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Objective: The purpose of this study was to investigate the miRNAs and related mechanisms that regulates
KLF4 in different cancers. Furthermore, we summarized the potential targets of miRINAs regulating the
KLF4 pathway in cancer research.

Background: MiRNAs are single-stranded, endogenous non-coding small RNAs, some of which are
related to human cancers. miRNAs carry out post-transcriptional gene regulation through translation
inhibition and degradation of target messenger RNAs (mRNAs) via complementarily pairing with their
3’ untranslated regions. KLF4 is an important transcription factor with complex involvement in cancer.
Increasing evidence shows that miRNAs are dysregulated in cancer and can regulate cancer-related signaling
pathways, thereby affecting tumor progression.

Methods: Systematic scientific literature searches were undertaken on PubMed using the following terms:
“miRNAs and KLF4”, “KLLF4 and cancer”, “miRNAs and cancer”, and “miRNAs, KLLF4 and cancer”.
Relevant papers were retrieved and further results were found by reviewing related papers and the references
of the retrieved papers. We then conducted a narrative overview of the literature to summarize the results of
the papers.

Conclusions: The role of KLF4 in cancer varies in a context-dependent manner. KLF4-regulating
miRNAs in different tumors include miR-124, miR-9-5p, miR-10b, miR-18a, miR-25-3p, miR-10b, miR-
92a, miR-103, miR-155, miR-135b-5p, miR-32-5p, miR-148-3p, miR-152-3p, miR-10b, miR-25, miR-
3120-5p, miR-7, miR-1233-3p, miR-10b, miR-145, miR-139-5p, miR-16, miR-152, miR-375, and miR-145.
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Introduction

MicroRNAs (miRNAs) are a family of naturally occurring,
highly conserved non-coding single-stranded RNA
molecules (approximately 19 to 25 nucleotides in length),
which are present in various organisms and carry out
a range of biological functions. By binding to specific
complementary sites in the 3' untranslated region (3'
UTR) of target messenger RNAs (mRNAs), miRNAs
regulate post-transcriptional gene expression by inducing
translation inhibition and degradation of mRNAs, resulting
in the silencing of target gene expression and affecting cell
division, development, differentiation, and homeostasis
(1,2). Since miRINAs were first discovered in 1993, research
into their functions has attracted much attention. Currently,
miRNAs are known to be involved in the regulation of
about 60% of coding genes and in the expression regulation
of at least 30% of genes involved in biological processes
such as cell proliferation, differentiation, and apoptosis
(3,4). Studies have found that miRNAs are related to tumor
proliferation and metastasis, and play an important role in
cancers progressing. A number of studies have reported the
potential of miRNAs in pre-cancer prediction, diagnosis,
and treatment in the future (Figure I).

Kriippel-like factors (KLFs) are a family of transcription
factors that typically contain 3 tandem zinc fingers at
the C-terminal and regulate diverse biological activities
including cell proliferation, differentiation, apoptosis, and
tissue development, as well as homeostatic maintenance (5).
Eighteen KLFs have been identified to date. They can
recognize and bind to DNA sequences with high GC
expression in target genes, such as CACCC-box (6,7).
Owing to the diversity of their N-terminal sequence, KLFs
are able to mediate different transcriptional effects, such as
transcriptional activation or inhibition (5,8). Furthermore,
the dysregulated expression of some KLFs has been found
to be closely related to tumor-related regulation and signal
transduction pathways (9).

