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Abstract

Autoimmune thyroid disease (AITD) is the most common organ-specific autoimmune disease in clin-
ical practice, resulting from the imbalance of the body’s immune regulatory network. The nuclear
factor kB (NF-kB) signaling-mediated apoptosis has been shown to play a significant role in the path-
ogenesis of AITD, thus bringing about certain changes in people’s understanding of the disease and
therapeutic strategies. By reviewing relevant domestic and foreign literature, this paper summarizes
the dual roles of NF-kB signaling-mediated apoptosis and its role in the pathogenesis of AITD, and
also sorts out the progress of traditional Chinese medicine (TCM) in regulating NF-«B signaling. NF-
kB can not only up-regulate anti-apoptotic proteins to protect cells, but also stimulate cell apoptosis
under certain conditions. Although these two roles seem contradictory, they essentially reflect the
sophisticated regulation of the body. The active ingredients of TCM and TCM compound prescrip-
tions regulate NF-xB through multi-pathway effects, which can not only improve inflammatory dam-
age of thyroid tissue, but also regulate immune imbalance, providing new methods and ideas for the
integrated traditional Chinese and Western medicine treatment of AITD.
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1. 5|

E 5 % 799 (Autoimmune diseases, AD){E At S s, S2mi B | 2 o s N,
HH R IEZEDHIGIN[L]. B S R BN — P8 R v B & e M, 2t T ik s
S, R EUR AR HOR IR B I A B PR A RS I 2 R LA R IR [2] . F T 1 R
B CAE B R B H 267 ik FEFRPEANRAET:, BUANBRYE T —Fh s A e RS 4 i 4 AR B 2,
FEYERFHLAR S~ R e 7 TR HE T EEER, TR ESE M T A vh R 4 25 P vl e 2 2 308 1R S
PEPIR[3]. FEH P B AE S VRN NF-xB,  JLEE N SORE A s S B G IR R 1, S 5RES T &M R
PRI RS, HS 5B HEMRET RREEE RS, RWAEESRE4], (EARAE.
i Y O A, BEROZ T i NF-xB 72 AITD HH DR E T,  DUEHFT R HT R YT kiR LB ik
i

SRR, AT AR A PR SR B A o R 2GR S AN T S5 2 AN AR 81 3 (1 440 56 A H 22 (1 S A
{8, 1004 LR ER D g BACHT U VE T A AN 5 . MR R o, A h 25 B AR AT s 25 5 ]
LT NF-xB {5 5 & Sl BRI 40 TR 2555 AITD i B FE[5]. X — &Gl 2 5O T %
MRS &, ACEE TN T B2 LR BT 7, o8 RATRTT AITD =88t 7T . %
FALHU R LE NF-«B {5 5@ R = A T L, HAE AITD B fE i /R, AR 245383 NF-
kB B RAETTER, VAN AITD w677 2440 2008 ) L
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2. NF-xB (55BN SHETIE AITD £/ F 2 FHH
2.1. NF-«xB BiZMp AT RN =4 H)

P 2 — PR ERE AL I R v B RS R R P P 0 BB T AL, LA EE i A5 38 45 0 P P 3 12 A 2%
FEE S S R e RN A TR S . SRS AN S RIAMEMEREF, Mk SRR T ZMEE G S
TRADD #1 FADD #7428 L A LA -5 S 2 54, JE3) caspase-8 #EiM 5| &M T Bk - [6]. 12
JHTE F Bax A Bak S RAGM A IR I8 45 2 R SR R RLAREAT (1), B A M LIRS PR EL R T Bel-2 KR
I, AR ¢ WERRRIRE I Apaf-1 ZL8E7E — T Bd T/ MA JE G40 2408 caspases [7]. AN
PEAN YR A S et Bid B2 AR A B — b ™ ) DX 2% 1 [8]

NF-xB & 5 MLJGE S, 155 RelA (p65). RelB. c-Rel. NF-xB1 (p50). NF-xB2 (p52), &k — %k
FEIEFIRESH 1B 456 T A[9]. H i e afE S a2 ugt, H IKK 55t
IxBo FEfF 1B BRI NF-xB HE N A%; AR IS 2 1 NIK B0E IKKe £ p100 fi Tk p52 [10]. XX
AR BE 7 O NF-xB 76 S [7] 1 A 30 B0 B PRI rp S s AN R T BE B 416 17 464

