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Abstract. Heterogeneous nuclear ribonucleoprotein K
(hnRNPK) is a multifunctional protein belonging to the hetero-
geneous nuclear ribonucleoprotein family. The K-homology
domain is the most evolutionarily conserved feature of
hnRNPK and is responsible for RNA-binding. hnRNPK
interacts with both chromatin and RNA in numerous species.
Initially characterized as an RNA-binding protein, hnRNPK
functions as a structural protein, integrating a number of
signaling pathways and participating in gene expression
regulation, RNA processing, cell cycle control and apoptosis.
hnRNPK exhibits aberrant expression in numerous tumors,
functioning paradoxically as either an oncogene or tumor
suppressor depending on cellular context, expression levels and
post-translational modifications. Recent advancements have
outlined the involvement of hnRNPK in tumor cell migration,
angiogenesis and chemoresistance through interactions with
long non-coding RNAs and the regulation of key signaling
pathways. The present review summarizes current knowledge
regarding the structure, function and clinical importance of
the hnRNPK in cancer, highlighting its potential as both a
biomarker and therapeutic target.
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1. Introduction

Cancer remains one of the leading causes of mortality world-
wide and involves the dysregulation of molecular pathways that
control fundamental cellular processes, including proliferation,
apoptosis, migration and invasion. The regulation of gene
expression serves a key role in maintaining cellular homeo-
stasis and preventing malignant transformation. Accumulating
evidence has highlighted the key role that RNA-binding proteins
(RBPs) serve in orchestrating these regulatory networks,
particularly in cancer development and progression (1). Among
RBPs, heterogeneous nuclear ribonucleoproteins (hnRNPs)
represent a particularly important subfamily that governs RNA
metabolism, including transcription, splicing, stability and
translation. The hnRNP family comprises >20 members, each
with distinct structural domains and functional capabilities.
These proteins exhibit notable versatility in shuttling between
the nuclear and cytoplasmic compartments and participating in
diverse cellular processes, ranging from chromatin remodeling
to signal transduction. Evidence suggests that the dysregulation
of hnRNP proteins markedly contributes to oncogenesis and
tumor progression in a number of cancer types (2). hnRNPK
has emerged as a promising member of this family owing to its
multifaceted roles and aberrant expression patterns in numerous
malignancies, including gastric cancer, colorectal cancer, hepa-
tocellular carcinoma, lung cancer, acute myeloid leukemia and
bladder cancer (3). Characterized by its signature K-homology
(KH) domains, hnRNPK functions as a multifunctional regu-
lator that interfaces with DNA, RNA and protein components.
The ability of hnRNPK to modulate gene expression at multiple
levels serves as a key hub in the molecular networks governing
cell fate decisions. With this, the dynamic subcellular localiza-
tion of hnRNPK underscores its potential as a therapeutic target
and biomarker. Despite increasing awareness of the importance
of hnRNPK, key questions remain regarding its dual nature as
both an oncogene and a tumor suppressor in different contexts.
The present comprehensive review summarizes the current
knowledge on the structure, function and clinical importance
of hnRNPK in cancer, while identifying key areas for future
investigation of novel therapeutic strategies.

2. hnRNP family

Precursor mRNA processing requires the participation of
numerous proteins. At different stages of mRNA processing,
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these proteins may form RNP complexes with RNA. Based
on the type of bound RNA, RNP complexes can be classified
into three types, hnRNPs, small nuclear RNP complexes
and messenger RNP complexes (2). RBPs are the primary
components involved in the formation of these complexes,
sharing similar structural features and subcellular distribution
patterns, but differing from other nuclear protein complexes.

The RNP-conserved sequence RNA-binding domain
(RNP-CS-RBD) and KH domain are the two most
frequently occurring RNA-binding domains in hnRNPs. The
three-dimensional crystal structures of these two domains
differ notably, suggesting that the RNA-binding sequences
recognized are distinct (4). A stretch of ~80 amino acids,
known as the RNP-CS-RBD or RNA-recognition motif
(RRM), contains two highly conserved sequences, the RNP1
octamer and the RNP2 hexamer, which are positioned adja-
cently and directly interact with RNA. Proteins that bind to
RNA typically contain 1-4 RRM. The KH domain, first identi-
fied in hnRNPK, is primarily responsible for recognizing RNA
and single-stranded DNA (5). KH domains are classified into
two subtypes, KH1 and KH2, based on their extended regions
at the N and C termini. RBPs may contain <15 KH domains.

hnRNP complexes comprise =20 hnRNPs, with molecular
weights ranging from 32-120 kDa. Members of the hnRNP
family, A-U, are named according to their molecular weights.
The hnRNP family is widely distributed and found in plants,
yeast and various vertebrate tissues and organs. Additionally,
the expression levels vary across tissues and organs, with
relatively high expression in metabolically active tissues,
such as the brain and lungs. Expression patterns also vary
across developmental stages, even within the same tissue
type (3). hnRNPs can be divided into two groups based on
their physiological functions, namely those confined to the
nucleus, such as hnRNPB and hnRNPC and those capable
of shuttling between the nucleus and cytoplasm, including
hnRNPA, D, E, I and K (5). The survival and growth of
multicellular organisms depend heavily on the presence of
hnRNPs. These proteins interact with chromatin and kinases
involved in transcription, splicing and translation and serve
key roles in chromatin remodeling and gene expression regula-
tion. Tumorigenesis is associated with alterations in hnRNP
activity due to various factors, including environmental and
genetic influences (6). Distinct hnRNPs have unique func-
tions within the same tumor type. The primary mechanism
by which hnRNPs contribute to cancer is the regulation
of tumor-related gene expression. Table I (7-25) provides a
comprehensive overview of the differential expression patterns
of numerous hnRNP family members in different tumor types.
For example, hnRNPAL is upregulated in liver and colorectal
cancer, whereas hnRNPA?2/B1 shows decreased expression in
breast cancer but increased expression in pancreatic cancer,
demonstrating context-dependent roles.

