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(-)-KEEFILEEZ-3-E8FEEE (EGCG)
WEE TBK1 5 JAK-STAT1 @ &M &| 15
TFIHENERRER R
Z ALY A%V ox oM fmEY O RERDY FEARY ¥ #®Y EifReV
FAEHOT Hgem T

(V R T R E B, R IR A Tt e i, Y] 6505015
DB AR BRAE BT TANMAEY LR E, M 5114315 Y mRA A ERFB 2 BT, R 650200)

WE B IRTHE (FN-D (G538 HORP0R R R AR RN A A O, st S T ER . /et
KEAR I 25 B S MR I A G . BRI B LA Janus 3R (JAK) M350 300 4 Q2 B M 1 S = 2248 T IEN-1 R i 54
5, XF UF IPN-TAE WA B B R A R . £85I A7 (Phyllanthus emblica L.) 7] T RAEPEBIRAIGYY, (HHE
PEPE TFN-138 6 B35 M o B o F-AL i AR BT BH . AR5 B AE S 8 X E TR IS P A, 9 i B AR B g am i b VR
IFN-LEFERIHLE . Fik  SFrh R4 500 & (TCMSP) 5 DrugBank 346 /4, SR FH 0 24 24 312 Jy 1 i
TEAR H IS MR M ¥ a5, IRl AT 2 X BV PAG B i 40 5 IFN-LIB BE B 1 (TANK 255 1 (TBK1) . THEZ Y
HF3 (IRF3). {5555 FEMERF 1 (STATL) ) M454G, LABX795 #IGSK8612 HZ R TBK M. Rl £ At
AR ML (THP-1) Ak E BRI S Bk IR E g 41M (BMDM) ilff 7508 SR RRNUETR (poly (I:C) ).
EWEMRAT-HH R (poly (dA :dT) ) SgZHE (LPS) MBS LUt(E S, ZAMEIFN-BI#IG FiFE5, JEHHE siRNA
AT 3R Z SN 1 (TREX1) VLERIER IS N AL TR IR Sh i TR 2 o SR FE SR R A ifsE U= )% (RT-PCR)
K IEN-B1 KPR Z ML (1SGs) ik, HASRENEE (Western blot) Kl E FABERR AL, BEEEBE SR8 FHALE (ELISA)
R TEN-B 430 5 RGN MIAI RS 08T (CETSA) FIZy4) 3% Fn S B 0 5 S 2 P43 Hr (DARTS) #4558 (-)-REE FILAK R K
BTN (EGCG) SIRFIMAMEAH. R MLY% 008 R EGCG AR HF P L IFN-TII I PERL Sy, T AT
454 TBK1. IRF3 5 STAT1, 43 T8 7R, EGCG 5 TBKI. IRF3. STATI W5 & RE/HIH-9.2, 7.2, -8.2 keal/mol, F
X TBK Y 3 A1 7 55 2 BE M 157 BX795 (=5.7 keal/mol) F1GSK8612 (6.4 keal/mol) #HY4. 7E THP-1 I 4 1 5 BMDM
., EGCG¥m4ifilpoly (I: C). poly (dA : dT) K LPSHIl¥# F IFN-B1 5ISG ) mRNA %Kik, EGCG f#{k TBK1 5 IRF3 1Y
WAL, (HASSZI L2 SRR S -IR T A U (cGAS) FIPLEIRIA SHMNEAT (RIG-D (K, IR EERMBIE M
AR IFN-B /3. CETSA 5 DARTS £5 % R, EGCG A58 IRF3 (k& M s 8 A RGHLIE , $27m JE0 IRF3 B4 b )42
Pk, FEIFN-BHIRK)S , %EH EGCG Ak B AT i ) Mt 1t 1 B2 AIC STAT 1 Bk, Wi T3 E I 79 (IRF9) TR fk, HF
Sy ISG #5535 ZAE AR AT (e B, Fobka kR TR 10 (CXCL10) (il hEasE . 78 TREX1 Uik 41
i, EGCG nFFEETHE B ISG15, 1SG56 fil CXCL10 B mRNA /K-, 518 EGCG i@ i [F]HH i TBK1-IRF3 445 A9 IFN-B A=
A5 JAK-STAT A 09 T ilEe ok, I IEN-TR2E . LR RO R Ay H eG4 s 4w AT e I FARAE T HLGMR S, I
P78 EGCG I ML A WIAE TR R IR SN A B o e i i rhafk— 2504
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B RN . IEN-I AT 3% S T 3 3= i i it
(interferon-stimulated genes, ISGs) J {Z ik, T
853 1SGs 7yl tE— 2541 ik TFN-1 7 Az sl 5 AR
SR, FRELCR SAE OV T AT RE S BOH 4L
P A BT X IZGE I TR YT R (40 Janus S
(Janus kinase, JAK) #ifil5]) Z 0 &~ IS
ST, BATTE—E R LR R, X
Ui IEN-1 7 A2 B LA RIAR S A B, tedh, e+
TR REAFRE) T S I AR DG RN, (A4 %
JuXUBS 3G ) oL Bk, FF A REAE [ B il IFN-I
PRI IHE ST, HRA B SRR
o PR R, R Y R A ) S Il R
Ko

IFN-T 1Y 7 A 5 05455 S 32 8l T 2FR EL DG IER
(R B A o A LU, PRBEIR S - G
fif - T 40 2 JE K % & 1 (cyclic GMP-AMP
synthase-stimulator of interferon genes, cGAS-
STING) el M E R IESFEFE AT (retinoic
acid-inducible gene I, RIG-I1) 25X 5124 (138
W5, ARSI 2 OB R TANK 25 45 i 1
(TANK-binding kinase 1, TBKI1) ", TBKI i i
R AL T3 E P 3 (IFN regulatory factor 3,
IRF3) JA 2l IFN-15%5% . fE FilfF, TFN-T5 T84
Z 2K (interferon-alpha/beta receptor, IFNAR) %%
B IR R JAK FG e (£ AK1 5 B TR
fiff 2 (tyrosine kinase 2, TYK2) "', #Eiifefi{5
S 55 S AT 1 (signal transducer and
activator of transcription 1, STAT1) WifR{kI:0K )
ISGs #ik % [k, TBKI 5 JAKs ¥ A% T 3% 2
TFN-1 77 A5 R 137 A P15 0 DG BRI o, o
WhE BA AL 2508 i SR, AT 2459
W 228 vh T I — B s Y e R R, DA
O3 IR FIRPS ARGS9 R, it
A S E IR R ME R, AHOCHETR AT AR XA
FR . ZHE R 2B RS EF- i X TBK1 5 JAKs
MEs G TR TE, LAk AR — A s FE I v RE 20
TR PR AT, RN o T A A 25 S
R Y 43 T BOXERT , AT HE— AR T A e e
JE ST, RERPYIRIEAL B W R A5 2
FEPE S ZH0 S0 T, TR R I AR Al
BB EAE

teg 5 R A H T (Phyllanthus emblica L.)
TEFIEIRFE (Ayurveda, ENEAFESIAR) S
B 24 8 AL 48 B2~ UK 2R TP Bl T T JTE AR DG 119 T

