fiotaotA01GYoolXl - W14 W32 2011

0
0
iz

http://doi.dx.org/ 10.5223/kjpgn.2011.14.3.258 &

dob AE ] F AR 2ZollA FOXP3+TA|ZEg}
TGF- 31 W3]

SEREEEEEEEEE LRERE LR BEE

FOXP3+T Cells and TGF-51 in Colonic Mucosa of
Children with Crohn's Disease

Joo Hyun Gil, M.D., Jung Eun Oh, M.D., Jeong Wan Seo, M.D., Min-Sun Cho, M.D.*,
Ky Young Cho, M.D. and Eun Sun Yoo, M.D.

Departments of Pediatrics and *Pathology, Ewha Womans University School of Medicine, Seoul, Korea

Purpose: Forkhead box protein 3 (FOXP3)+T cells are the major regulatory T cells controlling all aspects
of the immune response. Transforming growth factor- 8 (TGF-/) is a suppressive cytokine which
mediates the suppressive action of FOXP3+T cells. The aim of this study was to investigate the role of
FOXP3+T cells, TGF- 8 in colonic mucosa of children with Crohn’s disease (CD).

Methods: Colonic mucosal biopsies were obtained from 10 children with CD (12~ 15 years of age) and
11 control (8 ~15 years of age). Frequencies of FOXP3+T, CD4+T cells and TGF- 5 1 expression were
examined in the lamina propria (LP) and lymphoid aggregates or follicles (LA/F) by immuno-
histochemistry, and later evaluated by association with disease activity.

Results: In the LP of CD group, frequencies of FOXP3+T, CD4+T cells, proportion of FOXP3/CD4+T
cells and TGF- 81 expression significantly increased compared to the control. In the LA/F of CD group,
frequency of FOXP3+T cells, proportion of FOXP3/CD4+T cells and TGF- /5 1 expression significantly
increased compared to the control (p<0.05). CD4+T cells also increased compared to the control, but
this finding was not significant. In the LP and LA/F of CD group, frequency of FOXP3+T cells exhibited
positive correlation with CD4+T cells (p <0.05). In the LP and LA/F of CD group, TGF- 81 expression
had positive correlation with CRP, Pediatric Crohn’s Disease Activity Index, and negative correlation with
hematocrit and albumin (p <0.05).

Conclusion: Increased frequency of FOXP3+T cells and TGF- 81 expression in colonic mucosa of CD
can be interpreted as a compensatory increase towards achieving down-regulation of immune responses.
(Korean J Pediatr Gastroenterol Nutr 2011; 14: 258 ~268)

Key Words: T-lymphocytes, Regulatory, Crohn’s disease, FOXP3, CD4, Transforming growth factor
beta, Child, Disease activity
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& =2 TH ¥ (regulatory T cell)7} G54 A3t
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X (effector T cell)Q] ¥H3-S 2 A|slo] 35S Algtsl=

Fo3 o3 P 24 TAEE R CD4+T
M Eoll &8l low, o 7]ol| = forkhead box protein
3 (FOXP3)E dslE CD4+CD25+TAHIE, TGF- B &
W35} T helper 3 (Th3), IL-105 W85} regulatory
T cell 1 (Tr)9] Al F77F JepP ™7,
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CD4+TA|Eol 93l WA= T AATA Aol 27lel&
AAsl= Aoz HuEgrT FoxXp3E o] AE
o] B3le} A4S 2dsta, A 58S A=
AA Aol e M o] A& CD4+TAH| Eol|ut 23t
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Ak o= shgich

Nz g HAA S Sated B4 Autez g4l
o = eoA dAFe] siAY A9 e HEE,
7164 7k Asko 2 ZgkE| gt dolbe 61, ofof
£ 5%l AR 8AINE 15A17HA] “3‘:3} a,
A AL 1224190k 2EH T tx2 7 A7
frolgk o] gl3iTh(Table 1)

