94 Hanyang Medical Reviews Vol. 32, No. 2, 2012
http://dx.doi.org/10.7599/hmr.2012.32.2.94

A5 FAD oA A5 2] AA} v

Targeted Therapy in Inflammatory Bowel Disease;
Current Status and Future Perspectives

ByunglkJang, MD,_, PhD.

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

QUM A} A A 706-717, A 7 HB2 170
Qethstul O|nirhst Linbet A sty |21t

Tel: 053-620-3831, Fax: 053-654-8386

E-mail: joi@med yu ac kr

S021: 201214 28 29, AlAjRL 20124 3 132, AR 2 20124 58 7¢

Abstract

Novel biologic agents that selectively target specific
molecules and pathways have been developed recently
for the management of inflammatory bowel disease (IBD).
Anti-TNF-a, an antibody to TNF-a is one of the first newly
developed drugs to dramatically improve the symptoms of
patients with IBD. Therapy with anti-TNF-a demonstrates
a new paradigm for management of IBD and early
treatment with these drugs has demonstrated increased
benefit. However, more than one-third of the patients
have lost response to the drug. Also, there is the problem
of antibody formation. Therefore, enormous efforts to
develop novel drugs as an alternatives to anti-TNF-a are
underway. Anti CD4+ T cell cytokine including IL-12/23
and IL-17 blockers, selective anti-adhesion molecules
known as natalizumab, vedolizumab and alicaforsen,
T-cell proliferation inhibitors, anti-inflammatory cytokines,
immune stimulators, growth factors and mitogen acti-

vated protein kinase (MAPK) inhibitors are among
the novel therapeutic agents that are currently being
investigated for efficacy and safety in the management
of IBD. The aim of this paper is to review current knowledge
concerning the mechanism of action, the short and long
term efficacy, and the safety of these novel biologic
therapies, as well as that of anti-TNF-a, in IBD.
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AH(anti-tumor Necrosis Factor, & TNF)
g SN ETHIGAA, & A HAET}
2, Al ZEFZE vkl 1AL, TAE g3t Wl A4, %
A, F AR &, mitogen-activated protein kinase (MAPK)
AN Al 5ol ATH2l. & INF AlAl= W= AA 7 714
WA A A Ao o] &H7] ARl e FF
+ infliximab, adalimumab 1] 3L certolizumab pegol
o] lor o]F FEH A= infliximab} adalimumab
o] AL AellM = infliximabo] FQ1& WL o]-§-5 1L
A}, Infliximabo] Z&H o] X7 o o] &-EHHA IFA#
Aee) A7 537} A7 S oM A g st uf
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Ao o dolrt SA74A] 2 4 QA E3Aek. apA|et
o]2]at & TNF A A % 1/39] Satoj A= ¥hgo] gl 3}

A FAoz o3 A 7wk AE A =aL, 7ol B TINF A|A7} 229 o] X 5ol EY=Hx] 221 <] X
oM RTE 2 A7t Rl S8 Ha glek ol B EXE wed F4E AN YuARE 971 7§
TNFSHE TFE 28 7140 B4 /b 99 1 49 93, Be 8504 832 4 930tk Infliximabol
TRt Al Al S o] X Boll A= E| 3L QIEH3, 41, & TNF AA| A A5 o]-&HA 101d0] A A7 o8]
o] o] FA I e A volE S| HawwA 1 &} TNF AlAl &= H57378% 838 S5 o F At
&, ARl A4 it dsEd HE 2 ¢ AAES of W 9 FAbgo] AR W2 HQlaL o] o 7]H
A7 4 Arelel i ABol Bk BueNE T & olgaHs thdt AR SE At AR T dRe 4
TNF AJA1E o]&-3t A4 Ae A 5] dFae} A7) F3FE AL T}, A INF A|AIE Ehsho] H2 Al=HaL
e v QAT Rl E AL Sl A EA A = N2 A=A AAEL th3 2THTable 1),
& 4lskarzt gk,
1. TNF H|H|
TNFE G5 ETIRIC R FrlE| 2~ g Yoy a2
Table 1. Signal Molecules in Inflammatory Bowel Disease
Class Agent Target CD uc
Inhibitors of proinflammatory cytokines Infliximal TNF 0 ]
Adalimumab O @)
Certolizumab pegol 0
Golimumab 0 0
CD4+ T-cell cytokine inhibitors ABT-874 IL12/23 0
Ustekinumab 0
AIN457 IL-17 0
Adhesion molecule inhibiotrs Natalizumab ad-integrin 0 )
Vedolizumab a4B7-integrin 0 )
Alicaforsen MAdCAM-1 O
Inhibitors of T cell proliferation Basiliximab IL-2R 0
Daclizumab @)
Visilizumab CcD3 O
Anti-inflammatory cytokines Tenovil IL-10 @) @)
Oprevil IL-11 @)
IFN-a, B IFN-a, B @) @)
Immunostimulators Filgrastim G-CSF 0
Sargramostim GM-CSF 0
Growth factors Somatropin Growth hormone @)
Repifermin KGF @)
rHUEGF EGF O
MAP-kinase inhibitors RDP-58 p28MAPK/INK @) @)
BIRB-796 p38MAPK @)
CNI-1493 p38MAPK/INK O

