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This study aimed to investigate the role and potential mechanism of miR-22 in clear cell ovarian cancer (CCOC) progres-
sion. The gene expression profile of GSE16568, including 3 CCOC samples with miR-22 overexpression and 3 negative controls,
was downloaded from the Gene Expression Omnibus database. Differentially expressed genes (DEGs) were screened using the
limma package in R. Gene Ontology (GO) and pathway enrichment analysis of DEGs were performed by using The Database
for Annotation, Visualization and Integrated Discovery (DAVID). Furthermore, protein-protein interaction (PPI) network of
the DEGs was constructed using the Search Tool for the Retrieval of Interacting Genes (STRING) database. Besides, the miR-22
-mRNA interaction pairs were predicted to explore the critical genes involved in the cancer. Totally, 95 up-regulated DEGs and
51 down-regulated DEGs were identified. The DEGs were enriched in different GO terms and pathways. The up-regulated genes
cyclin-dependent kinases (CDK6), MDM2 oncogene, E3 ubiquitin protein ligase (MDM2), and thrombospondin 1 (THBSI)
were involved in the p53 signaling pathway. The up-regulated gene FBJ murine osteosarcoma viral oncogene homolog (FOS)
was a hub protein in the PPI network of the DEGs. The down-regulated DEGs including lymphoid enhancer-binding factor 1
(LEFI) and v-myb avian myeloblastosis viral oncogene homolog (MYB) were mainly associated with immunity. Nine DEGs as
target genes were identified to be recognized by miR-22. Our study suggested that several key genes such as CDK6, MDM2, LEF1,
MYB, and FOS that involved in different pathways including p53 signaling pathway were associated with CCOC progression.
miR-22 may play an essential role in cell migration and invasion in CCOC through targeting responsive genes.
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Ovarian cancer (OC) is an extremely lethal gynecologic
malignancy and is the fifth leading cause of cancer death among
women [1, 2]. Almost 90% to 95% of OC are epithelial ovarian
cancer (EOC) which is thought to be derived from the ovar-
ian surface epithelium or fallopian tube tissue or from ectopic
endometrial [3]. EOC are classified into many histological
subtypes, including serous, mucinous, endometrioid, and clear
cell [4]. Clear cell ovarian cancer (CCOC) is the second most
common histological subtype of OC after serous carcinoma
[5]. The preferred treatment for CCOC is a complete resection
of the tumor, but it is difficult to complete when the disease
has been advanced [6]. Besides, the etiology of EOC remains
poorly understood. Therefore, an improved understanding of
the molecular circuitry in CCOC may significantly refine the
management of the disease and may eventually lead to the
development of more effective treatment modalities.

MicroRNAs (miRNAs) are small noncoding RNAs, usu-
ally 18-25 nucleotides in length, which inhibit translation and
trigger mRNA degradation by binding to complementary
sites in the 3’-untranslated region (UTR) of the target genes
[7]. Commonly, alterations in the miRNA expression profiles
detected between human cancer cells and their normal con-
trols indicate that miRNAs are involved in the pathogenesis of
cancer by acting like tumor suppressors or having oncogenic
properties, or both in some cases [8]. Emerging evidence has
established the role of miRNA in the pathogenesis of EOC [9,
10]. For example, miR-214 induces cell survival and cisplatin
resistance primarily by targeting the phosphatase and tensin
homolog (PTEN) in OC [9], and miR-199a can target CD44
to suppress the tumorigenicity and multidrug resistance of
ovarian cancer initiating cells [11]. Bhattacharya et al. dem-
onstrated that miR-15a and miR-16 controlled B lymphoma
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mouse Moloney leukemia virus insertion region (Bmi-1)
expression and lead to significant decrease of cell prolifera-
tion and clonal growth in OC [12]. Recently, deregulation of
miR-22 was reported to occur in various cancers and miR-22
was implicated in the regulation of various cellular processes,
including motility and cell cycle [13]. For instance, Li et al.
demonstrated that the tumor-suppressive role of miR-22 in
p53-mutated colon cancers [14]. The work of Ling et al. re-
ported that miR-22 suppressed lung cancer cell progression
through the post-transcriptional regulation of Erb (estrogen
receptor b) family member, ErbB3 [15]. Similarly, miR-22
was identified as a potential metastasis inhibitor in OC [13].
However, the role of miR-22 in ovarian cancer still remains
largely unknown.

