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Abstract. Gynecological cancers, including breast, ovarian,
uterine, vaginal, cervical and vulvar cancers are among the
major threats to modern life, particularly to female health.
Long non-coding RNAs (IncRNAs) play critical roles in
normal development of organisms, as well as the tumorigenesis
process, and metastasis-associated lung adenocarcinoma tran-
script 1 (MALAT]) is a large infrequently spliced IncRNA,
which have been implicated in different gynecological cancers.
MALATI is overexpressed in breast, ovarian, cervical and
endometrial cancers, which initiates cancer progression by
inducing changes in the expression of several anti-apoptotic
and epithelial-to-mesenchymal transition-related genes.
Targeting MALATI is an important strategy to combat
gynecological cancers, and application of RNA-interference
technology and chemotherapeutic process are crucial to target
and minimize MALATI activity. The present review discusses
the role of MALATI in gynecological cancers, and potential
strategies to target this IncRNA to develop cancer therapeutics.
However, further clinical studies are required to determine the
prognostic potential of MALAT in gynecological cancers.
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1. Introduction

Gynecologic cancer is any cancer of the female reproduc-
tive organs, including ovarian, uterine, vaginal, cervical and
vulvar cancers. Generally, all women are at risk of devel-
oping gynecological cancers, and risk increases with age (1).
Each gynecologic cancer is unique, with different signs and
symptoms, different risk factors and different therapeutic strat-
egies (2,3). Gynecological cancers are associated with high
mortality rates worldwide as it is difficult to detect the cancers
in early stage (1). Gynecological cancers are among the major
threats to modern life, particularly to female health (1-3). An
essential part of the gynecologic assessment is examination
of the breasts. Breast cancer is recognized more often by
gynecologists than any other physician (4). Women with breast
cancer are at risk of developing a second primary gynecologic
cancer, particularly uterine and ovarian cancers (4).

Breast cancer is the most common invasive cancer in
women that develops from breast tissues. It is the second
most common cancer among women and the leading cause
of cancer-associated mortality, accounting for approximately
500,000 mortalities per year worldwide (5). It is a multifacto-
rial disease affected by several risk factors, including age, sex,
genetics, ethnicity, environmental factors, high levels of certain
hormones, including estrogen and progesterone, lifestyle and
diet (5-8). Ovarian cancer is a cancerous growth that begins in
the ovaries (9). It is caused by several factors, including age,
genetic mutations, metabolic abnormalities, endometriosis
and hormone replacement therapy (9-12). Cervical cancer is
a cancer arising from the cervix (the entrance to the womb
from the vagina), which predominantly affects sexually active
women aged 30-45 years. Infection with the human papilloma
virus (HPV) is considered a major risk factor for cervical
cancer (13,14). Other risk factors for this disease include
smoking, a weak immune system, birth control pills, early
age at first intercourse, multiple sex partners and low socio-
economic status (13-15). Endometrial cancer is a common
gynecological cancer that begins in the uterus (16). Several
factors may increase the risk of endometrial cancer, including
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age, obesity, hormone therapy, genetic mutations, hyperten-
sion, diabetes mellitus and favorable prognosis (16-18). Other
types of gynecological cancers include vaginal cancer, which
forms in the tissues of the vagina, and vulvar cancer, which
forms in the external genital organ of women. However, these
types of gynecological cancers are rare, and thus infrequently
studies (2). Similar to cervical cancer, both vaginal and vulvar
cancers are associated with HPV infection (2,19).