NF-«B 7EJH T P i ThRE o0 B %, K&/ 1 00 N elid (e ik clAP1/2. XIAP. c-FLIP. Bcl-2 &
PR R RIS AR E[11]. LR, NF-«B AJ LB ST B58IET 521k DR4/DRS £ik,
BEXS TRAIL MIRURME: FEARVE RAEIS 755 TNF-a SE02 I8 T2 K742 E St s 78 LAPs BRI NF-xB i 4L
iRk RIPKL JE BRI TR [12], DRe i e S e 1 A= P i (1 2 =

2.2. AITD # NF-xB S & s

1 B G325 1 FEOHR IR0 1A T G T 506 TR B 32 1 S 5 B0 o PR A A DR 3 3 350 FROIR R 4 PR RE T DAMPs,
Pl 2RI B2 A B 5 B NF-B, 155 RIER T 7742 [13]. T OREE A2, NF-xB [ RF S0 A FFOIR iR gn
M SR AF PR 38 Th RE——MHC 1 AL 7308 Bl B B S PR 234 T 40, 71705 %t 52 [14].
WBE R B B R N T 40854k Thl F1 Thi7 SR e, HHh B 40M/=4 1 Shifk, S8R T WAREE
SV SORE BIRE R E B R [15]. DA WEAIR I, AITD B 1 HURIRAL S NF-«B L IE S A
# 3~5 £, HEWEREREEAI[16]. NF-«B REAIE RIEME 3N, EREVASE T 4R e 48 1 W A ok
FANEIVE T g0 EEAk, 3RO E A TR R AT[17]. 7 AITD HIZE 1B MER X ELAEE N, NF-«B FrE2
EARESBUNE TNF-a SiE ST T T AT NF-xB RIFTRIT RN, 2% S 20 H IR AR 40 M i v 2
[18]. ZANIAHTHIEFTETF NF-xB /R JE s M drig iz .

3. FEZHN AITD BAIRSATIES
3.1. FEX AITD fRHLESRZA IR

HHEEAEBR AR R AR SEE P AITD BVGRIEORE IR, ARHE HLS00AT i S R A g N “ B 7
g, (GEWAZE) FeAkIcE. FEIACH AITD 2l TARATmISmEr. M. § = Thse &,
JERRT Y, A R SR B0 A FLES TR B A B bR SE . M Sy AITD i 28 ot () 22
FEAE[19].

BARNATLAE ARIEE SR, M AITD RAE TR0 3. KIARPR AR R IIALSE 1S S0
JF, LT g, WASHUVARE . AP I 2, BEiRM4 S/, VTS ARRAF, et <
WU ZE AN, U AN 8 ST AR L, O AR VRANT , BER UK, 45 Rl AR g A+ X7 levb
DURL, i e A AR NIRRT, S50, R AR N IE, BERAIK[20]. FRIBZ A2 E
BN, RSN FEH A, AR TI0AT, R IR AT L. A R IR AR, IR
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WoAE, BB RS AE S B . S IR, BRE AN, MR RIS, B R EN
IR, HONBAL, BEMRMRESS . H SIS, Wi A &0, AR AT LU A 454, o B4 H A AT
RRIEAR[21], BONAREARSE . FERMERA IO AL R 8 e U BRR TR . RIE BT T

3.2. HEATT AITD HIPHEHRESE N

AITD IR YT 77 0 SR AR D RRIRAS, 5Kk TR B BT BN T 44 1E S8 BB BH-~F- 485, HEAR 5 0F
AREXREIRST , WA BFHESLYE . B AT DU R REIR BN 2P s, a7 DABAT B i
RIRNIEA B, e DAL IR o e rb o FTBR T B AR G580 B I A B RS54, B AT
TR RN R IR A AR - il - e R [22]; AR AMNRE RS . AR,
RE FEENY), BA@EAE . RAIK, AT KIARAS AT 98293 B 10 (KT B o

Tt REN TR BLE5E, IAVE LN ST B AT BOR RS, RIS B AR ORS S BRSO E, B
TR “BURNIERE” RI 2GR . FES. At =h. FORSEE AL 2 bR EA  F I A Y Thak
bb, EE GRS . BUR . BIIG HAR L A SRR AR BR YT BOR[23] -

