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Abstract

Background: PER2 gene methylation is closely related to the occurrence and progress of some cancers,
but there is no method to quantitatively detect PER2 methylation in conventional laboratories. So, we
established a TagMan real-time fluorescence quantitative methylation specific PCR (TagMan real-time
FQ-MSP) assay and use it for quantitative detection of PER2 methylation in leukemia patients.

Methods: According to the PER2 sequence searched by GenBank, a CpG sequence enrichment region of
the PER2 gene promoter was selected, and the methylated and unmethylated target sequences were
designed according to the law of bisulfite conversion of DNA to construct PER2 methylation positive and
negative reference materials. Specific primers and probe were designed. The reference materials were
continuously diluted into gradient samples by 10-fold ratio to evaluate the analytical sensitivity,
specificity,accuracy and reproducibility of the method, and the analytical sensitivity of TagMan real-time
FQ-MSP assay was compared with that of the conventional MSP assay. At the same time, the new-
established TagMan realtime FQ-MSP assay and the conventional MSP assay were used to detect the
PER2 methylation level of 81 patients with leukemia, and the samples with inconsistent detection results
of the two assays were sent to pyromethylation sequencing to evaluate the clinical detection
performance .

Results: The minimum detection limit of TagMan real-time FQ-MSP assay for detecting PER2 methylation
level established in this study was 6 copies/uL, and the coefficient of variation(CV) of intra-assay and
inter-assay was less than 3%. Compared with the conventional MSP assay, it has higher analytical
sensitivity. For the samples with inconsistent detection results, the results of pyrosequencing and
TagMan real-time FQ-MSP assay are consistent.

Conclusion: TagMan real-time FQ-MSP assay of PER2 methylation established in this study has high
detection performance and can be used for the detection of clinical samples.

1. Introduction

The PER2 gene is a member of the PER gene family composed of PER1, PER2 and PER3, and is one of
the core genes that control the circadian rhythm[1]. PER2 is mainly expressed in the central nervous
system (CNS) including the suprachiasmatic nucleus (SCN) and the peripheral nervous system[2]. A large
number of studies have shown that the abnormal expression of PER2 is closely related to the occurrence
and development of a variety of tumors, such as breast cancer[3], ovarian cancer[4], pancreatic cancer[5],
oral squamous cell carcinomal6], liver cancer[7], large intestine cancer et al.[8]. Importantly, the abnormal
expression of PER2 can be detected in a variety of hematological malignancies[9]. As a common
diseases of hematological malignancy, leukemia usually leads to high mortality and poor prognosis,
posing a huge threat to human health[10]. Compared with mononuclear cells of normal human bone
marrow and tonsil, the PER2 level of patients with acute myeloid leukemia (AML) is significantly down-
regulated[11]. Especially in the case of chronic myeloid leukemia (CML), not only the expression of PER2
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is reduced, and the CpG site in its promoter region has a hypermethylated state, which is related to the
clinical stage of the clinical patient[12, 13]. Epigenetic changes such as DNA methylation can lead to
silencing of tumor suppressor gene, which can be seen in the early stages of many malignant tumors[14,
15]. As the tumor progresses, the degree of abnormal gene methylation also increases[16]. Studies have
shown that many tumor suppressor genes are methylated in patients with leukemia, such as SOCST,
GPX3, p15, p16, etc. [17, 18]. In recent years, the role of methylation of tumor suppressor gene in
tumorigenesis and progression has received widespread attention. In human hematological
malignancies, abnormal methylation of the CpG island in the gene promoter region is related to the
transcription inactivation of tumor suppressor genes [19, 20]. In leukemia, PER2 methylation may cause
down-regulation of PER2 expression, which can disrupt and cause abnormal circadian rhythms of
leukemia cells[13]. Therefore, PER2 methylation may be an important epigenetic marker associated with
leukemia.

Commonly used methods for methylation detection include methylation-specific PCR (MSP)[21], bisulfite
sequencing (BSP)[22], methylation-sensitive high-resolution melting (MS-HRM), etc.[23]. These methods
have certain shortcomings, such as low sensitivity, long time-consuming or high cost. In particular,
traditional DNA methylation detection method is mostly qualitative methods, which cannot accurately
and quantitatively detect the level of gene methylation, nor can it dynamically observe change of
methylation level[24, 25]. Therefore, the correlation between methylation level and clinical characteristics
and the role of methylation level changes in the occurrence and development of diseases cannot be
better studied.

Currently, there are several methods reported for quantitative detection of PER2 methylation, such as BSP,
Methylight, Sequenom’s Massarray, but these methods are not only expensive, but also usually need to be
sent to independent laboratories for testing [26-28]. Up to now, there is no specific assay for quantitative
detection of PER2 methylation that has been confirmed by detection performance and can be performed
in common laboratories. Therefore, we have established a reliable and stable TagMan real-time FQ-MSP
assay to detect the methylation level of PER2 gene promoter and assessed the detection performance of
the method. We also verified the clinical detection performance of the new-established method by testing
the bone marrow samples of 81 patients with AML and CML, using pyrosequencing as the gold standard.

