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Apoptosis and upregulation of TNF-a and TRAIL receptor 1 (DR4)
in the pathogenesis of food protein-induced enterocolitis syndrome

Jin-Bok Hwang, MD., Sang Pyo Kim, M.D.’, Yu Na Kang, MD."
Seong-Ryong Lee, M.D.T, Seong-Il Suh, MD." and Taeg Kyu Kwon, PhD."

Departments of Pediatrics and Patho/ogy*, and Institute for Medical Science’
Keimyung University School of Medicine, Daegu, Korea

Purpose : Expression levels of tumor necrosis factor (TNF)-a. expression on the mucosa of the small intestine is increased
in patients with villous atrophy in food protein-induced enterocolitis syndrome (FPIES). TNF-a has been reported to induce
apoptotic cell death in the epithelial cells. We studied the TNF family and TNF-receptor family apoptosis on the duodenal
mucosa to investigate their roles in the pathogenesis of FPIES.

Methods : Fifteen infants diagnosed as having FPIES using standard oral challenge test and 5 controls were included.
Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) staining was performed to identify the
apoptotic cell death bodies. Immunohistochemical staining of TNF-a, Fas ligand (FasL) for TNF family and TNF-related
apoptosis-including ligand (TRAIL) receptor 1 (DR4), TRAIL receptor 2 (DR5), and Fas for TNF-receptor family were perfor-
med to determine the apoptotic mechanisms.

Results : TUNEL" was significantly more highly expressed in the duodenal mucosa of FPIES patients than in controls (P=
0.043). TNF-a (P=0.0001) and DR4 (P=0.003) were significantly more highly expressed in FPIES patients than in controls.
Expression levels of FaslL, Fas, and DR5 were low in both groups and were not significantly different between the 2 groups.
Condusion : These results suggest that FPIES pathogenesis is induced by apoptosis, and that TNF-a expression and DR4
pathway may have an important role in apoptosis. (Korean J Pediatr 2010;53:525-531)

Key Words : Food protein-induced enterocolitis syndrome, Etiology, Apoptosis, Tumor necrosis factor-alpha, TNF-related
apoptosis-including ligand receptor 1
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cosa) 2.2 A F=Ee] Fd-5o] YZ (antigen—specific
lymphocyte) & @43} A7) Zow deyxt”, 49 4 o
A 27] FAelA] BP o weigte] gk TNF—a2] &2l
Hlgl iy TNF-af 77 #2599, Chung 57
FPIES 2] o)A A Axd 24 oA] g1 A5S Hole
4% TNF-a7} S7F=o] 91o™, transforming growth factor
(TGF) —Bx= ¥do] w2 o= Al 18 TGF-B 7849 w2
W wAET . Baskal gtk & FPIESS] Wer|xlow
TGF—B&F TNF—af] ¥l F st F4sk3itt.

Augustin 5'7& 943 AF gH=r] AE il -f
14 AW E(cow’s milk sensitive enteropathy) 24 A
oA A A olA Aud] HEZF-L] M AP A apoptosis)
2 B33k vk glow, Ciccocioppo E'VE celiac HellA A3
MEL A AE AFANE 53 o]+ Fas—Fas ligand (Fasl)
AR2E Folo] o] Folxvk Budh vl gk &3k TNF—a:
ol Azl A AE AEAS fEshs AR gHA ot

AREE ZFFE AT 8 APE Fte] I9¥ FPIES
2] AolAd ek A A oA AlE AEE] {59k TNF
family o} TNF—==8 familyollq] ¥ 2pde] v A2 E 4t
wetaAk w2 ATE Atk
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B gl i Al F 2442kl AlEgiTh A
GIF-N230 (Olympus, Tokyo, Japan)& o]g3to] oA
©]2) 2174 (conscious sedation) 1] Al&YaFATt. WA 3ol A
HFEI A ST SHE Ao #gellA 3x2ke] RS AAske] nt
S el A § A 253 (muscularis mucosa) &
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5. Terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling (TUNEL) &AM

