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Abstract

Effect of UCP2 on radiosensitivity of Human Cervical Cancer cells

and Mitochondrial related Mechanism

Cervical cancer is one of the most common malignant tumors in gynecology, and
it is also one of the main causes of cancer death among women all over the world.
Under the influence of early marriage, childbirth, human papillomavirus (HPV)
infection and other factors, the prevalence rate of cervical cancer in women is often
higher. Due to the rapid development of the disease, most women are in the middle
and late stage at the time of first diagnosis. In clinic, there are many treatments for
cervical cancer, radiotherapy is one of the main treatment methods, but due to the
existence of radiation resistance, it seriously affects the prognosis of patients with
radiotherapy. However, the research on the mechanism of radiation resistance of
cervical cancer is not clear at present. Therefore, in order to increase the efficiency of
diagnosis and improve the effect of radiotherapy, it is particularly important to explore
the mechanism of radiation resistance of cervical cancer.

UCP2 (uncoupling protein2,UCP2) is an anion carrier protein located in the
intima of mitochondria, which mediates the proton leakage of mitochondrial inner
membrane, thus affecting the production of intracellular reactive oxygen species,
regulating the process of oxidative stress, and further changing mitochondrial
autophagy, cell proliferation, cell invasion and apoptosis, tumor progression and
chemotherapy resistance to affect the prognosis of tumor patients. In this study, Hela
and Caski cells were taken as the main research objects, and UCP2 was used as the
target gene to explore the role of UCP2 in radiosensitivity and mitochondrial-related
mechanisms.

Objective:
The purpose of this study is to explore the mechanism of UCP2 in the

radiosensitivity of cervical cancer cells by regulating cellular oxidative stress, so as to
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provide a theoretical basis for optimizing individual treatment regimens for cervical
cancer and making it a new target for diagnosis and treatment of cervical cancer.
Methods:

1. The background expression in different kinds of cervical cancer cells was
detected by Q-PCR and WesternBlot. The cells used in the follow-up experiment were
selected to detect the changes of UCP2 expression in Hela cells at different time
points after 4Gy irradiation.

2. The UCP2 silencing and overexpression models of Hela and Caski cells were
constructed by transient transfection, and the transfection efficiency was detected by
QPCR and WesternBlot, respectively.

3. Clony formation and CCK-8 assay were used to detect the colony formation,
proliferation and survival ability of the treated cells.

4. Using DCFH-DA probe to detect the effect of UCP2 on ROS of cervical
cancer cells induced by radiation.

5. MitotrackerGreenFM detection of UCP2 was used to detect the changes of
mitochondrial membrane integrity of two kinds of cervical cancer cells at 6 h, 12 h, 12
h and 24 h after irradiation.

6. The changes of mitochondrial membrane potential of two kinds of cervical
cancer cells at 6 h, 12 h, 12 h and 24 h after irradiation were detected with rhodamine
123 (Rhodamine123).

7. Apoptosis and cell cycle of UCP2 silencing and overexpression models
combined with X-ray irradiation were detected by flow cytometry.

8. The expression of DNA damage related protein y-H2AX in Hela cells was
detected by immunofluorescence.

9.WesternBlot was used to detect the changes of apoptosis, cycle and DNA
damage-related protein expression in cervical cancer cells, and to explore the
molecular mechanism of UCP2 in cervical cancer cell apoptosis, cycle and DNA

damage.
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10. The experimental data were expressed as average +standard deviation (+£s).
Statistical analysis was carried out by SPSS24.0, histogram was drawn by software
GraphPadPrism6.0, and comparison between groups was made by ANOVA.

Results:

1.The background expression of UCP2 was different in different cervical cancer
cells, and irradiation could induce the expression of UCP2 in Hela cells.

The background expression of UCP2 was higher in Hela, and Hela was used as
the model of UCP2 silencing. The background expression of UCP2 in Caski cells was
relatively low, and Caski cells were used as the model of UCP2 overexpression. The
expression of UCP2 in Hela cells enhanced with the increase of time at 6 h, 12 h, 24 h
after irradiation.

2. Effect of UCP2 on proliferation and survival of cervical cancer cells.

After UCP2 silencing, the colony forming ability of Hela cells after 2,4,6,8 and
10 Gy irradiation was significantly lower than that of the negative control group, and
after 4 Gy irradiation, the proliferation and survival ability of Hela cells silenced by
UCP2 was significantly decreased, but the proliferation and survival ability of UCP2
overexpressed Caski cells irradiated by 8 Gy was not obvious compared with the
negative control group, which was related to the transfection efficiency.

3. Effect of UCP2 on ROS in radiation-induced cervical cancer cells.

In the two kinds of cervical cancer cells, the production of ROS in the radiation
group was higher than that in the non-irradiation group, especially in Hela cells. The
ROS production of Hela cells silenced by UCP2 at 6 h and 12 h after irradiation was
significantly higher than that of the negative control group, and there was no
significant difference in ROS production at 24 h after irradiation, which was
considered to be related to the dissipation of ROS, while at 6 h and 12 h after
irradiation, the Caski cells in the over-expression group of UCP2 decreased to some
extent compared with the negative control group, although the difference was not

significant, but the difference was statistically significant.
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4. Effect of UCP2 on Mitochondrial structure and function of Cervical Cancer
cells induced by radiation.

After UCP2 silencing, Hela cells could significantly increase the mitochondrial
membrane potential and promote the production of ROS after 6 hours and 12 hours
after irradiation, and the mitochondrial membrane potential collapsed under the action
of excessive ROS, that is, the membrane potential of Hela cells decreased
significantly in 24 hours after irradiation, while the change of membrane potential of
UCP2 overexpressed Caski cells after irradiation was always higher than that of
negative control group.

Under the influence of the changes of mitochondrial membrane potential and
ROS, the integrity of mitochondrial membrane in two kinds of cells also changed.We
observed that the mitochondrial membrane integrity of Hela cells after UCP2
silencing was further damaged by irradiation compared with the control group, and
the destruction of mitochondrial membrane in Caski cells with UCP2 overexpression
was relatively reduced by irradiation.

5. Effect of UCP2 on radiation-induced apoptosis of cervical cancer cells.

There was no significant difference in the apoptosis rate of cervical cancer cells
in the non-irradiation group, but the apoptosis rate of cervical cancer cells increased
significantly after irradiation. UCP2 silencing enhanced the radiation-induced
apoptosis of Hela cells, and the level of Bcl-2,Bcl-x1 were reduced , and the level of
Cleaved-Caspase3,Cleaved-Caspase9 and Cyt-c which relating to the apoptosis
pathway induced by mitochondria. The level of Apaf-1 increased further in UCP2
silent group. However, only the expected changes in the expression of Bcl- xl,
Caspase-9 and Cyt-c were observed in Caski cells, which was related to the low
transient transfection efficiency of UCP2 overexpression plasmid.

6. Effect of UCP2 on radiation-induced celvical cancer cell cycles.

The cell cycle changes of the two kinds of cells were detected by flow cytometry.
There was no significant difference in cell cycle changes in the unirradiated group, but

there was obvious G2 / M phase arrest in Hela and Caski cells irradiated by 4Gy and 8
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Gy, respectively. Compared with the negative control group, the arrest effect was
enhanced by silencing UCP2 in irradiated Hela cells. In irradiated Caski cells,
compared with the negative control group, the overexpression of UCP2 reduced the
cell cycle arrest effect induced by irradiation to a certain extent. WesternBlot results
also showed that cell cycle-related proteins CyclinB and CDC2 related to G2 phase
cell cycle checkpoint also showed corresponding changes.

7. Effect of UCP2 on radiation-induced DNA damage in cervical cancer cells.

After UCP2 silencing in Hela cells, we used immunofluorescence to detect the
number of y-H2AX focus formation at different time points after irradiation. It was
found that at 6 h and 12 h after irradiation, compared with the non-radiation group, the
v-H2AX focus formation was significantly increased, but there was no significant
difference within the irradiated groups, but at 24 h after irradiation, the y-H2AX focus
formation in the UCP2 silent group was significantly higher than that in the negative
control group, but at 24 h after irradiation, the y-H2AX focus formation in the UCP2
silent group was significantly higher than that in the negative control group. That is,
UCP2 enhanced the damage of DNA double strand breaks in Hela cells induced by
X-rays. The WesternBlot results also showed that the expression of Ku70,Rad51-
proteins related to DNA damage and repair, decreased to a certain extent in the UCP2
silent group after irradiation, and it was also detected by WesternBlot that the y-H2AX
protein in the UCP2 overexpression group decreased compared with the negative
control group 12 hours after irradiation, and the UCP2 overexpression attenuated the
DNA damage caused by ionizing radiation, while the Ku70 protein increased in the
UCP2 overexpression group.
Conclusion:

1. Ionizing radiation can induce the expression of UCP2 in cervical cancer cells.

2. UCP2 can affect ROS production in cervical cancer cells induced by ionizing
radiation. Silencing UCP2 can promote radiation-induced ROS production in Hela
cells, while overexpression of UCP2 can reduce radiation-induced ROS production in

Caski cells to some extent.



