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Abstract: Breast cancer, as a malignant tumor threatening the survival of women in China, its incidence rate is increasing year

by year and showing a younger trend, control of cancer cell proliferation, invasion, metastasis is the focus and difficulty of

treatment. DEAD-box polypeptide 5 (DDX5), a processing factor regulating RNA biological function, is a multi-dimensional

functional protein involved in regulating RNA splicing, ribosome biological function, transcription and translation. It can

promote the proliferation, invasion and metastasis of breast cancer through gene amplification, activation of carcinogens,

enhancement of epithelial mesenchymal transformation, and reorganization of cytoskeleton. It can also be used as a marker of

prognosis and recurrence of breast cancer. This article reviews the role of DDX5 in promoting the proliferation, invasion and

metastasis of breast cancer, elaborates its significance in the classification, prognosis and recurrence of breast cancer, and the

clinical reports of existing Chinese medicine intervention DDX5 on breast cancer, which can provide a new perspective for the

exploration of the etiology of breast cancer and new targeted therapy ideas.
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DEAD-box polypeptide 5 (DDX5) is a prototypical
member of the DEAD-box family of deconjugating
enzymes, also known as P68 proteins. It was identified in
studies of immunocross-reactivity by Lane [1] against
PAb 204 and was first described as a host protein in 1980.
DDX5 can bind to the single and double strands of RNA,
provide the energy to unfold the secondary structure of
RNA and correct RNA misfolding. DDX5 is involved in
clinical disease processes [2], particularly in the
promotion of cancer development and carcinogenesis [3].
It acts as a transcriptional co-activator in various cellular
deregulation processes such as malignancy, and is
involved in the activation of oncogenic transcription
factors such as nuclear transcription factor-κB (NF-κB),
estrogen receptor α (ERα), β-connexin, androgen receptor,
signal transducer factor and signal transducer and
activator of transcription 3 (STAT 3). DDX5 is involved
the activation of the oncogenic factors, targeting
cancer-promoting factors and intervening in tumor
proliferation, metastasis, and invasion [4]. When
analyzing p68 levels in the same cohort, 141 patients out
of 215 cancers (accounting for 65.6 %) showed
up-regulation of p68 levels [5]. Subsequently, the high
expression of DDX5 in breast cancer cells has attracted
more and more scholars' attention [6]. It has been found
that DDX5 advances the progression of breast cancer by
resisting its proliferation, invasion and metastasis in a
variety of pathways [4], while the specific pathways have

not yet been fully elucidated. This article reviews the
significance of DDX5 in interfering with the biological
behaviors of breast cancer. It also reviews its expression
in clinical staging, recurrence and prognosis, which is
expected to provide a reference for further precision
treatment and prevention of disease aggravation.
1 Overview of the structure of DDX5

DDX5 is a nuclear protein with a relative molecular
weight of 68,000 that regulates cell growth and division
[7]. It is located at the E2F-regulated promoter of genes
associated with DNA coding and is involved in the
loading of RNA polymerase Ⅱ related to DNA replication
[8]. Its regulatory genes are located on chromosome
17q21, with 13 exons involved in the translation process
and homology to the eukaryotic initiation factor 4A
(eIF4A) [9]. Multiple genes associated with breast cancer,
including TP53 (17p13), ErbB2 (17q12) and BRCA1
(17q21), are all located on chromosome 17 [10].

DEAD-box protein family belongs to the RNA
polypeptide superfamily 2 (SF2) with a highly conserved
amino acid domain Asp-Glu-Ala-Asp (D-E-A-D). It relies
on adenosine triphosphate (ATP) for chain separation and
unwinding short double-stranded RNAs [11]. As a
member of the DEAD-box family, DDX5 has a core with
nine conserved motifs involved in binding of ATP and
RNA, cleavage of phosphoanhydride bonds, and
polypeptide activity. The polypeptide core consists of two
flexibly connected RecA-like domains, D1 and D2,
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responsible for ATP binding and recognition of
double-strand RNA. The highly conserved motifs Q, Ⅰ, Ⅱ,
and Ⅲ constitute the D1 domain, where the Q motif at the
N-terminus of the catalytic enzyme center, along with
upstream aromatic residues, can regulate ATP binding,
affecting the protein affinity for RNA substrates and
ultimately regulating polypeptide activity [12]. Animal
experiments show that peptide fragments spanning the Q
motif of DDX5I can disrupt its cooperation with
calmodulin (CaM), thereby inhibiting the cell pseudopod
growth, migration, and metastasis [13]. The flexible
mechanical movement of pseudopods plays a crucial role
in the invasion and spread of cancer cells [14].

