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1.1 4pa R FA{LER

HUVEC, 3¢ F & F 8.0 . DMEM R FRJk |
ROS £ Il i 77 & , 3¢ [ Thermo 2 A ; i 2 1LY ,
2[5 Gemini 2 1] 5 RIPA 24 fif 1 A1 2 b A [ 457
(mitochondrial membrane potential, MMP) (AY¥Ym)
oRUURZ W e I /NI IR 1 TS TR N S IR TE R
(mitochondrial permeability transition pore, mPTP)
Rratn &, B SEEE A 7] ; APC-Annexin V/PI
TR AR 7 &, 25 [ Biogens A F) s —$i : B LS
HH H ¥t , £ E Proteintech /A /) 5 bt K B R L 8
JIMI5E 5 A 1 (power-related protein1, DRP1) FI#k
PR Tk 28 K 1443 244 -7 (mitochodrial division factor,
MFF ) S gt , 3k PR AR 1A 58 R A 0 45 R B R 52 5
(L) A BR 2> | 5 AR o 4046 ) 1§ (horseradish
peroxidase ,HRP)Fric 1T IgG Hiik (1),
bt 2 M\ ECL & B, db e E A Al .
Power-Pac164-5050 1k {¥ , 5 [ Bio-Rad 2\ i ;
BD FACSCalibur i =X 4t s 4% , 5% E BD 2 A ;
X-Light V3 %% # 3 £ | & K F| CrestOptics A Fl ;
7500Fast SEH 2 6 5 ' PCR R 45, 2 [H ABI A Al
Tanon5200 4> H 3l k.57 & G BUR AL, F il REEZA
7] ; VarioskanFlash Y6 3% £ £ T g 2 501, 52
Thermo 23 v ;%°Co vy 5 4k i AR B h 42 = 22 4t
5% Bt i S s 2 B 9 T 4R L B vk R R R R
64.46 cGy-min™',
1.2 HUVEC 15 fnfE R

PLE A 10% 164+ L35 5 1%HEPES ¥ A4 (R
DMEM “ HUVEC #8537 3 , & 37°C,5%CO, [ fH
TS SR P R L 2 d BRI, FR A AE K =
80%~90% fil 5 FEIF AL AL, AL AULL By 123,
1.3 HUVEC 4B 4b 12

BB KORZS R AR HUVEC 4i iR LA 3%10° LY
R T 6 fLAR N (AEFL 2 mL) ¥ 37C,5%CO,
AP T 20 Y 5 R A R R 24 h 4 S RE
Iy I#E4T 5,10 F120 Gy ©Co y HH4k FE 5T, [R5 A&
HE S5 440 6L Ay 200 % BR 2, O BRSPS IS 24 #1148 h 47
ARSI 52 HR 551 J 48 h FEA 7 AH A I
1.4 MRS MER

R FE S A W 1.3 0 2 (DA #1440 i, W %%
ML BRI IR R

1.5 RXMMEAKN HUVEC AT E

WCAE 1.3 43 2 DAL B 4 40 i AN 2 EDTA A9 fi
il 7H 10 BE 1) HUVEC 4t fif, 300% g 50> 5 min, i
AR 205 TR IR AR 22 R IR R 2 . N5 L APC-
Annexin ViR25], EiR#EEFF 15 min; FIIA P14
MRz ge kel 5 uLIRAT, B E 10 min, YEEE
T PBS 400 b F 4, FH 3 =X 240 4SO 5
ML ga TR (R T 40 (APC 1) R 3 i 7=
IASEAAE(APCPIY) ],
1.6 LFEHEHLEERNHUVEC 1 ROS K F

B3 O FE Y 240 , S5 3% L3
e 2 mL N 2 Il 3 B9 DMEM 35 35 58, & 4L A
2 uL H2DCFDA #5%F 10 mmol - L, {5 4 4 ik Ji
2310 pymol - L', i & 30 min. % & 45 % J5 1 PBS
PEVE 3R, e O L IR A W AT BE AL 1 HCAN it 4y
ARSI, ARG BE A, AT 8 M T . S
B R ROS 7K.
1.7 R ARFNW F R L B EKEN HUVEC £
L {2 B FL iL
1.7.1 mXApmEA