3. UCP2 can cause some structural and functional changes of mitochondria in
cervical cancer cells induced by radiation, mainly mitochondrial membrane potential
and membrane integrity, which further affect the activation of mitochondrial-induced
apoptosis pathway.

4. UCP2 can change the cell cycle of cervical cancer cells induced by ionizing
radiation, and the arrest of G2 phase is the most significant, that is, UCP2 silencing
can promote radiation-induced arrest of G2 phase of cervical cancer cells, while the
overexpression of UCP2 can weaken the blocking effect accordingly.

5. Most of the activation mechanisms of the above apoptotic pathways can be
attributed to the changes of ROS production in cervical cancer cells induced by UCP2,
and the production of ROS indirectly affects radiation-induced DNA damage and
repair in cervical cancer cells.

In short, UCP2 plays a very important role in the radiosensitivity of cervical
cancer cells and is expected to become a new target for radiotherapy of cervical

cancer.

Key words:

Ionizing radiation, Mitochondria, UCP2, Radiosensitivity, Reactive oxygen

species
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1732 5 S5 P JE SRS 55 e P Ut R 4 ) 34 g e B 1181, T o 4 B 1 1 B S A
1777 AR

R BURYE R T A AL AN, A0M N SR TE— E IR
SRR N, TERA EAWLEE 1 AEAR AR A IR RN o e 200 B X TBURH YR T T 1
YR, 22BN 2 RIS o o 4 AR X 4 e ) SRR P S R R T B, 4
FTE G2-M 1T L B 4 S S BURK, 7E S SRS ) s AN BBURR UL iR 4 P 1) £ B 1 2
BRI R 22—, Brenner /IR 20 A 5 L 7E R N A7 B T AR Y ARUER
J, B (AVERURE R, R] e A R 4 i D 5 R e R AN ) AN [ 200, e T W Y
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et R R | ESP S S - e B QNS % e A P R T EGE R It SRV S BT = P
[ IS A A FE L SRR B e N o D 7 TN SR T 240 M PR S 405 5k — 20 BR 1 o A
X H AL, PRTUIE SR S URE (4 R AS O 2

1.2 BIE

1.2.1 EIFEIR

B3 (cervical cancer) & L VEAE R G i WA EUR MBI 2 —, H
 CLRIR A e g 2022 FE R SR I 5K, U (R K@ S S i RAEAT 9 B
L VR B B A IR 2 IR IR IR & R A R AR G . N FL IR 75 (HPV)
BALEZ MR R R, Hh HPV YOy EEBURR R, BT, B30k
WRFERE ETHES, JF B ROR SRk REREaHe,

1.2.2 BIEERERT

ARG A AP BL 167 PREEAFE TR BUTRT). FZHILST
BALST . R BL B VR AT DL SE e R TE TR BUIUA YT, W BTk
FHEs 20 FEMATE T E VIR ARG, HB) RT 8% M T 2R AR B m i &, JF
HXS T R 0 5 20 i, Aoy £ R TP, (HER 5 AL RIF
AR KA 30- 35%[K) B e B £ 5 IR AT R 3 FA S MILE R
PEBw . DL R SRR BT A ok, AR, AR I A B

1.3 fRBEKERD 2 (UCP2)

1.3.1 fREEER (UCPs) &1

fE B B L (UCPs)N T 2R A IR, & T EohI R e da B 3 SRS, g A Ik
A HABZR AR & 7 s B E BA PSSR A AL, X
L P S 2 A 00 5 % 7K B S FE A, R =S P - SR e AT — A AR A
SLEENDS



%1% #HER

NH, COOH

1 UCPs 5y mEEBY,

H AR UCP KA 5 MR it: UCPL-5. 5 Fs A 0 A T AR AR R ZHL
58 H. UCP1 EEZ A TARCRIT AL, &—FPi 750 r, n LG 2ok
JEL A Ak R #AEEBY . UCP2 5 UCPL R EVEEERBY, {HE UCP1 AN[F, UCP2
TENRRIVF 2 2 B RA LR G RIE, AR Wi FRIERE BEB437, UCP2
WAy e —FHT AL, RO E REAI I BoRLAR g P4 (ROS) I A2B4, UCP3
FES AT HIACLIER) T, S50 & 8RS 39, UCP4 #1 UCPS
FHAL TR0, L B FSPETAIAN 2 R4 R 3R B BRI, T T
IR, LA 7 AR A ) T EERR, 12 N R AR R E L KT AR G
I, UCPs 51 R fEAR 96808 PT DA B IR B Ak A i SE A P 1) A 43T

UCP2 ERALF AW 11 5 4utafk B, JFH 11 550k N E &5
etttk —. NI UCP2 B:RER AL F UCP3 £ 1h %5651 i 7-10kb, UCP2 4w
WFHITETANET 3. de4h, UCP2 BT XA TATA &, Bl DNA #
O BT IX S0 H A AE 1K) DNA [F51(5-TATAAA -3°). MR, ‘EAE JUREE A
THNBAELE SR, R MEEA 1(Spl). BUEREE(AP-1. AP-2) MR IR 1
KNGS AR A, JEH UCP2 LN 2 s O HlE.

1.3.2 UCP2 5fiiyg

UCP2 7] PATE 15 AR AR AR 4k, 3 A e gl oA SR AR 5w Wi AR RE . B PR Ip
IR E AT A0 B p 30, AU SO 2 g = AR bR & 22— o FA1E 100 4EHT, BIE-IR
{AH%(Otto Warburg) st M 22 21|, RIS 7E & AN AR, s 4l f th & e St A7 Wl At
FRE R BIH A S EHE L2 EDL ah, Eammae e RIRIEFAmEL . |
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X ATP & R4 AR R T B, UCP2 e Rt b ie 5 EEEH . O
SCHRIRIE, UCP2 fERELSMR s ik, WA B JeeE . JE/ il
Jitiges &5 e R0 i A 146481 . I HAE R AR, fEIEH A H, UCP2 KikEH
SR, Tk UCP2 AR AT U (i 2 40 M 5 M4 (ROSD R4 R i
S N 2 AN R PSR AR R RO B, 17 UCP2 1 38 U A A7 ) 1 4 ROS [
A R S5 A LR T S ik I e A Pt e DA R AT T 24 A 9521 8 FoA
BEFEH, ¥R UCP2 C5IE B AT LA S MR A A . i, AR A g
i) UCP2 LAF R AR 77 X 5 3 45 i e 4 M R AR il @ M i e A LIS 2, S50
ROS /P IIFIAN AR T2 A /NFHE RNA Filk UCP2 J5, R IIEE s 20 s
ARIIES A I T7 UK, (R 3R i 3 G AR A A2 UCP2 it g i A= 1) o 2
ML, BT RBUA 22 2T H B0 Ki-67 Y23 B UCP2 Hh = ] LLBH 2 )
B2 R B A4 . (0 UCP2 FEBUR AT /R T 2 FEALHIAR G T 820

1.4 2Rtk

1.4.1 LRk S5Th6E

HIZAMAERF R — NN, UHATRIRIAE S, Wikss . Ui i
R, DAROR SR B B &AL S AL S A5 S OB . T X L
AT EAE R, XEHER T2 th AohL s F AL R AL R LA ATP (20 2
R IR A, bR TT DL AR T, I6A B TS Se i AE T AU(ROS)
Ry e sl Rk B S B SRR YRR AR IR DL 2R (A B )5
FERZAED S, SRR Bl A E TR~ A fe i, JF HIERE 32 B 4ok 4
Fe N7 2 AR riiE. SRRt 800-1000 N5 UL mtDNA, ‘EATZ B
RIALN, FFRARAEN AL 1 5 A 7 A% 8 1 Sl e, BRI A AL 4k
RLARIE T, EEA @ H AL T 51 E AL BEER A R GE I R . 2R A ) SR AT
B 14T — AR R R R R o 2L A% 5 & I R I ] BRI X b i s PA) I 3 12k
e WIRFINSE S5 B AEIEFEF ATP AU R IR, KEEMZ3E 2
FRIPR A o P00 B8 ORI T, HL = SRR AR A A 1) 7 A% S BRI i
LAP=2E ATP, 15 PYRS™ A2 1) FEAL AR P, BRIV LA SR Bl S AL B R AL (1) I R



