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Abstract: PRRX1 (paired related homeobox 1), a member of the paired homeobox family, 
exhibits an important role in tumor. It is closely correlated to the occurrence of epithelial- 
mesenchymal transition (EMT). PRRX1 is an important transcription factor regulating EMT 
and plays an important role in tumor progression. In the process of tumor metastasis, PRRX1 
mainly regulates the occurrence of EMT in tumor cells through TGF-β signaling pathway, 
Wnt/β-catenin signaling pathway and Notch signaling pathway. PRRX1 is not only closely 
related to the tumor cell stemness but also involved in miRNA regulation of EMT. Therefore, 
PRRX1 may be a target for inhibiting the proliferation, metastasis and stemness of tumor 
cells. The current review provides a systemic profile of the regulatory role of PRRX1 in 
cancer epithelial-mesenchymal transition. 
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Introduction
Homeobox genes are highly conserved and are primary regulators in the development 
of animals, fungi, and plants. The Homeobox gene contains about 180 nucleotides, 
which encodes a 60-amino-acid DNA-binding motif named the homeobox domain. 
The homeobox genes mostly encode transcription factors and function as activators 
or repressors of the other genes.1 In 1975, Garcia-Bellido proposed that homeobox 
genes could directly activate genes that control morphogenesis.2 He called these 
downstream targets the “realizator” genes, defining them as genes that determine 
processes such as cell shape or phenotype, adhesion, migration, and rate of mitosis or 
apoptosis. Studies have confirmed that homeobox genes control the “realizator” genes 
mainly through regulating other transcription factors and signaling molecules.1 It is 
also found that the downstream target genes are activated or inhibited by the homeo-
box genes, and play an important role in the regulation of proliferation, differentia-
tion, and apoptosis of cells.3

PRRX1 is a transcription factor belonging to the paired homeobox family, and 
the gene is located in the nucleus in chromosome 1q24. And there are two main 
isoforms of PRRX1 called PRRX1 isoform a and b. PRRX1a, usually called 
PRRX1, is the canonical isoform of PRRX1.4 PRRX1a is a transcription activator 
and contains an OAR (otp, aristaless, and rax) domain and a homeobox DNA- 
binding domain. The OAR domain is a 15-amino-acid region shared by orthopedia 
homeobox (OTP), aristaless related homeobox (ARX), and retina and anterior 
neural fold homeobox (RAX). The homeobox DNA-binding domain is a 60- 
amino-acid motif that binds to DNA via a helix-turn-helix structure, thereby playing 
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a role in transcriptional regulation of gene expression. 
PRRX1b shares most of the sequence with PRRX1a 
except the OAR domain.4

PRRX1 usually acts as a transcription factor or tran-
scriptional coactivator to regulate the expression of target 
genes. Several DNA sequences that PRRX1 can bind to 
have been reported. As a transcription factor, PRRX1 can 
bond to the promoter sequence (5′-AGCCCTTCACTA 
CTGTTGACTTCTC-3′) of PPARG2 to regulate its 
expression.5 Also, PRRX1b can bond to SOX9 promoter 
in a highly conserved sequence (5′-AACAAATTACA-3′).4 

As a transcription co-activator, PRRX1 can bind to 
PRRX2 in order to regulate MIR875 at the 5′-AATTA-3′ 
region of its promoter.6 Also, PRRX1 can interact with 
serum response factor (SRF) and SRF–Phox1 interacting 
protein (SPIN) to bond to the promoter of FOS at the 5′- 
GTCAAT-3′region.7

PRRX1 is abnormally expressed in many diseases and 
is involved in tumor metastasis. Especially, it is closely 
correlated to the occurrence of epithelial-mesenchymal 
transition (EMT) and stemness maintenance of tumor 
cells, consequently affecting the proliferation and metas-
tasis of cancer cells.

