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Abstract

The Kirsten ras oncogene KRAS is a member of the small GTPase superfamily participating in the RAS/MAPK path-
way. A single amino acid substitution in KRAS gene has been shown to activate the encoded protein resulting in

cell transformation. This oncogene is involved in the malignant transformation in several tissues. Notably, numerous
non-coding RNAs have been found to interact with KRAS protein. Such interaction results in a wide array of human
disorders, particularly cancers. Orilnc1, KIMAT1, SLCO4A1-AST, LINCO1420, KRASTP, YWHAE, PART1, MALAT1, PCAT-1,
INCRNA-NUTF2P3-001 and TP53TG1 are long non-coding RNAs (IncRNAs) whose interactions with KRAS have been
verified in the context of cancer. miR-143, miR-96, miR-134 and miR-126 have also been shown to interact with KRAS
in different tissues. Finally, circlTGA7, circ_GLG1, circENTA and circ-MEMO1 are examples of circular RNAs (circRNAS)
that interact with KRAS. In this review, we describe the interaction between KRAS and IncRNAs, miRNAs and circRNAs,

particularly in the context of cancer.
Keywords: KRAS, Oncogene, INcCRNA, miRNA, circRNA

Introduction

The Kirsten ras oncogene KRAS is a homolog from the
mammalian ras gene family [1]. The encoded protein by
this gene has 88 amino acid residues [2] and is a mem-
ber of the small GTPase superfamily participating in the
RAS/MAPK pathway. In fact, KRAS protein serves as
a switching device being turned on and off by the GTP
and GDP molecules. Attachment of a GTP molecule to
KRAS turns this switch on leading to signal transduction.
When KRAS transforms the GTP to GDP, it will become
inactivated. GDP binding with KRAS stops transmission
of signals to the cell nucleus. RAS/MAPK signaling path-
way instructs the cell to go through proliferation stages
or to differentiate into mature cells with specialized

*Correspondence: Mohammad.taheri@uni-jena.de; drkhoshnoud16@sbmu.ac.ir
#Institute of Human Genetics, Jena University Hospital, Jena, Germany

6 Skull Base Research Center, Loghman Hakim Hospital, Shahid Beheshti
University of Medical Sciences, Tehran, Iran

Full list of author information is available at the end of the article

B BMC

function [2]. In addition, KRAS has inherent GTPase
activity which is induced by GTPase-activating proteins,
mediating the direct interaction of KRAS with the effec-
tor proteins [3]. Single amino acid substitutions in KRAS
gene has been shown to activate the encoded protein [4],
resulting in cell transformation as well as resistance to a
wide array of chemotherapeutics and targeted therapies
against epidermal growth factor receptors (EGFRs) [5].
Mutations in RAS have been detected in approximately
15% of acute myeloid leukemia (AML), more than 10%
of adult T cell acute lymphoblastic leukemia and about
one third of multiple myeloma cases [6]. In some AML
cases, KRAS mutations are assumed to be commencing
events in the course of disease. Moreover, these muta-
tions can occur during progression of AML [6, 7]. The
presence of KRAS mutations can negatively influence
overall survival and complete remission rate of these
patients. In fact, KRAS mutations predict poor progno-
sis of AML [8]. In breast cancer, KRAS is the most com-
monly mutated RAS protein. Mutations in KRAs are
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predictor of poor prognosis and higher rate of metastatic
events [9]. In colorectal cancer, RAS mutations have been
detected in 45% of patients, with KRAS being the most
commonly mutated one [10]. The vast majority of KRAS
mutations occur at codon 12 while codon 61 harbors very
few mutations [11]. A comprehensive assessment of RAS
mutations in different types of cancers, including those
originated from adrenal gland, autonomic ganglia, biliary
tract, bone, breast, central nervous system, cervix, endo-
metrium and hematopoietic/lymphoid system has shown
that the majority of cancer types favor mutation of a sin-
gle isoform, this is usually KRAS [11].