As a member of the KLF family, KLF4 has become well
known for its ability to induce cell pluripotency. Studies
have also shown it to be closely related to cancer occurrence
and development, which has attracted great attention as
a research focus in recent years. Like other KLFs, KLF4
contains 3 tandem zinc fingers at its C-terminal, while
at its N-terminal, there is a transactivation domain and a
repressor domain, which perform transcriptional activity
by binding to other factors (8). KLF4 plays an important
role in cellular processes including cell proliferation,
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differentiation, and apoptosis. For instance, in mice, a lack
of KLF4 affects epidermal cell differentiation, resulting
in death due to the inability to maintain a complete
skin and mucosal barrier after birth (10). However, the
results of studies on the role of KLF4 in cancer have been
controversial. Depending on the context, KLF4 may
function as a tumor suppressor or an oncogene, and it
is closely related to the clinical treatment and prognosis
of patients with cancer (11). In colon cancer (12), gastric
cancer (GC) (13), lung cancer (14), and bladder cancer (15),
for instance, KLF4 functions as tumor suppressor, whereas
in osteosarcoma (16) and skin squamous cell carcinoma (17),
it exhibits oncogenic activity. Li er /. found that KLF4
might be used as a beneficial biomarker for early diagnosis
and prognosis of patients with lung adenocarcinoma (18).
In another study, it was found that the expression level of
KLF4 is a favorable diagnostic and prognostic factor for
triple-negative breast cancer patients (19). KLF4 might be
utilized as a favorable biomarker for early diagnosis and
prognosis of tumor (20). Due to critical role of KLF4 in
cancer, it is a potential therapeutic target for cancer therapy.
However, there was not many studies covering this area.
To date, three drugs were reported to act on KLF4. Kaur
et al. showed a preclinical CD47 antibody B6H12 inhibited
breast CSC proliferation and asymmetric division in
triple negative breast cancer via reducing KLF4 in part by
induction of miR-7 in stem cell (21). Additionally, Sijunzi
decoction, a traditional Chinese medicine prescription,
could up-regulate KLLF4 during colorectal cancer treatment,
suggesting KLF4 is a potential therapeutic target of
Sijunzi decoction (22). Moreover, a potent CDK1/cyclin
B inhibitor, Kenpaullone (NSC-664704), was reported to
be able to inhibit the KLF4 activity and reduce the breast
cancer cell motility i vitro (23).

Abnormal expression of miRNAs can be found in
various cancers. Tumor-specific miRNAs are not only
reliable markers for early tumor diagnosis and prognostic
prediction, but are also promising therapeutic targets (24).
KLF4 is closely related to cancer initiation and progression
through its function as a transcription factor. However,
the regulatory machinery of KLF4 in cancer is largely
elusive and requires further illustration. miRNAs, as key
gene regulators, have been found to adjust and control the
expression of KLLF4 and affect its function in cancers. This
review summarizes the miRINAs which specifically targets
KLF4 and their effects on outcome in different types of
cancer. We hope to provide a reliable basis for subsequent
researches on cancer diagnosis, treatment, and prognosis.
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Figure 1 Timeline showing reports on microRNAs as potential biomarkers in various types of cancer.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-21-2347).

Methods

We identified research material for the current review by
searching PubMed. Search terms included “miRNAs and
KLF4”, “KLF4 and cancer”, “miRNAs and cancer”, and
“miRNAs, KLF4 and cancer”. Based on the literatures
in the last decade, the searched literatures were reviewed
with the purpose of “microRNA-mediated regulation of
Krippel-like factor 4 in cancer”. Relevant papers were
retrieved and further results were found by reviewing
related papers and the references of the retrieved papers.
We then conducted a narrative overview of the literature to
summarize the results of the papers.

Discussion
Hepatocellular carcinoma (HCC)

Liver cancer has become the 3" leading cause of cancer
death in the world (25), with HCC being the most
frequently diagnosed form of liver cancer. The 5-year
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survival rate of patients with HCC is low, and most HCC
patients are diagnosed at the advanced stage (26). Therefore,
the discovery of potential biomarkers and targets for HCC
therapy is critical. miRINAs constitute a novel direction in
the search for potential HCC biomarkers. To date, over
300 miRNAs have been found in liver tissue, some of
which are strongly related to HCC progression. In HCC,
both pro-oncogenic and tumor-suppressor roles have been
reported for KLLF4, and further investigations are needed to
determine the exact role of KLLF4 in this malignancy.