T s AR A AR B G B — o RIS
P, IR ILTEMERTRE 5 0TS Z WMo FE O
SR, FLOCHEIE MR EAR | ELHE/E 0 A 20 AE IFN-I
TP R A RS, BT AL
S R ARFSE SAE TR A B iR . A
I, XPARHF I RIE R B R e, IR
IFN-Li B ez bl B e n Rl
AMFFENF A H I A S A E LS AT T
RGENT, S (O)-REETFILREI- BB TR
fig ((-)-epigallocatechin-3-gallate, EGCG) M H:
BRI SNT, IARAT R TFN-T I8 5% 0 SO T i
Pl EGCG ml st /EH T il TBK1-IRF3 4l il
IFN-ITW5G SR 3, [RIEHI 6] T U JAK-STAT 1 935k
SN, FACARR 2 J ok TFN-T 300 3840 1) s S Wi 7 o LG 7R
ABFFAERBAUNZE TR AL o) a4
VR T TIRUF . AWFITEE R A HF 1L 50
FHERHE TALHZ mAARHE, IF R IFN-13K 3] H & e
PEPEBIR 2240 s R 25 I B R AR AL T IR R

1 HRSH%

1.1 FEZ#Y

15 mg 80% R H TR TH) (mpgERFH
B 25 AT S BT 4 448 ) ¥ 1 mi JoTai A= 3K
BCHI AL S5 o/ LA, o HTIRE LS 35 5L B 22 s
TAHEM ¥ . ¥ 50 mg EGCG (MERCK, E4143,
Germany) ¥ T 10.91 ml Y JCEE A= BEER K, Ll hY
10 mmol/L EGCG fi#i 7K , fdf T IRF LA K% F7 JE A B
PL 150 ul 09 4 b 59 B B 4 75 8% 3% 3& (optimal
minimum essential medium, Opti-MEM) (Gibco,
31985070, oy o F ORE R OUL R
(polyinosinic-polycytidylic  acid,  poly (I: C) )
(Invivogen, tlrl-pic, France) /2SR -MH R
poly (dA:
dT)) (Invivogen, tlrl-patn, France) 7/ Lipo 2000
YA (Invitrogen, 11668-019, France) (#%[R
5 Lipo 2000 AR 12 2), KHJE N 1 mg/L. ¥
20 ug IFN-B  (Sino Biological, 50708-MCCH/
10704-HNAS, China) ¥ T 80 pl JCT& A= L £k 7K i
BRI, SR LR SR B R 2 AR MR 2 pg/Lo
& PR E R B4R 2 T AERFAR I AL BRI 1R] (ZhRE
ST N 24 h, RS SIRIE R N 2 hEli4 h)
1.2 Y

C57BL/6 MEPE/N U A 1w 5t sh P ik 5 o
SR T R T I AL shyrhc. I shses:

America)

(polydeoxyadenylic-thymidylic acid,
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1 R4 B TR SR e B2 0 25 i A dit ofe
(PZWH () K2023-0064) .
1.3 MBZEFSH
131 R HFIEEALS P r it S Fm

M NCBI % #i& & (https://www. ncbi. nlm. nih.
gov/) . Genecard £{ 45 /& (https://www. genecards.
org/) & OMIM%#iz% (https://www.omim.org/) i
FAORE A G HE B3 A s I OF R O LB
A2, M TCMSP (https://www. tcmsp-e.com) .
Drugbank (3% % (https:/go.drugbank.com/) L OB
>30% H.DL>0.18 Ry vebnife , FRICRH TGP
o7 S HHR S, IFaE A Uniprot 2088 2 (https:/www.
uniprot.org/) Zt—54 A EFRIR (gene symbol) .
1.3.2  2590)- SRS i AT ALK D 254 2

FIIFH Venny2.1 7626 T H 22 il 43 H 16 M
5 SE AR OCHE 5 Venn [ 2, BOZEEELD, R A
STRING %44 & (https://cn. string-db.org/) 4 &
5 -5 A B AE ] (protein-protein interaction,
PPI) ™%, 4555 A cytoscapeV3.7.2 Bk {4F E4T K
& AT AAL ST -
1.3.3 1 xHEST

M PubChem (https://pubchem. ncbi. nlm. nih.
gov) T3 BGCG ) = 4 25 ¥ Kl SC 4 (structure
data file, SDF) #%3{, £ Open Babel ¥ 1t b & H
Jii Bt % (Protein Data Bank, PDB) #% =, M
UniProt (https://www. uniprot. org/) %k 4 TBKI .
IRF3, STAT1 &K% (PDBAS0) . fliH]
PyMOL B8 A B o 7K o3 F SRR ik, il
AutoDock Tools-1.5.7 FA4F%F & H LA hn & . 1t
OA P A OB AR BT 8 43 FL AT 5 i - 25 B0 1Y) PDB A%
7 (Protein Data Bank, Partial Charge (Q), &
Atom Type (T), PDBQT) #%z(, & XX & FfE
R B B C 4 (configuration, config) , fif
AutoDock Vina JiAT %2, HEHEE A RE kI %
TR . B UPEAL EGCG S G611, L
2¢ L TBK 1 4101 i 551 BX795 " Fil GSK8612 ! Sy [H
PEXTRR, FAR R RRAA T 001X AT
14 ZHBEIESE

N R 40 M T I 40 2 (Tohoku hospital
pediatrics-1, THP-1) 40l K /| BB 6 B 05 20
il (bone marrow derived macrophages, BMDM )
YifE (ER LA s L= RS &) 7E37°C.
5% CO, & £ T 5 3% T & 10% It 4+ 1L 75 (fetal
bovine serum, FBS) (BB ZFH:4, FS301-02,

China) 1 1% RUHT (14 FE [ 20 B 4% 7R KE 97 5L
(Dulbecco’ s modified eagle medium, DMEM)
(Gibco, C11995500BT, USA) ', FrA 4140k
TASLI E WA, RIS FA, R
I IRAS i 6 4 A B ARICECA B 201K

1.5 BMDMHI#&

W AR 25 BB 1929 4 i (6x10%# ), LA
DMEM # 35 2 4h 723 80 ml, T°37°C. 5% CO, 3%
FF PR R R 8K, H0.22 pm JE kT JE IS 4
RE% B, B2 A C57 BL/6 /ML ([RIFIER/INER
RIS 2ZEAEE T L), IO BCERE e, DA
30% L929 Z {15 % 5 1Y) DMEM K5 55 3L i B &
1x10°L, HF2~3 d4fe—KiK, 557 RMHIEEEA
FUWBEDERS, RI5E R BMDM ZEi% S
1.6 #AAEFlEsELE
1.6.1 LPSHscmy

