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Abstract

Th17 cells belong to a subset of effector T cells that protect the body from foreign pathogens and
maintain tissue integrity, but their increased numbers or over-activation can cause and exacerbate
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autoimmune diseases. Transforming growth factor f# (TGF-£) is an important cytokine that induces
Th17 cell differentiation; however, its classical downstream signaling molecule Smad3 negatively
regulates Th17 cell differentiation, inhibits Th17 cell function, and induces Th17 cell transdifferen-
tiation, suggesting a complex role of TGF-f signaling on Th17 cell differentiation. This paper reviews
the regulatory roles and mechanisms of Smad3 on Th17 cell differentiation and transdifferentiation,
and provides a reference for the construction of novel therapeutic strategies targeting Th17 cells.
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1. 5|

Th17 40 24k Thl Al Th2 Zif 5 KB EE =F0 T 45HBhA0M, JCAFELM R T IL-17. ¥ IL-17A
(14 B B B AR FE R 03 AR RBMESG T 2 v, USRI AR R S0 45 SR [1] . 4 1m) Th17 4 A4k k%
OEESER T RORyt (/N2 T-44I7%), fn JTE-151. JTE-451. ARN-6039. PF-06763809. ABBV-157 #lI
SAR-441169 #ikiE FH T4 B 25 B B G MEBR I R 78 [2]; 1L-23 X F Th17 g i o ik £ &
o, HIfE) 1L-23 p40 L[ #T Stelara® (ustekinumab)ifi A b2 B W) AR FRIPT4SE i 2 RCR 3], FEIRTT I
PRSI R 1 — 26259

Th17 i34k 75 2 TGF-B 12 5[4] [5]. TGF- it 52 4k4s & Himk, IR T
Smad2/3 BEE AW, BRI Smad2/3 &5 Smad4 S AT = RAKE 5, SRIGHR B4 iz b S5
RS, WAL TR E 9S8 1). B—hH, H2EEA 2%/ - HRA MRS, 7
PLIIE ERK [6]. IJNK [7]. MAPKs [8]. PI3K/AKT5 1 RhoA/ROCK [9] [10]%5:5 S, XEEF AL
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Figure 1. TGF-£ signals via canonical Smad and non-Smad signaling pathways to regulate cell fate: (a) Classic TGF-# sig-
naling transduction; (b) TGF-A/non-Smad signaling pathway

& 1. TGF-4 @3 888 Smad F1IE Smad [E S @ AT ARG IS : ()ZFHA TGF-p E 5B REE; (b)IEL M TGF-5
FEEBEREE

Smad3 1 Smad2 [F]J& T2 Jitf¥) TGF-4 {5 Sl NS 5701, (EXF Th17 a1 AL i s skaER AR
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JZ[11]-[17]. Smad2 ¥#iG 5 IL-17A FIr=A % VI [18]. AW ik, Smad2 & i IL-6R KIA[15], tH

AIEy STAT3 MI3LIEGE I 75 5 Thi7 i REFFIFRIA[11]. 4 T 40Me - Smad2 BUEHRIERT, Thl7 i

AN 3245 [19] - 1T Smad3 AT HE & 2 A2 R (55, #H F I 05 5 N 4%, i $E CDA™ T 4 it driz[20] .

Smad3 f8-5 STAT3 #H FLAE H H-4H 5 380E STAT3 2 [ 41| 5+ (protein inhibitor of activated STAT3, PIAS3),
A5 STAT3 L SiE MEIH], BHIE Th17 40850 1k[18]. Bt4t, Smad3 Z VI35 Thi7 g4I 01k, fe

YERT Th17 4Haf IL-10 ZER R BT, (Rt Hfe sk, f Th17 iR hbi & £ 4. Smad3 FfE/e TGF-4
S5 REREIMHINLBESEA. £ TGF-4 £ Th17 4t 5801 b i3 SRIER, A gk

Smad3 X Th17 s K6 AR I /E FARIBLEL, RN T TGF- {5 S i@k 6T Thi7 4iffddriz i, hHE &

