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HE B AR FJEIEE 2 (MDM2) fEXVATE H 2R (DHA) | i i 290 M 14 S AT A% h g 4
753% KH CCK8 VLK DHA W EHEE (0. 5. 10 25. 50 #1100 pmol/L) Jisffal#E (0. 24. 48 A1 72
h) b fiti e A549 Al PCO 4 BA FIFMHIVE, 20 S EEMHIIREE (1ICs0) 5 RTE I S0 AI R R 5K
Kokl DHA Xt AS49 F1 PCO il itd S 2 sANIE A% BE /5 (K14 il ;- Western blot 45l DHA X MDM2 3%
AR b -1 F 4k (EMT) #1558 [ E-cadherin fI1 N-cadherin f30#I{EH, LK/ T4 RNA % MDM2
(si-MDM2) J53HIE MDM2 4 Fxf fili i 40 A3 5 . JER A EMT (0ERE(E T : 1 3RE MDM2 ki 4
A549 F1 PCO 41, DHA Ab 3 5 M 541 %15 MDM2 % DHA i1 A549 A1 PCO 4 fitd 1 FE ML A% F i e AR Y
R DHA LMK EE AN AR a5 ] A549 A1 PCO 4HAu s, 1Cso 274 30.57 #1 78.61 pumol/L. 5
Control 41 EL, DHA ALFE ) A549 HI PCO 4HIIAR TR T BT M RE VI 235 TN fE () P <0.01) . [FINY,
DHA &2 1] A549 F1 PCO 4t MDM2 11 N-cadherin 2 [1381A/KF, F i E-cadherin & A IFEIE (B P
<0.05). 5 si-Control i Lt, si-MDM2 &3 4011 A549 F1 PCO 4 /it N-cadherin & [ %% 7K~F-, i E-cadherin
BRI, I L2 0 i s 4 i 2 i AT A2 B 0 (33 P < 0.01) « A549 Fll PCO 4 ffa % i %% MDM2
J&, WA RS E ) E Y 0R (3 P <0.05) , I HLAR /> W% DHA X HIFEALE A2 H0HI/E I (B P <0.05) .
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Abstract Objective To investigate the role of murine double minute 2 (MDM2) in dihydroartemisinin’s (DHA)
inhibition of lung adenocarcinoma cell proliferation and migration. Methods CCK8 assay was used to detect the
inhibitory effect of gradient concentrations of DHA (0, 5, 10, 25, 50 and 100 umol/L) and time gradients (0, 24, 48,
and 72 h) on the proliferation of lung adenocarcinoma A549 and PC9 cells, and the half maximal inhibitory
concentrate (ICso) were calculated respectively. Colony formation and scratch assays were used to detect the
inhibitory effects of DHA on colony formation and migration of A549 and PC9 cells. Western blot was used to
detect the inhibitory effects of DHA on MDMZ2 expression and epithelial-mesenchymal transition (EMT)-related
proteins E-cadherin and N-cadherin. The promoting effects of MDMZ2 on proliferation, migration and EMT of lung
adenocarcinoma cells were verified by small interfering RNA-mediated knockdown of MDM2 (si-MDM2). The
reversal effects of MDM2 overexpression on DHA’s inhibition on the proliferation and migration of A549 and PC9
cells were observed. Results DHA inhibited the proliferation of A549 and PC9 cells in a dose- and
time-dependent manner, with 1Cso values of 30.57 and 78.61 pumol/L, respectively. Compared with the Control
group, A549 and PC9 cells had significantly decreased colony formation (both P < 0.01) and migration (both P <
0.01) upon treatment with DHA. Moreover, DHA significantly inhibited the protein expression levels of MDM2
and N-cadherin in A549 and PC9 cells, and upregulated the expression of E-cadherin protein (both P < 0.05).
Compared with si-Control, si-MDM2 significantly inhibited the protein levels of MDM2 and N-cadherin in A549
and PC9 cells, and upregulated the expression of E-cadherin protein, and significantly inhibited the proliferation
(both P < 0.01) and migration (both P < 0.01) of both cells. After overexpression of MDM2 in A549 and PC9 cells,
the proliferation and migration ability were significantly enhanced (both P < 0.05), and the inhibitory effects of
DHA were partially reversed by MDM2 overexpression (both P < 0.05). Conclusion DHA effectively inhibits the
proliferation and migration of lung adenocarcinoma cells, and its mechanism is associated with the suppression of

MDM2.