PRRX1 Promotes EMT of Tumor 
Cells
In 2012, Ocana et al first found that overexpression of 
PRRX1 could promote EMT in cancer cells.8 Recent stu-
dies have reported that PRRX1 is involved in the metas-
tasis of many cancers, mainly through regulating the 
occurrence of EMT, a biological process that enables 
a polarized epithelial cell to acquire a mesenchymal cell 
phenotype.9 During EMT, epithelial cells lose their polar-
ity and intercellular interaction, and gain abilities of 
migration, invasion, anti-apoptosis, and degradation of 
extracellular matrix. EMT, which partly related to the 
activities of matrix metalloproteinase family is regarded 
as a hallmark of malignant tumors. MMP2 and MMP9 are 
two important matrix metalloproteinases that correlated 
with tumor cell tumor aggressiveness and overall survival. 
Thus, they are commonly used as serum markers of the 
malignant phenotype.10 Another protein family that linked 
to EMT is the cadherin family, which include E-cadherin, 
N-cadherin, etc. More and more studies have proved that 
PRRX1 can regulate cadherin family to directly regulate 
the occurrence or process of EMT through the Wnt/β- 

catenin signaling pathway and/or Notch signaling pathway 
(Figure 1).

PRRX1 Promotes EMT Through Wnt/β- 
Catenin Signaling Pathway
In breast and gastric cancer, PRRX1 promotes EMT 
mainly through the Wnt/β-catenin signaling pathway. Lv 
et al found that the repression of PRRX1b inhibited EMT 
via the Wnt/β-catenin signaling pathway and its down-
stream target gene Cyclin D1 (CCND1). They speculated 
that PRRX1b induced EMT through the Wnt/β-catenin 
signaling pathway, leading to invasion and metastasis of 
tumor cells.11 Studies have also proved that PRRX1 acti-
vated the Wnt/β-catenin signaling pathway and induces the 
binding of Wnt molecules to transmembrane protein 
receptors in gastric cancer, thereby inhibiting the destruc-
tion of the complex and allowing the accumulation of β- 
catenin into the nucleus. In addition, XAV939, an inhibitor 
of the Wnt/β-catenin signaling pathway, has been shown to 
attenuate EMT caused by over-expression of PRRX1, con-
sequently inhibiting the invasion and migration of gastric 
cancer cells.12

PRRX1 Promotes EMT Through Notch 
Signaling Pathway
Studies on the invasion ability of malignant glioblastoma 
cells have also shown an association with PRRX1. 
Sugiyama et al found that the expression of PRRX1 in 
glioblastoma cells was positively correlated with the 
expression of its target gene Hes family BHLH transcrip-
tion factor 1 (HES1) in the downstream of the Notch 
signaling pathway, suggesting that PRRX1 may activate 
the Notch signaling pathway.13 Inhibition of the Notch 
signaling pathway with a γ-secretase (DAPT) inhibitor 
can suppress the PRRX1-promoted cell invasion, further 
proving that PRRX1 promotes the invasion of malignant 
gliomas by inducing the Notch signaling pathway. 
However, knockdown of PRRX1 in U87 and U251sp 
cells had no effects on the Notch signaling pathway, indi-
cating that a certain cellular environment is required for 
PRRX1-mediated activation of the Notch signaling path-
way. Additionally, the Notch signaling pathway is also 
regulated by other upstream proteins. For instance, the 
immunoglobulin kappa J region (RBP-J), a main transcrip-
tional mediator of Notch signaling, can lead to activation 
of Notch signaling pathway. And lack of RBPJ can 
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suppress the invasion of PRRX1-expressing cells by 
blocking Notch signaling pathway.13

PRRX1 Promotes EMT Through 
Maintaining the Stem of Tumor Cells
PRRX1 has also been observed to promote EMT through 
maintaining the stemness of cancer stem cells (CSCs). 
CSCs are a small group of cells with stem cell character-
istics in tumors, which can maintain cancer progression 
and have the ability to self-renew and regenerate.14 Studies 
have provided evidences to support a direct relationship 
between EMT and CSC. EMT can confer tumor cells with 
stem cell-like characteristics, thus increasing the invasion 
and proliferation of tumor cells.15 Moreover, PRRX1 can 
induce the stemness of colorectal cancer (CRC) cells.16 In 
CRC cells, inhibition of miR-124 upregulates PRRX1, 
leading to upregulation of stem-related genes ATP binding 
cassette subfamily G member 2 (ABCG2), SRY-box tran-
scription factor 2 (SOX2), and major octamer-binding 
protein4 (OCT4).17 Other studies have shown that sirtuin 
1 (SIRT1) upregulates the cell stemness marker aldehyde 
dehydrogenase 1 family member A1 (ALDH1) ARX 
through PRRX1 deacetylation. Elimination of PRRX1 
inhibits core cell stem factor Kruppel-like factor 4 