#4857 & rh ) CCCP (10 mmol - L") #2 18 1:
1000 A9 LL Il m A Bl M B 2 b, R B &2
10 umol - L', &b ¥ 41 1 20 min E >y BH & %t B8 .
JC-1 BRI B K & A R 514 nm, Jie R R I
K H 529 nm; JC-1 R EW M & KRR KK N
585 nm, e K& S K 590 nm,

B A.3 43 2l COAN B 40 ., R TS Fh 4, 500
7 b F, HPBS VR 13K, i 7 58 500 pL 54
J 5 P G 2 T /E W 500 L, TR &) B 5 7 40 8 60
A 20 min;4C,300%g #.0> 5 min, 7 L1, &
X G YRR VE 2 R 5 1% 2% /P 500 pl k40, Jii
A AR I HUVEC 40 i Hh 20 6 9 i 40 i T 43
L, & 5 MMP.,
1.7.2 LEEHEEE

B 1.3 4324 COAL 1% 40 M, 42 28 A7 4 58 e 437 Ak
2 Y o RS I ) R B IR A . SR
M85 35 0 0 G 40 i 55 5 1 mL A JC-1 e fh
TAEW 0.5 mL, F853IR AT, I & 20 min; BE & 455
W37 b3, FHF 1xJC-1 28 Ml Pk 74 2 Yk, 4 i
BRI mL, FEROGIE R AR 5T T BEAIL L 2 A
O3 A Y ST WA I RE 20 L, R AT E PE A AT . DA
LI 5 SO A E = MMP(AYmM) .
1.8 LTSRN HUVEC 48 A 2k i K B 3@
EFLFFHRES

B2 1.3 50 4l O LD FR 1 40 L, $5e mPTP A8 K 741
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SRR, NSRS B, in37°C
T T B 0.5 mL g Uk 1 ¥k, R g 8 T /R W
0.5 mL, s/ 5], B 3G 741 37 CROLIFF 20 min,
I 45 AR e e s g TR, FH TIUA G T B Tk
2K, FEOL I R AR ) SR T Bl ML TR i 53 A 1
SIERAE , WE G BE A0 AL, EAT mPTP JF e 4 50 -
SIS F2 B mPTP JE PR o T hn
1.9 ESTEEWZE HUVEC AL Hi ik &1

HUA.3 434 @b FR A A0, 4B R T 40,
FH 2.5% I8t 2% 22 5 SR A 181 8 ) 4 ClE g 1
J& W F T, AR IR ER 28 v (PBS) (0.1 mol - L7,
pH 7.4) % 3 1K ; 1% MU & fk #k (OsO,) # i T [ &
1 h; [l OSO, & W 5 # ¥ 1 PBS (0.1 mol - L™,
pH 7.4) Pk 31K, R 10 min; 865 2 B K 5, 5
B 31,11 (N ER IR A A TR AR .
LA 60CE A 24 h, ] Imaged FAFi1H 3 £ ki k4
B, I SR AT AL
1.10 Western E[} % % #; il HUVEC & p-Drp1 #n
p-Mff & B3R iEKFE

H1.3 50 4L @ AL BRI 40 i, I RIPA 24 fif i 24
fi#,10 000xg,4°CE L[> 10 min, W H 3% # . BCA
TN E B A TR B AR R, DL 401k
BN Bx_FFESE b i 2], 100C 3 10 min, Ff
PREIBU R 11 0T AT 3R VN s TR BB IS F Uk , AR
20 g, 5 & Jr % 2 PVDF |, 5% G 03k 2= 1) 4]
2 h. JA—¥Hi (40 p-Drp1 Fl p-MFf 44, 7 B L1y
1:2000) ,4CHF LK . TBS-TIEVE4 WK, BEK
5 min. FifiJ5 I HRP AR 1L B0 % 19G Brik (—Ht)
(1:5000) , = iR H 1 h, TBS-T Ve 4 1%, B Ik
5min, VIBHLEIEFITENNSXIIR, K6 B .
I T 8 A 5 U IO (integrated absor-
bance,IA) , HHHzEHSHNSEH A LLEERH
B AR AR X R 7K