2. Materials And Methods
2.1. Reagents

Premix Ex Tag™, puc57 vector, Top10 competent cells and a small amount of plasmid extraction kit were
purchased from Takara, Japan. Genomic DNA extraction kit and gel recovery kit were purchased from
Beijing Tiangen Biochemical Technology Company. EZ DNA Methylation-Gold™ Kit was purchased from
ZYMO Research, USA.
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2.2. Patients and samples

This study collected the bone marrow samples of 81 patients with AML and CML who were admitted to
the outpatient and inpatient departments of Yantai Yuhuangding Hospital affiliated to Qingdao University
from September 2020 to January 2021. Among these 81 patients, 41 patients were diagnosed as AML
and 40 patients were diagnosed as CML (Supplementary Table 1). All patients were diagnosed by
cytomorphology, cytogenetics and molecular genetic analysis of bone marrow samples, and were
classified according to the revised 2008 World Health Organization (WHO) standards. This study was
approved by the Ethics Committee of Yantai Yuhuangding Hospital affiliated to Qingdao University. All
participants provided signed informed consent.

2.3. Construction of reference materials

According to the PER2 sequence retrieved by GenBank, a CpG-rich region in the promoter region of the
PER2 gene was selected as the original template sequence. According to the rule of DNA modification by
bisulfite, the methylated and unmethylated bisulfite modified DNA sequences were designed as the
positive (MSP-5) and negative (MSP-6) reference materials. The two sequences were linked with pUC57
vector respectively, and then transformed into Escherichia coli Top10 competent cells. After oscillating
culture at 37 °C for 1 h, they were coated on AMP + AGAR plate to screen positive clones and expand the
culture. The bacteria liquid PCR identification of MSP-5 and MSP-6 was performed with methylated
primers and non-methylated primers respectively. Primer sequences were presented in Supplementary
Table 2[29]. The positive recombinant plasmid was extracted and sent to Shanghai ShengGong
Biological Company for sequencing, and the sequence was compared and analyzed by BLAST on NCBI.

2.4. Conversion of plasmid copy number concentration

The recombinant plasmid obtained in the above operation was first used to measure the 0D260/0D280
value and the concentration by Nanodrop Lite spectrophotometer. The concentration of plasmid DNA is
20 ng/uL. The calculation formula for converting plasmid concentration into copy number is:
concentration of copy number (copies/pL) = [plasmid concentration(ng/pL) x 10°)x(6.02x1023)] / (base
numberx660). According to this formula, the concentration of plasmid copy number was 6x10?
copies/uL.

2.5. Primers and probe design

The specific primers and probe were designed based on the CpG distribution characteristics of MSP-5
and MSP-6, the distance between the upstream and downstream primers and the Tm value. The
sequences of the primers and probes are shown in the Table 1. The 5’ end of the probe is labeled with
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FAM fluorophore and the 3’ end is labeled with BHQ1 fluorophore. All primers and probes are synthesized
by Invitrogen.

Table 1

Primers and probe used for TagMan real-time FQ-MSP

Primers and Sequencell5-3' Length Tm GC Product length
probe HbpH (bp)

MF5 TGCGGTTTCGTTGCGGTTTAC 21 62.56 52% 140

MR5 GCCGACGCCGTTTCAAACCG 20 65.37 65%

Probe AAACCCGCGCGCCGACGACGA 21

2.6. TaqMan real-time FQ-MSP assay and standard curve

MSP-5 was continuously diluted by 10-fold ratio to different concentrations as a template for TagMan
real-time FQ-MSP. In order to determine the best reaction system and reaction conditions of the TagMan
real-time FQ-MSP assay, different concentrations of primers and probe were used in the experiment
(primers concentration: 100nM~400nM, probe concentration: 200nM~500nM) (Supplementary Fig. 1,
Supplementary Fig. 2), and annealing temperature is gradually increased from 55°C to 65°C to screen out
the best primers and probe concentration and the best annealing temperature, so that it has better
amplification efficiency. In the experiment, each concentration was measured 3 times. Then, according to
the established optimal reaction system and reaction conditions, perform TagMan real-time FQ-MSP
reaction on the gradiently diluted MSP-5. Finally, we analyze the data results and draw a standard curve.
The Y-axis of standard curve represents the number of cycles experienced by the sample's fluorescence
signal reaching the set threshold (Ct value), and the X axis represents the logarithm of the DNA copy
number.