TNF, Tumor necrosis factor; CD, cluster of differentiation; MAdCAM, mucosal addressin cell adhesion molecule; G-CSF, granulocyte colony stimulating
factor; 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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W, AN T T2 vhdet 54 Aetellx A5 uks
< 38 €}, o] H s oA F INF A A= 574
S 3AAZ Yot A HEF0] 8 TNF A|A| 7} FZA

o_?iﬂl

Ao A 7o A|=H AL = I FFZ+ infliximab,
adalimumab, certolizumab pegol 9] O]E} Inflixmab-&
TNFol| ek F84 A2 S8 FAZ B3 WL T &
3 gollA 1 37t 4= HMEHSJ]. ACCENT I
4+ I EZH A infliximab 2] A]
A Bt AgH o g 253}
20l 7ol . &
& e b
el e 9 SAATVLE A6, 45 £
2 AT 1kg D 5mg &2 0,2, 6570 FY3kL 8F 7
A QWS 31 ¥ azathioprined} o] |5 3}
FEH infliximab &-592 2 A5} 95 P_‘jr 2457 x‘j
A 2 2 20| = AS e BAFESo] B Erhe
o] SONIC (Study of Biologic and Immunomodulator Najve
Patients in Crohn’s Disease) 7oA E EH 3L o] I+
© 229 A5 NEE v | T 83 A7 HAH
(91,
20X FloFA Aol 4] ACT (Active Ulcerative Colitis
Trials) ATZ %3 infliximab®] 37} £Ho] H+=1],
e g IReE AEE 33S ul flokol Hlal
Bl fres, AUAfEo %%9— 54—’?7%}1 /\Eﬂeo]cg
TFo] Fof sl FHaE
T 2E| 2ol =0 ¥h-3-5k2
A et g 9] inflixmab FF2 370 A 7 AAlzo] $lof
T2 67% B} F-oJ5HA S
AF N Z e A8= a3 7| et
Adalimumab-& &4 ¢17+3} &2 kA & infliximab¥}
+ 2 Yot FYLS ot 27 A 0 2 AR E s "
Adalimumabol| A t)324 Q] A AF25 CLASSIC T, 11,
CHARM, GAIN 5] QJt}. CLASSIC I F-E¥ o] #3llF =
oA HALHS 2= AT R 454 CDAIZ} 150 W|Fo =
HolA= Bl g S 14 F7E R WS vl & vt
S &7 B oM 160/80 mg O.2 AFEEFAS w] 40/20
mg AR&T ol 41 €] 18% Bt} frof et =2 360 E &<l &
Q1 81a1[12], CLASSIC 1T -0l 4= adalimumab A 2]
o] &3} 9l ¢ItH13]. Adalimumabo] infliximab
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T 5% &4 % infliximab i]» ‘ﬂH 18 Ay 58
A= A S 2 adalimumab % 160/80 mg 02 X534
SJokrel] vl 474 T HELO] 21%= S5 =
tH14], kAR T &o] infliximab o] Aol A}-&3} 4] 9
Sk SAboll Hla) 4] X3k A2 B = dEe 2
A7F 57 AA7F obd & TNF A Aol o3l #1338 743
s A A = 9l

