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Abstract
AIM: To evaluate the expression of epithelial markers 
of colorectal carcinogenesis in patients with long-term 
ulcerative colitis (UC) and primary sclerosing cholangitis 
(PSC) before and after transplantation. 

METHODS: Eight patients with UC and PSC prior to liv-
er transplantation (PSC-UC), 22 patients with UC after 
liver transplantation for PSC (OLT), 9 patients with ac-
tive ulcerative colitis without PSC (UCA), 7 patients with 

UC in remission (UCR) and 10 controls (N) underwent 
colonoscopy with multiple biopsies. Specimens were 
analysed histologically and semi-quantitatively immu-
nohistochemically for p53, Bcl-2 and cyclooxygenase-2 
(COX-2) markers. Statistical analysis was performed by 
Kruskal-Wallis and Fisher’s exact tests. 

RESULTS: PSC-UC had a statistically significantly 
higher expression of p53 in the nondysplastic mucosa 
as compared to OLT, UCA, UCR and N (P  < 0.05). We 
also found a statistically significant positive correlation 
between the incidence of PSC and the expression of 
p53 (P  < 0.001). UCA had a higher p53 expression as 
compared to UCR. OLT had a significantly lower ex-
pression of p53 as compared with PSC-UC (P  < 0.001). 
Bcl-2 had a significant higher bcl-2 expression as com-
pared with controls. No difference in COX-2 expression 
between PSC-UC, UCR and UCA was found. UCA had 
higher COX-2 expression as compared to UCR. We also 
found a statistically significant positive correlation be-
tween the expression of COX-2 and p53. Patients after 
liver transplantation for PSC had a statistically signifi-
cantly lower expression of the p53 compared with PSC-
UC (P  < 0.001). PSC-UC had the same inflammatory 
endoscopic activity as OLT and UCR when evaluated 
with the Mayo score.

CONCLUSION: Our study shows that the nondysplatic 
mucosa of UC patients with PSC is characterised by a 
higher expression of the tumour suppressor gene p53, 
suggesting a higher susceptibility of cancer. This p53 
overexpression correlates with the presence of PSC 
whilst it is not present in patients with UC after liver 
transplantation for PSC. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Patients with ulcerative colitis (UC) have an increased risk 
of  colorectal cancer (CRC). Primary sclerosing cholangitis 
(PSC) is a chronic inflammatory disease often associated 
with inflammatory bowel disease (IBD)[1]. PSC patients 
have a greater risk of  potential malignant impact[1]. IBD 
may be diagnosed at any time during the course of  PSC 
but, in most cases, IBD is recognised first[2]. Although 
both diseases run distinct courses with no direct relation-
ship between their severities there are some features that 
distinguish patients with PSC and UC. Some authors 
have even suggested that PSC with UC represents a dis-
tinct disease phenotype[3,4]. 

The increased risk of  CRC is associated with long-
term UC, the activity of  the disease, the extent of  the 
disease, the presence of  PSC and the family incidence of  
CRC[5,6]. In a population-based Swedish study, the cumula-
tive incidence of  CRC in UC patients with PSC was 33% 
at 20 years[7]. Moreover, dysplasia and cancer in patients 
with a combined diagnosis of  PSC-UC have recently been 
found even in patients with a shorter duration of  the dis-
ease[8]. Liver transplantation for PSC in UC patients has 
also been shown as a risk factor for CRC[9-12]. However, 
some reports have not yet confirmed this data[2,13]. 

Colitis-associated carcinoma (CAC) has several distin-
guishing clinical features when compared with sporadic 
colorectal carcinoma (SCC). CAC progresses to invasive 
adenocarcinoma from flat and nonpolypoid dysplasia 
more frequently than SCC. CAC may also be multifocal, 
likely due to the broad field-effect of  mucosal inflam-
mation contributing to the development of  neoplasia[14]. 
Standard colonoscopy is thus insufficient in detecting flat 
dysplasia and regenerative changes in colonic mucosa. 
Consequently, multiple biopsies or advanced endoscopic 
techniques such as chromoendoscopy, narrow band im-
aging or autofluorescence have been used[14,15]. Recently, 
it has been indicated that early detection of  premalignant 
changes in the nondysplastic mucosa of  UC by immuno-
histochemistry and polymerase chain reaction methods 
might be possible[8] Epithelial histopathological markers 
of  colorectal carcinogenesis, which have thus far been 
utilised especially in advanced dysplastic changes, may 
also now have clinical impact in nondysplastic mucosa[8]. 
To the best of  our knowledge, PSC-UC patients at pres-
ent have not been studied in the context of  histopatho-
logical markers in nondysplastic mucosa.

