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Abstract
In this study, we aim to identify the clinical significance of basonuclin 1 (BNC1) expression in

ovarian carcinoma (OV) and to explore its latent mechanisms. Via integrating in-house

tissue microarrays, gene chips, and RNA-sequencing data, we explored the expression

and clinical value of BNC1 in OV. Immunohistochemical staining was utilized to confirm the

protein expression status of BNC1. A combined SMD of –2.339 (95% CI: –3.649 to –1.028,

P<0.001) identified that BNC1was downregulated based on 1346 samples, and the sROC

(AUC¼ 0.93) showed a favorable discriminatory ability of BNC1 in OV patients. We used

univariate and multivariate Cox regulation to evaluate the prognostic role of BNC1 for OV

patients, and a combined hazard ratio of 0.717 (95% CI: 0.445–0.989, P< 0.001) revealed

that BNC1 was a protective factor for OV. Furthermore, the fraction of infiltrating naive B

cells, memory B cells, and other immune cells showed statistical differences between the

high- and low-BNC1 expression groups through cell-type identification by estimating rela-

tive subsets of RNA transcripts (CIBERSORT) algorithm. Enrichment analysis showed that

BNC1may have a relationship with immune-related items in OV. By predicting the potential

regulatory transcription factors (TFs) of BNC1, friend leukemia virus integration 1 (FLI1) may

be a potential upstream TF of BNC1. Corporately, a decreasing trend of BNC1may serve as

a tumor suppressor and prognostic biomarker in OV patients. Moreover, BNC1 may take part in immune-related pathways and

influence the fraction of tumor-infiltrating immune cells.
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Introduction

Ovarian carcinoma (OV) is a kind of malignant tumor in the
ovary, most of which originate from the epithelium of
ovary. As the fifth largest type of cancer causing female
death, it is estimated that there will be 21,410 new cases

of OV and may cause 13,779 deaths in the United States
in 2021.1,2 For most patients with advanced OV, surgery is
the most important treatment, and chemotherapy can be
used as an adjuvant treatment.3–5 As there are often no
obvious symptoms in the early stage of OV, many patients
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with epithelial OVare in the advanced stage of cancer when
they are diagnosed, which also leads to the relatively low
five-year survival rate of OV.6,7 If OV can be detected in the
early stage, the survival rate and quality of life of OV
patients can be improved, and the cost of treatment and
related economic burden can be reduced.8

Basonucillin 1 (BNC1) is a gene located on chromosome
15. The protein encoded by BNC1 can participate in the
transcription process of germ cells and play a vital role in
the growth of germ cells.9 One study showed that BNC1
deficiency is one of the causes of primary ovarian insuffi-
ciency.10 People who lack BNC1 are more likely to lose fer-
tility with age.11 Recently, Garc�ıa-D�ıez et al. found that
BNC1 may be a driving factor for cutaneous squamous
cell carcinoma.12 One study found that increased BNC1
expression may enhance the metastatic potential of breast
cancer cells and may participate in the process of advanced
breast cancer metastasis to the brain.13 Another study
showed that BNC1 can play a role in the early diagnosis
of pancreatic cancer and have a relationship with the prog-
nosis for pancreatic cancer patients.14 However, the role of
BNC1 in the occurrence and development of OV has not yet
been reported in the literature, and its molecular mecha-
nisms need further elucidation.

In this study, the expression of BNC1 in OV and its clin-
ical significance were investigated by integrating high-
throughput databases and in-house immunohistochemical
(IHC) staining. Through Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis, and prediction of transcription factors binding
upstream of BNC1, the latent molecular mechanism of
BNC1 in OV was explored. In addition, we also studied
the relationship between BNC1 and immune cell infiltra-
tion. All these will help us clearly understand the molecular
mechanisms of BNC1 in OV and explore a potential prog-
nostic biomarker and therapy for OV.