It has been recently evident that KRAS influence
expression of a number of non-coding RNAs. Moreo-
ver, some non-coding RNAs have been found to partici-
pate in the pathogenesis of cancer through interacting
with KRAS. In this review, we describe the interaction
between KRAS and long non-coding RNAs (IncRNAs),
microRNAs (miRNAs) and circular RNAs (circRNAs),
particularly in the context of cancer. We summarized
some of ncRNAs interacted with KRAS in Fig. 1.

Interaction between IncRNAs and KRAS

LncRNA are a group of non-coding RNAs with sizes
more than 200 nucleotides. These transcripts can affect
expression of genes at different levels. They have diverse
types of interactions with mRNAs, DNA molecules, pro-
teins, and miRNAs and accordingly control epigenetic
events and transcription of genes. Moreover, they can
affect gene expression at post-transcriptional level as well
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Fig. 1 A schematic representation of the interaction between
non-coding RNAs and KRAS. The expression of different noncoding
RNAs including IncRNAs, miRNAs, and circular RNAs could have

an important effect on KRAS expression. Various noncoding RNAs
via targeting KRAS could regulate the expression of anti- and
pro-apoptotic genes, thus inhibiting or promoting cell apoptosis
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as translational and post-translational phases [12]. LncR-
NAs interact with DNA via triple-helix formation [13].

Zhang et al. have designed an IncRNA microarray to
find RAS-interacting IncRNAs. They have identified the
IncRNA Orilncl as a downstream target of RAS that
mediates oncogenic effects of RAS in cancer cell lines.
They have also shown that expression of Orilncl is con-
trolled by RAS/RAF/MEK/ERK axis through AP1 tran-
scription factor. Over-expression of this IncRNA has
been shown in BRAF-mutant cancer cells, including mel-
anoma cell lines. Orilncl silencing has sufficiently pro-
hibited proliferation and growth of cancer cells in vitro
and in vivo. Furthermore, Orilncl silencing could reduce
cyclin E1 levels leading to induction of cell cycle arrest
at G1/S phase. Thus, Orilncl has been identified as non-
protein regulator of RAS/RAF activity and a possible tar-
get for treatment of RAS/RAF-associated malignancies
[14].

KIMAT1 has been identified as a KRAS-responsive
IncRNA whose expression is correlated with expression
level of KRAS in lung cancer cell lines as well as clinical
samples. KIMAT1 has been found to be originated from
Transposable Elements and is known to be induced by
MYC. This IncRNA can interact with DHX9 and NPM1
and has a crucial role in enhancing stability of these
proteins. Functionally, KIMAT1 is a known target for
MYC that induces lung cancer through enhancement
of the maturation of oncogenic miRNAs via increasing
stability of DHX9 and NPM1. Moreover, this IncRNA
can preclude synthesis of tumor suppressor miRNAs
through MYC-related suppression of p21. KIMAT1
silencing could suppress expression of KRAS and inacti-
vate KRAS downstream signaling. In fact, KIMAT1 and
proteins which interact with this IncRNA regulate KRAS
signaling. In vivo studies have confirmed the impact of
KIMATT1 silencing in blocking growth of lung cancer.
Cumulatively, KIMAT1 has a role in conserving a posi-
tive feedback circuit that maintains KRAS signaling in
the course of lung carcinogenesis. Moreover, interference
with KIMAT1 has been suggested as a strategy to impede
KRAS-associated carcinogenesis [15].

