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Upregulated N6-Methyladenosine RNA in Peripheral Blood:
Potential Diagnostic Biomarker for Breast Cancer
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Purpose An effective biomarker for the diagnosis of breast cancer (BC) and benign breast diseases (BBD) is crucial for improving the
prognosis. We investigated whether N6-methyladenosine (mPA) can be a diagnostic biomarker of BC.

Materials and Methods We detected the contents of peripheral blood m®A in 62 patients with BC, 41 patients with BBD, and 41
normal controls (NCs) using the colorimetric method. The relative expression of the m°A regulated genes methyltransferase-like 14
(METTL14) and fat mass and obesity-associated (FTO) was analyzed using quantitative real-time polymerase chain reaction.

Results m°®A in peripheral blood RNA was significantly higher in patients with BC than that in patients with BBD (p < 0.001) or the
NCs (p < 0.001). m°A was closely associated with the disease stage (from stage O to stage IV, p=0.003). The receiver operating
characteristic curve of m®A contained an area under the curve (AUC) value of 0.887 in BC, which was greater than that of carcinoem-
bryonic antigen (CEA) or carbohydrate antigen 153 (CA153). The combination of m®A, CEA, and CA153 improved the AUC to 0.914.
The upregulated and downregulated mRNA expression of METTL14 and FTO, respectively, might contribute to the increase of mPA in
patients with BC. m®A combined with METTL14 and FTO improved the AUC to 0.929 with a specificity of 97.4% in the peripheral blood

of patients with BC.

Conclusion The peripheral blood RNA of m°éA might be a valuable biomarker for the diagnosis of BC.
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Introduction

Breast cancer (BC) is one of the most commonly diagnosed
malignancies and is the second most common cause of cancer
deaths in women [1]. Approximately 2.1 million new cases
were diagnosed in 2018, from those of 630,000 women were
died of BC, inaccessible and unaffordable treatment often
coincides with the tragic consequences of delayed diagnosis
[2]. In general, early BC has a 5-year survival rate of > 80%
with a good prognosis during the early stages and with basic
treatment [3]. In the past few decades, several methods have
been used to clinically diagnose BC. These include breast
ultrasonography, mammography, exfoliative cytology, and
tumor markers that include carcinoembryonic antigen (CEA),
cancer antigen 125 (CA125), and carbohydrate antigen 153
(CA153) [4,5]. However, the sensitivity or specificity is not
sufficient to screen for BC, or especially, for the early diagno-
sis of BC. Therefore, a simple, sensitive, and effective diagnos-
tic method is needed to detect BC at an early stage and obtain
a better prognosis.

Post-transcriptional modification has become an important
regulator in the disease progression of a variety of diseases.
Among these, N6-methyladenosine (m°A) is the most abun-

dant mRNA modification. This modification can be installed
using methyltransferase and removed using demethylase [6].
Functions of m°A change the expression of target genes and
affect the corresponding physiological functions [7]. Addi-
tionally, modification of m°A due to methylation in various
cancers has been reported recently. The findings have impli-
cated m°A modification as a prognostic target of digestive
tract tumors and suggest that m°A modification promotes the
brain metastasis of lung cancer [8,9]. More importantly, sev-
eral articles have suggested that the development of BC may
be related to the disharmony of m°A methylation [10,11].

The modification of m°A is a dynamic and reversible pro-
cess which catalyzed by the methyltransferase complex
consisting of the methyltransferase-like 3 and 14 proteins
(METTL3 and METTL14) with their cofactors Wilms tumor
1 associated protein (WTAP), RNA binding motif protein 15,
and Vir like m°A methyltransferase associated, among others
[12]. The reversible process relies on demethylases including
fat mass along with obesity-associated protein (FTO) and its
homologue AIkB homolog 5 (ALKBHS5) to ensure the bal-
ance of m°A modification in transcription [7]. In recent years,
peripheral blood molecular markers as “liquid biopsies” have
gained recognition because of their convenience, good repro-

