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Abstract. Pre‑B‑cell leukemia transcription factor (PBX) 
proteins have important roles in the development of numerous 
organs. To date, four members of the PBX family have been 
identified to be involved in human cancer but little is known 
about their expression patterns and precise functions in breast 
cancer (BC) progression. The aim of the present study was 
to determine whether they have the potential to be prognostic 
biomarkers in patients with BC. The expression patterns 
of PBXs were evaluated using Oncomine, Cancer Cell Line 
Encyclopedia and Gene expression‑based Outcome for Breast 
cancer Online algorithm analyses. The prognostic value of 
PBX1 was determined by Kaplan‑Meier plotter analysis. 
It was observed that, among all PBX family members, only 
PBX1 was significantly upregulated in BC vs. normal tissues. 
Meta‑analysis in the Oncomine database revealed that PBX1 
was significantly upregulated in invasive breast carcinoma 
stroma, ductal breast carcinoma, invasive lobular breast 
carcinoma, invasive mixed breast carcinoma and male breast 
carcinoma compared with normal tissues. In addition, PBX1 
was significantly correlated with forkhead box protein A1. 
Subtype analysis indicated that PBX1 overexpression was 
associated with luminal‑like and hormone receptor‑sensitive 
subtypes. In the survival analysis, a high expression level of 
PBX1 was associated with poor prognosis of patients with 
estrogen receptor (ER)‑positive, luminal A and luminal 
B subtypes of BC. The results of the present study indicate 
that PBX1 may serve as a specific biomarker and essential 
prognostic factor for ER‑positive, luminal A and luminal B 
subtypes of BC.

Introduction

Breast cancer (BC) is one of the most common malignant 
diseases and has become the second leading cause of death in 
females (1‑3). According to statistics from the World Health 
Organization and American Cancer Society, 2.09 million 
new cases of BC were diagnosed worldwide in 2018. BC has 
reached the highest age‑standardized frequency (46.3 per 
100,000) compared with other types of cancer. In addition, the 
prognosis of BC ranks third after thyroid and prostate cancer, 
with a 5‑year survival rate of 80‑85% (4). The incidence of 
BC, which seriously affects the quality of life of patients, is 
gradually increasing owing to an unhealthy lifestyle, enhanced 
awareness and new screening technologies (5,6). Although 
certain advances in therapeutic strategies against BC have been 
made, it remains a major public health problem. Clinically, 
it is difficult to observe the early symptoms of patients with 
cancer due to the pathophysiological characteristics of the 
tumor, which results in the majority of patients with BC being 
diagnosed at an advanced stage (7). Therefore, it is important 
to identify novel and valuable biomarkers for the diagnosis and 
prognosis of BC, and/or to provide novel therapeutic targets.

Pre‑B‑cell leukemia transcription factor (PBX) proteins 
are atypical homeodomain‑containing transcription factors, 
which belong to the family of three amino‑acid loop 
extension‑class homeodomain proteins  (8). They have an 
integral role in the development of multiple organs, including 
the appendicular skeleton, lung, heart, pancreas, spleen and 
kidney, by regulating the expression of crucial target genes (9). 
The mammalian system consists of four members, namely 
PBX1, PBX2, PBX3, and PBX4 (10). PBX1 was initially iden-
tified due to its involvement in a chromosomal translocation 
in human pre‑B cell acute lymphoid leukemia (11). PBX2 and 
PBX3 were subsequently identified based on their sequence 
homology with PBX1 (12). PBX4 was first identified in the 
developing zebrafish brain (13). A large number of studies have 
demonstrated that the deregulation of PBX proteins is closely 
associated with the development and progression of numerous 
diseases, including cancer (14‑18). PBX proteins have also 
been reported to be overexpressed in a variety of solid tumor 
types, including colorectal, gastric and ovarian cancers, as 
well as glioma  (19‑21). The estradiol acetate (E2A)‑PBX1 
fusion protein contributes to pre‑B cell transformation in 
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leukemogenesis by enhancing the transactivation activity of 
homeobox (HOX) family members (22). The HOXB7/PBX2 
complex promotes the progression of cutaneous melanoma 
by transcriptionally activating microRNA (miR)‑221 and 
‑222 (18). Furthermore, PBX4 was reported to be downregu-
lated in leukemic cell lines and the samples from patients with 
acute lymphoblastic leukemia (ALL)  (23). PBX3 has been 
indicated to be a key driver of mesenchymal transition and a 
potential therapeutic target in glioblastoma (24). In addition, 
it has been reported to be a prognostic biomarker in prostate 
cancer (25). Although PBX proteins have been demonstrated 
to act as crucial transcription factors in numerous malignan-
cies (26‑29), the roles of different PBX family members in the 
progression of BC have remained elusive.

