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Abstract

Background: The adaptor protein PINCH is overexpressed in the stroma of several types
of cancer, and is an independent prognostic marker in colorectal cancer. In this study we
further investigate the relationship of PINCH and survival regarding the response to

chemotherapy in colorectal cancer.

Results: Paraffin-embedded tissue sections from 251 primary adenocarcinomas, 149
samples of adjacent normal mucosa, 57 samples of distant normal mucosa and 75 lymph
node metastases were used for immunohistochemical staining. Stromal staining for PINCH
increased from normal mucosa to primary tumour to metastasis. Strong staining in adjacent
normal mucosa was related to worse survival independently of sex, age, tumour location,
differentiation and stage (p=0.044, HR, 1.60, 95% CI, 1.01-2.52). PINCH staining at the
invasive margin tended to be related to survival (p=0.051). In poorly differentiated tumours
PINCH staining at the invasive margin was related to survival independently of sex, age
and stage (p=0.013, HR, 1.90, 95% CI, 1.14-3.16), while in better differentiated tumours it
was not. In patients with weak staining, adjuvant chemotherapy was related to survival
(p=0.010, 0.013 and 0.013 in entire tumour area, invasive margin and inner tumour area,
respectively), but not in patients with strong staining. However, in the multivariate analysis

no such relationship was seen.

Conclusions: PINCH staining in normal adjacent mucosa was related to survival. Further,
PINCH staining at the tumour invasive margin was related to survival in poorly
differentiated tumours but not in better differentiated tumours, indicating that the impact of

PINCH on prognosis was dependent on differentiation status.
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Background

PINCH, particularly interesting new cystein-histidine-rich protein, was first identified in
1994 as an evolutionary conserved protein belonging to the LIM family, consisting of five
LIM domains [1]. A LIM domain mediates protein interactions and consists of a protein-
binding motif with a specific three-dimensional structure comprising a double zinc finger
[2]. The PINCH gene is located to chromosome 2q12.2 and encodes a protein that functions
as an adaptor protein [3]. PINCH is known to directly associate with two proteins: integrin-
linked kinase (ILK) [4] and Nck-2 [5]. ILK is an intracellular serine/threonine protein kinase
that is a constituent of integrin-mediated cell-matrix focal adhesions, structures that
mediate cell adhesion and signal transduction between the extracellular matrix and the
intracellular compartment [6]. Nck-2 is an adaptor protein capable of recognizing several key
components of growth factor receptor kinase-signalling pathways [5]. PINCH binds Nck-2
and ILK by means of two separate LIM domains, LIM1 for ILK [4] and LIM4 for Nck-2 [5],
and forms a multiprotein complex with these two proteins [4]. Thus, PINCH could provide a
connection between the growth factor receptor and integrin-signalling pathways by

mediating the interaction between Nck-2 and ILK.

The tumour-associated stroma is important in facilitating cancer growth and invasion, and
PINCH expression has been shown to be up-regulated in tumour-associated stroma of
several common cancer types, especially at the tumour invasive margin [7]. This indicates
that PINCH could be involved in tumour progression. Further, PINCH functions in the
integrin and growth factor signalling pathways, both important mediators of the tumour-

stromal interaction. In concordance with the theory of PINCH promoting tumour
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progression, it has been shown that a high stromal expression of PINCH at the tumour

invasive margin is related to worse prognosis in colorectal cancer [8].

In this study we further investigated the relationship of PINCH expression with survival and
clinicopathological variables in colorectal cancer patients and found that PINCH expression
at the tumour invasive margin or adjacent normal mucosa is independently related to
prognosis. We also studied the effect of PINCH expression on outcome of adjuvant
chemotherapy, and found that high PINCH expression could be related to treatment

outcome. However, we did not find it to be an independent marker.
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Methods

Patients

This study included 251 randomly selected patients with primary colorectal
adenocarcinoma. The characteristics of the patients and tumours were obtained from
surgical and pathological records at Linkdping and Vrinnevi hospitals. The median age of
the patients was 69 years (range 25-94 years). Tumour differentiation was graded as good,
moderate, poor, or mucinous (including signet-ring cell carcinomas), and inflammatory
infiltration was graded as weak, moderate or strong. Necrosis was graded as <10% and >
10%. All patients underwent surgical resection at Linkdping University Hospital
(Linkoping, Sweden) or Vrinnevi Hospital (Norrkoping, Sweden), during the time period
of 1973 to 2001. After surgery the patients were considered to have adjuvant
chemotherapy, which was given to 27 patients. The main indication for adjuvant treatment
was radically resected stage II or III tumours with additional risk factors (i.e. vascular
invasion and poor differentiation) in colon cancer. Also, one rectal cancer patient with a
stage III tumour and additional risk factors was included. Depending on various study
protocols active at each time, the drugs and administration schedule differed (Table 1). The

study was approved by the local human research ethics committee.

