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(# =] BB RN ZEERR (deoxycholic acid, DCA) 5 AIEH BT E B 4Ai] (human esophageal epithelial cell, HEEC)
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PRZ . CCK-8 ¥Rl 4H i A7 176 48 5 ' S Al B i =G A I A A6 U 376 4 4 (reactive oxygen species, ROS) (SR T 14 44 (mito-
chondrial reactive oxygen species, mtROS) W R {3 (mitochondrial membrane potential , MMP) FARAL s Ak 2 A ARG I =
W2 IR (adenosine triphosphate, ATP) IKE 5 385 55 H Ao R 28 2 B A A8 A & ) 2 RT-qPCR K mtDNA $2 DL K284k s Western
blot £l yH2AX . ¢GAS .STING . p-NF-«kB p65 } NF-«kB p65 148 13814 7K F- ; RT-qPCR 4 I 4 4 FFl F- 1 4l i 41 % (interleukin,
11)-6 K IL-1BH) mRNA K ik/KF-o B85 < Wk DCA Ak FILS 240 A7 375 2 52 70 ik - (R FAEAE 5 202 P ROS B miROS 77 A 44
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B L 5 cGAS (STING Hl p-NF-kB p65 F35 TH i ; RAER T IL-6 % IL- 183235 TH 5 s cGAS I 5 RU.521 TAL BN %] T GAS.,
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Mechanism of cGAS - STING pathway mediating acidic deoxycholic acid inducing

inflammation of human esophageal epithelial cell
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[Abstract] Objective: To investigate the relationship between acidic deoxycholic acid induced mitochondrial DNA (mtDNA)
damage and release of human esophageal epithelial cells and ¢cGAS-STING pathway in the development of esophageal epithelial cell
inflammation. Methods : HEECs were divided into control group and acidic deoxycholic acid treatment group. The viability of cells was
measured by CCK-8 assay. Changes of reactive oxygen species, mitochondrial reactive oxygen species and mitochondrial membrane
potential were detected by fluorescence microscope and flow cytometry. ATP was detected by the luminometer. The ultrastructure of
mitochondria was observed by transmission electron microscope. The mtDNA copy number was evaluated by qPCR. The expressions of
YH2AX, ¢GAS, STING, p-NF-«kB p65 and NF-kB p65 were detected by Western blotting. The mRNA expressions of inflammatory
cytokines IL-6 and IL-1B were detected by qPCR. Results: CCK -8 assay showed that the viability of cells treated with acidic
deoxycholic acid decreased in a dose-time dependent manner. The production of intracellular ROS and mtROS increased , while MMP
and ATP decreased. Compared with the control group, the expression of yYH2AX increased after acidic deoxycholic acid, mtDNA
released into the cytoplasm, mtDNA copy number reduced, the expressions of ¢cGAS, STING and p-NF-kB p65 were increased, and the
expressions of inflammatory cytokines IL-6 and IL-13 were elevated. After pretreatment with ¢GAS inhibitor RU.521, the expression
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levels of ¢GAS and STING were inhibited and the expression of p-NF-kB p65 was partially inhibited, and the levels of inflammatory

cytokines IL-6 and IL-13 were decreased. Conclusion: The in vitro experiments have shown that acidic deoxycholic acid can induce

mitochondrial dysfunction, mitochondrial DNA damage and release, and mediate HEEC inflammation. The mechanism may be related

to the activation of ¢cGAS-STING pathway.
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S IR AT R ISR

LR A JE N TR TETG PE4 (reactive oxygen species,
ROS) Az Y EZEHRAL, KAt ROS 55 B AL I 2
PRGN RERRT . 1 LRI A5 ) S A A
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Wk H k= ORAr PR 2 1, PRIl & 32 B ROS Y B
i, EECmtDNA 51473 I N Zbr AR il 3 g oz rp
VERLARAAL AR 535X (mitochondrial damage-
associated molecular pattern, mtDAMP) , mtDNA A] L)
18 15 45 AR 22 AR (pattern recognition receptor,
PRR) W A S 258