LncRNA SLCO4A1-AS1 has been found as an up-
regulated IncRNA in colorectal cancer tissues through in
silico assessment of two sets of microarrays data of this
cancer type. Further analyses have shown correlation
between up-regulation of SLCO4A1-AS1 and poor prog-
nosis of patients with colorectal cancer. Mechanistically,
SLCO4A1-AS1 promotes proliferation, migration, and
invasiveness of these neoplastic cells through regulation
of EGFR/MAPK pathway. SLCO4A1-AS1 silencing has
significantly reduced expression levels of EGFR, KRAS,
BRAF and MAP3K1 through inhibition of phosphoryla-
tion [16].
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LINCO01420 is another KRAS-related IncRNA which is
overexpressed in pancreatic cancer tissues and cell lines.
LINCO01420 silencing has reduced proliferation, epithe-
lial-mesenchymal transition (EMT) and in vivo growth
of pancreatic cancer. Notably, KRAS has been identified
as the mediator of pro-proliferative effects of LINC01420
in pancreatic cancer. Moreover, expression of KRAS
has been shown to be regulated by MYC. LINC01420
could enhance MYC binding with KRAS promoter in
the nucleus of pancreatic cancer cells. Interestingly,
LINCO01420 has also increased MYC levels in the cyto-
plasm through sequestering miR-494-3p. Cumulatively,
LINCO01420 facilitates progression of pancreatic cancer
via releasing MYC from inhibitory effects of miR-494-3p
in cytoplasm and enhancing nuclear levels of MYC-acti-
vated KRAS [17].

Table 1 shows the interaction between IncRNAs and
KRAS in the context of cancer.

Interaction between miRNAs and KRAS

miRNA are a group of non-coding RNAs that have about
22-24 nucleotides. These transcripts are single-stranded
molecules that can inhibit protein synthesis through two
different mechanisms. Mature miRNAs are produced
via a two-step process through which primary miRNA is
cleaved and loaded into the RNA-induced silencing com-
plex. Base-pairing of miRNAs with target mRNAs can
negatively regulate expression of target transcripts. Based
on the degree of complementarity between miRNA and
mRNA, the target mRNA is cleaved and degraded or its
translation is inhibited [25].

The interaction between miRNAs and KRAS has been
appraised in the context of cancer as well as non-malig-
nant conditions. In the context of cancer, several known
tumor suppressor and oncogenic miRNAs have been
found to interact with KRAS. For instance, miR-217 has
been demonstrated to reduce expression of KRAS in pan-
creatic cancer cells. This miRNA has been downregulated
in the majority of pancreatic ductal adenocarcinoma tis-
sues and in all examined cell lines of this type of cancer
compared with the equivalent controls. Up-regulation
of miR-217 in these cells could inhibit tumor growth
and suppress anchorage-independent colony forming
ability of these cells. Up-regulation of miR-217 has also
decreased expression levels of KRAS protein and reduced
the constitutive phosphorylation of AKT [26]. miR-96
is another tumor suppressor miRNA which directly tar-
gets the KRAS in pancreatic cancer cells. Forced over-
expression of miR-96 has effectively suppressed KRAS,
diminished activity of Akt signaling, and induced cell
apoptosis. In vitro and in vivo experiments have verified
that the tumor suppressor role of miR-96 depends on
its inhibitory effects on KRAS [27]. EVI1 as a universal
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oncoprotein in pancreatic cancer has been shown to
up-regulate KRAS levels via suppression of miR-96 [28].
Consistent with these findings, resveratrol has been
shown to prevent colorectal carcinogenesis in an animal
model of Kras activated cancer possibly through up-reg-
ulation of miR-96 [29]. Another experiment in colorectal
cancer has shown a panel of miRNAs that precisely dis-
criminate KRAS-mutated colorectal cancer tissues from
other samples [30].

Several studies have shown the functional link between
miR-143 levels and KRAS in different settings. This
tumor suppressive miRNA has been shown to target
KRAS in colorectal [31] and pancreatic cancer cells [32].
Down-regulation of this miRNA has been associated
with poor prognosis of patients with colorectal cancer
and lower progression free survival of patients receiv-
ing EGFR-targeting therapy. Yet, it has not been related
with objective response to EGFR-targeting therapies [33].
A novel synthetic miR-143 has been shown to interfere
with KRAS signaling network and enhance effectiveness
of EGFR inhibitors [34]. Finally, miR-143 has been shown
to decrease proliferation and migratory aptitude of pros-
tate cancer cells while enhancing the cytotoxic effects of
docetaxel via inhibiting KRAS [35]. Table 2 shows the
interaction between miRNAs and KRAS in the context of
cancer.

