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A EFEYET B ATF4/CHOP/TRIBS 38 B3] B 40 i % i kAR
Pl s, e, | |, HlE o wo Ee
M BHMEERRZE I B BE B i RAT 3 o, P 550004; 2 B EERI AL 2 Fe, SiFA
550004)
WE BH KU HEANS (Honokiol) xf B 4i b iE . 1o, TR AR R TN K HALH
WFt. J7¥E EHEL 0. 15. 25 pmol/L Honokiol AbFE A 15 & 4H il & HGC-27 5 AGS. CCK-8
T P AR AH AR MR BE (1ICs0); CCK-8+ EPETEML. RIJR. Transwell iL#% K& Transwell
12 28 SRR DU 4R A7 3% 2 L G5 L IER% L 1R 2R AE D) I A NGE MR RS U 40 B0 R T2 % Western blot
RO . ITR . (228 K B R0 % ATF4-CHOP-TRIB3 AHOGE . &5 S5X)
MEALELEL, 15, 25 umol/L Honokiol AbEHJ= PR B eI HUIEIE . SuBEIR L. IERE AR & e
JIH R K, TR EFE (P<0.05); 5XEALE, 15. 25 pmol/L Honokiol 4b¥ 5
TR AR 5 e 4 L P o 2245 6 2 11 (N-cadherinD L Y T2 28 1 (VimentinD 39 5E 40 B A% 471 )5 (PCNAD |
B 4k R/ F -2 EEE (Bel-2) RIE TR, LRASHE A (E-cadherin). Bel-2 A2k X
B (Bax). ¥RBUER T 4 (ATFA). WG MARSCE H (CHOP). Tribbles [ 5 H
3 (TRIB3) Kik LJh (P < 0.05). %5 Honokiol i i 55 P 5T 9 5 A5 5 i B
ATF4/CHOP/TRIB3 {i i B4 HGC-27. AGS TS, M. TR iz
KA FEANGY: BE: AR ATFA/CHOP/TRIB3 {5 5@ T Ml
HESES R735.2
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Abstract Objective To investigate the effect of honokiol on proliferation, apoptosis, migration,
and invasion of gastric cancer cells and its underlying mechanistic. Methods Human gastric
cancer cell lines HGC-27 and AGS were treated with Honokiol at concentrations of 0, 15, and 25
umol/L. CCK-8 assays were conducted to determine the half maximal inhibitory concentration
(ICs0) for both cell lines. Cell viability, proliferation, migration, and invasion capabilities were
assessed using CCK-8, colony formation, wound healing, Transwell migration and Transwell
invasion assays. Apoptosis rates were measured via flow cytometry. Western blot analysis
examined proteins related to proliferation, apoptosis, migration, invasion, and the endoplasmic
reticulum stress pathway ATF4-CHOP-TRIB3. Results Compared with the control group,
treatment with 15 and 25 umol/L Honokiol significantly reduced the proliferation, colony
formation, migration, and invasion capabilities of the two gastric cancer cell lines, while
significantly increasing the apoptosis rate (P < 0.05). Additionally, compared to the control group,
the protein expression levels of neural cadherin (N-cadherin) , Vimentin, proliferating cell nuclear
antigen (PCNA) , and B-cell lymphoma/leukemia-2 protein (Bcl-2) decreased in the two gastric
cancer cell lines after treatment with 15 and 25 pumol/L Honokiol, while the protein expression
levels of epithelial cadherin (E-cadherin) , Bcl-2-associated X protein (Bax) , activating
transcription factor 4 CATF4) , endoplasmic reticulum stress-related protein C(CHOP) , and tribbles
homolog 3(TRIB3)increased (P < 0.05). Conclusion Honokiol promotes apoptosis and inhibits
proliferation, migration, and invasion of gastric cancer HGC-27 and AGS cells by regulating the
ERS signaling pathway ATF4/CHOP/TRIB3.
Key words honokiol; gastric cancer; endoplasmic reticulum stress; ATF4/CHOP/TRIB3
signaling pathway; apoptosis; targeting
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2280 SO FH R A TE VA R GO I I (4 977 9 1 7 Hh o i By # B A 9 4132 B Honokiol
HATZ 2 EENE, QIR Preie. JUm A umR e H, il s 2 M E o imeg,
2 B BB AG T RIS 22 J7 I T AEA B . ATF4/CHOP/TRIB3 5 538 42 A 5T [P
¥4 (endoplasmic reticulum stress, ERS) -S4 T-HIiRTZ —, ZAMEET R . &L
IS PR BRI R B A% LB R, 7E R i R vh A SRR B, G A PR E Honokiol 7T s
ERS B AIT IR, SR1 HE T ATF4/CHOP/TRIBS {5 538 M 1% GC A2 K WLHIBF 7ol
s, ZHFR A GC 41 & HGC-27 5 AGS, #7T Honokiol Xt GC 4ifsésE. W1, it
. R2EIFEm L], N GC MR T IR Atar it .

