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Background: The study aimed to investigate the expression of OVOLs in breast cancer 
(BRCA) tissues and their value in prognosis.
Methods: ONCOMINE was used to analyze the expressions of OVOL1, OVOL2, and 
OVOL3 mRNA between BRCA tissues and normal breast tissues. The Wilcoxon rank sum 
test and t-test were used to assess the expression of OVOLs between BRCA tissues and 
unpaired/paired normal breast tissues. GEPIA and ROC curves were used to analyze the 
relationship between OVOLs expression and clinical pathological stage. Kaplan–Meier 
plotter was used to analyze prognosis. cBioPortal was used to analyze the mutation of 
OVOLs. GEPIA was used to analyze the co-expression of OVOLs. GO and KEGG analyses 
were performed by the DAVID software to predict the function of OVOLs co-expression 
genes.
Results: The expression of OVOL1/2 was significantly higher in BRCA tissues than in 
normal breast tissues. The OVOL3 expression correlated with tumor stage. The AUC of 
OVOLs was 0.757, 0.754, and 0.537, respectively. OVOL1 high expression was associated 
with shorter overall survival (HR: 1.48; 95% CI: 1.07–2.04; P=0.018). The OVOLs were 
associated with pathways including axon guidance, thyroid hormone signaling pathway, and 
ubiquinone and other terpenoid-quinone biosynthesis.
Conclusion: OVOL1 is a new potential marker of prognosis in BRCA, and OVOL1/2 are 
potential therapeutic targets in BRCA.
Keywords: OVOLs, breast cancer, prognostic, bioinformatics, gene expression

Introduction
Breast cancer (BRCA) is the most common malignancy in women and the leading 
cause of cancer deaths in women worldwide.1 Despite the prognostic benefits of 
local surgery, conventional chemotherapy, precision radiotherapy, endocrine ther-
apy, and the use of monoclonal antibodies for BRCA patients.2,3 Prognosis of 
BRCA is predicted in relation to clinical, pathological, and molecular features.4 

Molecular biomarkers have been identified as promising candidates not only to 
predict biological behavior and clinical outcomes, but also to help improve ther-
apeutic options.5,6 Therefore, the identification of new prognostic markers could 
provide new insights into the early detection of BRCA and reduce mortality and 
recurrence.

Currently, there are no validated screening tests for early BRCA detection, and 
there is a need to explore genetic signatures associated with prognostic prediction of 
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the underlying mechanisms of BRCA progression. 
Therefore, studying the prognostic value of OVOLs for 
patients with BRCA may help to improve the prediction of 
clinical prognosis in BRCA and inform personalized 
treatment.

OVOLs (OVO-like proteins) are universally con-
served genes encoding C2H2 zinc finger transcription 
factors in mammals.7 OVOLs act as transcription factors 
to regulate gene expression in various differentiation 
processes.8 OVOLs contains three members, including 
OVOL1, OVOL2, and OVOL3. Epithelial-to- 
mesenchymal transition (EMT) plays a key role in the 
stromal invasion of tumor cells.9 Multiple signaling 
pathways and various molecules are involved in this 
process; OVOL1 and OVOL2, two transcription factors, 
have been identified as key guardians that inhibit EMT 
and facilitate its mirror process, mesenchymal to epithe-
lial conversion.10,11

In recent years, OVOLs are associated with clinical 
staging, EMT, tumor metastasis, can modulate cancer cell 
stemness, and are promising markers for prognostic 
prediction.11–17 However, the roles of OVOLs in BRCA 
are unclear. In this study, bioinformatics was used to 
analyze the potential of OVOLs as a predictor of breast 
carcinogenesis and their regulatory network.

Materials and Methods
Differential Expression of OVOLs
Oncomine (https://www.oncomine.org/resource/login. 
html) were used to analyze the levels of OVOLs mRNAs 
in BRCA tissues and normal tissues.18 The screening 
criteria were P<0.05, fold change>1.5, and Top 10% of 
gene rank.