The terminal motifs I and II, also known as Walker A
(P-loops) and B motifs, are involved in the binding of the
α and β phosphate groups of ATP. Motif III is defined by
the serine-alanine-threonine (S-A-T) sequence and
contributes to the arrangement and activation of the
γ-phosphate-modified ATP. Motif III, using the binding
energy of γ-PO4 of ATP, coordinates with motifs Ⅰ, Ⅱ, and
Ⅵ, forming high-affinity single-stranded RNA binding
sites [15]. The D2 domain at the C-terminus has an RNA
recognition domain, primarily composed of motifs Ⅳ, Ⅴ
and Ⅵ, which interact with the phosphate groups of
nucleic acid substrates, providing a basis for RNA
substrate specificity [16]. When the D1 and D2 core
domains interact with RNA under the influence of ATP, a
tightly closed R-loop structure is formed, creating
catalytic sites for ATP hydrolysis and RNA binding clefts.
This conformational change unfolds RNA and reshapes
the corresponding protein complexes, further influencing
various cellular processes [17]. An increase in R-loops is
associated with the activation of oncogenes or the
inactivation of tumor suppressor genes [18]. Whether
DDX5 plays a carcinogenic role through R-loop
remodeling and its role in breast cancer warrants further
exploration.
2 Roles of DDX5 on the biological behaviors of
breast cancer cells

DDX5 plays a crucial role in cellular processes
involving RNA structure adjustment, participating in the
rearrangement of secondary structures in RNA synthesis
and selective splicing in transcriptional processes, both
closely associated with cancer proliferation, metastasis,
and invasion [18]. Initial studies indicate DDX5
amplification in different subtypes of breast cancer,
including luminal A, luminal B, ErbB2 and Basal.
Knocking out DDX5 reduces the S-phase DNA
replication rate by 18.5%, consequently delaying the cell
proliferation process [8]. DDX5 can mediate breast
cancer cell migration by intervening in the expression of
S100A4 and LCN2 genes, both of which are target genes
of the transcription factor, nuclear factor of activated T
cells 5 (NFAT5), which promotes breast cancer cell
migration [19]. Therefore, the primary effects of DDX5
on breast cancer cell behaviors are proliferation, invasion
and metastasis.

2.1 Promotion of DDX5 for cell proliferation in
breast cancer

Normal growth and development require cell
proliferation, an essential process involving DNA
replication during the interphase of the cell cycle.
Aberrant proliferation can lead to various cancers,
including breast cancer. DDX5, which is expressed at low
levels in normal cells, is essential for organ development
and cell proliferation, participating in the transcription of
cell proliferation genes [20]. In breast cancer cells, DDX5
often exhibits high levels of expression, which can be
attributed to post-translational modifications such as
phosphorylation, ubiquitylation, and SUMOylation, as
well as its gene amplification and interaction with
proteins in relevant signaling pathways in cancer [21].

In mouse experiments, mice with DDX5
phosphorylated at threonine 69 (Thr69) site significantly
increased the weight of breast cancer-derived xenograft
tumor by 2.5g and the volume by about 5 times, together
with optimized Ki-67 staining. This process depends on
the mediation of p21-activated kinase 5 (PAK5) [22].
Previous studies have shown that PAK5 accelerates the
G1-S transition and promotes breast cancer cell
proliferation by activating NF-κB-p65 nuclear
translocation to upregulate cyclin D1 [23].
PAK5-mediated DDX5 phosphorylation recruits protein
inhibitor of activated STAT1 (PIAS1), promoting
SUMOylation of DDX5 at the K53 site to enhance its
stability, thus binding DDX5 to the DROSHA/DGCR8
complex, promoting microRNA-10b (miR-10b)
processing. MiR-10b is identified as a prospective marker
for early-stage breast cancer and is associated with the
clonogenic growth of breast cancer stem cells [24- 25].

Analyses of European research data by Mazurek et
al. [8] reveal 63 amplification sites of DDX5 among 255
breast cancer genomes. In Perou's study [26], genes
inhibited by DDX5 knockdown overlap with genes in
breast cancer proliferation clusters. Knocking down
DDX5 in SK-BR-3 breast cancer cells significantly
impairs the expression of cell division cycle 6 (CDC6),
CDC45, and minichromosome maintenance deficient 5
(MCM5), essential for DNA replication initiation.
Moreover, the binding of RNA polymerase II to gene
promoters is also inhibited, resulting in a 5- to 10-fold
decrease in cell proliferation. This suggests that DDX5 is
essential for breast cancer cell proliferation, and the
extent of proliferation depends on the expression activity
of DDX5. This provides a new perspective for developing
targeted agents for breast cancer with DDX5
amplification.

