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Abstract: To investigate whether Dendrobium officinale polysaccharide (DOP) ameliorates bile acid-induced gastric
intestinal metaplasia (GIM) via the histone deacetylase 3 (HDAC3)/hepatocyte nuclear factor 4o (HNF4a) pathway, a bile acid-
induced GIM model was established using 100 pmol-L™" chenodeoxycholic acid (CDCA) (cell viability 91.11%) and treated with
DOP at concentrations of 400, 200, and 100 ug-mL"'. Morphological changes were observed, and cell proliferation was assessed
via EdU staining. RT-PCR and Western blot were used to evaluate mRNA and protein expressions of Takeda G protein-coupled
receptor 5 (TGRS), Farnesoid X receptor (FXR), HDAC3, caudal type homeobox gene 2 (CDX2), mucin 2 (MUC2), and HNF4o.
An HDAC3-overexpressing GIM model was constructed to examine HDAC3 regulation of HNF4a using Western blot and
co-immunoprecipitation (CO-IP). Results demonstrated that DOP exhibited no cytotoxicity toward GES-1 cells, whereas CDCA
concentrations exceeding 100 umol-L™" significantly impaired cell viability. Although DOP (100~400 pg-mL ") showed negligible
effects on cell viability or proliferation in the CDCA-induced GIM model, it effectively maintained the normal phenotype of
GES-1 cells. Furthermore, DOP significantly downregulated gene and protein expressions of CDX2, MUC2, HNF4a, TGRS, FXR,
and HDACS3. In the HDAC3-overexpressing GIM model, HDAC3 and HNF4a protein levels increased by 52.52% and 62.94%,
respectively, which were subsequently reduced by DOP intervention. CO-IP confirmed a direct interaction between HDAC3
and HNF4a. Collectively, these findings indicate that DOP alleviates bile acid-induced GIM by suppressing the expressions of

histone deacetylase, bile acid receptors, and intestinal metaplasia markers via the HDAC3/HNF4a pathway, providing a theoretical

foundation for treating gastric precancerous lesions.
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&, b e EMHE ARG A7 ; PrimeScript ™ RT
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FEME A&, AR RFAEYMREARA A ik
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KN =ZIEHARARAF] ;. $ifk HNFda, J5[E abcam 2
75 Lipo3000, 3[E Thermo Fisher Scientific A B/ ] ;
ECL 52, WA AMEARGRAF s %Il
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—RAR B HRE R, BEREL (PED FRA
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# #1 (OE-NC). HDAC3 it % i 41 (OE-HDAC3).
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i
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CDCA). DOP % 24§ 41 (i fi& +DOP 2 Jii & ik /% 1y
800, 400, 200, 100, 50 ug'rmL™), F& CTRL 58 4 %
AR, HARSHMMRYLE 12h )5, &8+ S 25EH
12h. 7E CCK8 WFUIEM 4h J5, FHEEFR N OD,sg o
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Table 1 Primer sequences

A E 2 AR #5314 (5't03") Tl (5t03")

HDAC3 CCTGGCATTGACCCATAGCC CTCTTGGTGAAGCCTTGCATA
FXR ATTTTGACGGAAATGGCAAC AGACCCTTTCAGCAAAGCAA
TGRS GCTGCTTCTTCCTGAGCCTA GTTGGGAGCCAAGTAGACGA

MUC2 GGAGATCACCAATGACTGCGA GAATCGTTGTGGTCACCCTTG
CDX2 GCTATAAATGCCAGAGCCAACC CACAGACCAACAACCCAAACAG

HNF4a GTTCAAGGACGTGCTGCTCCTA AGGCATACTCATTGTCATCGATCTG

f-actin GTGGCCGAGGACTTTGATTG CCTGTAACAACGCATCTCATATT

1.2.3 EdU# €54 M DOP* CDCA# -3 A GIMAEA!
21 .38 7804 %))

R 122 7%, GRS 212 h )5, F EdU 7]
P 8 EdU: 58 45 1% 9% 3 =1:1 000 F Eb 451 B ) T AF 8,
785 B L ) R R R A1, RRL R I NS ) 5
BT 100 pL XG5 fE N EE TR A8 B 2 ho ARIE 41 3
FAAR TR G o I PRk S SRR, RS B R 4R IR,
BB Image J & S0 RCR . HE AT

A= <100% 2)

C

Kb

A——EdU @it &b, %;

B——EdU" wfiedk;