The tumour suppressor gene p53 is a 53 kDa nuclear 

protein involved in the control of  the cell cycle, apoptosis 
and the maintenance of  genomic stability[16-18]. p53 plays 
an active role in both DNA repair and the induction of  
apoptosis[19]. It is mutated in a variety of  cancers includ-
ing colorectal carcinoma[20-22]. Abnormal p53 expression, 
detected by immunohistochemistry, is often used as a 
marker of  p53 mutation and thus found in dysplastic or 
cancerous tissue. Surprisingly, high p53 expression has 
been found in chronic UC patients with severe disease 
without cancer[14,23]. Interestingly, alterations of  p53 were 
reported to occur early in the carcinogenesis of  CAC 
compared to SCC, where they seem to be a late event. 
Bcl-2 is an important antiapoptotic gene. Some of  the 
effects of  p53 may be at least partially mediated by the 
downregulation effect on bcl-2. Bcl-2 has been shown to 
be overexpressed in SCC; however, its role in CAC is un-
certain.

Cyclooxygenase-2 (COX-2) is an important inflamma-
tory mediator which might play a role in the pathophysi-
ologic processes of  inflammatory bowel disease and the 
development of  neoplasia as well[24]. COX-2 is induced 
upon cellular activation by hormones, proinflamma-
tory cytokines, growth factors and tumour promoters[25]. 
COX-2 overexpression occurs early in UC-associated 
neoplasia and the COX-2 increase cannot be explained 
only by inflammatory activity alone[26]. 

Liver disease (PSC) might influence colonic mucosa 
by an unknown mechanism. One of  the possible expla-
nations of  this mechanism is bile acid. 

The aim of  this study was to evaluate the expression 
of  epithelial markers of  colorectal carcinogenesis (p53, 
bcl-2, COX-2) in UC patients with or without the pres-
ence of  PSC and after liver transplantation for PSC and 
correlate this expression with clinical and histopathologi-
cal parameters.

MATERIALS AND METHODS
Patients
Eight patients with UC and PSC without liver transplan-
tation (PSC-UC), 22 patients with UC after liver trans-
plantation for PSC (OLT), 9 patients with active ulcera-
tive pancolitis (UCA), 7 patients with UC in remission 
(UCR) and 10 controls (N) were included into the study 
(Table 1). UC activity was evaluated by the endoscopic 
Mayo score (0-remission, 1-mild, 2-moderate, 3-severe). 
The diagnosis of  PSC was confirmed by ERCP or MR-
CP and liver biopsy. All subjects gave their informed con-
sent with the study protocol which had been reviewed 
and approved by the local ethics committee. The study 
was performed in accordance with the Helsinki Declara-
tion and Title 45, Code of  Federal Regulations, Part 46, 
Protection of  Human Subjects. 

