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Né-Methyladenosine (m6A) modification is one of the most widely distributed RNA modifications in eukaryotes. It
participates in various RNA functions and plays vital roles in tissue development, stem cell formation and differentia-
tion, heat shock response control, and circadian clock controlling, particularly during tumor development. The revers-
ible regulation of m6A modification is affected by the so-called reader, ‘writer’and ‘eraser’ As a required component
and the largest methyltransferase, vir-like m6A methyltransferase associated (VIRMA) can promote the progression

of cancer and is associated with poor survival in multiple types of cancer. The present review investigated the role of
VIRMA in various types of cancer. In an m6A-dependent or -independent manner, VIRMA can play an oncogenic role
by regulating cancer cell proliferation, migration and invasion, metastasis, apoptosis resistance and tumor growth

in different pathways by targeting stem factors, CCAT1/2, ID2, GATA3, CDK1, c-Jun, etc. VIRMA can also predict better
prognosis in kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP) and papillary thyroid
carcinoma by TCGA analysis. The obvious oncogenic roles of VIRMA observed in different types of cancer and the
mechanisms of VIRMA promoting cancers provided the basis for potential therapeutic targeting for cancer treatments.

Background

Chemical modification of nucleic acids is an important
part of biological processes, including RNA transcription,
protein translation and signaling pathway. N6-Methyl-
adenosine (m6A) modification is one of the most widely
distributed RNA modifications in eukaryotes [1, 2]. m6A
modification refers to methylation occurring at the sixth
position of nitrogen atoms of adenosine at the post-tran-
scriptional level, with S-adenosylmethionine serving as
the methyl donor for m6A formation [3-5]. m6A modifi-
cation exists in mammalian mRNAs [6, 7], long-noncod-
ing RNAs [8], and microRNAs [9, 10], and participates in
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various RNA functions such as mRNA stability [6, 11],
splicing [12], transport [13], translation [7, 14], primary
microRNA processing [9] and RNA—protein interactions
[15].

The reversible regulation of m6A modification is per-
formed by the so-called ‘reader;, ‘writer’ and ‘eraser’ [16,
17] (Fig. 1). The ‘writers’ are also called methyltrans-
ferases, including methyltransferase like 3 (METTL3)
[18], METTL14 [18], Wilms’ tumor 1-associating protein
(WTAP) [19], vir-like m6A methyltransferase associated
(VIRMA; also known as KIAA1429) [18, 20], METTL16
[21], RNA-binding motif protein 15 (RBM15) [22, 23],
zinc finger CCCH-type containing protein 13 (Zc3h13)
[22] and Hakai [24]. Studies have shown that m6A modi-
fication plays a vital role in tissue development, stem
cell formation and differentiation [25, 26], heat shock
response control [27] and circadian clock control [28],
particularly during tumor development.

The largest component of ‘writers, VIRMA, has been
verified to promote cancer progression or is associated
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Fig. 1 Roles of the N6-methyladenosine ‘writer; ‘eraser’and reader’ complexes in regulating mRNA. METTL3 methyltransferase like 3, METTL 14
methyltransferase like 14, WTAP Wilms tumor 1-associated protein, VIRMA vir-like m6A methyltransferase associated, METTL 16 methyltransferase
like 16, ZC3H13 zinc finger CCCH-type containing 13, RBM15 RNA binding motif protein 15, ALKBH5 alkB homolog 5, FTO the fat mass and
obesity-associated protein, IGF2BP IGF2 mRNA binding proteins, elf3 eukaryotic translation initiation factor 3, HNRNP heterogeneous nuclear

with poor survival in multiple cancer types, including
liver cancer [29], gastric cancer [30] and breast cancer
[20], head and neck squamous cell carcinoma (HNSC)
[31], and testicular germ cell tumors (TGCT) [32] and
etc. VIRMA can participate in cancer progression in an
m6A-dependent manner or m6A-independent man-
ner. The obvious oncogenic roles of VIRMA observed in
these cancer types suggested that VIRMA may serve as a
potential therapeutic target in cancer treatment.

