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Long non-coding RNAs (IncRNAs)
constitute a large fraction of the
mammalian transcriptome and are
increasingly recognized as critical
regulators of gene expression and
cellular homeostasis. Dysregulation
of IncRNAs has been strongly
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and progression. PURPL (p53-
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levels) is an emerging oncogenic
IncRNA that plays a pivotal role
in modulating multiple cancer-

[ PURPL Physiological Functions ][

PURPL Dysregulation

/r?@o microRNA spon}

YDFATH Genome integrity

P53 pathway

Autophagy

Cancer

Metastasis

(New Tumor {nwlh)

P
g  Re
=%
4% e o " Tum

LT S

STOP

Sensitization to

drugs

][ PURPL Inhibition
N

duced

or Mas: X
So 03 e —— @ §
5 “8y

chemn(hempeuﬁc\

A )

ePublished: 10 Apr. 2026

Keywords:

LncRNA

PURPL

p53 Signaling pathway
Cancer progression
Autophagy

Competing endogenous RNA
Metastasis

Chemosensitivity

Introduction

IncRNAs are RNA molecules longer than 200 nucleotides
and represent a substantial portion of the ~98% of
mammalian genomic transcripts that do not code for
proteins.'? Although they lack an open reading frame and
do not encode proteins, IncRNAs share several features
with messenger RNAs (mRNAs), including transcription
by RNA polymerase II, the presence of a 5' methylated
cap, and a 3' polyadenylated tail.>*® They can be grouped
into four main types depending on how they’re positioned
relative to nearby protein-coding genes.>” Sense IncRNAs
overlap with one or more exons on the same DNA strand.
On the other hand, antisense IncRNAs overlap exons
but on the opposite strand. Intronic IncRNAs originate

related cellular pathways, including

the p53 signaling pathway, autophagy, miRNA-mediated gene regulation, genome stability,
cellular senescence, and metastasis. Mechanistically, PURPL orchestrates signaling networks
and epigenetic regulation via diverse molecular modes, functioning as a competing endogenous
RNA (ceRNA), molecular scaffold, and guide, thereby influencing gene expression and cellular
homeostasis. Functional studies reveal that suppression of PURPL enhances chemosensitivity,
inhibits tumor cell proliferation and migration, and induces apoptosis across multiple cancer
types. This review systematically summarizes the molecular mechanisms underlying PURPL-
mediated regulation and highlights its multifaceted roles in cancer biology, thereby providing an
integrative view of its functions in tumorigenesis and cellular regulation.

from introns within other gene transcripts, while
intergenic IncRNAs are found in the regions between
two genes on the same strand.*” IncRNAs engage in
extensive molecular interactions that enable them to
regulate diverse intracellular processes.”* Primarily, they
function as signaling molecules, either independently or
in association with other proteins such as transcription
factors, to modulate the transcription of downstream
target genes.” Additionally, IncRNAs can act as molecular
decoys by directly binding to functional proteins,
including those involved in chromosome architecture
or transcriptional regulation, thereby inhibiting their
activity.® Moreover, IncRNAs have the capacity to bind
microRNAs (miRNAs), acting as molecular sponges that
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Research Highlights

What is the current knowledge?

. PURPL, a key IncRNA, is crucial in gene regulation,
p53 pathway control, autophagy, and chromosomal
stability.

o It acts as a miRNA sponge, guide, and scaffold,
integrating multiple cellular signaling networks.

What is new here?

o Suppressing PURPL enhances chemosensitivity and
reduces tumor growth.

o Highlights its potential as a promising therapeutic
target in cancer management.

sequester miRNAs and prevent their interaction with
target mRNAs, consequently leading to upregulation of
the respective target genes.” Furthermore, IncRNAs serve
as guide molecules, facilitating the recruitment of specific
proteins such as transcription factors to precise genomic
loci, thereby influencing gene transcription.”'® They also
function as scaffolds, providing a platform for the assembly
of macromolecular complexes, including proteins,
to orchestrate downstream signaling pathways.>'® In
addition to these roles, IncRNAs are critically involved
in epigenetic regulation.'” Therefore, due to these critical
functions, any disruption in the regulatory mechanisms of
IncRNAs can disturb cellular homeostasis and contribute
to the development of diseases like malignancies."
Since first being highlighted in 2017, PURPL IncRNA
“p53 upregulated regulator of p53 levels, LINC01021”,
as a member of the IncRNA family, has been a subject
of research interest due to its regulatory functions in
cancer-related processes.'>> PURPL is an intergenic
IncRNA positioned between protein-coding genes. It
has been identified as a key regulator of the p53 protein,
which is essential for maintaining genomic integrity.
Additionally, extensive research has demonstrated that
PURPL is involved in other critical cellular processes,
including autophagy and the regulation of miRNAs
function. Dysregulated expression profile and altered
activity of PURPL have been documented in numerous
malignancies, highlighting its oncogenic role. This
review aims to comprehensively summarize the current
understanding of PURPL, with a particular focus on its
regulatory mechanisms and its functional roles in cancer
biology.