2.7. Analytical specificity, analytical sensitivity, accuracy,
reproducibility

Analytical specificity

The optimized system and reaction conditions were used to perform TagMan real-time FQ-MSP on MSP-5
and MSP-6, to see if there was specific amplification, so as to evaluate the specificity of TagMan real-
time FQ-MSP assay.
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Analytical sensitivity

According to the optimal reaction system and reaction conditions, perform 20 times of TagMan real-time
FQ-MSP on the 10-fold dilution of MSP-5. According to the MIQE guidelines, We consider the lowest
concentration that can be detected in at least 95% of the samples in the test results as the minimum
detection limit[30]. At the same time, conventional MSP assay and real-time fluorescence quantitative
PCR(SYBR GREEN) assay(qPCR) were used to amplify the same template. MSP-6 was set as a negative
control in each experiment. Finally, the minimum detection limit of the three methods was determined,
and then the detection results of the various methods were compared to evaluate the sensitivity of the
methods.

Accuracy

Choose plasmids with a concentration of 6 to 6x107 copies/uL higher than the minimum detection limit,
perform 10 detections on each concentration sample with the method established in this study.
According to the number of positive results detected, the accuracy of the method is evaluated.
Reproducibility

Four positive standards in different concentrations (6x10” copies/uL, 6x10° copies/uL, 6x10° copies/uL,
and 6x10 copies/uL) were used as templates for TagMan real-time FQ-MSP assay. The intra-batch
reproducibility experiment is to do 10 repetitions of the template in one TagMan real-time FQ-MSP assay.
The inter-batch reproducibility experiment is to measure the same template 10 times in 10 days. Finally,
the obtained test results are analyzed to obtain SD and CV, so as to evaluate the reproducibility of the
method.

2.8. DNA extraction, bisulfite modification

Genomic DNA extraction kit was used to extract genomic DNA from the collected bone marrow samples,
and the absorbance value was detected with Nanodrop Lite spectrophotometer to determine the DNA
concentration and purity. Subsequently, Zymo Research's EZ DNA Methylation-Gold™ Kit was used for
bisulfite conversion of DNA and stored DNA at -20°C.

2.9. TagMan real-time FQ-MSP assay and conventional MSP
assay

In order to assess and compare the detection effect of TagMan real-time FQ-MSP assay and conventional
MSP assay, these two assays were used to detect the PER2 methylation level of 81 leukemia patients
from the Yantai Yuhuangding Hospital affiliated to Qingdao University. MSP-6 was set up in each
experiment as a negative control, and a blank control is also set up. After that, the clinical samples with
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inconsistent detection results between the TagMan real-time FQ-MSP assay and conventional MSP assay
were sent to Shanghai Shenggong Biological Company for pyrophosphate methylation sequencing to
verify the accuracy of the assay.

3. Results

3.1. Identification of PCR products and recombinant
plasmid sequencing

The product length of MSP-5 is 140 bp, and the product length of MSP-6 is 160 bp. The PCR amplified
product was identified by agarose gel electrophoresis, and the result showed that it was consistent with
the size of the fragment shown on the electrophoresis graph, which was in line with the expected result
(Fig.1). After sequencing, the sequence of the recombinant plasmid MSP-5 and MSP-6 completely
matched the reference sequence. The sequencing chromatograms of MSP-6 and MSP-6 are shown in
Supplementary Fig.3.

3.2. Optimized TaqgMan real-time FQ-MSP assay

After continuously optimizing the experimental conditions, the optimal reaction system and reaction
conditions were determined. The optimal concentration of primers is 200 nmol/L, and the optimal
concentration of probe is 400 nmol/L. In a PCR reaction system, the optimized reaction mixture consisted
of 10 yL Premix Ex Taq, 2.0 pyL template DNA, 0.8 uL TagMan probe, 0.4 uL forward primer and 0.4 pL
reverse primer. RNase-free water was added to a total volume of 20.0 pl. The PCR amplification procedure
was as follows: 95 °C for30 s; 40 cycles of 95 °C for 5 s and 60 °C for 20s.

3.3. Standard curve

The Ct value amplified by Tagman real-time FQ-MSP assay and the logarithm value of DNA copy number
concentration were used as a standard curve (Fig. 2). According to the standard curve, it can be seen that
the DNA copy number has a wide linear relationship at 6x10 to 6x107 copies/uL, with a linear correlation
(R?) of 0.9987 and efficiency of 103%. The slope is -3.229. The intercept is 39.89. The 95% Cl of slope is
-3.362 10 -3.096 and the 95% Cl of intercept is 38.20 to 40.58. The standard error of slope is 0.051 and the
standard error of intercept is 0.268. The slope is statistically significant (P10.0001). The linear regressive
equation of standard curve is y=-3.229x+39.89.

3.4. Analytical specificity of TagMan real-time FQ-MSP
assay
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Two different concentrations (2x10“ng/ulL and 2x10°ng/uL) of MSP-5 and MSP-6 were used as
templates for TagMan real-time FQ-MSP assay (For the qPCR detection of PER2 gene, the Ct values of the
results are in the range of 25-35, so we chose these two concentrations of plasmids). MSP-5 showed an
amplification curve, while the control group MSP-6 did not show a specific amplification curve (Fig. 3).
According to the results, this assay has good specificity.

