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Background and Aim: CD4'CD25"" T cells act as regulatory T cells. CTLA-4 and GITR are associated with
the suppressor function of regulatory T cells. The aim of this study was to assess any differences in the expres-
sion patterns of these molecules on regulatory T cells of patients with inflammatory bowel disease (IBD).

Methods: The study subjects were 15 patients with IBD (ulcerative colitis=7, Crohn’s disease=8) and 7
healthy individuals. Peripheral blood mononuclear cells were obtained by centrifugation of fresh blood over
Ficoll-paque and stained with anti-CD4, CD25, and GITR antibodies. For CTLA-4 staining, cells were fixed and
permeabilized by saponin prior to incubation with anti-CTLA-4 antibody. Cell samples were analyzed on a
FACScaliber. Each patient was investigated both in the active and inactive state.

Results: The percentage of CD4"CD25" cells was significantly higher in active than in inactive ulcerative co-
litis. In contrast, the percentage of CD4"CD25"" cell was significantly higher in active Crohn’s disease than in
healthy individuals. CTLA-4" cell counts in CD4*CD25"" T cells were significantly lower in active Crohn’s dis-
ease than in control and inactive Crohn's disease patients, although no difference was observed between active
and inactive ulcerative colitis. In contrast, GITR expression was significantly higher in active than inactive
Crohn’s disease.

Conclusion: Our results suggest that CD4~CD25"" T cells are probably involved in the pathogenesis of

Crohn’s disease.

Key words: regulatory T cell, Crohn’s disease, ulcerative colitis, CTLA-4, GITR

Introduction

Crohn'’s disease (CD) and ulcerative colitis (UC),
collectively referred to as inflammatory bowel dis-
ease (IBD), are relatively common inflammatory dis-
eases of the gastrointestinal tract. However, these
two conditions have distinct histopathological and
anatomical characteristics, with CD characterized
by transmural inflammation throughout the GI
tract, and UC by a more superficial inflammation
confined to the colon and rectum. In human IBD tis-
sue, CD4" T cells represent the vast majority of ac-
tivated mononuclear cells infiltrating the gut. A
large proportion of T cells bear the phenotypic
characteristics of circulating naive lymphocytes
and are recruited from the blood into the intestinal

mucosa, probably as a result of enhanced expres-
sion of adhesion molecules and chemokines in the
inflamed gut of IBD patients”. Evidence indicates
that CD4" T cells play a key role in the pathogene-
sis of tissue damage in IBD, especially in CD"™?.
The role of T cells in the pathogenesis of IBD is sup-
ported by clinical and pathophysiological observa-
tions, showing that the stable remission is observed
in CD patients who develop symptomatic HIV infec-
tion or undergo bone marrow transplantation®”.
Recent studies have demonstrated that CD4°
regulatory T cells constitute an important compo-
nent of the normal, healthy immune response®.
These cells are engaged in the maintenance of im-
munologic self tolerance by actively suppressing
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Table The baseline characteristics of all patients who participated in this study

CD ucC Control
Sex (M/F) 4/4 4/3 2/5
Mean age (y) 30.1+95 494 =137 325+100
Median duration of disease (y) 68+11.1 52+69
Site of disease Small bowel 1 Total colon 5
Colon 2 Leftsided 1
Small bowel & 5 Proctitis 1
Colon
Disease activity active inactive active inactive
CDAI/UCDAI score 2776 99.5 83 04
Medications
No medication 4 0 2 7
Only Masalasine 0 2 1 0
corticosteroid 3 5 3 7
azathioprine 1 2 0 1
anti TNF-o. Ab 1 0 — —
cyclosporine A - — 1 1

the activation and expansion of self-reactive lym-
phocytes that may cause autoimmune disease®”.
The majority of these regulatory T cells constitu-
tively express CD25 (the IL-2 receptor alpha
chain)”. The removal or functional alteration of this
population from normal rodents leads to the sponta-
neous development of various autoimmune dis-
eases””. Furthermore, it has reported that CD4"
CD25" regulatory T cells can reverse established in-
testinal inflammation in the CD4"CD45RB™ T cell
transferred colitis model®. In contrast to rodents, it
has been reported that only CD4"CD25"™ T cells ex-
hibit strong regulatory function in humans”. These
CD4°CD25™" T cells inhibit the proliferation and cy-
tokine secretion induced by TCR crosslinking of
CD4"CD25" responder T cells in a contact-
dependent manner”.

