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Targeting Interleukin-17 and Th17 in Immune Inflammatory

Diseases

Mi Ra Cho

Rheumatism Research Center, The Catholic University of Korea College of Medicine, Seoul, Korea

Th17 cells (Th17) are a distinct lineage of CD4* T cells that secrete high amounts of IL-17
under orphan nuclear receptor retinoic acid receptor-related orphan receptor yt (RORyt)
which is a lineage-specific transcription factor. TGF-f3 and inflammatory cytokines, such as
IL-6, IL-21, IL-16, and IL-23, play central roles in the generation of Th17 cells. Th17 cells and
their effector molecules, such as IL-17A, IL-17F, IL-21, IL-22, and CCL20, contribute to the
progression and pathogenesis of several autoimmune and inflammatory diseases, such as
rheumatoid arthritis, psoriasis, multiple sclerosis, inflammatory bowel disease and sys-
temic lupus erythematosus. Studies of Th17 development and the effects of IL-17 signal-
ing in autoimmune responses suggest a high potential for targeting this pathway in im-
mune pathologies. In this review, we discuss Th17 biology in relation to autoinflammatory
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disorders and the various therapeutic strategies under investigation which target the IL-

17-Th17 cell pathway in chronic inflammatory autoimmune disorders.
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1. 117 AN
IL-17A= 719 CD4" TA|2Eof| A ErdE] = A
o o]gfgh Al 2= 7|20 W2 Aol A AF tg
2 FEEo] 2 [FNy'CD4" A7 TAEZH= ThE 4 ]i%‘ol =
cH1). opA sk =529l experimental autoimmune
encephalitis (EAE)2} 22 A7 PH S F-Emdlof A IL-127} of
W IL-230] A} ol skl of2i3t IL-239] ofsf AYA| W IL-
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17'CD4" &3] THE oFge] aP| gt o2 SE 3]
TH2]. 2005d9]= Th1} Th2A 2] o] 8% = HARIAL
(Th1: T-bet, signal transducer and activator of transcription 4
(STAT4)$} STATI; Th2: STAT6£} c-Maf)o]| H] 2] 2]0| 11 STAT3
@} retinoic acid receptor-related orphan receptor yt (RORyt)®]] 2]
A Th174| 27} ST = ATH3].

1) Th17MIZ2 2| 235t
(1) OFRA Thi7MIZ 25t
TGF-BO}IL-69} & B4 AE71012 B3+ 415 519] 5415
o] 21-§-2 5} 014 % (naive) TALE U orphan 814 84| RORyto]
FEE| AL o] 2 QIGHIL-17A L} IL-17F2] AJAto] Bl QI th(Fig. 1).
TGE-B= IL-6 T 11217} 317 1743 T 1 RORyt2HL-17
£ FEARITE IL-212 Thi7A| 3o 4] S22 AARE|m] ThA] Zp7EA)
LS Aok Thi7A|ES] 2315 SHAI7 = A28 LA o
§- $83H Thi7A 32 T A E7RI0|t}H4,5]. IL-69] o] A&
], IL-21-2 Th17, A4 S| A 3 (natural killer cell) 2} A} 14F5]] TA|
3L (natural killer T cell)o]| 4] AJAFE] L 0] Th17 A ELE =
AZ)13L FAN =] F-85E A8 of= 2o & ARt

Mouse
IL-6R/IL-21R
TGF-B+IL-6/IL-21 +IL-23
APC i B Ryt
aive  TGF-R3+IL6 ROR&
CD4+T  TGF-B+IL-6+IL-1B+TNFax IRF4 1L21
STAT3 -
TGF-BR /(b; IL-1R TGF-B3
k4
v‘k/
%
GutTh17
RORy t
T-bet
Human
Umbilical cord blood
or CD161°RORC’ IL23R

Naive  ToFp+IL23HL-1p RORC  ILbHILGIL23

CO4T  rgrpeisiLa STATS

Fig. 1. Differentiation of Th17 cells in mouse and human. TGF-3 and
IL-6/21, or TGF-B3 and IL-6 required to induce the development of
Th17 cells in mice. TNF and IL-1 are found to enhance TGF-mediated
and IL-6-mediated differentiation of Th17 cells. Th17 cell differentia-
tion was proposed to comprise three different stages (differentiation,
amplification and stabilization). TGF-B, IL-21, IL-1, IL-6, and IL-23 are
sufficient to induce the differentiation of human Th17 cells from na-
iveT cells. IL-1 and IL-6 are important for enhancing the expansion of
differentiated and memory Th17 cells. IL, interleukin; Th17, IL-17-pro-
ducing T helper; TGF-B, transforming growth factor beta; TNFo, tu-
mour necrosis factor alpha; ROR, retinoic-acid-receptor-related or-
phan receptor; RORyt, ROR gamma t; RORa,, ROR alpha; IRF4, inter-
feron regulatory factor 4; STAT3, signal transducers and activators of
transcription 3; APC, antigen presenting cell.
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IL-232 Th17A|Z B4 w5+ HE4 54 AE7Rlolt
TGE-BL} IL-6 Fi= [L-21- B 3}8H= Thi74| 324 ol 1L-23 4284
(IL-23R)E F-EAZIT} IL-23-2 Th17A4| 320 o3 T H5-9] F-2
2 {AE flaf Q=] 1L-23p190] A $73-2 Thi7A| 3] 4=
AaAZITHe6,7]. E3E IL-23-2 IL-62} 3174 FEsto] Thi7A|E
3k A& 18] SPAS =R1H5,7). TL-23-2 HEAE ]
IL-1B, TNF-qa, IL-69} 2+ G54 A E71018 G310 24 Thi7
AIEEE Z|ieh 535412 4= Qlek whabA ThiZA|E 3= 30A| 2
TAJE ) A HA = TGE-BL}IL-6/1L-212] W3t d tof| oJ8t Thl7
Az o] E3tolot T A= Th174) 32 Aol A A4k IL-210]) £
3l TGF-B2} T Th17M| LS 52 A7 |™ vpA|a} A A= IL-23
o] oIt Thi7A| 32 9] 52} Qg3 Aot

2oz Thi7A| 2 Z/do]l TGE-37} 5851 o= IL-62} oF
7| IL-23 &]=4 0 2 T-bet+Q] ThI7HZEE JHE 4= Qlcial H 115
ek o3t Al A= 7]29] TGE-B10] IL-62F IL-233} §H7] -5}
+ Thi7A| 2 Eot A7FHS 5 HRIRhe-& o< ok Al 4=
U= AL FHPEATHS).