1% Lak&Rk

142 ZRAEMESE (ROS)

ROS RAMAENNI T, RAUEEEHIER NS A G, FEARHA
H HEUFBE(02:-). BE(OH). HHAIERO2)MEEAIERO)FHF LR
3R ER(HOCH . RA(03). HASH02) Mt Al A (H202)%, BA1%H
LR, BARGEA A RS iR A RS MR B R ORI
PIETE ROS A2 AN R a8 in 2 ik . i EAL YRR FO 40 € 3% P-450 IR
). ROS MIAMKKIFRIT Y B, AT 259 SNIEPDIT . S AN A Ay
J o E R A SR A B P PR KO ELAE P ARV R AR, AR TR R, KR —A
P, RN B B35 (-OH). R MEA(H0:). A A HIEO), R4
A NE(O)BY

ROS A Py &R AR A A A AR A I R P A, B 5 1 2 A0 3R 3 A 3 il e
A Ko RRIAZ R ROS =R T 2T, Lokl i 1455 55 (ETC) L4
IR IL & & ATP, EXANEFEF, ROS & T ETC MR 1 T4 25 T(02)
AT B P38 ST 7 AR AR 1260 T 2 A Y JIBE | UCP2 IAZAE 23 (3 B A% 8 i PR O3
2%, WM T 5% MBS, RELRR A ROS M4

ROS fENFKIEH A 3 5 B R il B E2E A . ERIREER, ROS @i
VAT 20 M N RS 5 i R AT AR S T R I WU A S5 01E R s SR, FERK
SR, ROS SHAIMI P IR TAnEE . g BRI DNA [347 i 32 A ),
RN I — RIVR R AR A BP0 5 S0 645 B A AL B
(SOD). HHEMEABFH(CAT). At H ML A (GPX) M H KL B (GR).
B H B S-#5FEBE(GST) M2 Bt H IR (GSH) %5 3 61 54k RF ROS [P~ AEFIFR L2
[ PR~ 71000, FEIEHE A2 A M, v PSRRI BTSRRI AR FR 48 ) B0 R A o 3 B
REI,  THI S Bl i K R0 EMR A, 3 & ROS & 55 e 241
A ke,

1.4.3  ZRRiAAR B B4R &

I TR AR AR A 3 R R RS 10 A 2 R0 4 LA YOS 70, e
SR R A A KA, I LS A P A SR BRE R R 45 5 R 39 i ROS
ez, JF Hik 3 ROS PAAESEIR M, FpEeE g hntes- o1, iy gt n] LIS 30

5
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W R A EIEVER AR, RIPROS B~ R0, 2t — b S EUE T ARG R 2k
700, L E ) ROS AT APRELAN AL A B AL IE IR R 48, FFXT LG40 A DNA
FEN A>T 3&E AT . LR BRI A% 2 S0 — 47 4E DNA AL E
(71,721, i H, B A A 0] LA SRR G R AR DNA B & Fhifd, Wi W3l pidiqs
VERCTORIR M SRR, JF HaX 2451 005 [FIFE ] BLZERZ DNA ARl 20678, (R ik,
B T A% AL, EORLARIR AT RE A B AR N I 1 B H Ar . Kam 558 AR IR ST
]38 I e BE AN i R ROS ELH e it 2 i Y IS B A R € 3K C(Cyt-c) BRI
Bl o A SR A B )3l B P TR R (2 HE Cyt-c HIREBCR B 40 2. Cyt-c A
R R R RI AR B, ST T Apaf-l R G ¥, Caspases-9 H
Cyt-c/Apaf-1 E& AR R SE, I HR 3 Caspases-3 /3R -5 518,
B LR AR S (O JH T K15, TR BIE BEA AR T H A .

1.5 SLEKHE

B H AT SOy — M EE A SRR, R S AT, H2 2
SRR UK LMFETR A, I HAE R EOSRESE 4. H TS 3 167 FB
FERFARABAST « BARIX LG vk O BB 7 R e S R e g,
{ELIE J 0 M 10 DA B2 1) o 3 SR R TR B R A AR B, XS T HL AP e
FEARTEIR R, BIHRERBRFDIVLE MR BER. Kk, FREmHE
S TBA ST T S8 AR S PR BE 43 SR i JBUH BBURR M DASRE s TSR T I AR, R AT
T 75 B ARV 1) BRURTRFF 70 F) 2 05 17

UCP2 fE R — MBS PR S, EES 58RI N 5715 35 (10 AR AR
Ho I H UCP2 [3RIEAR g i) R AR JE B DA G, UCP2 Al LL@ i 1 148
BT AAR 2. AR R I IR 4 AR K . FEIER S, UCP2 1)
FiE B HERRE, UCP2 IRIARE /L1 ROS ()7 AE LA KRR A KA TEE, M
TR T R, TREE UCP2 1w IA T U I & 1] 15 ROS 7 A2 kAl
TSR PR3t R LA B A ST T 2 PE IR = AR, SR UCP2 FETBURHA YT W R FE AL A
WA -

DR M VORIF 7 DA B 5108 4 i Hela AT Caski A= EERF 70X %, BL UCP2 fE 8 H
PREEEEDR, DL B S0 A0 DA R ZRLAR AR RV A B R I PR = S v
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ITHTIE—PTBUR BB bR 5, BRIT UCP2 X B 350 20 i 4 S BURME AR A B FEAL
il o



F2%F MEE5TE

FB2E MRSHE

21 SRIGWEH S8

2.1.1 SRR
MEM MEM 1577 % e AR EHHH R A A
Foetal Bovine Serum H6 4 & VL 75 USR] ZR A= W) )
Penicillin-Streptomycin HEEMEEEE RIEECEMHE AN T

Acrylamide/Bis-acrylamide,  30%  30% A A Bt i/ X AUA G BERSG — Sigma A#], KH

solution

Annexin V -FITC kit Annexin V -FIT {77 & BD A F], %
Propidium iodide AL P g KIEECHEMEARAFA
BCA Protein Assay Kit BCA & A7) & FRE A REMEAR AT
Cell Counting Kit-8 1 i 6 A DK FAZAw, HA
Phosphate buffer saline PBS Ml Solarbio A&, *
DMSO A B R FEAYBHLA A
ECL luminescence kit ECL Aot & LR RF AR A F]
Endo Free Maxi Plasmid Kit To 75 3R R RS 7 & AL RAR AR 2 ]
FITC-GoatAnti-Rabbit Secondary FITC #ric 1l 2EHi i — Pt Santa Cruz A #], 3
Antibody

Lipofectamine™ 2000Transfection Lip2000 A i /4 %% G i 51| Z&[E Thermo Fisher Scientific 23]
Reagent

Refect Transfection Reagent Refect #% 415l WM H AR A A

HRP-GoatAnti-Rabbit ~ Secondary #i#l i H LY lEAR1C ILL=Edi R Bioworld Technology, 3%
Antibody —H

HRP-Goat Anti-Rabbit Secondary AR i E ALY EEFRIC 1L £, Bioworld Technology, 3%
Antibody —H

LB broth LB W% H S A A A
MDC BRI 7 i bR R R F LR A

8



F2%F MEE5TE

NaHCO;3
Dimethylcarbinol
Methanol

Absolute ethanol
QIAGEN plsmid maxi kit
RNase free H2O

NaOH

HCL

Trichloromethane
Ponceau S

Glycine

TEMED

Primer and DNA ligase
QPCR Amplification Kit
Rabbit anti-caspase-3
Rabbit anti-caspase-9
Rabbit anti-Bcl-2
Rabbit anti-Cyt-c
Rabbit anti-Bcl-xl
Rabbit anti-Apaf-1
Rabbit anti-Ku70
Rabbit anti-Rad51
Rabbit anti-CyclinB
Mouse anti-CDC2
Rabbit anti-UCP2
Real-time PCR Kit
Reverse transcription kit
Rhodamine123

