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Hymeglusini® S LX-2 20 T-FGo/G, B HAFR i

BTEY RWAT FEA ARG RSA aRA
(T HREBERR P S 250 7 5, YT 524023; 2 H AR UE IR S = FERT 7C T, JE1] 361005)

BE iz IR T hymeglusindt AT 2K 20 2 LX-2694E F . 5K F CCK-8i%A2 M) 7 6] IR 84
hymeglusin*f LX-2 28 i i& 7) 89 %7 vA B IS F) ST 37 4) 7] 5 hymeglusinBi &40 23 LX-240 2 7% 77 49
Fve; AR LA M TR F) IR E 69 hymeglusin.  #."8(chloroquine, CQ)¥A & hymeglusin+CQ3tLX-24m
JA T 69 % 7f; RNA-seqll A K RAF AT BB 20 A=hymeglusinZl &9 £ F & A A FH, #7607 &
S AKEGGE H& 447 ; AR 48 e K AS M hymeglusin& 22 G LX-24 L B e T, 4R 2BF, 5
st B 2048 1Y, 40 pmol/L hymeglusin 2 2 41K T LX-248 et 69 7% % ; hymeglusini 7 69 LX-2 4 f 56 =
FZi@d A TR E I, CQAL T iRhymeglusinis 49 20 i 8 T2 KL, ¥ Z-VAD-FMK 7T 3 4i% 2%
CQANF 49 693X — 1L B T=4E A ; KEGGB 3 #4748 -7, £ am B sk, 2 3 R E5 AR ZI T AL
#-; hymeglusin&t 22 5T § 2 48 i.Go/G H He 9] 2 Z 71 &, Fl B Gy/MEA L) 2 3 11K, 5 CQELA B, F
HG/MEAL . &, hymeglusindsFLX-248 L8 = F2Gy/G, B HA i, CQT ¥t — 47 3% % hymeglusin
STLX-24m iR g5 -5 A T WA .

KHE1R  hymeglusing FFAUIRAHM, F TS, SO0, #5253 #r; 20 0 ) 3

Hymeglusin Induces Apoptosis and G¢/G; Cycle Arrest in LX-2 Cells

CHANG Xueting'?, WEI Mingyue?, HE Jianlin>, WU Kefeng', XU Guangxin®, TANG Xixiang'**
('"Marine Biomedical Research Institution, Guangdong Medical University, Zhanjiang 524023, China,
*Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

Abstract This study investigated the effects of hymeglusin on the human hepatic stellate cell line LX-
2. The CCK-8 assay was used to investigate the impact of different concentrations of hymeglusin on the viability
of LX-2 cells, as well as to examine the effects of various death inhibitors and hymeglusin on LX-2 cells viability.
Flow cytometry was used to evaluate apoptosis in LX-2 cells treated with different concentrations of hymeglusin,
CQ (chloroquine), or hymeglusin plus CQ. RNA-seq analysis identified differentially expressed genes between
control and hymeglusin-treated groups, followed by GO enrichment and KEGG pathway analyses. Cell-cycle al-
terations after hymeglusin treatment were also examined by flow cytometry. The results showed that, compared
with the control group, 40 umol/L hymeglusin markedly reduced LX-2 cells viability. Hymeglusin-induced LX-2
cells death occurred primarily via apoptosis. CQ potentiated hymeglusin-mediated apoptosis, whereas Z-VAD-FMK
partially reversed this CQ-enhanced pro-apoptotic effect. KEGG pathway analysis revealed that significantly dif-
ferentially expressed genes in the cell cycle pathway showed a downregulation trend. Hymeglusin treatment signifi-
cantly increased the proportion of LX-2 cells in Go/G; phase and decreased the proportion in G»/M phase; combined
treatment with CQ further induced G»/M arrest. Collectively, hymeglusin induces apoptosis and G¢/G, phase arrest
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in LX-2 cells, and CQ further enhances this pro-apoptotic effect.
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& 1(3-hydroxy-3-methylglutaryl-CoA synthase 1,
HMGCS 1) FRF s 4l 77, Hoalid 53R S Cys-
129 (s e k45 & R AEAE T 2. HMGCS 152 B K
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R A A 4R R O A, TTsD i 4k HSCs )
BB B L T, BN FELIT £ 4 A R 1) O B
HEHEOT,

