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Abstract: The present study was aimed to investigate the expression relationship of Hippo signaling molecules and ovarian germline
stem cell (OGSC) markers in the development schedule of OGSCs during ovarian aging in women and mice. The ovaries of 2-month-old
mature (normal control) and 12-month-old (physiological ovarian aging) KM mice were sampled, and the ovarian cortex samples of
young (postpuberty to 35 years old), middle age (36—50 years old) and menopausal period (51-60 years old) women were obtained

with consent. The mice model of pathological ovarian aging was established by intraperitoneal injection of cyclophosphamide/busulfan
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(CY/BUS). HE staining was used to detect the changes of follicles at different stages, and the localization and expression changes of
Hippo signaling molecules and OGSCs related factors (MVH/OCT4) were detected by immunohistochemistry and immunofluores-
cence staining. Western blot was used to detect the protein expression levels of the major molecules in the Hippo signaling pathway
and OGSCs related factors. The results showed that there were not any normal follicles, but a few atresia follicles in the ovaries from
physiological and pathological ovarian aging mice. Compared with the normal control mice, both the physiological and pathological
ovarian aging mice showed decreased protein expression levels of the main Hippo signaling molecules (pYAP1) and MVH/OCT4;
Whereas only the pathological ovarian aging mice showed increased ratio of pYAP1/YAP1. In comparison with the young women, the
middle age and menopausal women showed looser structure of ovarian surface epithelium (OSE) and less ovarian cortical cells. The
protein expression level of LATS2 in the OSE was the highest in young women, MST1 expression was the lowest in the menopausal
period women, and the expression levels of YAP1 and pYAP1 were the highest in middle age women. Compared with the young
women, the middle age and menopausal period women exhibited significantly decreased ratio of OSE pYAP1/YAP1, whereas there
was no significant difference between them. The expression level of MVH protein in OSE from the young women was significantly
higher than those of the middle age and menopausal period women. These results indicate that there is an expression relationship
between the main molecules of Hippo signaling pathway and OGSCs related factors, which suggests that Hippo signaling pathway
may regulate the expression levels of OGSCs related factors, thus participating in the process of physiological and pathological degen-

eration of ovarian.

Key words: functional ovarian; ovarian aging model; ovarian germline stem cells; Hippo signaling pathway

P SR A HE B L AR SEIR (HRRAE A B
B ) A9 B PE BN 85 32 IR (premature ovarian failure,
HARIEIRE ), HAT, FEREONE R
fR L MEAE 40 ST H LN I Re v, A MR
KPAETF. dhRMEMAEEALL, AR ER Y,
HAl, NSRRI SBLMEARAT, MHEKF
IR E,  HE R oM SRR, (H TN
R AR BE R, FERHBERERITE
KIGIT, WG IR AT B A R 6T JTiE R IR E
SRR EETh e B,

Hippo 15 518 i & #] A BL T 5 b Ay 7L 30 4 14
W, ZIEER PSS B AR ORISR G A A T
(R~ AERE N IREERSOE 5 255 g0 i 4 e e 49 1) )
W AR NIRRT B TS BO0a T, 5
LR R A, W B R s U, 4
¥ % R 56 8 (1) Hippo 8 i E A S L F4H 7« (1)
U TR T, a0 & FERM 45 #3801 8 B EX
(Expanded) 1 MER (Merlin) 2 ; (2) #% LT, 4
$& MSTI1/2 (mammalian STE20-like protein kinase,
H0 [F]954 4 Hippo). LATS1/2 (large tumor suppressor
1/2, 5 W[5 Y5 4 4 Wits). SAVI (human salvador
homology 1) Al MOB (MOB kinase activator) ; (3) F
BN R T YAP (Yes-associated protein, H i [F] Y5
YR Yki)e HrbAzoO B iz 0B EE,  BIER
K7 510K 740 8 T 9 BE D, 3 50 R )
Lot S

