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Background: Basic leucine zipper transcription factor (BATF) plays a crucial role in development and 
progression of different types of carcinomas. However, its prognostic value in kidney renal clear cell 
carcinoma (KIRC) is yet to be elucidated. 
Methods: We obtained clinicopathological data and expression profiles of BATF from The Cancer Genome 
Atlas (TCGA) on the pan-cancer and KIRC perspectives. We calculated the area under the curve (AUC) of 
the receiver-operating characteristic curves to understand the discriminatory capacity of BATF. Next, we 
generated Kaplan-Meier curves to assess the effect of BATF on the overall survival (OS) of patients, then 
performed univariate and multivariate Cox regression analyses. Subsequently, we used multivariate regression 
to construct a nomogram for predicting prognosis. Furthermore, we construct a protein-protein interaction 
(PPI) network, then performed gene set enrichment and pathway enrichment analyses to determine the 
biological function of the co-expression genes. Finally, we performed tumor microenvironment analyses to 
establish the relationship between BATF expression and infiltrating immune cells.
Results: BATF was significantly upregulated in KIRC relative to normal kidney tissues. Upregulation of 
BATF mRNA was associated with higher TNM pathological stage, histological grade, and poor OS/PFI 
(progression-free interval). Receiver-operating characteristic (ROC) curves showed that BATF had excellent 
diagnostic value in KIRC, as evidenced by the AUC and cutoff values of 0.942 and 2.033, respectively. 
Kaplan-Meier survival curves demonstrated that KIRC patients with high-BATF were associated with worse 
prognosis (hazard ratio =1.42, P=0.024). Results from Cox univariate analyses indicated that BATF was an 
independent prognostic factor in KIRC patients, and survival probabilities were predicted by the established 
nomogram. Results from the Tumor Immune Estimation Resource (TIMER) and BATF mRNA expression 
showed an association with immune cell infiltration. 
Conclusions: BATF is a prognostic biomarker and a potential target for immune therapies in KIRC.
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Introduction

Kidney cancer, also known as renal cell carcinoma (RCC) 
has a high incidence, with more than 400,000 new cases 
reported worldwide in 2018 alone, and approximately 30% 
of patients presenting with advanced disease (1). Kidney 
renal clear cell carcinoma (KIRC) is the major histological 
subtype of RCC, accounting for ~80% of all RCC cases (2).  
Effective treatment of metastatic RCC remains a major 
medical concern, because these tumors are refractory 
to standard therapies and their prognosis is poor (3). 
Therefore, identification of novel effective biomarkers for 
prognosis of KIRC is important to the management of this 
disease. In recent years, new immunotherapies and targeted 
medicine have become the focus for management of 
metastatic KIRC. For example, mTORC1 inhibitors have 
been approved for treatment of metastatic kidney cancer (4).  
Moreover, metastatic RCC is now commonly treated 
using vascular endothelial growth factor inhibitors (5), and 
immune checkpoint inhibitors targeting the PD-1 signaling 
pathway have become the first- or second-line of treatment 
for metastatic urothelial carcinoma and metastatic RCC (6). 

Basic leucine zipper transcription factor (BATF), a 
member of the highly conserved activator protein-1 (AP1) 
superfamily (7), which includes the Fos, Jun, and Atf 
proteins (8), has been extensively studied. Notably, the 
BATF activating transcription factor-like (Batf) plays a key 
role in transcriptional programming of multiple effector T 
cells, and also regulates growth of the T-helper 17 (Th17) 
and T-follicular helper (Tfh) cells (9). Previous studies 
have shown that the BATF gene regulates the function of 
T cells; its upregulation has been associated with T cell  
exhaustion (10). Additional evidence has demonstrated 
that BATF not only influences the development of 
different types of cancers, but also correlates with PDCD1 
expression, and suppressing the function of CD8+ T cells 
in colorectal cancer (11). Apart from these roles, BATF has 
been associated with cell proliferation and apoptosis in non-
small cell lung cancer (NSCLC) A549 cells (12). Previous 
studies have also demonstrated BATF’s importance as a 
member of the regulatory network in anaplastic large cell 
lymphoma, as evidenced by its pathogenic and therapeutic 
indications (13). Augmented expression of BATF reportedly 
mediated inhibition of AP-1 activity, reduced proliferation, 
and downregulated expression of cyclin D in the human 
multiple myeloma cell line RPMI8226 (14). Moreover, 
BATF overexpression was associated with increased 
migration and invasiveness of the human breast cancer cell 

lines, T47D and MCF-7 (15). Based on all this evidence, we 
hypothesized that BATF could be a potential biomarker for 
both diagnosis and prognosis of KIRC patients. 