2. YH

1) CHEHLHAIA: Midazolam T valium, pethidines
Fofsk 214 AefellA] A7 (CF-230, CF-Q260AL;
Olympus, Tokyo, Japan)S Al&3slsich. Het 34717
WA AFist 5§ 35S ujjol] Ext 37, WA, el

A%, FYAA, TR, A8 7 7oA AAst
P, A rellAs FHd ARt A F-9lellA A7

skoich
2) MOEXBIBIAM: a2 Fol e 2o
A ATo] geld B9 E, txdellA e 5ol $iA
U A9 gl B9E ooz asie 4 A 242
o3 o3

3L, xyleneS. %
S AAT T of|ehZol AFsto] A Hh &
2t g AZ2E 8 FOXP3 @A(mouse monoclonal anti-
body, dilution 1 : 100, 236A/E7; Abcam, Cambridge,
UK)%} & CD4 &HAl|(mouse monoclonal antibody, dilu-

Table 1, Demographic and Clinical Characteristics of
Patients with Crohn's Disease and Control Subjects

CD Control
Number 10 11
Gender (male/female) 7/3 6/5
Age, years (mean, range) 132, 12~15 122 8~15
Medication None None

ESR (mm/hr, mean=+SD) 44 6+19.5* 44+31

Albumin (g/dL, mean+SD) 32+04* 47+02
Hct (%, mean+SD) 354432 382+20
CRP (mg/dL, mean=SD) 73+27* 03+01
PCDAI (mean, range) 34, 225~45 -

*p<0,05, CD: Crohn's disease, ESR: erythrocyte sedimen-
tation rate, Hct: hematocrit, CRP: C-reactive protein, PCDAI:
pediatric Crohn's disease activity index.

: 60, 1F6; Novocastra, Newcastle, UK), & TGF-
81 A (rabbit polyclonal antibody, dilution 1 : 200,
sc-146; Santa Cruz Biotechnology, Santa Cruz, USA)7}
AH8-5 93, Bond™ Polymer DAB Detection Kit (Leica
Microsystems, Weltzar, Germany)2} 37| Bond-X A&
we] o] A 7] A|(Leica Microsystems)E ©]-&-3}o] M
A AlRgegich A =55 §sl FOXP3ot
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Fig. 1. Immunohistochemical
staining of FOXP3 (x 400), (A)
In the lamina propria (LP) of
Crohn’s disease (CD) group,
(B) In the LP of the control,
(C) In the lymphoid aggre-
gates or follicles (LA/F) of CD
group, (D) In the LA/F of the
control,

Fig. 2. Immunohistochemical
staining of CD4 (x400). (A) In
the LP of CD group, (B) In
the LP of the control, (C) In
the LA/F of CD group. (D) In
the LA/F of the control,
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Fig. 3. Immunohistochemical
staining of TGF- 81 (x400),
(A) Grade 0 in the control, (B)
Grade 1, (C) Grade 2, (D)
Grade 3 in CD group,

(Fig. 3).

4) MY 23N Ty W HAE 23 254
< PCDAIZ AF3lslgdey’. o 77158 vigoz &
&, I 53, dnbd AA Rz A, A, S5
T3, P F9 W, A &4, aga =24 ARG
22 Al7)ell Alegst de} 714 F ESR, Het, albumin,
CRPE 4oz zASITE PCDAIZE 10 ©]/d<l
B35 ZE71E WGk

3. A &AM

52 EAA AL SPSS (version. 18.0, Inc., Chi-
cago, Illinois)E ©]-&-3F5ch. AL} oA,
A dA=l AES2 v aell = Mann-Whitney U A4 &
ol &3t om, AolEFQle] WS Had wd=
Fisher’s exact 71785 ©]-&3t3ich 4% 7+ A4 &
Aol = Spearman =9 A £4& o]&3k3ict. pghol
0.05 P|RHQl A5 EAHOE FoHo] Y= ZoR
HA sk

X|

1. H8H 53

am

2ol dlz2oll vl ESR, CRP7} #-2]51HA|
=931, @A albumin®] F+oJ3HA| YkTthp <0.05, Table
1). Hete> I3tk #Fo]7h gldck(Table 1).