The present study extensively analyzed the expression of 
distinct PBX family members in patients with BC based on 
publicly available clinical datasets in order to determine their 
expression patterns and prognostic value in BC. It was demon-
strated that PBX1 is highly expressed in patients with BC and is 
associated with poor clinical outcomes in patients with estrogen 
receptor (ER)‑positive, luminal A and luminal B subtypes of BC. 

Materials and methods

Ethics statement. Informed consent for publication was not 
required, as all patient data used in the study were obtained 
from publicly available databases. 

Oncomine database analysis. The Oncomine data-
base (https://www.oncomine.org/resource/login.html; 
accession date, May 23, 2018) was used to determine the genes 
co‑expressed with PBX1 and differences in the transcriptional 
levels of distinct PBXs in different types of cancer. Student's 
t‑test was performed to determine significant differences 
between clinical tumor samples and control samples. The 
threshold of the P‑value was set to 1x10‑4 and the threshold of 
the fold change was set to 2.

Cancer cell line encyclopedia (CCLE) analysis. The expres-
sion of PBX1 in different types of cancer was analyzed using 
CCLE (https://portals.broadinstitute.org/ccle; accession date, 
May 26, 2018), which is an online database that provides 
public access to genomic data, analysis and visualization of 
947 human cancer cell lines (30).

Gene expression‑based outcome for breast cancer online 
algorithm (GOBO) analysis. GOBO (http://co.bmc.
lu.se/gobo/gsa_cellines.pl; accession date, May 27 2018), a 
database that uses Affymetrix U133A microarray gene expres-
sion data from 1,881 patients with BC and a 51‑sample BC 
cell line set (31), was used to determine the transcription level 
of PBX1 in different molecular subtypes of BC. Analysis of 
variance was performed to determine the significant differ-
ence among different molecular subtypes of BC, followed 
by Bonferroni's post‑hoc test for multiple comparisons. The 
calculated P‑values were adjusted for multiple testing by 
applying a false discovery rate adjustment of 0.2. 

Survival analysis. Kaplan‑Meier plotter (http://kmplot.
com/analysis/) is an online database that contains updated 

gene expression data and survival information of patients with 
cancer. It may be used to evaluate the effect of genes on survival 
rate using clinical cancer specimens. The prognostic signifi-
cance of PBX1 in BC specimens was assessed by displaying the 
relapse‑free survival (RFS) in Kaplan‑Meier plots (32).

Results

PBX1 is significantly overexpressed in patients with BC. To 
date, four PBX members have been identified in mammalian 
cells. However, little is known about their roles in BC progres-
sion. To determine whether PBX family members are involved 
in BC progression, the expression of PBXs was determined 
in BC tissues and control tissues using the Oncomine data-
base, which altogether includes 465, 449, 443 and 258 unique 
datasets for PBX1, PBX2, PBX3 and PBX4, respectively. The 
mRNA level of PBX1 in patients with BC was significantly 
upregulated in 8 datasets, whereas no significant difference in 
PBX2, PBX3 or PBX4 mRNA levels was observed between 
BC tissues and control tissues (Fig. 1). The PBX1 mRNA 
level was 3.298‑fold elevated in BC tissues compared with 
control samples in an analysis of 593 specimens from The 
Cancer Genome Atlas (http://cancergenome.nih.gov) database 
(P=1.46x10‑17; Fig. 2A). In Finak's dataset (33), PBX1 expres-
sion was 7.361‑fold elevated in BC tissues compared with 

