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Aims: The present study aimed to investigate the effects of cyclophosphamide (Cytoxan, CTX) on premature
ovarian failure (POF) in mice and its regulatory mechanisms by transcriptome analysis.
Main methods: Female C57BL/6 mice were treated with a single intraperitoneal injection of 70mg/kg CTX.
Serum levels of estradiol (E2) and follicle stimulating hormone (FSH) were measured by enzyme-linked im-
munosorbent assay (ELISA), and follicular structure differences were observed by hematoxylin and eosin (H&E)
staining. The main mechanism of POF was investigated by RNA-seq data, protein-protein interaction (PPI)
networks and qPCR analysis.
Key findings: The serum levels of E2 were significantly decreased and those of FSH were significantly increased
compared to the control group. The ovarian weights of the mice in the CTX group were reduced, and abnormal
follicular structures were also observed in the CTX group. The RNA-seq data show that the downregulated genes
were related to the cholesterol biosynthesis pathway. The PPI network and qPCR analyses further confirm that
the PPAR signaling pathway and the ovarian infertility genes were also involved in blocking the cholesterol
biosynthesis pathway. The differences were statistically significant.
Significance: Our results indicate that CTX may exert its anti-tumor effects by inactivating the cholesterol bio-
synthesis pathway, and simultaneously reducing the supply of estrogen precursor materials, ultimately leading
to the occurrence of POF. Our data provided a preliminary theoretical basis for resolving the clinical toxicity and
side effects of CTX.

1. Introduction

Although the treatment methods for cancer are more and more di-
versified, chemotherapy is still the most common treatment method for
cancer patients, followed by surgery, radiotherapy and other more
professional treatments [1]. Since the first attempt to treat Hodgkin's
disease with alkylating agent, cancer chemotherapy has made great
progress. As the most widely used alkylating agent and anti-tumor drug,
cyclophosphamide (CTX) is always in dispute because of its side effects
[2]. CTX is clinically used to treat malignant lymphoma, multiple
myeloma, breast cancer, lung cancer, childhood tumors, and many solid
tumors [3]. In addition, CTX has also achieved satisfactory clinical re-
sults in the treatment of immunosuppression, steroid dependence and
localized segmental glomerulosclerosis (FSGS) [4]. CTX used to treat

cancer are undoubtedly beneficial. However, CTX can cause strong al-
kylation of chloroethyl phosphoramide under the catalysis of liver mi-
crosomale enzymes, which produce cytotoxic effects on tumor cells.
Among various toxicity and side effects of CTX, its damage to ovaries
has attracted much concern, this damage is frequently associated with
premature ovarian failure (POF) and infertility due to ovarian germ cell
toxicity. Its side effects on the quality of life of female cancer survivors
and their offspring cannot be ignored [5].

CTX has the greatest POF risk among all chemotherapeutic drugs
[6–8]. POF is a heterogeneous disorder that occurs in women before the
age of 40, and is characterized by primary and secondary amenorrhea,
low estrogen levels and high gonadotropin levels [9]. It is also a
common cause of infertility in women. Animal studies have shown that
chemotherapy can cause the significant loss of dormant primordial
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follicles and growing follicles. The CTX toxicity to the ovaries is mainly
the damage to the primitive follicles and sinus follicles, and this de-
stroys them in a time - and dose-dependent manner. The loss of pri-
mordial follicles is the main determinant of ovarian failure, because
these follicles are the source of all follicles in the ovarian life cycle, and
the pool of these follicles is finite. There is a controversy as to the target
cells of CTX in ovarian follicles. Some supporters believe that che-
motherapy drugs seem to directly target oocytes in primordial follicles
and primary follicles for apoptosis and destruction [10,11]. Women
who receive CTX always have a high risk of permanent amenorrhea and
premature menopause. Ovarian pathology usually shows a primordial
follicle pool in these patients, with reduced ovarian vascular damage
and ovarian atrophy [12]. Recently, CTX is now being used in combi-
nation with various detoxifying and protective agents with the purpose
of reducing or eliminating its ovarian toxicity [13]. It is well known
that rapidly dividing cells are more sensitive to cytotoxic effects of al-
kylating agents than stationary cells. This makes follicular steroid-
producing cells a possible target for CTX [14]. However, the underlying
pathogenesis mechanisms of CTX-induced POF development are com-
plex and remains to be elucidated, and there is no effective treatment.

