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Peripheral blood transcriptome analysis of
patients with ovarian hyperstimulation syndrome
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Abstract \

Objective: Ovarian hyperstimulation syndrome (OHSS) is a frequent iatrogenic complication that arises during assisted
reproduction and accounts for approximately 30% of all in vitro fertilization cycles. Using high-throughput sequencing, we
investigated the peripheral blood transcriptome of patients with OHSS.

Methods: Peripheral blood samples were obtained from 15 patients in each of the OHSS high-risk and low-risk groups on
the ovum pick-up day. Subsequently, high-throughput sequencing was used to obtain the peripheral blood transcriptomes of five
patients each from the high- and low-risk groups. Bioinformatic tools were used for mMRNA expression profile mapping and screening
of differentially expressed genes (DEGs). Bioinformatics techniques were also implemented in the Kyoto Encyclopedia of Genes
Genomes (KEGG) signal pathway, Gene Ontology (GO) function, and protein—protein interaction (PPI) network analyses of DEGs.

Results: A total of 20,031 genes were identified and 148 were found to be differentially expressed (P <0.05, |log,FC| > 0.58), with
52 upregulated and 96 downregulated genes. GO and KEGG analyses indicated that these genes were involved in extracellular
corpuscles (GO: 0070062), plasma membrane (GO: 0005886), extracellular regions (GO: 0005576), immune system response
(GO: 0006955), PIBK-Akt signaling pathways (hsa04151), cell adhesion molecules (CAMs, hsa04514), focal adhesion (hsa04510),
and complement and coagulation cascades (hsa04610). The PPl network and realtime fluorescence quantitative polymerase
chain reaction (QPCR) verification predicted that complement C3, von Willebrand factor, and vascular cell adhesion protein 1
proteins are highly implicated in OHSS and may serve as potential biomarkers for future OHSS studies.

Conclusion: Transcriptome analysis revealed several DEGs related to OHSS risk factors in the peripheral blood, indicating that

these DEGs may be novel players in OHSS development.
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Introduction

Approximately 8% of the world’s population is infertile and
requires assisted reproductive technology (ART)!"?. The most
common iatrogenic complication, ovarian hyperstimulation
syndrome (OHSS), develops as a result of the controlled ovar-
ian hyperstimulation that occurs during ARTB4. The severity
of the disease varies greatly depending on its clinical presenta-
tion. According to disease severity, OHSS patients range from
mild, moderate, to severe, with 30% of cases having mild and
moderate OHSS and 3% cases having severe OHSS). Elevated
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vascular permeability, ovarian enlargement, ascites, and high
levels of 17 B-estradiol (E,) are all major clinical characteris-
tics of OHSS®?). Other symptoms include blood concentration,
hydrothorax, liver and kidney damage, thrombosis, and adult
respiratory distress syndrome, which can be fatal in severe cases.
After ovarian stimulation, multiple follicles generate vascular
endothelial growth factor (VEGF), which plays an essential role
in inducing vascular permeability in patients and is considered a
primary cause of OHSS!*-13],

Several important advancements in molecular biology tech-
niques, such as high-throughput sequencing, which may rap-
idly collect a huge amount of data in a single sequencing, have
occurred during the last decade. We can now better understand
the process of gene expression using this technology!'*"I. High-
throughput sequencing techniques, in particular, may be used
to obtain specific information such as transcriptome data,
non-coding RNA sequencing data, alternate splicing, and the
discovery of novel transcripts!’®¢. Similarly, high-throughput
sequencing has played a significant role in OHSS research. For
example, Lin ef al. used high-throughput sequencing to describe
a series of long-chain non-coding RNAs in follicular fluid sam-
ples from patients with OHSS!"”!. There have been no reports
on transcriptional variations in the most prevalent phenotypes,
such as the blood of patients with OHSS.

In this study, patients with OHSS were classified into two
groups, high-risk and low-risk, based on their E, levels on the day
of human chorionic gonadotropin (hCG), serum anti-Miillerian
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hormone (AMH), and the number of retrieved oocytes. On the
day of oocyte retrieval, peripheral blood samples were collected
from 15 patients from each group. Transcriptome sequencing
was performed on five high-risk patients with moderate OHSS
and five low-risk patients who did not develop OHSS, and
bioinformatics tools were used to determine abnormal mRNA
expression, detect hub mRNAs, analyze Gene Ontology (GO)
terms and Kyoto Encyclopedia of Genes Genomes (KEGG) path-
ways, and determine the clinical significance of the occurrence
of OHSS. Bioinformatic approaches have also been utilized to
identify new biomarkers that would aid in future OHSS research.

