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[FSHHEA]  2020-07-01 [fEEEH] 2021-01-29 [ Abstract | Objective: To investigate the effect of
[(BESTE] bRt AR & 3L 5w 4 (45 tetramethylpyrazine (TMP) and cis-diamminedichloroplatinum
2018-JYBZZ-JS101) ; 4= [ & [ 25 8] 37 A A 45 % (47 2. (DDP) on invasiveness and mitochondrial function of lung ad-
040101003063 ) ; & DA & R RHIF 4 30 % 45 (42 . 2018-1-  enocarcinoma A549 cells in vitro. Methods: A549 cells were
4201) ;b T EG R FE K T ERE“1166” A A T.H (45 : cultured in vitro and intervened by TMP. The cell proliferation
030903010335) inhibition rates were detected using CCK-8. The cells were as-
[@HAEE] “JHK,E-mail:zhoutian_med@ 163. com signed to five groups, the control group, the DDP group, the
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DDP + high-dosage TMP group, the DDP + middle-dosage TMP group, and the DDP + low-dosage TMP group. Transwell

assay was used to determine the invasion ability of A549 cells. And we observed the mitochondrial structure with transmission

electron microscope, assessed changes in mitochondrial membrane potential with 5,5 ,6,6’ -tetrachloro-1,1",3,3’ -tetra-

ethylbenzimi-dazolylcarbocyanine iodide (JC-1), and detected the expression of PI3K/AKt/mTOR signaling pathway related-

proteins by western blotting. Results: TMP inhibited the proliferation of A549 cells in a dose dependent manner. After being

intervened with TMP and DDP for 24 h, the invasion ability of A549 cells was dose-dependently inhibited, with alleviated

mitochondrial damage, increased mitochondrial membrane potential and decreased expressions of PI3K/AKt/mTOR signaling

pathway related-proteins. Conclusion: TMP + DDP could inhibit the invasion and proliferation of human lung adenocarcino-

ma A549 cells, potentially by improving mitochondrial function or affecting energy metabolism of cancer cells.
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control DDP

DDP+TMP(2mM) DDP+TMP (1mM}) DDP+TMP(0.5mM)

1 RERE TMP + DDP %F A549 4R &K ( x200)
Figure 1. Effects of DDP + Different Concentrations of TMP on the Morphology of A549 Cells ( x200)

DDP. Cis-diamminedichloroplatinum; TMP: Tetramethylpyrazine.
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Figure 2. Effects of DDP + Different Concentrations of TMP on the Invasion Ability of A549 Cells ( x200)
A. A549 cells under an inverted microscope in Transwell invasion assay; B. Number of invasion cells in Transwell invasion assay.
" Compared with the control group, P <0.05.

Abbreviations as indicated in Figure 1.
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Figure 3. Effects of DDP + Different Concentrations of TMP on the Mitochondrial Structure of A549 Cells ( x30,000)

Abbreviations as indicated in Figure 1.
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Figure 4. Effects of DDP + Different Concentrations of TMP on Mitochondrial Membrane Potential of A549 Cells (JC-1)

A. Mitochondrial membrane potential detected by flow cytometry; B. JC-1 red/green fluorescent ratio indicating mitochondrial mem-

brane potential.

* Compared with the control group, P <0.05; * Compared with the DDP group, P <0.05.

JC-1: 5,5 ,6,6’ -tetrachloro-1,1” 3,3’ -tetraethylbenzimi“azolylcarbocyanine iodide; other abbreviations as indicated in Figure 1.
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Figure 5. Effect of TMP + DDP on the Expression of PISK/AKt/mTOR Signaling Pathway Related-Proteins in A549 Cells
A. Expressions of PI3K, AKT, mTOR, p-mTOR and GAPDH proteins in western blotting; B. Expression of PI3K; C. Expression of

AKT; D. Expression of mTOR; E. Expression of p-mTOR.

* Compared with the control group, P <0.05; “Compared with the DDP group, P <0.05.

Abbreviations as indicated in Figure 1.