CD47CD25" regulatory T cells constitutively ex-
press gene products of glucocorticoid-induced TNF
receptor family-related receptors (GITR) and cyto-
toxic T lymphocyte-associated antigen 4 (CTLA-
4)~" GITR, a member of the TNFR superfamily, is
particularly abundant on CD4 'CD25" T cells”. The
high-level, basal expression by CD4"CD25" regula-
tory T cells suggested an important role for GITR
on this subset. CTLA-4 is a critical inhibitor of T cell
activation as demonstrated by the lethal lym-
phoproliferation seen in CTLA-4 knockout mice™".
The involvement of CTLA-4 in the regulation medi-

ated by CD4°CD25" T cells has been described in
mouse models™”"™.

In the present study, we demonstrated the pres-
ence of low CTLA-4"CD4"CD25™ T cell ratio and
increased ratio of GITR'CD4 °CD25™" T cells in the
peripheral blood of patients with active CD, but not
in that with UC, however, there was no difference
in the percentage of CD4'CD25"*/CD4" between
the two conditions. This finding suggests regula-
tory T cells might be involved in the pathogenesis
of CD.

Material and Methods

Patients

A total of 15 patients with IBD (7 patients with
UC and 8 patients with CD) and 7 healthy individu-
als participated in this study. Informed consent was
obtained from patients before the study. The base-
line characteristics of all patients are summarised in
Table. Active CD was defined as a Crohn’s disease
activity index (CDAI) >150, while inactive disease
as a CDAI <150. The activity of UC was deter-
mined with the UC disease activity index (UCDAI)
that measures the frequency of bowel movements,
blood in stool, endoscopic severity, and overall well-
being. Active UC was defined as a UCDAI score >8
point, while inactive disease as a UCDALI score <3
point (UCDALI score: maximum 12 point).

Reagents

The following monoclonal antibodies (mAbs)
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Fig. 1 Flow cytometric analysis of human peripheral blood mononuclear cells
a: Gating of CD4 T cells and determination of their CD25 expression in human peripheral
blood lymphocytes. CD4 T cells were gated by their expression of CD4 (R1), CD25 (R2) and

high expression of CD25 (R3).

b: Representative histogram of CTLA-4 positive cells in R3 (CD4+*CD25%¢eh). Cells were
stained with control antibody (upper panel) or anti-CTLA-4 / CD152 antibody (lower panel).
¢: Representative histogram of GITR positive cells in R3 (CD4*CD25high), Cells were stained
with control antibody (upper panel) or anti-GITR antibody (lower panel).

The threshold (M1) for counting CTLA-4 or GITR positive cells was put on the line which

showed 1% positive in control antibody.

were used to analyze intracellular and surface anti-
gens. Cy-Chrome-conjugated anti-human CD4, Cyb-
conjugated anti-human CD25, PE-conjugated anti-
human CTLA-4/CD152 were purchased from BD
PharMingen (San Diego, CA, USA), PE-conjugated
anti-human mouse IgG2a was purchased from
Miltenyi Biotech (Auburn, CA, USA), anti-human
mouse IgG2a negative control was from DAKO
(Glostrup, Denmark), PE-conjugated anti-human
GITR was purchased from R&D (Minneapolis, MN,
USA). To stain and analyze intracellular antigens,
peripheral blood mononuclear cells (PBMCs)were
fixed and permealized with Cytofix/Cytoperm, and
washed with Perm/wash buffer (BD Pharmingen).

