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patients with uterine leiomyoma were enrolled as the control group. Immunohistochemical (IHC) assay was em-
ployed to determine YAP expression and sub-location. The relationship between YAP expression and the pathologi-
cal parameters of the 120 patients with EOC was analyzed, so as to the prognosis of these patients. EOC cells
(C13K and OV2008) were cultured with varying initial cell volumes. Ki67 expression and cell proliferation were
tested by immunofluorescence and cloning assay respectively. YAP expression at mRNA and protein levels were de-
tected by q-PCR and Western blot respectively when the cell conference of EOC cells reached to low (60% ) and
high (90% ) cell density. Results
pared to the control group (P <0.05). The average diameter of stage 1 + II EOC was larger than that of stage Il

The YAP nuclear expression was significantly higher in the EOC group com-

+IV EOC (P <0.01). The high nuclear expression of YAP was positively associated with pathological grade,
clinical stage and the level of Cal25 >1 000 IU/ml, while negatively correlated with tumor size (all P <0.05).
Survival analyses showed that smaller tumor size ( <10 em) and higher YAP nuclear expression were negatively as-
sociated with the 3-year overall survival rate of EOC patients (P <0.01). CI3K and OV2008 cells cultured in the
low density group exhibited a high number of clone formation, high Ki67 and YAP expression (P <0.01). The
down-regulation of YAP expression could decrease the cell viability of EOC cells in the low-and high-density groups
(P<0.05). Conclusion Higher level of YAP nuclear expression and smaller tumour size are inversely associated
with the clinical prognosis of patients with EOC. Inhibiting YAP nuclear expression leads to a decrease in the prolif-
eration capacity of EOC cells.

Key words YAP; epithelial ovarian cancer; cell proliferation; tumor size; cell density; prognosis



FHEMKRFFIR  Acta Universitatis Medicinalis Anhui 2024 ;59(2) - 305 -

TEAERE R 5 GRS DA S Up IR A% 5 PR 20 T2
PRIE 2 7 Tk 3 2R AT (H 2 — RS 5
FIHE , AZPF I F 1 (nuclar respiratory factor-1,
NRF1 ) & £ R0 A A 1) 5 1R 2 RE A G B ) 7
FOU, ZATEAT G R NRFL 7EALER AD 7E
NI Z M 2B AT PR TP s e W R R H L S 4
KLURLE W) R RN RE 2 4004 K, I H A BLAOR AR
ASREIRN 2 2T FCAZ RS X SERFSEH R T AD
LS NRF1 54 fEASC, (A AE AD YR
A AAL 5 A B a2 B S A I T
NRF1 X AD AHSCER AR I P4 B AL

1 #R5EFEE

1.1 ##

1.1.1 £ A 534K NRFI Al GAPDH i ik
(£H Sigma-Aldrich /N ,HRP 8% Alexa Fluor 488
Fric £ 1eG HTIR (32 E Cell Signaling Technology
O] P it 63k NRF1 8% B (Con ) BY AAV #
LA KRR ERARICHY AAV (B3 FCAE Y R A PR
Al) , BCA & vk B il & LA 2 ECL Ak 24 &0k
JEIRF & (B A TG FRAF) .
1.1.2 R 7 i SPF 95 x FAD /N (n =40,
e IR 26 ~30 g) VB AD BB/, WT [R] 53
F£(C57BL/6J /N, n =20, HEPE AT 26 ~ 30 g)
VB IE 56 BN BT /N BRI [ 5 R SCab s
B S BRZS W [ SCXK (F7)2021-0013 |, 43R 7E 12
h St/ BRI AR E SPF 40F R, /NRAT I R 3RAS
PIRUK, ARSLE 2 At & B sh e B L&
e,

1.1.3 =&ME EM UCT MY HHL(FEE Leica
ZNHE]) 3 JEM-1400 PLUS #9355 i 7 B il 5% ( H AR
JEOL A # ) ; LSM880 U il 3t 3 4 o 1o s (i =)
Zeiss /31 ) ; Western blot EJ3 22 4 ( 2€ [ Bio-rad 2y
) se-Blot BEM MR REGE (1o wRoOCHREARA
RS T 551730 2470 BRI 7 44 7 v AR ( 1 B R}
VIR RN T s BHV-M1 % Morris 7K 2 25 9055 43
Mr R GE (A ot I BHE A FR AR ) s MED64 25T
1%(%*&%@%( H 2R ) 18%%%( H A Alpha Med
Science 2y ) ) o