Immunohistochemistry

For immunohistochemical staining 5 um formalin-fixed, paraffin-embedded tissue
sections were used. The study included 251 samples of primary tumour, among them, 149
had adjacent normal mucosa. There were also 57 samples of distant normal mucosa taken

from the margin of the distant resection and 75 samples of regional lymph node metastasis.
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The sections were incubated at 60 °C overnight, then deparaffinized in xylene and
rehydrated in a series of ethanol with decreasing concentrations. In order to expose

masked epitopes the sections were boiled in 0.01 M Tris-EDTA buffer (pH 9.0) in a
high pressure cooker at 125 °C for 30 seconds after which the sections were cooled to 90

OC for 10 seconds and then kept in room temperature for 10 minutes. After washing in
phosphate buffered saline (PBS, pH 7.4) the sections were incubated in a 2% H202-
methanol solution for 20 minutes in order to block endogenous peroxidase activity. The
sections were then washed in PBS and incubated with protein block solution (Dako,
Carpinteria, CA) for 10 minutes. Subsequently, the sections were incubated with the
primary antibody, a polyclonal rabbit anti-PINCH (Rockland Laboratories, Gilbertsville,
PA) (2ug/ml), for 1 hour. After washing in PBS, the sections were incubated with the
secondary antibody (Dako ChemMate EnVision Detection Kit; Dako, Glostrup, Denmark),
a goat anti- rabbit/mouse polymeric HRP conjugate for 25 minutes, followed by washing
with PBS. The peroxidase reaction was performed using 3,3 - diaminobenzidine
chromogen (Dako) and finally the sections were counterstained with haematoxylin.
Sections known to stain positively were used as positive controls. For the negative control,

PBS was used instead of the primary antibody.

The sections were microscopically examined and scored independently by two
investigators without any knowledge of the clinicopathological data. The staining intensity
was determined for distant and adjacent normal mucosa, the entire tumour area, the
inner tumour area, and the invasive margin of the tumours, and was scored as negative,
weak, moderate or strong. Because of the clinicopathological similarities we combined the
negatively, weakly and moderately stained groups as one group (weak group), and

compared it to the strong group in the statistical analysis. The cases with discrepant scoring
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were re-evaluated individually until both investigators agreed on the scoring. The
remaining were re-examined by the two investigators together using a dual-headed
microscope in order to reach a consensus score. To avoid artificial effects, areas with

necrosis, poor morphology, or in the margins of the sections, were not considered.

Statistical analysis

The statistical analyses were performed using SPSS version 17.0. The xz test was used to
determine differences in PINCH expression among normal mucosa, primary and
metastatic colorectal cancer, as well as relationship of PINCH expression in primary
colorectal cancer with clinicopathological variables. Cox’s proportional hazard model was
used to test relationship between PINCH expression and patients’ survival. The Kaplan-
Meier method was used to calculate survival curves. Two-sided p-values of <0.05 were

considered statistically significant.
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Results

PINCH expression in normal mucosa, primary tumour and metastasis

PINCH staining was present in the cytoplasm of the fibroblasts in the stroma, whereas
normal epithelial and tumour cells, except for two cases, did not show any staining (Figure
1). Of the 57 distant normal mucosa samples, 61% were weakly stained and 39% were
strongly stained. As for the 149 adjacent normal mucosa samples, 71% were weakly
stained, and 29% of the samples were strongly stained. Of the 251 primary tumour
samples 46% had weak staining and 54% strong staining, and of 75 metastases, 20% were
weakly stained, and 80% strongly stained. The frequency of the strong PINCH staining
was shown to be significantly increased from adjacent normal mucosa to primary tumour
(p=0.0001), and from primary tumour to metastasis (p=0.007) (Figure 2). The intensity of
PINCH staining did not significantly differ between distant normal and adjacent normal

mucosa (p=0.077), nor between distant normal mucosa and primary tumour (p=0.16).

PINCH expression in relation to patient survival and other clinicopathological
variables

In adjacent normal mucosa, strong stromal staining for PINCH was related to poorer
survival (p=0.0008, Figure 3). In the multivariate analysis the relationship was still
significant independently of sex, age, tumour location, differentiation and stage (p=0.044,
HR, 1.60, 95% CI, 1.01-2.52, Table 2). Strong PINCH staining at the primary tumour
invasive margin also tended, although not significantly, to be related to worse survival
(p=0.051). Furthermore, in poorly differentiated tumours (including mucinous and signet-
ring cell carcinomas), the strong staining at the invasive margin was significantly related to

worse survival both in the univarite analysis (p=0.001, Figure 4A), and in the multivariate
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analysis including sex, age and stage (p=0.013, HR, 1.90, 95% CI, 1.14-3.16, Table 3).
However, in better differentiated tumours (including well and moderately differentiated
tumours) PINCH staining was not related to survival (p=0.40, Figure 4B). Strong PINCH
staining at the tumour invasive margin was also related to less inflammatory infiltration

(p=0.047, Table 4) and better differentiation (p=0.005, Table 4).