TR AR T RS %

2. Smad3 M5 ThEE

Smad3 4, LT i “mothers against decapentaplegic (Mad)” 3 K A1 55 NN B AF £k Bt Sma 3t A ()
Y, R TGR-BE S HIBANGE SIS0 T, K55 WA R AL ISR A0MAZ, MR 5 A G HE I 4] 1) 5%
3, T TGF-B A 80N . — 77 16 Smad3 A 5 HoAth Smad & FTE S &t 45 & TR R 3 7 |,
YRR 53— 7 101 Smad3 XCATAE L s T SO AR FH . AHITE Smad3 & ¥ 425 DN
KRk, IR A e B [, 1L 269 LA 2(a)). HRYEHE LR FHIFS], Smad3 & E A4 =41
et M N 3 F] C #4058 MHL. linker A1 MH2 domain, #5445 /)3 #8 A H ARG I Th RS (X 2(b), # 1),
&P Smads 1 MHL 1 MH2 Z5i3m FEOR T, &S5 S A AN RIS M, X5 % Smads
GER A AR X, B AR R SR HERA A A2 W2 T e - Smad3 A1 Smad2 fiz 2 3 1 X AIFE N A MH1 454938 |,
Smad2 1) MHL 45 s puRe4d A4 57 3 g 1R (1 B 11, M BEL 1 3 S5 A%\ 52 A4 B 1 2 RDAH LA S Smad3
T E IR T4, MMiE4S Smad3 Be5 TGF-p i N7 51 25 &1 78 4 7 5 K7 [21]; B Smad KikEH
H MH2 G885 STV AR BAEF F) L3 145489, {2 1-Smad MH2 4538 A i A & SSXS L7,
ToAERE 2 AR TR IO [22] - Smad3 B B 1Y A2 AR TEAF 58 I AL il B BERR AL A1, 3 1] Bk 22 PRI B R 10 (42 2),
N BB T M Z AL H . Smad3 R+, H— il 5 Smadd &1F, LRISEHRZ S, X
S M) TGF-pISmad3 15 545 543, 5 — 77T Smad3 ) MH1 5 #s b & E 2 A FFI(NLS), R S5 k%4
NZARE A BL (importin-pLM EAEH, NS5 00[23]. MH2 g5 & 4 P FI(NES), fe 5%t
SZAREE A 4 (exportin-A)AHEAEH, A SAZFEAL, MM 5E K Smad3 11 i i fAZ 2 A1 28 AR

@) 241 261 269 291
@ @ L 0,

Smad3 Hs --nqr-------tdpsnserfclgllsnvnrn------ -grgvrlyyig--
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(b)
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Figure 2. Structure and function of Smad3 protein: (a) Amino acid sequence difference of Smad3 protein in human and
mouse; (b) Smad3 protein domain and its function
2. Smad3 ERLEMIEFINEE: () AFIR Smad3 EEHRERFFIMFRE; (b) Smad3 ERLMIE S HE I RAITIEE
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Table 1. Smad3 domain and its corresponding amino acid sequence
F 1. Smad3 s R E Fr vt R Y | B BRI 5

Region_name Origin
N-terminal Mad Homology 1 (MH1) 8..132
Linker 137..231
Disordered 165..208
C-terminal Mad Homology 2 (MH2) 224..414
Sufficient for interaction with XPO4 (NES) 271..324
SSXS motif 422..425
Table 2. Smad3 phosphorylated site
7 2. Smad3 BER 1KLL S
Phosphorylation Site
TGF-4 Signalling pathway TGF-ARI S422, S423 and S425 [54] [55]
ERK T179, S204, S213 [55]
$207, S203 and t178 [56]
MAPK Signalling pathway
P38 S204, S208 and S213 [55]
JNK $208 and S213 [55]
CDK4 and CDK2 T8, T178 and S212 [56] [57]
Cyclin-dependent kinase (CDK) family
CDKB8/9 T179, S208 and S213 [57]
Glycogen synthase kinase-34 (GSK-3p5) GSK-38 T66 and T179 [55] [57]
Cyclin guanosine monophosphate/Protein Kinase G cGMP/PKG S309 and T368 [58]

3. Smad3 #E Th17 faR & 5FER

Th17 ZHARIT AL 2 Rl B S MR I BOR R R [2], #2H5 [H 1 Smad3 /& TGF-g /S 1 Sz 3l
il E A, Smad3 XL R K G i 2 AR 2 N A FER A0 AR I Smad3 J2 I1BD (FE A )
) 5 REE R [24], AL 7T D4 7s, Smad3 5 1BD (R % VIAH5<[25], Smad3 155 Bk 51 2 i 46E
PEPIRAE B g TR It N, 1BD B i E A Z 40 i m] A 52 2] TGF-p/Smad3 {5 52 B, R
N Smad3 BEERIL/K T-FEMK, Smad7 /K23 LiF[26], REMAMEANER T IEH NEREK TGF-4 /K
SF[27]. Smad3 ml R s B R PESE A 28, & — Rl AR 1BD B8 [28] /N R It KW T 4H s A b
fE & 529 [19]. ez b, M58 TGF-p/Smad3 15 5/ Smad7 siRNA /2477 IBD HITEEREZ54[29]. B
bz AMEZFE & e A T B Smad3 S 152 . 785 55 2 BURL/N BRIk R m i, AT AR
523 Smad3 WG ICANH], o3 Smad3 S BESE UR T e 4 B v T R [30] . RIFERY, FERMERE
YibidE 3 (aGVHD) AL /IN R I B2 Bk W SRR a8 2] Smad3 B RRAL /KT I FEIK[31]. R E
FERL/IN B, Smad3 R 1k At B3t JORE[29] [31]. Smad3 FE K SAR £ 5200 [ B it 32 1, it pk EH B g ki
50%1) Smad3 FAE #5 77 # A I BB , L R (23%) R i A 45 5 5 (23%) [32]- 45 LTIk, Smad3
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AT RS [ S I VT O 7E AT AT (B
4. Smad3 %} Th17 9 4Lt/ER