RIPA lysate

B R

S A

FA I

ToIK
AR &
J& RNA fif/K
SN

R

i

(=48

HaEm®

DY FA 3L = 2%
5141 DNA &8l
Q PCR ik F &

2 caspase-3 Prik
% caspase-9 ik
% Bel-2 Pk

it Cyt ¢ Pifk

% Bel-x1 Fipfk

% Apaf-1 Hifk
%1 Ku70 ik

% Rad51 Hifk

% CyclinB Hifk
f CDC Jifk

% UCP2 Hifk
Real-time PCR X7/ %
Wit R
2P 123
RIPA #fAR

TAEDEARA R A A, L5
FigH T

ElpmE N

AT

AT ERHL A A
BV TR AR A 7]
TN E A T A R A A
Figs T
T

Amersco A ], FK[H
Solarbio A ], [
Solarbio A #], F[H
KIEFCHEDTA LA
iR A A R A PRA
CST ~#, KA

CST ], K[

Bioworld Technology, 3
Abcam A F], F[H
Bioworld Technology, 3
ImmunoWay A7, &
ImmunoWay A&, 3[H
ImmunoWay A r], 3H
Santa Cruz A H], F[H

CST ], K[
ImmunoWay ‘A&, 3[H
iR A E R A PRA
7 E R TR 2 7]
Sigma A7, FHE

AL F R E R R A ]



F2%F MEE5TE

ROS detecting kit wHEE (ROS) M E KIEECHEMEARA A
TRIzoI™ Reagent 2RI FEER K RRH A BR A A

2.1.2 LR EBM

AT

TOMY ~#, HA

) k)

b ra AR IR A

RO

Thermo A&, FEH

X-RAD 320i X 5 £k45 4%

Precision X-ray A #], 3

R e T AL

TOMY A7}, HA

—80°C iR VKA SANYO ~ 7, HA

TR B AEmN—AE T
HEHHIK RS Bio-Rad A F], %H

K B IKRAX Bio-Rad 7], [

& B o [ P R R AN R B % A )
JTNERGZN b EER A TR A A
FACSCalibur i xU4H 14X BD A7, XH

ERE AL N AR B A R A

B 46 IRAREE AT &I

B AR T R G bR —AE T

W iEdIk 7 as Qlinbeier A&, F[H
ANELE e SR X BOEAER
EIERTA G Olympus A&, HA

1E 5 %0 W st RN, i

Epoch BEFRIX BIO-Rad A 7], [

SN 52 E & PCR X Bio-Tek A #], [

2 3 77 L AR QA P R A

AR (6 L, 12 9L, 24 FL, 96 L)

Corning A #], 3

15mL &0E

Corning/A &), 3%

EPE (200pL. 500uL. 1.5mLAl 5mL)

EppendorfA#], 1

10



F2%F MEE5TE

maAE NESTAH], %[
200 H Je it M Corning A w], & [H
FE W 2% (20uL 200uL 500pL. 1.5mLAI 5SmL) ThermoA &), [H
= Xk e A KodaA ], [H

2.2 SRR

2.2.1 HHHSRYE K ig s

PR IE: Hela 1 Caski (NEHUEAIMD AL MARER S, FHC
Zid STR %7€ . Hela 400 FH MEM R FRBE b7 85 9%, Caski HAEH] 1640 15
FEHEATREFE, FE B TR S 10% 064 B A 1%L B R MEEH R ).
FEVSE AT R 5% COo 3T CIEIRIFFRA G TR A, Fréfi i3] 70-80% /v 47 itk
ATAEAREAR LA 3

2.2.2 R &M

K H S5 = A X-RAD320 AEPHE A (SE[E PXD HEAT RS, B 71
= 7E Hela A1 Caski 41 i1 5r 514 4 Gy 1 8 Gy, HESTHSHE N 180 kV, HN
12.0 mA, VEEEFE A 70 cm, FEZFN 1.02 Gy/min.

223 SIYIERMBERAARE S

ARSI T 51 03 i B AR TR R AR ARG 51T 5T
UCP2 5175

F#E51: 5- GGUGGUCGGAGAUACCAA -3

NHEEI¥: 5°- CCACCAGCCTCTATCGGTTT -3

B-actin 5| 751

LWE5I¥): 5°-CTCCATCCTGGCCTCGCTG-3’

N5 5°-GAGGTAGGACCGGAGCGA-3’

ARG it UCP2 i 33 JiUk: LA R 25 #0006 1 b B S8 BR KRG IR A A, TR
R 80 AR . B 10 pL BRI S 100 pL B2 2541 iR R AT IR S G UK
30 min, VKEUHEE T8I 42 CHIM 90 s JG KK 2 min, S 900puL Toit

11



F2%F MEE5TE

AR LB B R, T 37TCRIKR SR 1 he. BUHJE B TH & E -G HL 12000
rpm/min &0 5 min, FRIEFORIKEE K7 EIH R EHEEI0E BHERRTE
APUAERR LB BARIRAL AP b, B8 T 37 ChgsE, s, Tk
FI 10 pL ARk BB T 5 7 AR E R SR Se A R T3 H 5 mL 7 SuL & R4
R LB BB REE T, VSRR ER T, BT 37 CRREGERY
BERE TR o O H ARG TR0 i 5 88 O A5 20 T TUTE i 8 JSORE KR S 4% 1 W 2 AT
JHRL K o

2.2.4 ZHRARAR s Gy

¥ HeLa 4Hiff B Caski 4HMIARYE A [F)SEE0 2R /0 HIM T 6. 120 24, 96 FLIR
dh, M ACERAE 3 BIFL, 4R BEIA E) 70% AR, R k7 Rfect [ Hela
YA %L siUCP2 Al siNC (siRNA 50 nM /AL, #5497 15 L /4L), YL E R4
ME T 37 CHIBGFRAMHR IR 24 h, FHHTHIR N 4 Gy 9 X LU, IR Hela
Ao AR SRR, AR B 2 X RRZE (Con)

BT HRZE (sINC) FIPTERZH (siUCP2); 7F Caski 4l 38 ik Rk
BRI 50 ) [ 40 N B2 N Vector (3 pg) AT UCP2 (3 pg) i Rik ki, #4L)5
I E T 37 CIREFRAAIEIE 24 h, HIEHTHIEN 8 Gy 1 X AU, RLK
Caski A/ NHUF AL SRR, L o 7R 2 A BRZL (Cond, BAMEXT
fRZH (Vector) MIEFRIAH (UCP2). FEHR IS A [F] B [A] o R 5 A ] S50 e 75 o
DNAH RIS AT AR S HE A A o

2.2.5 Q-PCR &

(—) ZHHE RNA $RE

(D) T4 B FRAGHUH NI, RN LA R FR B B, BN 2 mL PBS i BE4H
M1, WeBR PBS J&, AN 1 mL PBS JETR 40, 2] F| B 40T 1.5 mL EP
B, B, R ETE, N 600 uL TRIzol, WRATIRZA], =HIRHE 5 min.

(2)Ia EP & HinN 120 uL &4)j (TRIzol: &Ah=5: 1D, ETFEURERG, ik
Gitetk® 15, MRS, BT EIRAE 2-3 min.

(3)¥s EP B B TR snd &0 HLF, 12000 rpm, 4 C &40 15 min.

(4)/INC IO L2 RNA KA CREi & T 77 DNA S5HE A D, K/KAH

12



F2%F MEE5TE

B NI EP 45 b o JELERTY EP B /KAHF I 300 uL 1R EE, b FEENRS,
ZIFFE 10 min.

(5) ¥ EP & B TR B B 0HL T 12000 rpm, 4 CE5Cr 10 min, /N3]
B (7K EREDTVESIRED, R RNA JTE.

6)BE I 1 mL I 75% LB (FHIG/K OBEAITJE RNA Bg7K 4% 3:1 1 LAl
FCED, B3 RNA UUE, LI BRI A7 2 IR, 12000 rpm, 4 °C&C» 5 min,
7 b3

(NEEFFE 15 min, 385 5 TS min, {f LEEA 5 K T A 20-50
uL £ 47 ) DEPC /KB fRUTTE «

(8) FH Epoch ALBIZIR & A /T, & SR RNA WREERAERE, 55
HER, MEF-80CH T REas T .