PINCH expression in relation to chemotherapy

In the univariate analysis, patients with weak stromal staining for PINCH in the entire
primary tumour (p=0.010), inner tumour area (p=0.013) or at the invasive margin
(p=0.013) receiving adjuvant chemotherapy had significantly better survival than those
without chemotherapy. In patients with strong staining for PINCH in the entire tumour
(p=0.13), inner tumour area (p=0.16) or at the invasive margin (p=0.16) chemotherapy was
not related to survival. However, in the multivariate analysis there was no significant

relationship between PINCH staining and chemotherapy outcome (data unshown).
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Discussion

Predictive and prognostic markers in colorectal cancer patients have been the subject of
intense research. The determination of prognosis predominantly relies on the
histopathological examination, although there are certainly other factors influencing
survival. Approaches are being made to improve prognostic methods, including analyzing
additional histopathological factors and molecular and genetical markers. Although these
markers are promising they are not yet routinely used. Potential markers include, for
example, allelic imbalances, chromosomal instability, expression of oncogenes, loss of
tumour suppressor genes, markers of proliferation, angiogenesis, inflammation and cell

adhesion as well as genes involved in the response to chemo- and radiotherapy.

In this study we have shown that the intensity of stromal immunohistochemical staining for
PINCH was increased from normal mucosa to primary tumour and from primary tumour to
lymph node metastasis in colorectal cancer. We have also shown that strong staining for
PINCH in normal adjacent mucosa was related to worse survival. Furthermore, in poorly
differentiated tumours, PINCH staining at the tumour invasive margin was significantly
related to survival, while in better differentiated tumours it was not. The pattern of PINCH
staining increasing from normal tissue to tumour and from tumour to metastasis has been
seen in previous studies [8] and indicates that PINCH is involved in tumour progression
and invasion. PINCH up-regulation in the stroma of oral squamos cell carcinoma also
predicts lymph node metastasis, further implicating PINCH in invasion and metastasis [9].
It has previously been shown that PINCH staining at the tumour invasive margin is an
independent prognostic marker in colorectal cancer [8], which we have also seen a
tendency towards in the current study. This further supports the idea that PINCH, through
involvement in the tumour-stromal interaction, promotes tumour invasiveness. The finding

that the intensity of PINCH staining in poorly differentiated tumours was significantly

10
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related to survival while in better differentiated tumours it was not suggests that the effect
of PINCH expression on the aggressiveness of the tumour could be dependent on
differentiation status. It seems as the impact of PINCH expression on survival is limited in
well differentiated tumours. As it has previously been seen [8], we also found strong
PINCH expression to be related to better differentiation. Poor differentiation is correlated
to worse survival [10], nevertheless strong expression of PINCH at the tumour invasive
margin seems to be related to a worse prognosis. Further, PINCH staining in the adjacent
normal mucosa was found to be related to survival, which has not been reported
previously. Although histologically the mucosa adjacent to a tumour appears normal, it is
from colorectal cancer patients and may differ biologically from the normal mucosa of a
healthy individual. Because of the proximity of the adjacent normal mucosa with the
invasive margin of the tumour, it is possible that this seemingly normal tissue is already
involved in signalling and interactions with the tumour. The finding that PINCH
expression in the adjacent normal mucosa is related to survival implicates PINCH in the

biological changes occurring in the mucosa around a tumour.

The interaction between tumour and stroma has been recognized as an important factor
influencing tumour growth and progression [11-12]. PINCH is involved in several signalling
pathways important to the tumour-stromal interaction by functioning as an adaptor protein in
the integrin- and growth factor signalling pathways [5,13]. Loss of PINCH in c. elegans
results in a phenotype identical to integrin null mutants [3], indicating that PINCH is required
for integrin signalling, one of the key components in the cell-stromal interaction. Integrin-
mediated adhesion to the extracellular matrix results in the stimulation of various intracellular
pathways important in the regulation of cell attachment, migration, proliferation [14-15],
survival and apoptosis [16]. PINCH directly associates with the proteins integrin-linked

kinase (ILK) and Nck-2, and assembly of the multi-protein complex containing PINCH, ILK

11
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and Nck-2 prevents the proteolytic degradation of the proteins that are part of the complex
[13]. Therefore, an increase in PINCH expression will increase the stability of the other
proteins in the complex, thus increasing ILK and Nck-2 signalling. Possibly, the aggressive
behaviour of tumours with a high stromal expression of PINCH can be explained by an up-
regulation of the signalling pathways that are dependent on the adaptor function of PINCH. It
is not clear which factors during tumour progression that influence the expression of PINCH
itself. Studies of epithelial-to-mesenchymal transition (EMT) in renal tubuli have shown
PINCH mRNA expression to be increased in response to transforming growth factor (TGF)-
B1 [17], a known inducer of EMT in several biological systems, including renal tubuli [18].
TGF-B1 has been implicated in the progression of colorectal cancer [19]; therefore it is

possible that TGF-B1 could be involved in the regulation of PINCH in colorectal tumours.