JE R IR 2T, AR IRIE . SRITAN S ANRGE 4K, T2 70 31 KE 43 A REE RS R Rl 45 1) 2k
FCRECAR R 7%, R R G B, XA PR “ IR DI HIE 7 9 EZAB[24]. FERiE
77 AITD AEFHARIGRT 5%, P EEAER R AN E 88 B ATIR T, 02 A4 i =5 = L B B i 3
BRARNIEL, IEENAIT AR, MR AIGT E AR R DU A R e T L 58 e T 32
o B PR IE[25]

4. hEEFEMR 9@ NF-«B @EIBIE AITD
4.1. BEHERSHNZERITHE

BRI EYERT L T AR — 2GRSy, /£ AITD FR7 R RILH 14 NIEH 7% /7.
ANZ B Rbl, XNMMNTEANSHIRIUNE 55y, EERAIREIHE SRS T ENZ M E . Zhang
SE[26] B FUR RS O SER 7 58, A HDIRIREREE A ey i AIT /NERBERY, R4 T AZS 21 Rbl
(20 mg/kg)ESERE B VRYT 8 . SLIRAE R A ANRAT: VRIT AN RUIME I “RRDTE R ——TGAb
TPOADb 7K R ZH 43 I N % T 45.3%F1 52.7%, JL-FPR S 2 1 1R K. FUARIRA LR B EY) 7 B,
A 28 4 (1) bk B 4 02 B S k2>, R ERVE 3 ek T 60%LA .

RNFINLHIEE TR T NS 28 Rbl REMER IS TG, il R T € TLR4 iIX A “mfe” %
A, BT T fE RS 5 a4 i SR AR . BE 2 TSR IEBIUR N A N NF-xB p65 FRIA% %% Ao # i 25 41
il BAROCH T ORI FRIA I TT s NLRP3 S0 /A I 240 25 152 20 4, 9/ 7 IL-1p A1 1L-18
XL CHY AL BRI X R 2R S P RIVE R, ARG T RRIR I SORETOA SR, AA LB R
& 1A R A

EHRATRILT 5 — PR yT RS ——XCEES R . Li SE[27100F I, S5 2 (40 mg/kg) A
X REBE I 2 31 TLRA/NF-xB {5 58, EREFIN A1 mTOR {5 5@ 8, XA “XUEF R KIS
AT BEAEAR P FEIZLS . Western blot 4347 4 4 NENR IR Z]: p-mTOR/MTOR LUAAFFMK T 68%, #
B mTOR X4 A A AR IR 329 7 28 4 A7 Xl ;. NF-xB p65 A% k2D 55%, 1kBa #1453
BB RN o T G2 AH PR T AE ) BB T4, RO R A I e IR SN IEERE A IE, SR 52 IEAE A .

AT S BT R T R 25t 2 2 S NF-«B 15 58 B RS 20 2 4b . Wang 25 [28] #5256 31T
PR AT, A AT S TFE(L00 ma/kg)iadT AIT KRR 12 )5, WMER| T — K514 NS ERNA L. MiE %
JE T TNF-a Al IFN-y 7K P20 IBEA% 41.2%F1 38.5%, XMk 4 8 KA RNES] 1A 3 %EH] . HHEE
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2, HORARZLZ b R 4a M I8 1228 A AFHIE 1) 32.4% % %8 15.6%, K FURBRAH A4S LAAE 3 o 43 AL
WHFABL, AR R IE N = EALH] S NF-«B: f0if]_L3F TLR4 fI3RIE, /b BOEE 5 i #25E 1kBa
WA, Pilk NF-xB RIS EHGEM NF-«B 1] DNA Z547a 1, BRI aee.

4.2. 5K hIEMER S I BIFRAERHLE

A TP 2 AR P A Ak, s — S & AR FIALSIDN AITD B3R 7 SR ae i g . 22
BEFEN—FORIE T L OB, BB AERIORCR . Kong %5 [29]38 ik (A NIk P 25 2 1 (1)
PPN BTN TE LT ER . QUM0KF: 2R 1 (10~50 M) TRARFEHIH] LPS 75 5 1) NF-xB ¥
TR, p65 I FE AL 60% L F BRI AIT S AL: ¥ £ 17 (50 mg/kg)ifJT 8 J&, Bax ff13kiA k> 35%,
Bel-2 Bl 2.1 fif; BAMARIEFEEH HARAMIENER, HonbiELEE SOD M GSH-Px, MEAM
BRI ORY R AR