Materials and methods

The expression level of BNC1 protein from tissue
microarrays

All the tissue microarrays (OVC1021 and OVC2281) were
provided by Pantomics, Inc. (Richmond, CA 94806). And
other 24 cases of OV tissues and 28 cases of non-cancerous
controls were collected from the First Affiliated Hospital of
Guangxi Medical University, China. Permission for the
study was officially acquired from the ethics committee of
the First Affiliated Hospital of Guangxi Medical University
(No. 2020-KY-E-095). One-hundred fifty (150) OV tissues
and 46 non-cancerous ovarian tissues were collected to con-
duct IHC staining to identify the expression of BNC1 pro-
tein. Two pathologists chose 20 fields in the stained
microarray at random and evaluated the number of posi-
tive cells in the field independently. The staining intensity
and positive cells were scored with the following criteria:
integers 0–3 points, respectively, for no, light, and strong
staining; the score of positive cells in visual field was 0
point (0–5%), 1 point (6–25%), 2 point (26–50%), 3 point
(51–75%), and 4 point (>75%), respectively. The total IHC

score was calculated by multiplying the intensity score and
the positive cells score.15,16

Data mining from public databases

In order to evaluate the expression of BNC1 mRNA in OV,
we searched Gene Expression Omnibus, ArrayExpress,
Oncomine, and Sequence Read Archive databases to collect
microarrays. The search keywords were: (ovarian carcino-
ma) AND (mRNA OR gene). All the included studies con-
tained three or more pairs of OV and non-cancerous
ovarian tissues or cell lines. For the raw data that had not
been processed by a robust multi-array average (RMA)
algorithm, we used an affy package of R to integrate the
raw data and complete the background correction.17 We
combined those microarrays of the same platforms and
removed the batch effect with the sva package.18

Furthermore, we also collected the level 3 RNA-
sequencing (RNA-seq) data of OVand normal ovarian sam-
ples from The Cancer Genome Atlas (TCGA) and The
Genotype-Tissue Expression (GTEx) databases. As of
1 February 2021, 16 datasets from nine platforms were col-
lected (Table 1).

The expression and clinicopathological significance of
BNC1 in OV

We used Student’s t-test to compare the expression level of
BNC1 between OV and non-cancerous ovarian tissues.
GraphPad Prism 8(CA, USA) was used to draw the scatter
plots and receiver operating characteristic (ROC) curves.
We performed an integrated evaluation of data from
in-house IHC, RNA-seq, and gene chips. Stata software ver-
sion 15.1 (TX, USA) was used to conduct a subgroup anal-
ysis, to calculate the standard mean difference (SMD), and
to draw the summary ROC (sROC).

The Mann-Whitney U-test was utilized to explore the
difference of BNC1 expression in different groups of clinical
parameters in OV patients. The patients with follow-up
times of no less than 90days were brought into survival
analysis. The Kaplan-Meier (K-M) curves were completed
by survival package. The log-rank test was used to identify
the difference in survival rate between the high-BNC1 and
low-BNC1 expression groups. Hazard ratio (HR) was used
to assess the prognostic significance of BNC1 for patients
with OV.

The relationship of BNC1 and tumor-infiltrating immune
cells in OV

One study found that tumor-infiltrating immune cells
(TIICs) are related to the progression and prognosis of
OV.19 A deconvolution algorithm and cell-type identifica-
tion by estimating relative subsets of RNA transcripts
(CIBERSORT) can estimate the cell composition based on
gene profiles from tissue samples with support vector
regression.20 We performed the CIBERSORT algorithm
with TCGA-OV samples in R software (v3.6.3). The violin
plots of immune cells were used to show the proportion of
TIICs between the high-BNC1 and low-BNC1 expression
groups.
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Gene set enrichment analysis

