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MLN. PB, and BM, as compared with the pared
Ly5.1 “MyDB8 "' CD4 " T cells (Fig. 4B). Furthermore. the ra-
tio of IFN-y-expressing cells within total MyD88 "~ LP CD4”
T cells was significantly lower compared with that in total
MyDES*" LP CD4" T cells (Fig. 4C). Consistent with the
lower expression of IFN-y in MyD88 "~ LP CD4" T cells,
expression of the activation marker CD69 on MyD88 *~ LP or
SP CD4" cells was significantly lower than on MyD88 ™" LP
or SP CD4" T cells, respectively (Fig. 4D).

RAG-2"" mice transferred with MyDS8 ™’
€D4" donor cells develop milder colitis

colitogenic LP

To next assess the role of MyD88-dependent pathway in per-
sistent colitis. we next examined colitogenic LP CD4™ T cell-
mediated colitis model (17), which lacks the impact of naive T
cell priming. activation, and differentiation phase required in
the former CD4 " CD45RB™" T cell-transferred colitis model.
We first confirmed that RAG-2 mice transferred with
MyD88 ' CD4"CD45RB"* T cells do develop colitis 1o a
similar extent w mice transferred with MyD8R'/"CD4’
CD4SRB™®" T cells at the late stage of 10 wk after transfer as
confirmed by the weight curve (Fig. 54), albeit the ongoing
disease activity index (Fig SB) and histological assessment
(Fig. 5. C and D) delayed onset and kinetics, Consistent with
these findings, the recovered cell number was equivalent be-
tween mice transferred with MyD88 ™" or MyDS8
CD4° CD4SRB"™™ T cells (Fig. SE). Furthermore, the expres-
sion of activation (CD69)/differentiation (IL-7TRa, CD44, and
CD62L) on LP CD4 " T cells shawed no difference between two
groups of mice (Fig. SF), indicating that MyD88 deficiency
solely contributes to the delayed kinetics of the development of
colilis.

We thus isolated the LP CD4" T cells from colitic recipient
mice transferred with either MyDS88""" or MyD88 '
CD4 ' CD4SRB™" T cells at 10 wk after wransfer, to use for the
subsequent memory T cell transfer. We transferred the isolated
colitic LP CD4" T cells into new RAG-2 " mice to focus on
the persistence of colitogenic CD4 " memory T cells (Fig. 64).
Similar with the results ming CD4 “CD4SRB"*" T cell-medi-
ated colitis model in Fig. 2. the recipient mice transferred with
coline MyD88 " LP CD4" T cells showed milder wasting
disease (Fig. 68) with milder chmcal signs of cohus at 4 wk
after retransfer, as compared with mice transferred with colitic
MyDBS* " LP CD4" T eells (Fig. 60). Histological examina-
tion also revealed that mice transferred with MyD88 ' LP
CD4" T cells developed milder colitis at 4 wk after rewransfer
as compared with mice transferred with MyDSE """ LPCD4" T
cells (Fig. 6), The difference was statistically confirmed by
histological scoring of colon sections, which showed as fol-
lows: mice iransferred with MyD8&™'" LP CD4" T cells,
17.8 = 0.86 and mice transferred with MyD88 * LPCD4" T
cells. 9.4 = 1.86 (p < 0.01) (Fig. 6E). Furthermore, a signif-
icantly lower number of CD4" T cells was recovered from SP.
LP, and MLN of mice transferred with MyD88 ' donor cells
as compared with mice transferred with MyDS8 """ donor cells
(Fig 6F). As shown in Fig. 6G, LP CD4" T cells from mice
transferred with MyD88 /7 LP donor cells produced signifi-
cantly less IFN-y and 1L-17 as compared with those from mice
transferred with MyD88 '™ LP donor cells.

To further assess the expansive activity of coliie LP CD4"
memory T cells, we again performed in vivo competition experi-
ments. The same number (20 X 10° cellsymouse) of colitic
LyS.1"MyDE8''* and Ly5.2°MyDES " LP donor cells ob-
tained from colitic mice transferred with Ly5.1 "MyDS8*'* or
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FIGURE 7. Expansion activity of colitic MyDEE™'™ LP donor cells pre
dominates over that of MyD88 * daonor cells in an in vivo competition
assay. A, The same number (2.0 X 10" cells/mouse) of coliic LP
MyDSE ™ (WT) (Ly5.17) and MyDBS " (LyS27) CD4" T cells mice
was injected bp o RAG-2" mice {n = 6. B, Six weeks after tranafer,
LP. P, and MLN CD4 " T cells were solated from mice, and the ratio of
LyS.1" and Ly5:2" CD4" cells was determined by flow cytometry. «. p <
.01, C, The freg 1es of TEN-y-producing cells per the total LyS. 17 or
Ly5.2" cells were analyzed in the indicated subpopulations by Now cy-
tometry. Data are represented as mean = SEM of three independent ex-
penments. = p < 0.01

% IFN-y * cells

LyS.2 MyDES 7 CD4 CD4SRB™™ T cells at 10 wk after trans-
fer was coinjected i.p. into identical RAG-2 " muce (Fig. 74), Six
wk after cotransfer, a significamly lower proportion of LyS5.2°
MyDBE8 ' CD4" T eells was recovered from the inflamed LP, SP,
and MLN, as compared with the paired LyS.1 "MyDS8 "' CD4"
T cells (Fig. 7B). Furthermore, the ratio of 1FN-y-expressing
CD4" T cells within total MyDES © LP CD4" T cells was sig-
nificantly decreased as compared with that within total MyD&8 """
LPCD4" T cells (Fig, 7C).

MVD8S signaling contributes to the lymphopenia-driven rapid
proliferation of colitogentc CD4" T cells

To finally examine the effect of MyD88 signaling on the lym-
phopenia-driven rapid proliferation (18) of the colitogenic Ch4’
memory T cells, we used the in vivo CFSE dilution method (o
examine cells undergomng proliferation after a short period from
transfer. First, the LP CD4" T cells obtained from colitic RAG-
2" mice transferred with either MyDS8''" or MyDEE '
CDA* CD4SRB™™ T cells ar 10 wk after transfer were labeled
with CFSE and adopuvely cotransferred into new RAG-2
mice. Cell divisions were determined 10 days after cotransfer by

g the CFSE dilution (Fig. 8A), As depicted in Fig. 88, the
markedly delayed division pattern of CD4" T cells from mice
transferred with MyD88  donor cells was observed as compared
with that in mice transferred with MyD8&"'" donor cells. This
difference was statistically confirmed by comparing the CFSE”
cells between LyS. 1" and LyS52" cells (Fig. BC), indicating that
the MyD88-dependent signaling pathway in T cells promotes the
rapid proliferation of colitogenic CD4" memory T cells in a lym-
phopenic condition.
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FIGURE 8. MyDS8 pathway ¢ s 10 the lymphop dnven
rapid proliferation of colitogemie CD4" T celis. A, The same number
(2.0 x 10" celle/mouse) of CFSE-labeled colitic LP MyDSE""" (WT)
(LyS 1"y and MyDSE '~ (LyS2") CD4" T cells were comnjected i.p. into
new RAG-2 " mice (n = 6). B, The donor cells in the host spleen were
analyzed 10 days after transfer by staining CD4, LyS.1 and Ly5.2 His-
tograms show CFSE profiles of the two donor cell types in the host spleen
Data are representative of five independent experiments. C, Percentages of
positive CFSE stalning per total LyS.1" or LyS.27 cells were analyzed in
the indicated subpopulations by flow cytometry. Data are represented as
mean = SEM of three independent expenments. =, p < 0L.05

Discussion
In the present study, we demonstrated that the MyDSE-dependent
signaling pathway in T cells directly modulates the proliferation
and survival of TLRs/MyDS8S-expressing colitogenic CD4" T
cells during the development and persistence of colitis. So far, it
has been believed that T eell activation and expansion is induced
and mamtuned by TCR signaling through the interaction with Ag-
loading DCs that are primarily activated by PAMP/TLR-induced
maturation (21). However, this study provides a new pathway by
which the MyD88-dependent signaling pathway within CD4™ T
cells may directly play a pivotal role in the acqured immune com-
ponents of chronic colitis by enhancing PAMP-specific immune
responses collaborating with Ag-specific TCR signaling and ho-
meostatic cytokines, such as 1L-7 and 1L-15 (18, 22-24),

How do commensal bacteria-derived PAMPs contribute 1o the
i 1c CD4" T cells during the perpetuation

¢ of col 3

of colitis? In other words, from where do coltogenic CD4 " T cells
receive proliferative and/or survival signals to sustain chronic co-
litis? First, it is well-known that commensal bacteria are essentially
required for the development and the persistence of colitis, because
1) almost all models of T cell-mediated colitis do not develop
colitis under the germiree condition (4-6), and 2) several groups
elegantly demonstrated the requirement of specific Ags for the
development and persistence of colitis by showing that colits is
induced and sustained by administration of OVA peptide-express-
mg Escherichia eoli into OV A-specific TCR-transgenic mice in an
Ag-specilic manner (25, 26). These results indicated that TCR sig-
naling through Ags, especially Ags derived from commensals, are
needed for the development and persistence of colitis. Second, 1n
addition 10 Ags denived from commensal bacteria, we here showed
that the MyD88-dependent signaling pathway directly bolsters up
the proliferation and survival of colitogenic CD4 ™ T cells. How-
ever, it 15 of note that RAG-2 ' mice transferred with MyDBS
CD4' CD4SRB™ T cells did develop colins with CD4" T cell
infiltration in the inflamed mucosa albeit the onset was delayed as
compired with the control, indicating that the direct MyD88-de-
pendent signaling pathway in colitogenic CD4 " T cells may act as
a costimulator to tune the essential TCR signaling lor the mainte-
nance of these cells, However, at the molecular level, it still re-
mains unknown how the dentical CD4™ T cells coordinate TCR
and TLR signaling minated from the co I hacienia tor ac-
tivation, prohferation, and survival. Further studies will be re-
quired to address this important issue.