AEH TS PCDAI 2258 HE 458744 B339
it 34fo|glon, BT 57| ck(Table 1).

L,

2. FOXP3+THMI®22} CD4+TH|Z2| HIE

At 3504 FOXP3+TAHES ZEH T 234+
10971, &5 4.4£1.67, CD4+TH £+ 2T 60.1
+19.67, tHZT 25.0:9.970 2, A28 FollA] F-2]sH
HeltHp <0.05, Fig. 4A, B). CD4+TA| o]l T8 FOXP3+
THIES] )& BT 42.0+20.4%, EL 19.5+
84%E AFHTIA FostAl =drhp<0.05, Fig.
40C).
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Fig. 4. The frequencies of FOXP3+T, CD4+T cells, and the proportion of FOXP3+T cells to CD4+T cells and TGF- 51 expression
were more increased in the lamina propria of Crohn’s disease group (n=10) than the control (n=11), (A) FOXP3+T cells, (B) CD4+T

cells, (C) FOXP3/CD4+T cells, (D) TGF- /A1 expression.

ol tjETE wo, fosiAs E%
(p= 051, Fig. 5B). CD4+TA|Zol| i3t FOXP3+TA|E
4 Hl&-2 3T 63.1427.4%, ZT 55.0£32.1% %2

TN FoshA =3kth(p<0.05, Fig. 50).

3 :‘L‘—‘}kl
, A2 TNA dlzol sl
thp<0.05, Fig. 4D, 5D).

o
pacs

4. FOXP3+THMIZ2} CD4+THIZ2| HIE,
A1 WS T 7io| AMatM

FEFo Art 3 5Z3) Yz F wxH w= g
o] Fol| A4, FOXP3+TA|ES} CD4+TAIES] HlE 7H
Frolgh ke AEATE A ehe=0.7, 1=0.9, p<0.05,
Table 2). L £]oll FOXP3+TA|¥2] HIX ¢} TGF- A 12
e R o3k 4342 flsith(Table 2).

é [l

5. 2Y 23y, Y AL K| Eefe| Haty

AT A AR-FollA, TGF- 41 &3} albu-
min, HetZboll 28 52 4#A1=—0.6, r=—0.6, p<
0.05)°] 91131, PCDAI, CRR®} #2038k oF2] A4l o]
A% 01} r=0.7, 1=0.8, p<0.05), ESRI}+= 2] 3t 42
AL glolch(Table 3).
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Fig. 5. The frequencies of FOXP3+T, CD4+T cells, and the proportion of FOXP3+T cells to CD4+T cells and TGF- 51 expression
were more increased in the lymphoid aggregates or follicles of Crohn’s disease group (n=8) than the control (n=10), (A) FOXP3+T
cells, (B) CD4+T cells, (C) FOXP3/CD4+T cells, (D) TGF- 81 expression,

Table 2, Correlation of the Frequencies of FOXP3+T Cells
with the Frequencies of CD4+T Cells, TGF- 81 Expression
in CD Group

CD group

FOXP3+T cells versus TGF- 81 expression in LP r=—05
FOXP3+T cells versus TGF- 51 expression in LA/F r=06
FOXP3+T cells versus CD4+T cells in LP r=0.7"
FOXP3+T cells versus CD4+T cells in LA/F r=0.9"

*p<0.05. FOXP3: forkhead box protein 3, TGF- 5 1: trans-
forming growth factor- 81, CD: Crohn's disease, LP: lamina
propria, LA/F: lymphoid aggregates or lymphoid follicles,

YLp 134 AE e g2 oA R npviAl 2
7} albumin, HetZbell o8t 52 414
o] UL (r=—0 9, r=—0.8, p<0.05), PCDAI, CRP2}
G013k ko] Ak o] 919 2o1kr=0.8, r=0.9, p<0.05),
ESRI= o3k Al 3% th(Table 3).