Gene set enrichment analysis (GSEA) software (v4.1.0)21

was used to explore the underlying mechanisms of BNC1
in OV. We divided the TCGA-OV samples into high-BNC1
and low-BNC1 expression groups by median value of
BNC1 expression. Then we used GSEA to perform GO
terms and KEGG pathways enrichment analysis. The
gene sets used in our study contained “c2.cp.kegg.v7.2.
symbols,” “c5.go.bp.v7.2.symbols,” “c5.go.cc.v7.2.sym-
bols,” and “c5.go.mf.v7.2.symbols.” The top 50% normal-
ized enrichment score (NES) and adjusted p< 0.05 was
chosen for our work. To obtain convincing results, we
repeated the same procedure in six other datasets:
GSE124766, GSE146533, GSE155310, GSE66957, GPL570-
OV, and GPL96-OV (GSE132289 and GSE119054 were
excluded for small sample size). We also selected the GO
terms and KEGG pathways that appeared in at least three
datasets for further research.

Upstream transcription factors of BNC1 in OV

In order to explore the molecular regulatory mechanisms of
BNC1 in OV, the transcription factors (TFs) that regulate
BNC1 expression were predicted from Cistrome Data
Browser (Cistrome DB).22,23 Furthermore, we screened the
positive-correlated genes of BNC1 in OV with the limma
package of R. The criteria were Pearson’s r� 0.4 and
P< 0.05. We used the same standards and methods to
screen positive correlated genes of BNC1 in nine datasets
incorporated in our study: GSE124766, GSE132289,
GSE146533, GSE155310, GSE119054, GSE66957, GPL570-
OV, GPL96-OV, and TCGA_GTEx_ovary. Genes that
appeared in at least three datasets were chosen as the can-
didate positive correlated genes of BNC1. Then, we over-
lapped the predicted TFs and positive correlated genes of
BNC1. The pooled SMD and Pearson’s r were also utilized
to filtrate the initial TFs of BNC1. The JASPAR database was
used to obtain the motifs of initial TFs24; the FIMO tool in

the MEME suite was applied to find the binding sequences
between the upstream transcription start site (TSS) and
these motifs.25,26 The seqlogo of the motifs was drawn
with the ggseqlogo package of R. Moreover, we used the
data of chromatin immunoprecipitation-sequencing (ChIP-
seq) from Cistrome DB to confirm whether there were
ChIP-seq peaks of initial TFs before TSS of BNC1.

Statistical analysis

SPSS version 25.0 software (IBM Corp., Armonk, NY, USA)
was used to conduct Student’s t-test and Mann-WhitneyU-
test. We utilized Stata software version 15.1 (TX, USA) to
draw the forest plot with SMD and 95% confidence interval
(CI). When the 95% CI of SMD did not contain 0, the pooled
SMD was statistically significant. The chi-squared-based
Q-test and the I2 statistics value were utilized to assess
the heterogeneity. When I2� 50% and P� 0.05, it meant
that the heterogeneity was low and a fixed effects model
should be used; otherwise, we chose the random effects
model. The publication bias was examined via Egger’s
test, and P� 0.05 indicated no publication bias. The area
under the curve (AUC) of ROC and sROC were utilized
to evaluate the ability of BNC1 to distinguish OV from
non-OV. Stata software version 15.1 (TX, USA) was used
to perform univariate and multivariate Cox regression
and to combine HR of BNC1. While 0 was out of the 95%
CI of HR, it meant that the combined HR was statistically
significant.

In this work, P< 0.05 indicated that the difference is sta-
tistically significant. The flow chart of this work is illustrat-
ed in Figure 1.

Results

Data extraction

The results of IHC staining showed that BNC1 protein
expression in OV tissues was lower than that in non-OV

Table 1. General characteristics of microarray and RNA-sequencing datasets on ovarian carcinoma.

