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Adalimumab

Adalimumab 1s a fully humanized anti-TNEF monoclonal
1gG1 antibody. This antibody is as efficacious as infliximab
for the treatment of rheumartoid arthritis. Ir wrro studies
revealed that this antibody 1s capable of inducing apopto-
sis in monocytes as infliximab™. \s adalimumab does not
contain a mouse peptide sequence, 1t is expected to be less
immunogenic and more tolerable than infliximab. Two un-
controlled pilot studics of adalimumab with CD patents
who had lost responsiveness or developed mtolerance o
infliximab!™*™ showed that subcutaneous adalimumab was
well tolerated, thus suggesting a chinical benefit of adalim-
umab. In a phase 3, multicenter trial for active CD, clini-
cal remission rates of patients who received adalimumab
160 mg at wk 0 and 80 mg at wk 2 was significantly higher
than that of placebo ar wk 4 (36% u 129%™, From these
results, adalimumab is likely to be efficacious for the treat-
ment of CI and it could thus be an alternative therapy for
the patients who cither lost responsiveness or developed
intolerance to infliximab.

INHIBITION OF OTHER INFLAMMATORY
CYTOKINES
Anti-IL-12 p40 antibody

1L-12, a heterodimeric molecule composed of 1L-12 p40
and II.-12 p35 subunirs, plays a central role 1n Tht devel-
opment. 11.-12 is abundantly produced in the gut of CD
paricnrsm

s, anti-1L-12 treatment effectively ameliorates mntestinal
B IL-12 p40 subunit is also a component
of another Th1 cyrokine, T1.-23, in which p40 forms a
heterodimer with pl9 subunit. T1.-12 p40 15, therefore, a
potential target for the treatment of CD m which mtes-
tinal inflammadon is Thl-mediated. .\ double-blind, pla-
cebo-controlled randomized study of a humanized 1gG1
monoclonal antibody against 11.-12 p40 (AB1-874) was
performed in 79 patients with active CD™. The patienrs

. Tn sceveral animal models of Thl-mediated coli-

. . Ik
inflammation’

were randomly assigned to receive seven weekly injections
of 1 mg/kg anti-1L-12, 3 mg/kg anti-1L-12 or placebo
subcutaneously either with or withour 4 wk mtervals be-
tween the fArst two injections. The patients who received
3 mg/kg anti-I1.-12 for 7 wk showed a significantly greater
clinical response rate than the patients treated with a place-
bo {753% s 25%). The rates of remission were also higher
in the 3 mg/kg and-11.-12 group (38%) than in the placebo
group (0%) but the difference did not reach staustical
significance. The production of T1.-12 and other Thl and
proinflammatory cytokines from patents’ colonic lamina
propria mononuclear cells dramatically decreased afier the
anti-11.-12 therapy. T'he most frequent adverse event was
a local reaction ar the injection sire, which was observed
with a greater rate in the anti-11-12-treared group than in
the placebo-treated group. \nti-drug antibody was formed
in some patients who received anti-1L-12 antibody. No
serious side effects tequiring the discontinuation of the
treatment, duc to the ant-11.-12 therapy, were observed.
Anti-IL-12 therapy is therefore considered to be a safe and
effective treatment for active CD.
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MRA (Anti-IL-6 receptor antibody)

1L-6 is one of the major inflammatory cytokines. 1L-6
can transduce signals mto cells without IL-6 receptor ex-
pression when 11-6 binds to soluble IL-6 receptor. The
expression of IL-6 and soluble IL-6 receptor increases in
patienrs with active COME A piot randomized double-
blind placebo-controlled trial of a humanized anti-11-6
receptor monoclonal antibody, MR\, with active CD
was performed™. Thirty-six patients were randomized
biweekly to receive either a placebo, 8 mg/kg MRA or
MRA/placebo alternately for 12 wk. The clinical remission
rate with biweekly MRA was significandy higher than that
with placebo (80%0 »r 31%). The acute phase responses
such as LLSR and CRYP levels were rapidly suppressed 2 wk
after the MRA injection. The mcidence of adverse events
was similar in all groups, and thus MRA treatment was
generally well tolerated. 1t 1s, therefore, likely that anti-11.-6
receptor therapy is beneficial for active CD.

Fontolizumab (Anti-interferon-y antibody)

Tanrerferon-v is a key cvtokine thar enhances the de-
velopment of a Thl immunce response. Fontolizumab
is a humanized monoclonal antibody direcred against
interferon-y. A\ phase 2 study of fontolhizumab at intrave-
nous doses of 4 mg/kg or 10 mg/kg in 133 patients with
moderate to scvere active CID did notr demonstrate cf-
ficacy at d 28. However, explorarory analyses based on 91
patients who recetved a sccond dose of fontolizumab ar d
28 did demonstrate efficacy. This effect was most promi-
nent in patients with clevated baseline concentrations of
CRP'™, An additional phase 2 study of fontolizumab at
lower subcutancous doses of 1.0 mg/kg or 4.0 mg/kg in
196 patients with active CID did not demonstrate efficacy
at d 28", These resulrs indicare that a single dose may not
be sufficient to achieve a significant improvement. Fur-
ther clinical studies of fontolizumab for the induction and
maintenance of remission in patients with CD are antici-

pated.

Anti-IL-2 receptor (CD25) antibodies

Daclizumab: 1L-2 1s a major T cell growth factor, which 1s
secreted by activated I cells and acts via the high-affinity
11.-2 recepror on T cells themsclves to promote cell sur-
vival and proliferation. The IL-2 receptor g-chain (CD25)
is a component of high-affinity IL-2 receptor and it is
expressed on activated ‘I cells. Daclizumab is a humanized
monocional antibody to CID25, which blocks the binding
of T1.-2 ro the 11.-2 recepror. An open label pilot study of
daclizumab suggested that it was beneficial for patients with
active UC™. [owever, a recent placebo-controlled phase 2
trial of daclizumab at intravenous doses of 1 mg/kg twice
with a 4-wk interval or 2 mg/kg every 2 wk for a total of
four doses in 159 patients with active UC failed to show
any efficacy’™.

