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Orbital venous malformation (OVM) is one of the most 
common types of vascular malformations, with an incidence 
of approximately 0.94 per 10 million people [1], affecting 
more middle-aged women than men [2]. It is a congenital 
vascular disease caused by aberrant angiogenesis during 
embryonic development. The lesions enlarge slowly, and 
common clinical presentations include proptosis, diplopia, 
exophthalmos, optic nerve compression, and relative visual 
field alterations [3-5]. Despite an improved understanding 
of the pathophysiology and hemodynamics of OVM and 
advances in new treatment techniques, such as sclerotherapy, 
laser therapy, embolization, and radiotherapy, the manage-
ment of OVM remains challenging, with multiple complica-
tions and a high recurrence rate [6]. This is due to the deep or 

internal location close to visually critical elements, the risks 
of bleeding during the operation, and the invasive nature of 
OVM [6-8].

In recent years, an increasing number of researchers 
have attempted to elucidate the pathogenic mechanism of 
OVM. Transcriptional profiling analysis of OVM samples 
has revealed that vascular endothelial growth factor (VEGF) 
and autophagy pathways were upregulated and Hippo, Wnt, 
and hedgehog signaling pathways were downregulated. 
An angiogenesis antibody array showed that plasma leptin 
and epidermal growth factor (EGF) levels were elevated 
significantly in OVM patients [9]. GPAA1 (c.968A > G) 
was reported as a novel variant causing inherited vascular 
anomalies. Mutations that resulted in scarce expression of 
the GPAA1 protein and localization alterations were proven 
to impair angiogenesis and vascular remodeling both in 
vitro and in vivo [10]. In addition, the MC4R (Gene ID: 
4160; OMIM: 618406) mutation was found to cause aberrant 
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expression levels of some PI3K/AKT/mTOR (Gene ID: 2475; 
OMIM: 607341) downstream genes and a concentration of 
cAMP, which contributes to the pathogenesis of OVM [11]. 
Nevertheless, the pathogenesis of OVM remains unclear.

CircRNAs are novel endogenous noncoding RNAs 
characterized by a closed continuous ring structure in which 
the 3′ and 5′ ends are ligated covalently without polarity 
or poly (A) tails [12]. They mainly function as competing 
endogenous RNAs (ceRNAs) that specifically bind to 
miRNAs like sponges and thereby upregulate the expression 
of miRNA-related target genes [13]. Studies have shown that 
they play pivotal roles in multiple ophthalmologic diseases. 
For example, in diabetic retinopathy, circular RNA-ZNF532 
induced vascular dysfunction and retinal pericyte degen-
eration by acting as a miR-29a-3p sponge and increasing 
the expression of targeted genes, including NG2, CDK2, and 
LOXL2 [14]. In addition, 163 circRNAs with different expres-
sion levels were identified in thyroid-associated ophthal-
mopathy, and the circRNA_14940-CCND1-Wnt signaling 
pathway may be a vital regulatory pathway in its pathogenesis 
[15]. These studies highlighted the important functions of 
circRNAs in ophthalmologic diseases; however, the role of 
circRNAs in the pathogenesis of OVM remains unclear.

In this study, we identified OVM-related dysregulated 
circRNAs, as well as differentially expressed mRNAs and 
microRNAs (miRNAs), in OVM samples compared with 
normal controls using RNA-seq. Quantitative real-time PCR 
(qRT-PCR) was then performed to verify the reliability of the 
RNA-seq data. Moreover, using these aberrantly expressed 
circRNAs, a circRNA-mRNA coexpression network and a 
circRNA-associated ceRNA network were constructed to 
provide novel genetic insights into the pathogenic mechanism 
of OVM.