The underlying mechanism of action of BATF in 
immune cell infiltration remains unclear. Considering 
BATF’s important role in the occurrence and development 
of several types of carcinomas, we hypothesized that 
BATF may be upregulated in KIRC patients. Prior to this 
study, we analyzed patterns of BATF expression in pan-
cancers, and KIRC cases. Generally, the development and 
progression of malignant tumors requires interaction with 
other cells in the tumor microenvironment, especially 
immune cells (16). Immune infiltration of tumors is closely 
associated with clinical outcome in renal cell carcinoma 
(RCC). The importance of immune infiltration for 
prognosis has been recognized. Many kinds of immune cells 
were found with important roles in the prognosis of KIRC. 
Therefore, we investigated levels of immune cell infiltration 
of BATF in KIRC by investigating the levels of BATF 
mRNA expression using data from The Cancer Genome 
Atlas (TCGA) database. We present the following article in 
accordance with the REMARK reporting checklist (available 
at https://tau.amegroups.com/article/view/10.21037/tau-
21-1130/rc).

Methods

Datasets

The transcriptome dataset used in this study was 
downloaded from the TCGA website (https://tcga-data.nci.
nih.gov/tcga/). The dataset comprised all 33 enrolled cancer 
types involved in the pan-cancer analysis, including KIRC. 
We downloaded profiles of BATF transcriptional expression, 
which included 539 KIRC cases alongside 72 cases of 
matched adjacent tissues. In addition, we downloaded 
the corresponding clinical information for these patients, 
including TNM stage, pathologic stage, histologic grade, 
primary therapy outcome, age, sex, race, and laterality, as 
well as overall survival (OS), progression-free interval (PFI), 
and disease-specific survival (DSS). We also downloaded 
RNA-seq data [in transcripts per million (TPM) format] 
from the TCGA and Genotype-Tissue Expression (GTEx) 
databases that are uniformly processed by Toil from 
UCSC Xena (https://xenabrowser.net/datapages/) (17). 
The median RNA expression value was regarded as the 
cutoff, and used to stratify patients into either the high 
or low expression group, while the area under the curve 
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(AUC) of the receiver-operating characteristic (ROC) 
curves was used as qualitative and quantitative performance 
indicator. To investigate BATF’s prognostic value in KIRC, 
we generated survival curves using Kaplan-Meier (K-M) 
for OS. Next, we used univariate and multivariate Cox 
regression analyses to determine the dependency of every 
clinical factor and the relationship between BATF and OS, 
then established a nomogram model based on the results 
to predict the prognosis of KIRC patients. Using these 
identified prognostic factors (P<0.05 that significantly 
affected survival rates in KIRC patients), we constructed a 
nomogram for predicting 1-, 3- and 5-year survival rates in 
KIRC patients. We used the concordance index (C-index) 
to evaluate the discriminative ability of the nomogram. A 
C-index or AUC of 0.5 indicates a discrimination ability 
that is no better than chance, whereas that of 1.0 indicates a 
perfect discrimination ability.

The downloaded data, which was in level 3 HTSeq-
fragments per kilobase per million (FPKM) format, 
was converted into TPM format prior to subsequent 
analysis. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Because all the 
data were downloaded from a public database (TCGA), we 
did not need ethical approval. 

Construction of protein-protein interaction (PPI) networks 
and functional enrichment analysis

A PPI network of differentially expressed genes was 
constructed using the Search Tool for the Retrieval of 
Interacting Genes (STRING) database [https://string-
db.org/ (version 11.5)] (18,19). Notably, both physical 
interactions and functional associations were involved, with 
a minimum interaction score of 0.4 (default setting). The 
interactions from STRING, which comprise both direct 
(physical) and indirect (functional) associations, are collected 
from genomic contexts, co-expression, high-throughput 
experiments, and reports across the literature. Next, we 
performed gene ontology (GO) enrichment analysis and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis of co-expression genes. Enrichment 
analyses targeted ontologies/pathway gene sets, including 
biological processes (BP), cellular components, molecular 
function (MF), and KEGG pathways. Moreover, we applied 
the Spearman correlation coefficient to determine the 
relationship between BATF and co-expressed molecular 
mechanisms in KIRC.

Determination of BATF’s role in immune cell infiltration

The Tumor Immune Estimation Resource (TIMER) is 
an online database used for systematic analysis of immune 
cell infiltrates across many cancers (20,21). In the present 
study, we applied the algorithm implemented in TIMER 
Version 2.0 to estimate the infiltration of six important 
immune cells, namely B cells, CD4+ T cells, CD8+ T cells, 
neutrophils, macrophages, and dendritic cells, followed by 
correlation with BATF expression in KIRC. 

