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Abstract
Background : This study aimed to explore the pathological mechanism of endometriosis (EMs) in rats by
high-throughput sequencing. Methods : Rat EMs model, sham operation group and drug treatment group
were established. Uterine tissue was collected for construction of sequencing library and high-throughput
sequencing. Data quality was examined. KEGG pathway enrichment analysis was carried out. Results :
Percentages of both high-quality sequence Reads and high-quality sequence bases accounted for more
than 98%, suggesting that the data quality was acceptable. Total sequences mapped to reference
genome (Total Mapped) accounted for more than 90% of total sequences used for mapping (Clean
Reads), suggesting that the mapping results of the sequencing data were acceptable. There were 440
differentially expressed genes (DEGs) in the drug treatment group compared with the sham operation
group, 382 DEGs in the drug treatment group compared with the model group, and 503 DEGs in the sham
operation group compared with the model group. We screened genes ENSRNOG00000023079 and
ENSRNOG00000012175 related to vascular endothelial growth factor pathway. The DEGs were mainly
enriched in the signaling pathways such as phagosome, natural killer cell mediated cytotoxicity, Janus
kinase-signal transducers and activators of transcription signaling pathway, hematopoietic cell lineage,
cytokine-cytokine receptor interaction, regulation of actin cytoskeleton and extracellular matrix-receptor
interaction. Conclusions : EMs might begin with the in�ammatory response of the ectopic endometrium.
Phagocytes played a key role in this process. The ectopic endometrium adhered to the abdominal wall
with the help of the in�ammation reaction, generated blood vessels, and �nally transformed into growing
lesions.

Background
Endometriosis (EMs) is a disease caused by the presence of endometrial tissue with growth ability and
function in other parts of the body besides the mucous membrane of uterine cavity. The name of EMs
was �rst described by Von Rokitansky in 1860, but its etiology and pathogenesis have not yet been fully
elucidated [1,2]. EMs is characterized by secondary and progressive exacerbation of dysmenorrhea.
Distending pain of the lower abdomen and anus is the predominant symptom. It can begin 1-2 days
before menstruation and disappear after menstruation. The pain begins at the lumbosacral and
abdominal regions and radiates to the vagina, perineum, anus or thigh. The degree of pain is related to
the location of the ectopic focus [3]. Epidemiological studies show that the incidence of EMs is on the rise
and it is a common and frequently-occurring gynecological disease [4]. The incidence of EMs among
women of childbearing age is more than 15%, which seriously affects women's physical and mental
health, work and reproduction [4]. 80% of the EMs patients have dysmenorrhea and 50% are complicated
with sterility [1].

The traditional EMs treatment is to use drugs such as gestrinone to inhibit estrogen [5]. Most of these
drugs are hormone compounds, which are not suitable for long-term use [5]. Studies have shown that the
development of endometrial debris to EMs must undergo three processes: attachment, aggregation and
angiogenesis [6]. With the deepening of research, it has been recognized that a variety of signaling
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pathways are involved, such as extracellular signal-regulated kinase 1/2 (ERK1/2)- mitogen-activated
protein kinase (MAPK) pathway to promote the proliferation and adhesion of ectopic endometrial cells,
wnt/β-catenin pathway to enhance the invasion and adhesion of ectopic endometrium, nuclear factor-κB
(NF-κB) and transforming growth factor-β (TGF-β) pathways to promote angiogenesis and tissue
remodeling [7-10]. Researchers are committed to investigating how to suppress the development and
progression of EMs. Endostatin and blockers of vascular endothelial growth factor (VEGF) pathway can
treat EMs by inhibiting angiogenesis [11-13].

Therefore, in this study, we systematically analyzed the pathological mechanism of EMs using high-
throughput sequencing in rat EMs model, which might help to reveal the mechanism of the development
and progression of EMs.

Methods
Animals

Nine female Sprague Dawley (SD) rats (weight 270-300 g) were obtained from Changzhou Cavens Lab
Animal Co., Ltd. (license No. SCXK(SU)2011-0003; Jiangsu, China). The rats were housed in a room of 20-
26˚C, 40‐70% relative humidity and 12/12 h light/dark cycle. They were raised with ad libitum access to
food and water. The protocol was approved by the Ethics Committee of Guangxi University of Chinese
Medicine on 5th Feb 2017 (Approval No: DW20170205-02).

