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VIRMA promotes the progression of head and neck
squamous cell carcinoma by regulating UBR5
mRNA and m6A levels

Chunyu Zhu®?, Yameng Cheng ®2, Yao Yu®3, Yanning Zhang ®2*, and Guiyun Ren®**

Head and neck squamous cell carcinoma (HNSCC) is a globally prevalent and lethal cancer form whose precise mechanisms remain
incompletely understood. Increasing evidence suggests that N6-methyladenosine (m6A) plays a crucial role in cancer progression.

This study aimed to explore the biological function of m6A modification and vir-like m6A methyltransferase associated (VIRMA) in
HNSCC. We conducted an analysis of VIRMA expression in HNSCC cells using The Cancer Genome Atlas (TCGA) database and employed
reverse transcription quantitative polymerase chain reaction (RT-qPCR) and western blotting to assess its expression levels in HNSCC
cell lines. Additionally, m6A levels in HNSCC cells were quantified, and the correlation between VIRMA expression levels and the clinical
and pathological features of other genes was analyzed. Upon knocking down VIRMA levels, we assessed HNSCC cell proliferation,
migration, and invasion and validated downstream genes using RT-qPCR and western blot. Our findings suggested that VIRMA, as an
m6A-related regulator, may significantly influence HNSCC progression by regulating ubiquitin protein ligase E3 component N-recognin

5 (UBR5) through m6A modification. Therefore, VIRMA may serve as a prognostic biomarker.

Keywords: Head and neck squamous cell carcinoma (HNSCC), N6-methyladenosine (m6A) methylation, vir-like m6A
methyltransferase associated (VIRMA), proliferation, invasion, biomarker.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the seventh
most prevalent cancer worldwide, with over 500,000 new
cases reported annually [1]. Despite progress in multifaceted
treatments encompassing surgical interventions, radiotherapy,
chemotherapy, and the latest strides in immunotherapy,
HNSCC frequently culminates in fatality. This necessitates
the development of innovative and efficacious therapeutic
strategies to ameliorate survival outcomes in HNSCC [2]. m6A
has been implicated in causing many human diseases,
including tumorigenesis [3]. The methylation of m6A is
regulated by the RNA methyltransferase complex (writers),
the RNA demethylases (erasers), and the m6A readers. The
phrase “méA writers” typically refers to the m6A methy-
lase complex, which consists of various proteins, including
methyltransferase-like 3 (METTL3), methyltransferase-like
14 (METTL14), Wilm’s tumor-associated protein (WTAP),
RNA-binding motif protein 15 (RBM15), as well as its paralog
RBM15B, and KIAA1429, also known as vir-like m6A methyl-
transferase associated (VIRMA) [4]. METTLS3 is the initial iden-
tified methyltransferase with a catalytic unit, and functions
as the principal catalytic nucleus [5]. VIRMA is a virus-like
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m6A methyltransferase-associated protein, and its crucial role
in the m6A methyltransferase complex was discovered by
the Schwartz lab [6]. Knocking down VIRMA would result in
an approximately fourfold decrease in the méa peak, with a
more significant impact than knocking down either METTL14
or METTL3 [7]. In contrast, alpha-ketoglutarate-dependent
dioxygenase alkB homolog 5 (ALKBH5) and fat mass and
obesity-associated protein (FTO) serve as meticulous erasers,
reverting the m6A methylation [8]. Proteins binding to m6A
are commonly termed “readers.” These encompass YT521-B
homology (YTH)-domain family proteins, namely, YTHDF],
YTHDF2, and YTHDF3, along with YTH-domain proteins,
specifically YTHDC1 and YTHDC2. These proteins recognize
and bind to RNA modified with m64, affecting various events
in downstream RNA processing and metabolism [9, 10]. These
readers specifically bind RNA modified with m6A and regulate
mRNA splicing, export, stability, and translation [11].

