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Abstract: With the delay of female childbearing age, the need for treatment of premature ovarian insuffi—
ciency (POI) in women aged 30~39 is increasing. Previous studies confirmed that different tissue—derived stem
cells could restore ovarian function of POI mice. The purpose of this study was to explore the efficacy and
underlying mechanisms of human placenta—derived mesenchymal stem cell (hpMSC) transplantation for incre—
mental load training—induced POI. After establishment of a POI rat model by 9-week treadmill training with
incremental load, the POI rats were administered with hpMSCs by tail vein injection. Ovarian function was
evaluated by detection of hormone levels and histological analysis. hpMSC tracking, enzyme linked im-
munosorbent assay (ELISA), Western—blot, immunohistochemistry staining, and real-time fluorescence quan—

titative PCR were used to assess the molecular mechanisms of ovarian function injury and repair. The results
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showed that hpMSCs colonized the ovarian stroma. hpMSC transplantation increased oocyte telomere length,

reduced oxidative stress, downregulated Bel-2-associated X protein (Bax) and caspase—3 expression levels. In

addition, after transplantation, the follicle—stimulating hormone (FSH) levels and ratio of FSH to luteinizing

hormone (FSH/LH) decreased, and the number of follicles at all stages increased. These results demonstrated

that hpMSC transplantation could repair ovarian injury and improve ovarian function in incremental load

training—induced POI rats.
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Fig.1 Schematic of the experimental procedure with rats
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BLAR, BEATY YGRS, MG BB W 4
JMAIEAS . FIBERRZZ tPER T (phosphate buffer sa—
line, PBS)MWAESE, 28R 14 il g B 20 B,
A CD29-PE (Abcam, ab218273).CD34-FITC (Ab—
cam, ab18227).CD71-FITC (Abcam, ah253356)%
CD90-PE (Abcam, ab157072), 7F 4 °C FI¥FE 30 min,
AT ARG TR . S TUER I Z 1531k fig
J1, B 3 18 hpMSC VA 3x10* em™ $EFP TR0
DMEM X5 % % (BasalMedia, L170K])H, 44 fits fil
BN 0% LA, HIFE R TR DM-
EM 5553k, MU S RS TN DMEM K5
FEFHEPANTE 50 pmol/L FUPLIRIALAR .0.1 wmol/L 1)
HZEKAAFN 10 mmol/L 14 B—HIMBEEREN; WilIg 175
SREFRILEANE 1.0 umol/L AIHBZEKFA 110 me/L
HIJE & 2R 100 pmol/L AY5|ESEE FT 500 wmol/L
1Y 3-S5 T -1 - PR BTG . AHMI5 5557 20 d,
IR TS SR FTMEL O SR ARG, BB 75 SR
FHPER AL S Ytk E5 )0 . J5 LS ¥R AT 3
£ hpMSC, 1 F PKH26 21 {625 S 4 i b i ik 57
£ (Sigma—Aldrich, MINI26)X} hpMSC #17T PKH26
Frics
1.3 BHEARIISEMEE POl KRR
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YAEAIN, DA R . Horh, R R 55
JEFIWTARAE WL2R 20 IR A AR bR A FE 1l 218
(hemoglobin, Hb). Il FLE& (blood lactate, BLA) | IfL{%
SV EE T (serum total testosterone, T). Il /R & (blood
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Table 1 The exercise load protocol for rats

Stage/week Speed/(m*min™) Duration/min  Slope/(°)
1 15 20 10
20 40 10
2 20 20 10
22 40 10
3 20 20 10
25 40 10
4 25 20 10
30 40 10
5 25 20 10
28 20 10
30 30 10
6 28 20 10
30 20 10
35 30 10
7 30 30 10
35 40 10
8 40 30 10
45 40 10
9 45 30 10
50 40 10

urea nitrogen, BUN) . IfLTEF U7 25 S 1 5 B B LU AE
(ratio of serum testosterone to cortisol, T/C), R MMLE}
[ AR R H o BB 7 20 B Aar i 2R BT TR
F2E, ZEBRAE NS SR — R, T AT T 40 M T4
MBI b, BARENSE ST, BHE T
HHEHA .