Study Test method/Platform Country Year OV group

Non-cancerous

ovary controls

GSE26712 GPL96 USA 2011 185 10

GSE6008 GPL96 USA 2007 99 4

GSE105437 GPL570 South Korea 2017 10 5

GSE29450 GPL570 USA 2011 10 10

GSE18520 GPL570 USA 2009 53 10

GSE10971 GPL570 Canada 2008 13 24

GSE54388 GPL570 USA 2017 16 6

GSE14407 GPL570 USA 2009 12 12

GSE36668 GPL570 Norway 2012 4 4

GSE119054 GPL19615 China 2019 6 3

GSE66957 GPL15048 USA 2015 57 12

GSE146553 GPL6244 USA 2020 46 9

GSE124766 GPL6480 Germany 2020 20 8

GSE132289 GPL20301 UK 2020 5 3

GSE155310 GPL18573 UK 2020 21 6

TCGA_GTEx_ovary RNA-seq USA 2021 379 88

OV: ovarian carcinoma.
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tissues (Figure 2), and the difference was statistically sig-
nificant (P< 0.0001, Figure 3(a)). The visualized results of
BNC1mRNA expression levels were represented by scatter
plots (Figure 3(b) to (j)). Out of the nine datasets, five
showed that the expression of BNC1 mRNA in OV tissues
was lower than that in non-OV tissues, and the difference
was statistically significant (GPL96-OV, P< 0.0001;
GPL570-OV, P< 0.0001; GSE124766; P¼ 0.0212;
GSE146553, P< 0.0001; GSE155310, P< 0.0001). Two data-
sets showed that the expression level of BNC1mRNA in OV
tissues was lower than that in non-OV tissues, but the dif-
ference was not statistically significant (GSE66957,
P¼ 0.0975; GSE132289, P¼ 0.0613). By contrast, there
were two datasets showing that the expression of BNC1

mRNA in OV tissues was higher than that in
corresponding normal tissues (GSE119054, P¼ 0.0955;
TCGA_GTEx_ovary, P¼ 0.0459). The ROC curves of
BNC1 and the table of AUC are shown in Figure 5(a) to (c).

Integrated analysis

Due to the existing heterogeneity (I2¼ 98.0%, P< 0.001), we
used the random effects model to combine the SMD. The
subgroup analysis showed that BNC1 was downregulated
in OV tissues at both mRNA (SMD¼ –2.397, 95% CI: –3.940
to –0.853, P< 0.001) and protein level (SMD¼ –2.170, 95%
CI: –2.564 to –1.775, P< 0.001). An overall SMD of –2.339
(95% CI: –3.649 to –1.028, P< 0.001, Figure 4(a)) confirmed

Figure 1. The flow chart of the present study. (A color version of this figure is available in the online journal.)

OV: ovarian carcinoma; SMD: standard mean difference; sROC: summary receiver operating characteristic curve; HR: hazard ratio; CIBERSORT: cell-type identi-

fication by estimating relative subsets of RNA transcripts; TF: transcription factor; GSEA: Gene Set Enrichment Analysis; GO: Gene Ontology; KEGG: Kyoto

Encyclopedia of Genes and Genomes.
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the downregulation of BNC1 in OV tissues and Egger’s test
showed that there was no publication bias (P¼ 0.157,
Figure 4(b)). The AUC of the sROC curve was 0.93 (95%
CI: 0.93–0.95, Figure 5(d)). Deek’s test also found no publi-
cation bias (P¼ 0.20, Figure 5(e)).

Clinical significance of BNC1 in OV

By analyzing the relationship between BNC1 mRNA
expression and clinical parameters in the TCGA-OV data-
set, we found that there was no significant difference in
BNC1 expression among different stages of OV (Figure 6
(a)). Compared with patients with a degree of differentia-
tion, OV patients with grade 3 had lower BNC1 expression
levels than patients with grade 2 (P¼ 0.013; Figure 6(b)).
Compared with patients under 50 years old, patients over
50 years old had lower BNC1 expression levels, and
the difference was statistically significant (P¼ 0.013,
Figure 6(c)).

However, through the analysis of the relationship
between BNC1 protein expression and histological

subtype, only clear cell OV and mucinous OV showed sig-
nificant differences in BNC1 protein expression (P¼ 0.033,
Supplementary Material 1(f)). There were no significant
differences among other clinical parameters.