So far. most studies regarding TLRs have focused on cells of the
innale immune system, such as DCs, macrophages. and epithelial
cells, and now it is recogmized that members of TLRs play an
essential ole in the mnate immune recognition allowing the de-
tection of commensal bactena, followed by the second activation
of T cells (9-11) However, recent works showed that conven-
tional TCR a3 CD4" T cells also express TLRs (12). suggesting
that PAMPs may directly modulate the function of CD4° T cells.
Importantly, Gelman et al. (27) recently reported that TLR signal-
ing in primary CD4° T cells directly enhances prohiferation
through MyD8S and PI3K-dependent pathway, in response to a T
cell-dependent Ag. Thus. the present study may add the denti-
fication of the role of TLR signaling in the activation/lunction
of the pathogenic memory CD4* T cells. Although we showed
that the MyD88-dependent signahing pathway positively rein-
forces the proliferation and survival of colitogeme CD4° T
cells in colitic mice, it has been previously reported that TLR-4
is predominantly expressed on regulatory CD4 "CD25" T cells
rather than CD4 *CD45RB"™" naive cells. and TLR-4-specific
signaling by LPS increases the regulatory CD4°CD25 " T cell
activity, resulting in suppression of inflammatory responses in
vivo (16). We shghily, bui substantially. detected TLR-4
mRNA as well as other TLRs in colitic LP CD4" T cells, thus
it is interesting to know how the stimulatory and inhibitory
TLR-signaling pathway in T cells orchestrates the comphcated
immune responses in chronie coliis.

Such characteristics of TLR/MyD88-expressing  colitogenic
CD4" T cells rase another important question of whether the co-
liogenic CD4 7 CD44MECDOIL IL-TRa™™ T cells (Fig. 2) can
be defined as effector-memory T cells rather than just effector T
cells under the persistent presence of commensal Ags andfor
selfl Ags. because 1t 15 accepted that memory T cells are gen-
crated after Ag clearance for the first nme, but not under per-
sistent presence of Ags, shown in models of chronic viral in-
fections to CDE" T cells, using lymphocytic choriomeningitis
virus or influenza A virus infections (28), Because the candidate
Ags for colitogenic CD4" T cells are thought to be denived




The Journal of Immunology

from the intestinal bacterial Ags that are never eliminated from
the body, it is doubtful whether colitogenic CD4" memory T
cells can be generated under such a situation. However, as re-
cent studies have suggested that persistent presence of Ags is
rather required for the long-term man cofl CD4* ¥
T cells, it is possible that the nature of CD4" memory T cells
is quite different from that of CD8 " memory T cells (29, 30).
Thus. the present results may support another idea that the per-
sistent | ¢ of both ¢ | bacteria-derived PAMPs
and sp Ags is required for the maintenance of long-term
colitogenic CD4 " memory T cells, and the subsequent progres-
sive, disabling disease course.

It is also possible that nonpath ic o Is stimulate
TLR s:g'lu]lng of colitogemc CD4 ' mcmury T cells to sustain the
disease without providing specific Ags for such cells. In other
words, it should be verified whether specific Ags or PAMPs from
the commensal bacteria are essential for the priming or memory
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Systemic, but Not Intestinal, IL-7 Is Essential for the
Persistence of Chronic Colitis'

Takayuki Tomita, Takanori Kanai,® Yasuhiro Nemoto, Teruji Totsuka, Ryuichi Okamoto,
Kiichiro Tsuchiya, Naoya Sakamoto, and Mamoru Watanabe

We previously demonstrated that 11L-7 is produced by intestinal gohlet cells and is essential for the persistence of colitis. It is well
known, however, that goblet cells are decreased or depleted in the chronically inflamed mucosa of animal colitis models or human
inflammatory howel diseases. Thus, in this study, we assess whether intestinal IL-7 is surely required for the persistence of colitis
using & RAG-1/27"" colitis model induced by the adoptive transfer of CD4*CD45SRB"*" T cells in combination with parabiosis
system. Surprisingly, both TL-77'~ x RAG-1""" and IL-7*'* X RAG-1""" host mice developed colitis 4 wk after parabiosis to
a similar extent of colitic IL-7** % RAG-1"'" donor mice that were previously transferred with CD4*CD4SRB"" T cells. Of
note, although the number of CD4* T cells recovered from the spleen or the bone marrow of IL-77"" % RAG-1""" host mice was
significantly decreased compared with that of IL-7""" % RAG-17"" host mice, an equivalent number of CD4™ T cells was
recovered from the lamina propria of both mice, indicating that the expansion of CD4" T cells in the spleen or in the bone marrow
is dependent on IL-7, but not in the lamina propria. Development of colitis was never observed in parabionts between IL-7%" x
RAG-17"" host and noncolitic IL-77" % RAG-1""" donor mice that were transferred with CD4* CD4SRB"*" T cells. Collec-

tively, systemic, but not intestinal, IL-7 is essential for the persistence of colitis, suggesting that therapeutic approaches targeting

the systemic IL-7/IL-7R signaling pathway may be feasible in the treatment of infl tory howel di

Immunology, 2008, 180;: 383-390,

flammatory responses in the gut wall, commonly take per-

sistent courses, but in some patients relapse after remissions
(1-6). Because the recurrent disease usually mimics the primary
tisease episode, 11 s possible that the disease 15 cavsed by the
repeated activation and expansion of colitogenic effector CD4" T
cells arising from common long-lived colitogenic memory CD4*
T cells, which latently reside in ther targel bssues or in some
reservoirs. Nevertheless, the nature of the colitogenic memory
CD4" T cells over time 15 not fully understood.

IL-7 15 secreted by stromal cells in the bone marrow (BM) and
thymus, and epithehial cells including the intestine (7-10). Recent
lindings revealed that 1L-7 15 an important cytokine supporting the
survival of resting naive and memory CD4" T cells, but not ef-
fector CD4° T cells (9-16). We have previously demonstrated
that, 1) IL-7 is constitutively produced by intestinal goblet epithe-

I nflammatory bowel disease (IBD)" are caused by chronic in-
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lial cells (8). 2) IL-7 wransgenic (Tg) mice, in which IL-7 overex-
pression was driven by SRa promotor, developed chronie colius
that mimicked histopathological characteristics of human IBD
(171, 3) mucosal CD4° IL-TRa™* T cells in CD4  CD4SRB"™*" T
cell-transferred colitic mice are colitogeme (18), and 4) IL-77 X
RAG-1 " mice transferred with colitogenic lamina propria (LP)
CD4" Teells isolated from colitic CD4 " CD45SRB"™ T cell-trans-
ferred mice did not develop colitis (19)

Somewhat at odds, however, we also found thal production of
intestinal 1L-7 was dramatically decreased in the inflamed mucosa
of colitic IL-7 Tg mice in accordance with depletion of goblet cells
(17). Because our IL-7 Tg mice were established by expressing
1L-7 under regulation of the ubiquitous SRa promoter, it was pos-
sihle that mtestinal 1L-7 15 indeed decreased at the site of mucosal
inflammation due 1o depletion of goblet cells, which 1s a feature
often seen in the inflamed mucosa of human IBD, but systemic
IL-7 of other tissue origin, such as BM (20) and thymus (21), is
rather cnitical for the muintenance of colitogenmic memory CD4° T
cells. Based on these complex backgrounds, in this study, we as-
sess the distinet requirement of intestinal or systemic 1L-7 in the
development and persistence of colitis using a RAG-1/2 7" colitis
model (22, 23) induced by adoptive transfer of CD4 " CD45RB™E"
T cells in combination with parabiosis system.

Materials and Methods

Animals

CSTRL/6-LyS 2 mice were purchased from lapan CLEA, C5TBL/6-Ly5.1
mice and CSTBL/6-Ly5 2.RAG-2-deficient (RAG-27"" ) mice were
obtained from Taconic Farms and Central Laboratories for Expenmental
Animals. C57BL/6-Ly5.2-background RAG-1""" and 1L-7""" mice were
provided from Dr. Rosa Zamoyska (Nanonal | for Medical Re-
search, London, UK.} (24), These mice were mtercrossed o generate L~
7" X RAG-1T" and IL-77"" X RAG:1™"" litermate mice in the An-
imal Care Facility of Tokyo Medical and Dental University (TMDU). Mice
were maintained under specific pathogen-free conditions in the Animal
Care Facility of TMDU, Donors and recipients were used at 612 wk of
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age. All experiments were approved by the regional animal study commut-
tees and were done according 1o insuonal gmdehnes and Home Office
regulations

Parabiosis experimental design

To assess the specinc requirement of mucosal or systemic 1L-7 in the
developmem of colius, we performed adoptive transfer experiment in
combination with a parabiosis system using 11-7 * RAG-1 and
IL-7 * RAG-! littermate recypents (Fig 1A) For adoptive trans
fer, C14 T T cells were first isolated from SP eells of CSTRLI6-LyS 2 mice
using the anti-CD4 (L3T4)-MACS system (Milteny) Biotec) according to
the manufacturer’s instruction. Enniched CD4" T cells (96 -97% pure, as
estimated by FACSCalibur (BD Biosciences)) were then labeled with PE-
comugated anti-mouse CD4 (RM4-5. BD Pharmingen) and FITC-conju-
gated ant-mouse (16A; BD Pharmingen). CD4 ' CDASRB™ ™ cells were
purificd using a FACSAna (BD Biosciences). This population was