Basiliximab: Basiliximab is a chimeric monoclonal an-
tibody against CID23, which blocks the binding of 11.-2
to the T1.-2 recepror. Two uncontrolled pilot srudics sug-
gested that basiliximab in combination with steroids may
be effective for steroid resistant UC™ ™. A large random-
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ized conrrolled rrial is required 1o confirm the therapeunc
benefit of this compound.

INHIBITION OF ADHESION MOLECULES

Many adhesion molecules play an important role in maf-
ficking leukocytes into the inflamed gut wall and thev are
up-regulated in both CD and UC™",

o-integrins, predomiantly expressed on lymphocyics,
usually exist in combmation with a B subunir and interact
with adressins expressed on endothelium. o#4p1 integrin
binds to vascular cellular adhesion molecule 1T (VCAM-1)
and a4f7-integrn binds 1o mucosal addressing cell adhe-
sion molecule T (MAJCAM-1). The interaction berween
o4f7-ntegnn and MADCAM-1 is important in mediating
lymphocytes homing to the gut mucosa”™

Leukocyte function-associated antigen 1 (LIIA-1) ex-
pressed on leukocytes interacts with intercellular adhesion
molecule 1 (ICAM-1), which is constitutively expressed
at low levels on vascular endothelial cells and a subset of
leukocytes, and they are up-regulated on many cell types in
response to proinflammatory mediators’™

Natalizumab
Natalizumab, a humanized 1G4 ann o integrin mono
clonal annbody, inhibits both @437 integrin/NAdCAM 1
mteraction and 431,/ VCAM-1 binding.

In an inmal small tral 1 30 patents with active CD,
a single 3 mg/kg intravenous infusion of naralizumab
showed a short term effect in inducing remission at wk
2 and elevated circulaung lvmphocyvie levels after the
natalizumab mfusion. Therefore, 1t is suggested that the
natalizumab mnterrupted Iymphocyte trafficking into the in-
testine™”. Tn a large placebo-controlled randomized trial in-
cluding 248 pauenrs with moderate to severe CD, patients
were treated twice at 4 wk mtervals with 3 or 6 mg/kg of
natalizumab or placebo. A significantly higher number of
paticnts achicved remission at wk 6 only in the 3 + 3 mg/
kg natalizumab group compared with the two infusions of
placebo group (44% 2 27%0). The dlinical response rates at
wk 6 in all treatment groups were significantly higher than
that in the placcbo-treated group (3 mg/kg natalizumab
+ placebo: 59%, 3 + 3 mg/kg natalizumab: 71%, 6 + 6
mg/kg natalizumab: 57%0 and the two infusions of placebo
group, 38”’0/154{ 2\ larger phase 3 toal of ENACT-T 1 905
patients with moderate 1o severe CD failed to show a ben-
cfit for three intravenous infusions of 300 mg natalizumab
every 4 wk. In a subgroup analysis, however, natalizamab-
treated patients with concutrent immunosuppressive
therapies, prior anti- 1IN~ therapy or elevated CRD
levels showed a significant response rate compared with
placcbo-treated patients ™. I'hree hundred and thirty-nine
patients with CID who responded to naralizamab in EN-
ACT 1 were re randomized to maintenance therapy with
natalizumab (300 mg) or a placebo for up to 12 additional
monthly infusions. Tn this maintenance study (ENACT-2),
natalizumab demonstrated a significant superiority over
the placebo in its ability 1o susrain borh the response and
remission at all consecutive time points over a 6-mo period
and enabled patients to be successfully withdrawn from
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steroids”™. Tn an unconrrolled short ferm pilot study m 10
patients with active UC, a single 3 mg/kg intravenous infu-
sion of natalizumab showed a short term benefit™,

Natalizumab s cfficacious in multple sclerosis (MS) as
well™, Tn NS, o431 integrin/VCAN-1 binding appears
to be a cructal step because annig4f 1 inregrin antibody
prevented the development of experimental autoimmune
encephalomyelitis, 2 model of human MS"™. Against
thesce effects of natalizumab in IBD and MS, 3 patients
receiving repeated treatment with natalizumab developed
JC virus related progressive multifocal leukoencephalopa-
thy (MLY% PALL, which almost wvariably occurs in
patients with AIDS or leukemia or in organ-transplant
recipients, 1s a fatal opportunistic infection of the central
nervous system caused by the reacrivation of a clinically la-
tent JC polvomavirus infection. Two patients with MS had
been receiving the concomitant administration of interfer-
on B—ln'(‘”‘("* and 1 patient with CD had been treated with
natalizumab monotherapy™. ‘T'hese observations force us
to reconsider both the efficacy and the potential risks as-
sociated with an inhibition of lymphocytes trafficking by
anti-o4 1nteguin therapy.

MLN-02
AMLN0Z, a humanized anti- o437 -integrin blocks specifi-
cally the o437 -integrin/MAJCAM 1 interaction.

A randomized placebo-controlled trial in 185 patients
with mild to moderately active CI treated with placebo, 0.5
mg/kg MIN-02 or 2.0 mg/kg MIN-(02 intravenously on
d 1 and 29 demonstrated that on d 57, 2.0 mg/kg MLN-02
showed significantly greater remission rates over the pla-
cebo (36.9% v 20.7%%). There was no significant difference
between the actively treated and placebo-treated groups re-
garding the clinical response rares. No obvious differences
in adverse events were noted among the three groups™.

A randomized placebo-controlled trial in 181 patents
with moderately active UC treated with placebo, 0.5 mg/kg
MIN-02, or 2.0 mg/kg MILN-02 intravenously on d 1 and
29 demonstrated that on d 43 the remission ratres were sig-
nificantly higher in the actively treated groups (0.5 mg/kg:
33%, 2.0 mg/kg: 34°0) than in the placebo-treated group
(13%0). An infusion reaction occurred tn one MILN-02-

[

treated partent who developed mild ungi()cdcmash L

MIN-02 appears to be a generally well tolerated and
effective therapy especially for active UC, but further trials
are necessary to confirm the etficacy of MLN-02 therapy
for IBD.

