5 47 855 3 [V PN {QEFS R 2 07)) Vol. 47 No. 3
2024 4£ 9 H JOURNAL OF NANJING NORMAL UNIVERSITY ( Natural Science Edition) Sept,2024

doi:10.3969/j.issn.1001-4616.2024.03.011

T HRIRER AT S U937 g dET
e HAL IO

%:g—t‘?],/Tﬂ’/EE\ﬁ:j‘l’]%:\%ég]9%%%1’%k7‘j{2’im%ﬁ]

(LKA AR 2= B, 107 K% 116622)
(2. 7R e 2 e FE it B2 2= B, T b 7K 45 067000)

2

[FE] B BN Met) BEA YT (HT) 5T A A IR U937 40 JR 1 KL AT BE A /E HIBLE]. MTT SR80 —
PP SUIIBE & R B ( HT+Met ) Zb XS U937 41 i 484 7 14 5% Wil 3 Hoechst 33342 Ye (o WL%E U937 4ol 228 4k ; i =4
MIARFI U937 AL PR T JETHA 36 P 4 LA S Bt (A g i A3 i A2 A 1B B0 s Western Blot Al U937 4t i v 8 T-4H 3¢
AR, T8 AN B T S IH E Met 10 mmol/L 1 HT 44 °C (15 min SHALI7 I & HU7 19 5256 5%
. Hoechst 33342 ¢t 4%t} Annexin V-FITC/PL Jit X AMIEAR TR, 55 Met B¢ HT HALANFRAH L, HT+Met 15
T U937 AUMLIR TR IS 9R TR PEEU(ROS) P2 AE RGN Sk (AR L A7 ( MMP ) FAI% 22 G2/M HABH . Western Blot 45
R 5 Met o HT Sl b BHAH L, HT+Met 41 Bax/Bel-2 % 3235 114, Caspase-3 Hl Caspase-8 5 H 15 F i,
JEHZE LR % CDK1 FEI 2R 19 Cyclin B1 3835 F 8, p-P38/P38 7K -1 2 F i , A NAC (—Ff ROS %4
B0 J5 AT B35S HT+Met 4135 S0Y p-P38 2 (11 Caspase-3 9 [13835. — H SUIREE & M7 RES %S U937 41
MLgA T, HATRE R ME ML Rd 2 SE T2 AR (AN ) i 4% \ROS /- 598 15 b (4 ( PR ) 312 L B P38 MAPK
{F 5B A A L% U937 4T,

[SE$BIE ]  —HXUIK, #4070 dR T, P38 MAPK 15 5 %

[FESESIRTET [ XEEREE]A [ XELHS]1001-4616(2024)03-0087-10

Metformin Combined with Hyperthermia Induces Apoptosis
in U937 Cells and Its Mechanisms
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Abstract : To investigate the induction of apoptosis in human leukemia U937 cells by metformin ( Met) combined with
hyperthermia( HT') and its possible mechanism of action. MTT assay was used to detect the effect of metformin combined
with warm ( HT + Met ) treatment on the proliferation of U937 cells. Hoechst 33342 staining was used to observe the
morphological changes of U937 cells. Flow cytometry was used to detect the changes of apoptosis, cycle, reactive oxygen
species,and mitochondrial membrane potential in U937 cells,and Western Blot assay was used to detect the expression of
apoptosis-related proteins in U937 cells. The expression of apoptosis-related proteins in U937 cells was detected by Western
Blot. The cell counting and viability assays determined that Met 10 mmol/L and HT 44 °C for 15 min were the experimental
conditions for the combination of chemotherapy and hyperthermia. Hoechst 33342 fluorescence staining and Annexin
V-FITC/PI flow cytometry analysis showed that HT+Met induced enhanced apoptosis, increased reactive oxygen species
(ROS) production ,and mitochondrial membrane potential in U937 cells,as compared with Met or HT treatment alone. ROS
production was increased , mitochondrial membrane potential( MMP ) was decreased ,and G2/M phase was blocked. Western
Blot showed that Bax/Bcl-2 protein expression was up-regulated, Caspase-3 and Caspase-8 protein expression was down-

