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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs (18~25 nt in length) that act
as master regulators of eukaryotic gene expression. They might play an oncogenic or tumor-
suppressive role in multiple cancers. In recent decades, several studies have focused on the
functions and mechanisms of miR-335 in cancer. The expression level of miR-335 in tissues
and cells varies with cancer types, and miR-335 has been proposed as a potential biomarker
for the prognosis of cancer. Besides, miR-335 may serve as an oncogene or tumor suppressor
via regulating different targets or pathways in tumor initiation, development, and metastasis.
Furthermore, miR-335 also influences tumor microenvironment and drug sensitivity. MiR-
335 is regulated by various factors such as IncRNAs and microRNAs. In this review, we
reveal the functions and targets of miR-335 in various cancers and its potential application as
a possible biomarker in prognostic judgment and treatment of malignant tumors.

Keywords: miR-335 cancer, prognosis, tumor biology, regulation

Introduction

MicroRNAs (miRNAs) are small noncoding regulatory RNAs ranging in size from
18 to 25 nucleotides. MiRNAs regulate gene expression mainly through recogniz-
ing complementary sites in 3'-untranslated regions (3’-UTR) of target messenger
RNAs (mRNAs).! As regulatory biomolecules, miRNAs do not entail completely
complementary to induce the regulation of their target genes. Therefore, a single
miRNA can regulate various genes, and one single gene can be targeted by different
miRNAs.” Hence, the identification of target genes is a complex process.” MiRNAs
are dysregulated in multiple cancers and recognized as oncogenes or tumor sup-
pressors according to their functions. Overexpression of oncomiRs promote tumor
progression by inhibiting tumor-suppressive genes, such as miR-21,* miR-221/
222,° and miR-27a.%7 In contrast, tumor-suppressive miRNAs suppress tumor
development by inhibiting oncogenes. Some miRNAs are considered as tumor
suppressors, including miR-145,° the let-7 family,” and miR-205."" Besides,
miRNAs are involved in many cellular processes, some of which are considered

11-13 14,15 metastasis,m’”

hallmarks of cancer, including cell proliferation, apoptosis,
and so on. In conclusion, accumulating evidence has indicated that miRNAs play
important roles in cancer development.

Among numerous miRNAs, miR-335 has attracted widespread attention.
Numerous studies show that miR-335 is dysregulated in many cancers, such as breast

1821 and acts as an onco-

cancer, lung cancer, colorectal cancer, and ovarian cancer,
gene or tumor suppressor in many malignant tumors. The differential expression of
miR-335 in various cancers may indicate a differential relation between miR-335

expression and survival. Many pieces of research find the relevance between miR-335
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expression and survival of cancer patients.> ** Furthermore,
the role of miR-335 in cancers depends on its influence on
the biological behavior of multiple tumors, including
proliferation,”> apoptosis,”® migration,”’ and invasion.*'
Additionally, more and more evidence has shown that
miR-335 affects the response to chemotherapy or radiother-
apy in cancer patients.”*>® Along with the production of
miR-335, miR-335-3p (also known as miR-335%) is also
produced. There is little research on miR-335-3p here.
Zhao. W et al*’ find that upregulated IncRNA CASC9 con-
tributes to proliferation, migration, and invasion of Non-
Small Cell Lung Cancer (NSCLC) through inhibition of
miR-335-3p. And S100 calcium-binding protein Al4
(S100A14) acts as a target of miR-335-3p.

This review discusses the pathways and targets of miR-
335 involved in cancers and summarizes its functions as
a biomarker for the prognosis. It will also describe novel
results that miR-335 is proposed as a potential therapeutic
target for cancers.

The Clinical Significance of miR-335
in Cancers

The Expression of miR-335 in Cancers
The Downregulation of miR-335 in Cancers
Growing research studies have studied the expression pro-
file of miR-335 in cancers. The results of some research
studies indicate that miR-335 is down-regulated in some

cancers (Table 1). In detail, the expression of miR-335 is

Table | Expression Patterns and Prognostic Value of miR-335 in Multiple Types of Human Cancer

System Type Expression Prognostic Value Reference
Respiratory system NSCLC Downregulation | Higher lymph node metastasis [19,22,25,30,31]
Skeletal system Osteosarcoma Downregulation | / [27,36,37]
Digestive system ESCC Downregulation | Higher Histological and clinical stage, higher lymph node | [23]
metastasis, poor prognosis
Gastric cancer Downregulation | Higher clinical stage and lymph node metastasis, more [26,38,41,42]
venous invasion, poor differentiation, poor OS
Upregulation High frequency of recurrence, poor survival rate [53]
HCC Downregulation | More vascular invasion, larger tumor size, poor [39,55]
prognosis
Pancreatic cancer Downregulation | / [40]
CRC Downregulation | Higher TNM stage and metastasis. [43,54]
Upregulation / [20]
Gallbladder carcinoma | Upregulation / [51]
Urinary system RCC Downregulation | / [44]
Bladder cancer Downregulation | / [46,48]
Reproductive system Prostate cancer Downregulation | / [47]
Ovarian cancer Downregulation | Shorter OS and RFS [21,45,49]
EMC Upregulation / [52]
Others Breast cancer Downregulation | / [18,32-35]
Thyroid cancer Downregulation | / [49]
Melanoma Downregulation | Deeper invasion, Higher lymph node metastasis, Higher | [24]
stages