METHODS

Patients and samples: Nine samples were taken from OVM 
patients diagnosed with pathological verification at the Ninth 
People’s Hospital, Shanghai Jiao Tong University School of 
Medicine, between January 2017 and June 2019 (Appendix 
1), as previously reported [9]. Nine normal orbital vascular 
specimens were collected from patients with orbital trauma 
or cosmetic surgery (Appendix 2), as previously reported [9]. 
Specimens were only used with informed consent from the 
patients, and this study was approved by the research ethics 
committee of the Ninth People’s Hospital, Shanghai Jiao Tong 
University School of Medicine.

RNA extraction, library preparation, and sequencing: Total 
RNA was isolated from the OVM samples of four patients 

and four normal orbital vascular tissues using a mirVana 
miRNA Isolation Kit (Ambion, Austin, TX) following the 
manufacturer’s instructions. Briefly, the tissue samples were 
lysed in a denaturing lysis solution, and then the RNA was 
extracted with Acid-Phenol: Chloroform to remove most 
of the other cellular components. Further purification was 
performed on a glass-fiber filter to yield either total RNA 
or miRNA-enriched fractions. Finally, solutions formulated 
specifically for miRNA retention was used to avoid the loss 
of small RNA. Then, cDNA libraries were constructed using 
a TruSeq Stranded Total RNA Kit with Ribo‐Zero Gold (Illu-
mina, San Diego, CA) following the manufacturer’s protocol. 
Quality validation of the libraries was performed using an 
Agilent 2100 Bioanalyzer (Agilent Technologies), and high-
throughput RNA-seq of these libraries was conducted on the 
Illumina sequencing platform (HiSeqTM 2500).

For miRNA sequencing, a Small RNA Sample Prep Kit 
(Illumina) was employed to construct libraries following 
the manufacturer’s instructions. The validity of the library 
quality control was verified by an Agilent 2100 Bioanalyzer 
(Agilent Technologies, Palo Alto, CA), and sequencing was 
conducted on a HiSeq X Ten.

Differential expression RNA analysis: We used DESeq soft-
ware packages [16] to analyze the differentially expressed 
mRNAs, circRNAs, and miRNAs. The cutoff criterion of 
differentially expressed RNAs was |log2 FC (fold change) |≥1 
and p<0.05. Then, hierarchical cluster analysis was conducted 
using the pheatmap package (Version 1.0.8) [17] with these 
differentially expressed RNAs.

qRT-PCR: Total RNA was isolated from OVM samples and 
normal orbital vascular tissues using the mirVana miRNA 
Isolation Kit (Ambion), following the manufacturer’s 
protocol. Thereafter, the RNA was reverse transcribed into 
cDNA using the PrimeScript RT reagent kit (Takara Bio, 
Shiga, Japan). Then, qRT-PCR was performed using SYBR 
Green PCR master mix (Life Technologies, Carlsbad, CA) 
and an RT-PCR system (Applied Biosystems, Waltham, 
MA). The housekeeping gene ACTB was the control for PCR 
product quantification and normalization. The primers for 
circRNAs and mRNAs are listed in Table 1.

Construction of circRNA‐mRNA coexpression network: The 
coexpression analysis of the circRNA-mRNA network was 
constructed according to the differential expression levels of 
mRNAs and circRNAs in OVM and normal control samples. 
We used the Pearson’s correlation coefficient of mRNAs and 
circRNAs >0.80 and p<0.05 to construct the coexpression 
network and Cytoscape software (Version 3.2.1) to visualize 
it.
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Construction of a circRNA-associated ceRNA network: The 
exploration of potential circRNA-associated ceRNA networks 
was analyzed according to the obtained differentially 
expressed mRNAs, circRNAs, and miRNAs. CircRNA–
miRNA pairs and miRNA–mRNA pairs were predicted 
using the miRanda tools. These two pairs sharing the same 
miRNAs were identified as candidate circRNA–miRNA–
mRNA competing interactions. Expression correlations 
between circRNAs, miRNAs, and mRNAs with a threshold 
of p value <0.05 and Pearson’s correlation coefficient >0.85 or 
< −0.85 were filtered out. Thereafter, the circRNA-associated 
ceRNA network was constructed using Cytoscape software 
(Version 3.2.1).

