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Integrin-linked kinase (ILK) and its binding partners a-parvin, f-parvin, Mig-2 and Migfilin
are important components of the cell-matrix adhesions implicated in cell motility, growth,
survival and ultimately carcinogenesis. Herein, we investigated immunohistochemically
the expression of these molecules in cartilaginous neoplasms and explored their involve-
ment in chondrosarcoma pathobiology and behaviour. Our analyses revealed that ILK, a-
parvin, B-parvin and Mig-2 are expressed in the majority of chondrosarcomas but in a small

Keywords: proportion of enchondromas, implying that these proteins might have a role in the devel-
Chondrosarcoma opment and progression of chondrogenic neoplasms. Moreover, our findings highlight the
ILK possibilities that ILK might serve as biological marker that could accurately predict a high-
Migfilin grade tumour and that Mig-2 may function as a promising prognostic indicator of high-risk
Mig-2 patients.
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1. Introduction second, it acts as a Ser/Thr kinase transmitting signals to

the inner part of the cell.™? In vitro experiments have demon-

Cell-extracellular matrix (ECM) adhesions play a crucial role
in the regulation of most vital cellular processes. Integrin-
linked kinase (ILK), an important component of cell-ECM
adhesions, is a widely expressed Ser/Thr kinase that interacts
with the cytoplasmic domains of p1 and B3 integrins, thus
linking the ECM with the intracellular compartment. Interest-
ingly, ILK serves a dual role at the cell-ECM adhesion sites;
first, it acts as an adaptor protein forming a stable ternary
complex that connects the ECM with actin cytoskeleton and
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strated that ILK activity is regulated in a phosphoinositide 3-
kinase (PI3-K)-dependant fashion either by integrin clustering
or by growth factors and chemokines.?® This results in the
phosphorylation and hence activation of multiple signal
transduction pathways such as AKT/protein kinase B (PKB),
glycogen synthase kinase-3p (GSK-3B), PK that regulate
important cellular functions including growth and survival,
cell-cycle progression, cell motility, vascular development, tu-
mour invasion, migration and angiogenesis.*®
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As an adaptor protein, ILK has the ability to bind to the
particularly interesting new Cys-His-rich protein (PINCH)
and parvins, all of which are critical components of the inte-
grin-mediated signalling, forming a stable ternary protein
complex at cell-ECM adhesion sites known as PIP com-
plex.>®” The mammalian parvin family is composed of a-,
B- and y-parvin, which are encoded by three different genes.
Human o- and B-parvins are closely related in terms of struc-
ture displaying 74% identity and 85% homology.® Notably,
these proteins are extensively expressed in human tissues,
whereas the distribution of y-parvin is more restricted.’

Further adding to the complexity of the matter, ILK is also
known to interact with other cell-ECM adhesion proteins
such as mitogen inducible gene-2 (Mig-2). Mig-2 is critical
for a number of fundamental cellular processes but its role
in carcinogenesis has yet to be defined. Mig-2 binds to Migfi-
lin, another cell-ECM adhesion protein, which in turn associ-
ates with Filamin, linking the ECM to the actin cytoskeleton
machinery.*®*

During the last few years a considerable volume of stud-
ies have been conducted to shed light upon the role of ILK
in the pathobiology of human neoplasia. Indeed, immuno-
histochemical and biochemical data have shown that in-
creased ILK expression is implicated in the pathogenesis
and progression of several human malignancies, including
melanoma, Ewing’s sarcoma, and colon, gastric, lung, pros-
tate, ovarian and breast cancers.'>® Interestingly, in vitro
experiments in cell lines have demonstrated important
roles for the ILK interactors in cell adhesion, spreading,
motility, differentiation and survival.'® Nonetheless, the
expression of these molecules in human tumours and their
implication in tumorigenesis has not been studied
extensively.

In this study we assessed the expression of ILK and its
binding partners, a-parvin, p-parvin and Mig-2, as well as
the expression of Migfilin in a well-characterised panel of hu-
man primary, central chondrosarcomas (CHS) of all grades,
enchondromas (ECH) and normal cartilage. Moreover, we ex-
plored their role in the pathogenesis and progression of carti-
laginous neoplasms and assessed their potential as possible
biomarkers for the prediction of cartilage tumour grade. Fi-
nally, we examined these proteins as possible prognostic fac-
tors for the survival of CHS patients.