regulated, CDK1 and Cyclin B1 expression was down-regulated in HT+Met compared with Met or HT alone, p-P38/P38
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flow cytometry analysis showed that HT+Met induced apoptosis in U937 cells. The expression of Caspase-3 and Caspase-8,
CDK1 and Cyclin B1 was down-regulated. The level of p-P38/P38 was significantly elevated,and the addition of NAC,
a ROS scavenger, significantly restored the HT + Met-induced expression of p-P38 and Caspase-3 proteins. Metformin
combined with hyperthermia induced apoptosis in U937 cells,and its possible mechanism of action is to induce cell death in
human leukemia U937 cells through the death receptor( exogenous ) pathway , ROS-mediated regulation of the mitochondrial
(endogenous ) pathway ,and the P38 MAPK signaling pathway.

Key words : metformin , hyperthermia , apoptosis, P38 MAPK signal pathway
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1.1.3 X5 Be )

MTT %594 :250 mg MTT H 50 mL 1xPBS %5 ik G 7 5E b, T L8 R L D 43 44 J5 B T -20 °C
2 H.

RPMI-1640 405537 : RPMI-1640 5E 455 35 180 mL, $2FT A NG ML 20 mL, XUPE 2 mL, #E4
BN BCHE & 4 CUKAE.

10% 33 R e (AP ) # K - B 38.0 mg VR BIIA T 380 pL Hz/K o B BLIL.

YL ZRATIH : RPMI-1640 ¢ 3537 3 mL, LG4 L 1.5 mL, DMSO %% 0.5 mL, 2RI % ,4 C

B EW B g IR TR T 20 mL TBST 1, %1 TR AR =% Bhia , B BLAC.
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BRI R BRGNS BE MRS TC IR 5, B A M 5 7 6 e e R4 40 A RS AR 4k A s s
IR L €0, B A0 L 8 8 A Ak 40 OB A4 2 5 7 AR AR
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FRLEE IR L U937 40 it I i 28 40 M2V (56 BE 20 10°/mL) |, i#F 47 DA N SE5G .

(DControl 41 ;K¢ U937 U451 FEFITE 96 FLAR.

@Met 4 AKKIMA 10 WL 5A AR (LB R 6.25.12.5.25.50 mmol/L) —-HI XUAKAY 1xPBS &
W, o BITE S R AE T 5% 24 h 48 h.
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GHT 2 . U937 A B T /KB I 2 min JEIREIAF] 44 °C AL 15 min J5 , 53R
TE 96 fLAR.

@HT+Met 21 K AR A 10 wL & ZHBUIKHY 1xXPBS % (2R 0 5 mmol/L 1 10 mmol/L) ,
AN EE SRR 30 min, 56 U937 4B VR B T /K W R i # 2 min J5 R B I8 5] 44 °C, 4R SL i
15 min J& , ¥50 R0 96 FLAR , A A G 246 h 15 5% 24 h

(BZ-VAD-fimk ( caspase | REII I ) 41K U937 A3 SJHER#E 96 LA, M A 10 pL & Z-VAD-fmk
i) DMSO % (AW EN 5 umol/L).

@HT+Met +Z-VAD-fmk 2H : ¥ 41 i 2 ¥ b i A — F UK & Z-VAD-fmk %5 3, G2 v J3 43 5k
10 mmol/L F1'5 pwmol/L, A AN MIEEFEHE 30 min, Bl /145 A U937 4R Y EP 4 & T /K I ok
2 min JEURFEIAF] 44 C  ARZLHNHA 15 min J5 , B 5JHERNTE 96 FLAR (REFLZ 9 000 4201 ) |, 50 & 200 i 35 57
P EE9E 24 h.

