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Abstract

Irritable bowel syndrome (IBS) is a chronic idiopathic alimentary tract disease of a functional nature.
The original cause of IBS remains unknown. However, the functional intestinal disorders (associated
with neurogenic and inflammatory factors) seem to usually result from complex general reasons, thus
IBS pathogenesis should be investigated from the general — rather than local — perspective of the
organism. The understanding of actual functions of the immune system, which exceed by far the defense
role, has placed it in one line with endocrine and nervous systems, as guards of the homeostasis of the
organism. Regulatory (CD4+ CD25%) T lymphocytes can inhibit in an antigen-nonspecific manner the
proliferation and activity of effector CD4+ and CD8* T lymphocytes, this way preventing the occurrence
of auto-immune and inflammatory and allergic reactions. The aim of this study was an attempt in
addressing the questions: are there any detectable differences in the magnitude of activation
of regulatory T cells in IBS, as measured by the expression of selected receptor molecules? The test group
was composed of 17 patients diagnosed in the Clinic of Gastroenterology and Metabolic Diseases in the
Medical University of Warsaw, due to the irritable bowel syndrome. The material for cytometric testing
was venous blood. The following parameters were subjected to immunological evaluation: percentage
values of mononuclear peripheral blood cells [TCD4+ and TCD8* lymphocytes with co-expression of
CD28, CTLA-4 (CD152), CD69+, CD25+*CD62L+, CD25*GITR receptor] and concentration of IL-1p,
IL-1Ra (interleukin I receptor antagonist), IL-10 and TGF- as determined by ELISA method. The
observed quantitative and functional disorders of Tregs need confirmation and further testing on much
broader panel of patients, in order to detect alterations specific for the 3 distinct forms of IBS (diarrhea,
constipation-related and mixed).
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Introduction

Irritable bowel syndrome (IBS, spastic colon) — is
a chronic (lasting at least three months) idiopathic alimen-
tary tract disease of a functional nature, which is charac-
terized by abdominal pains and irregular defecations, not
evoked by organic or biochemical alterations [1, 2].

This syndrome was described in detail by Osler back in
1892, and was named by him as mucous colitis. This disease

affects around 20% of population in the age between 30 and
40 years in the developed societies, with a three-fold higher
incidence rate in women. The functional disorders in this ail-
ment include visceral hypersensitivity and malfunctions
of intestinal movement activity. The main symptom of IBS
is painful cramps of high magnitude, which cease only after
a few minutes’ time, and have a tendency to relapse after
a remission which can sometimes last several hours. The
cramps are often accompanied by diarrhea or constipation.
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Therefore, this condition was divided into two forms: IBS-D
and IBS-C. These two classes can be also mixed (IBS-M).
The original cause of IBS remains unknown. The patho-phys-
iological factors, which can be bound to the onset of the dis-
ease, are: post-infection risks (e.g. dysentery) — in these
patients the increase in number of intestinal endocrine cells
with elevated intracellular levels of serotonine was observed,
excessive growth of gut bacterial flora (up to 84% of cases),
disorders of visceral sensitivity and motoric bowel activity,
as confirmed by: low rectal pain threshold in baloon-insuf-
flation test, enhanced motoric response of large intestine to
chosen drugs (prostygmine), hormones (cholecystokinine)
or foods, mental problems (in 70-90% of IBS patients per-
sonality disorders, anxiety and depression arise), low fiber
diet, the role of central nervous system has not been fully
resolved — recent studies show alterations in activity of brain
cortex areas responsible for pain sensitivity [3-5].

The lack of knowledge regarding causes of this disease
creates significant diagnostic and therapeutic problems.
There is no direct link between infection and development
of IBS [6, 7]. Still, many researchers emphasize the corre-
lation between the genetically-defined predisposition for
chronic inflammatory infiltrate of the gut wall, associated
with release of mediators sustaining the neurogenic inflam-
matory process, with the bowel functional disorders [1, 2].
The studies of Gonsalkorate et al. [1, 8] have shown, that
in a group of patients with IBS the genotype predefining
lower anti-inflammatory cytokine production is significantly
less frequent than in control group. However, the functional
intestinal disorders (associated with neurogenic and inflam-
matory factors) seem to usually result from complex gen-
eral reasons, thus IBS pathogenesis should be investigated
from the general — rather than local — perspective of the
organism. It mostly concerns the progressive, long lasting
and periodically exacerbating processes, where the clinical
course can suggest the disorders of general defense and
homeostatic mechanisms. Therefore, there is a sound base
to consider the immunopathogenetic mechanisms as a cru-
cial factor in opening the way to IBS development.

