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1. Abstract
1.1. Background: Chronic inflammation leads to the progression 
of many diseases, including colorectal cancer (CRC). Crypto-1 
(Cr-1) and β-catenin markers are involved in the Wnt signaling 
pathway. Increasing the concentration of NOS-2 and FGF-2 plays 
an important role in regulating the cell cycle and causing tumors. 
We aimed to determine the importance of Cr-1, β-catenin, NOS-
2, FGF-2, and PGE-2 biomarkers in the process of inflammatory 
bowel disease progressing to colorectal cancer. 

1.2. Materials and Methods: We had three groups: 30 patients 
with IBD dysplasia (UC), 25 patients with CAC, and 30 patients 
with CRC. Immunohistochemistry (IHC) was used to determine 
the expression of Cr-1, β-catenin and E-cadherin. PGE-2, NOS-2 
and FGF-2, and Cr-1 gene expressions were analyzed with Re-
al-time PCR. 

1.3. Results: The outcomes in IHC showed that in IBD, Cr-1 was 
not present in the membrane, but it was present in the cytoplasm. 
While in CAC and CRC, Cr-1 presents in both membrane and cy-
toplasm. Also, β-catenin was not present in the nucleus of IBD 
tissue, but it was present in the nucleus of CAC and CRC tissues. 
Real-time – PCR confirms the results from IHC for Cr-1. FGF-2 
and PGE-2 had higher expression in CAC and CRC than IBD, and 
NOS-2 had higher expression in CRC than IBD and CAC.

1.4. Conclusion In progressing from IBD to CAC, Cr-1 appears 
in the membrane in addition to the cytoplasm. Also, β-catenin pre-
sents in the nucleus in CAC and CRC while it is not seen in the 
nucleus in IBD.

2. Introduction 
Chronic inflammation can lead to the development of many diseas-
es, including colorectal cancer (CRC) [1, 2]. CRC is the third most 
common cancer in the world and the fourth leading cause of death. 
It is also the third leading cause of cancer in men and the second 
leading cause of cancer in women [3]. Ulcerative colitis (UC) and 
Crohn’s disease (CD) are the two main types of inflammatory bow-
el disease (IBD) that can spread to the entire gastrointestinal tract 
[4]. Intermediate between IBD and CRC, colitis-associated can-
cer (CAC), was first discovered by Herman Rosenberg and Burrill 
Crohn in 1925 [5]. The molecular mechanisms that exist between 
these two diseases remain unknown [6]. In a study, Cr-1 was intro-
duced as a new diagnostic marker and therapeutic target for CRC 
[7] . Cr-1 is present in lipid rafts in the plasma membrane and 
is attached to the glycosylphosphatidylinositol (GPI) anchor [8]. 
This protein is one of the main members of the epidermal growth 
factor-Cripto-1/FRL1/Cryptic (EGF-CFC) family of proteins that 
is essential for the early development of vertebrates [9]. Tadahi-
roNagaoka et al. reported that Cr-1 increases the canonical Wn-
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t/β-catenin signaling pathway through binding to LRP5 and LRP6 
receptors [10].Also, its high expression level was associated with 
lung cancer, liver cancer, glioblastoma, and breast cancer [11-14]. 
Another study discussed the role of the Wnt/ β-catenin signaling 
pathway in the process of inflammatory bowel disease [15]. It has 
been shown that mutated β-catenin or Wnt activation leads to the 
accumulation of β-catenin in the cytoplasm, thereby translocating 
into the nucleus and interacting with TCF/LEF, leading to tumor 
progression [16, 17]. In addition, β-catenin is essential for cell ad-
hesion and can be essential for the adhesion function of E-cadherin 
(epithelial markers), tight adhesion between epithelial cells, and 
inhibition of cell mobility [18, 19]. So that the disruption of E-cad-
herin and β-catenin may cause the nuclear transfer of β-catenin 
and induce the transcription of Epithelial-mesenchymal transition 
(EMT) stimulating gene which play an effective role in cancer pro-
gression.[20]   Therefore, in the process of EMT, the expression 
and function of E-cadherin (epithelial markers) is disturbed.  [21]. 
Also, in a study on IBD, it was reported that changes in E-cadherin 
expression lead to increased cell migration during epithelial regen-
eration of the gastrointestinal mucosa [22]. Lai Y et al. reported 
that increased COX-2 is associated with β-catenin accumulation 
[23]. Furthermore, activation of β-catenin induces the expression 
of cyclooxygenase-2 (COX-2) [24]. COX-2 converts arachidonic 
acid into prostaglandins, among which prostaglandin E2 (PGE-2) 
leads to tumor growth by binding to its own receptor [25]. Pros-
taglandin E2 (PGE-2) increases the invasion of CRC cells by in-
creasing β-catenin tyrosine phosphorylation [26]. Also, COX-2/

