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The Expression of STAT3, BCL-XL and MMP-2 Proteins
in Colon Adenocarcinomas and their Relationship with
Prognostic Factors

Kolon Adenokarsinomlarinda STAT3, BCL-XL ve MMP-2 Proteinlerinin
Saliniminin Tanisal Degeri ve Prognostik Faktorler ile lliskisi

Gokhan ARTAS, H. ibrahim OZERCAN
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ABSTRACT

Objective: Colon adenocarcinomas are the most common malignancy
of the gastrointestinal tract. Many factors are described in the
prognosis. Herein we aimed to determine the relationship between
signal transducer and activator of transcription 3(STAT3), B-cell
lymphoma-extra large (Bcl-xL) and matrix metalloproteinase-2
(MMP-2) expression in colon adenocarcinomas and their relationship
with prognostic factors.

Material and Method: A total of 45 colon adenocarcinomas (15 well,
15 moderately, 15 poorly differentiated) and 15 normal colon mucosa
samples were selected randomly. The STAT3, Bcl-xL and MMP-2
immunohistochemicals were applied to the samples.

Results: There was a significant difference between the normal
mucosa and carcinoma group regarding the STAT3 staining
diffuseness and intensity (p<0.05), but not for Bcl-xL (p>0.05). The
intensity of MMP-2 significantly differed between the normal mucosa
and the carcinoma group (p<0.05). The diffuseness of STAT3 and the
intensity of MMP2 showed a significant association with the degree of
differentiation (p<0.05). The intensity and diffuseness of BcL-xL did
not show a relationship with the degree of differentiation (p>0.05).
Evaluation of the diffuseness and intensity of the three markers with
lymph node metastasis and tumor size revealed that only MMP2
diffuseness had a negative correlation with tumor size (r=-0.318).

Conclusion: We observed that Bcl-xL does not have a role in the
diagnosis of colon adenocarcinomas or the detection of the degree
of differentiation, a prognostic factor, but such a relationship was
observed for STAT3 and MMP-2.
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Amag: Kolon adenokarsinomlar1 gastrointestinal sistemin en yaygin
malignitesidir. Prognozda 6nemi olan bir¢ok faktor tanimlanmuistir.
Calismamizda, kolon adenokarsinomlarinda Transkripsiyonun
Sinyal Doénigtiiriici ve Aktivatorii 3 (STAT3), B Hiicreli Lenfoma
Olduk¢a Biiyiik (Bcl-xL) ve Matrix Metalloproteinaz-2 (MMP-2)
proteinlerinin salinimi ve prognostik faktorlerle iliskisini belirlemeyi
amagladik.

Gere¢ ve Yontem: Caliymamiza rastgele secilen 45 kolon
adenokarsinomu (15 iyi diferansiye, 15 orta derecede diferansiye, 15
az diferansiye) ve 15 normal kolon mukozas1 6rnegi alindi. Kesitlere
imminohistokimyasal olarak STAT3, Bcl-xL ve MMP-2 uygulandi.

Bulgular: STAT3 boyanma siddeti ve yayginligi normal mukoza ve
karsinom grubu arasinda anlamli farklilik gosterirken (p<0,05) Bcl-
xLde farklilik bulunmad: (p>0,05). MMP-2 siddetinde kontrol grubu
ile karsinomlu grup arasinda anlamh farkliik bulundu (p<0,05).
STAT3 yayginligi ve MMP2'nin siddeti ile tiimoriin diferansiasyon
dereceleri arasinda anlamli farkliik bulundu (p<0,05). Bcl-xL
yayginlik ve siddeti ile tiimoriin diferansiasyonu arasindaki iligki
anlamsizdi (p>0,05). Her tig belirtecin yayginlig: ve siddeti ile lenf
diigimii metastazi ve timor ¢api arasindaki iliskide sadece MMP-2
yayginligi ile tiimor ¢api arasinda ters korelasyon bulundu (r=-0,318).

Sonug: Sonug olarak, kolon adenokarsinomlarin tanisinda ve
prognostik faktorlerden olan tiimoériin diferansiasyon derecelerinin
saptanmasinda Bcl-xUnin herhangi bir rolii olmadigi, bununla
birlikte STAT3 ve MMP-2"nin belirgin iliskisi oldugu goraldii.

Anahtar Sézciikler: Kolon timorleri, STAT3 protein, Bcl-xL protein,
Matrix Metalloproteinase 2, Prognoz
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INTRODUCTION

Colon adenocarcinomas are the most common malignancy
of the gastrointestinal tract and one of the main causes
of mortality and morbidity worldwide (1). They make up
9.7% of all cancer types. They are the fourth most common
cancer after lung, prostate and gastric carcinomas in males
and the third most common frequency after breast and
uterine cervix carcinomas in females (2).