(Z) WHERRMN
(DT FI2H RN AR SR )5 B Tk B& .
F N R PTIR AR F A 2R 2 43 43 il K200 pL EPEE

IR RNA F RNA (1pg)
NovoScript 1st Strand cDNA Synthesis 10 uL
SuperMix
gDNA Purge 1 uL
RNase Free dH20 Up to 20 uL

Q&7 fE, B, 42 CHEH 15-30 min.
(3)75 CW¥HE 5min, 1L, RN ZPA] EHH T PCR.
(=) Q-PCR &l
B R S R RE 5 AE IR 4 A AAFA I TE RNA BE7K) J5,
RN IR (D) RN R B S, RIEQ PRI T Q-PCR ALl .
(1) WHRMAEZR (20 pL)
5wl &

SYBR Premix Ex Taq Il (Tli RNaseH Plus(2 x) 10 uL

Primer 1 0.5 uL

13



$2F HH5®
Primer 2 0.5 uL
cDNA 2.0 uL
RNase Free dH20 7.0 uL
Total 20 pL
(2) % H QPCR fEFR AT
= 2 i 3 L 5 5 E &
%0 C %0 ¢ | _smnc |
200 005 1,\ ! 5 C ||\
| o | _moc
I| iy @b C i 005 H
i 0:30 - fed -
- | o W00 C
Z30
P 2
145 x

22.6 FEARKEBLE
(—) BARRERENE

(A4 BRI 2 0d dbF S A0 BB R 5 7705, I PBS V& BEM
W, SRJEHIIN 1 mL PBS JE RN, 40 &) & R4 i & T 1.5 mL EP &
B, BT s A 0L E 12000 rpm, B0 2 min, 3 EIE; I 200 puL 40
fRVBAT 2 uL PMSF (4024 @ : PMSF=100:1), BT 4 CYMIsI3¢ a8 5] gkt
GEERNE AR JEA 1h, 12000 rpm 250 20 min, W EET 1.5 mL EP &,

H oK E&EH .

(2) HEWREERIME: HRHE 200 L/ LR Rtk dh L+l AR LD BT
il BCA AR A WCB = 50:1, HEAHERIZ TRIIA 96 LAk, F5IE A

g e Sl A
HwARE (LD 0 1 2 4 8 12 16 20 BEM 2 il
PBS (uL) 20 19 18 16 12 8 4 0 18
TAEM (ul) 200 200 200 200 200 200 200 200 200

14




F2%F MEE5TE

(3) B O INLFRES ) 96 LR E TP E R GAGRZIRA G, BT 37 Chif
B 30min J5, TEEARAL 562 nm AR NN VER 0 S ALBOG AR, I HARYE R 2
LBV o PR FL 0T IS PRI W' P88 A 2 il b ettt 2, AR ottt e A AT H B H Al 2
AFEMIIRE . RIEEARFRETERITEAORR, 5 &0 EFEZMK
(SDS) AL ZRARIR & Bl 2 1A 2R, ARG R 20 pL/ ERESL, @)@t 100 C
& 5Smin, EEARNE, BEFNEARGHET-20 CRASH.

(Z) Western Blot

()i AR BTl 2 1 B0 4k 40— 55 4 AN [) 7 5 Fl) AN ]9 B2 1) SDS-PAGE 58
PR IR I eI, AR ST S5 B F 32 2 AR N 8% 15% ) SDS-PAGE [ - .

() LB K DR A N B T8 R K ) AR e N A LA 11
T BB T R, Jari AR KGR R, T R AN N R KO
5 A AT R 2, PR ) IRE LR 4 73 N 2 1 Marker 5 L FHEE FIRE )
20 uL/ - FEFLS

)Tk ERLT EKRE R BRI, KRG R B 80V, FRBTINRE
B IR A IS K R R 120V, REETIIEE B4y B RIAE R AL, OGP HIIKA, Y
1 AR

(AFENE: BRI HIAIEE F J5 LRIk gRIR, B o B IR B T e g4t b,
JF Ho¥ NC B TR b, REHRR NC 5 B a 1<, 7T NC B RJ7
B FIRAR A S R A4, SRR, F L N A, I A A P I N
TRUFIR I NC 573 B, IF ) % Al A TN UK AR SR AN e A 1B Tk b A
915 1 S AR = B B S, KR R R D 90V, 90 min HEATHE M

() : IR O R IFI NC B, MBIk le (B R a2 2 AH
Ry, BTSN, bTIRE, ERTHEKEED, F IxTBST P, %M Marker
MIAL B BTHT T B R A, TN 5% B (BifEWhk: 1XTBST=5 g: 100
mL) H, ZEE 1 h,

O)— P E : HAL ARG EE A, H IxTBST iGBih £ T 1 A,
FHIMA#E ] TBST #REH—Ht (1: 1000-1: 2000), B FHEK L, 4°C LHME .-

P E: KR H, B IxTBST $lE 3 %, A% 10 min,
N F TBST Rk — 4t (1:10 000-1: 50 000D, =EHFH 1 ho
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®)G: Bl =i, H IxTBST e 3 X, X 10 min, [AIfE AN ECL
ROt Bk NC IREIR]D) AT E 2 min, ¥ NC B _E 2 RHR G
IR, B NC BEE TS A, F NC BE_ERCE X i A, 4R Bl & [ i
PR B A AE N 22 50 s 000 B B0, K R i 1) 1 BT R IR R T B
WKE, TREEBTBATESR, BT T ah gt 7ot

2.2.7 HHHIIYGE IS Re 1R

(=) BEHRLLR

(1) B 6 B 6 FLIR, KA I UFMMmE tH40s, %I 2000 4~/FL A4 M
FiF 6 LA, FEGEESS, 45 TR N 2. 4. 6. 8. 10 Gy 4T, HGEET
37 CHEFFMUATESR 14 REA

(2) FRYUASETETE BN B LN, 25 BRRE FRAR P K5 77 0, NN PBS VeI X,
FEALFIIN | mL 4%% REFHEE, [E5E 20 min, f#HBAKTSE 2 K102 KT,
FELHINN 1 mL 45 & SO0 B 8 AR EAT Q45 30 min, [RIWCEE %, 45 6 FLIR
(R0 S 1T 2 R BT

() BT EE AL TR TR R

VR R = CEIE BRI ED x100%

(=) ZHAETE I PEA U

L. SHAE T /NI A G, SR T A WSO A0 ) o480, T 96 LR, 4000
ANFL, Hela ZUH B E Con 41, siNC 4, siUCP2 41, FF4IKE] 50%-70% A4
Jo. %57 4 Gy WY, 4k4LE:9% 24 h; Caski A E Con 41, Vector 41, UCP2
WRIEH, (a4 H] 50%-70% A5, 4T 8 Gy Mg, T B 96 fLik
v R AT B Gt Yo AR F R K DA% Caskd 0 AR KA K, BB e & KoK [%
1K, AiRZREHM, LR e T/ NI 4L 5 B AT 96 FLIRIN 7%

2. [AFLINA 10 uL CCK-8 W, 37 CHEE 3 h Jo, {1 FBEFR I E 450 nm
REROC AR o 3% T A ST A AR S %

A M AF I Ze=[ (L5 AL-77 F L)/ O FR AL 1)1 100 %

2.2.8 ROS &l

R ek 24 hiv A R e el AL e, tH 8 A 96 SLARG, 8000 A4M/AL, F4iE
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MEEES, BEATHEST, 9 FHREHE 6h, 12h, 24h =AW, W ERANRT 9%
LA PRE IR, FALIIA 100 uL PBSHEATIEYE, WERPBS)E, [AIREFLH N LK
FE N 8 uMAIDCFH-DA (2, 7- & ZNEW LML) 4%, DCFH-DAR LLH H
FIP AR, HAR G IR R, (HE NS, Bl 4R A 0 1 B K A 2B AR
DCFH (2, 7-“& &% HK). MDCFHAREZ AU, Mo H 25 5 3%
BENANML P, S P S AT LUK TE 2 6 I DCFHARAL I A2 i 9 Y6 IDCF (2, 7-
ZEIOGFED, AT LU A DCF 58t K 8 4H M 9 iE S (ROSD 197K
o KR NRE AN E T 37 CRUESFRMED I E 20 min, R Z T RIHRE
IMAPBSEEF R GE =B Ve R EA M BRI, HROIBCOR, Z#iagani
i, FMFAREACR), NN 100 uL PBSHIH Cytation™3 4 fifd sl A8 SR e AT HHE 4>
AT 5 't 5 B SR 5 2 Ml A ROS I 7= AE 15 0L o