Key words lung adenocarcinoma; MDM2; dihydroartemisinin; proliferation; migration; epithelial-mesenchymal
transition
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{HEE ) 5 F R AAERAEAL, 2970y 18%1, AL 45 2 £ IR 77 E 58 i 75 P (¥ g o B R 353, o
H i B R PUE P LI R BONPUIME I T . WEE % (dihydroartemisinin, DHA) 275 8% 11
FABATAEY, BABGEFKEEATERAPUEEY, BA/KEG . SRR SE. DHA SHERTE
AR Py B SR I BC IR AR A, (E BRI A BRI . XUk R 2E R 2 Cmurine double minute 2, MDM2)
FE /N BRIR IR B ET 4E 20 i (BALB/3T3DM 4 i) v [ H SR B — M R IR, 72 AR 22 bR vh #3715 A
(80 W3Rik, HEBMEMB AR, 52 LA RIS A KREL. 20T 7L B ER T MDM2 7E XU H 2 10
Jit s 240 M B S AT A VR R, USRI RV o7 I s 42 (16 1) eI
1 MR ETTE
1.1 sEmiiRt
1.1.1 ZAMSRIE e ASA9 4 B E fHAE IR A A A, il PCO 40l B AL ik LE AR R
BIRAH
1.1.2 FERF RPMI 1640 7% (Fe5: L210KD) W H M s EMEWH AR IR A A ; 10% SDS-PAGE
Bl (52%5: PGL12) Wy H LR EMEE IR IR AR -8R . RIPA 2R BCA Wil & (1t
7: ST488S. P0013B. P0012S) I L8 2= RAEMIFIAR B A IR A 7] DHA (535 D7439, 2i/%>97%)
M T3 Selleck A w); Ay (Hi%5: 086-150) M R st 4EARFF B ARG IRA T MDM2 ($%5:
ab259265) W | #:[E Abcam AH]; E-cadherin ($3%5: 3195T) W H 3E[E CST AF]; N-cadherin. GAPDHA.
3P (H+L) HRP AL i/ (H+L) HRP (185: AF5239. T0004. S0001. S0002) I H 3 [ Affinity
ANFE, B IR (585 IPFL00005) 14 H 2% & Millipore A& . /N4 RNA si-MDM2 1 5 _F g 7 55 ]
ZIHARA IR A 5 i 5k MDM2 JFURLIE 5 AR A TR R e A R A ] s #4457 (55 101000046)
W H ¥ Polyplus-transfection /A & ; CCK8 il (1¢5: BMUL06) i H A E W RHA A PHE ARG R A A ;
4% Z RIS ALRE R (F5: P0099) M HILR = ARMEHGRAT; 1%45 R KEH (5T
BP-DL133) W B 5t A WAL R A R A F] .
113 EEMUHE{ CO1EFM. EW e ( (B%5: HF240. HFsafel200LC) W H Fifg 77 R4 R
A WAL (RS JS-1070P) WH LigENERHYA R AR BEbrf (5. ST-960) Wy H Ligkies
BASGHRAR: HIEEHME (B9 CKX3D) WH A Olympus A 7.
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1.2.1 MR 4 AS49 Al PCO il 4y il B F 58 A 55 7 5 (90% RPMI 1640+10%]1 4 Li% +1% 7 -5 8 %)
i, JCE T 37 °CH 5% CO R A h 577, 2~3 d #£4R 1 7K.
1.2.2 ffuk%Se si-MDM2 5id 35 MDM2 45 EKRZS RAF 1 A549 I PCO 4 HeAh T~ 6 FLAR 1, 433t