Molecular features and expression profile of PURPL

This intergenic long non-coding RNA is located on
the plus strand of chromosome 5 at position p14.1 and
encompasses a length of 24,110 base pairs. Alternative
splicing events give rise to multiple PURPL transcript
variants, which differ in exon content and composition;
the full-length variant contains five exons. Thus, it
appears that each variant potentially contributes to
diverse functional roles in cellular processes. Multiple
studies have indicated that PURPL expression varies
between normal and cancerous tissues. In healthy cells,

PURPL is typically expressed at low to moderate levels
(e.g., 0.5-5 TPM, based on TCGA RNA sequencing data),
contributing to normal cellular homeostasis and function.
However, numerous reports have documented aberrant
overexpression or dysregulation of PURPL in various
cancers, including colorectal, liver, melanoma, Gastric,
and breast cancers, where its expression can increase
significantly. To better understand the molecular basis of
these observations, the following section focuses on the
regulatory mechanisms that govern PURPL expression
and function.

PURPL function in relation to p53

PURPL as a modulator of p53 signaling in cancer
regulation

The tumor suppressor p53 is essential for preserving
genomic stability by pausing the cell cycle following
DNA damage, facilitating repair processes, and triggering
apoptosis when damage is beyond repair to eliminate
potentially harmful cells."** Under normal conditions
without cellular stress, p53 remains inactive due to
continuous ubiquitination by its negative regulator
MDM2, which targets it for proteasomal degradation.'*¢
However, in response to stress or DNA damage, the
protein Myb-binding protein 1A (MYBBP1A) relocates
from the nucleolus to the nucleoplasm and facilitates p53
tetramerization.” This conformational change reduces
p53’s binding affinity to MDM2, thereby stabilizing the
protein and enhancing its transcriptional activity in stress
response pathways. Evidence also suggests that p53 may
regulate PURPL expression, which itself contributes to
cell survival in response to DNA damage. Furthermore,
studies have shown that PURPL interacts with MYBBP1A,
disrupting the formation of the MYBBP1A-p53 complex
and thereby inhibiting p53 activation. This highlights
PURPL’s regulatory role in the functional pathway of p53
(Fig. 1)."2

PURPL as a modulator of p53 signaling in cellular
senescence
One stable and irreversible type of cell cycle stoppage
is cellular senescence. Many cellular stresses, such as
oxidative stress, telomere shortening, DNA damage,
and metabolic changes, can cause this. Crucially, the
two mechanisms that control cellular senescence—
the p53/p21 and pl6/AINK4a/Rb pathways—induce
and sustain cellular senescence by activating the DNA
damage response (DDR) and causing the cell cycle to end.
Significant molecular and structural alterations in the
senescent cell, such as chromatin organization remodeling,
modifications to transcriptional programming, and
adjustments to metabolic activity, are hallmarks of
senescence. Additionally, they develop a Senescence-
Associated Secretory Phenotype (SASP), secreting growth
factors, proteases, and pro-inflammatory cytokines that
alter the tissue milieu, cause chronic inflammation, and
may eventually encourage cancer or tissue malfunction.'
In a study, it was shown that PURPL is involved
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Fig. 1. Schematic representation of (a, b) the negative regulation of p53 by MDM2 under normal conditions and its positive regulation by MYBBP1A under

stress conditions, and (c) the negative regulation of p53 by the IncRNA PURPL.

not only in oncogenic processes but also in cellular
aging. PURPL has been linked to both cellular aging
and carcinogenic processes, according to a study.” In
replicative senescence models, aged VSMCs displayed
morphological alterations, cell-cycle arrest in G1 phase,
activation of the DNA damage response (DDR), and
traditional senescence markers such as elevated p53, p21,
pl6, and SA-B-gal activity.” Concurrently, there was a
marked upregulation of PURPL expression, indicating
its role in the senescence program. According to these
results, PURPL is essential for controlling cell cycle
arrest and stress adaptation during vascular aging.”
Mechanistically, PURPL modulates the p53 network.
So, it has been suggested that PURPL elevation may act
as a positive feedback modulator in VSMCs, senescent
to fine-regulating p53 activity, preventing early or
extreme senescence. The siRNA-mediated knockdown
experiments and correlation analysis revealed that
downregulation of PURPL impairs the p53-dependent
transcriptional pathway, thus disrupting the equilibrium
between cell survival and irreversible growth arrest.”