ubel | FOXP3+TA|E, CD4+TAIE2] ¥l %9} albumin,
Hct, ESR, CRP, PCDAIZ}ol f-2]g 4342 g9l
(Table 3).

i =4

Aol A Lot ZEW ke A HutellA] CD4+
TAE, FOXP3+TAIE2] Adld vlE 2 CD4+TA|Eol|
w3k FOXP3+TAHIES] Ath#] vl =9 TGF- 519 3l
o] fostA S7tEo] At ol =H THE} #
Aol A ZA43ts]e] ke HE AAsH, 53,
TGF- 8 1< ¥ &54 %32 PCDAI, albumin, Het¥}

A% AEQ CrRreF Aol Usich

o|F gt A AolPPW oz} AelS oz
g A9}k gx)gkeh. HE, La Scaleia 5 4ot
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Table 3, Correlation of the Frequencies of FOXP3+T, CD4+T Cells, Expression of TGF- 81 with Disease Activity Parameters

in CD Group
ESR Albumin Hct PCDAI CRP

LP

FOXP3+T cells r=—05 r=0.3 r=0.2 r=—0.1 r=—05
CD4+T cells r=—02 r=04 r=03 r=02 r=—0.1
TGF- 81 expression r=04 r=—0.6" r=—0.6" r=0.7* r=0.8*
LA/F

FOXP3+T cells r=—03 r=—05 r=—0.3 r=01 r=04
CD4+T cells r=—04 r=—02 r=—01 r=0.0 r=0.2
TGF- 81 expression r=0.1 r=—09" r=—0.8" r=0.8* r=09*

*p<0,05, FOXP3: forkhead box protein 3, TGF- 8 1: transforming growth factor- 21, CD: Crohn's disease, LP: lamina propria,
LA/F: lymphoid aggregates or follicles, Hct: hematocrit, PCDAI: pediatric Crohn's disease activity index,

7] e ok fofsHl E9rha Bausksich
2 dholl A0S tige R PY Maul 5V 2297

1+ 3350l 4] FOXP3+T
zheh Sk B

A2
31993, Saruta 5V ©]9F nptAl 2 A2 A}
A7hat Az A3 Anh 450l Al FOXP3+TAH|E ]
Erb EaEeh =9, etk delrleh nladls

710l A et =Skehar Baskeich o] &
o] ] = FOXP3+TAH|ZE2] BIE 9} mRNA AA-E
At e, i detde iR, dZz2TolA
Heop §oeHA =9k, dal|7]elA &5 7| Het
okeh. #all7] Shatoll A Wz 24 TA

7L Ao 2 HE| 9] =3lo] ZrlE|o] 9J&
=]

]
offt

>

o\
et

N

S lo o
St
)

=

_O‘L

ofl Jﬂ‘,
o3
Mo 4 2 ki

)
ox st

1_
=
2
4
L
)
PO
o
U
oz 12
4
)
A
o
o
ol
 n
lo
e

AE7L A B9l HFsle] AEETS

4,5,8,9,11,24,25)

el N X0 ol o M o X mo nE B (T lo K

2o e
—

A s WA ek A9 A, A
A3} 2 GFH AT GFH PIIHLL vas
9% ul, A3 FART F ek EY 5ol
A, AT 23 TAES 57h felshA dokep
o FA BAH T BE Pl 23
THIES ZAAT 502 550] glov], 3o

Bozel 24 TAE £3o] 4iqoz 25
9‘ Sk _/’: 9)\1:]_4,5,8,9,26). 1:‘1 :-’_LL]- °§Z—/§ 2}
Z2 =
=2 T
=z
(<)
T

7ol Wz

R

A]

P

[¢)

3} 7 Hatol| Al FOXP3+TA|E

o] 37] AlEe} vhSAZ S wl, o] AlE9
ASA Aol B Al sl A BAAQ] dAlE
vehte g, Ay kel 4ol 75 ARt
;S‘]] @%gi /(éng% 6,8,9,27,28).