The understanding of actual functions of the immune
system, which by far exceed the defense role, has placed it
in one line with endocrine and nervous systems, as guards
of the homeostasis of the organism [3, 9, 10]. This home-
ostatic function is introduced by the immune system
through its activity in defense, tolerance to normal tissues,
supervision of metabolism and genetic correctness of the
tissues and participation in regeneration processes. A prop-
erly functioning system does not allow the aggression
against itself, correct structures (auto-aggression) or neu-
tral factors of external origin (allergy), streamlining the
destructive power against pathogenic infectious factors. On
the other hand, the protrophic influence is directed to self
tissues, supporting their regeneration. The efficiency of
these mechanisms is secured, providing that cellular sup-
ply processes follow the emerging needs [11-13].
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The competence of the immune system, based on the
aforementioned defensive and regenerative roles, remains
preserved as long as the cellular resources — constantly
exploited and exhausted by the system — can be replenished
with sufficient pace. Mucosa-associated lymphoid tissue
(MALT), the regional structure of the immune system first
described by Bienenstock in the nineteen seventies, exe-
cutes its immune functions within the mucosal membrane
environment. In this manner GALT — gut associated lym-
phoid tissue — is bound to the alimentary tract [5, 14-17].
The composition of the system reveals the full range of cel-
lular and humoral lymphoid elements, with 40-60% of
T lymphocytes, 20-40% of B cells and IgA-producing plas-
macytes, 10% of macrophages, 1-3% of mast cells and 5%
of granulocytes incl. eosinophils. These constituents define
the ability of MALT system to cope with the challenges,
resulting from the exposition of mucosal membranes to
immunogenic environmental factors. The cellular supple-
mentation of MALT springs out from the general immune
cell supplies of the body. Peyer’s patches (lymphatic folli-
cles being the aggregation of T lymphocytes) and M cells
compose the important elements of the local immune sys-
tem of the mucosa. The role of M cells, mediated by their
surface glycocalyx and sIgA molecules, is to intercept the
microorganisms and to transport them further to the inter-
nodular zones. Lymphocytes migrate via the regional
mesenterial lymph nodes, efferent lymphatic vessels and
thoracic duct to the blood circulation system. Infection of
both viral or bacterial origin activates to a different degree
the elements of innate and acquired immunity.
Macrophages, natural killer cells and neutrophils constitute
the important elements of innate immunity, and produce
cytokines of anti-inflammatory activity. Activated dendrit-
ic cells, which stimulate the differentiation of naive T lym-
phocytes to specific CD4+ and CD8* cells, constitute the
elements of the acquired immunity; IFN-y — producing
CD4+Th1 cells activate CD8+ lymphocytes to synthesize
the pro-inflammatory cytokines [18-20].

The mechanisms of cellular and humoral immunity
mentioned above assure with high probability the elimina-
tion of pathogens in the acute phase of the reaction. The
inefficient elimination of infectious agent can bear severe
consequences for the organism, in a form of prolonged
inflammation with resulting tissue damage (e.g. intestines)
or of developing auto-immune reactions. The organism pro-
tects itself against such a scenario by evolving the mecha-
nisms which prevent self-destruction. One of these mech-
anisms is the immunosuppressive function of regulatory
T cells [14, 20, 21].

The cellular supply of GALT comes from the general
body resources of immune cells. Under physiological con-
ditions, the equilibrium between Th1 and Th2 response is
maintained thanks to the presence of thymus-derived, reg-
ulatory T lymphocytes (Treg), forming on average 5-10%
of peripheral CD4+ T lymphocytes.
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Regulatory (CD4+ CD25+) T lymphocytes, by means
of IL-10 and TGF-} production, can inhibit in an antigen-
nonspecific manner the proliferation and activity of effec-
tor CD4+ and CD8* T lymphocytes, this way preventing
the occurrence of auto-immune reactions. The overall
immunoregulatory efficiency of peripheral regulatory
T-cells is determined not only by their number, but also by
their activity. This activity, manifested by IL-10 and
TGF-B production, represents the important mechanism
of regulation of the immune response, and prevents the
allergic and auto-immune reactions [22-25].

Rationale and aim of the study

The difficulties in predicting the course of IBS, togeth-
er with unsatisfying results of its treatment, bring inspira-
tion for the scientific community to investigate the mech-
anisms responsible for this process. One of them, claimed
to inhibit the efficient anti-inflammatory response of effec-
tor T lymphocytes, is the activity of regulatory T cells. The
progress of inflammatory and allergic states are some
of processes attributed to the hyper-activity of these cells.
Their contribution has been also assessed in pathogenesis
of several auto-immune and neoplastic conditions.
Taking this into consideration, the aim of this study
was an attempt in addressing the following questions:
1.Is the prolongation of inflammatory state in course
of IBS accompanied by the quantitative changes in the
regulatory T-lymphocyte population?