Alicaforsen (ISIS 2302)
ISIS 2302 1s a 20 base phosphorothioate oligodeoxyvaucle-
otide designed to specifically hyvbrdize to the 3 -untrans-
lated region of the human TCANM-1 mRNA. Trcatment of
ISIS 2302 /n pitro resulted in a highly specific reduction in
ICANM 1 mBRN.A and, consequently, a marked decrease in
1CAM-1 protein expression;(’;
A pilot trial in pagents with moderate CD (including 15
patients treated with 13 mtravenous infusions of 0.5, 1.0

or 2.0 mg/kg ISIS 2302 pv 5 patients with placebo over 26 d)
demonstrated a higher remission rate m ISIS 2302-treated
group compared with the placebo-treated group on d 33
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(#7% ns 20%)"“. However, a placebo-controlled rial in 75
patients with steroid refractory CD failed 1o demonstrate
efficacy was showed that the subcutaneous administration
of TSIS 2302 induced only 3% of ISIS 2302-treated pa-
tients ro clinical remisston with complere steroid raper (0%
in placebo-treated paticnts)””. Another larger randomized
placebo-controlled rrial also failed to show anv benefit of
ISIS 2302 for active CD™. Iwo hundred and ninety-nine
patients with moderately acuve, steroid-dependent CID re-
cetved placebo or ISIS 2302 (2 mg/kg intravenously three
times a week) for 2 or 4 wk in mo 1 and 3. There were
no differences 1 the steroid-free remission rates at wk 14
between the ISIS 2302-treated groups (2 wk: 20.2%, 4 wk:
21.2%) and the placeho-treated group (18.8%%). Tlowever, a
subgroup analysis using the arca under the curve (AUC) of
ISIS 2302 plasma concentration demonstrated an improve.
ment of the chnical response for the highest AUC group
(AUC > 65 pg > h/ml). "This suggested that ISIS 2302
may be effective when grven n adequate doses. As a resule,
a dose ranging pilot trial of high dosc ISIS 2302 in 22 pa-
tients with active CD was conducted. The patients, who
were mfused with high dose ISIS 2302 (250 mg to 350 mg)
mntravenously three times a week for 4 wk, showed a 41%
remission rate. Five patients, however, withdrew duce to
infusion-related symptoms'™

2\ randomized placebo-controlled trial in 40 patients
with mild to moderately active distal UC treated with 60
ml. alicaforsen enema (0.1, 0.5, 2, or 4+ mg/ml. or placcho)
once daily for 28 consccutive days showed a beneficial ef-
fect at the highest dose. 'our mg/ml alicaforsen enema
group showed a significant improvement in the disease
activity mndex on d 29 and mo 3 in comparson to the pla-
cebo encma group” . An open-label, uncontrolled study in
12 patients with chronic unremitting pouchitis rreated with
240 mg alicaforsen enema nightly for 6 wk demonstrated
a significant improvement i the pouchitis disease activity
index and an endoscopic mucosal appearance at wk 6"

‘The most consistently reported side effects of ISIS
2302 in all clinical mrials were infusion reactions and a mod-
erate Increase in activated partal thromboplastin tme.

CONCLUSION

Infliximab has changed the medical treatment of CID dra-

matically. This agent has been proven to be cleatly effective
for the induction and maintenance of remission for active
CD meanwhile 1t is also generally well-tolerated. However,
there are some patients who fail ro respond to infliximab.
In addition, some responders either lose responsiveness 1o
mfliximab duting long-term therapy or develop mtolerance
to inflixiniab. ‘The next issue will therefore be how to treat
such patients who cannot be treated with infliximab. Adah-
mumab mav be an alrernanve ro infliximab. Ann-1T.-12
and anti-1IL-6 receptor therapies seem to be promising.
The selective blocking of ¢+ integrin and o437 integrin
also demonstrated promising results, however, the side cf-
fects still need to be fully clucidated. We await the results
of further clinical rrials ro include such novel compounds
in the algorithm for the treatment of CD. Infliximab is
likely to also be beneficial for UC. ln addition, some other
agents seem to be effective for the treatment of UC and
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farther clinical development is also underway. \s a result,
the management of UC may also dramatically improve in
the near future owing to the use of such novel agents. The
systematization of novel biological therapies for UC 1s
therefore an issue thar needs to be addressed in the future.
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Evidence suggests that CD4¥CD25™ regulatory T cells play a crucial role in the suppression of
intestinal inflammation. However, their role in the suppression of inflammatory bowel disease has
not yet been addressed. We examined the proportion of regulatory T cells in inflammatory bowel
disease. First, we isolated CD4*CD45RO¥CD25F T cells from the peripheral blood of healthy
persons and showed that these cells suppressed T cell proliferation profoundly and expressed FoxP3
abundantly, revealing that they are regulatory cells. Then the proportion of CD45RO*CD25% in
peripheral blood CD4* T cells was analyzed in patients and healthy controls by flow cytometry.
CD47CD45RO*CD25™ T cell frequency was significantly lower in active ulcerative colitis than in
the control and inactive ulcerative colitis. CD4TCD45RO*CD25% T cell frequency was inversely
correlated with the clinical and endoscopic severity of ulcerative colitis. These results suggest that a
deficiency of regulatory T cells is associated with the progression of ulcerative colitis.

KEY WORDS: inflammatory bowel disease; colitis, ulcerative; CD4-positive T lymphocyte; interleukin-2 receptor .