Materials and methods
General information

Samples and their primary clinical data were obtained at the
Reproductive Medicine Center of Gansu Provincial Maternity
and Child-Care Hospital between January 2018 and May 2019.
All infertility patients were treated with in vitro fertilization
and met the following criteria: 20-35 years of age, GnRH ago-
nist long regimen or GnRH antagonist regimen, no concurrent
inflammatory disease, laparoscopic and hysteroscopic confir-
mation of tubal infertility or male infertility, and non-polycys-
tic ovary syndrome (PCOS). Women with malignant tumors,
benign ovarian cysts, allergic diseases, pelvic inflammatory dis-
ease, or known chronic, systemic, metabolic, or endocrine dis-
ease conditions were excluded from the current study (except
PCOS). Patients in the high-risk OHSS category had additional
criteria of having serum AMH >5ng/mL, serum E, on the day
of hCG >3500 pg/mL, and > 20 retrieved oocytes whereas the
control group included patients with low-risk OHSS who met
the criteria of having serum E, on the day of hCG <3500 pg/mL
and <20 retrieved oocytes. The above-mentioned criteria refer
to Haiyan Lin’s research!!”.. On ovum pick-up day, 30 periph-
eral blood samples (15 high-risk and 15 low-risk) were obtained
using the above-mentioned criteria. Transcriptome sequencing
was performed on five high-risk patients with moderate OHSS
and five low-risk patients who did not develop OHSS. The
Ethics Committee of Gansu Provincial Maternity and Child-
Care Hospital authorized the project, and all patients signed
an informed consent form. Within 1 hour of oocyte extraction,
2mL of blood was collected from each patient using a PAX
gene Blood RNA Tube (BD Biosciences). Subsequently, the
blood tubes were carefully inverted 10 times before being kept
at —=20°C for 24 hours and then transferred to -80°C. The blood
was thawed at room temperature (18-25°C) for 2 hours before
use in subsequent experiments.

Total RNA extraction, library construction, sequencing,
data processing, and analysis

Transcriptome sequencing was performed on two groups: the
OHSS low-risk group (control 1, control 2, control 3, control
4, and control 5) and the OHSS high-risk group (case 1, case
2, case 3, case 4, and case 5). Primary data were collected using
molecular biology kits and bioinformatic techniques. Total
RNA was extracted from the patient’s peripheral blood using
the PAX gene Blood RNA Kit 2112 (BD), purified using the
RNeasy mini kit (Qiagen), concentration was measured using a
Qubit 2.0 Fluorometer (Agilent Technologies), and library con-
struction and sequencing were performed on an Illumina HiSeq
2500 platform. FastQC (http://www.bioinformatics.babraham.
ac.uk/projects/fastqc/) was used to filter raw data and obtain
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clean readings. A quality check was conducted to ensure the
validity of the sequencing process by measuring the sequenc-
ing depth, Q30, GC content, effective sequence quantity, and
percentage of effective sequence quantity. The unigene sequence
was retrieved using Trinity’s de novo assembly from clean reads
(http://trinityrnaseq.sourceforge.net/). Unigenes were aligned to
the human RefSeq database using SOAP V2.0, to obtain match-
ing mRNA sequences. To assess mRNA expression and screen
differentially expressed genes (DEGs), software DESeq2 (screen-
ing conditions: P <0.05, | log FCl > 0.58) was used.

DAVID (https://david.nciferf.gov/) was used to analyze GO
function and KEGG pathway enrichment for DEGs!'®. The GO
function analysis was separated into three categories: molecu-
lar function (MF), biological process (BP), and cellular compo-
nent (CC). The STRING (https://string-db.org/) online analytic
tool was used to examine protein—protein interaction (PPI) net-
works. To assess potential PPI relationships, previously discov-
ered DEGs were mapped to the STRING database. A composite
score was used to derive PPI pairings. The PPI network was then
displayed using Cytoscape software (www.cytoscape.org/)!*).

qRT-PCR validation

For primer design, the Primer 5.0 software was utilized, the
sequences were obtained from NCBI and the primers were man-
ufactured by the Beijing Genomics Institute. To produce tran-
scriptome sequencing validation templates, the remaining total
RNA was reverse-transcribed using a PrimeScript RT reagent
kit (TaKaRa, Japan). TRIzol was used to extract total RNA
from the peripheral blood of the remaining patients. The qRT-
PCR Kit used SYBR Green PCR Master Mix (Thermo Fisher
Scientific, USA) to carry out the PCR reaction. The total reac-
tion volume was maintained at 10 pL:5 pL SYBR Green Master
Mix, 0.5 pL primers each, 1 pL template, and 3 pL ddH2O, and
the PCR amplification profile were optimized at 34 cycles, with
initial denaturation was set at 95°C for 1 minute, followed by
denaturation at 95°C for 30 seconds, annealing at 58°C for 30
seconds, and extension at 72°C for 1 minute. The human B-actin
gene was used as an internal reference.