3. hnRNPK structure

Through alternative cleavage, hnRNPK can freely move
between the cytoplasm and nucleus to create five distinct
cleaved entities, hnRNPK A-E. The majority of the hnRNPK
protein comprises two bidirectional nuclear localization
signals (NLS), three functional regions (KH domains) and

one K protein interaction (KI) region (26). The KH region,
a tertiary structure composed of three helices and three folds
(BaapPa), is involved in the binding of DNA or RNA, splicing
of mRNA and control of transcription. The proline-rich KI
region primarily serves as a binding site for sarcoma (Src)
kinase family proteins. The mRNA export process is highly
selective. The nucleus has a bilayer membrane structure and
the only channel present is the nuclear pore complex (NPC).
The export of mRNA molecules through the NPC requires
energy and the formation of an mRNA-protein complex (23).
After forming this complex with the precursor mRNA,
hnRNPK transports it into the cytoplasm through the NPC.
Together with additional proteins, such as RNA polymerase
I1, it undergoes splicing and modification before dissociating
from the complex and returning to the nucleus to participate
in the subsequent round of transport (27). The molecular
structure of hnRNPK is illustrated in Fig. 1.

4. hnRNPK function

Functional domains and molecular interactions. With the
presence of the KH, NLS and KI domains, hnRNPK can bind
to DNA, RNA and proteins with specificity. This allows it to
participate in numerous biological processes, including the
regulation of gene transcription, alternative mRNA splicing,
mRNA polyadenylation, mRNA stability, mRNA translation
and cell signal transduction.

Regulation of gene transcription. hnRNPK attaches to
specific DNA locations on genes and participates in the regu-
lation of gene transcription by interacting with DNA proteins.
hnRNPKs serve roles in both transcriptional activation and
inhibition. hnRNPK can bind to the promoters of numerous
genes, including those of the simian vacuolating virus 40,
neuronal nicotinic acetylcholine receptor, BRCA1, cellular Src
(c-Src), cellular Myc (c-Myc) and eukaryotic translation initia-
tion factor 4E, to increase transcription of the corresponding
genes (28). hnRNPK can also bind to the human thymidine
kinase gene promoter to inhibit transcription.

Regulation of mRNA variable splicing. Gene expression is
regulated by alternative splicing of mRNA. Gene function
can be enhanced by altering the splicing of the same DNA
segment to produce mRNA, which can subsequently be trans-
lated into proteins that exhibit specific biological effects. The
most notable cell splicing regulators are hnRNPs, which are
found in precursor mRNA and contain splicing enhancement
and inhibition elements that selectively bind to cytokines, to
open and close splicing sites (22). hnRNPK serves a key role
in regulating the variable splicing of Runt-related transcription
factor 1 and synaptosome-associated protein 25 kDa mRNA
during neuronal differentiation. hnRNPK binds to the enhancer
of chicken P-tropomyosin precursor mRNA and promotes exon
splicing, specifically when hnRNPK is combined with a splicing
inhibitor to suppress the synthesis of the apoptosis-promoting
gene Bcl-x short-isoform. Subsequently, ~50% of alternative
splicing events in apoptotic genes are affected (29).

Regulation of mRNA stability. Cells tightly regulate mRNA
stability through RNA-binding proteins and controlled
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Table I. Continued.

(Refs.)

Mechanism

hnRNP type Tumor Expression Methods

First author, year
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(25)

hnRNPM-IRES-mediated translation in transforming
hypoxia-induced proteome toward malignancy

Proteomic and bioinformatic

analyses

Increased

Colon cancer

hnRNPM

Chen, 2019

hnRNP, heterogeneous nuclear ribonucleoproteins; RT-qPCR, reverse transcription quantitative PCR; IHC, immunohistochemistry; IRES, internal ribosome entry site; IRF-3, interferon regulatory factor

3; CD44v6, CD44 variant alternative exon 6; miRNA, microRNA; dsRNA, double stranded RNA; TCF4, transcription factor 4; ATLL, adult T-cell leukemia-lymphoma; ARIH1, ariadne RBR E3 ubiquitin
protein ligase 1; ZFP91, zinc finger protein 91 homolog; SGLT?2, sodium-glucose cotransporter-2; YAP1,yes1 associated transcriptional regulator; GALNT16, polypeptide N-acetylgalactosaminyltransferase

16; ECD, ecdysoneless; E3, enzyme 3.

degradation pathways. The biological functions of expressed
proteins and the half-life of mRNA are closely related.
mRNA stabilization can be achieved through controlled
degradation (30). Currently, four mechanisms of mRNA
decay have been recognized (31), including the deadenyl-
ation-dependent process, endogenous ribozyme-mediated
system, nonsense-mediated pathway and non-stop degrada-
tion pathway. Numerous cis-regions in the mRNA sequence
can be detected and bound by hnRNPs, which affect mRNA
stability primarily through the deadenylation-dependent and
nonsense-mediated decay pathways. Proreninogen mRNA is
stabilized and renin production is aided by the interaction of
hnRNPK with the 3'-untranslated region (UTR) of prorenin-
ogen mRNA. To improve viral mRNA stability, the KH
domain of hnRNPK interacts with poliovirus RNA-splicing
regulatory components (32). Collagen I and III are expressed
more efficiently when hnRNPK interacts with the 3'-UTRs of
their mRNAs.

