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BTB and CNC homology1 (BACH1), working as a transcriptional factor, is demonstrated
to function on the regulation of epigenetic modifications by complex regulatory networks.
Although BACH1 is reported as an oncogene, the overall analysis of its role remains
lacking. In this study, we uncovered the capacity of BACH1 as a new pan-cancer
therapeutic target. We found that BACH1 is highly expressed in abundant cancers and
correlated with the poor prognosis of most cancers. The mutation sites of BACH1 varied in
different cancer types and correlated to patients’ prognoses. The tumor mutation burden
(TMB) in four cancer species and up to six tumor infiltrated immune cells had a significant
relevance with BACH1. The enrichment analysis showed that the BACH1-associated
genes were significantly enriched in the pathways of PD-1/L1 expression, ubiquitin-
mediated proteolysis, T cell receptor, Th17 cell differentiation. We then demonstrated
that BACH1 is positively correlated with the expression of many candidate genes, incluing
SRPK2, GCLM, SLC40A1, and HK2 but negatively correlated with the expression of
KEAP1 and GAPDH. Overall, our data shed light on BACH1’s effect on latent utility in
cancer targeting therapy.
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INTRODUCTION

As the leading cause of mortality, cancer has surpassed cardiovascular and stroke to be the most
malignant disease in many countries (GBD 2017 Causes of Death Collaborators, 2018). Chemo-
radiotherapy, and surgery are the main traditional regimens for cancer. However, due to the complex
mechanism of tumorigenesis, metastasis and recurrence, there are no effective therapeutic strategy to
completely cure advanced tumors.With the high-speed development of high throughput sequencing,
a mass of data was generated and uploaded to the public databases for exploring novel therapeutic
targets, including the transcriptional factors involved in epigenetic modification (Cheng et al., 2021).

BTB and CNC homology 1 (BACH1) is classified as a transcription factor, which is reported to be
an oncogene in cancer (Zhang et al., 2018). It is demonstrated that BACH1 is highly expressed in
multiple cancers, and involved in metabolism and immune pathways by regulating its target genes.
For example, BACH1 expression level is associated with breast cancer recurrence in patients (Yun
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et al., 2011; Liang et al., 2012). Further studies demonstrate that
BACH1 plays its pro-metastatic activity by up-regulating the
expression of matrix metalloproteinases (MMP) 1, MMP9, MMP
13, and other pro-metastatic genes (Davudian et al., 2016; Shajari
et al., 2018). Meanwhile, through regulating the transcription of
electron transport chain (ETC) genes, BACH1 reduces glucose
usage in the tricarboxylic cycle in breast cancer cells (Lee et al.,
2019), which may partly explain the Warburg effect. Besides,
BACH1 also participates in epigenetic modification to promote
the progression of cancer. In colorectal cancer and melanoma,
BACH1 heterodimerizes with MAF BZIP Transcription Factor G
(MAFG), cooperating with chromodomain helicase DNA-
binding protein 8 (CHD8) and DNA Methyltransferase 3 Beta
(DNMT3B) to inhibit the transcription of many antioncogenes
(Fang et al., 2014; Fang et al., 2016). In this paper, by
systematically analyzing the data from TCGA database, we
present the role of BACH1 as a novel cancer therapeutic
target and highlight the latent utility of BACH1 in cancer
targeting therapy.

METHODS AND MATERIALS

TIMER2.0 Database Analysis
Tumor Immune Estimation Resource, version 2.0 (TIMER2.0)
(http://timer.comp-genomics.org/) is a comprehensive web
server providing a robust estimation of immune infiltration
and its related tumor molecular and clinical features (Li et al.,
2020). We firstly compared the expression levels of BACH1
between normal tissues and tumors across 33 cancer types
based on The Cancer Genome Atlas (TCGA) database. Then
we studied the correlation of BACH1 expression with tumor
purity or the immune cell infiltration including CD8+ T, CD4+

T cells, B cells, neutrophils, macrophages, and dendritic cells
using TIMER2.0. The comparison of immune cell infiltration
between BACH1 mutated and non-mutated tumors was
displayed in violin plots.