TGF- 819 3% FOXP3¢t vhd7iA 2 284
oflA wizel wlE]l FeskAl FrkElo] Sigler
Babyatsky 570 Hadt A9 &Y F HuollA
TGF- 4 mRNA ®W3lo] vz it F-ofatA =9tk
ZA3ke} AA)3ke}. TGE- B ¢ FOXP3+TAHIES] 71557+
A= B3, 2889 4 Aol A FOXP3+TAHIE
¢} TGF- 5 19] Wdlo] 25 S7kgk 21, TGF- 4 19]
FOXP+TAIEE 23k, ¢ 7]5& FAgte A
S SE A0 saruta B0 A9 S FalA
7 el FOXP39| Walgo| TGF-4 4 A7t2 U5
FEAE skl
H ol o)Al FOXP3+TAIE] ¥l 59} TGF-S1
o] wkglo] BF F7kstaiAlR, o] F A F 7kl F-2f 3
A o] BAE]A| ekokrh TGF-B1 A% A AA 2
e e 5 Q) w3 TGE- B 2] Aol
EA] FOXP3+TAIEES w7l & sk AL ob e,
& AE 22 q A AEe A= A4
, HH 2 FOXP3+TA|E 27} Th3 AlE
Tog FAHAY F g,

3, FOXP3+TAHIZS} CD4+THIZE 23k ok
AABA7} d9leH, Sitohy 0] Al el 3t

[e]
1
o

e
o IR = 1 - o

i

-

=
=
T

o,
o
H2 ot



266 + CHEIA0IASl 7|28t X - K 14 H M35 2011

74e] A Autol| 4] GITR, CD25% A28 FOXP3+TA
F 9} CD4+TH|Eu o] W17k ot ko] i S
ZHAI ek vhel Axt GAslt odZo] = A Aute
CD4+TAIEE F4& W] 24S 98] 2435 =0 =4
THAIEZE F3= e 23 95 st 202 A7
W, 22 A AollA % FOXP3+TH| = CD4+T
AEZRE 7|98 FHT F Jop ),

BT 2T BF PCDAI 104 ooz
257l &519l7] wiiEell Bal7]9k o] wlad
T R ARE 57 Hel| A4 = PCDAIST CRP7} &5
2 4 ool TGE-81 Walo] FoaiA| Zopxa,
albumin, Heto] $&% TGF- £1 o] -2t &=
obd& & 4= 99t} Babyatsky 5= &57] 22
2212 & A" TGF- 8 mRNA "ol n|&E 7] v
sto] frolatAl =9k, Aol &543 TGF- 49
& Zholl ot ko] AddAZE drkar Bhglch Wang
S A il skl A oA 27 A o
ZZgheted o 7 Al TGF-

10

Sol A, Hg=3

B o] whelo] sFobiehar Hatgk wl 9lth. PCDALE &
%, o 5, As b7 Bl AR F4w AR
o|&d A, AF, A% Y ESR, Het, albumin %] &

= =
Fstol 22 FEES WA Aoz s g
°ﬂ A A Hh A 2EAE vEhls dl 9ol A
Aeahn?, o]l Aol % ESRF TGE- 8179
A4 o] gigl ok, PCDAISE Aol ANT
S ou] gl Aoz A7t o2 9% AE
SollA = %ffl CRP‘:- AEA %}X—;%s] zA A,

2

L 8H38l ESR, albumin, IL-1, 6, T:Hﬂi

alpha-1-antitrypsin 5-2] ©+d HAA A Z 50| AH &5
Aol e} At o Zo0l1z2} 7 A 2] IS =Ao] o]
7} olr/],9,21,35) gty a2 %}Z]— ‘/] 7+ ;(.]u}.oﬂ ’H
FOXP3+TA|£2] ¥l %9} An
$H9E B ATEAN Gl L AT 5