Establishment of rat EMs model

The rats were anesthetized by intraperitoneally injecting 1% pentobarbital sodium at 45mg/kg. The
cornua uteri on the side of the rats themselves was taken by operation and cut into small pieces. The
endometrium was facing the abdominal cavity. The uterine tissue was sewn on the inner wall of the
abdominal cavity. Then the abdominal cavity was closed by suture. Six rats were modeled by this
method. Another three rats were taken as sham operation group. The rats in the sham operation group
underwent laparotomy and abdominal suture only. A week later, three EMs rats were randomly selected as
drug treatment group. Gestrinone was intragastrically administered on a daily dose of 60mg/kg once a
day for 7 consecutive days. The remaining rats including another three model rats (the model group) and
three rats in the sham operation group were intragastrically administrated with normal saline once a day
for 7 consecutive days. Then the abdominal cavity of the rat was reopened and the uterine tissue on the
inner wall of the abdominal cavity was taken. In the sham operation group, the corresponding abdominal
wall was taken. The obtained tissues were used for subsequent extraction of RNA. Rats were
anesthetized by intraperitoneal injection of 10% chloral hydrate at 3 ml/kg and then sacri�ced by
injection of 2 ml air through caudal vein.

Construction of sequencing library
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Total RNA from the obtained tissues was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instruction. The concentration and purity of RNA were determined by
Nanodrop 2000 (Thermo Fisher Scienti�c, Waltham, MA, USA). RNA integrity was detected by agarose gel
electrophoresis. RNA integrity number (RIN) was measured by Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA). A single library required RNA amount>5 μg, concentration≥200 ng/
μL, and 2.2>OD260/280>1.8. Then rRNA and linear RNA were removed using Ribo-Zero magnetic kit and
RNase R (EpiCentre, Madison, WI, USA), respectively, according to the manufacturer’s instructions. Paired-
End sequencing library was constructed using TruSeqTM stranded total RNA library Prep kit (Illumina, San
Diego, CA, USA) according to the manufacturer’s instruction. Sequencing was performed using a
Hiseq4000 system (Illumina, San Diego, CA, USA).

Data analysis

Data quality was examined using SepPrep 12.1 software (www.symantec.com) and Sickle 0.994
software (bioinformatics.ucdavis.edu). After quality control, the data were mapped to reference human
genomic data using Bowtie2 [14]. KEGG pathway enrichment analysis was carried out by KEGG orthology
based annotation system 3.0 (KOBAS 3.0) and KEGG annotation was performed [15-16].

Results
Establishment of rat EMs model

The process of establishing the rat EMs model was shown in Fig. 1. Fig. 1a showed the ligation and
taking of the cornua uteri. Fig. 1b showed the obtained endometrium. Fig. 1c showed that the
endometrium was sutured to the abdominal cavity. Fig. 1d showed the wound closure in rats after
operation.

Sequencing data reduction

Sequencing raw data contained some connectors and low-quality Reads which would greatly interfere
with subsequent information analysis, so sequencing data needed to be sorted out. The criteria for data
�ltering were as follows: 1) Cutadapt was used to remove the 3' end connector, and the removed part had
at least 10 bp overlap (AGATCGGAAG) with known connector, allowing 20% base mismatch; 2) Removal
of the Read whose base recognition accuracy was less than 99%. The results of the �ltered data were
shown in Table 1. Both the percentage of high-quality sequence Reads to sequencing Reads and the
percentage of high-quality sequence bases to sequencing bases in each group were more than 98%,
which indicated that the data quality was acceptable.

Sequencing data mapping

The reference genome index was established through Bowtie2, and then the �ltered Reads were mapped
to the reference genome using Tophat2. When mapping using Tophat2, the mismatch between Reads
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and the reference genome sequence was not more than two, indicating the successful mapping. The
mapping results between the sequencing data and the reference genome were shown in Table 2. Total
sequences mapped to the reference genome (Total Mapped) accounted for more than 90% of total
sequences used for mapping (Clean Reads). Multiple Mapped and Uniquely Mapped signi�ed the quality
of Total Mapped. The Sham-1 sample was slightly inferior in quality, but its Uniquely Mapped still
reached 87.88%. It was suggested that the mapping results of the sequencing data were acceptable.

Principal components analysis (PCA) of gene expression

PCA of each sample was made using the procmp function of R language according to the expression
level. PCA reduced the data dimension from high-dimension to two-dimension or three-dimension by
linear transformation, while maintaining the characteristic of the largest contribution of each variance.
PCA could bring together similar samples. PCA of gene expression in the three groups was shown in Fig.
2. The three groups had a high similarity on the PC1 dimension and exhibited obvious differences in the
PC2 dimension. The three biological repetitions (rep1, rep2 and rep3) of the model group had little
difference. In the drug treatment group, little difference was also found between the biological repetition 1
(rep1) and 3 (rep3) and the PC2 value of biological repetition 2 (rep2) was markedly higher than those of
biological repetition 1 (rep1) and 3 (rep3). The difference between biological repetition 1 (rep1) and 2
(rep2) of the sham operation group was extremely small and their PC2 values were greater than those of
the biological repetition 1 (rep1) and 3 (rep3) of the drug treatment group. In the sham operation group,
the PC2 value of biological repetition 3 (rep3) was sharply higher than those of biological repetition 1
(rep1) and 2 (rep2), and was also obviously higher than that of biological repetition 2 (rep2) in the drug
treatment group. Comprehensively, the gene expression among the three groups formed clusters
respectively, which indicated that there were signi�cant differences in the gene expression among the
three groups.