Using the same gene expression profiling, Nagaraja et
al. had demonstrated that miR-22 overexpression shifted
the global gene expression pattern of CCOC toward a more
normal state [16]. In the current study, we used microarray
analysis to identify the differentially expressed genes (DEGs)
in overexpressed miR-22 CCOC cell lines using hsa-miR-22
mimic transfection compared with negative controls. Com-
prehensive bioinformatics was used to analyze the significant
pathways and functions and to construct the protein-protein
interaction (PPI) network to find the critical DEGs. Further-
more, the target genes of miR-22 were predicted. The study
was aimed to investigate the potential mechanism of human
miR-22 in CCOC.

Materials and methods

Microarray data and data preprocessing. The microarray
data of GSE16568, deposited by Nagaraja et al. [16], was down-
loaded from the Gene Expression Omnibus (GEO) database
in National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/geo/) based on the platform of
GPL6947 Nllumina HumanHT-12 V3.0 expression beadchip.
A total of 6 specimens were applied, including 3 specimens
of miR-22-overexpressing ES-2 ovarian cell lines which trans-
fected with hsa-miR-22 mimics and another 3 specimens of
negative control ES-2 ovarian cell lines which transfected with
mimic negative control.

The gene expression profile data were preprocessed using
the limma [17] package in Bioconductor and the chip defini-
tion file from Brainarray laboratory [18]. The gene expression
matrix of specimens was received.

DEGs screening. T-test [17] in limma package was used
to identify the DEGs in miR-22-overexpressing ES-2 ovarian
cell line group compared with negative control group. False
discovery rate (FDR) [19] was calculated for multiple test-
ing correction using Benjamini and Hochberg method [20].
Threshold for the DEGs were set as FDR < 0.05 and |log, fold
change (FC)|z 2.

Functional and pathway enrichment analysis of DEGs.
In order to facilitate the functional annotation and pathway
analysis, all the DEGs were analyzed using the Database for

Annotation Visualization and Integrated Discovery (DAVID)
[21] to performed the Gene Ontology (GO) [22] and Kyoto
Encyclopedia of Genes and Genomes (KEGG) [23] analysis.
The P value < 0.05 was chosen as the threshold.

Functional annotation of DEGs. Identification of tumor-
related genes and understanding their functions can be critical
for studying the roles of genes involved in tumorigenesis. The
tumor suppressor gene database (TSGene) (http://bioinfo.
mc.vanderbilt.edu/TSGene/) is a comprehensive literature-
based database that provides detailed annotations for each
TSG [24]. The tumor-associated gene (TAG) database (http://
www.binfo.ncku.edu.tw/TAG/) is designed to utilize informa-
tion from well-characterized oncogenes and tumor suppressor
genes to accelerate cancer research [25]. According to the data
information of transcription factors (TFs), functional enrich-
ment of the DEGs for transcription regulation was assessed.
In addition, the selected DEGs were mapped into the TSGene
and TAG database to extract the known oncogene and tumor
suppressor genes.

PPI network construction. The PPI network is represented
by an undirected graph with nodes indicating the genes and
edges indicating the mapped interactions of the proteins
encoded by the genes [26]. In this study, a PPI network was
constructed by using data from the Retrieval of Interacting
Genes (STRING) database which is a comprehensive database
containing functional links between proteins that are ex-
perimentally derived as well as links predicted by comparative
genomics and text mining [27]. The interaction pairs with the
PPI combined score > 0.4 were selected in this network, which
corresponded to a medium-confidence network [28].