Correspondence: Guogiu Wu

Center of Clinical Laboratory Medicine, Zhongda Hospital, Southeast University, 87 Ding Jiagiao, Nanjing 210009, China

Tel: 86-25-83272503 Fax: 86-25-83272503 E-mail: nationball@163.com

Received August 31,2020 Accepted October 25,2020 Published Online October 27, 2020

| https://www.e-crtorg |

Copyright © 2021 by the Korean Cancer Association 399

€ This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2020.870&domain=pdf&date_stamp=2021-04-15

Cancer Res Treat. 2021;53(2):399-408

ducibility, and early detection of cancer. Many blood-based
biomarkers have been used in the diagnosis of cancer [13].
m°A had been reported as a novel potential biomarker of type
2 diabetes mellitus in peripheral blood [14]. However, wheth-
er the m°A modification in peripheral blood RNA can be a
novel diagnostic biomarker for BC has not been investigated.

In this work, we examined m°A that was upregulated in
peripheral blood RNA in patients with BC compared to that
in patients with benign breast disease (BBD) and normal con-
trols (NCs). The comparison assessed the independent and
combined diagnostic values of m°A in peripheral blood RNA,
with the aim of exploring whether m°A might be a diagnostic
biomarker for BC. We also investigated the upregulation of
the METTL14 gene and the downregulation of the FTO gene
that accompanied the increase of m°A to explore whether
these gene expression patterns contribute to m°A as a bio-
marker for the early screening and diagnosis of patients with
BC.

Materials and Methods

1. Patients and blood samples

Peripheral blood samples from 62 female patients with
BC (including 53 tumor resection and 9 without surgery), 41
female patients with BBD (benign fibroadenoma of breast or
mastopathy), and 41 female NCs who sought a routine health
check-up during the same period and who did not have any
breast diseases or other cancerous diseases. All patients were
recruited at the Zhongda Hospital of Southeast University
from August 2018 to May 2019. All samples were initially
diagnosed and untreated (including surgery, chemotherapy,
and radiotherapy). There was no history of basic or chronic
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diseases. Data including age, histologic grade, lymph node
metastasis, and TNM stage were recorded. The BC stage was
evaluated using the TNM system of the American Joint Com-
mittee on Cancer [15]. The background demographic charac-
teristics of the participating patients and NCs are described
in S1 Table. Of the 62 patients with BC, 53 underwent surgery,
and nine received only chemotherapy or radiotherapy. One
milliliter of peripheral blood sample was individually col-
lected in a tube coated with ethylenediamine tetra acetic acid
to prevent coagulation. The blood was immediately mixed
with 3 mL RNALock Reagent (Tiangen, Beijing, China) to
stabilize RNA. The mixed samples were stored at -80°C for
no longer than 3 months.

2. Extraction of total RNA in peripheral blood

Total RNA was isolated from 1 mL peripheral whole blood
using a commercially available RNAprep Pure Blood Kit
(Tiangen) according to the manufacturer’s protocol. RNA
quality and yield were measured using spectrophotom-
etry with a NanoDrop 2000 device (Thermo Fisher Scien-
tific, Waltham, MA) at optical densities of 260 and 280 nm.
Reverse-transcription from RNA to cDNA was accomplished
using PrimeScript RT Master Mix (TaKaRa Bio, Shiga, Japan)
according to the manufacturer’s instructions.