2. Long non-coding RNA and cancer

The human genome has been estimated to contain 23,000
long non-coding RNA (IncRNA) genes, which are more
abundant than 20,000 protein-coding genes (20). IncRNA
genes are an important population of non-coding RNAs,
without protein-coding capacity (20,21). IncRNAs transcripts
are >200 nucleotides (nt) in length, and represent a stringent
cell-type/tissue specificity (22). IncRNAs play critical roles
in normal development of organisms, as well as the tumori-
genesis process (22,23). The crucial roles of IncRNAs include
dosage compensation, imprinting, chromatin rearrangement,
histone modification, modification of alternative splicing
genes, as well as gene expression (23). According to their
functions and expression patterns in tumor cells/tissues,
IncRNAs can be classified as tumor suppressor genes or onco-
genes (24,25). IncRNAs play different roles in the regulation
of cancer-related pathways, such as the Wnt, Hedgehog, Notch
and PI3K/AKT/mTOR pathways, and regulate the plasticity
of cancer stem cells (26). IncRNAs interact with microRNAs
(miRNAs/miRs), mRNAs, proteins and genomic DNA to
exert their physiological and pathological functions (26,27).
Deregulation of several IncRNAs has been detected in
different types of cancer, such as, breast, ovarian, cervical and
prostate cancer, which suggests the use of IncRNAs as markers
for cancer detection and prognosis, as well therapeutic targets
for cancer treatment (22,28).

3. MALAT1: Structure and function

Metastasis-associated lung adenocarcinoma transcript 1
(MALAT1I) is a large and infrequently spliced IncRNA,
also known as nuclear enriched abundant transcript 2, HCN,
LINC00047, NCRN00047 and PRO2853 (29). MALAT1 is
abundant in several human cell types, with the highest expres-
sion levels in pancreas and lung cells (29,30). MALATI is a
single-exon gene, located within human chromosome 11q13
and mouse chromosome 19qA. The primary structure of
MALATTI contains ~8 kb in humans and ~7 kb in mice (31,32).
Its 3'-end lacks a poly (A) tail structure and can be processed
by RNase P and RNase Z cleavage into a long 6.7-kb tran-
script, which yields an additional 3'-short tRNA-like ncRNA
and a 5'-long MALATI-associated small cytoplasmic
RNA (31-33). Following transcription, the longer form of
MALATTI is retained in the nucleus and specifically local-
izes to nuclear speckles. These structures of MALATI are
enriched in pre-mRNA splicing factors, and serve as storage
and assembly/modification sites. MALAT1 may interact with
the serine/arginine-rich family of splicing factors, which
affects the distribution of splicing factors in nuclear speckle
domains, and regulates tissue- or cell-type specific alternative

splicing in a phosphorylation-dependent manner (31,34).
MALATT acts as an activator of gene expression by mediating
the interaction with the demethylated form of chromobox
homolog 4, also known as polycomb 2, a component of the
Polycomb Repressive Complex 1 (31,34,35).

MALATI has also been reported to regulate several
pathological processes, ranging from diabetes complications
to cancer (36). MALATI was initially identified as a factor
associated with high metastatic potential and poor prognosis
in stage I non-small cell lung cancer (NSCLC) (36,37).
MALATI is overexpressed in different types of tumors,
including lung, liver, gastric, pancreatic, renal, colon, bladder,
breast, bone cancers and gynecological cancers (38). MALAT1
regulates the expression of metastasis-associated genes and
cell motility via transcriptional and/or post-transcriptional
regulation (38,39). It has been demonstrated that various
upstream regulators may bind to the promoter to activate the
transcription of MALATI, resulting in upregulated MALAT1
expression in different types of cancer (40). Spl is associ-
ated with lung cancer, whereas JMJDIA is associated with
neuroblastoma, the sex determining region Y-box (Sox) 17 is
associated with esophageal cancer, and TDP-43 is associated
with NSCLC (40,41). Serine/arginine-rich splicing factor 1
(SRSF1) is associated with breast cancer, while yes-associated
protein and SRSF1 are associated with liver cancer (40,41).
Previous studies have identified the common genetic
variants (single nucleotide polymorphisms) of MALAT]I asso-
ciated with the risk of different types of cancer (42-44). Thus,
MALATTI plays an important factor in carcinogenesis. The
present review discusses the expression patterns of MALATI
in breast cancer and gynecological cancers, in the perspectives
of carcinogenesis and therapeutics.