17 MDM2 JER ik 5 1 ik Ab . mogg s, WEMITEXT AL Csi-Control 41) AN RNA 41
(si-MDM2 4 ; it ik szib b, ¥ B 2 [ X 4. (pcDNA3.1-NC 41) 1 MDM2 it %% 41 (pcDNA3.1-MDM2
M) . FEGAR RE IR 200 uL buffer+3 pl /N3t RNA Bl Rk Fiki+4 ub H 347 (reagent) ; &E
10 min; 6 JLEHIRS, ¥I50in, 597 48 h, LGSR
1.2.3 CCK8 sEH KiH LIS AB49 I PCO 4 LAREFL 5 000 4L A LR T 96 FLAR T, EFFLINA
100 pL ZUALEVR, B TR h B R . YRR SEIH I, AL F =807 43 : © DHA
AbFE: #7180, 5. 10, 25. 50 1 100 umol/L jit DHA 4:b¥8 A549 F1 PCO 41 24 h, 4 5iliH5 DHA F A549
A1 PCO A T HE I (half maximal inhibitory concentrate, 1Cso) , HLATHELFTTS 1Cso W E 23 I AbHR
A549 H1 PCY /il 0.24.48 Fi1 72 ho H#5 1Cs0 fE, K 25673 Control 41F1 DHA 41, A LUA 2E5C%:; @ MDM2
FR: si-MDM2 41F1 si-Control 25 (¥ A549 F1 PCO 4HJfa4H A 96 LA, 43T 0. 24, 48 F1 72 h Al 4 g
BTSN . @ MDM2 TRk B4 DHA 4b#: pcDNA3.1-NC 41, pcDNA3.1-MDM2 4. pcDNA3.1-NC+DHA
211 pcDNA3.1-MDM2+DHA 41, K Ab¥Eid (1) A549 F1 PCO 4Hfi4Hi A 96 FLAR 1557, 73 5F 0. 24, 48 F
72 h K UAT e B L . ARSI AEFL IO 10 pl (1) CCK8 B\, difREsF=fa W 4kEiRE L h, B OGN
SE 450 nm AL E{E (optical density, OD) ,  DLiPAH MGG K .
1.2.4 Western blot $25  fili /il RIPA 2L AL 1) AS49 F1 PCO Al 42 MR F T, JH BCA i
(K1 1 B REAT B R BE IS, IR AR, A& 10 min. ] 10%(¥) SDS-PAGE ##Mi: HLK 73 4 & 11 )5 »
R B MR I L, B 30 min, ¥e¥k 3 ¥k, —#Hi MDM2 (1: 1000 . E-cadherin (1: 1000 . N-cadherin
(1: 1000) . GAPDH (1: 5000) 4°CHFHIEA, ¥k 3k, —HifFH (1: 50000 90 min, Pk 3K,
5.
1.2.5 EELRELHR K DHA LLFE 24 h (¥ A549 FIl PCO i 6 FLAR itk Tk, 7 6 FLiH4FFL 2 mL
B SRS 1000 AU 40 E, 597 7-10 d, M EIRET S B AN R (50 A4 K LA
FAEN LAMETR) BIE], BiRR I (phosphate buffered saline, PBS) ¥ 3 i, H 4% 5% HI I8 FH AU 4H
ZALE € WA E 30 min, PBS Wt 3, 19645 f 4 /KiE ALt 15 min, MLELEE RIFH .
1.2.6 RIRSEW: HRATTE 6 FLBBURRIZE, Kb HLd ¥ AS549 F1 PCO 4l ] 200 pL (RS Sk EAT R,
PBS ¥ 3 i 2 FR B UM ASEAN AL, /£ 0. 24 1 48 h WA ML AL I v+ E AT HA D %
1.3 Giit2Eab3 KA Image J 1.8.0 XS i 4 R HEAT B4k 4347, GraphPad Prism 9.5.1 #2474
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JiESHT, P<0.05 NERASIHHEE .