Wau et al. reported that miR-124 was down-regulated
in HCC compared to normal liver tissue, and that
HCC patients with a high expression of miR-124 had a
better prognosis than those with a low expression. Their
results showed that miR-124 inhibited the proliferation
and invasion of SMMC-7221 cells. Moreover, they
demonstrated that overexpression of KLF4 enhanced
the sphere formation of Hep3B cells and that miR-
124 reversed this outcome, indicating that KLF4 plays
oncogenic role in HCC and is a functional target of miR-
124 (27). A study conducted by Dong ez 4i. found that miR-
9-5p was overexpressed in HCC and KLF4 was down-
regulated, and that miR-9-5p repressed KLF4-mediated
inhibition of the protein kinase B (AKT)/mammalian
target of rapamycin (mTOR) signaling pathway, thereby

Ann Transl Med 2021;9(11):948 | http://dx.doi.org/10.21037/atm-21-2347


http://dx.doi.org/10.21037/atm-21-2347
http://dx.doi.org/10.21037/atm-21-2347

Page 4 of 10

promoting cell proliferation. Moreover, activation of the
AKT/mTOR signaling pathway was also observed to up-
regulate the anti-apoptotic factors B-cell lymphoma 2
(Bcl-2) and Bcl-2-associated X protein (Bax), resulting in
apoptosis inhibition (28). Hujie er al.’s observations, in line
with those of Dong, supported the tumor suppressor role of
KLF4 in HCC. Their results demonstrated that miRNA-
10b was up-regulated in HCC, with miRNA-10b-mediated
down-regulation of KLF4 resulting in the activation of the
KLF11/Smads pathway, thereby promoting the invasion of
HCC cells (29). Additionally, miR-18a was reported by Liu
et al. to target KLF4 and improve the motility of the HCC
cell lines Hep3B and Bel-402. The study showed that miR-
18a targeted KLLF4 to down-regulate its expression, which
resulted in the up-regulation of p21, which is a downstream
target of KLLF4 (30).

Colorectal cancer (CRC)

CRC is one of the most common cancers, ranking 3"
and 2" globally in terms of incidence and mortality,
respectively, according to recent statistics (25). The
pathogenesis of CRC is closely related to aging, unhealthy
dietary habits, smoking, and obesity (31). Abnormal
miRNA expression could be an oncogenic factor in CRC
and was summarized in detail in Chen ez 4/.’s review. While
KLF4 is considered to be a tumor suppressor in CRC,
several reports have shown the importance of miRNAs in
the irregular expression of KLF4 in this malignancy (32).
For instance, Zeng et al. showed that miR-25-3p was
overexpressed in patients with CRC with metastasis, with
miR-25-3p from CRC-derived exosome being a promising
prognostic biomarker. Further probing showed that miR-
25-3p targeted KLF4 to down-regulate its downstream
targets, such as zonula occludens-1 (ZO-1), occludin,
and claudin-5, thereby promoting CRC metastasis (33).
KLF4 was also reported to be down-regulated by miR-
10b in CRC by Xie et 4l. Similar to Zeng et al., Xie et al.
showed that miR-10b was overexpressed in CRC patients
with metastasis compared to those without. KLF4 was
also found to be 1 of the key downstream targets of miR-
10b, with a low expression of KLLF4 inhibiting E-cadherin
expression and up-regulating Snail expression, thus
promoting endothelial-mesenchymal transition (EMT)
and metastasis (34). An investigation conducted by Chen
et al. also supported a tumor suppressor role of KLF4
in CRC. Their in silico binding and correlation analyses
based on The Cancer Genome Atlas (TCGA) database
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showed that miR-92a was up-regulated in primary tumor
tissue compared to the adjacent normal tissue and targeted
KLF4. However, although they suggested that miR-92a
mediated the down-regulation of KLF4, they did not
provide further molecular experimental evidence to prove
this thesis (35).

GC

GC is one of the most common malignant cancers in the
world, ranking 4™ in terms of mortality (25). A detailed
review which summarized previous data suggested that
KLF4 functions as a tumor suppressor in GC (36). KLF4
could be regulated by miR-103 in GC. Zheng er al. showed
that miR-103 was overexpressed in GC tissue and was
negatively correlated with KLF4 expression. They also
reported that KLF4 was targeted by miR-103 and that
its overexpression could repress the enhancement of cell
migration and invasion induced by miR-103 (37).