PGE-2 controls β-catenin by regulating GSK3β activity  [27]. In a 
study, it was reported that β-catenin leads to the increase of nitric 
oxide synthase-2 (NOS-2), which can be a target gene for the Wnt 
signaling pathway[28] .It was also investigated in two studies that 
NOS-2 expression was increased in both human colon tissue and 
IBD tissues [29, 30]. Also, Silvio et al. showed that FGF-2 can be 
a target gene for β-catenin and play a role in the development of 
CRC tumor cells [31]. In this study, our aim is to investigate the 
expression of Cr-1, COX-2/PGE-2, β-catenin, E-cadherin, FGF2 
and NOS-2 genes in the progression of inflammatory bowel dis-
ease towards colitis-associated cancer (CAC). 

3. Material and Method
The study was performed at Fasa University of Medical Sciences 
from June 2021 to November 2022. We collected paraffin block 
tissues from patients with IBD, CAC, CRC, and healthy people 
as control, demographic information is presented in table 1. The 
research committee approved all experimental procedures Code 
99227, Ethical code: IR.FUMS.REC.1400.051.one hundred peo-
ple participated in the study; all participants signed the consent 
form.  Healthy subjects with diarrhea and abdominal pain who 
presented to the clinic with no history of cancer and no patholo-
gy reports as inflammation were considered as controls. Including 
criteria were individuals with IBD, CAC, and CRC. Excluding cri-
teria was any history of other kinds of cancers, immunodeficien-
cy, or inflammatory diseases. The samples were divided into four 
groups: control, IBD (UC), CAC, and CRC. 

Table 1: Clinic pathologic features of the IBD (UC), CAC and CRC cases studied.

 Control IBD (UC) CAC CRC

Age
<50 14 (93.4%) 25(83.4%) 23 (92.0%) 26 (86.6%)

>50 1 (6.6%) 5 (16.6%) 2 (8.0%) 4 (13.4%)

Sex
Male 9 (60%) 16 (53.3%) 12 (48.0%) 14 (46.6%)

Female 6 (40%) 14 (46.7%) 13 (52.0%) 16 (53.4%)

Site

Rectum 0 (0%) 5 (16.6%) 2 (8.0%) 6 (20.0%)

Colon 12 (80%) 23 (76.7%) 10 (40.0%) 16 (53.4%)

Colon and rectum 3 (20%) 2 (6.07%)  13 (52.0%) 8 (26.6%)

Type Adenocarcinoma ---- ---- 25 (100%) 30 (100%)

Grade
Well ---- ---- 20 (80.0%) 26 (86.6%)

moderate ---- ---- 5 (20.0%) 4 (13.4%)

Stage

IIA ---- Moderate:9 (30.0%) 5 (20.0%) 7 (23.4%)

IIIC ---- Severe:21 (70.0%) 6 (24.0%) 11 (36.6%)

IIIB ----  9 (36.0%) 8 (26.6%)

IVA ----  5 (20.0%) 4 (13.4%)
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3.1. Assessment of Protein Expression

In tumor tissues and inflammatory tissues, Cr-1, E-cadherin as a 
cytoplasmic and membrane marker and B-catenin as a cytoplas-
mic, membrane and nuclear marker were stained. To evaluate the 
immunohistochemical staining of Cr-1, β-catenin and E-cadherin, 
we evaluated the staining intensity of positive cells visible in the 
microscopic field, while the intensity score indicated the average 
staining intensity (0 – negative, 1 – weak, 2 – intermediate, and 
3 – strong) 