Regulation of mRNA translation. hnRNPK is key for control-
ling cytoplasmic mRNA translation. The final step in the
transition from reticulocytes to mature erythrocytes is medi-
ated by reticulocyte 15-lipoxygenase (r15-LOX). Gradual
translation of r15-LOX mRNA occurs during cell develop-
ment. The 3-UTR of LOX mRNA contains a differentiation
control element (DICE), which serves a role in regulating this
translation (33). The interaction between hnRNPK and DICE
halts translation and hinders the assembly of complete 80S
ribosomes. hnRNPK functions as a substrate for c-Src during
erythrocyte maturation. To enable the translation of LOX
mRNA, active c-Src phosphorylates hnRNPK and disrupts
its binding to DICE. hnRNPK can bind to the 5'-UTR of the
proto-oncogene Myc in vivo and in vitro, promoting ribo-
some entry and enhancing c-Myc translation. In addition to
the DNA or RNA binding involved in signal transduction,
hnRNPK influences the transcription and translation of
signaling pathways by interacting with key signaling proteins,
such as Vav and c-Src (34). The proto-oncogene Vav is a key
regulator of the B cell receptor (BCR) signaling pathway.
According to previous studies (2,6), hnRNPK binds to the SH3
domain of the Vav protein and promotes cell transformation
through the BCR pathway. c-Src regulates the MAPK/ERK,
integrin/focal adhesion kinase and STAT signaling pathways,
amongst others, serving a role in biological processes such as
cell division and apoptosis (35). Upon hnRNPK binding to the
SRC homology 3 domain of c-Src, c-Src is activated, thereby
controlling downstream signaling molecules.

Regulation of chromatin remodeling. Chromatin remod-
eling factors regulate chromatin structure by altering the
position and configuration of nucleosomes during DNA
replication and transcription. These changes affect the binding
of transcription-related proteins to DNA, thereby control-
ling gene transcription (36). hnRNPK can directly interact
with DNA methyltransferase, EED (a core component of
polycomb repressive complex 2) and nuclear scaffold attach-
ment factor B to regulate chromatin remodeling, which,
in turn, affects gene expression. The structural framework
that remains in the eukaryotic nucleus after removal of
the nuclear membrane, soluble proteins and chromatin is
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Figure 1. Molecular structure of heterogeneous nuclear ribonucleoprotein K. NLS, nuclear-localization signals; KH, functional regions; KI, protein interaction
region; Src, serine family protein kinases; Lck, tyrosine kinase like protein kinase; Lyn, non-receptor tyrosine kinase; Fyn, proto-oncogene tyrosine protein
kinase; PKC, phospholipid inositol signal pathway. NH,, amine group; COOH, carboxyl group.

known as the nuclear matrix (37). Nuclear matrix proteins
constitute the majority of these structures, while DNA, RNA
and lipids make up the remainder. The nuclear matrix is
important for chromatin remodeling, DNA replication, gene
transcription and post-transcriptional regulation. Nuclear
matrix proteins, including hnRNPK, are key in maintaining
the grid-like structure of the nuclear matrix (38). Changes in
the internal structure of the nuclear matrix can affect various
biological processes, including chromatin remodeling and
gene transcription.

Interaction between hnRNPK and non-coding RNAs (ncRNAs).
hnRNPK exhibits the ability to interact with numerous ncRNAs
and participate in the regulation of various cellular pathways.
Long ncRNAs (IncRNAs), small nucleolar RNAs and cyclic
RNAs are the three primary categories of ncRNAs (39).
IncRNAs, which are >200 nucleotides in length, are key for
the biological functions of various types of cancer, including
colorectal, hepatocellular, breast and bladder cancer, serving
an important role in disease etiology and acting as primary
regulators of hnRNPK. Table II illustrates how hnRNPK inter-
acts with cellular processes and contributes to the regulation
of protein-coding gene networks. These interactions include:
i) IncRNA-hnRNPK interactions, such as IncRNA-p21, Tcll
upstream neuron-associated IncRNA, IncRNA essential for
naive ESC self-renewal 1, promoter-associated noncoding
RNA of ETSI1, Ewing sarcoma-associated transcript 1, cancer
susceptibility candidate 11, MYC-inducible IncRNA 2 and
IncRNA91H, which regulate gene transcription; ii) the regula-
tion of mRNA stability and translation by IncRNA-hnRNPK
interactions, including c-Myc-upregulated IncRNA, transla-
tion regulatory IncRNA and linc0046660; iii) the promotion
of IncRNA nuclear localization, as observed with short
interspersed nuclear element-derived nuclear RNA localiza-
tion; iv) the regulation of genes involved in X-inactive specific
transcript activity through IncRNA-hnRNPK interactions;
and v) hnRNPK-mediated alternative splicing of IncRNAs
such as nuclear paraspeckle assembly transcript 1 (40).
Table II (26,27,41-53) summarizes the specific mechanisms
underlying these interactions and highlights the diverse roles of
hnRNPK in the regulatory networks of protein-coding genes.
Notable examples include MYU stabilizing CDKG6 expression
in the cytoplasm, CTHCC activating YAP]1 transcription in the
nucleus and CASCI11 promoting the Wnt/p-catenin pathway.