The upregulation of PURPL during senescence most
likely reflects a protective adaptive response that helps
to stabilize cells under stress and DNA damage. On
the other hand, continuous overexpression may cause
vascular dysfunction by sustaining senescent phenotypes,
boosting inflammatory signaling via SASP molecules, and
modifying tissue remodeling pathways."” Taken together,
evidence indicates that PURPL functions as a molecular
regulator for p53 signaling in cellular aging by adjusting
the beneficial and adverse effects of senescence. This
IncRNA thus has a dual role, promoting oncogenesis
under conditions of oncogenic stress and maintaining
homeostasis in vascular senescence, which highlights the
complex role of IncRNA in regulating cell networks in
both physiological and pathological contexts.”

PURPL and genomic integrity
CIN is a common property of many tumors and is

characterized by aberrant chromosome segregation
during mitosis that leads to cells with aneuploidy or
structural chromosomal rearrangements.® CIN creates
genetic heterogeneity within tumor cells, with some cells
becoming fitter and able to survive adverse conditions
(including anticancer therapies), while others are
compromised or die from the genomic stress caused
by instability.*® CIN can both drive and limit tumor
growth, survival, and progression, depending on the
genetic diversity and microenvironmental responses;
recent evidence indicates that CIN and aneuploidy
can also trigger inflammatory responses in the tumor
microenvironment that initially may serve as antitumor
mechanisms but can later lead to a favorable niche for
cancer cell survival and metastasis.”’ Together, CIN is
not only a secondary characteristic of cancer, but also
a major cause of tumor progression, metastasis, and
therapy resistance.**' In this regard, IncRNA PURPL has
been identified as an important regulator of chromosomal
stability. Disruption of its expression can markedly
disturb the balance between genome maintenance and
genomic instability. Notably, previous studies have
reported significant upregulation of PURPL in various
models of chromosomal instability (CIN) and aneuploidy.
This increase has been observed in cells treated with CIN-
inducing agents, including reversine, cytochalasin B, and
ZM447439. Importantly, PURPL upregulation in these
contexts is largely dependent on functional p53 status.?
When p53 is activated in response to genomic stress,
PURPL is upregulated as a part of the cellular response
to genomic stress and helps to regulate the balance of the
p53 pathway by regulating MDM?2, a negative regulator of
p53.2 However, loss or knockdown of PURPL in normal
cells results in CIN phenotypes, nuclear morphological
alterations, increased sensitivity to aneuploidy-inducing
agents, and defective chromosome segregation, suggesting
that precise regulation of PURPL expression is essential:
overexpression may cause genomically unstable cells to
survive via p53 over-inhibition, while reduced expression
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can lead to loss of control over chromosomal stability.?
Therefore, PURPL functions as a node within the p53-
MDM?2 axis that plays a role in maintaining or disrupting
genomic stability.?

Overall, PURPL functions as a versatile and context-
dependent regulator, intricately modulating p53 signaling,
cellular senescence, and genomic integrity. In cancer
cells, it often dampens p53 activity to promote survival
and proliferation, whereas in normal or aging cells, it
may support adaptive senescence and maintain cellular
homeostasis. The dual and sometimes opposing roles
of PURPL underscore its context-specific effects, which
are influenced by p53 status, cell type, and experimental
conditions. These observations highlight critical gaps in
our understanding and emphasize the need for further
studies to delineate its oncogenic versus homeostatic
functions, as well as its potential as a therapeutic target
across different biological and pathological contexts.

While the interaction between PURPL and the p53
signaling pathway underscores its role in genomic stability
and stress responses, PURPL also exerts broad regulatory
effects  through post-transcriptional —mechanisms,
particularly via its interactions with microRNAs, which
are discussed in the next section.