08.0% pure on reanalysis, 1IL-77"" % RAG-| muce (4 = 18) and
-7 = RAG-1""" m (= ) were then injected i.p. with 3 % 107
splenic CD4°CDISRB™™ T cells from normal CSTRL/G-Ly5.2 mice. Al-
ter 6 wk post transfer, 1L-7°"" % RAG.1 " muce. but pot IL-7777 %
RAG-1"'" mice, wansferred with CD4 "CD4SRB™™ T cells developed a
wasting disease and colins as previously repored (149)

We then conducted parahiosis surgery according fo nstitutional guide-
lines and Home Odfice regulations. In briel. sex-maiched mice were anes-
thetized before surgery. and imeisions were made in the skin on the oppos-
ing Manks of the donor and reciprent animials. Surgical sutures were used 1o
bring the hody walls of the two mice into direct physical contact. The outer
skin was then antached with surgical staples. For this ihiosis exper-
ment. we divided cohiic IL-77"" % RAG-1"" (n 183 nuce that were
previously iransferred with CD4 " CDASRB™™ T cells into three groups:
Group |, colitic IL-7""" % RAG-| mice joined with normal CSTBLS
b-Ly5.1 mice (n = by Group 2, colitic IL-77"" % RAG-1 mice joined
with new IL-7°7" % RAG-1 7 miee (= 6), Group 3, coling 11777 x
RAG-1 ' mice joined with pew 11-7 ' X RAG-1 mice (n = 6). As
Group 4, noncoliic 1L-7 # RAG-1 " mice previously transferred
with CD4* CD4SRB™" T cells were joned with new 1L-7°" x RAG-
I mice (n = 6). All mice were ohserved for climical signs, such as
hunched posture, piloerection, disrrhea, and blood in the stool. Al autopsy,
mice were assessed for a ¢hinical score (23) that is the sum of three pa-
rumeters as follows: hunching and wasting, 0 or 1. colon thickening, 0-3
(0, no colon thickening: |, mild thickening: 2, moderate thickening: 3,
exlensive thickening); and stool consistency, 0-3 (0, normal beaded stool:
1. soft stool] 2, diarrhea: 3, bloody stool) (25)

Histolagical examination

Tissue samples were fixed in PBS containing 10% neutral-bullered forma-
lin. Paraffin-embedded sections (5 pm) were stuned with H&E. Three
tissue samples from the proximal, middle. and distal pans of the colon were
prepared. The sections were analyzed without prior knowledge of cach
mouse, The area most affected was graded by the number and severity of
lessons. The mean degree of inflammation in the colon was calculated using
a mudification of a previously described scoring system (25} as follows:
mucosa damage, 01, normal, |, 3-10 intraepithelial cells (IELVhigh power
field (HPF) and focal damage. 2, = 10 IEL/HPF and rare crypt abscesses,
3, =10 IEL/HPF, multiple crypt abscesses and erosionfulceration. subri-
cosa dumage, 0. normal or widely scattered leukocyles. 1 focal aggregates
of leukocytes, 2 diffuse leukocyte infilration with expansion of submu-
cosa, 3. diffuse leukocyte infiliration, musculans damage, 0, normal or
widely scatiered leukocytes. | widely scattered leukocyle aggregates be-
tween muscle layers, 2, leukocyie infiltration with focal effacement of the
musculinis, 3, extensive leukocyte mfiltration with transmural effacement
of the muscularis

Tissue preparations

Single cell suspensions were prepared from SP, LP, and BM as previously
described (18), To isolate LPCD4 " T cells, the entire length of the colon
was opened longitudinally, washed with PBS, and cul into small preces
The dissected mucosa was incubated with Ca™", Mg’ " -free HBSS con
taining 1 mM DTT (Sigma-Aldrich) for 45 man to remove mucus and then
treated with 3.0 mg/ml collagenase (Roche) and 0.01% DNase (Worthington
Biochemical) for 2 h. The cells were pelleted two times through a 0%
isotonie Percoll solution, and then subjected 1o Ficoll-Hypague density
gradient centrifugation (40/75%). Ennched LP CD47 T cells were ob-
tained by positive selection using anti-CD4 (L3T4) MACS magnetie beads
The resultant cells when analyzed by FACSCalibur contained >95%
CD4° cells. BM cells were obtained by Aushing two femurs with cold
RPMI 1640, For in vitro assay, only live cells were counted by using (rypan
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FIGURE 1. Host IL-7
eased 1L-7°"" x RAG-1
ical signs of coliis, A, Parabiosis expenmental design. For an adoptive
transfer, splenic CD4" CDMSRB™" T cells were isolated from C37TBL/G-
Ly5.2 mice. and then transferred into female 11-777° % RAG-1 © nice
tn = 18) and 1.7 = RAG-I mice (n = f) Six wk after transfer
777" % RAG-| but not IL-7° ® RAG-1 ", mice transfered
with CIM * CD4SRE™™ T cells developed a wasting disease and colitis. As
parabiosis pairs, Group | parabionis were joined berween colitic donor
IL-T*"" x RAG-1 e and normal host CSTBLG-LyS 1 mice 1n = 6
pairs). Group 2 parabionts were joined between coliie donor IL-7777 X
RAG-] " mice and new host 1L-7""" % RAG-1 mice (n = 6 pmrs)
Group 3 parabionts were joined between colitic donor [L-7°"" % RAG-
| mice and new host 11-7 * RAG-| mice (n = 6 pairs). Group
4 parabionts were joined between noncolitic donor 1L o7 * RAG-1'
mice and new host IL-777" % RAG-I mice (n = & pairs). Joined
animals were maintained for 4 wk afier surgery. Gr. 1. Group 1) Gr, 2,
Group 2 Gr. 3, Group 3 and Gr. 4. Group 4. B, Clinical scores were
determined at 4 wk after surgery as described in Maserials und Methinds
Data are mdicated as mean = SEM of six mice in each group, =, p < 0.01,
vs Group | donor muce. #=, p < 0,01, vs Group | host mice

* RAG-1""" mice in parabionts with dis-
donor mice show o wasting disease and clin

blue staining method, and confirmed that the viability of cells was almost
the same (=96% live) among the sample groups

Reverse transcription polvmerase chain reaction

Total RNA was isolated by using Isogen reagent (Nippon Gene). Aliguots
of 5 pp total RNA were used for complementary DNA synihesis in a
reaction volume of 20 ul using random primers. One nucroliter of reverse
ranseripuon product was amplified with 0.25 U of rTaq DNA polymerase

il V. HRAROHHTE- BRI
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(Toyobal in a 50wl resction. Sense and antisense primers and the cyele
bers for the amplificaton of each gene were as follows: sense 1L-7
SLGOCTGTCACATCATCTGAGTGCC-Y and antisense [L-7, §"-CAG
GAGGCATCCAGGAACTTCTG-Y for [L-7 (35 cycles) and sense
GIPDH. 5" -TGAAGGTCGGTGTGAACGOATTTGGC-3 and antisense
GIPDH. 5. CATGTAGGCCATGAGGTCCACTAC-3" for GIPDH (30
cycles). The amplification for each gene was logarithmic under these con-
ditions. PCR products were separated on | 8% agarose gels, stuned with
ethidium bromide. and visualized with a Lumi-Imager Fl (Roche)

Immunohistochemistry

We used consecuttve cryostat colon sections in all studies. Immunohisto-
chemistry using puniied mAb against mouse CD4 (RM4-5; BD Pharm
ingen) of biotin-conugated polyclonal 1L-7 Ab (BAF407: R&D Systems)
was performed. In brief, O.C.T. compound-embedded tissue samples were
cul into seriad sections 6-um thick. placed on coated shdes. and fixed with
4% paraformaldehyde phosphate buffer soluvon for 10 min. Shdes were
then incubated with the pnmary Ab at 4°C overmight, followed by staning
with AlexaFluor 488 goat anti-ral [gG for CD4 detection or AlexaFluor
488 streptuvidin (Molecular Probes) for 1L-7 detectuon at room lemperature
for 60 min. All shdes were counterstmned with 4°, 6° <iamiding-2-phe
nylindole (DAPL; Vector Laboratories) and observed under a confocal mi-
croscopy (LSMS10 Carl Zeiss)

Cyviokine ELISA

To cyiokine p 1% 10T LPCD4” T cells were cultured
in ripheate of 200 pl culture medium at 37°C in a humidified atmosphere
comuining 3% COy in 96-well plares (Costar) precoated with 5 ugiml
hamster anti-mouse CD3e mAb (145-2C11. BD Pharmingen | and hamster
2 pp/ml anti-mouse CD28 mAb (3751, BD Pharoungen) in PRS overmight
At 4°C Cullure supernatants were collected after 48 hoand assayed for
eytokine production. Cywokine concentrations were delermined by specilic
FLISA following the munufacturer’s recommendation (R&D Systerns)

Flow cytomelry

To detect the surface expression of a vanety of molecales, solated SF, BM
or LP mononuelear cells were preincubated with an FeyR-blocking mAh
(CIN&A2: 2.4G2, BD Pharmingen) for 20 min followed by incubation
with specific FITC-, PE-, PerCP-, allophycocyanin-labeled Abs for 30 min
on jee. The following mAbs were ob A from BD Pha sann-C4
mAb (RM4-5), anti-CD4SRB mAb (16A). anti-CIHS1 (LyS 15 A20), and
anti-CD45.2 (Ly5.2: 104). Standard four-calor flow cytometne analyses
were obtaned using the FACSCalibur and analyvzed by CellQuest software.
Hackground Nuorescence was assessed by staining with control irrelevant
Isotype-matched mAbs

Staristical analysis

The resulis are expressed as mean = SEM. Groups of data were compared
by the Mann-Whitney U test. Differences were considered 10 be stanisi-
cally sigmificant when p < (105

Results
IL-7 7 % RAG-1""" host mice joined with colitic IL-7""* %
RAG-1 " donor mice develop a wasting disease

