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ABSTRACT

Recently, the alteration of peripheral T cells has become a focus of attention in research on
Crohn’s disease (CD). To examine the characteristics of peripheral T cells in CD patients, we
analyzed the expression of a memory T cell marker (CD45RO®"g"CD3+) and the cytokine pro-
duction by peripheral helper and cytotoxic T cells in patients with CD. With the use of mon-
ensin to prevent the secretion of cytokines under stimulation, we measured the count of
intracellular cytokine-positive cells for production of interferon (IFN)-y, tumor necrosis factor
(TNF)-¢, interleukin (IL)-2, IL-4, IL-6, IL-10, and granulocyte-macrophage colony stimulating
factor (GM-CSF) in the peripheral T cell population using flow-cytometry. The counts of lym-
phocytes, T cells, and helper T cells in patients with CD were significantly lower than in normal
volunteers. Although no difference in the counts of lymphocytes, total T cells, helper and cyto-
toxic T cells was observed, the counts of intracellular cytokine producing helper T cells in IFN-y,
TNF-oc or GM-CSF were significantly higher in active cases than in quiescent cases. These
results suggest that stable CD patients are immunosuppressive, and activation of some kinds of
T-cells, especially Thl-associated cytokine producing T-cells, correlate with disease progression.
Thl-associated cytokine analysis of peripheral T cells may be one of the useful markers to eval-
uate the activeness of Crohn’s disease.

Key words: Crohn’s disease, Cytokine, CD45RO0, Helper T cells, Peripheral blood

The cause of Crohn’s disease (CD) is now under-
stood to be dysregulation of mucosal immune
responses against enteric microflora, to which
some patients have genetic susceptibility!0-2®, and
abnormality of barrier function (intestinal perme-
ability, etc). The initiation and perpetuation of
intestinal inflammation in CD might be due to the
aberrant secretion of pro- and anti-inflammatory
cytokines from various intestinal immune cells%9293D
forming gut-associated lymphoid tissue (GALT).
It has been demonstrated in the past decade
that the development of chronic inflammation is
associated with pro-inflammatory cytokines, such
as interferon (IFN)-y and tumor necrosis factor
(TNF)-a, which are produced in the intestinal
mucosa and lamina propria5826:27.30) Interleukin
10 (IL-10), which has an anti-inflammatory effect
on immune cells, is also associated with severity

of intestinal inflammation'®. We recently found
that IFN-y, TNF-¢, and IL-10 were overexpressed
in the inflamed intestinal tissues of CD patients?,
indicating that dysregulation of cytokines
produced from local immune cells plays a role in the
pathogenesis of CD. These findings suggest that
any new therapeutic strategy for CD requires the
monitoring of mucosal immune status.

As laboratory parameters to easily assess the
immunological status of CD, we investigated
peripheral T cells and their cytokine production.
Peripheral T cells may be affected by persistent
intestinal inflammation in CD since they are
believed to re-circulate into the peripheral blood
from GALT®13192D In fact, a recent experimental
study using a spontaneous CD mouse model
revealed that T cells are an essential cell compo-
nent in the development of intestinal inflamma-
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tion'?. Conventional investigations of peripheral
blood lymphocytes in CD have shown that the
counts of PBL (peripheral blood lymphocytes) and
helper T cell subsets were reduced in active CD
cases®. Fuss et al. reported that high IFN-y pro-
duction and low IL-2 production was detected at
protein levels in CD4+ T cells derived from periph-
eral blood in patients with CD, when stimulated
via the CD2/CD28%. Their results suggest that
alterations of peripheral blood T-cell counts and
functions, especially cytokine production, exist in
CD.

