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Abstract

Background: Basic leucine zipper ATF-like transcription factor 2 (BATF2) has been reported to participate in the
occurrence and development of some malignancies. Herein, we aimed to explore the expression pattern and
clinical implications of BATF2 in breast cancer (BC).

Methods: We assessed the differences in BATF2 mRNA expression between cancerous and noncancerous tissues in
BC using GEPIA and UALCAN data and in BATF2 protein expression pattern using Human Protein Atlas (HPA) data.
BATF2 co-expression networks were analyzed in Coexpedia. The association between the differentially expressed
BATF2 mRNA and BC prognosis was assessed using UALCAN, OSbrca, and GEPIA databases. In external validations,
BATF2 protein expression in BC tissues was quantitated using a tissue microarray and immunohistochemistry (IHC)
analysis, and BATF2 mRNA expression in serum and serum-derived exosomes of BC patients using real-time
quantitative reverse transcription polymerase chain reaction (QRT-PCR).

Results: No difference in the BATF2 mRNA expression level was found between cancerous and noncancerous
tissues in BC based on databases. There were low-to-moderate levels of increases in BATF2 protein expressions in
BC cases from the HPA cohort. BATF2 mRNA expression was negatively correlated with androgen receptor (AR) and
positively correlated with BRCA2 DNA repair associated (BRCA2), marker of proliferation Ki-67 (Mki67), and tumor
protein p53 (TP53) expressions. Generally, BATF2 mRNA exhibited a non-significant association with BC prognosis; yet
the subgroup analyses showed that triple-negative breast cancer (TNBC) patients with high BATF2 mRNA
expressions had a longer overall survival (OS). Our IHC analysis revealed a positive rate of BATF2 protein expression
of 46.90%, mainly located in the nucleus of cancer cells in BC, and the OS of BC patients with high BATF2 protein
expressions was prolonged. The positive rates of BATF2 mRNA expressions in the serum and exosomes were 45.00
and 41.67%, respectively. Besides, the AUCs of serum and exosomal BATF2 mRNA for BC diagnosis were 0.8929 and
0.8869, respectively.

* Correspondence: wxf200104@hotmail.com; chenyan220422@fimu.edu.cn;
cuileidizi@fjmu.edu.cn

’Department of Breast Surgical Oncology, Fujian Medical University Cancer
Hospital, Fuzhou, Fujian, China

'Laboratory of Biochemistry and Molecular Biology Research, Department of
Clinical Laboratory, Fujian Medical University Cancer Hospital, No. 420 Fuma
Road, Jin'an District, Fuzhou 350014, Fujian Province, China

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08785-6&domain=pdf
http://orcid.org/0000-0002-5543-4952
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:wxf200104@hotmail.com
mailto:chenyan220422@fjmu.edu.cn
mailto:cuileidizi@fjmu.edu.cn

Lin et al. BMC Cancer (2021) 21:1062

Page 2 of 14

Conclusions: BC patients exhibit low-to-moderate expressions in BATF2 mRNA expression levels in cancerous
tissues. The high BATF2 protein expression can be a potential indicator of a better BC prognosis. Serum and
exosomal BATF2 mRNA levels also serve as promising noninvasive biomarkers for BC diagnosis.
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Background

BC is one of the most prevalent malignancies in women
[1]. The latest cancer statistics showed that BC topped
the list of cancer morbidity in Chinese women, with a
mortality rate ranking fourth [2]. Most studies agree that
intricate multi-gene networks are involved in the occur-
rence, development, and metastasis of BC in synergy, ac-
companied by mutations and/or abnormal genetic
activities, such as proto-oncogene activation, apoptosis
inhibition of tumor suppressor genes, abnormalities in
gene expressions [3-5]. For personalized diagnosis,
treatment, and prognosis evaluation of BC, arduous tasks
are ahead of us to unveil the underlying genetic mecha-
nisms behind the onset and evolution of BC.