2 A s gRlsh] fleke] 24 3E dN TE
(Roche Molecular Biochemicals, Mannheim, Germany) & ©|
fate] Tefd 507 Bty 2o TUNEL A4S Al3st
St 24 AEE xylene AlFoE gutdl & Ald 43 &S
o]g3] <4343 AX Il phosphate—buffered salineZ A%
33tk A# 37CellA proteinase K &4(20 ug/mL in 10 mM
Tris/HCD & 15%3F Agste] 22 due Az 7] o
MAS AAS F TR AFsGlth 0.3% IEETATR
UlR14d peroxidase &4E A|AS T3 50 ul of terminal de-
oxynucleotidyl transferase ¥Hg--& 324 Aol A3t A
A 37CellA 6043+ HHAIFLE Horseradish peroxidase®
AEAZ -84 A5 Mgt ¥ 2, 3'—diaminobenzidine
tetrahydrochloride (50 mmol/L Tris—HCI buffer®] 0.5 mg/
mL §%, pH 7.4) & #g]3te] genomic DNAS] BHE T4 st
T} TUNEL 4 A32e] 8e- gk Z2Als Uehdin] 3akan
7oz #E3Th

A AlESE 570 aEfEAlofelA] Eel®l TUNEL" 2l

A 58 Fstel s,
5. TNF family2t TNF-=&H| family &M

Az Apd e ARE ERlsh] flste] sk 59 24E o]
fskgith gt ESoA WzAgst HApt 7bsd TNF
familyQl TNF—a, FasL$} 5 483 (death receptor, DR) ¢!
Fas, TNF-related apoptosis—inducing ligand (TRAIL) re-
ceptor—1 (DR4) % TRAIL receptor—2 (DR5)%] ®Walg &
&tk

b EFolA 4 ume 24 dHS v & A2(20-25
T)ellA xyleneel 5&%F 3/ F-gtsto] gajetal A7l & ogte:

3} FRFZ AN AGFHRAL olF AR 4K 95T
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nlg] o917l epitope retrieval solution (0.01 mol/L citrate
buffer, pH 6.0)°l FA7]aL, vlo]AZ o] H oA 1087+ JE
SAIZ F Aol ThA] 20421 WA ZATE EHL 15 mmol/L
sodium azide (NaNs) & $H3-3t 3% ZPibalrAiz 4 E pero-
xidase blocking reagent® 537+ 23k WA peroxidase
o] &5 AAEIT olF Ak FAl= TNF-a (1:200, Abcam,
Cambridge, USA), FasL (1:300, Santa Cruz, Santa Cruz,
USA), Fas (1:300, Santa Cruz, Santa Cruz, USA), TRAIL—
receptor 1, 2 (1:300, Abcam, Cambridge, USA) & AR-3}%3
o AE AAM7](NexES IHC, Ventana Medical Systems,
Inc., Arizona, USA)Z 33Tt o]x} A%+ iView DAB
Detection kit (Ventana Medical Systems, Inc., Arizona,
USA) & AFE3I 1 Hematoxylin II (Ventana Medical Sys-
tems, Inc., Arizona, USA) 2} Bluing Reagent (Ventana Medi-
cal Systems, Inc., Arizona, USA) & t)z G2 & 231313}
HAZZ gt MO] o] 2T o7 PEFHS AMESkAL, 24
2T A Al 54 i AlokE Agate] fls) Tdd
el 2l stk

Ao #HE2 AMH (extent) = 4008 viE Alofell A A
A Z 9} A uta3% (lamina propria) 2] @3 AEA 34 wt
+= YeRlE 295 0, 25% H|WEe] AT A 9} AT 1H32

) A|sEeA] AR = 7

5 2+, 50% o)l *—‘,‘EIL 395 3+%, U= (in-
2
Al

tensity) = @0l A k2 35 0, koAl G A5 1+,
AF7} A fAHAY AT SRR ANE Fe-E 24,
AA7E A dAE A5 3+02 Bl AAle}

“11:"?'] 70
3tel 0.5% ©9IZ 0-33o% HFshe &

= #Y Hgs T
FPIEST ¥} tjzvtel tiste] FoF2 o= vl

S A

gtz WA gshate] Ao tfdt vlal
Mann—Whitney U testE ©] &332, P zko] 0.05 u]q_

E ottt weiglnt. Al s wa i) =
Falsln.