The eticlogy of inflammatory bowel disease (IBD), such
as Crohn’s disease (CD) and ulcerative colitis (UC), is still
not fully understood. Studies of several animal models of
IBD, however, have shed some light on this field and ac-
cumulating evidence now suggests that a dysregulation of
immunity in the intestinal mucosa plays a pivotal role in
the pathogenesis of IBD (I, 2). As the intestinal mucosa is
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asite where the immune system encounters abundant anti-
gens, adequate control of immunity is required for home-
ostasis of the gut. In addition to increased effector cell
function, a deficiency in the regulatory activity of the gut
immune system may also be a cause of IBD (2, 3).

The immune system has developed several mechanisms
to suppress or regulate immunity in order to protect the
body from a sustained harmful immune response. One
such mechanism is active suppression in the periphery by
regulatory T (Treg) cells. CD4+CD25% T cells have been
demonstrated to be a cellular subset of Treg cells which
is crucial for the regulation of a broad spectrum of im-
mune reactions (4-8). Those cells seem to play an essential
role in the regulation of mucosal immunity. Immunode-
ficient recipient mice injected with CD4* T cells which
are devoid of a CD25* population have been shown to de-
velop chronic persistent colitis. In addition, the transfer of
CD4*CD25™ Tcells into such recipient mice prevents and
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even cures colonic inflammation (9, 10). CD4TCD25%
Treg cells are, therefore, considered to be one of the im-
portant cellular subsets of regulatory cells to control the
immune response and maintain homeostasis in the gut.
The existence of CD4TCD25% Treg cells was first
demonstrated in mice (4-6, 11), and they have also re-
cently been identified in human peripheral blood (PB)
(12-15). As mouse CD4+CD25" Treg cells have been
shown to possess a strong and dominant capacity to reg-
ulate several experimental disease models (4, 7, 9, 10,
16, 17), and in vitro studies have also revealed numer-
ous similarities between human CD4+tCD25™ Treg cells
and their murine counterparts (5, 6, 12-15), it is of great
interest to elucidate whether these cells really play an
important role in the prevention of human inflammatory
diseases and can thus be potentially utilized in the treat-
ment of such diseases. Human PB CD4+CD25% Treg cells
were found to decrease in systemic lupus erythematosus
and juvenile idiopathic arthritis patients in comparison to
healthy controls (18, 19). In rheumatoid arthritis patients,
the frequency of CD4+CD25" Treg cells in the PB was
similar to that in healthy subjects, but they increased in
number significantly in the inflamed joints (20). The reg-
ulatory function of CD4TCD25™ Treg cells was reported
to be impaired in multiple sclerosis patients (21). Taken
together, CD41tCD25% Treg cells are thus strongly sug-
gested to play a crucial role in limiting inflammation in
. some human diseases. Therefore, we consider clarifying
the profile of CD47CD25" Treg cells in human IBD to be
of great interest. To date, CD4TCD25% Treg cells in IBD
have not been reported. In this study, we analyzed the fre-
quencies of Treg cells in the PB of IBD and demonstrate
that Treg cells decreased in the active stage of UC but not
in CD. Moreover, we show that the percentages of Treg
cells negatively correlated with the disease activity of UC.

METHODS

Patients. All patients in this study were admitted to either
Kyushu University Hospital, Saiseikai Fukuoka General Hospi-
tal, National Fukuoka-Higashi Medical Center, or Harasanshin
Hospital between 2003 and 2004. The protocol was approved
by the institutional ethical committee at all institutions. Written
informed consent was obtained from all patients. We obtained
PB samples from 17 active UC patients, 10 inactive UC patients,
8 active CD patients, and 19 inactive CD patients. In addition, 10
hospital employees were used as control subjects. Characteristics
of the study groups are summarized in Table 1. For the diagnosis
of UC, all patients underwent colonoscopy and a pathological ex-
amination of a colonic biopsy sample, and CD, ischemic colitis,
and infectious colitis were thus ruled out. All active UC patients
had either left-sided or pancolitis-type disease with more than
moderate disease severity. Active UC patients had a first episode
of the disease or a recurrence of colitis during maintenance ther-
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apy with oral mesalazine, salazosulfapyridine, or prednisolone
at a dosage of less than 10 mg/day. Blood samples were ob-
tained before remission induction therapy was initiated. Twelve
patients were evaluated prior to and after treatment with 30 to 60
mg of prednisolone (oral or injection) and/or leukocytapheresis
therapy (22. 23). Posttreatment samples were taken 4 to 6 weeks
after prednisolone therapy was started or when one course (once
a week, five times) of leukocytapheresis therapy was completed.
In such patients, the disease activity was evaluated according to
the Rachmilewitz Clinical Activity Index and the Endoscopic
Index (24) before and after treatment. For a diagnosis of CD,
the patients underwent a colonoscopy and/or an x-ray test of the
small intestine at some time and a diagnosis was made based on
the existence of the typical longitudinal ulcers and/or a cobble-
stone appearance and, in some cases, the detection of granuloma
by histological examinations. UC, ischemic colitis, Bechet dis-
ease, and infectious enterocolitis were all ruled out. In active
CD patients, the existence of an active open ulcer was confirmed
by recent colonoscopy findings and/or an x-ray test of the small
intestine.

Reagents. Fluorescein isothiocyanate (FITC)-conjugated
anti-human CD4, phycoerythrin (PE)-conjugated anti-human
CD45RO, Cy-Chrome-conjugated anti-human CD25, PE-
conjugated mouse IgG2a, Cy-Chrome-conjugated mouse IgGI,
anti-human CD3 mAb (UCHT1), and anti-human CD28 mAb
(CD28.2) were purchased from BD PharMingen (San Diego,
CA). Human CD4" T cell Isolation Kit, CD45RA Microbeads,
CD45R0O Microbeads, and CD25 Microbeads were purchased
from Miltenyi Biotec (Auburn, CA).

