
ORIGINAL ARTICLE

Circulating CD4+CD25+ Regulatory T Cells in the Pathobiology
of Ulcerative Colitis and Concurrent Primary Sclerosing
Cholangitis

Murat Kekilli • Bilge Tunc • Yavuz Beyazit •

Mevlut Kurt • Ibrahim Koral Onal •

Aysel Ulker • Ibrahim Celalettin Haznedaroglu

Received: 20 July 2012 / Accepted: 1 December 2012 / Published online: 10 January 2013

� The Author(s) 2013. This article is published with open access at Springerlink.com

Abstract

Background Immunopathogenetic features of primary

sclerosing cholangitis (PSC) in ulcerative colitis (UC) still

remains unclear. Peripheral blood CD4?CD25? regulatory

T cells have a key role in the induction and maintenance of

peripheral self-tolerance and inhibit several organ-specific

autoimmune diseases. Therefore, CD4?CD25? T cells are

believed to play an essential role in autoimmune diseases.

The aim of the present study is to analyze the role of

CD4?CD25? T cells in the pathogenesis of UC-associated

PSC.

Methods This study evaluated the levels of CD4?CD25?

T cells in peripheral blood mononuclear cells (PBMC) of 27

UC patients with PSC and 20 UC patients as controls.

CD4?CD25? T cells were isolated from PBMC with a

direct immunofluorescence technique, using mice mono-

clonal antibodies namely FITC-labeled anti-CD4 and PE-

labeled anti-CD25. In each patient, CD4?CD25? T cells

percentage in PBMC were studied by flow cytometry, and

then the number of CD4?CD25? T cells were calculated.

Results Twenty-seven UC patients with PSC and 20 UC

patients without PSC as controls were enrolled in the present

study. The percentage of CD4?CD25? regulatory T cells

among PBMC were significantly elevated in UC ? PSC

patients compared with UC patients without PSC (p =

0.04).

Conclusions CD4?CD25? T cells were found to be

elevated in UC patients with PSC suggesting a partial role

of activated T cell response in the disease pathophysiology.

Our findings imply that CD4?CD25? regulatory T cells

may play a key role in the immunopathogenesis of UC-

associated PSC and may affect the therapeutic management

of these diseases.
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cholangitis � CD4?CD25? T cells � Pathophysiology

Introduction

Ulcerative colitis (UC) associated with primary sclerosing

cholangitis (PSC) is usually clinically mild [1]. However,

the genesis of this enigmatic association could exhibit in

the early stages of the disease and sometimes requires a

liver transplantation [2, 3]. UC and PSC are considered as

parts of autoimmune syndromes [4]. Long-term compli-

cations of that association may develop neoplastic devel-

opments probably due to immune aberrations [5–8].

Nevertheless, the exact immune mechanism leading to the

concurrent association of UC and PSC is unknown.

Peripheral blood CD4?CD25? regulatory T cells have

a central role in the immunopathology of numerous clinical

states including inflammation, autoimmunity, and neopla-

sia [9–12]. These unique elements of the regulatory

immune system may significantly locate pathobiology of

cancer, diabetes, and heightened inflammation. The

simultaneous occurrence of UC and PSC shall be investi-

gated in the immune inflammatory perspectives of the

diseases.
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With this respect, the present study was designed in

order to evaluate whether the levels of CD4?CD25? alter

in UC patients with PSC. The clarification of the complex

network of immune-inflammatory mediators operating in

the gut of patients with UC and the association with

hepatobiliary system could lead to the identification of new

diagnostic and therapeutic targets that could, in turn, drive

the development of effective therapeutic management. To

the best of our knowledge, this study is the first to inves-

tigate the level of CD4?CD25? in UC patients, and we

conclude that present study is important because it facili-

tates additional research into the immunopathogenesis of

UC-associated PSC.

