + total
. . 2 41 29 70
histological grade
G3 2 7 9
total 43 36 79
Remmele score in stromal cells
stroma (p=0.11)
— + total
. ) 44 26 70
histological grade
G3 8 1 9
total 52 27 79

Prognostic value of integrin B1 expression

We examined whether there was an associa-
tion between B1 expression and patient surviv-
al. We analyzed the data by considering only
disease-related death as an event, censoring
deaths unrelated to disease and the patients
who were alive when they were last seen. To
determine differences in the disease-free and
overall survival among patients who differed in
B1 expression, the log-rank test was performed
and the corresponding Kaplan-Meier plot is
shown in Figure 2. The log-rank test indicated
there was a tendency but no significant differ-
ence in disease-free and overall survival
between patients with score 0-2 and patients
with score 3-12 in tumor cells (p=0.198 and
p=0.340 respectively). Similarly, comparing the
survival of the 81 patients according to the
integrin B1 expression in stroma, the disease-
free and overall survival rate for patients who
had positive immunoreactive score of Bl integ-
rin in stromal cells was not significantly better
compared to individuals who had negative
immunolabeling (p=0.890 and p=0.740 respe-
ctively).

We also examined if there was a prognostic rel-
evance of integrin B1 expression in patients
with positive B1 expression in tumor cells and
negative expression in stromal cells in compari-
son with the patients with negative B1 expres-
sion in tumor cells and positive expression in
stromal cells. A statistical significance was not
confirmed neither for the disease-free survival
(p=0.890) nor for the overall survival (p=0.511).

Multivariate regression analysis using the cox
proportional hazards model was performed to
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observe the independent prognostic value of
B1 integrin expression in tumor cells with
several prognostic factors such sex and age of
the patient, clinicopathological parameters of
primary tumor (location, differentiation, tumor
size, nodal status, venous and lymphatic inva-
sion), differentiation of liver metastases and
time interval between primary tumor and liver
metastases, but no correlation was found

(Supplementary Table 1).

Discussion

The development of liver metastasis is an omi-
nous event in the natural history and progres-
sion of CRC. The fact that not all disseminated
CRC cells develop into macrometastases indi-
cates that subpopulations of malignant cells
evolve a genetic advantage to adhere, migrate,
and invade through the ECM, and survive in the
new liver environment [53]. This advantage is
associated with the up-regulation of various
CAM, and in particular integrins [53, 54], which
are the prime example of bidirectional receptor
signalling.

Analysing cell adhesion, current research
attempts to clarify the numerous cell interac-
tions which are evident within the liver sinu-
soids and thus control the outcome of the
whole metastatic process [55, 56]. During the
last years a number of reports and multiple
research studies have investigated different
integrins (a B, o B, & B,, & By, & Bg, 0,) in CRC
and its metastases, showing that blockade of
them in cell lines of primary or metastatic can-
cer caused a significant reduction of tumour
cell proliferation and prevention of increase of
colorectal hepatic metastases [57-62]. There
are also immunohistochemical studies in
colorectal cancer samples showing that the
expression of integrins is remarkably altered in
CRC [42-45, 63, 64], since patients with the
highest levels of e.g. o B, or o B, protein expres-
sion on immunostaining had the poorest sur-
vival [63, 65, 66] and moreover the expres-
sion‘s level of these integrins in colorectal
cancer samples were correlated with the devel-
opment of liver metastases [65].

Concerning the CRC, it is known that blockade
of B1 integrin-mediated cell adhesion reduced
adhesive properties of CRC cells within the
hepatic microcirculation [67]. In vitro studies
on human colorectal cancer cell lines revealed
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Figure 2. A. Kaplan-Meier analysis of overall survival of patients with colorectal liver metastases correlated with
immunoreactive score of B1-integrin in tumor cells (positive score: green - negative score: blue, p=0.34); B. Kaplan-
Meier analysis of disease free survival of patients with colorectal liver metastases correlated with immunoreactive
score of B1-integrin in tumor cells (positive score: green - negative score: blue, p=0.198); C. Kaplan-Meier analysis
of overall survival of patients with colorectal liver metastases correlated with immunoreactive score of Bl-integrin
in stromal cells (positive score: green - negative score: blue, p=0.740); D. Kaplan-Meier analysis of disease free
survival of patients with colorectal liver metastases correlated with immunoreactive score of B1-integrin in stromal

cells (positive score: green - negative score: blue, p=0.890).

that B1 integrin regulates differentiation toward
cancer progression and invasion [67-69].
Furthermore immunohistochemical studies in
colon or colorectal cancer specimens have con-
sistently revealed altered B1 integrin expres-
sion in the development and progression of this
disease [42, 44] which was also correlated with
lymph node metastasis or depth of invasion
[27]. A few reports have shown correlations
between integrin expression and tumor progno-
sis or clinical stage too [70-78].