2. Patients and methods

2.1. Patients

We used formalin-fixed, paraffin-embedded tissue obtained
from 60 primary, central (conventional) CHS and 25 ECH pa-
tients that were diagnosed at the University Hospitals of Pa-
tras and Ioannina, Greece as well at the ‘Agios Savvas’ and
‘Agia Olga’ Oncology Institutes, Athens, Greece, between
1993 and 2005. The study protocol was approved by the Ethics
Committee of the University of Athens Medical School. Fol-
low-up data were available for 40 of 60 patients (66.7%). The
mean follow-up period was 67.9 months (STD =40.9,
range = 2-180 months). During this period of time 11 of 24
(45.8%) patients with high-grade (HG) and 3 of 16 (18.75%) pa-
tients with low-grade (LG) CHS died of their disease.

With respect to CHS patients, 34 were male and 26 were fe-
male (mean age 54 year, range 21-85 year). In 32 cases (54%)
the tumour was developed in the limbs of the patients (femur:
25 cases; humerus: 7 cases). In the remaining 28 patients
(34%), the neoplasm was located at the axial skeleton (pelvis:
22 cases; shoulder: 7 cases). There were 20 (33.3%) grade 1, 29
(48.3%) grade 2 and 11 (18.3%) grade 3 tumours. Twenty-three
of the CHS of our series (39%) were smaller than 8cm,
whereas the remaining 37 tumours (61%) were bigger or equal
to 8 cm.

The determination of the CHS grade was based upon
established, widely accepted microscopic criteria.'”"*® Specifi-
cally, the tumour architecture, cellularity and necrosis as well
as the presence of specific cellular and nuclear features
namely hyperchromasia, mitoses, nuclear enlargement and
binucleation were assessed. Grade 1 CHS do not have meta-
static potential and the 5-year survival for the patients with
this tumour is 89%; on the contrary, grades 2 and 3 CHS
metastasise in 10-33% and 70% of the cases, respectively,
and the combined group of patients has a 5-year survival of
53%.'® In agreement with the aforementioned data, we con-
sidered grade 1 CHS as LG, whereas grades 2 and 3 as HG
tumours.

Regarding the ECH patients, 11 were male and 14 female
(mean age 52 years, range 31-67 years). All ECH were located
at the extremities (humerus: 12; femur: 9; tibia: 4). Twenty
normal hyaline cartilage specimens were obtained from au-
topsy material.

The best preserved sections from each case were selected
for immunohistochemistry. Sections from areas with exten-
sive myxoid changes and necrosis were excluded from the
analysis.

2.2.  Antibodies and immunohistochemistry

We generated IgG mouse monoclonal anti-ILK, anti-a-parvin,
anti-B-parvin, anti-Mig-2 and anti-Migfilin antibodies at our
Laboratory as previously reported.’®

Following deparaffinisation, the classic biotin-streptavi-
din-peroxidase assay was performed on 4-um thick, forma-
lin-fixed, paraffin-embedded sections, as previously
described.’ The following purified monoclonal antibodies
were used: anti-ILK (concentration: 20 pg/ml, dilution: 1/
100), anti-a-parvin (concentration: 7 pg/ml, dilution: 1/50),
anti-B-parvin (concentration: 12.4 pg/ml, dilution: 1/100),
anti-Mig-2 (concentration: 12.46 pg/ml, dilution: 1/50) and
anti-Migfilin (concentration: 1.4 ug/ml, dilution: 1/70). Normal
skeletal muscle was used as positive control for all antibodies
tested. Vessel endothelial cells served as internal positive
control for Migfilin staining. In negative control slides, the pri-
mary antibody was substituted with 1% TBS.

A minimum of 500 cells were examined in each specimen.
Stain intensity and proportion of immunopositive cells were
assessed by light microscopy and evaluated independently
by two investigators (D.J.P. and A.G.P). For all proteins,
immunohistochemical staining was graded on a scale of 0-
3+, according to the following assumption: 0: no immunore-
activity; 1+: mild immunoreactivity, 1-33% positive tumour
cells; 2+: moderate immunoreactivity, 33-66% positive tu-
mour cells; 3+: strong immunoreactivity, 67-100% positive
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tumour cells.?? In a very small number of cases inter-observer
variation was noticed. These cases were re-examined and re-
evaluated by both D.J.P. and A.G.P. and a consensus score was
placed.

2.3.  Statistical analyses

Mann-Whitney test was employed to compare non-paramet-
ric variable scores between HG and LG CHS, as well as be-
tween LG CHS and ECH. The strength of association
amongst nominal variables was assessed by Kendall’s t-test.
Tumour grade was modelled using a binary logistic regression
analysis; graded levels of protein expression were entered in
the model as categorical predictors. Expression levels of all
proteins were recoded from the four-level scale (0-3+) into a
two-level scale (‘low/high’ expression), with a cutoff value
for immunopositivity at 33%. Analyses for overall survival
were evaluated using the Kaplan-Meier method, and different
subgroups were compared using the log-rank test. Overall
survival was calculated from the date of diagnostic biopsy un-
til death because of the disease. Multivariate survival analysis
was performed with the Cox regression model. All differences
were considered statistically significant if P <0.05. P-values
were two-tailed. All statistical analyses were performed using
the SPSS 13.0 for Windows (version 13.0, SPSS Inc., Chicago,
IL, USA).