GO and KEGG analysis: The functions of the differentially 
expressed mRNAs identified from the circRNA-associated 
ceRNA network were analyzed using Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis. GO analysis used the biologic process 
(BP), cellular component (CC), and molecular function (MF) 
to mark genes. KEGG analysis provided annotation informa-
tion for gene signal transduction and disease pathways. The 
GO terms and KEGG pathways with p<0.05 were considered 
to be enriched with statistical significance.

RESULTS

Representative clinical characteristics of OVM patients: In 
our study, nine OVM tissue samples and nine normal control 
samples were included; of these, four OVM tissue samples 
and four normal control samples were sequenced and the 
other five OVM tissue and five normal control samples were 
used to validate the sequencing by qRT-PCR. Representa-
tive pictures of the patient’s appearance are shown in Figure 
1A,B. In magnetic resonance imaging (MRI), hypointensity 
is apparent in T1-weighted images (T1WIs) and hyperinten-
sity in T2-weighted images (T2Wis; Figure 1C,D). Normal 
control tissues were collected from orbital trauma or cosmetic 
surgery, as shown with OVM samples in Figure 1E,F. In addi-
tion, hematoxylin and eosin (H&E) staining (Appendix 3) and 
immunohistochemical staining (Appendix 3) of a vascular 
endothelial cell marker, CD34, showed that both OVM and 
control samples were vascular tissue.

Identification and characterization of circRNAs: The 
expression profile of circRNAs in OVM and normal control 
tissues was detected by RNA-seq, and 9,375 circRNAs were 
identified. Among these circRNAs, 5,106 were reported in 
circBase, and 4,269 identified circRNAs were newly discov-
ered (Figure 2A,B). Sequence length analysis revealed that 
these circRNAs ranged in length from less than 200 nucleo-
tides (nt) to more than 2,000 nt, and most were 200–500 nt 
or over 2,000 nt (Figure 2C). The circRNA transcripts were 

Table 1. Primers used in this study RT-qPCR primers.

Gene Sequences (5′-3′)
ACTB-Forward TGGCACCCAGCACAATGAA
ACTB-Reverse CTAAGTCATAGTCCGCCTAGAAGCA
CALD1-Forward TCTGTGCAGAAAAGCAGTGGT
CALD1-Reverse GCAGGAACAGGAAGATCCGA
RHOA-Forward GGTGGATGGAAAGCAGGTAGA
RHOA-Reverse GCACGTTGGGACAGAAATGC
AES-Forward CACAAAGCAGGCATTCGGG
AES-Reverse ACATTCGAGCTTGAGGCTGT
CTSD-Forward GATTCAGGGCGAGTACATGAT
CTSD-Reverse GGACAGCTTGTAGCCTTTGC
LAPTM5-Forward GGCTCTTTCCCCTTCAGTGTC
LAPTM5-Reverse AGGTACTTCTCCCGGTTCACAT
circRNA_2189-Forward ATGGGTTACATGCCCAAGAGGG
circRNA_2189-Reverse AGCGAATACTGCTGTCACCCTT
circRNA_3645-Forward ATGTTTCCAGTCTGCTGGCCAAG
circRNA_3645-Reverse TTTCGTAGGAGTGGGAGTGTTGG
circRNA_3192-Forward GCGAAGACTATCAGGGAATGA
circRNA_3192-Reverse GGCATGGGGATCATCATCTTT
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broadly distributed throughout the genome, with more on 
chromosomes 1, 2, and 3 (Figure 2D). In addition, exonic 
circRNAs accounted for the largest type (Figure 2E), and 
the number of exons per circRNA mainly ranged from 1 to 
6 (Figure 2F). We used reads per million (RPM) values to 
estimate the expression level of the circRNAs, and there were 
no significant differences in each sample (Figure 3A,B).