4. Pathogenic role of MALAT1 in gynecological cancers

Fig. 1 and Table I present the pathogenic role of MALATI
in gynecological cancers. Breast cancer exosomes promote
cancer cell proliferation by modulating exosomal MALAT1
regulation. MALATI is considered a proinflammatory
factor, which regulates the lipopolysaccharide (LPS)-induced
inflammatory response by interacting with nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-«kB) of
breast cancer cells (39,45). NF-«kB also plays an important role
in regulating the epithelial-to-mesenchymal transition (EMT)
process, and promotes matrix metalloproteinase (MMP)-9
and vimentin expression by binding to the promoter of
vimentin (39,45). Previous studies have demonstrated that
MALATI expression is upregulated in breast cancer cells and
tissues (46-49). Gomes et al (50) reported that an antisense
transcript of MALAT1, named TALAMI, mediates MALAT1
response in human breast cancer. They reported that MALAT1
locus is spanned by TALAMI, and downregulation of
TALAMI induces breast cancer cell aggressiveness and malig-
nancy. In addition, Wu ez al (51) observed the highest level
of MALATI expression in metastatic triple-negative breast
cancer and trastuzumab-resistant human epidermal growth
factor receptor 2 (HER?2) overexpressing (HER2+) cells. They
demonstrated that upregulated MALAT1 expression via activa-
tion of the PI3K/AKT pathway induced EMT-like phenotypes
and cell invasiveness in HER2+ cells (51). Huang er al (52)
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Table I. Molecular mechanisms of MALAT1 in gynecological cancers.

Cancer type Mechanism Effects (Refs.)
Breast cancer Downregulates TALAMI1 expression Induces cell aggressiveness and malignancy (50)
Activates the PI3K/AKT pathway Induces EMT-like phenotype and cell ShH
invasiveness
Downregulates microRNA-145 expression Enhances proliferation, migration and tube (52)
formation
Ovarian cancer Activates the JAK2/STAT3 signaling Promotes proliferation and inhibits cell (59)
pathway apoptosis
Activates the PI3K/AKT and Wnt/f3-catenin Induces EMT-like phenotype (62)
pathways
Influences HUVECS and stimulates Promotes angiogenesis (65)
angiogenesis related genes
Upregulates MMP13 expression and Induces cell migration and invasion (66)
downregulates MMP19 and ADAMTS|1
expression
Cervical cancer Activates the PI3K/AKT pathway Induces EMT-like phenotype (71)
Activates AKT/mTOR Increases cell viability, cell migration and (70)
invasion, and EMT
Endometrial Activates the Wnt/p-catenin pathway Induces cell migration and invasion (72)
cancer MALAT1 15664589 C>G polymorphism Associated with cancer risk (73)

MALAT1, metastasis-associated lung adenocarcinoma transcript 1; EMT, epithelial-to-mesenchymal transition; HUVECs; human umbilical

vein endothelial cells; MMP, matrix metalloproteinase.
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Figure 1. Pathological role of MALAT] in gynecological cancers. Overexpression of MALAT1 promotes tumor initiation in gynecological cancers by inducing
changes in the expression of several anti-apoptotic and EMT-related genes. MALAT 1, metastasis-associated lung adenocarcinoma transcript 1; EMT, epithe-
lial-to-mesenchymal transition; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; MMP, matrix metalloproteinase; miR, microRNA;

PCDHI10, protocadherin 10.

reported an interaction between MALATI1 and miR-145, and
observed that upregulated MALAT] expression significantly
enhanced the proliferation, migration and tube formation of
MCEF-7 cells, whereas miR-145 expression inversely changed

in breast cancer tissues. Kim et al (53) demonstrated contra-
dictory effects of MALAT] in breast cancer cell proliferation
and invasion. They reported that MALATI acts as a metas-
tasis-suppressing IncRNA rather than a metastasis promoter



4 QIAO et al: MALATI1 IN GYNECOLOGICAL CANCERS

Table II. Major strategies in cancer therapeutics by targeting
MALATI.