3. Colorimetric quantification of RNA m°A

mP°A in total RNA was measured using a colorimetric
method with EpiQuik m*A RNA Methylation Quantification
Kit (Epigentek, Farmingdale, NY) according to the manu-
facturer’s protocol. Briefly, 200 ng isolated RNA was added
to detect wells covered by the binding mixed solution with
incubation at 37°C for 90 minutes. After washing three times,
the capture antibody solution, detection antibody solution,
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Fig. 1. Quantification and statistical analysis of N6-methyladenosine (m°A) from peripheral blood RNA in patients with breast cancer (BC),
patients with benign breast diseases (BBD), normal controls (NCs), and noncancerous groups (NGs). m°A in peripheral blood RNA from
62 patients with BC, 41 patients with BBD and 41 NCs (A), or 82 patients from the NGs (B). Bars represent the meanztstandard deviation of

the results from replicate measurements.
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Table 1. Association between the m°A contents and the clinicopathological characteristics in BC patients

Variable

No. of patients

Peripheral blood m°A contents

-val
mean+SD (%) p-value

Age (yr)
<50
>50
TNM
0
I
I
I
v
Stage
0
L1V
T category
Tis
T1-T2
T3-T4
N category
NO
N1
N2-N3
M category
MO
M1
TNBC
Yes
No
AFP (ng/mL)
<6
>6
CEA (ng/mL)
<5
=5
CA125 (IU/mL)
<35
>35
CA153 (IU/mL)
<25
>25

22
40

10

31

49

41

35
15

58

47

59

54

55

58
4

0.141+0.070
0.141+0.080

0.795

0.085+0.020
0.166+0.096
0.152+0.084
0.143+0.021
0.190+0.042

0.968

0.085+0.020
0.155+0.080

0.003

0.085+0.020
0.155+0.086
0.142+0.029

0.129

0.135+0.078
0.171+0.085
0.143+0.031

0.078

0.146+0.079
0.190+0.042

0.174

0.150+0.068
0.147+0.081

0.72

0.142+0.077
0.127+0.076

0.735

0.146+0.079
0.108+0.039

0.213

0.141+0.079
0.140+0.049

0.649

0.141+0.077
0.143+0.078

0.985

AFP, o-fetoprotein; BC, breast cancer; CA125, cancer antigen 125; CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen; m°A,
N6-methyladenosine; SD, standard deviation; TNBC, triple-negative breast cancer.

and enhancer solution were added to detect wells containing
various sample dilutions at room temperature according the
manufacturer’s instructions. Color developing solution and
stop solution were added and the absorbance of each well
was measured at a wavelength of 450 nm. A standard curve
ranging from 0.02 to 1 ng of m°A was constructed. The m°A
levels were calculated based on this standard curve.

4. Analysis of METTL14 and FTO mRNA expression using
quantitative real-time polymerase chain reaction
Quantitative real-time polymerase chain reaction was per-
formed to quantify the expression levels of METTL14 and
FTO using Green Premix Ex Taq II (TaKaRa Bio) and CFX96
Touch Real-Time PCR Detection System (Bio-Rad, Hercu-
les, CA). The cycle parameters were 95°C for 5 minutes, 40
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Fig. 2. Statistical analysis of N6-methyladenosine (m°A) in peripheral blood RNA with different clinical characteristics in patients with
breast cancer. m°A in total peripheral blood RNA of patients with breast cancer at different clinical stages (6 stage 0, 10 stage L, 31 stage
11, 6 stage III, and 2 stage IV) (A) and those with no metastasis or regional lymph node metastasis (B). Bars represent the meantstandard

deviation of the results from replicate measurements.

cycles of 95°C for 10 seconds, 60°C for 30 seconds, and 65°C
for 5 seconds. METTL14 quantitative real time polymerase
chain reaction primers used were as follows: forward,
5-AGTGCCGACAGCATTGGTG-3' and reverse, 5-GGAG-
CAGAGGTATCATAGGAAGC-3'. FTO quantitative real-
time polymerase chain reaction primers used were: forward,
5-TTGGACGGTACAGATATGGAACATTTT-3' and reverse,
5-TCTTTTAGTTTCT-TTGCCTTTGGGGAT-3". mRNA lev-
els were normalized to reference gene sequences of f-actin
forward, 5-CTGGAACGGTGAAGGTGACA-3’ and reverse,
5-AAGGGACTTCCTGTAACAATGCA-3. The absolute
expression levels of METTL14 and FTO were calculated us-
ing the 2722 method.