YR IEEHHT 4 h, BALINA 10 pL MTT BT 7850185, BRI TR AR Th 35 9% 4 h, (AR
SR L 2h i 25 S BELINA 150 WL =RV, ARSI 20 i 35 55 48 rh i L 58 2 (497 8~12 h) ,
FRA 570 nm & OD {A.
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TS ZHOBUIREY) 1xPBS % (29K B2 A 10 mmol/L) , A ALK F24H 30 min, BlJS K26 U937 4l e
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A Hoechst 33342 J4 A3 (1 mg/mL) , B2 WAT, 78 30 min J5 4 °C 3 000 rpm &0 5 min, 572 i,
TN IxPBS VR 5% B TR A0 I HGE & 40 it TR B RO E 5O Wb kB A kA 7 LR,
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LioRIR
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AZNEEEFRAE 30 min, B RRA U937 0B AY 1 F5 ILE T /K 3 H Nk 2 min J5 IR EEIAF 44 °C 4k
SENNFA 15 min J5 A AEIEIEFRAE . 3 h e RS AL AN, B0 5 W VS W, 7R R AU AGE = 1xPBS
PR 2,3 000 rpm 4 CEL> 5 min, W FIHFJE A 500 wL 1xPBS %k, IRE )51 300 H i Tt
B RN AGE B Y DCFH-DA 35 (10 wmol/L) %5 30 min Ji it 20 20 /SRS 0.
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BJEad 300 H i M T 25 41 i 20 b, 7E 25 41 AN AR B P RGN GE B Dioc6 I W (40 nmol/L) , G H
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B FR N 9% U937 40 Il 28 40 M B, SE e o34l A “1.2.47 . 12 h 5 IR 4140, 55 Bis e
HIAGE B TR ) -20 °C 70% LB ,3 000 rpm 4 °C B0 5 min, W EIFWMA 500 wL 1xPBS %R
B 3300 H 6 M5 I AGE B RNase (20 wg/mL)20 min, #BEMATE & PI(50 wg/mL) 5% F 10 min J5 i
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1 ZHXARRT U937 4 SR T e ERRR
Fig.1 The toxicity of metformin on U937 cells and effect of hyperthermia sensitization
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AR KD AT /IMARCE I 2. TN AR KT Control \Met \HT \HT+Met ZH N A [ 1L U937 4
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MR A BT 5T U937 4 I8 T4 FH % 5.
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FHN(P<0.01) ; 5 HT+Met AR, HT+Met+NAC ZH40ME P ROS 7K F B #08/0 (P<0.01) . 27 [ H#EWT, —
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Fig. 2 Effect of metformin on apoptosis of U937 cells induced by hyperthermia

Control Met HT
250 250
250 60 -
200 2004 200
] B . sk
150 150 150 S 50 il
100- <
100 9.60 00 27.9 100 31.0 g 40
50 509 50 g idid
B
0 04 - 0 : 2 30r
10° 100 100 10 10° 10° 10° 10° 10° 10° 10" 10" 10° 10° 10' %
@ 20
HT-+Met HT+Met+NAC 2
‘ L
3 0 Il Il
] X X
&\'60\ v\e Q@ 2 < $?»C
® < &
N
‘eﬁ

B. A il MR R A R e

A T P AR I 2 2R

A T T PR ARG S5 2R B - A0 M0 M AU 45 2R 8. 5 HT 4L, P<0.01; 5 HT+Met 4140, * P<0.01.
3 ZEHWABEEHITI U937 AN EEESEMTM
Fig. 3 Effect of metformin combined with hyperthermia on ROS of U937 cells
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Fig.4 Effect of metformin combined with hyperthermia on MMP of U937 cells
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Fig. 5 Effect of metformin combined with hyperthermia on Caspase signal pathway related proteins of U937 cells
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T AR Y G2/ M ik PR SCHEVE T . 25 ANTE 6A (6B BN, 5 Met B HT HZALFRAR L, HT+
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Fig. 6 Effect of metformin combined with hyperthermia on cell cycle of U937 cells
2.7 Z—EXARELE YT X U937 A P38 MAPK (=SB HEXEORIENZIN
P38 MAPK {553 5 X 40 i A A< 0k B4 50 U8 T LA B R 7 380 R 0 380 19 4 11 45 1) Weestern
Blot 5541 7A 7B Ffi7R , 5 Met 3¢ HT Ul A0 BEAH L, HT+Met 41 p-ERK/ERK 7K - & & FE 4K ( P<0.01) ,
p-JNK/JNK Al p-P38/P38 /K-l # T+ ( P<0.05) . Z¢ 3R, — W XUAK-5 #U7BG 51 & 1Y S AL N 0T 38
1L JET P38 MAPK 15 530 #1755 U937 4 &A1=, H HE Met i HT FRAd A0 BRI B 2
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Fig.7 Effect of metformin combined with hyperthermia on P38 MAPK signal pathway related proteins of U937 cells
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