A SES AN BRGE M R LX-2 90 50 4, K
FHCCK-8(cell counting kit-8)i%. it Z04H I A FITRNA-
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1.1 #

L1l @miedk  AKFERYIM R MHSC-LX-2)H -
T sSOl A RR A A 1R

1.12 XA  DMEMm ARG TR a4 i .
HE R EH R (100x), BiE A -EDTAH L
Wi R AL (R EDTA) W B R0 i 382k
MR A AT ; 1x PBSZEMRIN [H AL 5 22 A F R
HAWRAF,; CCK-8IkFIM A = RAEMFH ARG
N E] 5 AR TR R 2 R R W)
W ET 5 I AE AR A A IR A .

1.13 B EEAR R E L s
B A IR A H]; BEbR % H 35 [ ThermoFisher Scien-
tificA w5 4 A8 B 55 EBDA Al #AeIE 3
1 X EppendorfA ] ; Count StarZii il i1 £ B L
BHAVREARAF .

1.2 753k

1.2.1 HSC-LX-2%mfesz i K LX-241M RIEF
10% 84 L35 « 1% 5 2 55 %5 2 (1) DMEM = 5%
Feder BT 37 °C. 5% COZM: T 3%,; 4k B
Jo ST R IR A M 7 1 R IR B 90% 25 A I
O D IRAL T Sl 4 IR R 753, i PBS#2 i
Vedm i 2k LB R LB AR B 5 BE S DN 0.25% g1
37 °CIHAZI 1 min, IO A H;FEEEZ R WAL & .
AT B, 4 °C R LAT 000 r/min & 0»5 min, 37
TH, DIN2 mLFr S E 1) 1 78 4 55 7 5 (5 10% /iR 4 1fiL
TERE R E R, A TR T 4r T
122 CCK-8% M| hymeglusintt LX-24mfieL% 7 69%
o EHUAE TR AR LX 2400, 4% 1x10Y4L
(112 BE AT 96 FLAR | SIZBG 43 44 VA FRIRT R 2
(% 0.4%Z %), 10 pmol/L hymeglusin4l. 20 umol/L
hymeglusinZ1 140 umol/L hymeglusinZll, &4H %6 &
FL. TEFRAEANMIES 75 261F (37 °C. 5% CO2) |,
96 FLAR I Bk % . BE S, 2 A 1a] & AL N AH Y 7
[ hymeglusin, {8 229K B 25 8 10 umol/L+
20 pmol/LA140 pmol/L, 4£%:55 7% 24 hF148 h.
4 P 5 IR e AUE , A& FLHAR 10 L CCK-8i 7,
37 °CWiE 2 h, PRI IG, FHEEFRXAE450 nmd
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K Aar il &AL ROLE (DYE . 20 BAF % 2 (%)=[(D3E
540D [ 4 )/(DX R -D =5 F14H)]1x100%
1.2.3  CCK-87 M & 7 F) 5L =47 %) 7| 2 LX-24m fiee
EAFa BB TR I LX- 240, 4%
5x103/FLI 3 R T 96 F L P . 3L B 104 (B
FEVE I B2 ), B2 6N AL, TE b i 4l f ks 77
%M (37 °Cy 5% COy) N, ¥ 96 AT . B
Jei 5 53 ) A0 N L7 B ) 4 AT A
Z-VAD-FMK (A T4 7], 20 umol/L). Nec-1(343E
PEW TZAIHEIF, 10 pmol/L). VX-765(4H il A= 141
7], 20 umol/L). S (chloroquine, CQ, 4HJiy B W&
IR, 20 pmol/L), FALREE 30 minf5, IIAZHKE
A 40 pmol/LH hymeglusin. K 96FLAR ik [7] 55 77 44
dhelirge. MR FRERUE, MELREM10 uL
CCK-8i#5F, 37 °CWE & 2 h, fFHIOARR )G, s
AXAEAS0 nm 3 A AS I 25 FL IR FE AR