Abbreviations: NSCLC, non-small cell lung cancer; ESCC, esophageal squamous cell carcinoma; CRC, colorectal cancer; HCC, hepatocellular carcinoma; RCC, renal cell

carcinoma; EMC, endometrial cancer; OS, overall survival; RFS, relapse-free survival.
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down-regulated in NSCLC, which is the commonest type
of pulmonary malignant tumor.'***?°3%3! The downregu-
lation of miR-335 is noticed in breast cancer, which is the
most common malignancy in women.'®*?7> Likewise, in
osteosarcoma, a tumor of the skeletal system, the expres-
sion level of miR-335 is reduced.?’***” MiR-335 is also
decreased in esophageal squamous cell carcinoma
(ESCC), gastric cancer (GC), hepatocellular carcinoma
(HCC), colorectal carcinoma (CRC), and pancreatic
cancer. %34 The expression of miR-335 is decreased
in various malignant tumors of the genitourinary system
like ovarian cancer, renal cell carcinoma (RCC), bladder
cancer, and prostate cancer.>'"***° Additionally, the
expression of miR-335 is down-regulated in thyroid

. 24
cancer’’ and melanoma tissues.

The Upregulation of miR-335 in Cancers

However, miR-335 is upregulated in several cancers. The
expression of miR-335 is up-regulated in gallbladder
carcinoma®! and endometrial cancer.’” Besides, the con-
troversy over the expression of miR-335 in colorectal
carcinoma (CRC) also still exists.”** As a result, the
expression of miR-335 varies with types of cancers and
might closely be relate to tumor heterogeneity. The con-
troversial findings regarding miR-335 in some cancers
require further study.

The Prognostic Value of miR-335 in

Cancer

MiR-335 has been found to not only be dysregulated in
many types of cancers but also function as a prognostic
biomarker (Table 1). MiR-335 is usually decreased in
GC. Among GC patients, the lower miR-335 expression
is apparently correlated to higher clinical stage, venous
invasion, poor differentiation, and poor 0S.?**' But Yan
et al>® reported that a high level of miR-335 is associated
with a high frequency of recurrence and poor survival
rate. In NSCLC, the down-regulation of miR-335 is
related to lymph node metastasis.”> The expression of
miR-335 is negatively associated with the pathological
stage and metastasis of CRC.>* Regarding ovarian cancer,
low miR-335 is correlated to shorter OS and relapse-free
survival (RFS) and emerged as an independent prognostic
factor for OS and RFS. Compared with the nonrecurrence
group, miR-335 is down-regulated in the recurrence
group.*> In ESCC, it is proved that miR-335 expression
is negatively associated with histological grade, lymph
node metastasis, tumor stage. In addition, low miR-335

expression is correlated with poor prognosis in ESCC
patients.”> In HCC, lower serum miR-335 levels are clo-
sely associated with higher mean serum AFP level, more
vascular invasion, and larger tumor size. Patients with
low serum miR-335 levels had a poor prognosis.>
Besides, the miR-335 expression is negatively associated
with advanced stages of melanoma.?* Although miR-335
has been linked to the prognosis of multiple cancers,
more studies are needed to confirm this common
association.

Biological Role of miR-335 in
Various Cancers
MiR-335 as a Tumor Suppressor miR

Proliferation and Apoptosis

Many diseases occur due to the disorder between cell pro-
liferation and death, especially cancer. Emerging research
studies have indicated that miR-335 affected proliferation
and apoptosis in a variety of cancers (Table 2). Rho-
associated coiled-coil containing protein kinase 1
(ROCK1), which is a serine/threonine kinase protein, facil-
itates the development of malignant tumors. In NSCLC,
miR-335 modulates cell proliferation and cell cycle progres-
sion by down-regulating ROCKlexpression.”* Besides,
miR-335 suppresses the proliferation of cervical cancer
cells and HCC cells by down-regulating ROCK1.°*" In
addition to regulating cell proliferation, miR-335 can also
regulate migration and invasion in HCC.*® MiR-335 down-
regulates the expression of ROCK1 through straightly bind-
ing to 3'-UTR of it, leading to reduced cell proliferation and
migration in melanoma.** In GC, miR-335 may play a part
in proliferation inhibition by targeting ROCKI.*®
Furthermore, miR-335 can be decoyed by IncRNA
DANCR to facilitate ROCK1-mediated proliferation and
migration in osteosarcoma.’