Patients and Methods

Patients

Twenty-seven patients with UC and PSC and 20 matched

patients with UC attending at the Gastroenterology Clinic of

Turkiye Yuksek Ihtisas Training and Research Hospital

between February 2008 and January 2011 were enrolled in the

study. Patients with UC and PSC were included in the study if

they were confirmed to have both PSC and UC by well-

characterized clinical, endoscopic, radiologic, and pathologic

features and had[1 colonoscopy with multiple biopsies of all

colonic segments. The diagnosis of PSC was based on chole-

static biochemical profile or clinical signs of cholestasis,

compatible liver histology, repeatedly anti-mitochondrial anti-

body (AMA) negativity by indirect immunofluorescence

(IIFL), Western blot or ELISA and/or multifocal strictures,

segmental dilatations and duct ectasia—of the intra hepatic

and/or extra hepatic bile ducts on endoscopic retrograde chol-

angiopancreatography (ERCP) or magnetic resonance cholan-

giography (MRCP) (Fig. 1) after excluding secondary causes

of sclerosing cholangitis. Patients with UC but without PSC

were matched for age, gender, and disease duration.

Demographics and medical history of all patients, both

cases and controls, including age, gender, family history of

PSC and autoimmune diseases, history of pancreatitis, and

presentation with jaundice disease duration, drug intake,

duration of UC, and treatment profiles were noted for each

subject. Complete blood count, erythrocyte sedimentation

rate (ESR), and C-reactive protein (CRP) and biochemical

tests including bilirubin, alanine aminotransferase (ALT),

aspartate aminotransferase (AST), alkaline phosphatase

(ALP), and albumin were determined for all patients. All of

the patients were given comprehensive information before

they consented to participate in the study. The study was

conducted in accordance with the guidelines of the Hel-

sinki Declaration.

The PSC Mayo risk score was calculated as per

http://www.mayoclinic.org/grist/mayomodel3.html. Mayo

risk score (R) is scored as: low risk (B0), intermediate risk

(0–2), or high risk (C2).

Serum Samples

Blood samples were collected from a peripheral vein after

an overnight fast without using any anticoagulant and were

subjected to centrifugation with the speed of 3,000 rounds/

min for 10 min (Nuvefuge CN180), at 4 �C to obtain

serum. All serum samples were stored at -80 �C imme-

diately after separation from peripheral blood prior to

analysis.

Flow Cytometric Analyses

Peripheral blood mononuclear cells (PBMC) of patients

were separated by density gradient centrifugation using

Ficoll (Ficoll-Paque; GE Healthcare Life Sciences, Milan,

Italy). CD4?CD25? T cells were isolated from PBMC

with a direct immunofluorescence technique using mice

monoclonal antibodies (Becton–Dickinson, Sunnyvale, LA,

USA), namely fluorescein isothiocyanate (FITC)-labeled

Fig. 1 ERCP (a) and MRCP

(b) imaging of a PBS patient

showing multifocal strictures

and segmental dilatations in the

hepatobiliary tract

Dig Dis Sci (2013) 58:1250–1255 1251

123

http://www.mayoclinic.org/grist/mayomodel3.html


anti-CD4 and phycoerythrin (PE)-labeled anti-CD25. Phe-

notypes and proportions of each subpopulation were ana-

lyzed with aFACSCan (Becton–Dickinson, Sunnyvale, LA,

USA) using Cell-Quest software (Becton–Dickinson,

Sunnyvale, LA, USA).

Statistical Analyses

All statistical analyses were performed using SPSS statis-

tical software package (SPSS Inc., Chicago, IL, USA).

Comparison of different groups was done using the v2 test

or Fisher’s exact test when appropriate. Mann–Whitney

test was used for comparison of medians. Data found to be

nonnormally distributed were analyzed using the non-

parametric Mann–Whitney U test (for two groups). The

sensitivity and specificity of CD4?CD25? T cells number

for the detection of PSC in UC patients were calculated

under various cut-off ranges, and the receiver operating

characteristic (ROC) curves were drawn. A p value of

\0.05 was deemed statistically significant.