2.2.9 SRR SER AN

MR, BRI s 3% R, AT {8 SRR IRE 20 min, 3494
ST 240 B R P S 22 SRS x5 B AT TOUAL B . 5 A0 S 0 R A
RIS, BT WRT BRRGE, FrBr BRI, KB s s B T
FSELARH, RIS LA R 1.2x 105 AS/ALAVZHM, F740 M5 BE f5 Hela 40 i3t
1THE % siUCP2 F1 siNC (siRNA 50 nM/AL, #4%ik7) 15 u/fL), FHEEE A
XTHE Con H. ¥e4k)5 24 h ICERIA S RMERA, FEIRAHTHEN 4 Gy WK
UFs Caski AiHu% 4% Vector F1 UCP2 i KA AL 3ug (Fiki: #Y4A7=1pg:
2ul), #YLE 24 h WERREAH SRR, RRAEETHERN 8 Gy WIS, Jf
HAF IR 24 h &L N2 FE > 200 nM ] Mitotracker Green™(—Ffi & i
PRERETOCIREL, W UM TE G RS RL A R PR SO e, SR 5 R A
FERAE EOE L) T 37 CHIREFRAAECHF E 30 min, W ER 2 T HIERER, A PBS
PR, U 55 35 B T8 1 B A b OGS AR 7 ' 5 P o e A i 7
PEREAT 738

2.2.10 WAAMARTAMAET. AR, EBEAZL
2.2.10.1  ZAREPE TR
U G A H A, B SR 2R LR A i 7R B T & B0, W
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R0 PBS EBE AU S, {3 H G EDTA (1A 0T 40 st A7 4k, TH AL
IR, R A 8 A3 A0 5 TR 20 B 5 27 L A i N 45 L7 1A 05 97 55 DA -4 v 1L
BRRANMBE, BARSRBASLE Y, BT E 0N 2000 rpm/min, &L
5min, FERIE, BEAEMEDTNE, EAMTEGRE M 1 X gl (RELH I
B, A2 BT SX AR 1 XD BRI, WIS %A R4
FmaEd, FEHRSNRAE H A S uL FITC A1 10 uL PI, #EYE4f 30 min
Ja,  EHUEEAT AL .

2.2.10.2  ZHAE A HAR I

BOH ARG, WRERANAE A 5 A (R 7R AL, [mge 5 R A N 4 mL PBS i
T, AL 500 pL REE, TAMREEFRAE 37 CUHAL 5 min, Z1bH
g, B 15mL B0 H, 1500 rpm &0 5 min, JIA 4 mL PBS MATVREET,
2, Wk EIEEHEIIN 4 mL PBS WTVRS), WRFR E3E, A 150 uL PBS,
I 400 mL A ToK O, B%IRA . THET 4 “CEE 30 min-2 h ([H & 1)
AR T--20 CAEH 4 JD, WETIRA G, BT 201 1500 rppm/min, &0 5 min,
Wef B3, IIN 1 mL PBS &, #82, HE T .04 1500 rpm/min, &0 5 min,
W B B3, ISR ETECHILF B PL R €W (FH 1 X PBS FZKIE N 40 pg/L 1) 250
X PI [f] 58 WA IR E J9 50 pg/mL () 1000 X Rnase B B 300 pL T4 —AM
DL AR RATIR ST, W IR E 30 min (HERIF (040 M AL 24 h NG, k=
PURTFR MRS, A 300 B Mg g = im =8, R0 BRI

2.2.10.3  ZRhi AR ELALRS I

B H AT S (BB, TR R R R L R G (R 9 38, PBS ELEE, A 1
mL BREEFEAT AL, ARSI A (B 5 IR B 2 BT AL, K20 Sl e
BLOE T, BT ELOML 1000 rpm/min, B0 5 min, Wk EEE, MBS EOE
M 300 pL 9K ER 5 uM BIZPHIREGR], T 37 C##tiFE 20 min, BT 5
OHLE L, 24 PBS Pk, ERVE3E/E, A 300 uL PBS EAUAIIEN AT,
2.2.11 yH2AX S e e ik

HE A B3 /NG R L5 9% Hela 4008, Faow AR AR DL L 5 Frdil o 2
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FEIKF] 50%4 A, BEE siNC BIMEXTIRAL, siUCP2 JTERAL, LAK 5% [ AH N 52 58 R
H, i Rfect WFITH Yy, Y5 24 h XHHEHESEIG AT 4 Gy HRUGT,

()& HAM I MES AN ARG, FEEFREE, I PBS % =K

(2)4%% FH L 4 CIH % 20 min;

Q)FZFKHFEE, A PBS ik =K, 5% Triton-X100 A%/ 15 min;

(4)F 5% Triton-X100, HIA PBS ¥EH =%, A 5% BSA TAEMH, =¥
] 2 h;

(5)H 1: 200 MEHIYH2AX Fitdk (10 pL) B E 400, 4 CHR;

(6)PBS k7%t # 5 minx3 ¢k, FITC ARid=EPLR =Pt (1: 1000) =R
% & 2 2 hs

(7) PBS #R% ¥ 5 minx3 X, DAPI Z iR #E: 444 10 min, PBS ¥ 5 minx3
Ve

(8) TWMPLFICHIGNE v, FEF S, ERERME TSI,

2.3 GIHENE

PLESEIG S HEE =R, SEIGEHE R SPSS 24.0 BT 40 M. 5K
I BB LR UESE (X +s) Fon, FUBIERBI S E&S G, Iy
ZEor AT AT A L, AR IEf8F GraphPad 6.0 B AF#E4T 434, P<0.05 Ko 2
(=N
=

HA G
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3.1 UCP2 Xt HEESE SR E IR 40 i 58 77 1 5e 52 m

3.1.1 EFVEAMT UCP2 AEFXAFRN

F F Q-PCR V2 #1 Western Blot ¥ 73 J) 4 Il A< 52 56 = I A7 T = 250068 4H it
Hela. Siha. C-33A. ME-180. Caski #' UCP2 ) mRNA Fl& H/KF, SRk
3.1 ffizs, UCP2 mRNA [ 3 /K F{E Hela A1 Siha 400455, 1 Caski 40 ffdH
[f] UCP2 1) mRNA S8 /K P AR T oA DU P40 M 35085 o 5 482 S B0 1k B AN IS
FIEIK P E ) Hela 1E 94 5 UCP2 UTBABI AL i FH A, 308 F AR R I 7K PR Y
Caski 1E 9 UCP2 i FIA A i F 2 i«

N
)

-
o
L

Hela Siha C-33AME-180Caski

ucp2 _“ - -

o
o

Reletive expression of UCP2 mRNA
-
o

o
o

A
%

Figure3.1 UCP2 levels in five cervical cancer cells

n=23, X+ s; *P <0.05 vs Hela
3.1.2 EEEHXT Hela 40t UCP2 Fikgm
{5 FH} Q-PCR £ F11 Western Blot 7545 Hela 400 7E &0 7 =N 4 Gy R G
ASTRIES 18] £ mRNA FIER 7K, R B 5 5 8 S i (8] i 4EF% , UCP2 iR e

mRNA 62 & FH/K PR A B RREE RIS (P<0.05) (K 3.2), HILH#ER UCP2
AR A — MRS TR
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Figure 3.2 UCP2 expression was upregulated in response to ionizing radiation in Hela cells

(n=3, X+s; **P<0.01vsOh)

3.1.3 EST UCP2 JLERFNIT ik 40 fa s 7Y

s N T A UCP2 IR RNA F Bt (siUCP2) DA K 3k ook 3 3ot Wi 4%
Qe 7rid, 4l N Hela Al Caski 4HM0H, BRIy J#4 % UCP2 YRS i ik 41 i
B, 258 Q-PCR 21 Western Blot A0 K L, 45418 3.3 A f1 B fiios, ™
f UCP2 siRNA 7£ Hela 41 fifg P ITBR R 5 80 m (P<0.01) UL EL siUCP2#2
AT JE 85256 . (HAE UCP2 i RIAMEA @ R I, 5 MEXT BRZEAR LG, %%
D)5 ¥ Caski 400 mRNA K-PHBCNHE W&, SAKTFEREHAS (K
3.3 C M D), (HELPAR ST AT, REJLR, EREMEL, TRt
RIS e e G . 2 SEIG IR N, 5 2R S0 2 IR AFTE I AL B AT
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Figure 3.3 Detection of transient transfection efficiency