In this study, we selected 7 cytokines for exami-
nation: IFN-y, TNF-¢, IL-2, IL-4, IL-6, IL-10, and
granulocyte-macrophage colony stimulating factor
(GM-CSF). IFN-y and TNF-o production by
immune cells plays a major role in the consecutive
episodes of inflammation in CD??. IFN-yin partic-
ular activates macrophage/dendritic cells to
express MHC class-II molecules?®, to release TNF-
o and IL-6, and to produce IL-12'%, Such activa-
tion of IFN-y is considered to stimulate the
macrophage-dendritic cell system toward pro-
inflammatory responses?32% which may exacer-
bate lesions of the gut in CD. IL-2 is a well-known
cytokine related to cell proliferation and interac-
tions between several kinds of immune cells. IL-4
and IL-10 are known as counterpart cytokines
against IFN-y24259, Administration of IL-6 receptor
antagonist in immunized colitis mice resulted in
protection against mucosal inflammation%3”, GM-
CSF, a haematopoietic factor enhancing the quali-
tative function of mature neutrophils, monocytes,
and macrophages, and stimulating the expansion
and differentiation of haematopoietic progenitors,
induces not only the priming of neutrophils to pro-
duce superoxide anions, but also the activation of
macrophages to release superoxide anions, TNF-¢,
and IL-6. Moreover, GM-CSF accelerates the dif-
ferentiation of monocyte-derived immature den-
dritic cells in cooperation with IL43%. Recently
human recombinant GM-CSF was used as an
immuno-modulatory agent for Crohn’s disease’9.
Thus, in this study, we analyzed the number of
memory T cells, the amounts of IFN-y, TNF-¢, IL-
2, IL-4, IL-6, 1L-10, and GM-CSF production by
stimulated peripheral helper T cells via the
recently developed flow-cytometric intracellular
cytokine staining technique.

METHODS
Patients and Specimens
Twenty-nine patients with CD (24 males and 5
females, age at surgery 22-46 years old; average,
31.1 years old) and 11 healthy volunteers (10

males and 1 female, age 2543 years old; average,
32.6 years old) were enrolled in this study. All
patients had been medicated by physicians and
admitted for surgical treatment. In this study, we
divided these cases into two groups: 13 quiescent
cases with Crohn’s disease activity index315
(CDAI) < 150 and 16 active cases with CDAI >
150. Informed consent was obtained from all
patients, and this study was approved by the
Human Ethics Committee of Hiroshima Univer-
sity. Four patients were administered steroid treat-
ment and only one patient received mercapto-
purine (6-MP) treatment. The remaining patients
received no immuno-suppressive agents (such as
steroid or 6-MP). The majority of our patients
had nutritional support with total parenteral
nutrition and/or elemental diet and was medicated
with 5-ASA (5-aminosalicylic acid).

Antibodies

We used fluorochrome-conjugated monoclonal
antibodies specific for each cell surface antigen:
anti-CD3 (Immunotec A Coulter Company, Mar-
seille, France), and anti-CD8 and anti-CD45RO
antibodies (Immunotec A Coulter Company,
Marseille, France). For the staining of intracellular
cytokines, the directly conjugated anti-cytokine
monoclonal antibodies were as follows: anti-IFN-y,
anti-TNF-¢, anti-IL2, anti-IL4, anti-IL10, anti-
GM-CSF (BD Biosciences PharMingen, Franklin
Lakes NJ, USA), and anti-IL6 (Bio-source Inter-
national, London, UK).

Cell culture

Blood samples were drawn into preservative-
free heparin tubes (heparin 50 1.U./ml), and used
within two hours after venipuncture. These sam-
ples were diluted 1:1 with Hank’s balanced solu-
tion (HBSS) (Invitrogen, Carlsbad, California,
USA) and mononuclear cells were isolated by gra-
dient centrifugation with Ficoll-Paque solution
(Amersham Pharmacia Biotec, Uppsala, Sweden).
The isolated cells were then prepared as 2.0 x 108
cells/ml in RPMI medium with 10% FCS
(Invitrogen), and added to flat-bottom culture
plates (Sumitomo Bakelite, Tokyo, Japan). The
cells were then stimulated with 5 ng/ml phorbol
12-myristate 13-acetate (Sigma, St ILouis, Mis-
souri, USA) and 1 zM ionomycin (Sigma), with 2 zM
monensin (Sigma) at 37°C in a humid 6% COq
atmosphere for six hours.