(KLF4), and then forms a SIRT1-PRRX1-KLF4-ALDH1 
pathway, which enhances the stemness of tumor cells. 
Meanwhile, the depletion of SIRT1 results in an enhanced 
epithelial plasticity in basal-like breast cancer cells and 
induces highly proliferative MET-type ALDH1+ CSCs, as 
a result promoting metastasis of tumor cells and drug 
resistance, which may due to the upregulation of ATP- 
binding cassette subfamily G member 2 (ABCG2) by 
PRRX1.18,19 Recent studies have demonstrated that leu-
cine-rich repeat-containing G protein-coupled receptor 5 
(LGR5)-expressed CD54+ cells have the characteristics of 
stem cells in gastric cancer cells, and LGR5 is positively 
correlated with cell stemness and PRRX1 expression.20 Li 
et al found that the ability of PRRX1 to regulate the self- 
renewal of glioma stem cells was regulated by the dopa-
mine D2 (DRD2) receptor, which can stimulate the release 
of dopamine (DA) to activate the extracellular signal- 
regulated kinase (ERK) and c-Jun NH2-terminal kinase 
(JNK) pathways. Furthermore, DA promotes mitogenesis, 
which is closely related to Ras-dependent mitogen- 
activated protein kinase (MAPK) and JNK pathways, and 
is associated with tumorigenicity and aggressiveness.21 

PRRX1 directly activates the DRD2 signaling pathway 
by binding to the promoter of DRD2 receptor, conse-
quently ensuring the tumorigenicity and invasion of 

Figure 1 Regulatory roles of PRRX1 in EMT of tumor cells.
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glioma stem cells. Knockdown of PRRX1 reduces the 
expression of DRD2 and its consequent extracellular sig-
nal-related kinases ERK and AKT. Thus, DRD2 can reg-
ulate the proliferation, differentiation, and metastasis of 
glioma cells via ERK and PI3K/AKT signaling pathways, 
providing a theoretical basis for the study of PRRX1 
−DRD2−ERK/AKT axis.22

The Effects of PRRX1 Isoforms on EMT
Two isoforms, PRRX1a and PRRX1b, have been identified 
for PRRX1. The difference between PRRX1a and PRRX1b 
is at their C-terminus. PRRX1a is the canonical PRRX1 
transcript that harbors an OAR (otp, aristaless, and rax) 
domain, which is named after three proteins sharing this 15- 
amino-acid region, while the C terminal end of PRRX1b 
does not contain any other known protein domains.4 Recent 
studies have shown that PRRX1a and PRRX1b play different 
roles in EMT. When the total PRRX1 is silenced, the motility 
of liver cancer cells is enhanced, leading to invasion and 
metastasis of cancer cells.23 Further investigation demon-
strates that PRRX1a stimulates tumor metastasis, differentia-
tion, and mesenchymal-epithelial transformation in the liver. 
In contrast, PRRX1b promotes the invasion, dedifferentia-
tion, and EMT of cancer cells. Furthermore, both PRRX1a 
and PRRX1b were associated with the invasion and metas-
tasis of PDC and 4313 pancreatic cancer cells.24 GO analysis 
demonstrated that PRRX1a markedly promoted tumor cell 
metastasis, while PRRX1b mainly affected tumor cell 
invasion.24

TGF-β Induces EMT Through PRRX1
Zheng et al found that PRRX1 was the target gene of miR- 
106b. Knockdown of miR-106b in CRC cells increased the 
expression of PRRX1, which accelerated the process of 
EMT.25 They also found that TGF-β1 inhibited the expres-
sion of miR-106b, which also had a negative feedback 
effect on TGF-β1. This formed a negative feedback loop 
that regulated the expression of PRRX1, thereby regulat-
ing the occurrence of EMT.25 In head and neck squamous 
cell carcinoma (HNSCC) cells, PRRX1 cooperates with 
activated TGF-β1 to promote the migration and invasion 
of cancer cells, and subsequently regulates the phenotypic 
plasticity and dormancy of tumor cells.26 In lung cancer, 
PRRX1a has been found upregulated in lung cancer tissues 
and correlated with TGF-β expression positively.27 Also, 
Chen et al found that PRRX1 knockdown can upregulated 
paired-like homeodomain 2 (PITX2) in lung cancer tis-
sues. The upregulation of this protein can increase miR- 