Histopathology evaluation
All patients underwent a colonoscopy with a standard 
white light endoscope. All UC patients, regardless of  PSC 
diagnosis, that were included into the study suffered pan-
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colitis. Biopsies were taken from the entire colon in 10cm 
intervals (approximately 40 samples). Neither dysplasia 
nor cancer was detected. Semiquantitative evaluation of  
p53, bcl-2 and COX-2 immunoreactivity was performed 
independently by two the hispathologists (Eva H, Eva 
S) in a blinded fashion. There was a general agreement 
between these observers. For the few discrepancies, a 
second evaluation was undertaken to find an agreement. 
Biopsies were analysed histologically and semi-quantita-
tively immunohistochemically for p53, bcl-2 and COX-2 
with a scoring scale comparable to other studies[19,21,26,27]. 
The expression of  antigens was analysed on 4 μm thick 
sections by a two-step indirect immunoperoxidase meth-
od. Slides were deparaffinised in xylene and rehydrated in 
graded ethanol. After deparaffinisation and rehydratation, 
the slides were cooked in a microwave oven (buffers used 
for antigen retrieval are listed in Table 2). Endogenous 
peroxidase was blocked by 0.3% H2O2 in 70% methanol 
for 30 min. Next, the specimens were incubated with a 
primary antibody for 30 min. The antibody was detected 
by incubation with a secondary antibody (Histofine Sim-
ple Stain MAX PO, Nichirei, Japan) for 30 min and incu-
bation with Dako Liquid DAB+ Substrate-Chromogen 
System (DakoCytomation, Denmark). Afterwards, the 
specimens were counterstained with Haematoxylin and 
mounted in Entellan (Merck, Germany). Monoclonal an-
tibodies (Ab) used in this study are listed in Table 2. p53 
was evaluated in the intranuclear region, whereas bcl-2 
and COX-2 were examined by imunohistochemistry in 
colonic cytoplasmatic region of  the epithelial cells.

The immunohistochemistry scoring scale was based 
on the evaluation of  the percentage of  staining of  posi-
tive cells, 0, no staining, 1+, mild 1%-32% of  epithelial 
cell population, 2+, moderate from 33% to 66% of  cell 

population and 3+, the highest staining from 67% to 
100%. A positive result was considered as staining of  
more than 33% of  the epithelial cells. Staining intensity 
was evaluated as weak, moderate and strong. Histologi-
cal and endoscopical disease activity (Mayo score, also 
known as the Mayo Clinic Score and the Disease Activity 
Index) were evaluated (0-no inflammation, 1, mild, 2, me-
dium and 3, severe inflammation)[28,29].

Statistical analysis
The data were evaluated using a robust Kruskal-Wallis 
test followed by Dunn’s multiple comparison with Bon-
ferroni correction. The relationships between positivity 
in epithelial markers was evaluated by Fisher’s exact test 
(P value < 0.05 was considered significant). The relation-
ships between the continuous variables were evaluated 
using Spearman´s correlation.

RESULTS
p53
PSC-UC had a significantly higher expression of  p53 in 
the nondysplastic mucosa as compared to OLT, UCA, 
UCR and N (P < 0.05) (Figure 1A). We also found a sta-
tistically significant positive correlation between the pres-
ence of  PSC and the expression of  p53 (P < 0.001) (Table 
3). UCA had a higher p53 expression as compared to 
UCR (P < 0.05). Correlation between p53 expression and 
duration of  UC did not reach significance (r = -0.014, P 
= 0.917, n = 55). 

bcl-2
UCA had a significantly higher bcl-2 expression as com-
pared to controls (Figure 1B).

COX-2
The expression of  COX-2 did not differ in PSC-UC as 
compared to OLT, UCA and UCR. UCA had a higher 
COX-2 expression as compared to UCR (P < 0.05) (Fig-
ure 1C). We also found a statistically significant positive 
correlation between the expression of  COX-2 and p53 (P 
< 0.05) (Table 3).

Disease activity
PSC-UC, UCA and OLT did not significantly differ in 
histological disease activity. However, their histological 
activity was significantly higher when compared with 
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Table 1  Demographic features of participating patients

n Age (yr) Sex (M/F) Duration of UC (yr) PSC Duration after OLT (yr) Histology Endoscopy score (Mayo)

N 10       52.2 ± 14.09 4/6 0 No 0 0 0
UCR   7     41.57 ± 13.35 3/4 9.57 ± 1.59 No 0 0.42 ± 0.4 0.71 ± 0.45
UCA   9     45.88 ± 17.62 5/4 9.56 ± 2.41 No 0   2.7 ± 0.4   2.5 ± 0.49
PSC-UC   8 37.12 ± 6.8 5/3 8.75 ± 1.56 Yes (n = 8) 0     2.1 ± 0.59 1.12 ± 0.33
OLT 22     43.33 ± 12.11 11/11 12.4 ± 5.24 No 5.19 ± 2.61     1.4 ± 0.49 1.09 ± 0.29

N: Controls; M: Male; F: Female; UC: Ulcerative colitis; N: UCR: UC in remission; PSC: Primary sclerosing cholangitis; OLT: UC after liver transplantation 
for PSC; UCA: UC active disease. 