5. Biological function of hnRNPK in tumors

Overview of the roles of inRNPK in cancer. hnRNPK controls
the expression of numerous oncogenes and tumor suppressor
genes in malignancies, as well as the proliferation, apoptosis,
migration and invasion of tumor cells. Fig. 2 presents a
comprehensive overview of the hnRNPK functional network
in malignant tumors, illustrating its multifaceted roles in
cancer biology through a number of molecular mechanisms
and signaling pathways.

hnRNPK and tumor cell proliferation. In certain malig-
nancies, hnRNPK has been implicated in the regulation of
tumor growth. A previous study suggested that hnRNPK
controls the p53/p21/cyclin-D1 axis to suppress tumor cell
proliferation, colony formation and tumor progression
in gastric cancer cells (11). An association has also been
observed between hnRNPK expression and poor prognosis
in patients with bladder cancer (54). The primary mecha-
nism of this involves the regulation of cyclin-D1, a key cell
cycle protein, by hnRNPK to promote the proliferation and
survival of bladder cancer cells. The human telomerase
reverse transcriptase and c-Myc genes, which are involved
in tumor cell proliferation, are also closely associated with
hnRNPK (55).

hnRNPK and tumor apoptosis. One of the key hallmarks of
cancer is its ability to evade apoptosis. hnRNPK regulates
tumor apoptosis through a number of pathways. Tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL)
is a novel and efficient therapeutic agent that targets tumor
cell death (56). The NF-xB pathway, which is implicated in
apoptosis, is activated by phosphatidylinositol signaling and
can induce apoptosis in non-small-cell carcinomas. Additional
research has revealed that TRAIL treatment of H1299 cells
promotes hnRNPK accumulation and induced apoptosis.
However, ERK1/2 inhibitors and ERK phosphorylation
receptor mutations were shown to reduce TRAIL-induced
cytoplasmic accumulation of hnRNPK and act as anti-apoptotic
agents (57).

hnRNP, DNA repair and tumor formation. If cellular DNA
is not repaired promptly after exposure to ionizing radiation,
chemotherapeutic agents or other external stimuli, it can lead


https://www.spandidos-publications.com/10.3892/mmr.2026.13854

6 QIN and ZHOU: hnRNPK IN CANCER BIOLOGY AND THERAPEUTIC APPLICATIONS

Table II. Mechanism of interaction between a number of IncRNAs and hnRNPK.

First author, hnRNPK
year IncRNA type location Function Mechanism (Refs.)
Kawasaki, 2016 MYU Cytoplasm  Promotes cell proliferation Stabilizes CDK6 expression 41)
Xu, 2019 treRNA Cytoplasm Promotes cell proliferation Inhibits epithelial cadherin (26)
Xia, 2022 CTHCC Nucleus Promotes cell proliferation and Activates YAP1 transcription 42)
invasion
Huarte, 2010 LincRNA-p21  Nucleus Promotes cell proliferation and Transcriptional regulation 43)
inhibits p53 mediated apoptosis
Lin, 2014 TUNA Nucleus Promotes stem cell differentiation Activates multiple signal paths (44)
Li, 2018 pancEts-1 Nucleus Promotes cell proliferation and Activates § Annexin 45)
invasion
Xi, 2024 ELF3-AS1 Nucleus Promotes cell proliferation and Regulates the downstream (46)
invasion target gene, C-C motif
chemokine 20
Wang, 2022 CRLM Nucleus Promotes metastasis and Associated with the chromatin A7)
regulating gene expression regions of genes involved in
cell adhesion and DNA damage
Lee, 2021 LINCO00263 Nucleus Promotes cell proliferation and Acts as a miR-147a decoy and 27
invasion thus upregulating CAPN2
Ji, 2020 LINCO01413 Nucleus Facilitates cell proliferation, LINCO1413 as a positive 48)
migration, invasion and EMT regulator through the
LINC01413/hnRNP-K/
TAZ1/YAP1/ZEB1 axis
Zhang, 2016 CASC11 Nucleus Promotes cell proliferation and Activates the Wnt/ 3 Annexin 49)
invasion pathway
Gu, 2019 LBCS Nucleus Activates androgen receptor LBCS interacted directly with (50)
signaling hnRNPK to suppress and
rogen receptor translation
Gu, 2019 IncRNA-LBCS Nucleus Inhibits tumor drug resistance Inhibits SOX?2 transcription (50)
Pintacuda, 2017  Xist Nucleus Interacts with X chromosome Modifies chromosome 6y
Gao, 2018 IncRNA 91H Exosomes Promotes tumor occurrence and Regulates the expression of (52)
metastasis HnRNPK
Peng, 2020 FAMS84B-4 Nucleus Promotes tumorigenesis Lnc-FAMB84B-4 regulates 53)