Identification of differentially expressed RNAs: To iden-
tify the potential biological role of circRNAs in OVM, we 
analyzed differentially expressed mRNAs, circRNAs, 
and miRNAs with thresholds of |log2 FC| ≥1 and p<0.05. 
RNA-seq analysis identified 3449 aberrantly expressed 
mRNAs in OVM, including 2,175 upregulated and 1,274 

downregulated mRNAs (Figure 4A, Appendix 4). Mean-
while, 45 upregulated and 144 downregulated circRNAs were 
found in OVM tissues compared with normal controls (Figure 
4B, Appendix 5). In addition, 156 miRNAs were upregulated 
and 168 miRNAs were downregulated in the OVM samples 
(Figure 4C, Appendix 6). Hierarchical clustering analysis 
showed that differentially expressed mRNA, circRNA, and 
miRNA expression patterns among samples were distinguish-
able (Figure 4D,E).

Validation of differentially expressed mRNAs and circRNAs 
by qRT-PCR: We performed qRT-PCR to verify the reliability 
of the differentially expressed circRNAs and mRNAs identi-
fied in the OVM tissues and normal controls by RNA-seq. 

Figure 1. Clinical characteristics of orbital venous malformation (OVM) patients. A, B: Representative clinical characteristics of patients 
with OVM. C, D: Representative Magnetic resonance imaging (MRI) images of patients with OVM, T1-weighted image (T1WI) (C), and 
T2-weighted image (T2WI) (D). E, F: Images of OVM and normal orbital vascular tissue samples.
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Five mRNAs (CALD1, RHOA, AES, CTSD, and LAPTM5), 
and three circRNAs—circRNA_2189 (hsa_circ_0000437 
officially), circRNA_3654 (hsa_circ_0000745 officially), and 
circRNA_3192 (hsa_circ_0003856 officially), were randomly 

selected. The results revealed that CALD1, RHOA, and AES 
were downregulated in OVM samples and that CTSD and 
LAPTM5 were upregulated in OVM samples, which is in 
accordance with the RNA-seq results (Figure 5A,C). The 

Figure 2. Characterization of identified circular RNAs (circRNAs) in orbital venous malformation (OVM) and normal orbital vascular 
tissues. A: The number of identified circRNAs in OVM (OVM1, OVM2, OVM3, and OVM4) and normal orbital vascular tissues (Control1, 
Control2, Control3, and Control4). B: Venn analysis of identified circRNAs and published circRNAs in circBase. C: Length distribution 
of identified circRNAs. D: Chromosome distribution of identified circRNAs. E: Classification of identified circRNAs. F: The exon number 
distribution of exon-derived circRNAs.
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qRT-PCR results of circRNA_2189, circRNA_3654, and 
circRNA_3192 were in line with the RNA-seq data (Figure 
5B,D), suggesting that the differentially expressed circRNAs 
identified via RNA-seq were reliable.

Construction of circRNA-associated ceRNA networks: To 
investigate the role of circRNAs in OVM, the expression 

correlations between circRNA and mRNA and ceRNAs 
(circRNA–miRNA–mRNA) were identified according to 
the differentially expressed RNAs, including 54 circRNAs, 
1,566 mRNAs, 107 miRNAs, and bioinformatic predic-
tion results. We first constructed a coexpression network 
of the top 100 circRNA–mRNA interactions by Cytoscape 