KLF4 also plays a role in the progression of GC
induced by Helicobacter pylori (H. pylori) infection (38),
which is a major cause of GC. One study suggested that
miR-155 expression induced by H. pylori infection could
inhibit DNA mismatch repair and stimulate mutation,
resulting in GC. KLF4 was found to be 1 of miR-155%
target genes, and by down-regulating KLF4 expression and
promoting EMT, miR-155 promoted GC cell migration
and invasion (39). Shao ez al. showed that H. pylori induced
the expression of another miRNA, miR-135b-5p, via
activation of the nuclear factor-kappa B (NF-kB) signaling
pathway. They found a putative miR-135b-5p binding site
and confirmed KLF4 as a target of miR-135b-5p. Further
investigation uncovered a low expression of KLLF4 as being
accountable for cisplatin resistance in GC cells, indicating
that the miR-135b-5p/KLF4 axis plays an important role
in drug resistance in GC (40).

Prostate cancer

Prostate cancer is a leading male cancer. KLF4 has been
found to induce apoptosis of prostate cancer cells through
binding to the promoter region of Bcl-2-interacting killer
(BIK) and enhancing BIK expression. Zhang et a/. found
that overexpression of miR-32-5p induced by cisplatin
(DDP) treatment could enhance drug resistance in prostate
cancer by targeting KLF4 and inhibiting the KLF4/
BIK signaling pathway (41). Clinical research has also
revealed a negative correlation of miR-148-3p and miR-
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152-3p expression with KLF4 expression (42). These 2
miRNAs were later confirmed to target KLF4, and KLF4
overexpression was able to reverse the growth inhibition
provoked by miR-148-3p and miR-152-3p. Thus, miR-
148-3p/miR-152-3p-KLF4 axis should be regarded as a
potential target for prostate cancer therapy.

Esophageal cancer (EC)

EC is a highly aggressive malignancy with a poor prognosis.
It can be classified into esophageal squamous cell carcinoma
(ESCC) and esophageal adenocarcinoma (EAC), with
the majority of EC cases diagnosed as ECSS (43,44). An
investigation conducted by Tian et 4/. involving 40 pairs of
ESCC samples and normal mucus samples revealed miR-
10b to be up-regulated in ECSS (45). They observed that
miR-10b enhanced the migration and invasion of ESCC
cells. Further, KLF4 was found to inhibit ESCC metastasis
and was targeted by miR-10b. The authors therefore
suggested that the miR-10b/KLF4 axis could be a novel
direction for future research.

Lung cancer

Lung cancer has been a focus of immense clinical
concern due to its high mortality rate worldwide (46).
Lung cancer can be categorized into 2 types based on
the morphology: small cell lung cancer (SCLC), and
non-small cell lung cancer (NSCLC) (47). The tumor
suppressor role of KLF4 in lung cancer has been well
characterized (48), and miRNAs targeting KLF4 have
also been discovered. By analyzing 31 pairs of NSCLC
tissue samples and corresponding normal lung tissues,
Ding et al. showed that miR-25 was highly expressed in
NSCLC and promoted the migration and invasion of
NSCLC cells. They further demonstrated that miR-25
regulated the extracellular signal-regulated kinase (ERK)
signaling pathway via its targeting of KLF4 (49). KLF4
was also found to be targeted by miR-3120-5p, which
not only impacted on the cell cycle, but also promoted
the migration and invasion of NSCLC cells. Another
study further revealed that miR-3120-5p regulated cell
invasiveness by targeting KLF4 (50).

Moreover, the involvement of KLF4 in drug-resistant
NSCLC has also been reported. Cui er al. reported that
the long non-coding RNA (IncRNA) metastasis-associated
lung adenocarcinoma transcript (MALAT) repressed miR-
145 expression, leading to the up-regulation of KLF4
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expression. Knockdown of MALAT induced the up-
regulation of miR-145 and a decrease in KLF4 expression,
sensitizing A549 cells to DDP (51). However, this report
did not provide further evidence to support the idea that
KLF4 is a direct promoter of chemoresistance in NSCLC
cells.