ZLefuf 2| Thi7A)| 2 3kt I E 8 A E 7111 TGF-B2]
ool thsf ofZo] A|71=|aL Itk TGF-p A7t Ad d 4= gl
ap--20] 431 (gut) Wi Th174| 327} 245k A0 R B =gl
th. IL-6, IL-237} IL-1B2] 23+ TGE-B 4137} ¢lo] Thi74| L=
FEA 4= lom ofefgh A2 uhe-A B | o] Zsks
= A 4 QAL H s o] TGE-p7t §l 2 shollAo] ¥
2l ThI7A|E E3HE SHESIATHOL. TGE-p Gl S0l A Ak
Th174] 3= T-bet+RORyt+ HEHHLS 7HA|H 0] 52 RORyt+ HH
B= 28 Thi7A| o] H]sto] HHQl o] S71E]o] Ql=A o &
gFa] 2| 2 Qo] vl Zu]Ft} CD4* TA| 324} of] TGE-B receptor 11
£ YE5HA| 9= CD4-DNTGFBRII Up-9-A5 o] 831 A o] 4]
Th174]329] §=/doll TGF-p Al52] FAlj= Thi7A|2E Fo]iL
EAE ol A3} 2| s1¢ithe). ol2fet A& 53 Wyx
A = g HS/ENE obuel Wk FH U Foxp3+ 24 TA|29)
AYAkol| 83t QIAEE A TGE-B 7)ol theh A= af At o
o] A7|HHA Thi7A)| 322} W24 TA S| A4 1] s A
ot o) o gt A7 2 Folck.

[e]

1o w

(2) 212t Th17M|%Z 235}

QI7ke] Thi7 B8 up9-2:0) Thi7 £5}0} T2 TGF-p AlE
o] o] Zo]|7] rfal =ol%|Qick IL-1B2} IL-6/IL-23 Ta= IL-23
H=ofl Ofsf v E TA|E= Thi7A| = E31E 4= QlrkaL A|Qhe
ek o]t AHS-2 A 22l TGE-po] YHo] A|AEA] ko 7
Aol AL o2t ZAIE ATt AFES Sl 20t 1|
51| TGF-B= Q17+9] v E THI:Z 27E Y] Thi7A| L £3H5
Q1 vl a3t QIRfe] FHEICHI0,11](Fig. 1). 917+9] Th17
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A| 3= At E (umbilical cord blood)1} &4 Y] CD161"RORC* A
ZH|329] A2 Aazoledol| A TL-232 IL-1B2] Ap=/dofl Al 4|0
TGF-p7} gitiete Thi7A|27F X1 QIch 2o o] 23t 2+,
5 TGE-B $li= 222070l A Urehth= ThizA| 2= AlaA| -3k =
Th174|320]7] KBtz ofu] &34 Thi74| 322 FARHg-o] ekt
= 202 ofgerh

H| & RORCE] W&} 7]-5-2 TGF-p2] 32 -sollA] A=t
11743 TAJEE W RORCO| =5 918l TGF-B E4]7} h=2lolck
TIRUFIL21, IL-1B, IL-6, IL-233} R854 A E7F01E-2- CD4*
TAJZE Y] RORC A SPA7| L TL-17 &S SHAXITHIO0).
712 0. % n7d Y T+ IL-1IRTHIL-23RS W EHSHA| gfoLt o]
2]3h 84152 TGF-BL} IL-6/IL-212] =2 Fof| fEE]o] IL-1B
SHIL230] 2o thh uhg-2 S 15HEH10], TGE-BRHIL219] 2
2 Q17F] Th17 £3H5 F- 281l IL-1BL}H IL-6+= -2} Th17A]
0] 4|7 84 2410 203402 BRIcHIO)

2) TN7MIE 25t A 222X}

TGF-BI-TGF-BRII 24| & £} TGF-p Al 5= Smad2 4 2=
2/J3A]7] 3L o= Foxp32t RORyt HadS =gtk w7 TA)
Z U} Smad2/35 F3t TGF-p AlZ = IL-62} IL-219]] O3] =5
+= suppressor of cytokine signaling 3 (SOCS3) &l A A7) 1L
STAT3 B2 SHAIA A4 0 2 FAARILE BT TGE-BE 5
gt Smad 4159 F31A| Smad-H]9JE2] Th1741E ole 7
S}tk TGF-B+= c-Jun N-terminal kinase (JNK)-c-Jun& &3 Al
4 Thi17A4) 22 E3519] 244421 28221 eomesodermin®] A&
&0l Th17 812} RORyt T &-& fr=gh = JTH12].

TGE-B2} IL-69]| 2J3)] -G =% STAT3 242 Thi7A|E 23} U
of} 4| RORyt B2 §Hch TGF-pS} IL-6/1L-210] I3 5]
L [L-23RS E3}IL-23 Al STAT39] 84S 20j|A]7]3L ROR
yt2t @A Th17A|2 243 752 521 AR 2oy 22
TGF-30] &J3)] 3k = Th174] 3ol A STAT39|| Tk Sghs 5
YAl = GFATHSI. E3H IL-6 Al8= 9F5h= Thi7A| 24 ol Al
IL-1RE] &S F7HAITE,

ool Thiy E5to} f3k 5] s Hheis 20 Ao
== interferon regulatory factor 4 (IRF4), BATF (AP-1 transcrip-
tion factor family), IkB{ (nuclear IxB family), Runxl, aryl hydro-
carbon receptor (AhR) 5-0] Z4=%]o|TH13].