B, FHEIUAL T X8 K 0 LX-240 1, 4%
5107 /FLI% R T 96FLMR o FEFRHEAN f 5 77
FKAE(37 °CL 5% COy)'F, ¥ 96U Bl . SL5e
FASH, BHeNESL: BEAIX A .. hymeglusin
(40 umol/L)4l. hymeglusin(40 pmol/L)+Z-VAD-
FMK(20 pmol/L)4H. hymeglusin(40 umol/L)+CQ
(20 pmol/L)4l . hymeglusin(40 pmol/L)+Z-
VAD-FMK(20 pmol/L)+CQ(20 pmol/L)4H . 3
H 1) Z-VAD-FMK A CQTI/E H 30 minJ& , FFIIA
hymeglusin. ¥ 96U ARG FRA Ak 215 7% . A
BrFsea, &L in10 uL CCK-8iadfl, 37 °C
W E 2 h, FrEi RS, FERFRXAE 450 nmi KA
L AR
1.2.4 AKX @A R E K hymeglusindf LX-2
20 JiEL R = %) o) e AL T 0 H A K B I LX-248
L, $% 4x10°/FL Y FERERD T 6FLAR 1, A 1 F-4R
IETEMIRAT)G , TEAMEGN RS 7546 1F (37 °C. 5%
CO)F, BrofLIRIFE LW . LI N4, B
3INEAL: AN HEZH . hymeglusin(10 pmol/L)ZH .
hymeglusin(20 pmol/L)41 # hymeglusin(40 pmol/L)
Ho A HIMANARFIE LW )G, ¥ 6FLAR K Rl
TR B TR, R WG, FFEIEFRE, H0.25%
JERRE (AN EDTA) T-37 °CYHAAIM 1 min/s , AT
i R FRIL LR A, 4 °CTF AT 000 r/minES 05 min,
7 B3, W10 g E T U . 4% 18 An-
nexin V-FITC/PLX 44 A 178 T A& Ik 771 65 18 W gk

AT, B LX-24H B 7E 3 R824 N 5597 10 min,
I /5 >R FH 7 A P e AR 3R AT 43 B sl

1.2.5  AXamfeARen g 345 CQr LX-24m e
BT #rh 376 H AR T 508 H AR KA ) LX- 248
% 4x10° /LI 5 FE R T 6FLAR 1, M+ F IR
ERTIRE G, (EFRAE M 35 56 1F (37 °C. 5%
COy)F, #ofLii & it i . SLInsr N4d, Fd &
3INEAL: WA . hymeglusin(40 pmol/L)ZH .
CQ(20 pmol/L)41 1 hymeglusin(40 umol/L)+CQ
(20 pmol/L)ZH . %M SLIG Wit I /- AL G o, 171 &%
TSI LA FE 2540, b hymeglusin(40 pmol/L)
+CQ(20 pmol/L)ZH % I CQ(20 pmol/L)4b#30 min,
M hymeglusin(40 pmol/L). 4 6Lk 8 & T
MPEEFRHE (37 °Cy 5% COL) T G877, B
FREEW G, IR, H 0.25%E (A EDTA)
T37 °CIHAA ML 1 minf5, IOAGHT i3S 72 3L 2¢ b
Ak, 4 °CFLLT 000 r/min 0y 5 min, 3¢ iF, B
IX10°/ M B & T+ . 1% Annexin V-
FITC/PUXU A 20 M ] 1T A6 I 751 6 e W A5 AT et
FFLX-240 7 =5 e ' 25 A1 F B5 9210 min, B f5R
F L 40 BB AR AT 2 A ksl