3.5. Analytical sensitivity of TaqMan real-time FQ-MSP
assay

TagMan real-time FQ-MSP conventional MSP and qPCR were used to detect the MSP-5 after gradient
dilution. The results showed that the minimum detection limit of conventional MSP assay is 60
copies/uL, the minimum detection limit of qPCR is 60 copies/uL, and the minimum detection limit of
TagMan real-time FQ-MSP assay established in this study is 6 copies/uL (Fig. 4). The analytical
sensitivity of TagMan real-time FQ-MSP is 10 times higher than that of conventional MSP and gPCR,
which suggested a high degree of analytical sensitivity of this assay.

3.6 Accuracy

For plasmids with a concentration of 6 to 6x10” copies/ulL above the minimum detection limit, the results
showed that each concentration of plasmids had a positive amplification result, and the positive rate was
100%, indicating that this assay has good accuracy.

3.7. Reproducibility of TaqMan real-time FQ-MSP assay

The results of intra-assay reproducibility experiments showed that the intra-assay CVs were 0.85%, 1.06%,
0.90%, 0.41% (PX0.0001), and the inter-assay reproducibility experiments showed that the inter-assay CVs
were 2.69%, 2.90%, 1.61%, 0.86% (P10.0001, Table 2), which were all less than 3%, indicating a high
degree of reproducibility of this assay.

Table 2

Intra and inter-assay reproducibility results of TagMan real-time FQ-MSP assay
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number(copies/uL)

Mean SD CV(%) Mean

Ct Ct
6x107 13.98 0.1195 0.85 14.31
6x10° 20.26 0.2149 1.06 21.33
6x103 27.83 0.2500 0.9 28.06
6x10 32.69 0.1351 0.41 32.91

Concentration of plasmid copy Intra-assay reproducibility Inter-assay reproducibility

SD

0.3859

0.6196

0.4517

0.2843

CV(%)

2.69
2.90
1.61

0.86

3.8. Comparison of concordance between TaqMan real-time

FQ-MSP assay and conventional MSP assay

The test results of 81 leukemia clinical samples are shown in Table 6. 37 positive samples were detected
by TagMan real-time FQ-MSP assay with a positive rate of 45.7%, while 17 positive samples were
detected by conventional MSP assay with a positive rate of 20.9% (Table 3). 20 samples with
inconsistent results from the two assays were sent for pyrophosphomethylation sequencing. The
sequencing results showed that 20 samples had different degrees of PER2 methylation (Supplementary
Fig. 4), which verified the accuracy of the new-established TagMan real-time FQ-MSP assay of this
research. The PER2 methylation levels of different stages of leukemia are shown in the Table 4.

Table 3

Comparison of TagMan real-time FQ-MSP assay and conventional MSP assay

TagMan real-time FQ-MSP+  TagMan realtime FQ-MSP-  Total
Conventional MSP+ 17 0 17
Conventional MSP- 20 44 64
Total 37 44 81
Table 4

Results of PER2 methylation in different stages of leukemia
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Clinical response Methylation detection Quantitative level of

rate methylation(copies/uL)

M(Q_ Q)

Initial treatment of AML 6/11 (54.5%) 59.04 (30.69, 234.59)
Remission of AML 8/25 (32%) 25.84 (21.84,102.83)
Relapsed/Refractory of 5/5 (100%) 518.01 (102.81, 1066.48)
AML
Chronic phase of CML 14/30 (46.7%) 77.95 (33.27,105.99)
Accelerated phase of CML 1/3 (33.3%) 32.20
Blast crisis of CML 3/7 (42.9%) 110.61 (81.15, 289.09)

4. Discussion

DNA methylation is observed as an early event in tumorigenesis[16, 31]. In previous studies,
hypermethylation of PER2 gene has been reported in various malignant tumors, such as breast cancer,
endometrial cancer, lung cancer, myeloid leukemia, etc.[16, 32-34]. At the same time, as the demethylation
treatment of hematological malignancies is widely used today, quantitative data of methylation may
provide another observation index for efficacy evaluation[35]. The current methylation detection methods
reported in articles are mainly MSP, BSP, but MSP is less sensitive and can only be qualitatively detected,
and BSP is expensive and time-consuming[36]. In clinical applications, a more sensitive and convenient
method that can accurately quantify and dynamically monitor changes in PER2 methylation level is
needed to understand the relationship between the patient's methylation level and the development of the
disease. It provides important significance for the diagnosis, staging, treatment and prognosis of the
disease. Therefore, we have developed and verified a TagMan real-time FQ-MSP assay that can detect
PER2 methylation level, which effectively solves the problems of MSP and BSP.