Therefore, the aim of this study was to explore potential molecular
pathogenesis of CTX-induced POF on the mice models by RNA-seq
technology, and the results of this essential experiment will provide a
theoretical basis for finding suitable antidotes.

2. Materials and methods

2.1. Experimental animals

Female C57BL/6 mice at 6–8 weeks of age, were obtained from
Liaoning Changsheng Biotechnology Co. Ltd. To explore the effects of
the drugs on ovarian injury in mice, the experiment was divided into 2
groups, 8 mice in each group. The mice were administered a single
intraperitoneal injection of 70mg/kg CTX (Sigma, USA), the control
group received equivalent doses of normal saline solution. At 14 days,
the mice were sacrificed by cervical dislocation. The current study re-
ceived ethical approval from the Animal Ethics Committee of Jilin
University (Approval ID:20151008–1) in compliance with the
Experimental Animal Regulations of the National Science and
Technology Commission in China.

2.2. Enzyme-linked immunosorbent assay (ELISA)

At 14 days, mouse blood plasma was obtained by mouse retro-or-
bital blood collection. Blood samples were incubated at 37 °C for 1 h,
centrifuged at 3000 rpm at 4 °C for 10min, and the supernatant was
collected. The serum levels of estradiol (E2) and follicle-stimulating
hormone (FSH) were measured by ELISA kits (Westang Bio, China)
according to the manufacturer's instructions. For E2, functional sensi-
tivity was 18 pg/ml and intra‐assay and inter‐assay coefficients of
variation (CV) were 4% and 4% respectively. For FSH, functional sen-
sitivity was 1 ng/ml and intra‐assay and inter‐assay CV were 10% and
10% respectively. Then, 100 μl standards were prepared at the fol-
lowing concentrations: E2, 1400, 700, 350, 120, 40, 20, 10 and 0 pg/ml;
FSH, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.195 and 0 ng/ml, the
prepared standards and diluted mouse plasma were added to microtest
wells that were precoated with anti-E2 or anti-FSH antibodies, and the
samples were incubated for 40min. The plates were washed 4–6 times
with wash buffer, added the biotinylated antibodies, and incubated for
20min. Then added the enzyme conjugates, incubated for 10min, TMB
solutions were added and the plates were incubated for 15min in the
dark. This was followed by the addition of a stop solution. The optical
absorbances were determined at a wavelength of 450 nm using a mi-
croplate reader (Bio-Tek, USA).

2.3. Hematoxylin and eosin (H&E) staining and ovarian follicle counting

The ovarian tissues were collected and washed 3 times with phos-
phate-buffered saline (PBS), fixed with 4% paraformaldehyde (Sigma,
USA) for 30min, dehydrated using a graded series of ethanol, vitrified
in xylene and embedded in paraffin (both purchased from Sigma, USA).
Next, serial 6 μm thick sections (Leica, Germany) were made and
stained with hematoxylin and eosin (Sigma, USA). All samples were
observed under a Nikon Eclipse Ti–U microscope (Nikon, Japan). Color
images were captured using a DS-Ri2 CCD camera (Nikon, Japan).

Three ovaries were collected in CTX group and control group, re-
spectively. The seventh slice from each ovary were chosen to calculate
the number of follicles. The follicles were categorized as primordial,
primary, secondary and atretic follicles, according to the method de-
scribed previously, oocytes whose follicles are surrounded by a layer of
partially or intact squamous granules are classified as primordial folli-
cles. The primary follicle shows a single layer of cubic granulosa cells. If
the follicle has more than one layer of granulosa cells without visible
antrum, it is classified as a secondary follicle. The follicular wall col-
lapses, and the separation of granulosa cells from oocytes is classified as
atretic follicle [15].

2.4. RNA isolation and sequencing

The total RNA from the ovarian tissues was extracted with TRIzol
Reagent (Life Technologies, USA) using RQ1 RNase-free DNase
(Promega, USA) to remove the genomic DNA. RNA-sequencing was
performed by GENEWIZ using an Illumina HiSeq sequencer (Illumina
HiSeq 2000 platform). Raw and processed RNA-seq data were deposited
at GEO DataSets: GSE128240.

2.5. Integrated analysis of microarray datasets

The Limma package [16] was applied to perform the normalization
and log2 conversion of the dataset. |log2FC|＞1 and an adjusting FDR
cutoff of 0.05 were considered statistically significant for the DEGs.