Statistical analysis

qRT-PCR data were computed using the 2-**“T method and
adjusted using B-actin before analysis using SPSS software (ver-
sion 22.0).

Results

Quality control of sequencing data

For quality control applied to the sequencing data in this
study, the effective sequencing quantity, percentage of effec-
tive sequencing quantity, and Q30 (i.e., the percentage of bases
whose recognition accuracy was above 99.9%) were calculated.
As indicated in Table S1; http://links.lww.com/RDM/A23, Q30
was >93% and the proportion of effective sequencing quantity
was >90%, indicating that we obtained high-quality sequencing
data that may be used for further research.

Sequencing and DEGs

After aligning the sequence results with the human RefSeq data-
base, 20,031 genes were identified. To study DEGs, the DESeq2
software was used. Differences were set at P <0.05, | log,FC | >
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0.58. The results indicated 148 DEGs, including 52 upregulated
and 96 downregulated genes (Fig. 1, Table S2; http://links.lww.
com/RDM/A24). The most significant alterations were seen in
the NYAP2 and THSD7A genes, with log,(FC) values of 4.5 and
-4.6, respectively.

Validation of DEG expression pattern

Five genes, ABCC3, ELF3, ZNF415, ITGBS, and TTLL7
were randomly selected from the DEGs. Following the reverse
transcription of the remaining RNAs, qRT-PCR validation
was performed (Fig. 2). The results revealed that the expres-
sion patterns matched the sequencing results, confirming their
reliability.

GO function and KEGG signal pathway analyses of DEGs

The DAVID online analytic program was used to study DEGs.
The GO function items were chosen based on the number
of genes, as shown in Fig. 3A. Extracellular corpuscles (GO:
0070062), plasma membrane (GO: 0005886), extracellular
regions (GO: 0005576), and immune system response (GO:
0006955) were the major components in the list, with the major-
ity of genes involved in CC and BP, and only receptor activ-
ity (GO: 0004872) was involved in ME The most important
enriched KEGG pathways were the PI3K-Akt signaling pathway
(hsa04151), cell adhesion molecules (CAMs, hsa04514), focal
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adhesion (hsa04510), and complement and coagulation cas-
cades (hsa04610) (Fig. 3B).

Construction of PPl networks and the discovery of hub
genes

The online STRING analysis tool was used to identify differ-
ential gene-protein interactions, yielding 35 interaction lines
(Fig. 4A). The top four proteins in this network were com-
plement C3 (C3), von Willebrand factor (VWF), vascular cell
adhesion protein 1 (VCAMT1), and growth arrest-specific protein
6 (GAS6), with connection values of 16.0, 12.0, 9.0, and 9.0,
respectively (Fig. 4B). Transcriptome sequencing revealed that
the genes C3, VWF, and GAS6 were downregulated, whereas
VCAM]1 was upregulated, in case groups.

Validation of four hub genes between OHSS high-risk and
low-risk patients

To validate the differential expression profiles, qRT-PCR was
performed to confirm the expression changes of the four hub
genes between high-risk (7 = 10) and low-risk (7 = 10) patients.
The results showed that C3, VWE, and VCAM1 were signifi-
cantly differentially expressed. qRT-PCR results confirmed that
VCAMI1 was upregulated, whereas C3 and VWF were signifi-
cantly downregulated in the case group compared to the control
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group; no statistical significance was found in GAS6 expression
between the two groups (Fig. 5).