B-cell CLL/lymphoma 2 like 2 (BCL-W or BCL2L2) is
also an oncoprotein involved in a variety of human tumors.
BCL-W, which is an anti-apoptotic member of the Bcl-2
protein family, is identified as a possible target of miR-335
based on the results of bioinformatics analysis.*' In
NSCLC, Bcl-w is identified as a target gene of miR-335.
MiR-335 inhibits cell invasion and promotes apoptosis
through targeting Bcl-w and SP1.'” In RCC, miR-335
inhibits proliferation and invasion by decreasing BCL-
WA In ovarian cancer, the upregulation of miR-335
induces cell apoptosis, and BCL-W is a target of miR-
335.%
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Table 2 MiR-335 Regulates Cell Proliferation and Apoptosis in Various Cancer Types

Cancer Type Downstream Target Effect Reference
Tyroid cancer ICAM-1| Proliferation inhibition and Aoptosis induction [50]
SHH Proliferation inhibition and Aoptosis induction6é7 accelerated cell apoptosis [65]
NSCLC BCL-W and SPI Apoptosis induction [19]
Tra23 Proliferation inhibition [25]
SOD2 Proliferation inhibition and apoptosis induction [64]
CuUL4B Apoptosis induction. [62]
CPNEI Proliferation inhibition [311
ROCKI Proliferation inhibition [30]
Gstric cancer Survivin Proliferation inhibition and Aoptosis induction. [26]
ROCKI Proliferation inhibition [58]
HCC ROCKI Proliferation inhibition [39,57]
CRC RASAI Promotes proliferation [20]
LDHB Proliferation inhibition [43]
Gallbladder carcinoma MEF2D Promotes proliferation [51]
Pancreatic cancer JMJD2C Proliferation inhibition and Apoptotic induction. [68]
RCC BCL-W Proliferation inhibition [44,60]
Bladder cancer CRKL Proliferation inhibition [46]
OCT4 Proliferation inhibition [48]
Prostate cancer EGR3 Proliferation inhibition and Aoptosis induction. [47]
Ovarian cancer BCL-W Apoptotic induction. [49]
Cervical Cancer ROCKI Proliferation inhibition [56]
PPP6C Proliferation inhibition [70]
Melanoma ROCKI Proliferation inhibition [24]
Osteosarcoma Survivin Apoptotic induction [37]
ROCKI Proliferation inhibition [59]

Abbreviations: NSCLC, non-small cell lung cancer; ESCC, esophageal squamous cell carcinoma; CRC, colorectal cancer; HCC, hepatocellular carcinoma; RCC, renal cell

carcinoma; EMC, endometrial cancer.

Apart from the pathways mentioned above, several sig-
naling pathways are also involved in the proliferation and
apoptosis of cancers. Cullin 4B (CUL4B) is a scaffold pro-
tein that belongs to the cullin four subfamily.®’ MiR-335
suppresses the cell cycle process and promotes apoptosis by
decreasing CUL4B in NSCLC.%* Transformer 2 beta homo-
log (Tra2p) is considered to be involved in the progression
of several diseases, including cancer.®> MiR-335 inhibits cell
proliferation of lung cancer cells by targeting Tra2f, which
is up-regulated in NSCLC.*® In NSCLC, the highly

expressed Copine 1 (CPNEI1) promotes cell proliferation
and is negatively regulated by miR-335.' In addition,
miR-335 inhibits proliferation and facilitates apoptosis via
targeting superoxide dismutase 2 (SOD2), which is up-
regulated in NSCLC.** MiR-335 can inhibit cell prolifera-
tion, migration, and accelerate cell apoptosis in thyroid
cancer by directly regulating Sonic Hedgehog SHH.®
High expression intercellular adhesion molecule 1 (ICAM-
1) is also observed in thyroid cancer. MiR-335 inhibits
proliferation and promotes apoptosis of thyroid cancer
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cells through controlling ICAM-1.%° In breast cancer, miR-
335 impacts cell functions such as proliferation and apopto-
sis by regulating different targets in the upstream BRCA1-
regulatory cascade.'® Survivin, which is an inhibitor of
apoptosis protein, mainly regulates apoptosis and cell cycle
control.®*®” In GC, miR-335 inhibits proliferation and
enhances apoptosis via regulating survivin expression.?®
Besides, miR-335 contributes to the increased apoptotic by
derepression of survivin in osteosarcoma.>” MiR-335 func-
tions as a tumor suppressor to modulate the proliferation of
CRC cells by down-regulating lactate dehydrogenase
B (LDHB).* MiR-335 can inhibit proliferation and induce
apoptosis by modulating the jumonji domain containing 2C
(IMID2C) in pancreatic cancer.®® In bladder cancer, miR-
335 inhibits cell proliferation and migration through up-
regulating of CTI10 regulator of kinase-like protein
(CRKL), which acts as an oncogene in many cancers.*®
Furthermore, miR-335 can also inhibit proliferation by
depressing octamer-binding transcription factor 4 (OCT4)
in bladder cancer.*® OCT4, also named POUS5F1, is the main
regulator in maintaining the pluripotency of stem cells.®” In
prostate cancer, early growth response 3 (EGR3) promotes
cell proliferation and is negatively regulated by miR-335.*7
In cervical cancer, miR-335 may inhibit cell proliferation by
catalytic

regulating protein phosphatase 6 subunit

(PPP6C).”°

Migration and Invasion
Numerous studies have shown that miR-335 modulates the
expression of various genes, and plays important roles in the

