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Highlights:

e Bidirectional regulation of KRAS and miRNA in cancer.
e  MiRNA directly targets KRAS to inhibit tumour growth.
e KRAS mutations reshape miRNA expression profiles.

e KRAS hijacks miRNA processing pathways.

e Clinical potential of the KRAS-miRNA axis.

Abstract: Kirsten RAS viral oncogene homolog (KRAS) is one of the most frequently mutated
oncogenes in human cancers. Its mutations result in constitutive activation of the protein, which drives
the mitogen-activated protein kinase (MAPK) and phosphoinositide 3-kinase (PI3K) signaling pathways
and promotes tumor progression. Meanwhile, microRNAs (miRNAs), as key post-transcriptional regulators,
can directly or indirectly modulate the activity of the KRAS signaling network, forming a bidirectional
regulatory axis. This review summarizes the complex interplay between KRAS and miRNAs: on one
hand, specific miRNAs suppress oncogenic signaling by targeting KRAS or its upstream/downstream
effectors; on the other hand, mutant KRAS actively hijacks miRNA biogenesis, processing, and function,
leading to a global reprogramming of miRNA expression that drives tumor progression, immune
evasion, and drug resistance. In-depth dissection of this dynamic regulatory mechanism not only offers
novel insights into the biology of KRAS-driven tumors, but also establishes a theoretical foundation for

developing miRNA-based therapeutic interventions.
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1. Introduction

Rat sarcoma (RAS) was the first oncogene identified in human tumors and remains one of the most
commonly mutated gene families, detected in over one-third of all cancers [1]. This family comprises
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three members: kirsten RAS viral oncogene homolog (KRAS), neuroblastoma RAS viral oncogene
homolog (NRAS), and harvey RAS viral oncogene homolog (HRAS) [2]. Among them, KRAS is the
most frequently mutated isoform, particularly in solid tumors, accounting for approximately 20% of all
cancer cases. [ts mutation prevalence is especially high in specific malignancies: about 90% in pancreatic
cancer, 50% in colorectal cancer, and 30% in lung adenocarcinoma. Nearly all KRAS mutations occur
at codons 12, 13, or 61, with codon 12 being the most common hotspot. In pancreatic cancer, the
predominant subtypes are G12D (41%), G12V (32%), and G12R (16%), whereas in colorectal cancer,
G12D (45%) and G12V (30%) represent the major variants [3,4].

KRAS mutations occupy a central role in tumor initiation and progression. At the molecular level, these
amino acid substitutions lock the protein into a GTP-bound conformation, disrupting the cycling between
active GTP- and inactive GDP-bound states. Sustained GTP loading leads to constitutive activation of
downstream signaling axes, notably the rapidly accelerated fibrosarcoma (RAF)-mitogen-activated protein
kinase kinase (MEK)-Extracellular signal-regulated kinase (ERK) and phosphoinositide 3-kinase
(PI3K)-protein kinase B (AKT) pathways, which regulate key cellular processes including proliferation,
survival, metabolic reprogramming, and invasive potential [5]. By maintaining these oncogenic outputs,
mutant KRAS drives tumor cells through each stage of progression and reinforces their malignant phenotype.

In parallel, microRNAs (miRNAs) have emerged as critical post-transcriptional regulators of gene
expression. These evolutionarily conserved non-coding RNA molecules, typically 20—25 nucleotides in
length [6], are deeply involved in nearly all fundamental cellular processes and contribute to every
hallmark of cancer [7]. Depending on context, miRNAs can function as tumor suppressors or oncogenes.
Their dysregulation is a frequent event in cancer development, influencing a broad spectrum of processes
including proliferation, apoptosis, metastasis, and immune evasion [8].

A growing body of evidence has revealed a complex bidirectional regulatory interplay between
KRAS mutations and miRNAs, establishing a pivotal axis in cancer biology. This crosstalk operates
through two fundamental mechanisms: multiple miRNAs precisely modulate KRAS activity through
direct targeting or regulation of its signaling cascades; conversely, mutant KRAS orchestrates extensive
reprogramming of the miRNA landscape via transcriptional control and disruption of miRNA biogenesis
machinery. Although previous studies have uncovered various facets of this relationship, this review
synthesizes current understanding of how KRAS-miRNA interactions cooperatively drive tumorigenesis.
We delve into their roles in tumor initiation and progression and critically evaluate the therapeutic

potential of targeting this dynamic regulatory network.
2. KRAS and miRNA

MiRNAs, which serve as crucial post-transcriptional regulators of gene expression, are highly evolutionarily
conserved and ubiquitously expressed in eukaryotes [9]. KRAS, as a central oncogenic driver, exerts its
biological effects within a dynamic regulatory network shaped by tissue microenvironment, mutation
subtype, and therapeutic pressures. This complexity is particularly evident at the level of miRNA
regulation. The miRNA expression profile does not merely accompany KRAS mutations but acts as a
key mediator of tissue specificity, subtype dependency, and adaptive resistance.
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2.1. A regulatory network woven by tissue and mutation subtype