Strategies

Inactivation of MALAT1 by small RNA technologies
Development of MALAT 1-specific chemotherapeutic drugs
Inactivation of MALAT1 by applying inhibitors of MALAT1
Degradation of MALAT1 by using microRNA response
elements

Epigenetic modification of MALAT1 gene to silence its
expression

MALAT1, metastasis-associated lung adenocarcinoma transcript 1.

in breast cancer. Furthermore, overexpression of MALAT1
was demonstrated to suppress breast cancer cell migration
and invasion by binding and inactivating the pro-metastatic
transcription factor, TEAD (53). Studies by Kwok ez al (54)
and Eastlack et al (55) have reported that MALAT1 can act
as a tumor suppressor in breast cancer. As these findings
contradict the role of MALATI as an important therapeutic
target for breast cancer, it was suggested that MALAT1 should
be thoroughly investigated to determine its dual roles across
different types of cancer (56). Peng et al (42) demonstrated the
association of MALAT]I rs619586 A>G polymorphism with a
reduced risk of breast cancer in the Chinese Han population.
Several studies have suggested that MALATI is
highly expressed in ovarian cancer tissues and cell lines.
Overexpression of MALATI1 promotes tumor initiation
in ovarian cancer by inducing EMT (57,58). For example,
Sun et al (59) demonstrated that overexpression of MALAT1
promotes proliferation and suppresses the apoptosis of ovarian
cancer cells by activating the JAK2/STAT3 signaling pathway.
EMT maintains the mesenchymal cell phenotype and plays an
essential role in cancer cell migration and invasion through
E-cadherin, N-cadherin, vimentin and EMT-inducing tran-
scription factors, such as Twist, Snail, Slug and Zeb (60,61).
MALATI may influence EMT in ovarian cancer by activating
the PI3K/AKT pathway (62). Jin et al (62) reported that
MALATI regulates ovarian cancer cell proliferation, migra-
tion and apoptosis via the Wnt/B-catenin signaling pathway.
Wnt is a cell growth factor that promotes Frizzled receptor
expression and activates the scaffolding protein, Dishevelled,
to induce intracellular signal transduction and glycogen
synthase-kinase 3 [3 phosphorylation. B-catenin (a subunit of
the cadherin protein complex) protein binds to E-cadherin to
increase the adhesion between cells (63). 3-catenin accumu-
lates in the nucleus, which activates the transcription of the
downstream cyclin D1 and other target genes to increase the
cell proliferation, tumor formation and cell migratory and
invasive abilities (63,64). Qiu et al (65) reported that MALAT1
can be transferred from ovarian cancer cells to recipient human
umbilical vein endothelial cells (HUVECS) via exosomes.
They indicated that the metastatic ovarian cancer cells promote
angiogenesis by transferring exosomal MALAT] to recipient
HUVECGCs, which in turn, triggers HUVECs to promote angio-
genesis by stimulating angiogenesis-related genes, including

vascular endothelial growth factor (VEGF)-A, VEGF-D,
epithelial neutrophil-activating peptide-78, placental growth
factor, interleukin-8, angiogenin, basic fibroblast growth factor
and leptin. Zhou et al (66) demonstrated that the efficacy of
MALATI in promoting ovarian cancer progression can
also be mediated by upregulating MMP13 expression and
downregulating MMP19 and ADAMTSI expression.

MALATI!1 expression is upregulated in cervical
cancer tissues compared with normal cervix tissues (67).
Jiang et al (68) demonstrated that MALATI1 expression is
upregulated in HPV-positive cervical squamous cells, which
suggests that high MALATI expression is associated with
HPV in cervical cancer. Upregulated MALATI1 expression
promotes the proliferation and invasion, and decreases the
apoptosis of cervical cancer cells (67). MALAT] can act as an
oncogene by sponging miRNA in HR-HPV positive cervical
cancer cells (69). MALAT]1 is involved in regulating the EMT
process in cervical cancer (70). Wang et al (71) reported that
overexpressing MALATI significantly increases BRWDI1
mRNA expression by activating the PI3K/AKT pathway in
HeLa and C-33A cells. Han et al (70) demonstrated that over-
expression of periostin in cervical cells is positively associated
with MALATI1 expression and negatively associated with
miR-202-3p expression. Furthermore, it was suggested that the
MALATI1/miR-202-3p/periostin axis increases cell viability,
cell migration and invasion, and EMT in HeLa or SiHa cells
by activating the AKT/mTOR signaling pathway (70).