Results

Twenty-seven UC patients with PSC and 20 UC patients

without PSC as controls were enrolled in the present study.

There were 17 males and ten females (mean age

39.7 ± 13.4 years) in the UC ? PSC group and 15 males

and five females (mean age 36.1 ± 12.8 years) in the

control group. The demographic characteristics of patients

and control subjects were summarized in Table 1. There

were no statistically significant differences between age,

gender, and clinical characteristics of the study

participants.

All of the patients with UC had been taking oral

mesalamine. The patients with UC and PSC additionally

had been taking oral ursodeoxycholic acid. None of the

patients had a history or coexistence of malignant disease

including cholangiocarcinoma and/or colon cancer. Vari-

ous clinical characteristics of the patients with UC and

concomitant PSC are listed in Table 2.

The Mayo risk score was calculated in 27 UC patients

with PSC: 20 patients found to have a low-risk score, six

had intermediate, and one had a high-risk score. No sig-

nificant difference was observed in the mean number of

CD4?CD25? T cells between patients with UC and PSC

in respect to Mayo risk scores (p = 0.283).

The Presence of CD4?CD25? T Cells in UC Patients

With or Without PSC

In each patient, CD4?CD25? T cells percentage in PBMC

were studied by flow cytometry, and then the number of

CD4?CD25? T cells were calculated (Fig. 2).

The percentage of CD4?CD25? regulatory T cells

among PBMC in UC patients with PSC was 15.10 ± 8.13

and 10.58 ± 6.33 in UC patients without PSC (p = 0.04)

(Fig. 3).

ROC curve analysis suggested that the optimum

CD4?CD25? T cells cut-off point for PSC in UC patients

was 1.59, with a sensitivity, specificity, positive predictive

value, and negative predictive value of 74.1, 55.0, 69.0,

and 61.1 % respectively [AUC: 0.66 (95 % CI

0.504–0.816), p = 0.04] (Fig. 4). Overall accuracy of

CD4?CD25? T cells in determination of PSC in UC

patients was 65.0 %.

Discussion

In this study, we observed that the presence of CD4?CD25?

regulatory T cells among PBMC was significantly higher in

Table 1 Demographic features of the study population

UC (n = 20) UC ? PSC

(n = 27)

p

Age (years) 36.1 ± 12.8 39.7 ± 13.4 NS

Gender (m/f) 15/5 17/10 NS

Smoking (?/-) 5/15 9/18 NS

Disease duration

(months)

129.3 ± 19.6 122.25 ± 17.21 NS

Disease localization

Distal colitis, n (%) 7 (35) 7 (26.0)

Left, n (%) 10 (50) 5 (18.5)

Pancolitis, n (%) 3 (15) 15 (55.5)

NS not significant

Table 2 Clinical characteristics of the ulcerative colitis and con-

comitant primary sclerosing cholangitis patients

Number of patients %

Pruritus 13 48.1

Abdominal pain 9 33.3

Fatigue 9 33.3

Fever 6 22.2

Diarrhea 5 18.5

Surgerya 3 11.1

Cholelithiasis 5 18.5

Bacterial cholangitisb 6 22.2

Dominant stricture 2 7.4

Cirrhosis 3 11.1

a Liver transplantation or biliary surgery
b Developed after the definitive diagnosis of PSC and accepted as

complication
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patients with UC and PSC in comparison to the patients with

UC alone (p = 0.04). This novel finding cast attention on the

immune mechanisms affecting the unique association of the

two disease entities (i.e., UC and PSC). Inflammation,

autoimmunity, and neoplasia represent the common points

of cross-talk between CD4?CD25? regulatory T cells

among PBMC, UC, and PSC [9–12]. Those pathogenetic

events also determine the clinical outcome of the patients

with UC and/or PSC [1, 7, 8, 13–22]. The immunosuppres-

sive properties of regulatory T cells have emerged as an

attractive tool for the development of immunotherapies in

various disease contexts, e.g., to treat transplantation-

induced immune reactions [23]. Therefore, our findings

about CD4?CD25? regulatory T cells, UC, and PSC may

also affect the management of those diseases based on future

investigations in the battle field.