L TTR-HRTTR A (cyclic GMP-AMP synthase
cGAS)1E N PRR Z — /& MM 5t DNA 52 45 , BE TR
FH4h 6 MUBOEE DNA, AL ATP R GTP L 36—
AR cGAMP, HAE 28 A5 45 5 IF0E TR
FE LR 3% £ FH (stimulator of interferon gene, STING ) ,
W J5 STING 47 33 - 7% TANK 45 5 3 i 1 (TANK
binding kinase 1, TBK1) # IkB 1% B (IkB kinase,
IKK) , 3 26 93 i i 1 A6 07 0 T 40 R 5 W 1 3
(interferon regulatory factor 3, IRF3) Fll #% [H - kB
(nuclear factor kappa-B, NF-kb) , fe 3 T Bl T4 &
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1.1 ##

NIEH & 4R (HEEC) W H 56 [E ATCC,
LKA H 2 (deoxycholic acid, DCA, MedChemExpress
25w}, 5[, CCK-8 17 & (APEXBIO A wl , & [ ),
ROS Rzl 55 & AR AR HL AV (mitochondrial mem-
brane potential , MMP) £ I 357 55 Kz ATP 5 ] 18 5]
& (2R KR A S g4 (mitochon-
drial reactive oxygen species, mtROS) Mitosox ¢ G £
B (Invitrogen 23 7], JE [ ) , 40 A 5 [H 2H DNA $2 B
M & (et RARA AR A 7)) |, HiSeript® 1T Q RT
SuperMix A1 ChamQ SYBR qPCR Master Mix ( Fd 5U 47
MEBE/N 7)) 5 cGAS PR S yH2AX B4 (Cell Signaling
Technology 23 il , 55 [ ) , STING Ht & F1 TOMM20 $t
& (Abcam A H], FE[H ) , p-NF-kB p65 L {& 1 NF-kB
p65 HLiA (118 Abmart A ] ) , HL DNA H144 (Progen #t
A, F5E) , B-actin PR (Lt R AREY AR
12 Fi*

12.1 mp3E Al s2

f# FH 2 20% 6 4 1ML 1) DMEM = b5 95 56, 78
5% CO, .37 CHIEFRAAT P IR . Ml E K2Rl S
23K 80% 2o A7 WHE AT AT JG 2255 40 . FRTE DCA
VA VR BC AN R M % 3% R 369%~38% 1 R
1% 7 DMEM $% 75 36 v i 5 28 pH=5 , 76 LR 1 35 5%
i A — 5 B 1) DCA P 28 V8 B 1 735 AN [R) ¥k B
DCA MR VE3E 77 3 , 7273 1R 51 J5 B R BR P DCA %
W o X PR EI M A S DCA 1 PERE 3R 58, Bl DMEM
P S
1.2.2  CCK-8 52 Bath-in] £m it i 2

HEEC ## F 96 LA , 1x10°4/FL , ik BE A K
24 h, R DCA 4Hi% # 50,100,200 ,300 wmol/L 44~
WRIE S 2.4.6.8 h 4 [R] G, [R50 0 HR2H Je 28
FI4L, CCK-8 371 £l 52 40 M A1 2%, 4N A7 15 R =
[ (SEBGFLI N B -2 AL EE ) /O BRFLIRO -



A3 EH T
2023457 H

PP, TR B, R 2% cGAS-STING il i St 2 A HRA S UE W 84 LI i
RAEMIHLRITESR L) ] et EER R 24k (A R B AR ,2023,43(07) :909-916 - 911 -

25 FHFLOGEE ) 1x100%
123 AKX e A0 ROS.mtROS F= MMP

B AL TR B R HL A RS B9 20 e 4%
FhF 6 LA, 17 40 M WG BE 5 25 25 Ab B, PBS i Pk 5
B AL SO KR T B E R I i B — e i
6], 9 & 45 AU B O E e, ALK
124 %% 2440 ROS.mtROS = MMP

