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Emerging Drugs in the Treatment of Inflammatory Bowel Disease: Beyond Anti-TNF-o

Kyeong Ok Kim and Byung Ik Jang

Department of Internal Medicine, Yeungnam University College of Medicine, Daegu, Korea

Understanding of the pathophysiology of inflammatory bowel disease (IBD) is constantly evolving and, recently, a number of
biologic agents have been developed. They selectively target specific molecule or pathways and correct the imbalance of
the gut immune system. Among them, antibody to tumor necrosis factor (anti-TNF-) is the first developed drugs, and it dramatically
improved the IBD management. However, more than one-third of the patients do not respond to the drugs due to antibody
formation. To increase treatment efficacy, enormous effort to develop novel anti-cytokines which can be an alternative to
anti-TNF-a. has been made. They are anti CD4+ T cell cytokine including interleukin (IL)-12/23 and IL-17 blockers, selective
anti-adhesion molecule known as natalizumab, vedolizumab and alicaforsen, T-cell proliferation inhibitor, anti-inflammatory cyto-
kine, immune stimulator, growth factor, and mitogen-activated protein kinase inhibitor. The efficacy and safety of each drugs
are under investigation. Some drugs reported very promising data, however, others showed disappointing and different results.
In addition, most of the trials were done in a very small number of patients, and there is no trial comparing to anti-TNF-c.
The present paper reviews the action mechanism, short or long term efficacy and safety of variable drugs other than anti-TNF-a

in IBD. (Korean J Gastroenterol 2011;58:235-244)
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|%, mitogen-activated protein kinase (MAPK) A4 &
| ct? 3 TNF AlAls A2 A4 5 7 HA 954
BB A|zo] o $5)7] AR £REE infliximab,
adalimumab, certolizumab pegol S°] o, o= F=H
o A% infliximab¥} adalimumabo], HFANG G4 =
infliximab©o] %¢1& ¥l o] 8% QJt}. Infliximabo] A&
O] A mof o] §HHA AT EL] N5 k7t AL
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1. CD4+ T cell AIEFICI

1) Anti-interleukin (IL)-12/23 blocker
CD4+ T ANZ9] ¥Yoll= T-helper (Th)1, Th2, Thl7

EXHH
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23 CD4+ ZAANE7) ot 3299 ¢ Thi
o AEZIRI, AL NG AolM= The FHEF ] A|E7}
A Qo H 22 PxfofA] IL-23R0]
o] F7hele] ks
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B3e} 3h7° 1L-23, IL-21,
A WA Tilo] HotA
H}-So] Ato] o= uhay

A
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1l =
of $83 JTL op, O IL-23% 11129} vPIA R ¢
AGANEERE] FH 51 L-12p40 S22 Ao o) oA
g ofe] FEAS HdoA A7t WA ASEeS 2Est
= A08 dHA ot F A AEAR] B A5 A
o WAof| Fasty FEANH oJshH IL-12+= F2 414
HAWS 49k}, IL-232 4% Fe| ik o
o] olrkal B arx|o] 9ity® ABT-874 (Abbott, Abbott Park,

IL, USA)?} ustekinumab (CNTO-1275, Centocor Inc.,
Malvern, PA, USA) I1-12/IL-23 p40S XA O 2 3= o
& FAlolth. ABT-874F o83 24 AHollA] 7978 9] &
B4 289 B o 73 7 A=Y AT ekl

H g RS- G= a7} 910 w(75% vs. 25%; p=0.03) FA4|
o7 FofstA]= ghgtout Wl frol® Ego] He As
H

kG eh” E3 AR 2ol B gk Hub wgmof A
-12, interferon (IFN)-o0]4+ TNF -2 Oﬂ‘;,%/‘j ALEL?HJO
AEo] Sl Ak 1T 4= U A=

=

o3

Table 1. Emerging Biologics in the Treatment of Inflammatory Bowel Diseases

Class of the drug Target Agent Disease
Inhibitors of proinflammatory cytokines Tumor necrosis factor Infliximab CD, uC
Adalimumab CD, UC
Certolizumab pegol CD
CD4+ T cell cytokine inhibitor 1L-12/23 ABT-874 CD
Ustekinumab Ccb
IL-17 AIN457 CcD
Adhesion molecule inhibitor od-integrin Natalizumab CD, UC
a4f7-integrin Vedolizumab CD, UC
MAdCAM-1 Alicaforsen uc
Inhibitors of T cell proliferation IL-2R Basiliximab uc
Daclizumab uc
CD3 Visilizumab uc
Anti-inflammatory cytokine I-10 Tenovil CD, uC
111 Oprevil CD
Interferon (IFN)-at, 3 IFN-at, CD, UC
Immunostimulator G-CSF Filgrastim CD
GM-CSF Sargramostim CD
Growth factors Growth hormone Somatropin cb
KGF Repifermin ucC
EGF rHUEGF uc
MAPK inhibitor p28 MAPK/JNK RDP-58 CD, UC
p38 MAPK BIRB-796 CD
p38 MAPK/INK CNI-1493 CcD

IL, interleukin; CD, Crohn’s disese; UC, ulcerative colitis; MAdCAM, mucosal addressin cell adhesion molecule-1; CD, cluster of differentia-
tion; G-CSF, granulocyte-colony stimulating factors; GM-CSF, granulocyte-monocyte stimulating factors; KGF, keratinocyte growth factor; EGF,
epidermal growth factor; MAPK, mitogen-activated protein kinase; JNK, Jun-N-terminal kinase.
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ofjA] FYF-Y whgo] BarE|olar HA| 797 9] 2kt 5 39
A A7 BEE Qo o] 2L oFElew 74T HYr)
Ustekinumab-& IL-128} 11-23& H% %Zﬂgg_ 3= AESH