The interaction between miRNAs and RAS path-
way has also been appraised in the context of cardiac
hypertrophy. Sayed et al. have reported that a group of
miRNAs are differentially and temporally altered in the
course of cardiac hypertrophy. Notably, the muscle-spe-
cific miRNA miR-1 has been shown to be decreased in
very early phase of this process, continuing through day
7 following aortic constriction-associated hypertrophy of
heart. This miRNA could inhibit expressions of RasGAP,
Cdk9, fibronectin, and Rheb [69].

Interaction between circRNAs and KRAS

CircRNAs are a group of non-coding RNAs with an
enclosed circular conformation that is shaped by either
typical spliceosome-mediated or lariat-type splicing
[70]. This circular configuration protects circRNAs from
effects of RNases, thus circRNAs have more stability than
linear RNAs [71]. Circ_GLG1 is a KRAS-related circRNA
which is considerably over-expressed in colorectal tis-
sues compared with nearby normal tissues. Silencing of
circ_GLG]1 in colorectal adenoma carcinoma cells could
inhibit viability of tumor cells. Moreover, circ_GLG1
silencing reduces proliferation, invasiveness, and migra-
tory potential of these cells. These processes could be
reversed by transfection of miR-622 antagonist. Circ_
GLG1 could promote KRAS expression through serving
as a miR-622 sponge. Cumulatively, circ_GLG1/miR-622/
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KRAS axis has been found to participate in the pathogen-
esis of colorectal cancer [72].

CircITGA?7 is another KRAS-related circRNA whose
expression is considerably decreased in CRC tissues and
cells in association with cancer progression. Forced over-
expression of circITGA7 could suppress growth and met-
astatic potential of colorectal cancer cells. On the other
hand, circITGA7 silencing could promote malignant
behavior of these cells both in vitro and in vivo. Function-
ally, circITGA7 acts as a negative modulator of the Ras
signaling pathway through binding with to miR-370-3p
to antagonize its inhibitory effects on neurofibromin 1.
Moreover, circlTGA7 increases expression of ITGA7 via
inhibiting RREB1 through the Ras pathway [73].

Another study has shown global down-regulation of
circRNAs in DLD-1 and DKO-1 colorectal cancer cells
(containing KRAS mutant allele) compared to DKs-8
cells (containing only wild type alleles of KRAS), rep-
resenting an extensive influence of mutant KRAS on
expression profile of circRNAs. Additional experiments
in KRAS mutant HCT116 cells and KRAS wild type
HKe3 cells have confirmed this observation. Notably, cir-
cRNAs have been detected in cancer-derived extracellu-
lar-vesicles in higher abundance than cells. This finding
implies their potential as tumor biomarkers [74]. Table 3
shows the interaction between circRNAs and K-RAS in
the context of cancer.

The interaction between circRNAs and KRAS has also
been assessed in hyperglycemic conditions. A circRNA
from human umbilical vein endothelial cell exosomes
has been shown to affect senescence process in the vas-
cular smooth muscle cells in hyperglycemic niche. Cir-
cRNA-0077930 has been found to serve as a sponge for
miR-622 to increase expression of KRAS. Exosome-
mediated transfer of circRNA-0077930 could induce
senescence of smooth muscle cells through the above-
mentioned mechanism. Besides, this circRNA could
increase LDH activity and reduce superoxide dismutase
activity in these cells [77].

Discussion

The data reviewed in the current manuscript show the
close interaction between KRAS oncoprotein and sev-
eral non-coding RNAs, particularly in the context of
lung [15], pancreatic [17] and colorectal cancers [16]. In
fact, these three types of cancer are the main types of
malignancies in which KRAS has been found to be epi-
genetically modulated by non-coding RNAs. Glioma,
retinoblastoma, osteosarcoma, bladder cancer, prostate
cancer and esophageal cancer are other types of cancers
in which the interaction between KRAS and non-coding
RNAs has been verified.