Fig £ B (lipopolysaccharide, LPS) (Sigma,
L2880, Germany) L3555 A BE R 100 pg/L, %
2 mlU/ALIIA 6 FUARAIEL 1 b, Bl 5 58 B 5 A . 254
(35 5 B AL AR e ], SR 1 BT RNA T
1.6.2 poly (I: C) Fipoly (dA : dT) %% Yy ifi] i
S

L 150 pl Opti-MEM 43 51 % B¢ poly (I: C) /
poly (dA : dT) (£ | mg/L) X Lipo 2000 %
YeilFl (BB : Lipo 20001AFIL 1 - 2), HIRFE
2 min 5 IS H 25~30 min, 7E 6 fLAHRTHIA 1 ml
Opti-MEM, MA FRBEGWEHEE2 ml, T
37°C. 5% CO, 5 FFANE L 4 ho 5L YL G 7
FL, B A N 245 () B R A L S B[R] S AR
HE A FIRNA,

1.6.3  IFN-BHIFL LR

B IFN-BAGEAF I LA R B B 2 2 /L, %
2mlALIMA 6 FLHL, F37°C. 5% CO, 15374 H il
W2 he WIS BN 25 Ab B 2 hB% 24 h,
W HCER B FTRNA
17 FHERXTREEHEEARXNR X
transcription polymerase chain reaction, RT-
PCR)

DA TRIzolid#] (Invitrogen, 5596018, France)
PEIANL B RNA, i F Hifair® 111 55 —%% cDNA &
AF B CBL%EW), 11141, China) 0564
cDNA, #47% & PCR (quantitative PCR, gqPCR)
. BHFEEETIHFH (N: ISG56. ISGIS,

(reverse
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IFNBI . #afbHFH K 10 (C-X-C motif chemokine
ligand 10, CXCLI10). IFNa; FR: Cxcll0, 2'-5'- 5
MR RS Rl 1 (2'-5'"-oligoadenylate synthetase 1,
Oasl) . Isgl5. Isg56. MIEIASIAF-a (tumor
necrosis factor-alpha, Tnfa) (). IFN-BI (§l).
IFN-a)) #45 NCBI 2 741, fdi i Primer5.0 1%
I, BERVEYE P DU b 3- B
(glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) AW Z AW . R 2% 115 A8
mRNA Fikfg, 45500 GAPDH#E ThriEfk. 514
JFHIT . 1SG56 () forward 5'-GTGCTTGAA-
GTGGACCCTGA-3', reverse 5'-CCTGCCTTAGG-
GGAAGCAAA-3'; ISGI5 (N): forward 5'-GCG-
CAGATCACCCAGAAGAT-3', reverse 5'-GTTCGT-
CGCATTTGTCCACC-3'; IFN-B ( N ): forward
5'-ATGACCAACAAGTGTCTCCTCC-3', reverse
5'-GGAATCCAAGCAAGTTGTAGCTC-3"; CXCLI10
(N): forward 5'-GTGGCATTCAAGGAGTACC-
TC-3', reverse 5-TGATGGCCTTCGATTCTGGA-
TT-3'; IFN-a (N): forward 5~AACTCCCCTGA-
TGAATGCGG-3', reverse 5'-CTGCTCTGACAAC-
CTCCCAG-3'; Cxcll0 (F): forward 5'-GAAGC-
TTGAAATCATCCCTGC-3', reverse 5'-ACGCTTT-
CATTAAATTCTTGATGG-3'; Oas! (f): forward
5'-AGACCATCACTGTCACCGTTG-3',
GGAGGCTCTTCAGCTTCGTC-3'; ISGI5 (f ) :
5'-GGTGTCCGTGACTAACTCCAT-3',
reverse 5'-TGGAAAGGGTAAGACCGTCCT-3';
ISG56 () : forward 5'-~ATCGCGTAGACAAAGC-
TCTTC-3', reverse 5'-GTTTCGGGATGTCCTCAG-
TTG-3'; Tnfa (). forward 5'-CTGAACTTCGG-
GGTGATCGG-3', reverse 5-GGCTTGTCACTCG-
AATTTTGAGA-3'; IFN-B (Fl): forward 5'-TGG-
GTGGAATGAGACTATTGTTG-3', reverse 5'-CTC-
CCACGTCAATCTTTCCTC-3"; IFN-o-all (R ) :
forward 5'-TCTGATGCAGCAGGTGGG-3', reverse
5'-AGGGCTCTCCAGACTTCTGCTCTG-3'; GAPDH:
forward 5'- GTCTTCACCACCATGGAGAAGGC-3',
reverse 5-TTGTTGTCATGGATGACCTTGGCC-3',
1.8 FEARENTEE (Western blot, WB)

20 i L RIPA 2 i (35 = K, P0013B,
China) %%, BCAHEHERIAN & (TIANGEN,
PA115-02, China) 7 & H Bk & . HH A
SDS-PAGE /3 & J5 % El & PVDF JE (Cytiva,

reverse 5'-

forward

10600023, China), LA 5% Biig2F05uk 4 1 i (&
1 (bovine serum albumin, BSA) (Sigma,
B2064, France) #M, 4355 T4 —HifE4°C T
Hit W : cGAS (CST, #83623, 1:500). RIG-I
(ABclonal, A13407, 1:1000). TBK1 (CST,

#3504, 1:1000) . p-TBK1 (CST, #5483, 1:
1 000) . IRF3 (CST, #4302 1: 1000) . p-IRF3
(CST, #4947, 1: 1000, p-STAT1 (CST,
#9167, 1: 1000) . STAT1 (CST, #14994,

1:1000). IRF9 (Proteintech, 14167-1-AP, 1 :
1000) . ® M L & W 7 -«B il & H a
(phosphorylated Inhibitor of nuclear factor kappa B
alpha, p-IKBa) (Wanleibio, WL02495, 1: 1000) .
IKBo (Wanleibio, WL01936, 1:1000). % TIR
ZEMR AT B TR E A (TIR-domain-
containing adapter-inducing interferon-g, TRIF)
(ABclonal, A1155, 1:1500). Ji&¥RsE N+
& #1 ¢ A ¥ 3 (tumor necrosis factor receptor-

associated  factor 3, TRAF3) (Wanleibio,
WL04574, 1: 1 000) . 4 & (/8 & W& A
(Vinculin) (Bioss, bsm-54148R, 1: 1000). [

JE SHRN —HE SR T A 2 h, MR K
R . M Image] BPFHEAT IR EE B RE o3 br >
1.9 B BX % & W M 5 #7
immunosorbent assay, ELISA)

Wi 4 4 i K5 55 9 B3, SR ] Human IFN-B
Valukine™ ELISA i& 7| & (NOVUS, VALI37,
USA) Hill IFN-B 2 40l i 2
1.10 /MFHERNA (siRNA) BEFEHAR