A A& 24 f1oF 2t A5 Al A3} infliximabo]]
Aot 2ol A & TNF X 2E SFA| %‘Rh I R R
5 92t Wk Kol 3 TNF AAlof] gt A= 7|HhE
ol gtk IL-12 B 10-12/238 Xgdl= ABT-874%}
ustekinumab®] @I} A ofF] 2 77t D ash
A g oA e T okl it At ob4] EHiar
ol gitt.
2) IL-17 ANEFIQl XpEH|

IL-230] T1-17, IL-62 MARS}= CDa+ T AE2] A=
T A doXitke Ao] HEAHUA ofHdt AEE

[=1
Th17 AE2

oss
1;

rﬂ

sk QIek ™ Th17 Al 271 A= AR
7heloll = IL-179)0l| % 11-21, 11-22, 11.-26 Fo] 9o I&
1 xte] Hubo Al o]t A|E7IRIS) WA o] FrtE o] 9l
oh 7 o] #1172 TheFdt 954 AlEFelol Kxkolz)
o] WS Z7MA7|E 7]50] Qo] AA IL-17R 2" FHo]

739 trinitrobenzene sulfonic acid (TNBS) &% &4 $&

IE TABA O AN A5
o= Q}XMW g% 9 Futel A 117 57} 2715
o3t AL =y A3l Aodo] 9uFE| T ABT-

23 9 IL-177} 7ZHAE 2L grolslgic 8424

IL-
= uglo igﬂgcﬂ]/\i IL-179] fzto] tfsA]

inter-cellular adhesion molecule (ICAM)-1,
ICAM-2, vascular cell adhesion molecule 1, mucosal ad-

dressin cell adhesion molecule-1 (MAdCAM-1) o] 9]

o
W& AoR 7tE= AA ol
Natalizumab (Tysabri, Antegren; Elan, San Francis-
co, CA, USA)
Natalizumab3 04-integreno|| EH'fﬂ- IgG4 QI7rs} Aj =3t
SEE PR HE7e] G ol5S ATell /%S st
a@gel Hzxe] RA9 2 A7t 3039 FEE ol
Ao A8 PAE o AW 3 ma/kg T
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olN rSt

Y 27 & florty} Bl A PS v natalizumab A RS
el A L a—L:rLﬂ FrolsHA

3 Bz slolg]z] okgrch ®

1% 9067 e] s AEY EAE EH’\PEE 5 34
&L(Evaluation of Natalizumab in Active Crohn's dis-
ease Therapy [ENACT]-1)7} Al E=d|, 0, 4, 854 7t
7} 300 mg9¥| natalizumab< 7T} FYste] ek} H]
Wt oy vreE3H56% vs. 49%, respectlvely, p=0.05)
I3E(37% vs. 30%, respectively; p=0.12) =5 ¢oF=3}
Frofet xfo] & Koz gkttt SFA|NE AR E—@.Oﬂ/ﬂ CRP7}
7kl o] A, Wel AAAY & TNF AAlo| = E-Fskar
L5 APl A = FolohA =2 Belke % WSES HA
om Bago L I nL %8 Wy Qth® ENACT-20]
Al, ENACT-10]] ¥H3-2 HQl 32} 339 o & fA18
ol gul2 ool 7] 93] natalizumab 300 mg *| 53}
QOFLS 43 7HA R 663 7F X5 AT} 3637A X ET
oAl Qfektel Bl FSHA =2 ¥R FAIE(61% vs.
28%: p<0.001)3} T3} G-A]-&(44% vs. 26%; p=0.003) H
Ak #at ohujg} natalizumab X Bl AE HuEHA A
HZolE AMEFS Eol= A7V At Natalizumabof
gt 3HAl= ENACT-1, 20014 242} 8%%} 9% = K alx|lct.
T o2 34} 99l Efficacy of Natalizumab in Crohn's
disesease Response and Remission (ENCORE)o|A] 33
s 2RIsk=d, 5% oY &EA AEH
(CRP >2.87 mg/dL)°l|A] natalizumab 300 mg< 0, 4, 8F
A&t o3t %Ok'—*g H WS A3 X matolA 83 W

1l 127\74] ] ]oo] }..—.O}-Ouil O,q.*]- Hﬂﬁa 29
t}? 2 738 B4 A4 natalizumab (300 mg or 3-4

mg/kg)S L2 A4 Wl Ayt 9lom 53] o]
718 CRE7} AR5t B} o] 8 TNF AlAo] Anjat 34}
o4 mHolgh T AT e *
AP AAANNE QA7 ol HEA AR
& 2t 10%S SR 3 mg/kg?| natalizumabe FY
st 27 A WA 14K 10904 608 Gt
2 SIsteln, 2ol 2 ek BAT A S
W shxjol A AFPrA wAy] =
(progressive multifocal leukoencephalopathy, PML)o| &
DEHA EZEEQth7F 2006 Tysabri Outreach: Unified
Commitment to Health (TOUCH) Z 2 13 3}oj| A A|st2]
O HA] o] §HIL QIANE FR oA = SRlEHA Tk o
/38 A4 od-integrin A= 2] 942 ob4 FHE A
& ofym] PMLOY| tf3t 919 5 e W 4 Holl &
olFo g AFst= AAE 1LHd & dart St

==

ok o

a2 F
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2) Vedolizumab (MLN-0002)

Vedolizumab-2 a4f7-integrin®] et IgG1 217t} &=
2 A2, Aout Eo]& ol MAICAM-1 wjj7ff W& 2z
ul AAgc) 18570 5T olAte] FEH IRE 1:H/\1—oa
St QoF tj 2t ATtef 98 vedolizumab 0.5 mg/kg 22
2 mo/kge 19, 2094 A58 o3} flofatS 67119 b *Jrﬂ
Sto] Hjmel Ayt 14 B Medld 85 A8 dx
A|4(Crohn’'s Disease Activity Index, CDAI) 708 ©]A}9]
At glopzol vla $-88F Aol Bl FUAT vedo-
lizumab 2 mg/kgWt Y+ Bl W EFH-S wofl= TofEo]
36.9% = 9oko] 20.7% Kt So8t Aow vpgt ¥

