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ABSTRACT

Objective: To detect methyltransferase-like (METTL) 16 expression in epithelial ovarian cancer (EOC) by immunohistochemistry
(IHC), and its relationship with clinicohistopathological parameters and prognosis.

Study Design: Observational study.

Place and Duration of Study: Department of Gynaecology and Pathology, The First Hospital of Wannan Medical College (Yijishan
Hospital of Wannan Medical College), from February to June 2022.

Methodology: METTL16 expression in 115 EOC patients was evaluated by IHC. According to the immunoreactive score (IRS),
scores <6 represented low expressions and =6 high expressions. Clinicopathologic data and follow-up information were collected
for statistical evaluation.

Results: METTL16 expression decreased in EOC (p = 0.001) and affected the poor prognosis of EOC patients. Low METTL16
patients expression had significantly higher frequencies of advanced FIGO stage, low grade, more lymph node metastasis, high
CA125 levels, bilateral disease, distant metastasis, and high frequency of neural/vascular invasion compared to high METTL16
patients (p =0.001, <0.001, <0.001, 0.017, 0.027, <0.001, and 0.010, respectively). The survival analysis showed that the overall
survival (p <0.0001) as well as the disease-free survival (p <0.0001) were remarkably shorter in low METTL16 patients compared to
high METTL16 patients, suggesting worse survival.

Conclusion: There was a clear association between the expression of METTL16, poor prognostic factors, and lower survival of EOC

patients, suggesting that it might exert a vital effect on the malignant progression / prognosis of EOC.
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INTRODUCTION

EOC represents 80 to 90% of ovarian cancer (OC) cases,
which is the first cause of death among gynaecological malig-
nancies worldwide.! The standard first-line treatment
regimen for EOC is maximal cytoreductive surgery and plat-
inum-based chemotherapy.” The efficacy of advanced EOC has
recently improved with the progress of cytoreductive surgery
and the development of chemotherapy regimens. However, the
primary or secondary chemotherapy resistance of EOC often
leads to failure, causing recurrence and metastasis and repre-
senting an overall cure rate of only 30%.” Therefore, identifying
key biomarkers and prognostic indicators involved in the malig-
nantprogression of EOChasimportantclinicalimplications.
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Methyltransferase-like protein 16 (METTL16) isahuman RNAN6-
methyltransferase that can interact with rRNA, non-coding RNAs
(ncRNAs), IncRNAs, and other mRNAs.’ Increasing evidence has
demonstrated that N6-methyladenosine (m6A) methylase parti-
cipatesinvariouslifeactivitiessuchasmetabolism, geneexpres-
sion, and immune response by modifying RNAs, exerting a
pivotal effect on tumourigenesis, metastasis, as well as drug
resistance, and is closely related to tumour prognosis.* Addition-
ally, m6A methylation modification of methylases, such as
METTL3, ALKBH5, and IGF2BP1, promotes the occurrence and
progression of EOC and might become a new locus and prog-
nostic molecularmarkerforcombinedtherapy of OC.>’

Loss of METTL16 is also related to poor overall survival (OS) in
patients with endocrine system tumours.® Moreover, increased
expression of METTL16 promotes cancer cell proliferation and
division in gastric cancer.” However, low expression of METTL16
in hepatocellular carcinoma is associated with the activation of
multiple metabolic pathways, suggesting a worse prognosis.” In
oxidatively stressed lung fibroblasts, low expression of METTL16
promotes acute premature cell senescence.' In pancreatic
cancer, METTL16 is involved in the immune infiltration response
oftumours.*”
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The ovary is an important hormone-secreting organ in the
female reproductive system, and EOC is one of the most
common and dangerous cancersinwomen. Based onthe above
studies on METTL16 in endocrine system diseases and cancer,
the authors found that METTL16 was significantly underex-
pressed in OC by TCGA database analysis. It was speculated
whether METTL16 plays a vital role in EOC and has any associa-
tion between the protein levels of METTL16 and tumour malig-
nancy, clinical features, and survival in EOC patients which may
haveaclinicalvalue of changesin METTL16 protein expression.

METHODOLOGY

Malignant (n = 115) and normal (n = 20) ovarian tissues from
patients who underwent cytoreductive surgery were collected,
from February 2015 to December 2017 in the First Hospital of
Wannan Medical College.