Prediction of miR-22 target genes. Computational al-
gorithms for miRNA target prediction have been essential
in order to identify the candidate targets. miR-22-mRNA
interactions were predicted by using 5 miRNA target pre-
diction algorithms, miRanda [29], MirTarget2 [30] , PicTar
[31], PITA [32], and TargetScan [33] for data obtaining. The
selected DEGs which had overlap of at least 3 databases were
considered as the potential target genes of miR-22.

Results

Screening of DEGs. A total of 149 transcripts were differ-
entially expressed in miR-22-overexpressing CCOC groups
compared with negative controls. Thereinto, 96 transcripts cor-
responding to 95 DEGs were up-regulated and 53 transcripts
corresponding to 51 DEGs were down-regulated as shown in
Table 1. Heat-map of the DEGs was shown in Figure 1. The

Table 1. The result of DEGs screening in overexpressed miR-22 CCOC

Expression changes Transcript Counts Gene Counts

Up-regulated 96 95
Down-regulated 53 51
Total 149 146
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Figure 1. Heat map of the DEGs identified in overexpressed miR-22 CCOC compared with negative control. The red and green colors in the heat map

indicate up-regulated and down-regulated DEGs respectively.

results showed that up-regulated genes were significantly more
than the down-regulated genes.

Functional and pathway enrichment analysis of DEGs.
Functional and pathway enrichment analysis indicated that
the up-regulated DEGs and down-regulated DEGs in miR-22
-overexpressing CCOC groups were significantly enriched in
different GO terms and KEGG pathways (Table 2 and Table 3).
Seven KEGG pathways of up-regulated genes were mainly
enriched, such as p53 signaling pathway, Cytokine-cytokine
receptor interaction, and NOD-like receptor signaling
pathway. Among these, cyclin-dependent kinases (CDK®),
MDM2 oncogene, E3 ubiquitin protein ligase (MDM2),
thrombospondin 1 (THBSI) were involved in p53 signaling
pathway. Down-regulated DEGs were mainly enriched in

4 pathways, such as Glycerophospholipid metabolism and
ErbB signaling pathway (Table 2). In addition, GO functional
analysis showed that the up-regulated DEGs were mainly
enriched in response to lipid and granulocyte chemotaxis,
while the down-regulated DEGs such as lymphoid enhancer-
binding factor 1 (LEFI) and v-myb avian myeloblastosis viral
oncogene homolog (MYB) were mainly related to T-helper
cell differentiation and alpha-beta T cell activation involved
in immune response (Table 3).

Besides, the expression change of TFs, TSGs and oncogenes
in miR-22-knockup CCOC cells were observed. The up-
regulated functional genes included 2 oncogenes and 4 TSGs,
while the down-regulated functional genes included 4 TFs,
3 oncogenes and 1 TSG as shown in Table 4.
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Table 2. The enriched pathways of DEGs

Expression KEGG-ID Name Count  P-value Genes
changes
Up 5322 Systemic lupus erythematosus 9 3.55E-08  HIST1H2AH,HIST1IH2BC,HIST1H2BH,HIST1H3G,HI