1.2.6  Hymeglusintk Al T LX-24m el &) 4% e 48 A7
AW TR BB AR R IR A R R R 3 2
D7 AR 55 R LX 240 ML 47 70 o I BN B A B By
I LX-240ffl, 25 JRREF (M 0.25%) T-37 °CiH4k 1 min
Ja, M55 I B 2 1By 4k, 4 °C R LAT 000 r/min
B905 min, 37 B, PASx107/LI % B P 22 6L 1x
Tt o MR B 10% 064 MG s TRtk b, B T4E
37 °C. 5% CO[MIFNE ERE FRM it &, DAR R
YA IS B IR IS B R AR KOIRES . 3HLIE N
AT IR ZH ) 340 hymeglusin(40 pmol/L)4b ¥
24 hja R . A SR BCRGH & 70 5 RNAREA
SENLIN P SCPE FRAE I P G AT A . s o by
H i 7L % = °F & BMKCloud(www.biocloud.net)
PRI A MAE 25 0 M T RE 56 Bk

1.2.7 Hymeglusing B 37 4|7 CQAF LX-24 /2
JEl #6478 O EE KR LX-240 8, 4z
a5 B2V BN 4x10%/4L, i ofLAREAT 5 9%, JFAE
37 °C. 5% COM PG FR. Lo N4,
HE 3N HEADTERZH . hymeglusin(40 pmol/L)
ZH. CQ(20 umol/L)41 1 hymeglusin(40 pmol/L)+CQ
(20 pmol/L)2H . 4%/ I NAH R & 1259, Horp
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hymeglusin(40 umol/L)+CQ(20 pumol/L)Z15E A
CQ(20 pumol/L)4b#E 30 min, I A hymeglusin
(40 pmol/L). FHHEF 5 6 FLIR B T 40 sk =46 4,
1£37 °C. 5% CO %M N 57724 h, A 845 41 il &
SRS AR5 5 1 150 B 0 SR AT AR B S8 v 504
FLASCASE I 4 M & A 7K F o

128 %itz7Hik K HGraphPad Prism 9.5% 1
AT = T, SR D xss Kok, 2 A 355
Eb A5 R B IR 3R 22 40, L1805 1 EL 4R FH Tukey
W, PR LR 22 R e . LAP<0.05 N2 R H
Gt .

2 H#R
2.1 A[ERE hymeglusinX LX-240B5E SRS 0
CCK-85256 %4 (K 1) Far , LX-240 i i) 384 5
7t hymeglusinfE F & 52 31 W3 B A0, Hax Fh4 i e
FH B )= R R RO . S0 RRZEAR LG, 10,
20H140 umol/Li hymeglusinZy 5 1E Fl T LX-24H
Mi24 hAl 48 hfg, dHfFE R BEMRK, ZRA
Guit = L (P<0.05), Ja 252535 % 40 pmol/L
hymeglusinif 47 il
2.2 AEGETHIHIFI T LX-2 40 A05E S1H9 5200
K H CCK-83: A6l hymeglusin 22 A [F] 41l 771 X6}
LX-220 35 Sy semm . Seae i (B 2)3R M, AR
TR, hymeglusinidi & #0111 LX-240 i (175 77
(P<0.000 1). #H%:ThymeglusinZH, B VE T30 75
Z-VAD-FMK & , hymeglusin®f LX-240 3% /7 B30 1]
1B F 3 35 3 106 5% (P<0.000 1). IX3R B, hymeglusin

Hox

150=

100=

50=

Cell viability /%

()=
24 h
*P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1; x+s, n=6.