We have previously demonstrated that IL-7 is essential for the
development and the persistence of colins as a survival factor for
colitogenic CD4° memory T cells (19). Furthermore, we have
found that 1L-7 Tg mice, i which 1L-7 was systemically overpro-
duced. develop colitis spontancously. but production of intestinal
IL-7 was conversely decreased in the inflamed mucosa because of
depletion of the goblet cells. Based on such paradoxical findings,
m this study. we assess whether intestinal or systemic 1L-7 is es-
sential for the perpanation of cobus, by adoptive transfer exper-
iment in combination with parabiosis system using 1L-7""" %
RAG-1 " and IL-7 * x RAG-I linermate recipients (Fig.
1A). To this end. we first induced chronic colius by adopuive irans-
fer of splenic CD4* CDASRB™™ T cells from normal C57BLI6-
LyS.2 mice into IL-7""" % RAG-1 " mice (Fig. 14). Consistent
with our previous report (19), the transferred IL-7""" % RAG-
I mice manifested progressive weight loss from 3wk afier
transfer and clinical symptoms of colitis 6 wk after transfer (data
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not shown), In contrast. the CD4 " CDASRB™™ T cell-transferred
1L-7 7 % RAG-1 " mice showed no clinical signs of colitis and
weight loss (data not shown) (193, imdicating that 1L-7 1s essential
for the development of colitis

At 6 wk after transfer, we next gencrated four groups of para-
hionts (Fig. 1A). In parabionts between coliie 1.7 """ % RAG-
I donor muce that has been previously transierred with
Ly5.2°CD4" CD4SRB™™ T cells and normal C37BLA6-Ly5. |
host mice (Group 1) (Fig. 14), clinical symptoms, such as diarrhea,
anorectal prolapse. and hunched posture. gradually decreased over
ume in IL-7""" % RAG-1 " donor mice as compared with the
mice &t the ume of surgery, and completely disappeared at 4 wk
after surgery hy assessing the clinical score (Fig, 18), CSTBL/6-
Ly5.1 host mice were consistemly healthy during the observed
period (Fig. 18). In parabioms between cohtie 1L-7 """ % RAG-
17 donor mice and new 1L-7""" ¥ RAG-1 " host mice (Group
2) (Fig. 1A}, all the IL-7"7" * RAG-1"" donor mice were con-
sistently diseased (Fig. 18). and climical symptoms of colins grad-
uvally increased in new IL-7°7" % RAG-1 " host mice, which
reached 1o the equal level of the paired IL-7""* % RAG-1 '
donor mice at 4 wk after surgery (Fig. 15). In parabionts between
colitic IL-7*"" % RAG-1""" donor mice and new IL-7 © x
RAG-1 " host mice (Group 3) (Fig. 14), IL-77"" x RAG-1 '
donor mice remamed diseased to a similar level of IL-7%7
RAG-1 * donor muce m Group 2 (Fig. [B), and notably, IL-
77 X RAG-1 " host mice. albeit with the absence of intestinal
IL-7. were gradually sick and clinical symptoms of colitis reached
to the equal level of pared IL-777" % RAG-1 " donor mice and
the IL-7"'" x RAG-1 host mice in Group 2 @ 4 wk after
surgery (Fig. 18). In sharp contrast. in parabionts between the
nondiseased 1L.-7° 7 A RAG-1 " donor mice that were trans-
ferred with CD4* CDASRB™" T cells and new IL-7""" x RAG-
17 host mice (Group 4) (Fig. 1A), both IL-7 7 % RAG-1
domor and IL-777" % RAG-1 * host mice were consistently
healthy during the observed penod (Fig. 18). indicaung  that
CD4"CDASRB™™ T cell-transferred 11L-7 © % RAG-1 © mice
never retained colitogenic CD4 T eells,

IL-77 % RAG-I'" host mice parabiosed with colitic
171" % RAG-1 7 donor mice develop Thi-mediated colins

Four wh after surgery, the colons from parabionts between 11-
7" X RAG-1 * donor mice and CSTBL/6-Ly5.1 host mice n
Group | and parabionts between 1L-7 7 % RAG-1 " donor
mice and IL-7*"" % RAG-1 " host mice in Group 4 were mac-
rascopically normal (data nol shown). In contrast, the colon from
all mice in Groups 2 and 3, regardless of IL-7""" X RAG-1 " or
IL-7""" % RAG-1 " mice and as donors or hosts, were equally
enfarged and had a greatly thickened wall (data not shown). In
addition, 1he enlargement of spleen was also present in donors and
hosts of Groups 2 and 3 mice (data not shown). Hiswlogical ex-
amination showed that in colons from Group 1. donor IL-7""" %
RAG-1 " mice, which initially had clinical symptoms of colitis,
exhibited no pathological change 4 wk after surgery. and were
indistinguishable from the colons of CSTBL/6-LyS.1 host mice
(Fig. 24, lefr), In turn, we could not detect any pathological finding
n Group 4 parabionts between IL-7 * % RAG-1 donor mice
and IL-7""" ¥ RAG-1 " host mice. In contrast, all the donor and
host mice in Groups 2 and 3 parabionts showed prominent epithe-
lial hyperplasia with glandular elongation and a massive infiltra-
tton of mononuclear cells (Fig. 24, left), This dulference was also
confirmed by histological scoring of colon sections (Fig. 28),
showing that the host mice in parabionts in Groups 2 and 3 de-
veloped colius comparable 1o the paired diseased donor mice that
had sustained colitis, while all the donor and host mice in Groups
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FIGURE 2. IL-T © x RAG-I ~ host mice in para-
bionts with diseased IL-7°"" % RAG-1"" donot mice
develop colins. A, Histological exammanion by HAE
stuning (fefr) and Alcian blue staining (nght) of the co-
lon from each group a1 4 wk afier surgery. Representa-
tive of four separmte samples i each group. Onginal
magnification, *100. B, Hiswological scoring of the
colon from Groups 1-4 at 4 wk after surgery Dala
are indicated as the mean *+ SEM of six mice in cach
group. = p < 001, vs Group | donors. ==, p < 001,
vs Giroup | hosts. Gr., Group.

1 and 4 did not develop colitis, Furthermore, acid mucin produc-
uon examined by Alcian blue staining revealed a marked decrease
of mucin-producing goblet cells in all coliie mice in Groups 2 and
3 in contrast o mice in Groups | and 4 (Fig. 24, right).

To clanify that newly developed colitis in host mice of Groups
2 and 3 was surely mediated by the infiltration of immigrant CD4 "
T cells from donor mice, but not by innate immune cells such as
granulocytes and macrophages, we next assessed colomic infilira-
ton of CD4" T cells by immunchistochemistry. Fig. 3 clearly
demonstrated marked infiltration of CD4 " T cells in the colon of
host mice as well as in donor mice in parabionts of Groups 2 and
1. In contrast, only a small population of CD4° T cells was found
w the host and donor mice in Groups 1 and 4 (Fig. 3). Especially,
although the IL-7°"" % RAG-1 " host mice in Group | had
severe wasting disease with symptoms of colitis before surgery,
there were only a few infiltrated CD4 ™ T cells observed in colonic
LP, indicating that the previous coliis was suppressed and cured
by certain immigrant suppressor cells derived  from normal
host mice.

We next examined the cviokime production by LP CD4" T
cells from each mouse in Groups 1-4. As shown in Fig. 4, LP
Ci4" T eells from donor and host mice in Groups 2 and 3
produced significantly higher amounts of IFN-y and TNF-a as
compared with those from mice in Groups | and 4, indicating
that colitic LPCD4* Teellsm IL-7 7 % RAG-1 " host mice
or IL-7""" % RAG-1 " host mice of Groups 2 and 3 have
functions of Thl-mediated immune responses. Imponantly, the
elevated production of these cytokines in Groups 2 and 3 was
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dependent on the presence of colitis, but not on the expression
of IL-7 in the colon.

Expansion of CD4" T vells s dependent on IL-7 in the SP or
BM but is independent of 1L-7 in the LP

We have previously reported that BM retaining colitogenic CD4°
T cells in colitic mice might play a enitical role as a reservoir for
persisting colitis (18). Furthermore, BM is physiologically a major
source of 1L-7, contributing to the development of B cells (24). To
further investigate the role of intestinal and/or systemic IL-7 in
consecutive immunopathology of the parabiosis model, we next
compared the composition of CD4" T cells i the LP, BM, and SP
of donor and host mice in each parabiont using flow cytometry at
4 wk after surgery. The recovered cell numbers of CD3'CD4" T
cells from the donor and host LP in Groups 2 and 3 were signif-
icantly higher as compared with those of the pared donor and host
eolitic mice in Groups | and 4 parabionts, respectively (Fig. 5A),
Furthermore, the recovered cell numbers of CD3 " CD4" T cells in
the donor and host BM (Fig. 5B) and SP (Fig. 5C) in Groups 2 and
3 were significantly higher as compared with those of the paired
donor and host colitic mice in Group 4. but not 1n Group . para-
bionts, respectively. In contrast, IL-77"" x RAG-1 " donor mice
that were previously transferred with CD4" CDASRE™™ T cells
and CS7BLI6-Ly5.1 host mice in Group | sustained a normal num-
ber of cells in the BM and SP (Fig. 5. data not shown). Most
importantly. although the number of CD3'CD4" T cells recov-
ered from the SPor BM of the IL-7 % RAG-1 " host mice in
Group 3 was significantly decreased compared with that of the

415



416

eaws  HAMEBSOESMNGICMYT SHR

The Journal of Immunology

Donor Host

FIGURE & L7 % RAG-I

host mice i parabionis

s with the ma rali immigrant CD47 T cells from &

e, CD4 pmmunostaining and DAPI counterstaining of the colon fron
Groups 1—4 at 4 wk aller surgery. Frozen sections were fixed with
lution and staned with 2