Determination of the relationship between BATF 
expression and tumor infiltrating immune cells (TIICs) 

The Tumor-Immune System Interaction Database 
(TISIDB), an online web portal for analyzing the interaction 
between tumors and the immune system, integrates 
multiple heterogeneous datasets (http://cis.hku.hk/TISIDB/
index.php) (22). In this study, we used the TISIDB database 
to generate a heatmap and depict the interaction between 
BATF expression and TIICs across human cancers. Next, 
we used the Gene Set Variation Analysis (GSVA) database, 
based on gene expression profiles, to infer the relative 
abundance of TILs. The immune-related signatures of 
28 TIICs types from Charoentong et al.’s study (23) from 
TISIDB revealed gene expression profiles, GSVA depicted 
the relative abundance of TIICs, and Spearman’s correlation 
test was used to determine the relationship between BATF 
expression and TIICs. 

Statistical analysis

All statistical analyses were performed using packages 
implemented in R software (version 3.6.3). Differences 
in expression were visualized using the ggplot2 package 
(version 3.3.3) in R. The Mann-Whitney U-test (Wilcoxon 
signed rank test) and paired t-test were used to determine 
differences in the pan-cancer group, as well as between 
KIRC and paired normal kidney tissues. The pROC 
package (version 1.17.0.1) in R was used to generate ROC 
curves and depict BATF’s diagnostic value. In addition, 
the survminer package (version 0.4.9) was used to generate 
K-M curves, and also perform univariate and multivariate 
Cox regression analyses, as well as log-rank tests; the 
survival package (version 3.2-10) was used to assess the 
effect of BATF on survival (24). Moreover, to determine the 
relationship between BATF expression and corresponding 
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clinical information, the data were first tested for normal 
distribution using the Shapiro-Wilk normality test (α=0.05, 
P>0.05), recommended for analysis of variance (ANOVA). 
Statistical analyses were performed using t-tests with a 
Welch correction for unequal variances or an ANOVA 
followed by a post-hoc analysis; P values were adjusted 
using either a Bonferroni correction when variances were 
not significantly different or a Games-Howell correction 
if variances were significantly different. Next, we used the 
Bioconductor/R rms (version 6.2-0) package to construct 
nomogram models based on logistic regression modeling. 
Gene identifiers and GO annotations in both datasets were 
performed using the “ClusterProfiler” package (v3.14.3) and 
visualized using the “ggplot2” package. Conversion of these 
datasets from Entrez IDs to gene symbols was achieved 
by annotating them using the org.Hs.eg.db package  
(v3.10.0) (25). All statistical analyses were two-sided, and 
data followed by P<0.05 were considered statistically 
significant. 

Results

Profiles of BATF expression in the pan-cancer dataset

Results from unpaired analysis revealed a total of 18,102 
cases across 33 different cancers types. Two cancer types, 
namely mesothelioma (MESO) and uveal melanoma 
(UVM), were excluded due to lack of data from control 
subjects, and SARC was excluded because it had less than 
three cases in the normal group. Finally, 17,672 samples 
across 30 cancer types were included in our analysis. Results 
from the unpaired analysis, showing significant upregulation 
of BATF in 27 of 30 different cancers relative to normal 
tissues, are displayed in Figure 1A. For the paired analysis, 
a total of 1,340 cases across 18 different cancer types were 
involved. BATF was also significantly upregulated in 11 
of 18 cancer types, relative to normal tissues (Figure 1B). 
Overall, these results indicated that BATF mRNA was 
significantly upregulated across different cancer types 
relative to normal adjacent tissues. 

Patterns of BATF expression in KIRC patients 

Baseline characteristics of the KIRC patients from TCGA 
are presented in Table 1. Results from unpaired analyses 
showed that BATF mRNA was significantly upregulated 
in KIRC (n=539) relative to adjacent normal kidney tissues 
(n=72) (Figure 1C, Mann-Whitney U-test, P<0.001). 

Similarly, results from the paired analysis revealed 
significant BATF expression in KIRC (n=72) relative 
to adjacent normal kidney tissues (n=72) (3.216±1.072 
vs. 1.034±0.729, respectively, P<0.001) (Figure 1D). 
Collectively, these results indicated that BATF mRNA 
was significantly upregulated in KIRC relative to normal 
adjacent tissues. 

Clinical significance of BATF in KIRC patients

Next, we analyzed the relationship between patterns 
of KIRC mRNA expression with clinicopathological 
characteristics of 539 KIRC samples with the aim of 
ascertaining BATF’s clinical significance in KIRC. A 
summary of the demographic, clinical, and pathological 
characteristics of all 539 KIRC patients is shown in Table 1.  
As shown in Table 1  and Figure 2A-2I, high BATF 
expression in patients was significantly associated with 
distant metastasis (P=0.001), higher T stage (P<0.001), 
higher pathologic stage (P<0.001), higher histologic grade 
(P<0.001), as well as poor OS (P=0.006), PFI (P=0.009), and 
DSS (P<0.001).