TEREBSE U 2 d Kl 2B FSH BT E
2 (luteinizing hormone, LH) JTKEE T (anti-
Miillerian hormone, AMH) . M — [ (estradiol, E2)%5
I EAE S DIRE IR b, 45 AT A 138 i v 4
JRUASHIN 285 SRS A A5 AL
14 EFEKRBELE

R R B E TR R ER B, H 75%5H5 5
R E A TRRIIE ST . 25 IR IRATESS 1 mlAE
HERIK, POT 414 1 mL A= BEER 7K, POT+hpMSC
ZHYEST 1 mL hpMSC 40, 413 BEA 1.5
10° mL™e BHDF Ry : BRI 2 d 5 1 IRTE
S5, BRUCESTEIRR 5 d, 2Ei 3 U, BIFE R 4l

&2 KRESEEH EIRE
Table 2 Criteria for judging fatigue degree of rats

Degree Loading Scleral color  Fur gloss  Injury level  Flexibility =~ Excitability =~ Wheeze severity ~ Stimulus response
1 Very relax Red Bright None Good Very high Very slight Very obvious
2 Relax Red Bright Slight Good High Slight Obvious
3 Laborious Reddish Lusterless  Moderate Acceptable  Moderate Moderate Moderate
4 Very laborious  Grey Sparse Severe Poor Poor Severe Poor
5 Incomplete Pale Depilated ~ Severe Poor Escaped Severe Very poor
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HIE 2 d.8 d.14 d ST
1.5 RAHIRES ST

BARSERUR 2 d.15 d IR RTRRSERUR 1 d).
19 d (AVBEAEITRESE UG 5 A& EshicR i,
o8 T G0 72 W% B 3 562 (enzyme linked immunosor—
bent assay, ELISA)&: FSH.LH . AMH 1 E2 A7k
F, XF e FSH/LH. EEESERUS Y 15 d #1019 d, 43
SALFE I B, A I 8] i B 2 A& A 3 HOR R,
BRSO TR RS . USRS RS A O B
S W, 4T 78 ARG 4T (hema—
toxylin—eosin, HE)J4 {4 K 3% 41 24K 2% (immuno -
histochemistry, THC) %40, 45 A=l 5P 82 4 1 o
Bcl-2 . Bax (Bel-2-associated X protein) Dt K 8
fiti-3 (caspase—3)iFAT HFEEN LS5, R H] ELISA
o I 4% 20 K B 22 ) B9 58 20 240 1) 355 P 4 (reactive
oxygen species, ROS) . # AW AL (superoxide
dismutase, SOD) 1A % (malondialdehyde, MDA)
i AR ORI, SR SISO 7 PCR (real -
time fluorescence quantitative PCR, RT -qPCR) £
D520 R L BP BEAH M Y b ARDHE JBE, SR HTELISA
I v 7 i (telomerase, TE)Td 1 o
1.6 EEREEE

RS VB S AE PBS Rk Rim i, &
TR, BRI SRALE, B 530 nm
WORIE AN 595 nm & ST AR, K msk &
G, BRAFRIG IR, KUARIE T PKH26 HhpM-
SC AR EUAR NIV BEAN 5015 .
1.7 ELISA il

REEHE 15 d.19 d WEERAL 3 R
MR FNGPELLHLVEP, s I SRR
FSH ELISA #:M7] & (mlbio, ml002872) .LH EL-
ISA A7 &5 (mlbio, ml002860) . MIS/AMH EL-
ISA K37 & (mlbio, ml003371).E2 ELISA £l
A& VLAY, JL11525) K I 7% FSH . LH .
AMH E2 7K SRR ROS ELISA Kl i 51 &
(TT3EEW), J1.21051) MDA 75 5t A% 5] 5 (So—
larbio, BC0025).SOD ELISA 7 &4 RAEY), H-
LE20008) KM B HL2H 21 ROS MDA .SOD 7KF-; 2R
FH I B AR ELISA 377 & (CUSABIO, CSB-
E08023v) Al v bor il 15 4
1.8 HE #:fa