# siRNA (10 ul) 5 Lip 2000 (siRNA: Lipo
2000 AR LG 12 2) 43 il F6 B T 100 ul Opti-MEM
, FIREE 2 min/5IRG, EEIEE 20 min, K
RAWIMA 6 FLI, Opti-MEM M & % 2 ml, 53¢
6 h Ji5 4 I 75 10% FBS I 1E H B 97 54k 22 15 57 24~
48 h, 3-#% MR 1E & 4 VIEE 1 (three-prime repair
exonuclease 1, TREXI) siRNA ( A ). forward
5'-CCAAGACCATCTGCTGTCA-3', reverse 5'-AC-
AATGGTGACCGCTACGA-3' (HilAE4).,

1.11 @REHRAMENME (cellular thermal shift
assay, CETSA)

F¢ THP-1 R F W4 L DA% 250 pmol/L EGCG
AR BT (dimethyl sulfoxide, DMSO)
(R AREFREb 1 h s, WHALREEIFE R
T WML 2% p i (phosphate buffered saline, PBS)

(enzyme-linked
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Hr, A RSrAE 2 PCRAE . R4 MR T80 B IR
JF (48, 50, 52. 54, 56°C) FJN#3 min, RN
B TERAH 3 min, 283 RGREIF 2 A5
120 000g. 4°CE5.0>20 min, WEE B (AT TEE
F4153) . LABCA &R A kA, #H17
Western blot £l IRF3 & FH 7K .

112 ZAYEMMEZEREBEESEDH (drog
affinity responsive target stability, DARTS)

SR AN IR P 0 o 5500 %) AR A A o 2R
fift THP-1 40 BCE R s fS , IE IERHE 8 1
WP 2 2~5 g/l W L BTRE i o ot BREH 5 S 06
2H, SLESA N AL MR E 50 pmol/L EGCG, *fHE4
IMAZEARFIDMSO, ZE i F 30~60 min, W EH
FA -5 26 1 e FU AR 12 400, 12200, 1 : 100,
2 VR B I PR A% 10~30 min, SRR 25 35 S BN A
RS PR B L N, B A 3 Western blot
Fr IRF3 5 AT AR B AR e 1 o
113 #ESH

BAGVAE S EEpRMEZE (meantSD) EiR, R

@ IFN-a
*
= 15F ns
Q
S
&)
L
o 1.OF
2
=
=4
©
5 05F
<
Z
9
E
0 AN \} O o \p}
Q‘60 ’\’QQ GQ \0\@ \0\\0 N
s R ) N & R
vV sl ol
o S
Poly (I:C)

FH SPSS 20.0 A4 #4012 40 B, 4R 22 5k H
PR IT 22001 (one-way ANOVA), LR
e/ i 3 2% %0k (least significant difference,

LSD), *P<0.05. **P<0.01. ***P<(.00]. *%**p<
0.000 1, M2 HAGI#E X
2 % 5

21 2EHTFMHIFN-IK EHEER D BER
EGCGHITE

SR VEAT A% e 245 FHAR W) 2 T % TEN-18 % 1) 77
FEAE T, AR5 1 S A ) L B2 B o B 2 i
IFN-I R 252 . a5 B, A H FHEEU T 5
TR 0 5 RNABE Y poly (1: C) 5%
Y THP-1 B W40 I8 IFN-p1 mRNA #£35 (1), %
T LRGSR, DI RIEEo TE .  I45 24 3
ST R, AH T EE S Z —EGCG n HEY
IFN- 3 % ¢ 5815 15 TBK 1 Al STAT1 B A e AH .
ER (GR 1),

—~
(=
=

IFN-8
dk
skeskoskosk

4+ sk
seskokok —

mRNA level relative to GAPDH

O & & 5
&> N O g \Nc N

& & os
& R QQW KA
@ %Q

Poly (I:C)

Fig. 1 Alcohol extract of Phyllanthus emblica inhibits poly (I:C)—induced IFN-Is pathway in macrophages
(a) THP-1 cells were co-treated with Phyllanthus emblica extract and poly (I:C) for 20 h, mRNA expression of IFN-I (IFN-a (a) and IFN-B (b)) was
detected by RT-PCR. Data were from one single experiment representative of three independent experiments. *P<0.05, **P<0.01, ****P<0.000 1.

ns: no significant difference. n>3.

Table 1 IFN-I pathway-related molecular targets identified from Phyllanthus emblica components in the DrugBank

database

Compound

IFN-Is-related molecular targets

Kaempferol

(-)-epigallocatechin-3-gallate

Quercetin

Signal transducer and activator of transcription 1-alpha/beta
Serine/threonine-protein kinase TBK1
Interferon regulatory factor 3
Signal transducer and activator of transcription 3
Signal transducer and activator of transcription 1-alpha/beta
Signal transducer and activator of transcription 1-alpha/beta

Interferon regulatory factor 1
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RBSE FIRTRI, A4S EGCG AR 2#4K
Mo ZERFE, EGCG ¥ fKpoly (1:C) HESH
IFN-B1 }% ISG15 mRNA £k KF (K 2), #x

EGCG M4y H 7 55 TEN-T I 25410 il AH 5 1) 56 7%
R, LR XHEs iR, EGCGH I
Ui % B TBK1 (45 & fiE -9.2 kcal/mol) ., IRF3
@ IFN-a IFN-
m ns
I
E E 6 *ﬂ‘ns*
S R
8 8
4 o 4r
2 e
Z‘%’ '?_5 2F ns
= <
Z
E 2 0
=) &" QQQ OOQGOQQ b\'b
¢ & N
0\\’0@ &
A
\2‘ X
’f’ o %\\»"Q
Poly (I:C) Poly (I:C)
ISG56 Cxell0
s sdeokkok
o * = HA AR
SRE 8 8F  meex s
3 3
8 2
2 10F 0
2 E
< ns ::
2 %
& S& S F S S& S L&
Qo \\ 6 6 & Qoo \\ 6 6 &
W \VVC’% Sy \\»Ve%
N NS N
Q Y V¥
RERON \»‘Q REREN Q&
Poly (I:C) Poly (I:C)
(b)
IFN-B IFN-a
sk
4-
3-
2-

mRNA level relative to GAPDH

mRNA level relative to GAPDH

0
& QQQ O GQO © %‘Q\”
S
VRS \\’ \\’ 0
N QY °
DN 6\\’&
Poly (I:C)

Poly (I:C)

(=7.2 kcal/mol) M Fi# STAT1 (-8.2 kcal/mol) FJIL
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Fig.2 EGCG is an active inmunomodulatory component of Phyllanthus emblica targeting the IFN-I pathway
THP-1 cells (a) and BMDM (b) were transfected with poly (1:C) for 4 h, followed by EGCG treatment for 20 h. The mRNA expression of /FN-/ and
1SGs was detected by RT-PCR. Data were from one single experiment representative of three independent experiments. *P<0.05, **P<0.01, ***P<

