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ABSTRACT ARTICLE HISTORY

To explore the potential function of methyltransferase-like 5 (METTL5) in uterine corpus endometrial Received 21 October 2021
carcinoma (UCEC) and verify the relationship between deficient DNA mismatch repair (MMR) and Revised 28 December 2021
METTL5. We used bioinformatics to predict the possible role of METTL5 and molecular biology ~ Accepted 26 January 2022
methods to analyze METTL5 expression. We observed UCEC proliferation, development, and apopto- KEYWORDS

sis using a METTL5 knockdown lentivirus and, coupled with METTL5 bioinformatics and Western blot Uterine corpus endometrial
analysis, detected microsatellite instability (MSI) and MMR. Gene ontology (GO) and Kyoto carcinoma; mismatch repair;
Encyclopedia of Genes and Genomes (KEGG) analyses were performed. Finally, some METTL5- methyltransferase like 5;
associated gene mutations in UCECs were detected. Results show that METTL5 expression in UCEC pathology; cancer

tumor tissue was increased, and UCEC patients with high METTL5 expression had worse prognostic

outcomes. We also observed the highest METTL5 expression level in KLE cells. Furthermore, knocking

down METTL5 weakened the proliferation, reduced tumor volume and biomarkers, and increased

apoptosis. Moreover, METTL5 knockdown induced the MSH2, MSH6 and PMS2 expression in MMR.

METTL5 was negatively correlated with gene silencing, mRNA binding, olfactory receptor activity,

antigen processing and presentation, cytosolic DNA sensing, olfactory transduction, and RIG-1-like

and Toll-like receptor signaling pathways. METTL5 may regulate MMR protein levels in UCECs, thus

enhancing UCEC proliferation, development, and prognosis.
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Introduction
recurrence rate [1]. Endometrioid carcinoma (EC)

Uterine corpus endometrial carcinoma (UCEC) is  is characterized by a proliferative endometrium,
the most common and threatening gynecological  cellular pleomorphism, and glandular complexity
malignant tumor that leads to death due to its high ~ [2]. For patients with EC of intermediate or high
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recurrence risk, radical hysterectomy combined
with pelvic and para-aortic lymphadenectomy is
recommended [3]. Evolving medical technology
has slowed the long-term mortality declines asso-
ciated with EC. However, EC mechanisms and
treatments still need continuous exploration.

Deficient DNA mismatch repair (MMR),
a strong mutator phenotype of microsatellite
instability (MSI), and has recently been described
in ECs [4,5]. In addition, biological relevance,
modal classification, and genomic instability com-
plexities underlying EC tumorigenesis are report-
edly related to MSI and MMR [6].

As previously reported, regulating MMR may be
a prognostic factor for tumor recurrence and adju-
vant chemoradiotherapy in patients with advanced
UCECs [7,8]. Therefore, it is necessary to identify
MMR targets for UCEC treatment and prevention.

Methyltransferase-like 5 (METTL5) is a protein-
coding gene associated with intellectual develop-
mental disorder, autosomal recessive 72 and pri-
mary autosomal recessive microcephaly. It is
related to nucleic acid binding and protein methyl-
transferase activity [9-11]. Recent reports suggest
that METTL5 can regulate breast cancer and lung
adenocarcinoma translation initiation and immune
implications [12,13]. However, the role of METTL5
in UCEC MMR is not yet fully understood.

We aimed to investigate the potential role of
METTL5 in UCECs, then used a METTL5 knock-
down lentivirus to regulate MMR and UCEC
development in vivo and in vitro. The present
findings indicate that METTL5 may regulate
MMR in UCECs. These results may provide
novel strategies for UCEC treatment via MMR-
associated mechanisms.

Materials and methods
Human tumor specimens

We selected 16 patients from the Department of
Pathology in our hospital and pathologically diag-
nosed them with UCEC from May 2019 to
May 2021. We obtained adjacent para-carcinoma
tissues as controls. All patients provided informed
consent, and the Ethics Committee of The First
Affiliated Hospital of Hebei North University
approved the experimental design.