T A3 bR EIE A BRI AL, BRELAE 4 °C
T 4% 2 FWEEE E AR, A, E5)
FIFHEH HE Qe (DG BB on §UE

Ao BITEOTTR: B 5 KU R AR H IR 5L
a1, TSRO R OIS Y BRI
1.9 GEENHS 4T

FH & A 8 B 70 B IR B 1 90 9 R1-
PA 247 (Sbibio, BI-WBO015) 2] 3% 4i g F1 5
HAL, Mo UG 4 CE AL 10 min, YJWE LI
W o KM BCA 8t 5k B I a2 377 £ (Thermo
Fisher Scientific, 23225)# 17 8 [ iU i, A& 1%
RV AH A3 LR I a2 B B U IR B . ARl A5
AT R B, THEAE R AR R R TR AR R
B FTTRE S EAT T e SR 1R ) — 5 DR A Tk e 5
Ji& HL 3K (sodium  dodecylsulfate —polyacrylamide gel
electrophoresis, SDS—PAGE)}% , St FE R, E
JE R FLE T 5% BRI TBST B M, %R
PR INARE ML, 76 4 CRIVKEETTINE
R, SRIE SHN N S E R E . I Tanon
4600 4 H 3k AOUUR R GE( Hife R IeFHEA
BRIV AR FUTARHT o AR AP e
Bax .5 P (Proteintech, 60267-1-Ig).Bel-2
2 vl BEPUIR (Proteintech, 26593—1-AP)Fl1 anti—cas—
pase—3 PUI&(Abcam, ab32351)
110 SEHERUFEDH

KON H B T EDTA BURIBE S ohik
o, TR N THURIE S, PBS BRI 3 K. ¥
39 M AL SR T R HA b, EiRBEE
15 min, PBS UE# 3 e T MAALERHL)E
el P DA 7 1k oA iai A, AT PBS, £ H] 30 min,
S5 - TFREN 4 CiER R, REHY)
A SRR ALY B IC B —BUTE 37 CF
5 30 min. I EALYIRIR Yt 3,3 - AR
Jf#(3,3' ~diaminobenzidine, DAB) & (A . {6, 2Bk
R TR 30~60 s 5T, {1 Tmage—Pro
Plus 6.0 BTG A AT
1.11 DNA B R LR HEE PCR 517

fifi ML S 3 R 4] DNA Fh 23857 & (Be—
yotime, D0061)#2HL DNA . RT-qRCR KWK RN
20 pL: 2x PerfectStart™ Green qPCR SuperMix
10 pL, 1IE 54110 wmol/L)45 0.4 wL, DNA
Bt 1 WL, TAZIREK (nuclease—free water) 8.2 plLo
RVABREIAE: 95 CHUETE 30 5; 95 €10 s, 58 °C.
20 s, 72 °C.30 s, L 40 MEFR T IVFHNATT: GA-
PDH-F, 5’CAACAGCAACTCCCATTCTTCC3'; GA-
PDH-R, 5'GTAGGCCATGAGGTCCACCAC3'; TE-
F, 5' GTAATTGCGTAAGACTTAAAACC3'; TE-R,
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5'CCTAGAAATAAGAGGATTTAAACC3 o i (Bl 2A). xRl 3 B 45 R o, 3557 09 4i il A
Ct {HEE 0 REER IR IE R BIME; UL GAPDH /E PEZR3E €D29 1 CD90, BM: 3Rk CD34 Fil CD71

NS FERA, SR 2000 S T AR A (E 2B). 4HMEAERAR 55 20 d J5, 04 0
112 SEit=4bhiE o m] WL AR (] 20); TERUEA 355 20 d

AR I b (o) B, BHALIAIEL 5, PEERA S Yo R BHME(E 20), X sesb LM,
BER IS AEAS ¢ K50, Z2E LCECR AR BT 0 4u i o) 7 ot T4 ..
T 2501 i SPSS 17.0 Ml GraphPad Prism 8.04t 2.2 POI KRAEBIAYE ST
TR T 8T, LA P<0.05 MZERA SRR X AR R WA R R, BEE VIR AT,
) mm POT ZH A POT+hpMSC ZH K BRI 55 72 B2 R (]
- 3B). 525 X RLAAR L, POT 41F1 POT+hpMSC 2H
2.1 hpMSC W& E KA (B 3A) AR A=A F5 br (B )39 7E
ALK R TR, B LM 3 AR BEAh RERC, BUIZE58 o R {AEA
B 5 AT AR AN A AN REANMAR R TR ASARAE W B AR (P<0.05) (I 3A); Hb /K- 46 3 JHiEE T