MAPK pathway by restraining
DUSPI1 expression

Inc, long non-coding; DUSP1, dual specificity protein phosphatase 1; SOX2, SRY-box transcription factor 2; LINC01413, long intergenic
non-protein coding RNA 1413; YAP1, Yes-1 associated transcriptional regulator; ZEB1, zinc finger E-box binding homeobox 1; CAPN2,
calpain 2; miR-147a, microRNA 147a; EMT, epithelial-mesenchymal transition; Xist, X inactive specific transcript; CASCI11, cancer suscep-
tibility 11; CRLM, colorectal liver metastasis ELF3-AS1, ELF3 antisense RNA 1; CDK®6, cyclin dependent kinase 6; treRNA, translation
regulatory long non-coding RNA; TUNA, Tcll upstream neuron-associated.

to chromosomal remodeling, gene loss and genome insta-
bility, thereby promoting cancer development (47). Aberrant
hnRNPK expression in tumor cells has been shown to impair
DNA repair capacity. When the expression of hnRNPK was
downregulated in irradiated bronchial epithelial cells, DNA
strand repair was notably impeded. Proteomics analysis has
shown that hnRNPK binds to chromatin in response to DNA
damage in HeLa cells (58).

hnRNPK and tumor angiogenesis. Tumor metastasis occurs
through direct extension, hematogenous and lymphatic spread
and implantation of tumor cells. The early diffusion stage
involves the adhesion plaque complex precursor, in which
hnRNPK is expressed. Disruption of hnRNPK synthesis
increases tumor cell metastasis, indicating that hnRNPK
serves a rate-limiting role in tumor growth (59). The relation-
ship between hnRNPK and metastasis has been established in
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Functional network of hnRNPK in malignant tumors:
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Figure 2. Functional network of hnRNPK in malignant tumors. hnRNPK, heterogeneous nuclear ribonucleoprotein K; c-Myc, cellular Myc.

colon, prostate and gallbladder cancer types. Notably, tumor
size typically does not exceed 2-3 mm without blood supply
and the angiogenic agents that facilitate this include vascular
endothelial growth factor (VEGF) and fibroblast growth
factor. Therefore, hnRNP proteins have been shown to regulate
angiogenic factors and under hypoxic conditions, hnRNPL
preferentially binds to the 3'-UTR of VEGF mRNA (60).
Inhibition of hnRNPK expression suppresses glioma growth
and invasion, suggesting that hnRNPK promotes tumor angio-
genesis and facilitates malignant progression.

hnRNPK and tumor cell migration and invasion. hnRNPK
is further associated with tumor metastasis. Through the
Ras-Raf-MAPK pathway, hnRNPK promotes the expression of
metastasis-related genes, such as MMP3 and MMPI10, prosta-
glandin G/H synthase 2 and thymosin. Ras and cholecystokinin
expression further promotes tumor spread. DAB2-interacting
protein stimulates hnRNPK nuclear accumulation, enhances
MMP?2 transcription and drives colorectal cancer invasion and
metastasis through the MAPK/ERK pathway (61). hnRNPK

also promotes tumor spread in nasopharyngeal cancer by
upregulating MMP12 expression. Strozynski et al (62) found
that hnRNPK was markedly expressed in irradiated cells using
two-dimensional electrophoresis and mass spectrometry.
Targeted inhibition of hnRNPK expression can reduce the
metastatic potential of head and neck squamous cell carcinoma
cells. In small-cell renal carcinoma, cytoplasmic aggregation
of hnRNPK promotes tumor cell invasion into surrounding
tissues. hnRNPK deletion results in transcriptional inactiva-
tion of p53 target genes and defective cell cycle arrest. DNA
damage-induced hnRNPK undergoes small ubiquitin-related
modifier (SUMO)-ylation, which regulates p53 transcriptional
activation (63). Additionally, methylation of arginine residues
at positions 296 and 299 inhibits the phosphorylation of
serine at position 302 by the pro-apoptotic protein kinase C,
thereby reducing apoptosis induced by DNA damage. This
suggests that hnRNPK serves a key role in anti-apoptotic
mechanisms in tumor cells. Chen ef al (25) demonstrated that
hnRNPK exhibits anti-apoptotic activity by regulating down-
stream genes. Specifically, hnRNPK binds to the promoter
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of anti-apoptotic FLICE inhibitory protein and activates its
expression. The IncRNA CASCI1 interacts with hnRNPK to
activate the WNT/B-catenin pathway, ultimately contributing
to colorectal cancer development (43).

hnRNPK and drug resistance of tumor cells. hnRNPK has been
shown to be associated with drug resistance in tumor cells.
After radiotherapy, hnRNPK increased in a dose-dependent
manner and accumulated in the cytoplasm of melanoma cells
with neuroblastoma RAS viral oncogene homolog muta-
tions, causing the cells to become radiotherapy-tolerant (64).
Mitogen-activated extracellular signal-regulated kinase (MEK)
inhibitors can downregulate hnRNPK expression, which, when
combined with radiation, markedly increases apoptosis and
promotes radiosensitivity (65). Targeted inhibition of hnRNPK
expression was found to be consistent with the pro-apoptotic
effects of MEK inhibitors. A similar conclusion was reached in
colorectal cancer (CRC) cells. Kirsten rat sarcoma virus-mutant
CRC cells exhibited rapid upregulation of hnRNPK following
radiation therapy, which increased their tolerance to irradiation.
MEK inhibitor therapy downregulates hnRNPK, improving
sensitivity to radiation (66). hnRNPK is highly expressed
in resistant cell lines and the bone marrow of patients with
drug-resistant acute myeloid leukemia (AML). Drug-resistant
cells lose their tolerance to doxorubicin through targeted
suppression of hnRNPK expression. In addition, hnRNPK may
contribute to doxorubicin resistance by regulating autophagy.