FHRILX-240 At T F E i@ TR S .
H B30 177 CQ 5 hymeglusinfé & AL RS, A% T
hymeglusinfl, X LX-24H {35 /7 36 4F F 2 55 1%
il (P<0.000 1), X—255 KW, hymeglusintg CQIk
A A AR FIHILX -2 40 B3 77 77 T A7 AE D A A

20K H CCK-874A45 Ml hymeglusin, #7471
77 Z-VAD-FMK A H W 1 1] 71 CQX LX-241 2 i
JIRIFE o SEEGHHE (K13)% B, #HE T hymeglusin
4, hymeglusinfk & CQAbHE & 25 4] T LX-24
LS 7, ELAMHIAE 85 (P<0.000 1), AHECT
hymeglusin+CQZH, I A T-#)1#17 Z-VAD-FMK 5,
hymeglusin+CQX LX-24 Ha 3 /7 iy 4 il £ FH B\ 9k
§5(P<0.000 1), X—255 5%, Z-VAD-FMK R 7E
—EFEE E3RREH CQIY 5 ¥ hymeglusiniss 5 14 2y
P, 328 CQWI g il i {2 2k 7 T2 3 9% hymeglusinsf
LX- 240 s /sl fE
2.3 AEIRE hymeglusin X LX-2 20 =AY 520

WE4fR, d R A AR 7 i R B, LX-244
HUE T3 5 hymeglusini® & 52 IEAH G, FHEC T X HE
M, SEERAH KA 29 EERg N, A TR B BT
. ZaEr i, MhymeglusingffE 2540 pmol/L
W, A TR S QAL REA S, ZREAS
HeE R L (P<0.001).
2.4 BIEHHIF CQFhymeglusinXi LX-22M it
THIF

WK SR, i A AR i, SR 550
HEZHAALL , CQ5 hymeglusini & Ab R R LX-241 it 7
ToR B EFFH(P<0.000 1), 1IX—45 B8 T CQREMS

sekkk mmm Control
N m 10 umol/L
. 20 umol/L

40 pmol/L

EE T

=

48 h

E1l CCK-8#&M AR B hymeglusinX LX-2£RAf5E 11
Fig.1 CCK-8 assay of LX-2 cells viability at different concentrations of hymeglusin
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BT

150

100

w
(=]
1

Cell viability /%

0-

Hymeglusin (40 pmol/L)
Z-VAD-FMK (20 pmol/L)
Necrostatin-1 (10 umol/L)

VX-765 (20 umol/L)

Chloroquine (20 umol/L)

HHAEP<0.000 1; XEs5, n=6.

Vo 4

El2 CCK-84MAEIALIRE X LX-2 48075 S R0
Fig.2 CCK-8 detects the effect of different treatment factors on LX-2 cells activity

150 =
o 100
>
:
X
3 50+

0 —

Hymeglusin (40 pmol/L) -
CQ (20 pmol/L) -
Z-V-AD-FMK (20 pmol/L) -
*HEXP<0.000 1; X£s, n=0.

seokskok

. |

sk koskok

E—
—

+ o+ +
= + . +
- ) + +

El3 CQ+Z-VAD-FMKX}hymeglusinZ i i 4B 55 14650
Fig.3 Cell viability assay plot of CQ+Z-VAD-FMK effect on hymeglusin

M4 5Ehymeglusinifs T LX-2 40 H 0 T I 80CR
2.5 HymeglusinfEF FLX- 24005 RBA 5517
BT RNA-seqill P AR, A1 258 431472
Jdn E R . FE IR TS A R, M 198 B
#F LB R f2 2334 2 TR 10 GOThRE
B I v b B 25 MR KF B s 9 200 ) RE 2R 0 HEAT TR
NIRDF, g5 R 7Rt #E (biological process,
BP), IX ez 5L N £ # 2 54010 2. ERKIA
ERK2 5% (1) G 45 40 2 - s 1) D 1) I 9 45 D RE

TEAN I ZH 53 (cellular component, CC)J5 [, 7 533 A
FEEET A, AL BEX . 6 EMRZE,
TE5r F I (molecular function, MF)H | 7= 5L [K] 32
BEET A WALIENE 2T Ihe 1 7155 (Kl6).
RIEKEGGIEH &= & Hrai R(K7), k3 213415
55 72 e ARIBFE R Rl B, L IL-17. MAPK.
Hippof& ‘5 % F i 4% LA S 240 o Ji] 30 45 e it 522 0 4 2%
BHEHY; KEGGIE M & £V B Bor, 7E40 i E 1
g, ZEREERERNEN N B, XRS5