2.6. Functional enrichment analysis

The pathway enrichment for the upregulated and downregulated
differentially expressed genes (DEGs) was performed via WEB-based
Gene Set Analysis Toolkit[https://webgestalt.org/]. Select genes that
were associated with the cholesterol biosynthesis pathway were en-
riched using Network Analyst [http://networkanalyst.ca]. The path-
ways were generated from the pathway enrichment results, and the
transcriptome expression data generated by pathvisio were integrated.

2.7. Protein-protein interaction (PPI) network construction

To demonstrate the potential PPI relationship, the DEGs were
mapped to the PPI data that were collected from the cholesterol bio-
synthesis, PPAR signaling pathway and ovarian infertility genes sub-
data sets of the pathway enrichment. The Pearson correlation coeffi-
cient (PCC) [17] was calculated for all pair-wise comparisons of gene
expression values between the normal genes and the DEGs. The PPI
relationships absolute PCCs are larger than 0.4 were considered as
significant. Then, the PPI networks were constructed using Cytoscape
[18] based on the PPI relationships [19].

2.8. Reverse transcription and quantitative PCR (qPCR)

The RNA was reverse transcribed into cDNA using TransScript All-
in-One First-Strand cDNA Synthesis SuperMix (Transgen, China) ac-
cording to the manufacturer's instructions. In brief, first-strand cDNA
was synthesized in 20 μl reactions from 2 μl total RNA using SuperMix
and RT reaction steps consisted of 42 °C for 15min and 85 °C for 5 s.
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Real-time PCRs were conducted with FastStart Essential DNA Green
Master (Roche, USA) and the LightCycler® 96 Instrument (Roche, USA)
according to the manufacturer's instructions. The 20 μl reaction mix-
tures consisted of 8 μl water, 1 μl cDNA, 1 μl (10 μM) primers and 10 μl
FastStart Essential DNA Green Master. The thermocycling program
consisted of 95 °C for 180 s, followed by 40 cycles at 95 °C for 10 s, 60 °C
for 30 s, then 95 °C for 30 s, 65 °C for 60 s and 97 °C for 1 s, and a final
step at 37 °C for 30 s. The relative expression of each gene was analysed
using the 2−ΔΔCt method. β-actin was used as the reference gene. The
primer sequences used in the experiments are listed in Table 1.

2.9. Statistical analysis

Each experiment was biologically replicated at least three times.
The data were analysed with Prism (GraphPad, LA Jolla, CA) by t-test. A
value of p < 0.05 was considered significantly different, and
p < 0.01, p < 0.001 was considered extremely significantly different.
(*p < 0.05, **p < 0.01, ***p < 0.001).

3. Results

3.1. Detection of E2 and FSHby ELISA

ELISA was used to detect the serum levels of E2 and FSH in the blood
of mice in CTX group and control group, as shown in Fig. 1. Compared
with the control group, we found that the serum level of E2 in the CTX
group decreased by approximately 40%, while the serum level of FSH
increased by approximately 3 times, indicating that the dose of CTX
used in this experiment had a significant effect on the estrogen levels in
the mice.

3.2. H&E staining of ovarian tissue and ovarian follicle counting

The ovaries of the mice in the CTX group and the control group were
collected for pathological analysis. The sizes of the ovaries and fallo-
pian tubes were found to be reduced in the CTX group compared with
those of the control group by observing their external morphology
(Fig. 2A–B). The weights of the ovaries in the CTX group were de-
creased by approximately 44% when compared with that of the control
group (Fig. 2C). We further observed the histological structure of the
ovaries by H&E staining， the results show that there was a significant
difference between that of the CTX group and the control group (Fig. 2D

Table 1
Primers for the mRNAs.

Gene Accession no. Primer sequence Annealing temp.(°C) Product size(bp)