Cell staining
After the cells were harvested and washed once
with HBSS, the pellet was re-suspended with 50

Abbreviations used:

GALT: Gut-associated lymphoid tissue, HBSS: Hank’s balanced salt solution, FCS: fetal calf serum, PMA: phorbol 12-
myristate 13-acetate, PBS: phosphate-buffered saline, IFN-y: interferon gamma, TNF: tumor necrosis factor, Th2:

Type 2 helper T cell, DC: dendritic cell, CD: Crohn’s disease.
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r1 HBSS. Before cell fixation, monoclonal antibod-
ies against surface antigen were added to the cells
for 15 min in the dark at room temperature. The
cells were fixed using a commercial fixation kit
(IntraPrep reagent I, Immunotech A Coulter
Company, Marseille, France) for 15 min, and then
washed twice with PBS containing 0.1% NaNs.
For permeabilization of cell membranes, a com-
mercial permeabilization kit reagent (IntraPrep
reagent II) was added to each tube, and then the
cells were incubated for 5 min at room tempera-
ture. Without washing, an aliquot of the sample
was added to a FACS tube (Falcon Becton
Dickinson, Oxford, UK), and was then mixed with
anti-cytokine antibodies for 30 min in the dark for
staining of intracellular cytokines. Finally, the
cells were washed with PBS and fixed again with
0.5% paraformaldehyde.

Flow cytometric analysis for cytokine produc-
tion of T cells

Prepared samples were analyzed with a multi-
color flow cytometer (Coulter EPICS XL, Beckman
Coulter, Fullerton, CA, USA) and System II
Software (Beckman Coulter). Initially, we gated
lymphocytes with forward and side scatter, and
discriminated the gated Ilymphocytes as
CD3+CD8- T cell subset and CD3+CD8+ T cell
subset. Although the surface antigen CD3+CD4+
is commonly used as a marker for helper T cells,
the level of expression of surface antigen CD4 is
known to be remarkably down-regulated after
increasing culture time (from 2 hours) during
stimulation with phorbol 12-myristate 13-acetate
fionomycin'®, Thus, we defined CD3+CD8- T cells
as helper T cells in this study. We then measured
the proportion of each cytokine-producing cell in
this subset. For the reason given above, we mea-
sured CD3+CD8-/CD3+CD8+ as CD4/CDS8 ratio in
this study. The cytokine-positive cells were identi-
fied on the dot plot graph by delineating regions
based on stimulated cells treated with isotype-
matched control-antibodies. In addition, in each
subset, we measured the positive proportion of
surface antigen CD45ROPright, which is known to
be a memory cell marker.

The kinetics of IFN-y, IL-2, and IL-4 production
by helper T cells have been well-documented!?,
but those of GM-CSF by peripheral helper T cells
have not been investigated by flow cytometric
analysis. We investigated the kinetics of GM-CSF
production in our assay using T cells from 5
healthy adult volunteers. In the helper T cells
(CD3+CD8-) from the 5 volunteers, GM-CSF posi-
tive cells were detected at 2 hours after stimula-
tion, and gradually increased in number until 4
hrs, sustaining that level until 10 hours (2 hr: 2.0
+ 0.94%, 4 hr: 4.9 + 1.35%, 6 hr: 5.3 + 1.55%, 10
hr; 5.8 + 1.51%, as mean values (n = 5, each case)).
In a subsequent study, we set the optimal culture

time at 6 hours after stimulation.

Statistical analysis

All values are expressed as mean + SD. Mann-
Whitney’s U test was used for comparison of
cytokine-producing cells, CD45ROBright cells, and
CD4/CD8 ratio among active and quiescent CD
patients, and healthy controls. Two-tailed p values
< 0.05 were considered significant.