In this study, we used the conventional MSP assay and qPCR assay to detect PER2 methylation positive
standards, and the minimum detection limit of both methods is 60 copies/ul. However, in the detection of
leukemia clinical samples later, we found that the concentration of copy number of PER2 methylation in
many clinical samples was less than 60 copies/ul, so these two methods were difficult to meet the
detection requirements of PER2 trace methylation in leukemia. Interestingly, when the same primers were
used to detect PER2 methylation levels by qPCR assay and conventional MSP assay, while the
amplification curve appeared at a concentration of copy number of 60 copies/ul, non-specific bands
appeared on agarose gel electrophoresis of the amplified product at that concentration. Therefore, these
two methods have low specificity trace methylation of PER2. When the template concentration is low, the
improper operation of these methods is extremely likely to cause non-specific amplification and affect the
test results. TagMan real-time FQ-MSP assay established in this study has a minimum detection limit of
6 copies/ul for PER2 methylation detection, which greatly improves the detection sensitivity. And TagMan
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real-time FQ-MSP assay has higher specificity due to the addition of the probe recognition step[37].
Through intra-batch and inter-batch reproducibility tests of different concentrations of plasmid standards,
it was shown that the CV of Ct value of the amplification reaction was less than 3%. In order to detect the
level of PER2 methylation in leukemia patients, we evaluated and tested 81 clinical samples. The positive
rate of PER2 methylation detected by TagMan real-time FQ-MSP assay was 45.7%, while the positive rate
of PER2 methylation detected by conventional MSP assay was 20.9%. After that, the gold standard of
DNA methylation, bisulfite pyrosequencing, was used to detect the methylation status of samples that
were inconsistent with the two methods, which also confirmed that TagMan real-time FQ-MSP assay is
more accurate[38]. Moreover, the level of PER2 methylation in each stage of AML and CML was
statistically analyzed in order to facilitate the later analysis of the relationship between PER2 methylation
and the occurrence and development of leukemia. In short, compared with conventional MSP assay, we
can quantitatively detect PER2 methylation level and dynamically detect the changes in the PER2
methylation level by designing and synthesizing specific primers and TagMan probe, and constructing
quantitative standard products. TagMan real-time FQ-MSP assay established in our study has high
specificity, high sensitivity, good reproducibility, low cost, simple operation, and no need for further gel
electrophoresis separation, which also reduces the chance of sample contamination and errors, and
greatly reduces the labor involved in DNA methylation analysis.

In this study, for the first time, the methylation reference material was constructed innovatively by directly
synthesizing the corresponding sequence as a template according to the law of DNA transformation by
bisulfite. In the past, for the construction of methylation reference materials, some researchers used cell
lines to extract DNA and modified with bisulfite, and some researchers extracted DNA from cord blood
and then treated with methyltransferase and modified with bisulfite to construct reference materials[39,
40]. However, these methods can affect the reliability and accuracy of the established reference materials
due to the degradation and transformation efficiency of DNA in the early process of DNA extraction or
chemical modification. Therefore, accurate and quantitative reference materials cannot be constructed. In
our study, the methylation reference material was constructed by directly synthesizing sequences of
100% methylated target gene and 100% non-methylated target gene after modified with bisulfites, so the
standards with different copy concentrations could be constructed accurately and quantitatively. The
advantage is that it can avoid the problems of cell calculation errors, partial loss in the DNA extraction
process, methyltransferase catalyzed methylation efficiency and bisulfite conversion efficiency that affect
the evaluation of the final detection performance. Therefore, the scope of the detection performance
evaluation in this study does not include the cell line count ratio and the evaluation of bisulfite conversion
efficiency, but directly evaluates the performance of the detection system composed of primers, probe
designed by template sequence and corresponding reagents. Importantly, this study provides an idea for
the quantitative detection of methylation of other genes, and provides a reference and basis for the
construction of similar methylation reference materials.

TagMan real-time FQ-MSP assay established in this study provides a basis for the detection of clinical

PER2 methylation, but its practical application detection efficiency still needs more clinical samples for

verification and evaluation. Although we used leukemia samples for clinical verification in this study, the
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occurrence of PER2 methylation is not unique to leukemia. This method can also be used to
quantitatively detect other diseases with abnormal methylation of PER2 gene, which provide researchers
with the most cost-effective detection method.

5. Conclusion

In summary, this study established a TagMan real-time FQ-MSP assay, which has a wide detection range,
high sensitivity and specificity, and can be used for accurate detection and dynamic monitoring of PER2
methylation levels in clinical practice. It is of great significance to understand the relationship between
the degree of DNA methylation and the tumor burden, the course of the disease and even the prognosis of
tumorous diseases. Furthermore, this study provides useful data for future studies of PER2 methylation
and a better strategy for understanding the epidemiology of PER2 methylation in myeloid leukemia. PER2
methylation has the potential to become a leukemia biomarker. The characteristics and its clinical value
need to be supported by further basic research evidence.