ST1H4B,HIST1H4E,HIST1H4H, HISTIH4K, HIST2H4A

Up 5323 Rheumatoid arthritis 4 0.001568363 CCL2,FOS,IL11,IL1B
Up 5144 Malaria 3 0.002805802 CCL2,IL1B,THBS1
Up 4115  p53 signaling pathway 3 0.006328311 CDK6,MDM2,THBS1
Up 4060 Cytokine-cytokine receptor interaction 5 0.015185551 CCL2,IL11,IL1B,IL24,PRLR
Up 5142  Chagas disease (American trypanosomiasis) 3 0.020055339 CCL2,FOS,IL1B
Up 5219 Bladder cancer 2 0.022938192 MDM2,THBS1
Up 4621  NOD-like receptor signaling pathway 2 0.041657608 CCL2,IL1B
Down 5412 Arrhythmogenic right ventricular cardiomyopathy 2 0.021055366 ITGA10,LEF1
Down 564 Glycerophospholipid metabolism 2 0.024368124 AGPAT9,LYPLA2
Down 4012 ErbB signaling pathway 2 0.028486545 CAMK2D,CBL
Down 4640  Hematopoietic cell lineage 2 0.029096523 IL7,MME
Down 4916 Melanogenesis 2 0.037496531 CAMK2D,LEF1
Table 3 The enriched GO terms of DEGs
Expression  GO-ID Name Count  P-value Genes
changes
Up GO0:0033993 response to lipid 12 2.23E-05 ADM,CCL2,COL1A1,FOS,GSTM3,IL1B,1L24,MDK,
MDM2,PDE4B,PLSCR4,THBS1
Up GO:0071621 granulocyte chemotaxis 5 2.87E-05  CCL2,IL1B,PDE4B,SCG2,THBS1
Up GO:0048545 response to steroid hormone stimulus 8 5.36E-05 ADM,CCL2,COL1AL,FOS,GSTM3,MDK,MDM2,T
HBS1
Up GO:0006950 response to stress 31 8.16E-05 ADM,ALOX5AP,C100rf90,CA9,CCL2,CDK6,CO
L1A1,FOS,FXN,GBP2,GSTM3,HIST1H2BC,HSP
A6,IGFBP1,IL11,IL1B,IL1RL1,IL24,MDK,MDM
2,NUAK2,PARD3,PLOD2,PLSCR4,PXDN,SCG
2,SEL1L,SERPINA3,THBS1,TXK,VASN
Up GO:0014070 response to organic cyclic compound 11 0.000102053 ADM,CCL2,COL1A1,FOS,FXN,GSTM3,IL1B,MDXK,
MDM2,PDE4B,THBS1
Down GO:1902107 positive regulation of leukocyte differentiation 3 0.002701745 IL7,LEF1,MYB
Down GO0:0002294 CD4-positive, alpha-beta T cell differentiation 2 0.003948496 LEF1,MYB
involved in immune response
Down GO:0042093 T-helper cell differentiation 2 0.003948496 LEF1,MYB
Down GO:0002287 alpha-beta T cell activation involved in immune 2 0.004418705 LEF1,MYB
response
Down GO:0002293 alpha-beta T cell differentiation involved in im- 2 0.004418705 LEF1,MYB
mune response
Table 4. Functional annotation of DEGs in overexpressed miR-22 CCOC
TF Oncogene TSG
Up NA MDMz2, FOS THBSI, RARRES], 1124, C100rf90
Down REXANK, MYCBP, LEF1, HOXA4 MYB, MME, CBL FBXO32

TF: transcription factor, TSG: tumor suppression genes, NA: not applicable.

PPI network construction. The PPI network included 41 = 14), which was also identified to be up-regulated in miR-22-
nodes and 59 interactions (Figure 2). The results showed that ~ knockup CCOC cells compared with negative controls.
the gene with highest node degree in the network was FBJ Prediction of the miR-22 target genes. A total of 9 target
murine osteosarcoma viral oncogene homolog (FOS) (degree  genes of miR-22 were obtained, such as chromosome 17 open
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Figure 2 PPI network of DEGs. The red nodes indicate up-regulated genes and green nodes represent down-regulated genes.

reading frame 58 (C170rf58), enhancer of mRNA decapping 3
(EDC3), ring finger protein 38 (RNF38), testis-specific kinase
2 (TESK2), testis-specific kinase 2 (ZFYVE9), leucine rich re-
peat containing 1 (LRRC1), pre-mRNA processing factor 38A
(PRPF38A), inositol polyphosphate-5-phosphatase (INPP5B),
ANKHDI1-EIF4EBP3 read through (ANKHDI1-EIF4EBP3).
All the 9 target genes in miR-22-knockup CCOC samples
were down-regulated (Figure 3).