Certolizumab pegol (Cimzia; Celltech/UCB, Slough,
UK)+= TNFol| th&h 21743} @22 4|9 Fab FiE o8
715 571417171 $1380 polyethylene glycol w2Fol] ¢
A Sl TS diE 53 S 28 2
o2 olFxE=dl, A WA d7-¢l PRECISE-1 &7+
N BEE oe] FEEREY B 66298 o
certolizumab 400 mgS 0, 2, 45 {FA S 2 F31-& wf 674
CDAI 7+ A&7} 1003 o]l vkg-Eo] 6574 37%= 9
TR} 93 5k, 267 AN SAekE Vo) &

HHES RIS IEkaL Hatsk§lanl15], 6687 o] $AHE

740 2 gk PRECISE-2 Aol 4] 2654 certolizumab S
B =] rz 2 66.6062] ﬂx}ﬂ ) ‘ITX] e
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Z7}A] o] 3% 4 & TNF AlA| o] 275 24 0 & vl
&t AT o] FolAA] ggtoH ofntE FFoE 1S 7}
S0 ARAT &3 QlojAl= 2 AFol7t §lg Ao
A8
wid 10% A E<] $k217} 3} TNF A A, infliximabol] T &
S 2 F2 AL R AR E TH Hed v
iel% gape] 749 Fo] 87 S 1 AS 2
ALl A ThA] WHE-S FolA| HANE o
HSP_JE_ s o] HA| gF=rhH 3 TNF A A7} o}
AAZe] hAE efsfor & loltt, F TNF AA
Abgh F2E-S 7HAA H=d] WA A 2L 7
o] LAI7F & & gl o gz Fof AABAEA
o] B3z} QAT F 29| I 9] 3HH infliximabe]
A7k 2H50] S o] B oFA| X 5 Skt ]3| o
A=A F3heh= B s oH17,
AW B85 FHZolle vy dWe] 279 3 TNF
AAE Aztste] AW o] FaE Wk Slo] ¥ &34
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olghs FAIR 3T Az ol vlal 271 F TNF A A}
o AAAE o83 EAellA 11, 218 A A Fgol vl =
Skthe= 237t B EQleH18). sFARE BE Shatel|A] o]

7] 449 ot glor] BYF ATARE 14 &

Aes & Addste] S AL A AE e ARTHES
Aeghd g7t A

2.CD4+ T cell A|EF IR X H|H|

T-helper (Th) 1, Th2, Th17 ZL8]al CD4+
CD4+ T A Z e EHH O = % A ik,

A1) B Thl ZHY o] A=TH, AF Aol
N Th2 B <) AEbelo] el glovkio) A2 2
£ Pl 1L23Re0 f 3 214 25o) Z7hlo] 9)
o= B 19} sHA)(20] 1L-23, IL-21, IL-17 & Th17 A3 52
ofgho] va] A A ¥HA4lo] BopA|aL gloH21l,

ABT-874 (Abbott, Abbott Park, IL)2} CNTO-1275 uste-
kinumab (Centocor, Malvern, PA)& IL-12/1L-23 p40< &
x% oz —g}h gZ2 8};21] 0]1:1r ABT-874= o]%z‘ﬂ- gﬂ- erll

oA 791 o] =X F=H IAE Ao 757 X723
A} flofr ol Hlsl wheR =g )l310 1 (75% versus

25%; P=0.03) SAH R frafstAl= et ot el
o E&o] B AL HuakrH22l. Ustekinumab-2 IL-
129} IL-238 BF B4 0 2 ahe AAETA A A= 274 9
otz A7 A& 23 infliximabel] Asigh &2}l
A INF A58 3 Qskel Fhuct B4 o $58
8- 10) FINF Ao gk thAlA 2 7] oh & Bk gk
[23]. TL-12 3-& [L-12/23& 2}h8= ABT-876% ustekinu-
mabs= o}2] A G At oA 9] QT Hard Zlo]
ik,