C——Hoechst" @mfit3s,

1.2.4 DOPFCDCA# 3% GIMALA! A B & X K49
A

I8 122 J7%, ER4525 120 J5, R4 Trizol ¥2:
PEHUAH A A RNA. {8 F NCBI 3048 (1 51 03 A
S VERE 6 T Primer-BLAST ¥t F T HDAC3. FXR.
TGR5. MUC2. CDX2. HNF4a. f-actin f{] PCR 514 (A,
£, 1 RFAETAF SR FH RSN S
&% PCR {47 cDNA & R M, 46 ) cDNA 733
HARAFAE 20 CUKAH. AR Real-time PCR {57 £ & B
F 20 pL FIINRE BRI TIRAE, By T ©
A 95 °C, 30s: QML (40 cycles) : 55 C,
30570 C, 1 min; OMFEIIZ: 95 C, 0s—65 C,
155—95°C, 0s. LA p-actin NNZSIHERH, FANRNEE
3. 2T T BARK mRNA RIEKF.
1.2.5 DOP*fCDCA# % GIMIEA! & & £ A KT 89
EAG)

AN TR 1.2.2 Jrik, 4RHUAIML &S SR H 5 BCA
W 5E B . B FUK )G L % PVDF i 1, 5% it
REZE W= iR AR R E I 2 h, TBST Weli)a, SHudk p-actin
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(BB EE I 1220 000). CDX2. HNF4a. MUC2. TGRS.
FXR. HDAC3 (FFEtbfil 1:1 000) 4 CHgREER, &
Ho#i=#EEE 2h 5, ECL &5%.

1.2.6  Western Blot# | DOP*HDAC3it & iX GIM %
JRAER 494 )

MR 1.2.1.2 77, 23T 6 h jG, A4
HH, KH Western Blot £l 55 Y208 J DOP % it &
15 HDAC3 HH 215 S 4 GIM A AR .

1.2.7 CO-IP#-MHDAC3 5 HNF4a#4E A AU

e 1.2.1.2 77, ZiTii 6 h G, 42 fykdt
UG U A HIE A AR A, CO-IP £l HDAC3
H1 HNFdo 1 FH ML .

128 HABELEE % F 54

SIS H A I £ FREZE (mean+SD)
7~, KJH GraphPad Prism 8.0.2 #7418, 4
XA AT IR PERG 50 J 7 55 AR S, A & 8
K, WERFA R E T Z5504T, DL P<0.05 NERAGST
SRS T EIE., BN BSR40y
Mr, TR HES BRGS0 LA i 22 57 S AL T L

2 HR5WE

2.1 DOP. CDCAXtGES-14 i X DOP xf
CDCA 3 2 GIMA% AL 28 e 7& 77 80 % v

DOP {EA— M R IRV RIT RS, I E R
B e BRI £0EZ, B la kR, 5 CTRL 4L,
JiR & VK A 50~800 pg-mL f¥] DOP %} GES-1 41 i 77
TR R 2R, WAL L B RS L P9 1Y) DOP Xt
GES-1 ZHf o4t B Ee . ik BEIH IR 2 57 2 3 3 GIM
(IO N ™, CDCA EA—FWIZARA R, X E 5
5 A B B RS, W TR TR S
B GIM AL, Wik 1b fias, KT 100 pmol-L ' CDCA
Xf GES-1 40A3E H1 o, T 100 pmol- L' CDCA ]
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GES-1 #Hfu% /1 T E 60%, i T =&, Hitik
HX 100 umol-L™' CDCA 7 37 fH T iz i 5 7 GIM FE AL,
Wi 1c B, Model 440 A7 IS 2 AFAE B P2 R
JE W E N 50, 800 pg-mL ) DOP %} CDCA i 574!
GIM ERUAFAEINHIE, U5 2R Se ik 5 2Rk A
100~400 pg-mL" [¥) DOP.
2.2 DOPXCDCAYS F A GIMAE A —#{ W A 2 %01
B A0 AR N IR B N 2 R
YT S FL 7 2 A R AR 2R P R AR R RORE ) .. CDCA
X GES-1 4H i /776 B pi i/ Fl, 1 DOP B A B &
AR VE Y. B R 2 frs, CTRL 4140 &
106 1] 2 B %642 J, Model 2H 100 umol-L™ CDCA 1 H
TR EKRIY: DOP FHi)E, diEdtm T 1EH.
45K W] DOP A B T-4E+F GES-1 4l IEH KB .

a 150
o T —l—
S 100 T
it
=
50
F
0 1 1 1
0 50 100 200 400 800
DOP / (ug-mL™)
b 150
= 100 == i
e Hi
g T
50+
&
Hitt
CTRL 50 100 200 400

CDCA / (umol-mL™")

c 150

100 T

3k k —

kK

WIAFER /%

50

CTRL Moliel 50 l(I)O 200 460 800
DOP/ (ug-mL™)
1DOP. CDCA ¥ GES-1 #liffiz DOP % CDCA
S GIM B2 E R0
Fig.1 Effects of DOP and CDCA on GES-1 cell survival rate and
effects of DOP on CDCA induced GIM model cell survival rate
E:a ARFREHRE DOP *f GES-1 o f & 697 ;
b Rl R JE CDCA #t GES-1 %m &, & % % 49 % 771 ; ¢ % DOP
*f CDCA # 5§ % GIM A w4 & 6980 ; " AF5 CTRL
W ERFLFHF (P<001); ™ AFL5 CTRL 4 b4 £ 7 3
FRFE (P<0001); 7 AT L5 Model 41 b4 £ 4FF R F
(P<<0.001).