£ CD3/CD28 LH I %4, naive CD4™ T 4JfIfE IL-6 A1 TGF-B A71E ~, 434kr=/E Th17 4. IL-6
IKZh STAT3 Wl Z AL B A iz . 155 T17 40 %% %K1 RORa Al RORyt IR 1L[33] [34]. TGF-B 18
IE0H] IL-6 755/ SOCS3 ik, MIMIEK STAT3 iE1k. STAT3 Hl RORyt W3 [F]175 5 Th17 40 HuFE 3 K
IL-17A, IL-17F, IL-22 I IL-23R fJ#%5%. 1L-23 fefesE Thi7 4Hfuil RAE S GM-CSF /=4, ffix Lk
4 B A BOw M [35] -

Smad2 1 Smad3 [F]J& T4 M) TGF-g NIRNAE S 707, (HA2XF Th17 ZiE st /E W & A I,
Smad2 1E [&] 375 Th17 40 2046 [15], 1M Smad3 47 H) i85 Tha7 4 734k . %5 Treg 40 AH EL Tha7 44 Smad3
WERKIL[36], @ifR Smad3 R E it Th17 403 46[13]. Smad3 G Bk Th17 40/, IFN AT IL-17
FIKWEIN, BURYEEE[16]. Smad3 I PEBGEM T 4, ERUERIEUE 0 Thi7 2832 FH[14],
MAP3K2 1 MAP3K3 Jii /i3] Smad3 423k X I B AL REAM ] Th17 AR E4h 04k, RAE Smad3 #3k
X IR AL AR S 35 (21 Thi7 407040 [37]. WERREE PP2A REILFEVEIEAN Smad3 BEER 1L, XXFT Thl7
YA e, YR PP2A, Smad3 [ C iR Z 1N, SE N17a N 1 kb,
Th17 4R o4k 535 H0HI[14]. BEE TR ER N, Smad3 #H] Th17 424k e I HLE CA MLk, &
RIER B C i AR BERR A1) Smad3 G5 STAT3 A HAEH IF4H 5 PIAS3 /15 STAT3 IR s i I, & h
Th17 AR EMmI[11]. ALKV, Smad3 REEE:S RORyt £54, Ml E: FIG T [13]. Frikz
Ab, WOE Smad3 AEIEL AN Tiaml [K)214[38], fR#E Th17 4iffI7iE Foxp3 [39], i Thi7 A1t

5. Smad3 %} Th17 4RREEE 5L e91ER

T2 f S B A3 o) — PR AH B S B (I AR A R e A, I T R e i o i 2R R R R ) S A
SHARIHRERIARAY, XL o A 7 R s RO P EAME . T 20 B 0 T 9 — ol 4 LR SK A S e
&N R R BRI TERE /). Th17 YUMAFTE) 2l 8, Hal oA M ORERY, Thi7 4
FUAM AT 5 o3 Ak 4 311K Treg [401R1 Thl [411400, & RTE6504k 8 TRL 40 (— B4 98151 T 4iffe) [42],
JE P LA R HI DAL R CDAT T 4IRERE. Thi7 U o AT LI, A BT 2R
LRIV IR[42], FARRE VEAN T IEPE R VR T S XGBME DG T 98 46 11 B S e VB TR £ [43], Tha7 40
TXFA] Y I ] LB G LA B A AT B 5 G M R R AR R B [44]

HHT, 697 5 %R M50 1712 B fEEE X Thi7 4 i e Mhae, HEET IL-17A FIPUBgefife
T AE[45], ALK IL-17A Bpist 1BD I ARG KOG 84 $5 52 [46], 5T Th17 ZuHa iy dvk, i
WL AT B ON B & R IR T T FI[47]. Nanduri R Z5[31]kBI4iE £ D 2R3 et 1 in
Smad3 Fi& /S Thi7 4 1L-10 /=438 hn. Xu H &5 [48] K ILE Thi7 4furh Smad3 frIE0E AE 1 ]
Smad4 JLEAL T IL-10 AT IXIK, S 1L-10 JERE AR, gt Thi7 iiss2s Ntk %
R, A5 R 20 (0 3B AR IR )T - mTOR GREG R naive T 4HfLAE Th17 434k %4, 2046 A Treg 40,
X5 BT AR BS 1) Smad3 A2 [14] - s Smad3 i B NF-«B 1R ER b (2 i3k Th17 40 %% 431k R Treg
Y0f, MIMIETT Thi7/Treg 40 T [49]. TGF-4 @it Smad3 i5'S Thi17 UM m TR1 40 1%E 23 4k[42].
Th17 2 f mT S P 2 S0 M e IV AR VR Y7 HE 0, Samd3 75 Ho i B €