Differential gene expression analysis

Table 3 summarized the differentially expressed genes (DEGs) obtained from the pair-wise comparison of
the three groups. The differential expression of genes among the pair-wise comparisons of the three
groups was shown in Fig. 3. There were 440 DEGs in the drug treatment group compared with the sham
operation group. There were 382 DEGs in the drug treatment group compared with the model group.
There were 503 DEGs in the sham operation group compared with the model group. In addition, in the
intersection of “the drug treatment group versus the model group” and “the sham operation group versus
the model group”, we screened the genes related to VEGF signaling pathway from the 86 DEGs were after
excluding 4 DEGs in the intersection of the three pair-wise comparisons and found the genes
ENSRNOG00000023079 and ENSRNOG00000012175. The corresponding false discovery rates (FDR)
were 0.808848037 and 0.977323743, respectively.

Enrichment analysis of DEGs signaling pathways
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Enrichment analysis of KEGG signaling pathway was carried out for DEGs obtained from the pair-wise
comparison of the three groups, and the top 20 signi�cant signaling pathways were displayed (Fig. 4, 5
and 6). The pathway enrichment results of the drug treatment group versus the model group were shown
in Fig. 4. The pathway enrichment results of the drug treatment group versus the sham operation group
were shown in Fig. 5. The pathway enrichment results of the sham operation group versus the model
group were shown in Fig. 6. It could be seen that the pathway enrichment results of the three pair-wise
comparisons were not similar among each other. Moreover, FDR of the enrichment results was high in the
two pair-wise comparisons which were compared with the sham operation group. Relatively, the pathway
enrichment results of the drug treatment group versus the model group were more valuable. The DEGs
were mainly enriched in the signaling pathways such as phagosome, natural killer cell mediated
cytotoxicity, Janus kinase-signal transducers and activators of transcription (JAK-STAT) signaling
pathway, hematopoietic cell lineage, cytokine-cytokine receptor interaction, regulation of actin
cytoskeleton and extracellular matrix (ECM)-receptor interaction.

Discussion
In this study, the rat EMs model and its corresponding sham operation group were constructed. Three
EMs model rats were intragastrically administrated with gestrinone to form the drug treatment group. The
sham operation group served as control. The model group served as the up-regulation group of EMs
related genes, while the drug treatment group served as the down-regulation group of EMs related genes
compared with the model group.

Through high throughput sequencing, we found 440 DEGs in the drug treatment group compared with the
sham operation group, 382 DEGs in the drug treatment group compared with the model group, and 503
DEGs in the sham operation group compared with the model group. Furthermore, we performed
enrichment analysis of KEGG signaling pathway for DEGs obtained from the pair-wise comparison of the
three groups and found that the DEGs were mainly enriched in the signaling pathways such as
phagosome, natural killer cell mediated cytotoxicity, JAK-STAT signaling pathway, hematopoietic cell
lineage, cytokine-cytokine receptor interaction, regulation of actin cytoskeleton and ECM-receptor
interaction. It was suggested that EMs had a strong relationship with immune response and
in�ammatory response. A previous study had found that non-speci�c immunity, especially the change of
macrophage phagocytosis, was one of the basic factors [17]. Immune factors secreted by macrophages
such as prostaglandin E 2 (PGE 2) and interleukin 6 (IL-6) interweaved with VEGF to form a complex
signal regulatory network and participated jointly in the angiogenesis of EMs [17]. The cytokine TGF-β is
regulated by the JAK-STAT signaling pathway. STAT3 is highly active in the lesions of EMs patients, and
TGF-β/Smad signaling pathway plays a key role in tissue �brosis and has the effect of promoting ectopic
endometrial adhesion [18-20].

Furthermore, we screened the genes related to VEGF signaling pathway and found the genes
ENSRNOG00000023079 and ENSRNOG00000012175. However, the VEGF signaling pathway was not
prominent in the enrichment of KEGG signaling pathway. The corresponding FDR of these two genes was
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also high, probably because the model itself was in the early stage of EMs and the angiogenesis process
had not reached its peak yet.