1% ndary Ab

alormaldehyde phosphate buffer sc
CTd mAh, Tollowed by AlexaFluor 488

T-mouss

vt ann-raf g

» number of C134 T cells were inhiltrated
RAG:| he

RAG-1 host mace |

aind DAPT counterstamg. A lur

in the colome mucosa of 1

wiell as i that of 11

laive ol louwr separate samples i cach group Onginal magnificat

< 100 G, Group

host mice i Group 2, an equivalent number

IL-7 * RAG-I
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Groups 2 and 3, indicaung that the expansion of CD4" T cells in
the LP

Further analysis of Group | mice using a four-colored CD3/
CD4/Ly5.1/Ly5.2 FACS stmmming revealed tha =4Y5% of wnal
CD4™ T cells were derived from Ly5.1 " cells and most resident
LyS.2°CD4" T cells decreased 1o only 3—10% of wtal CD4° 1
cells in P and BM an Group | IL-7 RAG-1
(Fig. 5). Interesungly, although the absolute number of LP CD4

the SP and BM s dependent on 1L-7, but is independent 1

donor mice

T cells was significantly decreased in Group | IL-7 < RAG
< RAG-1
donor mice in Groups 2 and 3 coliue parabionts, —50°% of 1otal LP

I donor mice as compared with those of 11
CD4" T cells remained to be Ly5.27, suggesting that 1) colite
genic LP LyS2°CDITCDA" T cells were resistant to the sup-
pression by Ly3.1-denved cells as compared with Ly5.2"'CD3

CD4" T cells in other sites and/or 2) they remained 10 the

intestine, and in other words could not exit, and redistnibute out-
side the intestine. Furthermore, small but substantial percentages
(1=5%) of wtal CD4”™ T cells in each ussue of host C5TBL/G
LyS.] muce were donor-derived Ly5.27 cells, indicating that two-
way recirculavon of CD4° T cells from the donor 1o the host and
coliogenic
CD4" T cells in both donor and host mice had underg
contraction under a cen

vice versa had been established and most of Ly52°

e the

in suppressive mechanism including sup-
pression by CD4' CD25 " Foxpd " regulatory T cells denived from
host CSTBL/6 muce
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IL-7 is not detected in host 1L-7

afier fpraramosts

RAG-T

Studies showing engraftment of BM-denved cells 10 vanous non

hemoporenc nssues including epithehial cells atier BM wransplan-

lation are now on topic (26, 2

. and we have previously demon-
strated that human BM cells have a potential 1o repopulate the
gastromtestinal epithelia by detecting Y-chromosomes in female
cases that have undergone BM transplantation using male donor
cells (28, It was thus needed to assess whether this was the case
with our parabiosis seting, and 1f so, 11 was inferesting (o know
whether |1 was produced by engrafied colonic epithehial cells
derived from the BM of 1l RAG- donor mice in
IL-7 < RAG-I host mice after surgery in Group 3 As
shown in Fig. 6A, immunohistochemistry revealed thar 1L-7 s de
tected in uninfamed colonic epithelin of both IL-77"" > RAG
ik
RAG-1 host, but not in 1L-7 “« RAG-| donor, mice in

o and CS7BL/G host mice in Group | and 1L

Group 4. Consastent with previous findings (17). 1L-7 expression
was detectable, but markedly decreased in inflamed colonic epi
theha in Groups 2 and 3 of 1L-7 * RAG-|
ed goblet cells, 1 both host and donor mice (Frg. 24

mice along with

the decre

righ was not detected i the mflamed colomic
RAG-
Consistent with these results, further RT-PCR analysis for 11

mRNA expression showed that 1L-7 mRNA was not detected in

In contrast, 1L-7

epithelia of Group 3 11 host mice (Fig. 64)
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Discussi
In this st

1]
, we demonstrated that intestinal 1L-7 is not essential

for the development and perpetuation of cohtis by showing that
IL-7 < RAG-1

RAG-1 donor mice dey
severe colitis, Because we previously demonstrated that 1L-7 s

host mice parabiosed with cohitic 11

p o wasting dis¢ase and

needed 1o develop and sustain colitis by showing a lack of colitis
development in 1L-7 < RAG-] mice transferred with
CD4 ' CDYSRB™™ T cells or colitogenic LP CD4 " T cells (19), in

this siudy, we suggest that 1L-7 production from tissues other than

the intestine, such as BM, 1s sufficient, or rather may be essential
i develop and sustain the chrome colits
Before starting this study, we confronted a paradox between two

blet cells are easily

facts. The first fact 1s that [L-7-producing g

decreased or depleted in patients with severe ulcerative colits (29),
colitie IL-7 Tg mice (17) and m the present model of colitis (Fig
2A. righr) resulting in the decreased IL-7 production in the intes-

tine, and the second fact is that 1L-7 appeared to be idispensable

for the development and persistence of chronic colitis by adoptive

transfer experiment using 11.-7 < RAG-I mice (19). Base

wzed that intesunal 1L-7 15

on these backgrounds, we hypot
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indeed important 1o establish GALT, such as Payer's patches and
cryptopatches, and also to maintain 1ELs (303, but not needed 10
develop and sustain colitis, since many Ags, such as intestinal
bacterial Ags. may be sufficient 1o stimulate colitogemc CD4" T
cells in the intestinal LP without stimuli from IL-7. To prove it, we
performed a combinational expenment using adoptive transier and
parabiosis systems in the present study. Although the parabiosis
system seems (o be somewhat artificial and problematic on some
level as two mice, host and donor, are forced (o have a surgical
stress and behavioral limuaton (Groups 3 and 4), mice laboring
colitogenic CD4" T cells are surgically jomed. resulting in prompl
development of anastomaoses of blood vessels within a few days
Even in the present setting. it 1s noleworthy that IL-7 7 % RAG-
1" host mice jomed with colitic IL-7""" % RAG-1 * donor
mice developed a wasting disease and colitis 1o the similar level of
colitic IL-7""" % RAG-1"" donor mice over time.

In this parabiosis sysiem, however, 1 was also possible that
certain stem cells that are ¢ ited 1o diffi iate into 1L-7-
producing mesenchymal cells or epithelial cells homed to the in-
tesune. and might have been mvolved in the development and
persistence of colitis in IL-77"" % RAG-1 " host mice joined
with colitic IL-7'"" % RAG-1 " donor mice (Group 3). To rule
out this possibibity, we also demonstrated that IL-7 expression was
not detected in the colon of the IL-7 7 x RAG-1 " host mice
both at the protein and mRNA levels (Fig. 6). Consistent with the
present result, another group demonstrated that restoring intestinal
IL-7 expression 1o 1L-7 " mice did not result in the development
of colitis (31), Collectively, the current results clearly indicate that
intestinal 11.-7 15 not essential, but systemic IL-7 from extraintes-
tinal sies is essenntial, for the develoy and s m of
calitis

1t 15 also very mmportant to know why IL-7 15 decreased in the
inflamed mucosa of colitis in terms of pathogenesis of chrome
colitis. In other words, 11 15 possible that the lack or decrease of
IL-7 production inoinflamed mucosa of colitis s pathologically
needed 10 muntain chrome colitis. Consistent wath this hypothesis,
we previously demonstrated that although 1L-7 promoted prolifer-
ation of | LP IL-TRa-expressing CD4 " T cells, double stim-
uli by IL-7 and anti-CD3 mAb conversely suppressed it (21), In
addition, Fluur and colleagues (32) very recently reported that 1L-7
induces Fas-mediated T cell apoptosis by inducing Fas expression
on CD4" T cells. Thus, it appears that intestinal IL-7 physiolog-
ically plays a key role in the elimination of pathological LP CD4
T eells activated by intestinal bacteria. Further studies will be
needed to address this issue.

Interestingly, the recovered cell number of LP CD4™ T cells
wits equivalent between host and donor mice both in Group 2 and
3. although it was likely that total production of IL-7 in Group 3
parabionts between one 1L-7""" mouse and one 1L-7 '

mouse
was approximately half compared with that in Group 2 parabionts
between two IL-7""" mice. Because it seems that the production
ol IL-7 1s muntained at a constant rate and s wmnfluenced by
extrinsic stimuli (33, 34), this result indicates that factors other
than 11.-7, such as st n by com | bacteria might con-
trol the homeostasis of cell number in the LP, but not in the BM
und SP, Further dies will be led 10 add this 1ssue,

BM is a major source of 1L-7 in the body (26). In contrast 1o the
LP, it is noteworthy that the number of CD4° T cells recovered
from the BM and SP of the colitic IL-7 7 = RAG-1 host mice
(Group 3) was significantly decreased compared with that of
the IL-7°"" = RAG-1 host mice. Regarding this result, we
recently demonstrated that CD4" effector-memory-like T (T,
like) cells reside i the BM of cohine SCID and RAG-1/2 7 mice
induced by adoptive transfer of CD4 " CD4SRE™™ T cells (200

189

Importanily, these resident BM CIM " T clike cells are closely
attached to IL-7-producing stromal cells in the colitic BM. Most
importantly. the accumulation of BM CD4° T, -like cells was
significantly decreased in IL-T-deficiem recipients reconstituted
with the colitogenie LP CD4° Ty -like cells. Together with the
present siudy. these findings suggest that the BM CD4" T, -like
cells residing i mice with chronic colitis play a aitical role as a
reservonr lor lifelong persisting colivs in an IL-7-dependent man-
ner. However, 1t is still possible that 1L-7 produced by sites other
than intesune or BM. such as skin, liver, eye. lymph nodes (LN).
and SP. also contribule to the development and perpetuation ol
colitis. In this regard, we very recently demonstrated that splenec-
tomized LN-null lymphotoxin « © % RAG-2"" mice trans-
ferred with colitogeme LP CD4 T cells develop coliis (35), sug-
gesting that 1L-7 production at least by LN and SP does not appear
1o be essential, To further clarify the role of 1L-7 produced by BM
mesenchymal cells in the pathogenesis of chronic colitis. BM chi-
mera of IL-7 7 % RAG-1 * mice, which are lethally iradiated
and transplanted with the BM cells from 1L-7*"" % RAG-I
mice, may be quite beneficial. Interestingly. however, it 15 also
well known that extraintestinal complications of [BD patients such
as skin, liver, and mucocutaneous manifestations (36) appears o
be closely associated with sites of loeal IL-7 production by kera-
tmocytes, hepatocytes. and uvea cells. Although no inflammation
was not observed at least in liver and skin in the present model of
cohitis (data not shown), further studies will be needed o address
this issue.