2 &R

2.1 DHA X} A549 1 PCO 4l FERILRETL R AR WK FEEAR &2 DHA (0. 5. 10, 25. 50 A1 100 pmol/L)
Sy AR EE AS49 FI PCO 4Hfi, £5H WR DHA DIR B 7 A3l A549 I PCO 4Hiffif %A (AB49: F =3
984.00, P <0.01; PC9: F=163.90, P<0.05) , A549 FI PC9 4lifif¥) ICso 535N 30.57. 78.61 pmol/L, ik
JE 8500 AS49 I PCO #4343 30 80 umol/L f¥] DHA, LI 1A. 1B. i DHA 4Jjl k¥ A549 Fil PC9
YA 0. 24, 48 #1 72 h, &5 R o5 DHA LA g7 204l AB49 H1 PCO 41 g% (A549: F =1512.00,
P <0.01; PC9: F=2850.00, P<0.05 , WK I1C. 1D. XKLL BB/~ DHA 2 A549 Al
PCO 4l TR AE /) (AB49: t=8.61, P<0.01; PC9: t=14.27, P<0.001) , WK 1E. 1F. DL E455%

W] DHA ) f F e 40 434 0 4 VT il i

& 1 DHA X A549 F1 PCO 4l a3l RIS Y B A RS

Fig. 1 The effects of DHA on the proliferation and colony formation of A549 and PC9 cells
A: The inhibition rate of A549 cells treated with various concentrations of DHA; B: The inhibition rate of PC9
cells treated with various concentrations of DHA; C: The inhibitory rate of DHA on A549 cells at different time
points; D: The inhibition rate of DHA on PC9 cells at different time points; E: The number of Colony formed by
Ab49 cells treated with DHA; F: The number of Colony formed by PC9 cells treated with DHA; *P < 0.05, **P <
0.01, ***P < 0.001 vs 0 umol/L group; #P < 0.01 vs 0 h group; 2P < 0.01 vs 24 h group; &P < 0.05, 4¢P < 0.01 vs
48 h group; 44P < 0.01, 44 4P < 0.001 vs Control group.

2.2 DHA Xt A549 1 PCO 4ifLiT# M EMT AR FE A REKEM  FH DHA 4B A549 1 PCO 41 jig 24 h, %Il



JRILIRRT I DHA X A549 Il PCO AMHITREIE R . 45 E7n, AB49 4liffi, Control £H 24, 48 h T3 4y
A (33.670+3.736) %. (47.540%1.065) %, DHA 41 24, 48 h iE 2474 (8.862+£2.553) %. (22.480
+4.965) %: PCO 4l Control 41 24, 48 h i34y (34.110+2.791) %. (64.63042.488) %, DHA
24, 48 hiERER 5N (16.02041.321) %. (33.390+0.892) %, DHA &2l A549 f1 PCO 41 it
#2667 (AB49xn: t=9.50, P<0.01; A549gh: t=8.55, P<0.01; PCOan: t=10.14, P<0.01; PCOshn:
t=20.47, P<0.001) , WE 2A. 2B. DHA 23 j5i@id Western blot s34 A549 F1 PCO 4l EMT #H
K A E-cadherin 1 N-cadherin [{)3€i% . 455 &~ Control ZHAHEL, DHA 44 A549 11 PCO 4Hi)ifd E-cadherin
BEHARIEKF LT (A549: t=4.70, P<0.01; PC9: t=4.09, P<0.05) , [AH} N-cadherin & [ #ik/KF
% (A549: t=959, P<0.001; PC9: t=3.49, P<0.05 , WK 2C. 2D, LA_E&5HEKI DHA 0] fif

e 4N I AE 0 EMT,

&l 2 DHA %F A549 1 PCO 4 fEiEB A EMT AR HE B RIERIF I
Fig. 2 The influence of DHA on the migration and the expression of EMT - related proteins of A549 and PC9
cells
A: To compare the migration ability of A549 cells after DHA treatment ><40; B: To compare the migration ability

of PC9 cells after DHA treatment >40; C: EMT protein expression levels in A549 cells was assessed by Western



blot; D: EMT protein expression levels in PC9 cells was assessed by Western blot; *P < 0.05, **P < 0.01, ***P <
0.001 vs Control group.

2.3 DHA Xt A549 #l PC9 4fiffi MDM2 R FRIEKIRM  DHA AL 58 1L Western blot sl MDM2
FRIA. 4 5785 Control ALk, DHA 41 A549 Fil PCO 41l MDM2 13215 /KT 2. 3% F4 ik (A549: t = 3.21,
P <0.05; PC9: t=12.04, P<0.01) , WK 3A. 3B. L. L&KW DHA m]fgidid i MDM2 KA 5t

FfER .

i 3 DHA Xf A549 1 PC9 40t MDM2 & BRE M
Fig. 3 The effects of DHA on MDM2 protein expression in A549 and PC9 cells

A: MDM2 expression in DHA-treated A549 cells was assessed by Western blotting; B: MDM2 expression in
DHA-treated PC9 cells was assessed by Western blotting; *P < 0.05, **P < 0.01 vs Control group.

