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Abstract

BACKGROUND

Studies have validated the potential of methylated cell-free DNA as a biomarker
in various tumors, and methylated DNA in plasma may be a potential biomarker
for cancer.

AIM
To evaluate the diagnostic value of RASSF1A methylation in plasma for colorectal
cancer (CRC) and hepatocellular carcinoma (HCC).

METHODS

A total of 92 CRC patients, 67 colorectal polyp (CRP) patients, 63 HCC patients,
and 66 liver cirrhosis (LC) patients were enrolled. The plasma DNA was subjected
to DNA extraction, double-strand DNA concentration determination, bisulfite
conversion, purification, single-strand DNA concentration determination, and
digital polymerase chain reaction (PCR) detection. The methylation rate was

calculated. The diagnostic value was evaluated by the area under the curve
(AUC).

RESULTS
The age and sex in the CRC and CRP groups and the HCC and LC groups were
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also matched. The DNA methylation rate of RASSF1A in plasma in the CRC group was 2.87 £ 1.80,
and that in the CRP group was 1.50 + 0.64. DNA methylation of RASSF1A in plasma showed a
significant difference between the CRC and CRP groups. The AUC of RASSF1A methylation for
discriminating the CRC and CRP groups was 0.82 (0.76-0.88). The AUCs of T1, T2, T3 and T4 CRC
and CRP were 0.83 (0.72-0.95), 0.87 (0.78-0.95), 0.86 (0.77-0.95), and 0.75 (0.64-0.85), respectively.
The DNA methylation rate of RASSF1A in plasma in the HCC group was 4.45 + 2.93, and that in
the LC group was 2.46 £ 2.07. DNA methylation of RASSF1A in plasma for the HCC and LC
groups showed a significant difference. The AUC of RASSF1A methylation for discriminating the
HCC and LC groups was 0.70 (0.60-0.79). The AUCs of T1, T2, T3 and T4 HCC and LC were 0.80
(0.61, 1.00), 0.74 (0.59-0.88), 0.60 (0.42-0.79), and 0.68 (0.53-0.82), respectively.

CONCLUSION
RASSF1A methylation in plasma detected by digital PCR may be a potential biomarker for CRC
and HCC.

Key Words: RASSF1A; Methylation; Digital polymerase chain reaction; Colorectal cancer; Hepatocellular
carcinoma

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Accurate quantitative polymerase chain reaction (QPCR) quantification relies on a standard curve
and good amplification efficiency and is sensitive to factors affecting amplification efficiency. Digital
PCR technology is an emerging PCR technology. In this study, we evaluated the diagnostic value of
RASSF1A methylation in plasma by digital polymerase chain reaction.

Citation: Li J, Li H, Run ZC, Wang ZL, Jiang T, An Y, Li Z. RASSF1A methylation as a biomarker for detection
of colorectal cancer and hepatocellular carcinoma. World J Gastrointest Oncol 2022; 14(8): 1574-1584
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INTRODUCTION

As a very important epigenetic modification, DNA methylation is closely related to the occurrence and
development of tumors[1]. Most of the DNA methylation studies of cancer currently focus on tumor
tissue; however, due to its invasive characteristics, it is difficult to use for cancer screening and early
diagnosis. Noninvasive biological samples (such as blood) have the advantages of being minimally
invasive or noninvasive, having a simple operation and being suitable for multiple collections. Blood
DNA mainly includes plasma or serum DNA and blood cell DNA. It is generally believed that DNA in
plasma or serum mainly comes from tumor cell necrosis or apoptosis[2-5]. The concentration of free
DNA in normal human plasma is ng/mL, and the concentration of DNA in the plasma of benign and
malignant lesions can be increased by 5-15 times. Cell-free DNA (cfDNA) in plasma can provide a new
method for tumor diagnosis and prognosis[6].