Software: R (version 3.6.3) (statistical analysis and 
visualization). R package: mainly ggplot2 (for visualiza-
tion). Molecules: OVOL1 [ENSG00000172818], OVOL2 
[ENSG00000125850], and OVOL3 [ENSG00000105261]. 
Data: RNAseq data in level 3 HTSeq-FPKM format from 
the TCGA (https://portal.gdc.cancer.gov/) BRCA (breast 
invasive carcinoma) project. Extracted BRCA of TCGA 
and corresponding normal tissue data in GTEx. Data filter-
ing: None or retain paired samples. Data conversion: 
RNAseq data in FPKM (Fragments Per Kilobase per 
Million) format converted to TPM (transcripts 
per million reads) format and log2 transformed. 
Significance markers: ns, p≥0.05; *p< 0.05; **p<0.01; 
***p<0.001.

The Relationship Between OVOLs and 
Clinical Characteristics of BRCA
GEPIA (http://gepia.cancer-pku.cn/) was used to do 
OVOLs expression analysis.19 The expression of OVOLs 
at different clinical stages was generated online. The co- 
expression genes of OVOLs were generated online.

ROC curves. Software: R (version 3.6.3). R packages: 
mainly the pROC package (for analysis) || ggplot2 pack-
age. Molecule: OVOL1/2/3. Clinical variables: Tumor vs 
Normal. Data: UCSC XENA RNAseq data in TPM format 
for TCGA and GTEx processed uniformly by the Toil 
process.20 Extracted BRCA for TCGA and corresponding 
normal tissue data in GTEx. Data filtering: None. Data 
transformation: RNAseq data in TPM format and log2 
transformed for analysis.

The Relationship Between OVOLs and 
Prognosis of BRCA
Kaplan–Meier Method. Software: R (version 3.6.3). 
R package: survminer package (for visualization), survival 
package (for statistical analysis of survival data). 
Molecule: OVOL1/2/3. Subgroups: 0–50 vs 50–100. 
Prognosis type: Overall Survival, Disease specific 
Survival, and Progression-free Survival. Data: RNAseq 
data and clinical data in level 3 HTSeq-FPKM format 
from the TCGA BRCA project. Data filtering: Retain 
data with clinical information. Data conversion: RNAseq 
data in FPKM format were converted to TPM format and 
analyzed by grouping them according to molecular expres-
sion. Additional data: prognostic data from an article.21

The Mutation and Co-Expression of 
OVOLs in BRCA
cBioPortal (http://www.cbioportal.org/index.do?session_ 
id= 5b4c1773498eb8b3d566f7b8) was used to analyze 
the mutation of OVOLs in BRCA.

GO and KEGG Analysis
DAVID database was used to do Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) ana-
lysis for the co-expression genes of OVOLs, including BP 
(biological process), MF (molecular function), CC (cellu-
lar component), and pathway analysis.22

Statistical Analysis
All statistical analyses were performed using R (v.3.6.3). 
The expression of OVOLs between BRCA tissue and 
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normal breast tissue was analyzed using the Wilcoxon 
rank sum test. The expression of OVOLs between BRCA 
tissues and paired normal breast tissues was analyzed 
using t-test. P values less than 0.05 were considered sta-
tistically significant.