@ overexpression miR-22 ovarian cancer
12 { ®@ negative control

10

gene expression by log2 transformed
a
1

RNF38 ZFYVE9

TESK2 LRRC1

PRPF38A ANKHD1-

0 "C17orfSs
EDC3 INPPSB EIF4EBP3

Figure 3. Expression level of the 9 target genes for miR-22. The red column
indicates the overexpressed miR-22 CCOC group and the green column
represents the negative control group.

Discussion

CCOC s an aggressive disease which is at large resistant to
therapy due to the asymptomatic early stages and no screening
program in place [34]. Though miR-22 as a tumor suppressor
has been demonstrated to play a crucial role in human car-
cinogenesis [35], the role of miR-22 in OC progression still
remains largely unknown. In this study, microarray analysis
showed that 95 up-regulated DEGs and 51 down-regulated
were identified in miR-22-knockup CCOC samples compared
with negative controls. The up-regulated DEGs CDK6, MDM2,
and THBSI were involved in the p53 signaling pathway. FOS
as an oncogene which was up-regulated was also a hub protein
in the PPI network of the DEGs. The down-regulated DEGs
including LEFI and MYB were mainly associated with im-
munity. A total of 9 DEGs could be recognized by miR-22 in
CCOC, such as EDC3, LRRC1, and RNF38.

CDKG6 is a member of the CDK family which are hetero-
meric serine/threonine kinases that control progression and
regulate mammalian cell division through the cell cycle in
collaboration with their regulatory subunits, the cyclins [36].
D’Andrilli et al. reported that CDK6 as the G1 regulator played
a crucial role in ovarian cancer tumoigenesis and development
[37]. A study had shown that somatic p53 alteration leading to
p53 accumulation which was in response to cellular stresses
ranged from the induction of cell-cycle arrest for DNA re-
pair to apoptosis for elimination of damaged cells after cell
stress was an important event in hereditary ovarian cancer
[38]. Besides, Mendrzyk found that CDK6 might link the
TP53 (p53) tumor suppressor pathway to medulloblastoma
pathogenesis [39]. Moreover, Tsuchiya et al. used functional
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genetic and comprehensive genomic screens and identified
that miR-22 as a strong candidate for TSG determined the
p53-dependent cellular fate [40]. On the other hand, MDM2
encodes a nuclear-localized E3 ubiquitin ligase which can
promote tumor formation for the degradation of proteasome
by targeting tumor suppressor proteins, such as p53 [41].
Chen et al. showed that MDM2 could bind the transcrip-
tional activation domain of p53 and MDM2 onco-protein
is a potent inhibitor of p53 [42]. In line with the previous
studies, our study showed that the up-regulated DEGs, CDK6
and MDM?2 were identified to be involved in p53 signaling
pathway, suggesting that miR-22 may play a critical role in
ovarian cancer through regulating the p53 signaling pathway.
It is worthy of note, however, that the ES-2 used as described
in the original study [16], a widely recognized CCOC cell
line, was originally established from a poorly differentiated
CCOC, which was derived from the surgical tumor specimen
of a 47-year-old black woman [43]. Although TP53 mutations
in CCOC are rare, a study demonstrated that ES2 was the
only CCOC cell line harboring a missense mutation in TP53
(c. 722C>T, p.S241F) [44]. Therefore, this cell line should be
used with caution as a valid model for studying CCOC [43].
Nevertheless, evidence shows high incidence of p53 gene
mutation in human OC, which is associated with nuclear ac-
cumulation of p53 protein and tumor DNA aneuploidy [45].
How the TP53 missense mutation in the ES-2 acts is currently
unclear. Besides, the results in this study were based on the
computational analysis and findings of the previous studies.
Thus, further experimental verifications are needed and we
should repeat our work on mir-22 in other CCOC cell lines
with wild type p53. Studies of the other CCOC cell lines are
in progress in our research group.