GEPIA2 Database Analysis
Gene Expression Profile Interactive Analysis, version 2 (GEPIA2)
(http://gepia2.cancer-pku.cn/) webserver includes gene
expression data from the TCGA database and the Genotype-
Tissue Expression (GTEx) database. We used GEPIA2 to analyze
BACH1 expression in several cancer types that were absent in
TIMER2. 0.(Tang et al., 2019). GEPIA2 was also used to compare
the overall survival (OS) of cancer patients separated by the
optimal cutoffs of BACH1 expression levels and to generate
Kaplan-Meier survival curves for 33 different types of cancer.
p-values for log-rank tests were calculated to evaluate the
significance between “high” and “low” groups of BACH1
expression. Survival plots showed the effect of BACH1
expression level on prognosis.

CPTAC Dataset Analysis
The Clinical Proteomic Tumor Analysis Consortium (CPTAC)
dataset provides proteomic expression profiles of cancer
biospecimens, including breast cancer, ovarian cancer, colon

cancer, clear cell renal cell carcinoma (KIRC), uterine corpus
endometrial carcinoma (UCEC), lung adenocarcinoma (LUAD),
and pediatric brain cancer. We analyzed the differential
expression of BACH1 protein between primary tumors and
normal tissues based on the UALCAN portal (http://ualcan.
path.uab.edu/), which contains total protein and
phosphoprotein data from the CPTAC dataset (Chandrashekar
et al., 2017). We also compared the expression of BACH1
phosphoproteins with phosphorylation at the S196, S388,
S445, T410, S417, and S443 sites in tumors and normal tissues.

Mutation Profiles
We investigated the mutation landscape and copy number
alteration (CNA) of BACH1 in pan-cancer using the
cBioPortal for Cancer Genomics (http://www.cbioportal.org).
And then, we obtained the survival curves of different types of
cancer patients. The somatic mutation datasets of 33 cancer types
were downloaded from the TCGA database (https://gdc.cancer.
gov). The mutated genes and the classification of mutation types
are visualized by R package “Maftools” (Mayakonda et al., 2018).
Tumor Mutation Burden (TMB) was calculated by the following
formula: TMB = the number of non-synonymous mutations/
exon length (38 million). The non-synonymous mutations
contain Missense mutation, Nonsense mutation, Frameshift
deletion, Splice site mutation, Frameshift insertion, In-frame
deletion, Translation start site, Nonstop mutation, and In-
frame insertion.

Functional Enrichment Analysis
We downloaded a list including the genes associated with BACH1
from Ualcan (Supplementary Table S1) and the genes with
Pearson correlation coefficient >0.6 were selected for further
study. Gene Ontology (GO) functional enrichment analysis
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment were performed using the R package
“cluster profile”. Bubble plots were drawn using the package
“enrichplot” and “ggplot2”. and chord charts were drawn using
the GO chord function in the package GOplot. FDR<0.05 was set
as the threshold.

RESULTS

Pan-Cancer Expression Landscape of
BACH1
BACH1’s expression significantly varies in different cancer types.
To explore the difference of BACH1 at the level of pan-cancer, we
use TIMER2.0 to compare the expression levels of BACH1 in
cancer tissues and the corresponding normal tissues of 33 cancer.
The expression of BACH1 increases in Breast invasive carcinoma
(BRCA p < 0.001), Kidney Chromophobe (KICH p < 0.001), Lung
adenocarcinoma (LUAD, p < 0.0010), Lung squamous cell
carcinoma (LUSC, p < 0.01), Uterine Corpus Endometrial
Carcinoma (UCEC, p < 0.001) tumor tissue, and a decrease in
Cholangiocarcinoma (CHOL, p < 0.050, Esophageal carcinoma
(ESCA, p < 0.01), Glioblastoma multiforme (GBM, p < 0.010,
Head and Neck squamous cell carcinoma (HNSC, p < 0.001),
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Stomach adenocarcinoma (STAD, p < 0.01) tumor tissues. In
addition, BACH1 in the Skin Cutaneous Melanoma (SKCM)
metastatic tumor tissue was significantly higher than that in the
SKCM tumor tissue (p < 0.001) (Figure 1A). To further analyze

BACH1 expression in some cancer types lacking corresponding
normal tissue data in the TCGA database, we combined the
normal tissue data from GTEx and TCGA databases. BACH1
showed upregulated expression in Brain Lower Grade Glioma