BATF-2, also known as suppressor of activator
protein-1 regulated by interferon (SARI), is a recently
discovered tumor suppressor gene using subtractive
hybridization in 2008 [6]. It is a type I interferon (IFN)
inducible protein with a leucine zipper and an activator
protein (AP)-1 transcription factor family member and
has specific structural characteristics to activate tran-
scription factors [6]. Pieces of evidence show that the
BATE-2 gene, though expressed in a variety of normal
tissue cells (e.g, melanocytes, astrocytes, pancreatic
mesothelial cells, and prostate epithelial cells), can se-
lectively inhibit the growth of tumor cells [6, 7]. Strik-
ingly, recent studies found its roles in the occurrence
and development of various malignancies. For example,
BATF-2 mRNA expression is down-regulated in chronic
myeloid leukemia (CML) patients compared to healthy
individuals, and BCR-ABL chimeric protein participates
in the inhibition of BATF-2 gene expression [8]. Abnor-
malities in BATF-2 and cellular communication network
factor 1 (CCN1) expressions and their correlation are
closely associated with malignant behaviors of colorectal
cancer cells, affecting the prognosis of patients [9, 10].
Moreover, in other tumors such as hepatocellular carcin-
oma (HCC) [11], non-small-cell lung cancer (NSCLC)
[12], esophageal squamous cell carcinoma (ESCC) [13]
and gastric cancer (GC) [14], the down-regulation of
BATE-2 expression is associated with a poor prognosis.
Wang et al. found that BATF-2 regulated the epithelial-
mesenchymal transition (EMT) and lung adenocarcin-
oma (LUAD) metastasis [15]. However, little is known
about the roles of BATF-2 in BC. Studies on the expres-
sion patterns and clinical implications of BATF-2 in BC
are needed.

In contrast to preclinical and clinical studies that are
time-consuming, bioinformatics has provided conveni-
ence or high efficiency for studies of genetic activity in
cancers since the Human Genome Project paved the
way [16]. As gene and protein reaction networks consist
of voluminous interactions, bioinformatics is a useful
tool for the studies of genomics, proteomics, and other
fields [17]. In this work, we sought to explore the ex-
pression patterns and diagnostic and prognostic implica-
tions of BATF2 mRNA and protein expressions in BC
using bioinformatics, which were subsequently verified
in the serum, serum-derived exosomes, and cancer tis-
sues of BC patients using qRT-PCR and IHC.

Methods

Study design

We first assessed the difference in BATF2 mRNA ex-
pression between cancerous and noncancerous tissue
samples from GEPIA [18] and UALCAN [19] databases,
and that in BATF2 protein expression between the two
cohorts of samples in HPA. The gene co-expression net-
work of BATF2 was plotted using Coexpedia [20], and
the correlations between BATF2 mRNA and other co-
expressed markers (e.g.,, HER2 and BRCA?2) in BC were
evaluated using GEPIA. The prognostic value of BATF2
mRNA expression in BC prognosis was assessed using
OSbrca [21], UALCAN, and Kaplan-Meier Plotter [22].
Based on the bioassay data, we further set up tissue
microarray and IHC analysis to verify the BATF2 protein
expression pattern in the serum and serum-derived exo-
somes of BC patients and its correlation with clinico-
pathological features and prognosis. Serum and
exosomal BATF2 mRNA expressions were determined
using qRT-PCR analysis.

Clinical data

We performed protein expression analysis of BATF2
using clinical data of a high-throughput tissue micro-
array (HBreD145Su02, SHANGHAI OUTDO BIO-
TECH) consisting of 145 cancer tissues and 90 adjacent
noncancerous tissues (SHANGHAI OUTDO BIOTECH)
from 145 female patients who were pathologically diag-
nosed and underwent radical mastectomy from August
2004 to December 2008. Their medical records were
complete and available. These patients were aged from
33 to 88years, with an average age of 58 years. As for
BC subtypes, one case was diagnosed with intraductal
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carcinoma, 2 with mucinous carcinoma, 4 with invasive
lobular carcinoma, 119 with invasive ductal carcinoma, 9
with invasive micropapillary carcinoma, 3 with invasive
lobular carcinoma, 2 with medullary carcinoma, and 5
with mucinous carcinoma. These patients did not re-
ceive radiotherapy, chemotherapy, or other tumor-
related treatments before the operation. Also, 60 serum
samples of BC patients hospitalized in Fujian Cancer
Hospital from December 2018 to May 2019 were col-
lected, and 56 serum samples of normal healthy people
were collected as controls. All included BC individuals
were invasive ductal carcinoma and non-TNBC (triple-
negative breast cancer) cases, with an average age of 56
years. All serum specimens were collected with the ap-
proval of the Ethics Committee of Fujian Medical Uni-
versity Cancer Hospital (ethical approval certificate: No.
$Q2018-015-01).