3 i #

UTAFER , A I 40 i AE AL AR A T 5 32 2
HOR B Z A, R IC MO N S 5 TRAER
W RS . AR 19208, BRaE RO BN
TR 2 0 R A QO B 1 i i A2 S R BR, A I
SRR BT 5 o TR A0 R T R A AR
2y, it R BB PABE 4 = SRS, T 20 M 2ok (R D) g
SR Rt T B R AR LRE , PRUE TR 2R S
BRERTR o ZORLIAR T fE SZ UL 55 bR 40 M
FRBTI T b G B S5 A BT R A B 1) e
FEIARE " o 3k i) R A 1 9 T B R 3
AR MR IG ST BUR A A

Hh B TR P IR ZS AR, 5 R S
IR A R PEER BT I 0 AR L. IFFESR I, 3%
AR 2 ] L 2o 10 AR A, P 2 A A
SRR, RAESUMR AR o TR A0 AT SRR
fifp B RE R A S, 908 1 N J] B B A
DRI, AR o 35 1 A% 24 403 = S B PR Rk
&, MRAS EBUE T 2k At O ) BRI g, T i
LRI S DI REIK I, 400 ) W Ak 1) A 2 S
ZPEHIMIRE A R FE RS o WFTT s, 1 AR 2514
HHAI S PIBK/AKT/mTOR {55 i % 4% V)
FOEH o Horh, AKT @R (L5 AT P IR 2R kL (. ATP
T AE , o 2R AR AR A LR (A5 A7, 2 T koD
5 B8 - A LR AR A T A A



s TRl 51497 2021 453 A48 34 356 3 #H J Cancer Control Treat,March 2021, Vol. 34, No. 3 . 205 -

A, PIBK/AKT/mTOR 8 ## 1R A] B8 42 1 1 4k 58
YR ERAR T R R BT A R L . H
HZAE S BRI A 8, (EAF IR AFZ

TMP J2& 4% 45 v e 36 1 25 )11 55 L 24 05 7Y 32 22 1
3, P LATE 528 AR IV v BB IR S e g A A
st 2 AR A 15 A T 0 g i L T 2 T R e
B! DDP J&yA Y7 AN N it v A ALy T 254,
3 ) BELAS e 200 i DNA S 3, AT 40 1) 400 e )
22533, BARPUMIREACR ] W AH B P . TMP 5
DDP A, AN RE 3G 5 Be i s 25 28, 18 RE PR AIX
T2 s R FERIVER , 23058 3 HF TMP B4
DDP 7 i 8 3 77 4538 BL - 9 17 P i 007 L AR
G e AU A7 2, B 3A DDP BX 5 TMP 1)
il i g 240 B 2ok AR vp TMP AR RIAE o

ARG E el ik CCK-8 4 TMP (1% F 25 vk
i, FEWREE TMP 3% 4 DDP i fi 983 40 it 2E K 15 22 Bk
JIMREM . 22 TMP J% DDP T-1ii 24 h )5, Bl T
WLEEIHIER ASA9 2 FLIAFRAR /N, A2 R IRE | F53 20
PN AT DL RURE RN e, 200 R o D, 5 0 R T
WK 25, Transwell /NEAR RS Bow, 455K 5K
2 40 i 2 R 3 /0 F X BR AL (P < 0..05) , H. TMP
B4 DDP Xif 40 it 2 F5E A 300 ) B S 3 i, DA b4
VLB TMP & DDP a] LIl A549 4 it i A= K &
1228, B TMP F) & TSRO0 Smg 2 . Ptn] L
e, TMP X5 DDP 358 T X AS49 4 Jifd 3¢ 58 )2 17
ZERE TR T, Bk B DDP RCR B, H
FEI A R ARE