1.2 FHi&

1.2.1 %iERE KEHZH(50 meg/ke) FREE/N
UG, PBS i SRIG ] 4% 2R W HETE KA
U SRIGTE 4 °CFE 4% 2 R B 5 [ %E 24 h,
Z 5 EIRAE 30% FEME VA W K BB G BT

B PR S A SR AR EZ A (0CT) g
MR TR EM UCT VTRALYIN 8 wm JEHI]
Ao VIR TEE T, PBS iYL 3 W, & 0.3%
Triton X-100 A 5% BSA 7£ 37 CEM42 h, R 57 4
CHFE NRF1 HTR (1 : 500) 19, FH PBS ¥ 3 Ik
J& , Alexa Fluor 488 FRic FHi 9 1gG ik (1 : 500)
EER TIFE 1.5 h, & DAPL W ks A, %
IR A 1 R T WSS

1.2.2 WEAZEBaEs R LZ9(50 mg/
ke ) SRR /N B, 8 L /N BB S A4 e A,
T TEST R 3 2635 NRF1 UG BRI AAV 95 75 &%
HFFHARICH AAV BUI 3 5 A IS (AP = -
2.0 mm,ML =1.2 mm,DV =2 mm,0.5 pl), #F 4
J5, BEE 5 min, SRSE RSN . TS 14 d 5 i#EATAT
R, SRJE, REE T AR FE /)N BRECRUN ¥  , 38 2of
Western blot #17¢G1PEAE NRF1 E’\Jﬂ%\?ﬁ‘%ﬁ,ﬁﬁ%
BEOULERIE EY SRR TE 25 WO L 2R A8 W S R AR
CAl X B AR IC 2T AR 2 BT

1.2.3 #48F 2848 REHZH(50 mg/ke)
RIE/IN UG, FH B 152 £ 22 1 %5 W ( phosphate buffered
saline, PBS) i, SR J5 19 H 4% Z W BEVEE, F
T SZHZL(1 mm® ) /NP R 532, 91 2. 5% 1%
TEAE 4 °C T EE R, 1% #RE E 1 h, KA
AW A Eponate 12 IR R, IE R R EM
UCT Y1 A AL iR U B 60 ~ 80 nm JERYI A, 4%
)5, HAUE M 3 2% 50 3 JEM - 1400 PLUS i
S BRI 2R AR T2

1.2.4 Western blot JH RIPA 25 bk 24 i T 28
LSRG HAREU P B8 7E 4 “C7F 11 000 1/min
B0 25 min WER I B WR AR G R A Ui
It BCA AN & Ak B, B S IGEE 1 T
W (25 pg M) 5 EHEZPIRATE 100 C FEWHS
min, SRJEHEAT LUK 0 LD, FE IR T, H 5%
AAPEA 1.5 h, SRS TE 4 °C T & —$1 ( GAPDH,,
1 :8000;NRF1,1 :1000)id#, PBS-T Z& ik (%
0.05% i 20 () PBS) Ve 3 WK, EiR T FE
HRP #Ric i 1gC —$Hi(1:2000) 1.5 h, H
ECL X7 R 25715 , - e-Blot iR R 58 RE K%,
FH Image J #4453 Hr 55 ISR EE