Table 2  Monoclonal and polyclonal antibodies used in this 
study

Specificity Origin Company Antigen 
retrieval

Dilution of 
antibodies

bcl-2 
Oncoprotein

Mouse DakoCytomation, 
Denmark

Buffer EDTA, 
pH 8

20 ×

p53 Mouse DakoCytomation, 
Denmark

Tris/EDTA, 
pH 9

40 ×

COX-2 Mouse Cayman, Michigan, 
United States

Citrate buffer, 
pH 6

40 ×

Wohl P et al . Epithelial markers in colitis and PSC
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patients has not yet been reported. 
Our study shows that PSC-UC is characterised by a 

higher expression of  the tumour suppressor gene p53 
in nondysplastic mucosa as compared with OLT, UCA, 
UCR and controls which suggests a higher neoplastic 
potential of  PSC-UC. Moreover, we found a statistically 
significant positive correlation between the incidence of  
PSC and p53 expression. The observed expression of  
p53 is driven mainly by inflammation while it did not 
correlate either with histological or endoscopical activity. 
Surprisingly, we found a lower p53 expression in OLT 
when compared to PSC-UC. To our knowledge, this 
finding has not been previously described in the litera-
ture and suggests the hypothesis that liver disease (PSC) 
is associated by an unknown mechanism with increased 
expression of  p53 in the intestinal mucosa. In addition, 
p53 expression correlates with higher COX-2 expres-
sion suggesting that inflammation may contribute to the 
amount of  p53 gene expression. On the other hand, the 
expression of  COX-2 did not differ between PSC-UC 

UCR and N (P < 0.001) (Figure 1D). PSC-UC had the 
same inflammatory endoscopic activity as OLT and UCR 
when evaluated with the Mayo score but this activity was 
lower when compared with UCA (P < 0.05) (Figure 1E).

Liver transplantation
Patients after liver transplantation for PSC had a statisti-
cally significantly lower expression of  the p53 gene com-
pared with PSC-UC. These two groups of  patients did 
not differ in the other tested parameters (bcl-2, COX-2, 
histology and endoscopy) (Table 4).

DISCUSSION
The presence of  PSC in UC patients is generally consid-
ered as a risk factor for colorectal cancer. However, com-
prehension of  the specific mechanisms involved in CAC 
pathogenesis in PSC patients remains limited. The role of  
colonic mucosal markers such as p53, bcl-2 and COX-2 
based on immunohistochemistry evaluation in PSC-UC 
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Figure 1  Comparison of findings in percent (%) in all tested group. A: Comparison of intranuclear p53 gene expression in percent (%) in all tested group; B: 
Comparison of bcl-2 expression in percent (%) in all tested group; C: Comparison of COX-2 expression by immunohistochemistry in percent (%) in all tested group; D: 
Comparison of inflammatory disease activity by histology (0 = nonactive, 1 = mild, 2 = moderate, 3 = severe) in all tested group; E: Comparison of endoscopic findings 
by Mayo score in all tested group in all tested group. The bars with error bars represent group means with SEM. Differences between groups were evaluated using 
Dunn’s multiple comparisons with Bonferroni correction. aP < 0.05, bP < 0.01 vs N group; cP < 0.05, dP < 0.01 vs PSC-UC group; eP < 0.05, fP < 0.01 vs UCA group. 
UC: Ulcerative colitis; UCR: UC in remission; PSC: Primary sclerosing cholangitis; OLT: UC after liver transplantation for PSC; UCA: UC active disease; COX-2: Cy-
clooxygenase-2. 
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and OLT, UCA and UCR. This finding might advance 
the hypothesis that the COX-2 mediated inflammatory 
pathway could play a similar role in PSC-UC and UC pa-
tients irrespective of  the presence of  PSC. We have also 
confirmed the previously described higher expression of  
p53 and COX-2 in the active disease[23,30,31].