There is increasing evidence that m6A methylation islikely a
key regulatory factor in various post-transcriptional gene reg-
ulation processes, such as RNA splicing, stability, export, and
degradation [12]. A plethora of recent scholarly investigations
have delineated the pivotal function of the m6A apparatus in a
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diverse array of human malignancies. For instance, STM2457,
a recently unearthed inhibitor of METTL3, has demonstrated
significant antineoplastic efficacy against leukemia in both lab-
oratory and animal models, thereby affirming the potential of
METTL3 as a viable target in anticancer therapeutics [13]. More-
over, in an investigation concerning epithelial ovarian cancer,
ALKBHS5 was found capable of attenuating autophagy, thereby
fostering tumor proliferation and invasion by modulating the
mRNA stability of Bcl-2 [14]. The precise functions of VIRMA
in HNSCC and the mechanisms underlying its regulation are,
however, still poorly understood.

This study aimed to reveal the roles of VIRMA in HNSCC
and its potential regulatory mechanism. VIRMA is significantly
upregulated in the SUNE-2 and CAL-27 cell lines and shows a
positive correlation with m6A methylation. Spearman correla-
tion analysis revealed that VIRMA can interact with ubiquitin
protein ligase E3 component N-recognin 5 (UBR5). Therefore,
our study suggests that VIRMA can promote the proliferation,
migration, and invasion of HNSCC through its involvement in
m6A-mediated regulation of UBR5. VIRMA holds potential as a
diagnostic and therapeutic biomarker.

Materials and methods

Bioinformatics analysis

The transcriptomic data and clinical information for analy-
sis of HNSCC were downloaded from The Cancer Genome
Atlas (TCGA) database (https://www.cancer.gov/ccg/research/
genome-sequencing/tcga). Differential analysis of gene expres-
sion between tumor and normal mucosal tissues was executed
through the use of the R package DESeq. The criterion for
selecting differential genes was defined as a fold change greater
than 2 and an adjusted P value less than 0.05. R studio was
used to process RNA transcriptome data into FPKM values and
generate box-type maps to analyze differences in the expres-
sion of m6A-related genes between tumors and adjacent normal
tissues. HNSCC patients were divided into two groups accord-
ing to the expression of VIRMA, namely the high expression
group and the low expression group. The transcriptome data of
the two groups were analyzed for differential expression, and
the differentially expressed genes were enriched by the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology
(GO) using the DAVID database (https://davidbioinformatics.
nih.gov). The online database UALCAN (https://ualcan.path.
uab.edu/) was used to analyze the expression level of VIRMA in
24 different types of tumor tissues, as well as the cancer stage,
tumor grade, and nodal metastasis status of VIRMA in HNSCC.
The expression of VIRMA in tumor and normal tissues was
analyzed using the Human Protein Atlas (HPA) online database
(https://www.proteinatlas.org/). Spearman correlation analy-
sis was performed between all genes in the tumor group and
VIRMA using R studio, and the top ten genes with the highest
correlation coefficient and P value < 0.05 were selected.

Cell culture
The HNSCC cell lines used in this study included CAL-27,
SUNE-2, and normal human oral keratinocytes. HOK cell
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lines were purchased from Procell Life Science & Technol-
ogy (Wuhan, China). CAL-27 cell line, SUNE-2 cell line, and
HOK cell line were cultured in a prepared medium. The cul-
ture medium was formulated from Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco, USA), enriched with 10% Fetal Bovine
Serum (FBS; Vivacell, Israel), and fortified with 1% penicillin
and streptomycin (Meilunbio, Dalian, China). All cell lines
underwent identification via short tandem repeat (STR) anal-
ysis (Procell, Wuhan, China) and were subsequently cultivated
in an incubator (Thermo, USA), under conditions of 37 °C and a
5% CO,, concentration.