AF ARG EAAE it A7F Al 18189 &
Tk ol A AT E SEAE R oF 24
olF WA flof txat dAtolA A2 ol vedolizu-
mab 0.5 mg/kg 2 2 mg/kgS 1Y, 2994 AW ¢t
3} Qjofrte 670 7k wEke] Hlwel A3 654 Anat
oA GoetA =& At WIE(33%, 32% vs. 14%; p
< BT WAIAAY WoE&(28%, 12% vs. 8%;
p=0.007)% 2|5} o} aFAAL o 4 9} 3¢]9

A B2lgo] Qiled], AR vtol#A 1, HE, &
HEES %‘ii —zr‘ﬂ‘?l% 50| AL}, Vedolizumabol T

SRR 11125 oo R Ugkon] of
4 AL a7 mtegrne] BT 50 A5
HI7} WolA Aow Uepieh”

3) Alicaforsen (ISIS 2302)

Alicaforsen 17| A ICAM-1S TP 5= mRNA
of Zg3le] AT WAT ICAMO] FES Akl
A8 Bh oA, W gIoF ERATA 209 T
Y5 22 WAl WET A4He AT}
YUk BpARE 1 % 2709] ot | $19F R A
7} A5t i A A0S Tl ol ol o

wRolA] 53E wolA] erskeh ¥ Teltf ol Al %
oﬁoﬂmn} o w38 ABS 4% 7F Ay Azt
41%9] AAA TS 8FH| 41%, 1254 47%9] HHoES
RAAT 58] BN ot FIuHEI 79 F aPTT
of ez gHETH® Ao w319e] B4 22 WA
oA alicaforsen XSy YoFutS YW WS off 1274 &
sl gloiA] Slekat .03 Hol7h glowial Aol
$olsbl we 2ol g ol BuEYT”

AR ] 749 32 (pouchitis)o|tt PZ&AIo
89 A<

A= B O R AT} o] FolFh 4072 %
< ok B4 d9F AT E EAE o= 01,
0.5, 2,4 mg/mL 4259 88F0 2 o] 2897 wjd 4+
ot RS 7z Joktat vl wdt A3, 2994 alicaforsen I

3. T M ZHAXQIX
IL-2¢= SA3HE T Al2ofA EH]E]o] IL-2R 849} 3
At o7 282 sho] A|E| A HolE FHXIsHA
F"]’CE” 2743k T Al3#+= IL-2R o-chain (CD25)0] F7}%
o] glom FA7|ol= WHEA] G=th E AEE B
CD4, CD3& E98h= T A2 =84 B[] 218 9]
uj7glch o]E o]&3to] CD25Y CD39| & chaing ¥Z O

) MH‘

St THEE A7 o] AL un H2 o] X Fo| o] 4E Y=
o o2& I AT Amel Aled] Hich

1) Basiliximab (Simulect®; Norvatis, Basel, Switzer-
land)
Basiliximab& CD259] 3t TE& 3}A| =2 o} FH|d ¢t
A adh SRlE dAR Fr HiotR f1oF diRd A7t
3 Folth. FF 209 AFHEH HHEF 78, 55
137)ollA| basiliximab 40 mge 13 F¢ & 854 &+
A3} 1075004 A IEAEH O 2ERom, 24577 7
oA AHRO|E FojE WRE SFA] ok
7F 2l Adeol Alleh. WA FeF 6ellA A HAE Al
Pslo] A1}# O Z basiliximabo] AH Zo|=of it 7H4A4
= /M7 R A Ro|Eeke] WA R sl & 4 Q)
1= B
2) Daclizumab (Zenapex®; Protein, NJ, USA)
Daclizumab #A] CD259] th3t 1713} IgG1 TEE A
£ 109 FEA s vHEoHA] g T % ol HYA

% o 2

3
—~
w
=)
ro,
o
o
R

M

A Ao A 4F A2 23] daclizumaba 1 mg/kg
Raa A3 oA s0%olH YA Bkel Eeigen

80% A AN GH L5A A7t 48 ol Tadsh= A
& SIS AT M AP FA9) T AT
1509 9] S5 ol4o] BEA AU B4 Gao
=2 daclizumab 1 mg/kg 0, 434 AF X5, 2 mg/kg
£ 0, 2, 4, 6574 NEF, 13 YFFo g Yiro] avs
Hlst A}, 854 foktollA= 10%2] THES Kol o
v]3] daclizumab XS 717} 2%, 7%2] H3f&0] 14-1:/}14

thp=0.73). ¥H3

==

2 5% daclizumab X272 25%, 33% %

The Korean Journal of Gastroenterology



L Hoft 44%E AN FA-8-2 7 oA fARH 2
a7b ek
3) Visilizumab (HuM291, Nuvion® PDL BioPharma
Inc., Plymouth, MN, USA)
Visilizumab-> {171} 1gG2 &2 YA = CD39 e 1
of Agste] T ME] AES F=dks AE 7HAM HA4d
oluf 15 AEHA AT 34 AT &

A Wdem 1} A5 A3kt 16 ng/kge 297
FAL A3 HE DRl BPAHoR RAEAY HfE B
Fow,® & o AP X7 3094 84%2] HHEEo] B
TH AT YAE S T 41%, WAHZQ] T 44%0] 4]
Holom 45%ofA 1dzt 3271 A& glo] & KA. F
AgoRe AEZ BHSIL(FE AR, TE, o, 2
So)% LA =

St olefat UAIH YZLT 74 uie] of

N
N
Sy
)
e
i
o4

T Y 74, Ebstein Barr Hpo]#H A 9F
¥

A5 gA o] st Wedks S0 7= Aol
mell G AETIS A gl ol83taAt dte Ats
o] A= Tt

AUZE A2 IL-10, IL-11& A=A8te] 225 3 A
Adigd e Azl o-g3 HekARE & 7hA] B it o
FolA k= QAL FaRgo] WHEE ol SEH . At