TERRZRFHSE WA FfEFRNLEI T, Chen Z5[301RILFFSER A FLE 7S miRNA A A]E 15
NF-«B 5 51&1%. MATKI, FHZEE 1A (10 pM)PEH 24 h i FRERGEMH, miR-148a-5p L 3.5 fif,
mIiRNA G [F “ 255128105 7 fe s #E A T NF-«B 88 1A% 020 1, 3] NF-xB p65 R LR 2
F IKKB RIE T I 2 oy LR LIS A A8 43 1 s Raet 4 7 (5 5l es, X575 %
R 2 G RYA T SR A T W TR

3P JE I H ] NF-xB/MIP-2 {55 il e 2 R4 FAR IR ZA R, B & v B H R I AL
Liu 5[] B 7t K WA 7 B F 32 (10 mg/kg) AT DURE S 14 (U HE 1] NF-kBIMIP-2 {5 55, A %R B R
WFLE, HURAREZIAN MIP-2 Jkisb 50%/c A7,  Hh M 4 s i 1 B S /b o A% 1 0 PR 25K 400 MR A T2 AH O
R F1EH 45 R 7R, caspase-3. caspase-9 & 47 7l N B& 48%F1 52%, Bcl-2 L] 1.8 £, il 1 2 a3
TR

B 7R WEIRAELIAL, HAMIE RS R 2 2 P A 7E NF-xB IR 7 T AR T DTk R
FEIIM I 2= ERANH] IKK Z S s, 7E15 5@ M0 Rl Ja4E NF-«B S 40[32] AEms i
ANBERIR T 55— A7 % il AMPK 4t e B2 8%, IE ARk i SIRTL, SIRTL{ERN XL
BEALEE G NF-xB 3017 p65 #E1T 25 LMk, ®F NF-«B NG AL RV I [33]. 22 K824 rh 1) 3 1 22 i ) 8
BT AR, et TR BT IL-10. TGF-B 170, FIHIE 2 Bl T HI2235[34]

5. PHAEFIET NF-«B @R AITD MEZES N
51. ZHBGFINAKRNZER

LT AN A R XK o Zhou ZE[35R A 5. 10, 20 g/kg =ANiFIE, Im R AT IR 7T K
W, Kt aESHNIR. By = 3AFIEMNET, 8 A, mAlEAA RWNENIZE, iE+HHSPik
TGADb 1 TPOAb /b 55%~60%, #AEF T 1L-6 Al TNF-a I8/ 45%~50%, HURIRAEZI%F ) A ke
YT 32 T S AR . WL FedR H, #hh 28< i8S B SIRTL/Nrf2/NF-xB il R ¥E/EFH . SIRTL fE#h
WA T PG RIE LGS MEV B BT, 298 EIES] 2.0~2.5 1% #0805 1 SIRTL 24 Nrf2 (% N4,
JEEN T Nrf2 FiiF— RABUEMIER ) LRI, R AT CAE 2 26 NF-«B p65 i i #4 s ig k. 1
AN RS EAFTETOR 2 AP AR . SRR ThRESGE, $2m T RERTHFERCE, Wb T ROS /=4, PR
NF-xB iG55 1=k

BeAt, SeRAH AT LRI FARIR S TSN TRA RS - WA RS - Gl RG0SR 5 1) B B AR
. Yang Z£[36VAIT R 7L 7 1G4 IR 542 AITD Y97 T T FilfEH - 15 g/kg Il PR & S8 A B E0ia T 12
J& SEIS BN AME R FE bR IRTG T o, AT MRS B s A A AL e g 28 W] AR . 7E S A
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i, Thi7/Treg KATHIER] T A IE. St DHFF R, SESAGITECE T M HPA FlF1 4028558 i K P 1 7=
HEAER, p-laBollkBa ELAE T % 65%, HOIRARZH S A T4l 35%F4% 2 16%.