The miRNA response triggered by KRAS mutations exhibits significant tissue-context specificity, which
partly explains why identical mutations lead to distinct biological behaviors in different organs. For
instance, in pancreatic ductal adenocarcinoma, KRAS mutations frequently drive overexpression of
miR-21, which enhances survival signaling by suppressing targets like phosphatase and tensin
homolog (PTEN) [10]. Conversely, in colorectal cancer, widespread downregulation of the let-7 family
miRNAs directly removes inhibition on KRAS itself, thereby amplifying oncogenic signaling [11]. This
specificity is further fine-tuned by specific KRAS mutation subtypes, with distinct miRNA dysregulation
patterns observed. Alterations in c- myelocytomatosis oncogene (MY C)-dependent miRNA expression
are commonly associated with the G12D variant [12], while G12C mutations are linked to dysregulation
of miRNAs related to invasion and immunity [13]. These observations suggest that a shared oncogenic
signaling hub, combined with subtle signal nuances unique to each mutation subtype, collaboratively
weaves a complex miRNA regulatory network.

2.2. Dynamic feedback and resistance remodeling under therapeutic pressure

Therapeutic targeting of the KRAS pathway, such as direct inhibition of G12C [14] or downstream
MEK [15], rapidly disrupts the existing regulatory equilibrium. This triggers adaptive feedback
networks in which miRNAs serve as key mediators. For example, MEK inhibitor treatment can lead
to upregulation of miR-30c [16], which subsequently inhibits the negative regulator RAS p21 protein
activator 1 (RASA1) [17] thereby diminishing drug efficacy. This indicates that the therapy itself
becomes a selective pressure reshaping the miRNA-KRAS regulatory axis. These rapidly responsive
miRNA feedback loops are a significant reason for the transient effectiveness of many targeted therapies.

2.3. MiRNA functional hubs constituting the core regulatory axis

In KRAS-driven tumors, a core regulatory axis is formed by opposing groups of miRNAs. On one hand,
inhibitory miRNAs, represented by let-7 [18] and miR-34a [19], act as fundamental molecular brakes
by directly targeting KRAS mRNA or its adaptor proteins. Their loss is a common basis for the
hyperactivation of KRAS signaling. On the other hand, oncogenic miRNAs, such as miR-21 [20] and
miR-155 [21], provide synergistic amplification and bypass activation opportunities for KRAS signaling
by suppressing pathway negative regulators like PTEN [22] This axis is not static but undergoes dynamic
shifts during tumor evolution and therapeutic intervention. Its balance profoundly influences the
malignant phenotype of the tumor and its therapeutic vulnerabilities.

3. KRAS-targeting miRNA

KRAS, a pivotal oncogene in tumorigenesis, was historically considered an “undruggable” target, which
has spurred extensive scientific investigation into its molecular mechanisms in cancer [3]. A substantial
body of research has focused on the regulatory roles of miRNAs on KRAS. miRNAs modulate KRAS
activity through multi-layered mechanisms. Some act as tumor suppressors by directly targeting
KRAS, while others exert anti-tumor effects indirectly by regulating its upstream or downstream
signaling pathways.
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3.1. MiRNAs directly targeting KRAS

MiRNAs can directly target KRAS by binding to complementary sequences within the 3'-untranslated

region (3'-UTR) of KRAS mRNA, leading to translational repression and a consequent reduction in

KRAS protein synthesis. Relevant miRNAs are listed in Table 1.

Table 1. MiRNAs that regulate KRAS cited in this research highlight.