2004 £, Johnson %% " ¥y Y H O S AR AR 1R AR

4. Hul, oA KESCERIRE 1O EAE T
ZH . (ovarian germinal stem cells, OGSCs) 442
Rtk FEUESE T H AR S /0N BRON S A A7 A O BEAH
AN Y AR A T B B
THA/NRIVE T4 ", OGSCs /£ 7E T P Hi 3%
i b J¥ (ovarian surface epithelium, OSE) #, 7E%54%
TEEE, BHAZL 15~20 pm, HHHD, L4648
W B J5 AT L B HR B AR A AR, 3208 MVH (mouse
vasa homolog, M A58 T 40 ffd I 465 73 10 22 gl 8 o 2
Je IS 17 A R A B AR R S P 2R ] ), OCT4 [POU
(Pit-Oct-Unc) % s R R, N—Fh A5 T 48
JLRE: S5 M P 2 S TR - 1 45 22 Tl A i 4 L R 4 b
&) Patel 25 U IE ST AR 2 OSE HRA7E N RIA
OCT4. SSEA S5-I bric K1 A 3G 5E e 7 A5
[ dnBE5E 40 AIAZ $1 5L (proliferating cell nuclear antigen,
PCNA)] I —F M. XL 570 R I #S 3 —
WESE T OGSCs [AEAE, 990 8 R FIA Z0E 1
Bl ¥ SR AL BT 1) JEL S O A FURT IR HE A5, S O S5 v AR
HrRk TR,

N, RO RAETES, INERIR
(1) 50 75| P 200 R T B AR 5 7 1) e mT s 4
Hippo i % "> *, Woodruff 2 "V W 5t BoR, m %
JEE () O B2 5% 2 J= WT A IR 46 BRI 4k RF TR EDOIRES,
Hippo {55 @K e 2 551X — 4 H IS . Zhang
2 PR T ORI LBl 9N §E 3R A Hippo i #
KNI E S0 T ——YAP. %70 H F R R0 A 3
ARG 326 7N BRI 46 B VEL IS B AT S 1 22 S P AR i e 2



% W45 Hippofa 5l F 20T 5 OGSCsAH IR K 17 51 SRR 1 & v i 2 iE A % 407

B, iR E7R, B EBINERESIAEK, YAP %
KRR B, HJEAL A 45 R B R YAP £ 51 L
EAC AL I FIA B BoR T OR S R 2 P ARm Tl
A A B 7T 57, Hippo {5 5 i #% (1) 32 2308 ] 1
(LATS2.MST1 1 YAP1) fiefih /% 5 46 5130 (14 Ji 5 7,
7 ¥ Hippo 15 5 18 % 7£ 742 OGSCs Tyfigh B A &
SRR . MR AW SRR, FRATHEN Hippo 15 5
JE I AT R AE UF 5L T e A BE A BE M R i AR
Z 5 1% OGSCs [ ¥4 58 1431k H #i < T Hippo
T8 5 7 A [F) 2238 5P L/ BB R o OGSCs A 5% ]
THIRIEZMZ R A AW T Fitk, ACH
FH IR Bk i / 5 F) 2% A (cyclophosphamide/busulfan,
CY/BUS) #4) # 2 #1975 3 14 51 52 32 38 g i AL Y,
K FH % 9% 4 2346 2430 F1 Western blot £ 31 Hippo 15
590§ J OGSCs R K 7 [ 8h s Rk A4k, LU
IRANFEE OGSCs HAEY) 2 D fe e 9P B2 2 ML .

1 5 E%E

1.1 XERMIRERESL LR . 2 H s
FEMEPE KM R/NER, 90 K, hEZ25g, WHM
B R BE R S g s R o . BT R shA e
I\ PR AR IR ST S BLAE A5 R (National
Research Council Guide for Care and Use of Laboratory
Animals) 1T, FITE A RENWMEH . sl ik
B3k B KBRS RO AR B e ik,
I8 A S50 W) #E5 {d FH 25 i 2 (Institutional
Animal Care and Use Committee) ¥ .