2. Are there any detectable differences in the magnitude
of activation of regulatory T cells in IBS, as measured
by the expression of selected receptor molecules?

Material and methods

The test group was composed of 17 patients of both
genders, diagnosed in the Clinic of Gastroenterology and
Metabolic Diseases in the Medical University of Warsaw,
due to the irritable bowel syndrome. These 17 patients were
included into the study according to Rome III criteria. Their
age ranged between 24-81 years, with a mean value of 51.8;
the mean age of men was 59.5 and of women — 50.7 years.
Three women aged 40-80 (mean 55) suffered from the con-
stipation form of the disease (IBS-C); 5 persons (4 women
aged 24-53, mean value 44 years, and 1 man aged 53) were
affected with diarrhea form (IBS-D); 9 patients (8 women
aged 35-80, mean value 52.5 and 1 man 66 years old) suf-
fered from the mixed form (IBS-M). The length of the dis-
ease ranged between 1 and 30 years, with the mean of 6.7
years. The control group consisted of 20 healthy volunteers,
according to WHO criteria.

The material for cytometric testing was venous blood.
The following parameters were subjected to immunologi-
cal evaluation:
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* percentage values of mononuclear peripheral blood cells,
as determined by the monoclonal antibodies in
cytofluorometric test (Cytomics FC500, Beckman Coulter):

- percentage of TCD4+ and TCD8* lymphocytes,

- percentage of TCD4+ and TCD8* lymphocytes with

co-expression of CD28 receptor,

- percentage of TCD4+ and TCD8+ lymphocytes with

co-expression of CTLA-4 (CD152) receptor,

- percentage of TCD4+ lymphocytes with co-expres-

sion of CD25+ and CD69+ receptors,

- percentage of TCD4+ lymphocytes with co-expres-

sion of CD25+CD62L+ and CD25+GITR receptors;

e the magnitude of proliferative response of PBMC in
microculture to PHA and ConA;

e concentration of IL-13, IL-1Ra in serum and supernatants
of PBMC cultures as determined by ELISA method;

e concentration of IL-10 and TGF- in serum and
supernatants of isolated CD4+ cells (ELISA kits of
Quantikine R&D System, USA).

The mean values of analyzed immunological parameters
were taken into account, upon registration of the patient to
the Clinic. These results were compared to the values eval-
uated in the control (healthy) group. The statistical analysis
was conducted according to ANOVA/MANOVA procedures.
In case of lack of normal distribution, the differences of mean
values between individual groups were calculated — inde-
pendently for each evaluated parameter — by means of non-
parametrical U Mann-Whitney and Wilcoxon’s test, with sig-
nificant difference at p < 0.05 level.

Results

In the analysis of percentage of CD3+CD4+ cells and
Th/Ts proportion in tested group, significantly lower mean
percentage values of CD3*CD4+ lymphocytes were
observed as compared to the analogical values in control
group. Such significant differences were not noted between
IBS and healthy control group with regard to the mean val-
ues of CD3+CD8* lymphocytes and percentage values
of CD3+CD8+/CD28 and CD3+CD4/CD28 lymphocytes
(Table 1).

The mean values of CD3+CD4+ cells with co-expres-
sion of CTLA-4 receptor in the patients’ group were sig-
nificantly higher than the values evaluated in control group.
Such significant differences were not noted between IBS
and healthy control group with regard to the percentage
values of CD3+CD8+ lymphocytes with co-expression
of CD152 (CTLA-4) receptor.

In the next stage of investigation, the percentage val-
ues of CD4+ lymphocytes with co-expression of CD25,
CD69 and FoxP3 receptors were measured. The results are
presented in Table 2.