Colorectal carcinomas are most commonly seen between
the ages of 60 and 79 years and the incidence increases
with age. Although uncommon before the age of 40 years,
development is possible due to genetic predisposition
and inflammatory bowel disease in this age group (1-4).
Several prognostic factors have been defined in colorectal
carcinoma and the most important one is the tumor stage.
The most widely used and accepted staging system is TNM
staging (5).

STAT3 is a member of the STAT family and these proteins
are transcription factors serving in the cytoplasm and
are significant mediators of growth factors together with
the cytokines. Seven types of STAT have been defined in
mammals and STAT3 is located in chromosome 17 (6).
Current studies show that STAT proteins play an important
role in cell proliferation, differentiation and apoptosis (7-
9). STAT3 activation has been shown to contribute to the
apoptotic process of the ovarian cancer cells by regulating
the release of Bcl-xL protein (10). Activated STAT3 has been
found to affect the invasion of melanoma cells by regulating
MMP-2 gene transcription (11).

Bcl-xL is a member of the Bcl-2 family and was first defined
by Boise et al. It regulates the electrical and osmotic balance
of mitochondria against various stimuli as a mitochondrial
membrane protein and extends the life of the cells (12). This
protein is known to have a significant role in the regulation
of apoptosis (13).

MMP-2 is a zinc-dependent endopeptidase and can reduce
many components of the basal membrane and extracellular
matrix (14). MMP-2 is a type of IV collagenase 72 kDa in
weight and is also known as Gelatinase (15, 16). The MMP
family can reduce the extracellular matrix and consists of
highly conserved enzymes (17). More than 24 members
have been defined so far according to zinc ion activity, pro
domain unit, specific amino acid sequence and inhibitors
(18).

Our aim in this study was to determine the immunoactivity
of STAT3, Bcl-xL and MMP-2 and to investigate their
relationship with the prognostic factors.
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MATERIAL and METHOD

A total of 15 normal colon mucosa and 45 colon
adenocarcinoma (15 well differentiated (WD), 15
moderately differentiated (MD), 15 poorly differentiated
(PD)) cases diagnosed at the pathology laboratory of
our hospital between 2000 and 2012 were evaluated and
included in the study after the approval of the ethics
committee was obtained.

Archive preparations of the cases were re-evaluated
under the light microscope and once the diagnoses were
verified, profiles 4 micrometer in thickness were taken
from the paraffin blocks for immunohistochemical (IHC)
investigation. The staining procedure was performed with
the staining device (Ventana Medical System, SN: 712299,
REF: 750-700, Arizona, USA). Slides stained with antibodies
were evaluated under the light microscope. Cytoplasmic
staining was accepted as positive for all three stains.

The percentage of the positive-stained areas and the
intensity of the staining were recorded in all cases.
Accordingly, cytoplasmic staining in more than 70% of the
cells was considered 3(+), 41% to 70% was 2(+), 10% to 40%
was 1(+), and less than 10% or no staining was negative (0).
The staining intensity was scored from 1 to 3 as weak (1+),
moderate (2+) and intense (3+). The data were expressed as
mean and standard deviation. The Chi-square test was used
for categorical data and Spearman Correlation analysis for
correlation analysis to analyze the differences between the
control and the patient group.

RESULTS

Of the 60 cases included in the study, 12 of the 15 cases in
the control group were males (80%) and 3 were females
(20%) while 33 of the 45 cases diagnosed with carcinoma
were males (73.3%) and 12 were females (26.7%). The mean
age was 57.80+13.40 years in the control group, 54.33£13.56
years in well-differentiated carcinomas, 63.33+17.07 years in
moderately differentiated carcinomas and 63.73+11.08 years
in poorly differentiated carcinomas. No statistically significant
difference was observed between the groups in terms of age
(p>0.05). The mean tumor diameter was 5.14 cm in the WD,
5.37 cm in the MD and 7.63 cm in the PD group. Lymph node
metastasis was present in 5 of 15 cases in the WD and MD
groups and in 11 of 15 cases in the PD group.

We first evaluated the STAT3, Bcl-xLand MMP-2 diffuseness
and intensity in the control group and carcinoma groups
in the study. There was a significant difference between
the control group and carcinoma regarding the STAT3
diffuseness and intensity. The difference was especially
marked for STAT3 diffuseness in the carcinoma group.
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No difference was found between the control group and
carcinoma groups in terms of the diffuseness and intensity of
Bcl-xL staining (p>0.05). No difference was found between
the control group and the carcinoma groups regarding
MMP-2 diffuseness (p>0.05). A significant difference
was found between the control group and the carcinoma
group regarding MMP-2 intensity (p<0.05) (Figure 1A-F)
(Table I).