Climeopathologically, IBD is characterized by chrome intestinal
inflammation. Surgery does not cure IBD, especially Crohn's dis-
ease, as relapse is a rule after remission, suggesting that IBD 1s not
a circumscribed disease, but rather a sysiemic disease mediated by
colitogeme memory CD4" T cells distributing throughout the
hody via the bloodstream. which may hide in thewr reservoir, such
as BM. Consistent with this hypothesis, recent findings showing
uselulness of leukocytoapheresis, which removes pernipheral blood
cells for the treatment of refractory 1B patients (37, 38), suggesis
that recirculation of colitogenic memory CD4" T cells from the
gut 1o some reservolr and vice versa, may play a role in the per-
petuation of chromic colitis. Furthermore, we have recently dem-
onstrated that FTY720 that has an ability to inhibit circulation of
Ilymphocyies prevents the development of SCIDRAG-1727" colitis
induced by adoptive transfer of LP colitogenic CD4 " T - like cells
(39). Together with the current results, it would be possible that the
circulation of colitogenic CD4 ™ Ty like cells is quite active m TBD,
making them continue 1o crrculate in the blood and magrate 1o 1L-7-
producing reservoir from the IL-7-depleted LP,

In summary, in this study, we demonstrated that systemic 1L-7,
but not mtestinal 1L-7, 15 essential for the development and per-
petuation of colitis, suggesting that therupeune approaches targel-
ing systemic 1L-7 using the bivlogics against IL-7 may be leasible
in the treatment of 1BD,
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ARTICLE INFO ABSTRACT
m-l;?m;ry: e Thc adlpokmes are linked not only 1o metabolic regulation, but also to Adi ctin,
Received 5 November 2008 but not leptin or resistin induced interleukin-8 ptuduci!un from rheumatoid synmlal fibroblasts (RSF),
online 14 2008 The culture supernatant of RSF rreared with adi tin induced che is. although adiponectin itseil
had no such effect. Addition of antibody against "_ tin, and inhibition of adiponectin receptor gene
3 decreased adiponectin-induced 1L-8 production. Nuclear translocation of nuclear factor-kappa B was
?’“’“"‘5’ . increased by adipanectin, The induction of interleukin-8 was inhibited by mitogen-activated protein
: m’:;:::::: Arthrirs kinase inhibitors. These findings suggest that adiponectin contributes to the pathogenesis of rheumatoid
Inflammation arthritis.
i © 2008 Elsevier Inc. All rights reserved.

Rheumatoid arthritis (RA) is a systemic, chronic, inflammatory
disease that affects multiple joints. An important recent develop-
ment in our understanding of RA is that patients with RA experi-
ence an acceleration of atherosclerosis that cannot be solely
explained by the increased prevalence of traditional cardiovascular
risk factors [1].

Adiponectin is an adipokine that is mainly secreted from
white adipose tissue. It is believed to be beneficial because plas-
ma levels of adiponectin are reduced in metabolic syndrome [2].
It has been reported that adiponectin exerts an anti-atheroscle-
rotic effect [3,4]. Interestingly. recent studies have reported in-
creased levels of adiponectin in RA patients [5.6], findings
which appear paradoxical in light of the higher prevalence of
atherosclerosis in RA. The existence of this paradox raises the
possibility that adiponectin plays a novel role in the pathogenesis
of RA. Moreover, the effect that adipokines have not only on the
metabolic system, but also on inflammation, has recently become
of clinical interest. and the role of adiponectin remains contro-
versial [2,7,8].

RA Is characterized by proliferative synovitis in multiple joints.
The infiltration and activation of leukocytes results in progressive
destruction of joint. Chemokines are pivotal in the recruitment of
leukocytes and angiogenesis. In RA, IL-8 is an important chemo-
kine, and high levels of IL.-8 have been detected in RA patients
[9,10], In the present study, we examined the direct effect of adipo-
nectin on IL-8 productiof'by RSF.

* Corresponding aurhor, Fax: +81 3 5753 8513,
E-mail address: skawai@med roho-wacjp (5 Kawai).

000G-291X/$ - see front matter © 2008 Elsevier Ine, All rights reserved,
doi:10,1016/jbbre 2008.11.017

Materials and methods

Reagents. Reagents used in this study were purchased from the
following sources; recombinant human full-length adiponectin
from Biovendor (Brno, Czech Republic); recombinant human lep-
tin from Sigma (Missouri, USA); recombinant human resistin from
Axxora (CA, USA), human recombinant IL-8 from Chemicon
(USA); Goat anti-human AdipoR1 and AdipoR2 antibodies from
Santa Cruz Biotechnology (CA, USA); 5B203580 from Sigma;
SPG00125 and PD38059 from Calbiochem (Darmstadt, Germany).
Stock solutions were dissolved in phosphate-buffered saline
(PBS) or dimethyl sulfoxide (DMSO) when appropriate. The final
concentration of DMSO in experiments was always <0.1% and
control wells contained an equivalent concentration of the
vehicle,

Cell culture. Rheumatoid synovial cells were prepared as de-
scribed previously |11], The synovial tissues were obtained from
patients who fulfilled the 1987 revised criteria for RA [12] or pa-
tients who fulfilled the criteria for osteoarthritis [13]. Research
protocol has approved by the ethics committee of Toho University
{approval number: 16002, 19021). Synovial cells were cultured in
RPMI 1640 with 10% FBS, 100 U/ml penicillin, and 100 ug/ml strep-
tomycin (Invitrogen) under the standard conditions.

Evaluation of cytokine secretion. RSF were cultured in 96-well
plates for 24 h. The cells were then incubated with various concen-
trations of adipokines, human recombinant 1L-17 (BD biosciences),
ar PBS in RPMI containing 1% FBS. Cytokine concentrations in the
media were measured by enzyme-linked immunosorbent assay
(ELISA) (IL-8, R&D systems, Minneapolis, USA; IL-1 i, IL-6, and
TNF-2, BioSource International Inc., CA, USA).
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Fig. 1. IL-8 induction by adiponectin in RSF. (A] Cells were treated with each dose of adiponectin for 24 h and levels of IL-8 in culture supernatant were measured by ELISA.
The IL-8 level of control (non-treat ) was 0.11-10.03 ng/ml P«o.uﬁvl non-treat, (B] Cells were treated with 10 pg/ml of adiponectin, 1 ng/ml of IL-1 ( positive control ), or PBS
for 3,6,12,24, wﬂhmﬂlm!soflL&mmuumdhyEus.t P«UDSV;. non-treat. (C) Expression of IL-8 mRNA as determined by real-time PCR. P < 0.05 vy non-treat.
(D) {From right) Adi in was bated with anti-adi gative control IgG, or PBS and with seph beads at 4°C hi. PBS incubated with/
without sepharose beads were used as negative mutmls.‘l’heu wpematml was collected and added into cultured RSF, IL-8 concentration was measured by ELISA P<005.

PCR. Total RNA was isolated from the cells using the RNeasy
Mini Kit (Qiagen), and reverse-transcribed using SuperScript
First-Strand Synthesis System for RT-PCR (Invitrogen). One micro-
gram of each reverse-transcription product was used as a template.
The primers of IL-8 (GenBank accession no. NM_000584.2) [14],
AdipoR1 (GenBank accession no. NM_015999)/AdipoR2 (GenBank
accession no. NM_024551) [15] and GAPDH (GenBank accession
no. NM_002046) were purchased from Sigma. For real-time PCR,
probes and primer pairs for IL-8 and fi-actin were purchased from
Applied Biosystems. The results were normalized for fi-actin as an
endogenous control.

Western blot. The cells were lysed in Triton lysis buffer containing
50 mM Tris~HCI (pH 8.0), 150 mM NaCl, 10 mM EDTA, 1% Triton
X-100, and a protease inhibitor cocktail (Pierce Biotechnology), After
electrophoresis of cell lysates, the SDS-PAGE separated proteins were
electroblotted onto Immobilon-P poly (vinylidene difluoride) mem-
branes with a semidry blotter (Arto, Tokyo, Japan). The membranes
were probed with an appropriate primary antibody and a HRP-conju-
gated secondary antibody, Protein bands were detected with an en-
hanced chemiluminescence Western blot analysis system.

Inhibition experiments of adiponectin with anti-adiponectin anti-
body. Adiponectin was incubated with mouse anti-adiponectin
monoclonal antibody (Chemicon), mouse monoclonal 1gG1 nega-
tive control (Chemicon), or PBS and with Protein-G sepharose
beads (GE Healthcare Bio-Sciences) at 4 °C overnight. Then super-
natant was collected and added into RSF cultured in 96-well plates
(2 = 10% cells/well).

RNA interference and rransfection. Small-interfering RNAs (RNAQ)
were designed and synthesized by Invitrogen. The sequences of the
RNAi were as follows: AdipoR1: AAUAGACGGUGUGAAAGAGCCAG
GA and UCCUGGCUCUUUCACACCGUCUAUU; AdipoR2: AGCAUG
AUGGGCUUGUAAGAGAGGG and CCCUCUCUUACAAGCCCAUCAUG
CU. The cultured RSF were transfected with 120nM of RNAi by
Lipofectamine RNAIMAX (Invitrogen). Cells transfected with non-
functional RNAi (Invitrogen) were used as negative controls. Sev-
enty-two hours after the transfection, cells were recultured for
analysis by ELISA or PCR.