3. Results

3.1.  Expression of ILK, a-parvin and B-parvin

Fifty six of the 60 (93.3%) CHS of all grades and 9 of 25 (36.0%)
ECH exhibited primarily cytoplasmic immunoreactivity for
ILK (Table 1). ILK expression pattern was similar between all
cartilage tumours examined (Figs. 1A and B, 2B-D). a-Parvin
was expressed in 57/60 (95.0%) and p-parvin in 49/60 (81.7%)
of the examined sarcomas. With respect to ECH, a-parvin
immunopositivity was observed in 18 (72.0%) and p-parvin
in 10 (40.0%) of 25 neoplasms, respectively. Notably, the local-
isation of parvins was also mainly cytoplasmic (Fig. 1C and D).
There was no variation in the immunoexpression fashion in
different grades of CHS and ECH. Normal cartilage cells were
not immunoreactive for the aforementioned molecules. Inter-
estingly, the expression levels of ILK and a-parvin were signif-
icantly and positively correlated to each other (Kendall’s
7=0.424, P = 0.01). No significant association was observed be-
tween the cellular levels of ILK and p-parvin (Kendall’s
7=0.208, P=0.12), as well as between the expression levels
of a- and B-parvin (Kendall’s = = 0.142, P = 0.853) (Fig. 2).

3.2 Expression of Mig-2 and Migfilin

Mig-2 was expressed in 51/60 CHS (85%) but only in 4/25 (16%)
ECH (Table 1). In the vast majority of the examined cells Mig-2
immunolocalisation was almost exclusively cytoplasmic
(Fig. 1E). The immunohistochemical profile of Mig-2 was very
similar in all the cases examined. Normal cartilage specimens
were negative for this protein. Notably, the expression levels
of Mig-2 were strongly correlated to the cellular levels of ILK
(Kendall’s ©=0.490, P<0.0001) and a-parvin (Kendall’s

d Mig-2 in human chondrosarcomas
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B-Parvin

a-Parvin

Mig-2

ILK

G2 CHS G3 CHS G1 CHS G2 CHS G3 CHS G1 CHS G2 CHS G3 CHS G1 CHS G2 CHS G3 CHS

G1 CHS

Intensity of IHC

0 (0%)

3 (12%)
4 (16%)

6 (30%)
5 (25%)
9 (45%)
0 (0%)

2 (13.3%)
1 (6.7%)

2 (8%)

7 (35%)
4 (20%)
8 (40%)
1 (5%)

0 (100%)
3 (20%)
3 (20%)
9 (60%)

0 (0%)

3 (15%)
5 (25%)
8 (40%)
4 (20%)
17 (85%)

0 (0%)
0 (0%)
0 (0%)

1 (4%)
1 (4%)

3 (15%)
10 (50%)
6 (30%)
1 (5%)

1 (66%)
3 (20%)

14 (56%)
6 (24%)
3 (12%)

4 (16%)

1+

13 (52%)
5 (20%)
22 (88%)

8 (53.3%)

13 (52%)
8 (32%)

13 (52%)
10 (4%)

2+

11 (73.3%)
15 (100%)

4 (26.7%)

15 (100%)
15 (100%)

3+

15 (100%) 13 (65%) 23 (92%) 13 (86.7%) 14 (70%)

25 (100%)

24 (96%)

17 (85%)

Positive cases

25 (100%) 15 (100%) 20 (100%) 25 (100%) 15 (100%) 20 (100%) 25 (100%) 15 (100%) 20 (100%) 25 (100%) 15 (100%)

20 (100%)

Total

high-grade tumours.

IHC, immunohistochemistry; ILK, integrin-linked kinase; CHS, chondrosarcoma; G, grade. G1 and G2 CHS = low-grade tumours; G3 CHS
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Fig. 1 - (A-E). Inmunohistochemical profile of ILK, «-parvin, p-parvin and Mig-2 in HG CHS (original magnifications x20, x40,
%20, x20, respectively). (F) Migfilin displayed no immunoreactivity. Nonetheless, the endothelial cells showed intense
immunopositivity for this adhesion protein (original magnification x20). Scale bar = 50 pm.