hnRNPK may serve as a prognostic and chemosensitivity
marker in nasopharyngeal carcinoma, as it regulates thymidine
phosphorylase expression. Cells with high thymidine phos-
phorylase levels are sensitive to doxifloruridine treatment (67).
Interferon-stimulated gene 15 (ISG15) regulates hnRNPK
expression in lung cancer cells. ISG15 downregulation induces
cell cycle arrest, allowing extended repair of cisplatin-damaged
DNA, stabilization of p53 and increased hnRNPK expres-
sion. This process can enhance cisplatin resistance. In lung
adenocarcinoma cells, hnRNPK blocks the phosphorylation of
glycogen synthase kinase-3 at Ser9 to stabilize cellular FLICE
inhibitory protein and increase TRAIL resistance. Zhang et al
found that hnRNPK increases AML resistance to adriamycin
through modulation. These findings suggest that hnRNPK
regulates tumor cell sensitivity to chemotherapy and may
serve as a marker for chemosensitivity (68).

Tumor therapy targeting hnRNPK. In Traditional Chinese
Medicine, certain therapeutic compounds can target
hnRNPK to exert antitumor effects. Further research using
bioinformatics and biochemical methods revealed that the
ethanol extract of Indian ginseng serves a role in inhibiting
tumor metastasis and angiogenesis by downregulating
metastasis-related proteins, including hnRNPK, VEGF and
MMPs (69). The ethanol extract of Indian ginseng selectively
inhibits tumor cell activity and suppresses metastasis, invasion
and angiogenesis. Gambogic acid in Garcinia nujiangensis
extract can lower hnRNPK levels by promoting the ubiq-
uitin-proteasome-dependent degradation of hnRNPK, leading
to cell cycle arrest and antitumor effects. The protein hnRNPK,
associated with human telomerase reverse transcriptase, is a
potential biomarker for liver cancer prognosis and may also
serve as a therapeutic target for liver cancer (70). The primary
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antigen target is located at the N-terminus of hnRNPK and
contains a glutamic acid-rich domain. Therefore, hnRNPK
may be used as a biomarker for the detection of hepatocel-
lular carcinoma associated with hepatitis B virus (HBV).
hnRNPK is a biomarker of chemoresistance in gastric cancer
(GC). Additionally, upregulation of hnRNPBI has been iden-
tified as a useful biomarker for the early diagnosis of lung
cancer and human squamous cell carcinomas. While these
preclinical findings are promising, it is important to note that
hnRNPK-targeted therapeutic development remains in early
stages. Unlike established targets such as HER2 or EGFR,
to the best of our knowledge, no hnRNPK-specific inhibitors
have yet entered clinical trials. The primary challenge lies
in the multifunctional nature and context-dependent role of
the protein, which complicates the development of selective
therapeutic strategies. Current research focuses primarily
on understanding the mechanistic roles of hnRNPK across
different cancer types to identify optimal intervention points.

6. Expression and prognostic value of hnRNPK in
malignant tumors

Although hnRNPK contributes markedly to the occurrence and
progression of specific cancer types, it still remains unclear as
to whether it functions as an oncogene or a tumor suppressor
gene. The ability of hnRNPK to regulate both carcinogenesis
and tumor-inhibitory pathways has been demonstrated in
numerous studies (49,71). Cell proliferation and apoptosis
inhibition have been linked to the upregulation and down-
regulation of hnRNPK. Clinical reports present varying
perspectives. hnRNPK functions as an oncogene in gastric,
colorectal, nasopharyngeal, prostate, melanoma and oral squa-
mous cell carcinoma (OSCC). Upregulation of this gene was
found to be positively associated with tumor progression and a
poor prognosis. Conversely, hnRNPK has been shown to act as
a tumor suppressor gene in acute myeloid leukemia (72). Mice
with haploinsufficient hnRNPK expression are more suscep-
tible to lymphoma and acute myeloid leukemia. Therefore,
hnRNPK cannot be categorized solely as an oncogene or
tumor suppressor gene based on these cytological and clinical
findings. The paradoxical dual nature of hnRNPK appears to
be determined by several key factors: i) Cellular context and
tissue type, where gastric epithelial cells show tumor-suppres-
sive responses while mesenchymal-derived cancers exhibit
oncogenic effects; ii) subcellular localization, with nuclear
hnRNPK often being protective while cytoplasmic accumula-
tion promotes malignancy; iii) expression levels, where both
upregulation and haploinsufficiency can promote tumori-
genesis through different mechanisms; iv) post-translational
modifications including phosphorylation, SUMOylation and
methylation that modulate the protein interactions and func-
tions of hnRNPK; and v) interaction partners, particularly p53
status, which fundamentally alter the role of hnRNPK in cell
fate decisions. Table III summarizes these context-dependent
factors including cancer type, hnRNPK function (oncogene
vs. tumor suppressor), expression levels, key regulatory
mechanisms and clinical outcomes (6,11,26,33,55,61,68).

