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i (AR %) 77 XA ] HCAEC FHSFE (P < 0.05) o RS AE SEBR A5 o , SEIv A AT A 2 S 07 DR BPRDE |, 24 DEHP
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cells by inhibiting PIBK/AKT signal pathway
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[Abstract] Objective: This study aims to investigate the effects of di(2-ethylhexyl)phthalate(DEHP) exposure on PI3K/AKT signal
pathway and human coronary artery endothelial cells (HCAECs) , and to provide a theoretical basis for the treatment of HCAECs
damaged by DEHP exposure. Methods: According to relevant literature research, HCAECs were treated with different concentrations
of DEHP and divided into control group (DMSO) and experimental group (DEHP 128, 256, 384, 512 pmol/L). The ability of cell
proliferation was measured by CCK- 8 assay, the ability of cell tube formation was evaluated by in vitro tube formation assay, the level
of apoptosis was evaluated by flow cytometry, and the levels of p-PI3K, PI3K, p-AKT, AKT and apoptosis-related proteins BAX, Bel-2,
cleaved Caspase-3 and Caspase-3 were detected by Western blot. Results: CCK-8 assay showed that DEHP inhibited the proliferation
ability of HCAECs in a concentration- and time-dependent manner (P < 0.05). The results of in vitro tube formation assay showed that
the morphology of cells in the experimental group was mostly isolated round and oval. The number of intersections formed was reduced
compared with the control group (P < 0.05) when the DEHP concentration was =256 pmol/L. The results of flow cytometry showed that
the proportion of apoptosis in the experimental group was higher than that in the control group (P < 0.05). Western blot results showed

that the expression level of Bel-2 in the experimental group was lower than that in the control group, while the levels of BAX and
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cleaved Caspase-3/Caspase-3 increased (P < 0.05). And the ratio of p-PI3K/PI3K and p-AKT/AKT were lower than those in the control
group (P < 0.05) when DEHP=256 pmol/L. Conclusion: DEHP can induce apoptosis and inhibit the proliferation and angiogenesis of

HCAECs by inhibiting PI3K/AKT/ signal pathway.
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P it V0 <t 7 1 2 P 0 ) 7R (Roche 22 W1, B 1) o
Matrigel &5 i ( Corning A ], ZE[H ) o
1.2 Fik
1.2.1  Zmf3EFR % DEHP % &
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EEN ="

2 # R

2.1 DEHP# &I HCEAC 28078 569 %%
) B AT DL (L 1A) , 72 hEs), 5256 20



+1510- [E2]

N NI S

A2 EH 11
2022411 H

FXT I (DMSO ) 2H 40 it 35 Ay B 22 i B 2R 4, 52 BB
[ sl H G P A ML, S AR MR A AT
AT o I 0 £ A 4 28 50 R A i AR, S 38 41/
B0 2 M AL PN B2 IR R, 2 AR R HL 25 4
PATR, ARG K
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15, 45T 1 A AR A B 2 (8] ) 25 533508 G2k
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(FIXEFERE T, IF H Y35 i AR\ DEHP ¥ B 5
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RS U S R U8 7E — i R B BEADLIM 48
Az AR 3 AR A Y B I I O, PEAS DEHP
X} HCAEC L8 i fE J1 92 . % B8 (DMSO) 41
i 22 S B0 A K AR TE AR 32 IR, I B
(AR EE R E 6 h Ik TR, B HsF [ 7 B 4K 3%
WA A SIS AN R £ S BLARST A IR IR R RTE
AL A (E AL ET PP (1 2A) o 5% BB (DMSO ) 2H #
L., DEHP 128 pmol/L 41 JE B A2 S B H /b 0 2

DEHP(pmol/L)

DMSO 41 128

384 512

ANAETE 1 (%)

12h 24 h 48 h

A:HCAEC 252 T AN [H]3 Z DEHP (128,256,384 512 pmol/L) 72 h J&i U A1 i JE 25 24 M 22 (x40) 5 B: HCAEC 2 5% T A [ 4 & DEHP (128,

256,384,512 wmol/L) AS[H]IE] (12,24 .48 .72 ) Ji #H MOHS AR BE 7 A1 00 , 15 W) I a] 15 DMSO 2H 1048, "P < 0.05,"P < 0.01; 5 12 h 4 1L#,"P <