Cell transfection

The lentivirus preparation kit required for transfection was
purchased from Obio Technology. SUNE-2 cells were inoculated
into 24-well plates and started when the cell density reached
50% according to the lentivirus guidelines of the manufacturer
(Obio Technology, Shanghai, China) for transfection. The nega-
tive control vector sh-NC and the interference group sh-VIRMA
were transfected into SUNE-2 cells. Three days after transfec-
tion, 5-pg/mL purinomycin (Meilun Bio, Dalian, China) was
added for two weeks to screen for stable knockout cells.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and real-time quantitative PCR

Total RNA was isolated from SUNE-2 cells employing the RNA
easy reagent (Beyotime, China). Before the reverse transcrip-
tion process, a gDNA wiper Mix (Vazyme, R323-01, China)
was utilized to eradicate any remaining genomic DNA. Sub-
sequently, the RNA was transcribed in reverse into cDNA,
adhering strictly to the guidelines provided by the manufac-
turer. (Vazyme, R323-01, China). RT-qPCR was carried out on
a StepOnePlus Real-Time PCR system (Thermo Fisher, USA)
with ChamQ Universal SYBR qPCR Master Mix (Vazyme, Q711,
China). Data analysis was conducted employing the 2~24ACT
method, and the experimental procedures were replicated
thrice for robustness.

Western blot

Total cellular proteins were extracted via incubation with
RIPA lysis buffer (Invent, USA), supplemented with a 1% pro-
tease inhibitor cocktail, under chilling conditions for 30 min.
The protein concentrations were then meticulously quanti-
fied utilizing BCA protein assay kits (Solarbio, Beijing, China).
Protein samples of identical quantities underwent separation
via SDS-PAGE and were transferred onto PVDF membranes.
(Millipore, USA). After sealing the PVDF membrane with a
protein-free rapid sealing solution, the specified primary anti-
body was incubated at 4 °C overnight (Proteintech, Wuhan,
China). After incubation with the secondary antibodies corre-
sponding to the primary antibodies used, the blots were mea-
sured using an Odyssey Dual-Mode Infrared Imaging System
(LI-COR, USA,) and visualized using an imaging system.

Cell Counting Kit-8 (CCK8) experiment

Cell proliferation was evaluated using the Cell Counting Kit-8
(CCKS8) assay. The SUNE-2 cells that were transfected were
seeded into 96-well plates, with a cell density of 3 x 10 cells
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per well. Following this, they were incubated in an environment
with a 5% CO, atmosphere at 37 °C for 2 h while being shielded
from light. At subsequent, at 24, 48, 72, and 96-h intervals, 10 uL
of CCK8 reagent (Meilunbio, Dalian, China) was introduced to
each well. Thereafter, the OD values were measured at 450 nm
using an enzyme labeler (BioTek, USA).

EdU experiment

The selected stable cell line was employed to elucidate the
impact of VIRMA on SUNE-2 proliferation, employing Meilun-
bio’s EAU-555 cell proliferation assay kit by the manufacturer’s
guidelines. Thereafter, the cells were cultured in a six-well dish.
(3x10* cells/well), incubated with 10-uL EdU reagent for 1 h,
fixed the cells in 4% paraformaldehyde for 30 min at room
temperature. Following this, the cells were washed three times
with PBS that contains 3% BSA for 3 min each time to remove
excess paraformaldehyde. Then, 3% triton was added to each
well and incubated at room temperature for 10-15 min, followed
by washing with PBS containing 3% BSA. The preconfigured
click reaction mixture was added to each well and incubated
at room temperature, shielded from light for 30 min. Subse-
quently, 1X Hoechst 33342 solution was added to each well
and incubated at room temperature and away from light for
10 min. The fluorescence was visualized using a fluorescence
microscope, where Hoechst 33342 labeled the cell nuclei as blue
and EdU labeled the proliferating cells as red.

Transwell experiment

The transwell experiment utilized a 24-well plate featuring
chambers with 8-pm apertures (Corning Corporation, USA).
The SUNE-2 cells that were transfected were prepared in a cell
suspension with a density of 3 x 104 cells using the DMEM
medium that was serum-free and planted in the transwell upper
chambers with a matrigel (Corning, USA) coating on the insert
membrane. DMEM containing 20% FBS at 600 pL per well was
injected into the lower layer of the transwell chamber as a
chemical attractant. After incubating in the cell incubator for
24 h, the cells were fixed by adding 4% paraformaldehyde to
the lower chamber for 30 min. Finally, each hole was treated
with 600-uL 1% crystal violet solution for 30 min, wiped with a
cotton swab, observed under a microscope, photographed, and
counted.

