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[(FE] B BTk ki (TERT ) 6 HA: K BUB s v i 45 ( HIBD ) S5 ZMAE IR -5 00 .
FiE W72 R R R TR . 25 Bokig] . HIBD ZHF0 TERT 2H . JHE B Rice B4 542 KB HIBD A%,
T TRANE — FHET Y (O WS A AU Bk s . 23 BOREZH AT TERT 2039 FARJT 0.5 h, ZeMAR 28 75T peDNA3.1
25 ORI B TERT A% 6 35 UL pcDNA3.1-TERT, 2K fH Western blot B A6 4% 20 A BG4 2L TERT . PH T S M
T (AIF) FIidE e Head iR 4 (1 3 (CC3) MYBRMFRIAKF; R A TUNEL LK 4 2 b 28 AN P8 T 15 O o
ZE S5EFARMAME, HIBD 4. 25 Frkigd #1 TERT 20 KMk K2 )2 4 TERT & #5800 (P<0.01) 5 543 Foki
210 HIBD i AH L, TERT 41 TERT & I8 B BN (P<0.01) o SIRFARAML, 2 FORALR HIBD 41 ATF
I CC3 A AT A B E I (P<0.01) ; 54 FORiZF1 HIBD ZAHEL, TERT 4 AIF #1 CC3 &
P13k . UM ToHE O s/ (P<0.01) o 4518 TERT Al i Bl B S a2 g v, 754 K
HIBD " HAT —E & PEH . [hEL/RILRIZE, 2016, 18 (12) : 1296-1301 ]
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The neuroprotective role of exogenous TERT gene in neonatal rats with hypoxic-
ischemic brain damage

ZHAO Feng-Yan, QU Yi, ZHANG Li, HUANG Lan, LIU Hai-Ting, LI Jiao, MU De-Zhi. Department of Pediatrics,
West China Second Hospital, Sichuan University/Key Laboratory of Birth Defects and Related Diseases of Women and
Children, Ministry of Education, Chengdu 610041, China (Mu D-Z, Email: mudz@scu.edu.cn)

Abstract: Objective To study the effect of telomerase reverse transcriptase (TERT) on cell apoptosis in neonatal
rat brains after hypoxic-ischemic brain injury (HIBD). Methods A total of 72 neonatal rats were divided into sham,
vehicle, HIBD and TERT groups. HIBD was induced by Rice method in the later three groups. The neonatal rats in the
vehicle and TERT groups were injected with plasmids containing mock or full length TERT by an intracerebroventricular
injection 30 minutes after hypoxic-ischemic (HI) injury. Pathological changes of brain tissue were observed by
hematoxylin and eosin (HE) staining. Western blot was used to detect the protein expression of TERT, apoptosis-inducing
factor (AIF) and cleaved caspase 3 (CC3). Apoptotic cells were detected by TUNEL staining. Results ~ Western blot
showed that TERT protein was dramatically increased in the vehicle, HIBD and TERT groups compared with the sham
group. Compared with the vehicle and HIBD groups, TERT protein in the TERT group was significantly upregulated.
Compared with the sham group, there was a significant increase in apoptotic index and expression of AIF and CC3
proteins in the vehicle and HIBD groups (P<0.01). The TERT group showed decreased expression of AIF and CC3
proteins and apoptotic index compared with the vehicle and HIBD groups (£<0.01). Conclusions TERT can inhibit
cell apoptosis induced by HI and might have a neuroprotective role in developing brain with HIBD.

[Chin J Contemp Pediatr, 2016, 18(12): 1296-1301]
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S L T A R SR AL 4 o AR v A P A
) —FIE, SR EMPER (hypoxic-ischemic
encephalopathy, HIE ) {4 & HL H 7 32 S 1
Y8 T AE SR BRI (hypoxic-ischemic, HI) 5145
JEEUNST N A, FTRRSEE SR ICR R i BE
W A B, AT S O A A T
R P, B, AR Tk HIE 2454
NEp IV Ly e

WFIT I, kil S S ( telomerase reverse
transcriptase, TERT )EAT il #2404 - pO4E
P TERT 3k AT WY g 35 8 5 4 1B = 175 i
Zon T, ARREALTE HIE 1944 YRR S 5%
BEAIRYRTTE b B, Hif TERT JENZRIL, w3
fEE HE 5T ph 2 g gi v ) (HAMEME TERT
FE PR 5 AT A Bk AR i 1 i 453 473 ( hypoxcic-
ischemic brain damage, HIBD ) AR T )
M) e A DLARGE o A S Sy 4P ok 37 AR K R HIBD
R R RPRE AMIE P TERT PR S A8 A K U 4
A, WEGZ LR A KB HIBD ot 22 4 i 1
TR