The prognostic value of BNC1 in OV

In the included datasets, four datasets containing PFS infor-
mation were selected: GSE30161, GSE65986, TCGA-OV,
and GSE26193 (Supplementary Material 2). Kaplan–Meier
curves showed that the survival rate between high- and
low-BNC1 expression groups was not different
(Supplementary Material 3). The forest plot showed a com-
biningHR of 0.717 (95% CI: 0.445–0.989, P< 0.001, Figure 7),
which indicated that BNC1 may be a protective factor for
PFS in OV patients.

Relationship between BNC1 expression and immune
cell infiltration

The results indicated that there were significant differences
in the expression level of BNC1 among naive andmemory B

Figure 2. The expression of BNC1 protein in ovarian carcinoma (OV) tissues through immunohistochemical (IHC) staining. (a–d) The expression level of BNC1 protein

in OV tissues. (e–h) The expression level of BNC1 protein in non-OV tissues. (A color version of this figure is available in the online journal.)
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cells, activated mast cells, and activated dendritic cells
(P< 0.05, Figure 8).

GO enrichment analysis, KEGG pathway analysis

Through GO and KEGG enrichment analysis based on
GSEA, we found that the gene set of the high BNC1 expres-
sion groupwas enriched in some GO functional terms relat-
ed to immunity. The highly enriched GO functional terms
mainly included “negative regulation of interleukin 1
production,” “interleukin 17 production,” and “interleukin
6 production.” The “cytokine cytokine receptor interaction”
was the closely related KEGG pathway in the high BNC1
expression group. The GO functional terms of the low
BNC1 expression group were highly enriched in
“ribonucleoprotein complex subunit organization,” “U2
type spliceosomal complex,” and “protein methyltransfer-
ase activity.” The closely KEGG pathway of the low BNC1
expression group was “RNA degradation” (Table 2).

Screening initial TFs regulating the expression of BNC1

Two transcription factors, FLI1 and NR3C1, were obtained
by overlapping the transcription factors predicted by
Cistrome DB with BNC1-positive-related genes
(Supplementary Material 4a). The combined SMD of FLI1
is –0.70 (95% CI: –1.33 to –0.07, P< 0.001, Figure 9(a)), and
the comprehensive Pearson’s r is 0.37 (95% CI: 0.17–0.56,
P< 0.001, Figure 9(b)). These results indicated that FLI1
expression is downregulated in OVand positively correlat-
ed with BNC1 expression. The combined SMD of NR3C1
was –0.38 (95% CI: –1.03–0.27, P> 0.05, Supplementary

Material 4B), which indicated that there was no significant
difference in the expression of NR3C1 between OV and
non-OV tissues, so NR3C1 was not included in our study.
The two motifs of FLI1 were shown in Figure 10(a) and (b).
By combining the JASPAR and FIMO tools, we found
two matching binding sequences of FLI1 motifs before the
TSS of BNC1: AGAGGAAGCAG and ACCGGATAAC.
Furthermore, a ChIP-seq peak of FLI1 was found and can
be seen before the TSS of BNC1 (Figure 10(c)), which indi-
cated that FLI1 may be an upstream TF that regulates the
expression of BNC1.

Discussion

In this study, we confirmed the downregulation of BNC1 at
the protein level with tissue microarrays (n of OV¼ 150, n
of non-OV¼ 46). Based on the large sample size (n of
OV¼ 936, n of non-OV¼ 214) and multiple approaches (t-
test and SMD integration), we verified this finding at the
mRNA level. At the same time, we found that the expres-
sion of BNC1 mRNA in patients of high grade was lower
than that of low grade. Through survival analysis and com-
bined HR, we identified BNC1 serves as a protective role of
PFS in patients with OV. Furthermore, GO and KEGG
enrichment revealed that BNC1 may participate in some
immune-related pathway and play as a tumor suppressor.
Moreover, we found FLI1 may be a potential upstream TF
of BNC1.