ILK is a serine/threonine protein kinase that associates with the cytoplasmic domain of the
integrin B1 and B3 subunits, thereby regulating integrin mediated signal transduction [6].
PINCH and ILK have been shown to be indispensable for proper control of cell shape
change, motility and survival [13]. ILK is activated through the PI3K-signalling pathway
and functions in cell survival by regulating the PKB/Akt signalling pathway [20]. Up-
regulation of ILK in tumour cells is observed in several types of cancer, and is associated
with tumour stage, metastasis and worse prognosis [21-23]. ILK overexpression promotes
an invasive phenotype, induces in vivo tumourigenesis [24], anchorage independent cell
growth [6] and anchorage independent cell cycle progression [25]. Clearly, ILK plays an
oncogenic role when overexpressed in epithelial cells. However, in our study we found
PINCH to be overexpressed in the stroma, therefore ILK signalling may be increased in
stromal cells. The question is therefore how increased ILK signalling in stromal cells can

influence the aggressiveness of the tumour.

12



Loof et al

The fibroblasts of the tumour associated stroma can affect tumour development by
secreting soluble factors such as vascular endothelial growth factor (VEGF) [26] and
matrix metalloproteinases (MMP:s) [27]. ILK contributes to tumour progression by
increasing the expression of VEGF via the activation of PKB/Akt and HIF-1a, thereby
stimulating angiogenesis [28]. Angiogenesis is a prerequisite for tumour growth and
progression [29], and the levels of angiogenetic factors such as VEGF are related to
prognosis in several types of cancer, including colorectal cancer [30]. Angiogenesis is
speculated to contribute to metastasis by increasing the number of leaky vessels into which
the tumour cells can intravasate [31] and the VEGF expression has been shown to be
related to tumour stage [32], lymph node metastasis [33-34], distant metastasis [34] and
depth of tumour invasion [32]. Furthermore, at our laboratory, a recent study (unpublished
data) of rectal cancer patients showed that PINCH expression was related to blood- and

lymph vessel density, implicating PINCH as a regulator of angiogenesis.

Further contributing to an invasive phenotype, ILK overexpression stimulates the
expression of matrix metalloproteinase -9 (MMP-9) [35]. Metalloproteinases are zinc-
dependent endopeptidases that degrade components of the extracellular matrix [36], a
process that is necessary for angiogenesis, tumour invasion and metastasis to occur [37].
Increased expression of MMP:s is associated with tumour invasion [38-39] and metastasis
[40-41]. In particular, MMP-9 plays a key role in the degradation of several components of
the ECM, including type IV, V and XI collagen, gelatin and laminin [42], and has been
found to be over-expressed in several types of cancer and to be associated with a worse

prognosis [43-44].

Remodelling of the extracellular matrix is a necessary process in order for a tumour to
grow and progress [45]. The remodelling consists not only of the breakdown of ECM, but
also the neosynthesis of certain ECM components such as fibronectin [46]. Assembly of

13
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fibronectin is regulated by ILK in a process requiring PINCH [24]. Therefore, an increase
in PINCH expression at the tumour invasive margin could be associated with enhanced
assembly of fibronectin matrix. Since the fibronectin matrix has a major impact on cell
adhesion, migration, and cell growth [47-48], an increased assembly could stimulate the
migratory and invasive capacity of the tumour cells. A high expression of fibronectin in
tumour stroma has been found to be correlated to lymph node metastasis, proliferation and
worse survival [49]. The interaction between fibronectin and tumour cells activates various
signalling pathways involved in tumour progression, leading for example to the increased

expression of metalloproteinases MMP-2 and -9 [50-51].

ILK is connected to the growth factor signalling pathways through PINCH, since PINCH
forms a multiprotein complex with ILK and the adaptor protein Nck-2 [5]. Nck-2 recognizes
several key components of growth factor receptor kinase-signalling pathways, including
EGF receptors, PDGF receptor-f and insulin receptor substrate-1(IRS-1) [5]. Thus, PINCH
provides a physical connection between the growth factor receptor-signalling pathways and
the integrin-mediated pathways by connecting ILK and the integrins with EGF-and PDGF
receptors and IRS-1 [4]. Through the complex formation with Nck-2, increased PINCH
expression may be associated with an up-regulation of the growth factor signalling pathways.
Growth factors are important regulators of the tumour-stromal interaction, and for some
carcinomas an increase in growth factor receptors in stromal cells is thought to be an essential

part in tumour to stroma signalling and hence tumour growth and progression [52-53].