FEATNN fA4 22E B3 1L-10& BUISH: Lacto-

47 A9 W IL-10 S22k S71eE o] SRIE A Ik

AATE® olof] ARHAA 1 A7E B3 2FZel 2oE

sistel WAl AFHNGANN A7 A Foleh
IFN-0, Bi= Hfole Ao ZHeds Alazof ofsf] A um =5

HESIA Hfolel 2o S48

= A3t Fxtof thsl 3K F(antigen presenta-

man granulocyte-colony stimulating factors (thuG-CSF,
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filgrastim)©]Y} recombinant human granulocyte-mono-
cyte stimulating factors (thuGM-CSF, sargramostim)&
A2 Agme] Alkd Hk

1) Filgrastim (rhuG-CSF)

200] BEA AW WS Ao R B thuG-CSF
300 pg & e I8 At 1257 26%2] WAl Ui}
4 Pk BAEST, s6%el A A2 BAE A7} 707
ol Aot on 36%0lA= 1005 ol A= qlck ¥t
oft e} o] AN 49| 2t 5 3o E WS H Al
o FAGoRE W ST St 2ol WEE L
i 7Pg BY RAge And W ol dh®
2) Sargramostim (rhuGM-CSF)

Sargramostim (Leukine, Berlex; Bayer Healthcare
Pharmaceuticals, Montville, NJ, USA)S ZEAAIA =
Rl Aol A E5A ARHNA WAHIS HA7= A
o AHPTY 1249 9] FEE ol A=Y BAE A
O 7 24 flof ti2t A7t A==, o] dtolA &
A2 56Y7F WY sargramostim 6 pg/kg= 739 oF FUS)
I flot AR R & 579Ao] vt A3t 928 24
& A7 7034 o4 axet HlE flofutollA] ot oot
AolE HolA] GFkAINEEA% vs. 44%; p=0.28) 23t B
< SAfo A 1004 o) Aadtilal wsfoll =E3HCDAL
<160) 2= & & AT G-CSFe} nRd7pA = F=]lutkg-o]
ARl 90%olA, W FEE 37%A His} =k

ot 34 floF tixat $I5H(NOVEL 4)7} 286%8 9] 24}
oA AlBEA=H AEad Aofuts 2 19 BleR U
66U7HA] A "E 2 Ay} = 7 7F HEEEoIU TefEe] qlo]
Aol S Hol] Hefl AR ABA RS o8 Alms FHEL

g

[e}
. ZFAA|E ARl A} (keratinocyte growth factor, KGF)

epidermal growth factor, EGF) 50| X &

0
o
g
X
N
N
[«
=

% 3799 5L ool 2B WAE
23 A7t olFRE Tek FARE
mg loading dose for 1 week, maintenance dose 1.5
mg/day) 19783} 9{oft 18785 AT Ay} a/dA floft
of v FoJotA A2 DAE A7t At Ae =elst
et

KGF-29] tisfiAl= 8878 2] 5% AT EH T
Fom 3t 24 AF7F =l ekt vlasko] frofet vk
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N

40 278, Yo, EENENs0| X2 M2S NS FYO2

s

THE Holz] BPct” EGFE AGAHGGAA A%
ol 247g9] gEAtoll A EGF 5 ugo =2 1493% #

ofE HlwotdE o, 254 A& 129 F 107
W7t HAAITHE3% vs. 8%, p<0.001) FFLYS] A

oAl ofy &t s Wash Aeolct

=
=

£ rlr fot

Ol

7. MAPK 2|
MAPK+= AARIAR] NF-kBE &9} 4 TNF-aLf tHE
A4 AT 28e B ot 7= ot Al W

723t 945 wi7iE2 2l p28 MAPK, jun-N-terminal kinase

), extracellular signaling kinase =& Z3}s}1 Qi) ?
S/GAG A ol AP AF-AIEe] BAEHI 9]

RDP+= p28 MAPK®} INKE 9AIsh= AA|= 27119 H7]
T $YATI ASNARE F5S APINY B4 127
B o Agsiged A APt sagel #ag

A

fAro 2 ey RDP-58 100 mg A& H|w3k A o=2
2897 RDP AR 20%0l4] 44 Bole] meretoln

5
AT} §o3H = WHES(71%, 72% vs. 43%; p=0.016)
Bslgeh” ubd 22 94 giae s o 24 ¢lTfA
E aE BolA Ragch”

BIRB-796-% p38 MAPKo|| 0|4l A A= XL of
T 2] diR2t AtellA 28489 SR o A=W oA}
£ o= okt vjuwdt Ay s34 A wg, el 3
Aol A o] QlojM REF uIE Holx Fyct”

CNI-1493& p38 MAPKS} JNKS T olA|8to] 424}
N Z(dendritic cell)?] TAL AA e} AB2 BAZ, 121
o] 55 A=Y TAeA 1297 wfY CNI-1493 8 mg/m
T2 25 mg/m*S 1297F X &3 A3 454 67%9] HHE
¥} 26%2] W&ol HE G, 83 oll= 58%2 RHH&-E}
42%0l A sl Aefol llom 7+ =4 efo Hze RAkg
& HolA| Pt