Abbreviations

MSP: methylation specific PCR; TagMan real-time FQ-MSP: TagMan real-time fluorescence quantitative
MSP; PER2: Period 2; CNS: central nervous system; SCN: suprachiasmatic nucleus; AML: Acute myeloid
leukemia; CML: Chronic myeloid leukemia; BSP: bisulfite sequencing; MS-HRM: methylation-sensitive
high-resolution melting

Declarations
Author contributions

Material preparation, data collection and analysis were performed by Huihui Jiang, Xin Yang, Miaomiao
Mi, Xiaonan Wei, Hongyuan Wu, Yu Xin, Liping Jiao and Shengjun Sun. The first draft of the manuscript
was written by Huihui Jiang and Xin Yang. Chengming Sun critically revised the work. All authors have

read and approved the manuscript, and all authors commented on previous versions of the manuscript.

Funding

This work was supported by the Major scientific and technological innovation projects of Shandong
Province of China (Grant No. 2019JZZY011018) and Yantai Science and Technology Plan Project of
China (Grant No. 2019MSGY133) and Yantai Science and Technology Plan Project of China (Grant No.
2019YDO004).

Page 13/20



Conflict of interest

The authors declare that they have no conflict of interest.

Ethical statement

This study was approved by the Ethics Committee of Yantai Yuhuangding Hospital affiliated to Qingdao
University with the protocol code of 2017210.

Consent for participate

All participants provided signed informed consent.

Consent for publication

Not applicable

References

1.

Shaashua L, Mayer S, Lior C et al (2020) Stromal Expression of the Core Clock Gene Is Essential for
Tumor Initiation and Metastatic Colonization. Frontiers in cell and developmental
biology8:587697.https://doi.org/10.3389/fcell.2020.587697

. Katoku-Kikyo N, Paatela E, Houtz DL et al (2021) Per1/Per2-Igf2 axis-mediated circadian regulation

of myogenic differentiation. The Journal of cell
biology220(7).https://doi.org/10.1083/jcb.202101057

. Yu C-W, Cheng K-C, Chen L-C et al (2018) Pro-inflammatory cytokines IL-6 and CCL2 suppress

expression of circadian gene Period2 in mammary epithelial cells. Biochimica et biophysica acta
Gene regulatory mechanisms1861(11):1007-1017.https://doi.org/10.1016/j.bbagrm.2018.09.003

.Wang Z, Li F, Wei M et al (2020) Circadian Clock Protein PERIOD2 Suppresses the PI3K/Akt Pathway

and Promotes Cisplatin Sensitivity in Ovarian Cancer. Cancer management and research12:11897-
11908.https://doi.org/10.2147/CMAR.S278903

. Dagmura H, Yigit S, Nursal AF et al (2021) Possible Association of Variable Number Tandem Repeat

Polymorphism Variants with Susceptibility and Clinical Characteristics in Pancreatic Cancer. Genetic
testing and molecular biomarkers25(2):124-130.https://doi.org/10.1089/gtmb.2020.0179

.Wang Q, Ao Y, Yang K et al (2016) Circadian clock gene Per2 plays an important role in cell

proliferation, apoptosis and cell cycle progression in human oral squamous cell carcinoma.
Oncology reports35(6):3387-3394.https://doi.org/10.3892/0r.2016.4724

Page 14/20


https://doi.org/10.3389/fcell.2020.587697
https://doi.org/10.1083/jcb.202101057
https://doi.org/10.1016/j.bbagrm.2018.09.003
https://doi.org/10.2147/CMAR.S278903
https://doi.org/10.1089/gtmb.2020.0179
https://doi.org/10.3892/or.2016.4724

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Mteyrek A, Filipski E, Guettier C et al (2017) Critical cholangiocarcinogenesis control by cryptochrome

clock genes. International journal of cancer140(11):2473-2483.https://doi.org/10.1002/ijc.30663

. Hasakova K, Reis R, Vician M et al (2019) Expression of miR-34a-5p is up-regulated in human

colorectal cancer and correlates with survival and clock gene PER2 expression. PloS
one14(10):e0224396.https://doi.org/10.1371/journal.pone.0224396

. Wang N, Mi M, Wei X et al (2020) Circadian clock gene Period2 suppresses human chronic myeloid

leukemia cell proliferation. Experimental and therapeutic
medicine20(6):147.https://doi.org/10.3892/etm.2020.9276

Lin L, Wang Y, Bian S et al (2021) A circular RNA derived from PLXNB2 as a valuable predictor of the
prognosis of patients with acute myeloid leukaemia. Journal of translational
medicine19(1):123.https://doi.org/10.1186/s12967-021-02793-7

Gery S, Gombart AF, Yi WS et al (2005) Transcription profiling of C/EBP targets identifies Per2 as a
gene implicated in myeloid leukemia. Blood106(8):2827-2836.https://doi.org/10.1182/blood-2005-
01-0358

Thoennissen NH, Thoennissen GB, Abbassi S et al (2012) Transcription factor CCAAT/enhancer-
binding protein alpha and critical circadian clock downstream target gene PER2 are highly
deregulated in diffuse large B-cell ymphoma. Leukemia & lymphoma53(8):1577-
1585.https://doi.org/10.3109/10428194.2012.658792