Figure 1. Analysis of PBX expression pattern among different types of cancer 
using the Oncomine database. The graph indicates the numbers of datasets 
with statistically significant overexpression (red) or downregulation (blue) of 
PBXs (cancer vs. normal). The threshold of the P‑value was set to 1x10‑4. The 
threshold of the fold change was set to 2. PBX, pre‑B‑cell leukemia transcrip-
tion factor.
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control samples (P=1.28x10‑20), whereas no significant differ-
ence in PBX2, PBX3 or PBX4 mRNA levels was observed 
between BC samples and normal controls (Fig. 2B‑E).

To further determine the exact expression pattern of PBX1, 
the mRNA expression of PBX1 in different cancer cell lines 
was examined using the CCLE database, which contains 
a large number of cancer cell lines and provides extensive 
information on the expression of PBX1 in numerous cancer 
subtypes with different tissue types of origin. As indicated in 
Fig. 3, the transcription level of PBX1 in BC cell lines was the 
highest among all of the cancer types. This result was consis-
tent with the data from the Oncomine analysis, suggesting that 
PBX1 may have a crucial role in the carcinogenesis of BC.

Since the above evidence indicated that PBX1 is highly 
expressed in BC tissues and cell lines, a pooled meta‑analysis 

was performed to confirm the high expression of PBX1 in BC 
using the Oncomine database. A total of 13 analyses, including 
939 samples, were included in the meta‑analysis. Overall, the 
pooled analysis demonstrated that the mRNA level of PBX1 
was significantly increased in the 13 clinical cohorts of patients 
with BC (Fig. 4). This result provided strong evidence that the 
expression of PBX1 is significantly increased in BC.

PBX1 expression is significantly correlated with forkhead box 
protein (FOX)A1 in BC. To gain further insight into the potential 
roles of PBX1 in BC, co‑expression analysis of PBX1 mRNA 
was performed using the Oncomine database. The co‑expression 
profile of PBX1 was examined using a cluster of 19,574 genes 
in 19 BC samples (34). As presented in Fig. 5, PBX1 expression 
was significantly correlated with FOXA1 (r=0.769). FOXA1 

Figure 2. Analysis of PBX family members in Oncomine datasets. Box plots derived from gene expression data in Oncomine comparing the mRNA expres-
sion of a specific PBX family member in normal and BC tissues. The threshold of the P‑value was set to 1x10‑4 and the fold change threshold was set to 2. 
Comparison of PBX1 mRNA expression by tissue type (cancer vs. normal) in the (A) TCGA database and (B) Finak's breast dataset. (C) Comparison of PBX2 
mRNA expression by tissue type (cancer vs. normal) in Finak's breast dataset. (D) Comparison of PBX3 mRNA expression tissue type (cancer vs. normal) in 
the Gluck's breast dataset. (E) Comparison of PBX4 mRNA expression by tissue type (cancer vs. normal) in Finak's breast dataset. The black dots indicateout-
liers. PBX, pre‑B‑cell leukemia transcription factor; BC, breast cancer; TCGA, The Cancer Genome Atlas.
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is a member of the FOX family of transcription factors, which 
has been reported to promote BC progression by enhancing the 
expression and activity of ERα (35,36). This result suggested 
that PBX1 might have a role in BC carcinogenesis by interacting 
with the FOXA1‑ERα axis.