L

[N

ot i Hfol 2

g o7} TGF-B] Aoj= F AAd A

7b 9iglen o] Agi= ofw] A7l FAS

AATE” Fuh AH, 110 2F AF ] TNBS Fi= FEolA

IL-10& FE3Hencoding)dt= AdSE A

A% o 1IE HolZ 3719 AE lglen™” A

AdA IL-100] =Y T AN=E A Ao

transfer) W o] AZA o2 FHS X Fo=
I q 2

7 ST A

o T1— = fu =2
2 Adeshes e st A4 Z3E o Soltt
9. E7IME K=

Fofl &go] d o]
A& ke 929 B4 FAfo] TAE WA U
o|% XxE 49| A=Y SAE Yo RE XERA|E -
oA Ba7} Holedl B $AF St B glo] wdf
Aelo]] Tkt 1 3 14) AF7F 1219 dukE X 5o
5ok 329 &4 128S dem AIEd=d, 29
BAE AL cyclophosphamide®} G-CSFE o|&-3}o] =2
19 2ERAEZE YT ol4] 6-1270E & i B
oF Adt 127 F 117504 T3 Adefoll |1l AR,
WAZZAR] A% go] TGl om, o] ATto] Z4E
A o 2A4%= A0 Heh 167194 © Sy e] St
A Apdo] HEQIet” o] Rug Wl uhyd FEAE

ol Ali= A7 ZERA|E o] A K= &

oAl ¥ Ae WL Yot
ZBRAE B ol ek A A BINEE ol
= ASHEE, A% Aol AAE f 2702
A A JH, ARHOE BHS BT

= 0 x-15,

& : %
7Folo] A3t 1L-109] Bu|: Z7}3to] o]d3t 7+
7| Al E(mesenchymal stem cell)o|= WAHIH A 2] =4
71%50] 98-S olstlrt” Eol AR Ae 2 A L

Lol

A de BEE7IAERT E4 A717F dohs el 9l

The Korean Journal of Gastroenterology



1 olgol FY 7Idi7h "o Bd A8 84S oY
o8 g & Ak gled, A WA 1 AR BEETE
A2 Ao A AR E7IMIES =4 FAste] A7t
Ao olx 24 AFR orzt A9 AFE AP
At 247 T AYRE E71H1 28 v He S S (fibrin glue)E
7 A 247 Foll= 17804 5 dA7E FelEtle
U dHY SR YT 267 FollAl= 4ol AT HAf =
o B3 WY a2 B 14 ArE A {e
© oA A7E Rl BEE7IAEE of4ste] 98 &
399 ZApollA A8H A= A7t 70H ol Hadte
A Tzt B = shdet

/M2 AEe =4 9588 EY S AR IE
HHAE 4 Qs 583 AR 5 shue 1 o] 7]y
ARk 7]e A9l "o obAle FH A7F Had Flolt

lo

e
Lol

|
we e 1P

=2,
n !
ok
r
>

F71sto] ol
<lof ot 7|
B A
2 QA % N
29 A7l A8 © AP

=2 d
[

<k

o

olN

o

o2

X,

i i

2 Fo oo o b ot ox R

©

N
N
of
1>

o o8 =g —

n
N
=

o

K

2
boae
i

ok
(r =

o
rE KU
>,
o,

F
N

rofl 4
T
2
o,
T
o)
40 o
b
b
10
oZ,
o
B

]
22
(T

i

bt = ol
B
i

flr

fu)

41

ro, Hd

rr = N M
T
2 ot &
Z o X
i
T W
S
)
= =
> =
N
oo
o
N =
=
[e]
o %
o,
fo
ok
R

I~

=,
2

3 77k F7ke)

AWl A

i o
rir

re o
5
> N
il
ofl
[>
h
Mo
i)
i)
)

érlm e,
N R

L2 O rr 19w R 2
ok
¢
il
il
ot
>
rir
2
=
re,
-
=
>
offy
rlo
i,
A=)
N
2
=t
i)
%2,
o

oy &
=4
W o

A7} R T, natalizumabS TEH
a7t BEOEQPAT PMLY S 3 &
| SHE-3HA] b= hRtol] Shef] arefsliE
4= Sl7leH, vedolizumab HYdHFANA 1 L3} 7]
ek 1 9 oheket ofAlEe] avfEar L X% &
O| A4t oFAZFA] A} 49t dd A= glom A7) A
Ao} Ea-gof i3t gloel7} FwekA] ¢ wjite] &t
e 95 B AV AE AA g 9 ave
aeste] AlESHA AEish= Aol 2o

4n
2
n
=
o,
T
>
b

REFERENCES

1. Sands BE. Biologic therapy for inflammatory bowel disease.
Inflamm Bowel Dis 1997;3:95-113.

2. Sandborn WJ, Targan SR. Biologic therapy of inflammatory
bowel disease. Gastroenterology 2002;122:1592-1608.

3. Danese S, Angelucci E. New and emerging biologics in the
treatment of inflammatory bowel disease: Quo vadis?

10.

11.

12.

13.

14.

15.

16.

17.

Kim KO and Jang Bl. Emerging Drugs in IBD 241

Gastroenterol Clin Biol 2009;33(Suppl 3):5217-S227.

. Baumgart DC, Sandborn WJ. Inflammatory bowel disease:

Clinical aspects and established and evolving therapies.
Lancet 2007;369:1641-1657.

. Ainsworth MA, Bendtzen K, Brynskov J. Tumor necrosis fac-

tor-alpha binding capacity and anti-infliximab antibodies
measured by fluid-phase radioimmunoassays as predictors of
clinical efficacy of infliximab in Crohn's disease. Am J
Gastroenterol 2008;103:944-948.

. Ma HL, Napierata L, Stedman N, et al. Tumor necrosis factor

alpha blockade exacerbates murine psoriasis-like disease by
enhancing Th17 function and decreasing expansion of Treg
cells. Arthritis Rheum 2010;62:430-440.

. Podolsky DK. Inflammatory bowel disease. N Engl J Med
2002;347:417-429.
. Fuss1J, Neurath M, Boirivant M, et al. Disparate CD4+ lamina

propria (LP) lymphokine secretion profiles in inflammatory
bowel disease. Crohn's disease LP cells manifest increased se-
cretion of IFN-gamma, whereas ulcerative colitis LP cells mani-
fest increased secretion of IL-5. J Immunol 1996;157:1261-
1270.

. Yamazaki K, Onouchi Y, Takazoe M, Kubo M, Nakamura Y, Hata

A. Association analysis of genetic variants in IL23R, ATG16L1
and 5p13.1 loci with Crohn's disease in Japanese patients. J
Hum Genet 2007;52:575-583.