3) Th17MIZ 2| 7tAN

Thl, Th2, HY 2 TH 9} v walH Thi7A|E= A AD 7}
aAdo] wo] Yehhs 20 & dx|a ik uh$-29) 17kl A]
IL-17/IFNy, RORyt/T-bet, T+= Foxp3/IL-17/RORyt 53 FA] 2t
HAsh= Thi7A| 2= A AT S0l A S7HE] o] ATH9,14,15].
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Thi74| 227 0] S3HAQ] FAFS thofRt A5/ AlE7Ijle] &
Aste g de 2golA AAETHI6). Thi7A| 29| oFgs} 8.4
QN IL-237} YA BHgstoll A ThiZA| 325 IENy2} T2 E5 Al
E7Iole o EEskes HPA|= 2e WESHICHI6). IFNy
+ Th17A| 22 of| IL-12RP2E F7HA7] 4L 05 F-3F IL-12 ¥h8-/d
= F/JAA RORytY} T-bet A UEsh= Th17/ThINZE &
FAAZITH17]. $73 (gastrointestinal tract) W] G52H70)| 4] Thi7
Mite HY2d 7S de 284 #8FS 95T+ %e
© 2 HuEQICH18]. of2fRt Thi7H| £ 9] 7ka/de EAH
A 8 AN =71 AT AL W v SH(methylation)of] ©13F
|2oE e of oA Holol e Qle o= B A E ITH19).

=2

Of

2.IL172 PR} S

Th178| Z A S-A5IA] AAFE]= TL-17 family D(IL-17A~IL-
17F)2- TL-17A9} TL-17F0]ch [L-17F% TL-17A9} 509%9] AJHAME
*J(sequence homology)-S 7}A| 1L IL-17F 50| €| (homodi-
mer)= £ [L-17A9} 817 S Ech [L-17F% E3} [L-17A-1L-
17F o|Zo]&k4|(heterodimer) 2 4] IL-17A2} M4 WHalx]7| = o
o} H| S IL-17F SA4= IL-17A 2ot 4355 =g 4= e 240]
A oL} TNEeF 37 Qs o] 9% 2/ THeshA 55} Zlo|
e Hck o2 IL-17 family Gofl 3t A= o 3] wlr|gt A
goIut FTIL-17C7F ThI7A| 22 25 IL17AY A& = 4
ATkl ZAREITH20]. 3 THE Y Tb= Th= A IL-17E (IL-25)
= U 27 RS -8kl The 74 2.9 EA4JE =5 Thi7A]

20| oJaf 2AEE A5 Y ) Thi7H|EEQ] 7152 dAIA7

==

ool

.

re

olN
l:olr

W 7P Ao 2= g2l

3. Th17MIZ 2| MSH[A|
1) IL17RS] = 2 A5

HAA7FA] IL-179]] gt 4=-8A4= IL-17RARE L] Qlck AA|
2 IL-17RA%} 3M IL-17RC= IL-17A9} IL-17F0] BHSa}= A|E
oA o]59] =gAo]m ofdtol F71AQ1 =EA| 52 IL-17RAS}
AF=3F 9 A2} AL 4= IL-17RB, IL-17RC, IL-17RDS} IL-
17RES|C}H(Fig, 2A). IL-17RCO]| 27}3)14] IL-17RA%= IL-17RDS}
IS P4 4 9l J7 IL-17RDE IL-179] 3HAISE =%
Agk 4= 9)rt ATE7HL-17RA= IL-17RB B34 & B8 4= 9l
a5 7HA] 9] 84| = IL 17E0]] &J5h A2 W A5 e $ls) 2
Q3 22 IL-17C AlS= TL-17RAQ}F IL-17RER LAJE =84
EIAE Boll Al Y Alsdgo] dojuf= Ao = deFlT22].
T8 E R [L-17RAE IL-17 family 2j7FE S-S 98t 3E0] 4284
2 HoJR|H IL-17RAE #4] 3}= A2 B} o] Y 992 &
3 9 Yo7 4= 9)rh(Fig. 2B).

IL-17RA+= SEF/IL-17R (SEFIR) ¥ %¥(domain) .2 &8+ BH&E
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IL-17E
IL-178 17 (IL-25) IL-17D

IL-17RB  IL-17RA IL-17RE  IL-17RA IL-17RB ? Q

IL-17A-IL-17F
IL-17A IL-17F
IL-17RA  IL-17RC
ACT1
@ ACTI SCFB-Trcp
< 0
E %
USP25
ERK TRAF3
C/EBPS IL—17targetgene__ )
Target gene stabilization
NF-«B
C/EBPB, &

(B

Fig. 2. IL-17 receptors and IL-17 signaling. (A) IL-17RA forms a com-
plex with IL-17RB or IL-17RE to create the receptor for IL-17E (IL-25)
and IL-17C, respectively.IL-17B and IL-17D bind to the monomeric re-
ceptors IL-17RB, while the receptor(s) for IL-17D has not yet been
identified. (B) The IL 17R complex is composed of IL-17RA and IL-17RC.
IL-17A or IL-17F homodimer or heterodimer can bind to IL-17R (the
heterodimer of IL-17RA and IL-17RC). Binding of IL-17 to its receptor
recruits adaptor protein ACT1. ACT1 is required for recruitment of
TRAF6, which are essential upstream activators of NF-«kB pathway. IL-
17RA/ACT1/TRAF6 complex lead to the activation of NF-kB, and C/
EBP. Also, ACT1-independent ERK activation contributes to IL-17R
signaling. IL-17RA signaling can be negatively regulated by TRAF3,
USP25 or SCFB-TrCP. IL, interleukin; SCFB-TrCP, SKP1-Cullin1-F-box
beta- transducin repeat containing protein; TRAF, TNF-receptor-asso-
ciated factor; ACT1, actin related gene 1; ERK, extracellular signal-
regulated kinase; C/EBP, CCAAT/enhancer binding protein; NF-kB,
nuclear factor kappa B; USP25, ubiquitin-specific protease 25.