5.2. BIFTAFIRRESNA

i T I3 2% 7 A LA A R AR R e (1 2 AT B X PR A 2 BT 54K, Zhao 45 [37]LA & 44
ML 25 24 () V8L, R PR B s T 2% 5 1Y) 15% & 245 I35 B A 5 25 4 R4 VR Y, TNF-a 5 510
YR AR, L TRAL R AT 4] NF-xB p65 1721k 55%, 1% Aik/> 60%LL I, H PCR il & I NF-
xB B T #ORER F COX-2. INOS mRNA 7KF-473 7l F i 45%. 52% [38]. b AXEHIRZ, B g
LT A e A S A AR AR . SRR AR TR I, S AIMIERIT IS, S ML Z
18.3%7J+ % 26.7%, i /E M E A SRz, JF H caspase-3 ih 1[4 40%, 4 T-F 1 H 25.3%
FEAE] 12.7%, FIHdoR, o B L@ 2 07 AMEAN G| JOE AR T, I (218 HUIR R A i i W AE 12 K [39]. Tt
W& 2% 06 T TR T 2. AR &4 Rk, FRAE, ERKPECHER “thE” . B
I, RIS, H2ERAE i 2 SR R 2. 25 Ak B MR A R UE R,
2575 FIRRET AW ERAS, HEAT “BEHLAAR” Hhf =y . X — “BEHLNAZ” BIZRL, LTI 2B
BT AW S S s P v o7 B
6. &5

H 5 g% Mk BRI R, NF-xB B SRR TR E SIEH, NF-«B 12 EXUA L
HIRT N E B e v R AR IR TR L E 28 5. h2h “Z . ZHUE. ZRET VERE AT
VAT NF-«B B, JF HILAERS 6 JORE SN 1 408 T DR e vp AR FH H 28 0 8. Ik T
FH 255 NF-xB 3B B IALH CAwr5 58 58 AITD R IEEE LS A9 7 ok 1 Al AT BB . TR 2519 /E AL
B HRE— DY, FEEA RS HE, AR 2R, FIREAR S — S 25 1
Ak, @IFRFHBEAN, N AITD EE AR AMEIRTT 84 FE AITD B 78 75 AW 58 35 19 77 1)

SE

[1] Mcleod, D.S.A. and Cooper, D.S. (2024) The Incidence and Prevalence of Thyroid Autoimmunity. Endocrine, 83, 5-15.

[2] Antonelli, A., Ferrari, S.M., Ragusa, F., et al. (2023) Graves’ Disease: Epidemiology, Genetic and Environmental Risk
Factors and Viruses. Best Practice & Research Clinical Endocrinology & Metabolism, 37, Article 101387.

[3] Weetman, A.P. (2023) The Immunopathogenesis of Chronic Autoimmune Thyroiditis One Century after Hashimoto.
European Thyroid Journal, 1, E220130.

[4] Zhang, Q., Lenardo, M.J. and Baltimore, D. (2023) 30 Years of NF-«B: A Blossoming of Relevance to Human Pathobi-
ology. Cell, 184, 245-266.

[5] Li,S.,Wang, Y., Chen, L., etal. (2024) Traditional Chinese Medicine for Autoimmune Thyroid Disorders: A Systematic
Review and Meta-Analysis. Journal of Ethnopharmacology, 318, Article 116982.

[6] Bedoui, S., Herold, M.J. and Strasser, A. (2023) Emerging Connectivity of Programmed Cell Death Pathways and Its
Physiological Implications. Nature Reviews Molecular Cell Biology, 24, 765-783.

[71 Kalkavan, H. and Green, D.R. (2023) MOMP, Cell Suicide as A BCL-2 Family Business. Cell Death & Differentiation,
30, 1-10.

[8] Moldoveanu, T. and Czabotar, P.E. (2023) BAX, BAK, and BOK: A Coming of Age for the BCL-2 Family Effector
Proteins. Cold Spring Harbor Perspectives in Biology, 15, A041095.

[9] Hayden, M.S. and Ghosh, S. (2024) NF-xB In Immunobiology. Cell Research, 34, 1-23.
[10] Sun, S.C. (2023) Non-Canonical NF-«B Signaling Pathway. Cell Research, 33, 95-106.

[11] Taniguchi, K. and Karin, M. (2023) NF-xB, Inflammation, Immunity and Cancer: Coming of Age. Nature Reviews Im-
munology, 23, 309-324. https://doi.org/10.1038/nri.2017.142

[12] Mifflin, L., Ofengeim, D. and Yuan, J. (2023) Receptor-Interacting Protein Kinase 1 (RIPK1) as A Therapeutic Target.

DOI: 10.12677/tcm.2025.1412783 5455 HRE 2


https://doi.org/10.12677/tcm.2025.1412783
https://doi.org/10.1038/nri.2017.142

B, 2

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]

[36]

[37]

Nature Reviews Drug Discovery, 22, 727-748.

Kawashima, A., Tanigawa, K., Akama, T., et al. (2023) Innate Immune Activation and Thyroid Autoimmunity. The
Journal of Clinical Endocrinology & Metabolism, 108, 1923-1934.