B AL TR A K H A RS A9 20 e 4%
Tl 6 FLAR , 78 40 0 B Ji5 25 25 Ab B, PBS Vi P65
ADCIRE T, W5 45 5 W s JF g vk, 9Ot i
TR A B
125 ATP#

W A F X B A 3 LA RO AS B 1 4 i
FhF 6 FLAR, 75 40 B B J 25 24 b B, i FH ATP AG
TR G A T ARG, T TS [ e A6 B2 1) ATP Fim M2
W, 2 RIARME 2R B ATP A6 T AR I AKE 5 A
i o it b AT ' B T I AR X' A7 (relative
light unit, RLU){E . BCA BEAGINEE IR, ATP & ot
=ATP W E /W TE
1.2.6 2@t % 9% %K

A TR E A A H A RS R A7 A 40 2
Bh T IL RN, R 40 05 BE J5 25 25 40 3, 4% %
5% T i 25 Yl [ 5 20 min, 0.1% Triton X-100 2 15
J£ 15 min, 5% BSA-PBS &1 2 h, — T 4CIEEH
A B H PR E IRIEE 1 h, DAPL = & 4
10 min, HLOSCEIGA I Fr, DOG R REE T REEISR
1.2.7  sBF 3R A ZZ PCR(RT-qPCR)

TRIzol 3% $2 BUZH i & RNA , 25 403 6k i it
W52 RNA W B R 4li B, 4 JE0 2 S350 140 B 6 Bl
cDNA, LA cDNA MR #E 47 RT-qPCR 74 . 1L-1B
S 14 .5 -AGCTACGAATCTCCGACCAC-3', Fijif
5147 :5'-CGTTATCCCATGTGTCGAAGAA-3';1L-6 |-
W59 :5'-ACTCACCTCTTCAGAACGAATGG-3", F
519 . 5 -CCATCTTTGGAAGGTTCAGGTTG-3" 5 LA
GAPDH N %, L5149 : 5’ - ACCATCTTCCAG-
GAGCGAG-3', N 5149 :5'-GATGGCATGGACTGT-
GGTCA-3", RT-qPCR [ W 4514 : T84 95 °C 30 s
40 AE IR S 95 CZAE1E 10 s, 60 “CiE K 30 5595 °C
155,60 CIR 2k 60 5,95 CAEM: 15 s, A GAPDH
YERWNZ: SR 2 05 B 5L mRNA AEX %
KL,

1.2.8 mitDNA # I £ 2

A0 TR EA A B H A RS B4 9 20 e

BT 6 FLAR , 17 200 Ut B 5 25 245 A B, 4 JHE 24 i

PRI ZH DNA $2 O 6 300 5 347 DNA $2 1, 224k
O3 IEIERE TN E DNA ¥ B S 4l B, AR 41 DNA
R MR AT RT-qPCR 473 , mtDNA $5 D125 46
DL 40 A #% DNA FE R 2 B8, B2M 3 (R AR 35 40 i 4%
DNA, NDI J ND2 3 A A4 & mtDNA . ND1 | i 51
¥ . 5'-CTCTTCGTCTGATCCGTCCT-3", FHEH |4
5"-TGAGGTTGCGGTCTGTTAGT-3";ND2 [-¥i#5|4) :
5'-GTAGACAGTCCCACCCTCAC-3" , F i 51 9 -
5"-TTGATCCCGTTTCGTGCAAG-3'; B2M 1514 :
5'-CCAGCAGCGAATGGAAAGTCAA-3', g5 4y
5'-TCTCTCTCCATTCTTCAGTAAGTCAACT-3',,
1.2.9 Western blot

RIPA S i BN SR 1, BCA B3 5E 26 1
We B IF R E - REFR, SDS-PAGE SR #EA 7 L Uk , HEL Ik
SR G VKIS I, 5% IR WA = IR E A 1 h, —
P4 CMHE S, BH B EEBE 1 h,ECLILE
Vo %
13 %its5 %