©=0.384, P <0.0001). On the contrary, no association was re-
vealed between Mig-2 and p-parvin staining levels (Kendall’s
7=0.025, P =0.853).

In all the CHS and ECH cases the tumour cells were nega-
tive for Migfilin. Nonetheless, the endothelial cells exhibited
strong immunopositivity for Migfilin in both neoplastic and
normal cartilage (Fig. 1F).

3.3.  Correlation of ILK and its binding partners, a-parvin,
B-parvin and Mig-2, with tumour grade in human
chondrogenic neoplasms

The expression levels of ILK and Mig-2 were significantly
higher in HG in comparison to LG CHS and in LG CHS com-
pared to ECH (Mann-Whitney test, P < 0.005 for all). Applying
binary logistic regression tests, we assessed the potential role

of ILK and Mig-2 as tumour grade predictors. Our analysis re-
vealed that ILK expression status displayed the strongest
association with tumour grade. Specifically, ILK cellular levels
could predict a HG CHS with a positive predictive value 95%,
negative predictive value 65% and an overall accuracy 85%.

3.4.  Survival analysis

Univariate analysis revealed that advanced tumour grade and
higher levels of Mig-2 expression correlated with worse over-
all survival (log-rank P =0.01 and 0.02, respectively) (Fig. 3A
and B). ILK expression revealed a strong tendency for associ-
ation with poor prognosis, but the observed correlation
(P =0.06) did not reach the formal level of significance. o-Par-
vin and B-parvin expression, as well as patient gender, tu-
mour location and size had no impact on survival. Cox
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Fig. 2 - (A) ILK is not expressed in normal hyaline cartilage. (B) Weak positivity for ILK in an ECH. (C) LG CHS displaying
moderate ILK immunoexpression. (D) Malignant cells of a HG CHS exhibiting strong, cytoplasmic ILK immunostaining (A-D,
original magnification x20). Scale bar = 50 pm.
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Fig. 3 - (A) Kaplan-Meier curve for the overall survival of the patients with high- and low-grade CHS. The two curves are
significantly different (P = 0.01). (B) Kaplan-Meier curve for the overall survival of the CHS patients, according to the
expression of Mig-2. The two curves are significantly different (P = 0.02).
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multivariate analysis of survival revealed that tumour grade
was the single, independent prognostic factor for poor out-
come (log-rank P = 0.04).

4, Discussion

Over the past few years, reports from a number of laboratories
have provided evidence suggesting that ILK is a pivotal regu-
lator of numerous aspects of cell morphology and biological
behaviour, and its deregulation has been implicated in tumo-
urigenesis. Accordingly, several in vitro studies have docu-
mented that ILK overexpression suppresses apoptosis,
increases resistance to cell death in suspension (anoikis)
and promotes cell survival primarily through AKT/PKB and
GSK-3p phosphorylation.?>?! In addition, ILK overexpression
or constitutive activation contributes to cell-cycle progres-
sion, whereas suppression of ILK function results in inhibi-
tion of cyclin D1 expression and Gi/S cell-cycle arrest.??
Therefore, up-regulation of this protein has been related to
the pathobiology of several human cancers.’>* Although
knock-out experiments on mice have shown that ILK is impli-
cated in chondrocyte growth and shape regulation,® the
expression of ILK in cartilaginous tumours and its implication
in their pathogenesis has not been investigated.

In this study we detected ILK expression in the majority of
the cartilaginous tumours evaluated, but not in normal chon-
drocytes. Notably, statistical analysis of our results uncovered
that ILK expression correlated significantly and positively
with tumour grade. This is supported by similar findings in
other human malignancies, such as colon cancer and mela-
noma, where increased ILK expression was significantly
linked to advanced tumour grade and stage.*'* Collectively,
our results provide evidence that ILK may have a key role in
the pathogenesis of human cartilaginous sarcomas and, most
importantly, the extent of its expression is probably associ-
ated with the development and progression of these
malignancies.

Another finding of our study is that the binding partners of
ILK, a-parvin and B-parvin, were readily expressed in the
majority of the examined tumours, whereas normal cartilage
did not express these proteins in detectable levels. This indi-
cates that parvins may be involved in the malignant transfor-
mation of chondroblasts. Even though parvins have been
shown to participate in actin cytoskeleton regulation and cell
survival, very few studies have attempted to investigate their
role in human disease. Cell culture experiments, however,
have revealed marked down-regulation of B-parvin in ad-
vanced epithelial breast cancer.?* This finding is in contrast
to our results of increased B-parvin expression in HG CHS,
but the discrepancy may reflect a different role of p-parvin
in the pathobiology of tumours derived from different precur-
sor cells. Additional studies in large number of tumours are
needed in order to determine the exact role of p-parvin in hu-
man oncogenesis.