Bioinformatics analysis

We determined METTLS5 expression using the
TIMER2.0 website (http://timer.cistrome.org/).
The survival assay of the UCEC patients in the
METTL5 low and METTL5 high expression
groups was performed using the Kaplan-Meier
plotter website (http://kmplot.com/analysis/), and
the cutoff of expression was 50%. We downloaded
the Pan-Cancer Assay from The Cancer Genome
Atlas (TCGA) database, as described previously
[14], and used a target gene assay to analyze
genes related to mutation and prognosis via the
website https://www.mutarget.com/analysis?type=
target.

Cell lines and antibodies

This study used normal endometrial cells (NECs),
KLE cells, RL952 cells, Ishikawa cells, and ECC-1
cells. They were maintained and cultured as pre-
viously described [15]. The cell lines used in this
study were as follows: normal endometrial cells
(NEC, CP-HO058, Procell, Wuhan, China), KLE
(CL-0133, Procell, Wuhan, China), RL952 (CL-
0197, Procell, Wuhan, China), Ishikawa (CL-
0283, Procell, Wuhan, China), and ECC-1 (BS-
C163325, BinSuiBio, Shanghai, China).

The following antibodies were used: Anti-
METTL5 (16791-1-AP, Proteintech, Rosemont,
USA), anti-Ki-67 (ab15580, Abcam, Cambridge,
USA), anti-CEA (ab207718, Abcam, Cambridge,
USA), anti-CA199 (ab3982, Abcam, Cambridge,
USA), anti-CA153 (ab109185, Abcam,
Cambridge, USA), anti-HE4 (13, ab200828,
Abcam, Cambridge, USA), anti-MLH1 (ab92312,
Abcam, Cambridge, USA), anti-MSH2 (ab212188,
Abcam, Cambridge, USA), anti-MSH6 (ab92471,
Abcam, Cambridge, USA), anti-PMS2 (ab110638,
Abcam, Cambridge, USA), and anti-B-actin
(M01263-2, Boster, Wuhan, China).

Animals

Chongqing Tengxin Biotechnology Co., Ltd.
(Chongqing, China) supplied four-week-old healthy
male Balb/c mice. We subjected the mice to specific
pathogen-free (SPF) conditions and housed them
under the Guide for the Care and Use of Laboratory


http://timer.cistrome.org/
http://kmplot.com/analysis/
https://www.mutarget.com/analysis?type=target
https://www.mutarget.com/analysis?type=target

Animals. The Ethics Committee of the First Affiliated
Hospital of Hebei North University approved the
study design (Protocol No.: 2020ECHNU033).

METTL5 knockdown lentivirus administration

We designed and chemically synthesized METTL5
knockdown lentiviruses (sh-METTL5) and control
lentiviruses (GenePharma Corporation, Shanghai,
China) and stored them at —80°C. Lentivirus cell
administration has been well-established [16].
Table 1 lists the METTL5 lentivirus sequences.

The subjects were randomly divided into four
groups (n = 6 in each group) [1]: Con group:
untreated KLE cells or mice injected with KLE
cells [2]; sh-METTL5 group: KLE sh-METTL5
lentivirus cells or mice injected with KLE sh-
METTLS5 lentivirus cells [3]; Control-shMETTL5
group: lentivirus cells with METTLS5 control lenti-
virus or mice injected with lentivirus cells with
METTL5 control lentivirus.

UCEC mouse model

The mice were subcutaneously injected with KLE
cells with or without sh-METTL5 lentivirus
administration. After five days, we observed their
vital signs and inoculation sites, as described pre-
viously [17]. The mice were sacrificed by humani-
zation strategy, including rapid weight loss (>
20%), metastatic burden, hunching, dehydration,
and labored breathing.

Western blotting

A total of 50 ug of protein was transferred to
nitrocellulose membranes, as described previously
[18]. These were developed by the Bio-Rad ima-
ging system and quantized using Image Lab soft-
ware (version 3.0).

Table 1. The METTLS5 lentivirus sequences.

Name Sequence
sh-METTL5-182 5'-gcttaaggaactagagagtc-3’
sh-METTL5-361 5'-ttagcatcggaactgcaatg-3’

sh-METTL5-729
Negative Control
Control-shMETTL5

5’-catcatacaagtttcacaaa-3’
5'-ccccgcaaacaaaagtegtt-3’
5'-gcttccggcaccggecgagg-3’
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Immunohistochemistry

Sections were incubated with METTL5 and Ki-67
primary antibodies at 4°C overnight, as previously
described [19]. Immunohistochemical analysis was
mainly based on visual observation of the number
and intensity of staining positive cells.