CRKL

RANKL

IGE-IR

migration and invasion of cancer (Figure 1). ROCKI,
a member of the ROCK family, is the downstream target
of miR-335. In detail, in osteosarcoma, miR-335 acts as
a tumor suppressor to inhibit cell migration and invasion
by regulating the ROCK1.?” Similar results are reported in
another two studies.’”’' MiR-335 regulates ROCKI by
binding with 3’-UTR of it diametrically and leads to the
inhibition of migration in melanoma.** In nasopharyngeal
carcinoma, miR-335 inhibits invasion and metastasis of can-
cer cells by directly regulating ROCK1.”? Besides, miR-335
inhibits GC cell migration and invasion via regulating
ROCK 1.® MiR-335 acts as a tumor suppressor to modulate
cell migration and invasion by the down-regulation of
ROCKI in HCC.*® Li etal’” reported the same results.
Furthermore, through the suppression of ROCK1, miR-335
inhibits cell migration, invasion, and epithelial-mesenchymal
transition (EMT) in cervical cancer and NSCLC.?>>°

Apart from ROCK1, several genes are involved in the
metastasis of cancers as well. MiR-335 facilitates cell
invasion and migration by targeting ICAM-1 in thyroid
cancer.’’ Besides, miR-335 represses SHH and inhibits
the migratory and invasive potential of thyroid cancer
cells.®> MiR-335 suppresses cell migration by targeting
CPNEL, in NSCLC.*" In small cell lung cancer (SCLC),
loss of miR-335 promotes metastatic skeletal lesions
through the deregulation of insulin-like growth factor-I
receptor (IGF-IR) and receptor activator of nuclear fac-
ligand (RANKL),
metastases.”> Bcl-w, which is a pro-survival member of

tor-xB key mediators of bone

the Bcl-2 protein family, is known as a possible target of

Anti-migration and anti-invasion mechanism
LA

LDHB

C-Met

| .

miR-335
BCL-W \r—’/// — 1 ¢
Survivin | ¥ ICAM-1
¢
SHH CPNE1
Direct target of miR-335 = Activation ———— Inhibition

Figure | MiR-335 regulates cell migration and invasion in cancers through regulating various targets. By targeting RANKL, IGF-IR, ROCK I, BCL-W, Survivin, SHH, LDHB,
C-Met, SIX2, OCT4, CPNEI, ICAM-1 and CRKL, miR-186 suppresses cell migration and invasion in cancers.
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miR-335 in many cancers. In detail, in NSCLC, the over-
expression of miR-335 suppresses the invasion of lung
cancer cells by targeting Bel-w.'” Besides, miR-335 inhi-
bits ovarian cancer cell migration and invasion and leads
to depolymerization of F-actin via targeting Bcl-W.?! By
the down-regulation of Bcl-W, miR-335 acts as a tumor
suppressor to negatively modulate cell proliferation and
invasion.***® In breast cancer, miR-335 modulated
migration and invasion via targeting SIX Homeobox 2
(SIX2).*’ Besides, the migration of breast cancer cells is
inhibited by miR-335 by targeting the oncoprotein
c-Mesenchymal-epithelial transition factor (c-Met),
which is a receptor tyrosine kinase.”*

Regarding GC, it is found that miR-335 controls inva-
sion by targeting survivin.’® Through down-regulating
LDHB, miR-335 suppresses colorectal cancer cell migra-
tion and invasion.*> MiR-335 inhibits invasion by modu-
lating the expression of JIMJD2C in pancreatic cancer.®® In
bladder cancer, miR-335 may exert its migration inhibitory
effect by targeting CRKL.*® OCT4 is correlated with the
progression of various cancers. MiR-335 inhibits migra-
tion and invasion by down-regulating OCT4 in bladder
cancer.*® MiR-335 expression in OCT4-positive pancreatic
cancer cells is lower compared to that in the negative ones.

MiR-335 inhibits migration, EMT, and stem cell properties

Cell Cycle

The cell cycle is a complex process that consists of a series
of events culminating in mitosis and producing two daugh-
ter cells. Many molecular pathways and checkpoints can
regulate the cell cycle process. Growing studies have
verified that miR-335 can regulate cell cycle progression
(Figure 2). The Cell cycle is influenced by many factors,
such as cyclin D1, cyclin-dependent kinases (CDKs), and
CDK inhibitors (CKIs). Cyclin D1 is the key protein of the
G1-S phase transition. In melanoma, miR-335 downregu-
lates cyclin D1, Cofilin, and raises Caspase 3, and induces
cell cycle arrest by repressing ROCKI1.** MiR-335
decreases the level of cyclin D1 and facilitates cell cycle
arrest by inhibiting CUL4B in NSCLC.®* MiR-335
decreases cell division cycle 2 (CDC2) and cell division
cycle 25 (CDC25) and induces GO/G1 phase arrest through
inhibiting MEF2D.>" CDC2, also known as CDK1, plays
a central role in entry and progression through mitosis.”
CDC25 dephosphorylates the threonine 14 (T14) and tyr-
15 (T15) phosphorylation,
CDK1.7° Cyclin D1 is significantly up-regulated, however,

osine thereby activating
p21 is significantly down-regulated in miR-335 overex-
pressing cells in CRC. The P21 is an important CDK
inhibitor (CKI) that inhibits CDKI1 activity by down-
regulating ROCK1, miR-335 acts as a tumor suppressor

of pancreatic cancer by reducing OCT4.* to modulate cell cycle progression in NSCLC.*
Anti-cell cycle progression Pro-cell cycle rogression
CUL4B
CDC2
~ | MEF2D \ i Cyclin
CDC2s | & miR-335 —] RASAI
CPNEl ) |— _ > 2
ROCKI1
Cofilin CyclinD1  Caspase 3

Direct target of miR-335

Indirect target/subsequent
sigmaling

Activation ——| Inhibition

Figure 2 MiR-335 regulates cell cycle progression in cancers through regulating various targets. MiR-335 inhibits cell cycle progression via targeting CUL4B, MEF2D, CPNEI
and ROCKI. In contrary, miR-335 promotes cell cycle progression by targeting RASAI.