Methylated RNA immunoprecipitation (MeRIP)

The EpiQuik™ CUT&RUN m6A RNA enrichment (MeRIP)
kit (P-9018, Epigentek, USA) was used to detect m6A levels
in UBR5. After 10-pg total RNA and 500-ng positive control
oligonucleotides were mixed, RNA fragments containing me6A
were captured by an anti-M6A antibody (#A-1801, EpigenTek).
Non-immune IgG was used as a negative control. The enriched
RNA was purified and fluorescence quantified for the compari-
son of enrichment times.

Colony forming assay

The SUNE-2 cells that were transfected were suspended into
single cells and subsequently inoculated into a culture plate
with six wells at a density 0of 1000 cells in each well. The culture
medium was changed every two days after the cells adhered to
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the wells. Following a continuous cultivation period of 14 days,
the clonal culture process was concluded. The used medium
was then discarded, each aperture washed with PBS, 4% poly-
formaldehyde added to fix the cells, and let stand for 30 min at
room temperature. The fixed cell clones were stained with 0.1%
crystal violet (Solarbio, China) at room temperature for 30 min.
The results of clone formation were photographed and counted.

Wound healing assays

Transfected SUNE-2 cells (4x10° per well) were evenly dis-
tributed into 6-well plates, and incubated overnight to grow to
confluent monolayers. Subsequently, a sterile 200 L pipette
tip was used to create a scratch. Phosphate buffer saline was
used to wash away floating cells and serum-free DMEM was
added. Images were taken by microscope at 0, 24, and 48 h and
the scratch area was calculated by Image J software.

RNA stability assays

To detect RNA stability in SUNE-2 cells, actinomycin D was
added to transfected cells (10 pg/mL; MCE, USA). RNA was
extracted at 0, 6, and 12 h after actinomycin addition and
detected by RT-qPCR.

m6A RNA methylation quantification assay

Total RNA was extracted from cells by RNA easy reagent
(Beyotime, China), per the manufacturer’s guidelines. The
EpiQuik m6A RNA Methylation Quantification Kit (colorimet-
ric; P-9005, Epigentek, USA) was utilized to ascertain the m6A
content in total RNAs, again adhering to the manufacturer’s
protocol. The level of m6A was evaluated employing colorimet-
ric techniques, by gauging the OD at a wavelength of 450 nm.

Cell cycle assay

A total of 1-mL single-cell suspension was collected from each
group following treatment with EVs. The cells were washed
with ice-cold PBS and fixed with 70% alcohol at 4 °C for 24 h.
Following washing twice with ice-cold PBS, the cells were sus-
pended in 100-uL PBS, and 1-mL propidium iodide (BD Bio-
sciences) was added to the suspension for staining at 4 °C for
30 min before cell cycle detection with an FC-500 type flow
cytometer (Beckman Coulter, Inc.). The data were analyzed
using the Multicycle AV software version 275 (Phoenix Flow
Systems, Inc.). The proliferation index (PI) was calculated using
the following formula: PI = (S + G2/M)/ (GO/1 + S + G2/M) x
100%.

Methylation analysis

Utilizing the SRAMP tool (http://www.cuilab.cn/sramp), we
scrutinized the m6A modification sites within the UBR5 gene,
showcasing those possessing the highest degree of reliability. In
addition, through the smart app platform (http://www.bioinfo-
zs.com/smartapp/), we examined the expression of Cytosine-
phosphate-Guanine (CpG) methylation within UBR5 across a
spectrum of tumors, with a particular emphasis on HNSCC.