Since PINCH expression is related to tumour progression and prognosis, we were
interested in investigating whether PINCH was also related to response to treatment. In our
group of patients, 27 patients received adjuvant chemotherapy. In the univariate analysis
we found chemotherapy to be significantly related to survival in patients with weak
stromal staining for PINCH at the invasive margin, while in patients with strong staining

14
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there was no relationship between chemotherapy and survival. This indicates that PINCH
could be one factor influencing the outcome of adjuvant chemotherapy. However, in the
multivariate analysis we found no significant correlation between chemotherapy outcome
and PINCH expression. Possibly, this could be due to the relationship of PINCH
expression with inflammatory infiltration and differentiation grade, known prognostic
factors in colorectal cancer [10,54]. Further, the relatively low number of patients may
contribute to the lack of significant results. More results would require a prospective
setting; as with many studies of prognostic or predictive markers the major weakness of
this study is the use of retrospective, non-randomized material as well as the low number

of the patients.

Conclusions

Stromal immunohistochemical staining for PINCH in normal mucosa adjacent to a tumour
was found to be related to survival in colorectal cancer patients. Although appearing
histologically normal, biological changes may occur in the mucosa near a tumour, possibly
affecting the behaviour of the tumour. Further, PINCH staining at the tumour invasive
margin was related to survival in poorly differentiated tumours but not in better
differentiated tumours, indicating that the impact of PINCH on prognosis is dependent on
differentiation status. Regarding treatment, adjuvant chemotherapy was significantly
related to survival in patients with weak stromal staining for PINCH, but not in patients
with strong staining. Thus, patients with weak PINCH staining seem to benefit more from
adjuvant chemotherapy than patients with strong staining. However, these results could not
be confirmed in a multivariate analysis. Taken together, our results indicate that PINCH

could be one factor influencing the prognosis in colorectal cancer patients.

15



Loof et al

Author’s contributions

JL carried out the experiments and drafted the manuscript. JR performed the statistical
analysis. CB and HS collected clinical data and raised clinical questions. SD collected
pathological material and data, HZ confirmed pathological variables by reading slides. XFS
conceived of the study, participated in the design and helped in the drafting of the manuscript.

All authors read and approved the final manuscript.

Acknowledgements
The study was supported by grants from the Swedish Cancer Foundation, the Swedish

Research Council and the Health and Research Council in the South-East of Sweden.

16



Loof et al

References

1.

Rearden A. A new LIM protein containing an autoepitope homologous to "senescent
cell antigen". Biochemical and biophysical research communications 1994;201(3):1124-
1131.

Dawid IB, Breen JJ, Toyama R. LIM domains: multiple roles as adapters and functional
modifiers in protein interactions. Trends Genet 1998;14(4):156-162.

Hobert O, Moerman DG, Clark KA, Beckerle MC, Ruvkun G. A conserved LIM protein
that affects muscular adherens junction integrity and mechanosensory function in
Caenorhabditis elegans. J Cell Biol 1999;144(1):45-57.

Tu Y, Li F, Goicoechea S, Wu C. The LIM-only protein PINCH directly interacts with
integrin-linked kinase and is recruited to integrin-rich sites in spreading cells. Mol Cell
Biol 1999;19(3):2425-2434.

Tu Y, Li F, Wu C. Nck-2, a novel Src homology2/3-containing adaptor protein that
interacts with the LIM-only protein PINCH and components of growth factor receptor
kinase-signaling pathways. Mol Biol Cell 1998;9(12):3367-3382.

Hannigan GE, Leung-Hagesteijn C, Fitz-Gibbon L et al. Regulation of cell adhesion and
anchorage-dependent growth by a new beta 1-integrin-linked protein kinase. Nature
1996;379(6560):91-96.

Wang-Rodriguez J, Dreilinger AD, Alsharabi GM, Rearden A. The signaling adapter
protein PINCH is up-regulated in the stroma of common cancers, notably at invasive
edges. Cancer 2002;95(6):1387-1395.

Gao J, Arbman G, Rearden A, Sun XF. Stromal staining for PINCH is an independent
prognostic indicator in colorectal cancer. Neoplasia 2004;6(6):796-801.

Zhang JT, Li QX, Wang D et al. Up-regulation of PINCH in the stroma of oral

squamous cell carcinoma predicts nodal metastasis. Oncol Rep 2005;14(6):1519-1522.