1.2.5 Morris K& Z  H Morris 7K 28 B #0551 43 #r
ZY5(NFE 120 em, & 50 em, A] FHRERY S 6 EHAZ 9
em) PEAL/INR IS AS THICAZ . 4 H e i A 32 B A 7K O
TRHRTE 23 °C (KR 30 em) , 40 4 DGR, uh &7
FIKIEN 1 em &b, MHA/NERAE T d WA 4 DRIR
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FET,TE 90 s N H Uk, #4528 Bl B AT 44 3] B Y
w515 BB RO Y ol & 5/ 15 s, TElE
— W illZh 24 h J5 HEAT A R BRI R, ik 5 R 2K
JIE , DA B 15 B9 AH S R BRI/ IR, 18 /B
15 B TE Rt 5 A IR, =2 Ji5 308 3 8% 1o 19 7K T
FTCE AN TR R KR a5 R FEAT I s
Xf g H/NBRAEAT 1 OIS, R0 s Bk & 1T
1.2.6 HLBARACAERF NFURRS , T
YBCHR R , 73t T h A T N I W (1l 124
mmol/L NaCl,3 mmol/L KCl,26 mmol/L NaHCO, |
1. 25 mmol/L NaH,PO, 2 mmol/L CaCl, 1 mmol/L
MgSO, 1 10 mmol/L D-#i%j 4 i) 7E %R T &
2 h, JFHIE 400 pm JERYE ST R, 18 CAL XY
Schaffer I 32 — A £F4E CAT HER A0 B 38 % i 5%
AL . 1100 Hz ikl 30 s By ] R& R, 1]
Sy M 22 il J5 L 37 (field excitatory postsynaptic
potential ,fEPSP) , TEF2 E I LI 1R 5 20 min 5] A
W31 125 455038 (high frequency stimulation, HFS; 100
Hz, 1 #2PA 100 A~Fkob 8158 30 ) , 15 < AR 4
UV (long-term potentiation, LTP) . i i ¥ HFS 1
Ji 90 min {3 (EPSP 44 5 JE ) F- 1) (EPSP
RERBAT BT AR T2 ny A 43t s ok
& LTP,

1.3 HZitF4E FAERYL v+ £,
GraphPad Prism 9. 0 B fF 17801125401, PIHZ
) F8 LA o KL 64T 20 BT, Morris 7K 28 5 15004

SR FH A ja) 55 4200 i Ty 22 40 A, Hofh 22 41 A Ee A
P40, HOLSD 55 K 50 #E 1T B Y B
B, P<0.05 NESAGITYE XL,

2 R

2.1 AD #E/NR A NRF1 E B RiL1ERF NRF1
HRIFERGE GRS AR IR ,5 x FAD
/NEUEEE NRFT e @258 0 A X T WT /NEUT B
(I 1A), Western blot 455, 5 WT X} RAHLL,5 x
FAD /NEUE S NRF1 85 7K 8 3 BRI (1 = 6. 251,
P<0.001) (K 1B), i3RIk NRF1 1Y AAV i
TESTE] S x FAD /N BRI ¥ 25 DX 3k, 560 i 81 R i
78 AAV IREEF SN (] 1C) ; [F]B H Western blot
BSUE NRF1 i R B A%, 5 AAV-Con 41 H I,
AAV-NFR1 40 NRF1 A & % EH (K 1D, =
8.432,P <0.001) , W] NRF1 K7V D it 321k
I

2.2 SHNRBIWMETHRENERSTL H
BT HLEE AD AR /N BRI B P 28 ST 4 A 4
Pl ok, %5 B WT /N BT B X R 2 T R IE 5,5
x FAD /NI 5 X 8 Je 2R R AR 250 B T
AR | S IR AR Ak HL 2R AR O (R 2A)
HE— WS T 3 63k NRF1 X 2 i 2 oo 4ok A4t
Bt s (8 2B) , AAV-NFR1 41 5 x FAD /NI 5
P 28 TR AR ik I RN e AR IR 1) 72 2% 1 g BRAS fb A8
AAV -Con 41 ¥ % , ¢ WINRF 1 7] 2 3% AD /] B A9 2%

E1 £EANMEHES NRF1 RikER
A:WT ZHH15 x FAD 413 Th NRF1 Hy 98 6 e B (BN .1 mm, x100) ;B WT 2015 x FAD 20 NRF1 & [1 3K Western blot #:7l ;
C:AAV-NRF1 51 5 X5 M58 B MR B & ( x40) ;D Western blot B iETE ST AAV-NRF1 J5 (07 5 NRF1 2235 (19 8 1 R BN 45 S HE
MR, 5 WT A ™ * * P <0.001;5 Vehicle 20 HE . ** P <0. 001
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B2 BRANREBEIWMZITLRAGHRREEHEEER
A:WT 415 x FAD 4 S 4 o fC R E B T BB ;B AAV-
Con 21 AAV-NRF1 21 i Th it 22 e A R tE B St e &l IR, x 8
000; F I ; x25 000 ; 2L (0,55 3k . 4o ki fd

FARP 4

2.3 NRF1 T RIEEHE 5 x FAD /MNRHIAENFA4E
1ZIhEE  Morris 7K 2 B ML IPAL 12 338 NRF1 XF 5
x FAD /N 25 [B] 24 2] FE AL, 45 4Ll 2k i 4 v
(R TK R FE AR, 7E45 2 & 5 K, AAV-NFR1 £H Bt
Uil 5 1008 R VR AR 300 L %o R 2 i 35 R AIG (1R 3A L =
4.014 .5.906,10.132.12.048, P < 0.01 5 P <