Figure 3. Qualification of circular RNAs (circRNAs) in orbital venous malformation (OVM) and normal orbital vascular tissues. A: Box 
plots of reads per million (RPM) values of circRNAs in OVM and normal orbital vascular tissues. B: Density plot of the expression density 
distribution of circRNAs in OVM and normal orbital vascular tissues.
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Figure 4. Expression analysis of different RNAs in orbital venous malformation (OVM) and normal orbital vascular tissues. A, B, C: Volcano 
plot of differentially expressed mRNAs (A), circular RNAs (circRNAs) (B), and miRNAs (C) based on the thresholds of |log2 FC| ≥1 and 
p<0.05 in OVM and normal orbital vascular tissues. D, E, F: Hierarchical cluster analysis of differentially expressed mRNAs (D), circRNAs 
(E), and miRNAs (F) in OVM and normal orbital vascular tissues.
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3.2.1 (Figure 6). Then, two circRNA-associated ceRNA 
networks—circRNA_8224 (upregulated in OVM)–miRNAs 
(downregulated in OVM)–mRNAs (upregulated in OVM) 
and circRNA_1678 (downregulated in OVM)–miRNAs 
(upregulated in OVM)–mRNA (downregulated in OVM)—
were constructed (Figure 7). These ceRNA network results 
may provide a new underlying mechanism for OVM.

Functional analyses of dysregulated mRNAs in the ceRNA 
network: GO and KEGG pathway analyses further explored 
the potential function of mRNAs involved in the ceRNA 
network. Based on the GO analysis results, mRNAs with 
upregulated expression levels were significantly enriched 
in BPs, such as extracellular matrix organization and posi-
tive regulation of actin nucleation; CCs, such as the plasma 
membrane and adherens junction; and MFs, such as lysophos-
phatidic acid receptor activity and cell adhesion molecule 
binding. The downregulated mRNAs were mainly associ-
ated with BPs, such as mesenchymal migration and muscle 
contraction; CCs, such as the Z disc and stress fiber; and 
MFs, such as actin binding and cadherin binding (Figure 
8A-B, Appendix 7 and Appendix 8). According to the results 
of the KEGG pathway analyses, we identified upregulated 
mRNAs that participate in pathways, such as mucin-type 
O-glycan biosynthesis, glycosaminoglycan degradation, and 

the PI3K-Akt signaling pathway. The downregulated mRNAs 
were involved in pathways, such as regulation of the actin 
cytoskeleton, the calcium signaling pathway, and the cAMP 
signaling pathway (Figure 8C-D, Appendix 9 and Appendix 
10). These functional analyses suggested that the circRNA-
associated ceRNA network may have multiple regulatory 
functions in OVM pathogenesis. In addition, we found that 
most of the genes in the mucin-type O-glycan biosynthesis, 
glycosaminoglycan degradation and PI3K-Akt signaling 
pathway were upregulated (Appendix 11), and representative 
genes in these signaling pathways were verified by qRT-PCR 
(Figure 8E). We further applied immunohistochemical (IHC) 
staining to p-PI3K and p-Akt, and the results demonstrated 
that p-PI3K and p-Akt presented stronger signals in OVM 
samples (Figure 8F). These data indicate that these pathways 
may account for OVM.

DISCUSSION

OVM ranks as the most common type of vascular disease 
in the orbital region, which can cause visual deterioration 
and cosmetic defects [6]. Recently, great efforts have been 
made to discover the detailed physiological and pathological 
mechanisms of OVM, as well as new therapeutic targets and 
biomarkers of OVM [9,11,18,19]; however, these studies have 

Figure 5. Validation and compar-
ison of mRNA and circular RNA 
(ci rcRNA) expression levels 
between quantitative real-time 
PCR (qRT-PCR) and RNA-seq. 
A, C: The expression levels of 
f ive mRNAs (CALD1, RHOA, 
AES, CTSD, and LAPTM5) by 
RNA sequencing analysis (A) and 
qRT-PCR (C). B, D: The expres-
sion levels of three circRNAs 
(circRNA_2189, circRNA_3654, 
and circRNA_3192) by RNA 
sequencing analysis (B) and 
qRT-PCR (D).
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been limited to protein-coding genes or proteins. CircRNAs 
are a new kind of functional noncoding RNA that regulates 
various processes and is involved in numerous diseases 
[20,21]. However, the circRNA expression profiles and their 
functions in OVM remain largely unknown. Therefore, in 
our study, we investigated circRNA, miRNA, and mRNA 
expression profiles and their potential roles in OVM for the 
first time.