Ethical statement
The data sourced from the public database are freely accessible,
therefore, this study was not required to obtain authorization
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Figure2. GO, KEEG, and GSEA analyzed the biological function and signaling pathway of VIRMA. (A) The median VIRMA expression was used to analyze
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Analysis.

from a clinical ethics committee. The study adhered to the rele-
vant regulations of the public database.

Statistical analysis

All the data were displayed as mean + SD. Experiments were
independently repeated three times. The statistical analysis
was conducted with GraphPad Prism version 9.5 (GraphPad,
San Diego, CA, USA). A two-tailed Student’s t-test was employed
for group comparisons, whereupon a P value of less than 0.05
was considered statistically significant.

Results

VIRMA is highly expressed in HNSCC and associated with
m6A levels

HNSCC RNA-seq data was downloaded from the TCGA database
and differences in RNA-seq between the tumor group and
the normal group were analyzed (FigurelA). The differen-
tially expressed genes were further subjected to GO and KEGG
enrichment analysis. We found that most of these genes were
associated with cell cycle, DNA replication, nuclear division,
and mitosis (Figure 1B). Subsequently, we extracted the m6A-
related genes from the differentially expressed genes and
identified 20 genes that were highly expressed in HNSCC
(Figure 1C). Among these genes, VIRMA had the strongest
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correlation with YTHDF3, with a correlation coefficient of 0.777
(Figure 1D). Previous studies have shown that m6A plays a criti-
cal role in the development of various cancers [3]. Knocking out
VIRMA results in a four-fold reduction in the peak value of méA,
which is more significant than knocking out only METTL3 or
METTL14 [7]. Furthermore, using the UALCAN online database,
we found that VIRMA was predominantly highly expressed in
24 types of tumor tissues (Figure 1E). To validate the expression
of VIRMA in HNSCC, we conducted RT-qPCR and western blot
analyses on mRNA and protein, correspondingly, and found
that VIRMA was highly expressed in SUNE-2 and CAL-27 cell
lines compared to HOK cells (Figure 1F and 1G). Additionally,
we observed that the m6A levels were higher in tumor cells
compared to normal cells and showed a positive correlation
(Figure 1H and 1I). To observe the expression of VIRMA in tis-
sues, we downloaded immunohistochemical images of normal
oral mucosal tissues and oral squamous cell carcinoma from the
online database of the HPA. The results showed that VIRMA was
positive in tumor tissue compared to normal tissue (Figure 1J).

GO, KEEG, and GSEA analyzed the biological function and
signaling pathway of VIRMA

To investigate the biological function of VIRMA, we conducted
GO and KEGG enrichment (Figure2A) throughdifferential
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analysis of median VIRMA expression. The GO analysis
revealed that VIRMA’s main functions encompassed epithelial
cell differentiation and structural molecule activity (Figure 2B),
while the KEGG analysis indicated that VIRMA played a role in
neuroactive ligand-receptor interaction (Figure 2C). Moreover,
the GSEA analysis indicated that VIRMA participated in the
WNT signaling pathway and mediated ubiquitin-mediated
proteolysis (Figure 2D). These results suggest that VIRMA may
be involved in the proliferation and metastasis of HNSCC.

Knocking down VIRMA may decrease the proliferation, invasion,
and migration of HNSCC