Regulatory network of PURPL and miRNAs
Post-transcriptional regulation of gene expression is
a fundamental function of IncRNAs, many of which
exert their regulatory effects through interactions with
miRNAs. In this context, IncRNAs can function as
ceRNAs by harboring binding sites for specific miRNAs
and sequestering them via a sponging mechanism,
thereby reducing miRNA availability for binding to the
3" untranslated regions (3' UTRs) of target mRNAs.»**
This interaction limits miRNA-mediated translational
repression or mRNA degradation and ultimately
modulates the expression of downstream genes.® As
key post-transcriptional regulators, miRNAs play
essential roles in controlling cellular processes such as
proliferation, apoptosis, migration, and differentiation;
consequently, disruption of IncRNA-miRNA regulatory
networks is frequently associated with tumorigenesis and
disease progression.**?*

Within this regulatory framework, accumulating
experimental evidence indicates that PURPL engages in
specific miRNA-centered regulatory axes, and several
representative studies highlighting the functional
consequences of PURPL-miRNA interactions in cancer
are discussed below.

PURPL/miR-363-3p/ADAM10 axis

miR-363-3p has been linked with numerous types of
cancer, including ovarian serous cystadenocarcinoma,
liver, stomach, glioma, prostate, lung, osteosarcoma,
and breast cancers. It targets multiple pathways,
suppressing cell growth and migration via SOX4 and
NEDD9 targeting and enhancing proliferation via
XIST interaction and MDM2 upregulation.”” In ovarian

serous cystadenocarcinoma, bioinformatics analysis and
experimental data both indicated PURPL's involvement
in the regulation of the miR-363-3p/ADAM10 pathway.*
Specifically, miR-363-3p was determined to target
ADAMI0 directly, a transmembrane metalloproteinase
that sheds ligands, receptors, and cell adhesion molecules.
ADAMIO cleavage is often a precursor to regulated
intramembrane proteolysis (RIP). A significant substrate
is the Notch receptor: ADAMIO cuts its extracellular
domain following ligand binding, with y-secretase
cutting of the remaining fragment, releasing the Notch
intracellular domain (NICD), which translocates to
the nucleus to regulate genes implicated in cell growth,
differentiation, and survival. Dysfunctional Notch is
strongly associated with tumorigenesis.*** PURPL acts as
a molecular sponge for miR-363-3p, relieving ADAMI10
from miRNA-mediated repression.*® This upregulates
ADAMI10 and Notch pathway activation expression,
promoting proliferation, migration, and invasion. The
PURPL/miR-363-3p/ADAMI10axisisthusakeyregulatory
pathway in ovarian serous cystadenocarcinoma and has
been proposed to be a therapeutic target or prognostic
biomarker.*

The TAM-PURPL/miR-363/PDZD2 signaling axis and
immune crosstalk

Recent research has shown that the IncRNA PURPL/
miR-363/PDZD2 axis is a key promoter of osteosarcoma
(OS) progression and metastasis. Tumor-associated
macrophages (TAMs), as one of the most significant
components of the tumor microenvironment (TME), have
been proven to playa critical role in OS development. TAMs,
predominantly recruited from circulating monocytes,
infiltrate into the tumor tissues and acquire an M2-like
phenotype with immunosuppressive, pro-tumorigenic
properties.** These macrophages secrete cytokines,
growth factors, and extracellular vesicles that promote
tumor growth, angiogenesis, and epithelial-mesenchymal
transition (EMT), and suppress antitumor immunity.*
Recent findings demonstrate that TAMs elevate the levels
of IncRNA PURPL in OS cells, suggesting PURPL as a
downstream mediator of macrophage-derived signals.
Elevated PURPL levels then act as an upstream regulator
of miR-363, a tumor suppressor miRNA. It was reported
that under normal circumstances, miR-363 represses the
expression of PDZD2 (PDZ domain containing 2), a gene
implicated in cell proliferation, migration, and invasion.
In TAM-stimulated OS cells, though, PURPL binds and
sequesters miR-363, relieving PDZD2 from miRNA-
mediated inhibition.” As a result, PDZD2 overexpression
sets off a chain of oncogenic events, including elevated
cell proliferation, motility, invasiveness, and EMT, all
of which favor tumor aggressiveness and metastatic
dissemination. Functional investigations indicated that
depletion of PURPL or PDZD?2 reverses these malignant
phenotypes and compromises TAM-induced tumor
growth, whereas miR-363 replenishment exerts tumor
suppressive roles.”” Collectively, these findings establish
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that the TAM-PURPL/miR-363/PDZD2 signaling axis
represents a critical link between immune cell-derived
signals and noncoding RNA-mediated gene expression
in OS (Fig. 2).”