MiRNA Regulatory Function g;[l)lzer lgi(;leymorphlc Data Source References
let-7 miRNA  Tumor Suppressor OPC LCS6 Clinical Data [23]
CRC LCS6 Clinical Data [24]
CA LCS6 Clinical Data [25]
GC rs712 Clinical Data [26]
HNC LCS6 Clinical Data [27]
NSCLC LCS6 Clinical Data [28]
BC LCS6 Clinical Data [29]
miR-134 Tumor Suppressor RCC - In Vitro Cell Assays [30]
hsa-miR-557  Tumor Suppressor (ON) - In Vitro Cell & In Vivo [31]
Animal Experiments
miR-16 Tumor Suppressor CRC - In Vitro Cell & In Vivo [32]
Animal Experiments
miR-193a-3p  Tumor Suppressor LC Nucleotide In Vitro Cell & In Vivo [33]
positions 302— Animal Experiments,
308 & 1073— Clinical Data
1079 in 3'-UTR
NSCLC - In Vitro Cell & In Vivo [34]
Animal Experiments
miR-873 Tumor Suppressor BC - In Vitro Cell & In Vivo [35]
Animal Experiments,
Clinical Data
miR-101-3p  Tumor Suppressor NSCLC - In Vitro Cell & In Vivo [36]
Animal Experiments,
Clinical Data
miR-18a Tumor Suppressor CRC - In Vitro Cell Assays [37]
miR-143 Tumor Suppressor CRC - In Vitro Cell Assays [38]
miR-206 Tumor Suppressor PDAC - In Vitro Cell & In Vivo [39]

Animal Experiments

3.1.1. The let-7 miRNA family

Let-7 is one of the earliest identified miRNA families. miRNAs typically bind to conserved sequences

within the 3'-UTR of target genes to inhibit translation. A T-to-G transversion in the sixth let-7

complementary site (LCS6) of the KRAS 3’-UTR creates a single nucleotide polymorphism (SNP)

that impairs binding by let-7 family miRNAs, consequently reducing their repression of KRAS

expression [40].

In various cancers, downregulation of let-7 is frequently accompanied by upregulation of KRAS

protein, underscoring a key mechanistic link between let-7 dysregulation and tumorigenesis.

In oropharyngeal carcinoma (OPC), let-7 serves as a critical negative regulator of KRAS. The LCS6
polymorphism (G allele) in the KRAS 3’-UTR disrupts this regulation, leading to KRAS protein
overexpression, enhanced tumor aggressiveness, and poorer patient prognosis [23].
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Studies in colorectal cancer (CRC) demonstrate that the LCS6 polymorphism in the KRAS 3'-UTR
weakens the binding of tumor-suppressive let-7, resulting in elevated KRAS protein expression. This
polymorphism has been identified as an independent prognostic marker associated with adverse
outcomes in CRC [24].

In gallbladder cancer (GBC), the KRAS LCS6 polymorphism, by interfering with the tumor-suppressive
function of let-7, is associated with increased cancer risk and shorter survival in populations from
Northern India [25].

The rs712 polymorphism (T allele) within the let-7 binding site of the KRAS 3’-UTR is significantly
correlated with an elevated risk of gastric cancer (GC), suggesting KRAS rs712 as a potential genetic
marker for GC susceptibility [26].

Research on head and neck cancer (HNC) indicates that the KRAS-LCS6 variant may serve as a
candidate biomarker for predicting lymph node metastasis. In non-small cell lung cancer (NSCLC), the
LCS6 variant allele is significantly associated with increased risk among moderate smokers, representing
a novel paradigm for let-7 miRNA in lung cancer susceptibility [28].

The variant allele (rs61764370 T > G) in the KRAS 3'-UTR, which disrupts a let-7 miRNA binding
site, is found to be enriched in patients with hereditary breast cancer (BC). Functional studies confirm
that this variant promotes increased KRAS expression in vitro [29].

3.1.2. Other miRNAs

Numerous studies have identified additional miRNAs that directly target KRAS to modulate tumor progression.

MiR-134 acts as a tumor suppressor in renal cell carcinoma (RCC) by targeting KRAS, inhibiting
cell proliferation and epithelial-mesenchymal transition. Luciferase reporter assays confirm its direct
binding activity to the KRAS 3'-UTR [30].

Has-miR-557 significantly suppresses the proliferation of osteosarcoma (OS) cells and reduces
tumor size and weight in vivo. Further mechanistic studies demonstrate that has-miR-557 directly targets
the 3'-UTR of KRAS and regulates the phosphorylation of downstream proteins [3].

Experimental validation confirms that miR-16 directly recognizes the 3’-UTR of KRAS transcripts
and regulates KRAS expression. In vitro, miR-16-mediated suppression of KRAS inhibits proliferation
and invasion while inducing apoptosis in CRC cells. In vivo, miR-16 exerts tumor-suppressive effects
by negatively regulating KRAS in xenograft mouse models [32].