A significant relationship was found between STAT3
diffuseness and tumor differentiation (p<0.05). The
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degree of diffuseness in well and moderately differentiated
carcinomas was less marked than the poorly differentiated
carcinomas. No significant difference was found between
the WD, MD and PD groupsin terms of STAT3 intensity, and
Bcl-xL diffuseness and intensity (p>0.05). MMP-2 intensity
showed a statistically significant difference between the
WD, MD and PD groups (p<0.05). The staining intensity
in poorly differentiated carcinomas were more prominent
than in the well and moderately differentiated carcinomas

(Table I).

staining was seen in the control group (Immunoperoxidase, x200). C) 3+ cytoplasmic staining with Bcl-xL in poorly differentiated
adenocarcinoma (Immunoperoxidase, x200). D) 3+ cytoplasmic staining with Bcl-xL in the control group (Immunoperoxidase, x200).
E) 1+ cytoplasmic staining in MMP-2 in moderately differentiated adenocarcinoma (Immunoperoxidase, x200). F) No MMP-2 staining
was seen in the control (Immunoperoxidase, x200).

Table I: The distribution of diffuseness and Intensity of STAT3, BCL-XL and MMP-2 between the control group and degrees of

differentiation
Carcinoma group (n=45)
N al =15
Immunohistochemical markers ormal mucosa (n=15) WD (n=15) MD (n=15) PD (n=15)
0 1+ 2+ 3+ O [1+ |2+ |3+ | O |1+ |2+ |3+ | O | 1+ | 2+ |3+

STAT3 lefus'eness 5 3 4 3 0 0 0 |15] 0 0 0 |15] 0 2 3 110

Intensity 5 7 3 0 0|5 |5|5|0|6|7]|2]0]|8]|5]|2
BCL-XL lefus?ness 1 2 0 12 0 0 0 |15] 0 0 0 |15] 0 2 0 |13

Intensity 1 4 7 3 0|37 [|5]0]7]8|]0]0]7]6]2
MMP-2 lefusc.:ness 2 3 4 6 0 0 5110] 0 4 3 8 0 2 7 16

Intensity 2 7 5 1 0|10 5|0 |0 (13[2]0]0]|13|]0]|2

WD: Well differentiated, MD: Moderately differentiated, PD: Poorly differentiated
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No significant relationship was observed between STAT3
and Bcl-xL diffuseness and intensity and the tumor diameter
(p>0.05). A reverse correlation was found between the
MMP-2 diffuseness and tumor diameter (p<0.05; r=-0.318)
(Figure 2). No significant relationship was seen between
MMP-2 intensity and tumor diameter (p>0.05).

No significant relationship was found between STAT3, Bcl-
xL and MMP-2 diffuseness and intensity and lymph node
metastasis (p>0.05).

DISCUSSION

Colon adenocarcinomas are the most common malignancy
of the gastrointestinal tract and one of the main causes of
mortality and morbidity worldwide (1). According to the
2006 data in Turkey, they are the fourth most common
cancer type in males (19).

The diagnostic value of STAT3, Bcl-xL and MMP-2 that
are thought to play a role in various stages of cell growth,
differentiation, proliferation and angiogenesis and also
tumor invasion and metastasis, and their relationship
with the prognostic factors of tumor differentiation,
tumor diameter and lymph node metastasis in colon
adenocarcinomas were investigated in this study.

STATS3 is a transcription factor that is activated by many
cytokines and growth factor and plays a key role in cell life,
proliferation and differentiation (6, 8). It is a member of the
JAK/ STAT signaling pathway. The STAT3 protein has been
found in the breast, head-neck, liver, melanoma, prostate
and pancreas cancers and in many malignant tumors
such as leukemia. Current studies have demonstrated that
the activation of this protein contributes to oncogenesis
(6). A limited number of articles on STAT3 and colon
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adenocarcinoma are available in the literature. STAT3 was
seen in 90% of adenomas and 97% of carcinomas in the
study by Lee et al. (20) conducted on 20 adenoma and 39
carcinoma cases. While they found no relationship between
STAT3 presence and lymph node metastasis and stage, a
significant relationship was found between histological
grade, distant metastasis and tumor diameter in the same
study. We found that the STAT3 diffuseness and intensity
showed a significant difference between the control group
and the carcinoma groups in our study (p<0.001). There was
3+ diffuseness of staining in 40 (88.9%) of the 45 carcinoma
cases. The carcinoma group showed intense staining.