5. Statistical analysis

All statistical analysis was performed using SPSS Sta-
tistics ver. 25.0 software package (IBM Corp., Armonk,
NY) and MedCalc ver. 17.0 (MedCalc, Mariakerke, Bel-
gium). Two-tailed unpaired Student’s t tests were used to
analyse data unless otherwise indicated. One-Way ANOVA
were analyzed for data of three or more groups by Bon-
ferroni test. We report the nominal p-value for each com-
parison without adjusting for multiple testing. A p-value
< 0.05 was considered statistically significant.

Results

1. Upregulation of peripheral blood m°A in patients with
BC

A total of 144 RNA samples (62 patients with BC, 41 pati-
ents with BBD, and 41 NCs) were measured using the col-
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orimetric method to determine whether m°A was higher in
patients with BC. As shown in Fig. 1A, the mean contents of
mPA in RNA from patients with BC, patients with BBD, and
NCs were 0.141+0.076%, 0.066£0.039%, and 0.056+0.035%,
respectively. m°A in peripheral blood RNA of patients with
BBD and the NCs was not significantly different (p > 0.05).
The m°A in the peripheral blood RNA of patients with BC
was significantly higher than that in the NCs (p < 0.001) and
patients with BBD (p < 0.001). In addition, m°A in patients
with BC was significantly distinguished from that in the
noncancerous groups (NGs; 41 BBD, and 41 NCs), with its
expression being significantly upregulated in patients with
BC compared to that in the NGs (p < 0.001) (Fig. 1B). These
results indicated that the upregulation of peripheral blood
mPA in patients with BC can differentiate patients with BC
from the patients with BBD or NCs.

2. Association between peripheral blood m°A and clinico-
pathological characteristics in BC

Associations between peripheral blood m°Alevels and clin-
icopathological parameters in patients with BC are present-
ed in Table 1. The m°A level of peripheral blood was closely
associated with stage (from stage 0 to stage I-IV, p=0.003).
m°A in patients with BC with carcinoma in situ (0 stage, n=6,
0.085+0.020) was significantly different from that in stage I
(n=10, 0.166+0.096), II (n=31, 0.152+0.084), and III+IV (n=8,
0.155+0.032) in peripheral blood RNA (Fig. 2A). The m°A
level in stage I-IV patients with BC was significantly higher
than the level at stage 0 (p=0.005). However, there were no
associations in the m°A level with age, T classification, M
classification, regional lymph node metastasis, presence/
absence of triple-negative breast cancer, and other clinical
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Fig. 3. Diagnostic value for peripheral blood RNA of N6-methyladenosine (m°A) alone or combination with carcinoembryonic antigen
(CEA) and carbohydrate antigen 153 (CA153) to diagnose patients with breast cancer (BC). Receiver operating characteristic (ROC) curve
analysis for m°A in the diagnosis of BC (A) and cutoff value of m°A for normal controls (NCs) and patients with BC (B). ROC curve analy-
sis of m°A compared and combined diagnosis with CEA and CA153 (C) and cutoff value analysis for the combination of m°A, CEA, and

CA153 in NCs and patients with BC (D). AUC, area under the curve.

tumor markers that included o-fetoprotein, CEA, CA125,
and CA153 (Table 1, Fig. 2B).

3. Diagnostic value of peripheral blood m°A in patients
with BC

To assess whether the m°A in peripheral blood RNA had
diagnostic value for patients with BC, the receiver operating
characteristic (ROC) curve was plotted to identify a cutoff
value that would differentiate patients with BC from NCs. As
shown in Fig. 3A and B and Table 2, the area under the curve
(AUC) for m°A was 0.887 (95% confidence interval [CI],
0.826 to 0.948; p < 0.001) and the optimal cutoff value was
0.070 (sensitivity 91.94%, specificity 65.85%), as determined
using the highest Youden index. ROC curve analysis of other
clinical tumor indicators revealed an AUC of 0.599 (95% CI,
0.489 to 0.709) and 0.572 (95% CI, 0.461 to 0.683) for CEA and
CA153, respectively (Table 2, Fig. 3C). These results indicated
that the diagnostic value of m°A alone was better than that of
CEA or CA153. Additionally, the AUC for the combination
of m*A, CEA, and CA153 improved to 0.914 (95% CI, 0.861