Public data and bioinformatics tools

GEPIA is a tumor analysis webserver for assessing
mRNA expression data, other gene expression profiles,
differentially expressed genes and survival of patients
with various tumors and their subtypes using TCGA and
GTEx data [18]. UALCAN database offers gene expres-
sion analysis and survival analysis based on clinical data
from TCGA [19]. In this study, both GEPIA and UAL-
CAN databases were utilized to appraise the difference
in BATF2 mRNA expression between cancerous and
noncancerous tissues in BC. HPA database provides in-
formation on the tissue and cell distribution of 26,000
human proteins and the expression of each protein in 64
cell lines across 48 human normal tissues and 20 tumor
tissues. We extracted data about the expression of
BATF2 protein and clinicopathological features of BC
tissues from HPA. The gene co-expression network of
BATF2 together with other target genes was depicted
using Coexpedia [20] to predict relevant diseases or
pathways enriched in target genes. OSbrca a professional
prognostic tool with comprehensive data sources and
large sample size (2277 malignancies and 31,310 patients
from 209 data sets derived from TCGA, GEO, CGGA,
and other databases). Kaplan-Meier Plotter to evaluate
mRNA, miRNA, and protein expressions on survival
supports the multi-gene query and pan-cancer analysis
of 21 tumors. We analyzed the correlations between
BATF2 mRNA expression and BC prognosis using
OSbrca [21], Kaplan-Meier Plotter [22], GEPIA, and
UALCAN databases and appraised its prognostic effect
based on the prognosis-survival curve.

IHC analysis

The BATF2 protein in paraffin-embedded BC tissues
was identified by the rabbit anti-human BATF2 poly-
clonal antibody (Abcam, Catalog No.ab204510; 1:50)
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using the EliVisionTM Plus two-step detection system
according to its protocol. PBS was used instead of the
primary antibody as a negative control. The experimen-
tal results were judged to be completed under the guid-
ance of clinically experienced pathologists. The scoring
criteria were based on our previously published articles
[23, 24].

Isolation and identification of exosomes

Exosomes were extracted from serum samples using an
exoRNeasy Serum/Plasma Midi Kit (QIAGEN, Catalog
No.77044), as described in the manufacturer’s protocol
(www.qiagen.com/hb-1179). The extracted exosome ves-
icles were determined by transmission electron micros-
copy (TEM). As for the quantification of BATF2 protein
expression, samples were lysed by RIPA lysis to extract
the total protein. The equivalent amount of sample pro-
teins were loaded onto each well for western blot ana-
lysis, and samples were incubated with mouse anti-
human GAPDH monoclonal antibody (1:1000) and
rabbit anti-human monoclonal CD63 (Abcam, Catalog
No.ab217345) and CD9 (Abcam, Catalog No.ab92726)
primary antibodies (1:100), visualized and photographed.
According to The International Society for the extrac-
tion of extracellular vesicles [25], the rabbit anti-human
Cytochrome C monoclonal antibody (Beyotime, Catalog
No.AF2047; 1:100) was utilized as a negative control.
The specific procedures had been described in our previ-
ous study series [23, 24].

Real-time quantitative reverse transcription polymerase
chain reaction (qRT-PCR)

The total RNA from the serum and serum-derived exo-
somes was extracted using a miRNeasy Kit and exoR-
Neasy Serum/Plasma Midi Kit according to the
manufacturer’s protocol. The extracted total RNA was
reverse transcribed into cDNA using the Transcriptor
First-strand ¢cDNA synthesis kit (Roche). The quanti-
tative real-time PCR analysis was performed in the
ABI7500 fluorescence quantitative PCR detector using
SYBR Green Master (ROX) Mix. The primer se-
quences of the target products incorporated BATF2-F:

5"-GCCTAAGCCATGCACCTCTGT-3/, BATF2-R:
“TCTTCAGCTGCCTTTGTTGCTC -3, GAPDH-F:
5'-GGAGCGAGATCCCTCCAAAAT-3’, and GAPD

H-R: 5-GGCTGTTGTCATACTTCTCATGG-3" [23,
24]. The amplification was carried out as follows: ini-
tial denaturation at 95°C for 10min, 40cycles of
amplification at 95°C for 155, and extension at 60 °C
for 1 min. The expression level of BATF2 mRNA rela-
tive to the internal reference gene was evaluated
using the 24T method.
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Statistical analysis

SPSS 16.0 software was employed for all statistical ana-
lyses. The relative experimental values were expressed as
mean + standard deviation (SD). After the homogeneity
test for variance, the comparisons of differences between
groups were accomplished using the Student’s t-test, and
two-side P < 0.05 was assumed as statistical significance.