Monteleone G, Biancone L, Marasco R, et al. Interleukin 12 is
expressed and actively released by Crohn's disease intestinal
lamina propria mononuclear cells. Gastroenterology 1997;
112:1169-1178.

Parronchi P, Romagnani P, Annunziato F, et al. Type 1 T-helper
cell predominance and interleukin-12 expression in the gut of
patients with Crohn's disease. Am J Pathol 1997;150:823-
832.

Uhlig HH, McKenzie BS, Hue S, et al. Differential activity of IL-:12
and IL-:23 in mucosal and systemic innate immune pathology.
Immunity 2006;25:309-318.

Mannon PJ, Fuss lJ, Mayer L, et al. Anti-interleukin-12 antibody
for active Crohn's disease. N Engl J Med 2004;351:2069-
2079.

Sandborn WJ, Feagan BG, Fedorak RN, et al; Ustekinumab
Crohn's Disease Study Group. A randomized trial of Ustekinu-
mab, a human interleukin-12/23 monoclonal antibody, in pa-
tients with moderate-to-severe Crohn's disease. Gastroenter-
ology 2008;135:1130-1141.

Aggarwal S, Ghilardi N, Xie MH, de Sauvage FJ, Gurney AL.
Interleukin-23 promotes a distinct CD4 T cell activation state
characterized by the production of interleukin-17. J Biol Chem
2003;278:1910-1914.

Park H, Li Z, Yang X0, et al. A distinct lineage of CD4 T cells regu-
lates tissue inflammation by producing interleukin 17. Nat
Immunol 2005;6:1133-1141.

Seiderer J, Elben |, Diegelmann J, et al. Role of the novel Th17
cytokine IL-17F in inflammatory bowel disease (IBD): upregu-
lated colonic IL-17F expression in active Crohn's disease and
analysis of the IL17F p.His161Arg polymorphism in IBD.
Inflamm Bowel Dis 2008;14:437-445.

Vol. 58 No. 5, November 2011



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dambacher J, Beigel F, Zitzmann K, et al. The role of the novel
Th17 cytokine IL-26 in intestinal inflammation. Gut 2009;58:
1207-1217.

Brand S, Beigel F, Olszak T, et al. IL-22 is increased in active
Crohn's disease and promotes proinflammatory gene ex-
pression and intestinal epithelial cell migration. Am J Physiol
Gastrointest Liver Physiol 2006;290:G827-G838.

Ouyang W, Kolls JK, Zheng Y. The biological functions of T help-
er 17 cell effector cytokines in inflammation. Immunity 2008;
28:454-467.

Zhang Z, Zheng M, Bindas J, Schwarzenberger P, Kolls JK.
Critical role of IL-17 receptor signaling in acute TNBS-induced
colitis. Inflamm Bowel Dis 2006;12:382-388.

Schmidt C, Giese T, Ludwig B, et al. Expression of inter-
leukin-12-related cytokine transcripts in inflammatory bowel
disease: elevated interleukin-23p19 and interleukin-27p28 in
Crohn's disease but not in ulcerative colitis. Inflamm Bowel Dis
2005;11:16-23.

Fujino S, Andoh A, Bamba S, et al. Increased expression of in-
terleukin 17 in inflammatory bowel disease. Gut 2003;52:65-
70.

Nakamura S, Ohtani H, Watanabe Y, et al. In situ expression of
the cell adhesion molecules in inflammatory bowel disease.
Evidence of immunologic activation of vascular endothelial
cells. Lab Invest 1993;69:77-85.

Gordon FH, Lai CW, Hamilton M, et al. A randomized place-
bo-controlled trial of a humanized monoclonal antibody to al-
pha4 integrin in active Crohn's disease. Gastroenterology
2001;121:268-274.

Ghosh S, Goldin E, Gordon FH, et al; Natalizumab Pan-Euro-
pean Study Group. Natalizumab for active Crohn's disease. N
Engl J Med 2003;348:24-32.

Targan SR, Feagan BG, Fedorak RN, et al; International Efficacy
of Natalizumab in Crohn's Disease Response and Remission
(ENCORE) Trial Group. Natalizumab for the treatment of active
Crohn's disease: results of the ENCORE Trial. Gastroenterology
2007;132:1672- 1683.

MacDonald JK, McDonald JW. Natalizumab for induction of re-
mission in Crohn's disease. Cochrane Database Syst Rev
2007;(1):CD006097.

Gordon FH, Hamilton MI, Donoghue S, et al. A pilot study of
treatment of active ulcerative colitis with natalizumab, a
humanized monoclonal antibody to alpha-4 integrin. Aliment
Pharmacol Ther 2002;16:699-705.

Feagan BG, Greenberg GR, Wild G, et al. Treatment of active
Crohn's disease with MLNOOO2, a humanized antibody to the
alphadbeta7 integrin. Clin Gastroenterol Hepatol 2008;6:
1370-1377.

Feagan BG, Greenberg GR, Wild G, et al. Treatment of ulcer-
ative colitis with a humanized antibody to the alphadbeta7
integrin. N Engl J Med 2005;352:2499-2507.

Yacyshyn BR, Bowen-Yacyshyn MB, Jewell L, et al. A place-
bo-controlled trial of ICAM-1 antisense oligonucleotide in the
treatment of Crohn's disease. Gastroenterology 1998;114:
1133-1142.

Schreiber S, Nikolaus S, Malchow H, et al; German ICAM-1

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Study Group. Absence of efficacy of subcutaneous antisense
ICAM-1 treatment of chronic active Crohn's disease.
Gastroenterology 2001;120:1339-1346.

Yacyshyn BR, Chey WY, Goff J, et al; ISIS 2302-CS9
Investigators. Double blind, placebo controlled trial of the re-
mission inducing and steroid sparing properties of an ICAM-1
antisense oligodeoxynucleotide, alicaforsen (ISIS 2302), in
active steroid dependent Crohn's disease. Gut 2002;51:
30-36.