RESULTS

Clinical parameters

The laboratory parameters of the patients were
as follows: mean WBC was 5,866/mm3 (2,700—
10,730) (neutrophils 66.4%, lymphocytes 21.5%,
monocytes 7.6%), mean level of serum C-reactive
protein (CRP) was 0.88 mg/dl (serum CRP levels of
14 patients were < 0.3 mg/d]l, when we calculated
CRP < 0.3 mg /dl as CRP = 0.3 mg/dl). Although
there were no differences in white blood cell counts
between the patients (5865.5 + 1813.1) and healthy
volunteers (5232.3 + 843.8), the lymphocyte count
in patients was significantly lower than that
in healthy volunteers (CD: 1192.5 + 410.7 /mm3,
HV: 21529 + 779.2 /mm3, p < 0.0001). The counts
of T cells, helper T cells and cytotoxic T cells in the
patients were also significantly lower than those
in healthy volunteers (CD: 860.7 + 301.2 /mm3,
HV: 1653.5 + 644.2 /mm?3, p = 0.0002, CD: 546.5 +
241.5 /mm?3, HV: 1000.3 + 441.6 /mm3, p = 0.0002,
CD: 314.2 + 121.6 /mm?3, HV: 579.0 £ 274.2 /mm3,
p = 0.0013, each group). Among the CD patients,
both active and quiescent cases had low counts of
lymphocytes (quiescent CD: 1267.7 + 424.8 /mm3,
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Fig. 1. The counts of lymphocytes, T cells (CD3+),
helper T cells (CD3+CD8-) in healthy volunteers,
patients with CD, patients with quiescent CD and
patients with active CD. Lymphocytes, T cells, helper
T cells and cytotoxic T cells were significantly lower
in patients with CD, in patients with quiescent CD
and in patients with active CD than in healthy vol-
unteers. Each graph denotes cell numbers, mean +
standard deviation. *p < 0.05 compared with healthy
volunteers.
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active CD: 1131.4 + 402.0 /mm?), T cells (quiescent
CD: 884.6 + 227.0 /mm?3, active CD: 841.4 + 327.3
/mm3), helper T cells (quiescent CD: 569.2 + 218.2
/mm3, active CD: 528.0 + 264.6 /mm3) and cytotoxic
T cells (quiescent CD: 315.4 + 144.3 /mm3, active
CD: 313.3 = 104.6 /mm3). There were no significant
differences in WBC, lymphocytes, T cells, helper
T cells or cytotoxic T cells between active and
quiescent cases (p = 0.2451, p = 0.4560, p = 0.6295,
p = 0.4299, p = 0.8608, respectively) (Fig. 1). There
were no significant differences in CD4/CD8 ratio
between HV and quiescent cases (HV: 2.003, qui-
escent CD: 2.079, p = 0.9769), between HV and
active cases (HV: 2.003, active CD: 1.724, p =
0.2363), and between quiescent and active cases
(quiescent CD: 2.079, active CD: 1.724, p =
0.2729), respectively.

Peripheral memory T cells, memory helper T
cells and memory cytotoxic T cells

In the population of T cells, memory T cells
(CD45ROB[g"tCD3+) were lower in the patients (n
= 28, 238.9 + 115.0 /mm?3) than in the healthy vol-
unteers (n = 11, 365.8 + 152.3 /mm3, p = 0.0209).
Among the patients, memory T cells were higher
in active cases (n = 15, 278.1 = 110.0) than in qui-
escent cases (n = 13, 193.6 = 107.3), but not signif-
icantly (p = 0.0841).
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Fig. 2. The counts of memory T cells
(CD3+CD45ROBrieht) memory helper T cells

(CD3+CD8-CD45ROBright) memory cytotoxic T cells
(CD3+CD8+CD45ROBright)  in healthy volunteers,
patients with CD, patients with quiescent CD and
patients with active CD. Memory T cells, memory
helper T cells, memory cytotoxic T cells are relatively
lower in patients with CD, quiescent CD and active
CD than in healthy volunteers. In a comparison
between active and quiescent cases, the counts of
memory T cells, memory helper T cells and memory
cytotoxic T cells are relatively higher in patients with
active CD than with quiescent CD, but not signifi-
cantly (p = 0.0841, p = 0.1479, p = 01468). Each
graph denotes cell numbers, mean + standard devia-
tion. *p < 0.05 compared with healthy volunteers.

Memory helper T cells (CD3+CD8-CD45R(PBright)
were also lower in the patients (n = 28, 189.5 +
92.5 /mm?3) than in the healthy volunteers (n = 11,
262.6 = 131.6 /mm?), but not significantly (p =
0.1051). Memory cytotoxic T cells (CD3+CD8+
CD45ROPBright) were significantly lower in patients
(n = 28, 47.1 = 39.8 /mm?3) than in healthy volun-
teers (n = 11, 103.2 = 84.3 /mm?, p = 0.0192).
Among the patients, memory helper and cytotoxic
T cells were higher in active cases than in quies-
cent cases, but again not to a significant extent
(Fig. 2).