Results

Patterns of BATF2 mRNA and protein expressions in BC
All procedures of this study design were depicted in
Fig. 1. The pan-cancer analysis showed that the expres-
sion level of BATF2 mRNA in breast invasive carcinoma
(BRCA) was slightly lower than that in normal controls,
but without a significant difference (Fig. 2A and B).
Comparisons of BATF2 mRNA expression between dis-
tinct cancer stages, histologic subtypes, major subclasses,
and menopause versus non-menopause status in BRCA
were respectively assessed and summarized in Fig. 1C-G.
Specifically, BATF2 mRNA expression pronouncedly in-
creased in patients with TNBC-IM (n = 20) (Fig. 2F), or
medullary BC (Fig. 2G). Besides, BATF2 protein expres-
sion (using HPA data) also detectable in cancer cell lines
and cancer tissues (Fig. 3A and B), which was tested

Page 4 of 14

positive in more than 58.33% (7/12) of the BRCA pa-
tients in the HPA data. Among the positive samples of
the HPA data, a moderate level (Staining: medium; In-
tensity: moderate; Quantity: >75%) of BATF2 protein
expression appeared in 5 cases, and a low level (Staining:
low; Intensity: weak; Quantity: 75-25%) of BATF2 ex-
pression was shown in 2 cases (Fig. 3C-F shows the ex-
pression status of BATF2 in 4 BRCA cases).

BATF2 interaction network and correlation analysis

The gene co-expression network of BATF2 mRNA in
Pan-cancer was plotted using Coexpedia, as shown
in Fig. 4A. Finally, 98 genes were predicted to inter-
act with BATF2 mRNA, and the co-expression of
BATF2 with TAP1, STAT1, and PSMB9 was the
most critical in the occurrence and development of
BC (Fig. 4B). Based on GEPIA database, BATF2
mRNA expression was negatively correlated with AR
expression (Fig. 4C) and positively associated with
BRCA2 (Fig. 4D), Mki67 (Fig. 4E), and TP53 (Fig.
4F) expressions (all with P<0.01). There were non-
significant associations between BATF2 expression
and HER2, EGFR, TP73, or AFP (Fig. 4G-]) (all with
P>0.05).

TCGA, GEPIA, UALCAN, HPA,
OSbrca, and Kaplan-Meier Plotter
databases

Bioinformatics analysis

A 4 y
BATF2 mRNA BATF2 protein Correlation and
expression level in expression level in i i
BC e prognosis analysis

gRT-PCR

BATF2 mRNA in serum and
exosomes
(BC: n = 60; non-BC: n = 56)

Fig. 1 Flow chart of the study design

Ced)

BATF2 protein expression
in BC tissue
(n = 145)
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showed that the overall survival (OS) of TNBC patients

with a high BATF2 mRNA level was significantly longer

BATF2 mRNA expression has little influence on BC

than that of patients with a low BATF2 mRNA level

P

prognosis
Based on different datasets in OSbrca, BATF2 mRNA

expression displayed no significant influence on BC
prognosis (Fig. 5A-C). However, the subgroup analysis

Fig. 5D). Based on UALCAN datasets, high

0.0485;

BATF2 expression level and menopause status were
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indicators of a better prognosis of BRCA patients (Fig.
5E) (cancer type and gender were not significant indica-
tors, see Fig. 5F and G). However, there were non-
significant correlations between BATF2 mRNA expres-
sion and the survival of BRCA patients from Kaplan-
Meier Plotter and GEPIA databases (Fig. 5H-]).