Conclusion
EMs might begin with the in�ammatory response of the ectopic endometrium. Phagocytes played a key
role in this process. The ectopic endometrium adhered to the abdominal wall with the help of the
in�ammation reaction, generated blood vessels, and �nally transformed into growing lesions. These
results might serve as guidelines for the understanding of the development and progression of EMs at
gene level. It should be stated that large-scale high-throughput sequencing might demonstrate more
information.
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Tables
Table 1 The results of the filtered data

SampleeClean Reads No.aClean Data (bp)b Clean Reads (%)c Clean Data (%)d

Drug-1 42679664 6.3739078 98.90 98.47
Drug-2 45816452 6.8504834 98.74 98.42
Drug-3 44384982 6.6274724 98.91 98.46
Model-1 44337136 6.6225268 98.75 98.34
Model-2 45184170 6.7447918 98.90 98.42
Model-3 44344802 6.6243194 98.83 98.42
sham-1 43126946 6.4351442 98.95 98.43
sham-2 45122066 6.7376280 98.44 98.12
sham-3 41670832 6.2243546 98.81 98.39

aClean Reads No.: Read number of high-quality sequence; bClean Data (bp): base number
of high-quality sequence; cClean Reads (%): the percentage of high-quality sequence Reads
to sequencing Reads. dClean Data (%): the percentage of high-quality sequence bases to
sequencing bases. eDrug: the drug treatment group; Model: the model group; sham: the
sham operation group

Table 2 The mapping results between the sequencing data and the reference genome

ampleeClean ReadsaTotal Mapped (%)b Multiple Mapped (%)c Uniquely Mapped (%)d

rug-1 42679664 92.69 8.19 91.81
rug-2 45816452 92.60 6.44 93.56
rug-3 44384982 93.30 8.49 91.51
odel-1 44337136 92.93 8.11 91.89
odel-2 45184170 92.87 9.34 90.66
odel-3 44344802 92.68 8.38 91.62

ham-1 43126946 90.16 12.12 87.88
ham-2 45122066 90.75 10.57 89.43
ham-3 41670832 91.37 8.30 91.70

aClean Reads: Total sequences used for mapping. bTotal Mapped: Total sequences mapped
to the reference genome; Percentages in the brackets referred to Total Mapped/Clean
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Reads. cMultiple Mapped: Total sequences mapped to multiple locations; Percentages in the
brackets referred to Multiple Mapped/Total Mapped. dUniquely Mapped: Total sequences
mapped to unique location; Percentages in the brackets referred to Uniquely Mapped/Total
Mapped. eDrug: the drug treatment group; Model: the model group; sham: the sham
operation group

Table 3 The differentially expressed genes (DEGs) obtained from the pair-wise comparison
of the three groups

Cased ControlUp-regulated GenesaDown-regulated Genesb Total DEGsc

Modelsham 419 84 503
ModelDrug 235 147 382
sham Drug 87 353 440

aUp-regulated Genes: compared with Control, up-regulated genes in Case; bDown-regulated
Genes: compared with Control, down-regulated genes in Case; cTotal DEGs: compared with
Control, DEGs (up-regulated genes+down-regulated genes) in Case. dDrug: the drug
treatment group; Model: the model group; sham: the sham operation group

Figures

Figure 1

The process of establishing the rat endometriosis model. a: the ligation and taking of the cornua uteri. b:
the obtained endometrium. c: the endometrium was sutured to the abdominal cavity. d: the wound
closure in rats after operation
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Figure 2

Principal components analysis (PCA) of gene expression in the three groups. Drug: the drug treatment
group; Model: the model group; sham: the sham operation group. rep1: biological repetition 1; rep2:
biological repetition 2; rep3: biological repetition 3
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Figure 3

The differential expression of genes among the pair-wise comparisons of the three groups. The sum of
the numbers in each cycle represented the total number of DEGs in the pair-wise comparison. The
intersection of the circles represented the number of mutual DEGs in the two or three pair-wise
comparisons. Drug: the drug treatment group; Model: the model group; sham: the sham operation group.
Drug_vs_sham: the drug treatment group versus the sham operation group; Drug_vs_Model: the drug
treatment group versus the model group; sham_vs_Model: the sham operation group versus the model
group
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Figure 4

The KEGG pathway enrichment results of the drug treatment group versus the model group
(Drug_vs_model). FDR: false discovery rate. Drug: the drug treatment group; Model: the model group
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Figure 5

The pathway enrichment results of the drug treatment group versus the sham operation group
(Drug_vs_sham). FDR: false discovery rate. Drug: the drug treatment group; sham: the sham operation
group
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Figure 6

The pathway enrichment results of the sham operation group versus the model group (sham_vs_Model).
FDR: false discovery rate. Model: the model group; sham: the sham operation group
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