FACS analysis of surface antigens and intra-
cellular staining

PBMCs were obtained from healthy individuals
and IBD patients by centrifugation of fresh blood
over Ficoll-paque. PBMCs (5x10°) were stained with
CD4, Cyb-
conjugated anti-human CD25, and PE-conjugated
anti-human GITR for 45 min at 4C. After two
washes, cell samples were run on a FACScaliber

Cy-Chrome-conjugated anti-human

(BD Pharmingen) and analyzed using Cell Quest
software. The isolated PBMCs (1x10°) were stained
with 2 colour, Cy-Chrome-conjugated anti-human
CD4 and Cyb-conjugated anti-human CD25, for 30
min at 4C. After cell surface labelling, cells were
fixed and saponin permeabilized (fix/perm solution)
for 20 minutes at 4C. After washing twice and incu-
bating with blocking antibody (anti-human mouse
IgG2a negative control), cells were stained with PE-
conjugated anti-human CTLA-4/CD152 or PE-
conjugated anti-human mouse IgG2a as an isotype
control for 15 minutes at room temperature. After
washing twice, cells samples were analyzed on a
FACScaliber. Flow cytometry data were analyzed
by Cell Quest software.

Lymphocytes were gated on cell optic character-
istics (FSC, SSC). CD4" (R1), CD25" (R2), and CD25™"
(R3) cells were gated as shown in Fig. 1a, and the
thresholds (M1) for counting CTLA-4 or GITR posi-
tive cells were put on the line which showed 1%
positive in control antibody (Figs. 1b & c).

Statistical analysis

The results were expressed as mean * SD.
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Groups of data were analyzed by using the paired
or unpaired t-test. P values <0.05 were considered
significant.
Results

Percentage of CD4"CD25% T cells and CD4 ™
CD25"™" T cells in CD4" T cell population

We assessed the percentage of CD4"CD25'/CD4*
and CD4°CD25"™/CD4" cells in peripheral blood
from the same IBD patients in both active and inac-
tive phases. Although a comparison of the ratio of
CD4°CD25°/CD4" between healthy individuals
(746 = 253%) and IBD patients showed no signifi-
cant differences, CD4°CD25°/CD4" in the active
phase was significantly higher than in the inactive
phase in UC patients (UC; active: 8.96 = 3.10% vs. in-
active: 6.23 = 2.26%, p<0.05). Although it was not sig-
nificant, six of seven CD patients showed higher
CD4°CD25°/CD4" in active phase (active: 10.35 =
2.38%, inactive: 862 * 267%, p=0.11) (Fig. 2a). We
also examined the frequency of the peripheral CD4"
CD25"™ T cell population, which is thought to have
function similar to that of mouse CD4"CD25" regu-
latory T cells. CD4*'CD25""/CD4" from CD patients
in the active phase were significantly higher than in
normal controls (Control: 1.46 = 0.32% vs. CD; active:
2.62%0.75%, p<0.01). However, in both UC and CD
patients, no significant differences were found be-
tween the two phases, active and inactive (UC; ac-
tive: 1.55% = 0.58%, inactive: 1.07 = 0.90%, CD; inac-
tive: 2.07 = 1.08%) (Fig. 2b).

CTLA-4 positive cells in regulatory T cells

The percentage of the CD4 CD25"™ population
with regulatory function in humans showed no cor-
relation with disease activity in IBD. Next, we in-
vestigated the frequency of CTLA-4 positive cells
that were reported to play an important role in the
suppressive function of regulatery T cells”. Al
though there was no significant difference in the
percentage of CTLA-4'CD4"CD25"/CD4°CD25" in
both CD and UC (CD; active: 59.93 = 12.28% vs. inac-
tive: 72.46 =9.03%, UC; active: 58.67 + 18.65% vs. in-
active: 60.89 £ 15.89%, Fig. 3a), we found that CTLA-
4*CD4°CD25™ /CD4*CD25"" from CD patients in
the active phase was significantly lower than that
from normal controls (Control; 94.66 + 1.87%, CD; ac-

tive: 87.46 = 7.89%, p<0.05). Moreover, compared
with the active phase and inactive phase in the
same CD patient, the percentage of CTLA-4"CD4"
CD25"™/CD4"'CD25"™" was also lower in the active
phase. (CD; active: 87.46 = 7.89%, inactive: 95.13 +
2.36%, p<0.01, Fig. 3b). In contrast, there was no cor-
relation with the frequency of CTLA-4 in UC pa-
tients.