1.11 FitEHH

S UG 2% SRR FH x+s # % , b ] GraphPad-
Prism7 E4 T4t 1244387 , 21 18] F 53R FH B Ry 22
ST REZS oAt 95 73 A . P<0.05 22 7 HA 40

R

2 FR

2.1 *Co y 514 BB 5%+t HUVEC 4R 2 2589 2401
JEA W4 R B s, HUVEC 41 i 22 *°Co y 4
LIRSS 24 7148 h, i X R4 (0 Gy) A KARE
YR AT AN 2, AN E R A, U R A
POCPESS ;1 5,10 F120 Gy BE5T4H , I IE ) 2 4
i, HUVEC 4t 5 it 120 i /b, HL A4 A A [ 72
FEAR/IN A4 W RE AN [ (1) o
2.2 “Co y 5t£k BB 5+t HUVEC ZRAEA T- 895200
SR R ,PCo y ST IR 5 24 F148 h,
S0 o %k FRAH A L, 5,10 #1120 Gy 20 HUVEC 41 ity
JHT RN (P<0.01) (K 2),
2.3 “Co y 512 BB 513t HUVEC f1 ROS 7k B 2201
PG YL {0 45 L WK ,*°Co y B 2k IR S 24
48 h, 5 2nfaxt B M Lk , 5,10 1120 Gy 41 HUVEC
430,500 A I B 44 (P<0.05, P<0.01) , B *Co
y SR IR S B ROS 7= AR 14 (&1 3) .
2.4 “Co y 52k B 5%t HUVEC 2 i {4 B B8 {32 A 25011
Wi A AR 25 R S ,°Co y ST IR ST 24 F
48 h, 5N xT B A 1L, 5,10 #120 Gy 41 HUVEC
2189 AH M L ) ) AR (P<0.01) (141 4) , = W]
LML AR L T I
YL R AR WA MR 45 R R ,“Co y S48
WS J5 24 148 h , 5 40 fu X} B 41 AH H , 5,10 A0l
20 Gy 4 HUVEC 18,52 5 £k (5O LU (B 1 35 [
ik (P<0.01)(I5).
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Fig.1 Effect of ®Co y-ray irradiation on human umbilical vein endothelial cells (HUVECs) morphology at 24 and

48 h post-irradiation under microscope.
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Fig.2 Effect of ®°Co y-ray irradiation on apoptosis of HUVECs evaluated by flow cytometry. A2 and B2 were the
quantitative results of A1(24 h)and B1(48 h), respectively. xxs,n=3. **P<0.01,compared with 0 Gy(cell control)group.
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Fig.3 Effect of ®®Co y-ray irradiation on reactive oxygen species (ROS) production in HUVECs by laser confocal

fluorescence imaging. A2 and B2 were the semi-quantitative results of A1(24 h)and B1(48 h), respectively. Fl: fluorence intensity.
x+s, n=3. *P<0.05,**P<0.01,compared with cell control group.
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Fig.4 Effect of “Co y-ray irradiation on mitochondrial membrane potential (MMP) in HUVECs by flow cytometry.
A2 and B2 were the quantitative results of A1(24 h) and B1(48 h), respectively. x&s, n=3. **P<0.01, compared with cell control group.
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BAAS LA K 48 i (P<0.01) (K1 7B2) 55,10 Fil
20 Gy ZH £ ki {4 %% B W 2 T B¢ (P<0.05, P<0.01)
(K1 7B3) ;5,10 fi1 20 Gy 2H 5 2 bi 1A Hb 1) dnd 238
Jin(P<0.01) (& 7B4).
2.7 “Co y 5% B8 §¢ %t HUVEC = p-Drp1 # p-Mff
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Fig.5 Effect of °Co y-ray irradiation on MMP in HUVECs by laser confocal fluorescence imaging. A2 and B2 were
the semi-quantitative results of A1(24 h)and B1(48 h), respectively. xts,n=3. **P<0.01, compared with cell control group.
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Fig.6 Effect of ®Co y-ray irradiation on mitochondrial permeability transition pore (mPTP) opening in HUVECs
by laser confocal fluorescence imaging. A2 and B2 were the semi-quantitative results of A1(24 h)and B1(48 h), respectively.
x+s, n=3. *P<0.05,**P<0.01, compared with cell control group.
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Fig.7 Effect of ®Co y -ray irradiation on mitochondrial morphology in HUVECs under transmission electron micro-
scope. Arrows show the mitochondrial structure. B1,B2, B3 and B4 were the semi-quantitative results of A. x£s, n=3. *P<0.05,**P<0.01,