1 MRl

1.1 K

111 4R

A GC 41l % HGC-27 fil AGS I BRI 5 38 A 7] .
1.1.2 EEMRFRH
Honokiol ($%'5: HY-N0003, 3%[E MCE A H]); RPMI-1640 35775 f R HlG (175

C11875500. 252000, Z[E GIBCO BRL A ]); fiiZF-1fiif (fetal bovine serum, FBS) (%5
XY-FBS-500, [if§ SAILYBIO A#]); PBS Ll (Ii'5: G4202, s ZE4E/RAF]D; —
LTI, HHEEREGW. 4% HRMME e B EWRENE (bicinchoninic acid assay,
BCA) jfll. 4 KL A1 RIPA 2R (185 : D8371. P1400. P1110. PC0020. G1062.
R0010, db3Z3EFE A F]); CCK-8 il (Tt'5: MA0218, KIEHMEMA ), Matrigel Matrix
B (1752 356234, 2 [ Corning A ®)); Annexin V-FITC/PI T2 7 & (55 : 40302ES,
AT B 4k SR/ A I%-2 B E (B-cell lymphoma/leukemia-2 protein, Bcl-2)
(#%'5: BF9103, SR Edr A ] bR 2 F (E-Cadherin) . B & H (Vimentin).
WEE AN IAZPTE (proliferating cell nuclear antigen, PCNA). Tribbles [FIJE# 4 3 (tribbles
pseudokinase 3, TRIB3). Bcl-2 #i2x X &5 (Bcl-2 associated X protein, Bax). B-WlzhE A
(B-actin) Kfie. WIE —PU (F25: 20874-1-AP. 10366-1-AP. 10205-2-AP. 13300-1-AP.
50599-2-1G. 81115-1-RR. SA00001-2 F SA00001-1, X =A@ ); A4 EEA
(N-cadherin). 3% 3435 F 4 (activating transcription factor 4, ATF4) (7%5: WL01047.
WL02330, JLRHARATD: W MRIEAHSSEE (C/EBP homologous protein, CHOP) (%t
5. ET1703-05, Wi/HHZAH]D.,

1.2 ¥



121 HEFREL4A

HGC-27 il AGS #iIffi% 3% 1% 10% FBS ) RPMI-1640 £53%3E, RN 1%4i4 & (100
U/mL % 2 A1 100 pg/mL 85 %K), BT 37°C. 5% CO, (IERIE IR IR, —HRT
BRI f# Honokiol JF RPMI-1640 35 75 e e il FR K B, ¥ FH 3 IR BB 22 15, 25 pmol/L
TR S Ab B D
1.2.2 CCK-8 523