Two functional binding sites for miR-193a-3p within the KRAS 3'-UTR have been identified,
sufficient to mediate KRAS downregulation. Investigations into the impact of miR-193a-3p on
KRAS-driven tumor formation and metastasis in both in vitro and in vivo lung cancer (LC) models
highlight its promising clinical translational potential [33]. KRAS is validated as a direct target of
miR-193a-3p via dual-luciferase reporter assays. Reduced expression of miR-193a-3p is observed in
NSCLC tumor tissues, and its enforced expression suppresses tumor formation, cell proliferation, and
migration [34].

MiR-873 is shown to directly bind the 3’-UTR of KRAS mRNA and inhibit its expression, leading
to suppressed KRAS signaling and tumor growth in pancreatic ductal adenocarcinoma (PDAC) and
triple-negative breast cancer (TNBC) models [35].
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MiR-101-3p directly interacts with the 3’-UTR of KRAS mRNA. KRAS levels are regulated by the
circular RNA mediator of cell motility 1 (circ-MEMO1) /miR-101-3p axis, and silencing circ-MEMO1
inhibits NSCLC tumor growth in vivo[36].

MiR-18a specifically targets KRAS, but not other RAS family members. Inhibition of miR-18a
increases KRAS expression, promoting proliferation and anchorage-independent growth in A431, HT-29,
and WRL-68 cells. Luciferase reporter assays confirm its binding activity to the KRAS 3’-UTR [41].

In CRC tumor tissues, miR-143 expression is inversely correlated with KRAS protein levels.
Luciferase reporter assays in CRC Lovo cells confirm that miR-143 directly targets the 3'-UTR of KRAS
transcripts. Furthermore, miR-143-mediated suppression of KRAS inhibits ERK1/2 phosphorylation [37].

MiR-206 exerts tumor-suppressive functions in PDAC cells by directly targeting both KRAS and
annexin A2 (ANXA?2), thereby inhibiting cell proliferation, migration, and invasion. Overexpression of
miR-206 in PDAC cells suppresses angiogenesis and lymphangiogenesis, leading to inhibited tumor
growth [39].

3.2. MiRNA-mediated indirect targeting of KRAS

Research indicates that miRNAs can exert tumor-suppressive effects not only by directly targeting
KRAS itself but also, more broadly, through the indirect regulation of its upstream activators or
downstream effector molecules. This enables fine-tuning of KRAS signaling network activity at the
post-transcriptional level. These multi-layered, multi-node regulatory mechanisms reveal the complex
role of miRNAs within the KRAS signaling network and provide potential non-coding RNA targets for
the precise intervention of KRAS-driven tumors.

3.2.1. Upstream indirect regulation of KRAS by miRNAs

Numerous miRNAs effectively inhibit the activation status of KRAS by targeting its upstream activators.
Specific pathways and functions involved are summarized in Table 2.

MiRNAs indirectly influence KRAS signaling pathway activity by targeting the expression of receptor
tyrosine kinases (RTKs). miR-7 has been shown to directly target epidermal growth factor receptor (EGFR)
mRNA, while simultaneously targeting downstream rapidly accelerated fibrosarcoma 1 (RAF1), a direct
effector of KRAS. Therefore, restoring miR-7 expression can effectively suppress the EGFR/KRAS/RAF/
mitogen-activated protein kinase (MAPK) signaling axis, demonstrating therapeutic potential in
glioblastoma [42].

Growth factor receptor bound protein 2 (GRB2), CT10 regulator of kinase (CRK), and src homology
2 domain containing (SHC) are crucial adaptor proteins linking upstream receptor tyrosine kinases (RTKs)
to downstream KRAS activation. By regulating the expression of these adaptors, miRNAs can
efficiently modulate the signal flux strength of the RTK — KRAS signaling pathway. In hepatocellular
carcinoma (HCC) studies, miR-433 was confirmed to directly bind the 3'-UTR of GRB2 mRNA and
inhibit its expression. Downregulation of GRB2 significantly attenuated EGF-induced ERK1/2
phosphorylation (indicating MAPK pathway activation), directly demonstrating that inhibiting GRB2
via miRNA can suppress RAS-MAPK signal output [43].