In the performed evaluation, no significant differences
were seen concerning the mean percentage values of
CD4+CD25highFoxP3+ cells between the patients’ and con-
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Table 1. Percentage values of CD3TCD4%+, CD3+CD8*lymphocytes with Th/Ts proportion and percentage values of CD3+tCD4"
and CD3*CD8™ lymphocytes with co-expression of CD28 and CTLA-4 (CD152) receptors in the IBS patients’ and control
groups

Tested parameter

Patients’ group Control group Statistical analysis

1-1IBS K

CD3*+CD4% 29.7 +4.9 43.7+5.1 1vs.K; p<0.01
CD3+CD8% 30.2 +10.4 26.5 +4.9 ND

Th/Ts 1.0+0.4 1.6 0.6 1vs.K;p<0.03
CD3*+CD4/CD28% 60.9 £7.3 68.9 £13.9 ND
CD3+CD8/CD28% 34.9 +6,8 32.1+10.3 ND
CD3+CD4/CD152% 6.7 +4.2 32+2.6 1vs. K; p<0.04
CD3*+CD8/CD152% 9.9+4.7 9.3+42 ND

ND - no data

Table 2. Percentage values of CD4+ lymphocytes with co-expression of CD25+ and FoxP3, CD25+CD62L+ and CD25+*GITR*
receptors in evaluated groups

CD4*
Evaluated CD25highFoxP3* CD25high CD25highCD69* CD62L* CD25highCD62L*+ CD25highGITR*
groups
Control 772 £7.7 3.5+1.4 0.78 £0.2 68.8 +£10.1 68.1 £1.09 26.8 +11.2
K
IBS 85.7 £17.1 11.2 +49 4.1+13 66.3 £11.2 49.3 £13.9 26.6 +4.2
Statistical ND IBS vs. K; IBS vs. K; ND IBS vs. K; ND
analysis p<0.001 p <0.001 p<0.02
ND - no data

Table 3. Mean percentage values + standard deviation of CD4+CD25highcells with co-expression of CD134+ and CD95* in
IBS and control groups

CD4+

Evaluated groups CD25highCD134 CD25highCD95* CD25highCD152*

(%) (%) (%)
IBS 5.5=+1.6 5.8+2.3 29.8 +2.7
Control 3.8=+1.7 7.9 £2.6 23.1 £2.6
K
Statistical analysis IBS vs. K; p < 0.05 IBS vs. K; p <0.05 ND
ND — no data

trol group. With regard to the CD4+CD25high cells and  to the CD4+CD25highCD62L+ and CD4+CD25high

CD4+CD25highCD69+ lymphocytes, their mean percentage
values were significantly higher in the IBS vs. control
group.

Regarding CD4+CD62L* and CD4+CD25highGITR
lymphocytes, their mean percentage values did not differ
significantly between the two tested groups. However, a sig-
nificant difference (p < 0.05) was observed with concern
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CD134+*cells, with their mean percentage values higher in
the IBS than in control group (Table 3).

The mean percentage value of CD4+CD25highCD95+
cells was significantly lower than in control group. With
regard to the CD4+CD25high lymphocytes with co-expres-
sion of CD152 (CTLA-4) receptor, no significant differ-
ences were observed between the groups.
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In context of proliferative response to PHA, the mean
value measured in the IBS group was significantly lower
than in control (Table 4).

Concerning the proliferative response to ConA, no sig-
nificant differences of mean values between the groups were
observed. The lower mean value of P/C proportion was not-
ed in the IBS group.

The evaluation of IL-10, TGF-3, IL-1f and IL-1Ra con-
centrations in serum and supernatants from PBMC cultures
stimulated with ConA is presented in Table 5. No signifi-
cant differences were observed between the mean values
of IL-10 concentration measured in patients’ serum as com-
pared to the control group. In contrast, the IL.-10 concen-
tration values in supernatant from cultures of isolated CD4+
cells were significantly lower in IBS vs. control group.

No significant differences in mean values of TGF-3
concentration were seen between serum and supernatants
from cultures of isolated CD4+ cells in IBS patients; accord-
ingly, these values did not differ from the relevant ones in
control group.

With regard to mean values of IL-1f3 and IL-1Ra con-
centration in supernatants, they were significantly higher
in IBS group. In serum, IL-1B concentration was signifi-
cantly higher, and IL-1Ra significantly lower than in con-
trol group.

Immunoregulatory disorders in irritable bowel syndrome

Discussion

The immune response to versatile antigen and allergen
stimulation is determined on one hand by the level and
extensiveness of damage which evokes the inflammatory
reaction, and the defense potential of the host on the other.
The correct process leads to constraining of inflammation
by recruitment of cells, which synthesize several humoral
factors with anti-inflammatory activity. The next step of
correct response depends on restoration of altered quanti-
tative and qualitative immune parameters, characteristic for
the healthy state of organism. The mechanisms, which allow
the cells active in inflammatory process to mislead the
immunological supervision and in consequence to avoid
destruction, concern the pro-inflammatory cells themselves
(diminution of expression of surface histocompatibility anti-
gens or adhesion molecules), but are also attributed to the
cells which are supposed to supervise the inflammatory
process — T lymphocytes (induction of anergy or clonal
deletion, disruption of transduction signaling, secretion of
immunosuppressive cytokines) [26-28].