LEFI encodes a TF which binds to a functionally important
site in the T-cell receptor-a enhancer [46]. LEF1 plays critical
roles in normal thymocyte development and Yu et al. reported
that LEF1 and T cell factor 1(TCF-1) had cooperative and
opposing roles in T cell development as well as malignancy
[47]. Curiel et al. demonstrated that specific recruitment of
regulatory of T cells in ovarian cancer could foster immune
privilege and predicted reduced survival [48]. MYB is a DNA-
binding protein which contains three domains and the protein
plays an essential role in the regulation of hematopoiesis
[49]. Lahortiga et al. showed that a duplication of the MYB
oncogene could be found in the T cell acute lymphoblastic
leukemia [50]. Furthermore, Zhou et al. identified that c-
MYB and LEF1were required for optimal binding of each of
them to the Bcl2, suggesting c-MYB and LEF1 interacted and
cooperated in the activation of Bcl2 in leukemia cells [51]. As
mentioned above, our findings showed that MYB and LEF1
which were both down-regulated had interactions from the
PPI network. From the discussion, one may conclude that
MYB may interact with LEFI to affect T cell development
in CCOC.

In addition, our findings revealed that FOS as an oncogene
was the hub protein in the PPI network of DEGs. FOS encodes

nuclear phosphoprotein which can dimerize with proteins of
the jun proto-oncogene (JUN) family and has been implicated
as regulators of cell proliferation, differentiation, and trans-
formation [52]. Several studies had shown that FOS family
might be involved in motility and adhesion of ovarian cancer
cells [53, 54]. Our data were in agreement with the findings,
suggesting that FOS may play a crucial role in CCOC devel-
opment by changing cells motility.

Furthermore, our studies identified 9 miR-22-mRNA
interaction pairs. Among these, EDC3 is associated with
amRNA-decapping complex in the process of mRNA degrada-
tion which is indispensable to the post-transcriptional control
of gene expression [55]. Schwartz demonstrated that gene
expression in OC reflected both morphology and biological
behavior [56]. Moreover, Nagaraja et al. reported EDC3 as
responsive target of miR-22 was down-regulated in CCOC
[16]. TESK2 is a serine/threonine protein kinase that can cata-
lyze autophosphorylation and phosphorylation of exogenous
substrates [57]. van Rheenen et al. reported that TESK2 could
phosphorylate cofilin at serine 3 and altered cofilin expression
had been found in OC [58]. Moreover, Toshima et al. revealed
that cofilin and actin-depolymerizing factor (ADF) played an
important role in the rapid turnover of actin filaments which
were essential for cell movement and adhesion [59]. In addi-
tion, Li et al. had showed that miR-22 might be involved in
inhibiting cell migration and invasion in OC [13]. Our data
illustrated that miR-22 may play an essential role in CCOC
metastasis via inhibiting the target genes expression.

In conclusion, our study identified several key genes (CDKG6,
MDM?2, LEF1 and MYB, FOS) that participated in different
pathways were involved in the mechanism of CCOC with
overexpressed miR-22. CDK6 and MDM2 were involved in
p53 signaling pathway. miR-22 may play a crucial role in ovar-
ian cancer through regulating the p53 signaling pathway and
further work on mir-22 in other CCOC cell lines are needed.
MYB may interact with LEF1 to affect T cell development in
CCOC. In addition, FOS may play a crucial role in CCOC
development by changing cells motility. Furthermore, miR-
22 may play an essential role in cell migration and invasion
in CCOC. However, sample size is less in our study, higher
throughput data analysis and further studies are needed to
determine the importance of DEGs and the potential role of
miR-22 in our study. The miRNA targets identified in this
study may serve to clarify the role of miR-22 in ovarian clear
cell cancer as well as other cancer types. Ongoing studies with
miR-22 may set the scene for the exciting potential of miR-22
therapeutics for prevention and treatment of CCOC.
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