But the prognostic significance of integrins
deposition around liver metastases remains
unclear since there are only a few studies in
metastatic cancer samples consisting of a very
small number of patients which examine the
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expression of B1 integrin in hepatic metastatic
cancer samples [43, 79-81]; however without
any investigation of the clinicopathological
parameters and without any correlation with
tumor prognosis. This is the first study which
examines the expression of B1 integrin in liver
metastases samples in a large group of
patients and correlates it with different
parameters.

For the evaluation of the B1 integrin’s expres-
sion we choose the score proposed by Remmele
and Stegner [49] based on the level of signal
and percentage of tumor cells expressing the
signal. It is the first study which evaluates inte-
grins’ expression in CRC with this score. We
found increased cell surface expression of the
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integrin B1 protein in tumor and stromal cells in
hepatic metastases compared to normal liver
tissue. Although a number of studies have
implicated integrin expression in the metastat-
ic process, including liver metastases, the find-
ings presented here are the first to directly
show a role for integrin B1 in selective liver
metastasis since our results suggest that 1 in
human colorectal cancer mediates the poten-
tial of liver colonization and liver metastasis,
because of its high expression in metastatic
tissues of liver and supports the idea that 1
integrin in CRC correlates with disease progres-
sion and poorer clinical outcome.

We found that the stroma, which is character-
ized with a dense vascular network and a loose
connective tissue, was also intensely positive
for B1 but in low levels in comparison with
tumor. This difference in B1-expression in tumor
and stromal cells of the metastatic liver could
be due to the fact that the 31 integrin receptor,
fibronectin, is found in the surrounding tissue
around the tumor but B1 integrin are anchored
to the membrane of tumor cells, leading to a
stronger expression [82, 83]. Gulubova and
Vlaykova [81] showed that the intensity of
immune reaction of o, and a,B, integrins in
liver metastases tended to be lower than that
in primary tumor. Similar findings were observed
by Dueck too [84]. This could be due to the fact
that stroma-forming cells in the liver are far
fewer in number than those in the connective
tissue stroma of the primary tumor [77], but till
now there is no explanation about the differ-
ence of B1 integrin’s expression in tumor and in
stromal cells within liver metastases.
Furthermore, it has already been showed that
the formation of a fibrotic capsule around the
hepatic lesions in CRC liver metastases is asso-
ciated with better prognosis, since they showed
that o, B, and o B, integrins were significantly
increased in cases without a fibrotic capsule
and linked with shorter survival [80].

An additional aim of our study was to investi-
gate the relationship between the levels of
immunoreactivity (expression) of Bl-integrin
with the clinicopathological characteristics of
the primary tumors, but there was no correla-
tion between them. Interesting finding in this
respect was the observed association between
the staining levels of B1 integrin and the grade
of differentiation in liver metastases, since the
alteration of B1 integrin expression in hepatic
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tumor cells was statistically significant corre-
lated with the grading of liver metastases. This
indicates a significant role of B1 integrin in the
differentiation of the liver metastases in it and
implies that the poorer is the differentiation
grade of the metastatic liver, the higher is the
expression of B1 integrin in it.

We found that B1 integrin expression in colorec-
tal liver metastases does not represent any reli-
able prognostic factor neither for other histo-
pathological features except grading nor for
patients’ survival. This can be explained by the
fact that patients who were treated with a neo-
adjuvant (radio)-chemotherapy either for the
primary or for the metastatic disease or suf-
fered from synchronous metastases in other
organs were excluded from our group; meaning
that we had a high selective group of patients.
An interesting finding was also the different
expression of B1 integrin in tumor and stromal
cells; this difference is of biological implication
and needs further investigation.

It bears no question that integrin biology is
interwoven with each and every step of tumori-
genesis, but critically affects cell cycle, apopto-
sis and aggressiveness. Treatments targeting
all these processes have to take into account
the role of integrins in CRC. It is more likely that
combinatorial therapeutics which considers
redundant pathways may be more efficacious
that single-agent treatments. Therefore further
research in the integrin field may ultimately
suggest more rational treatment combinations
[23].

Nowadays, therapies directed at influencing
integrin cell expression and function are being
explored for inhibition of tumor growth, metas-
tasis and angiogenesis. Such therapeutic strat-
egies include anti-integrin monoclonal antibod-
ies, peptidic inhibitors (cyclic and linear),
calcium-binding protein antagonists, proline
analogs, apoptosis promotors, and antisense
oligonucleotides. Moreover, platelet aggrega-
tion induced by tumor cells, which facilitates
metastatic spread, can be inhibited by the dis-
integrins, a family of viper venom-like peptides.
Therefore, adhesion molecules from the integ-
rin family and components of angiogenesis
might be useful as tumor progression markers
for diagnostic and prognostic purposes.
Already, B1 integrin appear to be promising tar-
get for drug discovery, and currently, and cur-
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rently, anti-integrin antibodies [85], disintegrins
and synthetic peptides [86, 87] have been
reported to be effective antimetastatic agents
and inhibited invasion and metastasis in in
vitro and in vivo models. Surely, integrin inhibi-
tion alone and with other targeted therapeutic
approaches should be further investigated in
clinical trials in patients with CRC in order to
identify new molecular markers and signalling
pathways that are characteristic of aggressive
colorectal carcinomas and, in turn, provide
novel therapeutic candidates.