0.001) , ZEFH T 1AL 1C A2 B2 B9 IR ( BSURE £5 9%
Rl b, 5 AAV-Con ZHHMIEL , AAV-NFR1 7 HARS
B e R 1) 7 B DL R B2 S 15 A Uk gk ] 34 44
% (& 3B .3C,t =11.536.18.062, P <0.001), %
SeZERLSR I 7RV SR ) NRFL 3 3Rk RB1S 3% T AD
/NS IZIIRE

2.4 FRIXNRFl XEBSRMATENE Mifie
1T FER NRF1 X4 58 ol 10 52 0], 78 /) BRI ¥ 2 o
FAFRBRAR IC Y 0 B 2, 5 AAV-Con 1A L,
AAV-NFRI1 217N B R 2 % d 28 18 5 (11 4A
B,t=9.532,P <0.001), &ML £k NRF1 FE{KT
5 x FAD /NRUB 2 1Y 25 2, A it 3238 NRF1
JEA AR AD Az B0 T 5 v Y BESE T
HAHC I R SR A 5200, 5 AAV-Con ZHAH [, AAV-
NFR1 417644~ 90 min 970 SR B] B30T PN 7 A T 5
AFEER LTP(E 4C) ,fEPSP #1345 i Z e (K 4D,
t=3.408,P <0.01), FH] NRF1 T i o] fifi 52 45 1)
LTP 1558458 .

3 g

JLH42K AR —H A2 AD 1Y F 2150
FBIES gk, IR ) AB SR R AT I KI5
HE P T A AR EE RS 5 bR e, 3
FeZ B SCERY B R T AD BE IR D 4ot
SRR T REZ 01, $ 8 LA ZRRLAA Sk 40 it A= 4 fig 2 40
FURYT AD BYR BRI RedtE . SR, 78 AD By kR
FUR R v 2o 1A Ty e e A ) L4452 52 il (1) 43
FHLRAATERE . A SRR, NRFL /-3 1Y
LRR D) REFRATAE AD BRI 5 x FAD /MR P 4%
T AD JRTR IS

HUESES x FAD/N L ( ADFE AL/ ) 5 AD R

B3 jtFRik NRF1 332 5 x FAD /NRBIAEFNIRIZ hREFEFRS (n =8)
A AAV-Con £ AAV-NRF1 £H/)5 BUAGEBEE AR 301 B . C: AAV-Con ZH il AAV-NRF1 ZH/]N BU7E H F5 4 BR rb i s 1) 1 29 BE A28 VB 5

AAV-Con 41 UL ™ " P<0.01, " * P <0. 001
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B4 JERIA NRF1 8 AD /NRBDRMATEEZH (0 =8)
A B B AR IC 14 1 Th AR S R 2 PR 5 B 1 AR 45 R (LL IR = 10 pm, x800) 5 C.\D « i BRI ¥ D LTP 119724k FEPSP 14 &}