A,C: mRNA level of UCP2; B.,D: protein level of UCP2 (n=3, X +s; **P<0.01 vs siNC

or Vector)

3.1.4 UCP2 X145 HR AT /5 B 0% 40 B i 38 FE A7 75 B8 7 IR

FI VR RS 7 225 0 2. 4. 6. 8. 10 Gy WS 5 Hela 40/ (114
VEIGRUEDL, SR 3.4 A FIK | s, BEE TGS RIE 0, wyZE 4 it 4
VETE R Rk, BV IR S IR A RTE 4. 6+ 8. 10 Gy FIE RS,
UCP2 VLB H 41 i 4 ¥ 2 Bl B B AR T BP0 B 2H (P<0.01), FA] Graphpad 6.0
TG BN Z AR, TR ZE 40 R P 705 43 B 5 T, B P R 2E A — e 1
% CRH T BRELAE 35 23 20R 0.876, VTERZAAAE 7040 0.739). I H CCK-8 55
R I Hela 40 /2 G 4R IR, 4 6 AL 400 Al 110 98 5047975 i 0 AR A T A i R 4
WIEK, FHHRRA S,  UCP2 JTER AL 4 M v 77 A BT 14 o e 2H B 8 B AIG
(P<0.05) (¥ 3.4B). T Caski 4HEEVRIE iAE JI5055, AR AT Y HigE
71, FHZSATHTSLIE R IL, Caski 45T 4 Gy BIREABUK, JE8xT
Caski 41 48 I Rk 2 A 8 Gy, CCK-8 SZIGATIN Caski £ i B (E 4715 fE
RIS A0S AR T R SR IR BT N R, R EH 8 Gy &N T Caski 4
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M —E R AE R, B4R IR b UCP2 133k 5 B 4T M8 5 773 Bt )1 5 W11
SRAZHAR LG IR T 22 5, mTBE SR YN A 56, BT Caski 40 A K A H%
K, REET 96 fLIFEBERLY (3.40), {HMNITE UCP2 [ Hela 41 il 45
"] LLF H UCP2 W] RETE B S0 40 i S U it 5 B

A

- siNC
-& siUCP2

100

*

1014

il 5y BSF

102 1

R 1k 2 AR Y AL DUER A1 Hela 41 A 737 il 230045 4521

H DO N Dq SF2 R2
SiINC 2.796 3.909 3.812 0.876 0.978
siUCP2 2.711 2.475 2.457 0.739 0.959
B C
1507 Hl siNC 2.0 Bl Vector
0 siUCP2 . ucP2
= - 157
g %0 - = g
a ,e S 104
B .
° 20 051
0 . 0.0 r .
QO‘\ %C"\

& o

Figure3.4 Effect of UCP2 on radiosensitivity of cervical cancer cells

(A) Colony formation was detected in Hela negative control group and silencing group

(B) Proliferation viability of Hela cells was detected among each group
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(C) Proliferation viability of Caski cells was detected among each group

(n=3, X<£s; *P<0.05, **P<0.01 vs Con, # P<0.05 vs 4Gy siNC or 8Gy Vector)

3.2 UCP2 XtHE5 52 1S SR 41 A JE TR M S SR A AE SR HL

321 UCP2 M TEMNESEIBARAT M

i QA PR AT I 20 B R T 1S LR B, AF Hela 4R, 6 IS 20 M 0 2 28 AH
BT RIS AW B3G5 (P<0.05) JF HARMRAL A, UCP2 JTERALAREL T Bt 20
TR EFEWIN (P<0.05) (KB 3.5AF1 B), HIZEH UCP2 TR At 21458 = 4
o8 20 P P e S AR s TR, FRATT st v s AR A I T UCP2 3 3R A S5 Y
Caski AR T A, W& (3.5C F1 D Fizs); 1 Caski 4, 45 I8 2H 40
(R TR AR T R AR AL B3, (B RATS, UCP2 i RIAH 4 fARE T
(R ZEL 0] B ZH A0 P R T 2 B PRI Bt B it 73 3, (HAR AN Hela 41 i
TR, IX 5 LS GO 2 (8 RO AF AR R . B3 4518 UCP2 &
FIAB W RE TS 3 B 0 A L 7 A A N B

1 mm con
siNC i

31 mm siucp2 r

Relative Annexin V postive cells

Vector

2.0
I Con L *
! *

Vector
1 = UCP2 T

--
o

o
o

Relative Annexin V postive cells
o

o
o

3
L

Figure3.5 Effect of UCP2 on radiation-induced apoptosis of cervical cancer cells
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(A)Flow cytometry analysis of apoptosis after UCP2 knockdown(B)Flow cytometry analysis
of apoptosis after UCP2 overexpression (n=3, X 4+ 5; *P<0.05, **P<0.01 vs Con, # P< 0.05
vs 4Gy siNC or 8Gy Vector)

3.2.2 UCP2 UMiESHE S B 20 40 M T iR oA AR e L A

NIRFE UCP2 51 B T AR AL A B, FRATTEE A Western Blot 24 5
LERLAE T ARSE I — RAVE T TR, 45 R0 3.6 FioR, 1E Hela 41ffaH,
WG, AT AR A Bel-2y Bel-xl /K FAE UCP2 I 3R 20 A AH 5 - 9 4 X6 R
A R, {2YH TS5 B Cleaved-Caspase3. Cleaved-Caspase9 DL & 518 T2 /M
TE ARG EL T Cyt-cv Apaf-1 ZEVTBRZE ARG T I 0 MR ZH AR AR FE 3 - (&
3.6A M C); H HAENE M G 1T %95 UCP2 i) Caski 40 rhAG 1 5] Bel-2 25 FH /K
M B P B AT — A 4 N, Cleaved-Caspase9 PA K Cyt-c [1)5K [ R A1

UCP2 it RiEHE — EREMFK, 12 Bel-xl. Cleaved-Caspase3 VL Apaf-1 2§
HIKPAE S AR ZE R IFEAH T (B 3.6 BRI D), FHiE— P8R KAE LIRFT

Bl 258 UCP2 JUBRAN MM Y 1) 25 2R DL K i 70 i ik AR R ) 45 1, AT 4
M UCP2 W] g 55 Ahi i 75 3 B Tl A %
A 0Gy 4Gy B 0Gy 8Gy
Con_siNC siucP2 Co siC siUCP2 Con Vector UCP2 Con Vector UCP2
Bel-xI - e Bel-xI
Cleaved- [P W —a a“
Cleaved- ‘__j:_:.::_ < R
Caspase9 - Caspased L :B .- -
Cleaved- m Cloavea. W0 e e e o G
Caspase3| =~ ‘ = Caspase3 | :
yt-c F. - - -— . q Cyt-C m
Apaf-1 | 1 B oo -t Apaf-1 L- 4 b 1]
B- actin |M| B- actin p“‘ﬂ-ﬂ
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Bel-xl Bel-2 Cleaved Caspase-9
t

N N
¢ g
Cleaved Caspase3 15 Cyte Apaf-1

. Con
Il siNC
. siucpP2

== Con
. Vector
- UCP2

Figure3.6 Effect of UCP2 on apoptosis related protein expression of cervical cancer cells
(A) Western blots of Bcl-2, Bel-xl, caspase-3, caspase-9, cytochrome ¢, Apaf-1, and the
B-actin protein loading Control of Hela cells.(B) Western blots of Bcl-2, Bcel-x1, caspase-3,
caspase-9, cytochrome ¢, Apaf-1, and the -actin protein loading Control of Caski cells.(C)
Relative protein amount of Bcl-2, Bel-x1, caspase-3, caspase-9, cytochrome ¢, and Apaf-1 of

Hela cells(D) Relative protein amount of Bcl-2, Bel-x1, caspase-3, caspase-9, cytochrome c,
and Apaf-1 of Caski cells(n=3, X +5; *P<0.05, **P<0.01 vs Con, #P<0.05vs 4Gy siNC

or 8Gy Vector)

3.2.3 UCP2 MEHNESHEIEAMA ROS KM

UCP2 1EN—Fp 2Rtk IR I B Fikiafh, HRIEDI A FE S 5] ik
PRI B A AR e AR, R S BRI R A ROS KA AL . F-ATTAE ] DCFH-DA
PREF K IIAE Hela A1 Caski IS AT 5 ) 6 hy 12 hy 24 h BJ ) ROS 28 {k, &5
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R 3.7A. By C iR, RE X &M H) &4 Hela 412 ROS & T LH K%