0.05; 524 h41HE:, P <0.05; 5 48 h 41 HLAE, P <0.05(n=3) ,
E1 DEHPZRZE3f HCAEC 4 A FnigsaaE 189 %0

Figure 1 Effects of DEHP exposure on cell morphology and proliferation of HCAEC

RG22 X (P >0.05), DEHP 256,384,
512 pmol/L 4 JE i A2 s %k H it — 2038 /b, 5 %) |
(DMSO) ZH #H Lt , 22 55 A Gi it 2% 5 L (P < 0.01,
K2B) . DL E455Ui 0 DEHP A] LAl HCAEC /Y
A TR BRE ST, BA W A

S AR TR R R R A A A A Y RS
T2, 8 TiFH DEHP % HCAEC A T- B0, #k47T T
YL . 5% (DMSO) 4L AH HE , 2% 5L 56 21
PTG, 22 S B Giit 2 (P < 0.05,
FI3AB) o JELEKM T I/ T-HH OCHE 1 0 38K

A —aDMSO
AA  =mDEHP 128 pmol/L
#LA  SDEHP 256 wmol/L

*H#AA

# 5 4 EEDEHP 384 pmol/L
* I f: zzZDEHP 512 pwmol/L

72 h

Western blot 256 45 W i 7~ , 5 % BEZH Bel-2 ik 7K
EAH L, #5580 20 Bel-2 3R KRR, 22 A it
SE X (P <0.05,F3C.D); 5% (DMSO) 41 BAX
FIRKEA L, DEHP 128 pumol/L 20 BAX ik /K F-
FRAK AR 22 R RS i X (P> 0.05), DEHP
256,384,512 wmol/L 20 BAX Fik K100, 2 554
it # B L (P <0.05) ; 5% i (DMSO) 2 cleaved
Caspase-3/Caspase-3 [LIEAH L, #5 SE40 2 LU AH E T,
ZREHAG I EE (P <0.05), DL 4RG3
DEHP 7] DA 98 740 56 8 11 1 3R B KF i 5
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2 DEHPRE3t HCAEC & X 8& 1189220
Figure 2 The effect of DEHP exposure on the angiogenesis ability of HCAEC

HCAEC T,
2.4 DEHP #7+#] PI3K/AKT 43 5 18 %

R T ERIE EARGE R T BRI A, AT T West-
ern blot 5256 , % 2 PI3K . AKT /K ¥ R LG T &
(P> 005, K 4A) . 4 DEHP ¥ & =256 pwmol/L
A, SE4H p-PI3K/PI3K . p-AKT/AKT Fb fF 5556 40
FRAK, 2R AR E L (P<0.05,K4B), LiR%h
UL, DEHP W] DARS I OCHE &R 1 O BEIR fLoK -1, 41
i PI3K/AKT 38 % .

3 it i

b R LA TS T Z 0, DEHP 1Y 7 &
AR L TE AR B i 200 7 DEHP 236 [F
RN 25 W Eh S e 1) B b b d P 1 8
R, LA A I TRl B R B
45 R AR DEHP (15 4235 O URE
I i B P A IS D0 O, 10232 I 7 it A 4 194 I YA
DEHP V& FEAEAE B Y il LA I 5 AR N IR
DEHP ¥ i 4 72.5~295.2 we/mL, JL i L1697 )5
1L DEHP ¥ B 0 8525, 24 27.6~405 wg/mL(DEHP
100 pg/mL=256 pmol/L)"™ o & AR 2h K FE AT FLC>

HERAE TR DEHP 22575735120 1.0.2.4 mg/(kg-d),
BN FILFE S5 4T R SRR IR F AR B DEHP [ 2 5%
53904 3.0, 14.0 mg/(kg - d) , YA 8 A AR 527 551) & B
0.6 mg/(kg-d)™ . FEFEREHE PR, 20 pe/(kg-d)
(1) DEHP 2 5 7] £ B A 325 B A i 2 18 JRURS: , R
B LSRR A FR, 50 pe/ (kg d) ) DEHP 2 22 7 i
AT REEAT SEALEEME