Several in vitro studies have documented that o- and B-par-
vin display similar, Cys-His domain-dependant binding to the
COOH-terminal region of ILK and therefore, they act antago-
nistically in order to accomplish exclusive ILK binding.>® This
competitive behaviour responds to the distinct functions of
these two adhesion molecules. Specifically, although a-parvin

protects cell from apoptosis, inducing the activation of AKT/
PKB-mediated survival signalling, experiments in HeLa cells
have documented that B-parvin induces the apoptotic path-
ways.? In our study, ILK and parvins were found to be co-
immunolocalised in similar cellular compartments. Impor-
tantly, the cellular levels of ILK and a-parvin displayed very
strong association, whereas the degree of their expression
was significantly related to the histological grade of the
examined neoplasms. The parallel up-regulation of ILK and
a-parvin may be of importance, since it most likely indicates
that ILK and a-parvin functionally interact in the cytoplasm of
neoplastic cells forming a protein complex that appears to be
involved in the pathobiology of human CHS.

With regard to Mig-2, another ILK-interacting cell-ECM
adhesion protein, our study revealed that it was highly ex-
pressed in the majority of the CHS but only in a small fraction
of the ECH and not at all in normal cartilage. Moreover, our re-
sults demonstrated that the cellular levels of Mig-2 were sig-
nificantly increased in HG, compared with LG CHS and ECH.
Remarkably, Mig-2 immunolocalisation paralleled the locali-
sation of ILK and a-parvin and its expression levels were ro-
bustly and positively associated with the cellular levels of
these two molecules. Taken together, our findings imply that
Mig-2 might be involved in CHS pathobiology, possibly
through interaction with ILK and o-parvin.

Migfilin is a Mig-2-binding protein encountered at cell-
ECM adhesions in fibroblasts and at both cell-ECM and cell-
cell adhesions in epithelial and endothelial cells'®?® In vitro
experiments have shown that Migfilin is crucial for cell adhe-
sion and spreading, and it regulates cell shape and migration
and strengthens the cell-cell adhesions between neighbour-
ing cells.™ Interestingly, recent data show that Migflin is ex-
pressed in human leiomyomas and leiomyosarcomas and
that its expression levels are associated with higher tumour
grades.?” In this study however, Migfilin could not be detected
in any of the cartilaginous neoplasms examined. This may
indicate that Migfilin has different functions in these two dif-
ferent categories of mesenchymal tumours. Remarkably,
however, in both studies endothelial cells displayed strong
Migfilin immunopositivity. It would be of great interest to fur-
ther test the significance of this protein as a potential novel
endothelial marker.

We also assessed the cellular levels of ILK, a-parvin, B-par-
vin and Mig-2 as biological markers that could aid in the dis-
crimination between HG and LG CHS. Binary logistic
regression analysis revealed that elevated immunoexpression
of ILK could accurately predict HG tumours. This is potentially
a notable finding. Recent therapeutic protocols suggest that a
considerable volume of extremity LG CHS can be treated with
local curettage and cryosurgery, whilst HG CHS patients
should undergo aggressive surgical procedures.”®?° Conse-
quently, precise distinction between these two tumour cate-
gories might contribute to an individualised assessment of
prognosis and therapeutic intervention. In our study however,
limitations of statistical analyses related to the size of our
sample did not allow extrapolation of this conclusion beyond
this series.

In line with previous data, we found that higher tumour
grade was the single independent parameter related to poor
patient outcome.®*° Univariate analysis revealed that Mig-2
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expression could function as a prognostic factor for the over-
all survival of the CHS patients of our sample. However, be-
cause of the limited number of our series and the
retrospective nature of our study, the importance of Mig-2
as biomarker for tumour prognosis should be drawn with
caution. Additional, multicentric, preferentially prospective
studies are required to determine whether this molecule
could be helpful in patient evaluation in an individual basis.
In conclusion, our study provides novel evidence that ILK,
a-parvin and Mig-2 are expressed in human cartilaginous tu-
mours and, most importantly, that these proteins may have a
possible —yet unidentified— role in the development and
progression of these neoplasms. Furthermore, it underscores
the potential function of ILK as molecular marker for the pre-
diction of HG tumours and highlights the possibility that Mig-
2 may act as promising prognostic factor for poor survival. If
the participation of the aforementioned adhesion molecules
in the pathobiology of CHS proves to be essential, treatment
with small-molecule drugs that could selectively disrupt the
interaction between ILK and a-parvin at focal adhesions
might have great benefit in the treatment of CHS patients.
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