HOGHUAE K AGS. HGC-27 41, &5 US4, B4 238 3 000 1~/100 pL,
96 FLAR LN 100 puL A AEE, 5 N EAL, WG RALE N 100 uL PBS B ik78 %, F 37 °C.
5% CO2 261 T 555 ; fR 4l AN B J5 I 24 b 22, 15 18 73 1120, 10 20, 30, 40+ 50 pmol/L Honokiol
WhFEZH, BEFLAN 10 pb CCK-8 ilifl, IRAHMEE 2 h, EEAr{Cl EFEA 0 h I 7E 450 nm 4b
J6RE (absorbance, A). [FIZk353% 24, 48, 72 h, THEEHIHIMEE (half maximal inhibitory
concentration, 1Cso). JEZSEIRF LB E 2 A4, 15, 25 pumol/L Honokiol ZbHE4H I f5
D& A B THE A0 A7 S 26
1.2.3 FEETE RS

0. 15. 25 umol/L Honokiol AZbFEXT 4 A=K HAZH L 48 h J5, 1 000 r/min &.0» 5 min YSCHE4H
JiL, AR MR 1000 AN/ AL 6 FLARCEESLIN 2 mL 4. 4-5d 4 1 0. 10~14
d JEEE IR 5E e, 4% 240 M [ 52 W 52 15 25 30 min, 0.19%45 f R et 15 & 30 min JEiE
IS R .
1.2.4 RIRSEL

0. 15. 25 umol/L Honokiol Kb 44K HH4HML 48 h J5, HefhT 6 fLARH, 8x10°/>/
AL, FRUHARIEEE 5 200 puL #SK7E 6 FLARA R RIIR, F PBS 5 25 BRiE i 40 il .
35T 0. 24, 48 h 7ERANEE TS RIR @ G450, BRI 1R] B B8 I N 58 4 5 9 R gk
SERE IR .
1.2.5 Transwell X8 SE5

0. 15. 25 pmol/L Honokiol 4bHEX} 44 K #1412 48 h 5, 1000 r/min 5.0 5 min Y HE4H
M, RN 600 pL 10% FBS 54778, M/ N RN G B T R0 T S )
A TLAM, HAMFIH/NEER. H RPMI-1640 B3 MBI Em, L% 5x10°
AL, 200 pL/AL. 37 °C. 5% CO, #53=—Emf[a], F PBSE¥E/NE 2k, b, FE4HM
A 200, 600 pL 4%ZH 23 41 ffa [ 52 15 s 20 min J5 F 0.1%%5 S K e 5, 30 min, &M=, H

MR LR, K D EIR A R ER T . 1R 200 5 BB EF TS B f, S



& /NE NP 5 MR IER /N = AU TR E. THE SRR S 4 i
1.2.6 Transwell 22235

Matrigel Matrix 55 i e U B LUl iy, B 4RfLINN 100 uL B IER S FRAEE K
0. 15. 25 pmol/L Honokiol AbFEX #4048 h J5, H RPMI-1640 577 F AR 20 il &
W, b= 810 AL, 200 pL/fL. 37 °C. 5% CO, &5 75— & al, ] PBS i@¥e/NE 2 1K,
LT ES AN 200 600 uL 4%2H 2340 A [ 5 W E 20 min J5 H 0.1%45 i 55 44 & 30 min,
HENE, AR bRk, g LS LR . 18 200 i BRI T80
BHE R, etk & /NE DY J P38 5 MEF IR 2/ = AU T R 40 AL RS T
RS A TR
1.2.7 WN4HHF T2

0. 15. 25 pmol/L Honokiol ZbFEXT ¥4 K IHAM M 48 h f5, HANE EDTA HIEEGHAL,
il LA A M T, P TIA ¥ PBS BRI 2 Y%, 1000 r/min. 4 °CE> 5 min J I
3% PBS Ji A 100 Wi 1>Binding Buffer &40/, JIA 5 pb Annexin V-FITC 5 10 L PI
Staining Solution, JEAJ#E%, =M 10~15 min; fIA 500 pi 1>Binding Buffer, JR%])5
EORVK O, 1 h gy ARG AR I
1.2.8 Western blot SZ4

