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Abstract
This study aims to analyze the differential expression of METTL14 in pancreatic cancer (PC) tissues and adjacent normal 
tissues, and its correlation with clinical outcomes. According to the inclusion and exclusion criteria, a total of 80 patients 
diagnosed in our hospital from January 2021 to January 2023 were chosen as research subjects. RTQ-PCR has detected 
the mRNA level expression of METTL14 in cancer and para-cancerous tissues. Immunohistochemistry was used to detect 
the protein expression of METTL14 in cancer and para-cancerous tissues. To compare the relationship between METTL14 
expression and clinicopathological parameters in different PC patients. Kaplan–Meier survival analysis of the relationship 
between METTL14 expression in PC tissues and patient survival prognosis. The Multifactor COX model evaluates factors 
affecting the prognosis of PC. The expression level of METTL14 mRNA in PC tissues was 5.51 ± 0.35 (kDa), and the posi-
tive rate of METTL14 protein expression in PC tissues of all patients was 73.75 (59/80). Tumor location (P = 0.012), tumor 
differentiation degree (P = 0.028), tumor AJCC stage (P = 0.000), and lymph node metastasis (P = 0.000) were significantly 
related to the positive rate of METTL14 protein expression in PC tissue. Follow-up results showed that among 80 patients, 
63 died. The three-year survival rate of the METTL14 positive group was 13.56% (8/59), and the three-year survival rate of 
the negative group was 42.86% (9/21). The difference in the three-year survival rate between METTL14 positive and nega-
tive expression groups was statistically significant (P = 0.031). Multivariate COX regression analysis results showed that 
METTL14 was positive (OR 2.797, 95% CI 1.233–5.877), tumor AJCC stage II–III (OR 1.628, 95% CI 1.435–3.859) and 
lymph node metastasis (OR 1.733, 95% CI 1.122–2.372) were substantive risk factors for poor prognosis in patients with 
PC. METTL14 expression increases in PC tissue, which is related to tumor AJCC stage, tumor differentiation, and lymph 
node metastasis, and can be evaluated in the survival prognosis of patients with PC.
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Introduction

Pancreatic cancer (PC) is one of the most lethal cancers 
in the world, and the overall five-year survival rate of PC 
patients is only 11% [1]. In 2020, there were 496,000 new 

cases of pancreatic cancer worldwide, ranking 12th among 
malignant tumors, and 466,000 deaths, ranking seventh. 
The number of deaths and the number of incidences were 
almost equal [2]. Due to the tumor biological characteristics 
of PC, which progresses rapidly and is easy to metastasize, 
as well as the anatomical characteristics of the pancreas, 
which is deep in location and has many adjacent organs, 
the surgical resection rate is only 20%. Surgery is currently 
the only possible cure for PC. In addition, the biological 
characteristics of PC tumors determine their high recurrence 
rate and low sensitivity to chemotherapy and radiotherapy. 
The five-year survival rate of patients after RO resection is 
only 25% [3]. Most patients are already in the intermediate 
and paramount stages when confirmed. At the same time, 
PC is not sensitive to radiotherapy and chemotherapy and 
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is one of the main lethal tumors. Because the prognosis of 
PC is extremely poor, despite years of arduous exploration 
in the diagnosis and treatment of PC, its survival rate has 
not been significantly improved [4]. It is generally believed 
that genetic factors, smoking, excessive drinking, high-fat 
diet, and excessive body mass index are the main risk fac-
tors for PC. In addition, chronic pancreatitis, diabetes, etc. 
are also concerning the occurrence of PC. Although some 
progress has been made in the treatment of PC, the results 
of treatment are not satisfactory [5]. The poor prognosis of 
PC patients is due to their high malignancy, advanced stage 
at diagnosis, and lack of effective treatments. Therefore, 
we need to fully understand the molecular mechanisms of 
PC occurrence and development, and find new molecular 
therapeutic targets, which is very meaningful to improve the 
prognosis of PC patients.