Fir G P 258 GraphPad Prism8 BAF AT
B, T FORHA B e i 25 (v £ 5) Fo , TR [
BOR A5, Z2 40 ] LR FHERL R 28 5 25 704, =
Ji HC#ER FH Tukey K386 . P < 0.05 422 %A 55 i1#

2 &% R

2.1 B DCA %I HEEC %8 075 & Fa 1578 00 %ok

B8 0 T WLEEAR P DCA (100 pumol/L ) &b
A HEECTE A28k, X BAZE rh , 2 Al B A K FLIR
AR IEEMW . BEE 25 E R 4, 20
Mz, 25 i 2 (K 1A) o O TR DCA
X} HEEC £35S I 2 M, B A [R) R BE R M DCA I
AR 2 . 4.6.8 h, CCK-8 32 K6 M 41 o 77 1% %, &%
AN 1B R , HEEC FAEE 2 Bifi 5 Tk BE i3 hin 12
Tk R IS ] () ST ARG, 2 Ve JRE - TR o > 1
FiHe B 49 200 mol/L & 300 pumol/L IS, 4 i 7355 %
e B E R, 24T 50 wmol/L & 100 wmol/
LEF, 55X IRAIAE L, A6 5 P, HE 5 B
GiiteEE (P < 0.001) ARIEREAMF 78 AHHF5E
HHEHE 100 pmol/L AR A 5 2R 5250 (1) - TRk B
2.2 BMDCA -5 HEEC & ¥k oh 4L 7%

FHEZE DCA (100 wmol/L) Ab PR HEEC 2 h )5 , 9%
I A R i =X A e SRS 0 410 L A ROS \mtROS Al
MMP /K, AN 2A~F firzs , 5 %5 BEAL A He , iR P
DCA 4b P J5 40 g P ROS F2 mtROS 7K 3F- & 2 T 5
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AR M DCA X HEEC TE 2 52 ) 5 TR A F7 Sk Zm 4R ZS 1, A5 RN 5 um (x200) 5 B : FR 14 DCA X HEEC /715 R B 5210 5 5 X% (0 h)

HHE, P < 0.001(n=6)

BEl1 E&%DCALEFHEECHEERRERE
Figure 1 Viability and morphological changes of HEEC treated with acidic deoxycholic acid

MMP & 2 FEA% . R #E DCA (100 wmol/L) 4k 34
HEEC 4 hJ5 , W& 2G fr s, 5% A L, e 1
DCA JIl 345 AL ATP K F-BEAR . 32 FH A% 59 F B2 R
LRGBS ¥, 40 T HRT 7%, X R 2H ok A 2%
P38 R I I, SRR IS HES A7 )T, B 5T
fi 1 DCA Ab 3 5 2 KA ST i K | 2 {4k 05 HE 5]
ZAL, W, bR A it . R g R R,
fig £ DCA 753 HEEC £ i (R T 28 20 2% J 1) fig b
{38
2.3 B DCA 5% HEEC DNA S B 2 & mtDNA
PN HOR Y BAEH

FRYEDCA (100 pmol/L) A3 HEEC 4 h Ji5 , %¢
SR U N LBy H2AX BH 41, 25 S 4n &) 3A fF
7N, S IR AR L, BR 1 DCA AL B S yH2AX PHAE 20
MBI 2 1N . Western blot 45 5 411 18] 3B T 7~
YH2AX 2R R A K TR, A T Rk R 1
DCA #b P J5 mtDNA J2 75 M 2 7 4 R il 2 i Jo o
RT-qPCR 7l mtRNA 5K ND-1,ND-2 AHX 4 i 4%
DNA HE [ B2M 19 3R3K K-, 45 2R W, i@ Pk DCA 4b
5 mtDNA $5 DU i 2 A (B 3C) o it —20 ¢
6 WA MLEE T EORR 5 DNA 5 71 4L,
3D s, ST HRZE v, mtDNA 7 T 2k fA 3, R vk
DCA #2315 mtDNA NZR AR B B M i rh . bk
25K Pk DCA 5 5 HEEC XUgE DNA W24, 3
3 DNA #1453, mtDNA B E M5 rp