The aberrant expression of BNC1 in some malignant
tumors was reported previously. For example, the expres-
sion of BNC1 was downregulated in hepatocellular carci-
noma27 and pancreatic cancer tissues.28 On the contrary, the

Figure 3. Scatter plots of BNC1 expression. (a) The expression of BNC1 protein in ovarian carcinoma (OV) and the corresponding normal controls. B-J: The

expression of BNC1 mRNA (b–j) in OV and the corresponding normal controls. (A color version of this figure is available in the online journal.)
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expression of BNC1 in cancerous tissues was higher than
that in normal tissues in cutaneous squamous cell carcino-
ma12 and in head and neck squamous cell carcinoma
(HNSCC).29 However, the difference in the expression of
BNC1 in OV has not been reported before (based on the
PubMed database, as of 31 July 2021). In this study, by
performing a subgroup analysis to integrate SMD, we
found that BNC1 expression in OV tissues was a decreasing
trend at both mRNA and protein levels with 1346 samples.

The clinicopathological significance of the decreasingly
expressed BNC1 in OV is tempting. In former studies, the
relationship between the dysregulation of BNC1 and the
clinical parameters of malignant tumors was less reported.
For example, BNC1 was found to have the ability to distin-
guish lung adenocarcinoma from lung squamous cell car-
cinoma.30 The methylation of BNC1, which was studied
much in tumors, was related to the poor prognosis of
patients with renal cell carcinoma.31,32 However, there
were no studies that reported the prognostic value of

BNC1 expression. In our study, we drew ROCs and sROC
and an AUC of 0.93 (95% CI: 0.91–0.95), which indicated
that BNC1 may have a favorable ability to distinguish OV
from non-OV tissues. Based on the TCGA-OV cohort, we
found that the expression of BNC1 mRNA was related to
the age and tumor grade of OV patients. However, this
trend was not found at the protein level, probably due to
the small sample size. Furthermore, by calculating a pooled
HR¼ 0.717 (95% CI: 0.445–0.989, P< 0.001) from four
cohorts, we draw a conclusion that the expression of
BNC1 was a protective factor of PFS in patients with OV,
which was not reported ever before. In other words, the
current study indicates that BNC1 may be a latent diagnos-
tic, prognostic, and treatment target in OV.

The correlation of TIICs in the tumor microenvironment
(TME) and the prognosis of OV patients has been
proven.33,34 In previous studies,35–37 CD20þ B-cell infiltrat-
ing in TMEwas proven to be related to positive outcomes of
patients with malignant tumors, such as OV and cervical

Figure 4. Integrating study of BNC1 expression in ovarian carcinoma (OV). (a) Integrated standard mean difference (SMD) of BNC1 expression between OV group and

non-OV group. (b) Egger’s test for publication bias test. (A color version of this figure is available in the online journal.)
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cancer. Existing evidence shows that tumor-infiltrating
B-cell (TIB) may play a tumor-suppressing role by directly
killing tumor cells, promoting T-cell response, and secret-
ing immunoglobulin.38 TIB could increase the expression of
HLA-II and costimulatory molecules (such as CD80 and
CD86) to accelerate the presentation of tumor antigens,
which stimulates the function of T-cells.39 Former studies
identified that TIB maintained the tertiary lymphoid struc-
ture that can induce cytotoxic T lymphocyte infiltrating into
TME and contributing a potent tumor-suppressing
response, which may result in good outcomes for
patients.38,40,41 In our study, we observed that the fraction
of infiltrating naive and memory B-cells was higher in the
high-BNC1 expression group than in the low-BNC1 expres-
sion group. This increasing trend might be related to the
protective role of BNC1 in OV.