GEFs catalyze the transition of KRAS from its inactive GDP-bound state to the active GTP-bound
state. In glioblastoma, miR-124 and miR-137 have been shown to directly target the 3'-UTR of son



ExRNA Review

of sevenless homolog 1 (SOSI). Overexpression of these miRNAs significantly reduces SOS1
protein levels, thereby inhibiting EGF-induced KRAS-GTP loading and downstream ERK/MAPK
pathway activation, leading to cell cycle arrest and differentiation [44].

Table 2. Pathways for indirect upstream regulation of KRAS by miRNAs.

Pathway Level Key Molecules Function

EGFR, Mesenchymal-epithelial

transition factor (MET), Erb-B2 Autophosphorylation upon ligand binding,

RTKSs receptor tyrosine kinase 4 (ERBB4), recruiting adapter proteins
Insulin-like growth factor 1 receptor gadapterp ’
(IGFIR)
Adapter Proteins GRB2, CRK, SHC Link RTKSs to SOSI1.
GEFs SOS1, SOS2 Catalyze RAS-GDP — RAS-GTP conversion.

3.2.2. Regulation of downstream KRAS signaling pathways

MiRNAs themselves do not directly regulate KRAS to influence its downstream pathways. Instead, they
achieve a multi-pronged attack on the KRAS-driven signaling network by simultaneously inhibiting
multiple key downstream nodes. This approach can amplify inhibitory effects and overcome feedback
activation or drug resistance. Beyond targeting the KRAS oncogene itself, certain miRNAs function by
regulating downstream signaling pathways such as the MAPK and PI3K pathways (Table 3).

Table 3. Pathways for indirect downstream regulation of KRAS by miRNAs.

Pathway

Category Key Target Molecules Function
MAPK Feﬁfel(i 1]::/1\];:}11( 11 ’dilzgili;[y Activated KRAS-GTP directly binds and activates RAF kinase,
Pathwa containing 1 (SPREDI) initiating the RAF-MEK-ERK phosphorylation cascade, ultimately
Y CRK & ’ promoting cell cycle progression, proliferation, and survival.
Phosphoinositide-3-kinase
PI3K-AKT E;%g;;gg] ilg_lrnzlt 2 KRAS activates PI3K directly or via IRS1, subsequently activating
7 § the AKT-mTOR axis to promote cell survival, growth, and
Pathway Mechanistic target of metabolic reprogramming
rapamycin kinase (mTOR), ’
IRS1

MiR-7 inhibits the proliferation, migration, and invasion of NSCLC cells by targeting focal adhesion
kinase (FAK), consequently suppressing ERK/MAPK pathway activation. These mechanisms serve as
potential targets for NSCLC diagnosis and treatment [45]. In CRC cells, upregulation of miR-217
significantly downregulates MAPK 1 expression. Overexpression of miR-217 in RKO cells also reduces
KRAS and Raf-1 expression. miR-217 inhibits CRC tumor growth and promotes apoptosis by
suppressing the MAPK signaling pathway [46].

By targeting key nodes of the PI3K-AKT pathway, miRNAs can directly impair the PI3K pathway
activity relied upon by mutant KRAS, thereby inhibiting tumor growth and survival. miR-145 blocks
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insulin/IGF-1 signal input into the PI3K-AKT pathway, thereby weakening KRAS-driven PI3K pathway
activity and inhibiting tumor growth [47].

4. KRAS-regulated miRNAs

As a pivotal oncogene, KRAS activation drives cellular proliferation, survival, and invasive capabilities.
Extensive studies have demonstrated that KRAS mutations can alter miRNA expression profiles and
influence miRNA function through diverse mechanisms, thereby modulating tumor progression. This
section systematically reviews miRNAs regulated by KRAS.

4.1. MiRNA expression profiles driven by KRAS mutation

In a cohort of 55 metastatic CRC patients (15 with mutant KRAS, 40 with wild-type), a distinct miRNA
expression signature associated with KRAS mutation was identified, characterized by upregulation of
miR-127-3p, miR-92a, and miR-486-3p, and downregulation of miR-378. Bioinformatics analysis
suggested these dysregulated miRNAs may collectively participate in processes such as NADPH
regeneration and G protein-coupled receptor signaling. Furthermore, predicting their potential target
genes ((including regulator of G-protein signaling 3 (RGS3) and transducer of ERBB2 (TOB1)) revealed
their roles in regulating apoptosis and proliferation [48].