[L-230] IL-17, IL-6& A AF8}= CD4A+TAH| X 9] 43512
3l AEHe-S doFivhE Ao o AWA] o]t Al
= Th17 A £2 ¥ata QJoHz4], Th 17 A ZE7F BAksl=
A EFFel ol IL-179] ol & 1L-21, IL-22, [L-26 50| 1o
281 gake] Fota ol i3k ARl e] walo] $7h)
of Sleh2s, 261, o] F IL-172 Thkat AFAAEA ol

B zko) zlo] WFES =74 7]&;{] AN e IdZ=A==
ol B % bl 117 537} 27
™ o] @3l A% =] A3 A o] SutE= AL

ZHAA 7}

oA -1
o

> ;g

o r
ri&‘

gelstaltt2z, 27). olHd A5 E wtEo s A2 A
1L-17] E3pel] thal A 2 A7 Folet.

3. ME™ Exto|x} o4m|H|

) dze] AT fA A HAelA ) Z7
HANE7} ASH R Bo| w5 3t @A7F 838ttt
2o A} of| = E-selectin, ICAM-1, ICAM-2, VCAM-1, mu-
cosal addressin MadCAM-1 5-¢] 2JtH28].

Raela) oAl Saaks Mo Tl Qi RaelA)
oF A E 5810 28-S Aerahs Ao ¥4
A olelg AZo] o[5S 7 oM Y 9% 7

A2 % 9l ALz Tl s Aol

Natalizumab (Tysabri, Antegren, Elan San Francisco,
CA)E a4 integrin®] ﬂ]ﬁ 1gG4 Q17+3} A= HE&E
Az WdTof Fuf o] FS Aetshe 7152 gt 90599
g5 A2 s TJVOLQE o5+ 3% 1+ (Evaluation
of Natalizumab in Active Crohn’s disease Therapy-1,
ENACT-1)7} AR HA=H 0, 4, 854 242} 300 mg®] na-
talizumab-& A3} FYsF] Yokt v g=d) vk
S-E(56% vs, 49%, respectively; P=0,05)3} #3l&-(37% and
30%, respectively; P=0.12)°] 1o] ek §-2]8k 2}o]
5 HolA| Fotth, shAIuk ALS A o4 CRP7} S57HH
of i7uk, W AAAY & TNF Al Al o = Baha 2
T Al M= 3}71] A& YL ES E
Ak, FEEHAME o L T%E B E ‘ﬂr 291,
ENACT-2 o|4] ENACT- 101]/\1 912-S H ol 34} 339
HdoZ FA W] a5 dotr 7] 93l 45 {}Z".P—E
S657k Ama AT 367A Az gokrel vs) &
OJ3HA| T2 W A& H61% versus 28%; P<0.001) 2
3] 548 (44% vs. 26%; P=0.003)S 2 ¢S Mt ofr]g}
natalizumab X| Exr-o| A= Wlla}A| 2H 2ol = AR
=0l ZH7F ATH29L.

& o2 324 94912l ENCORE (Efficacy of Natalizumab in
Crohn’s disesease Response and Remission) ol 4] 3-8f|-f-=
B35 et el A gl 8574 uhg gl 125 B
& A& sk 4A1 R8-S B30, 22 2
gk 14 of| Al = natalizumab (300 mg or 3-4 mg/kg)S =
24 SAellA dellr e A} 9lom 53] o] 2 CRP7}