AR G4 gelomz o B B8 Bz
& A7k Bt

ol Qi e] WA BT % Aoz orlelE 2
d THAIEEo] § F&sta 9, ¢ A AE7}L
theksiA EAshy] wiEell 45 7k GRS RS ¢
g £ 37olt) ATol|A] FYL

O.u.
i
offt
o,
=
L
Ho
lo 4
o g
o
1o -

&7l A FelE A AE, HAAE 22 4 A
Al AEE Sl 4 el W AlAll HZsted, a3t
7] MERE ohvel 2 THIZESL Ao| E7491S 243}
AZI?. 3 o F19] gl 7HE 2 919
A AfSE 24 TAEE L4570l £2 ool
o g 55 Wl e 58], FE 2R e =
A TAIE7} REgol A= F23 o), of 7]ollA ot
T TAIE 9 2 Ao} BRg Jazhgo] o] o

A7) el aej e R, B QFAE YIF

2189} o] upe] Aut w.g=

AT HAEE FASIE Ax T YZH7}
Agaldde Folell st i, A aqsdt &
o) o

o
)

LEAIS] B0z SoAHo] IREE

=
o}, ok 57 o} aBYNA 23 TAEL 3ol
S 719 S Agelel, vk 198 ol
he ATE oA R 41S Yo R & Ay
o}, s, Z71ol) Aol WHT Lok 1A Hhg

A3 4918 A3E W el 7)ol thg F gtk
whebdl, ¥ Q17 dob 2209 WQl FHat A Sel
1% AR ATIAE A bt ek

A >
A e s o) 298 9+ gl
G719 i), s 29 dekg vl 5 o
A

>

y o
=4 o
23 mRNA tﬂ—zi:] 24 TGE- B ,li%ﬁ% A A E

2 X: FOXP3+THZE 992 S do7|= Hodnte
i@ﬁ]— EH—I-XJO] ZA TAZ ]\:}— 5‘3‘?1', TGE. B =
)

Ato] E7IQI 0 2 4 CD4+TAH|FEolA FOXP32| 1t



=
uz

r

ol
s

2|

D20t IBYON B Y TN

THE 2 Alo|EFIOl « 267

frieste] AAlss A71A ek B dFolAe
224 3x1e] A Hafol| A CD4+TAHIE, FOXP3+
TGF-81°] W3l A=E FA5t] =
Yopr 17} stk

= Au A2 1049 312~
HEFE~154)e g H9 14T
o] Fof| 4], W =723}t
OXP3+TAH| 2] Bl %9} TGF-
Aetelar, A &a4 A Eee

o 5
1 F=28 o] Al 1504 FOXP3+T, CD4+
, FOXP3/CD4+TA|E2] 8v]-&3} TGF-£1
izl vlsl st o =%tk 2EH
T AR E=E FZ o Fol| A E FOXP3+TA]
, FOXP3/CD4+TA| 2] v]-&3} TGF- 8 19] 1t
oll Blsl F-2JshA T =9kaL, CD4+TAIE
Y =kou}, FAHCE fostAE ¢kok
ST A agS5I Iz WHR e
o] o)l 4] FOXP3+TAHIES} CD4+TAHIES] ¥l £ 7k
oJgk ofo] Aol ik 2], TGF-B1 w3
7} CRP, PCDAIZr F-2]3t ok AbAdo] il
albumin, Het#} o3t 52 A3HAde] U9l

AR
d 2 2o} 22 4 AollA 9F

—
=
b
1o
r!I.
ftor

fo

(o]
.
(Eogl ol
MoK

=
(Y

Jo [W S olo e oA 1o

o},

o2t

S

rat

=
—_

1) Baumgart DC, Carding SR. Inflammatory bowel disease:
cause and immunology. Lancet 2007;369:1627-40.

2) Kim JM. Inflammatory bowel diseases and enteric
microbiota. Korean J Gastroenterol 2010;55:4-18.

3) Kim J, Choe J. Introduction to autoimmune disease. J
Korean Med Assoc 2009;52:638-44.