Main text

VIRMA

It was first reported that VIRMA is required for the
entire process of mRNA methylation in human cells in

2015 [18]. As a VIRMA homologue in Drosophila mela-
nogaster, virilizer plays an essential role in sex-lethal
splicing, male and female viability, and the capability
of eggs production in embryonic development [33]. In
human, VIRMA is located in the nuclear speckles, the
same location as that of WTAP [34, 35]. As the largest
known component of the methyltransferase complex
(202 kDa), VIRMA contains an N-terminal (1130 aa)
as N-VIRMA and a C-terminal (1131-1812 aa) as
C-VIRMA, and begins from a SUN domain (130 aa)
(Fig. 2) [22, 36, 37]. A fourfold decrease in m6A peak
scores has been reported following VIRMA knockdown,
more obvious than that observed in human cells follow-
ing METTL3 and METTL14 knockdown [18]. It was
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Fig. 2 Schematic of domain architecture of VIRMA. aa amino acids; N-terminus (1-1130 aa, N-VIRMA); C-terminus (1131-1812 aa, C-VIRMA)
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reported that in human HeLa cells, VIRMA could recruit
the m6A methyltransferase components METTL3/
METTL14/WTARP to guide region-selective methylations
[38], suggesting that VIRMA plays a significant role in
m6A modification. The m6A modification by VIRMA is
enriched in the 3’-untranslated region (3’-UTR) and near
the stop codon of RNA substrates [20, 38]. Virilizer con-
tains an RNA-binding protein (RBP) domain, similar with
that in RNA and DNA helicases, and ribonucleoproteins,
and is involved in the RNA processes of metabolism,
transport and translation [33]. Studies have demonstrated
that the abnormal expression of RBPs could lead to the
upregulation of certain oncogenes or the downregulation
of certain tumor suppressor genes [39]. VIRMA has been
reported to mainly act as the oncogene in several types
of cancer, as listed in Table 1. Wang et al. [40] found that
hsa_circ_0084922 (also named circ_KIAA1429), coming
from VIRMA, was upregulated in hepatocellular carci-
noma (HCC), which may promote cancer progression.

VIRMA in cancers

mo6A regulators, including ‘writers; ‘erasers, ‘readers, play
key roles in cancer. VIRMA was found to be correlated
with the most positive oncogenic pathways among the
‘writers’ [41], indicating that VIRMA may has multiple
different functions and plays important roles in cancer
pathways.

Expression of VIRMA in cancers

The difference of VIRMA expression among different tis-
sues was shown in Li’s study [41]. The analysis revealed
that VIRMA expression was higher in HNSC, lung squa-
mous cell carcinoma (LUSC), liver hepatocellular carci-
noma (LIHC), colon adenocarcinoma (COAD), rectum
adenocarcinoma (READ), lung adenocarcinoma (LUAD),
stomach adenocarcinoma (STAD), cholangiocarcinoma
(CHOL), breast invasive carcinoma (BRCA), kidney
chromophobe (KICH) and kidney renal clear cell car-
cinoma (KIRC). VIRMA was more lowly expressed in
uterine corpus endometrial carcinoma (UCEC), thyroid
carcinoma (THCA), prostate adenocarcinoma (PRAD)
and kidney renal papillary cell carcinoma (KIRP).

Prognostic potential of VIRMA in cancer

To investigate the association between VIRMA expres-
sion and cancer prognosis, the impact of VIRMA
expression on survival rate was determined by Kaplan—
Meier survival curves. VIRMA was found to be highly
expressed and to predict poor overall survival (OS) in
breast cancer [20, 41, 42], liver cancer [29, 43] and kidney
cancer [44] (Table 2). However, the high VIRMA expres-
sion predicted the better OS in KIRC [41] (Table 2). In
addition, VIRMA was highly expressed and predicted
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poor disease-free survival (DFS) in liver cancer [29] and
kidney cancer (Table 2) [44].

Alteration frequency of VIRMA in 33 cancer types

To explore the alteration frequency of VIRMA in 33 can-
cers, we extracted the result data from the study by Li
et al. [42]. The original data in Li’s study was from TCGA
MAF file (“MC3”) and Broad GDAC Firehose (https://
gdac.broadinstitute.org/) [41]. The overall copy num-
ber variation (CNV) amplification frequency of VIRMA
in cancer was 1.40-78%, with a high frequency in most
tumors, such as uveal melanoma (UVM), TGCT, and low
frequency in THCA, PCPG (Fig. 3) [41]. The overall CNV
deletion frequency of VIRMA in cancers was 0—16.34%,
with high frequency in sarcoma (SARC), kidney Chro-
mophobe (KICH), and low frequency in UVM, THCA
(Fig. 3) [41]. The overall VIRMA mutation frequency in
cancers was 0—-10.35%, with a high frequency in SKCM
and UCEC, and low frequency in lymphoid neoplasm
diffuse large B-cell lymphoma (DLBC), UVM, mesothe-
lioma (MESO), THTM and TGCT (Fig. 3).