 The importance of  the p53 tumour suppressor gene 
in PSC associated carcinogenesis has been demonstrated 
for hepatobiliary malignancies including cholangiocarci-
noma and CAC without PSC[17,32,33]. Increased p53 gene 
expression in the colonic mucosa in UC patients has been 
reported; however, patients with PSC have not been eval-
uated in these studies[14,15,17,29,34-38]. Our data clearly show a 
positive correlation between the presence of  PSC and the 
level of  expression of  p53 in the intestinal nondysplas-
tic mucosa of  UC patients. These results thus support 
the hypothesis that PSC plays a role in UC associated 
colorectal carcinogenesis. We suggest that this happens, 
at least in part, through the overexpression of  p53. 

Alterations in the p53 gene predispose to colonocytes 
dysplasia[25]. Mutations of  the p53 gene seem to occur at 
an early stage in CAC carcinogenesis compared to it be-
ing a late event in CRC[19,27]. Previously, we confirmed this 
by showing p53 overexpression in nondysplastic mucosa 
in a disease with high risk of  cancer development. There 
is an ongoing debate in the literature whether p53 altera-
tions can occur in nondysplatic epithelium. Patients with 
longstanding UC without dysplasia showing p53 overex-
pression may develop neoplasia 5 times more likely than 
those without[17]. Other studies reported p53 mutations 
in nondysplastic epithelium in patients with or without 
colorectal cancer[35,39]. In contrast, p53 was found only in 
dysplastic mucosa by others[25,36-37]. Accordingly, p53 ex-
pression clearly preceded dysplasia. It also appeared ear-
lier in the course of  the disease than previously report-
ed[38]. However, we did not confirm this data in our study. 
One explanation is the small number of  the tested group. 
In addition, the early expression of  p53 in nondysplastic 
mucosa might make it a high risk marker of  premalignant 

epithelium. The hypothesis of  a p53 driven carcinogen-
esis in PSC-UC is further supported by the fact that we 
found a difference between p53 expression in PSC-UC 
patients and in patients after liver transplantation. Sur-
prisingly, we found no p53 expression in the OLT group. 
Liver transplantation may contribute to the reduction of  
p53 gene expression by eliminating the causative liver dis-
ease (PSC?). Liver transplantation could thus be viewed 
as having a temporary protective effect in the CAC 
pathogenesis. However, this finding needs to be verified 
in further studies. The mechanism of  this phenomenon 
remains unknown. It would be interesting to see whether 
p53 expression diminishes in the same patients following 
transplantation or whether it comes back as in the case 
of  the recurrence of  PSC. In a 6 year follow up of  our 
tested group, we observed no PSC recurrence. Another 
factor that may contribute to the different expression is 
the use of  immunosuppressive therapy in patients after 
transplantation. 

The mechanisms involved in the pathogenesis of  
CAC may be different in patients with PSC as compared 
to UC alone[10,40]. The effects of  hepatobiliary factors may 
be one explanation. Bile acids play an important role in 
PSC-UC[1,2,17,40]. Secondary bile acids have been shown to 
result in hyperproliferation and thus play a role in PSC-
UC and CAC pathogenesis[1,2,17]. Reduction of  the inci-
dence of  CAC was achieved in PSC-UC with the use of  
ursodeoxycholic acid[41,42]. Unfortunately, the effects of  
ursodeoxycholic acid cannot be judged from our study as 
all our patients with PSC, prior or after transplantation, 
received it. 

The inflammatory theory is still considered to be 
important in the process of  colorectal carcinogenesis in 
UC[14,22]. The mechanisms of  COX-2 driven carcinogen-
esis are still not fully understood, though studies suggest 
that an increased expression of  COX-2 as a consequence 
of  inflammation reduces apoptosis and increases angio-
genesis[26,31]. In our study, we confirmed higher COX-2 
expression in UCA compared to UCR. PSC-UC did not 

Table 3  Relationship between p53, cyclooxygenase-2 and primary sclerosing cholangitis  n  (%)

PSC- PSC+ Row total COX-2- COX-2+ Row total

p53- 43 (78.18) 0 (0)    43 (78.18) 34 (61.82) 5 (9.09)   39 (70.91)
p53+ 4 (7.27)        8 (14.55)    12 (21.82)   9 (16.36)   7 (12.73)   16 (29.09)
Column total 47 (85.45)        8 (14.55) 55 (100) 43 (78.18) 12 (21.82) 55 (100)

Statistical significance (Fisher’s exact test) P < 0.001. PSC: Primary sclerosing cholangitis; COX-2: Cyclooxygenase-2.