0.001, ****P<0.000 1. ns: no significant difference. n>3.
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Fig.3 Molecular docking of EGCG with TBK1, IRF3 and STAT1
(a) Docking conformation of EGCG with TBK1, binding energy: —9.2 kcal/mol. (b) Docking conformation of EGCG with IRF3, binding energy:
—7.2 kecal/mol. (¢) Docking conformation of EGCG with STAT1, binding energy: —8.2 kcal/mol. (d) Docking conformation of reference compound
BX795 with TBK1, binding energy: -5.7 kcal/mol. (e) Docking conformation of reference compound GSK8612 with TBK1, binding energy:
—6.4 kcal/mol.
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Fig. 4 EGCG inhibits IFN-I production by targeting the TBK1-IRF3 signaling axis
(a) THP-1 cells were transfected with poly(dA:dT) for 4 h, followed by EGCG treatment for 20 h. The mRNA expression of /FN-I and ISGs was

detected by RT-PCR. (b) THP-1 cells were stimulated with LPS for 1 h, followed by EGCG treatment for 20 h. Expression of /FN-f and CXCL10 was
detected by RT-PCR. (c¢) THP-1 cells were transfected with poly (I : C) for 4 h, followed by EGCG treatment for 2 h or 4 h. IFN-I pathway protein
expression was detected by Western blot. (d) BMDM were transfected with poly (I : C) for 4 h, followed by EGCG treatment for 2 h. IFN-I pathway
protein expression was detected by Western blot. (e) Cells were transfected with poly (dA : dT) for 4 h and then treated with EGCG for 4 h. The

expression of IFN-Is pathway proteins was detected by Western blot. Data were from one single experiment representative of three independent

experiments. (f) After THP-1 cells were treated with 250 pmol/L EGCG for 20 h, the changes in intracellular target protein thermostability were

evaluated by cellular thermal shift assay. (g) THP-1 cell lysates were pre-treated with control or 50 pmol/L EGCG, followed by limited digestion
using pronase serially diluted at ratios of 1 : 400, 1 : 200, and 1 : 100. The levels of residual IRF3 protein were detected by Western blot. (h) THP-1
cells were transfected with poly (dA : dT) for 4 h, followed by EGCG treatment for 20 h. IFN-f secretion in cell supernatants was quantified by
ELISA. *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1. ns: no significant difference. n>3.
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EGCG suppresses JAK-STAT1-mediated IFN-I signaling response

(a) THP-1 cells were treated with IFN- at indicated concentrations for 2 h or 4 h. JAK-STAT pathway protein expression was detected by Western
blot. (b) THP-1 cells were stimulated with IFN-f for 2 h, followed by EGCG or GSK8612 treatment for 1 h, 2 h, or 18 h. JAK-STAT pathway protein

expression was detected by Western blot. (c) THP-1 cells were stimulated with IFN-f3 for 2 h, followed by EGCG treatment for 20 h. The mRNA

expression of ISGs was detected by RT-PCR. Data were from one single experiment representative of three independent experiments. *P<0.05, ***P<

0.001, ****P<(0.000 1. ns: no significant difference. n>3.
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Fig. 6 EGCG attenuates IFN-I pathway over activation in TREX1-deficient cells
THP-1 cells were transfected with si-TREX! for 24 h, followed by EGCG treatment for 24 h. The mRNA expression of /SGs was detected by
RT-PCR. *P<0.05,***P<0.001,****P<0.000 1. ns: no significant difference. n=>3.

3 #

A H TR T RAE A OB e 5 T
T, BACHISR IR R A PUA L . PUR S BE
P, HAN TRES BT & 2 ARb A& (U 2EE# i
WETIRE) M, SR, SAH 7RISR
3% TEN-TAH 5C R AE IR F 5 40 F-HL AT B =
R Y], % T IFN-1F 5 7E 25 A & e tepin
KA PRI PR B L, AL THP-1 kIR E
W 20 ik R ZESCE AR R, R poly (1: C). poly
(dA : dT) K LPS %Rl AR ISR, PEAG A H
FHRIUY B A 55 15 1 % 4 EGCG % IFN-L3 [ 119
A

FEIR B DR, A H IR I TR 9 poly
(1:C) FHESHIFN-BI mRNA %3k, Jf4# IRF3
WAk, 7E LPS 534514 N 2R ] A% IRF3 B 2 fk 7K
o RSN R, A H P RREC RIS
TBK1 #ffk , Xy _LligdE Sk & F oK -F o i 52
M, 457 HE AT fiE 32 B4R FH T TBKI-IRF3 %l DA 17 417
il IFN-172 42 o AS R B4R BRI 5O0 A7 22 5%, $2
RIS AL T RERE M D SR, AT 2 T
35 35N R R JE 2R

ARG HETR T Ry, A I 2 B i
EGCG fE W& T I R IUE . W 45 24 F 22 4w
EGCG 5 IFN-I i % #H 5¢ 4 + (TBKI. IRF3,
STAT1) FFAPEvAE Tk, FREAEMSEIRK EGCG 44
ARHTFREREDBEEY , EARR D,

EGCG TE Z Ml A T BRI BEAK IFN-a/IFN-B1 1)
mRNA K-, FF T IHERS> ISGs ik, 7R FiK
V-, EGCG W] F&AIK p-TBK1 & p-IRF3, T %f cGAS.
RIG-1 %5 [ i8R (A 5K JC A S 52 mi, 4R HAE
PR T TBKI-IRF3 VLR 9 5. TBKI17EE K%
EFRAS S RE I p B b, EGCG 5
TBK I/IRF3 A AE 9 53 JEAith K X AN [] G 988 1y
fEf s A R — DR .

TE I8 B T W2, IEN- P BT 30 TAK-
STAT i % Jf- I % ISGs ik . EGCG 7E 5 ki Ab PR
8] X STATT J2 IRFO G A5 M A FR | ZE 4G Ak H )
] (18 h) J& A P&AK p-STAT1 K. 7E%: %21 ,
EGCG X #B43 ISGs Hy 4 il 280 iy AR 4 55 HOAN 52—
FF AR OC R, HA X CXCL1o Bl i
Eo BIREERIEIR, EGCG A fE— & & T E
IFN-T T ittt ssema i, HE A ] AR 1 5 5 PR e R 1k
AR SEHE N STAT ZE A b1 (W STAT2, STAT3)
JEE N HE— 2B UE . REAEAFSE iE EGCG 1l FEAIX
STAT1 IBERR ALK 220, HARMREE R —2L.