AR REIE B A 8 T HA WM 2, oA n
ST 7, I 200 B 1% 2 i AR 3K 38 £7- 7 DNA 5878,
P8 DUBUE AL, 2R AR B AR 1k DL S SR (AR 25 4 Bl 2
UL S G S SRR T RER 2 A A= 25 6L, O 5
SRR 0 A I O ok A IR
PR AEBAS  BEIMPTIR T8 AR E , E A bR 4t
F i DR R B R AR EE Y . AR
375 ST VB0 W58 4% 2 240 Tt 2R A4 235 4 B, R £l
DDP J5 241 il 3 %8 R 25 MR K, ki iR 32 461, Rt
Sy HARSZE L 165 ] TMP 5, ek
I AT R il , BRI TAGIEE , AT DLHES 1 b
U o X 4E7R TMP AT DARSARG A0 A FE T, {3
RIFIEHETIRE . [, AHIF 5 308 X A 4 55 37 30
TR, 2558 & 3, 550 B 4140t , DDP & DDP +
TMP 2 27 (A I H v 35 (8 35 R R (P < 0. 05) , {HEX
A i T TMP ffi R A B H A3 58 58 13 1] DDP A i
T, HLFl TMP ¥ B2 T 5, Zeobr (R B i 457 A T e 19

e o 7 2H R A R A T o W]
(P<0.05), L, FATHED TMP /] DUfE #F 2 b A
() IEH5 DI RE , DT 52 M Jeo 4 A il o

PI3K/ AKT 3 J% 2 18425 4t M fi o A i 1) 25 s
B BFSE R BT, AT DL Ao A Y kAR5 S R - HIF-
Lo 23K, DT I 4 9 4t A6 1) fi o A Qg A =X, 14 fn s
2R JE B = SRR B i . mTOR Jg& PI3K/
AKT FUFEH S48, PI3K/AKT/mTOR 5 % 1] 1)
T A P R S A G TR P T P iR AR T i 2o
R S I = [k LR A G BT O R
AKT {93800 AT LRI 9 40 i ) 2 R 44 A 35 A 4Lk
Wl AL . A BF 58 A Western blot 4 ) fiti 4
A549 4l PI3K/AKT/mTOR {538 % 14 & [ £ 35
I8, TMP BX 4 DDP A] i fifi i AS49 41 il P PI3K .
AKT f mTOR & [ &Kk B EH L (P <0.05),
TMP B4 DDP 41 %t PI3K/AKT/mTOR 3 [ {14 31 4]
Ve FZA T 5ok i DDP 4, H S ik kit . ]
i}, mTOR B2 1L & i ( p-mTOR ) 3 /b, B} mTOR
HIG P22 17520, X H2/R TMP B4 DDP 35k
X PIBK/AKT/mTOR {553 % B0 i 4, 5 i
I AS49 Yl SRR T g A g AR kR A O

£ B RTIR , TMP B4 DDP B4 i JirJe 4 e 1 5
LAz 78 fig 71, HAL 1 ] fig i 4 5 PIBK/AKT/
mTOR i }% , BB LORAR T RE , 2 1M {5 98 20 A fig 71 C
PR AR R AR A PR VR

EERR AL EENTHRAMET ]
SCH BB A 3 AT A AR A B ST OF R E IS U W
B Fia B BEFHFCHBARAERRE, T
BZRE,

FARAGG A S F BB R AT R
] % ) ( CNKI) BB T 22 AR 3 Sk AR I & 4 By
FART AR

BTN £ FRATE XN G oo, K2 Fl K&

FIZE SR BT A 1E# 30 7 91 7 A8l 5 o R

NERA: AT HRA L 5 2 EHEE T
XA A F W o

[ &% 3ik]

[1] Cairns RA, Harris IS, Mak TW. Regulation of cancer cell metabo-
lism[ J]. Nat Rev Cancer, 2011, 11(2) :8595.

[2] San-Millan I, Brooks GA. Reexamining cancer metabolism; Lac-
tate production for carcinogenesis could be the purpose and expla-

nation of the Warburg Effect[ J]. Carcinogenesis, 2017, 38(2) :



M BT 5697 2021 42 3 H %5 34 3556 3 ] ] Cancer Control Treat, March 2021, Vol. 34, No. 3

- 206 -
119-133.
(3] Z=BL, B, ZR9Fa. Zob IRl AE RS A% A J5 PR B FE X i ogd 41

(8]

[10]

(1]

[12]

[13]

ML I]. P EBEQSMIRE. 2016, 16(12) 1 1150-
1154.