VIRMA in breast cancer

The functions of VIRMA in breast cancer tumorigen-
esis and the related mechanisms have been previously
reported [20]. VIRMA was found to be more highly
expressed in breast cancer tissues than in non-tumor
breast tissues in clinical samples [20, 42]. The high
expression of VIRMA also predicted poor OS in patients
with breast cancer [20, 42]. VIRMA could promote breast
cancer proliferation and metastasis in vivo and in vitro,
which indicated that VIRMA could promote breast
cancer progression and was associated with pathogen-
esis. In addition, 5'-fluorouracil (5-FU) could decrease
the expression of VIRMA and its downstream target in
breast cancer cells [20].

IRMA and circ_KIAA1429 in liver cancer

A higher expression of VIRMA was observed in liver
cancer tissues, as compared with adjacent normal tis-
sues, both in the TCGA database and clinical samples,
which predicted poor OS and DFS in patients with liver
cancer [29, 43, 45]. Knockdown of VIRMA could inhibit
cancer cell proliferation and metastasis in vitro [43]. Lan
et al. [29] further demonstrated that VIRMA markedly
facilitated the cell cycle progression, cell proliferation,
invasion, and migration, as well as apoptosis resistance
in vitro. It also promoted tumor growth, as well as pul-
monary and intrahepatic metastasis in vivo, which con-
firmed and identified VIRMA as a formidable driver of
liver tumor growth and metastasis. To further under-
stand whether the differential expression of VIRMA is
caused by genetic changes related to the corresponding
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Table 2 Survival influence of VIRMA in various cancers
Cancer type Sample size Survival influence  References
Breast cancer low-VIRMA (n =528); high-VIRMA (n=528) Worse OS [20]
low-VIRMA (n=598); high-VIRMA (n=472) Worse OS [42]
low-VIRMA (n=611); high-VIRMA (n=457) Worse RFS [42]
TCGA Worse OS [41]
Liver cancer 70 HCC patients Worse OS and DFS  [29]
low-VIRMA (n = 182); high-VIRMA (n=182) Worse OS [43]
374 HCC and 50 normal tissues from TCGA; 243 HCC and 202 normal tissues Worse OS [45]

from ICGC
Kidney cancer 897 samples from 895 patients
Kidney renal clear cell carcinoma TCGA

Kidney renal papillary cell carcinoma
the TCGA database

Prostate cancer
mens

Gliomas
Ovarian cancer
Papillary thyroid carcinoma

289 kidney renal papillary cell carcinoma and 32 normal kidney samples from
TCGA + GTEX, 492 prostate adenocarcinoma and 152 adjacent normal speci-

309 glioma patients from CGGA and 595 glioma patients from TCGA
370 ovarian cancer tissues and 88 normal tissues from TCGA
499 tumor tissues and 58 normal thyroid carcinoma

Worse OS and DFS  [44]
Better OS [41]
Better OS and DFS  [49]

Worse DFS [58]
Worse OS [75]
Worse OS [51]
Better OS [52]

TCGA: http://cancergenome.nih.gov/

CGGA: www.cgga.org.cn

ICGC: https://dcc.icgc.org/releases/current/Projects/LIRI-JP
GTEx: https://gtexportal.org/

genes, Qu et al. [45] then analyzed CNV and single-
nucleotide polymorphism (SNP) data from the TCGA
database and found that the CNV in HCC tissues was
significantly different from that in normal tissues. More
specificallyy, VIRMA mainly exhibited increased copy
numbers in HCC tissues [45]. It was also observed that
SNP mutations was very low in HCC tissues, which indi-
cated that upregulation of VIRMA is not entirely caused
by CNV or SNP mutations in the corresponding genes

[45].
circ_KIAA1429 (chr8:95547066—95550574, 305 bp
spliced sequence, http://www.circbase.org/), which

comes from VIRMA, was obviously upregulated in HCC
cancer cells and tissues. Wang et al. [40] demonstrated
that the upregulation of circ_KIAA1429 could promote
migration, invasion and EMT in HCC cancer cells in vitro
and in vivo, whereas the knockdown of circ_ KIAA1429
yielded the opposite results.