The abnormal methylation changes of different cancers are specific, and the cfDNA of different stages
of cancer is also different[7]. By detecting the level and methylation of cfDNA, tumor diagnosis and
staging can be achieved. Studies have validated the potential of methylated cfDNA as biomarkers in
various tumors, and genes such as DCLK1 were found in the plasma of lung cancer patients|[8].
Abnormal hypermethylation occurred in ¢fDNA; SOX17 promoter hypermethylation was found in
cfDNA of patients with early breast cancer, primary breast cancer, and metastatic breast cancer[9];
SEPT9 gene promoter methylation in plasma ¢fDNA was found to have good sensitivity and specificity
in the diagnosis of early colorectal cancer (CRC)[10-12]; quantitative methylation detection of the
NEUROGTI gene in serum has also been proven to be an early screening method for CRC[13]; and there
are also studies that simultaneously detect multiple genetic loci of cfDNA to establish a combined
methylation diagnostic model. At present, liquid biopsy technology to detect cfDNA methylation is
gradually becoming a new type of cancer screening and diagnosis.

Currently, real-time quantitative PCR (qPCR) is the main quantitative detection technology for the
detection of methylation in nucleic acid samples. However, it is a relatively quantitative technique[14].
Accurate qPCR quantification relies on a standard curve and good amplification efficiency and is
sensitive to factors affecting amplification efficiency (such as method design and PCR inhibitors). Digital
PCR (dPCR) technology is an emerging PCR technology. Compared with qPCR, dPCR does not require
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a standard curve, can achieve absolute quantification, has higher sensitivity and specificity and is
resistant to background sequences and reaction inhibitors. dPCR has obvious advantages in the
detection of rare mutations and rare methylated alleles[15], its lower limit of detection and improved
detection accuracy, and the absolute quantification of the nucleic acid to be detected[16].

In this study, using a dPCR detection method, we aimed to evaluate the diagnostic value of RASSF1A
methylation in plasma for CRC and hepatocellular carcinoma (HCC).

MATERIALS AND METHODS

Study samples

After approval by the Ethics Committee of Chinese PLA General Hospital, the research subjects signed
informed consent forms. CRC staging was performed according to the American Joint Committee on
Cancer tumor node metastasis staging. All patients received no treatment when peripheral blood
samples were taken, including surgical resection, radiotherapy, chemotherapy, and targeted therapy; all
patients underwent colonoscopy and biopsy and were pathologically diagnosed with colorectal polyps
(CRP), CRC, HCC, and liver cirrhosis (LC). All patients needed to undergo follow-up in the later period.
If the tumor tissue was obtained by surgery for biopsy and the pathological result was inconsistent with
the biopsy under endoscopy, the biopsy result of the tumor tissue would prevail. The healthy control
samples were from the physical examination population in the same time period with healthy physical
examination results and normal blood biochemical test results.

DNA extraction

The samples in this study were peripheral blood collected on an empty stomach in the morning, and
EDTA was an anticoagulant. The collected whole blood samples were directly aliquoted into 1.5 mL
Eppendorf tubes in 200 pL. The whole blood was centrifuged at 1500 xg for 10 min to obtain plasma
samples. If hemolysis or lipid blood appeared, the samples were discarded. Finally, 1000 pL of plasma
was dispensed into Eppendorf tubes for subsequent experiments. Extraction of plasma DNA Extract
DNA from 1 mL of plasma samples was performed according to the QIAamp MinElute ccfDNA Mini
Kit instructions, and finally 24 pL of ultra-purified water was added to elute the DNA.

Double strand DNA concentration determination

The QubitTM double strand DNA (dsDNA) HS assay kit was removed from 4 °C and placed at room
temperature for 30 min; 199 pL dsDNA buffer and 1 pL dsDNA reagent were added to specially
matched QubitTM assay tubes and mixed by vortexing; 10 pL of the mixture in the two tubes corres-
ponding to the standard were discarded with a pipette, and 1 pL of the mixture in the tube that
aspirated the sample was discarded; 10 pL of dsDNA Standard #1 and dsDNA Standard #2 was
pipetted into the corresponding tubes, 1 pL was pipetted from each sample to be tested and added to
the corresponding tubes, and vortexing was used to mix them well; the Qubit 3.0 instrument was turned
on, and the dsDNA high-sensitivity program was selected; the tubes containing standard 1 and
standard 2 were inserted into the instrument in turn, the standard curve was drawn, and the samples
were placed into the measurement concentration in turn.