FIGURE 1 | Pan-cancer expression landscape of BACH1. (A) The expression of BACH1 in 33 cancer tissues from the TCGA database (B) The expression of
BACH1 in GTEx and TCGA database. (C) The expression level of BACH1 in primary cancer and normal tissue in the CPTAC database (D) The expression level of BACH1
phosphosites in different cancer tissues.
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(BLGG), but there were no significant differences in tumor tissues
like Adrenocortical carcinoma (ACC), Diffuse Large B-cell
Lymphoma (DLBC), Acute Myeloid Leukemia (LAML),
Ovarian serous cystadenocarcinoma (OV), Skin Cutaneous
Melanoma (SKCM), Testicular Germ Cell Tumors (TGCT),
Thymoma (THYM), Uterine Carcinosarcoma (UCS) compared
to their corresponding normal tissues (Figure 1B).

In addition, we use the CPTAC database to analyze differences
between BACH1 expression level in primary cancer tissues and
normal tissues. Compared with normal tissues, the expression of
BACH1 protein is upregulated in primary cancer tissues of breast
cancer, KIRC, UCEC and LUAD (Figure 1C). The
phosphorylation of BACH1 is highly expressed in primary
cancer tissues of colon cancer (phosphosites S196, S388, S445),
LUAD (phosphosites T410, S443) (Figure 1D).

Pan-Cancer Analysis of the Association
Between BACH1 Expression and Prognosis
Aiming to reveal the relationship between BACH1 expression
and prognosis of tumor patients, the patients were divided
into high-expression groups and low-expression groups based
on the BACH1 expression level. Patients with low BACH1
expression in groups like KIRP (Kidney renal papillary cell
carcinoma, p = 0.0011), LGG (lower grade glioblastoma, p <
0.001), LIHC (Liver hepatocellular carcinoma, p = 0.01),
PAAD (Pancreatic adenocarcinoma, p = 0.034), SARC
(Sarcoma, p < 0.001), THCA (Thyroid carcinoma, p =

0.052) had a better prognosis than that with high BACH1
expression. While in SKCM (p = 0.027) patients, BACH1 high
expression patients have a better prognosis (Figure 2).

Pan-Cancer Mutation Landscape of BACH1
Gene mutation is commonly occurred in cancer cells. We
analyzed the BACH1 mutation frequency and mutation sites
of patients in different cancer types using cBioPortal. The result
showed that UCEC patients were burdened with the highest
BACH1 mutation frequency (Figure 3A). BACH1 has 167
mutation sites (including 133 missense, 3 subunits, 25
truncation and 6 fusion mutations) in the protein structure of
0–736 amino acids, of which R538Q and E281 K/G are the two
most common mutation sites). (Figures 3B,C). There are 3 cases
of R538Q with BACH1 mutation, 2 cases of READ (Rectum
adenocarcinoma), and 1 case of COAD (Colon adenocarcinoma)
(Figure 3B). Subsequently, we analyzed the prognosis of BACH1
mutations in different cancer types. The total survival of UCEC
patients with BACH1 mutation is longer than that of the wild-
type group (p = 0.047) (Figure 3D).

We downloaded the somatic mutation data of 33 cancer
patients from the TCGA database, and the visualization was
carried out using the Maftools R package. The first three most
common variant classifications are missence mutation, nonsense
mutations, and frameshift deletion. Single nucleotide
polymorphism (SNP) is the most common variant type,
followed by is deletion mutation. In single-nucleotide variation
(SNVs) classes, C > T and C > A are the two most common

FIGURE 2 | Expression of BACH1 and its association with prognosis in different cancers.
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variant SNV types. The top 10 genes with the highest mutation
frequency among pan-cancer patients are: TTN (31%), MUC16
(20%), TP53 (18%), CSMD3 (13%), LRP1B (13%), RYR2 (13%),
SYNE1 (12%), USH2A (11%), FLG (12%), and PIK3CA (14%)
(Figure 4A).

We calculated the tumor mutation burden (TMB) of pan-
cancer samples in the TCGA database and explored its relevance
to BACH1 expression. The BACH1 expression and TMB was
significantly correlated in 4 cancer types. (Figure 4B). Among
them, the TMB is negatively related to the BACH1 expression in
CHOL samples (p = 0.03), while positively correlated in LUAD
(p = 0), KIRP (p = 0.02) and SARC (p = 0.04) (Figure 4C).