Conversely, we found no statistically significant correlation 
between BATF expression and other clinicopathological 
characteristics, including lymph node metastasis (N stage, 
P=0.279), sex (P=0.116), race (P=0.589), and age (P=0.636). 
Overall, these results showed that BATF was associated with 
higher TNM stage, higher pathological grade/stage, and 
poor prognosis for KIRC. 

Diagnosis of BATF in KIRC 

ROC curves showed that BATF had an AUC value of 
0.942 [95% confidence interval (CI): 0.917–0.968], with 
a cutoff value of 2.033, while accuracy, sensitivity, and 
specificity of adjacent controls were 87.2%, 91.7%, and 
86.6%, respectively (Figure 3A). The positive and negative 
predictive values were 47.8% and 98.7%, respectively. 
Overall, these results suggested that BATF could be a good 
diagnostic indicator in KIRC. 

Association of BATF expression with shorter OS

Next, we generated K-M curves to evaluate the relationship 
between BATF expression and OS, and found that high 
BATF expression was associated with significantly shorter 
OS (log-rank test P=0.024, Figure 3B). 
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OS results from subgroup analysis

We categorized patients into subgroups according to sex 
(male vs. female) and age [younger (≤60 years) vs. older 
(>60 years)], then applied log-rank test and Cox regression 
analyses. Results from subgroup analyses according to sex 
revealed significant differences between the high and low 
BATF expression groups in male patients [hazard ratio (HR) 
=1.63, 95% CI: 1.11–2.40, P=0.014, Figure 3C], whereas no 
statistically significant differences were found between the 

groups of female patients (P=0.34, Figure 3D). Based on age, 
the K-M curves showed that high BATF expression in older 
(>60 years) patients was not significantly associated with 
worse OS than in the low BATF group (P=0.27) (Figure 3E), 
whereas statistically significant differences were observed in 
younger (≤60 years) patients (HR =1.82, 95% CI: 1.10–3.01, 
P=0.019, Figure 3F). Overall, these data suggested that 
BATF upregulation may be a predictor of poor prognosis  
in KIRC. 
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Figure 1 Profiles of BATF expression in pan-cancer and kidney renal cell carcinoma, relative to adjacent normal tissues. (A) Unpaired 
analysis of BATF expression in pan-cancer showing upregulation in 27 of 30 cancer types relative to normal tissues. (B) Paired analysis 
of BATF expression in pan-cancer showing upregulation in 27 of 30 cancer types relative to normal tissues. (C) Levels of BATF mRNA 
expression in 539 kidney renal cell carcinoma samples and 72 normal samples. (D) Levels of BATF expression in 72 kidney renal cell 
carcinoma alongside matched adjacent normal samples. (ns, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001). BATF, basic leucine zipper 
transcription factor; ns, no significance; ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive 
carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon 
adenocarcinoma; DLBC, diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head 
and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary 
cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung 
adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic 
adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; 
SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid 
carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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Table 1 Clinical characteristics of KIRC

Characteristic Level Low BATF expression High BATF expression P value

n 269 270

T stage, n (%) T1 165 (30.6) 113 (21.0) <0.001

T2 30 (5.6) 41 (7.6)

T3 71 (13.2) 108 (20.0)

T4 3 (0.6) 8 (1.5)

N stage, n (%) N0 117 (45.5) 124 (48.2) 0.279

N1 5 (1.9) 11 (4.3)

M stage, n (%) M0 227 (44.9) 201 (39.7) 0.001

M1 25 (4.9) 53 (10.5)

Pathologic stage, n (%) Stage I 165 (30.8) 107 (20.0) <0.001

Stage II 25 (4.7) 34 (6.3)

Stage III 51 (9.5) 72 (13.4)

Stage IV 27 (5.0) 55 (10.3)

Primary therapy outcome, n (%) PD 6 (4.1) 5 (3.4) 0.051

SD 6 (4.1) 0 (0)

PR 2 (1.4) 0 (0)

CR 66 (44.9) 62 (42.2)

Sex, n (%) Female 102 (18.9) 84 (15.6) 0.116

Male 167 (31.0) 186 (34.5)

Race, n (%) Asian 3 (0.6) 5 (0.9) 0.589

Black or African American 31 (5.8) 26 (4.9)

White 230 (43.2) 237 (44.5)

Age, n (%) ≤60 131 (24.3) 138 (25.6) 0.636

>60 138 (25.6) 132 (24.5)