0. 15. 25 umol/L Honokiol ZAb¥xf #A KA 48 h /5, 51 RIPA SR ALZL AR A4
ff, SRA BCA bt i i 8 vk BEHEAT M e, $RENEE (1, Jdid SDS-5 A I Ik i e fise v
7k (polyacrylamide gel electrophoresis, PAGE) Hi¥k4/r & & A, ibEAMEREZE 0.22 um
R LM (polyvinylidene fluoride, PVDF) i I; PVDF 32 N & 5% e 08 4]
bR B 2 hy FEnER-20 (19 1X Tris 2R (tris-buffered saline with Tween-20,
TBST) ¥t PVDF JEf5 55— 4 °CREIRI B LK 12~16 h, HikeLtfs] p-actin (1: 10 000).
E-Cadherin (1: 2000). N-Cadherin (1: 1000). Bcl-2 (1: 3000). Bax (1: 2000). PCNA

(1: 10000). Vimentin (1: 30000). CHOP (1: 3000). TRIB3 (1: 1000). ATF4 (1:

1000); K H, A 1XTBST ¥ PVDF & 3 7%, 10 min/iX, —#T (1: 10000) =EHEH 1h,
1XTBST i&E¥E 3 1K, 10 min/ik. ffH ECL fb% k6. L. Bio-Rad B MME R G,
Imaged Bk BEAL AT B (46T K FEAR, DA B-actin N A 5% H B AR ST IE K P
1.3 Giit#AbE

f§i /| GraphPad Prism 9. 0 ¥4/ T sc i 4, KA X + s Fonit =4, FrA sciy®E



53 ARG Rl E G YEFUER . 2 AR LBCR H BR % 5 2 0 #r Cone way
ANOVA), P<0.05 Nz A gttt 2= Lo
2 4%
2.1 Honokiol Xt GC 47AiE R

CCK-8 5256 R, 5 AR AL BRI} B 41 (0 pmol/L)AH EE , 10+ 20. 30 40. 50 pumol/L Honokiol
PRI — e MG I, B RO 2R T T . 452K, Honokiol
%f HGC-27. AGS ZHLf) 1Cs0 73 )N 20.24. 24.84 pmol/L. Kk, 7E )5 85256tk 1Cso

BT 15 1 25 pmol/L PN & 3T A . LI 1.

B 1 Honokiol X} GC 4HITEIE R
Fig.1 The effects of Honokiol on the viability of GC cells
#: "P<0.05, "'P<0.01, "
2.2 Honokiol Xt GC 4. WKW

CCK-8 52y, SxfMEZHAM L, 15. 25 umol/L Honokiol 41 HGC-27. AGS 4 173 %

P<0.000 1 vs 0 umol/L Honokiol group.

HE R FE (P<0.001), WLKE 2A. R ACSESS H, 154 25 pmol/L Honokiol 4 HGC-27. AGS
Y1 e BT OB B R BE (P<0.01), WL 2B. i gifg R+, 15. 25 umol/L Honokiol 21
HGC-27.AGS 4l - % 475 fr L F+(P<0.001), JLI& 2C. Western blot 462, 15 pmol/L .
25 umol/L Honokiol ¥ 7] T i P FR A Hh 38 FEAH G EE 1 PCNA 13K iE (P<0.01), {2
T8 H Bax HiRik (P <0.05), FRHFTMTIEA Bel-2 H13RiE (P<0.05), WK 2D, Lik4s
2B Honokiol BEWSEHE GC 4T, i 165






B 2 Honokiol X GC Zifu5E . FT-HIF M
Fig.2 The effects of Honokiol on the proliferation and apoptosis of GC cells.
7F: A: Viability of HGC-27 and AGS cells was detected by CCK-8 assay; B: Proliferation of
HGC-27 and AGS cells was detected by colony formation assay and quantification charts showed
the statistical results of it; C: Apoptosis of HGC-27 and AGS cells was detected by flow cytometry
apoptosis assay and quantification charts showed the statistical results of it; D: Proliferation and
apoptosis proteins of HGC-27 and AGS cells were detected by Western blot assay and