Correlation of BACH1 With Immune Cell
Infiltration
Previous reports showed the involvement of BACH1 in the
immune system (Zhang et al., 2018). To access the function of
BACH1 on tumor immunity, TIMER algorithmwas used to study
the potential relationship between BACH1 expression in different

cancer types and tumor-infiltrated immune cells. We found that
the expression of BACH1 in most cancer types is positively
related to the level of TILs infiltration. In breast cancer
(BRCA) tissues, the BACH1 expression was positively related
to the infiltrating levels of CD8/CD4+ T cells, neutrophils,
macrophages, and myeloid dendritic cells; but negatively
related to that of B cells. The expression of BACH1 in Head
and Neck squamous cell carcinoma (HNSC) has positive
correlation to the infiltration of CD8+ T cells, B cells,
neutrophils, macrophages, and myeloid dendritic cells, but no
relative infiltration of CD4+ T cells. A similar trend of cell
infiltration was observed in Kidney Chromophobe (KICH). In
Kidney Renal Clear Cell Carcinoma (KIRC), the BACH1
expression is positively related to the infiltration of CD4+

T cells, neutrophils, macrophages, and myeloid dendritic cells,
but negatively related to B cells. Except for the negative
correlation to the infiltration of CD8+ T cells in low grade
glioblastoma (LGG), the BACH1 expression level is positively
related to the infiltration of the other five kinds of immune cells.
BACH1’s expression in Liver hepatocellular carcinoma (LIHC)

FIGURE 3 | Pan-cancer Mutation Landscape of BACH1. (A) Distribution of BACH1 mutation types in different cancers (B) Common mutation sites of BACH1 in
different cancers. (C) Common mutation sites of BACH1 in UCEC (D) The overall survival of UCEC patients with BACH1 mutation.
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tumor tissue is positively correlated with all six kinds of
immune cells.

Tumor purity reflects the proportion of tumor cells in TME
(Rhee et al., 2018). The lower the purity of the tumor, the higher
the proportion of infiltrated immune cells. The expression of
BACH1 in BRCA and HNSC tumor tissue is negatively related to
the purity of the tumor, while BACH1 in LGG is positively related
to that of the tumor (Figure 5A).

BACH1 mutations also impact the infiltration of immune
cells. BACH1 mutated COAD has more obvious correlation with
infiltrated CD8+ T cells (p = 0.028), B cells (p = 0.022),
neutrophils (p = 0.019), and myeloid dendritic cells (p =
0.0039) than that of BACH1 wild-type group. Nonetheless, the
infiltrating degree of CD4+ T cells and macrophages has no
statistical significance (Figure 5B).

Functional Enrichment Analysis
To study the potential functions of BACH1, we screened the
genes related to BACH1 expression for functional enrichment
analysis. The results of the GO pathway enrichment analysis
(Rhee et al., 2008) showed that the top 10 BACH1 expression
relevant genes are mainly involved in biological processes such as
proteasomal protein catabolic process, nucleocytoplasmic
transport, nuclear envelope, and nuclear transport (BP);
Participating cell composition (CC) includes the nuclear
envelope, nuclear speck, and transcription regulator complex,
etc. The major molecular function (MF) includes protein
transferase activity, protein serine/threonine kinase activity,
and ATPase activity (Figure 6A). In addition, the KEGG

pathway enrichment analysis (Kanehisa and Sato, 2020)
showed that BACH1 expression-related genes are mainly
involved in PD-1/L1 expression, ubiquitin-mediated
proteolysis, T cell receptor, Th17 cell differentiation, and
endocytosis and other signal channels (Figures 6B,C).

There are many researches that have reported the vital role of
BACH1 in metabolism. Our KEGG analysis also showed that
BACH1 was correlated with metabolic diseases like diabetes and
athrosclerosis. We then analyzed its effect on physiological
metabolisms like redox, glycolysis, amino acid metabolism,
heme metabolism, and ferroptosis. The data showed that
BACH1 is positively correlated with the expression of many
related genes such as SRPK2, GCLM, SLC40A1, and HK2 but
negatively correlated with the expression of KEAP1 and GAPDH
(Figure 7).