1 #REEE

1.1 LR EZRAF. UF

10 H i Sprague-Dawley (SD ) #fE K FIE A
JILHR 15 A B 2 S S A BRZA Wl . peDNA3.T (R
EEAYTRARAF) , TERT HAZRLFUR
pcDNA3.1-TERT HAS L9 S it /7. %t TERT
Pk . ECLAL2EACIEY) (Millipore 23 F], JE[H ) 5
SRAPTIE LB Dt 2 R i 3 (cleaved caspase 3,
CC3) itk . bt T-5FHF (apoptosis-inducing
factor, AIF ) Ui ( Cell Signaling Technology /],
M) ; TUNEL 48 T i57) & ( Roche 227,
B ) 5 /NPT Bractin HUAA . BRI S ALY BEAR
WP 1eG (WUEBIEREAEHEAR A ) o Ik
REGE . FENRGE . A E RO IR R SE (Bio-Rad
A, KED) 5 S EER (BN AR A

ARAFD) 5 MRS RO (DUR KB A,
fﬁ“ﬁi’:) o
1.2 Zhsna

ek 24 RO E AR, WIE R 10 Hi SD
FAE R R TR LG UE, 43 M BTFARLL, HI 4 h 4] .
HI24 h ZHAI HI 72 h 2H, H:4H 6 H ., BRIGGIER D)

5, FREC48 HSD A KER A M F R4, HIBD
4. 2SRRI TERT 4, A4l 12 B, Hf a4
B 3 HAT Western blot %1, Bt 9 H AT TUNEL
Yefr,
1.3 FhERHIF

K Sk ATE AT SRR . B8 A KRR
MEM [ T2 6 b, B HRLR 3 75 30 i 0k,
TEFFRIE PR AE K2 0.5 em BOA I E) 10, IR
BHE Y B A M FE s bk (L ke 4 5 s 1
TTHIEERMZ ) |, RIH 5# FARAE SR WS A
MRSk, HAE s Z BB, 284 kb,
I AR 1 h, SR 58K U B4 AR
8% A/ 92% FHAMANEIRA A E 2.5h,
Yf HIBD sh¥s s O (BT AR5 2 45 3 3h
ik, REEFL, AHFTIRAALNHE,
1.4 B == i 5t

HIJ& 0.5 h SEA7 M0 I =5 1 9 45 24, =5 ki 4
7 4t peDNA3.1, TERT 40 4 pcDNA3.1-TERT,
R I 5 ule Sh 2 kIR IS I M7 %]
EFELE A B, WHLEEL R IERIO, #
AT, LEATXRM)G 2 mm, FAREE M A 2 mm Ak
A R 0 3 SR R, R T DL 7K A A =5 S
f A ELEEL 3 mm, RIS RS, A E] 10 min 247,
ST SEER AT 2 min, SRIERBK SRR I
BEA R R R SR A == S AR A Tk 2
FEIZ K B
1.5 7AKREE - ROGE

AEEY) B K, SRR R YL 3 min, ZEIH
IKVEW . 70% LBt )E, DL B i gL
4 3 min, B ZEENIK, “HAREH, PR
B, 6 B N SR A
1.6 Western blot #il

S Yy TERT BUA% IR JTURLEL 28 JORE 48 h J5 &b
FEBhYy, S 2H O B A5 I I G e R 2 2, T4
M2 B O & . 47 SDS-PAGE HLik, JR¥%
PR TR R KE R 2= PVDF B L, 5% BSA &
A 30 min, FHE PR TERT HT4( 1:1000 ).
AIFHLAR(1:2000 ), CC3HLA( 1:500 )FIHZ: B-actin
Prik (1:5000) , =RMEEF 1 h, 4°CiL%; TBST
VERSE S, B PR B T (1:3000) , =i
H Lh, TBST PR, 2B L3N ECL AL KRy,
TEAb 2R K GBE I AR RGP . Gelpro32 X
PR Br S5 B, S XS Rk ok B Y 5kl

1297 -



H18 % 5 12 1)
2016 4F- 12 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.18 No.12
Dec. 2016

Y B-actin Z54H7 K BE(E Y HUAE
1.7 TUNEL

HI J& 24 h K BRUBR I 5 8 10 UG, i 20 2058
V1A, VIR EEE R 40 um, Bl 41 2UREAR B
PLEEER 3 5K Fr, LUBT f B i 40 i E B v ()
0.1% FrBE R 4N it & 1Y 0.1% Triton X-100) 8 JaAb
P 5 min, M TUNEL )W, 37°CREIEIFE 1h,
PBS Ut 3 X, DAPI YL W iR & 15 min, FHHTE
VK il R, OGS R AR AR T Rl AL
Bos AErILES, RERME. BT 3
BT HEEL (‘apoptosis index, AI) = (AT 4% /
SANIEEL) x 100%.
1.8 Sit=ath

K HH SPSS 17.0 Sei R v B - 7 48 1124 4
B, THEBERIDIE « brifELE (R+s) Fm, £
ZH 0] LR T 22500, 2HIB P P LR B SNK-¢
K, P<0.05 hZESAGIHE L.