To gain a deeper understanding of the importance of VIRMA
in HNSCC, we analyzed VIRMA expression and cancer stage,
tumor grade, and nodal metastasis by using the UALCAN online
database. The amplification of VIRMA expression is evident
during the progression of HNSCC from stage I to stage IV
(Figure 3A). Analogously, the augmentation of VIRMA expres-
sion escalates with the advancement of HNSCC from grade 1
to grade 4, and increased nodal metastasis (Figure 3B and 3C).
To corroborate these findings, we selected the SUNE-2 cell,
which exhibited the highest VIRMA expression, for additional
experimentation. VIRMA was knocked out using lentivirus,
and the efficiency of this knockout was confirmed via RT-qPCR
and western blot analyses (Figure 3D and 3E). To our delight,
upon the knockdown of VIRMA, the levels of m6A expe-
rienced a decline, aligning perfectly with our anticipations
(Figure 3F). To further investigate the role of VIRMA in HNSCC
cell proliferation and metastasis, we assessed the prolifera-
tion capacity of HNSCC cells after VIRMA knockout using
CCK-8, colony formation, and EDU assays, and measured the
HNSCC cell cycle using flow cytometry. The results showed
that after VIRMA knockout, cell proliferation, and colony for-
mation were reduced (Figure 3G, 3H, and 3J), and HNSCC
cells mostly stagnated in the S phase, which meant that the
number of tumor cells dividing after VIRMA knockout was
reduced (Figure 31). Correspondingly, the migration and inva-
sion prowess of HNSCC witnessed a reduction following the
knockdown of VIRMA, as demonstrated by scratch and tran-
swell assay (Figure 3K and 3L). These experimental results sug-
gest that the reduction in VIRMA expression can inhibit the
proliferation and metastasis of HNSCC.

UBR5 regulation by VIRMA impacts tumor incidence and
progression

To identify the downstream genes that VIRMA regulates to gov-
ern tumor occurrence and progression, we conducted Spear-
man correlation analysis on the RNA-seq data in the TCGA
database and selected the top ten genes with the highest cor-
relation coefficient. They are MTDH, WASHC5, YTHDF3, UBRS5,
VCPIPI, TAF2, ATP6VICI, ARMCI, PRKDC, and VPSI3B (Figure 4A).
To verify this hypothesis, we conducted RT-qPCR and western
blot verification, and the results showed that UBR5 was most sig-
nificantly reduced in the sh-VIRMA group (Figure 4B and 4C).
The stability of UBR5 mRNA was examined to clarify whether
VIRMA enhances its expression by delaying RNA degrada-
tion. Indeed, UBR5 mRNA showed accelerated degradation after
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VIRMA knockdown (Figure 4D). Subsequently, we analyzed the
m6A modification sites and the base sequences of the mod-
ification sites within the UBR5 genome (Figure 4E and 4F).
Figure 4G presents the detailed genomic information of UBR5
and methylation-associated CpGs. By integrating probe infor-
mation with clinical data, we further explored the role of
UBR5 methylation in tumors. Compared to normal tissues,
UBR5 showed a substantial degree of hypermethylation in var-
ious tumor tissues, especially in HNSCC (Figure 4H and 4I).
Furthermore, there was a positive correlation between the
methylation level and the expression level of UBR5 (Figure 4]
and 4K). The m6A level of UBR5 was significantly reduced after
VIRMA knockdown, as confirmed by meRIP-qpcr verification
(Figure 4L).

Discussion

The study’s novel discovery is that VIRMA regulates the expres-
sion of UBR5 via m6A-mediated mechanism, ultimately leading
to the progression of HNSCC, suggesting that VIRMA has shown
potential as a biomarker for the prognosis of HNSCC.

The entire process of messenger RNA methylation in human
cells requiring VIRMA was first reported in 2015 [6]. As a virus
homolog in fruit flies, virilizer plays a crucial role in sex-lethal
splicing, the viability of males and females, and the capacity
to generate eggs in embryonic development [15]. Within the
nucleolus of human cells reside VIRMA and WTAP, sharing
this location [16, 17]. VIRMA, the most substantial known con-
stituent of the methyltransferase complex at 202 kDa, is com-
posed of an N-terminal segment, denoted as N-VIRMA, and a
C-terminal portion, commonly referred to as C-VIRMA. It starts
in the SUN domain [18-20]. Reported that after the VIRMA
knockdown, the m6A peak score decreased four times, which
is more apparent than detected in human cells after the knock-
down of METTL3 and METTLI14 [7]. The constituents of m6A
consist of “writers,” “erasers,” and “readers,” all of which have
significant implications in cancer. Among them, VIRMA was
found to occupy the largest known component in the readers,
indicating that VIRMA might have various functions and play a
crucial role in cancer pathways.