Page 11 of 15

The interaction between KRAS and non-coding RNAs
not only affects cell proliferation and apoptosis [16], but
also mediates EMT [17] and stemness [55]. LINC01420
[17], miR-134 [55] and miR-193a-3p [53] are examples
of KRAS-interacting non-coding RNAs that partake in
this process. KRAS-interacting transcripts also affect
response of cancer cells to chemotherapeutics such as
docetaxel [35] and cisplatin [75]. Most notably, a num-
ber of these transcripts have been found to determine
prognosis and course of malignancy among affected
individuals.

The data summarized in this review shows the com-
binatorial effect as well as balancing effects of different
non-coding RNAs on KRAS regulation in cancers. In
fact, KRAS is regulated by multiple non-coding RNAs,
and many of the non-coding RNAs are relevant at a time
in cancers. No study has revealed any organ or environ-
ment specificity in expression of these non-coding RNAs.
Instead, most of above-mentioned non-coding RNAs
have similar roles in the pathogenesis of several different
cancers, indicating their universal effects in regulation of
KRAS independent from tissue type.

LncRNAs that regulate expression of KRAS mostly
exert this function through serving as sponges for miR-
NAs. MALAT1/miR-1, PCAT-1/miR-182/miR-217
and IncRNA-NUTF2P3-001/miR-3923 are examples
of miRNA/IncRNAs that regulate expression of KRAS.
Similarly, circRNAs can serve as molecular sponges
for KRAS-associated miRNAs. Circ_ GLG1/miR-622,
circFNTA/miR-370-3p and circ-MEMO1/miR-101-3p
axes have been shown to regulate expression of KRAS
in colorectal, bladder and lung cancer cells. Therefore, a
complex functional network between different classes of
non-coding RNAs is involved in the regulation of KRAS
levels in cancers. Identification of other elements of this
multifaceted network can provide novel insight about the
carcinogenesis and facilitate design of more appropriate
targeted therapies.

Besides, it is worth mentioning that non-coding RNAs
can act either upstream or downstream of KRAS. For
instance, IncRNA Orilnc 1, circRNA FAT1 and HIPK3
are downstream targets of KRAS, but not the regulators
of KRAS. Several other non-coding RNAs have been
shown to regulate expression of KRAS.

Several mechanisms participate in KRAS regulation
by IncRNAs. For instance, IncRNAs act as sponges for
miRNAs that target KRAS. Moreover, IncRNAs have
functional associations with numerous regulatory appa-
ratuses, including chromatin remodeling elements,
transcription factors, splicing apparatus and nuclear
trafficking regulators [78]. Through these interactions,
they can also regulate expression of KRAS. Modulation
of establishment of G4 elements in the promoter region
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of KRAS is another possible mechanism by which IncR-
NAs can influence expression of KRAS. For instance,
KRASIM, the microprotein coded by the IncRNA
NCBP2-AS2 has been found to suppress expression of
KRAS and inhibit ERK signaling in hepatocellular carci-
noma cells [79].

The impact of KRAS-related non-coding RNAs on cel-
lular activities has also been assessed in the context of
hyperglycemia and cardiac hypertrophy. However, data
regarding their impact on other non-malignant condi-
tions is scarce.

Conclusion

Future studies are needed to find whether the presence
of mutations in KRAS can affect the interaction between
non-coding RNAs and this oncoprotein. Moreover, the
impact of these non-coding RNAs on resistance to tar-
geted therapies should be more clarified. Finally, the rela-
tive contribution of KRAS mutations and dysregulation
of KRAS-related non-coding RNAs in the pathogenesis
of human cancer should be clarified. This field will bene-
fit from the development of new techniques, such as sin-
gle cell sequencing and CRISPR-CAS9 gene editing.
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