Bisulfite conversion

Twenty microliters of DNA samples were transformed according to the instructions of the EZ DNA
Methylation-Gold Kit, and finally 22 puL of M-Elution Buffer was added to the column matrix to elute
the DNA. When the PCR tube was placed in the thermal cycler, the cover temperature of the PCR
instrument was set to 105 °C, and the program was changed to (1) 98 °C for 10 min; (2) 64°C with 20 min
as a node to set the temperature gradient: 90 min, 110 min, 130 min, and 150 min; and (3) storing at 4 °C.

Purification
The sample was then purified again according to the instructions of the Cycle-Pure Kit. After
transformation, the DNA was purified again, and 7 pL of elution buffer was added for elution.

Single-strand DNA concentration determination

The operation steps were the same as those in 2.6.3, except that the dsDNA assay kit reagents were
correspondingly replaced with the reagents in the ssDNA assay kit. ssDNA was selected as the assay
type to measure.

dPCR detection

The dPCR reader QX200 Droplet Reader was turned on and warmed up for 30 min, and the computer
and QuantaSoft software were turned on; a 20 pL probe-based quantitative reaction system ddPCR
Supermix for Probes, 10 pL, was prepared with methylated upstream primer (10 pM), 1.6 pL;
methylation downstream primer (10 pM), 1.6 pL; and methylation probe (10 ptM), 0.5 pL. The DNA
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Table 1 General clinical characteristics of study subjects

CRC CRP HC LC

n 92 67 63 66
Age (yr)

mean 57 55 55 58

Range 42-66 41-62 35-68 34-65
Sex

Male 51 38 32 29

Female 41 29 23 24
TNM stage

T1 15 9

T2 24 18

T3 22 14

T4 31 22

CRC: Colorectal cancer; CRP: Colorectal polyps; HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; TNM: Tumor node metastasis.

Jaishideng®

volume was based on the concentration, and dd water was added according to the reaction system,
totaling 20 pL. The RASSF1A methylation primer was synthesized according to previous research[17].
The above reaction system was shaken and mixed and centrifuged briefly to remove air bubbles. The
droplet generating card was placed into the metal holder in the direction of the notch. Then, 20 pL of the
sample reaction system was added to the 8 wells in the middle row of the droplet generating card, and
70 pL of the droplet generating oil was added to the 8 wells in the bottom row of the droplet generating
card. The samples were added slowly to avoid generating air bubbles, as air bubbles in the system
would seriously affect the generation of droplets. The disposable rubber pad was hooked to the small
holes on both sides of the metal holder, and the droplet-generating card was added. The middle part of
the metal holder was held and placed in the droplet generator stably, until droplets started to generate,
and whether the droplet generation was completed was judged according to the status of the indicator
light. The liquid in the top row of holes of the droplet generation card, generally 40 pL, was aspirated,
transferred to the corresponding 96-well plate, and covered with tin foil to prevent the oil from
volatilizing. When it was completely transferred, the side marked with the red line was placed on the tin
foil film on the 96-well plate. After fixing, the samples were placed in a heat sealer to seal the film. The
running program was as follows: 180 °C, 10 s; the sealed film was placed on the C1000 TouchTM
Thermal Cycler, and the program was set (95 °C for 10 min, 1 cycle; 94 °C for 30 s and 56 °C for 1 min, 45
cycles; 98 °C for 10 min, 1 cycle; and holding at 12 °C). After amplification, the 96-well plate was placed
into the corresponding holder, the button plate was pressed with both hands at the same time, and it
was assembled and smoothly placed into the droplet reader. QuantaSoft software was opened, “Flush
System” was selected to clean the system, the sample information in the reaction well was set, the
program was run after completion, and the data were analyzed after reading.

Statistical analysis

The number of droplets, copy number, concentration, and copy number ratio of the two channels in
each reaction well were obtained in QuantaSoft software for analysis. The area under the curve (AUC)
was used to evaluate the diagnostic value, and specificity and sensitivity were listed as the evaluation
indicators.