Propidium iodide (PI)

Cells from each group were analyzed using a
PI-Hoechst assay (40755ES64, Qcbio Science&
Technologies Co., Ltd, Shanghai, China), as
described previously [20].

Terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) staining

Tissue fractions from each group were analyzed using
a TUNEL assay (ab66108, Abcam, Cambridge, UK),
as described previously [21].

3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT)

Cell viability was studied using the MTT assay,
and absorbance was measured at 490 nm, as
described previously [22].

Statistical analysis

GraphPad Prism 6.0 and SPSS 18.0 were used to
analyze the data, which are expressed as the mean +
standard deviation (SD). One-way or two-way
ANOV As were performed and multiple comparisons
are analyzed using a Holm-Sidak test. A P-value <
0.05 was considered statistically significant.

Results

To explore the potential function of METTL5
UCEC and verify the relationship between MMR
and METTL5. We used bioinformatics to predict
the possible role of METTL5 and molecular biol-
ogy methods to analyze METTLS5 expression. We
observed that the proliferation, development, and
apoptosis using a METTL5 knockdown lentivirus
and coupled with METTL5 bioinformatics and
Western blot analysis, detected MSI and MMR.
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METTL5 was over-expressed and increased the
risk of UCEC survival

Figure 1 shows the predicted role of METTLS5 in
UCECs detected by TIMER2.0 and the Kaplan-
Meier plotter system. Figure 1(a) shows that
TIMER2.0 quantified METTL5 levels in different
types of cancers, and METTL5 levels in UCEC
tumor tissues were increased (P < 0.05).
TIMER2.0 also showed that METTLS5 increased
the risk of UCEC survival (Figure 1(b)). For over-
all survival (OS) and recurrence-free survival
(RES) analyses, we could easily consider that,
given the high METTL5 level state (Figure 1(c,
d)), UCEC patients would have a worse prognostic
outcome (P < 0.05).

METTLS5 levels were different in UCEC tumor
tissues, para-tumor tissues, and cell lines

Bioinformatic analysis results suggest that
METTL5 may be a gene related to UCECs, as we
detected varying METTLS levels in different tis-
sues and cells (Figure 2). METTLS levels in tumors

were significantly higher than in para-tumor tis-
sues (P < 0.05, Figure 2(a,b)). The IHC designed
outcomes (Figure 2(c)) approximately localized
METTL5 expression to the nucleus. METTL5
levels in KLE cells were the highest (P < 0.05)
compared to the others (Figure 2(d,e)).
Therefore, we chose KLE for follow-up METTL5-
associated experiments.

Knocking down METTL5 regulated UCEC
development in vitro

As the previous results indicated that METTL5
might be correlated with UCEC progression, we
designed a method to block METTL5 levels: sh-
METTL5 (Figure 3). We observed proliferation in
the different groups (Figure 3(a)). Over three to
four days, the absorbance OD value decreased in
the sh-METTL5 group (P < 0.05). Furthermore,
PI-Hoechst was used to observe the apoptotic
function of METTL5 (Figure 3(b)), and the apop-
totic level in the sh-METTL5 group was increased
(Figure 3(c), p < 0.05). Lastly, CEA, CA199,
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CA153, and HE4 levels, which are UCEC tumor
biomarker levels, were reduced in the sh-METTL5
group (P < 0.05, Figure 3(d-h)).

Knocking down METTL5 regulated UCEC
development in vivo

As knocking down METTL5 administration regu-
lated UCEC development, we repeated the process
in vivo. First, the tumor volumes at 21 and 28 days
were significantly decreased in sh-METTL5 mice
(P < 0.05, Figure 4(a)). Figure 4(b) shows METTL5
expression and the proliferation index. Secondly,
METTLS5 and Ki-67 expression were reduced by

apoptotic levels in sh-METTL5 mice were
increased in the TUNEL assay (Figure 4(c,d),
P < 0.05). Lastly, CEA, CA199, CA153, and HE4
expression in sh-METTL5 mice was reduced
(P < 0.05, Figure 4(e-i)).