The occurrence of PC is premeditated to be a multi-step 
progressive process relate to genomic changes and epige-
netic dysregulation [6, 7]. At the genomic level, the progres-
sion of PC is caused by the activation of a series of inactiva-
tion of oncogenes and tumor suppressor genes. For example, 
the mutational inactivation of KRAS and inactivation of 
some tumor suppressor genes p53, CDNK2A/p16, DPC4/
SMAD4, and BRCA2 [8, 9]. KRAS is a G protein family 
that is mutated in more than 90% of PCs and can activate the 
downstream RAF-MEK-ERK tertiary kinase cascade. It can 
induce the occurrence of PC and promote the evolution of 
PC in both in vivo and in vitro models [10–12]. The literature 
has reported that a variety of molecular mechanisms can pro-
mote the activation of the RAS-MAPK signaling pathway, 
such as point mutations and microRNA [13, 14]. Inhibitors 
targeting KRAS and its key downstream signaling pathways, 
such as targeting Raf, MEK, and PI3K, have been developed 
and have shown effective anti-cancer activity [15, 16]. Lit-
erature reports that the RAS-MAPK signaling pathway is 
activated in 76% of lung cancer cases, suggesting that the 
activation of the miR-activated RAS-MAPK signaling path-
way may be related to the development of lung cancer [17]. 
Last few years, post-transcriptional regulatory events, such 
as RNA methylation, have attracted more and more attention 
from researchers and have become a new mechanism for reg-
ulating tumorigenesis [18]. In mammalian messenger RNA, 
N6-methyladenine is the most common internal RNA modi-
fication [19]. 6-methyladenine is transferred from the methyl 
group to the sixth nitrogen atom on adenine by the methyl-
transferase complex METTL3, METTL14, and WTAP [20]. 
At the same time, it can also be oxidized by demethylases 
FTO and ALKBH5 [21]. m6A-modified RNA is specifically 
recognized by YTHDF1, YTHDF2, and YTHDF3 proteins 
in cells and regulates the downstream functions of RNA. 
In mammals, 6-methyladenine modification is involved in 
multiple physiological processes, such as regulating the self-
renewal and circadian clock of mouse embryonic stem cells 

[22]. Studies have shown that 6-methyladenine can regulate 
processes such as messenger RNA shearing, nuclear export, 
protein translation, and degradation. Last few years, it has 
been published in the literature that RNA methylation regu-
lates the development and occurrence of solid tumors. In 
the liver cancer cell line HepG2, in vitro experiments con-
firmed that knocking out METTL3 in the cell line can induce 
apoptosis of liver cancer cells [23]. A study reported that 
the reduced expression abundance of methylated RNA in 
liver cancer is related to the reduced methylase METTL14. 
In vivo and in vitro experiments confirmed that gene knock-
out of METTL14 can significantly inhibit the metastasis and 
invasion of liver cancer cells [24]. The RAS-MEK signaling 
pathway, which plays a pivotal role in the regulation of cell 
proliferation and survival, has been shown to be frequently 
dysregulated in pancreatic cancer. This pathway may interact 
with epigenetic modulators such as METTL14, influencing 
tumorigenesis. However, the expression abundance, role, 
and regulatory mechanism of 6-methyladenine in PC are 
still unknown.

In recent years, studies have found that METTL14 expres-
sion was upregulated in malignant tumors such as colo-
rectal cancer [25]. and gastric cancer [26]. It can promote 
N6-methyladenosine (m6A) modification of non-coding 
RNAXIST, enhance tumor cell proliferation and metastasis, 
and participate in the formation of drug resistance to radio-
therapy and chemotherapy, which is intimately related to 
the poor prognosis of tumor patients. But, there are still few 
reports on the expression and clinical meaning of METTL14 
in PC. Therefore, this study used real-time fluorescence 
quantitative PCR and immunohistochemistry to detect the 
expression of METTL14 in PC tissues at the mRNA level 
and protein level respectively, and explored the clinical sig-
nificance of both.