2.4 B DCA & cGAS-STING 42 5 i@ %

FHERE DCA (100 wmol/L) AL P HEEC 4 h )5, 5
X HRZA AR LE , B2 P DCA 41 cGAS . STING J p-NF-kB
p65 SR, RT-qPCR 45 4 /R 49 - 11-6
KAL-1BF Rk K T 1 (B 4A (B) o cGAS 11 il 5
RU.521 i &b 3 41 ] 1 2 7% DCA 35 F 19 cGAS,
STING J% p-NF-kB p65 Fik /K175, [R5 4E P
FIL-6 JL 1L-1B3RIBIKF-FER (K1 4C.D) o

304 i

GERD J& 43k i W 8 s 2 — , HA 5t
TRANE & 0 R 5 A4 05, RE J& GERD 5 UL I 254
Z " WRIE R, R PR AN R R i 4y
WATL-8 JL IL-1B5F 41 K 7', MAPK .PKC J PKA %5
BN T T X — B AW R R M
DCA I IE 7 &8 TR A A 5 2wl 440 RE
f A S A B 4T miDNA #3405 B2 Bt 5 cGAS-
STING i B 7E £ b R ARAE ) OCHK . 253 3R1T,
it DCA 5 TR A T RERR AT , i —25 T B mDNA
XUEitE 7 24 B BT, YT ¢GAS-STING 3 6, {2 1 T Ui
RAE R F- 105316

VAR LRI ARTE SR e A K e A T 4552
Ko WM ROS EZAELRARIFIAE [ A 7F
IEF LAY, ROS [ 7= A RN bR 52 B P A i, 24
TR Y AL A R G AL TR BRI, ROS 13
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A DG BRI AN AL P ROS K- (x200) 5 B i =4I ARSI A A P ROS K- 5 C 2 O b A ASHI 20 A Y mtROS 7K (x200) 5 D i 5
AT HEASCRSE I 20 BB P mtROS 7K 5 F - 9856 AR A I MMP /K- (x200) 5 F« 37 2SN RS MMP 7K 5 G« ATP 55 1 504 5 H 2 75 5 A A IR 8K 2okt
M2 (x8 600) , M ML A AL A, PIALHEL, P < 0.05,"P <0.01,"P < 0.001(n=3),
2 &M DCA A IR fE3 HEEC 2 T BE Fn 454 B0 2210

Figure 2 Effects of acidic deoxycholic acid on mitochondrial function and structure of HEEC

PR RN AER NS, SEg it R HSUfmPL PR EEER" . A5 & BB YE DCA %5 S ROS
WP BRI 220, R M IR 5 5 Barrett 8 J2 mtROS 72 AE 8 &2 ) MMP F& 1% DL 2 ATP A= 1%
B AR AL I, AR e R R D RN A A N B & A S — A SRR R R T
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H#%," P <0.05,7"P <0.01,”"P<0.001(n=3),

3 ERMEDCA & E 3T HEEC mtDNA §I50
Figure 3 Effects of acidic deoxycholic acid on HEEC mtDNA
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DNA (nuclear DNA , nDNA ) 5 % 5} 5% %] ROS 1) I