Breast cancer

Although the prognosis of patients with breast cancer
is better and their survival rate is significantly higher
now than in the past, breast cancer is still an important
issue that plagues the health of women worldwide (52).
Currently, most studies support the view that KLF4
plays a tumor suppressor role in breast cancer. Several
miRNAs have been found to be involved in KLF4
regulation in breast cancer. Okuda et /. reported that
KLF4 was negatively correlated with brain metastasis in
patients with breast cancer. They demonstrated that KLF4
expression was repressed by miR-7 in a mouse model (53);
further in vitro investigation showed miR-7 to inhibit
the invasion and self-renewal abilities of cancer stem
cells by targeting KLF4. Recently, a novel mechanism
involving miR-1233-3p targeting KLF4 in breast cancer
was discovered by Lu ez /., who found that a circular
RNA (circEHMT1) originating from euchromatic histone
lysine methyltransferase 1 could target miR-1233-3p,
thereby modulating KILF4 expression and resulting in the
inhibition of breast cancer cell migration and invasion (54).

Bladder cancer

Bladder cancer is the 6™ most common cancer in men, and
its incidence is increasing year by year. It imposes a heavy
burden on both the quality of patient survival and social
healthcare systems (25). The role of KLF4 in bladder cancer
remains controversial. In bladder cancer, Xiao et 4/. reported
that miR-10b was overexpressed and promoted cancer cell
migration through its direct targeting of KLF4 and its
induction of the down-regulation of the KLF4 downstream
factor E-cadherin, thus indicating a tumor suppressor role
of KLF4 in this malignancy (55). Conversely, Minami ez al.
reported that KLF4 was high expressed in clinical bladder
cancer samples, and was one of the target genes of miR-
145 (56). Furthermore, Luo et 4l., showed that miR-139-
5p inhibited the self-renewal ability of cancer stem cells in
bladder cancer by targeting KLLF4, along with NANOG,
indicating that KLF4 has an oncogenic role in bladder
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cancer (57).

Cervical cancer

Cervical cancer ranks as the 4™ most common cancer among
the global female population and the 7" most common
overall (25). Fortunately, it has been established that
chronic viral infections caused by human papillomavirus
(HPV) high-risk subtypes lead to the development of
cervical cancer, and HPV vaccines have been created as
an effective means of reducing the incidence of cervical
cancer (58). Few studies have reported the role of KLF4
in human cervical cancer. Yang er a/. analyzed clinical
cervical carcinoma samples and found that KLF4 was
down-regulated in cervical cancer. They observed that
KLF4 overexpression inhibited the proliferation of cervical
cancer cells, suggesting that KLF exerts a tumor suppressor
effect in cervical cancer (59). Recently, Dai ez 4/. discovered
the differential expression of several miRNAs (with miR-
21 and miR-16 being overexpressed and miR-205 being
down-regulated) in cervical cancer via bioinformatics data
mining. Their study further showed KLF4 to be a target
gene of miR-16, with a low expression of KLF4 being a
poor prognostic factor in patients with cervical cancer,
thus suggesting that KLLF4 is a tumor suppressor in this
malignancy (60).

Glioblastoma

Glioblastoma is a common type of brain tumor. Due to
its high malignancy, poor survival, and lack of effective
treatments, glioblastoma is one of the deadliest human
malignancies (61). Several investigations have demonstrated
that KLF4’ function in glioblastoma is regulated by miR-
152. Ma et al. reported that miR-152 was down-regulated
in glioblastoma samples and stem cells compared to normal
brain tissues. Their mechanistic study further revealed that
KLF4 was up-regulated in glioblastoma stem cells due to
the low expression of miR-152, and that the miR-152/KLF4
axis inhibited the itogen-activated proteinkinase kinase 1/2
or mitogen-activated proteinkinase kinase 1/2 (MEK1/2)
and the phosphoinositide-3-kinase (PI3K) signal pathways
by down-regulating the recombinant human galectin
3 (LGALSS3) expression. This activity resulted in the
inhibition of the proliferation, migration, and invasion of
glioblastoma stem cells, and promoted their apoptosis (62).
In line with Ma’s study, recent research conducted by Gong
showed that the miR-152/KLF4 axis enhanced the stemness
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of glioblastoma cells (63). The authors further discovered
that the low expression of miR-152 was caused by activation
of IncRNA X-inactive specific transcript (XIST) by steroid
receptor coactivator-1 (SRC1).