Histologic grade, n (%) G1 10 (1.9) 4 (0.8) <0.001

G2 137 (25.8) 98 (18.5)

G3 96 (18.1) 111 (20.9)

G4 19 (3.6) 56 (10.5)

Laterality, n (%) Left 114 (21.2) 138 (25.7) 0.047

Right 155 (28.8) 131 (24.3)

OS event, n (%) Alive 198 (36.7) 168 (31.2) 0.006

Dead 71 (13.2) 102 (18.9)

PFI event, n (%) Alive 203 (37.7) 175 (32.5) 0.009

Dead 66 (12.2) 95 (17.6)

Table 1 (continued)
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Cox regression and nomogram model

Results from univariate Cox analysis revealed that T 
stage, N stage, M stage, age, and BATF expression were 
all significantly associated with OS and DFS (Table 2). In 
contrast, sex was not significantly associated with either 
survival rate. Statistically significant risk factors from 
univariate analysis were used in the multivariate Cox 
analysis, with results indicating that age, TNM stage and 
BATF were significant independent risk factors for OS  
(Table 2). Based on these results, we constructed a 
nomogram model for predicting survival rates at 1, 3, and 
5 years (Figure 4), and it had excellent predictive power, as 
evidenced by a C-index of 0.769 (95% CI: 0.745–0.793).

PPI networks and functional annotations

An interactive map between BATF and its 10 co-expression 
genes was generated using the STRING database, and the 
corresponding PPI network was constructed (Figure 5A).  
As shown in Figure 5B, enrichment analyses revealed 
that changes in the BPs of BATF were associated with 
differentiation of T-helper cells, CD4+, and alpha-beta 
T-cells involved in the immune response, and alpha-beta 
T-cell activation involved in the immune response. KEGG 
pathway analysis results indicated that these related 10 
genes as shown in PPI network were involved in Th17 
cell differentiation, inflammatory bowel disease, as well 
as regulation of PD-L1 expression and PD-1 checkpoint 
pathways in cancer. 

Correlating the profiles of BATF expression with co-
expressed MFs in KIRC revealed no statistically significant 
differences in BCL6 (P=0.322), JUNB (P=0.084) or STAT3 
(P=0.257) (Figure 5C-5H). However, Spearman correlation 
revealed a significant negative relationship between BATF 
expression and FOXO1 (r=−0.190, P<0.001), HIF1A 
(r=−0.089, P=0.039), RORA (r=−0.170, P<0.001), and 

RORC (r=−0.290, P<0.001), but a positive correlation with 
CEBPD (r=0.110, P=0.008), IRF4 (R=0.700, P<0.001), and 
JUN (r=0.091, P=0.035). 

Relationship between BATF expression and immune cell 
infiltration in KIRC

The relationship between BATF expression with immune 
cell infiltration levels in KIRC patients is depicted using 
7 scatterplots in Figure 6A,6B. Purity-corrected partial 
Spearman’s rho value and statistical significance are shown. 
Levels of BATF expression against tumor purity are 
displayed in the left-most panel: tumor purity (r=−0.345, 
P=2.3e-15), B cell (r=0.392, P=2.86e-18), CD8+ T cell 
(r=0.514, P=5.92e-31), CD4+ T cell (r=0.28, P=9.87e-10), 
macrophages (r=0.215, P=4.40e-06), neutrophils (r=0.418, 
P=7.79e-21), and dendritic cells (r=0.569, P=1.98e-40). 
Results of the correlation between BATF expression and 
the 28 types of TIICs across different cancers are depicted 
in a heatmap (Figure 6C). Moreover, BATF expression 
was closely correlated with abundance of CD56dim cells 
(r=0.448, P<2.2e-16), CD8+ T cells (r=0.322, P=3.1e-14), 
Tcm CD4+ T cells (r=0.588, P<2.2e-16), monocytes 
(r=0.369, P<2.2e-16), myeloid-derived suppressor cells 
(r=0.776, P<2.2e-16), and Treg cells (r=0.448, P<2.2e-16) 
(Figure 6D-6I). Collectively, these results indicated that 
BATF plays an important role in immune cell infiltration in 
KIRC. 