it BEAERFGY & B, IR IR A T MR R i A i A
T A AL O DNA 534517 . A e BRI PE
DCA 175540 i S8 AL R 38, yH2AX Rk KT i, #2
7~ ROS Tt DNA F 3 O EEWT 24 . DNA XU i 24
(DNA double strand break , DSB) 2 f% /™ &8 [ #5117 £
X EMELLSE B, R a LR, 235 R
5 H DNA ZEA N E
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o B 3 E
STING |57 ks Nt s [ ] 65 k01 = O 0
& &
N [y TR ————— et S £
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N N
C \;;»\ &m\ D
{ < 4 %k 25 Lk
X X 4 Hk ok —— . ok ——
(Fw (Fw ()yy ()yy <Z¢ Eg 5 —_— é ]]ﬁ 20 —
S S > 5 & = =15
SRR SR a2 EX 0
CGAS [ e s | 62 kD p-NF-kB p65 [~ s s | 65 kD Tl S 05
=70 0
STING | s s | 37 | )y NF-kB p65 Eks kDa
pH5+DCA - + + pH5+DCA - + +
B-actin | — — w— 1) kDa B-actin IE'& kDa RU.521 - - + RU.521 - - +

A': Western blot Kl 214 DCA AL 35 ¢GAS .STING .p-NF-kB p65 2 13235 7K 1 ; B: RT-qPCR il DCA AL 35 TL-6 22 TL-1B mRNA &ik7K
-3 C: Western blot #:10] cGAS #1i]3) RU.521 FilAbFS cGAS \STING . p-NF-kB p65 5 [13¢ 14K - ; D : RT-qPCR A& cGAS #4i) 5) RU.521 Fii b 31
J&i 1L-6 J2 11L-18 mRNA F&ik/K -, WZH b4, "P < 0.05,7P < 0.01,™"P < 0.001(n=3).
E4 EiEDCA RN cGAS-STING 15 518 BB 8200
Figure 4 Effects of acidic deoxycholic acid on cGAS-STING signaling pathway

FLAZANHE DNA F77E T A0 S8Rk i BRI
LT, B A AR R T I T Zeobn AR T e R A, 1Y
SRR ARIE B VERE S, 2 DNA #5145 91 LA A ik
T B B T e ™ B B BUEE DNA 7] 4 i DAMP #
PRR Z— 1 cGAS Kzl 2] . REAHFIT &, 1bI7 24
TR B 2 5 e DNA 5475 FDBURE DNA BB, S0
cGAS-STING i i M I BB R A > o AHFFRAR
I T R M DCA J1 345 miDNA $% D18 K 26 ki (R 5
DNA {32 107, 45 5 B mDNA $2 DUB0s /0 3 2k
AR B T, 5 miDNA 351005 5 2R AR
T, PETTGG T ¢GAS-STING 38

NF-kB J& {12 4 5 [H 2 3k 1 OB i o 8 2 —
7SR MR F IL-18 . 1L-6 . IL-8 & TNF-a [ 5%
SV BRAEWFIEIE A, R L PG NF-kB 3 ]
BONE S bR A0 2R (Het-1a) 20 MARSE R 717, 2
T 1 A T3 I B ¢GAS-STING/NF-«B 1 175
S JRE , RU.521 2 W 12 19 cGAS 41 i
F, A R S B B ) RN B cGA'S B P4 1
T WA E KA RU.521 REHIHI /I BN 0 ik 32 1.
TR R gl BT B cGAS-STING/NF-k B 38 % LA & F
Ui R R - 14 43 6 , B3 il S D RE B AR 2 AR AF
S8 I, FRPE DCA 38 i (142 5 =0 NF-kB 38 %,
Rl cGAS-STING/NF -« B il i , J- 4 i 48 5 K ¥ 11-6
K AL-1BH 436, cGAS i 7] RU.521 AL B 5 cGAS
S STING Fy 3R 7KF- AR S p-NF-kB-p65 KL 7K F-
PB4, JE5E K T 1L-6 K IL- 143 Wb, FiR

45 T W] NF-kB A1 cGAS RSP E S8 v T RETE
iRtk DCAE B R i S i BB E A
ZE A ARG & B, IR DCA B S N IEH
B LA SAR AR D) BE R, F— 2 B mDNA
45 B B, AT 0% ¢GAS-STING 3 s , 11 4l
cGAS MBS T /- I il B Pk DCA SN IE R &
R A RAE , AN EF X cGAS Y [+ il A 2
BRI RIATT RE A3 A5
(&% 3k]
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