3.2. RNA Extraction and Real-time PCR Analysis

To analyze the gene expression levels of Cr-1, Cox-2, PGE-2, 
MMP-2, NOS-2, FGF-2 in IBD (UC), CAC and CRC tissues, total 
RNA were extracted using TRI Reagentm Sigma Aldtichm, Swit-
zerland. cDNA synthesis was performed by cDNA synthesis kit 
(addbio, Korea). Expression levels of the genes were calculated 
according to ∆∆Ct-2, which were normalized by GAPDH. The se-
quences of primers were used are shown in table 2.

Table 2: The sequences of primers used in Real-time PCR.

Gene name Forward primer Reverse primer

Cr-1 5’- GATACAGCACAGTAAGGAGC -3’ 5’- TAGTTCTGGAGTCCTGGAAG-3’

NOS-2 5’- TCCGAGGCAAACAGCACATTC -3’ 5’- GGGTTGGGGGTGTGGTGATGT-3’

PGE-2 5’- CTTACCTGCAGCTGTACG-3’ 5’- GATGGCAAAGACCCAAGG-3’

FGF-2 5’- AGGAGAGCGACCCACACATCAA-3’ 5’- AGCCAGCAGTCTTCCATCTTCC-3’

GAPDH 5’- CCAGGTGGTCTCCTCTGACTT-3’ 5’- GTTGCTGTAGCCAAATTCGTTGT-3’

3.3. Immunohistochemistry (IHC)

Paraffin tissues were obtained from the Pathology Department of 
Faqihi Hospital, Shiraz University of Medical Sciences. Three-mi-
cron slices were taken from paraffin blocks and mounted on glass 
slides using 3-aminopropyltrimethoxysilane. Before immuno-
histochemically staining, the sections were deparaffinized by the 
standard method explained in the procedure of the favor gene kit. 
Briefly, tissues were fixed with absolute ethanol (40 s), then Tris 
buffer was used for 20 s, primary antibodies: anti-Ecadherin (ZY-
TOMED 3ML, German), anti-β-catenin (zeta 3ML, USA), Vimen-
tin, clone V 9 (ZYTOMED 3ML, German) and anti-Cripto-1(T-
DGF-1, 0/5mg/ml), Secondary antibody (20 min), DAB was used 
as chromogen and hematoxylin for 1 min. PBS was used as a wash-
ing solution, according to the master polymer plus Detection Sys-
tem (Peroxidase), (lncl. DAB chromogen, LOT.237QK100042) 
kit. 

3.4. Statistical Analysis

Data were presented as frequency and percentage for categorical 
variables and mean and median and standard deviation for quan-
titative variables. Comparison of gene expression between study 
groups was done using a nonparametric Mann-/Whitney test 
because of not normal distribution. Statistical analysis was per-
formed via IBM SPSS version 26 (IBM SPSS co, Redmond, WA). 
A P-value less than 0.05 were considered a statistically significant 
level.   30 patients with IBD (UC), 25 patients with CAC, 30 pa-
tients with CRC and 15 with control were included in the present 

study. Histopathological examination of tissue samples showed in 
table 3. 

4. Results
4.1. Immunohistochemistry (IHC) Analysis

4.1.1. Cr-1: The presence of Cr-1 in the tissue samples of patients 
with IBD (UC) (n=30), CRC (n=30), CAC (n=25) and control 
(n=15) was investigated by immunohistochemical method. The re-
sults showed that Cr-1 in IBD, 53.4% is present in cytoplasm with 
grade +3 and 76.7% in membrane with grade 0.  in CAC, 68% in 
cytoplasm and 64% in membrane with grade +3. in CRC 73.4% in 
cytoplasm and 76.6% in membrane with grade +3 and in control 
samples observed 93.4% in membrane with grade 0 and 46.6% 
in cytoplasm with grade +2 .showed that presentation of Cr-1 in-
creased in membrane from IBD to CAC (Table 3). 