Research comparing miRNAs in isogenic CRC cell lines DKO-1, DKs-8, and DLD-1 (differing only
in KRAS status) and their secreted exosomes found differences in miRNA expression profiles between
cells and exosomes. For instance, miR-10b was specifically upregulated in exosomes from wild-type
KRAS cells, whereas miR-100 was upregulated in exosomes from mutant KRAS cells. Additionally,
miR-100 was found to be functional in recipient cells [49].

An analysis of miRNA expression profiles in 525 CRC tissues with KRAS or B-Raf proto-oncogene,
serine/threonine kinase (BRAF) mutations revealed distinct patterns between KRAS-mutant and
BRAF-mutant CRC patients. miRNAs such as miR-31-5p, miR-877-5p, miR-362-5p, miR-425-3p, and
miR-31-5p showed differential expression, with the most significant fold changes. These miRNAs were
significantly enriched in cancer-related pathways, including neutrophil factor signaling, general cancer
pathways, wingless-related integration site (Wnt) signaling, and MAPK signaling, indicating their
potential roles in CRC development [50].

Analysis of 85 NSCLC tissue samples identified miR-1253, miR-504, and miR-26a-5p as markers
capable of distinguishing anaplastic lymphoma kinase (ALK)-, EGFR-, and KRAS-driven subtypes. The
authors suggested further investigation into the function of these miRNAs within each driver-defined
subgroup, particularly focusing on KRAS-mutant NSCLC—a subgroup currently lacking effective
therapies [51].

Collectively, the data indicate that the presence of KRAS mutations can reshape the miRNA
landscape within tumor tissues. Across studies, KRAS-driven cancers consistently exhibit a distinct
pattern of miRNA dysregulation, highlighting the utility of these small RNAs as candidate biomarkers
for this molecular subtype.
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4.2. Functional roles of key KRAS-regulated miRNAs

KRAS-regulated miRNAs provide a clear window into the molecular mechanisms underlying tumor
maintenance. They cooperatively regulate core oncogenic traits—proliferation, anti-apoptosis, local
invasion, and distant metastasis. Their abundance correlates with disease stage, progression rate, and
treatment response, making them promising diagnostic or prognostic indicators. However, the specific
pathways linking individual miRNAs to these phenotypes are not fully elucidated. Oncogenic KRAS
remodels the miRNA expression landscape, and the induced miRNAs, in turn, accelerate multiple steps
of tumorigenesis, ultimately promoting tumor growth. This section enumerates current research progress
on specific KRAS-regulated miRNAs and their functional contributions in various cancers.

In NSCLC, mutant KRAS constitutively activates the signal transducer and activator of
Transcription 3 (PI3K-STAT3) signaling pathway; this sustained signal suppresses the expression of the
tumor suppressor miR-34a. When miR-34a levels decrease, its ability to inhibit cluster of
differentiationn47 (CD47) messenger RNA is lost, leading to abnormal accumulation of CD47 on the
cell surface. Excess CD47 releases a “don’t eat me” signal that blocks macrophage phagocytosis, allowing
tumor cells to evade innate immune surveillance and weakening natural anti-tumor responses [47].

In a tetracycline-inducible KRAS G12V model, miR-155 emerged as the most significantly
upregulated miRNA following KRAS activation, and its increase strictly depended on intact MAPK and
nuclear factor kappa-B (NF-«B) signaling pathways. Functionally, miR-155 directly represses
forkhead box O3a (Foxo3a), thereby reducing the expression of the antioxidant enzymes superoxide
dismutase 2 (SOD2) and catalase. The resulting intracellular reactive oxygen species (ROS)
accumulation ultimately promotes pancreatic cell proliferation [52].

In cells expressing oncogenic KRAS (e.g., IMR90 and MCF10A), KRAS activation suppresses
miR-200 expression through transcription factors jun proto-oncogene (JUN), specificity protein 1 (SP1),
and zinc finger E-Box binding homeobox 1 (ZEBI1) [53]. Furthermore, miR-200 overexpression can
eliminate KRAS-induced apoptosis resistance by directly targeting the anti-apoptotic gene B-cell
lymphoma 2 (BCL2). In CRC tumor tissues, compared to normal tissues, miR-200c expression is
significantly upregulated, and its level is higher in mutant KRAS CRC than in wild-type KRAS. High
miR-200c expression correlates with worse overall survival outcomes [53].

Through high-throughput screening for KRAS-specific synthetic lethal miRNA mimics, we found
that miR-1298 is a potent inhibitor of KRAS-driven tumor growth. Affinity purification and
mechanistic studies confirmed that the cytoskeleton regulator FAK and the laminin subunit laminin
subunit beta 3 (LAMB3) are direct functional targets of miR-1298 [54].

