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¢

[ Abstract]  Premature ovarian insufficiency ( POI), also known as “ovarian insufficiency” , has an incidence of
1% ~5%. The incidence has been on the rise in recent years, seriously affecting women’ s physical and mental health and
quality of life. At present, the cause and mechanisms of POI are still unclear, and the method and applications of model
construction are also confusing. Most models have some shortcomings in pertinence and stability. The limitations greatly
limit research into the clinical diagnosis and treatment of POI. This paper summarizes and discusses the etiology and
pathogenesis of POl and the construction of POl animal models to provide a comprehensive reference for those
studying POI.
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Table 1 Types of genetic factors associated with premature ovarian insufficiency

AR e

Genetic anomaly type

S B B (B 1

Abnormal gene or chromosome

30

Expression

45,X/46 XY Y OfKIR G
45,X/46,XY chromosome mixture
SIS A

Chromosome abnormalities

47 XXX

46, XX

ARIRIRBE 4 SRR, i LW Bty BB R g 707

Different degrees of gender ambiguity, fetal stage of oocyte apoptosis.
ST RERERG , JEE R A2

Ovarian dysfunction, periodic amenorrhea and infertility.

AR 1 09 S AN B R R PR B S RE AR 21

Different degrees of ovarian dysplasia, idiopathic ovarian insufficiency.

FMR1 #:[A
FMR1 gene

I SR B B 2 MR R R,

Early follicular development is stagnant, the number is reduced, amenorrhea and

estrogen are insufficient.

BMP15 #:[H

LRI TN ST RE AL , Ak R POT

Many types of ovarian dysfunction, such as precocious puberty and POI.

5 0 1B 40 O RN G900 1 2 7, S B L e
Affecting the formation of oocytes and the development of follicles, leading to

premature ovarian failure.

MM _E M T A R 3 R IR 324, AR B 2R R (follicle stimulating

BMP15 gene

NOBOX H:[H

PP R NOBOX gene
Single gene abnormality

NR5A1 JE[H]

NRSA1 gene

hormone , FSH ) FIfi¢ # &4z 5 & (luteinizing hormone , LH) ZRgEI LI
Expression of gonad, adrenal gland and pituitary gland is impaired, and the

receptors of follicle stimulating hormone ( FSH) and luteinizing hormone (LH) are

inactivated.

P EL TG 1E 5 R 57, SEL BT B Y A B, 410 M B (estradiol 2, E,) M E K

FSHR %
FSHR gene

Y,

Ovary can’ t respond normally, blocking follicular formation and inhibiting the

secretion of estradiol (E2) and other hormones.

FOXL2 %
FOXL2 gene

e TR0 L 0L BECAAE L 1 43, 0 28 T 2, A B i

Destroy the differentiation of granulosa cells and theca cells, affect steroid

production, and weaken reproductive ability.

E2 b

Polygenic abnormality

FIGLA 3£ A
FIGLA gene
GDF9 3
GDF9 gene

BIRIB AN S FLE R S RE

Destroy egg cells and affect their reproductive function.

WKL R 2 R

Content of progesterone produced by granulosa cells decreased.
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( gonadotropin releasing hormone , GnRH ) f%) 52 15t AL il
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RIS AE DG RIS 4 38, POL 1Y & AE S 4 pa A A3k
SRR BEPE BT FLA — 1 A G | I 82 B 1Y) S92
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JIri  FERF AN R 2 S B0RY PO 9 B, I IR 1
AHRHEAS ) 1 B0 PR 2= 3 88 5 18 W 5 ik i T s
BRAL A AA
3.2 AERFRIEIERRIZE

POL 1Y & AL 200 S BN AN T L A W 4]
PR AT B AR, HOAH DG 3E # A TGF-B/Smad | PI3K/
Akt , Wnt/B-catenin , SIRT , VEGF/VEGF-2 | Hedgehog
&, BATHFR R B, BEIEPERIAL RS POL 1Y E %
WA PI3K/Akt/FOXO03a {755 [ ; H P IR g ik
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Table 2 Pathogenesis of premature ovarian insufficiency

B

HRSRAR = 1 i

Mechanism type Correlation signal path

kSR
Regulation process

AHICTE K T

Related genes or molecules

AT
Apoptosis

A A W
Autophagy

AL BT

Oxidative stress

A T UL . 3 — 3l
{7 % 8 I ( PI3K/

Akt) %]
Phosphatidylinositol
3-  kinase  signal

pathway ( PI3K/Akt)

A RKRHT-B 15
S (TGF-B) >

Transforming  growth
factor-B signaling

pathway (TGF-B)

Wnt/B-catenin 15 5
g 130)
Wnt/B-catenin
signaling pathway

& A A KA T
" % @ B
(VEGF) %!