Methods and materials

Research object

80 patients with PC diagnosed in our hospital from January 
2021 to January 2023 were chosen as the subjects of this 
study. There were 48 male cases and 32 female cases, aged 
42–76 (63.51 ± 6.08) years old. Tumor AJCC staging was 
carried out according to the seventh version of the Ameri-
can Joint Committee of Cancer staging criteria in 2009: 35 
cases were in stage I, 41 cases in stage II, and four cases in 
stage III. The degree of tumor differentiation: 53 cases were 
moderately differentiated and 27 cases were poorly differ-
entiated. Tumor diameter: ≤ 4 cm in 51 cases and > 4 cm in 
29 cases; tumor location: pancreatic head in 55 cases and 
pancreatic body and tail in 25 cases; in 39 cases lymph node 
metastasis (Table 1).
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Inclusion and exclusion criteria

Inclusion criteria: (a) There is no adjuvant treatment for 
tumors before surgery, and postoperative pathological 
examination confirms PC; (b) Initial diagnosis and treat-
ment; (c) Clinical follow-up data are complete with a mini-
mum follow-up duration of 12 months; (d) Age between 18 
and 75 years. Exclusion criteria: (a) received anti-tumor 
treatment before surgery; (b) complicated by other types of 
tumors; (c) complicated by autoimmune system diseases. 
This study was approved by the patient’s informed signa-
ture and officially recognized by the ethics committee of 
our hospital.

Instruments and reagents

Narodrop1000 micro-volume spectrophotometer (Nan-
odrop Company, USA); reverse transcription kit (Beijing 
Quanshijin Company, Cat. No. 11141ES10); METTL14 
and GAPDH primers were synthesized by Sangon Com-
pany; PCR Master Mix (Japanese TAKARA Company, 
Cat. No. RR320A); METTL14 monoclonal antibody 
(Abcam Company, Cat. No. ab220030); SP-9000 immuno-
histochemistry kit (Beijing Zhongshan Jinqiao Company); 
CX31 microscope (Olympus Company, Japan).

The PCR primers used for the amplification of the target 
genes were designed based on sequences obtained from 
the NCBI database.

Fluorescence quantitative PCR detection

Use the Trizol method to extract RNA from cancer tissues 
and adjacent tissues, and detect the A260 nm/A280 nm of RNA 
between 1.8 and 2.0. Reverse transcription into cDNA fol-
lowed by fluorescence quantitative polymerase chain reac-
tion. Primer sequence METTL14: upstream: 5′-AAA​AGT​
TGA​CGC​CGC​ATT​CT-3′, downstream 5′- ACA​CTC​CAG​
CTG​GGC​GAC​GAA​AAC​CCUAA-3′. The reaction system 
totaled 20 μl, including 1 μl each upstream and downstream 
primer, 2 μl cDNA, 10 μl SYBR Green, and 6 μl DEPC 
water. The conditions were: 95 °C for 5 min, denaturation 
at 95 °C for 25 s, annealing at 60 °C for 30 s, extension 
at 70 °C for 15 s, and a total of 35 cycles of denaturation, 
annealing, and enlarge. The expression of METTL14 mRNA 
was expressed using the 2−ΔΔCt value method.

Immunohistochemical testing

Cancer and paracancerous tissues were fixed overnight with 
10 g/dl neutral formaldehyde, embedded in paraffin, sec-
tioned, and stained according to conventional immunohis-
tochemical staining procedures. The slides were mounted in 
neutral resin, and METTL14 protein staining was observed 
under a 200× microscope and immunohistochemical stain-
ing was scored (staining intensity score multiplied by 
stained area). The staining area is divided into 0 points: 
area ≤ 25%, 1 point: area 25–50%, and 2 points: area ≥ 50%. 

Table 1   Basic characteristics Characteristic Category Number of cases 
(n = 80)

Percentage (%)

Gender Male 48 60
Female 32 40

AJCC Stage I 35 43.75
II 41 51.25
III 4 5

Tumor differentiation Moderately differentiated 53 66.25
Poorly differentiated 27 33.75

Tumor diameter ≤ 2 cm 27 33.75
2–4 cm 24 30.00
> 4 cm 29 36.25

Tumor location Pancreatic head 55 68.75
Pancreatic body and tail 25 31.25

Lymph node metastasis Yes 39 48.75
No 41 51.25

Age (years) 42–50 35 43.75
51–60 21 26.25
61–70 17 21.25
> 70 7 8.75
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An immunohistochemistry staining score < 2 was classified 
as negative, and a score ≥ 2 was classified as positive.

Statistical analysis

The data in this research were analyzed by SPSS 26.0 soft-
ware, including counting data and measurement data. The 
former is represented by “[n (%)]” and “χ2” is used for test-
ing, and the latter is represented by mean ± standard devia-
tion (_x ± s) and takes "t" to carry out the test. Count data 
were expressed as rates, and chi-square tests were used for 
comparisons between groups. Survival analysis used the 
Kaplan–Meier method (Log-rank test). Multifactor COX 
regression analysis of factors affecting survival and prog-
nosis of PC. If P < 0.05, it can be confirmed that the data 
difference is significant.