First, 9,375 circRNAs were identified in total, including 
5,106 (54.5%) previously reported circRNAs and 4,269 
(45.5%) newly discovered circRNAs. Most of these circRNAs 
ranged from 200 to 500 nt or were over 2,000 nt in length, 
which was similar to the results found in many other eye 
diseases [15,22,23]. In the analysis of chromosome distribu-
tion, we found that circRNAs were predominantly located on 
chromosomes 1, 2, and 3. In the analysis of these circRNA 
classifications, exonic circRNAs accounted for the largest 
proportion, up to 91.6%. This may be functionally related, as 
exonic circRNAs are derived directly from the exon region 
by back splicing, which protects them from “exon skipping” 
and makes them more likely to regulate the coding RNA that 
produces them [24-26].

We found that OVM significantly altered the circRNA 
expression profiles compared with normal orbital vessels. 

A total of 189 differentially expressed circRNAs were 
identified in OVM samples, of which 45 were upregulated 
and 144 were downregulated. We also identified 3,449 
differentially expressed mRNAs and 324 differentially 
expressed miRNAs—that is, 2,175 upregulated mRNAs, 
1,274 downregulated mRNAs, 156 upregulated miRNAs, 
and 168 downregulated miRNAs. qRT-PCR was performed 
to verify the circRNAs and mRNAs detected by RNA-seq. 
Five mRNAs (CALD1, RHOA, AES, CTSD, and LAPTM5) 
and three circRNAs (circRNA_2189, circRNA_3654, and 
circRNA_3192) were randomly selected, and the expression 
changes detected by qRT–PCR were in line with the RNA-seq 
results. CircRNAs mainly function as an important compo-
nent of the ceRNA network, and circRNAs harboring miRNA 
response elements (MREs) that suppress miRNA activity by 
sponging miRNAs, thus upregulating the expression of target 
genes [27]. Subsequently, the circRNA–miRNA–mRNA 
ceRNA network was constructed using these differentially 
expressed mRNAs, circRNAs, and miRNAs.

Our comprehensive circRNA-associated network 
revealed the regulatory roles of circRNAs and their inter-
actions with other RNAs in OVM. Further GO functional 
and KEGG pathway analyses were used to understand the 
potential functions of the mRNAs participating in the ceRNA 
network. GO functional analysis showed that the main related 

Figure 6. Coexpression network of differentially expressed mRNAs and circular RNAs (circRNAs). Dots represent mRNA and triangles 
represent circRNA. Red and green represent upregulated and downregulated RNAs, respectively.
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BPs were enriched in extracellular matrix organization, posi-
tive regulation of actin nucleation, and so on. KEGG pathway 
analysis of upregulated mRNAs showed that mucin-type 
O-glycan biosynthesis, glycosaminoglycan degradation, and 
the PI3K-Akt signaling pathway were all enriched. In partic-
ular, the PI3K-Akt signaling pathway has been reported to be 
a critical regulator of vascular development and angiogenesis 
[28]. Previous studies have shown that somatic mutations of 
PIK3CA in the PI3K-Akt signaling pathway trigger the patho-
genesis of capillary lymphatic venous malformation [29]. In 
addition, the PI3K-Akt signaling pathway has been reported 
to be involved in brain vascular malformations [30]. Here, 
we provide the first evidence that the PI3K-Akt signaling 
pathway is upregulated in OVMs, providing a potential 
mechanism of OVM formation.

In conclusion, our study is the first to unveil the profiles 
of circRNAs in OVM by RNA-seq analysis. Significantly 
differentially expressed circRNAs were identified in OVM 
tissues compared with normal orbital vessels, and a dysregu-
lated circRNA-related ceRNA network was constructed to 
provide novel insight into the potential pathogenesis of OVM. 
Further exploration should focus on the precise molecular 
mechanisms of these circRNAs in OVM.