Vascular  endothelial
growth factor
signaling pathway
(VEGF).

O E S B
(Hedgehog) 13
Hedgehog

signaling pathway

SR
Oxygen
sensing pathway

XL TR ACHE (SIRT)
e e
Deacetylase ( SIRT)
signaling pathway

SIRT {55

g [36-57)

SIRT

signaling pathway

PB3K/Akt  fx
g

PI3K/ Akt
signaling pathway

C[E

AR 15 2 AR S5 &  PIBK B0 Akt A0S L
TR e R (E 1),

Including the binding of stimulator and receptor, PI3K
activation, Akt  activation, downstream  signal
transduction and other processes ( Figure 1).

LRI 7 5 32 K455 AR | Smad BERRAL
Smad FEHe s K F 52 A W0 B e TR e S i 4 4 g R
(H2),

Including the binding of stimulator and receptor, receptor
activation, Smad  phosphorylation, Smad nuclear
transcription factor complex formation, gene transcription
regulation and other processes ( Figure 2).

FAHTE Wt (F5RZS Wt (55 980G AW
B-catenin BZHE A FEPIFE SRS R (F 3) .

Including Wnt-free state, Wnt signal activation, complex
nuclear

formation,  (-catenin translocation ,

transcription regulation and so on ( Figure 3).

gene

BLIE VEGF 52L& KB M5 &5 ()
0% PI3K/ Akt MAPK/ERK {35 % ) Z i #2032

Including VEGF binding to receptor, receptor activation,
downstream signal transduction ( which can activate
PI3K/Akt and MAPK/ERK signal pathways) and other

processes.

ALAETCHIR (5 SRS AR5 5 30T L Cli # ¢ H1
T B PR SR S R (181 4)

Including hedgehog-free signal state, hedgehog signal
Gli transcription factor activation, gene
transcription regulation and other processes ( Figure 4).

activation ,

AR SZ i (AN AEF 3 R 7 - HIF ) 30  HIFa F
ETE B T RIFRE 1B HIFa 55 HIFB A%
& HIF S5 W)Y SRTT P JE A st Sl 72
Include activation of oxygen receptors ( such as hypoxia
inducible factor-HIF ) , stabilization of HIFa subunit,
stabilization under hypoxia, combination of HIFa and
HIFB, transcription activity of HIF complex,
transcription regulation, etc.

B35 SIRT 8 1A VEWHG \NAD™ i 4L IR 1) 25 Bt
b J D R R S R

Including SIRT protein activation, NAD® catalysis,
substrate deacetylation, gene expression regulation and
other processes.

5 SIRT 20 193 HE 3R  NAD™ b e 49 % 2. Bk
b FEH R KGR,

Including SIRT protein activation, NAD® catalysis,

gene

substrate deacetylation, gene expression regulation and
other processes.

FLAERE A 15 AR S5 &  PIBK B0 Akt fI0E LT
5 e S

Including the binding of stimulator and receptor, PI3K
activation, Akt  activation,  downstream  signal
transduction and other processes.

PI3K i \PIP2 \PIP3 & PH 45 F sk i) &K 1 Jit
(Akt,PDK Il SGK ) | = bk 44 B2 & A F§
(caspase) B TR E 20 iR 2 LR (Bel-2) 29
T-8 [ Bax.Bak JHT-#H &N F Fas fll Fas-L
mRNA NF-kB .FOX03 [ 745 %) |

PI3K enzyme, PIP2, PIP3, protein with PH
domain ( Akt, PDK, SGK, etc. ), cysteine
protease ( caspase), B lymphocyte tumor 2 gene
( Bel-2), pro-apoptosis proteins Bax, Bak,
apoptosis-related factors Fas and Fas-L. mRNA,
NF-kB, FOXO03, etc.

TGF-B 43T Smad %,

TGF-B molecule, Smad kinase, etc.

FOX03a,Wnt3a'*' \Wnt 2 4, TCF/LEF %42
BFEAS,

FOXO03a, Wnt3a, Wnt protein, TCF/LEF and
other chromatin proteins.