6. RESRE

£ b, Smad3 HVIZ5 Th17 407G fE r ALt B8, JFxS Tha7 4 pr S B & e Zemi iR 2K
JE BRI SGEE M o B H AT IR 2 M AR MR O 1R 8L, Th17 4 A AR EE A6 VRl R B AR (1 T S A figh
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RBEAT A7 IX LA 5 X 2 il PRSI  [7] (1) BAR S A4 2 DL J Smad3 BRI 2 5 2447 M5k
%ﬁ}mﬁ%ﬁ)\, XS P A B B A e . ERSRER 2 (IESE R I Samd3 HUIETE Thl7 4Hf
SRR o R 3 A2 BN [50] [51] [52], e 3E Smad3 I A& A 55 UC 18 P IR F 5 Ja 8 108 BUR T 5
HAKZE LN UC = HIERIRIE[53], HARERERINE IR, ATV TTREMIR S Smad2 1)
BOEA K. Bk, RE Smad3 7E Thi17 A A DU B & S5 i ia 7 S A S e h e s 7l 2
(3, (RAZ A S D) b 75 B ) Smad3 AR SR T RN, MR ZPERT TGF-B 155 W25 1 2 24 1
M5 5R o I N#E R Smad3 Y877 B & Sl M 25T RAR i R 5k .

SE

[1] Mclnnes, I.B., Asahina, A., Coates, L.C., et al. (2023) Bimekizumab in Patients with Psoriatic Arthritis, Naive to Bi-
ologic Treatment: A Randomised, Double-Blind, Placebo-Controlled, Phase 3 Trial (BE OPTIMAL). The Lancet, 401,
25-37. https://doi.org/10.1016/S0140-6736(22)02302-9

[2] Sun, N., Guo, H. and Wang, Y. (2019) Retinoic Acid Receptor-Related Orphan Receptor y-t (RORyt) Inhibitors in
Clinical Development for the Treatment of Autoimmune Diseases. Expert Opinion on Therapeutic Patents, 29,
663-674. https://doi.org/10.1080/13543776.2019.1655541

[3] Chaparro, M., Garre, A., Iborra, M., et al. (2021) Effectiveness and Safety of Ustekinumab in Ulcerative Colitis:
Real-World Evidence from the ENEIDA Registry. Journal of Crohn’s and Colitis, 15, 1846-1851.

[4] Moreau, J.M., Velegraki, M., Bolyard, C., Rosenblum, M.D. and Li, Z.H. (2022) Transforming Growth Factor-f1 in
Regulatory T Cell Biology. Science Immunology, 7, eabi4613. https://doi.org/10.1126/sciimmunol.abi4613

[5] Xu, H., Wu, L., Nguyen, H.H., et al. (2021) Arkadia-SKI/SnoN Signaling Differentially Regulates TGF-f—Induced
iTreg and Th17 Cell Differentiation. Journal of Experimental Medicine, 218, e20210777.
https://doi.org/10.1084/jem.20210777

[6] Su,J., Morgani, S.M., David, C.J., et al. (2020) TGF-p Orchestrates Fibrogenic and Developmental EMTs via the RAS
Effector RREB1. Nature, 577, 566-571. https://doi.org/10.1038/s41586-019-1897-5

[7] Liu, Y., Song, J., Yang, J., et al. (2021) Tumor Necrosis Factor a-Induced Protein 8-Like 2 Alleviates Nonalcoholic
Fatty Liver Disease through Suppressing Transforming Growth Factor g-Activated Kinase 1 Activation. Hepatology,
74, 1300-1318. https://doi.org/10.1002/hep.31832

[8] Zzhao, H.Y., Zhang, Y.Y., Xing, T., et al. (2021) M2 Macrophages, But Not M1 Macrophages, Support Megakaryo-
poiesis by Upregulating PI3BK-AKT Pathway Activity. Signal Transduction and Targeted Therapy, 6, Article No. 234.
https://doi.org/10.1038/s41392-021-00627-y

[9] Sobierajska, K., Wawro, M.E. and Niewiarowska, J. (2022) Oxidative Stress Enhances the TGF-52-RhoA-MRTF-A/B
Axis in Cells Entering Endothelial-Mesenchymal Transition. International Journal of Molecular Science, 23, Article
2062. https://doi.org/10.3390/ijms23042062