compared with cell control group.
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p-Mff & 1 FR R /K P44 ik 25 48 i (P<0.05, P<0.01) .
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Fig.8 Effect of ®Co y-ray irradiation on levels of phos-
phorylated dynamin-related protein 1 (p-Drp1) and
p-mitochondrial fission factor (p-Mff) in HUVECs by
Western blotting. HUVECs were radiated for 48 h. A2 and B2
were the semi-quantitative results of A1 (p-Drp1) and B1 (p-Mff) ,
respectively. x=+s, n=3. *P<0.05, **P<0.01, compared with cell
control group.
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Effect of ®°Co y-ray irradiation on mitochondrial structure
and function of human umbilical vein endothelial cells

YAN Kai-xin', ZHAO Ya-wei', WANG Yi-hao', Yl Jing?, DUAN Han? TAO Ning?,
WANG Hua?®, HU Shun-ying'
(1. Department of Cardiology, Chinese PLA General Hospital, Beijing 100853, China; 2. Institute of
Radiation Medicine, Academy of Military Medical Sciences, Beijing 100850, China; 3. College of
Life Sciences, Anhui Medical University, Hefei 230032, China)

Abstract: OBJECTIVE To investigate the effect of ®°Co y -ray irradiation on mitochondrial struc-
ture and function of vascular endothelial cells. METHODS Human umbilical vein endothelial cells
(HUVECSs) were irradiated with ®°Co y-ray at 0 (cell control), 5, 10 and 20 Gy, respectively. The apoptosis
of HUVEC cells was detected by apoptosis kit at 24 and 48 h after irradiation, the reactive oxygen species
(ROS) levels by laser confocal microscopy after H2DCF-DA labeling, the mitochondrial membrane potential
by flow cytometry and laser confocal microscopy after JC-1 probe labeling, and the open state of the
mitochondrial permeability transition pore (MPTP) qualitatively by laser confocal microscopy through
calcein-AM probe labeling. The structural changes of mitochondria were observed by electron micros-
copy. The mitochondrial division-related markers, phosphorylated power-related protein 1 (p-Drp1) and
p-mitochondrial fission factor (p-Mff) protein expressions were detected by Western blotting. RESULTS
Compared with the cell control group (0 Gy), the cell apoptosis was increased (P<0.01), ROS levels
were increased (P<0.05, P<0.01) and opening of mPTP was increased (P<0.05, P<0.01) in the 5, 10
and 20 Gy groups 24 and 48 h after irradiation. Flow cytometry and fluorescence microscopy results
showed a decrease in mitochondrial membrane potential in the 5, 10 and 20 Gy groups at 24 and 48 h
after irradiation compared with the cell control group (P<0.01). Electron microscopic observations
showed that the irradiated group showed an increase in individual mitochondrial areas (P<0.05, P<
0.01) and in individual mitochondrial perimeters (P<0.05), a decrease in mitochondrial density (P<0.05,
P<0.01), and a significant increase in the number of abnormal mitochondria (P<0.01) 48 h after
irradiation compared with the cell control group. Compared with the cell control group, the expression
levels of p-Drp1 and p-Mff proteins were significantly increased in the irradiated groups 48 h after irradi-
ation (P<0.05, P<0.01). CONCLUSION ®Co y-ray irradiation aggravates mitochondrial damage in vascular
endothelial cells, promotes mitochondrial division, and induces mitochondrial dysfunction.
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