Flow Cytometry. PB samples of UC patients, CD patients,
and controls were obtained to analyze the proportion of the
CD45ROTCD25* fraction in CD4™ T cells. Red blood cell lysis
was performed using PharM Lyse (BD Biosciences, San Diego,
CA) to obtain leukocytes. Next, 5 x 10° leukocytes were in-
cubated with FITC-conjugated anti-CD4, PE-conjugated anti-
CD45R0, and Cy-Chrome-conjugated anti-CD25 on ice in the
dark for 20 min. Cells incubated with PE-conjugated mouse
IgG2a and Cy-Chrome-conjugated mouse IgG1l were used as
a control. The analysis was performed on a FACScan (Becton
Dickinson) flow cytometer using the CellQuest software.

Cell Purification. Peripheral blood mononuclear cells
(PBMCs) were prepared from heparinized PB buffy coat from
healthy volunteers using Ficoll density-gradient centrifugation.
T cell subsets were isolated from PBMCs using the MACS
separation system. Human CD4" T cells were purified us-
ing a CD4* T cell Isolation Kit II. CD4*% T cells were incu-
bated with CD45RA or CD45RO Microbeads and separated
into CD4TCD45RA* and CD4*CD45RA™. or CD47CD45RO™*
and CD4*CD45R0O™, cells on negative selection columns. The
isolated CD4+CD45RA™ and CD4*CD45RO™ T cell subsets
were then incubated with CD25 Microbeads to obtain four sub-
sets: CD4*CD45RA™CD25%and CD4*CD45RA™CD257, or
CD4*CD45RO™CD25" and CD4*CD45RO™CD25™.

Cell Culture. The cells were cultured in RPMI-1640 medium
supplemented with 5 mM Hepes, 2 mM L-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin (GIBCO BRL, Auckland.
NZ), 0.5 mM sodium pyruvate, 0.05 mM nonessential amino
acids (GIBCO BRL), and 5% human AB serum (Omega Scien-
tific Inc.).

CD47CD45RA™CD25% or CD4*CD45RO™CD25% T cells
were cocultured with CD4* T cells (5x 10%) at different ratios
(CD4*:CD4*CD45RA™CD25" or :CD4¥CD45RO™CD25*
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TABLE 1. CLINICAL CHARACTERISTICS

Control UC (active) UC (inactive) CD (active) CD (inactive)
(m=10) m=17) (n=10) (n=38) (n=19)
Male/female 5/5 11/6 4/6 5/3 13/6
Age, yr
(Mean) 33.0 35.7 42.1 33.8 35.6
(Range) (29-47) (18-53) (26-68) (25-50) (20-62)
Disease activity
CATI*
Mean 9.3 0
(Range) (5-12)
CDAl}
Mean 2427 45.3
(Range) (170.2-415.7) (26.2-78.2)
Disease site
(UC patients)
Pancolitis 15 6
Left-sided colitis 2 4
CD patients
lleal 2 10
Ileal-colonic 4 5
Colon only 2 4
Medications®
Prednisolone 14 2 1 4
Mesalazine 15 9 7 16
Sulfasalazine 1 1 2
Azathioprine 5
Leukocyteapheresis 10

*Clinical Activity Index.
{Crohn’s Disease Activity Index.

iSeveral patients were on a combination of two or more medications.

ratios: 1:0, 1:0.3, 1:1, 0:1) in a U-bottom 96-well plate (Corn-
ing Incorporated, Corning, NY) for in vitro suppression assays
using [*H] thymidine incorporation. The cells were stimulated
with 5 p1g/ml soluble anti-CD3 and 5 j1g/ml soluble anti-CD28.
All wells received 1 x 10* mitomycin C-treated CD4~CD8 ™ cells
as antigen presenting cells. [*H] thymidine (1 pCi) was added
to each well during the final 16 hr of a 6- to 7-day assay, and
proliferation was measured by scintillation counting.

RT-PCR Analysis. RNA was extracted from isolated cells
using an RNeasy Mini Kit (Qiagen, Valencia, CA). In ad-
dition, the total RNA was reverse transcribed using a First-
strand ¢cDNA Synthesis Kit (Amersham Biosciences, Little
Chalfont Buckinghamshire, UK). RT-PCR was performed us-
ing the following oligonucleotides: human FoxP3 forward,
TTCATGCACCAGCTCTCAACGG (25); human FoxP3 re-
verse, TCGTCCATCCTCCTTTCCTTGATC (25); human B-
actin forward, TCGTGCGTGACATTAAGGAG:; and human
B-actin reverse, GATGTCCACGTCACACTTCA.

Statistical Analysis. All data are expressed as mean + SE.
Statistical significance was determined by Student’s ¢ test for
unpaired samples. P < 0.05 was considered to be statistically
significant.

RESULTS

Human CD4TCD45ROTCD25% Cells in the PB
Are Treg Cells. The human CD47CD25% Treg cell
population is relatively indiscrete in comparison to
the murine counterpart, probably because the human

Digestive Diseases and Sciences. Vol. 51, No. 4 (April 2006)

CD4*CD25* fraction is a mixture of Treg and recently
activated T cells. In human PB, only CD25-high (and
not -low) positive CD4% T cells have been reported to
possess immunoregulatory activity (15). We also con-
firmed that the regulatory capacity preferentially resides
in the CD4TCD25Me" fraction (26). However, the bor-
der line between CD25M8" and CD25"%% was obscure,
so we had difficulty determining the cellular subsets
of CD25"¢" Treg cells when analyzing the Treg cell
frequencies in the PB in IBD in our pilot study. Con-
cerning the cell surface markers of human Treg cells,
several reports have demonstrated that Treg cells also ex-
press a memory T cell marker, CD45RO (12-15). In-
deed, the regulatory activity was demonstrated to be
present only in the CD45RO™ fraction, and not in the
CD45RO™ fraction, of CD4TCD25% cells (12, 27). In
this study, we therefore utilized triple staining of CD4,
CD45R0O, and CD25 to identify Treg cells. Figure 1A
shows representative staining findings for CD45RO and
CD25 of CD4™ T cells in PB obtained from normal
healthy controls, showing that 2.9% of CD4+ T cells were
CD45RO*CD25" and 1.8% were CD45RO™CD25%. We
next analyzed the immunoregulatory function of both
fractions. For this purpose, we measured the activity
to suppress T cell proliferation in vitro, which was

679

— 341 —



TAKAHASHI ET AL.