FERE S 45 G k218, H T TBK1 X Hsp90 £
1B AR i BRI, A JCA MR B AR E PR 1)
PEBEEAC TR SR, TBKI MG 5 & A AR n] i Ap
H5HKERE, BO5 FER AR AR L
LT B AT AG T A s i il 2k 0. IR b AR B 5T LA
CETSA F1 DARTS 5E 5765 40 i /K P48 9 T EGCG
=5 IRF3 HAES G, (B850 B8 EGCG I A
5 IRF3 1Y PS8 P AR I e, R W EGCG Xt



=, % (-)-REEFILEE-I-ZEFEHE (EGCG) WEHME

2026; 53 (D)

TBK15JAK-STAT1E BN FIIE FH ZE N SRR E KA

<1979

IRF3 (Al 2 AR FH o I St 500K 30 2o 46 1 45
BTSRRI A Wy Wy 3 T Bt — A EGCG
5TBKI1 W HH#E 5

TREX1 A8 5 ZFh TR TR Ao B, A
WFFEAE TREX] B 1Y THP-1 40 il rp W2 5] ISG 15
ISG56 }¢ CXCL10 mRNA %35 THE, EGCG kb Hn]
B BB IE R IRIKF, $d7n EGCG l 7% 40 iU
AU 55 TREXT SR AH G A TRN-138 B0 2 A

WE1EAfF 52 412 i EGCG 7] 9 il NF-«B #H 3¢ R AE
JRL P FEARMFSR 2R, EGCG Xt IxBo i R 1L
K ER A UK JC A 520 . Lakshmi 25 29 (g fiff
5T 2H, EGCG %} NF-kB p65 (145 o] i -3 i
SEMHREIR A BAL A KT, I i e e i
K EZE T L p6es SHIDNA 45 G, X 5A
WFFE B E 1 IcBo R AU AN 52 52 i 1) 285 SR A — B
AT AR R R R G460 p6s BEIR 1k M AZ 5547
4 L X A A5 78 EGCG % NF-xB %l 11 % 41 1
Ve 4TI, 5 SEMF 0 I T RGP

AHFFE LA THP-1 36 I 5 W 40 i #1 50/ C BMDM
HEELIRR, RGEMY] T EGCG £ IFN-1155
% T 0 SR P AL . TFN-TRH 6 480 14 & A=
K E T M AR 25, BEGCG G i
RN IR S SR BR T A A AR 2 MR 40 i
(dendritic cell, DC) Ji1fi, EGCG nJ BH W & 41k
DC AR At #2, T8 CD83., CD80, CDllc
Ko AL MHAEME S K (maor
histocompatibility complex, MHC) II 2%/ F 5 4ii
J S 38 Gy IR, IR B DC R4
WHRETT, 2 EGCGAFE N DC if il i T K i
IL-10 539, [R) Aoy X S 4 T 40 M 1o o 0 1 22 3]
il B, A, EGCG AT TFN-y J3#4 4 /N B
#EK U5 DC 1 STAT1 R3S S H 5 IRF-1 )5 3119
gb G, IR A WA L EE 2 (cyclooxygenase-2,
COX-2) 4r 5y Hi 4 It & E2 (prostaglandin E,,
PGE,) i ™, $&/"HAE DC Al BRAF17E 5 AT
FER R STAT 1 3 BE A AL o T3 253k 1F
—ARGE, EGCG A gk DC Az IR b iz,
i 240 T O L A B B e g 2 e, R
7~ EGCG X} DC Uige ry s HA i e ficdsis, HAe
RAEVE F B ey 5 IhIg S e AP IO S h i R 45
A R E—E . fE T4 )7 1, EGCG k3
IR E (2.5~10 umol/L) " AT 3@ i 45475 IL-2/IL-
RIG5 56T, MO E o1 ) T 41 A 334 78 A 41

e BT tAh, EGCG Al i E i AJEAR T
Mg IL-2, IL-4. IFN-y A TNF-o %42 58 4H i A
F R AW, HHLE P XS E H 1 (activator
protein-1, AP-1) #:3HFHJ0EG B, X H5AWF
5% EGCG Ji i JAK-STAT 1 il IFN-B F {55
M) 7 19 2 B AE RI i EL AT — 7 B AN o R
EGCG X IFN-TAHIC A AE 1Y~ Al B8 16k o L Wk 200 A
DC K T )2 10, AHFFE7E B W40 H 48 7 1
TBK1-IRF3 5 JAK-STAT1 ST 411 il #L il & 75 75 H
e G Y ey e W (S SR B EEs @y P sl
JHI AR R A AR it — 25 HIE

AR L, T IL )RR, 85—, HRE
P Bk FARSNMNEATRL, DL THP-1 IR F A A
JF. BEIA T AL BMDM FI TREX 1 ff{FA5 %1 LA
PSR ZR, (HEGCG EA RGN 5 R A0
ZRAMRRSILE ., %=, EGCG 5 TBKI.
IRF3. STATI [ 456 AR AE S48 1 BTKF- LA
F % B TR PR  (surface plasmon resonance,
SPR) ZFA4HBFBLAIARIE, BLA CETSA 543
XA E T UMK B80T 2 e, 4558
KNGS HATPRTINE . 58—, AU MA
T¥J Ak N i Py BE B 5 UFE . 7E MRL/lpr (murphy
roths large/lymphoproliferation) ZI B AR H /)N FRAR Y
8¢ TREXT 6B/ B b PPA% EGCG IR N 2530 S 21
ZURIEHGEN L, S PP HIRY P18 ) s ZE A
W, KERR SR E S . S0, EGCG Y
AR R S5 R PN R P e LI PR A AL A 5
M, AHSCZR SN 12 R 5 1 i SR WA A IR T AE S5
ZeftEth T LIEIE

4 & &

AT 5T L THP-1 2 5 I 40 i A1 )50 4¢ BMDM
KRR R, PG T AR H TR B L M Ay
EGCG X IFN-Is #H G [ (PR EH o 458K,
AHF R A EGCG I REM T TFN-Ts B9 7242 . #L
HlWF5E i, EGCG nl 3 i il TBK 1-IRF3 flis />
IR IFN-B A, [RIEE L Sl JAK-STAT 1 38 fi
REEAR AN XS TFN-T ) R UG SN, 7F TREXT S
e 27 4 M ASE AR R mT e s TEN-T 3 % A R
o FRGEREUR, EGCG 18 i XU ¥ i IFN-13
1 A S R AR R ARV ER,
Y TEN-1K 80 2 5 M B v e T e e 44t 1
RSN SZIR AR



<1980

EMUFESEYIRHR

Prog. Biochem. Biophys.