METTLS is related to MSI and MMR in UCECs
according to Pan-Cancer and correlation
analyses

We used Pan-Cancer and correlation analyses to
detect the role of METTL5 in MSI and MMR in
UCECs. Figure 5(a) shows the function of
METTL5 in MSI in different cancers. We confi-
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Figure 5. Bioinformatics analysis of METTL5 in MSI and MMR in UCECs by Pan-Cancer and correlation analyses. (a) Pan-Cancer
analysis of MSI assay in different cancers. (b) Correlation assay for METTL5 with MLH1, MSH2, MSH6, and PMS2 in UCECs.

related to MSI in UCECs. Correlation analysis
verified that METTL5 was negative for the MMR
markers MSH2, MSH6, and PMS2 but positive for
MLHI1 in UCECs (Figure 5(b)).

Knocking down METTL5 increased MMR marker
levels in vivo

As METTLS was predicted to be a gene related to
MSI and MMR in UCECs based on previous
results, we detected MMR marker levels in vivo.
Figure 6(a) shows induced MSH2, MSH6, and
PMS2 expression in the sh-METTL5 group
(P < 0.05, Figure 6(b,e)). Figure 6(f) shows the
IHC outcomes (Figure 6(c)).

Greater potential role of METTL5 in Gene
Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses by Pan-Cancer

In the GO assay, we found that METTL5 was
negatively correlated with gene silencing, gene
silencing by RNA, mRNA binding, olfactory
receptor activity, and RNA binding involved in
post-transcriptional gene silencing (Figure 7(a)).
In the KEGG assay, METTL5 was negatively cor-
related with antigen processing and presentation,
cytosolic DNA sensing pathways, olfactory trans-
duction, and RIG-1-like and Toll-like receptor sig-
naling pathways (Figure 7(b)).

Further METTL5 target genes in UCEC patients

Figure 8 shows the METTLS5 target gene assay in
UCECs, where pink represents mutant patients
and green represents wild patients. In the UCEC
patients with higher METTLS5 levels, ZFP59, JPH4,
OR52K1, PSG11, TMPRSS4, SEPT7, SLC2A7,
OR10C1, NDUFA9, DCTD, RFPL4A, IL10,
RDHS5, CLK3, TPCN2, ISL2, NCR3LG1, RAB27B,
TMEDS, SLC25A31, OAS1, SHOX2, RABI11A, and
AGTRI1 mutations were found. These results sug-
gest that METTLS5 is related to these gene muta-
tions and is involved in UCEC prognosis.

Figure 9 shows the potential mechanisms of
METTL5 mediated by MMR proteins in UCECs.
METTLS likely regulates MMR proteins, such as
MSH2, MSH6, and PMS, enhances UCEC prolif-
eration and development, and is involved in
prognosis.

Discussion

EC is a threatening gynecological malignant tumor
associated with a 20% mortality rate in Western
and developing countries [2,23,24]. EC mortality is
still increasing and needs more effective diagnostic
and treatment strategies [25].

In short repetitive DNA sequences, MSI refers
to the hypermutator phenotype second to frequent
polymorphisms and single nucleotide substitu-
tions. It is a consequence of DNA MMR deficiency
and vital to ECs [5,26].
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Liu ], et al investigated a hotspot R298P mutation
in UCEC was present in a key component of
METTLI14, exhibiting reductions in m6A methyla-
tion that are likely due to either this METTL14
mutation or reduced expression of METTL3 [27].
Qin L, et al discovered Wilms’ tumor 1-associating
protein knocking down could up-regulate level of
caveolin-1 and METTL3 at 3’-untranslated region
in EC cells [28]. These studies shown
Methyltransferase-like family may be a strong

association with endometrial cancer. METTLS5 is
a catalytic subunit of a heterodimer with
TRMT112, which specifically methylates the sixth
adenine at position 1832 of 18S rRNA [9]. Previous
reports associate METTL5 with an intellectual devel-
opmental disorder, primary autosomal recessive
microcephaly, and protein methyltransferase activity
[9-11]. Recent studies report that METTL5 could be
related to cancer [12,13]. Insofar, there is very little
research on METTLS5, but it will be relevant in
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Figure 8. Further bioinformatics analysis of METTL5 in UCEC patients by target gene system. (a) METTL5 expression in AZFP59, JPH4,
OR52K1, PSG11, TMPRSS4, SEPT7, SLC2A7, OR10C1, NDUFA9, DCTD, RFPL4A, IL10, RDH5, CLK3, TPCN2, ISL2, NCR3LG1, RAB27B,
TMEDS, SLC25A31, OAS1, SHOX2, RAB11A, and AGTR1 mutant or wild-type UCEC patients.