PURPL and MiR-338-3p axis

MiR-338-3p is involved in multiple cellular processes,
comprising proliferation, apoptosis, migration, and
invasion, and is implicated in tumor initiation and
progression in many human including
colorectal, gastric, breast, lung, and epithelial ovarian
carcinomas.”® For example, in ovarian cancer, miR-338-
3p downregulation has been linked to increased tumor
cell growth and metastasis, which could be due to the
regulation of cell proliferation and EMT by MACC1, Met,
and downstream Wnt/B-catenin and MEK/ERK signaling
pathways,” and it has been found that downregulation of
miR-338-3p is correlated with chemoresistance, whereas
overexpression sensitizes cancer cells to cisplatin, sorafenib,
doxorubicin, vinblastine, and 5-FU.*® In addition, recent
evidence suggests that IncRNAs, especially PURPL, may
act as upstream regulators of miR-338-3p, suppressing its
expression and thereby driving the progression of ovarian
cancer. Furthermore, the combination of downregulated
miR-338-3p and upregulated PURPL was significantly
associated with poor RFS and OS in patients with
epithelial ovarian cancer, implying that dysregulation of
this axis may serve as a potential prognostic biomarker
and therapeutic target.”

cancers,

PURPL-mediated oncogenic regulation via the
miR-137/ZBTB7A/PI3K-NF-«B axis

Zhonghua Cheng et al. identified PURPL as the critical
oncogenic factor in gastric cancer. The analyses of gastric
cancer tissues and cell lines revealed overexpression
of PURPL compared to normal controls. Functional
experiments demonstrated that high levels of PURPL
enhance colony formation, cellular proliferation,

migration, and invasion and inhibit apoptosis in tumor
cells.*

It was shown that PURPL exerted oncogenic functions
in different types of cancers through the regulation of
important signaling pathways. The mechanistic studies
indicated that PURPL modulates the miR-137/ZBTB7A/
PI3K-NF-kB signaling axis, which promotes survival,
proliferation, and invasive behavior in tumor cells
(Fig. 3).%0

Numerous studies have shown that the downregulation
of miR-137, a tumor-suppressive miRNA, is correlated
with the progression of various cancers, including lung,
colorectal, glioma, and gastric cancers.* In this situation,
elevated PURPL inhibits miR-137 expression, which
raises ZBTB7A activity and activates downstream PI3K/
AKT/NF-«B signaling, all of which support carcinogenic
traits.* Additionally, in vivo research confirmed that
overexpression of PURPL stimulates the growth of animal
tumors, while pharmacological inhibition of NF-kB
by JSH-23 or PI3K by LY294002 considerably reduced
these carcinogenic effects, decreasing the invasive and
proliferative characteristics of tumor tissues.”” These
results suggest that the PURPL-miR-137-ZBTB7A-
PI3K/AKT/NF-«xB axis may be a therapeutic target in
cancer treatment.”” Beyond its role in miRNA-mediated
regulation, PURPL also exerts profound effects on cancer
progression through epigenetic regulatory mechanisms,
which are discussed in the following section.

PURPL-mediated epigenetic regulation of cancer
progression

Numerous cancers are known to arise from aberrant
epigenetic events, including aberrant DNA methylation,
altered histone modifications, and disrupted chromatin
architecture.” For example, in a study of colorectal cancer
(CRC), IncRNA-PURPL was shown to epigenetically
regulate tumorigenesis through direct binding to the m6A
reader protein IMP2 (IGF2BP2) to increase its stability

mediators
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Fig. 2. The interaction between TAMs and the PURPL/miR-363/PDZD2 axis contributes to OS progression. TAMs may enhance OS development by
modulating PURPL/miR-363/PDZD2 signaling, while this signaling axis can, in turn, provide feedback regulation that influences TAM migration.
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Fig. 3. Schematic illustration of PURPL-miR-137-ZBTB7A/PI3K/AKT/NF-kB axis in gastric cancer development.