In the middle of the nineteen nineties, the subset of
cells with CD4+ phenotype and suppressive activity was
characterized, which were called T regulatory cells (Tregs).
The accumulated knowledge on T regulatory cells seems
to argue for their potential role — among others — in patho-

Table 4. Mean values =+ standard deviation of PBMC response to PHA and ConA in tested groups

Evaluated groups PHA ConA p/C
(dpm x 103/hod) (dpm x 103/hod)
IBS 31.9+8.9 24.7£9.9 1.2 +0.5
Control 59.6 £7.01 253 +5.8 2204
K
Statistical analysis IBS vs. K; p <0.02 ND IBS vs. K; p < 0.05

ND — no data

Table 5. Mean values =+ standard deviation of IL-10, TGF-, IL-1p and IL-1Ra concentrations measured in serum and super-

natants of cell cultures of IBS patients and healthy individuals

Evaluated IL-10 TGF-B IL-1B IL-1Ra
groups (pg/ml) (pg/ml) (pg/ml) (pg/ml)
serum PBMC culture serum PBMC culture serum PBMC culture serum PBMC culture

supernat supernat supernat supernat
IBS 16.8 3.1 820 +210 259 +4.1 2500 £351 14.9 +10.5 339 +114 468 £224 2643 +1476
Control 19.0 £3.6 1100 £340 28.1 6.0 2670 £390 1.9+1.8 170 £80 829 +323 900 810
group K
Statistical ND IBS vs. K; ND ND IBS vs. K; IBS vs. K; IBS vs. K; IBS vs. K;
analysis p <0.05 p <0.001 p <0.001 p<0.01 p<0.04
ND - no data
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genesis of neoplastic, auto-immune and infectious diseases.
In light of the data presented herein, the participation of
T regulatory cells in the pathogenesis of IBS seems prob-
able, with the resulting assumption that their correct func-
tion could restrain the progress of the disease.

The aim of this study was to evaluate the selected quan-
titative and functional exponents characteristic of the course
of the disease in patients with IBS. The investigations focused
mainly on the quantitative parameters and activation indices
of T cell population. The functions of studied subpopulations
were evaluated by means of measurement of pro- and anti-
inflammatory cytokines in the supernatant of cultured PBMC.
The next element of analysis was the characteristics of T reg-
ulatory cells, by evaluation of co-expression of CD152 and
CD62L molecules, with CD95 apoptotic receptor and CD69
activation receptor also included.

Before the introduction of treatment, in group of IBS
patients the mean percentage values of CD3+ lymphocytes
were significantly lower than in control group. The confir-
mation of ongoing inflammatory process in group of
patients is the elevated concentration of pro-inflammatory
cytokine IL-13, with lowered IL-1Ra values in serum.

The aggravated immunogenic activity, accompanied by
insufficient competence of immunological response, is pre-
dominantly observed in chronic infections and is a factor
of primary importance in evoking the chronic inflammato-
ry states. The immunogenic properties of the immune sys-
tem were tested in PBMC cultures and in patients’ serum.
The increased ratio of pro-inflammatory IL-1f and its
antagonist IL-1Ra, above the values observed in healthy
individuals, reflects the increased immunogenic activity
and accompanies the developing inflammatory reaction,
while the decrease of mentioned ratio gives evidence of
lowered immunogenic activity and immunological reac-
tivity, which correlates with ceasing of inflammation and
improvement of clinical condition.

Another step of immunogenic activity testing was to
evaluate the concentration of chosen cytokines, represent-
ing both pro- (IL-1B) and anti-inflammatory (IL-1Ra) activ-
ity, followed by anti-inflammatory cytokines characteriz-
ing T regulatory cells, namely IL-10 and TGF-B. The
concentrations of cytokines were measured in supernatants
of cultured PBMC and isolated CD4+ cells. The measure-
ments performed in culture supernatants, in the closest
vicinity of cultured cells, allow to link accurately the
obtained results with activity of potential cytokine produc-
ers. Serum, on the other hand, as a liquid environment dis-
tant from the cytokine-producing cells, reveals the level of
cytokines which is a net result of their production, local
consumption and elimination, thus creating difficulties in
interpretation.