IEAF, DEHP (1.0 I A8 B P32 306 . AR
/N, VRSN DEHP #E R BUCME, o] (i L0 3048 18 B
{57 B ] A 56 B O o T R TRAT R 2 R A
DEHP 2§57 S 3075 DA A2 Wi i Ok
R AN AR A IR B0 K o A R A 1 RURS:
PR DEHP 7K -7 55 K6 0 21 7y 1 45 B e [l 75 g 1
FHOCM  XF s 2 11 E Sl BE 1)/ B4 T DEHP
B 485/ N R B = BR IE | Sl ok R Ak i
FSI K N B 20 B A R AFES A o Bl bk N B 4 T
A8 PIBE B PR T8 A N 2 3h kR R AL 1 1 2
P2 22—, 0 N 40 M08 T 0T R — R 7E 1R
ST B NKORFERE AL Y M, Rt AR B SEAR R I PR
FE AT BE Y DEHP % 25 17 DU R DG SCRkic 2k , i r
T HCAEC ) DEHP B A1 EE DEHP 2 5
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Annexin-V Annexin-V Annexin-V
DEHP 384 pmol/L DEHP 512 pwmol/L, B 90 -
7 7]
10 101 10 301 e T
10°41.11% 10°41.49% ~ 151
E E R 4
105 10°3 5 10 - g
= 104 = 10 H
] = |
10 10
(\E Q4 0z Q4 0
3 0 3 07 07 T T T T T
-lo8e L% 104804 6% DMSO 128 256 384 512
-10°010° 10* 10° 10° 107 -10°010° 10* 10° 10° 107
Annexin-V Annexin-V DEHP( Mmol/L)
¢ DEHP(pmol/L) b =DMSO
DMSO 128 256 384 512 f smDEHP 128 pmol/L
Bel-2 26 kDa =IDEHP 256 pmol/.
mmDEHP 384 pmol/L
BAX S S - - -2 D @zDEHP 512 pmol/L.
caspasc-3 S A M 32 D
cleaved Caspase-3 ---- 17 kDa

GAPDH (- - o .

BAX cleaved caspase-3/caspase-3

A:HCAEC 228 T ANHH B DEHP (128,256,384 512 wmol/L) 5 AT 5 3 B : i s SE 56 25 4L PR T3 L4 5 C: HCAEC 288 T ANl ik
£ DEHP (128,256,384 .512 pmol/L) 5 I8 T-AH 54 8 I Western-blot 45 ¥[8 ; D« 8 T-AH G 85 XS ik, 5 DMSO 41 14, P < 0.05,P <

0.01,""P <0.001(n=3),

3 DEHPHEX HCAEC BT RBATHEXEBREHERNHN
Figure 3 Effects of DEHP exposure on apoptosis and the expression of apoptosis-related proteins in HCAEC

X HCAEC B2 K2 ] REAILH .

DAL B2 200 e o JUL AL A ) B R 4, A I
PR T A TR N R )2 S8 B A 2l >, CCK-8 2%
3R, DEHP REAE L) B[] 50) A a8 1) 7 =X o)
HCAECH{FHRE T . MRAM A SE 50, 6 h 5255 40
2 RBCH Ho BRI D Y BRI (<12 h S A
FOGF BRZH 3B e ) 22 SR ge 24 & 3, Ui DEHP
A LATEAS SE MR G5 1 155 100 T % HCAEC 145 % il B
TP A

Western blot 25 5 1 7 52 56 20 A1 % 6 29 PI3K |
AKT 2 3 T4 112% 5 L . DEHP ¥ =256 pumol/L
i, 5286 2H p-PI3K/PI3K  p-AKT/AKT 4506} HA 20 AR,
Z A G5 X, UL DEHP 7] (%A% PI3K/AKT {5
38 [OCHR AR R AL . ZE ST PIBK (3%
6 AT LB RR AL AN AKT i 5 5 H PH s 4 &,
FAKT A BN AN Py 21w, BERRILIY AKT

(p-AKT) iJ AsE— 45 T (55, U Bel-2 SR K
1 (A Bel-2  BAX) FIf i 2 4 IR 8 1 B 5k
£ M (4 Caspase-3) ', Caspase-3 TE 2 55 T-15
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