IHC validation for the prognostic value of BATF2 protein
expression in BC

We further detected BATF2 protein expression in can-
cerous and adjacent noncancerous tissues in BC using
high-throughput tissue microarray data and validated
the expression using IHC analysis. The results showed
that BATF2 was mainly expressed in the nucleus of BC
cancer cells (Fig. 6A). Of 145 patients, 68 were positive
for BATF2 expression, with a positive rate of 46.90%. Of
the 68 positive individuals, only 19.17% (13/68) showed

a moderate expression level (+), and the remaining were
with a low level (weak staining, +). The positive rate of
BATF2 expression in adjacent noncancerous tissues
reached 62.22% (56/90). Besides, BATF2 expression (rat-
ing scores) were higher in patients with stage I-II than
those with stage III (Fig. 6B). BATF2 protein expression
was correlated with clinical stage (P < 0.0001; Table 1)
and AR expression (P =0.0393; Fig. 6C), rather than es-
trogen receptor (ER), progesterone receptor (PR), HER2,
Mki67, TP53 and EGER (all with P > 0.05; Fig. 6C). Cor-
relation analysis showed that BATF2 protein level was
related to clinical stage (OR = 4.295, 95%CI: 1.947-9.477,
P=0.000; Fig. 6D). The survival analysis showed that
BATEF?2 protein expression was positively associated with
BC prognosis: the OS of patients positive for BATF2 ex-
pression was significantly prolonged compared to those
negative for BATF2 expression (HR=0.3303, 95%CI:
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Fig. 6 External validations of BATF2 protein expression in BC tissues by IHC. (A) Expression of BATF2 in BC and paracancerous tissues (x 200). (B)
BATF2 level (rating score) in BC patients grouped by the status of clinical stage, pathology grade and lymph node invasion (LNI). (C) correlation
analysis of BATF2 protein expression with AR, ER, PR, HER2, Mki67, TP53 and EGFR. (D) Analysis of the association strength between BATF2
expression and clinicopathological parameters in BC. (E) The plotted survival curve of BATF2 protein in predicting the OS of BC cases

(n=145). *P < 0.05

0.1836-0.5944; P < 0.0001; Fig. 6E). These results suggest
that BATF2 can be used as a prognostic indicator of BC.

Serum and exosomal BATF2 mRNA expressions in BC
patients

The morphology and size of serum-derived exosome
vesicles were assessed using the TEM examination. TEM
images revealed serum exosomes were tiny, 30-150 nm
vesicles with a membrane structure (Fig. 7A). They were
further identified by determining the expressions of exo-
somal marker proteins CD9 and CD63 using western
blot analysis (Fig. 7B). CD9 and CD63 expressions were
detectable in the eluent, whereas Cytochrome C expres-
sion was negative (a negative control to exclude the pos-
sible mixture of cellular contamination), indicating that
serum exosomes were successfully extracted. The qRT-
PCR assay showed that the positive rates of serum and
exosomal BATF2 mRNA expressions were 45.00% (27/
60) and 41.67% (25/60) in BC patients, respectively, ver-
sus the positive rates of 57.14% (32/56) and 51.80% (29/
56) in healthy controls. Serum BATF2 mRNA expres-
sions were down-regulated in BC cases (Fig. 7C and D).
For serum BATF2 mRNA expression, ROC curves
yielded a sensitivity of 84.38%, a specificity of 85.19%

(Youden index = 0.6956), and the AUC of 0.8929 for BC
diagnosis from healthy individuals (Fig. 7E). Similarly,
exosomal BATF2 mRNA expressions were also de-
creased in BC cases (Fig. 7F and G). Exosomal BATF2
mRNA expression exhibited an AUC of 0.8869 for BC
diagnosis (Fig. 7H), with a sensitivity of 82.76% and a
specificity of 80.00% (Youden index = 0.6275). These re-
sults suggest that serum and exosomal BATF2 mRNA
expressions are promising indicators for BC diagnosis.

Discussion

The occurrence of breast cancer (BC) is a female-
prevalent malignancy with massive involvement of intri-
cate proto-oncogene networks and tumor suppressor
gene inactivation [3-5]. Current evidence supports
BATF2 as a tumor suppressor gene in various malignan-
cies. Su ZZ et al. first reported that BATF2 overexpres-
sion in malignant glioma, melanoma, and prostatic
cancer cell lines strongly inhibited the growth and apop-
tosis of cancer cells, without harm to the survival of
noncancerous cells [6]. Ma H et al. found that the low
BATEF?2 expression was positively correlated with the oc-
currence and development of liver cancer, and strikingly,
all patients with down-regulated BATF2 expression had

Table 1 Correlations between BATF2 expressions and clinical characteristics in BC patients