Yang MY, Chang JG, Lin PM et al (2006) Downregulation of circadian clock genes in chronic myeloid
leukemia: alternative methylation pattern of hPER3. Cancer Sci97(12):1298-
1307.https://doi.org/10.1111/j.1349-7006.2006.00331.x

Unnikrishnan A, Freeman WM, Jackson J et al (2019) The role of DNA methylation in epigenetics of
aging. Pharmacology & therapeutics195:172-185.https://doi.org/10.1016/j.pharmthera.2018.11.001

Miranda Furtado CL, Dos Santos Luciano MC, Silva Santos RD et al (2019) Epidrugs: targeting
epigenetic marks in cancer treatment. Epigenetics14(12):1164-
1176.https://doi.org/10.1080/15592294.2019.1640546

Aure MR, Fleischer T, Bjgrklund S et al (2021) Crosstalk between microRNA expression and DNA
methylation drives the hormone-dependent phenotype of breast cancer. Genome
medicine13(1):72.https://doi.org/10.1186/s13073-021-00880-4

Yang X, Wong MPM, Ng RK (2019) Aberrant DNA Methylation in Acute Myeloid Leukemia and Its
Clinical Implications. Int J Mol Sci20(18).https://doi.org/10.3390/ijms20184576

Chim CS, Liang R, Tam CY et al (2001) Methylation of p15 and p16 genes in acute promyelocytic
leukemia: potential diagnostic and prognostic significance. Journal of clinical oncology : official
journal of the American Society of Clinical Oncology19(7):2033-2040.

Yasunaga J-I, Taniguchi Y, Nosaka K et al (2004) Identification of aberrantly methylated genes in
association with adult T-cell leukemia. Cancer research64(17):6002-6009.

Cai SF, Levine RL (2019) Genetic and epigenetic determinants of AML pathogenesis. Seminars in
hematology56(2):84-89.https://doi.org/10.1053/j.seminhematol.2018.08.001

Page 15/20


https://doi.org/10.1002/ijc.30663
https://doi.org/10.1371/journal.pone.0224396
https://doi.org/10.3892/etm.2020.9276
https://doi.org/10.1186/s12967-021-02793-7
https://doi.org/10.1182/blood-2005-01-0358
https://doi.org/10.3109/10428194.2012.658792
https://doi.org/10.1111/j.1349-7006.2006.00331.x
https://doi.org/10.1016/j.pharmthera.2018.11.001
https://doi.org/10.1080/15592294.2019.1640546
https://doi.org/10.1186/s13073-021-00880-4
https://doi.org/10.3390/ijms20184576
https://doi.org/10.1053/j.seminhematol.2018.08.001

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Zhang MY, Wang LQ, Chim CS (2021) miR-1250-5p is a novel tumor suppressive intronic miRNA
hypermethylated in non-Hodgkin's lymphoma: novel targets with impact on ERK signaling and cell
migration. Cell communication and signaling : CCS19(1):62.https://doi.org/10.1186/s12964-021-
00707-0

Wang J, Yang L, Li Y et al (2021) Aberrant hypermethylation induced downregulation of antisense
IncRNA STXBP5-AS1 and its sense gene STXBPS5 correlate with tumorigenesis of glioma. Life
sciences278:119590.https://doi.org/10.1016/].1fs.2021.119590

Kobayashi N, Shinagawa S, Nagata T et al (2021) Blood DNA Methylation Levels in the WNT5A Gene
Promoter Region: A Potential Biomarker for Agitation in Subjects with Dementia. Journal of
Alzheimer's disease : JAD.https://doi.org/10.3233/JAD-210078

Huh I, Wu X, Park T et al (2019) Detecting differential DNA methylation from sequencing of bisulfite
converted DNA of diverse species. Briefings in bioinformatics20(1):33-
46.https://doi.org/10.1093/bib/bbx077

Akika R, Awada Z, Mogharbil N et al (2017) Region of interest methylation analysis: a comparison of
MSP with MS-HRM and direct BSP. Molecular biology reports44(3):295-
305.https://doi.org/10.1007/s11033-017-4110-7

Gangisetty O, Sinha R, Sarkar DK (2019) Hypermethylation of Proopiomelanocortin and Period 2
Genes in Blood Are Associated with Greater Subjective and Behavioral Motivation for Alcohol in
Humans. Alcohol Clin Exp Res43(2):212-220.https://doi.org/10.1111/acer.13932

Milagro Fl, Gomez-Abellan P Campion J et al (2012) CLOCK, PER2 and BMAL1 DNA methylation:
association with obesity and metabolic syndrome characteristics and monounsaturated fat intake.
Chronobiol Int29(9):1180-1194.https://doi.org/10.3109/07420528.2012.719967

Peng H, Zhu Y, Goldberg J et al (2019) DNA Methylation of Five Core Circadian Genes Jointly
Contributes to Glucose Metabolism: A Gene-Set Analysis in Monozygotic Twins. Front
Genet10:329.https://doi.org/10.3389/fgene.2019.00329