The inclusion criteria were the patients with initial confirmed
diagnosis of OC, who underwent initial optimal resection of the
tumour. Their postoperative specimens were pathologically
confirmed as primary EOC or normal ovarian tissue. The
patients with complete background data and those who
received no neoadjuvant therapy before the surgery and were
notdiagnosed with othercancers, wereincluded. The exclusion
criteria were other malignant tumours; severe liver, kidney,
lung, gastrointestinal tract, and heart diseases; immunodefi-
ciency and coagulopathy; diabetes and other chronic
metabolic disorders; and exposure to radiotherapy or
chemotherapy before surgery. Postoperative adjuvant thera-
pies were administered based on standard schedules and
doses. Follow-up information was collected for all those
meeting the inclusion criteria for five years until the recurrence
occurred or the patient died. Follow-up included gynecologic
pelvic examination, testing for anticancer 125 or other tumour
markers, and computed tomography (CT) or ultrasonography
of the chest, abdomen, or pelvis. The Ethics Committee of the
First Hospital of Wannan Medical College approved the protocol
ofthis study.

Immunohistochemistry (IHC) was adopted to determine the
protein expression of METTL16 in resected EOC along with
normal ovarian tissues after surgery. Tissue samples were
stained with the peroxidase method, distributed, and incu-
bated with rabbitanti-METTL16 primary antibody (Proteintech,
19924-1-AP, 1:500), secondary antibody (Beyotime, A0208,
1:50), then developed using diaminobenzidine (DAB) for 3
minutes. Next, samples were immersed in a hematoxylin bath
atroomtemperatureandstained fornucleifor2.5 minutes.

Sections were scored using a light microscope, with five
random fields photographed at 400x. Since METTL16 was
present in the nucleus and cytoplasm, the evaluation criteria
were based on brownish-yellow granular staining in tumour
nuclei and the cytoplasm as positive. According to the
immunoreactive score (IRS) developed by Remmele et al.,”
tissue sections were scored by light microscope according to
the staining degree (0-3 for negative staining, yellowish, light

brown, and dark brown respectively) and positivity extent (0-4
for 0, 1-25, 26-50, 51-75, and 76-100% respectively). A total
score of 0-3 indicated considered negative (-), 3-6 indicated
weak (+), 6-8 indicated moderate (++), and 9-12 indicated
strong (+++). Total scores <6 represented low expressions
and =6 high expressions. Two senior pathologists judged the
resultsindependently, and a new pathologist resolved possible
objections.

All statistical analyses were performed using SPSS software
(v. 26.0). Descriptive data are presented as frequencies (per-
centages) and means + standard deviations (SDs). Qualitative
variables were analysed by the x> or Fisher exact test to
compare high and low METTL16 groups. The Kaplan-Meier
method was applied in the evaluation of the associations
between the overall survival time (OS)/disease-free survival
time (DFS) and the expression of METTL16 and draw survival
curves. Multivariate Cox regression analysis was carried out to
explore the prognostic factors. A value of p <0.05 was consid-
ered statistically significant.

RESULTS

Tumourtissue sections from 115 EOC patients were analysed for
METTL16 expression by IHC (Figure 1). Low METTL16 expression
was detected in 73 (63.5%) EOC tissue samples, while 42 cases
(36.5%) showed high METTL16 expression (p = 0.001). Among
the 20 normal ovarian tissues, METTL16 expression was
elevated in 17 cases (85.0%) and decreased in 3 cases (15%).
The mean age of patients was 53.71 + 8.66 years (range: 35-78
years). Among the 115 EOC cases, the major histological type
wasserousadenocarcinoma(74.8%, 86 cases), followed by muci-
nous adenocarcinoma (10.4%, 12 cases), clear cell carcinoma
(10.4%, 12 cases), and endometrioid carcinoma (4.3%, 5 cases).
Additionally, 36 (31.3%) patients had stage I, 25 (21.7%) had
stagell, 35(30.4%) hadstagelll,and 19 (16.5%) had stageV.