Analysis of PBX1 expression pattern in distinct BC subtypes. 
The present study next examined the PBX1 expression pattern 
in distinct BC subtypes using the Oncomine database. The 
study by Farmer et al (37) revealed that PBX1 was 2.081‑fold 
upregulated in luminal‑like BC tissues compared with that in 
basal‑like BC tissues (P=3.86x10‑9; Fig. 6A). GOBO analysis 
was used to further examine the PBX1 expression pattern in 
distinct BC subtypes. As presented in Fig. 6B, PBX1 expres-
sion was significantly upregulated in the luminal‑like subtype 
compared with that in the basal‑A and basal‑B subtypes of BC. 
Furthermore, the expression of PBX1 was significantly upregu-
lated in the hormone receptor‑sensitive subtype compared with 
those in the triple‑negative (TN) and human epidermal growth 
factor receptor 2 (Her‑2) subtypes. The PBX1 mRNA expression 
showed differences across 51 breast cancer cell lines (Fig. 6C).

High PBX1 expression is associated with poor prognosis in 
patients with BC. Since elevated PBX1 expression was closely 
associated with BC progression, the present study further 
determined the effect of PBX1 on the long‑term survival of 
patients with BC using the Kaplan‑Meier plotter, which is an 
online analysis tool that may be used to evaluate the effect of 
54,000 genes on survival in 21 cancer types (32). As presented 
in Fig. 7A, a high expression level of PBX1 was closely asso-
ciated with a shorter RFS in all patients with BC [hazard 
ratio (HR)=1.15, P=0.011]. Furthermore, the analysis of BC 
subtypes revealed that the overexpression of PBX1 was signifi-

cantly associated with a shorter RFS in ER‑positive (HR=1.21, 
P=0.021), luminal A (HR=1.21, P=0.026) and luminal B 
(HR=1.37, P=0.0012) subtypes, but not in ER‑negative 
(HR=0.96, P=0.74), Her‑2‑positive (HR=0.71, P=0.13), 
Her2‑negative (HR=0.99, P=0.95) or basal‑like (HR=0.96, 
P=0.75) subtypes (Fig.  7B‑H). These results indicated a 
crucial prognostic value of PBX1 in ER‑positive, luminal A 
and luminal B subtypes of BC.

Discussion

BC is one of the most common types of cancer among all 
malignant tumor types in females, with high incidence and 
mortality rates (38‑40). Due to its pathological and anatomical 
features, it is difficult to observe the early onset of BC and 
tumors are frequently diagnosed in the late stages of the 
disease. The initiation and development of BC are immensely 
complex biological processes and the disease has a poor prog-
nosis. Therefore, it is necessary to identify valuable predictive 
and prognostic biomarkers for early diagnosis and effective 
treatment of BC. In the present study, publicly available 
clinical datasets were evaluated to determine differentially 
expressed genes between cancer samples and control samples. 
The results suggested that PBX1 was significantly upregulated 
in BC samples compared with other PBX genes, indicating its 
specific role in patients with BC.

PBX proteins are homeodomain‑containing transcription 
factors that act as HOX cofactors to regulate gene transcrip-
tion during development (41‑43). Growing evidence suggests 
that PBXs have oncogenic functions. For instance, PBX1 acts 
as a chimeric fusion partner in the oncoprotein E2A‑PBX1 
to promote the progression of pre‑B cell ALL (44,45). It also 
confers prostate cancer cells resistance against common 

Figure 3. Analysis of PBX1 mRNA expression in the Cancer Cell Line Encyclopedia database. PBX1 was significantly overexpressed in BC cell lines and its 
expression level was the highest in BC cell lines among all of the different cancer cell lines. PBX, pre‑B‑cell leukemia transcription factor; BC, breast cancer; 
CML, chronic myeloid leukemia; AML, acute myeloid leukemia; DLBCL, diffuse large B‑cell lymphoma; NSC, non‑small cell.
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Figure 4. Meta‑analysis of gene expression profiling for the PBX1 gene in breast cancer using the Oncomine database. The P‑value threshold was 1x10‑4 and 
the threshold of the fold change was set to 2. The colored squares indicate the median rank for PBX1 across each analysis comparing breast cancer with normal 
tissue. The color intensity indicates the respective levels of PBX1. The red column indicates PBX1 mRNA upregulation. PBX, pre‑B‑cell leukemia transcrip-
tion factor; TCGA, The Cancer Genome Atlas.