Fan W, Chen X, Li C et al (2014) The analysis of deregulated expression and methylation of the PER2
genes in gliomas. Journal of cancer research and therapeutics10(3):636-
640.https://doi.org/10.4103/0973-1482.138202

Bustin SA, Benes V, Garson JA et al (2009) The MIQE guidelines: minimum information for
publication of quantitative real-time PCR experiments. Clin Chem55(4):611-
622.https://doi.org/10.1373/clinchem.2008.112797

Fong J, Gardner JR, Andrews JM et al (2021) Determining subpopulation methylation profiles from
bisulfite sequencing data of heterogeneous samples using DXM. Nucleic acids
research.https://doi.org/10.1093/nar/gkab516

Hernandez-Rosas F, Hernandez-Oliveras A, Flores-Peredo L et al (2018) Histone deacetylase inhibitors
induce the expression of tumor suppressor genes Per1 and Per2 in human gastric cancer cells.
Oncology letters16(2):1981-1990.https://doi.org/10.3892/01.2018.8851

Page 16/20


https://doi.org/10.1186/s12964-021-00707-0
https://doi.org/10.1016/j.lfs.2021.119590
https://doi.org/10.3233/JAD-210078
https://doi.org/10.1093/bib/bbx077
https://doi.org/10.1007/s11033-017-4110-7
https://doi.org/10.1111/acer.13932
https://doi.org/10.3109/07420528.2012.719967
https://doi.org/10.3389/fgene.2019.00329
https://doi.org/10.4103/0973-1482.138202
https://doi.org/10.1373/clinchem.2008.112797
https://doi.org/10.1093/nar/gkab516
https://doi.org/10.3892/ol.2018.8851

33. Shih M-C, Yeh K-T, Tang K-P et al (2006) Promoter methylation in circadian genes of endometrial
cancers detected by methylation-specific PCR. Molecular carcinogenesis45(10):732-740.
34. Kuo S-J, Chen S-T, Yeh K-T et al (2009) Disturbance of circadian gene expression in breast cancer.

Virchows Archiv : an international journal of pathology454(4):467-
474 https://doi.org/10.1007/s00428-009-0761-7

35. Caiado F, Maia-Silva D, Jardim C et al (2019) Lineage tracing of acute myeloid leukemia reveals the
impact of hypomethylating agents on chemoresistance selection. Nature
communications10(1):4986.https://doi.org/10.1038/s41467-019-12983-z

36. Hernandez HG, Tse MY, Pang SC et al (2013) Optimizing methodologies for PCR-based DNA
methylation analysis. BioTechniques55(4):181-197.https://doi.org/10.2144/000114087

37. Lima A, Widen R, Vestal G et al (2019) A TagMan Probe-Based Real-Time PCR Assay for the Rapid
Identification of the Emerging Multidrug-Resistant Pathogen Candida auris on the BD Max System.
Journal of clinical microbiology57(7).https://doi.org/10.1128/JCM.01604-18

38. LiuB,Du Q, Chen L et al (2016) CpG methylation patterns of human mitochondrial DNA. Scientific
reports6:23421.https://doi.org/10.1038/srep23421

39. Li Y,Kang H, Wang LL et al (2014) Establishment of Methylation-Specific Quantitative PCiSystem for
ID4 Gene in Acute Leukemia Cells and Its Specificity and Sensitivity. Journal of Experimental
Hematology22(2):269-274.

40. Pan SY, Zhang J, Wei YH et al (2004) Detection of promoter methylation of tumor suppressor gene

APC and its application in the diagnosis of lung cancer. Chinese Journal of Clinical Laboratory
Science22(6):415-418.https://doi.org/10.13602/j.cnki

Figures

Page 17/20


https://doi.org/10.1007/s00428-009-0761-7
https://doi.org/10.1038/s41467-019-12983-z
https://doi.org/10.2144/000114087
https://doi.org/10.1128/JCM.01604-18
https://doi.org/10.1038/srep23421
https://doi.org/10.13602/j.cnki

2000bp

1000bp
750bp
500bp
250bp

100bp

Figure 1

PCR amplification of target gene MEDNA markeril1{MSP-512IMSP-6li3iNegative control

Standard Curve

40 y=-3.229x+39.89
R?=0.9987
30
@
=
T 20-
o
10-
0 1 | I I |
0 2 4 6 8 10
logCO

Page 18/20



Figure 2

Standard curve of TagMan real-time FQ-MSP
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Figure 3

Analytical specificity of TagMan real-time FQ-MSP assay 1-20MSP-5, 3-4iMSP-6
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Analytical sensitivity of the conventional MSP (Fig. 4A), gPCR (SYBR GREEN) (Fig.4B), TagMan real-time
FQ-MSP (Fig.4C) assays M: DNA Marker. Labels 1-9: 6x107 copies/uL, 6x106 copies/uL, 6x105
copies/uL, 6x104 copies/uL, 6x103 copies/uL, 6x102 copies/uL, 6x10 copies/uL, 6 copies/uL, MSP-6.
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