to 0.966; p < 0.001) with a specificity of 89.2% specificity with
compromised sensitivity 80.3% as the optimal cutoff value
for 0.0992 (Fig. 3D). The findings validated the use of m°A
alone in peripheral blood RNA as a biomarker to enhance the
diagnostic sensitivity for detection of patients with BC and
indicated that combining CEA and CA153 with it yielded
better specificity for BC.

4. Upregulated mRNA expression of the METTL14 gene
and downregulated expression of the FTO gene in patients
with BC

To explain why m°A increased in patients with BC, we
detected the mRNA expression levels of the core regulatory
genes (including m°A methyltransferases METTL3, MET-
TL14, and WTAP, and m°A demethylases ALKBH5 and FTO)
that might be involved in dynamic m°A modification of RNA
in random 15 pair training cohorts using real-time polymer-
ase chain reaction. Only the expression of METTL14 and FTO
was significantly different in patients with BC compared
with that in the NCs in peripheral blood RNA (p < 0.001)
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Table 2. The sensitivities and specificities of diagnostic value about various marker alone and their combination test

NCs vs. BC
Marker - @ @
Sensitivity (%) Specificity (%) AUC p-value 95% CI
m°A 91.94 65.85 0.887 <0.001 0.826-0.948
CEA 34.43 95.00 0.599 0.077 0.489-0.709
CA153 29.51 100.00 0.572 0.205 0.461-0.683
METTL14 70.00 65.00 0.643 0.016 0.527-0.760
FTO 52.54 85.00 0.719 <0.001 0.615-0.823
m°A+CEA 83.61 82.50 0.909 < 0.001 0.855-0.964
m°A+CA153 88.52 77.50 0.890 <0.001 0.828-0.951
m°A+CEA+CA153 80.33 89.20 0.914 < 0.001 0.861-0.966
m°A+METTL14+FTO 78.95 97.44 0.929 < 0.001 0.880-0.977

AUC, area under the curve; BC, breast cancer; CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen; CI, confidence interval;
FTO, fat mass and obesity-associated; m°A, N6-methyladenosine; METTL14, methyltransferase-like 14; NC, normal control.
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Fig. 4. Methyltransferase-like 14 (METTL14) and fat mass and obesity-associated (FTO) mRNA expression in peripheral blood RNA in
patients with breast cancer (BC), and the expression of FTO and their association with overall survival in tumor tissue. Quantitative real-
time polymerase chain reaction analysis of METTL14 (A) and FTO (B) mRNA expression levels in the peripheral blood of normal controls
(NCs) and patients with BC. (C) Analysis of the expression level of FTO from the StarBase database in NCs and patients with BC. (D)
Correlation of the expressions with the overall survival analysis from a Kaplan-Meier plot. Bars represent the meantstandard deviation
of the results.

(S2 Fig.). These results demonstrated that along with the dy- RNA of patients with BC.
namic m°A modification of RNA, variants of METTL14 are Next, the expression of METTL14 and FTO was checked
contributed as did the FTO demethylase in peripheral blood in the remaining available samples as the validation cohorts.
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Fig. 5. Methyltransferase-like 14 (METTL14), fat mass and obesity-associated (FTO), and their combination diagnostic value along with
N6-methyladenosine (m°A). Receiver operating characteristic curve analysis for METTL14 and FTO alone or combined diagnosis with m°A
(A) and cutoff value analysis for the combination of m°A, METTL14, and FTO in normal controls (NCs) and patients with breast cancer

(BC) (B). AUC, area under the curve.