and activity.*> IMP2 then binds to m6A-modified regions
on oncogenic transcripts as an III N6-methyladenosine
(m6A) reader, resulting in enhanced post-transcriptional
stability and translation of the target mRNAs, including
MSXI1 and JARID2, which were found to be important
regulatory genes in this pathway (Fig. 4, Table 1).
MSXI1, a transcription factor that plays a critical role in
embryonic development and cell fate determination,
has been reported to activate the FGF-MAPK signaling
pathway and to downregulate the tumor suppressor gene
FBXW?7, which stabilizes oncogenic proteins like c-MYC
and MCL1.” These events ultimately lead to increased
proliferation, reduced apoptosis, and increased drug
resistance in cancer cells, indicating the importance of the
MSX1-FBXW? axis as a molecular mechanism in tumor
progression.**** On the other hand, the non-catalytic
regulatory subunit JARID2 of the Polycomb Repressive
Complex 2 (PRC2) directs the histone methylation of
H3K27me3 on chromatin and epigenetically silences
tumor suppressor genes such as PTEN to regulate the cell
cycle progression, differentiation, survival, and migration
of tumor cells.* In summary, PURPL plays a pivotal role
in the PURPL-IMP2-MSX1/JARID2 axis that stabilizes
oncogenic mRNAs through coordinated RNA- and
chromatin-based epigenetic regulation to promote cancer
progression.*

Notably, PURPL’s impact on cancer is not limited
to epigenetic regulation; it also affects autophagy and
metastasis, as described in the following sections.

PURPL and autophagy regulation

Autophagy is a key homeostatic process that degrades
and recycles damaged organelles and aggregated proteins
to maintain cell survival and genomic stability, and it is
critical for intracellular recycling in response to metabolic
stress or nutrient deprivation under normal physiological

conditions.” Autophagy has a dual role in cancer, acting
as a protective tumor-suppressive mechanism during the
early stages of tumorigenesis by removing damaged cells
and reducing oxidative stress, while cancer cells exploit
autophagy as a survival mechanism in late-stage cancer
under conditions of hypoxia, nutrient limitation, and
therapeutic stress.* In this context, autophagy promotes
tumor growth, metastasis, and drug resistance. The key
signaling pathways that regulate autophagy are mainly the
mechanistic target of rapamycin (mTOR), AMPK, and
p53.% In cancer cells, mTOR inhibition can either lead to
cell death and inhibition of tumor growth or, conversely,
can stimulate cell survival in hostile microenvironments.

AMPK acts as an energy sensor, becoming activated
when ATP levels are low. It inhibits mTOR activity
and directly activates genes related to autophagy. This
process helps remove damaged cells and maintain
cellular balance in healthy cells. However, in cancer cells,
AMPK activation may provide energy and increase stress
resistance, especially in low-oxygen conditions or during
treatment with anticancer therapies.”® The outcome of
autophagy, as controlled by AMPK and related pathways,
is determined in large part by the tumor suppressor p53:
in cells with functional p53, autophagy induced by AMPK
and related pathways eliminates damaged or genetically
unstable cells with tumor-suppressive effects, whereas in
cancer cells with inactivated or mutant p53, the control of
autophagy is lost, allowing cancer cells to survive through
energy and metabolic homeostasis.™

A recent study showed that the PURPL regulates
autophagy in cancer and is highly upregulated in
melanoma cells and cutaneous melanoma tumor
samples.* PURPL overexpression is associated with
increased cell proliferation, colony formation, migration,
and invasion, which is consistent with its function as
an oncogene.”® Mechanistically, PURPL directly binds
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Table 1. Functional Roles and Molecular Mechanisms of INcRNA PURPL in Cellular Processes and Disease

Molecular features and

Function/Axis .
mechanisms

Pathways and mechanisms

Cancers and

models Ref.

Biological and clinical outcomes

Inhibition of p53 activity
via interaction with
MYBBP1A

Inhibits MYBBP1A—p53
complex formation -
reduced p53 activation

p53 Regulation

Acts as a molecular

MiRNA regulation .
sponge for specific

PURPL/miR-363/PDZD2,

PURPL/miR-363-3p/ADAM10,

HCC, CRC, cellular
models

Increased cell survival and
proliferation, decreased apoptosis

12
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Osteosarcoma (0S),

Promotes proliferation, migration,

invasion, drug resistance, and poor  3037:3940
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. . Stabilizes oncogenic Increased proliferation,
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regulation axis K
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¥ chromosomal instability g v models Py
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Autophagy Inhibits autophagy via hosphorylation - autopha Melanoma roliferation, reduced autophagic 4
regulation mTOR and ULK1 phosphory phagy P ! phag