Laryngeal carcinoma

Laryngeal squamous cell carcinoma is a common head
and neck cancer. Current treatments include surgery,
radiotherapy. and chemotherapy, but the survival rate of
cancer patients is still extremely low (64). The role of KLF4
in laryngeal cancer has been largely elusive. Guo et al.
demonstrated that miR-375 and miR-206 can inhibit the
invasiveness of HepG2 cells by suppressing the KLF4
expression (65). Another report by Karatas et 4/. showed that
miR-145 inhibited stemness characteristics of HepG2 cells
by down-regulating KLF4, together with other stemness
factors, such as SRY-Box transcription factor 2 (SOX2)
and octamer-binding transcription factor 4 (Oct4) (66).
However, these 2 reports failed to provide further evidence
to support KLF4 being a direct target of these miRNAs,
although miR-145 was reported to directly target KLF4 in
bladder cancer.

Conclusions

KLF4 plays an important role in cancer initiation,
progression, and metastasis. Abnormal expression of KLF4
has been reported almost in all kinds of cancers. The exact
role of KLF4 in different cancers is context-dependent.
Expression of KLF4 is regulated at several levels. For
instance, at the transcriptional level, KLF4 is regulated by
SIRT6 (67), Snail (67), SET8 (68), AR (69), DYRK2 (70),
NFI-C (71), and EGFR (72). At the protein level, its
stability is regulated by USP10 (73). KLF4 is also regulated
by multiple miRNAs across many cancer types (Zable I).

miRNAs are highly conserved, and their abnormal
expression is closely related to cancer development.
In mechanistic studies of cancer, miRNAs and their
downstream regulatory pathways have received increasing
attention in recent years, and several miRNAs have become
promising biomarkers for cancer diagnosis and prognosis.
In this review, we have summarized published reports
regarding miRNAs that directly target KLF4, and the
effects of these miRNA/KLF4 axis on cell proliferation,
migration, and invasion in different cancers. We hope our
review will provide a new angle for future cancer therapy
research and drug discovery.
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Table 1 MicroRNAs that regulate KLLF4 in cancer
Cancer type microRNAs Sample Expression in tumors Function Reference
Hepatocellular carcinoma miR-124 Tissue Down TS 27)
miR-9-5p Tissue Up Oncogene (28)
miR-10b Tissue Up Oncogene (29)
miR-18a Tissue/cell lines Up Oncogene (30)
Colorectal cancer miR-25-3p Plasma Up Oncogene (33)
miR-10b Tissue/cell lines Up Oncogene (34)
miR-92a Tissue Up Oncogene (35)
Gastric cancer miR-103 Tissue/cell lines Up Oncogene (37)
miR-155 Tissue Up Oncogene (38)
miR-135b-5p Tissue Up Oncogene (40)
Prostate cancer miR-32-5p Cell lines Up Oncogene 41)
miR-148-3p Tissue Down TS 42)
miR-152-3p Tissue Down TS 42)
Esophageal cancer miR-10b Tissue Up Oncogene (45)
Lung cancer miR-25 Tissue Up Oncogene (49)
miR-3120-5p Tissue Up Oncogene (50)
Breast cancer miR-7 Tissue Down TS (53)
miR-1233-3p Tissue Up Oncogene (54)
Bladder cancer miR-10b Tissue/cell lines Up Oncogene (55)
miR-145 Tissue/cell lines Down TS (56)
miR-139-5p Tissue/cell lines Down TS (57)
Cervical cancer miR-16 Tissue UP Oncogene (60)
Glioblastoma miR-152 Tissue Down TS (62,63)
Laryngeal carcinoma miR-375 Tissue Down TS (65)
miR-145 Tissue Down TS (66)

KLF4, Krippel-like factor 4; miR, microRNA; TS, tumor suppressor; up, up-regulation; down, down-regulation.
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