Results
OVOLs Expression in BRCA and Normal 
Breast Tissues
As shown in Figure 1 and Table 1, OVOL1/2 mRNA 
expression in BRCA tissues was significantly higher than 
that in normal breast tissues (P<0.05). OVOL2 had the 
highest expression change (fold change=3.638, P<0.05), 
and 1 data set confirmed this.23

Relationship Between OVOLs Expression 
and the Clinical Stage of BRCA
As shown in Figure 2, the OVOL1 expression in BRCA 
tissues was significantly higher than that in normal 
BRCA tissues (3.167±0.030 vs 2.114±0.103, P<0.001), 
the OVOL1 expression in BRCA tissues was signifi-
cantly higher than that in matched normal breast tissues 
(3.271±0.075 vs 2.111±0.104, P<0.001); the OVOL2 
expression in BRCA tissues was significantly higher 
than that in breast tissues (4.416±0.023 vs 3.271 
±0.139, P<0.001), the OVOL1 expression in BRCA 
tissues was significantly higher than that in matched 
normal breast tissues (4.253±0.060 vs 3.259±0.140, 
P<0.001); there was no significant difference in 
OVOL3 between BRCA tissues and normal breast tis-
sues (0.438±0.013 vs 0.0354±0.028, P=0.163); there was 
no significant difference in OVOL3 between BRCA 
tissues and matched normal breast tissues (0.363±0.034 
vs 0.0354±0.028, P=0.069). OVOL3 was correlated with 
the clinical stage of BRCA (Figure 3). The results 
suggested OVOL3 may be closely related to the devel-
opment of BRCA. The area under curve (AUC) of 
OVOLs was 0.757, 0.754, and 0.537, respectively, sug-
gesting that OVOL1/2 could be served as ideal biomar-
kers to distinguish BRCA from nontumor tissue 
(Figure 4).

Relationship Between OVOLs Expression 
and Survival in BRCA Patients
As shown in Figure 5, the OS of the OVOL1 mRNA 
high expression group was shorter than that of the 
OVOL1 low expression group at all time points (HR: 

1.48; 95% CI: 1.07–2.04; P=0.018). It suggested that 
OVOL1 was a risk factor of BRCA. The mRNA of 
OVOL1 can be used as an indicator for predicting OS 
progression in BRCA.

Variation and Correlation of OVOLs in 
BRCA Tissues
As shown in Figure 6A, nearly 5% had mutations in 
OVOLs, of which less than 1% had missense mutations, 
less than 1% had structural variants, less than 1% had 
profound deletions, and about 4% had amplifications, 
based on the 996 breast malignancy samples. More than 
4.8% of patients had increased expression of OVOLs 
(Figure 6B). Some proteins were closely associated with 
OVOLs (Table S1). The results suggested that changes in 
the expression profile of OVOLs contributed to the devel-
opment of BRCA.

GO and KEGG Analyses of OVOLs
The results of analysis showed 25 enriched biological 
processes, mainly including negative regulation of tran-
scription from RNA polymerase II promoter, positive reg-
ulation of transcription from RNA polymerase II promoter, 
intracellular estrogen receptor signaling pathway, tran-
scription, DNA-templated, chromatin remodeling, 
transcription from RNA polymerase II promoter, beta- 
catenin-TCF complex assembly, neural tube closure, cova-
lent chromatin modification, ATP-dependent chromatin 
remodeling and so on (Table S2 and Figure 7). The 9 
enriched molecular functions included RNA polymerase 
II transcription factor binding, chromatin binding, RNA 
polymerase II transcription factor activity, sequence- 
specific DNA binding, transcriptional activator activity, 
RNA polymerase II core promoter proximal region 
sequence-specific binding, Rab GTPase binding, 
sequence-specific DNA binding, RNA polymerase II core 
promoter proximal region sequence-specific DNA binding, 
NAD-dependent histone deacetylase activity (H3-K14 spe-
cific), RNA polymerase II regulatory region sequence- 
specific DNA binding and so on (Table S2 and Figure 7). 
The results of analysis showed 7 cellular components, 
which were mainly related to nucleus, nuclear chromatin, 
transcription factor complex, nucleoplasm, intraciliary 
transport particle A, azurophil granule lumen, and Iml1 
complex (Table S2 and Figure 7). The analysis of these 
functions provides further insight into the cellular locali-
zation, geometric distribution, and functional classes of the 
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Figure 1 The mRNA expression of OVOLs between cancer and normal tissues. Cell color is determined by the best gene rank percentile for the analyses within the cell. 
Red indicates an increase in expression, blue indicates a decrease in expression.
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OVOLs. KEGG analysis showed that 3 pathways includ-
ing axon guidance, thyroid hormone signaling pathway, 
and ubiquinone and other terpenoid-quinone biosynthesis 
in BRCA were associated with OVOLs (Table S2 and 
Figure 8). These results helped to understand the molecu-
lar mechanisms of OVOLs in the development of BRCA 

and provide some theoretical basis for clinical targeted 
therapy.