VIRMA in gastric cancer

A higher expression of VIRMA was observed in gastric
cancer tissues, as compared with their adjusted nor-
mal tissues, which was associated with tumor grade.
The knockdown of VIRMA could inhibit gastric cancer
cell proliferation by arresting the cell cycle in vivo and
in vitro. Miao et al. [30] demonstrated that VIRMA pro-
motes gastric cancer, which may serve as a therapeutic
target in the future.

VIRMA in urological cancers

VIRMA was upregulated in four major urogenital neo-
plasms: including kidney cancer, bladder cancer, pros-
tate cancer and testicular cancer [44]. TGCT account
for>95% of all types of testicular neoplasms, and con-
sist of two major families: the germ-cell neoplasia in situ
(GCNIS)-related tumors [the most frequent; include
seminomas (SEs) and non-seminomatous tumors (NSTs),
which have an obvious different clinical behavior and
impact], and the GCNIS-unrelated ones [46].

In prostate cancer, the high expression of VIRMA
was correlated with cancer progression. In TGCTs,
VIRMA appeared to be a promising biomarker for dis-
tinguishing between SEs and NSTs, and had an impact
disease stage [32, 44]. In bladder cancer, VIRMA
seems to be a useful marker, as it is amongst the most
commonly deregulated and significantly upregulated
in high grade tumors [44]. VIRMA was significantly
upregulated in non-papillary tumors (the most aggres-
sive, more prone to progress and metastasize) among
different types of bladder cancers [47]. Chen. et al. [48]
latter confirmed that VIRMA was highly expressed in
high grade bladder cancer and further found that the
expression of VIRMA did not differ between BC and
normal tissues. According to the current World Health
Organization (WHO) 2016 classification, kidney can-
cer (also named renal cell carcinoma, RCC) are mainly
classified into three subtypes: KICH, KIRC and KIRP
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adenocarcinoma, ESCA esophageal carcinoma, TGCT testicular germ cell tumors, THYM thymoma, MESO mesothelioma, UVM uveal melanoma, DLBC
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[46]. In kidney cancer, the VIRMA expression could be
a biomarker to discriminate these RCC subtypes, and
was associated with OS and DFS [44]. Sun et al. further
focused on KIRP study and found that VIRMA was
downregulated in, compared with in normal kidney
tissue samples [49]. High expression of VIRMA was
correlated with high grade of KIRP and predicted poor
OS and DFS, which indicated that VIRMA is a poten-
tial prognostic biomarker that can accurately predict
survival outcomes of KIRP patients [49]. However, the
data of the above studies were from TCGA database,
that needs the validation of clinical results and further
mechanism research, especially to explain the different
results between kidney cancer and KIRP need further
clinical confirm and further mechanism research.

Of note, VIRMA and m6A methylation reader
YTHDE3 were upregulated and showed a strong posi-
tive correlation in prostate cancer and TGCTs, as they
jointly facilitated poor prognosis [32, 44].

HNSC

VIRMA was more highly expressed in HNSC tissues, as
compared with their adjacent normal tissues, as shown
by TCGA analysis [31]. The result was from TCGA
database, which need clinical confirm and mechanism
research.

VIRMA in osteosarcoma

VIRMA was upregulated and associated with unfavora-
ble outcomes in patients with osteosarcoma. Han et al.
[50] revealed that knockdown of VIRMA could sup-
press osteosarcoma cancer cell migration, invasion, and
proliferation in vitro, as well as suppress tumor growth
in vivo. It was also found that VIRMA was the direct tar-
get of miR-143, and could partly reverse the anti-prolif-
erative effect of miR-143 [50]. miR-143 and VIRMA may
become potential predictive biomarkers in the treatment
of osteosarcoma.
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VIRMA in ovarian cancer

Ovarian cancer is one of the deadliest gynecological
malignancies. VIRMA protein was found to be down-
regulated in ovarian cancer tissues than normal tissues
and positively correlated with worse OS [51]. The expres-
sion of VIRMA in different types of ovarian cancers in
the Oncomine database is different and the highest in
ovarian serous adenocarcinoma [51]. The expression
of VIRMA in grade 3 is significantly higher than that in
grade 2 [51]. The samples in grade 1 and grade 4 were
insufficient, which need further collected and analyzed.
However, the protein expression and the mRNA expres-
sion of VIRMA in the normal control group and tumor
group was not consistent, which suggests that the mRNA
may serve as a reservation [51]. Only under certain cir-
cumstances, such as hypoxia or immune stimulation, can
the protein be translated. A similar phenomenon could
also be observed in the production of some cytokines
[51]. The mRNA may also regulate the expression of
other proteins by generating microRNAs. The studies on
ovarian cancer were from TCGA database, which need
further experiments and analysis in detail.