Percentage of GITR positive cells in regula-
tory T cells from active CD was higher in inac-
tive CD

Finally, we examined that the frequency of GITR
positive cells. A recent report demonstrated that
the engagement of GITR by anti-GITR Ab, both in
vitro and in vivo, abrogated the suppressor activity
of regulatory T cells”. GITR"CD4*CD25"/CD4"
CD25" from IBD patients showed no correlation
with disease activity (Fig. 4a). However, in the same
CD patients, there was a significant difference in
CD4°CD25""GITR"/CD4 CD25"" between the ac-
tive phase and inactive phase (CD; active; 36.07
13.15%, inactive: 30.46 = 12.36%, p<0.05, Fig. 4b). In
contrast, no obvious tendency was observed in UC
patients (UC; active: 34.14 = 857%, inactive: 39.18 =
9.45%).

Discussion

Despite accumulating evidence for the im-
munoregulatory properties of CD4"CD25" regula-
tory T cells, the role of these cells in the pathogene-
sis of human disease has not yet to be thoroughly
demonstrated. Several investigators reported that
the frequency or function of CD4"'CD25" changed in
autoimmune disease, however, the role of regula-
tory T cells in human disease remains controver-
sial”™®. For example, Kukreja et al"” revealed that
the percentage of CD4"CD25" T cell in peripheral
blood of type 1 diabetes patients was lower than
that of healthy control, although others reported
that no difference in CD4"CD25" T cell was ob-
served and that CD4"CD25™ T cells were in-
creased in type 1 diabetes patients"™. Cao et al" in-
vestigated the ratio of CD4"CD25"" T cells in pa-
tients with rheumatoid arthritis (RA), and reported
no observed differences between patients with RA

and healthy controls. In contrast, Amelsfort et al®
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Fig. 2 Flow cytometric analysis of CD4* CD25+ T
cells and CD4* CD25heh T cells of peripheral blood
from healthy individuals (n = 7), CD patients (active
and inactive, n = 7), and UC patients (active and inac-
tive, n = 6).

In IBD patients, the same patient was analyzed in
both active and inactive state.

a: Percentages of CD4* CD25+/CD4* T cells were
significantly increased in active UC than inactive
UC (active: 8.96+3.10% vs. inactive: 6.23+2.26% , p
< 0.05). In CD patients, there was an increasing but
non-significant trend in the percentage of CD4*
CD257/CD4* T cells in active state (active:
10.35+=2.38%, inactive: 862 +2.67%, p = 0.11).

b: Percentages of CD4+ CD25bigh T cells were signifi-
cantly increased in active CD patients than in
healthy individuals (Control: 146=032% vs. CD;
active: 262=0.75% , p < 0.01). No significant differ-
ence was observed between active and inactive
state of both CD and UC patients.

reported an increased number of CD4°CD25" T
cells in the synovial fluid of RA patients.

The percentage of CD4°CD25" T cells and CD4"
CD25™ T cells in the total CD4"~ T cell population in
human peripheral blood was reported to be ap-
proximately 5-10% and 1-2%, respectively”. Similar
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Fig. 3 Flow cytometric analysis of CTLA4"
CD4*CD25* T cells and CTLA4*CD4*CD25high T
cells from healthy individuals (n = 5), CD patients (n
= 8), and UC patients (n = 7).

In IBD patients, the same patient was analyzed in
both active and inactive state.

a: Percentages of CTLA-4*CD4+CD25%/CD4*CD25*
cells. No differences were seen between active and
inactive phases in both UC and CD patients, or be-
tween control and IBD patients.

b: Percentages of CTLA-4*CD4+CD25Msh/CD4+CD25high
cell. CTLA4*CD4*CD25hieh T cells were signifi-
cantly decreased in the active than inactive state
only in CD patients (active: 87.9+75%, inactive:
95.13+2.36%, p < 0.01) or than healthy control (Con-
trol; 94.66 = 1.87%, p < 0.05).

results were observed in our study, and the ratio of
CD4'CD25"'/CD4" was higher in the active phase k
than inactive phase of IBD patients. Although this
population of T cells was reported as the regulatory
T cells in mice, it has been revealed that CD25" is
not the marker of regulatory T cells in humans.
CD25 is upregulated upon activation of T cells, and
the majority of CD25 positive cells are CD25" ™

% These cells are most likely to be

cells in humans
activated cells with CD25 expression resulting from

an encounter with foreign antigens. Therefore, anti-
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Fig. 4 Flow cytometric analysis of GITR* CD4*
CD25* T cells and GITR* CD4* CD25high T cells of
from healthy individuals (n = 5), CD patients (n = 5),
and UC patients (n = 5).