2 I

1. MZ KZ 92 BHES 9I8H TUNEL HM

TUNEL" 944 AN¥4+= FPIESe| 7.8+1.9 (5—11)/HPF
2 &7 1.4+1.1 (0-3)/HPFel |3l 9w QA =4 +&
HATHP =0.043). A txFole S8A & AxE G4 o
‘ol RO Folut F9ke] 7AFeA TEF o, FPIEST
oM Hu T Sl XS A AEo|A & FeFoR o
22 TUNEL 94 o4 Axrt #2¥9a Fetafselrls
A EE Ak (Fig. 1).

2. TNF family2} TNF-£=%| familye| 23

FPIESy el TNF—ai= ou] A A4 ddsplon(P=
0.0001) (Fig. 2), tizaolEs 5 €9 *M g upg} oF
sl WG o FPIESTelAE 9 dAel Huifse
A ZAE sHA BTt (Fig. 3). FPIESTel4 DR4E
oJu] A=A FAsF o (P=0.003) (Fig. 4), FPIESTel
A T dAe A fEe] g T gzl niste] 7
sHA dstlct (Fig. 5)

FasL, Fas, DR5:= F i T4 wglo] wjeksielon], 9
1] o zfolE HoAE Aot

.

N,

& A9 d3Rl TUNELS F7Fs <71% FPIESS] ¥
Aoz AE AEAL #ofds FYslglar, TNF-af 2 &
7+e} ] TNF—family 2] M3 4=2-A1Q] TRAIL receptor 1 &
DR47} Z7Fetths AbaS glskgicth. 18t TUNELS & A
I AZERE ohe} BE M) APEARE wkFs] 7] wiiEel,
G5 FEFE A M30E ol gatel'? 4 g3 AL 579 A

w1 x| opu Atu] Al ¥u] 23 (intraepithelial lymphocyte)

Fig. 1. TUNEL staining of duodenal mucosa of (A) controls (X
200) and (B, C) patients with food protein—induced enterocolitis
syndrome (x400). Black and white arrows are TUNEL" cells.
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Soll 93 AEARIA] lFEs At Destelel dakE)
o, TNF-ai= 3575 @A3sta & 49 Ate]9] A4 o5
(tight junction) T35 WA A TS S7HA7IE A
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W o] S Akl gt Al ApEANE ERIEH] By AR F
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Fig. 2. Tumor necrosis factor (TNF)-a staining score of the
duodenal mucosa of controls and patients with food protein—
induced enterocolitis syndrome (FPIES).

JT-Ael AEE A celiacHS §59 o] FAHE 2
k] F7P7} 49lolm!® | o) Fas—FasL AR S F3lo] o]
ocka waE v QLY. AkEely FEoE FAE 2
7h A} Ak A S]] ) A2 APEAPL o] Fo] itk
¥4 At Augustin ' S8 #UA AEE AselA
29 AZU FZ e o Al xpdAE HE] vjdez st
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Fig. 4. DR4 staining score of the duodenal mucosa of controls
and patients with food protein-induced enterocolitis syndrome

(FPIES).

Fig. 3. Tumor necrosis factor—a staining of the duodenal mucosa of (A) controls and (B)
patients with food protein—induced enterocolitis syndrome (X 200).
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Fig. 5. DR4 staining of the duodenal mucosa of (A) controls and (B) patients with food
protein—induced enterocolitis syndrome (x200).