Discussion

Results of the present study showed that BATF is 
significantly upregulated in KIRC and pan-cancer tissues, 
relative to adjacent normal tissues. This upregulation 
is significantly associated with the clinicopathological 
characteristics of KIRC patients, including higher TNM 

Table 1 (continued)

Characteristic Level Low BATF expression High BATF expression P value

DSS event, n (%) Alive 225 (42.6) 195 (36.9) <0.001

Dead 37 (7.0) 71 (13.4)

Age, median [IQR] 61 [52, 72] 60 [52, 69] 0.326

KIRC, kidney renal clear cell carcinoma; BATF, basic leucine zipper transcription factor; PD, progressive disease; SD, stable disease; 
CR, complete response; PR, partial response; OS, overall survival; PFI, progression-free interval; DSS, disease-specific survival; IQR, 
interquartile range. 
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stage, higher pathologic stage and higher histologic grade. 
In addition, ROC curves suggested that BATF could be 
a diagnostic indicator for KIRC patients, and the K-M 
curves and results from univariate analysis indicated 
that upregulation of BATF mRNA correlates with poor 

prognosis of KIRC patients. Our results further indicated 
that BATF plays an important role in immune cell 
infiltration in KIRC. 

BATF is a transcription factor that plays an important 
role in regulating differentiation and function in many 

Figure 2 Relationships between levels of BATF mRNA expression with clinicopathological characteristics in KIRC patients. BATF mRNA 
expression significantly correlated with T stage (A), lymph node metastasis (B), M stage (C), high TNM stage (D), histologic grade (G), 
OS event (H), and PFI event (I). BATF expression was not significantly correlated with primary therapy outcomes (E), or sex (F). (ns, no 
significance; *, P<0.05; ***, P<0.001). BATF, basic leucine zipper transcription factor; KIRC, kidney renal clear cell carcinoma; OS, overall 
survival; PD, progressive disease; SD, stable disease; CR, complete response; PR, partial response; PFI, progression-free interval.
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Figure 3 AUC of the ROC and Kaplan-Meier curves for BATF. (A) ROC curves show that BATF had an AUC value of 0.942 [95% 
confidence interval (CI): 0.917–0.968] to differentiate KIRC tissues from healthy controls, with a cutoff of 2.033; accuracy, sensitivity, and 
specificity from adjacent controls were 87.2%, 91.7%, and 86.6%, respectively. (B) Kaplan-Meier survival curves indicate that KIRC patients 
with high BATF mRNA expression had a shorter overall survival than those with low BATF expression (P=0.024). There were significant 
differences between the high and low BATF groups, with regards to male sex (C) (HR =1.63, CI: 1.11–2.40, P=0.014), and younger age  
(≤60 years) (F) (HR =1.82, CI: 1.10–3.01, P=0.019). Conversely, no significant differences were observed with regards to female sex (D) and 
older age (>60 years) subgroups (E) (P=0.34 and P=0.27 respectively). KIRC, kidney renal clear cell carcinoma. AUC, area under the curve; 
ROC, receiver-operating characteristic; BATF, basic leucine zipper transcription factor; HR, hazard ratio.
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lymphocyte lineages (8). Previous studies have shown that 
BATF plays an oncogenic role in many cancers, such as 
lung cancer (12), lymphoma (13), myeloma (14), colon  
cancer (26), breast cancer (15), and KIRC (27). Additional 
evidence has also associated BATF upregulation with poor 
prognosis of patients with various cancers (27-29). In the 
present study our results revealed that BATF mRNA was 
significantly upregulated in various carcinomas, including 
KIRC, which was consistent with findings from a previous 
study that showed BATF associated with higher clinical 
TNM stage (28). Although previous reports suggested 
that BATF could be an important prognostic sign of poor 
clinical outcomes in patients with several kinds of cancer 
(27,28), this role in KIRC had remained unclear. 

BATF was first reported by Schraml et al. in 2009, 
as an AP-1 transcription factor that regulated Th17 

differentiation (30), and in the following year Betz et al. 
found it coordinated multiple aspects of B and T cell 
functions (8). Recently, Feng et al. performed in vitro 
experiments that revealed BATF acting as an oncogene in 
NSCLC (12). Overall, these findings suggest that BATF 
is a potential biomarker for cancer treatment. Our results 
revealed that BATF is significantly upregulated in KIRC 
relative to normal kidney tissues, suggesting that this gene 
could be used in the diagnosis of KIRC. To validate this 
finding and ascertain its clinical value, we generated ROC 
curves and found that BATF could effectively predict the 
prognosis of KIRC patients, as evidenced by sensitivity, 
specificity, and accuracy values of 91.7%, 86.6% and 87.2%, 
respectively, suggesting that BATF could be a potential 
diagnostic signature for KIRC. 