The evaluation of correlation between IL-13 and
TGF-B seems particularly interesting. In the tested group
of patients, the significantly elevated IL-1f3 concentration
in culture supernatants was observed, which was not bal-
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anced with changes in TGF concentration (in the IBS group
the TGF-B values were comparable to the control group).
Transforming growth factor 3 paradoxically inhibits or stim-
ulates the activity of T lymphocytes. The way of reaction
depends on the level of differentiation, presence of other
cytokines or growth factors and surface expression of co-
stimulating receptors. With this in mind, TGF-$ can inhib-
it the proliferation of T lymphocytes, activation of ma-
crophages and dendritic cells. In the animal experimental
model, blocking of TGF-f release or its removal from the
environment results in escalation of inflammatory process.
As to IL-10, its broad spectrum of influences includes
immunosuppressive and anti-inflammatory actions. Some
of the anti-inflammatory IL-10 effects are mediated by inhi-
bition of transcription factor NF-«xB, though the inhibition
of IL-5 synthesis is NF-kB independent [29]. Because
IL-10 also inhibits the antigen-presenting function of APC,
the excess of IL-10 observed in supernatants of patients,
with concomitant normal level in serum, can be the reason
of diminished effectiveness of macrophages in suppressing
the proliferative response of T lymphocytes and of elevat-
ed consumption of this cytokine in the affected area of the
bowel [17, 25, 30].

Disturbed equilibrium between pro- and anti-inflam-
matory factors can lead to escalation of immune response
and in effect to destruction of self-defense mechanisms.
The excessive pro- or anti-inflammatory reaction can also
cause the immune defects and anergy, clinically manifest-
ed by enhanced susceptibility to infectious agents and onset
of auto-immune and neoplastic diseases.

Interleukin 10, along with TGF-B, is a cytokine elabo-
rated by regulatory T cells. It inhibits the function of auto-
reactive T lymphocytes, lowers the ability to synthesize Th1
cytokines like TNF-a, IL-12 and IL-18, but also reduces
apoptosis and extends the life-span of T and B cells by influ-
encing the expression the anti-apoptotic Bcl-2 protein. The
involvement of cells in the process of recognition, process-
ing and presentation of antigen gives rise to the cascade of
events described as inflammatory response. In addition to
participation in T cell response, TGF-§ synthesized in
platelets also takes part in the early stage of inflammation.

Some of the studies show the independence between
the pro-inflammatory activity of TNF-a, IL-1 or IL-8 and
anti-inflammatory function of soluble forms of TNF-3
or IL-1Ra receptors. In addition, IL-10 can enhance the syn-
thesis of IL-1Ra. Our results seem to confirm these obser-
vations (elevated levels of IL-10 and IL-1Ra were observed
in supernatants of patients in the IBS group). The reports
on the potential role of TGF-a in mediating the activity of
Treg lymphocytes are equivocal. It remains an open ques-
tion, to what extent the suppressive activity of regulatory
T lymphocytes depends on the expression of TGF recep-
tor, or on collaboration with IL-10.

Other studies have proven, that the potential role of
IL-10 in response to chronic inflammation can be the inhi-
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bition of pro-inflammatory activity of Th1 lymphocytes.
These studies however have not resolved the question
whether Tregs participating in the inhibition of the inflam-
matory reaction are nTregs cells of thymic origin, or iTregs
recruited from peripheral T lymphocytes with low expres-
sion of CD25 receptor.

The increase in number and activity of CD4+CD25+
lymphocytes from the blood of IBS patients can be respon-
sible for the suppression of T lymphocyte response. To
investigate this process in our own studies, the percentage
of CD4+, CD8* and co-expression of their CD28 and
CD152 molecules (indicative of the cell immunomodula-
tory potential) were evaluated. In the patients’ group, the
statistically significant diminution of percentage of CD4+*
helper-inducer lymphocytes was shown as compared with
the control group, along with lowered CD4+/CD8+ ratio
and unchanged percentage of cytotoxic CD8* lymphocytes.
It is difficult to resolve, whether the noticed quantitative
deficit of CD4+ cells is the cause or effect of the observed
clinical symptomatology. It seems that this deficit can be
caused by the inflammatory state itself, where the escala-
tion, and in particular the chronicity of stimulation with
unknown factor exerts the immunosuppressive effect. The
increased activity of Tregs can be also of importance in this
context. This can also be a reason of lowered CD4+ : CD8*
ratio and diminished proliferative abilities of T lympho-
cytes (drop in response to PHA in the patients’ group).