FkK

quantification charts showed the statistical results of it; "P<0.05, "P<0.01, ““P<0.001,

“™P<0.000 1 vs 0 pmol/L Honokiol group.
2.3 Honokiol Xt GC 41t . REH M

QPRSI g, SXPHB4LAREL, 15. 25 pmol/L Honokiol 40 HGC-27. AGS 4 ffa f 4% 111 i
BT R, dUIIERLRE 1 R E R (P<0.01), ULE 3A. 3B. Transwell & 5256 [H
FEZEH], Honokiol ZH 2T #2 2 J5 (0 B W ek, 1B R 1 f#% (P<0.01), WK 3C.
Transwell 122852564, 15, 25 pmol/L Honokiol 41 HGC-27. AGS 4 fito 28 idt 3 Jifi Jie i) %k &
B, RZEREJIBEK (P<0.01), LK 3D. Western blot 455 .75, 15. 25 umol/L Honokiol
7 bR 2 B b R A bR S B E-cadherin R4 R (P<0.001), [A])5 & AR & H
N-cadherin. Vimentin #&iA4# N (P<0.05), M. 3E. FiA%5R K] Honokiol At it 4

2 b Rl AR SR 01, R GC AR AR MR R AE ST -
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& 3 Honokiol X GC 4HffiER . REIEM
Fig.3 The effects of Honokiol on the migration and invasion of GC cells
7¥: A, B: Migration of HGC-27 and AGS cells was detected by scratch assay and quantification
charts showed the statistical results of it >40; C: Migration of HGC-27 and AGS cells was
detected by Transwell migration assay and quantification charts showed the statistical results of it
>200; D: Invasion of HGC-27 and AGS cells was detected by Transwell invasion assay and
quantification charts showed the statistical results of itg ><200; E: Migration and invasion proteins

of HGC-27 and AGS cells were detected by Western blot assay and quantification charts showed

*kk Fkkk

the statistical results of it; "P<0.05, “P<0.01, "“P<0.001, “""P<0.000 1 vs 0 umol/L Honokiol

group.
2.4 Honokiol %t GC #liffi ATF4/CHOP/TRIB3 3& & (KI5

Western blot 455 Eox, SXTIEAMEL, 15. 25 umol/L Honokiol Ab¥H mJ fii i 4 4 ffd (1)
ERS JEE%AHCE 1 ATF4. CHOP Fil TRIB3 1A /K P53 Bl (P<0.05). X—&5 R4
7 Honokiol 7] 3 it #3% ERS ' ATF4/CHOP/TRIB3 3X — {5 5 38 B e 1 H1) 8 400 o 10 3 2
AT . WL 4.



Bl 4 Honokiol X} B4l ATF4/CHOP/TRIB3 3&E& KM
Fig.4 The effects of Honokiol on the ATF4/CHOP/TRIB3 pathway in gastric cancer

cells

Fkk Fkkk

7: "P<0.05, "P<0.01,

3 Wik
GC JEUE B IR L i B bR, = —Fh S 2% B R i . RAEEE L)L HER
IR B RO AR LA AR 2R [ S, B GC 7E [ 1 A e i S8 v R S A A
FYHAHE = HAT, GC RUBEMIGIT AURAME, O AR EUR, K2 HEEWL
WrouE ), A4t B8R T I ARTT RCE IR . THREAE XS B 98 AR L] O BEAR AN T INTR, BiadT
TP BT RAWEG N, 2iWiay7 OB EETFBREL 508 WTr AR, TR ZE. BIFER
%, Bk, BB 27 AR TT SRS R hE i GC AT RUR R . BT 2 A IKE . 24
Mo BAEIE AN R AR T BORE AL TR, T 2SR B RAR 72 GC H AT AE T
PEALHIF R T T2 RISGE, X EEHLHI A AT T GC 4 AEAF AT K 1 2 /M SR 420,
Honokiol 5& — M EVIEE KRR N T &Y, BA SRR, BREiR. silE 4
Fls HURMIRE SRV R, IR VS (B A AP R AR FH DO 7R 2 R R B AL, Honokiol
BB T W i s s R R, o THLEI &)z, Flanidid ROS A3 H)
p53/Cyclin D1/CDK6/CDKA4/E2F1 il #%. p53/PISK/AKY/mTOR i@ #% DL ERS Z5(5 5 & 12kl
iR A I . TR MR A SR A1, SR, HATOST Honokiol 7E e i
VER R FEAE 73 T HLAI B AR A TR . AW 7Tl AR /M 5288 UESE T Honokiol Xf GC 4H ]
MR B IHRIVE . S5 RE W, Honokiol AEWEII RIEHE GC 4B & HGC-27 Il AGS