4) Boden EK, Snapper SB. Regulatory T cells in inflam-
matory bowel disease. Curr Opin Gastroenterol 2008;24:
733-41.

5) Allez M, Mayer L. Regulatory T cells: peace keepers in
the gut. Inflamm Bowel Dis 2004;10:666-76.

6) Yu QT, Saruta M, Avanesyan A, Fleshner PR, Banham

7

~

8

=

9

~

10)

11)

12)

13)

14)

15)

16)

17)

18)

AH, Papadakis KA. Expression and functional charac-
terization of FOXP3+ CD4+ regulatory T cells in ulce-
rative colitis. Inflamm Bowel Dis 2007;13:191-9.
Sitohy B, Hammarstrom S, Danielsson A, Hammarstrom
ML. Basal lymphoid aggregates in ulcerative colitis
colon: a site for regulatory T cell action. Clin Exp
Immunol 2008;151:326-33.

Maul J, Loddenkemper C, Mundt P, Berg E, Giese T,
Stallmach A, et al. Peripheral and intestinal regulatory
CD4+ CD25 (high) T cells in inflammatory bowel
disease. Gastroenterology 2005;128:1868-78.

Saruta M, Yu QT, Fleshner PR, Mantel PY, Schmidt-
Weber CB, Banham AH, et al. Characterization of
FOXP3+CD4+ regulatory T cells in Crohn’s disease. Clin
Immunol 2007;125:281-90.

Bennett CL, Christie J, Ramsdell F, Brunkow ME,
Ferguson PJ, Whitesell L, et al. The immune dysregula-
tion, polyendocrinopathy, enteropathy, X-linked syndrome
(IPEX) is caused by mutations of FOXP3. Nat Genet
2001;27:20-1.

Shevach EM. Mechanisms of foxp3+ T regulatory
cell-mediated suppression. Immunity 2009;30:636-45.
Chen W, Jin W, Hardegen N, Lei KJ, Li L, Marinos N,
et al. Conversion of peripheral CD4+CD25- naive T cells
to CD4+CD25+ regulatory T cells by TGF-beta induction
of transcription factor Foxp3. J Exp Med 2003;198:
1875-86.

Fahlén L, Read S, Gorelik L, Hurst SD, Coffman RL,
Flavell RA, et al. T cells that cannot respond to TGF-beta
escape control by CD4(+)CD25(+) regulatory T cells. J
Exp Med 2005;201:737-46.

Nakamura K, Kitani A, Strober W. Cell contact-
dependent immunosuppression by CD4(+)CD25(+) regu-
latory T cells is mediated by cell surface-bound trans-
forming growth factor beta. J Exp Med 2001;194:629-44.
Marie JC, Letterio JJ, Gavin M, Rudensky AY.
TGF-betal maintains suppressor function and Foxp3
expression in CD4+CD25+ regulatory T cells. J Exp Med
2005;201:1061-7.

Shevach EM, Davidson TS, Huter EN, Dipaclo RA,
Andersson J. Role of TGF-beta in the induction of Foxp3
expression and T regulatory cell function. J Clin Immunol
2008;28:640-6.

Andersson J, Tran DQ, Pesu M, Davidson TS, Ramsey
H, O’Shea JJ, et al. CD4+ FoxP3+ regulatory T cells
confer infectious tolerance in a TGF-beta-dependent
manner. J Exp Med 2008;205:1975-81.

Levéen P, Larsson J, Ehinger M, Cilio CM, Sundler M,
Sjostrand LJ, et al. Induced disruption of the transforming



268 * cistiofisty|dusta|x] - M 14 A H 335 2011

19)

20)

21)

22

~

23)

24)

25)

26)

27)

growth factor beta type II receptor gene in mice causes
a lethal inflammatory disorder that is transplantable.
Blood 2002;100:560-8.

La Scaleia R, Morrone S, Stoppacciaro A, Scarpino S,
Antonelli M, Bianchi E, et al. Peripheral and intestinal
CD4+ T cells with a regulatory phenotype in pediatric
patients with inflammatory bowel disease. J Pediatr
Gastroenterol Nutr 2010;51:563-72.