3340

Dove!

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Ye et al

Furthermore, CPNE1 inhibits cell growth by its effects on
the cell cycle and is negatively regulated by miR-335 in
NScLC.

MiR-335 and Cancer Treatments

Chemotherapy and radiation therapy play important roles
in cancer treatments, and many pieces of evidence suggest
that miR-335 participates in regulating chemotherapy or
radiation therapy sensitivity (Figure 3). The decreased
expression of histone deacetylase 3 (HDAC3) is possibly
responsible for the resistance to anti-cancer drugs. MiR-
335 enhances the response to anti-cancer drugs by target-
ing seven in absentia homolog 2 (SIAH2) and increasing
HDAC3.?® The elevated expression of WW domain-
binding protein 5 (WBPS5) induces multidrug resistance
(MDR) under the regulation of miR-335 through the
Hippo pathway, in SCLC.”” In osteosarcoma, miR-335
reduces the sphere-forming ability induced by cisplatin
by targeting POU class 5 homeobox 1 (POU5F1).”® Poly
(ADP-ribose) polymerase 1 (PARP-1) is the main human
PARP enzyme broadly involved in the DNA damage
response.”” MiR-335 regulates the chemo-radioresistance
of SCLC cells by targeting PARP-1.%° Cyclin BI
(CCNBI1), a member of the cyclin family, modulates the
activity of cycle-independent kinases (CDKs). MiR-335
can enhance gemcitabine sensitivity in RCC by regulating
Cyclin Bl (CCNBI1).®' Overexpression of miR-335
increases the sensitivity of triple-negative breast cancer
(TNBC) cells to paclitaxel, cisplatin and doxorubicin,
and improves the effectiveness of chemotherapy.>® MiR-
335 improves the cisplatin sensitivity in ovarian cancer,

through inhibiting Bcl-w.** CPNE1 inhibition improves
the efficacy of EGFR-tyrosine kinase inhibitors and
CPNEI is a target of miR-335.>' MiR-335 inhibits the
C-Met-Akt pathway, and its activation leads to sorafenib
resistance in HCC.** Up-regulated miR-335 enhances the
response to irradiation of melanoma cells by targeting
ROCK1.**

MiR-335 as an OncomiR

In contrast to the above research works, miR-335 func-
tions as an oncogene to promote cancer progression. In
detail, promote cell proliferation and increase cell sensi-
tivity to 5-Fluorouracil (Fu) treatment by down-regulating
myocyte enhancer factor 2D (MEF2D) in gallbladder
carcinoma.”® MEF2D is a transcription factor that belongs
to the MEF2 family. It can regulate cell division, differ-
entiation, and death in muscle, heart, and cancer cells.® In
CRC, miR-335 facilitates cell proliferation and cell cycle
progression by targeting RAS p21 protein activator 1
(RASA1), which has been proved to be a cancer
suppressor.”’

MiR335 and Tumor

Microenvironment

The research focusing on the tumor microenvironment of
cancer has significantly progressed, indicating that the
tumor microenvironment plays a key role in modulating
cancer initiation, progression, metastasis, as well as ther-
apeutic responses.®* The tumor microenvironment mainly
contains extracellular matrix (ECM) and stromal cells,

Radio- and Chemo- Sensitization

PARP-1

ROCKI ) b —

— @ 7

CCNBI1

Direct target of miR-335

miR-335

Indirect target/subsequent
siginaling

Bel-W

WBP3 Cyelin D1

A

/ !_

\,’ C-Met | _ |
> AKT

4 CPNE1L

> Activation ———i Inhibition

Figure 3 MiR-335 regulates the sensitivity of cancer cells to the anti-cancer treatment. MiR-335 enhances the sensitivity of cancer cells to the anti-cancer treatment via the
inhibition of PARP-1, POU5FI, ROCKI, SIAH2, CCNBI, Bcl-W, WBP5, C-Met and CPNEI.
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including blood endothelial cells, lymphatic endothelial
(CAFs),

(TAMs), mesenchymal
immune

cells, cancer-associated fibroblasts tumor-

associated macrophages stem

(MSCs),

85,86

cells cells, leukocytes, and
adipocytes.