2 #R

2.1 HIBD #r4& X RAREIIEHIE
T AR ARG Bz 2 v A i 5 ] L2 4
o] JCIa) B, 40 A2 e Bl e &, HES A (A
1A ) o HIJ& KN Rz 2 440 H BUAS TR FR B ()9 B
A5, HI 4 h B, Kt 2 gy e, A4
i 5 ) PRl 4 4 ) Bt bt s, A USSR AR RS, Al
MuHEFINE ZEL (&1 1B) 5 HI 24 h B, 414k H
W 2 L2 R E RS e S e [ RS o
AMHES B MZERL (8 1C) 5 HI 72 h B, 44540
Mudth %, 5A Kmrg Rk i g, 4niaHE
IHSRZETL (B 1D)  ZRH] HIBD AAV T i)
AT F RS
22 S TERTX HBD iE AR KMEEH
TERT. AIF #1 CC3 &Rixpi&m
58 F AR 4 A b, HIBD 4. =5 5 ki 4

TERT 40 Mg 2 /2 TERT 2K [ (0 22 15 2547 Fir 48 i

(P<0.01) ; 525 Fki2H F HIBD 20 4H b, TERT
0 TERT FE H A A0 8 FiE (P<0.01) , £
G 2 FE G TERT EAZ 23k o nf B g 118 HIBD
KKK K2 JZ  TERT & 9535 HIBD 41 f1%8
Jki 4 Fb 8, TERT A KRB ZEF LHEIT#E X

(P>0.05) . SRFARAMIL, =Tk F HIBD

2H ATF 25 R W3 m (P<0.01) , TERT 4
AIF FEHRIRZER G2 X (P>0.05) 5 525
JFORZH AN HIBD 2HAH G, TERT 2H AIF 45 2635 11
B (P<0.01) , FUIH YL TERT A )1 HIBD
KRG B 2 AIF 38k ; 25 lokidl 5 HIBD 41
[B] L, AT 35 Rk 22 e ge i L(P>0.05 ).
S5BF AR, 25 FoRigl A HIBD 41 CC3 8 H
FEik ] 8 (P<0.01) , TERT 41 CC3 &
FEER LGB (P>0.05) ;3 525 k4l
F1HIBD 44 A0 b, TERT 2 CC3 25 14 26 ik W W j&
it (P<0.01) , B %YL TERT A] # i HIBD K
BRUKC B B2 J22 H caspase3 4 [ IO 5 25 BORZ4L A
HIBD 4l [a] g, CC3 HEHRIRZEF LG H#E X
(P>0.05) . W1, K2,

o .;' W .. » J G o .;' W .. » J D

1 HIBD KRB LFEZMT (HAR - Jrera,
x 200 ) A: RFARH; B: HI4h4; C: HI24h4; D: HI
72 h 8 BT RA KM 2Lt E% . HESEST, 5
FEIZLZUTE R s HI 5 5 B[R]SO R )2 e AR H b . g
FRtEAE . HEFIZEAL, SR EIAL2 R B v,

F1 [AFEKRBRKEEES TERT. AIF#1 CC3 EH

HIFRIZLLE  (n=3, x=s)

2151 TERT AIF CC3
BFARH  0303£0016  046+0.06  0.170 = 0.027
HIBD 41 0427+0.048"°  0.80£0.09° 0.517 +0.056"
R4l 0439£0.062°  0.81£0.07°  0.500 +0.048"
TRET 4l 0.672+0.032"" 0.55+0.05"  0.269 +0.036"

F {8 38.41 19.84 46.82

P1H <0.0001 0.0005 <0.0001

e [TERT] Sibi 55 5k B [ATF] T8 K+ [CC3]TE
AR R (I 3. a R SIRF R, P<0.01; bRG5
JFokiZH FI HIBD 40 b4, P<0.01,
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2 Western blot i% # il # % TERT Xt HIBD #i 4%
KB AMEREF TERT, AIFFI CC3 RIxM M  A:
Western blot FEVK [#l; B: TERT & FAAH N s EHHARE (n=3) ,
C: AIF S MR TFIARHIRE (n=3) , D: CC3 AR FkH
FORE (n=3) o am 5IFARALE, P<0.01; b 558 kil
A HIBD 41 L%, P<0.01,