17



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Loof et al

Purdie CA, Piris J. Histopathological grade, mucinous differentiation and DNA ploidy
in relation to prognosis in colorectal carcinoma. Histopathology 2000;36(2):121-126.
Li H, Fan X, Houghton J. Tumor microenvironment: the role of the tumor stroma in
cancer. J Cell Biochem 2007;101(4):805-815.

De Wever O, Mareel M. Role of tissue stroma in cancer cell invasion. J Pathol
2003;200(4):429-447.

Fukuda T, Chen K, Shi X, Wu C. PINCH-1 is an obligate partner of integrin-linked
kinase (ILK) functioning in cell shape modulation, motility, and survival. J Biol Chem
2003;278(51):51324-51333.

Berrier AL, Yamada KM. Cell-matrix adhesion. J Cell Physiol 2007;213(3):565-573.
Takada Y, Ye X, Simon S. The integrins. Genome Biol 2007;8(5):215.

Chiarugi P, Giannoni E. Anoikis: a necessary death program for anchorage-dependent
cells. Biochem Pharmacol 2008;76(11):1352-1364.

Li Y, Dai C, Wu C, Liu Y. PINCH-1 promotes tubular epithelial-to-mesenchymal
transition by interacting with integrin-linked kinase. J Am Soc Nephrol
2007;18(9):2534-2543.

Thiery JP. Epithelial-mesenchymal transitions in development and pathologies. Curr
Opin Cell Biol 2003;15(6):740-746.

Tsushima H, Kawata S, Tamura S et al. High levels of transforming growth factor beta 1
in patients with colorectal cancer: association with disease progression.
Gastroenterology 1996;110(2):375-382.

Delcommenne M, Tan C, Gray V, Rue L, Woodgett J, Dedhar S. Phosphoinositide-3-
OH kinase-dependent regulation of glycogen synthase kinase 3 and protein kinase
B/AKT by the integrin-linked kinase. Proc Natl Acad Sci U S A 1998;95(19):11211-

11216.

18



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Loof et al

Takanami I. Increased expression of integrin-linked kinase is associated with shorter
survival in non-small cell lung cancer. BMC Cancer 2005;5:1.

Marotta A, Tan C, Gray V et al. Dysregulation of integrin-linked kinase (ILK) signaling
in colonic polyposis. Oncogene 2001;20(43):6250-6257.

Dai DL, Makretsov N, Campos EI et al. Increased expression of integrin-linked kinase
is correlated with melanoma progression and poor patient survival. Clin Cancer Res
2003;9(12):4409-4414.

Wu C, Keightley SY, Leung-Hagesteijn C et al. Integrin-linked protein kinase regulates
fibronectin matrix assembly, E-cadherin expression, and tumorigenicity. J Biol Chem
1998;273(1):528-536.

Radeva G, Petrocelli T, Behrend E et al. Overexpression of the integrin-linked kinase
promotes anchorage-independent cell cycle progression. J Biol Chem
1997;272(21):13937-13944.

Koshida Y, Kuranami M, Watanabe M. Interaction between stromal fibroblasts and
colorectal cancer cells in the expression of vascular endothelial growth factor. J Surg
Res 2006;134(2):270-277.

Singer CF, Kronsteiner N, Marton E et al. MMP-2 and MMP-9 expression in breast
cancer-derived human fibroblasts is differentially regulated by stromal-epithelial
interactions. Breast Cancer Res Treat 2002;72(1):69-77.

Tan C, Cruet-Hennequart S, Troussard A et al. Regulation of tumor angiogenesis by
integrin-linked kinase (ILK). Cancer Cell 2004;5(1):79-90.

Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J] Med
1971;285(21):1182-1186.

Dassoulas K, Gazouli M, Theodoropoulos G et al. Vascular endothelial growth factor

and endoglin expression in colorectal cancer. J Cancer Res Clin Oncol 2009.

19



31.

32.

33.

34.

35.

36.

37.

38.

39.

Loof et al

Weidner N. Intratumor microvessel density as a prognostic factor in cancer. Am J Pathol
1995;147(1):9-19.

Kitadai Y, Haruma K, Tokutomi T et al. Significance of vessel count and vascular
endothelial growth factor in human esophageal carcinomas. Clin Cancer Res
1998;4(9):2195-2200.

Du JR, Jiang Y, Zhang YM, Fu H. Vascular endothelial growth factor and
microvascular density in esophageal and gastric carcinomas. World J Gastroenterol
2003;9(7):1604-1606.

Maeda K, Chung YS, Ogawa Y et al. Prognostic value of vascular endothelial growth
factor expression in gastric carcinoma. Cancer 1996;77(5):858-863.