Increased levels of MALATI1 have been detected in
endometrial cancer. Zhao et al (72) identified MALATI as a
direct transcriptional target of Wnt/B-catenin in endometrial
cancer cells. The protocadherin 10 (PCDHI10) is a novel Wnt
pathway regulatory element that acts as a tumor suppressor.
In endometrial cancer, PCDH10 expression is downregulated
by promoter hypermethylation, which induces aberrant activa-
tion of the Wnt/ -catenin signaling pathway via the direct
binding site of TCF4 in MALATI1 promoter region (72).
Chen et al (73) demonstrated the association of MALAT1
rs664589 C>G polymorphism with the risk of endometrial
cancer in Southern Chinese women. It was demonstrated that
individuals with CGG haplotypes have a higher risk of devel-
oping endometrial cancer compared with the wild-type GCG
haplotype carriers (73). Collectively, these findings suggest
the potential role of MALATI in inducing the development of
different gynecological cancers.

5.Targeting MALAT1 in gynecological cancer therapeutics

The treatment of gynecologic cancer depends on several
factors, including the type, stage and grade, as well as the
general health of the patient. The main treatment options for
gynecologic cancer include surgery, chemotherapy, radiation
therapy and hormone therapy, either alone or in a combination
with each other (2,58). Despite advancements in modern multi-
modality chemotherapeutic strategies, there is a high chance
of local relapse and tumor metastasis (2,58). Thus, targeted
therapies are used to target both metastatic progressions and
decrease the risk of recurrence in the treatment of gynecologic
cancer (2). Targeting MALATI is an important strategy to
combat gynecological cancers. The important strategies to
target MALAT1 are summarized in Table II.
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Several studies have reported that high MALAT1 expres-
sion is associated with increased stage, recurrence and
decreased survival in gynecological cancers (56,66,67). Thus,
suppressing MALAT1 expression may be a novel target for
the treatment of gynecological cancers. MALAT1 knockdown
via small interfering RNA (siRNA) impairs the exosome-
mediated pro-angiogenic activity of HUVECS through certain
key angiogenesis-related genes, and significantly decreases
cancer cell proliferation, migration and invasion (74,75).

Li et al (39) performed RNA reverse transcription-asso-
ciated trap sequencing and demonstrated that MALATI1
bound to the promoter regulatory element of the translation
elongation factor 1-a 1 gene (EEFlal). Knockdown of
MALATI significantly downregulated EEFlal expression,
which in turn decreased cell proliferation and invasion by
arresting cells at the G/G, phase in breast cancer cells (39).
Liu et al (75) reported that miR-1 functions as a tumor
suppressor by targeting K-RAS and MALATI. They found
that downregulated hsa-miR-1 expression in breast cancer
tissues and restoration of miR-1 in breast cancer cells inhibits
tumor growth and cell migration and invasion, and increases
apoptosis (75). Knockdown of endogenous MALATI using
MALATTI short hairpin RNA (shRNA) significantly increases
miR-145 expression and can inhibit proliferation, migra-
tion and tube formation by decreasing VEGF expression in
breast cancer cells (52). Arun et al (76) reported that genetic
loss or systemic MALAT1 knockdown using antisense oligo-
nucleotides (ASOs) in the MMTV (mouse mammary tumor
virus)-PyMT mouse mammary carcinoma model decreased
tumor growth and metastatic capacity (76). In addition,
MALATI knockdown in 4T1 xenograft mice significantly
decreased the inflammatory responses by decreasing tumor
necrosis factor-a, and weakened tumor metastasis of lung
induced by LPS (39).