CAFs are key players in the tumor microenvironment
that contribute to malignant initiation and progression.®’
CAFs, which are recognized to be derived from normal
fibroblasts (NFs), communicate with tumor cells through
numerous growth and inflammation factors.*®* It is found
that up-regulation of miR-335 within fibroblasts of HCC
can inhibit neighboring cancer cell proliferation and inva-
sion. This indicates that miR-335 might be shuttled
between these fibroblasts and cancer cells.”® Senescent
CAFs develop a senescence-associated secretory pheno-
type (SASP) that is believed to contribute to cancer pro-
gression. One study indicates that miR335, overexpressed
in the senescent normal fibroblasts and CAFs, can regulate
the secretion of SASP factors.”!

Tumor cells secrete numerous pro-angiogenic factors
to create an abnormal vascular network, resulting in poorly
perfused tumors, because of disorganized, immature, and
permeable blood vessels.”” Inflammatory responses play
pivotal roles in cancer progression, containing initiation,
promotion, and metastasis. Cytokines are known as impor-

tumor.”?

tant mediators linking inflammation and
Emerging evidence indicates the involvement of miR-335
in angiogenesis and inflammation. In prostate cancer, the
upregulated miR-335 significantly reduces the formation
of regenerative tubes of DUI145 cells and inhibits the
expression of inflammatory factors, including IL-6, IL-8,
and IL-1pB. Early growth response 3 (EGR3) is proposed as
a potential target of miR-335 and is negatively modulated
by miR-335.*7 EGR3, a member of zinc finger transcrip-
tion factors, is proved to be involved in angiogenesis and
inflammation.”**> These results indicate that miR335
important role in tumor

plays an regulating the

microenvironment.

The Pathway and Targets of miR335
in Cancer

The Hedgehog Signaling Pathway

The Hedgehog (Hh) signaling pathway plays a key role
in embryonic development and aberrant activity of this
pathway in adult tissues is thought to be linked to
a variety of solid neoplasms.”® HH ligand- secreting
cells release several HH isoforms — Sonic hedgehog

(Shh), Indian hedgehog, or Desert hedgehog —which
can bind to the transmembrane receptors Patched 1
(PTCH1) and PTCH2.°” Thereby the interaction between
SHH and PTCHI1 suppresses its inhibitory activity
against Smoothened (SMO).”® Subsequently, this signal-
ing cascade results in the activation of GLI transcription
factors, thereby driving the expression of HH target
genes.”’ Previous studies have shown that miRNA reg-
this
pathway.'®® One research indicates that miR335 inhibits

ulates cancer progression through signaling
papillary thyroid carcinoma progression by targeting
SHH via suppressing the Hedgehog pathway.®> SHH,
one of the ligands of the Hh pathway, has been recog-

nized as involved in tumor growth and metastasis.'®!

PI3BK/AKT/mTOR Signaling Pathway

Emerging studies found that miR-335 participates in most
of the oncogenic signaling pathways (Figure 4). The sig-
naling pathway of the phosphatidylinositol 3-kinase/pro-
tein kinase B/mammalian target of rapamycin (PI3K/AKT/
mTOR) is one of the various signaling pathways playing
a key role in cell growth and survival.'®> The PI3K/AKT/
mTOR signaling is activated through binding to the PKT
ligand, which includes TGF-B1R, tyrosine-protein kinase
Met (c-MET), and epidermal growth factor receptor
(EGFR). Another critical component of this pathway is
mTOR protein kinase including mTORC1 and mTORC2.
It has been reported that the downregulation of miR-335 in
lung cancer promotes cell proliferation through activating
AKT/mTOR signaling pathway.>> Another study suggests
that miR335 may regulate sorafenib sensitivity of HCC
cells by targeting C-MET via suppressing the AKT
pathway.®? C-MET is one crucial protein tyrosine kinase

that plays a critical role in cancer progression.'®

Hippo/YAP Signaling Pathway

The hippo/YAP signaling pathway is one of the various
signaling pathways, which is identified as a relevant onco-
genic signaling pathway in a variety of tumor types.'®
Yes-associated protein (YAP) and transcriptional co-
activator with PDZ-binding motif (TAZ), the main effec-
tors of the signaling pathway, are regulated by a series of
kinase cascades. YAP acts as a transcription cofactor reg-
ulating the expression of genes involved in cell prolifera-
tion and migration signals, which contributes to the pro-
tumorigenic phenotype.'® Recently, one study suggests
miR335 may regulate SCLC MDR through the Hippo
pathway. It is found that miR-335 negatively regulates
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Figure 4 MiR335-related signaling pathways.|, Hedgehog signalling pathway: miR335 inhibites cell growth, and metastasis and drug sensitivity via suppressing Hedgehog
pathway. 2, PI3K/AKT/mTOR signaling pathway: miR-335 inhibites cell growth, and metastasis drug sensitivity through suppressing AKT/mTOR signaling pathway. 3. Hippo/
YAP signalling pathway: miR335 regulate drug sensitivity and apoptosis through the Hippo pathway.

the MDR by targeting WBP5 and the result also indicates
that upregulation of WBPS5 can inhibit the phosphorylation
of MST?2 and Yes-associated protein 1 (YAP1), thus indu-
cing the nuclear accumulation of YAP1 in SCLC.”’