Troussard AA, Costello P, Yoganathan TN, Kumagai S, Roskelley CD, Dedhar S. The
integrin linked kinase (ILK) induces an invasive phenotype via AP-1 transcription
factor-dependent upregulation of matrix metalloproteinase 9 (MMP-9). Oncogene
2000;19(48):5444-5452.

Woessner JF, Jr. Matrix metalloproteinases and their inhibitors in connective tissue
remodeling. FASEB J 1991;5(8):2145-2154.

Westermarck J, Kahari VM. Regulation of matrix metalloproteinase expression in tumor
invasion. FASEB J 1999;13(8):781-792.

Sato T, Sakai T, Noguchi Y, Takita M, Hirakawa S, Ito A. Tumor-stromal cell contact
promotes invasion of human uterine cervical carcinoma cells by augmenting the
expression and activation of stromal matrix metalloproteinases. Gynecol Oncol
2004;92(1):47-56.

Di Nezza LA, Misajon A, Zhang J et al. Presence of active gelatinases in endometrial
carcinoma and correlation of matrix metalloproteinase expression with increasing tumor

grade and invasion. Cancer 2002;94(5):1466-1475.

20



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Loof et al

Kurahara S, Shinohara M, Ikebe T et al. Expression of MMPS, MT-MMP, and TIMPs
in squamous cell carcinoma of the oral cavity: correlations with tumor invasion and
metastasis. Head Neck 1999;21(7):627-638.

Jones JL, Glynn P, Walker RA. Expression of MMP-2 and MMP-9, their inhibitors, and
the activator MT1-MMP in primary breast carcinomas. J Pathol 1999;189(2):161-168.
Nagase H, Visse R, Murphy G. Structure and function of matrix metalloproteinases and
TIMPs. Cardiovasc Res 2006;69(3):562-573.

Aglund K, Rauvala M, Puistola U et al. Gelatinases A and B (MMP-2 and MMP-9) in
endometrial cancer-MMP-9 correlates to the grade and the stage. Gynecol Oncol
2004;94(3):699-704.

Ruokolainen H, Paakko P, Turpeenniemi-Hujanen T. Expression of matrix
metalloproteinase-9 in head and neck squamous cell carcinoma: a potential marker for
prognosis. Clin Cancer Res 2004;10(9):3110-3116.

Theret N, Musso O, Turlin B et al. Increased extracellular matrix remodeling is
associated with tumor progression in human hepatocellular carcinomas. Hepatology
2001;34(1):82-88.

Kaspar M, Zardi L, Neri D. Fibronectin as target for tumor therapy. Int J Cancer
2006;118(6):1331-1339.

Danen EH, Yamada KM. Fibronectin, integrins, and growth control. J Cell Physiol
2001;189(1):1-13.

Miyamoto S, Katz BZ, Lafrenie RM, Yamada KM. Fibronectin and integrins in cell
adhesion, signaling, and morphogenesis. Ann N Y Acad Sci 1998;857:119-129.
Ioachim E, Charchanti A, Briasoulis E et al. Immunohistochemical expression of

extracellular matrix components tenascin, fibronectin, collagen type IV and laminin in

21



50.

51.

52.

53.

54.

Loof et al

breast cancer: their prognostic value and role in tumour invasion and progression. Eur J
Cancer 2002;38(18):2362-2370.

Das S, Banerji A, Frei E, Chatterjee A. Rapid expression and activation of MMP-2 and
MMP-9 upon exposure of human breast cancer cells (MCF-7) to fibronectin in serum
free medium. Life Sci 2008;82(9-10):467-476.

Maity G, Fahreen S, Banerji A et al. Fibronectin-integrin mediated signaling in human
cervical cancer cells (SiHa). Mol Cell Biochem 2009.

Bhardwaj B, Klassen J, Cossette N et al. Localization of platelet-derived growth factor
beta receptor expression in the periepithelial stroma of human breast carcinoma. Clin
Cancer Res 1996;2(4):773-782.

Kitadai Y, Sasaki T, Kuwai T et al. Expression of activated platelet-derived growth
factor receptor in stromal cells of human colon carcinomas is associated with metastatic
potential. Int J Cancer 2006;119(11):2567-2574.

Klintrup K, Makinen JM, Kauppila S et al. Inflammation and prognosis in colorectal

cancer. Eur J Cancer 2005;41(17):2645-2654.

22



Loof et al

Figure legends

Figure 1. Immunohistochemical staining for PINCH. A) Weak PINCH
immunohistochemical staining (yellow-brown colour) in distant normal mucosa. B)
Moderate staining in the adjacent normal mucosa (top right corner of the picture) and
strong staining in the primary tumour (lower left of the picture). C) Even stronger staining

in lymph node metastasis.