%l W] Z(motif) 5 53l $127(adaptor) THHH] ACT1} A9}gH
c}. IL-17A8} IL-17RAQ] Ag-2> ACT13} TNF receptor-associated
factor 6 (TRAF6)S £3}| NF-kBS A3} A|71TH23]. IL-17A 2 A}
= ATA L EE A-5-oF| 2ZE chemokine CXC motif ligand 1
(CXCL1), CXCL22} CXCL8ZE 3#3}5}= CXCR29] gj7t=E Mt
o2} granulocyte colony-stimulating factor (G-CSF)2} 22 4
&AL mRNAS} thil 2] Hhdo] F71Ec) E3H IL-17:2 o]
S A oS ook FAAHES] mRNAS| PSS S7HAAI
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ch. NF-xB 7 20]] 3714 S & [L-17A+ mitogen-activated protein
kinases (MAPK), CCA AT/enhancer binding proteins (C/EBP)B2}
C/EBPSE &3} 3t 4= QlrH24].

IL-17RA A1 &= SKP1-Cullinl-F-box (SCF)-type E3 ubiquitin li-
gase A0 QJ8)] 2 AT = ACT1E E3l|A7]AH25], IL-17RA-
TRAF6°] oJaf| 24 == NF-kB 4135 Ao & 4= 9li= TRAF3
[26]2} TRAF62] 3-H]7]E1SHubiquitination) & Zo}550 IL-179]]
O8] ALE+= 519 A18.2] E4-S = ubiquitin-specific prote-
ase 25 (USP25)0f| Jaf| oA| 2dd 4= QlrH27]. whehi] ACT1%
IL-17A Abo]9] ZRhE 95 4= Qb IL-17RAS] 519] 4155 ¢
o siAY 24T 4 & Ao & 7|diEr E3F IL-17RAQ} IL-
17RCO] A2z ¥t P59 &2] 1 S}(oligomerization) F-of I
Aste Al dd IS Apeeke 24 =84 415 A 4

ek

4, TH7MZ 2 AT BXHE2| 71

Th178|E= IL-17A, IL-17F, IL-213}+ IL-22 2+ o]e] A E7FOIS
& AARI] T8 Thl7 E0] A|E7FQ1-E oL A9} chemokine CC
motif ligand 20 (CCL20), granulocyte-macrophage colony-stimu-
lating factor (GM-CSF), IL-8, IL-26, IL-23, TNF-q, IL-6, IL-97}
IL-10-3 AJAFSHLL

1) ThH17MIZ 2] EHM|Z

IL-17RAE A3, YA, oAl ot S d M2 s =
FoHE A0 A9 BE AE ol A IL 17RCY 29
S A 2L} A frobA| 2ol A B HE AT 244 22 (myeloid cell)o]]
Ao BHA & wek o2t At-E 7IHke = oA i, AulA|E,
WA EE S IL17A9} IL-17FS] 30 EAAEE 42t ik
(Fig. 3). IL17A%} IL-17F= H|2:3E 7]5-S 2h 944 122
AAE ] Qlok 52 o 2 F-37 9)7]9] 24 slofAf v
HEIL FF shte] Al W SA] AL IL-17ASHL17F= 35
7o 2Q), B/} o) 5ol F-ajF AlETRI0IH AdfrobA s, WAl
2, 7| = H A E (airway smooth muscle cells), AT A 32 2} -2
H| HAA| 325 345}¢] IL-6, TNF-q, IL-1B, GM-CSF, G-CSF,
prostaglandin E2 (PGE2), nitric oxide, matrix metalloproteinases
(MMPs)2} chemokines (CXCL1, CXCL8, CCL2, CCL72} CCL20)
© 0= A|7ITH3]. IL-17= G-CSF®} GM-CSF] HHl 2712 £
T E L X (granulopoiesis) S TFAA7|H FR5-4)(germi-
nal center) /¥ A7 FIA A ikE £26h= AP EHEE I,

IL-10 familyoﬂ &5} [L-22+= STAT39] AL E35) Th17A|E
oA AJAFEITHFig. 3). IL-22RS =53 [L-22R1 A&} IL-10R2
2 AR AT A 3£ L) A1 % 2] (parenchymal tissues) L-H-of|A]
0| Frasial HAA| 2o M= Wo| WHsHA| =t o] 484
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Th17 cell
IL-17A/F IL-22 IL-21 CCL20
IL-17RA-IL-17RC IL-22R1-IL-10R2 IL-21R-yc CCR6
ACT1 STAT3 \APK JAKI—JAKS
TRAPG STAT3
N MAPK
EpC  Keratinocytes Naive
cD8 B cell T T CCle
Th17 M@

Mg | Antimicrobial agents :Hﬁ
B cell EC EC Epidermal hyperplasia

Chemoattractive activity
Recruitment to inflamed tissues

Proliferation
FB Differentiation
Cytotoxic program

GC formaion
Abs production

Recruitment to site of inflammation
Activation and migration
Acute phase response