2.4 MDM2 %t A549 1 PCO Zfi8%E . TR K& EMT U MDM2 /T3 RNA 4b 2 A549 1 PCO 41 fi
48 h J5, Western blot 45 &1 si-MDM2 41 2. 40l MDM2 f#)3i% (A549: t=14.58, P <0.001; PC9: t=
7.645, P<0.01) , WKl 4A. 4B, CCK8 Jehuifiid WK 2 J5 7 43 #r LK si-Control ZHA71 si-MDM2 4LAEAR [
IR [H) % AB49 K PCO 4HIETEINELIN, S5 RE R, 7E AS49 i, 5 si-Control £AHEL, si-MDM2 41
24h (P<0.01) » 48h (P<0.001) f172h (P <0.001) XF4ifiuisE s B4 1 imE; £ PCO giljiw,
si-MDM2 AN E7E 48 h (P <0.01) M 72h (P<0.01) BAHZEME, WK 4C. 4D. RIJELILEE
2R, AB49 4ilfii si-Control Z1A1 si-MDM2 41 24 h iEF8% 43 Hil /& (27.35043.186) %. (3.810+1.118) %,
48 h TR R HE (39.71042.587) %. (12.80042.261) %; PC9 4iffu si-Control ZHF1 si-MDM2 41 24 h i
A4 (20.36020.400) %. (8.11720.360) %, 48 h T H /> HlE (47.17042.023) %. (26.41020.469)
%, L si-Control 4L#iLL, si-MDM2 41 A549 F1 PCO 4T KB E N4 (A5494h: t=9.50, P <0.001;
A54943h: t=8.55, P<0.001; PC9un: t=10.14, P<0.01; PCsn: t=20.47, P<0.001) , VWLIE4E. 4F.
Western blot 1] A549 F1 PCO 411l EMT #H 5% £ [ Rk, 45 R 27 , si-MDM2 25 A549 H1 PCO 48 1 E-cadherin
EAREAKF BT (A549: t=10.75, P<0.01; PC9: t=2.46, P<0.05) , H N-cadherin & FiL/KFT

[% (A549: t=7.97, P<0.01; PC9: t=398, P<0.05) , WK 4G. 4H. DL -4 5 L0 MDM2 {23k i fig



FEAIIGTE . SR AN EMT.

4 MDM2 3} A549 Il PCO iM%, EM K& EMT KIFEM =40
Fig. 4 The effects of MDMZ2 on the proliferation, migration and EMT of A549 and PC9 cells >40
A: MDM2 protein expression levels in A549 cells was assessed by Western blotting; B: MDMZ2 protein expression
levels in PC9 cells was assessed by Western blotting; C: CCK8 was used to detect A549 cells proliferation ability;
D: CCK&8 was used to detect PC9 cells proliferation ability; E: To compare the migration ability of A549 after the
treatment of si-MDM2 >40; F: To compare the migration ability of PC9 after the treatment of si-MDM2 >40; G:
The expression levels of EMT-related proteins in A549 cells was assessed by Western blotting; H: The expression
levels of EMT-related proteins in PC9 cells was assessed by Western blotting; a: si-Control group; b: si-MDM2

group; *P < 0.05, **P < 0.01, ***P < 0.001 vs si-Control group.