TNF-a8] ¥ S7b} % 9153} pelgokn g v ek
®ApeAE veka AR zAeld WelzAsets Pt
7153k " TUNELY TNF family?l TNF—a ¥ FasL, S5
A2 ¢elzl Fas, DR4 % DR59] @& #lste] TNF—as}
DR49) W& F7+8 Elstgith. TUNELS #helske] FPIESe]
A A APEAE S e Z)-olehe AMdE glsto] TNF—
a®l B S7PF AEAEALY] HRE A ¢ s glst
a1, 53] AR S A3ke] skl celiac A Fas—FasL
25 FohA ¢l DR4 425 o8 F dvke AME A
2 EIgk A=A 997t ATk
TNF familyoll&= TNF—a, lymphotoxin (TNF—[), FasL,
CD40 ligand, OX—40 ligand, Receptor activator of NF—«B
ligand (RANK-L), TRAIL “5°] 3tk TNF familye]l thgt Al
X S84+ type I transmembrane protein®Z TNF-RI,
TNF—RII, lymphotoxin—[3 receptor, Fas, CD40, OX—40,
RANK o] Sith. TNF family ] ©wdo] zkape] =8¢} 2
et vheksh AlEnkgo] ejEEd ot A ds 4
& fska, TNF-RI, Fas, TRAIL 849 44+ x4
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TRAILS TNF—at} FasL$} 454 (homology) & 7HA]+&= &
Mol B2 TNF—ay FasL ¥ ] a5 Ao g
el Fodt e 3 How PUErk). TRAIL ligandol
gt TRAIL 48 57F7F &4 l&dl, TRAIL receptor
(TRAILR) 1 (DR4), TRAILR 2 (DR5)+&= AE #APES S8}
), TRAILR 3 (decoy receptor, DcR 1) 2} TRAILR 4 (DcR
2)= 72 8 (decoy receptor) BA] QF-ZHE A|E A
i AT E Ao g APshs THled A&o] o] DR4,
DR5¢]l &3+ TRAIL wiZ)9] AFE 2 HE] AEE RT3} Osteo-
protegrine 3} A3 (osteoclast) 2] tabel] Tojdl= 4284
2 oA gioH'?. TRAIL#} TRAIL 58419 &8s 59 AL
oM #Agsh= oz & Ay o, it TRAILO| F9ko)
obd MEAAE AR 2RSS F¥ete Ao WeA 1 vk
2 TRAILS TAEU 2+ A E (natural killer cell) S-ol4]
T FEahA wdehs AR deA o

TRAIL¥} TRAIL &4 932 73k Algolu AW A
oA wol & UA ot dH=r] Agkelx] TRAILY
TRAIL F8A19] 9gte] #ato] H AFE 1 k. ofEdA
| HAE 7H Aol SAMEE DR4, DeR1, DeR29) #Had S
=, 719 A4 @3l Fg A= F TRAIL, DeR2
el S 53k DR4, DRSE #ZAash=dl, o]gidt TRAILZ
TRAIL F&A19 45 #go] 3akt AES FXste] H2 9
W] 7| dellA Fedk dgks sl 34 A3l Churg—
Strauss F¥ 7oA = DcR2 #Halo] Frixlo] We|rjdes
By kY. AukalEel] TAHE7F skl 954 AlelEgt
g WES A E FYESa 95 AFA T A v
HE oA % TRAILS Sdto] W uE e, FujiEe] 2w
Al TRAILS A s glom, DeR2& AstE lckar 3kl