inhibition
N CDK2 - CDX2
phosphorylation - J,KISS1

CDK2—-CDX2-KISS1 axis
modulation

Tumor growth and
metastasis

Positive modulation of

Cellular senescence .
p53 in aged cells

cycle arrest
Knockdown enhances
apoptosis and reduces
proliferation

Modulates p53-dependent

Chemosensitivit:
¥ downstream programs

Balances cell survival and cell

cell death

Increased migration, invasion, EMT,

Gastric cancer .
and metastasis

Maintains homeostasis and stress

VSMCs, agin .
eing response, may contribute to »
models .
vascular dysfunction
Increased sensitivity to
HCC, CRC chemotherapeutic agents such as 47,48

doxorubicin and 5-FU

to mTOR and ULKI, and high PURPL levels increase
mTOR-mediated ULK1 phosphorylation at Ser757,
which inhibits autophagy and prevents autophagic cell
death, promoting tumor cell survival under metabolic
or therapeutic stress.* On the other hand, PURPL
knockdown or suppression activates the AMPK pathway,
resulting in increased ULK1 phosphorylation at Ser555
and Ser317, which enhances autophagy and autophagy-
mediated cell death, significantly reducing melanoma
cell growth.* This process severely inhibits the growth
of melanoma cells. These findings were validated in
vivo using mouse models in which PURPL knockdown
dramatically decreased tumor volume and suppressed

tumor aggressiveness, indicating that PURPL knockdown
can induce autophagic cell death and prevent tumor
progression (Fig. 5, Table 1).%6

PURPL as a regulator of metastatic progression

One of the defining hallmarks of cancer is metastasis, which
accounts for most cancer deaths. This multistep process
involves local invasion of cancer cells into surrounding
tissues, degradation of the ECM by enzymes such as
matrix metalloproteinases (MMPs), intravasation into the
bloodstream or lymphatic system, survival of circulatory
stress and immune surveillance, extravasation into
distant organs, adaptation to the new microenvironment,
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arrows show PURPL ASO-treated xenografts). Adapted from Han et al*® under a Creative Commons Attribution 4.0 International License.

and formation of secondary tumors.’’ Key molecular
mechanisms include epithelial-mesenchymal transition
(EMT), which is promoted by signaling pathways like
TGEF-B, Wnt/p-catenin, Notch, and PI3K/AKT, leading to
cellular migration and invasion; activation of the PI3K/
AKT and MAPK pathways to promote cell survival under
metabolicand oxidative stress; and NF-«B signaling, which
supports inflammatory responses, immune evasion, and
metastatic niche establishment, all of which contribute
to the survival, adaptation, and proliferation of cancer
cells in secondary sites, leading to tumor progression,
therapeutic resistance, and poor patient survival.>
Recent evidence has highlighted PURPL as an important
oncogenic driver in gastric cancer progression.' It has
been reported that PURPL promotes tumor growth and
metastasis by modulating the CDK2-CDX2-KISS1
signaling axis. Under normal conditions, the transcription

factor CDX2 binds directly to the promoter of the
metastasis suppressor KISS1 and induces its transcription,
which limits tumor invasion and spread.! However, PURPL
upregulation enhances CDK2 (cyclin-dependent kinase
2) activity, which in turn phosphorylates CDX2 at serine
residues, inactivating it and causing it to be retained in the
cytoplasm and thus unable to bind to the KISS1 promoter,
leading to a decrease in KISS1 expression (Fig. 6, Table 1).!
The inhibition of KISSI prevents its repression of MMPs
and metastasis-related signaling pathways, which
increases cell migration, invasion, and EMT.! On the other
hand, silencing or knockdown of PURPL prevents CDK2-
mediated phosphorylation of CDX2, enabling its nuclear
translocation and transcriptional activity, reactivating
KISS1 to suppress tumor cell motility, decrease metastatic
potential, and induce apoptotic cell death.! Knockdown
of PURPL was confirmed to effectively suppress tumor
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Fig. 6. Molecular schematic illustrating the role of PURPL in gastric cancer. PURPL is upregulated in gastric cancer and promotes CDK2-mediated
phosphorylation of CDX2, ultimately reducing the expression of the tumor suppressor KISS1.

growth and metastasis in functional assays in vitro (cell
proliferation, colony formation, migration, and invasion)
and in vivo (xenograft mouse models).! Collectively, these
findings reveal a clear oncogenic mechanism whereby
PURPL acts as an upstream regulator of the CDK2-
CDX2-KISS1 axis.

Considering its regulatory impact on key cancer-related
pathways, PURPL has emerged as a potential therapeutic
target, and the following section focuses on how its
knockdown can enhance chemosensitivity in cancer cells.