4.1.2. Β-catenin: Immunohistochemical analysis showed the pres-
ence of β-catenin in the cytoplasm of IBD (UC) tissues, 90% with 
grade +2, in CAC and CRC 92% and 80% with grade +2 respec-
tively. in the membrane of IBD tissues, 80% with grade +3, in 
CAC and CRC tissues, 48% and 66.6% with grade +3 were present 
respectively. The nuclear level of β-catenin was present in 56.6% 
and 33.4% of CRC tissues with grade +2 and +3 respectively. In 
CAC nuclei, B-catenin present in 32% and 48% with grades +2 
and +3 respectively. In IBD tissues, 96.6% with grade 0 and ab-
sent in IBD (UC) nuclei. in control, 100% in nucleus with grade 
0 ,86.6% in membrane with grade +3 and 93.4% with grade 0 in 
cytoplasm (Table 3).
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Table 3: Immunohistochemistry of different markers presentation in membrane, cytoplasm and nucleus in IBD (UC), CAC and CRC. The scores of 0, 
1, 2, 3 shows the degrees of the markers presentation.

CRC CAC IBD (UC) Control Score  

N (%) N (%) N (%) N (%)    

0 (0%) 0 (0%) 0 (0%) 3 (20.0%) 0

Cytoplasmic

C
r-1

2 (6.6%) 2 (8.0%) 5 (16.6%) 5 (33.4%) 1+

6 (20.0%) 6 (24.0%) 9 (30.0%) 7 (46.6%) 2+

22 (73.4%) 17 (68.0%) 16 (53.4%) 0 (0%) 3+

0 (0%) 1 (4.0%) 23 (76.7%) 14 (93.4%) 0

Membrane
0 (0%) 0 (0%) 5 (16.6%) 1 (6.6%) 1+

7 (23.4%) 8 (32.0%) 2 (6.7%) 0 (0%) 2+

23 (76.6%) 16 (64.0%) 0 (0%) 0 (0%) 3+

1 (3.4%) 3 (12.0%) 29 (96.6%) 15 (100%) 0

Nucleus

B
-c

at
en

in

2 (6.6%) 2 (8.0%) 1 (3.4%) 0 (0%) 1+

17 (56.6%) 8 (32.0%) 0 (0%) 0 (0%) 2+

10 (33.4%) 12 (48.0%) 0 (0%) 0 (0%) 3+

0 (0%) 0 (0%) 0 (0%) 14 (93.4%) 0

Cytoplasmic
6 (20.0%) 2 (8.0%) 3 (10.0%) 1 (6.6%) 1+

24 (80.0%) 23 (92.0%) 27 (90.0%) 0 (0%) 2+

0 (0%) 0 (0%) 0 (0%) 0 (0%) 3+

0 (0%) 0 (0.0%) 1 (3.3%) 0 (0%) 0

Membrane
3 (10.0%) 4 (16.0%) 4 (13.4%) 0 (0%) 1+

7 (23.4%) 9 (36.0%) 2 (6.6%) 2 (13.4%) 2+

20 (66.6%) 12 (48.0%) 23 (76.6%) 13 (86.6%) 3+

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

Cytoplasmic
E-

ca
dh

er
in

2 (6.6%) 0 (0%) 0 (0%) 13 (86.6%) 1+

28 (93.4%) 25 (100%) 30 (100%) 2 (13.4%) 2+

0 (0%) 0 (0%) 0 (0%) 1 (6.6%) 3+

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

Membrane
0 (0%) 0 (0%) 0 (0%) 0 (0%) 1+

3 (10.0%) 0 (0%) 0 (0%) 1 (6.6%) 2+

27 (90.0%) 25 (100%) 30 (100%) 14 (93.4%) 3+

4.2. Analysis of E-cadherin immunoreactivity

E-cadherin protein was present in the membrane of IBD (UC) and 
CAC tissues, 100% with grade +3 and in the cytoplasm of IBD 
and CAC tissues, 100% with grade +2. In the cytoplasm of CRC 
tissues, 93.4% with grade +2 were presented .in the membrane of 
CRC, 86.6% were present with grade +3. In the E-cadherin sam-
ples control, 93.4% in membrane with grade +3 and 93.4% with 
grade +2 (Table 3).