Figure 5. Co‑expression analysis of PBX1 among distinct subtypes of breast cancer. Oncomine analysis revealed that PBX1 expression was distinctively cor-
related with FOXA1 expression. The correlation between PBX1 and other proteins was presented as the ratio of the mRNA expression value of target protein 
to that of PBX1 mRNA. For comparison, the expression value of PBX1 mRNA was set to 1.000. PBX, pre‑B‑cell leukemia transcription factor; FOXA1, 
forkhead box protein 1.
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chemotherapeutic drugs, including doxorubicin and cisplatin, 
and its degradation promotes the apoptosis of prostate cancer 
cells (46). PBX2 has been reported to mediate the antiapop-
totic function of miR‑1915‑3p in lung cancer  (47). High 
expression of PBX2 has been identified as a poor prognostic 
indicator in gingival squamous cell carcinoma and non‑small 
cell lung cancer (48,49). PBX3 has been suggested to be the 
target of multiple miRs, including miR‑320a, miR‑129‑5p, 
and miR‑526b, and mediates the antitumor effects of these 
miRs (50‑52). Furthermore, PBX3 enhances the stability of 
Meis homeobox 1 (MEIS1) and dimerizes with MEIS1 to 

efficiently promote leukemogenesis in mouse models (53). 
It is also recognized as a prognostic factor in several types 
of cancer, including colorectal, cervical, gastric and pros-
tate cancer  (17,25,54,55). Low levels of PBX4 expression 
are observed in blood samples of patients with ALL (23). 
However, its function has not been reported in ALL progres-
sion. In the present study, data from the Oncomine analysis 
suggested that, among all PBX family members, only the 
expression level of PBX1 was higher in BC samples than 
in the corresponding control samples. Consistent with this, 
CCLE analysis indicated that the PBX1 expression levels in 

Figure 6. Analysis of PBX1 expression among distinct BC subtypes. (A) Box plot derived from Oncomine showed the comparison of PBX1 mRNA expres-
sion by different BC tissue subtypes (basal‑like subtype vs. luminal‑like subtype) in the Farmer's breast dataset. The black dots indicate outliers. (B) Gene 
expression‑based Outcome for Breast cancer Online analysis revealed that the expression of PBX1 in luminal‑like was significantly higher than in Basal A or 
Basal B subtypes of BC, and hormone receptor‑positive subtype also express higher PBX1 compared with TN and HER2 subtypes. The white circles indicate 
outliers. (C) Gene expression‑based Outcome for Breast cancer Online analysis showed the differential expression levels of PBX1 across 51 BC cell lines. Red 
bars represent Basal A BC cell lines. Grey bars represent Basal B BC cell lines. Blue bars represent hormone receptor‑positive BC cell lines. PBX, pre‑B‑cell 
leukemia transcription factor; BC, breast cancer; TN, triple‑negative; HER2, human epidermal growth factor receptor 2.
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BC were the highest among all cancer types at the cellular 
level. The study further investigated the PBX1 expression 
pattern in distinct subtypes of BC. GOBO analysis indi-
cated that PBX1 mRNA was significantly overexpressed in 
luminal‑like subtypes of BC compared with the basal‑A and 
basal‑B subtypes. In addition, PBX1 mRNA was significantly 
overexpressed in the hormone receptor‑sensitive subtype 
of BC compared with that in the TN and Her‑2 clinical 
subtypes. Furthermore, meta‑analysis also revealed that 
PBX1 overexpression was associated with BC. These results 
demonstrated that PBX1 is overexpressed in BC tissues and 
BC cell lines, and that PBX1 expression is closely associ-
ated with BC progression, indicating its unique role in BC. 
However, the detailed mechanisms of the role of PBX1 in BC 
remain unknown and require further elucidation.