200a and miR-200b/429, which respectively inhibited 
CTNNB1 and SLUG, one of the TGF-β downstream sig-
nals As a result, promoting the effect of E-cadherin.28 

Hardin et al treated thyroid cancer cells with TGF-β1 
and found that the expression of PRRX1 was increased, 
with upregulation of Slug and Snail. Snail can directly 
bind to the promoter of E-cadherin, thereby inhibiting the 
expression of E-cadherin, reducing the intercellular inter-
action, and eventually leading to the occurrence of EMT.29 

Overexpression of small heat shock protein (HSP27) in 
salivary adenoid cystic carcinoma cells promotes EMT 
process through the TGF-β1 signaling pathway, accompa-
nied by upregulation of Snail1 and PRRX1. Studies have 
shown that HSP27 inhibits E-cadherin e-pression by acti-
vating Snail1 and PRRX1. At the same time, overexpres-
sion of Snail1 and PRRX1 increased migratory capacity 
and invasiveness of cancer cells.30 Fazilaty et al further 
revealed the interaction between Snail1 and PRRX1, 
which showed that Snail1 acted as a repressor to inhibit 
the transcription of PRRX1. However, PRRX1 promoted 
its own transcription and induced miR-15f to indirectly 
inhibit the expression of Snail1. Although both of them 
were activated by TGF-β1, the promoter of Snail1 was 
more sensitive to the signal and therefore was expressed 
preferentially, thereby inhibiting PRRX1 expression and 
subsequent epithelial cells interactions with surrounding 
cells.31

miRNA Regulates EMT Through PRRX1
Zhang et al found that PRRX1 was a direct target gene of 
miR-124,17 which was also confirmed by Lin et al.32 

Overexpression of miR-124 reduced the expression of 
PRRX1, consequently increased the sensitivity of CRC 
cells to radiation. In triple-negative breast cancer (TNBC), 
miR-655 suppresses EMT through direct inhibition of 
PRRX1 expression.33 In addition, the expression of PRRX1 
in HNSCC cells was significantly negatively correlated with 
miR-642b-3p, and its expression was downregulated by 
overexpression of PRRX1. Reinforced expression of miR- 
642b-3p reversed the PRRX1-promoted EMT and prolifera-
tion of cancer cells.26 Funada et al found that PRRX1 could 
enhance the expression of miR-875 by binding to its promo-
ter region. MiR-875, which is proved as an EMT inducer, can 
promote cell migration through the PDGF signaling pathway. 
In melanoma progression, PRRX1 was found upregulated 
and negatively correlated with miR-485-5p.6 Wu et al 
found that miR-485-5p can target PRRX1 to silence its 
expression. As a result, inhibiting the progress of EMT.34
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The Functional Mechanisms of 
PRRX1 in Tumor
Studies have demonstrated that PRRX1 plays a role as 
a transcription factor or transcriptional co-activator during 
tumorigenesis (Figure 2)

PRRX1 Functions as a Transcription 
Factor
As a transcription factor, PRRX1 binds to the promoter of 
the target genes to stimulate or inhibit their transcription, 
which consequently promotes the proliferation and/or inva-
sion of tumor cells. Some EMT-related genes have been 
reported to be regulated by PRRX1. For instance, PRRX1 
directly binds to the promoter of PPARG2 and inhibits its 
expression, which promotes the progression of EMT.5 