The ¥* analysis revealed that low expression of METTL16 had
significantly higher frequencies of advanced FIGO stage (p
<0.001), more lymph node metastasis (p <0.001), higher grade
(p<0.001), higherCA125levels(p=0.017), bilaterallesions (p =
0.027), distant metastasis (p <0.001), and higher probability of
nerve/vessel invasion (p = 0.010). However, there was no differ-
ence found for age, tumour size, as well as histologic subgroups
(p >0.05). The clinicopathological information of EOC patients is
presentedinTablel.

The median follow-up time for EOC patients was 26 months
(range: 6-60 months), and 61 patients died during follow-up. The
Kaplan-Meier analysis showed that low METTL16 patients had
shorter OS than high METTL16 patients (p <0.0001, Figure 2). A
similar influence of low METTL16 was observed for DFS (p
<0.0001, Figure 2). Furthermore, we have performed multi-
variate analyses to evaluate the prognostic factors. METTL16
levels as well as FIGO stage were independent prognostic indica-
tors for OS & DFS (p <0.05, Table I). Altogether, these results
proved that the low expression of METTL16 was associated with
poorer DFS & OS with statistical significance.
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Table I: Correlation analysis between clinical data and expression of METTL16.

Variable METTL16 expression level Total p-value*
High, n (%) Low, n (%)
EOC group 42(36.5) 73(63.5) 115 0.001
Normal 17(85) 3(15) 20
Total 59(43.7) 76(56.3) 135
Age, years
<50 17(14.8) 26(22.6) 43 0.604
=50 25(21.7) 47(40.9) 72
FIGO stage
| 24(20.9) 12(10.4) 36 <0.001
Il 11(9.6) 14(12.2) 25
1 7(6.1) 28(24.3) 35
I\ 0(0) 19(16.5) 19
Tumour size, cm
<5 7(6.1) 11(9.6) 18 0.820
=5 35(30.4) 62(53.9) 97
Lymph node metastasis
Yes 6(5.2) 46(40) 52 <0.001
No 36(31.3) 27(23.5) 63
Grade
Gl 22(19.1) 13(11.3) 35 <0.001
G2+G3 20(17.4) 60(52.2) 80
Histologic subgroups
Serous 28(24.3) 58(50.4) 86 0.067
Mucinous 3(2.6) 9(7.8) 12
Endometrioid 3(2.6) 2(1.7) 5
Clear cell 8(7) 4(3.5) 12
CA125 level (IU/ml)
<489 27(23.5) 30(26.1) 57 0.017
=489 15(13) 43(37.4) 58
Bilateral lesions
Yes 20(17.4) 50(43.5) 45 0.027
No 22(19.1) 23(20) 70
Distant metastasis
Yes 6(5.2) 41(35.7) 47 <0.001
No 36(31.3) 32(27.8) 68
Nerve or vessel involvement
Yes 12(10.4) 39(33.9) 51 0.010
No 30(26.1) 34(29.6) 64
Table II: Multivariate analysis of OS and DFS by Cox regression model.
Variable Overall survival Disease-free survival
P HR 95% CI P HR 95% CI
FIGO stage 0.005 2.043 1.248-3.344 <0.001 2.457 1.505-4.011
Grade 0.545 0.805 0.400-1.622 0.473 0.769 0.375-1.578
Distant metastasis 0.211 1.765 0.725-4.293 0.335 1.536 0.641-3.681
METTL16 expression level 0.003 3.312 1.497-7.326 0.003 3.316 1.487-7.391

Normal ovarian tissue
METTL16 high expression

Epithelial ovarian cancer
METTL16 high expression

Epithelial ovarian cancer
METTL16 low expression
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Figure 1: Expression of METTL16 by IHC in normal ovarian and EOC
tissues.

Overall survival curves for two groups were
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METTL 16 in EOC patients
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Figure 2: Correlation between the expression of METTL16 and
survival of EOC patients.
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DISCUSSION

OC has been considered the most lethal malignant tumour in
gynaecological cancers. Recurrence, metastasis, as well as
therapy resistance remain critical causes of death from
advanced OC. The lack of effective predictive markers for OC
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malignant progression and prognosis poses a great challenge
in predicting its clinical outcomes. Moreover, m6A methyla-
tion has become a research hotspot. Abnormal m6A modifica-
tions play a vital role in the development of various
tumours.** Many m6A RNA methylases affect OC development
and prognosis, including FTO, ALKBH5, METTL3, METTL14,
RBM15, and YTHDF1.”" However, the absence of METTL16 in
OC has never been deeply explored. Thus, we evaluated the
expression of METTL16 in EOC tissues by IHC and explored its
potential clinical significance.