Conclusion

Although there was no statistically significant
prognostic association between B1 integrin
expression with the different clinicopathologi-
cal parameters, the relationship in CRC liver
metastases needs to be better understood,
and further studies are needed to clarify the
molecular basis involved in this process.
However, the finding that the alteration of
expression of B1 integrin was statistically col-
lated with the differentiation grade of liver
metastases indicate that development of integ-
rin cell expression profiles for individual tumors
may have further potential in identifying a cell
surface signature for a specific tumor type and/
or stage. Thus, recent advances in elucidating
the structure, function, ECM binding, and sig-
nalling pathways of the B1 integrin can be led to
new and exciting modalities for colorectal met-
astatic cancer therapeutics and diagnoses.
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Supplementary Table 1. Disease-free and overall survival rate of patients with colorectal liver metas-
tases according to clinicopathologic characteristics of primary and metastatic tumor and Remmele’s
immunoreactive score of B1-integrin

Characteristics Disease-free survival rate (%) Overall survival rate (%)
Immunoreactive score p-value Immunoreactive score p-value
positive score negative score positive score negative score
(3-12) (0-2) (3-12) (0-2)
All 41.7 (8.2) 36.4 (7.5) 0.605 52.3(9.0) 53.8 (7.6) 0.501
sex
male 44.4 (11.7) 30.8 (9.4) 0.269 54.4 (12.1) 53.3(9.9) 0.626
female 38.9 (11.5) 43.7 (11.9) 0.674 50.9 (13.3) 55.0 (11.9) 0.657
age
<60 38.9 (11.5) 23.5(10.3) 0.404 59.6 (13.3) 58.8 (11.9) 0.461
>60 444 (11.7) 45.0 (10.0) 0.979 46.1 (11.8) 50.6 (9.8) 0.898
location of primary tumor
colon 42.1 (11.3) 43.1(11.1) 0.943 46.1 (11.9) 65.2 (9.9) 0.955
rectum 41.2 (11.9) 28.6 (9.9) 0.398 59.4 (13.4) 42.9(10.8) 0.367
differentiation of primary tumor
well
moderately 39.3(9.2) 35.1(7.8) 0.707 49.8 (10.3) 54.6 (7.9) 0.646
poorly 50.0 (17.7) 33.3(27.2) 0.281 62.2 (17.8) 33.3(27.2) 0.357
unknown
tumor size of primary tumor
T1 50.0 (35.4) 50.0 (35.4)
T2 0 27.3(13.4) 0.950 66.7 (27.2) 36.4 (14.5) 0.481
T3 48.3 (9.3) 47.4 (9.7) 0.970 50.8 (10.2) 67.1(9.0) 0.724
T4 0 0 0.765 50.0 (35.4) 20.0 (17.9) 0.419
lymph node metastasis of primary tumor
0 43.8 (12.4) 51.4 (10.6) 0.737 37.8 (12.5) 61.7 (10.1) 0.367
1 53.8 (13.8) 22.2 (13.9) 0.204 76.9 (11.7) 53.3 (17.3) 0.080
2 14.3 (13.2) 20.0 (12.6) 0.834 45.7 (22.4) 40.0 (14.5) 0.810
venous invasion of primary tumor
absent 41.7 (10.1) 41.3 (8.9) 0.777 54.4 (11.2) 51.9 (9.0) 0.476
present 33.3(27.2) 28.6 (17.1) 0.822 50.0 (35.4) 71.4 (17.2) 0.675
lymphatic invasion of primary tumor
absent 37.5(17.1) 52.9 (12.1) 0.727 17.8 (15.6) 68.6 (11.7) 0.081
present 42.1 (11.3) 26.5 (9.9) 0.335 72.4 (10.5) 45.5 (10.6) 0.033
stage
I 25.0 (21.7) 16.7 (15.2) 0.347 50.0 (25.0) 33.3(19.2) 0.840
Il 45.5 (15.0) 70.0 (14.5) 0.307 25.0 (14.4) 62.3 (15.0) 0.220
1 31.3 (11.6) 21.4 (11.0) 0.945 61.7 (14.6) 50.0 (13.4) 0.413
v 80.0 (17.9) 36.9 (13.8) 0.112 80.0 (17.9) 59.3 (14.3) 0.198
differentiation of liver metastases
well
moderately 41.4 (9.1) 39.6 (7.8) 0.835 53.1(10.4) 55.4 (7.9) 0.539
poorly 50.0 (20.4) 0 0.267 57.1 (18.7) 50.0 (35.4) 0.249
unknown
time interval between primary tumor and liver metastasis
synchron 80.0 (17.9) 36.9 (13.8) 0.112 80.0 (17.9) 59.3 (14.3) 0.198
metachron 35.5 (8.6) 35.9 (8.9) 0.859 46.5 (10.1) 51.1 (9.1) 0.854