In IBD patients, the same patient was analyzed in
both active and inactive state.

a: Percentages of GITR* CD4+ CD25+/CD4+CD25+
cells. No differences were seen between active and
inactive phases in both UC and CD patients, or be-
tween control and IBD patients.

b: Percentages of GITR* CD4* CD25high/CD4+
CD25high cell. GITR* CD4+ CD25%eh T cells were sig-
nificantly increased in active CD than inactive CD
(CD; active: 36.07 +=13.15%, inactive: 3046 £12.36%, p
< 0.09). No differences were observed between ac-
tive and inactive UC.

CD25 antibody (basiliximab) is widely used to con-
trol acute rejection after organ transplantation, and
the efficacy of this therapy has been well proven®?.
The high frequency of CD4°CD25"/CD4" in the ac-
tive phase of IBD may reflect the existence of ac-
tive inflammation in patients with active phase IBD.

In humans, CD4"CD25"" T cells have regulatory
functions®. In present study, the ratio of CD4"
CD25™"/CD4" was increased in active CD in com-
parison to the controls, but not between active and

inactive phases in CD and UC. Maul et al® reported

that CD4"CD25™" T cells in peripheral blood were
significantly decreased in active CD and UC pa-
tients. This report was not in agreement with our
results, in which no differences were observed. We
cannot explain the reason of this difference, but one
possibility might be the difference in sample back-
ground. Recently, three independent studies, one
from the United States®, and two from Europe”®,
showed that three variants in the coding region of
Nod2 gene are associated with CD. However, none
of the common variants in the Nod2 gene were

29)

identified in Japanese CD patients™. This suggests
that the pathogenesis of CD is not completely ex-
plained by a single gene mutation, but may be dif-
ferent between races.

Makita et al*” isolated CD4"CD25"™" T cells from
lamina propria (LP), and showed that the ratio of LP
CD4"CD25™™ T cells was similar to that in periph-
eral blood, and the cells retained their regulatory
function. The transfer of CD4"CD45RB™ T cells
into immunodeficient mouse results in colitis, and
co-transfer of CD4°CD25" T cell can prevent this
colitis'”. Furthermore, CD4"CD25" T cells can cure
established colitis in mice®. These findings suggest
that CD4"CD25™ cells are relevant to the establish-
ment of colitis, and moreover peripheral blood regu-
latory T cells play a pivotal role in the prevention of
colitis.

Recent studies have revealed that several mole-
cules expressed on CD4 " CD25"™ cells, such as
CTLA-4 and GITR, are relevant to the regulatory
function of these cells. CTLA-4 negatively modu-
lates T cell proliferation and cytokine production®,
and GITR, which is preferentially expressed on the
surface of regulatory T cells in mice and humans,
potentially provides a signal that abrogates regula-
tory T cell suppression'”'”. Read et al reported that
the preventative effect of CD4' ' CD45RB™ T cell
against colitis induced by CD4*CD45RB™ T cell
was abrogated by anti-CTLA-4 antibody'. This in-
dicates that CTLA-4 plays a key role to prevent the
effect of regulatory T cells in this form of colitis,
which is considered to be a mouse model of human
CD. In this study, only peripheral blood from pa-
tients with active CD, and not from patients from
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UC, decreased CTLA-4 expression and increased
GITR expression were observed in the subset of
CD4'CD25"" T cell population. We also assessed the
peripheral blood of patients with infectious colitis
and ischemic colitis, and found no difference in
CTLA-4 and GITR expression between active and
remission state (n=3, data not shown). It was inter-
esting to note that the expressing molecules, which
correlate with the function of regulatory T cells,
were changed to downregulate its function only in
active CD, in which CD4" T cell plays a key role in
the pathogenesis.

In conclusion, we demonstrated that the percent-
age of CTLA-4°CD4"CD25" T cells was decreased
and GITR"CD4°CD25™ T cells increased in periph-
eral blood of active CD patients. These findings indi-
cate the importance of CD4"CD25"" T cell function
in CD pathogenesis.
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