DISCUSSION

Through systematic analysis of BACH1 expression and function
in different cancer types, we demonstrated the profound impact
of BACH1 on tumor physiology and overall survival. Until now,
our research is the first to thoroughly elucidate the correlation
between BACH1 expression and OS or physiology in cancer
patients at pan-cancer level.

As we presented above, BACH1 is highly expressed in most
tumors. The higher BACH1 expressed, the worse overall
survival of cancer patients would have. Nonetheless, SKCM
is the only cancer whose expression negatively correlates with

FIGURE 4 | The relationship between BACH1 expression and somatic mutation. (A) The somatic mutation data of 33 cancer patients from the TCGA database (B)
The relationship between BACH1 and TMB (C) Four cancer types in which BACH1 is associated with TMB.
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the OS of patients. The LUAD, KIRP, and SARC patients with
mutated BACH1 commonly positively correlate with TMB.
The mutated BACH1 is positively associated with the
prognosis. Our data analysis also showed the correlation of
BACH1 with tumor infiltrated immune cells, including
lymphoid cells and myeloid cells, for example, CD8+/4 +
T cells, B cells, neutrophils, macrophages, and so on. GO
pathway enrichment analysis showed that BACH1
participated in cellular physiological metabolic and

proliferation. We also found that BACH1 is relevant to
PD1/L1, the TCR signaling pathway, Th17, and
differentiation in some cancer types. Our KEGG and
Pearson correlation analysis hints that BACH1 orchestrate
a net of metabolic processes involved in glycolysis, ferroptosis,
endocytosis, etc.

High expression of BACH1 was correlated with high TMB,
which may be a new biomarker of the prognosis of
immunotherapy. Our results and other studies reported the

FIGURE 5 | Correlation of the expression or mutation of BACH1 with immune infiltration. (A) Correlation of BACH1 Expression with Immune Infiltration (B)
Correlation of BACH1 mutation with Immune Infiltration.
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effect of BACH1 on macrophages, which modulates the
macrophage fraction (Igarashi et al., 2017) and may modifies
the TME in pathophysiologic. A recent study by Reinfeld et al.,
reported that M2-macrophage is identified as the tumor-
associated macrophages (TAMs) and consume the bulk of the
glucose in TME (Reinfeld et al., 2021). Consistent with that study,
other researchers found that BACH1 modulates ferroptosis in
cooperation with haem (Nishizawa et al., 2020). As we all known,
the iron level in blood can affect the differentiation of
macrophages (Igarashi et al., 2017). Whether BACH1

participates in this process and what role it may play requires
further exploration.

According to Lignitto et al., the combination of BACH1
with a ubiquitin ligase, Fbxo22, can eventually induce the
degradation of BACH1. (Lignitto et al., 2019). They also
explained that Nrf2 promotes the metastasis of human lung
cancer by producing the heme oxygenase, Ho1. Another
research conducted by Wiel et al. (Wiel et al., 2019)
uncovered that BACH1 can initiate a glucose dependent
metastatic pathway by activating the important enzymes,

FIGURE 6 |GO and KEGG pathway enrichment analysis of BACH1. (A)GOpathway enrichment analysis of BACH1 (B)-(C) KEGG pathway enrichment analysis of
BACH1.
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Hexokinase2 (HK2) and GAPDH. It speeds up the whole
process of glucose metabolism including glucose uptake and
lactic acid secretion. And the increased lactic acid may be a
nutrient for the regulatory T cells in turn and thus facilitate
immunotherapy resistance (Watson et al., 2021). These results
are also consistent with our data analysis that BACH1 is
highly correlated with the PD1/L1 pathway. But its specific
function in immunotherapy resistance still requires further
study. Liang et al.(Liang et al., 2012) reported that BACH1
significantly contributes to the bone metastasis of breast
cancer by regulating some metastasis-associated genes. For
example, CXCR4, which may accelerate progenitors’ homing
to the bone marrow and maintain homeostasis of
hematopoietic stem cells (HSCs) through CXCL12-
CXCR4 axis.

This study highlights the essential role of BACH1 through
in-depth analysis of the relationship between BACH1 and OS,
cancer metabolism, TMB and immune cell infiltration. The
result presented the potential of BACH1 to be a reliable
biomarker for the prognosis of pan-cancer patients and a
new target for cancer treatment. However, as a retrospective
study, the predictive value of BACH1 in cancer prognosis
needs to be validated by both basic and clinical studies.
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