[10] Batlle, E. and Massagué, J. (2019) Transforming Growth Factor-g Signaling in Immunity and Cancer. Immunity, 50,
924-940. https://doi.org/10.1016/j.immuni.2019.03.024

[11] Yoon, J.H., Sudo, K., Kuroda, M., et al. (2015) Phosphorylation Status Determines the Opposing Functions of
Smad2/Smad3 as STAT3 Cofactors in TH17 Differentiation. Nature Communications, 6, Article No. 7600.
https://doi.org/10.1038/ncomms8600

[12] Martinez, G.J., Zhang, Z., Reynolds, J.M., et al. (2010) Smad2 Positively Regulates the Generation of Th17 Cells.
Journal of Biological Chemistry, 285, 29039-29043. https://doi.org/10.1074/jbc.C110.155820

[13] Martinez, G.J., Zhang, Z., Chung, Y., et al. (2009) Smad3 Differentially Regulates the Induction of Regulatory and In-
flammatory T Cell Differentiation. Journal of Biological Chemistry, 284, 35283-35286.
https://doi.org/10.1074/jbc.C109.078238

[14] Xu, Q., Jin, X., Zheng, M., et al. (2019) Phosphatase PP2A Is Essential for TH17 Differentiation. Proceedings of the
National Academy of Sciences of the United States of America, 116, 982-987. https://doi.org/10.1073/pnas.1807484116

[15] Malhotra, N., Robertson, E. and Kang, J. (2010) Smad2 Is Essential for TGF p-Mediated Th17 Cell Generation. Jour-
nal of Biological Chemistry, 285, 29044-29048. https://doi.org/10.1074/jbc.C110.156745

[16] Wang, F., Yang, Y., Li, Z., et al. (2022) Mannan-Binding Lectin Regulates the Th17/Treg Axis through JAK/STAT
and TGF-p/SMAD Signaling against Candida albicans Infection. Journal of Inflammation Research, 15, 1797-1810.
https://doi.org/10.2147/JIR.S344489

[17] Chitrakar, A., Budda, S.A., Henderson, J.G., Axtell, R.C. and Zenewicz, L.A. (2020) E3 Ubiquitin Ligase Von Hip-

DOI: 10.12677/pi.2023.124039 314 2T


https://doi.org/10.12677/pi.2023.124039
https://doi.org/10.1016/S0140-6736(22)02302-9
https://doi.org/10.1080/13543776.2019.1655541
https://doi.org/10.1126/sciimmunol.abi4613
https://doi.org/10.1084/jem.20210777
https://doi.org/10.1038/s41586-019-1897-5
https://doi.org/10.1002/hep.31832
https://doi.org/10.1038/s41392-021-00627-y
https://doi.org/10.3390/ijms23042062
https://doi.org/10.1016/j.immuni.2019.03.024
https://doi.org/10.1038/ncomms8600
https://doi.org/10.1074/jbc.C110.155820
https://doi.org/10.1074/jbc.C109.078238
https://doi.org/10.1073/pnas.1807484116
https://doi.org/10.1074/jbc.C110.156745
https://doi.org/10.2147/JIR.S344489

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

pel-Lindau Protein Promotes Th17 Differentiation. Journal of Immunology, 205, 1009-1023.
https://doi.org/10.4049/jimmunol.2000243

Corral-Jara, K.F., Chauvin, C., Abou-Jaoudé, W., et al. (2021) Interplay between SMAD2 and STAT5A Is a Critical
Determinant of IL-17A/IL-17F Differential Expression. Molecular Biomedicine, 2, Article No. 9.
https://doi.org/10.1186/s43556-021-00034-3

Rus, V., Nguyen, V., Tatomir, A, et al. (2017) RGC-32 Promotes Th17 Cell Differentiation and Enhances Experi-
mental Autoimmune Encephalomyelitis. Journal of Immunology, 198, 3869-3877.
https://doi.org/10.4049/jimmunol.1602158

Prado, D.S., Cattley, R.T., Shipman, C.W., et al. (2021) Synergistic and Additive Interactions between Receptor Sig-
naling Networks Drive the Regulatory T Cell versus T Helper 17 Cell Fate Choice. Journal of Biological Chemistry,
297, Article 101330. https://doi.org/10.1016/j.jbc.2021.101330

Kurisaki, A., Kose, S., Yoneda, Y., Heldin, C.H. and Moustakas, A. (2001) Transforming Growth Factor-£ Induces
Nuclear Import of Smad3 in an Importin-f1 and Ran-Dependent Manner. Molecular Biology of the Cell, 12,
1079-1091. https://doi.org/10.1091/mbc.12.4.1079