Chemotaxis assay. Polymorphonuclear cells {PMN) were prepared
using Polymorphprep ( Axis-Shield, Norway) and suspended in RPMI
containing 1% FBS. For measurement of PMN migration, a 96-well
chemotaxis chamber (Neuro Probe, USA) was used, as previously de-
scribed [16]. The migrated cells were assessed by Cell Counting Kit
(Dojindo Molecular Technologies, Kumamoto, Japan). The ratioof di-
rected migration to random migration (D/R ratio) was calculated: D/
R =total fluorescence of wells containing chemoattractant/total
fluorescence of wells containing vehicle.

Nuclear extracts and NF-xB assay. Nuclear protein extraction
from cultured RSF was performed with the nuclear extract kit (Ac-
tive Motif, Tokyo, Japan). Nuclear extract was obtained from RSF
treated with adiponectin (10 pgfml), IL-1 A (1 ng/ml), or PBS for
3 h. Nuclear translocation of active NF-xB was assessed by ELISA
(Active Motif, Tokyo, Japan).

Staristical analysis. All experiments were repeated as least three
times using RSF obtained from three different patients. Differences
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Fig. 3. PMN migration induced by supernatant of RSF treated with adiponectin, RSF
were treated with 10 pg/mi of adiponectin or PBS; culture supernatants were
collected after 24 . Either 29 il of vehicle, adiponectin (10 jg/ml), cell culture
supernatants, or [L-8 dilutions (100 ng/ml) (positive control) was added to the
bottom chamber, and 25 pl of PMN suspension was placed onto a filter, After
incubation for 1 h, the D/R ratio of cells that migrated into the bottom chamber was
assessed as described (Methods), "P < 0.05 vs, vehicle.

between groups were assessed by Tukey's test. The statistical analy-
sis was performed using the SPSS 12.0 (SPSS Inc., Chicago, IL, USA).

Results
Expression of AdipoR1 and AdipoR2 on RSF

To date, two specific adiponectin receptors—AdipoR1 and Adi-
poR2—have been cloned [17]. We performed RT-PCR and western
blot to investigate whether the adiponectin receptors were present
on RSF. Both mRNA and protein expression of these adiponectin
receptors were detected in all RSF used in this study (data not
shown),

Adiponectin-induced cyrokine production by RSF

After stimulation of RSF with adiponectin, leptin, or resistin,
IL-8 levels in the culture supernatants were determined. A dose
dependent increase in IL-8 was detected in the culture superna-
tants of RSF treated with adiponectin, which suggests that
adiponectin stimulated IL-8 production by RSF (Fig. 1A). A physio-
logical concentration (10 pg/ml) of serum adiponectin induced the
highest IL-8 production. However, physiological concentrations of
leptin and resistin did not stimulate IL-8 production (data not
shown). The IL-8 induction by adiponectin increased in a time-
dependent manner (Fig. 1B). To confirm the IL-8B expression, real-
time PCR were performed. Expression of IL-8 mRNA was dose-
dependently increased by adiponectin (Fig. 1C). In addition to IL-
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8 production, IL-6 production by adiponectin from RSF was ob-
served (data not shown), as previously reported by others
[18,19]. In contrast, neither of the cytokines IL-1§ and TNF-2 could
be detected by ELISA.

IL-8 induction by adiponectin was inhibited by presence of anti-
adiponectin antibody (Fig. 1D). To confirm IL-8 production by adipo-
nectin, specific inhibition of adiponectin receptors expression was
accomplished with RNAi (Fig. 2A). Treatment with AdipoR2 RNAI
blocked the IL-8 production (Fig. 2B) and mRNA expression
(Fig. 2C) by RSF, meanwhile AdipoR1 RNAi treatment had few effects.

We also examined the effect of adiponectin on IL-8 production
in synovial fibrablasts obtained from patients with osteoarthritis.
Adiponectin even concentration at 20 pg/ml weakly induced IL-8
production in synovial fibroblasts of osteoarthritis patients, which
were less than one tenth when compared to the maximal re-
sponses of those in RSF (data not shown).

Effect of adiponectin on chemotaxis of human polymorphonuclear cells

We evaluated the biological effect of supernatant of RSF that
were treated with adiponectin on chemotaxis of polymorphonu-
clear cells obtained from healthy human subjects. Adiponectin
alone had no effect on chemotaxis; however, the culture superna-
tant of RSF treated with adiponectin induced significant chemo-
taxis of human polymorphonuclear cells in vitro (Fig. 3).

Intracellular signaling

As shown in Fig. 4A and B, nuclear translocation of p50 and p65
NF-xB was increased by adiponectin. A signal decrease was noted
only in the presence of wild-type competitor oligonucleotides,
which confirms that the assay specifically measures binding of
pS0 and p65 to their target sites. Other NF-xB family members,
namely p52, RelB, and c-Rel, were not activated by adiponectin
(data not shown).

The effects of SB203580, 5PG00125, and PD98059, which are
MAPK inhibitors for p38, INK, and ERK, respectively, were evaluated
to investigate signal pathways (Fig. 5A-C). Production of IL-8 by
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adiponectin was significantly inhibited by the addition of
SB203580 or 5P600125. Although the effect of PD98059 was not sig-
nificant, there was a tendency toward inhibition. These results sug-
gest that adiponectin induces IL-8 from RSF via NF-xB and MAPK
pathways.

Discussion

In the present study, we demonstrated that adipenectin, but not
leptin or resistin stimulated IL-8 production by RSF that express
specific receptors for adiponectin. Addition of antibody against
adiponectin, and inhibition of adiponectin receptor gene decreased
adiponectin-induced IL-8 production. Supernatant obtained from
RSF treated with adiponectin significantly induced chemotaxis of
PMN; adiponectin alone had no such effect. These results support
the hypothesis that adiponectin has a local proinflammatory role
in RA. The core IL-8 promaoter contains an NF-xB site and previous
studies have highlighted the contribution of the MAPK pathways to
IL-8 gene expression [20]. We noted that adiponectin induced nu-
clear translocation of activated p50 and p65 NF-xB and that MAPK
inhibitors reduced adiponectin-induced IL-8 production by RSF.

Previous reports have shown that adiponectin exerts an anti-
atherosclerotic effect on endothelial cells by inhibiting the
expression of TNF-induced IL-8 [3] and adhesion molecules [4],
Adiponectin has also been found to inhibit endothelial NF-xB sig-
naling [21], which may contribute to inhibition of monocyte adhe-
sion to endothelial cells. These findings do not accord with our
results, possibly because of differences in the cells and culture con-
ditions used in the experiments. In contrast, Ehling et al. [18]
showed that adiponectin induced 1L-6 and matrix metalloprotein-
ase-1 production by RSF, suggesting that adiponectin has the po-
tential to promote arthritis, a findings confirmed by our data,
Tang et al. [19] also showed that adiponectin induced IL-6 produc-
tion by RSF. Although their reports indicated a significance of
AdipoR1 in adiponectin-induced IL-6 production, our results sug-
gested that AdipoR2 might be a major receptor involved in adipo-
nectin-induced IL-8 production. Indeed, levels of adiponectin in
synovial fluid and sera have been shown to be significantly

B
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Fig- 4. Nuclear translocation of the activated NF-x8. Nuclear translocation of the activated (A) p50 and (B) p65 NF-xB were assessed by ELISA. RSF were treated with
adiponectin, IL-1, or PBS for 3 h, and nuclear extracts were obtained. Raji nuclear extracts were used as positive controls, £ < 0.05 vs, non-treat. WT oligo, wild-type

oligonucleotides; Mu oligo, mutated oligonucleotides,
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Fig. 8. Effect of MAPK inhibitors on adi in-stimulated IL-8 production. Cells
were treated with (A) SB203580, :a]spsmus or (C) PD38059 for 1 k prior to the
treatment with 10 pg/ml of adiponectin, 1 ng/ml of IL-1, or PBS. IL-8 levels after
24h were measured by ELISA. P < 0,05,

elevated in patients with RA [5,6.22], which indicates that adipo-
nectin might have a role in the pathogenesis of RA.

Anti-TNF-a treatment has been reported to be associated with
increase in adiponectin levels [23-25), however, this might merely
reflect the fact that TNF-a negatively regulates adiponectin tran-
scription [26). In the present study, we examined the direct effect
of adiponectin on RSF and found that adiponectin stimulated IL-8
production by RSF, This result supports the hypothesis that adipo-
nectin alone has a proinflammatory effect on RSF, Some recent
studies also have found that adiponectin promotes inflammation
by inducing production of several proinflammatory cytokines
[27.28).

In summary, we have shown that adiponectin significantly in-
creases 1L-8 production by RSF and supernatant of RSF treated with
adiponectin induced PMN chemotaxis, suggesting that adiponectin
might play a proinflammatory role in RA.
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Abstract Rheumatoid arthritis (RA) is a systemic
inflammatory disease that mainly affects the articular
synovial tissues, Although the etiology of RA has not yet
been elucidated, physical and biochemical inhibition of
synovial hyperplasia, which is the origin of articular
destruction, may be an effective treatment for RA. Non-
steroidal anti-inflammatory  drugs (NSAIDs) have long
been used for the treatment of RA. The mechanism of
action of NSAIDs generally involves the inhibition of
cyclooxygenase (COX) at sites of inflammation. Thus.
NSAIDs were not generally considered 1o have a so-called
anti-rheumatic effect, including inhibition of progressive
joint destruction and induction of remission. However,
certain conventional NSAIDs and celecoxib. a selective
COX-2 inhibitor, have been reported to inhibit synovial
hyperplasia by inducing the apoptosis of human synovial
fibroblasts. Therefore, it has been suggested that such
NSAIDs may not only have an anti-inflammatory effect but
also an anti-rheumatic effect. In this review, we summarize
findings about the pro-apoptotic effect, in other words,
anti-proliferative effect of NSAIDs on synovial fibroblasts
from patients with RA.
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Introduction

Rheumatoid arthritis (RA) 1s a systemic inflammatory
disease that mainly affects the articular synovial tissues. It
is thought that an autoimmune response to the synovium is
induced in RA patients when genetic factors are combined
with various environmental ones, resulting in the occur-
rence of chronic inflammation. However, the etiology of
RA has not yet been elucidated.