Figure 2. PINCH expression in distant and adjacent normal mucosa, primary
tumour and lymph node metastasis. The frequency of the strong PINCH expression is
significantly increased from adjacent normal mucosa to primary tumour (p=0.0001) and

from primary tumour to metastasis (p=0.007).

Figure 3. PINCH expression in adjacent normal mucosa in relation to patient
survival. Strong expression of PINCH in adjacent normal mucosa is significantly related

to worse survival (p=0.0008).

Figure 4. PINCH expression at the primary tumour invasive margin in relation to
patient survival. A) Poorly differentiated tumours. B) Better differentiated tumours.
Strong expression of PINCH is related to worse survival in poorly differentiated tumours

(p=0.001) but not in better differentiated tumours (p=0.40).
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Table 1. Status of adjuvant therapy in colorectal cancer

patients

Adjuvant therapy N
5-Fluorouracil (5-FU)+ leukovorin 8
(Nord)

Panorex 6
Xeloda 5
5-FU + leukovorin (Mayo) 5
Fluorouracil + levamisole 1
Panorex + 5-FU + leukovorin (Mayo) 1
Other chemotherapy 1
Radiotherapy 1
Unknown 1

Nord and Mayo: administration schedules. Nord: drugs are

administered as injections on day 1 and 2. Mayo: drugs are

administered as injections on day 1-5.
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Table 2. Cox multivariate regression analysis of PINCH expression in adjacent

normal mucosa, sex, age, tumour location, grade of differentiation and stage in

relation to patient survival in colorectal cancer.

Variable N (%) Death HR 95% CI1 P-value
(%)

PINCH expression

Weak 102 (70) 52 (51) 1.00 - -

Strong 44 (30) 35 (80) 1.60 1.01-2.53 0.044
Sex

Male 83 (57) 52 (63) 1.00 - -

Female 63 (43) 35 (56) 0.82 0.53-1.28 0.39
Age (years)

<69 70 (48) 46 (66) 1.00 - -

> 69 76 (52) 41 (53) 1.51 0.96-2.39 0.075
Tumour Location

Colon 77 (53) 46 (60) 1.00 - -

Rectum 69 (47) 41 (59) 1.16 0.75-1.79 0.51
Differentiation
Well+moderate+poor 121 (83) 71 (59) 1.00 - -

Mucinous 25(17) 16 (64) 0.95 0.55-1.65 0.85
Stage

I 17 (12) 3 (18) 1.00 - -

I 34 (23) 15 (44) 3.32 0.95-11.62  0.061

111 64 (44) 40 (63) 6.98 2.11-23.06  0.0014

v 31 (21) 29 (94) 28.71 8.24-100.03 < 0.0001

HR: Hazard ratio; 95% CI: 95% confidence interval. (69 years = median age at operation)
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Table 3. Cox multivariate regression analysis of PINCH expression at tumour
invasive margin, sex, age and stage in poorly differentiated tumours in relation

to patient survival in colorectal cancer

Variable N (%) Death (%) HR 95% CI1 P-value
PINCH
expression
Weak 50 (55) 30 (60) 1.00 - -
Strong 41 (45) 36 (88) 1.90 1.14-3.16 0.013
Sex
Male 48 (53) 34 (71) 1.00 - -
Female 43 (47) 32 (74) 1.10 0.67-1.81 0.69

Age (years)

<69 51 (56) 40 (78) 1.00 - -

> 69 40 (44) 26 (65) 1.37 0.81-2.32 0.24
Stage

I+1I 18 (20) 7 (39) 1.00 - -

11 38 (42) 26 (68) 2.75 1.16-6.56 0.022

v 35(38) 33 (94) 9.09 3.63-22.75 < 0.0001

HR: Hazard ratio; 95% CI: 95% confidence interval. (69 years = median age at

operation)
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Table 4. Intensity of PINCH expression at the primary tumour

invasive margin in relation to clinicopathological variables

Variable PINCH expression at tumour invasive margin
Neak (%) Strong (%) P-value
Sex 0.97
Male )5 (53) 74 (54)
Female 18 (47) 64 (46)
Age (years) 0.97
<69 12 (50) 70 (51)
> 69 71 (50) 68 (49)
Tumour location 0.28
Colon )3 (62) 75 (55)
Rectum 39 (38) 62 (45)
Stage 0.34
I 3(13) 9 (7)
II 2 (21) 28 (21)
111 4 (43) 56 (42)
v 24 (23) 41 (31)
Differentiation 0.005
Better )3 (52) 95 (69)
Poorer ’0 (48) 42 (30)
Inflammatory 0.047
infiltration
Weak ’5 (26) 54 (40)
Moderate 13 (44) 52 (39)
Strong 30 (31) 28 (21)
Necrosis 0.32
< 10% ’8 (59) 70 (53)
>10% 0 (41) 63 (47)
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