APPENDIX 1. CLINICAL INFORMATION OF OVM 
PATIENTS.

To access the data, click or select the words “Appendix 1.”

APPENDIX 2. CLINICAL INFORMATION OF 
UNAFFECTED PATIENTS.

To access the data, click or select the words “Appendix 2.”

APPENDIX 3. HISTOPATHOLOGICAL ANALYSIS 
OF OVM TISSUES AND NORMAL ORBITAL 
VASCULAR TISSUES.

To access the data, click or select the words “Appendix 3.” 
A and B. Hematoxylin and eosin (H.E.) staining of OVM 
tissues (A) and normal orbital vascular tissues (B). C and D. 
Immunohistochemical staining of CD34 in OVM tissues (C) 
and normal orbital vascular tissues (D).

APPENDIX 4. DIFFERENTIALLY EXPRESSED 
MRNAS IN OVM.

To access the data, click or select the words “Appendix 4.”

Figure 7. Circular RNA (circRNA)-associated competing endogenous RNA (ceRNA) networks in orbital venous malformation (OVM). 
CircRNA_8224 and CircRNA_1678 –associated ceRNA networks in OVM. Dots represent mRNA, triangles represent circiRNA, and 
squares represent miRNA. Red and green represent upregulated and downregulated RNAs, respectively.
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Figure 8. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of the competing endogenous RNA 
(ceRNA) networks. A, B: The top 30 GO terms of biological process (BP), cellular component (CC), and molecular function (MF) categories 
for upregulated mRNAs (A) and downregulated mRNAs (B). C, D: The top 20 KEGG pathways of upregulated mRNAs (C) and downregu-
lated mRNAs (D). E: The expression levels of representative genes in mucin-type O-glycan biosynthesis, glycosaminoglycan degradation 
and PI3K-Akt signaling pathway (GALNT5, GALNT10, GUSB, GALNS, GNG2) verified by quantitative real-time PCR (qRT-PCR). F: 
Representative images of immunohistochemical staining to p-PI3K and p-Akt in orbital venous malformation (OVM) and normal control 
samples and quantitative analysis.
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APPENDIX 5. DIFFERENTIALLY EXPRESSED 
CIRCRNAS IN OVM.

To access the data, click or select the words “Appendix 5.”

APPENDIX 6. DIFFERENTIALLY EXPRESSED 
MIRNAS IN OVM.

To access the data, click or select the words “Appendix 6.”

APPENDIX 7. GO ANALYSES OF UPREGULATED 
MRNAS IN THE CERNA NETWORK.

To access the data, click or select the words “Appendix 7.”

APPENDIX 8. GO ANALYSES OF 
DOWNREGULATED MRNAS IN THE CERNA 
NETWORK.

To access the data, click or select the words “Appendix 8.”

APPENDIX 9. KEGG ANALYSES OF 
UPREGULATED MRNAS IN THE CERNA 
NETWORK.

To access the data, click or select the words “Appendix 9.”

APPENDIX 10. KEGG ANALYSES OF 
DOWNREGULATED MRNAS IN THE CERNA 
NETWORK.

To access the data, click or select the words “Appendix 10.”

APPENDIX 11. HEAT MAP OF GENES 
EXPRESSION IN MUCIN TYPE O-GLYCAN 
BIOSYNTHESIS, GLYCOSAMINOGLYCAN 
DEGRADATION, AND PI3K-AKT SIGNALING 
PATHWAY.

To access the data, click or select the words “Appendix 11.” 
A. Heat map of genes expression in Mucin type O-glycan 
biosynthesis signaling pathway. B. Heat map of genes expres-
sion in glycosaminoglycan degradation signaling pathway. C. 
Heat map of genes expression in PI3K-Akt signaling pathway.
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