Discussion

OHSS has become the most common and fatal complication of
assisted reproductive superovulation procedures. In patients with
OHSS, aberrant VGEF production from numerous follicles can
induce excessive vascular permeability, which can lead to blood
concentrations, thrombosis, and, in severe instances, death2°l,
Blood parameters such as vascular permeability, serum estra-
diol, progesterone levels, and VGEF levels can be used to predict
the incidence of OHSS to some extent during ovulation induc-
tion!”2122, Because of improvements in high-throughput sequenc-
ing technology, a greater number of sequencing studies on samples
obtained from patients with OHSS have been performed to study
the mechanism of OHSS in detaill>*?*l, Lin et al., for example, used
follicular fluid from oocyte extraction for transcriptome sequenc-
ing to explain the underlying processes of OHSS occurrence and
examine transcription variations in long-chain non-coding RNAs
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Fig. 2. gRT-PCR validation of differentially expressed genes. The expression
value of B-actin served as an inner control. Case represents OHSS high-risk
group, and control represents OHSS low-risk group. Data are shown with
triplicate as mean + SEM. OHSS: ovarian hyperstimulation syndrome.
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from high-risk patients with OHSS!"”. However, no studies have
been performed with high-throughput sequencing technology to
analyze the most pathologically important peripheral blood sam-
ples from OHSS patients.

In this study, peripheral blood transcriptome sequencing was
performed and 149 DEGs were identified. The DEGs were shown
to be involved in several signaling pathways, including the PI3K-
Akt signaling pathway, cell adhesion molecule, complement, and
coagulation cascades, according to GO function and KEGG sig-
naling pathway analyses, which are suggested to contribute to
the pathogenesis of OHSS. We constructed a protein interaction
network and validated that C3, VWE and VCAMI1 in the periph-
eral blood of patients with OHSS may serve as hub genes. C3 is
the most significant component of the serum complement, which
plays a role in mediating immune response and inflammatory
reaction'’]. VWF enhances platelet adherence at the site of hemo-
stasis by building a molecular bridge between the subendothelial
collagen matrix and the platelet surface receptor complex GPIb-
IX-V2, On leukocytes, VCAMT1 interacts with integrin o-4/B-
1(ITGA4/ITGB1) and plays a crucial role in adhesion and signal
transduction?”). Evidence shows that immune and inflammation
responses are activated in patients with OHSS?8.. C3 and VWF
were found to be differentially expressed in follicular fluid of
patients with OHSS?>3%, VWF expression is also increased in
the serum of patients with OHSSPY. On the other hand, VWF
allows leukocyte and platelet rolling on endothelial cells, and
VCAMI1 participates in the inflammatory reaction!3?. These hub
genes were linked to the incidence and pathological abnormali-
ties associated with OHSS.

Peripheral blood samples were the most easily accessible bio-
logical specimens for clinical investigations on OHSS, and the
blood collection technique was less hazardous to the patients!®3!.
Ustinova et al. used metformin to sequence the peripheral blood
transcriptome in a population, resulting in excellent sequenc-
ing data and functional enrichment®". The number of DEGs in
our analysis was comparable to that reported by Ustinova et al.
gRT-PCR validations indicated that the expression pattern of
DEGs was similar to that of the transcriptome sequencing data,
ensuring the reliability of the peripheral blood transcriptome
obtained.

However, this study has two obvious limitations. First, the
sample size was small, with only five pairs. This may lead to
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Fig. 4. Protein—protein interaction network constructed and hub gene identification. (A) Protein—protein interaction network constructed with differentially
expressed genes. Red and green nodes represent upregulated and downregulated genes, respectively. (B) Top 10 hub genes with higher degree of connectivity.
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misidentification of DEGs. Second, there were fewer DEGs in
peripheral blood samples than in other samples. Therefore, a
more in-depth validation of the DEGs is needed. In the present
study, we verified the expression patterns of C3, vWE VCAM1,
and GAS6 in 10 pairs of patients. To overcome this restriction,
appropriate cells from peripheral blood samples must be sep-
arated for transcriptional analysis to decrease the influence of
other factors in peripheral blood. Furthermore, these findings
must be supported by in vitro research in cells and animal mod-
els to further understand the role of these genes in the OHSS
process.

In conclusion, our study found alterations in the transcrip-
tome of the peripheral blood of patients with OHSS. These
transcriptional alterations are linked to the etiology of OHSS.
Several hub genes that play a significant role in the OHSS pro-
cess were discovered using bioinformatics, and these genes were
linked to a variety of important biological activities. According
to our findings, these hub genes have the potential to be used as
diagnostic and prognostic indicators for OHSS. In future stud-
ies, we intend to increase the sample size and conduct in vitro
trials to corroborate our findings.

Supplemental materials

Supplementary information is linked to the online version of
the paper on the Reproductive and Developmental Medicine
website.
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