Although the dysregulation and abnormal methylation
of BNC1 in cancer are common,28,29,31,32,42,43 the latent
molecular mechanisms still need further exploration. One
former study identified that BNC1 can influence the

expression of genes related to the TGF-b1 signaling path-
way and some epithelial towards mesenchymal (EMT)-
related TFs, and the expression of BNC1 can affect the
outcome of TGF-b1 signaling and regulate epithelial plas-
ticity.44 As a member of the TGF-b family, TGF-b1 signaling
has been proven to affect many biological processes, such
as epithelial cell death, dedifferentiation, and EMT, which
are cogently associated with tumorigenesis.45,46 Moreover,
Cheon et al. found that genes modulated by TGF-b1 signal-
ing were related to poor outcomes in serous OV.47

However, in our study, we did not find the items related
to TGF-b1 in OV via GSEA inmultiple datasets. Instead, the
genes of OV samples with low BNC1 expression were
enriched in some items associated with epigenetic regula-
tion. Multiple studies have identified that the activity of
methyltransferase plays a crucial part in the tumorigenesis
and progress of OV.48–50 Interestingly, the results of GSEA
appearing in at least three datasets show that the genes of
OV samples with high BNC1 expression were significantly
enriched in the immune-related and cytokine-related GO

Figure 5. The discriminatory capacity of BNC1 in ovarian carcinoma. (a, b) The receiver operating characteristic curves (ROCs) of BNC1 in ovarian carcinoma. (c) Area

under curve (AUC) of ROCs. (d) Summary ROC (sROC) curve of BNC1 in ovarian carcinoma. (e) Deek’s test for publication bias test. (A color version of this figure is

available in the online journal.)
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Figure 6. Boxplots of BNC1mRNA expression in different groups of clinical parameters of ovarian carcinoma patients. (a) BNC1mRNA expression in different clinical

stage of ovarian carcinoma patients. (b) BNC1 mRNA expression in different grade of ovarian carcinoma patients. (c) BNC1 mRNA expression in different ages of

ovarian carcinoma patients (age <50 and age �50). (A color version of this figure is available in the online journal.)

Figure 7. The prognostic value of BNC1 in ovarian carcinoma. (a) Forest plot of combined hazard ratio (HR) of progress-free survival in ovarian carcinoma patients.

(b) Egger’s test for publication bias test. (A color version of this figure is available in the online journal.)
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Figure 8. The relationship between BNC1 expression and the fraction of immune cell infiltration in ovarian carcinoma (****P� 0.0001; ***P� 0.001; **P< 0.05;

*P� 0.05). (A color version of this figure is available in the online journal.)

Table 2. GO terms and KEGG pathways enrichment: based on the gene set enrichment results of samples with high (H) and low (L) BNC1 expression.