2.3 EdUZ% # # M DOPX CDCA & A GIM A
A 4 g 3 78 B B v

5- 2k FE -2~ it 4 JR T (5-Bthynyl-2’-deoxyuridine,
EdU) & — i g i ws ng 5 AL, Be 65 & 4K 1 ik s g
7E DNA & s (S 1D 45 X8 & Bt DNA % 1,
T FRicd S BRI 40 i . B FE R I BL 2 08 1
BR B A Rt AR B e Y R b R 4 i 3 E S R
TR 2% PSR (1) B 6 B 0 B A I R A A B AR A AR
F. CDCA 43 5| & GES-1 [ B 44015, 8 4 g
#4 5. F A EAU 4 (4 46 1l DOP %t CDCA i & &
GIM 7Y ¥y 4 Mo 34 58 AE A . Wil 3 Bz, Model 4
I GES-1 40 W R {2 $g 5 AE H » 4525 DOP J=,
DOP TG B B A2 g 485

DOP / (ug-mL™")

B — RS20 (400 % )

Fig.2 General morphological effects of DOP on CDCA-induced GIM models (400x)
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vE: EAU" @afietz (4 ); Hoechst' 4afietz (K &),

TGRSIEHAMN K IEE o

(¢]

HDAC3JE K A ik &

wn
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iiiia

=
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3 EdU #&#il DOP Xt CDCA i SE! GIM &2 4 At 5E A 50
Fig.3 EdU staining was used to detect the effect of DOP on cell proliferation in CDCA-induced GIM models
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*
:m@ 2k * k%
g i _]—
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0 1 1
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DOP / (ug-mL™)

f o7
i

| T
3_
2_

3k

M| el mm

1
CTRL Model 400 200 100
DOP/ (ug-mL")

MUC23E KA X ik

& 4 DOP 3 CDCA #5532 GIM A H X B F &R IX
Fig.4 DOP induced the expression of related genes in CDCA-induced GIM model
E: " ATS CTRLAKKRZFEFLHE (P<0.001); * AF75 Model 4L £ F LA R H (P<0.05), ** AF75 Model ZLrb48 £
FE2F (P<0.01), *** &F45 Model 4Btk H ZF (P<0.001). FRH.

2.4 DOPXCDCA## F A GIMAE A X K f1 & A
Rk H

2.4.1 RT-PCR#MHDAC3. TGR5. FXR.
CDX2. HNF4a. MUC244 5 B £k

ICAEWE AR R, RV IR AT OE IE R 52 AR
M FHE T, PR R AL W N, JE R K
3 GIM I KERE. /£ GIM H, JHITERIENES
Gy, T S I EOE H T R 57 Ak TGRS 8% % 14
FXRP**7 I 35 R i 15 5 HDAC3 /& 1 2§ HDAC ] —
B, B2 LB AR AL R R YR AR E
B, T E B ] SE R 3 5. HDAC3 75 1 4
AU A= K AN B DA B 5% 1 40 B ST A% A0 234k D T R 3
Sk /e F™ . HNF4a. CDX2. MUC2 # i\ N & GIM
(1 5 B br BP0 1% FT 2N 42, HNF4o il i
CDX2 K i 4% 1t R /v 2 (1 GIM, 1fii CDX2 & [ i
HPEH T MUC2 B B3 1, R&FEE LA
W o4k M 7 bR 4i B . RT-PCR 45 B4k 4 Fiox,
5 CTRL 4 & %, Model 41 TGR5. FXR. HDAC3.
CDX2. HNF4a F MUC2 mRNA ik &40 7 5. 2% i
287.38%- 970.69%- 342.36%. 431.48%. 261.21% Al
194.23% (P <<0.001). A [A] )i &% FE DOP T Hil 5 &
B A B0 A 4 400 pg-mL DOP & 2% P&
TGR5. FXR. HDAC3. HNF4a % MUC2 % ik /K F
(P<0.05, P<0.001); 200 ug-mL"' DOP %} FXR,
HDAC3. HNF4a J MUC2 ) #01 il 250 ik i . 3 K P
(P<<0.001, P<<0.01); ifij 100 ug-mL"' DOP wJ 4 [ iff 45
FT A SR A (P<<0.01, P<<0.05, P<<0.001).

2.4.2 Western Blot#MHDAC3. TGR5. FXR.
CDX2. HNF4a. MUC284% & %34
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