The Other Targets of miR-335

MiRNAs are involved in various physiological and patho-
logical processes via targeting mRNAs. Apart from the
pathways described above, miR-335 regulates the initia-
tion and development of cancer by targeting various tar-
gets. According to research, miR335 plays a role as
a tumor suppressor via targeting ROCKI1 in different
types. 30393678 BCL-W is
a common target of miR335 in various cancers. Through

tumor Moreover, also
targeting BCL-W, miR335 regulates tumor growth, metas-

tasis, and drug sensitivity.'”***° Meanwhile, in the same

type of tumor, miR335 can regulate tumor progression by

20:22.25.2643.58 According to com-

targeting different genes.
puter prediction, each miRNA may target about 200
mRNAs.Besides, one protein-encoding gene also can be
regulated by various miRNAs, suggesting that miRNAs
are vital regulators of mRNAs. Therefore, it is significant
to further explore the regulatory network of miR-335 in

different human tumors.

Factors Modulating miR-335 in
Cancers
LncRNA and CircRNA

The three major members of non-coding RNAs
(ncRNAs), miRNAs, long non-coding RNAs (IncRNAs),
and circular RNAs (circRNAs), play a crucial role in
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cancer development. Recently, the competing endogenous
RNA (ceRNA) mechanism describes IncRNA/circRNA as
sponges for miRNAs to indirectly regulate their target
mRNAs. Recently, ceRNA mechanism is the main focus
among diverse non-coding functions in the tumorigenesis
CeRNA  model

a competitive binding between sponge RNAs and

of various cancers. describes
miRNA target genes and the modulation of miRNA target
gene activity.'’® Multiple studies have suggested that

IncRNAs or circRNAs, which contain miRNA-binding

sites can act as ceRNAs. Notably, this ceRNA mechanism

has been 107,108

recognized in multiple cancers.
Accumulating evidence indicates miR-335 is regulated
by a variety of LncRNAs and circRNA in cancers
(Table 3).

LncRNA ZNRDI1-ASI1 is differentially overexpressed
and is positively associated with advanced TNM stage and
a higher rate of lymph node metastasis. LncRNA ZNRD1-
AS1 promotes cell invasion and metastasis by regulating

the miR-335-ROCKI1 axis in nasopharyngeal carcinoma

Table 3 Regulatory Factors Suppress the Expression of miR-335 in Human Cancer

Type of Factors Factor Cancer Type Reference
LncRNA LncRNA MSTO2P Gastric cancer. [
LncRNA RPI1-436H11.5 RCC [60]
LncRNA TUGI Osteosarcoma [71]
IncRNA TUGI Hepatoblastoma [112]
LncRNA NEAT | Gastric cancer. [58]
LncRNA NEATI HCC [82]
LncRNA ZEBI-AS| Gastric cancer. [42]
LncRNA DANCR Osteosarcoma [59]
LncRNA DANCR Cervical cancer [56]
LncRNA SLCO4AI-AS| Bladder cancer [48]
LncRNA CASC9 NSCLC [29]
LncRNA LINCOI510 Thyroid carcinoma [65]
LncRNA TINCR Ovarian cancer [113]
LncRNA XIST NSCLC [64]
LncRNA XIST Bladder cancer [110]
IncRNA ZNRD I-AS| Nasopharyngeal Carcinoma [72]
CircRNA Circ-EIF4G3 Gastric cancer [70]
Circ_103973 Cervical Cancer [70]
Circ_0074027 NSCLC [62]
Circ_0007255 Breast cancer [35]
Circ_0009910 HCC [57]
CircZMYM2 Pancreatic Cancer [68]
Others Spl Ovarian cancer [I15]
CDHI | Breast cancer [34]
MEST HCC [11eé]

Abbreviations: NSCLC, non-small cell lung cancer; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma.
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(NPC).”* Sry-related HMG box 2 (SOX2) modulates
LncRNA LINCO01510/miR-335/SHH axis to promote thyr-
oid carcinoma progression.®> LncRNA CASC9 expression
is elevated in NSCLC and promotes NSCLC progression
by regulating the miR-335/S100A14 axis.”’ LncRNA-
XIST promotes NSCLC progression by targeting miR-
335/SOD2/ROS signal pathway induced pyroptotic cell
death.®® Platycodin D (PD) modulates LncRNA-XIST/
miR-335 axis to suppress bladder cancer progression.'®’
LncRNA NEATI1 inhibits sorafenib sensitivity of HCC
cells by regulating miR-335-cMet.*? Besides, LncRNA
NEAT1 causes GC malignancy through down-regulating
miR-335 and inducing the expression of ROCKI.>®
Besides, high expression of IncRNA MSTO2P is corre-
lated significantly with lymphatic metastasis, distal metas-
tasis, and shorter overall survival rate in GC patients, and
IncRNA MSTO2P promotes the proliferation by indirectly
regulating miR-335."'" In gastric cancer, IncRNA ZEBI-
ASI1 negatively regulates miR-335 and plays an important
role in promoting GC cell progression by inhibiting miR-
3354 In osteosarcoma, IncRNA DANCR functions as an
endogenous sponge for miR-335 and relieves the inhibi-
tion of miR-335 on ROCK1.>® Furthermore, by sponging
miR-335, LncRNA DANCR elevates ROCK1 and facil-
itates cervical cancer development.’® LncRNA TUGI alle-
viates the inhibitory effect of miR-335 on ROCKI to
promote osteosarcoma progression.”' By sponging miR-
335 and regulating CXC chemokine receptor 4 (CXCR4),
IncRNA TUG1 promotes tumor progression in CTNNBI-
mutated hepatoblastoma.'"’ LncRNA RP11-436H11.5,
functioning as an endogenous sponge for miR-335, upre-
gulates BCL-W by sponging miR-335 and promotes pro-
liferation and invasion in RCC.®° In bladder cancer,
IncRNA SLCO4A1-ASI
migration by regulating the miR-335/0CT4 axis.*®
Besides, LncRNA TINCR functions as a sponge of miR-