LI 90 min J& fEPSP V3R ; 5 AAV-Con A IHEL . * ¥ P <0.01,

NTE LR A B A 7 Ty T B — B0, AR SY B S X
5 x FAD /N RUTE S b 22 J0 9 2R AR AR T 25 2517 HL B R
OMIN T 2R RS 15 1 & 4. NRF1 J& —Fhi %
SRR, EEARE N EORL AR A W K A A O FE TR A 1 9
WHFS L AW NRF1 76 5 x FAD /Mg 5o
RS X H R T NRFL HH G 0 28 B0 AR 3 fig 5 %
AIHETE 5 x FAD /NERL AD A G HE IR 1 Ji oy % 4% 4
. MEIE IS AR 1 NRF1 7E AD & #E4F
R, ARS8 1 H #5115 NRF1 B AAV 8
X5 x FAD /)N B A7 B 57 44 5 A7 33 5 9, I 76 Hff
R EE T H TAE RAF IS S 7506 A0 B B2 AR 5 1A
ITHREAIN K 2K B A2 ] 2 2] IC A2 F RS S Wi
ThA A5 AR 2 A RE A S AR AR L RS
1L Morris 7J(5:7E'§%:2fm, LT H T e S
NRF1 5 5 x FAD /MRS [H] 22 2 FlCIZ Z [ Y B &R
IEMNTI , NRFT 2 223K /)y B B M B8 2 A 1) 38 oy
H AL, oAb, HAE H ARG R AL 2% 1 s [] S 28 R
Bl BB £ 302 Morris 7K 2K BTN 19 25 5L 320 |
5 x FAD /MBS () 2 > Sl B 1) Jir PR 28 /03 /T 0
I IT ) NRFL FRRICAT S, FF B7ERE)S 1)
2R ARG T S BIF 9T 45 5 2 R ARG 1 — X,
NRF1 F R JI ZR AR A= ) & A= 6 445 2 0% 1 T
(20 R UEZRSIVES o TR TN TR A A Al i (o R
MOk k22 FOUEPEE 1 R AD HR AP 58 R
YL T AR 24 F R SRR X T AD B FT AD
NP ZE DI RE RN TN O, AT 1A
T it Fik NRF1 THiXF 5 x FAD /)N BURE 58 2% B 1
S 25 B g R o SRk NRFL 1 A9 /)N BTl o 21 40
By S RO SR A5 A A, AT JELEL, 2ok
ARGE 4 AN D) BE 14725 Ab X A4 28 fih T S PE A D e 2 56
FE | WA SZ A0 I R R T fE, 1T g
ToHEAE S Al 7= ATP, S B iR 45 AR

***P<0.001

FIFH NRF1 3 2890 8 09 T U 5 13X — 58 fih 1) i
HIGER kG , ELIS 2219 LTP ZhAg Se e WAfIE 1 i
F3K NRF1 04685 5 x FAD /)N B T5 5 fih ] 98 1k 5%
iz

ZE LRTIR AR5 M SR W] NRF1 559 Rk &
BA LRI BE S H 7T BB J2 AD RILK B 1Y%
PIHLH 2 — X AL H 22 5 T I D REAH G 1Y
Sl AT SR AR . MIRYT AR BER A, B A NRF1 A
L AT T 5 T e — PP AD & BT
FER 25 B4 %

Fg SR
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Overexpression of NRF1 alleviates mitochondrial and

cognitive dysfunction in mice models of Alzheimer’s disease
Su Lining', Wang Yanbing®, Zhang Yongcai'
('School of Basic Medical Sciences, Hebei North University, Zhangjiakou 075000 ;
*Dept of Sports, Hebei North University, Zhangjiakou 075000)

Abstract Objective To investigate the effects of nuclear respiratory factor 1 ( NRF1) on mitochondrial and cog-
nitive dysfunction in Alzheimer’ s disease ( AD) model mice. Methods The 5 x FAD mice were utilized as a mod-
el for Alzheimer’s disease, and the sparsely labeled AAV virus overexpressing NRF1 (AAV-NRF1) was adminis-
tered via stereotaxic injection into the brain. The expression of NRF1 in hippocampus was determined by Western
blot, the morphology of mitochondria in hippocampus was observed by transmission electron microscope, the den-
dritic spines of sparsely labeled neurons in the CA1 region were visualized and quantified using confocal laser mi-
croscopy, cognitive and memory functions of mice were evaluated using the Morris water maze test, while electro-
physiological methods were employed to detect long-term potentiation (LTP) of synaptic efficacy. Results The ex-
pression of NRF1 in the hippocampus was significantly upregulated following stereotactic injection of AAV-NRF1 (P
<0.001). This intervention led to notable improvements in mitochondrial morphology within hippocampal neurons,
as well as enhanced cognitive and memory functions in mice (P <0.01). Moreover, there was a significant in-
crease in dendritic spine density among neurons located in the CAl region of the hippocampus (P <0.001) , ac-
companied by long-lasting and stable long-term potentiation ( LTP) and a substantial elevation in fEPSP slope (P <
0.01). Conclusion The overexpression of NRF1 in a 5 x FAD mouse model of Alzheimer’ s disease (AD) initia-
ted the restoration of mitochondrial dysfunction and enhanced synaptic plasticity, indicating that these alterations
may contribute to the therapeutic efficacy of NRF1 overexpression in ameliorating cognitive dysfunction associated
with AD.

Key words Alzheimer’ s disease; hippocampus; nuclear respiratory factor 1; mitochondria; cognitive function;

gene therapy