Clinicopathological features Total cases BATF2 expression (+) BATF2 X2 P value
expression value
=)
Age (years) 145 0.061 0.805
250 108 50 58
<50 37 18 19
Tumor size 141 0.743 0.389
22cm 123 55 68
<2cm 18 10 8
Lymph node invasion 139 0.348 0.556
Yes 69 34 35
No 70 31 39
Clinical stage 140 13.964 <0.0001
Stage I+l 94 54 40
Stage Il 46 " 35
Histopathological grade 143 1.631 0.202
=111 74 39 35
=111/ 69 29 40
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Fig. 7 The tumor-specific pattern of BATF2 expression in serum and exosome in BC cases. (A) Morphology of serum-sourced exosomes under
TEM. The red arrows indicate isolated vesicles. (B) Detection of exosomal marker proteins as CD9 and CD63 in isolated vesicles by
immunoblotting. Cytochrome C (mitochondrial marker) was used as a negative control to exclude the possible mixture of cellular contamination.
(C, D) The expression level of BATF2 mRNA in BC serum and the (E) plotted ROC curve used to identify BC. (F, G) Decreased expression of serum-
derived exosomal BATF2 in BC patients, and (H) the ROC curve of exosomal BATF2 in confirming BC. ***P < 0.0001
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a poor prognosis [11]. Li et al. reported that BATF2 ex-
pression in prostate cancer was significantly associated
with clinicopathological features such as serum PSA
levels, clinical stage, and distant metastasis, which could
be a critical player in the recurrence and progression of
prostate cancer [26]. Consistently, other studies also sug-
gest that a low BATF2 level is a risk factor for the poor
prognosis in non-small cell lung cancer; BATF2 deletion
promotes the EMT process, leading to LUAD cell inva-
sion and metastasis [15]. BATF2 mRNA expression was
also significantly down-regulated in cancerous tissues of
colorectal cancer: patients negative for BATF2 protein

expression often exhibit a poor grade of tumor differen-
tiation, deep invasion, a higher TNM-stage, and a short
period of postoperative survival, with significant correla-
tions [10]. The study of CML showed that CML patients
often had lower serum BATF2 mRNA expression levels
than healthy individuals; the down-regulation of BATF2
gene expression is related to BCR-ABL inhibition and
participates in the occurrence and development of CML
[8]. These mentioned studies imply that BATF2 can be
used as a prognostic indicator of patients, a monitoring
sensor for tumor therapy, and a potential target in gene
therapy.
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This work initially assessed BATF2 mRNA and protein
expressions as diagnostic and prognostic biomarkers in
BC using bioinformatics. Subsequently, these expressions
and their clinical implications were fully confirmed in
the serum, exosome, and cancer tissue samples of BC
patients using qRT-PCR and IHC analyses. In the first
step, we comprehensively analyzed BATF2 mRNA and
protein expressions using the expression data from
GEPIA and UALCAN and HPA data from TCGA and
GTEX. We found the expressions of BATF2 mRNA and
protein in BC tissues were at low-to-moderate levels.
The average expression level of BATF2 mRNA in
healthy controls was slightly higher than that in BC can-
cer tissues, but there was no statistical difference. By
contrast, BATF2 protein was mainly located in the nu-
cleus of BC cancer cells based on HPA analysis, with a
low-to-moderate level in protein expressions in 7 cases
out of 12 cases. The correlation analysis revealed that
BATF2 mRNA was co-expressed with TAP1, STATI,
and PSMBY9 in BC. Based on the GEPIA database,
BATF2 mRNA expression was negatively associated with
the AR expression and positively correlated with BRCA2,
Mki67, and TP53 expressions, with non-significant rela-
tionships with HER2, EGFR, AFP and TP73 expressions.
Some studies have confirmed that BATF2 expression is
negatively correlated with CCN1 expression and regu-
lates the biological behaviors of cancer cells via regulat-
ing CCN1 expression in vivo [9].