PURPL knockdown as a
chemosensitivity

Chemotherapy represents one of the most important
cancer treatments, aimed at eradicating rapidly dividing
tumor cells and controlling disease progression.”
However, patient responses to chemotherapy may run
the gamut even within tumors of the same type due to
tumor heterogeneity, genetic and epigenetic differences,
and the influence of the tumor microenvironment.> A

strategy to enhance

major challenge in this context is chemoresistance, which
enables tumor cells to survive despite drug treatment. Key
mechanisms include drug efflux, enhanced DNA repair,
evasion of apoptosis, and microenvironment-mediated
protection.* Overcoming these barriers can be facilitated
by several new strategies that are being developed to
enhance therapeutic efficacy and make cancer treatment
more personalized, including targeted drug delivery,
nanocarriers, and combination therapies.* Specifically,
IncRNAs have been shown to affect the efficacy of
chemotherapeutic agents, since their modulation
enhances drug-induced apoptosis and suppresses the
growth of tumor cells. In a study directed by Berhane et al,
attention has been turned to the role of IncRNA PURPL
in HCC and its effect on response to chemotherapy.”
PURPL is a p53-responsive IncRNA that is significantly
upregulated in HCC tissues compared with normal liver.
Functional experiments using antisense oligonucleotides
and siRNA-mediated knockdown in HCC cell lines, such

as HepG2 and SK-hep-1, revealed that suppression of
PURPL reduces cell proliferation and induces apoptosis,
pointing out its critical role in sustaining tumor cell
survival.¥  Furthermore, knockdown of PURPL also
sensitizes HCC cells to doxorubicin. They suggested that
PURPL interacts with the p53 signaling pathway modulate
apoptotic and cell cycle-related processes in response
to chemotherapy. These findings indicate that targeting
PURPL could serve as a novel therapeutic strategy to
enhance chemosensitivity and overcome drug resistance
in liver cancer (Table 1).*

In another study, by Kaller et al, the role of PURPL in
CRC and its influence on chemotherapeutic response
was investigated. PURPL expression was indeed
significantly upregulated in CRC cell lines, and patient-
derived samples with functional p53.# Functional
experiments via siRNA-mediated knockdown and
CRISPR/Cas9-mediated promoter deletion in CRC cell
lines like HCT116 demonstrated that downregulation
of LINC01021 promotes apoptosis and inhibits colony
formation by modulating tumor cell survival.*®* More
significantly, it elicits an increased sensitivity of CRC
cells to chemotherapeutic agents such as doxorubicin
and 5-fluorouracil.*® Mechanistically, while LINC01021
is a p53-inducible target, depleting it failed to alter
the expression and activity of p53 itself but seemed to
modulate the p53-dependent downstream gene programs,
thus influencing the degree of drug-induced apoptosis
(Table 1).*

Conclusion and future perspectives

Over the past years, comprehensive studies have
unraveled the diverse regulatory functions of IncRNAs in
cancer biology. Among these, PURPL has emerged as a
significant intergenic IncRNA that is involved in a number
of cellular functions, such as miRNA network modulation,
autophagy regulation, genomic stability, etc. Its possible
oncogenic relevance is supported by the fact that PURPL
has been shown to exhibit upregulated expression in a
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number of cancers, including colorectal, liver, gastric, and
melanoma cancers. Although current studies indicate that
PURPL plays multiple regulatory roles, these findings are
largely derived from preliminary experimental evidence
and have yet to be thoroughly validated in human tissues
or clinical settings. Moreover, PURPL’s functions are
highly context-dependent, influenced by factors such as
p53 status and cell type, which can lead to diverse or even
opposing roles. The lack of in-depth mechanistic studies
on its molecular interactions and epigenetic regulation
further limits a comprehensive understanding of PURPL’s
actual functions. These considerations underscore the
need for future studies employing integrated mechanistic
and clinical approaches.

Most notably, knockdown of PURPL alone significantly
reversed cancer progression, which is achieved by the
suppression of cell proliferation and the induction of
apoptosis. Moreover, its suppression enhanced the
cytotoxic effects of chemotherapeutic agents, resulting
in improved drug responsiveness and overall treatment
efficacy. While there is currently no direct evidence
to confirm that PURPL itself drives chemoresistance,
knockdown indeed seems to improve drug responsiveness,
hence providing a therapeutic advantage in combination
with conventional chemotherapy.
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