VIRMA in papillary thyroid carcinoma
VIRMA was downregulated and predicted better OS
in papillary thyroid carcinoma [41, 52]. Univariate and
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multivariate analyses demonstrated that the risk score
of VIRMA is an independent prognostic factor in papil-
lary thyroid carcinoma, indicating that VIRMA might act
as a tumor suppressor [52]. Studies on VIRMA in papil-
lary thyroid carcinoma were from TCGA database, which
need further exploration of clinical confirm and the
underlying molecular mechanisms.

Regulatory mechanisms of VIRMA in cancer

As shown in Fig. 4, several m6A modification regulators
participate in cancer development in an m6A-depend-
ent manner by targeting related mRNAs. As regards the
regulatory role of VIRMA in cancer, it was found that, in
addition to the m6A-dependent pathway, VIRMA could
also regulate downstream m6A-independent pathways.
Circ_KIAA1429 could also regulate downstream m6A-
dependent pathways. The expression of VIRMA may also
be regulated by miR-143-3p in cancer cells.

VIRMA regulates downstream targets in an m6A-dependent
manner

In the VIRMA-depleted cell lines, m6A modification
around the 3’-UTR and near the stop codon signifi-
cantly disappeared, indicating that VIRMA can exert its
effects by mediating mRNA m6A methylation in 3'UTR
and near stop codon region [38]. Yue et al. [38] revealed
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VIRMA functioned by recruiting the methyltransferase
core components and interacting with polyadenyla-
tion cleavage factors CPSF5 and CPSF6, which sug-
gested interactions between the m6A methylation and
polyadenylation during mRNA processing and mRNA
metabolism.

ID2 target VIRMA promoted cell migration and inva-
sion in liver cancer by increasing the m6A modification of
ID2 mRNA, which then led to the decrease in ID2 expres-
sion [43]. Decreasing ID2 could regulate the secretion of
vascular endothelial growth factor to promote liver can-
cer metastasis [53]. The ID gene family, including ID2,
was found to be upregulated in various kinds of cancers
[54, 55], and ID2 in particular was associated with the
development of several diseases. VIRMA regulated the
migration and invasion of liver cancer by regulating the
m6A modification of ID2.

GATA3 target GATA3 wasidentified as the direct down-
stream target of VIRM A-mediated m6A modification in
liver cancer through the combination of immunoprecipi-
tation sequencing (RIP-seq), and high-throughput meth-
ylated RNA immunoprecipitation sequencing (MeRIP-
seq) [29]. VIRMA methylate in the 3’-UTR of GATA3
pre-mRNA to separate the RNA-binding protein HuR and
promote GATA3 pre-mRNA degradation. GATA3-AS, a
long-noncoding RNA (IncRNA), transcribed from the
antisense strand of the GATA3 gene, acts as a cis-acting
element in the interaction between VIRMA and GATA3
pre-mRNA. Therefore, VIRMA promote the growth,
metastasis and malignant phenotypes of liver cancer cells
by regulating the GATA expression, which is mediated by
the m6A modification of GATA3 pre-mRNA [29].

IncRNA target

IncRNAs are important factors in prostate cancer. m6A
is considered one of the most prevalent modifications in
IncRNAs [56, 57]. VIRMA knockdown could decrease
the m6A levels and stability of CCAT1 and CCAT2
IncRNA in prostate cancer. Another study demonstrated
that knockdown of VIRMA could decrease the stability of
CCAT1 and CCAT2 IncRNA in an m6A-dependent man-
ner to regulate MYC transcription, promoting progres-
sion of prostate cancer [58]. A direct correlation between
CCAT1/2 and MYC transcript levels was found in pros-
tate cancer [59]. Therefore, Daniela et al. hypothesized
that stabilization of IncRNAs CCAT1/2 by m6A modi-
fication amplified the effect of MYC expression levels in
cancer cells by 2 separate mechanisms: (i) directly, both
IncRNAs acted as super-enhancers for positive regulation
of MYC mRNA [60]; (ii) indirectly, CCAT1/2 actedas
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microRNA sponges for MYC-targeting microRNAs let-
7A and miR-145, respectively [61-64].