Lo, R.S., Chen, Y.G,, Shi, Y., Pavletich, N.P. and Massagué, J. (1998) The L3 Loop: A Structural Motif Determining
Specific Interactions between Smad Proteins and TGF-$ Receptors. The EMBO Journal, 17, 996-1005.
https://doi.org/10.1093/emboj/17.4.996

Kawasaki, N., Miwa, T., Hokari, S., et al. (2018) Long Noncoding RNA NORAD Regulates Transforming Growth
Factor-f Signaling and Epithelial-to-Mesenchymal Transition-Like Phenotype. Cancer Science, 109, 2211-2220.
https://doi.org/10.1111/cas.13626

Lees, C.W., Barrett, J.C., Parkes, M. and Satsangi, J. (2011) New IBD Genetics: Common Pathways with Other Dis-
eases. Gut, 60, 1739-1753. https://doi.org/10.1136/gut.2009.199679

Ntunzwenimana, J.C., Boucher, G., Paquette, J., et al. (2021) Functional Screen of Inflammatory Bowel Disease Genes
Reveals Key Epithelial Functions. Genome Medicine, 13, Article No. 181. https://doi.org/10.1101/2021.10.15.464566

Abraham, C., Dulai, P.S., Vermeire, S. and Sandborn, W.J. (2017) Lessons Learned from Trials Targeting Cytokine
Pathways in Patients with Inflammatory Bowel Diseases. Gastroenterology, 152, 374-388.E4.
https://doi.org/10.1053/j.gastr0.2016.10.018

Fiocchi, C. (2001) TGF-p/Smad Signaling Defects in Inflammatory Bowel Disease: Mechanisms and Possible Novel
Therapies for Chronic Inflammation. Journal of Clinical Investigation, 108, 523-526. https://doi.org/10.1172/JC113863

Paik, J., Meeker, S., Hsu, C.C., et al. (2020) Validation Studies for Germ-Free Smad3™ Mice as a Bio-Assay to Test
the Causative Role of Fecal Microbiomes in IBD. Gut Microbes, 11, 21-31.
https://doi.org/10.1080/19490976.2019.1611151

Coskun, M., Vermeire, S. and Nielsen, O.H. (2017) Novel Targeted Therapies for Inflammatory Bowel Disease.
Trends in Pharmacological Sciences, 38, 127-142. https://doi.org/10.1016/j.tips.2016.10.014

Yang, M., Zhu, X., Fu, F., et al. (2022) Baicalin Ameliorates Inflammatory Response in a Mouse Model of Rhinosinu-
sitis via Regulating the Treg/Th17 Balance. Ear, Nose & Throat Journal, 101, 8S-16S.
https://doi.org/10.1177/0145561320986058

Li, Z., Gu, J., Zhu, Q., et al. (2017) Obese Donor Mice Splenocytes Aggravated the Pathogenesis of Acute
Graft-versus-Host Disease via Regulating Differentiation of Tregs and CD4" T Cell Induced-Type | Inflammation.
Oncotarget, 8, 74880-74896. https://doi.org/10.18632/oncotarget.20425

Aubart, M., Gobert, D., Aubart-Cohen, F., et al. (2014) Early-Onset Osteoarthritis, Charcot-Marie-Tooth Like Neuro-
pathy, Autoimmune Features, Multiple Arterial Aneurysms and Dissections: An Unrecognized and Life Threatening
Condition. PLOS ONE, 9, €96387. https://doi.org/10.1371/journal.pone.0096387

Zhang, M., Zhou, L., Xu, Y., et al. (2020) A STAT3 Palmitoylation Cycle Promotes Th17 Differentiation and Colitis.
Nature, 586, 434-439. https://doi.org/10.1038/s41586-020-2799-2

Guanizo, A.C., Fernando, C.D., Garama, D.J. and Gough, D.J. (2018) STAT3: A Multifaceted Oncoprotein. Growth
Factors, 36, 1-14. https://doi.org/10.1080/08977194.2018.1473393

Damasceno, L.E.A., Prado, D.S., Veras, F.P., et al. (2020) PKM2 Promotes Th17 Cell Differentiation and Autoim-
mune Inflammation by Fine-Tuning STAT3 Activation. Journal of Experimental Medicine, 217, e20190613.
https://doi.org/10.1084/jem.20190613

Nanduri, R., Mahajan, S., Bhagyaraj, E., et al. (2015) The Active Form of Vitamin D Transcriptionally Represses
Smad7 Signaling and Activates Extracellular Signal-Regulated Kinase (ERK) to Inhibit the Differentiation of a In-
flammatory T Helper Cell Subset and Suppress Experimental Autoimmune Encephalomyelitis. Journal of Biological
Chemistry, 290, 12222-12236. https://doi.org/10.1074/jbc.M114.621839