Li’s study [21] showed the differences in VIRMA expression
between different tissues. The investigation uncovered that
VIRMA is highly expressed in several malignancies, such
as hepatocellular carcinoma (HCC), kidney chromophobe,
HNSCC, lung adenocarcinoma, lung squamous cell carcinoma,
colorectal cancer, rectal adenocarcinoma, breast invasive
carcinoma, kidney clear cell carcinoma, and cholangiocar-
cinoma. VIRMA exhibits diminished expression in kidney
renal papillary cell carcinoma, thyroid carcinoma, prostate
adenocarcinoma, and uterine corpus endometrial carcinoma.
However, the precise function of mé6A methylation in the
proliferation and metastasis of HNSCC cells is still unclear. In
the current study, we confirmed that VIRMA is upregulated in
HNSCC and further found that VIRMA is a potential prognostic
factor affecting tumor growth and lymphatic metastasis in
HNSCC. Subsequently, we examined the influence of VIRMA
expression on the phenotypic characteristics of HNSCC cells.
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A reduction in VIRMA expression curtails the proliferation,
migration, and invasion of HNSCC cells.

Being the most substantial known composing of the methyl-
transferase complex, VIRMA forms most of the m6A deposits on
mRNA. We found a positive association between the expression
of VIRMA and HNSCC and the level of m6A modification, which
is consistent with the mé6A methylation effect of VIRMA. The
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RNA methyltransferase VIRMA may regulate mRNA by m6A
modification of target genes. However, the potential modifi-
cation targets of VIRMA-regulated genes in HNSCC are still
unclear. Therefore, we screened the top 10 with the highest
correlation with VIRMA by analyzing the RNA-seq data in the
TCGA database. Then, we verified this result using RT-qPCR and
western blot. Moreover, we identified the m6A modification

Expression of KIAA1429 in HNSC based
on nodal metastasis status

o
?

S
Q
*
*
*
*
*

- N
2
t

|

il

HH

Transcript per million

8

-
L

|

L

0
Normal Stage1 Stage2 Stage3 Stage4
(n=44) (n=27) (n=71) (n=81)(n=264)
TCGA samples

Sh-NC  Sh-VIRMA

Normal Grade 1 Grade 2 Grade 3 Grade 4
(n=44) (n=62)(n=303)(n=125) (n=7)
TCGA samples

O Normal NoO N1 N2 N3
(n=44)(n=176)(n = 67) (n=12) (n=8)
TCGA samples

: E e 6 .
2.0+ B-Tubulin 0.5+ ** =
c * [ S—— | 3
2 0.4 < - sh-NC
7} 1.5 - E 8 wokk
® < g 1.5 = {21 = sh-VIRMA
8= ' 8 0.3 k3
X 1.0 0 c Q
= < 10 ] c
o ©
o S = 0.2 o
20 X X < = 14
5 0.5+ o3 © 8
s oL 05 € 0.1 o
['4 '.g o <
° 0.0 0.0- 0
m - o v. T 1 1 1 1
SE\a > & o 1 2 3 4 5
& ¢ & N Day
& &
H
sh-NC sh-VIRMA
3007 kkkk
»
2
c
K]
o
o
“—
5}
1
o
o
£
S
=z
100 *kk
r 2 __ 80 \
SR
o
60
| o0 507 ) 2 [
€S
S 3 40
750 423 ° % 20
)
—_ o
600 338 2 = G2 0
3 2 2 48h & &
é 450 E 253 % 50 é(\' \Q'Q
3 3 3 &
300 1 169 o
84 0- M
& &
o+—~ > PN &
0 32 64 96 128160192224 256 ’
DNA content DNA content (;Q
Figure 3. Continued on next page
Zhu et al.
VIRMA and head and neck SCC 1251 www.biomolbiomed.com


http://www.biomolbiomed.com
http://www.biomolbiomed.com

Biomolecules
& Biomedicine

K
Hoechst 33342 EDU Merge
< 23 60- Kok
s 88
ox To
> -
< £2 40
» 8o
»n O
o
3 T
w e 204
£
]
‘0 &
[« 2} 0-
o . N
» N
o &
X
%k k
1500
0
8 1000
c
K]
s
k=) 500
=
0_
O \at
= N
N &
=2 X