Mclachlan, S.M. and Rapoport, B. (2024) Breaking Tolerance to Thyroid Antigens: Changing Concepts in Thyroid Au-
toimmunity. Endocrine Reviews, 45, 59-80. https://doi.org/10.1210/er.2013-1055

Rydzewska, M., Goralczyk, A., Goscik, J., et al. (2023) Analysis of Th17/Treg Ratio in Patients with Hashimoto’s Thy-
roiditis. Frontiers in Immunology, 14, Article ID: 1144892.

Chen, X., Zhou, Y., Zhou, M., et al. (2024) Thyrocyte-Specific NF-«B Inhibition Suppresses Experimental Autoimmune
Thyroiditis. Journal of Autoimmunity, 142, Article 103156.

Li, Q., Wang, B., Mu, K, et al. (2023) The Pathogenesis of Thyroid Autoimmune Diseases: New T Lymphocytes-
Cytokines Circuits Beyond the Th1-Th2 Paradigm. Journal of Cellular Physiology, 238, 531-545.

Pyzik, A., Grywalska, E., Matyjaszek-Matuszek, B., et al. (2023) Immune Disorders in Autoimmune Thyroiditis: What
Do We Know So Far? Journal of Immunology Research, 2023, Article ID: 8853167.

Liu, J., Wang, Y., Zhang, L., et al. (2023) Traditional Chinese Medicine Theory and Modern Understanding of Thyroid
Diseases. Journal of Traditional Chinese Medicine, 43, 812-820.

Zhang, H., Liu, P., Wang, S., et al. (2024) Integrative Treatment of Autoimmune Thyroiditis with Traditional Chinese
Medicine: A Systematic Review. Chinese Journal of Integrative Medicine, 30, 178-187.

Chen, Y., Li, X., Wang, Q., et al. (2023) Pattern Differentiation and Treatment of Autoimmune Thyroid Diseases in
Traditional Chinese Medicine. Journal of Beijing University of Traditional Chinese Medicine, 46, 1089-1096.

Wang, L., Zhang, M., Liu, Y., et al. (2023) Clinical Observation on Treating Autoimmune Thyroiditis with Integrated
Traditional Chinese and Western Medicine. Chinese Journal of Integrative Traditional and Western Medicine, 43, 1067-
1072.

Zhao, H., Sun, J., Li, W., et al. (2023) Mechanism of Chinese Herbal Medicine in Treating Autoimmune Thyroiditis
Through Regulating Th17/Treg Balance. China Journal of Traditional Chinese Medicine and Pharmacy, 38, 4567-4571.

Yang, S., Chen, X., Zhou, L., et al. (2024) Research Progress on Treatment of Autoimmune Thyroid Diseases with
Traditional Chinese Medicine Based on Immune Regulation. Journal of Traditional Chinese Medicine, 65, 312-318.
Liu, X., Wang, Y., Zhang, J., et al. (2023) Integration of Traditional Chinese Medicine and Modern Immunology in
Understanding Autoimmune Thyroid Diseases. World Journal of Traditional Chinese Medicine, 9, 389-398.

Zhang, M., Li, X., Wang, Q., et al. (2024) Ginsenoside Rb1 Ameliorates Autoimmune Thyroiditis via Suppressing
TLR4/NF-KB/NLRP3 Signaling Pathway. Phytomedicine, 123, Article 155234.

Li, J., Chen, H., Yang, B., et al. (2023) Dioscin Ameliorates Experimental Autoimmune Thyroiditis via the mTOR and
TLR4/NF-xB Signaling Pathways. Frontiers in Pharmacology, 14, Article ID: 1139892.

Wang, Y., Liu, Z., Zhang, J., et al. (2024) Total Glucosides of Paeony Attenuate Autoimmune Thyroiditis by Regulating
TLR4/NF-xB Pathway and Th17/Treg Balance. Journal of Ethnopharmacology, 318, Article 116897.

Kong, L., Wang, X., Zhang, K., et al. (2023) Icariin Inhibits NF-«B Signaling Pathway and Modulates Cell Apoptosis
in Autoimmune Thyroid Disease. Biomedicine & Pharmacotherapy, 168, Article 115756.

Chen, S., Li, Y., Zhu, Y., et al. (2024) Tanshinone 11A Protects Thyrocytes from Inflammatory Injury via Regulating
Mir-148a-5p/NF-«xB Axis. International Immunopharmacology, 127, Article 111423.