Passage 1 Passage 3

Oil red O

Alizarin red S

()

1 114.006
1 000 A - 1 000
T : :
() S I A B () SR S
10° 10" 10* 10° 10* 10° 10" 10> 10° 10 10° 10" 10* 10° 10*
CD29-PE CD34-FITC CD71-FITC
1 114.005 1 114.001 1 114.001
1 000
T ; g
7R % 7
10° 10" 10* 10° 10* 10° 10" 10> 10° 10 10° 10" 10* 10° 10*
CD90-PE PE FITC

(B)
E 2 hpMSC HI4E
(A) hpMSC 897 A F I, WmIEF | KA F 3 RAKIUE S22 6h 54 e R AR TS A8 () B 2L, x100); (B) L 40 i
il 25 R . hpMSC Fadk £ 35 CD29 (99.9%)F= CDIO (80.5%), MM &L CD34 (1.3%)%= CDT1 (1.2%), FALALER 3 A7 (fluo—
rescein isothiocyanate, FITC)#= 3£ 2% & (phycoerythrin, PE) % = & 3§ B (C) hpMSC # s i5 R B#HF oL R, #£520d
JE R O Ao dh H4L S J &, MR VAR 540 Hy g oy 4m oL e B 40 R, R 29 - 0 2m A6 R AR A M E BR, AR R 50 wm,
Fig.2 Identification of hpMSCs
(A) Morphological observations of hpMSCs. Cells exhibited typical fibroblast—like morphology at both passage 1 and passage 3
(inverted microscope, x100); (B) Flow cytometry analysis confirmed that the cells expressed CD29 (99.9%) and CD90 (80.5%),
but did not express CD34 (1.3%) and CD71 (1.2%), with fluorescein isothiocyanate (FITC) and phycoerythrin (PE) as blank con-
trol; (C) Adipogenic and osteogenic differentiation of hpMSCs. After 20 days of induction, cells were stained with oil red O and
alizarin red S respectively, showing that cells could differentiate into osteocytes and adipocytes successfully (scale bar: 50 wm).
The uninduced cells served as negative control.
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2.3 hpMSC Bk KB iR

h T B R RS LAY hpMSC LE R N E 17, F
PKH26 FSEHRIC hpMSC, HAEZOE BAlEE T Ra
(&l 7).

R AERSERUS 15 d.19 d 2 5IAb%E 3 B
KB, BB IR I LGB AR IS T PKH26 1
hpMSC FYIH SR 0 . G5 MNIE 8 Fiw, FF s

5 —
4 - POI
= POI+hpMSC
3-
-
1-
0 T T T

3 weeks 6 weeks 9 weeks

(B)

HaxastiBatart, . P<0.05; ™ P<0.01; **: P<0.001. 5 POI 2848}k, . P<0.05; *: P<0.01; #* P<0.001, /& 4z B #a P 49 4eit

MR LA

Fig.3 Weight (A) and fatigue degree (B) evaluation of rats

Compared with the control group, “: P<0.05; : P<0.01; ™: P<0.001. Compared with the POI group, *: P<0.05; ™ P<0.01; " P<