It has been reported that PBX1 is correlated with ERα and 
promotes the expression of genes associated with the aggressive 
progression of ERα‑positive BC by guiding estrogen‑induced 
ERα recruitment to its target chromatin (56). Another study 
indicated that PBX1 also has an important role in ERα‑mediated 
transcriptional response to estrogen‑independent epidermal 
growth factor (EGF) signaling  (57). Knockdown of PBX1 
blocks the expression of a subset of EGF‑ERα target genes 
in ERα‑positive BC cells. Furthermore, upregulation of PBX1 
was associated with an increased risk of metastatic progres-
sion of ERα‑positive BC  (57). In the present study, gene 
co‑expression analysis revealed that PBX1 is closely associ-
ated with FOXA1 in BC patients. FOXA1 belongs to the FOX 
family of transcription factors and was first identified due to 
its role in the transcriptional regulation of genes expressing 

Figure 7. Clinical significance of PBX1 expression in patients with BC. Low expression of PBX1 was significantly associated with longer RFS in (A) all 
patients with BC and (B) ER‑positive subtype, but not in (C) the ER‑negative subtype. Low expression of PBX1 was not associated with longer RFS in either 
(D) Her‑2‑positive or (E) Her‑2‑negative subtype. Low expression of PBX1 was significantly associated with longer RFS in (F) luminal A and (G) luminal 
B subtypes, but not in (H) basal‑like subtype. PBX, pre‑B‑cell leukemia transcription factor; BC, breast cancer; RFS, relapse‑free survival; ER, estrogen 
receptor; HR, hazard ratio; Her‑2, human epidermal growth factor receptor 2.
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liver‑specific transthyretin and α1‑antitrypsin (58). FOXA1 is 
a prognostic marker and novel therapeutic target in BC (59). It 
has been reported that FOXA1 may act as an initiating factor 
to regulate the activity of ERα by enhancing the binding of 
ERα to its target genes (60). Furthermore, it directly binds to 
the promoter of ER and regulates the expression of ERα in BC 
cells (36). The present results suggest that PBX1 may have a 
crucial role in contributing to BC progression via the FOXA1 
signaling pathway. In addition, PBX1 has been suggested to 
act as an initiating factor to guide ERα genomic activity to 
unique genomic regions, thus promoting the transcription of 
genes involved in BC progression (56,57).

The clinical significance of PBX1 expression in BC 
remains unclear. Therefore, the present study examined the 
association between the PBX1 expression pattern and the 
prognosis of different molecular subtypes of BC by Oncomine 
analysis and established the association of PBX1 expression 
with survival outcome. The pooled results indicated that high 
PBX1 expression was significantly associated with worse RFS 
in ER‑positive, luminal A and luminal B subtypes of BC, but 
not in ER‑negative, Her2‑positive or basal‑like BC subtypes, 
suggesting that PBX1 is a potential oncoprotein in BC. 
The results of the present study are consistent with those of 
Magnani et al (56,57). Overall, these data demonstrate that the 
expression level of PBX1 may be a useful biomarker of prog-
nosis for ER‑positive, luminal A and luminal B subtypes of BC.

In conclusion, PBX1 is significantly overexpressed in BC 
tissues compared with normal tissues and its high expres-
sion level is a predictor of poor prognosis of patients with 
ER‑positive, luminal A and luminal B subtypes of BC. In addi-
tion, PBX1 is positively correlated with FOXA1. The present 
study suggests that PBX1 may be an important biomarker for 
BC. Large‑scale and comprehensive studies are still required 
to further confirm the present results and to determine the 
clinical application of PBX1 in the prognostication of patients 
with BC.
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