In colorectal cancer tissues, miR-450b-5p is highly expressed, and its high expression is
significantly associated with KRAS mutation. This miRNA directly targets the 3'-UTR regions of
secreted frizzled related protein 2 (SFRP2) and seven in absentia homolog 1 (SIAH1), activating the
Wnt/B-Catenin signaling pathway, thereby promoting tumor growth and progression [55].

5. KRAS hijacks miRNA regulatory pathways to drive oncogenic phenotypes

MiRNAs are key regulators integral to all aspects of cancer biology. Oncogenic KRAS alleles disrupt
the normal biogenesis and activity landscape of miRNAs, thereby conferring selective advantages to
emerging tumor clones. Experimental evidence indicates that KRAS mutations do not merely passively

9
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respond to miRNA regulation; rather, they actively and globally hijack multiple independent steps in the
miRNA pathway—from miRNA generation (nuclear transcription and processing) and maturation
(cytoplasmic Dicer 1, ribonuclease III (DICER) cleavage) to functional execution ((RNA-induced
silencing complex) RISC assembly and argonaute 2 (AGO?2) activity). These disruptions synergistically
accelerate tumorigenesis. This understanding provides a conceptual framework for elucidating the
evolution and progression of KRAS-mutant cancers. Post-transcriptional regulation by miRNAs is an
evolutionarily conserved and ubiquitous mechanism often disrupted in malignancy; indeed, mutations
in core components of the miRNA machinery have been found in various tumors [56].While previous
research has extensively detailed how miRNAs influence KRAS expression and function, our knowledge
of how KRAS shapes the global miRNA landscape remains incomplete. KRAS mutations also lead to
dysregulation of miRNA biosynthesis and global miRNA profiles [57,58].This section delineates how
KRAS promotes tumorigenesis by subverting miRNA regulatory pathways.

5.1. Regulation of miRNA biogenesis and processing

KRAS mutations tilt the “miRNA balance” in favor of tumor development by affecting critical steps in
miRNA generation.

KRAS signaling influences the early nuclear fate of miRNAs by inducing specific long non-coding
RNAs (IncRNAs). For instance, KRAS-induced metastasis-associated transcript 1 (KIMATI)
stabilizes the nuclear helicase DExH-box helicase 9 (DHX9), promoting the processing of specific
oncogenic miRNA precursors (e.g., miR-27b-3p). Concurrently, it represses the expression of p21
(a co-factor for developmentally regulated RNA binding protein (DROSHA), a component of the
microprocessor complex) via a MY C-dependent mechanism, thereby inhibiting the biogenesis of a
subset of tumor-suppressive miRNAs (e.g., miR-34a, miR-126-3p) [59]. This dual-action regulation
creates an imbalance between pro-oncogenic and anti-oncogenic miRNA expression.

After nuclear export, precursor miRNAs (pre-miRNAs) require cleavage by the DICER enzyme to
become mature. KRAS exerts complex regulation on DICER via its downstream ERK signaling pathway.
On one hand, ERK-mediated phosphorylation of DICER can inhibit its processing activity [60]. On the
other hand, studies have linked high DICER expression to pancreatic cancer risk, identifying
transcription factor Spl as targeting the DICER promoter region. The ERK/Spl signaling pathway
upregulates Dicer expression in gemcitabine-resistant PANC-1 cells, thereby suppressing miRNA

maturation and promoting tumor progression [61].
5.2. Regulation of RISC assembly and AGO?2 function

RISC is the executor of miRNA function, an indispensable vehicle for miRNA-mediated gene regulation.
The assembly of RISC and its subsequent capacity for gene silencing is a highly regulated and tissue-specific
process [62,63]. The KRAS signaling pathway can directly modulate the assembly efficiency and silencing
potency of RISC, thereby determining the output strength of the miRNA regulatory network. Research
indicates that during T-cell activation, activation of the PI3K-AKT-mTOR pathway enhances the loading
of miRNAs into highly active RISC, increasing their gene-silencing efficacy [64]. In the context of
tumors with constitutively active KRAS-PI3K/AKT signaling, this mechanism is hijacked to enhance

10
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RISC loading of specific oncogenic miRNAs, enabling more effective suppression of tumor suppressor
genes and promoting proliferation and survival.