Several recent studies have revealed that BATF is 

Table 2 Results from univariate and multivariate analyses

Characteristic Total (N)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

T stage 539

T1 278 Reference

T2 71 1.515 (0.908–2.526) 0.112 0.824 (0.396–1.715) 0.605

T3 179 3.354 (2.373–4.742) <0.001 2.092 (1.233–3.550) 0.006

T4 11 10.829 (5.467–21.451) <0.001 1.989 (0.534–7.414) 0.306

N stage 257

N0 241 Reference

N1 16 3.453 (1.832–6.508) <0.001 2.060 (0.819–5.177) 0.124

M stage 506

M0 428 Reference

M1 78 4.389 (3.212–5.999) <0.001 3.128 (1.866–5.244) <0.001

Sex 539

Female 186 Reference

Male 353 0.930 (0.682–1.268) 0.648

Age 539

≤60 269 Reference

>60 270 1.765 (1.298–2.398) <0.001 1.800 (1.160–2.793) 0.009

BATF 539

Low 270 Reference

High 269 1.445 (1.067–1.957) 0.017 1.073 (0.693–1.663) 0.751

BATF, basic leucine zipper transcription factor.
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significantly correlated to poor OS of patients with many 
kinds of cancers. For instance, several DNA methylation-
driven genes, including BATF, were found to have excellent 
prognostic value in colorectal carcinoma and clear cell RCC 
(27,28), and BATF was also found to have a potential role in 
predicting OS rates of patients with endometrial cancer (31). 
Results from logistic regression analysis in all 539 patients 
in the present study revealed that high BATF expression 
was significantly associated with distant metastasis, higher 
T stage, higher pathologic stage, and higher histologic 
grade, indicating that this gene plays a crucial role in 
KIRC development. In addition, K-M curves, and log-
rank test results indicated that high BATF expression was 
significantly associated with a shorter OS rate of patients. 
Interestingly, results from subgroup OS analysis indicated 
that BATF expression was significantly associated with poor 
OS rates of male patients and those younger than 60 years,  
but not significantly correlated with female patients and 
those older than 60 years. These results indicated that 
BATF is a reliable biomarker for poor prognosis of young, 
male KIRC patients.

Previous studies have shown that BATF plays a key role 
in the occurrence and development of several cancers. For 
instance, knocking down BATF inhibited the proliferation 
and induced apoptosis of A549 cells in NSCLC (12). In 
myeloma, BATF-mediated reduction in AP-1 activity 
resulted in decreased proliferation of RPMI8226 cells (14). 

In the present study, PPI networks revealed that BATF was 
significantly co-expressed with FOXO1, HIF1A, RORA, 
RORC, CEBPD, IRF4, and JUN, suggesting that it could 
also be an important factor in Th17 cell differentiation, 
inflammatory bowel disease, and PD-L1 expression and 
PD-1 checkpoint pathway in cancer. However, these 
findings need to be validated experimentally. 

BATF was first reported to regulate multiple aspects 
of B and T cell functions by Betz et al. (8). Since then, 
subsequent studies have demonstrated that this gene 
is significantly upregulated in human TIICs, and is 
accompanied by a significant effect on their anti-tumor 
function (32). Previous studies have also shown that BATF is 
a checkpoint in a transcriptional circuit that ensures proper 
coordination of effector CD8+ T-cell differentiation (33),  
although the relationship between BATF expression and 
immune cell infiltration has not been shown until now. 
Results of the present study revealed that six tumor-
infiltrating immune cells, namely B cells, CD8+ cells, CD4+ 
T cells, macrophages, neutrophils, and dendritic cells, were 
significantly associated with BATF expression in KIRC. In 
addition, we observed a relationship between genotype-
immunophenotype and predictors of response to checkpoint 
blockade (23). Furthermore, BATF expression strongly 
correlated with abundance of several important TIICs, 
such as CD56dim cells, CD8+ T cells, Tcm CD4+ T cells, 
monocytes, myeloid-derived suppressor cells, and Treg cells 

Figure 4 Nomogram model for predicting survival rates of patients at 1, 3, and 5 years. A C-index of concordance 0.769 (95% CI: 0.745–
0.793) was obtained. BATF, basic leucine zipper transcription factor.
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Encyclopedia of Genes and Genomes.



Zhang et al. BATF is a diagnostic and prognostic marker250

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(2):238-252 | https://dx.doi.org/10.21037/tau-21-1130

Figure 6 Correlations between BATF expression and immune cell infiltration. (A,B) Relationships between BATF expression and tumor 
purity (r=−0.345, P=2.3e-14), B cells (r=0.392, P=2.86e-18), CD8+ T cells (r=0.514, P=5.92e-31), CD4+ T cells (r=0.28, P=9.87e-10), 
macrophages (r=0.215, P=4.40e-06), neutrophils (r=0.418, P=7.79e-21) and dendritic cells (r=0.569, P=1.98e-40) in KIRC. (C) Heatmap 
showing the relationship between BATF expression and 28 types of tumor-infiltrating lymphocytes across 30 different human carcinomas. 
(D-I) BATF correlated with abundance of CD56dim cells (D) (r=0.448, P<2.2e-16), CD8+ T cells (E) (r=0.322, P<2.2e-16), Tcm CD4+ T 
cells (F) (r=0.588, P<2.2e-16), monocytes (G) (r=0.369, P<2.2e-16), myeloid-derived suppressor cells (H) (r=0.776, P<2.2e-16) and Treg cells 
(I) (r=0.448, P<2.2e-16). BATF, basic leucine zipper transcription factor; KIRC, kidney renal clear cell carcinoma.