Figure 3. (Continued) Knocking down VIRMA may decrease the proliferation, invasion, and migration of HNSCC. ****P < 0.0001, ***P < 0.001,
**P < 0.01. (A) VIRMA expression was positively correlated with the cancer stage; (B) The levels of VIRMA were associated with tumor grade; (C) VIRMA
expression in HNSCC and normal tissues according to nodal metastatic status; (D and E) Examination of the VIRMA expression level in SUNE-2 cells
transfected with sh-VIRMA by RT-qPCR and western blot; (F) The concentration of m6A was decreased followed by the knockdown of VIRMA; (G) The
proliferative capacity of SUNE-2 cells transfected with sh-VIRMA was assessed by measuring the absorbance at 450 nm via CCK8 assay; (H) The proliferative
ability of the cells was determined by clonal formation assay, scale bar 50 um; (1) SUNE-2 cells were stained and cell cycle analysis by flow cytometry showed
that SUNE-2 cells were mostly arrested in the S phase; (J) EdU-positive rate of SUNE-2 cells transfected with sh-VIRMA was detected by EdU assay, scale
bar 200 um; (K) Wound-healing assays were used to evaluate the migratory capacity of SUNE-2 cells after transfection with the indicated shRNA, scale
bar, 500 pm; (L) Investigation of the effect of VIRMA decrement on the ability of SUNE-2 cells to invade via transwell invasion experiment, scale bar,
100 um. HNSCC: Head and neck squamous cell carcinoma; VIRMA: Vir-like m6A methyltransferase associated; RT-qPCR: Reverse transcription-quantitative

polymerase chain reaction; CCK8: Cell counting kit-8.

sites of UBR5 using the SRAMP tool and smart app database, sub-
sequently analyzing the methylation levels in both normal and
tumorous tissues. Finally, it was proved that VIRMA regulates
the expression of UBR5 in an m6A-dependent manner, thus
affecting the development of HNSCC.

Previous research has demonstrated that UBR5 functions
as an oncogene in the formation of tumors. For instance,
the expression of UBR5 in samples from patients with HCC
significantly exceeded than observed in adjacent normal tis-
sues. Increased UBR5 expression levels were associated with
advanced age among patients, higher tumor grading, the pres-
ence of lymph node metastasis, and a reduced overall survival
duration [22]. The expression of UBRS5 is significantly ele-
vated in both glioblastoma tissues and cells, and UBR5 pro-
motes the epithelial-mesenchymal transition of glioblastoma
cells, thereby accelerating the invasion, proliferation, and
migration of glioblastoma cells. Wu et al. [23] demonstrated
that UBR5 enhances glioblastoma cell migration and invasion
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by regulating the ECRG4/NF-«B signaling pathway. In addi-
tion, UBR5 was found in nasopharyngeal carcinoma tissues.
Compared to nearby normal tissues, the levels of UBR5 protein
and mRNA were found to be increased, and UBR5 also promoted
the progression of nasopharyngeal carcinoma as a downstream
gene of miR-135a-3p [24].

Our research is still in its early stages and has some lim-
itations. First, UBR5 was identified solely through database
screening without the inclusion of high-throughput sequenc-
ing. Second, although we have demonstrated the impact of
VIRMA on HNSCC by regulating the levels of UBR5 and m6A,
the potential role of reading proteins between VIRMA and UBR5
remains unknown. Finally, our focus is limited to studying
the VIRMA-mediated m6A modification of UBR5. We did not
investigate the effect of UBR5 on HNSCC phenotypes. These
findings will guide our future endeavors as we plan to expand
our research to explore relationships between other reading
proteins and target genes while delving into the underlying
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Figure 4. (Continued) UBR5 regulation by VIRMA impacts tumor incidence and progression. P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001,
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