Bedossa P, Poynard T, Mathurin P, Lemaigre G, Chaput
JC. Transforming growth factor beta 1: in situ expression
in the liver of patients with chronic hepatitis C treated
with alpha interferon. Gut 1993;34:5146-7.

Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort
PM, Kirschner BS, et al. Development and validation of
a pediatric Crohn’s disease activity index. J Pediatr
Gastroenterol Nutr 1991;12:439-47.

Ricciardelli I, Lindley KJ, Londei M, Quaratino S. Anti
tumour necrosis-alpha therapy increases the number of
FOXP3 regulatory T cells in children affected by Crohn’s
disease. Immunology 2008;125:178-83.

Sanchez-Munoz F, Dominguez-Lopez A, Yamamoto-
Furusho JK. Role of cytokines in inflammatory bowel
disease. World J Gastroenterol 2008;14:4280-8.

Uhlig HH, Coombes J, Mottet C, Izcue A, Thompson C,
Fanger A, et al. Characterization of Foxp3+CD4+CD25+
and IL-10-secreting CD4+CD25+ T cells during cure of
colitis. J Immunol 2006;177:5852-60.

Guyot-Revol V, Innes JA, Hackforth S, Hinks T, Lalvani
A. Regulatory T cells are expanded in blood and disease
sites in patients with tuberculosis. Am J Respir Crit Care
Med 2006;173:803-10.

Eastaff-Leung N, Mabarrack N, Barbour A, Cummins A,
Barry S. Foxp3+ regulatory T cells, Th17 effector cells,
and cytokine environment in inflammatory bowel disease.
J Clin Immunol 2010;30:80-9.

Makita S, Kanai T, Oshima S, Uraushihara K, Totsuka

28)

29)

30)

31)

32)

33)

34)

35)

T, Sawada T, et al. CD4+CD25 bright T cells in human
intestinal lamina propria as regulatory cells. J Immunol
2004;173:3119-30.

Holmén N, Lundgren A, Lundin S, Bergin AM, Rudin
A, Sjovall H, et al. Functional CD4+CD25high regulatory
T cells are enriched in the colonic mucosa of patients
with active ulcerative colitis and increase with disease
activity. Inflamm Bowel Dis 2006;12:447-56.
Babyatsky MW, Rossiter G, Podolsky DK. Expression of
transforming growth factors alpha and beta in colonic
mucosa in inflammatory bowel disease. Gastroenterology
1996;110:975-84.

Ikeda M, Takeshima F, Ohba K, Ohnita K, Isomoto H,
Yamakawa M, et al. Flow cytometric analysis of ex-
pression of transforming growth factor-beta and gluco-
corticoid-induced tumor necrosis factor receptor on
CDA4(+) CD25(+) T cells of patients with inflammatory
bowel disease. Dig Dis Sci 2006;51:178-84.
Monteleone G, Kumberova A, Croft NM, McKenzie C,
Steer HW, MacDonald TT. Blocking Smad7 restores
TGF-betal signaling in chronic inflammatory bowel
disease. J Clin Invest 2001;108:601-9.

Duchmann R, Zeitz M. T regulatory cell suppression of
colitis: the role of TGF-beta. Gut 2006;55:604-6.
Vorobjova T, Uibo O, Heilman K, Rigo T, Honkanen J,
Vaarala O, et al. Increased FOXP3 expression in
small-bowel mucosa of children with coeliac disease and
type I diabetes mellitus. Scand J Gastroenterol 2009;44:
422-30.

Wang YF, Wei B, Ouyang Q. Expression with TGFbetal
in the patients with ulcerative colitis. Sichuan Da Xue
Xue Bao Yi Xue Ban 2005;36:204-6.
Wiercifiska-Drapalo A, Flisiak R, Prokopowicz D. Effect
of ulcerative colitis activity on plasma concentration of
transforming growth factor betal. Cytokine 2001;14:
343-6.