LR, FHHEIT, RIFRE, A 2RI A X 2 4 il s 8
SDF-1 Livin 5 MMPs 35095200 J]. ffdtEE24,2019,41(5) :
667-670.

A, oG B, A5 B RS R A IR 1 5 R X Lew-
is il R TR /) B R AR A2 4 B A A FSE A4k A LT T- o (ol
RZGFI 78 4 ,2016,32(22) :2085-2088.

SRACHE , SRR, SR, S5 1 R A A X Lewis i i
ANEIRI A AT ). A i R 2 B2 2 2015, 31 (1)
942-945.

B, T HPLC, 55. $R RN % RIS A /] Bl Lewis
PR ARG M RE T 2R ()] hRg 24205, 2018 ,24(5) 411~
417.

Huang CS, Huang AC, Huang PH, et al. Synergistic antitumor
effect of oligogalacturonides and cisplatin on human lung cancer
A549 cells[J]. Int J Mol Sci, 2018,19(6) : 1769

Warburg OH. The classic: The chemical constitution of respiration
ferment [ J]. Clin Orthop Relat Res, 2010, 468 (11) : 2833-
2839.

BRT, WTRH, AN, 5. IR R SO e A U B 2
FE[T]. Hfwkl2£. 2017(01) :70-76.

Yi HS, Chang JY, Kim KS, et al. Oncogenes, mitochondrial me-
tabolism, and quality control in differentiated thyroid cancer [ J].
Korean J Intern Med, 2017, 32(5) :780-789.

FIRETY, SRAEZ A , 4. 0% AL A58 T 2459 4 IR SR S BT Y
PERELT]. hEEZ 34 ,2019,25(5) :120-123.

Li Q, Shen L, Wang Z, et al. Tanshinone ITA protects against

[14]

[15]

[16]

[20]

[21]

(22]

myocardial ischemia reperfusion injury by activating the PI3K/
Akt/mTOR signaling pathway[ J]. Biomed Pharmacother, 2016,
84 :106-114.

SKRALL, MM, SOk, & PIS IR A dllid PBK-Akt {5
ST AL B AF S (], AR S R 2 B
2017,28(4) :473-477.

WA, K BPLC IS0 AR 22 5 R B S T 5T
PERELT]. REEZ4R, 2019, 34(3) :495-500.

W PO SE , BB, 5. D125 R s SO WAA B 2 1 450 40 -
STATI FHAM DI ()], L T HE A, 2019,46 (6) :
1318-1320,1327.

He AT, WE AR, J11E5 &% it e MOUET Y 245 40 i AS49/DDP i 1=
M [T ]. WL PR 52535, 2019,29(1) 12124, 18.
ROk AT E e, B, 4. ZoRi AT REEREL SR L], 3R
R BE 24, 2018,26(5) :772-776.

Lu JR, Tan M, Cai QS. The Warburg effect in tumor progression
mitochondrial oxidative metabolism as an anti-metastasis mecha-
nism[ J]. Cancer Lett, 2015, 356(2 Pt A) :156-164.

Xie YB, Shi XF, Sheng K, et al. PI3K/Akt signaling transduc-
tion pathway, erythropoiesis and glycolysis in hypoxia[ J]. Mol
Med Rep, 2019, 19(2) :783-791.

Corti F, Nichetti F, Raimondi A, et al. Targeting the PI3K/
AKT/mTOR pathway in biliary tract cancers: A review of current
evidences and future perspectives[ J]. Cancer Treat Rev, 2019,
72 :45-55.

Hossain F, Sorrentino C, Ucar DA, et al. Notch signaling regu-
lates mitochondrial metabolism and NF-kappa B activity in triple-
negative breast cancer cells via IKK alpha-dependent non-canoni-

cal pathways[ J]. Front Oncol. 2018, 8 :575.