The expression of CD28 receptor is indicative of the
stimulating, and of CD152 — inhibitory ability of lympho-
cytes towards other cell types, including Tregs [31]. In the
group of IBS patients, the statistically significant higher
percentage of double-positive CD4+CD28+/CD152+ cells
was noted when compared with the control group. In case
of co-stimulating molecules, a specific competition takes
place to activate or inhibit the effector functions of stimu-
lated cells. The pool of double-positive CD28CD152 cells
can serve as a certain safety mechanism against the non-
controlled progress of inflammatory state in the course of
IBS. Such a cell hypothetically could, depending on the
strength of the stimulating signal, undergo the diversifica-
tion into the activating CD28* or inhibiting CD152+ type.
In the group of IBS patients, the statistically significant ele-
vation of percentage of CD4+CD152* lymphocytes was
observed, which could suggest the prevalence of inhibito-
ry processes exerted by CD3+CD4+* on the active Tregs
cells, with simultaneous lack of such impact from CD8+
cells. This can be one of the reasons for the observed deficit
of inducer-immunostimulatory cells in the group of IBS
patients, leading — together with intact cytotoxic cell num-
ber — to lowering of the CD4+/CD8 ratio.

The experiments performed in the animal model proved
the role of Tregs in inhibiting the inflammatory reaction
mediated by Th1 lymphocytes. The depletion of the latter
ones during the acute phase of infection can prevent both
the retention of antigen and shift to the chronic phase.
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It seems plausible, that in future the modulation of Tregs
function can improve the effectiveness of the therapy,
becoming its valuable enhancement. The findings of the
last decade have confirmed the earlier suppositions, that
thymus-dependent process of supplementation of continu-
ously exploited, multi-task T-lymphocyte population is —
or at least should be — continued throughout the whole life
time of the organism [5, 15, 20, 24]. The impairment of this
process brings about the deficits in T cell population, dis-
proportions between immunogenic and immuno-competent
abilities of the immune system, disruptions in immuno-reg-
ulatory functions and lowering of the defense potential.
It seems that introduction of complex treatment, involving
all the stages of the immune response and balancing the com-
plementary mechanisms of the second — specific phase, can
be beneficial for the effects of commonly applied therapy.

Conclusions

The results of investigations presented in this study
allow us to put forth the following claims:

1. In patients suffering from IBS, the immuno-regulatory
disorders take place, with meaningful increase of activity
of pro-inflammatory cytokines, decreased activity of anti-
inflammatory and immuno-regulatory cytokines and
reduction in number and function of regulatory T
lymphocytes.

2. The observed quantitative and functional disorders of
Tregs need confirmation and further testing on much
broader panel of patients, in order to detect alterations
specific for the 3 distinct forms of IBS (diarrhea-,
constipation-related and mixed).

References

1. Agafonova NA, lakovenko EP, Ivanov AN, et al. (2009):
Meteospazmil for correction of motor disorders in functional
colon diseases. Eksp Klin Gastroenterol 4: 101-106.

2. Feuerstadt P, Brandt LJ (2010): Colon ischemia: recent insights
and advances. Curr Gastroenterol Rep 12: 383-390.

3. Hoogerwerf WA (2010): Role of clock genes in gastrointestinal
motility. Am J Physiol Gastrointest Liver Physiol 299:
549-555.

4. Ortiz-Lucas M, Saz-Peir6 P, Sebastian-Domingo JJ (2010):
Irritable bowel syndrome immune hypothesis. Part one: the
role of lymphocytes and mast cells. Rev Esp Enferm Dig 102:
637-647.

5. Vicario M, Guilarte M, Alonso C, et al. (2010): Chronological
assessment of mast cell-mediated gut dysfunction and mucosal
inflammation in a rat model of chronic psychosocial stress.
Brain Behav Immun 24: 1166-1175.

6. Neumann-Haefelin C, Spangenberg HC, Blum HE, Thimme
R (2007): Host and viral factors contributing to CD8+ T cell
failure in hepatitis C virus infection. World J Gastroenterol 13:
4839-4847.

7.Rao AS, Wong BS, Camilleri M, et al. (2010): Cheno-
deoxycholate in females with irritable bowel syndrome-

273



Wanda Stankiewicz et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

274

constipation: a pharmacodynamic and pharmacogenetic
analysis. Gastroenterology 139: 1549-1558.

. Belkaid Y, Rouse BT (2005): Natural regulatory T cells in

infectious disease. Nat Immunol 6: 353-360.

. Barthlott T, Moncrieffe H, Veldhoen M, et al. (2005): CD25+

CD4+ T cells compete with naive CD4+ T cells for IL-2 and
exploit it for the induction of IL-10 production. Int Immunol
17: 279-288.