Discussion
This study used bioinformatics to investigate the rela-
tionship between OVOLs and the development and 

Table 1 OVOLs Expression Differences Between BRCA and Breast Tissues in ONCOMINE Database

OVOLs Types of Ovarian Cancer vs Ovarian P value t-test Fold Change

OVOL1 Invasive Ductal and Lobular Carcinoma vs Normal 4.12 E-5 5.695 3.447
OVOL1 Mixed Lobular and Ductal Breast Carcinoma vs Normal 8.81 E-5 4.433 2.8535

OVOL2 Invasive Ductal and Lobular Carcinoma vs Normal 2.05 E-8 6.262 3.279

OVOL2 Intraductal Cribriform Breast Adenocarcinoma vs Norma 4.34 E-7 5.543 3.638
OVOL2 Mixed Lobular and Ductal Breast Carcinoma vs Normal 1.75 E-5 4.843 3.091

OVOL2 Tubular Breast Carcinoma vs Normal 2.22 E-25 11.879 2.459

OVOL2 Invasive Ductal and Invasive Lobular Breast Carcinoma vs Normal 2.01 E-28 12.674 2.702
OVOL2 Mucinous Breast Carcinoma vs Normal 3.33 E-14 8.523 2.369

OVOL2 Invasive Lobular Breast Carcinoma vs Normal 8.23 E-28 12.444 2.578
OVOL2 Invasive Breast Carcinoma vs Normal 9.67 E-5 4.320 2.168

OVOL3 NA NA NA NA

Figure 2 The expression of OVOLs in normal breast tissue and that of BRCA tissues. The difference expression of (A) OVOL1, (B) OVOL2, and (C) OVOL3 in BRCA 
tissues and normal breast tissues. The difference expression of (D) OVOL1, (E) OVOL2, and (F) OVOL3 in BRCA tissues and paired normal breast tissues. Significance 
markers: ns, p≥0.05; *p< 0.05; **p<0.01; ***p<0.001.
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prognosis of BRCA. The results suggest that 
members of OVOLs could be used as new 
therapeutic targets and predictive markers for BRCA. 
OVOLs dysregulation has been reported in many 
cancers.

OVOL1 was a prognostic predictive marker for oral 
squamous cell carcinoma (OSCC).16 OVOL1 was sig-
nificantly downregulated in cutaneous squamous cell 
carcinoma.24 OVOL1 expression was evident in eccrine 
poroma and hidradenoma.25 Low levels of OVOL2 
were associated with low overall survival in patients 
with nasopharyngeal carcinoma (NPC), and could be 
used as a prognostic indicator for NPC patients.17 

OVOL2 protein overexpression was associated with 
clinical grade (P=0.02) and the recurrence and metas-
tasis (P=0.02) of osteosarcoma (OS).12 OVOL2 expres-
sion correlated with clinical staging of lung 
adenocarcinoma (LUAD).13 Overall survival was 

significantly lower in patients with hepatocellular car-
cinoma (HCC) with low OVOL2 expression.26 

However, the relationship between OVOL3 and cancer 
is unclear. In this study, the mRNA expression levels 
of OVOL1/2 in BRCA tissues were significantly higher 
than those in normal breast tissues. OVOL3 was corre-
lated with the clinical stage of BRCA. ROC analysis 
results suggested that OVOL1/2/3 could be served as 
ideal biomarkers to distinguish BRCA from nontumor 
tissue. The OVOL1 high expression was associated 
with OS shortening.