Meanwhile, PRRX1b, an alternative splicing isoform of 
PRRX1, is able to bind to the promoter of HGF to stimulate 
the HGF/MET signaling pathway, which is an important 
pathway to stimulate EMT and tumor growth.24 PRRX1 
also promotes the proliferation of tumor cells by acting as 
a transcription factor of relevant genes. Reichert et al 
revealed that PRRX1b bonded to SOX9 promoter at the 
region between −1950 and −1830 nucleotides (nts), which 
promoted the expression of SOX9 and led to cell migration. 
They also found that a highly conserved PRRX1 DNA- 

binding sequence in this region was able to bind to 
PRRX1b.4 It has also been reported that PRRX1 can bind 
to the promoter region of dopamine receptor D2 (DRD2) 
gene and transactivate the expression of DRD2 in gastro-
intestinal cancer cells, resulting in the proliferation of tumor 
cells. Specifically, Li et al demonstrated that PRRX1 binds 
to the upstream of the DRD2 gene (−281 to −173 nt) using 
luciferase reporter assay and ChIP-qPCR.22

In addition, PRRX1 contributes to the development of 
tumor by binding to the promoter of miRNA gene or 
miRNA precursor and consequently regulating miRNA 
expression. For instance, PRRX1 can bind to the promoter 
region of MIR875 at −500 to +100 nts, especially the 
sequence of “TAATTA” at about −192 nts, which stimu-
lates the maturation of miR-875-5p and promotes the 
migration of tumor cells.6 Interestingly, Jiang et al found 
that PRRX1 bonded to the hypoxia response element 
regions of pre-miR-642b to inhibit the maturation of 
miR-642b-3p, which inhibited the EMT of tumor cells.26

PRRX1 Functions as a Transcription 
Co-Activator
Studies also provide evidences to support the transcription 
co-activator roles of PRRX1 by binding to transcription 
factors or other proteins. For instance, PRRX1 binds to the 

Figure 2 Transcriptional roles of PRRX1 in tumorigenesis.
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Forkhead domain of Forkhead Box M1 (FOXM1) to 
increase the stability and transcriptional activity of 
FOXM1, leading to the upregulation of target 
genes.35 Grueneberg et al reported that PRRX1 interacted 
with SRF to enhance serum responsive a result, promoting 
tumor progression.7

Summary
PRRX1 is an important member of the paired family of 
homeobox proteins localized to the nucleus of the cell. It 
is a transcription activator involved in tumor metastasis.8 

In particular, it plays a significant role in the occurrence 
of EMT and the maintenance of tumor cell stemness, and 
affects the proliferation and metastasis of tumor cells. 
The mechanisms of PRRX1 promoting EMT are different 
in different tissues and types of cancer. PRRX1 promotes 
EMT through Wnt/β-catenin signaling pathway, Notch 
signaling pathway, and maintenance of tumor stem 
cells. In addition, there are close relationships between 
PRRX1, TGF-β, mi-RNA and EMT. Feldmann et al 
found that PRRX1 in cancer-associated fibroblasts 
(CAFs) promoted EMT and chemotherapeutic resistance 
in tumor cells through paracrine hepatocyte growth factor 
(HGF) signaling.36 However, PRRX1 has also been 
found to inhibit the occurrence of EMT of cancer cells. 
For instance, PRRX1 knockdown induces the occurrence 
of EMT with decreased cadherin 1 (CDH1) and increased 
cadherin 2 (CDH2) and Vimentin (VIM), resulting in 
invasion and metastasis of lung cancer 
cells.37 Moreover, inhibition of PRRX1 also enhanced 
the anti-apoptotic and resistant abilities of A549 cells to 
cisplatin.38 In liver cancer, SDF-1 can induce EMT and 
cell stemness. PRRX1 is negatively regulated by SDF-1. 
While inhibition of PRRX1 stimulates the receptor of 
Stromal Cell Derived Factor-1 (SDF-1), C-X-C motif 
chemokine receptor 4 (CXCR4), thereby enhancing the 
regulatory effects of SDF-1 on cells. At the same time, 
inhibition of PRRX1 can phosphorylate signal transducer 
andactivator of transcription 3 (STAT3) and strengthen 
the invasion ability of liver cancer cells.39 Since PRRX1 
has a strong relationship with different kinds of tumor, 
further study on the mechanism of PRRX1 will provide 
a theoretical basis to elucidate the formation and devel-
opment of tumor, and provide a new target for tumor 
treatment. Also, there are several microRNAs that regu-
late PRRX1 in different tumor tissues, micronucleic acid 
drugs targeting PRRX1 may be a new kind of cure for 
cancer.
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