AGO?2 is the core catalytic component of RISC, and its functional state directly determines miRNA
effector outcomes. Key modifications of AGO2 are likely crucial for RISC formation and miRNA
activity. Given the essential roles of AGO2 and RISC in miRNA localization and target silencing,
interactions between mutant KRAS and AGO2 may lead to dysfunctional miRNA effector mechanisms.

Studies have found that in intestinal and tumor tissues from mice harboring the KRAS G12D mutation,
the expression of Casein Kinase 1a (CK1a) and CK2a is suppressed, leading to reduced phosphorylation
of AGO?2 at multiple critical serine sites (S825/5S829/S832/S835) [65]. This hypophosphorylated form of
AGO?2 exhibits enhanced binding to mRNA but significantly attenuated ability to mediate target
cleavage and translational repression. Using isogenic colorectal cancer cell lines, it was demonstrated
that hyperactive mutant KRAS inhibits the localization of Ago2 to multivesicular endosomes (MVEs)
and reduces AGO2 secretion into exosomes. Mechanistically, inhibiting MEKs I and II—but not
Akt—reversed the effects of active KRAS mutation, leading to increased Ago2-MVE association and
elevated exosomal secretion of Ago2 [66].

The importance of AGO2 in KRAS-driven tumors appears stage-specific. In early pancreatic
cancer development, EGFR/RAS signaling alone may be sufficient to drive tumor formation, making
AGO?2 dispensable [67]. However, AGO?2 plays an indispensable role during tumor progression and
metastasis. In non-small cell lung cancer, loss of AGO2 can inhibit the proliferation of KRAS-mutant
cells [68]. This suggests that KRAS, by regulating functional components like AGO2, plays a critical
role primarily in late-stage malignant evolution and adaptive survival, closely associated with therapy
resistance and metastasis.

6. Conclusion

This article systematically elucidates the bidirectional and dynamic regulatory network between KRAS
and miRNAs and its central role in driving malignant tumor progression. This mutual regulatory
mechanism not only deepens our understanding of the pathogenesis of KRAS-driven tumors but also
opens promising avenues for intervening against this historically “undruggable” target. Restoring
physiological regulation of the KRAS pathway using synthetic miRNA mimics or specific inhibitors, or
combining them with existing KRAS-targeted drugs to overcome resistance, has shown encouraging
potential in preclinical models. Emerging single-cell and spatial transcriptomic technologies will further
enable us to map detailed KRAS-miRNA interaction landscapes at cellular and anatomical resolution,
providing unprecedented insights for designing personalized therapeutic strategies.

However, the path from mechanistic understanding to clinical translation remains fraught with
challenges. Firstly, miRNA-based therapies face universal delivery hurdles. Achieving stable, efficient,
and tumor-specific enrichment following systemic administration while avoiding degradation by serum
nucleases is a critical technical bottleneck. Secondly, the inherent multi-target nature of miRNAs poses
risks of complex off-target effects and potential toxicity. For instance, miR-193a-3p, intended to inhibit
KRAS, may simultaneously affect other metastasis-related genes, leading to unintended consequences.
This has been reflected in early clinical trials, such as the suspension of the miR-34 mimic MRX34 due
to severe immune-related adverse events. Thirdly, the intrinsic heterogeneity of KRAS-mutant tumors
presents a fundamental challenge. The coexistence and dynamic evolution of different KRAS mutation
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subtypes (e.g., GI12D vs. G12V) within a tumor, and the resulting intratumoral variations in miRNA
expression profiles, may lead to rapid failure of single-miRNA therapies by selecting for resistant clones.

Therefore, future translational research must adopt a more integrated and pragmatic approach. On
one hand, efforts should focus on leveraging clinically relevant instances—such as the miR-143
expression profile associated with KRAS status in colorectal cancer or miR-34a levels predictive of
KRAS GI12C inhibitor efficacy in NSCLC—to validate and optimize biomarker-guided patient
stratification strategies. On the other hand, therapeutic development must be closely coupled with
innovations in delivery technologies (e.g., targeted lipid nanoparticles or exosomal carriers) and a deep
interrogation of tumor heterogeneity using techniques like single-cell sequencing. This is essential for
designing combination strategies targeting dominant clones or key microenvironmental signals. In
summary, the discovery of the KRAS-miRNA regulatory axis undoubtedly opens new avenues for
precision cancer therapy. However, only by enthusiastically embracing its potential while prudently and
systematically overcoming its core challenges in delivery, specificity, and tumor heterogeneity can this
scientific understanding be ultimately translated into tangible clinical benefit.
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