Chronic myeloid leukemia (CML). CML, specifically the
late acute phase, has a poor prognosis. With this, research
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into hnRNPK and its family members during the acute
phase of CML is relatively common. Other chromosomal
and molecular abnormalities are also present in patients with
CML, in addition to the aberrant BCR/ABL fusion gene (73).
Together with other defective genes, the BCR/ABL gene
can influence transcription, protein function and mRNA
translation, and improperly abnormally activate downstream
signaling pathways, thereby contributing to disease progres-
sion. The ability of hnRNPK, hnRNPEI and hnRNPE2 to
limit the proliferation of BCR/ABL-positive cells is inhibited
by the upregulation of CML-blast crisis expression (74). The
leukemogenic activity of BCR/ABL, which can increase
c-Myc gene expression, enhance CML cell proliferation,
block apoptosis and potentially promote rapid transformation,
relies heavily on hnRNPK-mediated regulation of mRNA
translation. The homologous region of the hnRNPK is the
structural motif shared by hnRNPK and hnRNPE1/E2.
The structural basis of the hnRNPK-mRNA interaction is
described as follows. MAPK/ERK1/2 can enhance hnRNPK
transcription and mRNA stability in bone marrow cells and
lymphocytes expressing the BCR/ABL fusion gene through
a BCR/ABL-dependent mechanism (75). Leukemia can be
induced by hnRNPK, which inhibits cytokine-dependent
colony formation in BCR/ABL-positive cells. hnRNPK binds
to MYC mRNA through the internal ribosome entry site
(IRES) and upregulates MYC expression at both the tran-
scriptional and translational levels, ultimately promoting cell
proliferation and inhibiting apoptosis in hepatocellular carci-
noma cells. These effects may be linked to the dysregulation
of the oncogene, MYC (76). To identify hnRNPK expression
at the protein and transcriptional levels in the bone marrow
cells of patients with CML in the chronic and acute phases,
Zhu et al (77) used western blotting and reverse transcrip-
tion-quantitative PCR techniques, finding that hnRNPK
expression varied before and after the acute phase of CML,
indicating that mRNA translation regulation may underlie
changes in hnRNPK protein levels.

Lung cancer. Although hnRNPK expression was not observed
during the aberrant proliferation of healthy alveolar and bron-
chiolar epithelial cells, it was slightly upregulated in cells with
bronchial epithelial dysplasia (78). The localization of hnRNPK
was also shown to gradually shift from the nucleus to the
cytoplasm in the study by Huang et al (79) on lung cancer cell
lines, suggesting that this shift is associated with the biological
state of tumor cells. According to Li et al (55), hnRNPK was
expressed in both the cytoplasm and nucleus of lung cancer
tissues and control lung tissues. These findings suggest that
the hnRNPK positivity rate in lung cancer tissues is higher
than that in non-cancerous lung tissues. A total of three histo-
logical subtypes of lung cancer stained positive for hnRNPK
and the positivity rates for small cell and non-small cell lung
cancers did not differ significantly. Although hnRNPK was
notably expressed in lung cancer tissues, there was no clear
association between hnRNPK expression and the tissue type.
In addition, this study found that invasive and metastatic lung
cancer tissues showed notable levels of hnRNPK expression,
which may indicate a connection between hnRNPK and tumor
aggressiveness. However, the precise role of hnRNPK in lung
cancer initiation, progression and metastasis remains elusive.

GC.In accordance with findings by Huang et al (8), hnRNPK is
a useful prognostic marker in patients with GC. Han et al (80)
discovered that hnRNPK is a GC-related antigen, with tissue
microarray analysis revealing that hnRNPK expression was
elevated in GC tissue. Patients with high hnRNPK expression
exhibited a poor prognosis, suggesting that hnRNPK may be
associated with GC occurrence, progression and prognosis.
Poor prognosis in GC is linked to low hnRNPK transcription
levels, particularly in patients with early-stage disease without
metastasis. Through the p53/p21/cyclin D1 pathway, hnRNPK
upregulation decreases tumor cell proliferation and colony
formation in vitro and tumor growth in vivo (81). hnRNPK
interacts with tumor-associated genes, including p53 and p21.
High hnRNPK expression has been observed in GC tissue.
Infection with the L-form of Helicobacter pylori may promote
the expression of hnRNPK. The expression of hnRNPK and
Helicobacter pylori L-form infection may work together
to increase the risk of GC. The degree of differentiation,
lymphatic metastasis and clinical stage of GC are associated
with hnRNPK expression (82). Research has demonstrated
that hnRNPK is primarily expressed in the nucleus of human
GC SGC-7901 cells, with a minor quantity expressed in the
cytoplasm of in vitro cultured gastric mucosal cell lines and
GC SGC-7901 cells (53). The expression of hnRNPK was
found to be higher in human GC SGC-7901 cells than in
gastric mucosal gastric epithelial-1 cells, both in the cyto-
plasm and nucleus. hnRNPK was also marginally expressed
in the nucleus of gastric mucosal GES-1 cells, but not in the
cytoplasm of these cells. Knockdown of hnRNPK reduced
the proliferation, migration and invasion of human GC
SGC-7901 cells. The cytoplasmic localization and elevated
expression of hnRNPK in SGC-7901/DDP cells indicated that
hnRNPK was associated with drug resistance in human GC
SGC-7901 cells.