0.0 0.2 0.4 0.6 0.0 0.1 0.2 0.3 0.4 0.5
Infiltration level

0.0 0.1 0.2 0.3 0.4 0.50.25 0.50 0.75 1.00

B
AT

F 
ex

pr
es

si
on

 le
ve

l (
lo

g2
 T

P
M

) 6

4

2

0

A

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.0 0.4 0.8 1.2

B

Act CD8 
Tcm CD8 
Tem CD8 
Act CD4 

Tcm CD4 
Tem CD4

Tfh 
Tgd 
Th1 

Th17 
Th2 
Treg 

Act B 
Imm B 

Mem B 
NK 

CD56bright 
CD56dim 

MDSC 
NKT 

Act DC 
pDC 
iDC 

Macrophage 
Eosinophil 

Mast 
Monocyte 
Neutrophil

A
C

C
B

LC
A

 
B

R
C

A
 

C
E

S
C

 
C

H
O

L 
C

O
A

D
E

S
C

A
 

G
B

M
 

H
N

S
C

 
K

IC
H

 
K

IR
C

 
K

IR
P

 
LG

G
 

LI
H

C
 

LU
A

D
 

LU
S

C
 

M
E

S
O

 
O

V
 

PA
A

D
 

P
C

P
G

 
P

R
A

D
 

R
E

A
D

 
S

A
R

C
 

S
K

C
M

 
S

TA
D

 
TG

C
T 

TH
C

A
 

U
C

E
C

 
U

C
S

 
U

V
M

 

1

−1

1

BATF exp 
Spearman correlation test: 

rho =0.369, P<2.2e−16

BATF exp 
Spearman correlation test: 

rho =0.448, P<2.2e−16

−2.5

−2.5

C
D

56
di

m
 a

bu
nd

an
ce

M
on

oc
yt

e 
ab

un
da

nc
e

0.6

0.3

0.0

−0.3

−0.6

0.6

0.3

0.0

−0.3

−0.6
0.0 2.5 5.0

0.0 2.5 5.0

KIRC (534 samples)

KIRC (534 samples)

BATF exp 
Spearman correlation test: 

rho =0.776, P<2.2e−16

BATF exp 
Spearman correlation test: 

rho =0.322, P<2.2e−16

Tc
m

 C
D

8 
ab

un
da

nc
e

M
D

S
C

 a
bu

nd
an

ce

0.4

0.0

−0.4

0.5

0.0

−0.5

−2.5

−2.5

0.0 2.5 5.0

0.0 2.5 5.0

KIRC (534 samples)

KIRC (534 samples)

BATF exp 
Spearman correlation test: 

rho =0.488, P<2.2e−16

BATF exp 
Spearman correlation test: 

rho =0.588, P<2.2e−16

Tr
eg

 a
bu

nd
an

ce
Tc

m
 C

D
4 

ab
un

da
nc

e

0.4

0.0

−0.4

0.3

0.0

−0.3

−0.6

−2.5

−2.5

0.0 2.5 5.0

0.0 2.5 5.0

KIRC (534 samples)

KIRC (534 samples)C D E F

G H I



Translational Andrology and Urology, Vol 11, No 2 February 2022 251

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(2):238-252 | https://dx.doi.org/10.21037/tau-21-1130

in KIRC. Taken together, these results indicated that BATF 
plays a crucial role in immune cell infiltration of KIRC. 

This study had several  l imitations.  Firstly,  the 
observational nature of the study implies that it was biased 
to issues inherent in clinical practice. Secondly, all data 
were obtained from public online databases, although 
this proportion still represents most patients with KIRC, 
this subset is still not generalizable to the entire KIRC 
population. Lastly, we did not validate BATF’s prognostic 
significance in KIRC using in vivo and in vitro experiments. 

In summary, this is the first study describing the 
relationship between BATF upregulation and its association 
with clinicopathological parameters in KIRC. Our results 
indicated that BATF is an important indicator for diagnosis 
and poor prognosis of KIRC patients. Furthermore, our 
results indicated that BATF expression correlates with 
immune cell infiltration in KIRC patients, and could be 
playing an important role in suppressing tumor progression. 
It may help providing a new perspective and help for the 
diagnosis, prognosis and treatment choice of KIRC patients.
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