Liu, H., Zhang, Y., Wang, M., et al. (2023) Oridonin Suppresses NF-xB/MIP-2 Pathway to Alleviate Inflammation and
Apoptosis in Autoimmune Thyroiditis. Inflammation, 46, 1893-1906.

Huang, R., Zheng, Y., Zou, W., et al. (2023) Quercetin Protects Against Autoimmune Thyroiditis by Inhibiting IKK/NF-
xB Pathway and Reducing Oxidative Stress. Free Radical Biology and Medicine, 208, 567-578.

Wang, X., Liu, J., Chen, K., et al. (2024) Berberine Ameliorates Autoimmune Thyroiditis Through AMPK/SIRT1/NF-
xB Signaling Pathway. Phytotherapy Research, 38, 645-657.

Zhang, L., Wei, Y., Sun, R., et al. (2023) Astragalus Polysaccharide Selectively Modulates NF-xB Downstream Genes

to Improve Autoimmune Thyroiditis. International Journal of Biological Macromolecules, 253, Article 127189.
https://doi.org/10.1016/j.ijbiomac.2023.127189

Zhou, J., Wang, L., Zhang, Y., et al. (2024) Buzhong Yiqi Decoction Improves Inflammation and Oxidative Damage in
Autoimmune Thyroiditis by Inhibiting Apoptosis via the SIRT1-Mediated Nrf2/NF-xB Axis. Journal of Ethnopharma-
cology, 319, Article 117234. https://doi.org/10.1016/j.jep.2025.119967

Yang, M., Li, Z., Chen, Q., et al. (2023) Chaihu Shugan San Regulates Th17/Treg Balance and Inhibits NF-«B Signaling
in Experimental Autoimmune Thyroiditis. Phytomedicine, 120, Article 155043.

Zhao, T., Liu, X., Wang, H., et al. (2024) Yishen Huoxue Tongluo Formula Protects Thyroid Cells from Apoptosis by

DOI: 10.12677/tcm.2025.1412783 5456 A 22 2


https://doi.org/10.12677/tcm.2025.1412783
https://doi.org/10.1210/er.2013-1055
https://doi.org/10.1016/j.ijbiomac.2023.127189
https://doi.org/10.1016/j.jep.2025.119967

H

?I“ESH C 9 %F‘I:ll:l

c

Inhibiting NF-«B Signaling. Chinese Medicine, 19, Article 23. https://doi.org/10.1186/s13020-024-00891-4
[38] Li,S., Zhao, Y., Wang, J., et al. (2023) Mechanisms of Traditional Chinese Medicine in Modulating NF-xB Signaling
Pathway in Autoimmune Diseases. Pharmacological Research, 197, Article 106967.

[39] Wang, Q., Liu, M., Zhang, Y., et al. (2023) Bidirectional Regulation of Immune Response by Traditional Chinese Med-
icine in Autoimmune Thyroid Diseases. Evidence-Based Complementary and Alternative Medicine, 2023, Article ID:

8897234.

DOI: 10.12677/tcm.2025.1412783 5457 HHEEY:


https://doi.org/10.12677/tcm.2025.1412783
https://doi.org/10.1186/s13020-024-00891-4

	NF-κB信号通路介导细胞凋亡在自身免疫性甲状腺疾病中的作用及中医药干预研究进展
	摘  要
	关键词
	Research Progress on the Role of NF-κB Signaling Pathway-Mediated Apoptosis in Autoimmune Thyroid Diseases and Intervention with Traditional Chinese Medicine
	Abstract
	Keywords
	1. 引言
	2. NF-κB信号通路介导细胞凋亡在AITD发病中的分子机制
	2.1. NF-κB调控细胞凋亡的双向机制
	2.2. AITD中NF-κB介导的免疫失衡

	3. 中医药对AITD的认识与治疗理念
	3.1. 中医对AITD病机的深刻认识
	3.2. 中医治疗AITD的辨证施治原则

	4. 中药活性成分通过NF-κB通路调控AITD
	4.1. 皂苷类成分的多重调控机制
	4.2. 萜类及其他活性成分的创新作用机制

	5. 中药复方通过NF-κB通路干预AITD的综合效应
	5.1. 经典方剂的现代科学阐释
	5.2. 创新方剂的探索与应用

	6. 结语
	参考文献