4.3. Real-time PCR 

Total RNA samples were extracted from IBD (UC) (n=20), CAC 
(n=18) and CRC (n=22) tissue samples to evaluate the expression 
level of Cr-1, PGE-2, FGF-2, and NOS-2 genes using Real-  Time 
PCR method. The mRNA levels of the mentioned genes were 

measured in triplicates; the expression was normalized according 
to the GAPDH, Figure 1-3. 

The expression level of Cr-1 was significantly lower in IBD (UC) 
patients compared with CRC (P=0.043), despite the level of Cr-1 
gene expression was higher in CRC than CAC, the difference was 
not significant. The expression level of FGF-2 gene was signifi-
cantly lower in IBD (UC) samples than CAC (P=0.002), also in-
significant lower in IBD (UC) than CRC samples (P=0.202). An 
increase in PGE-2 gene expression level was observed in CRC 
(P<0.001) and CAC (P<0.001) than IBD (UC) samples. While 
NOS-2 gene expression was higher expression in IBD (UC) than 
CAC (P<0.001) also in CRC was higher than IBD (UC) and CAC 
(P<0.001 for both).
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Figure 1: Gene expression of Cr-1, FGF-2, NOS-2 and PGE-2 in inflammatory bowel disease (UC, colitis associated cancer (CAC) and colorectal 
carcinoma (CRC). Levels of Cr-1, PGE-2, FGF-2 and NOS-2 mRNA in IBD, CAC CRC was determined by Real Time PCR method. GAPDH mRNA 
levels were used to normalize the expression of Cr-1, PGE-2, FGF-2 and NOS-2 mRNA. Statistical analysis using nonparametric Mann-/Whitney test 
was performed ***p < 0.00

Figure 2: Immunohistochemical staining for Cr-1, β-catenin and E-cadherin in IBD, CAC and CRC tissues. (A):CR-1(X200) in CRC and (B) Cr-
1(X400) in CAC ,Well-differentiated adenocarcinoma showing moderate to strong membrane and cytoplasmic reactivity in the epithelium of malig-
nant glands.(C):Cr-1 (X 400) in IBD, Moderate cytoplasmic  immunoreactivity in glandular epithelium.(D,E): β-catenin (X1000) in CAC and CRC , 
Well-differentiated adenocarcinoma showing Positive nuclear as well as cytoplasmic & membranous staining in tumoral cells.(F): β-catenin (X400) in 
IBD , strong membranous & moderate cytoplasmic staining.(G, H): E-cadherin (X 400) in IBD and CRC, strong membranous & moderate cytoplasmic 
staining. (I): E-cadherin (X 400) in CAC, E-cadherin, strong membranous & cytoplasmic staining.
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Figure 3: (M): Cr-1(X400) in control samples showing moderate cytoplasmic immunoreactivity in glandular epithelium, with cytoplasmic reactivity 
in lymphocytes infiltrating the mucosa. (N( :The nuclei of the normal epithelial cells of the normal glands of the large intestine are not stained, but the 
cells of the basal generative layer are stained like tumor cells, which is a normal phenomenon in the normal tissue of adults. (O): E-Cadherin (X400) in 
control showing moderate to strong membrane & mild cytoplasmic staining.

Figure 4: Schematic of Wnt/ β-catenin /Cr-1/NOS-2 signaling pathway in IBD, CAC and CRC. Cr-1 acts as a ligand for the LRP 5/6 receptor in CAC 
and CRC membranes and leads to the destruction of the β-catenin degradation complex, the activation of the Wnt/β-catenin signaling pathway, and 
finally, β-catenin is transferred to the nucleus and The TCF/LEF factor has interacted and led to the increase of NOS-2 gene expression. Also, the 
accumulation of β-catenin in the cytoplasm of CAC and CRC tissues has increased the PGE-2 gene. While the absence of Cr-1 in the IBD membrane 
leads to the inactivation of the Wnt/ β-catenin signaling pathway and finally β-catenin is not transferred to the nucleus. Therefore, it is possible that the 
increased expression of NOS-2 is related to the NF-κB pathway in IBD tissues. It is also possible that the inactivation of the β-catenin in cytoplasm has 
led to a decrease in the expression of PGE-2 in IBD tissues. It is also seen that FGF-2 gene expression increases from IBD to CAC.