335 in ovarian cancer, thereby affecting fibroblast growth

promotes proliferation and

factor 2 (FGF2) expression to promote cell proliferation,
migration, and invasion.''?

Increased expression of circ-EIF4G3 is associated with
advanced TNM stage and lymphatic metastasis. Circ-
EIF4G3 promotes the development of gastric cancer by
sponging miR-335.""3 Circ 0074027, which is highly
expressed in NSCLC, facilitates NSCLC cell progression
by modulating miR-335/CUL4B axis.> Circ_0007255

modulates the progression of breast cancer through miR-

335/SIX2 axis.*® In HCC, by repressing miR-335,
circ_ 0009910 regulates ROCK1 and promotes prolifera-
tion and metastasis.”’ CircZMYM2 modulates the down-
stream gene JMJD2C by sponging miR-335 and promotes
pancreatic cancer cell progression.® High expression of
circ 103973 is related to the worse outcome of cervical
cancer patients. Circ_103973 promotes cervical cancer cell
proliferation by sponging miR-335, which further regu-
lates PPP6C."

Other Regulatory Factors

Cadherin 11 (CDHI1) belongs to the cadherin superfamily
and mediates cell adhesion in a calcium-dependent manner.
The high expression of CDHI11 is associated with worse
overall survival of breast cancer patients. In metastatic breast
cancer, the anti-CDH11 antibody inhibits EMT and represses
cancer stem cell-like (CSC-like) and metastatic phenotype

by up-regulating miR-335.%*

A mass of CpG islands exists
in the promoter region of miR-335 and Spl can negatively
modulate the expression of DNA methyltransferases in ovar-
ian cancer cells, indicating that the participation of DNA
methylation in the regulation of miR-335. Spl facilitates
ovarian cancer migration by down-regulating miR-335.""*
In HCC, the level of miR-335/MEST methylation is
obviously higher in tumors compared with non-tumor tis-
sues. DNA methylation frequently reduces the expression of

miR-335 in primary HCC.'"”

Discussion

Plenty of research studies show that the abnormal expres-
sion of miR-335 is detected in a variety of cancers; how-
ever, the expression of miR-335 in some cancer types
remains controversial. Besides, the effect of miR-335 in
various cellular processes and the complex regulatory net-
work for miR-335 is not fully understood. Emerging
shreds of evidence indicate that miR-335 can enhance
the sensitivity of cancer cells to chemotherapy and radio-
therapy. It may be useful as a combination therapy against
different cancers.

While the biological function of miR-335 can be
further studied through experimental models, its prospect
in clinical applications is still unclear. This is not only due
to the predictable general obstacles encountered in the
application of gene therapy, but also the uncertain adverse
effects. Several miRNA-targeted gene therapies have been
terminated or withdrawn from clinical trials because of
serious adverse effects. For example, the first miRNA
replacement therapy clinical trial, which tested the efficacy
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of miR-34 (MRX34) in cancer, is terminated at Phase
I due to severe immune-related side effects.!'® In addition,
TargomiRs which are minicells-loaded with a miR-16
mimic were investigated in a phase I study. Fortunately,
patients with refractory malignant pleural mesothelioma
can tolerate TargomiR, despite some dose-limiting toxi-
city, and adverse effects are observed.''” As for miR-335,
more pre-clinical studies, especially, regarding toxicity and
safety, should be carried out before applying miR-335-
targeted gene therapies for cancers in clinical settings.

Conclusion

In this article, we focus on the scientific achievements of the
researchers of miR-335 in human cancer. The dysregulated
miR-335 is observed in a variety of cancers, and the expres-
sion of miR-335 depends on the type of cancer. Additionally,
the level of miR-335 may be used to predict survival in
cancer patients. Recent studies reveal that miR-335 is
involved in multiple cellular processes, including prolifera-
tion, apoptosis, migration, and invasion. Furthermore, miR-
335 can affect the sensitivity of cancer cells to chemotherapy
and radiotherapy. It has been shown miR-335 may indirectly
affect cancer progression upon secretion into the tumor
microenvironment. MiR-335 is regulated by various factors
such as IncRNAs and microRNAs. Various factors can reg-
ulate miR335, such as LncRNAs and circRNAs. In addition
to non-coding RNA, DNA methylation and transcription
factors contribute to the progression of various cancers as
well. In summary, miR-335 has the potential as a biomarker
for cancer prognosis or as a treatment target combination
with established drugs to enhance drug sensitivity. However,
its clinical application has a long way to go.
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