The mRNA expression of METTL14 as the methyltransferas-
es for m°A was prominently upregulated in the peripheral
blood RNA of patients with BC compared with that in the
NCs (p < 0.001) (Fig. 4A). The average mRNA expression
level of METTL14 in BC group was 1.75-fold higher than that
in the NCs. Furthermore, the mRNA expression of FTO m°A
demethylase in peripheral blood was significantly downreg-
ulated in patients with BC (p=0.002) (Fig. 4B). The average
mRNA expression level of FTO in BC group was 0.74-fold
compared with NCs. This finding was consistent with the
lower expression level of FTO in 1,104 tumor tissues than
that in 113 normal tissues (Fig. 4C). Moreover, the expression
level of FTO in tumor tissues was significantly negatively
correlated with the overall survival rate in patients with BC
(Fig. 4D). However, both METTL14 and FTO were not signifi-
cantly different based on other clinicopathological character-
istics in patients with BC (S3 Table). The results suggest that
the mRNA expression of the METTL14 and FTO genes may
be a potential marker for patients with BC.

5. Combined diagnostic value of m°A, the METTL14 mRNA
level, and FTO mRNA level in patients with BC

The performance of m°A and its regulatory gene indica-
tors in detecting BC was assessed in 60 patients with BC.
In a ROC curve, the individual AUC of METTL14 and FTO
reached 0.631 and 0.737, respectively (Fig. 5A). When m°A
was combined with the METTL14 and FTO regulatory genes,
the AUC increased to 0.929 (95% CI, 0.880 to 0.977) (Table
2, Fig. 5A). In addition, the specificity reached 97.4% with-
out compromising too much sensitivity (78.9%), and the
optimal cutoff value was 0.119 for this combined diagno-
sis (Fig. 5B). There was no significant correlation between
mPA and the relative mRNA levels of METTL14/FTO in

peripheral blood of patients with BC (54 Fig.). m°*A combined
with METTL14 and FTO in peripheral blood showed the best
diagnostic capability for patients with BC (Table 2).

Discussion

BC is characterized by heterogeneity in the initiation and
development of genetic or epigenetic factors, and its sensi-
tivity and specificity in early diagnosis remain the greatest
challenge [16]. The low comprehensive predictive value of
the main biomarkers for BC tumors in serum, such as CEA,
CA153, CA199, and CA125, and their methods of detection
lead to the difficulty in the early diagnosis of BC [17]. The
m°A modification is one RNA epigenetic modification. Its
maladjustment was correlated with tumors, while blood-
based DNA methylation biomarkers imply the uncertainty
associated with BC detection and risk assessment [18,19].
A schematic diagram of the present study design and the
dynamic change of m°A modification in peripheral blood
RNA are depicted in the Fig. 6. We found that the upregula-
tion of the m°A level in peripheral blood may potentially be
a novel diagnostic biomarker for BC. Simultaneously, m°A
combined with its regulated genes METTL14 and FTO as a
diagnostic biomarker displayed better diagnostic value in
BC compared with current clinically available tumor bio-
markers.

m°A was first discovered in the 1970s, and many emerg-
ing evidences supported that m°A modification can regulate
the stability, translation, and splicing process of mRNA [20].
This modification can significantly regulate the occurrence
of human cancer, which may be exploited to develop new
biomarkers for detection and novel therapeutic targets for
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Fig. 6. Study design and the dynamic N6-methyladenosine (m°A) modification of peripheral blood RNA in breast cancer (BC). (A) Flow-
chart depicting the study design for m°A of peripheral blood RNA biomarker in BC; (B) the schematic illustration for dynamic m°A modi-
fication of peripheral blood RNA in BC. BBD, benign breast diseases; FTO, fat mass and obesity-associated; METTL14, methyltransferase-
like 14; NC, normal control; gqRT-PCR, quantitative real-time polymerase chain reaction.