Liver cancer. To demonstrate that hnRNPK is primarily
expressed in the nucleus, Meng ef al (33) examined hnRNPK
expression in hepatocellular carcinoma and adjacent tissues.
Findings revealed that hnRNPK protein expression was
higher in 70% of hepatocellular carcinoma tissues than in
the corresponding adjacent tissues (83), suggesting that it
promotes liver cancer cell development. By separating the
cytoplasm and nucleus of hepatoma cells at various densi-
ties, changes were observed in hnRNPK expression during
cell proliferation. These findings indicate that hnRNPK
expression in the nucleus increases with higher cell density,
suggesting that elevated nuclear hnRNPK expression may
promote cell proliferation (84). In addition, while only 50%
of HBV-negative liver cancer tissues showed higher hnRNPK
expression than their adjacent tissues, 80% of HBV-positive
liver cancer tissues did, indicating an association between
hnRNPK expression and HBV infection. Further research is
needed to determine whether hnRNPK has a synergistic effect
with HBV in promoting liver cancer development and whether
HBYV upregulates hnRNPK expression in liver cancer tissues.
Harris et al (85) demonstrated that hnRNPK can interact with
the 3'-UTR of the hepatitis C virus and participate in viral
replication. The IRES, located at the 3' end, is a key regulatory
element in viral gene translation. IRES and hnRNPK work
together to notably enhance the mRNA translation efficiency,
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thereby increasing viral expression and replication, thus
accelerating disease progression.

OSCC. With regard to OSCC, researchers used isotope-labeled
relative and absolute quantitative techniques combined
with liquid chromatography-mass spectrometry and found
that hnRNPK protein expression increased with higher
tumor-lymph node-metastasis tumor staging levels and was
associated with poor prognoses. Therefore, hnRNPK has the
potential to be a useful marker for the early detection and
prognostic monitoring of OSCC (86). N6-methyladenosine
(m6A) levels in OSCC tissues were notably higher than those
in adjacent non-tumor tissues and eight m6A-modified genes,
including hnRNPC, exhibited differential expression patterns.
HnRNPC alone may serve as a standalone biomarker and ther-
apeutic target in OSCC. Compared with healthy oral mucosal
tissues, OSCC tissues exhibit markedly elevated levels of
hnRNPL, which is primarily concentrated in discrete nuclear
regions, forming a punctate structure (87). The expression of
hnRNPL was higher in mesenchymal tissues than in epithelial
tissues. A novel target of hnRNPL, Ser/Arg-rich splicing factor
3, may be regulated by hnRNPL at both the transcriptional and
post-transcriptional alternative splicing levels.

Tumors of the urinary system.In accordance with results from a
study by Mukhopadhyay ef al (88), while the androgen receptor
(AR) can control the production of androgen-responsive genes
and the proliferation of prostate cancer cells, hnRNPK can
reduce AR expression by inhibiting the translation of AR
mRNA. Analysis of hnRNPK expression in 188 patients
with bladder cancer (89) revealed that bladder cancer tissues
had markedly higher levels of hnRNPK expression and that
hnRNPK expression levels were associated with prognosis.
Additionally, research has demonstrated that hnRNPK inhibits
tumor growth in vivo by enhancing proliferation, inhibiting
apoptosis and contributing to treatment resistance in bladder
cancer cells (90). This mechanism involves hnRNPK-mediated
transcriptional regulation of cyclin D1, excision repair
cross-complementing group four, amongst other components
that influence bladder cancer activity.

After examining modifications in hnRNPK protein func-
tionality in patients with advanced prostate cancer, researchers
have found that reducing cholesterol levels inhibited the release of
hnRNPK protein and hnRNPK-containing exosomes from pros-
tate cancer cells (91). Prostate cancer cells release exosomes to
facilitate the spread of the disease to other organs. hnRNPK helps
regulate the quantity of exosomes produced by prostate cancer
cells, thereby preventing the spread of malignancy to other parts
of the body (92). Exosomes act as regulators prior to metastasis,
conditioning the microenvironment of distant tissues to facili-
tate tumor cell colonization. According to Iwabuchi ez al (93),
decreasing cellular cholesterol levels may prevent hnRNPK from
exiting tumor cells and transmitting oncogenic signals.

Current status of clinical translation. Despite extensive
mechanistic studies, the clinical translation of hnRNPK
research faces several limitations. The majority of current
evidence derives from retrospective analyses of tumor samples
and correlative studies. For instance, while multiple studies
have demonstrated associations between hnRNPK expression
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and prognosis across numerous cancer types (30,35), these
findings have not yet been incorporated into clinical practice
guidelines. The lack of standardized detection methods and
validated cut-off values for hnRNPK expression limits its
immediate clinical utility. Furthermore, the dual nature of
hnRNPK as both oncogene and tumor suppressor in different
contexts presents unique challenges for therapeutic targeting,
requiring more sophisticated patient stratification processes
than currently available.

7. Conclusion

There is an association between hnRNPK and the initiation
and progression of numerous cancer types. Identifying tumor
markers is one of the primary strategies used to address key
challenges in modern cancer research and hnRNPA2/B1
has been utilized as a marker for the early detection of lung
cancer. Current findings suggest that hnRNPK holds promise
as a molecular biomarker for related malignancies. Although
research in this area is still in its early stages, several notable
issues remain. Studies specifically focusing on hnRNPK
are still limited. To establish the groundwork for future
screening of human tumor molecular markers applicable to
early clinical diagnosis, treatment, prognosis evaluation and
disease monitoring, it is important to further elucidate the
specific mechanisms by which members of the hnRNP family,
including hnRNPK, contribute to the genesis, development
and metastasis of tumors.
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