Result

Expression of METTL14 mRNA and protein in PC 
and adjacent tissues

The expression level of METTL14 mRNA in tissues of PC 
was 5.51 ± 0.35 (kDa), and the positive rate of METTL14 

protein expression in PC tissues of all patients was 73.75 
(59/80) (Table 2).

The relationship between METTL14 protein 
expression and clinicopathological characteristics

The results of our analysis demonstrated that tumor location, 
tumor differentiation, tumor AJCC stage, and lymph node 
metastasis were significantly related to the positive rate of 
METTL14 protein expression in PC tissues (all P < 0.05) 
(Table 3 and Fig. 1).

Table 2   Expression of METTL14 mRNA and protein in PC and adja-
cent tissues

Pancreatic cancer METTL14

mRNA (kDa) Protein (%)

Paracancerous tissue 5.51 ± 0.35 59/80 (73.75)

Table 3   Relationship between METTL14 protein expression and clinicopathological characteristics [n (%)]

Category n METTL14 positive t P

Gender Male 48 37 (77.08) 0.689 0.4078
Female 32 22 (68.75)

Age ≤ 60 36 25 (69.44) 0.627 0.429
> 60 44 34 (77.27)

Tumor diameter (cm) ≤ 4 51 34 (66.67) 3.646 0.056
> 4 29 25 (86.21)

Tumor location Head of the pancreas 55 36 (65.45) 6.256 0.012
Body and tail of the pancreas 25 23 (92.00)

Degree of tumor differentiation High, moderate differentiation 53 35 (66.04) 4.825 0.028
Low differentiation 27 24 (88.89)

Tumor AJCC staging I 35 19 (54.29) 12.177 0.000
II–III 45 40 (88.89)

Lymph node metastasis Had 39 38 (97.44) 22.053 0.000
No 41 21 (51.22)

Fig. 1   Tumor location, tumor differentiation degree, tumor AJCC 
stage, and METTL14 protein expression in lymph node metastasis
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Effect of METTL14 protein expression on survival 
prognosis of patients with PC

We followed up on all patients for 2–36 months, and no 
one was lost to follow-up. Among 80 patients, 63 died. The 

three-year survival rate of the METTL14 positive expres-
sion was 13.56% (8/59), and the three-year survival rate 
of the negative expression was 42.86% (9/21) (Table 4 and 
Fig. 2). The difference in three-year survival rates between 
METTL14 positive and negative expression groups was 
significant (P = 0.031).

Analysis of factors affecting the prognosis 
of patients with PC

Multivariate COX regression analysis results (Table 5) 
showed that METTL14 positivity, tumor AJCC stage 
II–III, and lymph node metastasis were substantive risk 
factors for poor prognosis in patients with PC.

Table 4   Three-year survival rate of METTL14 positive and negative 
expression groups

METTL14 Deaths Three-year survival rate

Positive (n = 59) 51 13.56 (8/59)
Negative (n = 21) 12 42.86 (9/21)
p 0.031

Fig. 2   Three-year survival rate of METTL14 expression groups. A Positive; B negative

Table 5   Multifactor COX 
proportional hazards regression 
model affecting the prognosis of 
patients with pancreatic cancer

category β SE Wald χ2 P OR 95% CI

METTL14 0.946 0.405 5.526 0.012 2.797 1.233–5.877
Tumor AJCC staging 0.902 0.264 9.598 0.000 1.628 1.435–3.859
Lymph node metastasis 0.560 0.251 6.878 0.000 1.733 1.122–2.372
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Discussion

PC is a highly detrimental digestive system tumor with an 
insidious onset, rapid disease progression, and extremely 
poor prognosis. Although the level of relevant medical 
diagnosis and treatment continues to advance, the five-
year survival rate of PC is less than 10% [27]. In the early 
stages of PC, cancer cells can directly invade the tissues 
around the pancreas or metastasize to adjacent and dis-
tant organs through lymph and/or blood vessels. More 
than 80% of PC patients are in the paramount stage when 
confirmed. Therefore, patients with PC have rare oppor-
tunities for surgical treatment, and the tumor is insensi-
tive to both chemotherapy and radiotherapy, resulting in 
poor prognosis for patients. Last several years, with the 
improvement of tumor molecular biology research, new 
therapeutic drugs, and strategies have been developed, 
such as immune checkpoint blockade therapy, tyrosine 
kinase inhibitor drug therapy, allowing tumor patients to 
obtain good clinical effects [28]. Consequently, it is of 
great implication to greatly explore the pathogenesis of 
PC and find new clinical treatment targets.