Category Name Count

BP-H GO_NEGATIVE_REGULATION_OF_INTERLEUKIN_1_PRODUCTION 5

GO_INTERLEUKIN_17_PRODUCTION 5

GO_POSITIVE_REGULATION_OF_HEMOPOIESIS 5

GO_INTERLEUKIN_6_PRODUCTION 5

GO_PROTEIN_PROCESSING 5

CC-H GO_PODOSOME 4

GO_TERTIARY_GRANULE_MEMBRANE 4

GO_ENDOCYTIC_VESICLE 4

GO_MEMBRANE_REGION 4

GO_RUFFLE 3

MF-H GO_CYTOKINE_ACTIVITY 4

GO_NON_MEMBRANE_SPANNING_PROTEIN_TYROSINE_KINASE_ACTIVITY 4

GO_PROTEIN_TYROSINE_KINASE_BINDING 4

GO_OXIDOREDUCTASE_ACTIVITY_ACTING_ON_THE_CH_NH2_GROUP_OF_DONORS_OXYGEN_AS_ACCEPTOR 4

GO_AMIDE_BINDING 4

KEGG-H KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 4

KEGG_JAK_STAT_SIGNALING_PATHWAY 4

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 4

KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION 3

KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 3

BP-L GO_RIBONUCLEOPROTEIN_COMPLEX_SUBUNIT_ORGANIZATION 4

GO_SPLICEOSOMAL_SNRNP_ASSEMBLY 4

GO_PEPTIDYL_LYSINE_METHYLATION 4

GO_PROTEIN_CONTAINING_COMPLEX_LOCALIZATION 4

GO_NUCLEOSIDE_TRIPHOSPHATE_METABOLIC_PROCESS 3

CC-L GO_U2_TYPE_SPLICEOSOMAL_COMPLEX 5

GO_PRECATALYTIC_SPLICEOSOME 4

GO_SPLICEOSOMAL_COMPLEX 4

GO_SM_LIKE_PROTEIN_FAMILY_COMPLEX 4

GO_U1_SNRNP 4

MF-L GO_PROTEIN_METHYLTRANSFERASE_ACTIVITY 4

(continued)
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terms and KEGG pathways. Interleukin 1 (IL-1) was con-
sidered a tumorigenesis-related cytokine in former
research,51,52 which identified that IL-1 promoted tumori-
genesis, metastasis, and invasion of tumor and recruitment
of myeloid cells. Toll-like receptor (TLR) was reported to
play a tumor-suppressing role through polarizing and acti-
vating M1 macrophages,53–55 which facilitate tumoricidal
effects in TME.56,57 The high expression level of BNC1
may disturb the production of IL-1 and facilitate the TLR

signaling pathway to exert its protective effects in OV, but
this still needs further verification.

To further study the molecular mechanisms of BNC1 in
OV, we explored the upstream regulatory TF of BNC1.
Formerly, Boldrup et al. identified that p63was a regulatory
TF of BNC1 and validated that p63 bonded to the promoter
of BNC1 in HNSCC.29 However, there were still very
few studies exploring the TFs that regulated the expression
of BNC1. In our current study, we predicted that FLI1

Table 2. Continued.

Category Name Count

GO_N_METHYLTRANSFERASE_ACTIVITY 4

GO_S_ADENOSYLMETHIONINE_DEPENDENT_METHYLTRANSFERASE_ACTIVITY 4

GO_SNRNA_BINDING 3

GO_NUCLEAR_IMPORT_SIGNAL_RECEPTOR_ACTIVITY 3

KEGG-L KEGG_RNA_DEGRADATION 3

GO: gene ontology; BP: biological processes; CC: cell components; MF: molecular functions; KEGG: Kyoto Encyclopedia of Genes and Genomes.

Figure 9. The expression of transcription factor FLI1 in ovarian carcinoma (OV). (a) Combined standard mean difference (SMD) of FLI1 expression between OV group

and non-OV group. (b) Combined Pearson’s correlation coefficient between FLI1 and BNC1 in OV. (A color version of this figure is available in the online journal.)
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may be an upstream regulatory TF of BNC1 specifically
in OV for the first time, which boosts the understanding
of the underlying molecular mechanisms of BNC1 to some
extent.

Corporately, the results of our work indicate a low
expression level of BNC1 at both mRNA and protein in
OV, and this trend of BNC1 may play a promoting role in
tumorigenesis. However, some limitations still exist. First,
the collection of clinicopathological parameters for patients
with OVwas limited; thus, the clinical significance of BNC1
for OV has not been entirely studied. Second, although the
molecular mechanisms of BNC1 in OVwere explored in the
pathways and upstream TFs, it still needs further study and
validation via in vivo and in vitro experiments. In summary,
BNC1 can be a novel treatment biomarker for OV patients,
but further studies are necessary.

Conclusions

In summary, through combining data from in-house IHC,
RNA-seq, and gene chips databases, we confirmed the
downregulation of BNC1 in OV. This decreasing trend
may relate to the clinical parameters, and the survival anal-
ysis revealed the protective role of BNC1 in OV.
Furthermore, the enrichment analysis showed that BNC1
may be concerned with immune-related pathways in OV,
but this still needs further exploration.
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