2026; 53 (7)

(1

(2]

(3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Jiang J, Zhao M, Chang C, et al. Type 1 interferons in the
pathogenesis and treatment of autoimmune diseases. Clin Rev
Allergy Immunol, 2020,59(2): 248-272

Withers S E, Rowlands C F, Tapia V'S, et al. Characterization of a
mutant samhdl zebrafish model implicates dysregulation of
cholesterol biosynthesis in Aicardi-Goutiéres syndrome. Front
Immunol, 2023,14: 1100967

Naesens L, Nemegeer J, Roelens F, ef al. Mutations in RNU7-1
weaken secondary RNA structure, induce MCP-1 and CXCL10 in
CSF, and result in aicardi-goutieres syndrome with severe end-
organ involvement. J Clin Immunol, 2022, 42(5): 962-974

Sun MY, Cao LB, Wan Q L, ez al. Lumpy skin disease virus protein
LSDV122 impairs IFN-I receptor complex formation to evade host
innate immunity. PLoS Pathog, 2026, 22(1):¢1013871

Covert L T, Prinz J A, Swain-Lenz D, et al. Genetic changes from
type I interferons and JAK inhibitors: clues to drivers of juvenile
dermatomyositis. Rheumatology: Oxford, 2024, 63(SI12): S1240-
S1248

Van Eyndhoven L C, Chouri E, Matos C I, ez al. Unraveling IFN-I
response dynamics and TNF crosstalk in the pathophysiology of
systemic lupus erythematosus. Front Immunol, 2024, 15: 1322814
Zhao B, Du F, Xu P, et al. A conserved PLPLRT/SD motif of
STING mediates the recruitment and activation of TBK 1. Nature,
2019,569(7758): 718-722

Nickenig M, Mangan M S J, Lee H E, et al. Cutting edge: sting
induces ACLY activation and metabolic adaptations in human
macrophages through TBK1.J Immunol, 2024,212(1): 7-11

Han L, Zhuang M W, Deng J, et al. SARS-CoV-2 ORF9b
antagonizes type I and III interferons by targeting multiple
components of the RIG-I/MDA-5-MAVS, TLR3-TRIF, and
c¢GAS-STING signaling pathways. ] Med Virol, 2021, 93(9): 5376-
5389

Shinde O, Li P.. The molecular mechanism of dsDNA sensing
through the cGAS-STING pathway. Adv Immunol. 2024,
162:1-21

Babadei O, Strobl B, Miiller M, et al. Transcriptional control of
interferon-stimulated genes. J Biol Chem, 2024, 300(10): 107771
Liu X, Chen H, Ye G, et al. African swine fever virus pB318L, a
trans-geranylgeranyl-diphosphate synthase, negatively regulates
c¢GAS-STING and IFNAR-JAK-STAT signaling pathways. PLoS
Pathog,2024,20(4):¢1012136

Kessler N, Viehmann S F, Krollmann C, et al. Monocyte-derived
macrophages aggravate pulmonary vasculitis via cGAS/STING/
IFN-mediated nucleic acid sensing. J Exp Med, 2022, 219(10):
€20220759

Swaraj S, Tripathi S. Interference without interferon: interferon-
independent induction of interferon-stimulated genes and its role
in cellular innate immunity. mBio, 2024, 15(10): €0258224

Revach OY, Liu S, Jenkins R W. Targeting TANK-binding kinase 1
(TBK1) in cancer. Expert Opin Ther Targets, 2020, 24(11): 1065-

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

1078

Tu D, Zhu Z, Zhou A Y, et al. Structure and ubiquitination-
dependent activation of TANK-binding kinase 1. Cell Rep, 2013,
3(3):747-758

Larabi A, Devos J M, Ng S L, et al. Crystal structure and
mechanism of activation of TANK-binding kinase 1. Cell Rep,
2013,3(3): 734-746

Middha S K, Goyal A K, Lokesh P, et al. Toxicological evaluation
of emblica officinalis fruit extract and its anti-inflammatory and
free radical scavenging properties. Pharmacogn Mag, 2015,
11(Suppl 3):S427-S433

Muthuraman A, Sood S, Singla S K. The antiinflammatory
potential of phenolic compounds from Emblica officinalis L. inrat.
Inflammopharmacology, 2011, 19(6): 327-334

Chen X, An H, Wu D, et al. Research progress of selective brain
cooling methods in the prehospital care for stroke patients: a
narrative review. Brain Circ, 2023, 9(1): 16-20

Tauber P A, Kratzer B, Schatzlmaier P, et al. The small molecule
inhibitor BX-795 uncouples IL-2 production from inhibition of
Th2 inflammation and induces CD4" T cells resembling iTreg.
Front Immunol, 2023, 14: 1094694

Thomson D W, Poeckel D, Zinn N, et al. Discovery of GSK8612, a
highly selective and potent TBK1 inhibitor. ACS Med Chem Lett,
2019,10(5): 780-785

WuW, XuL, MuD, et al. Ethanol extracts of Cinnamomum migao
H. W. Li attenuates neuroinflammation in cerebral ischemia-
reperfusion regulating TLR4-PI3K-Akt-NF-xB
pathways. J Ethnopharmacol, 2025,339: 119150

Gao H, Zhang H, Hu'Y, et al. De novo transcriptome assembly and

injury via

metabolomic analysis of three tissue types in Cinnamomum cassia.
Chin Herb Med, 2023, 15(2):310-316

He D, Liu Q, MiY, et al. De novo generation and identification of
novel compounds with drug efficacy based on machine learning.
Adv Sci(Weinh),2024, 11(11): 2307245

Li W, Zhang X, Chen R, et al. HPLC fingerprint analysis of
Phyllanthus emblica ethanol extract and their antioxidant and anti-
inflammatory properties. J Ethnopharmacol, 2020, 254: 112740
WA, R A5, FEIER, 48 SE T B Y . 25 BRI R 25
25 2 Y A H T B AR S ) (Q-Marken) UM 73 . v 5524,
2022,53(5): 1570-1586

Chen J M, Hao E W, Du Z C, et al. Chin Tradit Herb Drugs, 2022,
53(5):1570-1586

Menegazzi M, Tedeschi E, Dussin D, et al. Anti-interferon gamma
action of epigallocatechin-3-gallate mediated by
inhibition of STAT | activation. FASEBJ,2001,15(7): 1309-1311
Ravindran Menon D, LiY, Yamauchi T, et a/. EGCG inhibits tumor

specific

growth in melanoma by targeting JAK-STAT signaling and its
downstream PD-L1/PD-L2-PD1 axis in tumors and enhancing
cytotoxic T-cell responses. Pharmaceuticals, 2021, 14(11): 1081
Yang K, Shi H, Qi R, e al. Hsp90 regulates activation of interferon
regulatory factor 3 and TBK-1 stabilization in Sendai virus-
infected cells. Mol Biol Cell, 2006, 17(3): 1461-1471



2026; 53 (D)

=, % (-)-REEFILEE-I-ZEFEHE (EGCG) WEHME

TBK15JAK-STAT1E BN FIIE FH ZE N SRR E KA

<1981

[31]

(321

[33]

[34]

Hasan M, Koch J, Rakheja D, er al. Trex1 regulates lysosomal
biogenesis and interferon-independent activation of antiviral
genes. Nat Immunol, 2013, 14(1):61-71

Mokra D, Joskova M, Mokry J. Therapeutic effects of green tea
polyphenol (-) -epigallocatechin-3-gallate (EGCG) in relation to
molecular pathways controlling inflammation, oxidative stress,
and apoptosis. IntJ Mol Sci, 2022, 24(1): 340