> 120%
N
A B<
= o
]
‘3 2%
A - =
2 e 0%
0.1% 0.3% 1.8% 2.9% =
S %
© © Q-(
= 27 2% % 20%
:é‘ © 0%
%
3 b N E
o " a=
g o
of -] - 300%
a2l e
250%
200%
4

5
FL2H

CD45RO

H
FLeH

CD45RO

150%

v
v

100%

30%

Cell proliferation (%)

10 1:0.3 1:1 13 0:1
CD4+/CD4*CD45RO CD25% ratio

0%

C D

CD4* CD4* CD4~ CD4* CD4* CD4* CD4* CD4* CD4* Ch4~
CD45RO* CD435RO- CD45RO"  CD45RO" CD45RA- CD45RA- CD45RA° CD45RA*
CD25* CD25

Figl. CD4*CD45RO*CD25% Treg cells in human PB. (A) Representative results of CD25 and CD45RO expression on CD4" T cells in the PB from
normal healthy controls. Leukocytes were stained with FITC-conjugated anti-CD4, PE-conjugated anti-CD45RO, and Cy-Chrome-conjugated anti-
CD25 and then analyzed by flow cytometry. The expression of CD45R0 and CD25 in the CD4™ gate is shown. The frequency of the CD45SRO™ CD25+
and CD45RO™CD25™ fractions is expressed as a percentage of whole CD4* T cells. Cy-Chrome-conjugated mouse IgG1 was used as an isotype-
matched control for anti-CD25. (B) CD4"CD45RA™ (CD45RO*) CD25% but not CD4+CD45RO™CD25+ T cells suppress the proliferation of CD4+
T cells in vitro. Different doses of CD4TCD45RA™CD25™ T cells or CD4¥CD45RO~CD25% T cells were added to wells containing 5x10° CD4* T
cells and then were stimulated with soluble anti-CD3 and soluble anti-CD28 in the presence of 1x 10* mitomycin C-treated antigen presenting cells. An
increasing number of CD4¥CD45RA™CD25™" T cells resulted in a greater suppression of proliferation. In contrast, CD4*CD45RO~CD25% T cells
did not suppress the proliferation of T cells. Representative results of three independent experiments are shown. (C, D) The exclusive expression of
FoxP3 message in CD45RA™(CD45RO") CD257 population in CD4™ T cells. In C, CD45RO™, CD45R0™, CD45RO~CD25+, CD45RO-CD25™,
and the whole fraction of CD4™" T cells were purified. In D, CD45RA™CD25~, CD45RA™CD25+, CD45RA™, CD45RA™ and the whole fraction
of CD4* T cells were isolated. RNA was purified from each sample. The expression of FoxP3 and p-actin message was analyzed by RT-PCR. The
representative results of six independent experiments are shown.

most widely used to assess the regulatory function in be CD45RO*CD25% (>82%) of CD4™ T cells by flow

previous studies (12-15, 27). CD4TCD45ROTCD25"
and CD4TCD45RO™CD25" cells were purified by mag-
netic beads from the buffy coat of healthy volunteers.
To isolate CD4+CD45ROYCD25* cells, we purified
CD45RO™ cells by negative selection of CD45RA™ cells
instead of CD45RO™ positive selection, as the consecu-
tive positive selections of CD45RO™ and CD25% were
technically difficult to perform. CD45RA is a marker
of naive T cells and the expression of CD45RA and
CD45RO is reciprocal. We confirmed almost all nega-
tively selected CD45RA™ cells (>98%) to be CD45RO™
and the majority of positively selected CD257 cells to

680

cytometric analysis in our pilot study (data not shown).
As shown in Figure 1B, CD4"CD45RA-CD25% T cells
were cocultured with CD4™ T cells at different ratios
(CD4%/CD4TCD45RACD25%: 1:0, 1:0.3, 1:1, 1:3, 0:1).
CD4*CD45RA™CD25* T cells proliferated poorly and
suppressed the proliferation of CD4™ T cells in a dose-
dependent fashion (percentage proliferation compared
with that at culturing with CD4™ alone: 1:0.3, 60.2 4+
12.2%;1:1,48.4 + 11.4%; 1:3,31.8 £ 5.5%). In contrast,
CD4*CD45RO™CD25" T cells proliferated vigorously
and did not suppress CD4* T cell growth at all. To fur-
ther confirm these results, we analyzed the expression of
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fraction is expressed as a percentage of whole CD4™ T cells.

FoxP3 in each fraction. FoxP3, a forkhead/winged-helix
transcription factor, is specifically expressed in Treg cells
and is considered to be a master control protein for the
generation of Treg cells (28-30). We performed RT-PCR
of FoxP3 and p-actin. As shown in Figure 1C, FoxP3
mRNA was not detectable in whole CD4* T cells. How-
ever, in the CD45RO™ fraction of CD4* T cells, we de-
tected a definite band of FoxP3 mRINA. In contrast, the
FoxP3 message was not detectable in the CD45RO™ frac-
tion. Furthermore, even after a further separation of the
CD25% and CD25~ populations of CD45R0O™, we could
not detect a band of FoxP3 in either lane. In each lane, we
detected a comparable level of 8-actin bands. These results
show that Treg cells expressing FoxP3 are present in the
CD45RO™ population. Finally, we attempted to confirm
that FoxP3 expressing cells are present in the CD25% frac-
tion of CD45RO™ (CD45RA™). As shown in Figure 1D,
CD45RA™ cells of the CD4™ T cell population expressed

Digestive Diseases und Sciences. Vol. 51, No. 4 (April 2006)

FoxP3 mRNA, whereas CD45RA™ cells did not, which
is consistent with the results in Figure 1C. In addition,
the CD45RA™CD25™ fraction expressed the FoxP3 mes-
sage abundantly, while the CD45RA~CD25™ fraction
did not contain detectable FoxP3 mRNA. The intensity
of the FoxP3 message band in CD45RA™CD25" was
much higher than that in the whole fraction of CD45RA™.
A comparable amount of the S-actin message was de-
tected in each lane. Taken together, Treg cells in hu-
man PB were thus found to preferentially reside in the
CD4+CD45ROTCD25* fraction. This method is, there-
fore, useful to identify an enriched Treg cell population in
the human CD4%CD257 fraction.