SHE e FoFo] obd Aol A TRAILZ TRAIL 4

o
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Aol g A= =8, Begue 52V 454 4 Aol
TRAIL®] &g o} ®kth 84 % & 49l TRAILO|
A sl ol 1 W A g el Autufg HaEge|
A= TRAIL #do] &3] Ittt IFN—vse} TNF—a& &
“ﬂoﬂﬂ TRAILY @384 F53891em, TNF—ai= DR5Y 3
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T8y DR47F 2 Aol v)ate] 7] Wk ds das)
St B AgellA] Bl TUNELe 9§k A2 Apde] g1z 3
7l TNF—a2] &%, 7123 DR ,1 = H%Ml% old A %@Ol

AEE A O T FEdhes I-FF gy EH'??}O%% E
A k¥, TRAIL-E TNF—aut FasL Ad, A9 gt A =84
¢} Agrslo], death—inducing signaling complex (DISC)E 7
frato] caspase cascade® GAZIAIA M APHE] fEsHA
Ht}. DR4, DR5= F+ =HQIS 24 Fas associated death
domain (FADD) ¢} caspase—8% 7{r3°] 24 caspase cas-
cadeZ BHFAA HFHow A APES fdabd Bl
Celiac HolA Fas—FasL7} #o] Aty B uapgl o' 2 o
ol 2JbH FPIESOlM = Fas—FasL7F A4k thzTell n]she]
EA DEEA fkot TR AAE ETh

Y Batef] 95k TRAILS AE 715 Ao FHE A
2pgshe weol /A EA e o] deA 3 Y. Strater
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AZ ZAE FEA7F @k TNF-aZF DRE] #d-& fEste] Al
Z AP fEshs Aow FAsT ukY. B ATl S}
H TNF—a7} DR42] Z7}ef @oislad=A], o]gdA A4 % DR4
7t AE ApE L] dis FE8tE ARE o] FHUEA 5 B
73 oi:rL7]. i Ozﬂ— 7—] o= _‘I_J(?_}Q‘_E].

FYol oh WA TRAIL #8A9] Wde] A s 48
o] R ¥, Ichikawa 577 FvhxA4 ¥ DR5
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o) wrdo] %7 #AEcky Wwalith AT DRAS 8
ol7k w3 olZo] o fk aolo] A & 9& Holehs ¥
nRe BRIE Qup?,

FPIES+ Aol &2 o]/ ¢Jopr]e] HAL 7E & A% <5
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L7 H W

1w
WAL Agow gelA b g A de=s) A8 F
3

H]-IgE w71 & o7 wsh= FPIES] o3} X 55 $5to
24 54 B AE AdAte FAH R T F7HA 4

T Hes Row g

0]
©

°%% Hol= FPIES #A9] &% Aotel=
o] Z7Feth. TNF—at 49 Al Al FEAE

2 49 Utk ARES FPIES ¥ #Ag 9
545 dot B AolAd A xA oA TNF family <}
TNF=&4 family9] AZZ 2APEAME A8

Y HEEsE AT A9 Soke] FPIESE ek 15
#9] gzte} 539 xS tIdoR ATtk Al AEAE
E13}7] ¢35t terminal deoxynucleotidyl transferase—me-
diated dUTP nick end—labeling (TUNEL) 325 Al3)a}3itt
M3E 2P O] 714 & ol B7] Y&l TNF family®] TNF—a, Fas
ligand (FasL)®} TNF—&4| family® TNF-related apop-
tosis—including ligand (TRAIL) receptor 1 (DR4), TRAIL
receptor 2 (DR5), Fas® Wz g)sto =z JAsqit),

Z 3}: TUNEL" A2 tjzto] vlate] FPIES #Akrte] 4
oA Autell Al o] QA A FAETH(P=0.043). TNF-
a (P=0.0001) ¢} DR4 (P=0.003) % tzae] wv]ste] FPIES
Tl A °1U1 QA A LSttt FasL, Fas, DR5S] &S
T BollA] wekom, T kel 9w] QlE AlolE HolAE

oLL
EYS

2 B FPIESS) Wel el A% AnAe] slstel s,
TNF-a2] #dst DRA Z27} AE Al F28 ol8g
sk o FgHEn

J
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