S, (HEEIRZHZ0 A ROS #1185 B340 (P<0.05), Ff H.Ffi 25 45 I8 )5 i ] (9 ZE 4, ROS

PRAERIBETEAR, ERMUS 6 hy 12 h AERESENE, JFHAERRBE 12h 5RE

W2 R oM, BB 24 h B THEL (b2 UG KR4 ROS 7

BT ARG S, W HIRATE RIS 6 hy 12 h B, 4RI+ UCP2 it
BRJE Hela 41/l ROS A= i B 2 2 T B 1t % B 4H.(P<0.05), KB UCP2 JiER/E AT
DA b 51175 5 1) Hela 404 ROS HIZERL: 7 Caski 4HM R, 6 HE S 48 1
ROS A T A58 R4 B in(P<0.05), JFH TG 6 h ZREAHE. HEF
HEJE 12 h g T8, FREE IIEE, 24 h R IR AL S R IR AL O W B2 5,

I ST UM o0 R B R IR Caski ZHMIJH TR 2 AW 8 . (BRI )GE
6. 12 h I} UCP2 i FRIE 4K ROS P EARE T MV A — @R L, &
ANGn Hela 402 (R, (H B G2 L(P<0.05) (& 3.7 E. F. G), EJ UCP2
SRR S5 5 1 B U 4H LN ROS 7= AR B .

6h

= Con
=i
 siUCP2 =

NAODO
2
0

OaNWA®M OOOOO

Relative intensity of Tluores:ec_}lu

Relative intensity of fluorescence
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Figure3.7 Effects of UCP2 on ROS in radiation-induced cervical cancer cells
(A. B. C) Change in intracellular ROS at 6 h,12 h and 24 h of Hela cells after irradiation
(D. E. F) Change in intracellular ROS at 6 h ,12 h and 24 h of Caski cells after irradiation

(n=3, X+s; *P<0.05, **P<0.01vs Con, #P<0.05vs 4Gy siNC or 8Gy Vector)

3.2.4  UCP2 XH4B5HE 3 'S S8 41 ML I SonL A iR e br A S

UCP2 115 18 34 TT LARY S 2R fA P9 50T T2 IR I 2, 1T i 2 5 2%
LA L LA, (14 F S B A 6 o FRATMSE I 2 P 123 Rl 7 1 Pl 2 A [ A 22 )
IR LA, 18] 3.8 AR T s D O ok FE 5 I A e S e o ] 3.8 A s,
Hela ZHMIFEL I FE RS 6. 12, 24 h, E ML 2R (A o AL AR SR T R GG R 25
BN R F(P<0.05). J:H/E4EIRG 6 h, fEIRAIF, UCP2 YIER G Lehi i B
REAHELT B R A BORFE FE 4 15(P<0.05),  FRATHEN LNy UCP2 #UTER
JE R B IR RN TR, (AER RS 12 h L& 24 h, DB gnis, i
RZ5 TR UCP2 J5 R f A T s 4 ROS HIA i, 2B B ROS 15 Al T4 ki
PR, s N REEE PR RS 5, 5T T IR R B B B FREARE Ok . b EE, 3RAT]
WA T 2 RS 64 12, 24 h Caski 0 IIREFEAL, 255K 3.8 B FioR, &
HEJS 1 Caski ZH A 5 T oA 4 6 2H FBE Ao B W2 PR (P<<0.05),  F: HL A HE S 5[]
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& UCP2 iE RIA AR T B M B0 #8 — BELAL T FRRIR S (P<0.05), KT UR
EBE LI ST, S2. B UCP2 i ik 5s T I f i Fi2IRidFE, FRIK T2k
BRI M A B 25, RO T IR FE AL

Relative ity of fluorescence

Relative intensity of fluorescence
Relative intensity of fluorescence

& e

Relative Intensity of fluorescence
Relative Intensity of fluorescence
Relative Intensity of fluorescence

Figure3.8 Change in mitochondrial membrane potential after irradiation in cervical cancer

cells
(A) Change in imitochondrial membrane potentia at 6 h ,12 h and 24 h of Hela cells after

irradiation (B) Change in imitochondrial membrane potentia at 6 h ,12 h and 24 h of Caski

cells after irradiation(n=3, X & g; #P<0.05, **P< 0.01 vs Con, # P< 0.05 vs 4Gy siNC or 8Gy

Vector)
3.2.5 UCP2 XT4RH5 3 S S0 40 K 22 i 44 i 50 B 1 i s

PA_E 25 SR B B S 4 i UCP2 RIB R S5, ZobifA s Bfr k4 T A1k,
NIRRT 2 5l AR A S5 ) 1) 250, A1 FH Mito-tracker Green™ X 4 47
Geto 5, ORAr DU A PR SR A I 1) e B 1, SR A R e B v 5 18] 3.9 H v g
FERIELE . S5 RANE 3.9 A s, AR ZE 400 R 5 o B e, BV R ZE 110
M ZRLAR I B 76 5, HE S AL AT I 25 ' 5 R A 5 oK B A 2L % ot i 5 W i P
fiK (P<0.05), B4 5 4 i 2 b (4 I 58 B A% A, O FLAR IRZHLITER UCP2 J5 i
Hela 4 1) £ oz U s 5 e AR 50 9 46 L2 B 8 BRI, BD UCP2 YL BR JE 1 5tk
S F Hela 2R KRS M 4510%5: S 4sta)a RIL, HRIFZR Caski 45
588 P AR T oA B 4L O S AT, B R T Caski 400 AT B v A S AR 1R
SRR 2 H, UCP2 i 3RIE 1 Caski 41 A1) 2 0 P MR BT I X BR8N
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W AT, B UCP2 I 3R3E Ja 48 5175 5 1 Caski 4H A2 A5 e B A A AL T A
P HRZEA s (3.9 B), B UCP2 KL FRIE A REIRSS 1 48 S0 T 5 0 4
FRERAIER, PR TR, 9885 T Caski 40 948 S B0

A

'ﬂ

Con siNC siUCP2

OGy IB=e

Con Vector UCP2

R!mw: |n(=r|s\b; of fi

Figure3.9 Effect of UCP2 on mitochondrial membrane integrity of radiation-induced

cervical cancer cells

(A) Changes of mitochondrial membrane integrity of Hela cells (B) Changes of mitochondrial
membrane integrity of Caski cells(n=3, X & g; #P<0.05, **P<0.01 vs Con, # P<0.05 vs 4Gy
siNC or 8Gy Vector)

3.3 UCP2 XESHE S 1S F0% 40 i & #H R ma KA e pL]

) PR YL AT AR AR I 40 P JE A 30, Hela 40 /2280t BRA JG R ZH 41 ff A
BT AR IR 20 2 S IV BN B B G2 IR (P<0.05), JF HOR ISR I
G2 AP AETTBR AR T B EXT B B 9B & (P<0.05) | RIVTER UCP2 1555 1
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Figure3.10 Effect of UCP2 on the cycle of radiation-induced cervical cancer cells
(A) Flow cytometry of HeLa cells after UCP2 knockdownwith or without irradiation (B) Flow
cytometry of Caski cells after UCP2 knockdownwith or without irradiation (C) Western blots of
cyclin B, CDC2, and the B-actin loading control expression of Hela cells (D) Western blots of
cyclin B, CDC2, and the B-actin loading control expression of Caski cells (E)Relative protein
amountof cyclin B, CDC2 of Hela cells (E)Relative protein amountof cyclin B, CDC2 of Caski

cells (n=3, X +g; *P<0.05, **P<0.01vs Con, #P<0.05vs 4Gy siNC or 8Gy Vector)
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Figure3.11 Effects of UCP2 on DNA damage repair and related proteins induced by radiation in

cervical cancer cells

(A) vy H2AX expression assayed by immunofluorescence (B) Western blots of Ku70, Rad51,
and the B-actin loading control of Hela cells (C) Western blots of Ku70, Rad51, and the B-actin
loading control of Caski cells (D) Relative protein amount of Ku70 and Rad51 of Hela cells (E)
Relative protein amount of Y H2AX, Ku70 and Rad51 of Caski cells(n=3, X 45; #P<0.05, **P<
0.01 vs Con, # P<0.05 vs 4Gy siNC or 8Gy Vector)
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