The Percentage of CD41TCD45ROTCD25T Treg
Cells in IBD Patients. We obtained samples of PB
from IBD patients and healthy persons and determined
the frequency of CD47CD45ROTCD25% Treg cells. In
Figures 2 and 3 representative three-color staining results
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Fig 3. A flow cytometric analysis of CD4TCD45RO*CD257 Treg cells in the PB of CD patients. Representative results of CD25 and CD45RO
expression on the peripheral CD4™ T cells for active and inactive CD patients. The frequency of CD45RO™ CD25™ (Treg) and CD45RO™CD25+
(non-Treg) fraction is expressed as a percentage of whole CD4™ T cells.

of CD4/CD45R0O/CD25 for active and inactive UC and
active and intactive CD samples are shown. The per-
centages of each fraction for each group are summa-
rized in Table 2. As shown in Table 2 and Figure 4,
the percentage of CD4+TCD45ROTCD25% Treg cells was
significantly lower in active UC patients (mean £ SE,
1.3 & 0.2%) than that in normal controls (2.9 &+ 0.4%)
or inactive UC patients (2.3 £ 0.3%) (P < 0.005 and
P < 0.01, respectively). In contrast, the frequency of
CD47TCD45ROTCD25% Treg cell was higher in active
CD patients (4.4 £ 0.7%) than in normal controls or in-
active CD patients (3.1 £ 0.3%), but the difference was
not statistically significant (P = 0.099 and P = 0.117,

respectively).
An Inverse Correlation Between the
CD4TCD45RO*TCD25"  Treg Cell Frequency

and the Disease Activity of UC. We next compared
the CD4TCD45ROTCD25% Treg cell proportions in
UC patients before and after treatment. As shown in
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Figure 5A, in most of the cases, the percentage of Treg
cells increased after treatment. The mean proportion of
Treg cells was significantly higher posttreatment (2.3 +
0.3%) than prior to treatment (1.0 + 0.2%; P < 0.001)
(Figure 5B).

We next analyzed the relationship between the
CD4*+CD45ROTCD25™ Treg cell frequency and the dis-
ease activity. As shown in Figure 6A, there was an inter-
mediate reverse correlation between the Clinical Activity
Index and the percentage of CD4+CD45R0OTCD25™ Treg
cells (R = 0.621). In addition, there was also an interme-
diate inverse correlation between the Endoscopic Index
and the percentages of CD4TCD45RO+CD25" Treg cells
(R = 0.764) (Figure 6B).

DISCUSSION

The role of CD41TCD25" Treg cells in the suppression
of intestinal inflammation in human IBD has not yet been
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TABLE 2. PERCENTAGES OF EACH CD4/CD45R0/CD25 FRACTION FOR CONTROL, UC, AND CD GROUPS

% % % %
CD4+CD45RO~CD25%/ CD4*CD45ROTCD25%/ CD4*CD45RO~CD25~/ CD4+*CD45RO*CD257/
CD4+ CD4* CD4* CD4*
Control 2504 29+£04 53333 4124+37
ucC
Active 1.74+04 1.3 £ 0.2%f 56.0%3.3 40.0 £3.8
Inactive 1.9+04 23+03 4874 4.1 46.0+ 45
CD
Active 26+04 4.4 +0.718 38557 539+56
Inactive 22+£03 3.1£03 440+ 4.0 50.1£4.0

Note. Data are mean £ SE (%). P < 0.005 vs. control. P < 0.01 vs. UC (inactive). { P = 0.099 vs. control. § P = 0.117 vs.

CD (inactive).

addressed. In this study, we demonstrated for the first time
a link between the frequency of Treg cells and the activ-
ity of human IBD. As a result, the percentages of Treg
cells in the PB decreased in active UC patients. In addi-
tion, the Treg cell frequency increased after treatment and
also was inversely correlated with the clinical and endo-
scopic severity of UC. Our results strongly indicate that
a reduction in the number of Treg cells in the PB is as-
sociated with an enhancement of colonic inflammation in
UC, which thus suggests that Treg cells actually suppress
colonic inflammation in humans. In contrast to UC, in
CD patients, the Treg cell frequency did not decrease and
instead tended to increase, although the difference was
not statistically significant. These results suggest that the
mechanism of the development of intestinal inflammation
and the relevance of the regulatory function of Treg cells
are quite different in UC and CD.

We analyzed the frequency of CD4+CD45ROTCD25%
cells as a Treg cell population instead of measur-
ing CD47CD25Me" T cells. The reason we chose this
method is that we considered it difficult to determine
the border between CD25"¢" Treg and CD25"% non-
Treg cells in our pilot study. As it was necessary
to detect small changes in the Treg cell frequencies,
such as 1% vs. 3%, we therefore needed a more ob-
vious way to set a borderline. Previous reports have
demonstrated that only CD4tCD45RO7CD25™, and not
CD4+CD45RO~CD25™, T cells possess immunoregula-
tory activity (12, 27). The results of our T cell proliferation
assay are consistent with those of previous reports. We
provided further evidence regarding the Treg cell popula-
tion by also analyzing FoxP3 expression. FoxP3, specif-
ically expressed in CD4*CD25" Treg cells, has been
shown to be a master control gene for the development

P=0.099

P=0.117

| 7] l

P<0.005

P <0.01

CD4*CD45RO*CD25*/CD4* (%)
(¥8 ]

Control UC (Active)

UC (Inactive)

CD (Active) CD (Inactive)