While 3+ diffuseness of staining was seen all WD and MD
cases, it was present in only 66.7% of the PD cases when an
evaluation was made according to degree of differentiation.
The staining diffuseness in WE and MD cases was
significantly different than in PD cases (p<0.05). However,
no significant relationship was found between the degree of
tumor differentiation and staining intensity (p>0.05).

Ma et al. (21) evaluated 45 colorectal carcinomas and
reported that the highly activated STAT3 level showed a
significant correlation with lymph node metastasis and
the stage. Kusaba et al. (22) reported that STAT3 presence
was correlated with tumor invasion depth, lymphatic
invasion, Dukes stage and post-operative survival, but did
not show a relationship with lymph node metastasis and
the differentiation of the tumor. STAT3 diffuseness and
intensity showed no significant relationship with tumor
diameter or lymph node metastasis in our study (p>0.05).
We found 3+ diffuseness of staining in 18 (85.7%) of 21
cases with positive lymph node metastasis and in 22 (91.7%)
of 24 cases without metastasis.

Figure 2: Relationship between
MMP-2 diffuseness and tumor
diameter.
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Bcl-2 and Bcl-xL are important antiapoptotic factors and
this effect stems from their ability to manage antioxidant
factors (23). Bcl-xL also neutralizes p53 activity (24).
Bcl-xL has been reported to be present in high amounts
in various tumor types such as colon carcinomas,
lung adenocarcinomas, breast carcinomas, squamous
cell carcinoma of the lung, ovary carcinomas, bladder
carcinomas, ductal adenocarcinomas of the pancreas, and
prostate carcinomas (25-32). Lee et al. (20) reported that
the Bcl-xL intensity in colorectal carcinomas is higher than
in adenomas and the secretion is higher in WD and MD
cases than PD cases. We found no significant difference
between the control group and the groups with carcinoma
and between the various degrees of differentiation of the
tumor in terms of diffuseness and intensity of Bcl-xL in
our study (p>0.05). Zhang et al. (33) reported that Bcl-xL
level showed a significant relationship with lymph node
metastasis, Dukes stage and pathological degree in colorectal
carcinomas in their study. No significant relationship was
found between Bcl-xL diffuseness and intensity and the
tumor diameter and lymph node metastasis in our study
(p>0.05). The diffuseness and intensity of Bcl-xL was
different between the tumor diameters but there was no
statistically significant correlation (p>0.05).

MMP-2 has been reported to be present at high levels in
tumors of various organs such as the colon, brain, lung,
breast, ovary, pancreas and lung (15, 34). Poulsom et al. (15)
reported that the MMP-2 protein is found in high levels
in colorectal carcinomas. They emphasized that MMP-2
staining was present in desmoplastic stroma adjacent to
the tumor together with staining fibroblasts, macrophages
and endothelial cells within the stroma. Tomita et al. (35)
reported that normal mucosa and hyperplastic polyps
showed weak staining while adenomas showed stronger
staining and in situ carcinomas had significantly stronger
staining. We found 3+ diffuseness in 24 (53.3%) of 45
cases with carcinoma and in 6 (40%) of 15 cases in the
control group with no statistically significant difference
between the groups (p>0.05). A significant difference was
found between the control group and the carcinoma group
(p<0.05). Similar to the two previous studies, we found
staining in the desmoplastic stroma and in the endothelial
cells and fibroblasts within the stroma.

Shin et al. (36) reported that MMP-2 release level
showed correlation with the differentiation of the tumor,
lymphatic invasion and Dukes stage in colon carcinomas
in their study. Lee et al. (20) reported that MMP-2 levels
in colon adenocarcinomas are higher than in adenomas
but no significant association was present between the
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lymph node metastasis and the pathological stage. No
significant difference was seen between MMP-2 intensity
and the differentiation of the tumor in our study (p>0.05).
However, the difference between MMP-2 intensity and the
differentiation of the tumor was statistically significant
(p<0.05). The staining intensity in poorly differentiated
carcinomas was more prominent than in the well and
moderately differentiated carcinomas. Regarding the
prognostic factors, a reverse correlation was observed
between the tumor diameter and MMP-2 diffuseness and
the result was statistically significant (P<0.05; r=-0.318).
However, no significant relationship was seen between the
staining intensity and the tumor diameter (p<0.05). We
also found no significant relationship between lymph node
metastasis and MMP-2 diffuseness and intensity (p<0.05).

In conclusion, Bcl-xL has no role in the diagnosis
of adenocarcinomas and the determination of the
differentiation of the tumor that is one of prognostic
factors. STAT3, as known a regulator of transcription at cell
proliferation and differentiation, and MMP-2, which serves
as a protective gene for cell functions, have a significant
relationship. More comprehensive studies are needed in
order to fully explain the pathophysiological effects of these
two proteins in carcinogenesis.
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