Table 4  Comparison of primary sclerosing cholangitis-ulcerative colitis and ulcerative colitis 
after liver transplantation for primary sclerosing cholangitis

p53 COX-2 bcl-2 Histology score Endoscopy score (Mayo)

PSC-UC  ↑a ↔ ↔ ↔ ↔
OLT ↓ ↔ ↔ ↔ ↔
P value P < 0.001 NS NS NS NS

aP < 0.05 vs PSC-UC group. COX-2: Cyclooxygenase-2; UC: Ulcerative colitis; PSC: Primary sclerosing 
cholangitis; OLT: UC after liver transplantation for PSC. 

Wohl P et al . Epithelial markers in colitis and PSC
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differ in the expression of  COX-2 when compared with 
OLT, UCA and UCR. However, PSC-UC was identical 
in histological inflammatory activity to UCA, but had 
a higher activity in comparison to UCR despite similar 
COX-2 expression. The COX-2 expression thus did 
not fully correlate with histological inflammatory activ-
ity alone. Interestingly, in the study of  Agoff  et al[26], 
COX-2 overexpression occurred early in UC-associated 
neoplasia; however, the cancer risk increase could not be 
explained solely by inflammatory activity alone. In their 
study, overall neoplastic change explained the majority of  
the variation in COX-2 expression, whereas inflammatory 
activity explained only 11%[26]. 

Bcl-2 is considered as an important antiapoptotic 
gene which is in reciprocal relation with p53[43]. Ilyas et 
al[34] have shown that bcl-2 plays an important role in UC 
associated carcinogenesis. We found a higher bcl-2 ex-
pression in UCA as compared to controls. Inflammation 
could be one possible explanation. In contrast to p53, no 
association with the presence of  PSC was observed. We 
also did not find negative regulation of  bcl-2 and p53 as 
previously described in breast cancer or adenomas. Thus, 
the impact of  bcl-2 on colorectal cancer pathogenesis of  
PSC-UC based on our findings is still unclear. 

We could also suggest, as other authors have, that 
PSC-UC might be a subgroup of  UC[3,4,44]. PSC-UC is 
characterised by the same histological inflammatory activ-
ity as UCA but differs from UCR and N. PSC-UC had a 
higher p53 expression as compared to UCA, UCR, OLT 
and N; however, no difference between these groups was 
observed in COX-2 expression. PSC-UC thus shows signs 
of  both UCA and UCR characteristics. Because of  the 
known mild clinical course of  PSC-UC as compared to 
UC alone, it may be underdiagnosed with unfavourable 
clinical consequences. Accordingly, regular colonoscopy 
has been recommended for all PSC patients. For that rea-
son, p53 overexpression might be a useful predictor of  
potential carcinogenesis of  colorectal mucosae in PSC-
UC patients. In addition, according to our study, routine 
clinical and endoscopic indexes of  colitis without PSC (e.g., 
Mayo, UCDAI) cannot be used in PSC-UC. The presence 
of  PSC in patients with UC should be taken into account 
especially in clinical and experimental studies. 

Our study has several limitations. We investigated 
only a small group of  subjects and used the immunohis-
tochemical method for detection of  mucosal markers. 
It should be noted, however, that immunohistochemical 
investigations and mutation analysis rely on samples of  
mucosa obtained by colonoscopic biopsy and thus are 
subject to the same sampling error[27]. In addition, we 
may have missed some non-sense mutations resulting in 
a truncated protein[23]. We also did not detect dysplasia 
in any of  our patients. However, it might have been in-
teresting to compare the expression of  these markers in 
nondysplastic and dysplastic mucosa. Moreover, it would 
have been better to analyse the same patients with PSC 
and UC before and after OLT. This was not possible 
since the PSC-UC patients had not yet undergone OLT, 

but these patients will be included into a subsequent 
study.