Adipoq NM_009605 F: 5′-GAGTCCTGAGTATTATCCA-3′
R: 5′-CATTCTGTTATTGCTACCA-3′

56 135

APOA1 NM 009692 F: 5′-CATTTCTGGCAGCAAGATGA-3′
R: 5′-TCACCTCCTCCAGATCCTTG-3′

61 75

PCK1 NM 011044 F: 5′-CTGGATGAAGTTTGATGCCC-3′
R: 5′-TGTCTTCACTGAGGTGCCAG-3′

61 159

CYP19A1 NM_001348171 F: 5′-CAATAAGATGTATGGAGAGTTC-3′
R: 5′-CTTGAGGACTTGCTGATAA-3′

58 75

GDF9 NM_008110 F: 5′-ACAGATGGATTGAGATTGA -3′
R: 5′-ATTGACAGACAGGTGAAT-3′

57 78

FSHR NM_013523 F: 5′-TATTAGACATTCAAGATAACATAA-3′
R: 5′-ATCGCTTAGATTCAGTTC-3′

55 164

SQLE AK138457 F: 5′-TTCCACTCATCTATTCAG-3′
R: 5′-GACACAGTTCTATGCTAT-3′

54 108

CYP51A1 NM 000786 F: 5′-TGGAGCGAAAAGTCCACCAC-3′
R: 5′-TGCATCACTCCCCAGAAGGTA-3′

61 76

HMGCR NM 008255 F: 5′-GCTTGTGAGAAGGAACCA-3′
R: 5′-GCTCTGCTTGTAGTCTCTG-3′

61 104

HMGCS1 AK044835.1 F: 5′-GTTGGAGGAATGGATGTC-3′
R: 5′-AGTTCAGTTCAGCAGAGA-3′

59 121

DHCR7 AK190502 F: 5′-GCCATTGAGTGCTCCTACA-3′
R: 5′-ACCCCAGAAGCCTGAGAC-3′

64 75

FDPS AK140881 F: 5′-AGTTCCTATCAGACAGAG-3′
R: 5′-TTCAGTGTATCTACCAAGA-3′

56 84

β-actin NM 001101 F: 5′-CCTCTATGCCAACACAGT-3′
R: 5′-TAGGAGCCAGAGCAGTAA-3′

60 250

Fig. 1. Serum levels of E2 and FSH in the CTX group. (A) Plasma E2 levels were determined by ELISA. (B) Plasma FSH levels were determined by ELISA. Data are
presented as the mean ± SD. ***P < 0.001 vs control group.
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(a-b)). There were differences in follicular structure and number be-
tween the CTX group (Fig. 2D (a1-a4) and the control group (Fig. 2D
(b1-b4)) at the four following periods: primordial follicle, primary
follicle, secondary follicle and atresia follicle. In contrast, the ovaries of
the CTX group are mainly composed of mesenchymal cells in the fibrous
matrix (Fig. 2C–a). Compared with the control group, the number of
functional follicles (primordial follicles, primary follicles and secondary
follicles) in the CTX group was significantly reduced by approximately
50%, 51% and 66% respectively, while the number of atresia follicles
increased significantly by approximately 58%, as shown in Fig. 2E.

3.3. Identification of differentially expressed genes (DEGs) in the CTX group

A total of 874 DEGs were obtained for the CTX group compared

with the control group, which included 490 upregulated DEGs and 384
downregulated DEGs, as shown in the volcano plot (Fig. 3A) and
heatmap (Fig. 3B).

3.4. Pathway enrichment analysis

KEGG pathway enrichment based on gene set enrichment analysis
(GSEA) methods for DEGs was performed by using WebGestalt, and we
observed that only the downregulated genes were significantly enriched
in the cholesterol biosynthesis pathway (NES> 1, log10 of FDR>2). A
volcano plot of pathway enrichment showed that the differences in
enrichment between the cholesterol biosynthesis pathway and the
others were very obvious, the PPAR signaling pathway and the ovarian
infertility genes were also enriched in the top 10 pathways of

Fig. 2. Pathological analysis of the CTX group and the control group. (A) Female mouse reproductive organs (ovaries, fallopian tubes and uterus). (B) The size of the
ovaries and fallopian tubes in the CTX group and the control group. (C) The weights of the ovaries in the CTX group and the control group. (D) The pathological
observation of ovaries from the CTX group and the control group. (a–b) CTX group (a) and the control group (b), Scale bar = 500 μm, (c–j) follicles at the four
following periods in the CTX group and the control group: primordial follicle (a1, b1), primary follicle (a2, b2), secondary follicle (a3, b3) and atretic follicle (a4, b4),
Scale bar = 200 μm. (E) The quantitation of the follicle counts from the ovaries in the CTX group and the control group. Data are presented as the mean ± SD.
*p< 0.05, **P < 0.01, ***P < 0.001 vs control group.