Among the 63 DDX5-amplified breast cancer
genomes, 37 also show amplification of the ErbB2 gene
locus. The sensitivity of cells transfected with
DDX5mi2008 to trastuzumab, a monoclonal antibody,
increases compared to cells carrying an empty vector with
DDX5. Targeting DDX5 in combination with
trastuzumab presents a new approach for the precision
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treatment of ErbB2-positive breast cancer.
DDX5 is involved in the co-activation of the Notch

signaling pathway [27]. Notch3 gene amplification is
found in ErbB2-negative breast cancer patients.
Transfection of Notch3 with siRNA reduces the number
of six ErbB2-negative cell lines by about five times and
significantly inhibits proliferation. Jagged1 and Jagged2,
ligands of Notch3, promote proliferation in
ErbB2-negative breast cancer by activating Notch3-CSL
signaling pathway [28]. However, recent research by
Brahim [29] suggests that Notch3 inhibits proliferation in
MDA-MB-231 cells, the triple-negative breast cancer
(TNBC) cell line, through the Notch3-HeyL-Mybl2 axis.
He et al. confirmed that DDX5 activates the Fos-related
antigen-1 (Fra-1) pathway, promoting TNBC proliferation
[30]. DDX5, a newly identified protein in the Fra-1
pathway, shares 6,699 overlapping gene binding sites
with Fra-1 in TNBC, accounting for 62%. This interaction
upregulates proliferation-promoting genes including
polo-like kinase 1 (PLK1) and CDC20, and
downregulates proliferation-inhibiting genes including
cyclin-dependent kinase inhibitor 2B (CDKN2B) and
CCAAT enhancer binding protein δ (CEBPD), to promote
proliferation of Fra-1-dependent TNBC. In vivo
experiments show that DDX5 deletion impairs origin
replication complex 1 (ORC1), ORC6, CDC6, MCM2,
MCM5, CDC45 and other genes which replicate DNA
precursors to inhibit proliferation. In vitro experiments
reveal reduced growth and colony-forming ability in
TNBC cells lacking DDX5, which enhances the
inhibitory effect of Fra-1 deletion on cancer cell growth.
This indicates a credible role of DDX5 in promoting
breast cancer proliferation, but the specific regulatory
pathway remains unclear, and requires further research.
Additionally, as a co-transcriptional activator for steroid
hormones, DDX5 collaborates with platelet-derived
growth factor receptor β (PDGFR β) to regulate the
p68-PDGFR-β-AR axis, promoting hormone-dependent
proliferation in breast cancer cells [31]. The above studies
confirm the pro-proliferative effect of DDX5 in breast
cancer proliferation and emphasize the importance of
further research to determine the specific regulatory
mechanisms.

2.2 Promotion of DDX5 for invasion and metastasis
in breast cancer cells

Cancer cell invasion and metastasis involve a
complex process involving cell migration and
extracellular matrix remodelling. Epithelial-mesenchymal
transition (EMT) reduces cell-cell interactions and
increases cell motility by converting epithelial cells into
mesenchymal cells to confer invasive and metastatic
properties on tumors. The conversion of E-cadherin,
vimentin and the snail superfamily of zinc-finger
transcription factors play a critical role in this process
[32]. DDX5 upregulates the expression of the
platelet-derived growth factor receptor— PDGFR-β by

both in vivo and in vitro experiments, thereby promoting
the expression of the mesenchymal markers, such as
vimentin and snail. This downregulates the E-cadherin
and promotes EMT, leading to increased migration of
breast cancer cells [31].

However, it has long been known that PDGFR-β is
expressed in 75% of highly invasive breast cancers and
correlates with the invasive phenotype of human breast
cancer. The autocrine PDGFR signaling pathway in
which it participates promotes transforming growth
factor-β (TGF-β)-induced EMT in EpRas cells by
over-activating the PDGFR-dependent phosphatidy-
linositol 3-kinase (PI3K) signaling pathway. This protects
the established mesenchymal phenotype in EpRasXT
cells, allowing human breast cancer cells to evade
apoptosis and achieve invasion and metastasis [33].