DOI: 10.12677/pi.2023.124039 315 2


https://doi.org/10.12677/pi.2023.124039
https://doi.org/10.4049/jimmunol.2000243
https://doi.org/10.1186/s43556-021-00034-3
https://doi.org/10.4049/jimmunol.1602158
https://doi.org/10.1016/j.jbc.2021.101330
https://doi.org/10.1091/mbc.12.4.1079
https://doi.org/10.1093/emboj/17.4.996
https://doi.org/10.1111/cas.13626
https://doi.org/10.1136/gut.2009.199679
https://doi.org/10.1101/2021.10.15.464566
https://doi.org/10.1053/j.gastro.2016.10.018
https://doi.org/10.1172/JCI13863
https://doi.org/10.1080/19490976.2019.1611151
https://doi.org/10.1016/j.tips.2016.10.014
https://doi.org/10.1177/0145561320986058
https://doi.org/10.18632/oncotarget.20425
https://doi.org/10.1371/journal.pone.0096387
https://doi.org/10.1038/s41586-020-2799-2
https://doi.org/10.1080/08977194.2018.1473393
https://doi.org/10.1084/jem.20190613
https://doi.org/10.1074/jbc.M114.621839

B, WlE

[37]
(38]

[39]

[40]
[41]
[42]
[43]
[44]
[45]

[46]

[47]
[48]
[49]

[50]

[51]
[52]
(53]
[54]

[55]

[56]
[57]

[58]

Delgoffe, G.M., Kole, T.P., Zheng, Y., et al. (2009) The mTOR Kinase Differentially Regulates Effector and Regula-
tory T Cell Lineage Commitment. Immunity, 30, 832-844. https://doi.org/10.1016/j.immuni.2009.04.014

Buttrick, T., Khoury, S.J. and Elyaman, W. (2020) Opposite Functions of STAT3 and Smad3 in Regulating Tiam1 Ex-
pression in Th17 Cells. Small GTPases, 11, 62-68. https://doi.org/10.1080/21541248.2017.1341365

Kaminski, S., Hermann-Kleiter, N., Meisel, M., et al. (2011) Coronin 1A Is an Essential Regulator of the TGFS Re-
ceptor/SMAD3 Signaling Pathway in Th17 Cells. Journal of Autoimmunity, 37, 198-208.
https://doi.org/10.1016/j.jaut.2011.05.018

Soukou, S., Huber, S. and Krebs, C.F. (2021) T Cell Plasticity in Renal Autoimmune Disease. Cell and Tissue Re-
search, 385, 323-333. https://doi.org/10.1007/s00441-021-03466-z

Kotake, S., Yago, T., Kobashigawa, T. and Nanke, Y. (2017) The Plasticity of Th17 Cells in the Pathogenesis of
Rheumatoid Arthritis. Journal of Clinical Medicine, 6, Article 67. https://doi.org/10.3390/jcm6070067

Gagliani, N., Amezcua Vesely, M.C., Iseppon, A., et al. (2015) Th17 Cells Transdifferentiate into Regulatory T Cells
during Resolution of Inflammation. Nature, 523, 221-225. https://doi.org/10.1038/nature14452

Yang, P., Qian, F.Y., Zhang, M.F., et al. (2019) Th17 Cell Pathogenicity and Plasticity in Rheumatoid Arthritis. Jour-
nal of Leukocyte Biology, 106, 1233-1240. https://doi.org/10.1002/JLB.4RU0619-197R

Mills, K.H.G. (2023) IL-17 and IL-17-Producing Cells in Protection versus Pathology. Nature Reviews Immunology,
23, 38-54. https://doi.org/10.1038/s41577-022-00746-9

Konieczny, P., Xing, Y., Sidhu, 1., et al. (2022) Interleukin-17 Governs Hypoxic Adaptation of Injured Epithelium.
Science, 377, eabg9302. https://doi.org/10.1126/science.abg9302

Hueber, W., Sands, B.E., Lewitzky, S., et al. (2012) Secukinumab, a Human Anti-IL-17A Monoclonal Antibody, for
Moderate to Severe Crohn’s Disease: Unexpected Results of a Randomised, Double-Blind Placebo-Controlled Trial.
Gut, 61, 1693-1700. https://doi.org/10.1136/gutjnl-2011-301668

Ueno, A., Jeffery, L., Kobayashi, T., et al. (2018) Th17 Plasticity and Its Relevance to Inflammatory Bowel Disease.
Journal of Autoimmunity, 87, 38-49. https://doi.org/10.1016/j.jaut.2017.12.004