0.001. The same statistical analysis is used in the following figures.
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Fig.4 Blood biochemical profile in rats
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SEJE 15 d.19 d, BRSERAH ZIIAFAE PKH26 frid
1 hpMSC, Jf HH: F 2@ A T 0P S8 57, iS4
ZUBAETE PKH26 FRic (19 hpMSC, {H HA w2 T
R L2
2.4 hpMSC 3t POI X R 7k T a0

h T ST hpMSC FEAEXT K FUIM 2 KR 52
M, R T AR SE U 15 d.19 d AR B FSH .
LH AMH .E2 (7K, 2558 IR 525 [ g AH
te, POT AAEE5E S 15 d M1 19 d B, L& FSH
IR 3T (P<0.01), FSH/LH 3 T+ (P<0.05),
AMH 1 E2 7K AR (P<0.05); 5 POT 4AAH L,
POT+hpMSC H7E B MU 15 d B, FSH.AMH
A E2 BY7KF- LK FSH/LH A9 FUAE4 TC 3% 22 52,
ERBERUE 19 d B, FSH 7KF (FSH/LH H.{HYY
i R (P<0.05), AMH & E2 Bk BA THH,

POI+hpMSC

3 weeks

6 weeks |

9 weeks |

9 weeks+2 d

B 5 KERBAE R E MG NG R ERR: 400 pm)
Fig.5 Vaginal cytology of rats (scale bar: 400 p m)
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Blo FESEMI/F 2 dEKRIPEMSINRERITM
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E 0.6

= 0.4
=

195
= 0.4+

BTG 2257 (E 9).
2.5 hpMSC 3t POI X R EP;a 2RI

TEREFSERUS 15 d A1 19 d 2B EES 4K
B DN S T 21220081, B 10A S5 R,
25 P R R BRUZE P BORE S5 430 By B S 4A
FR, BRA TG R, A OP L nT I, FO0RL4H )2
W2, BRI S HR BB MEEZ T, POl
2R B OP S 2245 BH (2, ORI A /D, DA DR A
w2 BP0 2 0L AR D
POI+hpMSC ZH A B 52 5z J5T P I AT D, RS £ 49 2% B
WL SRR IR, BT T BRI, SO 40
BERZ, BikkFHEKZ .

HE— 25 X 4 A1 K B IR i AT G i oy
Br, G5 R UK 10B~C Fin. 525 AN HRALAH L,
POI 4 7E EESE AR 15 d A1 19 d BHAYAE K B

800 = Control
= POI

. = POI+hpMSC
600

1 4 & |

=

Ratio of leukocyte to cpithelial cell/(%)

3 weeks 6 Wleeks 9 W;}eks 9 Weelks+2 d

1.0

0.2

Control POl POL+hpMSC

1.2
1.0
0.8

0.2

T
Control POI  POI+hpMSC

Fig.6 Evaluation of ovarian reserve function in rats 2 days after modeling
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(A) (B)
7 PKH26 #Ri2 9 hpMSC 7 200 15 R HE TR W
#HR
(A) B4 T ALK PKH26 473269 hpMSC; (B) 5 X %445 T AL
22 PKH26 473269 hpMSC.
Fig.7 PKH26-labelled hpMSCs observed at 200x mag—
nification
(A) PKH26-labelled hpMSCs observed by light microscopy;
(B) PKH26-labelled hpMSCs observed by fluorescent micro—

scopy.
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Fig.8 In vivo tracking of PKH26-labelled hpMSCs
Color bar indicates relative fluorescence intensity.
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Fig.9 Hormone level changes in rats of each group 15 and 19 days after modeling
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Fig.10 Histological analysis of ovarian tissue in rats

(A) Observation of tissue morphology by HE staining (x40); (B) Number of follicle 15 days after modeling; (C) Number of follicle

19 days after modeling.
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Fig.11 Effects of hpMSC transplantation on telomere length and TE activity

(A) Telomere length 15 days after modeling; (B) TE activity 15 days after modeling; (C) Telomere length 19 days after modeling;

(D) TE activity 19 days after modeling.
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Fig.12 Effects of hpMSC transplantation on contents of ROS, MDA and SOD in rats

(A~C) Contents of ROS, MDA and SOD 15 days after modeling; (D~F) Contents of ROS, MDA and SOD 19 days after modeling.
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Fig.14 Effects of hpMSC transplantation on expression of Bax, Bcl-2 and caspase-3 by immunohistochemistry
(A~B) Fifteen days after modeling; (C~D) Nineteen days after modeling. Scale bar: 400 wm.
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