The chance and development of PC are related to abnor-
mal epigenetic modifications, such as DNA or RNA methyl-
ation modifications, lactation modifications. m6A modifica-
tion is the most common modification method among RNA 
post-transcriptional modifications. It is catalyzed by m6A 
methyltransferase, demethylase, and m6A-binding protein. 
It is widely involved in cell differentiation, cell stress, apop-
tosis, and other cellular activities [29]. METTL14 is a new 
m6A methyltransferase that can combine with METTL3 to 
form a heterodimer and participate in the regulation of RNA 
metabolism and other processes [30]. Last several years, 
it has been found that METTL14 is abnormally conveyed 
up-or down-regulated in malignant tumors such as colorectal 
cancer, and it accelerates the growth and irrupts of colorec-
tal cancer cells by promoting the expression of high mobil-
ity gene group 4 mRNA [31, 32]. In this study, METTL14 
expression was significantly increased in PC, suggesting 
that METTL14 may be involved in the tumorigenesis of 
PC. Previous studies have also confirmed that m6A modi-
fication is common in 70% of PCs, and METTL14 is the 
main methyltransferase in PCs [33]. Studies have shown 
that the CDC-like kinase 1/serine- and arginine-rich splic-
ing factor five signaling axis in PC upregulates METTL14 
protein expression by promoting the alternative splicing of 
METTL14 [34]. In addition, METTL14 expression in PC is 
integrated with adverse clinicopathological characteristics, 
suggesting that METTL14 expression is touched upon in 
promoting the malignant development of PC.

Studies have reported that METTL14 in PC modifies 
PMP22-related p53 effector mRNA through m6A, thereby 

enhancing the proliferation, invasion, and metastasis 
capabilities of PC tumor cells [34]. In addition, increased 
expression of METTL14 can promote epithelial-mesen-
chymal transition in tumor cells, and the expression of 
mesenchymal phenotype N-cadherin is increased. How-
ever, epithelial phenotypes such as down-regulation of 
E-cadherin expression enhance the invasion and metas-
tasis capabilities of tumor cells, pushing tumor lymphatic 
metastasis, and leading to an increase in tumor stage [35]. 
Therefore, the expression of METTL14 in PC facilitates 
the tumor to make headway in PC. We followed up on 
patients with PC and found that patients with positive 
expression of METTL14 had a poor survival prognosis. It 
is a substantive risk factor that influences the poor survival 
prognosis of patients with PC, indicating that METTL14 
may be a new tumor marker related to the prognosis of 
PC. Based on this analysis, PC tumor cells with positive 
expression of METTL14 have more significant malignant 
biological behaviors such as proliferation and invasion. 
Patients with higher AJCC stages demonstrated a sig-
nificantly increased likelihood of lymph node metastasis, 
highlighting the aggressive nature of their disease. In 
addition, upregulation of METTL14 expression can also 
enhance the development of revolt to cisplatin treatment 
in non-small cell lung cancer by activating the expression 
of RNA-binding protein 24/axis development inhibitory 
factor, leading to poor patient prognosis. Therefore, clini-
cians can evaluate the clinical prognosis of patients with 
PC based on the expression of METTL14, and actively 
provide diagnosis and treatment to improve the patient’s 
prognosis.

In short, this study found that METTL14 expression 
was added in PC, and their expression is related to tumor 
AJCC stage, tumor differentiation, and lymph node metas-
tasis. And jointly participate in promoting the tumor pro-
gression of PC, and are new tumor markers related to the 
prognosis of PC patients. Yet, the case of patients included 
in this study was limited, and no in-depth experimental 
research was conducted on the specific mechanisms of 
action of the two in PC, which needs to be further explored 
in the future.
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