Guidelines for the management of RA by American
College of Rheumatology have been published [1] and
were also prepared in 2004 by a research group of the
Japanese Ministry of Health, Labour and Welfare [2].
These guidelines cover a wide variety of drugs, including
the new biological preparations, as well as glucocorticoids,
disease-modifying anti-rheumatic drugs (DMARDs), and
nonsteroidal anti-inflammatory drugs (NSAIDs) that have
long been used for the treatment of rheumatic diseases [3].
Although the role of NSAIDs in the treatment of RA has
been decreasing, these are still convenient drugs to employ
for their anti-inflammatory and analgesic effects.

The mechanism of action of NSAIDs generally
involves the inhibition of cyclooxygenase (COX) at sites
of inflammation. As a result, these drugs exhibit a ther-
apeutic effect by inhibiting the production of
inflammatory mediators known as prostaglandins (PGs),
including PGE, and PGl In the treatment of RA,
NSAIDs are used as symptomatic therapy with analgesic
and anti-inflammatory effects mediated via the inhibition
of COX. However, other mechanisms of action of NSA-
IDs except for COX inhibition have also been discussed
[3]. For instance, certain NSAIDs have been reported to
inhibit inflammation by suppression of nuclear factor
(NF)-xB due to IxB-kinase f§ inhibition in mononuclear
cells [4]. In this review, we summarize data about the
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pro-apoptotic effect of NSAIDs on synovial fibroblasts of
patients with RA.

Synovial proliferation and apoptosis

Healthy synovial tissue is essential for normal joint fune-
tion. In RA, hyperplasia of the synovium and formation of
granulation tissue (pannus) occur together with the infil-
tration of inflammatory cells, such as T cells and
macrophages (Fig. 1). Activated pannus may eventually
cause the destruction of bone and cartilage via the release
of various mediators, including inflammatory cytokines
such as interleukin (IL)-1f and tumor necrosis factor
(TNF)-z [5]. Synovial hyperplasia may be due to an
increase in the proliferation of cells composing the pannus,
This has been suggested by detection of the increased
expression of various markers of proliferation and growth
factors, including platelet-derived growth factor, basic
fibroblast growth factor, and transforming growth factor-f§
[6]. Another reason for the formation of pannus might be a
decrease of apoptosis [7], Physical and biochemical inhi-
bition of synovial hyperplasia, which is the initial factor
leading to articular destruction, may be effective treatments
for RA [8].

Normal RA

Inflammatory
synovium
= Tcell
Normal Macrophage
synovium Fibroblast

B cell
‘Endatherial cell
Dendritic cell

Fig, 1 Synovial proliferation in rheumatoid arthritis (RA). In artic-
ular joint of RA, hyperplasia of the synovium und formation of
granulation tissue (pannus), which were composed of inflammatory
cells, such as T cells, macrophages, and B cells, secrete inflammatory
mediators to articular cavity

Several molecules, which induce apoptosis in vitro have
been reported as preventing agents in in vivo experimental
models of RA. Peroxisome proliferator-activated receptor y
(PPARy) is an intranuclear transcription factor that pro-
motes differentiation of adipocytes [9]. It also inhibits
production of proinflammatory cytokines by macrophage
[10]. On the other hand, Kawahito et al. [11] reported that
articular destruction is significantly inhibited by adminis-
tration of 15-deoxy-A'*"*-prostaglandin J, (15d-PGJ,), an
endogenous ligand of PPARy, by induction of apoptosis on
synovial fibroblasts in experimental arthritis of rats,
Administration of an anti-Fas antibody that also induces
apoptosis inhibits arthritis in mice [12, 13]. Stimulation of
RA synovial fibroblasts by macrophage inhibitory factor
{MIF) reduces apoptosis, while MIF knock-out mice have
less severe arthritis due to increased apoptosis in the syn-
ovium [14]. Although these findings suggest the possibility
of achieving an anti-rheumatic effect by inhibiting hyper-
plasia of the synovial tissues, there have been no clinical
studies of pro-apoptotic agents such as PPARy ligands and
anti-Fas antibodies targeting this endpoint.

Pro-apoptotic action of NSAIDs on synovial fibroblasts
Conventional NSAIDs

First, we found that some of the conventional NSAIDs
(inhibitors both of COX-1 and COX-2), indomethacin,
diclofenac, oxaprozin, and zaltoprofen, all inhibited the
proliferation of RA synovial fibroblasts by the induction of
apoptosis, which was confirmed by detection of DNA
fragmentation [15] (Fig. 2). On the other hand, ketoprofen,
acetaminophen, and NS-398, a selective COX-2 inhibitor,
did not induce apoptosis of RA synovial fibroblasts. Since
PPARy ligands such as 15d-PGJ; and troglitazone have a
pro-apoptotic effect on synovial fibroblasts [11], we
hypothesized that the mechanism of these pro-apoptotic
NSAIDs was mediated by PPARy activation.

Some conventional NSAIDs, such as ibuprofen, indo-
methacin, flufenamic acid, and fenoprofen, are known to
cause the transcriptional activation of PPARy in
C3HI10T1/2 mouse fibroblast cells [16]). In addition,
activation of PPARy was obtained by ibuprofen, indo-
methacin, and fenoprofen in human monocytes [10].
Kawahito et al. [11] reported that 15d-PGJ,, an endoge-
nous ligand of PPARy, ameliorate experimental arthritis
of rats. Therefore, we investigated the effect of NSAIDs
on PPARy activity in RA synovial fibroblasts, one of the
target cells in RA (Fig. 3). PPARy activation was mea-
sured by luciferase reporter gene assay. Indomethacin,
diclofenac, oxaprozin, and zaltoprofen induced PPARy
activation, while ketoprofen, acetaminophen, and NS-398,
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Fig. 2 Morphology of NSAID-treated rheumatoid synovial fibro-
blasts. Rheumatoid synovial cells were untreated (a) or treated with
300 pM indometacin (b), 100 uM diclofenac (c), 300 uM oxaprozin
(d), 300 uM zltoprofen (e), 300 pM ketoprofen (f), 300 uM
acetaminophen (g), or 300 pM NS-398 (h) for 24 h. Cell morphology
was observed with a light microscope. Arrows indicate representative
morphological changes of synovial fibroblasts (x60), Reprinted from
Yamazaki et al. [15], with kind permission from American Society for
Pharmacology and Experimental Therapeutics

which do not induce apoptosis of RA synovial fibroblasts,
did not promote PPARy activation. Furthermore, the
ability of NSAIDs and PPARy ligands to stimulate the
activation of PPARy correlated with their ability to
decrease cell viability and ability to induce DNA frag-
mentation in synovial fibroblasts.

Then we studied sodium salicylate and aspirin, which
are the historical NSAIDs, to assess their apoptosis-
inducing effect on RA synovial fibroblasts [17]. At rela-
tively higher concentrations comparable to those that cause
COX inhibition, sodium salicylate and aspirin induced
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Fig. 3 Effect of NSAIDs on activation of peroxisome proliferator-
activated receptor y (PPARy) in rheumatoid synovial cells. Rheumatoid
synovial cells were cotransfected with a PPAR response element-
driven luciferuse reporter plasmid, PPARy expression plasmid, and
internal control plasmid. The transfected cells were treated with
NSAIDs for 18 h. The fold-induction of luciferase activity is relative to
untreated control cells, Data are the mean = SD for triplicate cultures,
Results are representative of three independent experiments. *P < 0,05
and **P < 0.00]1 versus untreated control cells. Reprinted from
Yamazaki et al. [15], with kind permission from American Society
for Pharmacology and Experimental Therapeutics

apoptosis of these cells. It was also suggested that these
drugs induced apoptosis via & mechanism independent of
COX inhibition, Sodium salicylate and aspirin are known
as potent inhibitors of the transcription factor NF-xB [15],
and it has been shown that inhibition of the NF-xB path-
way by pyrrolidinedithiocarbamate or N-acerylcysteine is
linked to the induction of apoptosis in a variety of cells
[19-21]. However, our additional study revealed that these
inhibitors of NF-xB did not cause apoptosis of RA synovial
fibroblasts [17]. Moreover, salicylates did not promote the
activation of PPARy in our experiments, so the mechanism
of their pro-apoptotic effects on RA synovial fibroblasts is
still unknown.

Celecoxib

COX-2 is an isozyme of COX that is markedly induced by
inflammatory stimuli and is considered to be closely related
to the process of inflammation. Celecoxib, which selec-
tively inhibits COX-2, was developed by investigating the
3D structure of COX-2. In addition to inhibition of COX-2,
celecoxib has been reported to inhibit the proliferation of
various cancer cells, mainly by inducing apoptosis [22].
We investigated the effect of selective COX-2 inhibitors on
apoptosis in RA synovial fibroblasts [23] (Fig. 4). Among
six selective COX-2 inhibitors (celecoxib, etodolac, me-
loxicam, mmesulide, NS-398, and rofecoxib), only
celecoxib induced the apoptosis of RA synovial fibroblasts,
whereas the other COX-2 inhibitors did not. This indicated