clinical studies of malignant tumors. A recent study suggest
ed that the m°A level in BC tissues was increased compared
with noncancerous tissues [21]. We measured the contents of
m°A in the peripheral blood of 62 patients with BC and found
that they were significantly higher than the levels in patients
with BBD or the NCs. In particular, upregulated stage I-IV
BC were significantly different from carcinoma in situ, which
may be helpful for the early diagnosis of BC (Figs. 1A and
2A). ROC curve analysis showed m°A could differentiate
patients withBC from NCs, withan AUC 0f0.887 and high sen-
sitivity of 91.94%, which was markedly greater than the val-
ues for CEA or CA153. This means that in patients with early
BC, m°A has higher sensitivity and can effectively distinguish
patients with BBD or healthy women. Thus, m°A could quali-
fy as an indicator of BC preliminary screening. The combina-
tion of CEA and CA153 with m°A enhanced the AUC to 0.914
and improved specificity to 89.20%. We suggest that based
on its convenience and diagnostic value, peripheral blood
mPA could be a promising biomarker.

We examined the mRNA expression of m°A methylases
and demethylases. The METTL14 methylase was signifi-
cantly increased and the FTO demethylase was decreased
in BC peripheral blood relative to NCs (Fig. 4A and B). In
BC, promoter DNA hypermethylation has been reported as
a common feature and genome-wide hypomethylation can
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frequently occur in regions of segmental duplications [16].
METTL14 methylase and FTO demethylase contribute to
m°A modification in many cancers. Recently, it was reported
that METTL14 plays an essential role in normal hematopoie-
sis. Thus, METTL14 has oncogenic roles in hepatocellular
carcinoma and malignant hematopoiesis [8,22]. In addition,
FTO was identified as the first RNA demethylase with an
eraser function in m°A modification. FTO is critical in the
progression of many cancers, including acute myeloid leu-
kemia, glioblastoma, endometrial cancer, gastric cancer, and
BC [23,24]. The downregulated expression level of FTO was
also detected in 1104 tumor tissues from the StarBase data-
base. Their negative correlation with the overall survival rate
in patients with BC from Kaplan-Meier plots suggested that
the low expression of FTO is associated with poor prognosis
(Fig. 4C and D). Presently, the combination of METTL14 and
FTO with m°A in BC peripheral blood improved the specific-
ity to 97.4% and the sensitivity to 78.9%, with a ROC AUC of
0.929. Thus, the regulatory profile of these two genes verified
the specific changes of m°A in peripheral blood of patients
with BC, laterally. These results indicate that the combination
of METTL14, FTO, and m°A has greater diagnostic efficacy
for screening BC using peripheral blood.

The upregulation of METTL14 and downregulation of
FTO may be related to the increased dynamic m°A modifica-
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tion in peripheral blood RNA of patients with BC. The spe-
cific mechanisms for their regulation are unclear. Maladjust-
ment of METTL14 and FTO in BC tumor tissues has been
described [25,26]. The RNA extraction protocol from periph-
eral whole blood mainly extracted RNA from nuclear cells
(mainly white blood cells, lymphocytes, and monocytes, as
well as reticulocytes). The increased m°A in peripheral blood
RNA may have occurred for several reasons. First, the extra-
cellular vesicles secreted by tumor cells may carry some tran-
scriptional information of m°A modification that is pass on
to the nuclear cells in peripheral blood RNA [27]. Second,
intercellular cross-talk delivers the m°A modified signal to
nucleate cells of peripheral blood and modifies their RNA
[28]. Third, is the similarity to circulating tumor cells in BC,
which act as precursors to metastasis and affect DNA meth-
ylation as well as RNA methylation [29]. The specific causes
of this phenomenon and whether other cancers also have
this characteristic will require further study. Our results were
obtained only from peripheral blood. Examination of the
relative tumor tissues may verify the results.

In conclusion, m°A in peripheral blood can be a potential
novel diagnostic biomarker for BC. Increased mRNA expres-
sion of METTL14 and reduced mRNA expression of FTO
may laterally underlie the upregulation of m*A, which could
be exploited for use as a combination diagnostic biomarker.
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