Herein, the authors have found that METTL16 was mainly
distributed in the nucleus and cytoplasm of EOC cells.
Compared to normal ovarian tissues, the protein levels of
METTL16 were notably lower in EOC samples (p = 0.001).
Besides, the expression level of METTL16 was significantly
linked to poor prognostic factors in EOC. Recent studies have
shown that METTL16 acts in the nucleus as an m6A writer
upon mRNAs, allowing it to undergo methylation modification.
In the cytosol, METTL16 enhances the translation of various
mRNAs by promoting the assembly of translation initiation
complexes.” METTL16 also exerts an effect on cancer by regu-
lating the proliferation, division, as well as apoptosis of
cells.”** In OC, low METTL16 expression mostly appears in
stage lllI-IV and patients over 60 years and suggests a poor
prognosis.” In the present study, low METTL16 patients had a
more advanced FIGO stage and were at greater risk of distant
metastasis and invasion (p <0.001). Thus, the decrease of
METTL16 might promote the invasion and migration of
tumour cells, leading to cancer progression. METTL16 can
also promote cell proliferation of gastric cancer via upregu-
lating the expression level of cyclin D1.° However, the authors
have not found differences regarding the expression of
METTL16 and tumour size (p >0.05), whereas it was remark-
ably related to the metastasis of lymph nodes (p <0.001).
The association of CA125 with METTL16 was also investi-
gated. Surprisingly, the levels of METTL16 decreased with
higher levels of CA125. CA125 is the most investigated and
validated biomarker in OC and a well-established marker for
EOC diagnosis and patient follow-up. In the future, we shall
detect the expression of METTL16 in the serum of patients to
understand its predictive and diagnostic value in EOC.

The Cox multiple regression analysis showed that the FIGO
stage and low METTL16 expression were risk factors affecting
EOC patients (p <0.05). Additionally, the OS and DFS were
remarkably shorter in low METTL16 patients compared to
high METTL16 patients. These results suggested that lower
METTL16 patients had poor survival. In colorectal cancer,
mutations in key METTL16 residues (R200Q/G110C) have
been closely related to poor prognosis.”* Meanwhile, METTL16
was found to be linked to the prognosis of EOC. Hence, we
have hypothesized that mutations in METTL16 are also
present in EOC development and progression. Moreover,
methylation modification of METTL16 is mainly focused on
three ncRNAs (U6 snRNA, MALAT1, and XIST) and one mRNA
(MAT2A).” In intervertebral disc degeneration, m6A modifica-

tion of MAT2A pre-mRNA by METTL16 exacerbates apoptosis
of nucleus pulposus cells®? However, the INcRNAs MALAT1 and
XIST can play cancer-promoting and tumour-suppressor roles
in OC.”?** In future, the authors intend to investigate whether
METTL16 impacts EOC development through downstream-reg-
ulated target RNAs, leading to poor patient survival.

Overall, it was demonstrated that METTL16 was differentially
expressed in EOC and normal ovarian tissues, and its protein
levels were remarkably associated with poor prognostic
factors and poor survival of patients. To some extent,
METTL16 is involved in EOC development and might be
helpful for the prognostic evaluation of patients. However, the
current study also has some limitations. A limited sample size
was included and the molecular mechanisms by which
METTL16 affected the progress of EOC were not deeply
explored. In subsequent studies, the authors intend to
expand the sample size to determine the relevance between
METTL16 and existing OC prognostic markers to provide a
theoretical basis for METTL16 as a new prognostic molecule
in EOC. At the same time, the mechanisms underlying how
METTL16 affects the prognosis of EOC remain obscure and
thus is necessary for further verification in vitro and in vivo.

CONCLUSION

Expression of METTL16 was downregulated in EOC and associ-
ated with poor prognostic factors and lower survival of EOC
patients. These results suggested that METTL16 might exert a
pivotal effect on the malignant progression / poor prognosis
in patients with EOC.
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