25 id&iE MDM2 %t DHA #i%] A549 M PCO M BATH KB M  pcDNA3.L % # kAl
PcDNA3.1-MDM2 i ik ki % 4 A549 F1 PCY 4iJff5 DHA 4b3H, Ik MDM2 £ DHA K EEHUI IR U
FFI{ER . Western blot 25 7R, 5 pcDNA3.1-NC 4AHEL, MDM2 7E A549 1 PCO 41 hi4id %Kik, 1t
4, 5 pcDNA3.1-NC +DHA A AHEL, i1k MDM2 7 #iK7H DHA % MDM2 [ 12 3 #iH1] (A549: F = 83.10,
P <0.001; PC9: F=5345, P<0.001) , WK 5A. 5B, Ht— DSt BoR, dRik MDM2 & {2t
A549 Fll PCO I3 %E, 5 pcDNA3.1-NC +DHA ALk, 1d5Rik MDM2 #43-#KiH DHA X A549 Fl PC9 4l
Masg s AHER (P <0.05) , WIS 5C. 5D. 24 h KIJREE KB/, DHA & Z 0% A549 Il PCO 4L,

Ik MDM2 XA IER e ) o 22 5, (HId ik MDM2 4b 3 48 h 2352 idE A549 FII PCO 4 it 1L %
fit7); 5 pcDNA3.1-NC +DHA 41Hit:, id%ik MDM2 Z4- 431 DHA X A549 FI PCO 4HMIITF At /1 i35
) (A549: F = 283.40, P <0.001; PC9: F =141.30, P <0.001) , W 5E. 5F. LA L455%EH] DHA

I I A MDM2 0] it i s 4 A 484 5 R R

B 5 iT#iE MDM2 %F DHA $i1] A549 F1 PCO 1B ist FxE RS BIES M >40



Fig.5 The effects of MDMZ2 overexpression on DHA - induced inhibition of the proliferation and migration
of A549 and PC9 cells  >40

A: MDM2 protein expression in A549 cells was assessed by Western blot; B: MDM2 protein expression in PC9
cells was assessed by Western blot; C: CCK8 was used to detect the proliferation ability of A549 cells; D: CCK8
was used to detect the proliferation ability of PC9 cells; E: To compare the migration ability of A549 cells >40; F:
To compare the migration ability of PC9 cells >40; a: pcDNA3.1-NC group; b: pcDNA3.1-MDM2 group; c:
pcDNA3.1-NC +DHA group; d: pcDNA3.1-MDM2+DHA group; **P < 0.01 vs pcDNA3.1-NC group; P < 0.01,
&&&p < 0,001 vs pcDNA3.1-MDM2 group; *P < 0.05, #P < 0.01 vs pcDNA3.1-MDM2+DHA group.
3 Wi

ABEFERH] CCK8 Ml DHA I B B R INf [] o B2 Ml i fee: AS49 Al PCO 4 b8 4 (¥ 1, CCK8 S
7R DHA DA FEANRT [ it 7 =] AS49 Il PCO ARG E : Ji5 BRAE V& T A S 30 AN R IR S48 7R DHA
A ABA9 F1 PCO 4 A V3 T BURIIT A% RE 0 » A UREAL Tl ST 22 W) DHA 18 A /) 240 J e 240 L 494
B BEVETE AT R . AN U — AR e 41 A RS T DHA e E R . EMT Mibr &k b
BebriEA (i E-cadherin) BLEGRAF IR 78 AR S (1 N-cadherin) o A 5¢ Western blot 525 27 DHA fig
i 14 5% E-cadherin 112 7K F-3R9&, 401 N-cadherin £ F17K-F-315, W] DHA Be S8 fifi i 41 i EMT .
Ma et allI%2 B} DHA #i] B i AGS Fl HGC-27 4Hia 58 ITH A EMT, HiZFIBAAF 7t K B DHA i@ id i
Snail Al PIBK/AKT {5 5l Bt 1 B e A 68 . X SAWE TS R — 20, UESE T DHA E il B o410 i) 48
WA SERTURG TR EMT. AWFFEORE, fEA/ i, DHA i %] Wnt/B-catenin {5 5 i@ #
FH /NG o e 4 R A S . IR RE AR 28 RE 7T, H2 DHA FENT R T2 581t Wt/B-catenin {5 5 18 %
| 0 P G B AN A B A st — 0 e

AHEFIE S Western blot SKig A5l AS49 Al PCO 411l MDM2 & [ 3RIA/K T, 45K W], DHA &2 i
A549 F1 PCY #iffs MDM2 [ F131% . Hou et al” f£ AT i 4 i v 24 W75 185 3K R HLAT A4 DHA i 4
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