Cytokine-producing cells in the peripheral
helper T cell (CD3+CDS8-) subset in patients
with Crohn’s disease and healthy volunteers
In the peripheral helper T subset, IFIN-yproduc-
ing helper T cells in patients with CD were signifi-
cantly lower than in healthy volunteers (p =
0.0260). TNF-o-producing cells and IL-2-produc-
ing cells in the peripheral helper T cell subset
were significantly lower in patients with CD than
in healthy volunteers (TNF-¢; p = 0.0002, IL-2; p <
0.0001). Moreover, counts of each cytokine-produc-
ing cell, for IFN-y, TNF-¢ and IL-2, among the
peripheral helper T cells of quiescent cases were
significantly lower than in healthy volunteers
(IFN-y% p = 0.0034, TNF-¢; p = 0.0002, IL-2; p =
0.0001), while TNF-« producing cells and IL-2-pro-
ducing cells in the peripheral helper T cell subset
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Fig. 3. The counts of cytokine producing helper T
cells in healthy volunteers, patients with CD,
patients with quiescent CD, and patients with active
CD. Evaluated cytokine producing cells, except for
IL-6, were lower in patients with CD, patients with
quiescent CD and patients with active CD than in
healthy volunteers. IFN-y producing cells, TNF-¢
producing cells and GM-CSF producing cells were
significantly higher in active cases than t in quies-
cent cases in the peripheral helper T cell subset (p =
0.0097, p = 0.0203, p = 0.0118, respectively). Each
graph denotes cytokine producing helper T cells,
mean * standard deviation. *p < 0.05 compared with
healthy volunteers. tp < 0.05 compared between qui-
escent CD and active CD.
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of active cases were also significantly lower than
in healthy volunteers (TNF-¢; p = 0.0026, IL-2; p <
0.0001). However, the counts of IFN-yproducing
cells did not differ significantly from those in
healthy volunteers (IFN-y, p = 0.2564). The counts
of IL-4-producing cells in quiescent cases were sig-
nificantly lower than in healthy volunteers (p =
0.0456), but those in active cases were not (p =
0.2363). IL-10-producing cells in CD patients,
active and quiescent cases tended to be lower than
in healthy volunteers, but not to a significant
extent (p = 0.0662, p = 0.1077, p = 0.1124, respec-
tively). Concerning IL-6, few cases had large num-
bers of IL-6-producing cells, so data varied widely
(p = 0.9853). GM-CSF-producing cells in quiescent
cases were significantly lower than in healthy vol-
unteers (p = 0.0328), while in active cases were
not (p = 0.8559) (Fig. 3).

Cytokine-producing cells in the peripheral
helper T cell (CD3+CD8-) subset in active and
quiescent Crohn’s disease

IFN-y, TNF-o- and GM-CSF-producing cells in
the peripheral helper T subset were significantly
higher in active cases than in quiescent cases (p =
0.0097, p = 0.0203, and p = 0.0118). In the produc-
tion of other cytokines such as IL-2, IL.-4, IL-6 and
IL-10, there were no significant differences
between active and quiescent cases (Fig. 3).

Cytokine-producing cells in the peripheral
cytotoxic T cell (CD3+CD8+) subset in
patients with Crohn’s disease and healthy
volunteers