We further evaluated the relationship between the dif-
ferentially expressed BATF2 mRNA levels and BC prog-
nosis in UALCAN [19], OSbrca [21], Kaplan-Meier
Plotter [22], GEPIA [18], and other databases. Most da-
tabases yielded a non-significant correlation between
BATF2 mRNA expression and the prognosis, but the
subgroup analyses uncovered the significantly prolonged
OS of TNBC patients with high BATF2 mRNA expres-
sions versus the low expression group. BATF2 mRNA
expression levels and menopause status were also associ-
ated with the survival of BRCA patients. However, infor-
mation on BATF2 expression and other biomarkers for
BC prognosis is currently needed. In external validations,
we determined the expression and prognostic value of
BATF2 in BC patients using tissue microarray and IHC
analysis. The results showed that BATF2 was mainly lo-
cated in the nucleus of cancer cells of BC, which was
consistent with the results of HPA analysis, yet with a
lower positive rate of BATF2 protein expression. And all
validation samples positive for BATF2 protein showed
its expressions at low-to-moderate levels (according to
the IHC staining score). Correlations analysis showed
that BATF2 protein expression was positively correlated
with AR expression, which is in line with the correlation
analysis results based on GEPIA. The survival analysis
based on tissue microarray data showed that patients
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with high BATF2 expressions had a longer OS. There-
fore, a high BATF2 expression in BC can be a protective
factor for the prognosis of patients. However, the sur-
vival analysis of BATF2 expressions in HPA database
showed that BATF2 expression (high =254 versus low =
821) yielded a P value of 0.053 in predicting the OS of
the breast invasive carcinoma patients. Further investiga-
tions are still needed to verify the prognostic significance
of BATF2 in BC.

Exosomes are extracellular nanovesicles (30-150 nm)
fabricated via a series of regulatory processes, as simpli-
fied by “endocytosis - fusion - exocytosis” [26]. Recent
studies have shown that exosomes act as carriers con-
taining miRNA, mRNA, DNA fragments, proteins, and
other bioactive substances, involving in various physio-
logical and pathological processes [27, 28]. It has been
proven that exosomes are enriched in the peripheral
blood, urine, saliva, ascites, amniotic fluid, and other
body fluids; and that tumor-derived or tumor-related
exosomes even participate in the regulation of tumor oc-
currence and development [29]. The quantification of
tumor exosomes can assist in early diagnosis, curative ef-
fect evaluation, and the prognosis of tumor patients [30].
Our previous studies reported that the clinical implica-
tions of serum and exosomal LDHC gene (a CTA mol-
ecule) expressions in BC and HCC, serving as an
assistant for diagnosis, efficacy evaluation, and recur-
rence monitoring [23, 24]. In BC patients, the positive
rates of BATF2 mRNA expressions in the serum and
exosomes were 45.00 and 41.67%, respectively, versus
57.14 and 51.80% in healthy controls. Both serum and
exosomal BATF2 showed the AUCs for BC diagnosis of
higher than 0.85, which exhibited promising diagnostic
values. Similarly, Roe JK et al. reported the BATF2 tran-
script level as a single sensitive biomarker in differentiat-
ing active pulmonary and extracellular TB from healthy
individuals [30]. Our study, for the first time, confirmed
the expression and diagnostic value of serum and exoso-
mal BATF2 in BC, providing preliminary evidence for
further research on the clinical application of BATF2 in
BC patients.

Besides, we discovered that the prognosis assessment
based on BATF?2 tissue microarray did not yield the re-
sults of BATF2 mRNA as a molecular index for BC
prognosis prediction. Several explanations can be con-
sidered. Firstly, the survival analysis was conducted
based on BATF2 protein expressions using IHC scores.
Secondly, BATF2 mRNA expression levels can be incon-
sistent with its protein levels due to protein posttransla-
tion modifications, and different analyses for protein and
mRNA expressions may also contribute to inconsistent
results. It is reported that the linear relationship between
mRNA and protein expression levels is only about 0.4 to
0.5. For instance, a study by Antonis Koussounadis et al.
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reported that there was merely a weak correlation be-
tween all their measured mRNA and protein expression
levels (r=0.08, n=579, P=0.07) [31]. Thus, different
measurement analyses, statistical methods, and expres-
sion levels cohesively result in inconsistent results.

Conclusions

This study demonstrates the down-regulation of BATF2
mRNA and protein expressions in BC and their diagnos-
tic and prognostic implications in part of BC subtypes
based on bioinformatics. Further clinical validations
using serum and exosome samples have confirmed the
results, which suggest that BATF2 is expected to be a
new molecular marker for BC diagnosis and prognosis
assessment. However, the sample size in this study is in-
sufficient, which may inevitably bias the conclusion to
some extent. Therefore, more validations incorporating
large sample data are needed to further confirm the
findings in this study.
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