Yacyshyn BR, Barish C, Goff J, et al. Dose ranging pharmacoki-
netic trial of high-dose alicaforsen (intercellular adhesion mol-
ecule-1 antisense oligodeoxynucleotide) (ISIS 2302) in active
Crohn's disease. Aliment Pharmacol Ther 2002;16:1761-
1770.

Yacyshyn B, Chey WY, Wedel MK, Yu RZ, Paul D, Chuang E. A
randomized, double-masked, placebo-controlled study of ali-
caforsen, an antisense inhibitor of intercellular adhesion mol-
ecule 1, for the treatment of subjects with active Crohn's
disease. Clin Gastroenterol Hepatol 2007;5:215-220.

van Deventer SJ, Tami JA, Wedel MK. A randomised, controlled,
double blind, escalating dose study of alicaforsen enema in ac-
tive ulcerative colitis. Gut 2004;53:1646-1651.

van Deventer SJ, Wedel MK, Baker BF, Xia S, Chuang E, Miner
PB Jr. A phase Il dose ranging, double-blind, placebo-controlled
study of alicaforsen enema in subjects with acute ex-
acerbation of mild to moderate left-sided ulcerative colitis.
Aliment Pharmacol Ther 2006;23:1415-1425.

Miner PB Jr, Wedel MK, Xia S, Baker BF. Safety and efficacy of
two dose formulations of alicaforsen enema compared with
mesalazine enema for treatment of mild to moderate left-sid-
ed ulcerative colitis: a randomized, double-blind, active-con-
trolled trial. Aliment Pharmacol Ther 2006;23:1403-1413.
Creed TJ, Probert CS, Norman MN, et al; BASBUC
INVESTIGATORS. Basiliximab for the treatment of steroid-re-
sistant ulcerative colitis: further experience in moderate and
severe disease. Aliment Pharmacol Ther 2006;23:1435-
1442.

Van Assche G, Dalle I, Noman M, Aerden |, et al. A pilot study
on the use of the humanized anti-interleukin-2 receptor anti-
body daclizumab in active ulcerative colitis. Am J Gastroenterol
2003;98:369-376.

Van Assche G, Sandborn WJ, Feagan BG, et al. Daclizumab, a
humanised monoclonal antibody to the interleukin 2 receptor
(CD2b), for the treatment of moderately to severely active ul-
cerative colitis: a randomised, double blind, placebo con-
trolled, dose ranging trial. Gut 2006;55:1568-1574.

Plevy SE, Salzberg BA, Requeiro M. A humanized anti-CD3
monoclonal antibody, in severe steroid-refractory ulcerative
colitis: Preliminary results of a phase 1 study. Gastroenterology
2003;126:A75.

Plevy S, Salzberg B, Van Assche G, et al. A phase | study of visili-
zumab, a humanized anti-CD3 monoclonal antibody, in severe
steroid-refractory ulcerative colitis. Gastroenterology 2007;
133:1414-1422.

Steidler L, Hans W, Schotte L, et al. Treatment of murine colitis
by Lactococcus lactis secreting interleukin-10. Science

The Korean Journal of Gastroenterology



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

2000;289:1352-1355.

Braat H, Rottiers P, Hommes DW, et al. A phase | trial with trans-
genic bacteria expressing interleukin-10 in Crohn's disease.
Clin Gastroenterol Hepatol 2006;4:754-759.

Pena-Rossi C, Schreiber S, Golubovic G, et al. Clinical trial: a
multicentre, randomized, double-blind, placebo-controlled,
dose-finding, phase Il study of subcutaneous interfer-
on-beta-la in moderately active ulcerative colitis. Aliment
Pharmacol Ther 2008;28:758-767.

Korzenik JR, Dieckgraefe BK. An open-labelled study of gran-
ulocyte colony-stimulating factor in the treatment of active
Crohn's disease. Aliment Pharmacol Ther 2005;21:391-400.
Dieckgraefe BK, Korzenik JR. Treatment of active Crohn's dis-
ease with recombinant human granulocyte-macrophage col-
ony-stimulating factor. Lancet 2002;360:1478-1480.
Korzenik JR, Dieckgraefe BK, Valentine JF, Hausman DF,
Gilbert MJ; Sargramostim in Crohn's Disease Study Group.
Sargramostim for active Crohn's disease. N Engl J Med
2005;352:2193-2201.

Feagan BG, Anderson F, Radford-Smith GL. Efficacy and safety
of sargramostim in moderate to severe Crohn’s disease:
Results of N.O.V.E.L 4, a phase Ill multicenter study. Gastroen-
terology 2007;132(Supple 2):A103.

Slonim AE, Bulone L, Damore MB, Goldberg T, Wingertzahn
MA, McKinley MJ. A preliminary study of growth hormone ther-
apy for Crohn's disease. N Engl J Med 2000;342:1633-1637.
Sandborn WJ, Sands BE, Wolf DC, et al. Repifermin (keratino-
cyte growth factor-2) for the treatment of active ulcerative col-
itis: a randomized, double-blind, placebo-controlled, dose-es-
calation trial. Aliment Pharmacol Ther 2003;17:1355-1364.
Sinha A, Nightingale J, West KP, Berlanga-Acosta J, Playford RJ.
Epidermal growth factor enemas with oral mesalamine for
mild-to-moderate left-sided ulcerative colitis or proctitis. N
Engl J Med 2003;349:350-357.

Travis S, Yap LM, Hawkey C, et al; RDP Investigators Study
Group. RDP58 is a novel and potentially effective oral therapy
for ulcerative colitis. Inflamm Bowel Dis 2005;11:713-719.
Holtmann MM. RDP-58 (SangStat Medical). IDrugs 2003;6:
1188-1194.

Schreiber S, Feagan B, D'Haens G, et al; BIRB 796 Study Group.
Oral p38 mitogen-activated protein kinase inhibition with BIRB
796 for active Crohn's disease: a randomized, double-blind,
placebo-controlled trial. Clin Gastroenterol Hepatol 2006;4:
325-334.