Overexpression of OVOL1 promoted OSCC pro-
gression by inhibiting ZEB1.16 OVOL1 was 
an upstream inhibitor of c-Myc and OVOL2, and 
the OVOL1-OVOL2 axis is a regulator of 
c-Myc that coordinately regulates the aggressiveness 
of cutaneous squamous cell carcinoma.24 

Transcription factors OVOL1 and OVOL2 induce 

Figure 3 GEPIA of OVOLs in BRCA patients at different tumor stages. (A) OVOL1, (B) OVOL1, and (C) OVOL3.

Figure 4 ROC curve showed the efficiency of OVOLs expression level in distinguishing BRCA tissue from nontumor tissues. (A) OVOL1, (B) OVOL2, and (C) OVOL3 
were analyzed in this study.
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Epithelial-to-Mesenchymal Transition (EMT) in human 
cancers.11 PARP1-induced PARylation was a key event 
in OVOL2-mediated regulation of chromosome integ-
rity and inhibition of cancer cell growth.27 OVOL2 
expression was associated with MET in OS cells and 
inhibited ZEB1 expression and OS progression.12 

OVOL2 played a key role in inhibiting NPC metastasis 
and maintaining the epithelial phenotype.14 OVOL2 

inhibited the migratory and invasive capacity of 
A549 cells and directly prevents EMT by inhibiting 
Twist1 transcription.13 OVOL2 antagonized TGF-β sig-
naling in the regulation of EMT during BRCA 
metastasis.28 OVOL2 was a colorectal cancer (CRC) 
suppressor that blocks WNT signaling by promoting 
the recruitment of histone deacetylase 1 to the TCF4-β- 
catenin complex.29 Elevated OVOL2 expression may 

Figure 5 The expression of OVOLs is associated with poor OS in patients with BRCA. Overall survival in BRCA for (A) OVOL1, (D) OVOL2, and (G) OVOL3. 
Disease-specific survival in BRCA for (B) OVOL1, (E) OVOL2, and (H) OVOL3. Progress free survival in BRCA for (C) OVOL1, (F) OVOL2, and (I) OVOL3. 

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S326402                                                                                                                                                                                                                       

DovePress                                                                                                                       
3957

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


inhibit HCC cell invasion and metastasis by limiting 
EMT.26 OVOL1 and OVOL2 regulate the stemness of 
cancer cells and thus play an important role in cancer 
cell metastasis.15 In this study, KEGG analysis showed 
that OVOLs were related to pathways including axon 
guidance, thyroid hormone signaling pathway, and ubi-
quinone and other terpenoid-quinone biosynthesis in 
BRCA.

BRCA is a heterogeneous disease exhibiting con-
siderable variability in its prognostic pattern 
and response to treatment.30 To improve the robustness 
of the classification performance and stability of the 
detected biomarkers, discriminative gene subnetworks 

called network biomarkers are generated by 
aggregating functionally relevant genes, thus taking 
into account the existing knowledge about the relation-
ships between genes in the classifier.31 The role of 
OVOLs in different subtypes of BRCA needs further 
study.

Conclusion
In conclusion, the expression and prognostic value of 
OVOLs in BRCA was analyzed in this study. The results 
suggested that OVOL1/2 was a potential target for the 
treatment of BRCA and that OVOL1 was a novel marker 

Figure 7 GO analysis of OVOLs co-expression genes predicted by DAVID.

Figure 6 Gene expression and mutation analysis of OVOLs in BRCA (cBioPortal). (A) OVOLs gene mutation in BRCA; (B) detailed informed on the gene mutation of 
OVOLs.

https://doi.org/10.2147/IJGM.S326402                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 3958

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


of BRCA prognosis. Further studies are needed to validate 
these results.
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