Cytokines,
Chemokines,
Growth factors
MMPs

NO

Th17 differentiation IL-8
Th17 amplication

Blimp-1, Bcl-6 induction
B cell differentiation
Ig class switching

Fig. 3. Key functions of Th17 cytokines. Th17 cells produce several effector molecules, such as IL-17A, IL-17F, IL-21, IL-22, and CCL20. IL-17A and
IL-17F play a role in the recruitment, activation, and migration of neutrophils and can target nonimmune cells, such as fibroblasts, endothelial
cells, and epithelial cells, to induce pro-inflammatory mediators. IL-22 induces antimicrobial agents in keratinocytes and promotes epidermal
hyperplasia. IL-21 stimulates proliferation/differentiation of CD8 T cells, and differentiate/antibody class switching of B cells. Also IL-21 induces
differentiation and cytotoxic program of NK and NKT cells, and IL-8 production from DCs and macrophages. CCL20 regulate recruitment of Th17
cells to inflamed tissues. IL, interleukin; TH17, IL-17-producing T helper; ACT1, actin related gene 1; TRAF, TNF-receptor-associated factor; STAT3,
signal transducers and activators of transcription 3; NF-kB, nuclear factor kappa B; MAPK, mitogen-activated protein kinase; EpC, epithelial cell;
EC, endothelial cell; FB, fibroblast; M@, macrophage; NK, natural killer; DC, dendritic cell; CCL, CC chemokine ligand; CCR6, CC chemokine recep-
tor 6; JAK, janus kinase; MMPs, matrix metalloproteinases; NO, nitric oxide; GC, germinal center; Bcl-6, B-cell CLL/lymphoma 6; IgG, immuno-

globulin G.

O] 53|15 F3ll [L-22¢= STAT39} MAPK 4135 EA4JSHAYIC
IL-22&= ZPAGPAA . ] o] EA] (antimicrobial agents)2} B-
defensins & FEEA|7]1L AJT|9] A AdS X%t 1B =2
11221 AP Wiol 7)o el A= 7Hlo]ck
IL-212 IL-2 family®] Ao 2 BA| 3L, TA| 28T} ofy gt
A Ao 22 HEEh= IL21RS 3 EA4 S T“’,—ET'TPE}(Fig
3). IL-21 =84 IL-21R¥} common cytokine-receptor y chain
(y0)2] heterodimer= F4J%|0] Qlt}. IL-213F ATt IL-21R-5%}
A|+=1L-21RS E3)| JAKIS, yeE F9 3| JAK3 S &AJSIA|A STAT3
O] & FEgtt ThIZHEZE E3HA)7]= T o] ] IL-21
IL-7 Ei= IL-159} WHR}sto] CD8* TA| 29| 23k} F-41% 55}
31 B lymphocyte induced maturation protein 1 (Blimp-1)2} B cell
leukemia/lymphoma 6 (Bcl-6)5 A7)0 244 BA|E E35}e}
A9] Zalj 2 A3H(class switching)& =8} ESH AL A A A
ok A s) TS B3} AZEA T2 18 S FEo S
A A A L8] AR e
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CCL20-> AV M|, BA|SE, TA| 320 &J8)) 2= CCR62)

g7teo| gtA] 9 stekaeAdo] S-S Zh=th ThiZA| =

85111 CCL209] BH|E E5) gd=H o7 AAS

o] %81 YH=ECE T3 CCL20-S 2] ol A] IL-179]] o)4l] 3-=e

4= 9lo] Thi7o] &Jef] &= d5S &A1=t 583 9
o

5. @54 A7tHS =S L Th17M|IZ

1) 20HE| A TS (rheumatoid arthritis)
Fute| Ay Yol B0l Bl Ujof= IL-17+ THIE 2 7153
© 2 ZAslE IL-170] ZA) 5} Fig. 4). [L-172 Fule]| A3E Y
WH oA A AEEM IL-17A= FobeE| 2w d 9 gixte]
SbA S ) IL- lﬁQ}IL 62 a2 9 A)7IC) IL-172] =8 7%
iit AL L} Z2ZHA]| 3 (osteoblasts) W] 7]2] A4S A A]
A e e 2YAe] 2] o2 ek 11172
matrix metalloproteinases (MMPs)2] &3} 7]-5-& SAI5HA)7]
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Synovial

Fibroblasts Osteoblasts

Th17 cell

RANKL ek

IL-17
IL-1B, IL-6 and IL-8 IL-17
Osteoclasts

Macrophages IL-17 Osteoclastogenesis

Chondrocytes
IL-1,1L-6 and TNF

MMPs

Nitric oxide

Inflammation

Cartilage damage Bone erosion

Inflamed Synovium (Rheumatoid Joint)

Fig. 4. The role of IL-17 in autoimmune arthritis. IL-17 leads to inflam-
mation, cartilage damage and bone erosion in arthritis. In synovial fi-
broblast and macrophage, IL-17 induces pro-inflammatory cytokines
such as IL-6, IL-8, TNF, IL-1 or MMPs. When acting on monocytes, IL-
17 contributes to inflammation by increasing the production of pro-
inflammatory cytokines. IL-17 activates the production and function
of matrix metalloproteinases. IL-17 increases the expression of RANKL
in osteoblasts, which leads to increased RANK signalling in osteo-
clasts. IL-17 produced by Th17 cells influences the activity of various
cell types, and consequently leads to the development of features
characteristic of rheumatoid arthritis including inflammation and
destruction of cartilage and bone. IL, interleukin; Th17, IL-17-produc-
ing T helper; TNF, tumour necrosis factor; RANK, receptor activator
NF kappa B; RANKL, RANK ligand; MMPs, matrix metalloproteinases.