Hommes D, van den Blink B, Plasse T, et al. Inhibition of
stress-activated MAP kinases induces clinical improvement in
moderate to severe Crohn's disease. Gastroenterology 2002;
122:7-14.

Westbrook CA, Chmura SJ, Arenas RB, Kim SY, Otto G. Human
APC gene expression in rodent colonic epithelium in vivo using
liposomal gene delivery. Hum Mol Genet 1994;3:2005-2010.
Schmid RM, Weidenbach H, Draenert GF, et al. Liposome medi-
ated in vivo gene transfer into different tissues of the gastro-
intestinal tract. Z Gastroenterol 1994;32:665-670.

Lozier JN, Yankaskas JR, Ramsey WJ, Chen L, Berschneider H,
Morgan RA. Gut epithelial cells as targets for gene therapy of

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

Kim KO and Jang Bl. Emerging Drugs in IBD 243

hemophilia. Hum Gene Ther 1997;8:1481-1490.

Li M, Lonial H, Citarella R, Lindh D, Colina L, Kramer R. Tumor
inhibitory activity of anti-ras ribozymes delivered by retroviral
gene transfer. Cancer Gene Ther 1996;3:221-229.

Seppen J, Barry SC, Klinkspoor JH, et al. Apical gene transfer
into quiescent human and canine polarized intestinal epi-
thelial cells by lentivirus vectors. J Virol 2000;74:7642-7645.
During MJ, Xu R, Young D, Kaplitt MG, Sherwin RS, Leone P.
Peroral gene therapy of lactose intolerance using an ad-
eno-associated virus vector. Nat Med 1998;4:1131-1135.
During MJ, Symes CW, Lawlor PA, et al. An oral vaccine against
NMDAR1 with efficacy in experimental stroke and epilepsy.
Science 2000;287:1453-1460.

Wirtz S, Galle PR, Neurath MF. Efficient gene delivery to the in-
flamed colon by local administration of recombinant ad-
enoviruses with normal or modified fibre structure. Gut
1999;44:800-807.

Brittan M, Wright NA. Gastrointestinal stem cells. J Pathol
2002;197:492-509.

Ishikawa T, Iwanami K, Okuda T, et al. Intestinal function and
morphology after ex vivo irradiated small bowel transplan-
tation. Transplant Proc 2002;34:988-989.

Kitani A, Fuss IJ, Nakamura K, Schwartz OM, Usui T, Strober W.
Treatment of experimental (trinitrobenzene sulfonic acid) col-
itis by intranasal administration of transforming growth factor
(TGF)-betal plasmid: TGF-betal-mediated suppression of T
helper cell type 1 response occurs by interleukin (IL)-10 in-
duction and IL-12 receptor beta2 chain downregulation. J Exp
Med 2000;192:41-52.

Barbara G, Xing Z, Hogaboam CM, Gauldie J, Collins SM.
Interleukin 10 gene transfer prevents experimental colitis in
rats. Gut 2000;46:344-349.

Lindsay J, Van Montfrans C, Brennan F, et al. IL.-10 gene therapy
prevents TNBS-induced colitis. Gene Ther 2002;9:1715-1721.
Lindsay JO, Ciesielski CJ, Scheinin T, Hodgson HJ, Brennan FM.
The prevention and treatment of murine colitis using gene ther-
apy with adenoviral vectors encoding IL-10. J Immunol
2001;166:7625-7633.

Van Montfrans C, Rodriguez Pena MS, Pronk |, Ten Kate FJ, Te
Velde AA, Van Deventer SJ. Prevention of colitis by interleukin
10-transduced T lymphocytes in the SCID mice transfer model.
Gastroenterology 2002;123:1865-1876.

van Bekkum DW. Experimental basis of hematopoietic stem
cell transplantation for treatment of autoimmune diseases. J
Leukoc Biol 2002;72:609-620.

Drakos PE, Nagler A, Or R. Case of Crohn's disease in bone mar-
row transplantation. Am J Hematol 1993;43:157-158.

Craig RM, Traynor A, Oyama Y, Burt RK. Hematopoietic stem cell
transplantation for severe Crohn's disease. Bone Marrow
Transplant 2003;32(Suppl 1):S57-S59.

OyamaY, Craig RM, Traynor AE, et al. Autologous hematopoietic
stem cell transplantation in patients with refractory crohn's
disease. Gastroenterology 2005;128:552-563.

Gratwohl A, Passweg J, Bocelli-Tyndall C, et al; Autoimmune
Diseases Working Party of the European Group for Blood and
Marrow Transplantation (EBMT). Autologous hematopoietic

Vol. 58 No. 5, November 2011



79.

80.

stem cell transplantation for autoimmune diseases. Bone
Marrow Transplant 2005;35:869-879.

Gonzalez MA, Gonzalez-Rey E, Rico L, Buscher D, Delgado M.
Adipose-derived mesenchymal stem cells alleviate ex-
perimental colitis by inhibiting inflammatory and autoimmune
responses. Gastroenterology 2009;136:978-989.
Garcia-Olmo D, Garcia-Arranz M, Herreros D, Pascual |, Peiro
C, Rodriguez-Montes JA. A phase | clinical trial of the treatment
of Crohn's fistula by adipose mesenchymal stem cell

81.

82.

transplantation. Dis Colon Rectum 2005;48:1416-1423.
Garcia-Olmo D, Herreros D, Pascual |, et al. Expanded adi-
pose-derived stem cells for the treatment of complex perianal
fistula: A phase Il clinical trial. Dis Colon Rectum 2009;52:
79-86.

Duijvestein M, Vos AC, Roelofs H, et al. Autologous bone mar-
row-derived mesenchymal stromal cell treatment for re-
fractory luminal Crohn's disease: Results of a phase | study.
Gut 2010;59:1662-1669.

The Korean Journal of Gastroenterology