1y
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ek SARt o] 3 TNF A A of] Aofgh ghafol| ] &3}
ZolgtaL A AlskaL ITH31,
NG DM A7 HAed 2548 AL
108S A2 2 3 mg/kg? natalizumabg
2577 AW AEIE 714 A 100014 602 Zha
AL, 2rg ol A= ¢ Al 7F B E A
(32]. 3FAIY} natalizumab X F5 3+ DE $hajol|A] ZIPrh
HEAS W12 1] 2= (progressive multifocal leukoencephalopathy,
PML)o] BalEHA EZEESItk7} 20065 TOUCH (Tysabri
Outreach: Unified Commitment to Health) =2 13 &}o]
A A 0 &2 thA] o] §H AL QIA FH el X = 51 = A
stk
Vedolizumab (MLN-0002)2 a4 f7-integrinol| o] gk
IgG1 QIZFs} HEE A& Aol|vt 50]2 2] MAACAM-1
W7 W R oA, 185 8] FEE o)4ke] 2
EREAE Do @ 9ok ) Aol sl 85
329 ZA 5 A4 (Crohn’s Disease Activity Index, CDAI)
707 o] 3e] e flokw ol HIE -8 AFol & HolA|
R} 3ATH331.
] “*EHXLOWW 181“‘9] TR ol &F /‘é%‘rﬂ%

M;(ss% 32% vs. 14% ; P<0.03) U]
(28% 12% vs. 8%; P=0.;007) 525 &=
B2 0 2= 7|t Al En}ol

54 B0 T Fol sl

r:i’ il
m EF

Alicaforsen (ISIS 2302)& ¢17Fol|A] ICAM-1S I3}
mRNAT-%o] 2+g-3te] A7A 0 2 FHAH ICAMS] B
E A= AE-S 3 oFAIQl], FH 2ol 3319 9] &
=4 A 24 3ka}o)| A alicaforsen AT 9ok 0 2 H|
WA 1277 A&l Lol oLt o gk Afol 7}
SlowA A 5T frofsiA =& FoukeEo] Bl
HATH3S). AFAAN A F ] -5 374 A (pouchitis) o]
U Aol Q= SAfeA] #HF o2 A7) o] FHE
], 1909 2] A2 o) 40 2120 mg (65'), 240 mg (627)
alicaforsen #7704 g WAL (63%) S 6577 A1
sho] vt A v et ot B} 93 395 Ho
A] 23} SATH301.

<

4. T M= gdqm|lx}

433 T Al E &= IL-2R a-chain (CD25)0] Z7}15 o 9]
o FA7]ell= BFHA =t o] & o]&ske] CD25u
CD39] g-chaing ¥4 o 238l= THFE A7} o] A&+
A wh-g-2] A 5ol o] & HA=T o] 22 HZ AFIHH
AA| Foll A=l Bkt

Basiliximab (Simulect®; Protein Design Lab, Norvatis,
Basel, Switzerland)-& CD259] th3l +EF-E38HA| 2 2 20
ol AL LG d A5 13 A5 5854 B 2
T 107 0lA g Bl mE RO 2457 70l
M 2HRo|= TS Haw obA] ehgkon, 1372l 65%
7F el el ol QIAaL wE7IRE SRt s el X A EAIE Al
P&le] Ax}A 0 2 basiliximabo] 2H 2 o| = tst 7+
B S7MI7IBR 2H 2ol =9 WA A= s & 5
A& A SR AlRbsFATH3T..

Daclizumab (Zenapex®; HuM291, PDL BioPharma Inc.
Nevada, USA) &A] CD259] T3t 217+3} 1gG1 ©HE& &
AR 10789 kR 7ol ¥h-g35hA] %‘“ Tox ol A
oA A Skt A 45F HA S 2 23] daclizumab$ 1
mg/kg B3 A7 874 ¢ ”4 a7} 50%lM =
&t o™ 80%oll M AL G A &5 AF7t 47 o]
& AHashe AL gelaklrhzsl. aFAIRE H2 1 mg/kge]
daclizumab<- 0, 4574, == 2 mg/kg= 0, 2, 4, 6574 AT
2, 9ok o2 o] B7hE Waa iR F2te] AT
A3} 85 Ballg, whg-E o] foFwoll Hlsf oA (p=
0.73) FrAFE F-2H-8-0] Hi17} H ATH39).