I TNES} 1A o2 B U w)7ped2Q] AdEdAe ot
A5 &bl Thi7A| 2 of ZUpA| o0 S A2]Q) AT A-8-2 53

Q

JP

AL f MMPE] 5H] 9 IL-1B9} TL-69] 'H&o] Z21=|3ick
= Taof| H3}F] IL-172 Al 3EAFO]| receptor activator of
NF-«B ligand (RANKL) 2] Q&S Z7PA|A THHA)| 2 (osteoclasts)
Y RANK A3 5 =2 A)71th £ RANKLS 23 o]——Th17/\ﬂ:.£
= a2 28t ol 8%t @.fi-h% St= A }‘34 FATH28).
/o) TEe] e 0}—)1\— 311:} i e 1o et s i A
EREHO T2 sl IL-179] A= & & I
[29]. A2 =S R IL-179] A712] Q1 T W 2902w 3
A} Tt OS%T% ot FutE Aol a3t &
= AR

IL-6R2] gp1309f| 4] -2 EAHO(Y759F) & 2= 5=
IL-69] QI91AQ1 IPI-S TL-17A ofE 4] 0 & A WS {15}
ATH30]. TH|3E Q] 8 HEHA}Q] zeta-chain-associated protein
kinase 70 (ZAP-70)2] SH2 %< ] ZHHo|E ZH= SKG v~
L TA| 3z 0] wieRibo] S e A o 2 o5 T4 W A ES-A
o] TALE7} Wretal e selo] whlsto) el TAER Thiy

=
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A 227} ) Altk7E Q17ES] T cell leukemia virus type I (HTLV-
1) tax - AAE 2 A4S HTLV-1 Tg vF-A8 Q17H0] Fole]| A

A} GARSE SERE R [L-10/p} IL-6 2yt of2} IL-17A7} 1}
AR AL o] F AJE7FQ] Q&2 Bl vh-3-= FHHETH31).
IL-17A9] T3} 814] = IL-17RAS 0]-&-5}0] IL-17 A2 2}tk

AZIAY IL-17RA7}F A k204 3P89 Wk oA =9]
T}H32,33]. IL-23p190| AHE npo-A IL-12p357}F ZEE vp-o-A
oA Xk Hgel FF w7l [ W IL-17+ A2 7F A E 9]
T E3HL-17A 23 up--2of| A = I o o) Wi a F 2= 7 A A

SHA| A= e

2) AM(psoriasis)

XS BE Bk oR gk TNE SjAlAle] oJ3) AgAoR
A2 GFA SRS ATl 1§20 A imiquimod (IMQ)

O] =Rl Ae)= 744} H|S=3t 94| 3 (epidermal cell)2] F-
A, S 53, CD4" TH | o] 57He EAE Hol= o7y
(dermatitis)S gtk o]2fgh HalofA IMQE 3Eujof IL-23,
IL-17AS}FIL-17ES] HElS S7IA7]L 81 W) Th174| 325 5714
71tk T3t AL 1L-23A, IL-23RTHL-12BL} 22 1123 A1 5.9} 3
A AR Y ©71497] ©F&Ad(single-nucleotide polymorphisms,
SNPs)O] A Ao 72 HEQICH34]. o]g|gt A3l =11-230] 0]
gk Agto] glo] o} A= FA3} F 4= g3 Aljbgie}. A
SRpR EE 9] 15 A8 1L-23, IL-222} IL-6 #at o2} IL-179]
E2 0SS HolEth35]. Atk &A1) wj 5ot Fol f i El=
Th1¥} Thi74| 20] S7H= Aeke] E/at 4] A E vehd
o} ESF IL-17A2} TNF-a2] W3he o17ko] ZFAIEAIAZ ) A4
I HE AR S A AT Thi7 A E71R1E9] 2|4
Q1 AYARE: Th17A| 32| o] o] P4=2I9] 28 AW 7FS] CCL20 A
4ke] Q10 & WX HIRHA| L} S5+ w5 U IL-179] 5=
7HAQ1 A2 & =] AL Qlok IL-239] ofal = 714oA
CCR6+Th17+ A E+= CCL20-S W3l sh= 7419 mjiat 4% ch
CCR6 A uh--A0}F A4 up-9-A0k0] ] wof| A CCRé6 Ud-
IL-239]] OJ5f] &= w5 o] WS Qfsf B asiet. AA4o
2 9= 22 Y29 IL-239] oI5t [L-179] HH] & 2L u|Ho
= B AT S| = o]k Hdof A TA|E 923l
Zﬂ’ﬂ T35 IL-1IRN 23 k-2 ol A2 0 = dhgsh
O] = TL-17A9] A ah= T Ao] gl 70 2 Holt},

3) CHekA ZAstS(multiple sclerosis)
thd 7352 | d5i & giaof o]2& WHIHEA
7PHeEE oL TNF QAAl= A3 W A2 83H5 2H4] o=
0.2 13 531 9Jrk 9512 TNF A= ghe) 1] W
a3} i) 97 o A REL 7P WA T $ A

Y

jQ
2 10
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1oL} ool BAHS TNE SlAASo] Bo )
Ajole] gake s Bakeh Ssto] 4
F6}A] ¢k IL-17/Th172) AP i A%
5 5 =23l EAE RElojA i% HuElek tii2e] 17 }94
IL-17+IEN+ Th174|2ZAFe] H2-E%e] m
molecule (MCAM)} Z3=A17 7 9] Wi
S BIESIS] A A BABS: SIS, ASHLIA
TR 2] ) A W 2 Eoj]lar(3e], thVd st
BpR}2] 1| 2|42 (cerebrospinal fluid) 2] THH A 3Z U} IL-17A mRNA
7} A2 908 myelino] PHSSH= Thiz+H|E E3 ER 51
(37). AA 2 o] Z3ts SRR EE Y Thi7h| 2 B2 49
IL—229} IFNyS AJAFsaL 83 (blood brain barrier)& A}
A A 5 e Ao ' B EQick

[ o

i
mlo oo

L

|

Ja
=

e}

ko] A2 2] 7]

4) S MZEEISKinflammatory bowel disease)