In conclusion, PSC-UC was characterised by a higher 
expression of  the tumour suppressor gene p53 in non-
dysplatic mucosa explaining, at least in part, the higher 
neoplastic potential of  PSC-UC. Furthermore, this over-
expression was not present in UC patients who underwent 
liver transplantation for PSC. The expression of  p53 thus 
correlated with the presence of  PSC, suggesting a carci-
nogenic effect of  the liver disease on colonic mucosa. The 
presence of  p53 expression in nondysplastic mucosa may 
support its use as a marker of  increased susceptibility to 
cancer that may enable detection of  premalignant epithe-
lium. It may be the use of  epithelial markers of  carcino-
genesis which may in the future be used to better predict 
the risk preneoplastic lesions and CAC in UC patients 
with PSC and after liver transplantation. Our results need 
to be verified in larger future studies. 

COMMENTS
Background
The presence of primary sclerosing cholangitis (PSC) in ulcerative colitis (UC) 
patients is generally considered a risk factor for colorectal cancer. However, 
comprehension about the specific mechanisms involved in colitis associated 
carcinoma (CAC) pathogenesis in PSC patients remains limited. The aim of this 
study was to evaluate the expression of epithelial markers of colorectal carcino-
genesis in patients with long-term UC and PSC before and after transplantation.
Research frontiers
CAC has several distinguishing clinical features when compared with sporadic 
colorectal carcinoma (SCC). CAC progresses to invasive adenocarcinoma from 
flat and nonpolypoid dysplasia more frequently than SCC. CAC may also be 
multifocal likely due to the broad field-effect of mucosal inflammation contribut-
ing to the development of neoplasia. Standard colonoscopy is thus insufficient 
in detecting flat dysplasia and regenerative changes in colonic mucosa. Re-
cently, it has been indicated that early detection of premalignant changes in the 
nondysplastic mucosa of UC by immunohistochemistry and polymerase chain 
reaction methods might be possible. Epithelial histopathological markers of 
colorectal carcinogenesis, which have thus far been utilised especially in ad-
vanced dysplastic changes, may also now have clinical impact in nondysplastic 
mucosa. The role of colonic mucosal markers such as p53, bcl-2 and cyclooxy-
genase-2 (COX-2) based on immunohistochemistry evaluation in UC and PSC 
prior to liver transplantation (PSC-UC) patients has not yet been reported. 
Innovations and breakthroughs
Data clearly show a positive correlation between the presence of PSC and the 
level of expression of p53 in the intestinal nondysplastic mucosa of UC patients. 
These results thus support the hypothesis that PSC plays a role in UC associ-
ated colorectal carcinogenesis. The authors suggest that this happens, at least 
in part, through the overexpression of p53. 
Applications
Because of the known mild clinical course of PSC-UC as compared to UC 
alone, it may be underdiagnosed with unfavourable clinical consequences. Ac-
cordingly, regular colonoscopy has been recommended for all PSC patients. 
For that reason, p53 overexpression might be a useful predictor of potential 
carcinogenesis of colorectal mucosae in PSC-UC patients. In addition, ac-
cording to their study, routine clinical and endoscopic indexes of colitis without 
PSC (e.g., Mayo, UCDAI) cannot be used in PSC-UC. The presence of PSC 
in patients with UC should be taken into account especially in clinical and ex-
perimental studies. The presence of p53 expression in nondysplastic mucosa 
may support its use as a marker of increased susceptibility to cancer that may 
enable detection of premalignant epithelium. It may be the use of epithelial 
markers of carcinogenesis which may in the future be used to better predict 
the risk preneoplastic lesions and CAC in UC patients with PSC and after liver 
transplantation.
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Peer review
The study shows that the nondysplatic mucosa of UC patients with PSC is 
characterised by a higher expression of the tumour suppressor gene p53, sug-
gesting a higher susceptibility of cancer. This p53 overexpression correlates 
with the presence of PSC, whilst it is not present in patients with UC after liver 
transplantation for PSC. 
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