Shimizu J, Yamazaki S, Takahashi T, et al. (2002): Stimulation
of CD25(+)CD4(+) regulatory T cells through GITR breaks
immunological self-tolerance. Nat Immunol 3: 135-142.
Ohman L, Isaksson S, Lindmark AC, et al. (2009): T-cell
activation in patients with irritable bowel syndrome. Am
J Gastroenterol 104: 1205-1212.

Ortiz-Lucas M, Saz-Peir6 P, Sebastian-Domingo JJ (2010):
Irritable bowel syndrome immune hypothesis. Part two: the
role of cytokines. Rev Esp Enferm Dig 102: 711-717.

Rao SS, Go JT (2010): Update on the management of
constipation in the elderly: new treatment options. Clin Interv
Aging 5: 163-171.

Mills KH (2004): Regulatory T cells: friend or foe in immunity
to infection? Nat Rev Immunol 4: 841-855.

Park JH, Rhee PL, Kim HS, et al. (2006): Mucosal mast cell
counts correlate with visceral hypersensitivity in patients with
diarrhea predominant irritable bowel syndrome. J Gastroenterol
Hepatol 21: 71-78.

Wang XM, Liu YL (2010): An investigation of signal
transduction pathway of colonic mucosal toll-like receptor 4
in patients with diarrhea-irritable bowel syndrome. Zhonghua
Nei Ke Za Zhi 49: 491-494.

Wang J, lIoan-Facsinay A, van der Voort EI, et al. (2007):
Transient expression of FOXP3 in human activated
nonregulatory CD4+T cells. Eur J Immunol 37: 129-138.
Suvas S, Rouse BT (2006): Treg control of antimicrobial T
cell responses. Curr Opin Immunol 18: 344-348.

Tang Q, Boden EK, Henriksen K1, et al. (2004): Distinct roles
of CTLA-4 and TGF-beta in CD4+CD25+ regulatory T cell
function. Eur J Immunol 34: 2996-3005.

Mennechet FJ, Uzé G (2006): Interferon-lambda-treated
dendritic cells specifically induce proliferation of FOXP3-
expressing suppressor T cells. Blood 107: 4417-4423.
Shimizu J, Yamazaki S, Takahashi T, et al. (2002): Stimulation
of CD25(+)CD4(+) regulatory T cells through GITR breaks
immunological self-tolerance. Nat Immunol 3: 135-142.
Billerbeck E, Blum HE, Thimme R (2007): Parallel expansion
of human virus-specific FoxP3 — effector memory and de
novo-generated FoxP3+ regulatory CD8+ T cells upon antigen
recognition in vitro. J Immunol 179: 1039-1048.

Chatenoud L, Bach JF (2006): Adaptive human regulatory T
cells: myth or reality? J Clin Invest 116: 2325-2327.

Houot R, Perrot I, Garcia E, et al. (2006): Human
CD4+CD25high regulatory T cells modulate myeloid but not
plasmacytoid dendritic cells activation. J Immunol 176: 5293-
5298.

Tiemessen MM, Jagger AL, Evans HG, et al. (2007):
CD4+CD25+Foxp3+ regulatory T cells induce alternative
activation of human monocytes/macrophages. Proc Natl Acad
Sci USA 104: 19446-19451.

Goral V, Kucukoner M, Buyukbayram H (2010): Mast cells
count and serum cytokine levels in patients with irritable bowel
syndrome. Hepatogastroenterology 57: 751-754.
Kumanogoh A, Wang X, Lee I, et al. (2001): Increased T cell
autoreactivity in the absence of CD40-CD40 ligand

28.

29.

30.

31.

interactions: a role of CD40 in regulatory T cell development.
J Immunol 166: 353-360.

Liu W, Putnam AL, Xu-Yu Z, et al. (2006): CD127 expression
inversely correlates with FoxP3 and suppressive function of
human CD4+ T reg cells. J Exp Med 203: 1701-1711.
Driessler F, Venstrom K, Sabat R, et al. (2004): Molecular
mechanisms of interleukin-10-mediated inhibition of NF-kB
activity: a role for p50. Clin Exp Immunol 135: 64-73.
Kapeller J, Moller D, Lasitschka F, et al. (2011): Serotonin
receptor diversity in the human colon: expression of serotonin
type 3 receptor subunits 5-HT3C, 5-HT3D, and 5-HT3E.
J Comp Neurol 519: 420-432.

Motta M, Rassenti L, Shelvin BJ, et al. (2005): Increased
expression of CD152 (CTLA-4) by normal T lymphocytes in
untreated patients with B-cell chronic lymphocytic leukemia.
Leukemia 19: 1788-1793.

Central European Journal of Immunology 2011; 36(4)