Visilizumab (Nubion®, HuM291)-2 ¢17}3} IgG2 THE-&
FA 2 CD39| g argfoll Agsto] T A 29 AEE FrEs)
© 24E 7 A Aol @ A2 oA Al=E
o 584 AN T A4S o g 13 d7E AE
A=l 15 ug/kgs 297 FUT Ao BE St ¢
A A A el 2 933 nAgo 2 AET
HUBEECEE. 212,09 28, 24U DA T
= 5! Ebstein-Barr BM 2= g 571 5ol BEHAA
cHol, oI21 1 B s 2 o] ) A
Pl ol B A 240 919
o] gli= el sl A 0.2 A8 SES 8k 9l
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5. A EZI0| X} (stimulation of the innate immune system)

YA H S Z38H= A A 9] recombinant human granu-
locytecolony stimulating factors (thuG-CFS, filgrastim)©]
Y recombinant human granulocyte-monocyte stimulating
factors (thuGM-CFS, sargramostim) S ZL2H o] X g o] A|
w8 Bk,

2079 &5 28H SAE e g mfd thuG-CSF
300 ugS 7335t FUs Ao} 12574 25%2] FAFoA A
A #af7h B =E31aL, 55uell] 22 EA4% 25770
A o) skl om 35%ellAE 1007 o) 7 H Qi
ek obyet Fwol A 479 A T 3ol M = whS
S B PG o gE Fed THT ST 2N
dEHA oM 7P E9F FAg o2 g W o]l
TH41,

Sargramostim (GM-CSF) (Leukine, Berlex; Bayer Heal-
thcare Pharmaceuticals, Montville, NJ)-& Z8 4741z} 2
1248 ¢] S5 o) AW SAE o8 27 9ok i
Z2 A7 AR A=, e B SEAbelA] 1004
o]} HaatglaL #af ol =23 (CDAI (150) A& & = 3
ATH42].

ut

¢

il

a)

4
2; KGF-2) o] A 82 A==},

A mEEe] A 3789 Tk ol A A
E o2 Al F1be] A7 A A7) LA flekel v
3 FrofstAl Z8H 2= AF7t HAg A EelEka
tH43]

KGEF-2¢]| thafjA]= 88 2] &5 AN G A A=

% ok} vl arate] fojet

7. Mitogen-activated protein kinases (MAPK 21 x| &|)

MAPKE ZARRIARS] NF- ¢ BE &-938}3) 4] TNF-at} T}

E dSA A3 AY EAS A S 75 3 Al
F 223k 95 w7 &2l p38MAPK, JNK, ERK 5 X
shalar QItHl, AF A A oA thaket AR AT A
=

FlleHerypy ol 3 2] 2714271 Q=) o] A
& 283 FAAA ] (gene transfer) o] A o] & 4= 9l
AU 271X A FAA 2y 2 A &
7h 71 = A obdle B vlolg = HEHE ATE T
Qs AT GHAA 3 A AT e =
HE A= A7 JATH4T)

A FE ol & Aol IL-105 ZESsh=
(encoding) Ad5 & FY 39S o & A5l EHE B

= AT%E AR e H[48], 1L-100] =4 T-M 22

s

2
o
2 AAS A5k Ao A FATHA. shAvE A 9k
o

- T A
IL-109] AAFYE A 54 22W FAelM = F
= AAAE ol Holx) R7] wjiol gH 0 2 11-10
L A E HY 2 TAEE ZAF 07 Addis v
S dskel AA kg A Folth

4

FTNF AlAle 95478248 A5 o] &8 2 A
B AR a2 F2E9] Aol 22 3 AYA

Aol 1 537t A HAAL oS AT AAEs
2 z27) = Aok i AAAE o] &7
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Sol ok Eob) 94
@ A for 37 Gl 481 e ol

037 Wo ) YR 7S BE 4]
7 A7AE AA 2 Bav} ek, Bt ope) wE A
7} BB AAE o g3 ARE Baw s 2L ol

o g P EIE wefstel B )] %E S
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