RTFARE

HIBD 41

&_\
=

ey |

TERT 41

3 TUNEL =N & A FERRHLHPETER ( x400)

TUNEL

2.3 ¥ TERT Xf HIBD 4 KRB L AMAT
Eap=A

WO S R AR BB T AR A A AR K R
2L Bl TUNEL Y (555 5, U8 T 44 28 200 o i A% 5
g, ZiREN: SHWMTHEBLEERAESR
It 2 % X (F=1932, P<0.0001) . S5 F R4
(2.4% +0.6% ) #H., HIBD 4H (52.8% +4.4% ) .
23 R4 (51.9% +7.0% ) A1 TERT 4 (22.7% =+
6.4% ) 4 AL {4 EHE N (P<0.01) ; 525k
i 20 F1 HIBD ZHAH e, TERT 2H 40 ] AT {5 BH 5 %
i (P<0.01) , FBH L8 TERT /K n] BH 52 410 i
HI 5 S 0 p 2 A M08 15 1 25 Bk 45 A HIBD 40
B8] FbAss AL{H 22 55 To8e 122 L (P>0.05) o UL 3,

=
op

Ze5 2k DAPL Yeta, i)y TUNEL Hefa,

41514 DAPL Fl TUNEL e @i & &, T4 R a5t IFARAUE LI T 4006, HIBD 41R175 BoRidl M- g £,

TERT 28T 4R £ s b .
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3 itip RIVJTF 4 38 i, 24~48 h 31k 7 06 P, R TERT 7]

HIE J2 #5 Bl 7 10 DX 28 5 | 174 e ke 4 s e af.
SR 2 I, FLA R S A ST Rk
R AT R, BIE AR E S, HIE )
JESFEE ST XILESGR EERRE T, 545
TF, HIE 80 RAE VG )7 BB E KR 1%0 ~8%0, T
KR EZ A 26%0 ™, HIE {45 180T 2 B A Mk |
RHIRHE ., B ATaE, rEZmEILEE AN
AT, Ao E A N B,
B L HIE &9 B AB G HLEI A& B, 16 IRIRYT
FB R TAHE CRHRYT, M= e300 HIE
JE I B iR i, 124, AR T I G2 HIE
FEIR, M HIE LTS ME—A R 8IE
S ' BRI ARG T A % A KA
R M AEAE AL, A IS R RS RETE S
AR IR 7 I AT REAI HIE A 505 S Bk % . I,
A A L HIE [ % A K R ML 4640 )5 15
L, ERITZ AR Tk RA HERE

HIBD #5225 ML i) HIE AP R Al 2k
10 Hil& SD K Bl & B F2 R B T AL A Bk
JLo I, ABFZER 10 H il SD KB4,
TE Rice LA FMPAC R, 14 HIBD sh¥fsin!,
DAL H AR LI 4 i A8 A B o A M 1
J& HIBD H i 4ifustr ) F 298, Idigi kA4
HI B, feidisl, 4 b Na'-K*-ATP UG5
W RSB TN, LR AR R E T s AL
SRR, AR FIZiM @ C B, K [ 3t
AT LR MERY, SR T WFoT e,
YRR T HI B0 S5 B0 4 B N R A2, 24~48 h
R, TTRRLEEOR M ANAE I TR — Rk T
W, RZ PR & AT AW /D R T R A
R, FBHWrAn T, W42 HIBD, B RCHHT
7% HIE JRY 7 it i) 2R A%

TERT S2: 3k B 0 f AL 0 3, Hee i i 4
Fiutbr K A K A T Ay RPN R G,
TERT 3= %358 T WG fh 28 1 (A 240 i A 2 s 40
o ze ot B Bl A0 A fE B E, TERT
FIRBWIRAL, AR S d LR 1,
Baek 45 " 75 Kk b oy ok i 2 sh WA 84 (R A 5 rh
P, B AGAE A S TERT 235, A RS
HATIIRF SR 45 R s, TERT B HFEIATEHIJG 4 h

RETE HIBD R H EEAEMH ., M5 R W], TERT
AE I 1 K PT N- H 3L -D- K114 &M ( N-methyl-D-
aspartate, NMDA ) MArPEm G e . s gdkiik
YIgE. Wb Ca™ P, I A A 3 A A 2 F
BUH, 2y 422 il TERT ik
AIEHE HLE SR T, it =, B
e, AR R I ST Z AT BR 1) 5 40 il
A FUNZH 20 TERT By3RiE, AMIH TERT 5
IRiZH L CC3 25 ik M 4 AL E 24 2 0 n ),
$275 TERT 7£ HIBD th A B4 T-1EH . At
g, FRATINH TERT JAZ ek ks L & 2 20
TERT fy263k, &I M TERT /K a] AR HI
SR T, #F—2PES TERT Al GE /2 HIBD
R EE AR, LE TERT A F T
W35 HIBD, W FASSEIGFEA /N, WSS [E] Ay
2d, Etk, TERT JFIGYT HIBD B 67 R8CR
R A2 G [l R T IR AW IE 00T BE4h, TERT 3
PRI Bt Y 35 36 LA R 3R B 1) 7 5 ) b A Rt — 25
FRARE
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