VEGF-A .RTK PI3K fiff ,PIP2 PIP3 ¥ PH %%
FA 3R 9 8 1 BT ( Akt . PDK Fil SGK 45)
VEGF-A, RTK, PI3K enzyme, PIP2, PIP3,
protein with PH domain ( Akt, PDK and
SGK, etc. ).

Gli #5%HF Smo FEH .Glil FH kinesin &
E M O(Kif7), Hh G % R W 4 T
(SUFU) &34

Gli transcription factor, Smo protein, Glil
protein, kinesin family protein ( Kif7 ), Hh
pathway regulator (SUFU) , etc.

HIF VHL & F, Bt %0 0 i T (HRE) |
VEGF fELL4NM A4 3R (EPO) 55

HIF, VHL protein, hypoxia response element
(HRE), VEGF, erythropoietin (EPO) , etc.

SIRT 2 KI5 il NAD"  p53 ., FOXO %% 5%
HT4E,

SIRT protein family, coenzyme NAD®, p53,
FOXO transcription factor, etc.

SIRT A% 4l i NAD* | p53,FOXO #% 5%
LEZN

SIRT protein family, coenzyme NAD®, p53,
FOXO transcription factor, etc.

RTK ,PI3K [ \PIP2 PIP3 % PH 4% #4351 2
FIT( Akt ,PDK 1 SGK 4§) F: e MR
(caspase) e8]

RTK, PI3K enzyme, PIP2, PIP3, protein
containing PH domain ( Akt, PDK and SGK,
etc. ), cysteine protease (caspase), etc.
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Figure 1 PI3K/ Akt signaling pathway
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Table 3 POI animal model construction methods