The classic Wnt/β-catenin signaling pathway,
triggered by various Wnt ligands, is involved in breast
cancer progression [34]. An Indian study [35] found that
DDX5 expression is upregulated in breast cancer cells
with overexpression of β-catenin, cellular
myelocytomatosis viral oncogene (C-Myc) and
transcription factor 4 (TCF4). This upregulation leads to
increased expression of the EMT markers N-cadherin,
vimentin and vascular endothelial growth factor (VEGF).
In vivo experiments show that DDX5 induces EMT
progression through the Wnt signaling pathway by
regulating the nuclear translocation of β-catenin. In
addition, MCF7 cells with Wnt3a stabilisation have an
approximately 15-fold increase in invasive capacity,
establishing a DDX5-mediated β-catenin/TCF4 signaling
feedback loop that regulates EMT in breast cancer
progression, although the specific mechanism remains
unclear. Wang et al. [36] found that DDX5 promotes
breast cancer metastasis by recruiting Ring1b to form a
complex that inhibits E-cadherin expression.

Wang et al. [10] innovatively investigated actin
dynamics in breast cancer and found that DDX5 promotes
breast cancer resistance and invasion through the
miR-182-actin cytoskeleton-aton pathway. As a key
regulator of miRNA, DDX5 downregulates target cofilin
and phosphorylated cofilin by modulating miR-182 in
basal breast cancer cells. This leads to the reorganization
of the actin cytoskeleton and inhibition of its
polymerization, conferring invasive properties on cancer
cells.

When DDX5 is knocked down in MDA-MB-231
cells, the expression of miR-21 decreases while the
expression of its target tumor suppressor gene,
programmed cell death 4 (PDCD4), increases. Loss of
PDCD4 expression promotes breast cancer invasion [37].
In addition, DDX5 upregulates the expression of ErbB2
together with miR-21. ErbB2 activation upregulates
miR-21, which promotes breast cancer cell invasion [38].
When ErbB2 is knocked out in ErbB2 breast cancer cell
lines, DDX5 protein expression is unaffected and vice
versa. Therefore, it is speculated that ErbB2-amplified
breast cancers with low expression of ErbB2 / high
expression of DDX5 may exhibit resistance to
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ErbB2-targeted drugs such as lapatinib and trastuzumab.
Combining targeted ErbB2 therapy with DDX5 may
provide an optimal treatment for ErbB2 breast cancer [10].
In addition, studies have found increased levels of DDX5
in breast cancer patients with lymph node invasion and
poor tumor differentiation [6]. In conclusion, DDX5 may
promote breast cancer invasion and metastasis through
multiple pathways and targets. Determining the
regulatory mechanisms of DDX5 and its complex
interactions with proteins in related pathways is important
for selecting precise targets for breast cancer.
3 The expression and clinical significance of
DDX5 in breast cancer tissues

The high incidence and mortality of breast cancer
emphasize the importance of precise diagnosis, prognosis,
and recurrence in clinical treatment. Despite
improvements in breast cancer diagnosis and treatment
leading to increased survival rates, the identification of
new biomolecules is necessary for more effective
therapeutic strategies. The differential expression of
DDX5 in various breast cancer subtypes and its
correlation with recurrence and prognosis suggest its
potential as a novel biomarker of breast cancer.

3.1 DDX5 and breast cancer subtypes

Tumor heterogeneity remains a major challenge in
the diagnosis and treatment of breast cancer. The
identification of heterogeneous molecules is critical for
the development, progression, treatment and prognosis of
different breast cancer subtypes. The expression of DDX5
varies between different breast cancer subtypes, making it
a molecular marker of heterogeneity. The relative
expression of DDX5 increases from luminal to basal
phenotypes, with the highest average in basal B-cell lines
of 1.17 (including TNBC). This expression is positively
correlated with Ki-67 and EGFR [10]. The findings of He
[30] are consistent with the above studies and the same
BT549 TNBC cells are used. The expression level of
DDX5 is highest in BT549 cells, with
immunofluorescence quantification values close to 2
compared to luminal A, luminal B and HER2-enriched
subtypes. However, the above study does not agree with
that of Li [6] who showed that DDX5 was most
abundantly expressed in the luminal B type of breast
cancer. The study by Mazurek [8] also found that the
frequency of DDX5 amplification was highest in the
luminal B type, which was 53%. The above differences
suggest that DDX5 expression has advantages in
determining breast cancer heterogeneity, and the focus is
on determining the specific expression of DDX5 that
corresponds to each breast cancer type. Interestingly,
research by Li [6] also showed that breast cancer patients
with elevated DDX5 were associated with ER-/PR+

positive status. However, DDX5 also played a role in
differentiating between benign and malignant breast
tumors, with DDX5 showing strong nuclear staining in
malignant breast tumor tissue with a positive rate of

79.4% (54/68) compared to 0 in benign tissue [10]. And
in one study, there was no difference in DDX5 expression
in six normal breast tissues compared to breast tumors
[30].