oncology research. In our study, we used bioinfor-
matics analysis and molecular biology methods to
explore the function of METTL5 in UCECs.
METTL5 expression in UCEC tumor tissue
increased, and with high METTL5 isoform expres-
sion, patients with UCECs had poor prognostic out-
comes. These results show that METTL5 may be an
oncogene involved in UCEC prognosis. To verify
this, we observed a difference in METTLS5 protein
levels. METTLS expression levels increased in ECs
and KLE cells, consistent with the bioinformatics
analysis. Interestingly, METTLS5 is expressed in the

nucleus. Yanli Z, et al found that METTL13 was
significantly abnormally expressed in endometrial
cancer tissue samples [29]. Moreover, Zhilin Z, et al
considered METTL16 had a low hazard ratio in
UCEC by Multivariate Cox regression analysis [30].
Different from METTL13 and METTL16, METTL5
may be a carcinogenic factor and involved in UCEC
prognosis which was first reported,

Apoptosis is a programmed cell death process
without any inflammatory responses [31].
knocked down METTL5 levels using a lentivirus
to explore the role of METTL5 in apoptosis and
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Figure 9.The potential mechanisms of METTL5 by

MMR proteins in UCECs. METTL5-mediated MMR regulation in
UCECs. METTL5 may regulate MSH2, MSH6, and PMS2 expres-
sion, weaken MMR and MSI progress, and increase pathological
mitosis in UCEC cells.

tumor progression in EC. In our study, knocking
down METTL5 weakened proliferation, reduced
tumor volume and biomarker levels, and increased
apoptosis. These results demonstrated that
METTL5 could regulate apoptosis and tumor pro-
gression in UCECs and are consistent with the
bioinformatic analysis outcomes above.

Through Pan-Cancer and correlation analyses,
we found that METTL5 was positively correlated
with MSI and negatively correlated with MRR pro-
teins, especially MSH2, MSH6, and PMS2. There is
no research on METTL5 with MRR proteins. Hence,
we have only explored this process according to our
bioinformatics results. We used Western blotting
and IHC to prove our bioinformatic outcomes
related METTL5 to MMR. Our results showed that
sh-METTL5 could improve MSH2, MSH6, and
PMS2 expression but not MLH1 expression.

First, we will report the results. However, some
methodological deficiencies due to our limited lab
conditions must be taken into consideration.
Furthermore, more rigorous and advanced experi-
ments by other scholars are required.

In further bioinformatics analysis of METTLS5 in
UCEC patients using Pan-Cancer and the target
gene system, we found that METTL5 was negatively
correlated with gene silencing, mRNA binding,
olfactory receptor activity, antigen processing and

presentation, cytosolic DNA sensing in GO, antigen
processing and presentation, cytosolic DNA sensing
pathways, olfactory transduction, and RIG-1-like
and Toll-like receptor signaling pathways in KEGG.

Finally, METTL5 may be involved in UCEC prog-
nosis and related to ZFP59, JPH4, OR52K1, PSG11,
TMPRSS4, SEPT7, SLC2A7, OR10C1, NDUFA9,
DCTD, RFPL4A, IL10, RDH5, CLK3, TPCN2,
ISL2, NCR3LG1, RAB27B, TMEDS, SLC25A3l,
OAS1, SHOX2, RAB11A, and AGTR1 mutations.
Several studies are needed to verify this data, which
will be the focus of our subsequent experiments.

A limitation of this study is that METTL5 mRNA
levels should be detected in endometrial cells to
explain whether differences in METTL5 expression
are due to transcription or translation levels.

Conclusion

Our study found that knocking down METTL5
could significantly activate apoptosis and inhibit
EC development via MMR administration.
Hypothetically, our findings may offer a new
approach for UCEC treatment by regulating MMR.
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