BRI SR R I% iafEie AL PRk,
Types of  Experimental Construction Construction . Advantages and
. Related mechanism .
models animal method result disadvantages
TRET I, S JH I 25 L O LI 5t
YL FNET AE AL s T 5 AR 4
IRGIPHLES S SR A) i D5 AR L B L K gl
T 2 5T 2 mg/ AMHLE, JKV-FEAR, FSH KF-Thi5,  Bax B Bel-2 MIRFHBURANA [0 R 2 % & | A
b, B BE I Bax kP IH, Bul-2 Bk B AT B TNF- LB AT IL6 G (X SE BB R
WIE1S AN SR FREHURB AR 5
SD K E 2 mg/ml. Weight loss, estrous cycle disorder; —Jif Bl Modeling  method s
kSD rats cyclophosphamide Ovarian interstitial hyperplasia and  Regulation of Bax and Bcl-2  simple, the construction
solution was fibrosis are obvious; Uterine gland makes granulosa cells apoptosis; time is short, the
injected atrophy; The number of secondary Release of TNF-o, IL-1B, IL-6  success rate is high and
intraperitoneally follicles and mature follicles decreased and  other  factors induces the cost is low; But it
for 15 d. significantly; AMH and E2 levels oxidative stress in the body. requires high
decreased, FSH level increased, Bax experimental operation.
P! P
expression level increased, and Bcl-2
expression level decreased.
BRSSO Aok 9 Bk
T3 [ LN S A RLA
GF L2 2T Ak Lk % s e
it UL st
HETEST 0.5 mg/ . « WL o) 3 A B TGE-B1/ TH e 2 g
SN 1HJE L DnEigg ; [ ' AN (SRR = W o
ol e, R T SRR s g gy e TR
747 TEA AT Modeli hod
- - - ° PR, o . . . Modeling  metho is
[E{}Elﬁ SD KH OZS X mg/ 1"nL Weight loss, estrous cycle disorder; It promotes iron sagging in simple, the construction
latrogenic SD rats cisplatin  solution ovarian tissue atrophy, thin uterine ovarian granulosa cells and causes T T
was injected wall; Number of m,alure follicles ~ ovarian dysplasia and —ovarian oo coos rate s hi’gh and
intraperitoneally decreased; AMH level decreased. tissue fibrosis in rats; Inducing the cost is low; But pay
for 7 d. endoplasmic  reticulum  stress L0 lhe’ injection
leeﬁls lol Eflli(.)l;.)hagy fof fgﬁi‘nuiar dose.
cells; Inhibition of follicular
TGF-B1/Smad3  pathway  to
regulate ovarian function.
TS VR TR L R
' - « Vi) B 20 28 155 {EL R
< B S KL e b e o b fAe i e e s .
2550 Gy.2 Gy o TET LI SHBIDEEL SN sagtmpn sesempmman pisk/ & i i R 38 1 b
Gy .6 Gy X-44k, o e Xl\?lf?ﬂ@ﬁ[ﬁ* E‘ A Akt/FOXO3a {7 5 i@ i, S 8 gl
C57BL6 /Ml 749, AN i o i POt Modeling  method  is
B, Weight loss, estrous cycle disorder; [ . . .
. Whole body X-rays . : . Oxidative injury and inflammatory ~ simple, the construction
C57BL6 mice Bilateral ovarian volume reduction; .. . . ;
of 0 Gy, 2 Gy, 4 Number  of simordial  follicles  Mjury  activate PI3K/Akt/  time is short, and the
Gy and 6 Gy for 7 decrea.;e d. FSH plcvel increased én:l FOX03a signaling  pathway, success rate is high; But
d. AMH leve’] decreased leading to POL the cost is high and the
’ clinical applicability is
low.
S 40 meke T ek S N N R Y N I i Bk Gt KN e e L]
MTD 40 me s T e L LB SRIGI  SR K 9 . 0 T
jl [M]tb'““ © B FSH B EIEESCE, BT caspase3 . caspase9, Bax E B K g gop e o
4t 14 g4 . AN e [49) TRk TR B T R
40 g/k ﬁ%g“o :F‘ﬂlnl,j]ﬂliéﬂ]ﬂ@dat o =n bEZI-({EE“ﬂ
Balb/ - . . ™%X Pregnancy rate showed a downward By  activating  mitochondrial 1 PR ° .
c/DBl wipterygium trend; Weight loss, estrous cycle apoplosis pathway and damaging Modeling  method  is
Balb/c mice M]l'ﬁ’rdu ” disorder; Ovarian tissue is damaged; mitochondrial ~ function,  the sm_lple’ with q hllgh
po ygly(:.051 © Number — of  primordial ~ follicles  expression levels of pro-apoptosis - ¢ rate - and - low
suspension was . cost.
. Allv for 14 decreased; FSH showed an upward proteins caspase3, caspase9 and
fven orally lor trend, while E, showed a downward Bax are increased and apoptosis
’ trend. is accelerated.
SRS, W Ee AR
A0 GoRH, F#A% FSH AT LH ¥ 52— F o B A% AH G
T MEE AT . e ST VEGE AR Ak AN AT Ok B A
(4 32 mg/kg, 2 KBTI, SONEFIMIZRAL, DO AURE AL Jeik | Som sLba RIZE4s . BAS AR AR 5 = T AT
- 12 4L . TR E, ARG, FSH AKET-E It leads to the increase of negative L) B
SD rats Hydrocortisone 32 Weight loss, estrous cycle disorder;  feedback, inhibits GnRH It is a TCM syndrome-
: ) mg/kg was  Ovarian index decreased; E, level produced by hypothalamus and — related  model — with

injected into lower

limbs for 12 d.

decreased and FSH level increased.

reduces the secretion of FSH and
LH; Inhibition of VEGF and its
receptor leads to
ovarian hypoxia and atrophy.

expression

simple modeling method
and low cost. But it
lacks repeatability.
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g5R3
B SEd Wk SR - s
Types of  Experimental Construction Construction Related mechanism Advantages and
models animal method result clated mechants disadvantages
N v S . YEA Ty Th3%
R AL sy, IR o ore e s 0P
I 40 m AT R o, IR K SR g g g
P AMH E, 7K FSH /K7 P I A e HEE i)
e pe A o AMILE ACPRRIG FSHRET ) s w200t .
\2&3[48] (=18 ” 7J<¥“9] Modeling ~ method ~ is
SD K, © Weight loss, estrous cycle disorder; = .° . simple, the success rate
o Subcutaneous . ) By activating GR-CREB/AP1 % .

SD rats R Ovarian  atrophy; Number  of . . L is high, the cost is low
injection of 40 mg/ cimordial ceantral  follicles  and iS5 the expression of luteinizing q ;h licati ’
kg  corticosterone E}ature fnliiclf@ decreased: Levels of hormone receptor ( LHR ) in and - e d -aIIzF reation
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oocyte, which leads to premature
ovarian failure and infertility.
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