5. Discussion
In this study, we investigated the molecular changes from IBD 
(UC) to CAC in the Cr-1, PGE-2, β-catenin, E-cadherin, FGF2, 
and NOS-2 gene expressions.We observed high expression levels 
of Cr-1 in the membrane and cytoplasm of CRC and CAC which 
is consistent previous report in CRC [7].Cr-1 was found to be in-
creased due to EGF-CFC family members [32, 33] . Various stud-
ies have shown that CR-1 plays an effective role in the metastasis 

of many human cancer tumors.[34, 35]Bianco et al reported that 
Cr-1 leads to ras/raf/MAPK activation and suppresses epithelial 
cells [36]. Also, Tadahiro et al. reported that Cr-1 can lead to an 
increase in the Wnt/ β-catenin signaling pathway through binding 
to LRP 5/6 (Wnt receptors) [10]. A De Luca et al found that Cr-1 
leads to invasion and proliferation of melanoma cells [37]. Also, 
in two other studies, they reported that the serum level of Cr-1 was 
very high in patients with lung cancer and mouse mammary gland 
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[38, 39].Regarding the role of Cr-1 in tumor progression, which 
occurs through the signaling pathway in tumor cells, some studies 
have investigated the role of Cr-1 in colon cancer, liver cancer, 
breast cancer, and bladder cancer [12, 40-43]. The results of IHC 
showed that Cr-1 is expressed in both membrane and cytoplasm of 
CAC and CRC tissues, which was in accordance with Yan Liu’s re-
port in prostate cancer [33]. Although it was not seen in the mem-
brane of IBD (UC) patients, it was only seen in the cytoplasm of 
these patients. Strizzi et al showed that the Wnt/B-catenin/LEF-1 
signaling pathway may interact with the Cr-1 signaling pathway 
to regulate cell adhesion and migration[44] .Regarding the role 
of Cr-1 in the Wnt signaling pathway, Our findings in IHC and 
Real-time PCR tests also suggest that the high expression level 
of Cr-1 may increase the metastatic ability and tumor progression 
stages through the Wnt/β-catenin pathway in CAC and CRC pa-
tients. And it seems that Cr-1 does not play a role in the process 
of inflammatory bowel disease progressing to cancer, it shows the 
role of Cr-1 as a potential therapeutic target in CAC and CRC sam-
ples but not in IBD. Berna Savas et al reported that the expression 
of β-catenin in CRC was significantly increased in the nucleus[45]. 
Alexander et al reported that both cytoplasmic and nuclear β-cat-
enin are associated with poor survival outcomes[46] .  In the pres-
ent study, the increase in the expression level of Cr-1 in CAC and 
CRC membranes coincides with the increase in the level of β-cat-
enin in the cytoplasm and nucleus, so there may be a relationship 
between Cr-1 and the increase in the accumulation of β-catenin in 
the nucleus and cytoplasm in CAC and CRC patients. While the 
absence of Cr-1 marker in the membrane of IBD (UC) patients 
was observed simultaneously with the absence of β-catenin in the 
nucleus of IBD (UC) patients. It may be argued that the absence 
of the Cr-1 marker in the membrane of IBD (UC) patients did not 
lead to the activation of the Wnt/β-catenin signaling pathway and 
therefore the accumulation of β-catenin in the nucleus is not seen. 
This evidence can be partly related to the reports of Strizzi et al 
about the relationship between Cr 1 and the Wnt/B-catenin sign-
aling pathway [44]. Immunohistochemistry is a common method 
to detect the decrease in membrane expression level of adhesion 
molecules, aberrant expression of E-cadherin and expression of 
B-catenin and activation of Wnt pathway. In the present study, we 
found a high percentage of abnormal immunoexpression of E-cad-
herin and B-catenin in the membrane and cytoplasm of CAC, CRC 
and IBD tissues. Other authors have also reported high aberrant 
expression of E-cadherin and B-catenin in colon cancer cells and 
inflammatory bowel disease [47, 48] [49]. In our study, the ex-
pression changes of E-cadherin marker were not observed in all 
three tissues of IBD (UC), CAC and CRC. Amani Kazem et al 
reported that both β-catenin and COX-2 can lead to the progres-
sion of CRC and can be considered as effective diagnostic mark-
ers in CRC [50].SJ Kim and colleagues reported that IL-1β can 
lead to an increase in the expression of cyclooxygenase-2 (COX-