Circ_KIAA1429 and Zebl CircRNAs have attracted
considerable attention in multiple cancer studies in recent
years. Overexpression of circ_KIAA1429 could promote
HCC cancer cell migration and invasion, whereas the
knockdown of circ_ KIAA1429 could inhibit these effects.
Zebl was identified as the downstream target of circ_
KIAA1429. It was also found that m6A reader YTHDF3
could stabilize Zebl mRNA and prolong its half-life.
Overall, circ_KIAA1429 could promote HCC progres-
sion through the m6A-YTHDF3-Zebl pathway to stabi-
lize Zeb1l expression, which may represent a new target
in cancer treatment [40]. As mentioned above, VIRMA is
also upregulated and promote cancer progression in HCC
[29, 43]. The present study has not clarified whether circ_
KIAA1429 affects the expression, biological function, and
tumorigenesis effect of VIRMA. Previous studies showed
circRNAs might act as a sponge to increase the expres-
sion of its host gene [65—67], which would provide possi-
ble pathways that how circ_KIAA1429 influence VIRMA
expression.

VIRMA regulates downstream target in an m6A-independent
manner

CDKI1 target 'The cell cycle pathway played a significant
role in the oncogenic activities of VIRMA, and ranked
in the top two in breast cancer cell RIP-seq [20]. Among
cell cycle-related proteins, CDK1 acts as an oncogene in
cancers and is most associated with VIRMA in differ-
ent breast cells. Reverse experiments, RIP-seq, and RT-
qPCR confirmed that CDK1 is the main target of VIRMA
in breast cancer. METTL3 knockdown could decrease
CDK1 mRNAs with m6A modification, while VIRMA
knockdown did not change the level of m6A modification
in CDK1 mRNAs, indicating that m6A modification did
not disturb the interaction between VIRMA and CDK1
in cancer cells [20]. VIRMA facilitated breast cancer by
regulating the CDK1 mRNA expression in an m6A-inde-
pendent manner [20].

c-Jun target It was revealed that transcripts in gastric
cancer cells were most enriched in the TNF signaling
pathway, as compared with several other cancer-related
pathways, as shown by the KEGG pathway analysis in
MGC803 cells [30]. After combining the associated genes
by RIP-seq and mRNA-seq, c-Jun was identified as poten-
tial downstream target directly regulated by VIRMA in
gastric cancer [20, 38]. c-Jun, a transcriptional activator
and member of the AP-1 family, has been shown to par-
ticipate in cell proliferation and apoptosis, tumorigenesis,
and tissue morphogenesis [68—70]. As the regulation of
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CDK1 mRNA in breast cancer, no significant difference
was observed in luciferase activity between the reporter
carrying mutant m6A site of 3’-UTR in c-Jun and that
carrying the non-mutant m6A site. It was demonstrated
that VIRMA promoted gastric cell progression mainly by
directly binding to the 3’-UTR of c-Jun mRNA to regulate
c-Jun expression in an RNA-binding activity rather than
the m6A-dependent manner [30]. However, more experi-
ments should be completed to verify the m6A-independ-
ent manner, such as whether METTL3 affect the m6A
modification level of c-Jun mRNA in gastric cancer cells.

Others

The Notch signaling pathway plays an important role
in cell development and differentiation. In recent years,
accumulating evidence have suggested that abnormal
activation of the Notch signaling pathway participate in
tumor progression. The high expression of the Notch
signaling pathway has been observed in several types
of cancer, an expression that results in Notch signal
enhancement, which promotes cancer cell survival [71].
In osteosarcoma, upregulation of VIRMA was found to
be associated with the activation of the Notch signaling
pathway. It was revealed that VIRMA knockdown could
suppress the expression of stem factors Notchl, Oct4,
Nanog and CD44 in osteosarcoma cells, which suggested
that VIRMA promoted osteosarcoma progression by
activating Notch signaling pathway [50]. However, that
study did not elucidate whether VIRMA regulates these
downstream targets in an m6A-dependent manner.