Krebs, C.F. and Panzer, U. (2018) Plasticity and Heterogeneity of Th17 in Immune-Mediated Kidney Diseases. Jour-
nal of Autoimmunity, 87, 61-68. https://doi.org/10.1016/j.jaut.2017.12.005

Xu, H., Agalioti, T., Zhao, J., et al. (2020) The Induction and Function of the Anti-Inflammatory Fate of Th17 Cells.
Nature Communications, 11, Article No. 3334. https://doi.org/10.1038/s41467-020-17097-5

O’Donoghue, R.J., Knight, D.A., Richards, C.D., et al. (2012) Genetic Partitioning of Interleukin-6 Signalling in Mice
Dissociates Stat3 from Smad3-Mediated Lung Fibrosis. EMBO Molecular Medicine, 4, 939-951.
https://doi.org/10.1002/emmm.201100604

Wang, G., Yu, Y., Sun, C., et al. (2016) STAT3 Selectively Interacts with Smad3 to Antagonize TGF-# Signalling.
Oncogene, 35, 4388-4398. https://doi.org/10.1038/onc.2015.446

Itoh, Y., Saitoh, M. and Miyazawa, K. (2018) Smad3-STAT3 Crosstalk in Pathophysiological Contexts. Acta Biochi-
mica et Biophysica Sinica, 50, 82-90. https://doi.org/10.1093/abbs/gmx118

Katsanos, K.H. and Papadakis, K.A. (2017) Inflammatory Bowel Disease: Updates on Molecular Targets for Biologics.
Gut Liver, 11, 455-463. https://doi.org/10.5009/gn116308

Luo, K. (2017) Signaling cross Talk between TGF-f/Smad and Other Signaling Pathways. Cold Spring Harbor Pers-
pectives in Biology, 9, a022137. https://doi.org/10.1101/cshperspect.a022137

Ooshima, A., Park, J. and Kim, S.J. (2019) Phosphorylation Status at Smad3 Linker Region Modulates Transforming
Growth Factor-g-Induced Epithelial-Mesenchymal Transition and Cancer Progression. Cancer Science, 110, 481-488.
https://doi.org/10.1111/cas.13922

Liu, F. (2006) Smad3 Phosphorylation by Cyclin-Dependent Kinases. Cytokine & Growth Factor Reviews, 17, 9-17.
https://doi.org/10.1016/j.cytogfr.2005.09.010

Tarasewicz, E. and Jeruss, J.S. (2012) Phospho-Specific Smad3 Signaling: Impact on Breast Oncogenesis. Cell Cycle,
11, 2443-2451. https://doi.org/10.4161/cc.20546

Buxton, I.L. and Duan, D. (2008) Cyclic GMP/Protein Kinase G Phosphorylation of Smad3 Blocks Transforming
Growth Factor-4-Induced Nuclear Smad Translocation: A Key Antifibrogenic Mechanism of Atrial Natriuretic Peptide.
Circulation Research, 102, 151-153. https://doi.org/10.1161/CIRCRESAHA.107.170217

DOI: 10.12677/pi.2023.124039 316 2


https://doi.org/10.12677/pi.2023.124039
https://doi.org/10.1016/j.immuni.2009.04.014
https://doi.org/10.1080/21541248.2017.1341365
https://doi.org/10.1016/j.jaut.2011.05.018
https://doi.org/10.1007/s00441-021-03466-z
https://doi.org/10.3390/jcm6070067
https://doi.org/10.1038/nature14452
https://doi.org/10.1002/JLB.4RU0619-197R
https://doi.org/10.1038/s41577-022-00746-9
https://doi.org/10.1126/science.abg9302
https://doi.org/10.1136/gutjnl-2011-301668
https://doi.org/10.1016/j.jaut.2017.12.004
https://doi.org/10.1016/j.jaut.2017.12.005
https://doi.org/10.1038/s41467-020-17097-5
https://doi.org/10.1002/emmm.201100604
https://doi.org/10.1038/onc.2015.446
https://doi.org/10.1093/abbs/gmx118
https://doi.org/10.5009/gnl16308
https://doi.org/10.1101/cshperspect.a022137
https://doi.org/10.1111/cas.13922
https://doi.org/10.1016/j.cytogfr.2005.09.010
https://doi.org/10.4161/cc.20546
https://doi.org/10.1161/CIRCRESAHA.107.170217

	Smad3对Th17细胞分化与转分化的调控作用与机制
	摘  要
	关键词
	The Role and Mechanism of Smad3 in the Regulation of Th17 Cell Differentiation and Transdifferentiation
	Abstract
	Keywords
	1. 引言
	2. Smad3的结构与功能
	3. Smad3在Th17细胞反应中的参与和作用
	4. Smad3对Th17分化的作用
	5. Smad3对Th17细胞转分化的作用
	6. 总结与展望
	参考文献