1.2 FERFIRZMNE  FZEEH : BUS FICY 1B
[ Sigma A7 ; %$i GAPDH (ab37168). /)E#7T YAPI
(ab56701). % Ht MST1 (ab51134). /) Ei Hit LATS2
(ab57043). 4 Hit OCT4 (ab18976). /) K i MVH
(ab27591) K % ¥ pYAP1 (ab76252) $i 4 ¥ g [
Abcam A #] 5 L 2EH0 %R —H (SA00001-2, SA00003-
2) Rl 240/ B 3T (SA00001-1, SA00003-1) 5 1)
[ Proteintech /A 7). RIPA ZLA# i Fl BCA & 19K &

M R FEIEH E s REDHARARA A ; PVDF
JIE I H Millipore 24 7] ; ECL &6 H Thermo A & .
FEAE - REY) AL (FEE Leica A7) ). =
AR AR B 0L (% [E Eppendorf A H] ). i
8% ( HZA Olympus A7) ). SDS HEiG K R 48 (3£
Bio-Rad A ] ). HLWEE AL (IR AAF ).
RS (%[ Bio-Rad 7] ). EBAKIRVKA (£H
Thermo A w] ). = e K # 4% ( 3 [ Thermo 2 ] ).
iE 4l KA (£ [E Millipore A ] ).
1.3 ZNISESERENY HHW T - EETR
41 (control) : 2 H % {e FEMEPE KM R/ H41%
30 RU/NER s AR ME R BIAUNERAH (12M) = 2 ¢
fEREEYE KM R/NRIFRS 12 A, hEZ45g;
P B R IR AR/ BRLU4H (CY/BUS) = 2 H S KM
FNL 45T CY 120 mgkg RS AT BUS 12 mgkg
NS & 1R, T A AT 585
1.4 ABPELALAREE  RFFHILPEE A4 R ER
ERRL BB KA R B B A B R e i R
VIR IR S inT 8%, SBFEMERE, 3R
1330 BIBP S AH 21, B IS AE 20~62 % ], TG
A L, BAREBRILE 1. EEAALE, K
FHOREE T WA B4 10% AL (A 8 (1 (human
serum albumin, HSA, Sigma) [¥] PBS & ¥ 1, K&
Ak R E, &H.
1.5 HE & Z B AT 95 40 © i S iy gy vk U,
A [F) b R AH BN B 95 b AL AR S, RN 4%
RHEEEE, BEECRERIMIK, —HZREH .
R, ARSI, AEEESY) R, Bk A EE
299 4 pm, MBI T5E 22 B BR AL PR B
FHLHE Yot BB IR, S P
X ORELIEAT 73 2 (SR GG UF L A SRR AR PR B O IR ) o
1.6 REALRUZEREE 15 I AHEIEY)
FHHATULUR AR - (1) # . Bl 58K : 58 °C 4%
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Table 1. The list of human ovarian samples

Age (years) No. of sample

Clinical symptoms

Disease inspection situation

20-35 (adolescence) 11

Ovarian cyst, cystic endometrial cyst

No suspected cancer cells or cancer cells

or ovarian endometrial cyst

3650 (middlescence) 12

Ovarian cyst, cystic endometrial cyst

No suspected cancer cells or cancer cells

or ovarian endometrial cyst

51-60 (senescence) 7 Ovarian cyst

No suspected cancer cells or cancer cells
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Fig.1. Changes of follicles in the ovaries of retrogressed ovarian mice models and women at different stages detected by HE staining.
Scale bar, 100 pm (upper line) or 50 um (lower line).
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B 2. s AL A I Hippols 570 T+ MVH KX OCT4A7E A [R] U 41 g8 B AR 0 v 6 iA48 4k
Fig. 2. Expression of Hippo signaling molecules and OGSC specific markers in the ovarian cortexes of mouse by immunohistochemi-
cal staining. The positive cells were stained brown. Scale bar, 20 pm.
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Fig. 3. Protein expression of Hippo signaling molecules, MVH and OCT4 in mice ovarian cortexes of different groups detected by

immunofluorescence staining. The nucleus was stained by DAPI (blue). The positive cells were stained green or red. Scale bar, 20 pm.
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Fig. 4. Protein expression levels of Hippo signaling molecules (4) and OGSC specific markers (B) in mice ovarian cortexes of different
groups detected by Western blot. The data are presented as the mean = SD. "P < 0.05, P < 0.01, ""P < 0.001.
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Fig. 5. Protein expression of Hippo signaling molecules, MVH and OCT4 proteins in ovarian surface epithelium (OSE) of females at

different ages detected by double immunofluorescent staining. The positive cells were stained green or red. The nucleus was stained

by DAPI (blue). Scale bar, 20 pm.
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