P<0.001, " P<0.000 1 vs 0 umol/L Honokiol group.



PO, H G TR . ST AR ZRAE ), X5 Honokiol 7EH At A e (1 Bt e 28— 2
Yi ¥ Honokiol #1141 1~ GC 4 i) L j2 -] B AL A F 55 3 1 A 12, AT FE B 4 _Lad )
7 GC Zufur &kt fg. LLERFE )y Honokiol /EAIEEST GC 2443t | SEie ik, HIL
FEAR A SEBRBORAT /5 38— AP IRAIE

ERS & 4 Bxh B R AL B BRI CAnSRAE . FATHERIE . iR 6T 4D AORLIUR N,
Ll 2 ARSI TR, Ko, S S R FEPR MBS (protein Kinase R
like endoplasmic reticulum kinase, PERK) i #/& ERS 1EHIHLHI 2 —: MECIRES T, PERK
B, R AL FAX IR LG R 20 (elF2a), FEUE E & B MIH AT ATF4 ik
FiR; ATF4 85153 T i T S F B 5 CHOP MIZLR 71~ TRIB3 (UFRIE, &k
A yE AR el w IO, ERS (5 Sl BRI EL S GC MR A K S B B IR,
BERIZAE B 1) T S RO B RIR TR NS . ST, BEAETOC T Honokiol il %5 5 ERS KK
FEPUB R VE T ST SR A L. AW FISE RIROR, Honokiol AbBERERS B35 1 GC A
ATF4. CHOP Fil TRIB3 [{J#iA7KF, 27~ Honokiol {23t GC 4 A T- ik I GE . 1T
FUZZE NI GC 4Bk RE, mIBE S ATF4/CHOP/TRIB3 @I 1S G . X — K I
#7151 Honokiol 471 GC 1 I HHTALA, - BI04 e 40 PAY £ 2 93 e 7 38 B8 S 356 e
AR, Hd, CHOP £ ERS -S4 T IS B sk A7, REWS 1] Bel-2 S5 411
o F RIS Bax SEEI T2 7 H3EAL, 110 TRIB3 & CHOP () R SEAL A, fET
K ERS /S AE A5 5 R EZAER . BlIL, Honokiol i CHOP #1 TRIB3 f#11F
B 55 P TE AL 40 7K T R0 82 380 A3 T 0 S 5 | SR AR 2R BRI A & o (BT
BREIEAE 7 T 0L, Kl $8.3) Honokiol Wi ESR {5 = B ER F2 M ) NS i S L 5 GC it
FERIR R HE— D1 W

2% FFTR, Honokiol 3% GC ZHiBikBEAE, RS 5 ATF4/CHOP/TRIB3 384 i3 AH
Ko HEFIZIE S A B GC IRYT I — AT . AHE 7ty Honokiol BT GC iR77
SEAL VORI BB AR o )5 S0RE I T 3 400 i) 7 B PR R/ R R B AR — B IR R R R,
RNIGUEIZE B /E Honokiol $T B s /EH iz bz . IR EIL S BA 17 259 & N
PVEEIGRER], LUy GC B SR AR VR 7 SR
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