Regulatory T cells are increased in context of malig-

nancies and their expansion can be correlated with higher

disease burden and decreased survival [24]. Long-term

complications of the association UC and PSC may develop

gastrointestinal neoplastic developments, such as colonic

cancer probably due to immune aberrations [5–8]. In this

study, we found that CD4?CD25? regulatory T cells

among PBMC was significantly higher in patients with UC

and PSC in comparison to the patients with UC alone.

However, neoplastic GI disease was not present in our case

series. Our patients were receiving immunosuppression to

prevent disease recurrence, avoiding at the same time the

occurrence of ‘‘de novo’’ neoplasms as suggested in the

literature [13]. Therefore the association between enhanced

peripheral blood CD4?CD25? regulatory T cells and

neoplastic development in UC and PSC do not seem to be

clear, particularly in patients under chronic treatment with

immunosuppressive agents.

In vitro studies disclosed that following co-culture with

autologous CD4?CD25? responder T cells, human

monocytes and monocyte-derived macrophages become

activated but also significantly more prone to apoptosis

than monocytes/macrophages cultured alone [9]. Patho-

logical features of UC and PSC include somehow

descriptive cellular alterations [15]. UC patients with PSC

show a propensity for more extensive, but less active,

disease but are otherwise characterized by similar patho-

logic findings compared with UC patients without PSC.

Rectal sparing and patchy disease activity is not charac-

teristic of UC patients with PSC [15]. The definitive role of

monocyte-macrophages system in UC and/or PSC and their

association between CD4?CD25? regulatory T cells

remain to be elucidated.

Fig. 2 a Histogram indicating the cellular distribution of the

increased CD4?CD25? T cells in the peripheral blood mononuclear

cells (PBMC) derived from Ficoll density gradient centrifugation. The

right upper quadrant of the diagram represents positively stained

CD4?CD25? T cells. b Histogram depicting the cellular distribution

of PBMC that is negative for the population of CD4?CD25? T cells

Fig. 3 Box plot presentation of CD4?CD25? T cells among UC and

UC ? PBS patients

Fig. 4 Receiver operating characteristic (ROC) curve showing the

sensitivity and specificity of CD4?CD25? T cells for PBS in UC

patients
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Novel monoclonal antibodies affecting TNF signaling

system and immunosuppressive drugs may alter the clinical

course of inflammatory diseases [25–27]. None of our

patients were receiving adalimumab, infliximab, or eta-

nercept. Future investigations may also reveal whether the

expansion of CD4?CD25? responder T cells in patients

with UC and PSC in comparison to the patients with UC

alone could represent this subpopulation subject to novel

immunomodulating therapies.

Regulatory T cell phenotypes suggest an intriguing role

for immune regulatory mechanisms in numerous diseases

in different ethnic groups [28]. The natural course of

inflammatory bowel diseases also differs among different

ethnic groups in distinct clinical settings [22]. In this study,

Turkish patients with UC and PSC exhibited CD4?CD25?

regulatory T cells among PBMC. Similar investigations

should be performed worldwide to detect unique immu-

nological cellular alterations of the patients with inflam-

matory bowel diseases and their associations with clinical

phenotypes.

In conclusion, we detected expansion of CD4?CD25?

regulatory T cells in the peripheral blood of patients with

UC associated with PSC via flow cytometric analyses.

Further experimental and clinical studies may shed further

light on the enigmatic association of UC and PSC in the

immune context of the diseases and may open new avenues

for the better understanding and management of those

difficult-to-treat clinical inflammatory diseases.
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