Fig 4. Percentage of CD4+CD45RO*CD25™ Treg cells in the PB of IBD patients. PB samples from active
UC (n = 17),inactive UC (n = 10, active CD (1 = 8), inactive CD (n = 19), and healthy persons (n = 10)
were evaluated to determine the frequencies of CD4™CD45ROTCD25% Treg cells. The mean percentage
of CD45RO*CD25" in CD4* T cells in each group is shown. The percentage of CD4+CD45ROT CD25%
Treg cells was significantly lower in active UC (mean £ SE, 1.3 + 0.2%) than in the normal controls
(2.9 £ 0.4%) or in inactive UC (2.3 + 0.3%) (P < 0.005 and P < 0.01, respectively). In contrast, the
frequency of CD4™CD45RO*CD25% Treg cell tended to be higher in active CD (4.4 + 0.7%) than in
normal controls and inactive CD (3.1 £ 0.3%) (P = 0.099 and P = 0.117. respectively).
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two (P < 0.001).

of CD41TCD25% Treg cells (28-30), as the inactivation
of this gene in both humans and mice leads to a lack of
conventional CD4TCD25™ Treg cells, thus leading to sys-
temic inflammatory diseases including intestinal inflam-
mation (31-33). We demonstrated FoxP3 mRNA to be
strongly expressed in the CD4*CD45RO*CD257 but not
in the CD4*CD45RO™CD257 cell fraction, thus show-
ing ‘that only the former includes a Treg cell popu-
lation. An analysis of CD4TCD45RO*CD25" cells as
Treg cells in PB is thus considered to be a useful and
reasonable method to investigate Treg cell frequencies
in humans. While we were preparing this article, an-
other report supporting our strategy was published show-
ing that only human CD4*CD45ROTCD25", and not
CD4*+CD45RO~CD25", T cells are regulatory and ex-
press FoxP3 mRNA and protein (34).

Treg cells injected into immunodeficient recipient mice

passed through and were present in the colon (10). Treg
cells are thus suggested to circulate throughout the body
from the PB to the lamina propria (LP) of the intestine
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and then probably from the LP to the systemic circulation
like other lymphocytes. In this regard, PB Treg cells may
be the source of such cells in the intestine. We therefore
analyzed the Treg cell frequency in the PB of IBD patients
as the first step in studying the role of Treg cells in IBD.
However, the changes in the number of Treg cells in the
PB do not necessarily parallel those in the target organ
(19). Hence, the frequency of Treg cells in the gut of IBD
should also be analyzed. Makita et al. (25) reported that
CD41CD25Me" Treg cells are present in the LP of the in-
testine and the proportion of those cells is up-regulated but
not reduced in UC as well as in CD. It should therefore be
clarified in further studies whether or not areduction in the
number of PB CD4+CD45RO+CD25™ Treg cells in UC
is accompanied by a reduction in the number of LP Treg
cells or whether such a discrepancy is due to a different
detection method of Treg cells, such as CD4+CD25hieh
vs. CD4*CD45ROTCD25%. A reduction of Treg cells in
the PB may not directly result in a profound reduction of
regulatory activity in the intestine. However, our results
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Fig 6. Correlation between the frequencies of CD4*CD45ROTCD25+
Treg cells and disease activity of UC. Clinical Activity Index (Rachmile-
witz), and Endoscopic Index (Rachmilewitz) were recorded in active UC
patients (n = 12) before and after treatment. The relationship between
the percentage of CD45RO*CD25™ Treg cells in PB CD4™ T cells and
the disease activity was analyzed. (A) There was an intermediate inverse
correlation between the Clinical Activity Index and the frequency of
CD4*CD45RO+CD25 Treg cells. (B) There was also an intermediate
inverse correlation between the Endoscopic Index and the frequency of
CD4*CD45ROTCD25% Treg cells.

revealed a decrease in Treg cells in the PB to be associ-
ated with an augmentation of the disease activity of UC,
thus strongly indicating that a depletion of Treg cells in
the PB leads to a failure of immunoregulation in the gut
and an acceleration of colonic inflammation.

In further studies, it should be determined whether the
function of Treg cells is altered in UC patients. Although
the frequency of PB Treg cells did not decrease in inactive
UC patients, it is possible that the function of these cells
is impaired, which could be one of the causes of the onset
of this disease. Alternatively, Treg cells may be function-
ally normal in UC and just quantitatively decrease during
the development of the disease. In either case, the sum
of the Treg cell capacity is considered to decrease dur-
ing the active stage of UC as the proportion of Treg cells
decreases. It is, therefore, of great interest whether Treg
cells can be utilized for the treatment of UC. In Japan,

Digestive Diseases and Sciences, Vol. 51, No. 4 (April 2006)

leukocytapheresis therapy was developed as a treatment
for active UC and it has been proven to be effective (22,
23). One possible way to utilize Treg cells is that, in com-
bination with such leukocytapheresis, Treg cells can be
purified from removed leukocytes and thereafter can be
returned to the patients. The second possibility is that Treg
cells could be isolated from patients, cultured, expanded
in vitro, and then injected into the patients.

The mechanism of Treg cell suppression in colonic in-
flammation in IBD remains to be elucidated. In in vivo
studies, the CD45RBMeh sransfer model of colitis revealed
suppression of colonic inflammation to be dependent on
immunosuppressive cytokines, IL-10 and TGF-§ (9, 35).
We previously demonstrated that Treg cells express a high
level of TGF-81 (36) and the production of this cytokine
is inevitable for the suppression of colitis, while it is not
always required for the inhibition of T cell proliferation
in vitro (26). Further analyses regarding the suppression
mechanism of intestinal inflammation in human IBD will
hopefully provide more useful information for the gener-
ation of Treg cell-based immunotherapy.

In this study, we demonstrated the Treg cell frequency
to decrease in the active stage of UC and it correlated
inversely with the disease activity. Our results strongly
indicate a reduction of the Treg cell capability to be as-
sociated with the disease progression, and a new therapy
which can enhance the regulatory activity of Treg cells
may thus be effective for the treatment of UC.
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