3.2 DDX5 and Breast Cancer Recurrence and
Prognosis

DDX5 is an independent prognostic factor in breast
cancer patients. High levels of DDX5 expression shorten
overall survival (OS) and disease-free survival (DFS) by
approximately 4 years, leading to poorer clinical
outcomes [22]. DDX5 has been identified as an effective
biomarker for breast cancer recurrence and prognosis. In
a study of 868 breast cancer patients, DDX5 was found to
be highly expressed in breast tumors compared to
surrounding normal tissue, and patients with high DDX5
expression had a very high risk of recurrence (P<0.01). It
was significantly correlated with advanced TNM stage,
lymph node invasion and poor differentiation (P<0.01),
and negatively correlated with recurrence-free survival
(RFS) and breast cancer-specific survival (BCSS),
associated with shorter survival. Consistent with this,
analysis of the correlation between DDX5 expression
level and patient prognosis in 801 ER breast cancer
patients showed that patients with high DDX5 expression
had a poor prognosis (P=0.002), which was negatively
correlated with RFS. In addition, breast cancer patients
with low levels of ER and DDX5 expression did not
correlate with patient prognosis (P=0.51). Analysis of
Gene expression-based Outcome for Breast cancer Online
(GOBO) showed that distant metastasis-free survival
(DMFS) was decreased in the high expression group of
DDX5-regulated proliferation-promoting genes (PPG),
while it was increased in the high expression group of
proliferation-suppressing genes (PSG), which predicted a
good prognosis [30]. This highlights the value of
DDX5-regulated gene networks in predicting clinical
prognosis in breast cancer. However, Liu et al. [27] found
that DDX5 mRNA expression was decreased in breast
invasive carcinoma (BRCA) with tumor progression at T
stage, but expression of DDX5 protein was upregulated in
breast cancer, further confirming the complex regulatory
mechanism of DDX5 in the transcriptional process and
the value of DDX5 as a prognostic biomarker in the
assessment of tumor is also affirmed.
4 Intervention of Chinese medicine on DDX5 and
breast cancer

Ginsenoside Rh1 (G-Rh1), an extract of the Chinese
herb ginseng, disrupts the mitochondrial membrane
potential, blocks the G1-S phase, and cleaves the activity
of caspase-3 to promote apoptosis in TNBC through the
accumulation of mitochondrial reactive oxygen species
(ROS) [39]. Zhang [40] found that 500 μmol/L of G-Rh1
blocked HER2-positive breast cancer cells in the S phase,
induced late apoptosis by experiments in vitro, and
inhibited the expression of DDX5. DDX5 was positive in
60% (21/35) of HER2-positive breast cancer cells, and
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upregulation of DDX5 expression was associated with
increased lymph node metastasis and Ki67 levels, later
clinical TNM staging, and worse pathohistological
grading. It is suggested that G-Rh1 does not affect the
expression of the DDX5 gene but promotes the
post-transcriptional protein degradation of DDX5 to
reverse the malignant biological behavior of
HER2-positive breast cancer cells, and it is believed that
DDX5 is a prognostic marker and a new therapeutic
target for HER2-positive breast cancer. It is worthwhile to
investigate the mechanism of G-Rh1 degradation and
intervention in DDX5 transcription, given that DDX5 has
been found in breast cancer cells for many years. Given
the abundance and specificity of DDX5 expression in
breast cancer and the possible resistance to targeted
therapy in the future, targeted therapy with Chinese
medicine interfering with DDX5 may be a new treatment
for breast cancer patients. Thus, further research on
Chinese medicine interfering with DDX5 provides a
direction for future exploration.
5 Conclusion and perspectives

As a potential biomarker for breast cancer, DDX5
plays a driving role in the proliferation, invasion and
metastasis of breast cancer, providing new insights for the
identification of novel molecular targets and related
interventional drug research. It also plays a crucial role in
predicting molecular subtypes, prognosis and recurrence
of breast cancer, offering a promising molecular targeted
therapy for breast cancer patients. Therefore, in-depth
research into the specific mechanisms of DDX5 and its
interaction with upstream and downstream genes in breast
cancer is essential. By exploring the advantages of
Chinese medicine in cancer treatment, the combination of
Chinese medicine and DDX5 targeted therapy should be
considered to seek a better treatment for breast cancer
patients.
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