3056

(A)
103 Q1 . Q2
11.78% 2 7.23%
10°3
= 105-_?
1043
Jo4 Q3
103 89.60% 1.39%
100 10* 10° 10° 107
Annexin V-FITC
©
107i Q1 Q2
2.28% ©:11.50%
106-
= 105j
1043
103 Q4 . Q3
383.40% 2.82%
10 10* 10° 10° 107

Annexin V-FITC

(E)

204

—_ —_
(=] W
1 1

Apoptosis /%

W
1

PI

TS
(B)
1075 Q1 Q2
12.04% . C9.94%
100
10°4
1044
e Q3
386.30% ) 1.72%
SRR L e e e SAALL
100 10* 10° 10° 107

Annexin V-FITC

Q2
16.10%

- Q3
10°3 72.70% 5.92%
100 10* 10° 100 107

Annexin V-FITC

Control 10 pmol/L 20 pmol/L 40 pmol/L

Hymeglusin

A: XHB4L; B: hymeglusin(10 pmol/L)4H; C: hymeglusin(20 pmol/L)41; D: hymeglusin(40 pmol/L)41L; E: AN [H¥K  hymeglsinfE H N LX-241 f 11 14

T2%, *P<0.05, ***P<0.001. Xts, n=3.

A: control group; B: hymeglusin (10 pmol/L) group; C: hymeglusin (20 umol/L) group; D: hymeglusin (40 pmol/L) group; E: apoptosis rate of LX-2
cells at different concentrations ofthymeglusin. *P<0.05, ***P<0.001. X*s, n=3.
El4 AEREhymegluisnXf LX-240 L E 115 )
Fig.4 Apoptosis of LX-2 cells treated by different concentrations of hymegluisn

25 241 W S B R TR R AR DG JE K] (i CDC20. CCNBI
BUBIB. CCNB2. CDC25C. PTTGI. PLKI#
BUBIWZRIEH K.
2.6 Hymeglusin5 BEEHNHI5CQAE LM E HAH
H1ER

FET FlowJo B A4 73 1 248 e J) B K4 , & SR n 1A

87 o 50 R4 B, hymeglusindb BELX-241 0 ) ,
Go/G A H 77 b2 25 T 51 (P<0.001), 2 B 41 e 58
% A5 B AEDNA G BCHTIA; G/ MBI B 7 b 2 25 %
ik (P<0.05), K BA40 A K A2 B HM I SR . SR,
TN BWEFIHIFICQSE, X —#a bt il Gy/G A
T EE S 2 T % (P<0.000 1), 1 SEAAT Go/MBIR H
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A: XHIE4L; B: hymeglusin(40 pmol/L)4L; C: CQ(20 umol/L)4H; D: hymeglusin(40 pmol/L)+CQ(20 umol/L)4; E: LX-24H /i %FhymeglusinF1CQ1 1

To%, *%P<0.01, ***%P<(0.000 1. ¥*s, n=3.

A: control group; B: hymeglusin (40 umol/L) group; C: CQ (20 umol/L) group; D: hymeglusin (40 umol/L)+CQ (20 pmol/L) group; E: apoptosis rate
of LX-2 cells in response to hymeglusin and CQ. **P<0.01, ****P<0.000 1. X*s, n=3.
E5 HymeglusinF1CQXLX- 24 AT-1E
Fig.5 Apoptosis of LX-2 cells by hymeglusin and CQ
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Fig.6 GO function enrichment analysis of hymeglusin significantly differentially differentiated genes
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Statistics of pathway enrichment
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Fig.7 KEGG signaling pathway enrichment bubble map
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Fig.8 Role of hymeglusin and CQ in cell cycle
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