IFN-yproducing cells, TNF-o-producing cells
and IL-2-producing cells in the peripheral cytotox-
ic T subset of patients were significantly lower
than in healthy volunteers (p = 0.0222, p = 0.0020,
and p = 0.0004, respectively). IFN-yproducing
cells, TNF-oproducing cells and IL-2-producing
cells in the peripheral cytotoxic T subset of quies-
cent cases were also significantly lower than in
healthy volunteers (p = 0.0013, p = 0.0017, and p =
0.0009, respectively). On the other hand, TNF-o-
and IL-2-producing T cells in the peripheral cyto-
toxic T subset of active cases were significantly
lower than in healthy volunteers (p = 0.0179, p =
0.0031), but counts of IFN-}producing cells were
not (p = 0.3237). IL-4- and IL-10-producing cells
tended to be lower in all CD patients, active cases
and quiescent cases than in healthy volunteers
(IL-4: p = 0.0764, p = 0.0680, p = 0.1827. IL-10: p =
0.4397, p = 0.3088, p = 0.7016, respectively), but
not to a significant extent. The counts of IL-6-pro-
ducing cells in quiescent cases were almost the
same as in healthy volunteers. GM-CSF-producing
cells in the group of all CD patients and quiescent
cases were lower than in healthy volunteers (p =
0.0283, p = 0.0078) but those in active cases were
not significantly lower (p = 0.1857) (Fig. 4).
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Fig. 4. The counts of cytokine producing cytotoxic T
cells in healthy volunteers, patients with CD,
patients with quiescent CD, and patients with active
CD. Evaluated cytokine producing cells, except for
IL-6, were lower in patients with CD, patients with
quiescent CD and patients with active CD than in
healthy volunteers. IFN-y producing cells and GM-
CSF producing cells were significantly higher in
active cases than in quiescent cases in the peripheral
helper T cell subset (p = 0.0033, p = 0.0240, respec-
tively). Each graph denotes cytokine producing cyto-
toxic T cells, mean * standard deviation. *p < 0.05
compared with healthy volunteers. {p < 0.05 com-
pared between quiescent CD and active CD.

Cytokine-producing cells in the peripheral
cytotoxic T cell (CD3+CD8+) subset in active
and quiescent Crohn’s disease

The counts of IFN-yproducing cells and GM-
CSF-producing cells in the peripheral cytotoxic T
cell subset were significantly higher in active than
in quiescent cases (p = 0.0033, p = 0.0240). In the
production of other cytokines such as TNF-¢, IL-2,
IL-4, IL-6 and IL-10, there were no significant
differences between active and quiescent cases
(TNF-¢; p = 0.1374, IL-2; p = 0.2173, IL-4; p =
0.5393, IL-6; p = 0.8501, IL-10; p = 0.3520, Fig. 4).

DISCUSSION

In our analysis of peripheral blood cells obtained
from CD patients, the counts of lymphocytes, T
cells, helper T cells, and cytotoxic T cells in the
patients were significantly lower than those in
healthy volunteers. These parameters exhibited
no significant differences between quiescent and
active cases. Since the CD patients we analyzed
were stable after medication, stable status in CD
patients might be comparative to the immunosup-
pressive state in lymphocytes in peripheral blood.

An analysis using memory cell marker CD45RO,
one of the cell activating markers, was also
reduced in the PBL (peripheral blood lymphocyte)
of the patients. The suppression of memory T cell
numbers in patients would also indicate a stable
status. Neither the counts nor the subsets (T cells,
helper T cells, cytotoxic T cells) of PBL could dis-
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tinguish between active and quiescent cases. The
memory cell marker CD45RO (Fig. 2), however,
increased in active cases, indicating the presence
of some immune reaction, and that memory T cells
might be reactivated by some antigens in active
cases. Thus, the increase of the memory T cell pop-
ulation in CD patients might indicate an exacerba-
tion of the diseased status of Crohn’s disease
concomitant with the activation of local inflamma-
tion. To elucidate this hypothesis, we tried to dis-
criminate between active cases and quiescent
cases by measuring the cytokine production of
helper T and cytotoxic T cells.

Helper T cells are believed to play a central role
in amplifying immune reactions together with
antigen-presenting cells??. Cytokine-producing T
cells existed mainly in the helper T cell subset. In
the present study, the counts of cytokine-produc-
ing cells among stimulated helper T cells were
two- to three-fold of those among cytotoxic T cells,
except for IFN-y. As shown in Fig. 3, the counts of
all cytokines except IL-6 were lower in CD
patients than in healthy volunteers, also suggest-
ing the immunosuppressive status of helper and
cytotoxic T cells. Interestingly, comparing quies-
cent and active cases, Thl cytokine (pro-inflamma-
tory cytokine) -producing helper T cells, including
IFN-yproducing and TNF-o-producing cells, were
significantly increased in active CD cases. GM-
CSF-producing cells were also increased in active
cases. On the other hand, concerning Th2 cyto-
kines (anti-inflammatory cytokines), IL-4-producing
and IL-10-producing cells did not significantly
differ in number between active and quiescent
cases. These findings suggest that patients
with an exacerbation of Crohn’s disease exhibit
an increase of Thl-associated cytokines in the
peripheral T cells, which might reflect a cytokine
imbalance in the intestine. Neither IL-2- nor IL-
10-producing peripheral helper T cells were related
to exacerbation, indicating that these helper
T cells do not reflect a disease state in CD.