TNF2] HJo] o L= J=2x7F2] 5] 0] 3 25 (Crohn’s disease) U]
2=l O U Th17 e v A7 FaY Aol A K} o7t =
gho] W ofe] AF-EolA Aol asofe] 2 IL-23RS &
T 3sh= A T ake] o] SR shelek Alck
7F A5k g Wk A Q1 Aol Sl 11231 o7}
U537 SOl A AR QITH38]. L2 S 7H SRfE R
o] W Aof| A IL-23, IL-228} IL-6 ¥l ol ]2} IL-170] =7 ¥H&l5}

. F2x0] A s} RORyt+IL -23R+CCRGHL-17+ TH|E
7 7g/de] F-919} vl sG-S wf Aghe] A A3k ol A A
FARA1[14] 752 0.2 o|2f3h M52 BA|Z SASHE =
4= 9101 Foxp3+ 24 TAJEO]| 23t AA|ofli= A d& 2=
ok 2 TA|Z O] 2t A2 2hAte] Akt ¢8| Yol &
Aot EE3E TH|EATof| HrEldl= C-type lectin A} =842
CDI161&= Q17+e] Th17A|3E2] F=71H491 AR Bl 54715 3k
TH39]. ©]2]3F CD161°CD4" TA| = IL-173} IL-225 AJAFS|aL IL-
12R WESH FAISE ThiA 0] HAFS 2k

ole] B m ol A ThizA| 0] chyeh ofgto] Ssioick o
o)A 1L-232] F9]-& A8-S- o13}A|7] 11 [L-239] AFche- 213}
o AR EE Bl FYrk IL170] S 0.2 HgHahe nhs
2k ok sk vl mstgle o) Hge] QAK|ek AAtgol
SrobA djAe e AAITHs Bl 9JeHao). w2 IL17A)
e TH|e] ofa) 24 495 the mad A=
T2 Vel | = sHgIch A2 IL-17AZ25 CD4* TH|EZ= A4
CD4" TA|| 32 Kt} TA| 32of| Ofaf) A = /-5 o SPAIZIT IL-
17AZF CD4* TH| Z-= IFNy2] AAHS Z71A]7 IL-17A7} Thi |
23} Thio] ofsf) 2Ashe 2ALAS B0 2 oldh 4 98
o] X 11%]%It}. Dextran sodium sulfate (DSS)]] 9J3]| --=% tf%

E—.~§R

mO" u
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HSOIM IL-173F Thi7 Ol 2 xl=%zr |

& RelojlA] IL17F E= IL-17A A9 up9A E= IL-17A FAHS
A3t w2 0] AJu| 2] BAdo] AL F A9 4o
ERtTE o] A-52 Atol= Het el ] eRksof G
A= ohef et miAE whisoletar o AR AL gl F7HAl A

75 55 FYElolob 2ol ol Holgit

E-E

5) FIAISHIZ I A(systemic lupus erythematosus, SLE)
2T A S ThiZA| 2] 271} IL-23, IL-213} IL-17 S0] &
7hElo] 9l Zlo = At ot Mgt e A 24 THZ

O 27}l Th17/Tht W] heislo] olck 2222 2ol A9E
5o A] IL-17-2 IL-212} B cell-activating factor belonging to
the TNF family (BAFF) 2} $7 £ & off EA15-4] §44-& 218}
I AR A FA] AR A1 IL-213) o] Th17E 24}
How eapls BAST 1 S840 BgHS 25 TS
o] 4] e Ago] HALERITH41]. 52714 & 2 Th7 2212 <
A ZA2] E26 transformation specific-1 (ETS1) 2} 7-2 ZA}Q]
AE2] FAZR] Mol FEAE 4] TS 5n[42] IL-21
A50) ke 2 5 2melo] 4 FAES oAIsheTHa3),

6. IL17A-IL-17R A S 2| EXS}
¥PYE% W] el ThIZAE OIS AN S hgo 2

IL-6
*Tocilizumab
IL-IR L6

*Anakinra Thi7 cell

IL-23p19

IL-1B

*Canakinumab STAT3 1L-12p40

IL-12p40 RORx

*Ustekinumab RORyt gg:%/oﬁﬂﬂyt EIIQEMSS

P
Briakinumab IL1B *Digoxin
1L-23p19 *Ursolic acid

*SCH 900222 (MK-3222) *Simvastatin
*1Y2525623

IL-17A-IL-17F
*RG7624 IL-17A-IL-17F

IL-17F

IL-17A

IL-17A
*Ixekizumab
*Secukinumah
*SCH-900117
*RG4934

IL-17RC IL-17RA

IL-1T7RA
*Brodalumab

Fig. 5. Targeting of Th17 cells. There are several ways in which mem-
bers of the IL-17 protein and receptor family can be targeted. Various
therapeutic tools include blocking the differentiation and amplifica-
tion of Th17 cells, inhibiting or neutralizing the cytokines of Th17
cells, and suppressing the transcription factors specific for Th17 cells.
I, interleukin; Th17, IL-17-producing T helper; STAT3, signal transduc-
ers and activators of transcription 3; ROR, retinoic-acid-receptor-re-
lated orphan receptor.
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FEE G 50| AETI L A SAAE B AR A
202 AEE31 SIch(Fig. 5). TNEY] oAl 4333|220
B o) 73 9ick TNFOHL 7S 715 58 -6t 917
2ol QAollA] AR i 1L-17 1Al TNE A1) w35}
A GHe S-S o 2.2 e m Qo] Frbel ket
chity o] Qlzkel HelA Aol 5 BREE-S Fal 37t
20,2 A7) ek

O] S7| AN A IL-17& AAshH= Al So] -2 Wl
As7] wizoll IL-179] &gk ofalfslr] $Igt Algtgo] &4
719] AE A A YA L-170] $-719] WS TAol
2 o3k8 &k Ao 7 AZECh IL-172 A Oo}/\ﬂi],]-:@r
2-8- %7+ AA| 3 (mesenchymal cell)ol| 4] 344l 3 AFH

Z}o] AALS S rsto] dZ=X1go] glrete Asho] U]'/\{L}/\ﬂi_,]
AL 71048 o= Qlrk HEH w2 HElS 0]-§3h oA
[L-17:% 27|19} 7] A o Ak 2k gl 2haf 45 S410f| 7ot
thal B EQle) o]2jdt A& EE HEe 2719A O IL-
17 AAA| & AR-g-0] 224531 Qlrk.