Fig. 3. Differentially expressed genes (DEGs) in the CTX group. (A) A volcano plot of the gene expression profile data in the CTX group and the control group. (B) The
expression of DEGs displayed by a heatmap in the CTX group and the control group.
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Fig. 4. Functional enrichment analysis of DEGs. (A) The pathway enrichment analysis for the upregulated and downregulated DEGs. (B) A volcano plot of the
pathway enrichments in the CTX group and the control group. (C) GSEA analysis of the cholesterol biosynthesis pathway, the PPAR signaling pathway and the
ovarian infertility genes. (D) The expression of the DEGs of the cholesterol biosynthesis pathway displayed by a heatmap of the CTX group and the control group. (E)
The enrichment of the gene expression level of the cholesterol biosynthesis pathway in the CTX group.
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upregulated gene enrichment, which are two reported cholesterol-re-
lated pathways, as shown in Fig. 4A and B. In the GSEA pathway en-
richment plots of the three pathways, we found that there was almost
no significant upregulation of any of the background genes in the
cholesterol biosynthesis pathway (Fig. 4C). This result was further de-
monstrated through a GSEA heat map and pathway diagram, which
indicate that the inhibition of cholesterol biosynthesis is one of the
significant consequences of CTX (Fig. 4D and E).

3.5. PPI network construction and validation of hub genes by qPCR

We selected the upregulated genes of two pathways, including the
PPAR signaling pathway and the ovarian infertility genes, the down-
regulated genes of the cholesterol biosynthesis pathway to construct a
PPI network. We found that the PPI network was formed by integrating
the main network of the SQLE-dominated cholesterol biosynthesis
pathway as the core with two relatively independent sub-networks: the
PPAR signaling pathway and ovarian infertility genes. Among the
downregulated genes, the node connectivity of 11 downregulated genes
was very high (n≥ 10). In the upregulated genes, the top 3 hub genes
in the PPAR signaling pathway were Adipoq, APOA1 and PCK1 (n≥ 7),
in the ovarian infertility genes pathway. The top 3 hub genes are
CYP17A1, GDF9 and FSHR (n≥ 6) (Fig. 5A).

To verify the RNA-seq results, the hub genes were selected for qPCR
detection. These genes were found to have a significantly differential
expression pattern between the CTX group and the control group, ex-
cept for PCK1, as shown in Fig. 5B and C. The qPCR results were similar
to those of the RNA-seq analysis, as expected. While the differential
expression level of the Adipoq gene is much higher than that of the
other genes, its expression level increased by approximately 78 times.

4. Discussion

CTX is the first so-called “latent” broad-spectrum anti-tumor drug,
which has effects on leukaemia and solid tumors. It is inactive in vitro
and mainly hydrolysed to aldehyde phosphoramide by liver microsomal
cytochrome P450 in the body [20,21], specifically, the enzymes in the

tumor cells due to a lack of normal tissue cells. It can be decomposed
into phosphoramide mustard that is highly toxic to tumor cells, thereby
playing an anti-tumor effect. However, it also has toxic effects will
damage ovaries and has obvious teratogenic and mutagenic effects,
especially for cell division and development of organs in embryos. The
embryos are absorbed, stunted, or deformed, and these deformations
may include abnormal limbs or a cleft palate [22,23].

It has been reported that different doses of a single injection of CTX
have different effects on ovarian [24]. In a previous report, super-
ovulation after injected a single dose of 50mg/kg CTX for 100 h in mice
[25]. In another report, follicular growth initiated by CTX at a single
dose of 200mg/kg began to decline [26]. Recent studies have shown
that a single dose of 70mg/kg CTX causes POF [27–30] found that the
serum levels of FSH in the CTX group were increased, but the E2 level
was reduced. The weights of the ovaries in the CTX group were also
obviously reduced. Compared with the control group, the morphology
of the ovaries in the CTX group was changed, and the number of
functional follicles was decreased significantly, but the number of
atresia follicles was increased. In our study, we injected a single dose of
70mg/kg CTX in mice to analyse the effects of CTX on POF mouse
model as well as its potential mechanism to cause ovarian injury. Our
experiments confirmed that 70mg/kg CTX was effective in inducing
POF in mice. Based on this, we continued to investigate the patho-
genesis of POF induced by CTX with RNA-seq technology.