Lakshmi S P, Reddy A T, Kodidhela L D, ef al. The tea catechin
epigallocatechin gallate inhibits NF-kB-mediated transcriptional
activation by covalent modification. Arch Biochem Biophys,
2020, 695: 108620

Yoneyama S, Kawai K, Tsuno N H, et al. Epigallocatechin gallate
affects human dendritic cell differentiation and maturation. J

Allergy Clin Immunol, 2008, 121(1): 209-214

[35]

[36]

[37]

[38]

Jeong Y I, Jung I D, Lee J S, et al. (-)-Epigallocatechin gallate
suppresses indoleamine 2, 3-dioxygenase expression in murine
dendritic cells: evidences for the COX-2 and STAT! as potential
targets. Biochem Biophys Res Commun, 2007, 354(4): 1004-1009
Li D, Cao D, Sun'Y, et al. The roles of epigallocatechin gallate in
the tumor microenvironment, metabolic reprogramming, and
immunotherapy. Front Immunol, 2024, 15: 1331641

Wu D, Guo Z, Ren Z, et al. Green tea EGCG suppresses T cell
proliferation through impairment of IL-2/IL-2 receptor signaling.
Free Radic Biol Med, 2009, 47(5): 636-643

Huang S C, Kao Y H, Shih S F, ef al. Epigallocatechin-3-gallate
exhibits immunomodulatory effects in human primary T cells.

Biochem Biophys Res Commun, 2021, 550: 70-76



-1982- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 20265 53 (1)

Dual Targeting of TBK1 and JAK-STAT1 Pathways by (—)—epigallocatechin—3—
gallate Suppresses Type I Interferon—driven Inflammation”

LI Liang", SHENG Qi-Huan", LIU Huan"?, YANG Wen-Hao", SHI Jia-Lin", SUN Ying-Jie",

JING Rui", MAI Wei-Hua", LI Zhi-Min”", XIE Xiao-Li""
("Laboratory of Molecular Genetics of Aging & Tumor, Medicine School, Kunming University of Science and Technology, Kunming 650501, China;
DKeli Stem Cell Biology Laboratory, Guangzhou Keli Biotechnology Co., Ltd, Guangzhou 511431, China;
Institute of Medicinal Plants, Yunnan Academy of Agricultural Sciences, Kunming 650200, China)

Graphical abstract

4_.

S, R IFN-Is
\—»Poly I1:0) K—»Poly (dA : dT) a 2 & -
/ \ / -k
4 / j B\ ;
g A dsDNA |
v Riﬁ%‘ N;é} STATI
25 ‘MAVS l ll— EGCG
P
o STATI
. g o (STAT2 | STATI
'O EP P) P P
STAT! | STATIL
— e ==
' ISRE
B rr3 —
ISGs
//_sw - _
v Nllcleus
(G )
203
§0).0.0.0.0.0.0.00.0.0. (0% —
~ J IFN-Is Created with BioGDP.com

Abstract Objective Type I interferon (IFN-I) signaling is essential for antiviral innate immunity, yet its
sustained or excessive activation contributes to the pathogenesis of several autoimmune diseases and

interferonopathies, such as systemic lupus erythematosus and Aicardi-Goutiéres syndrome. Current strategies
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targeting this pathway, exemplified by JAK inhibitors, act mainly on downstream signal transduction and provide
limited direct control over upstream IFN-I production, while also carrying the risk of broad immunosuppression.
Phyllanthus emblica L. has long been used in traditional medicine for inflammatory disorders, but the bioactive
constituent responsible for its regulation of IFN-I signaling and the underlying molecular mechanism have not
been clearly defined. This study aimed to identify the active anti-inflammatory component of P. emblica and to
characterize its mechanism of action on the IFN-I pathway in macrophages. Methods Active components of
P. emblica and their candidate targets were screened by network pharmacology using the TCMSP and DrugBank
databases (oral bioavailability=30%, drug-likeness=0.18) and intersected with inflammation-related genes
retrieved from public databases. The predicted interaction between EGCG and IFN-I pathway proteins (TBK1,
IRF3, STATI1) was evaluated by molecular docking, with BX795 and GSK8612 used as reference TBKI1
inhibitors. Mechanistic experiments were performed in THP-1-derived macrophages and primary bone marrow-
derived macrophages (BMDM). Upstream signaling was activated by transfection of the nucleic acid analogs poly
(I: C) and poly(dA : dT) or by lipopolysaccharide (LPS) stimulation, whereas downstream signaling was
activated by exogenous IFN-f. An siRNA-mediated TREX1 knockdown model was used to mimic endogenous
nucleic acid-driven interferonopathy. Expression of IFN-B1 and interferon-stimulated genes (ISGs) was measured
by RT-qPCR, protein phosphorylation by Western blot, and IFN- secretion by ELISA. Cellular thermal shift
assay (CETSA) and drug affinity responsive target stability (DARTS) were used to probe the interaction
between EGCG and IRF3. Results Network pharmacology identified (-)-epigallocatechin-3-gallate (EGCG) as
a candidate IFN-I-suppressive constituent of P. emblica, with predicted binding to TBK1, IRF3, and STATI.
Molecular docking yielded binding energies of -9.2, =7.2, and -8.2 kcal/mol for TBK1, IRF3, and STATI,
respectively, indicating an affinity for TBK1 comparable to that of the reference inhibitors BX795 (-5.7 kcal/mol)
and GSK8612 (-6.4 kcal/mol). EGCG suppressed IFN-B1 and ISG mRNA expression under poly (I : C), poly
(dA : dT), and LPS stimulation in both THP-1 macrophages and BMDM. At the protein level, EGCG reduced the
phosphorylation of TBK1 and IRF3 without affecting the levels of the upstream sensors ¢cGAS and RIG-I, and
lowered IFN- secretion in a concentration-dependent manner. CETSA and DARTS showed that EGCG did not
enhance the thermal stability or protease resistance of IRF3, indicating that its effect on IRF3 is indirect.
Following IFN-f stimulation, prolonged EGCG treatment reduced STAT1 phosphorylation in a time-dependent
manner without an apparent change in IRF9, and partially attenuated ISG transcription; this effect was not
monotonicly concentration-dependent, and CXCL10 showed the most consistent suppression. In TREXI-
knockdown cells, the elevated mRNA levels of ISGI5, ISG56, and CXCLI0 were reduced by EGCG.
Conclusion EGCG suppresses IFN-I responses by concurrently inhibiting TBKI1-IRF3-dependent IFN-f
production and JAK-STAT1-mediated downstream transcription. These in vitro findings provide a mechanistic
basis for the anti-inflammatory use of P. emblica in traditional medicine and identify EGCG as a candidate for

further evaluation in interferon-driven autoimmune disease models.

Key words Phyllanthus emblica, (-)-epigallocatechin-3-gallate (EGCG), type I interferon, interferonopathy
DOI: 10.3724/j.pibb.2026.0111 CSTR: 32369.14.pibb.20260111