2), that β-catenin can lead to the induction of COX-2 expression 
through the regulation of IL-1B expression [24]. As a result, COX-
2 Through the conversion of arachidonic acid to prostaglandins, 
it leads to the production of PGE-2 [51]. which leads to tumor 
progression and metastasis of cancer cells through binding to its 
receptor [52]. R Pai et al investigated that PGE-2 can increase the 
invasion of CRC cells through tyrosine phosphorylation of β-cat-
enin [26]. It was also reported that the expression of cytoplasmic 
β-catenin was associated with the increased expression of COX-2, 
supporting the role of cytoplasmic β-catenin in the stabilization 
of PGE-2 (COX-2) mRNA [53]. In the present study, PGE-2 ex-
pression was significantly increased from IBD (UC) to CAC and 
CRC. Increased expression of PGE-2 was seen in CAC and CRC 
patients, while it was less expressed in IBD (UC) patients, It is 
possible that the cytoplasmic β-catenin in IBD (UC) patients is not 
related to the increase in PGE-2 expression, while the increase in 
cytoplasmic β-catenin expression in CRC and CAC patients may 
be related to the increase in PGE-2 expression. Qiang Du et al. re-
ported that β-catenin upregulates NOS-2 (nitric oxide synthase-2) 
through interaction with TCF-4 in the nucleus, which suggests a 
novel mechanism by which the Wnt/β-catenin signaling pathway 
may increase production of NO and progression of cancer [28] .On 
the other hand, NOS-2 can lead to the increase of Wnt/ β-catenin 
through the negative regulation of DKK-1 [54]. Other research has 
shown that inactivation of GSK-3β induce β-catenin, leading to 
NF-κB-dependent iNOS upregulation in hepatocytes [55]. Also, 
Taylor et al showed that the hiNOS gene is regulated and targeted 
by NF-kB [56]. However, it was seen that β-catenin also exerts 
an inhibitory effect on NF-κB-mediated transcriptional activation, 
including iNOS [57].It was also reported in two studies that iNOS 
(NOS-2) increases in both IBD (UC) and CRC [29, 58]. In the 
present study, the presence of β-catenin was observed in the nucle-
us of CAC and CRC cells in IHC, Real-time PCR report also shows 
that NOS-2 is expressed in CAC and CRC patients. According to 
the available information and the presence of β-catenin in the nu-
cleus of CAC and CRC cells, it is possible that nuclear β-catenin 
increases the level of NOS-2 expression through interaction with 
the TCF-4 factor, but the presence of β-catenin in the cell nucleus 
IBD (UC) was not observed. Real-time PCR reports showed that 
NOS-2 was overexpressed in IBD (UC) patients compared with 
CAC patients, which may indicate that β-catenin does not affect 
NOS-2 expression and that NOS expression -2 may be regulated 
by NF-kB signaling. In a study of pediatric IBD (UC) patients, 
mean serum FGF-2 levels in patients with CD or UC were simi-
lar to patients with functional abdominal pain or other conditions, 
and there was a significant association between serum FGF-2 and 
disease activity in both CD and UC [59].Also, Silvio et al hypoth-
esized that endogenous FGF-2 may be part of a ß-catenin regulated 
mechanism to maintain cancer stem cell (CSC) properties in cul-
tured colorectal tumor cell lines [31]. In our study, the expression 
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of FGF-2 increased significantly from IBD (UC) to CAC. There 
was also the expression of β-catenin in the cytoplasm of IBD (UC) 
and CAC patients. It is possible that cytoplasmic β-catenin has no 
effect on the expression of FGF-2 in IBD.
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