A2 0 &2 1L-17A0) elsl= 27)2] =2 314 ixekizumab
(LY2439821), secukinumab (AIN457)5-2 UAA|E 140 QlTh
AIN4572 FOFE| Y, A, 2 e uveitis) SEAoll A 9/

Al 7iAl B vrebdiTth44). HISESIA| LY2439821% FUHE|
WA 2Rpol| A 70| e 20 A (disease-modifying anti-
rheumatic drugs, DMARDs)2} $H4| H-8-5Fo] 5153 o] A4
10|39 oA AJZIt} SCH 9001179} RG49349} 78 T} IL-
17AS 349} 5k S-S 271 @A 7ol §lom IL-17RAY
AAMZA 0 2 tff5)lsl= tHEE 4421 brodalumab (AMG 827) T
‘ij' o]/\}-7HH]—oﬂ O]]:]—

ol HEAA ST F7H o= o]2f3t Al AT 8 HAR]
A2 AAIE Foll Thi7A|E Whg-& bkl Al=7F gt} &
HAHE o]-8-5ko] RORyt 34 A|oj7} 218 Fof qlek S 2HE
Z5}A | (cholesterol lowering agents)%] simvastatin= Th17 A& A]
E7Q1E 34 814 RORCE] S OJAIRh 2 24 IL-17-2 A0
Sht}. 2|2 digoxin®] RORyt E0]2Q1 A2 FFH=E e =
SF RORyt 25 AP 4= Qli= SR10013} -2 A9 2litE=
AFg-0] o]F0]x] L Qltt Ursolic acid E3F RORyt E/d-& Zctat
5= e Ao 2 S8 E TH45].

IL-17AQ}IL-17FUFS FA435} 8= oA #ut ol e} T2 7.0
Th17 A¥ A E7}IE TE]ojof glch IL-17F= Z% TNEQ} ¢F
A SR 2 Qe B AT ol AR EAOE F5 0
31 QT IL 17AQ} L 17F 5= 7HA 2 34 3 4= Q)= RG76247} QA
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A7L =] Qs AIARIC R o T 7RA9] AR 3] £
A} W TNF ZEH-$19HIL-17 237915 A A FofsiA] Hrk
olzfgt HX} — OPLH PA| 2ol TNF AgH-91E v Bl
IL-17A A9 E 2k 9l om 8ol YlofjA] = 71R]9] 2lteES

S 2 S1ch oF 4 402 ARSI gighen ofelet 2
BEL ol HelE F o) 20 ARS BEAow
& Alo]3, W7 AHE-S A SRS ARk el B 4 92
0.5 7\eskar olek

IL-6R%| Tt @A tocilizumab) = ke Al 23}t Alokal At

o SJah Apetslol eyl 218 Folof el Hobelsaag
I} LZHo A AHEEITH46]. IL-641 2.7} Th17 ‘o] F-asktt
A AR A2 Th7 W] oAl B9 AR
k51| k) IL-1R t)&fA|(anakinra)= FoE|ARES X525
9180 B 2 ALGELT Yo7, BI LR A5} e e
ZA&0] FEFE vAA|TE A & 713 Thi7A| 22 Zaxof AdE|=
720 & A7 231 It Tocilizumab@} -2 IL-6R AAA|E o]-&
B IL-6 74 ZAFct, anakinra®} 7-2 IL-1R T84, canakinumab2}
FALCH IL-1B AAAE o] 83t IL- 14 E APk Th17A|3E EHA] #]8}

2o 529},

L1294 125} Bk piotkl 44142 5 el
A1 ustekinumab2} briakinumab2] 7] 2 2 IL-232] A=
Sk A& a7} 7|dj =] Q)c). Ustekinumab@} 7242 p402 U=
GEE A AFRS B3 A1$ 9] A-S IL-6 B TNFa X}k A

Sl Aol uis=sA L2, 743 A4 T 254 &
45 W ITH48,49]. TL-129} L-239] AE-S T Q571 9l [L-

ofl oot

l

12p40% 50 2 AL = A Wl AN PIAHE poo-
riatic plaques®] A| 7ol E3}20]9) o1} 7Hdo]| tfat -2 7HaaA

& HERHAEHS0]. AT HIL 23p19 50291 9A|¢1 SCH 900222
(MK 3222)9} LY2525623-> 714104 ARl =]ar Qlet. IL-23p199]
AR p-A= A O 2 Leishmania major, Mycobacterium
bovis Tx= Listeria monocytogenes©]] et 18-S A A5t o4
IL-12p35 F= IL-12p400] AHF vf-2of| A= A A= A] 9tk
whebA] 1L-239] R3S B3 IL-17 YA 3, Th179] ke IEN
421 Th1ALEES] A7 9181 glo] AEf0.2 Aplnielnh g2 2%
A 4= Q& A0 2 7tk

N
rhu

7R = B A A7 hEe
E31 g7} QA0 30% o|Are] 3k ]_g ol&]a} x| 2] Bk

‘]
o
5] 930k A= ok = A= Wvlo] Wast Algolt). uebd
=] ek
O

slo] 2|2 & TNF 94|

TNF 2JAAof 1H-5-314] ‘“ﬂ‘% BT }71] Hh3-3hs ARl A
IL-17/Th17& 3243} 6= AL 271K A2 32 AJF20] A
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