Thus far, FSH and E2 are considered to be the most relevant risk
factors for the occurrence of POF. FSH induces ovarian follicles ma-
turation by acting on the FSH receptors (FSHRs) expressed on granulosa
cells [31,32]. The development of follicles and the differentiation of
mesenchymal cells around mature follicles into two layers of follicular
membrane cells because of the action of FSH. Follicular membrane cells
secrete androgens, which are converted into estrogens by the activation
of an aromatase, such as CYP19A1 in granulosa cells [33,34]. The in-
crease in FSH levels is mainly due to the low levels of ovarian steroids
and peptides, and the inability to inhibit pituitary FSH secretion by
negative feedback [35]. Previously, POF was detected in patients
clinically younger than 40 years old, and the researchers found that the
patients’E2 levels were lowered and the serum FSH levels were elevated

Fig. 5. PPI network construction and expression of selected genes in the CTX and control groups. (A) Upregulated gene-downregulated gene networks in the CTX
group. (B) The expression levels of 6 upregulated genes in the CTX and control groups by qPCR. (C) The expression levels of 6 downregulated genes in the CTX and
control groups by qPCR. Data are presented as the mean± SD. *p<0.05, **P<0.01, ***P< 0.001 vs control group.
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[9,36]. Wang et al. reported that 6-week-old ICR mice were injected
with CTX to construct a POF mouse model, and E2 was found to be
significantly reduced [37]. In our study, we found that the serum
concentration of FSH was indeed elevated, and the qPCR results also
show that the expression of FSHR was increased. However, the E2 is
required for ovarian development and maturation was reduced. E2 is
mainly secreted by the ovaries, follicles, corpus luteum and placenta
during pregnancy [38]. It is the most important and biologically active
type of estrogen, and a lack of E2 is considered to be the most important
pathogenic factor of POF.

It is well known that sex hormones are mainly synthesized by
cholesterol, and the most primitive precursor of E2 synthesis is also the
conversion of cholesterol into pregnenolone, so the reduction of cho-
lesterol biosynthesis will directly hinder the reduction of E2 production
and will directly lead to POF under the promotion of FSH.

Located in the endoplasmic reticulum, SQLE is one of the key rate-
limiting enzymes in the first step of cholesterol biosynthesis oxidation
[39]. Previous studies have found that SQLE is closely related to the
occurrence and development of breast cancer, lung cancer, colorectal
cancer and other tumors [40–43]. Sui et al. reported an increase in the
expression of SQLE in hepatocellular carcinoma cells, that promote cell
growth and migration through the mevalonate pathway, knock down
SQLE inhibited cell growth and migration [44]. Kim reported clinically
collecting blood samples from POF patients younger than 40 years old,
extracting genomic DNA, and analysing the DNA after purification [45].
The allele and genotype distribution revealed an interaction between an
SNP in FSHR and two SNPs in CYP19A1, which are strongly associated
with POF. In addition, Adipoq can activate AMPK by binding to
AdipoR1, phosphorylating HMG-CoA reductase (HMGCR) in adipose
tissue to inhibit the synthesis of diglycerides and triglycerides and in-
hibit cholesterol synthesis [46]. The underlying mechanisms for
changes in steroid levels in POF mouse model have not been reported
thus far.

In our study, the pathway enrichment results showed that the most
direct and significant consequences of CTX were decrease in cholesterol
biosynthesis pathway. Surprisingly, almost all the key genes needed in
the cholesterol biosynthesis pathway are downregulated. In our PPI
network, we showed that SQLE seemed to be a key target of CTX, and
we speculated that CTX may play an anti-tumor role by inhibiting the
activity of the SQLE gene and by down-regulating most of the key genes
in the cholesterol biosynthesis pathway, such as HMGCS1 and HMGCR,
which both significantly regulate the rate of synthesis of acetyl-CoA to
mevalonate during the biosynthesis of cholesterol. Simultaneously, the
biological significance of hub genes (Adipoq, APOA1, CYP19A1, GDF9
and FSHR) in the subnetwork should also attract more attention.
APOA1 and Adipoq regulate cholesterol production through the PPAR
signaling pathway, CYP19A1, GDF9 and FSHR regulate cholesterol
production through the ovarian infertility genes pathway. Among these
genes, the CYP19A1 gene is the key link between cholesterol bio-
synthesis and ovarian infertility. It is a restriction enzyme for synthesis
and has an elucidated association with FSHR. We also found that
CYP19A1 and FSHR were significantly increased in association with
FSH expression.

5. Conclusion

We successfully construct a mouse model of POF by a single in-
traperitoneal injection of 70mg/kg CTX, which showed typically pa-
thological features. We also find that CTX may exert its anti-tumor ef-
fect by blocking the cholesterol biosynthesis pathway and cholesterol
reduction is the initial cause of POF occurrence.
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