Gordon et al (77) reported that MALAT1 promotes ovarian
cancer progression by regulating RBFOX2-mediated alterna-
tive splicing. It was demonstrated that suppression of MALAT1
decreased the proliferation, invasion, anchorage independent
growth, and increased anoikis in multiple anoikis-resistant
ovarian cancer cell lines by decreasing RBFOX2 expression
and EMT-related genes (77). Guo et al (63) demonstrated that
downregulating MALAT1 expression inhibits cell prolifera-
tion, invasion and migration, arrests cell cycle progression in
the S phase and induces cell apoptosis in ovarian cancer cell
lines by inhibiting activation of the Wnt/f3-catenin signaling
pathway. Bai et al (78) reported that MALATI knockdown
significantly attenuates cisplatin resistance and induces apop-
tosis in cisplatin-resistant ovarian cancer cells by inhibiting
the Notchl signaling pathway. Several studies have performed
lentivirus-mediated artificial miRNA interference to deter-
mine the effect of MALATI in ovarian cancer cells (66,79). It
has been reported that miR-200c is negatively associated with
MALATI1 expression (80). Furthermore, MALAT1 knock-
down suppresses the viability, and the invasive and migratory
abilities of ovarian cancer cells (80). MALAT1 knockdown
may also suppress tumor growth via miR-506-dependent
regulation (81). MALATI knockdown decreases MMP13
protein expression, while increasing MMP19 and ADAMTSI
expression, resulting in G,/G; cell cycle arrest and apoptosis in
ovarian cancer cell lines (66).

Silencing MALATI1 expression via shRNA decreases
cervical cancer cell viability, induces cell apoptosis, represses
the cell invasive capacity, increases G, phase cells and
decreases S phase or G,/M ratio (82). Overexpression of several
miRNAs, such as, miR-1, miR-145, miR-506 and miR-200c or
the use of MALAT1 siRNA decreases the cell invasive and
migratory abilities, downregulates mesenchymal markers,
[B-catenin and Vimentin, and upregulates E-cadherin expres-
sion (52,75,81,83). Xia et al (84) used metformin for type 2
diabetes, to assess its effects on the migratory and invasive
abilities of human cervical cancer cells, and it was demon-
strated that metformin markedly inhibits the proliferation
and angiogenesis of human cervical cancer cells and cervical
cancer cell xenografts in nude mice (84).

It has been reported that miR-200 family members are
enriched in endometrial cancer, while MALAT1 is expressed at
low levels. Li ef al (85) used a xenograft tumor model to demon-
strate that targeting the miR-200c/MALAT1 axis inhibits
endometrial cancer cell proliferation and EMT-associated
protein expression in vivo. Thus, MALAT1 may act as a key
target in therapeutic research on gynecological cancers.

6. Future research

Gynecological cancers are among the most common causes
of mortality in women worldwide as it is difficult to detect
the cancer in early stage (2). Dysregulation of MALATI1 has
been reported in gynecological cancers, and thus may be
used as a potential therapeutic target (86-88). Several studies
have reported on the interference approaches of MALATI
knockdown by RNA (78,81). However, MALATI is less
accessible than mRNAs to siRNAs as it is in the nucleus.
Direct targeting of MALATI through RNA interference is
not possible as this technology is not yet feasible in routine
clinical practice. ASOs are regarded as a valuable approach
to antagonize MALAT]. Systemic knockdown of MALAT1
using ASOs may provide an exciting prospective avenue for
investigating the use of MALAT1 ASOs in a therapeutic
setting to decrease tumor progression. ASOs are considered
more advantageous over siRNAs due to their higher specificity
and fewer off-target effects, as well as their independency on
the RNA-induced silencing complex machinery. The limita-
tions of ASOs include off-target toxicity effects, low affinity
for the target, high vulnerability to degradation and poor
delivery to the target tissues. Chemical modifications may
overcome some of these limitations of ASOs by enhancing
affinity, specificity and improving effective delivery to target
tissues, with lower toxicity (28,38,88,89). In addition, targeting
MALAT]I with specific drugs or stimulating its functions in
clinically feasible ways may lead to the suppression of cancer
development (28,38,88-90).

7. Conclusions

Gynecological cancers are a major threat to modern life
in women. The conventional treatments of gynecological
cancers remain unsatisfactory due to the adverse side
effects. Early diagnosis is essential for the effective treat-
ment of gynecological cancers. As MALATI expression is
upregulated in different types of human cancer, including
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gynecological cancers, MALATI1 may act as a potential
diagnostic marker, and may be recognized as an effective
therapeutic target for gynecological cancers. However,
more clinical studies are required to determine the prog-
nostic potential of MALATI in gynecological cancers.
A better understanding of the role of MALATI in tumor
progression and tumor metastasis may help discover novel
anti-metastatic targets for the effective treatment of gyne-
cological cancers.
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