Cytotoxic T cells usually attack target cells, and
some portion of cytotoxic T cells possess helper
functions. Although the counts of cytokine-produc-
ing cytotoxic T cells were lower, there was a sim-
ilar tendency to helper T cells in cytokine
production. Comparing quiescent and active cases,
Thl-associated cytokine-producing cytotoxic T
cells, such as those producing IFN-y or GM-CSF,
significantly increased with disease status. On the
other hand, in the case of Th2 cytokines (anti-
inflammatory cytokines), IL-4- and IL-10-produc-
ing cytotoxic T cells were unrelated to disease
status in CD. Thus, a cytokine imbalance also
occurred in peripheral cytotoxic T cells in patients
with CD.

Pro-inflammatory cytokine-producing cells in-
creased in number in the peripheral blood in
active CD, but IL-4 or IL-10 production of helper

and cytotoxic T cells did not. This suggests that
pro-inflammatory cytokines work under the sup-
pression of the anti-inflammatory cytokines in
active CD patients and that production of pro-
inflammatory cytokines might be one of the
deteriorating factors in CD. Low counts of IL-2-
producing cells among peripheral helper and cyto-
toxic T cells were unrelated to the disease state in
CD. Since IL-2 promotes T cell proliferation, sup-
pression of IL-2-producing T cells might contribute
to maintaining immunosuppression in CD.

Analyses of peripheral blood, peripheral memo-
ry T cells and peripheral cytokine production by T
cells revealed that patients with post-medicated
CD were in an immunosuppressive state and
maintained an immunological equilibrium with
low antigen —reactivity and low cytokine produc-
tion. When the quiescent phase turns into the
active phase with a challenge by antigen stimula-
tion, peripheral T cells begin to exhibit a cytokine
imbalance, especially the promotion of pro-inflam-
matory cytokines.

Recently, cytokine targeting therapies using
anti-TNF-« antibody?39), IL-6 receptor antagonist,
recombinant human IL-10 and recombinant
human GM-CSF have focused on their effective-
ness for CD, but such therapies are not always
effective for CD patients. For example, anti-TNF-o
antibody targets cases that are intractable for
steroid therapies, but was effective for only 60% of
challenged cases?3%. Such therapies as anti-TNF-
o antibody and IL-6 receptor antagonist adminis-
tration may inactivate the overproduced cytokines
in active CD patients. Meanwhile, Dieckgrafe et
al. have reported the effectiveness of recombinant
human GM-CSF (Sargramostim) as a new drug for
CD7%18 The effectiveness of this therapy seems to
controvert GM-CSF overproduction of helper T-
cells in active CD. This controversy may be
explained as follows: intracellular GM-CSF acti-
vates the Thl-associated cytokines in helper T
cells, so that the administration of recombinant
human GM-CSF (rhGM-CSF) might suppress the
GM-CSF intracellular production by a negative
feedback reaction. On the other hand, rhGM-CSF
might improve patients by mechanisms other than
the activation of Th1l cells.

In this study, we have shown the relationship
between disease status and peripheral cytokine
production by T cells. If we could analyze cytokine
production by peripheral helper T cells before
treatment with cytokine-targeting drugs of
patients with CD, we might be able to evaluate
the effectiveness of each drug prior to medication.
For example, anti-TNF-o antibody could be effec-
tive for patients with large numbers of TNF-a-pro-
ducing peripheral helper T cells, or human
recombinant GM-CSF for patients with high or
low numbers of GM-CSF-producing peripheral
helper T cells. Thus, estimation of the effective-
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ness of each cytokine-targeting drug will con-
tribute to the design of tailor-made therapies in
the near future. Toward this end, evaluation of the
relationship between cytokine production by
peripheral T cells and local inflammation in the
intestine is needed. In addition, to analyze the
intracellular or intercellular cytokine network, we
should examine all cytokine producing cells in
memory helper T cells in Crohn’s disease in
future.
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