A study by Han et al. revealed that VIRMA and miR-
143-3p were negatively correlated in osteosarcoma sam-
ples [50]. The overexpression of miR-143-3p could inhibit
VIRMA expression in osteosarcoma cells. The overex-
pression of VIRMA could reverse the anti-proliferation
caused by miR-143-3p. It was proven that miR-143-3p
could suppress VIRMA expression by directly targeting
its 3"-UTR region in osteosarcoma cells [50].

Prospect

While the roles of m6A modifications in cancers have
been extensively reviewed elsewhere, the crucial func-
tions of VIRMA in various types of cancer, as well as the
potential targeting of VIRMA as cancer treatment, have
not yet been highlighted. Our review is to summarize and
analyze the present research on VIRMA, provide more
ideas for the future research.

More studies are needed to demonstrate the biological
function of VIRMA and its impact on tumor progression
and survival, as well as the mechanisms involved, in more
cancer types and phenotypes. High expression of VIRMA
has been verified to predict poor survival in multiple
cancers, such as breast cancer [20, 41, 42], liver cancer
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[29, 43], kidney cancer [44] and prostate cancer [58].
The expression of VIRMA is up-regulated in KIRC, but
it indicates a poor prognosis. The study did not explain
the reason for this conflict, which need further explora-
tion [41]. VIRMA not only regulates the expression of
downstream mRNA, but also regulates the stability of
pre-mRNAs and IncRNAs. Inhibiting these downstream
targets could reverse the oncogenic effect of VIRMA in
cancer progression. Generally, VIRMA is an oncogene in
most types of cancer, and downregulating it could inhibit
cancer progression, indicating that VIRMA can become a
diagnostic/prognostic biomarker in certain cancer types.
Based on the emerging evidence of the roles and the
molecular mechanisms in cancers, m6A regulators have
attracted growing investigation as therapeutic targets
[72]. Given the critical roles of the m6A regulatory pro-
teins in cancers, m6A modification ‘eraser’ FTO appears
to be a good drug target in cancer therapy. Several FTO
small-molecule inhibitors, including meclofenamic acid
[73] and MO-I-500 [74] have shown effective activity to
inhibit the survival and growth of GBM and breast can-
cer cells by inhibiting the catalytic activity of FTO. Thus,
inhibiting VIRMA and these downstream targets are
considered potent cancer therapies. Studies have not yet
elucidated the mechanism underlying the downstream
regulation of VIRMA and whether it occurs through the
m6A pathway in several tumor models, which is crucial
for the development of treatments. The underlying mech-
anisms of VIRMA in cancer should be further addressed.
Novel therapeutic strategies for m6A RNA methylation
should be further explored in the treatment of cancer.

Conclusions

m6A modification has been shown to act by influencing
RNA transcript, splicing, processing, translation and
decay, and to participate in the development of vari-
ous cancer types [6, 7, 9, 11-15]. VIRMA is a required
component of the methyltransferase complex in m6A
modification. It mediates methylation in the 3’-UTR
and near the stop codon region of mRNAs [38]. The
data included in this review suggested that VIRMA is
mainly upregulated in various cancer types, and is asso-
ciated with poor survival [20, 29-32, 42-44]. VIRMA
has been shown to be upregulated and r associated
with a more favorable survival in KIRC [41]. Further
studies on the biological functions and mechanisms of
VIRMA are required to identify its role in KIRC. Hou
et al. showed that VIRMA was downregulated and pre-
dicted better prognosis in papillary thyroid carcinoma
and acted as a tumor suppressor gene [52]. But the
result was only from TCGA database and lacked the
clinical confirm. VIRMA was also downregulated in
KIRP and predicted better prognosis, which also need



Zhu et al. Cancer Cell Int (2021) 21:172

clinical confirm. By the m6A-dependent manner or the
m6A-independent manner, VIRMA has been shown to
promote cancer cell proliferation, apoptosis resistance,
invasion, migration, and tumor progression through
different pathways, including the TGF-f signaling path-
way by targeting ID2, cell cycle pathway by targeting
CDK1, CCAT1/2 pathway by upregulating its IncRNA
stability, GATA3 pathway by upregulating pre-GATA3
mRNA degradation, and TNF pathway by targeting
c-Jun [20, 29-32, 42-44]. Since circ_KIAA1429 can
also promote tumor progression in hepatocellular car-
cinoma. VIRMA and circ_KIAA1429 both have great
potential for clinical application by serving as a new
treatment target. Therefore, more studies on VIRMA
and m6A modification are needed to clarify the func-
tions of VIRMA in the biological progress of various
types of human cancer.
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