RESULTS

General clinical characteristics of the study subjects

As shown in Table 1, 92 CRC patients, 67 CRP patients, 63 HCC patients, and 66 LC patients in the
training group were enrolled. The age and sex in the CRC and CRP groups of the training and
validation groups were matched, and the age and sex in the HCC and LC groups were also matched.
The CRC at T1, T2, T3 and T4 were 15, 24, 22, and 31, and the HCC at T1, T2, T3, and T4 were 9, 18, 14,
and 22.
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Figure 1 RASSF1A methylation rate in plasma. A: RASSF1A methylation rate in plasma of colorectal cancer (CRC), colorectal polyps and T1-T4 stage of
CRC; B: RASSF1A methylation rate in plasma of hepatocellular carcinoma (HCC), liver cirrhosis and T1-T4 stage of HCC. CRC: Colorectal cancer; CRP: Colorectal
polyps; HCC: Hepatocellular carcinoma; LC: Liver cirrhosis.
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Comparison of DNA methylation of RASSF1A in plasma for the CRC and CRP groups

The DNA methylation rate of RASSF1A in plasma in the CRC group was 2.87 + 1.80, and that in the CRP
group was 1.50 = 0.64 (Figure 1A). DNA methylation of RASSF1A in plasma showed a significant
difference between the CRC and CRP groups. The methylation rates of RASSF1A in plasma at T1, T2, T3
and T4 in CRC were 3.20 + 1.71, 3.45 £ 2.54, 2.88 + 1.31, and 2.27 + 0.95, respectively. When CRC at T1,
T2, T3 and T4 were compared with the CRP group, all four stages showed significant differences. The
AUC of RASSF1A methylation for discriminating the CRC and CRP groups was 0.82 (0.76-0.88)
(Figure 2A). The AUCs of T1, T2, T3 and T4 CRC and CRP were 0.83 (0.72-0.95), 0.87 (0.78-0.95), 0.86
(0.77-0.95), and 0.75 (0.64-0.85), respectively (Figure 3A-D).

Comparison of DNA methylation of RASSF1A in plasma for the HCC and LC groups

The DNA methylation rate of RASSF1A in plasma was 4.45 + 2.93 in the HCC group and 2.46 + 2.07 in
the LC group (Figure 1B). DNA methylation of RASSF1A in plasma for the HCC and LC groups showed
a significant difference. The methylation rates of RASSF1A in plasma at T1, T2, T3 and T4 in HCCs were
6.04 £3.16, 413 + 2.31, 3.75 £ 2.76, and 4.52 + 3.31, respectively. When T1, T2, T3 and T4 in the HCC
group were compared with those in the LC group, T1, T2 and T4 showed significant differences. T3
showed no significant difference (P = 0.061). The AUC of RASSF1A methylation for discriminating the
HCC and LC groups was 0.70 (0.60-0.79) (Figure 2B). The AUCs of T1, T2, T3 and T4 HCC and LC were
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Figure 2 Diagnostic value evaluation of RASSF1A methylation rate in plasma for discriminating colorectal cancer, colorectal polyps,
hepatocellular carcinoma, and liver cirrhosis. A: Colorectal cancer and colorectal polyps; B: Hepatocellular carcinoma and liver cirrhosis.
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0.80 (0.61-1.00), 0.74 (0.59-0.88), 0.60 (0.42-0.79), and 0.68 (0.53-0.82), respectively (Figure 4A-D).

DISCUSSION

By detecting the methylation level of the PCDH10 promoter region in the tissue and plasma of colorectal
cancer patients, the PCDH10 methylation level in the tissue of early colorectal cancer patients was found
to be highly correlated with the DNA methylation level in the plasma, suggesting that the PCDH10
promoter in the plasma is highly correlated[18]. The level of regional methylation can be used as a
biomarker for the early diagnosis of colorectal cancer. With the advancement of technology, other
specific gene methylation levels in plasma, such as RASSF2, sFPR1, SDC2 and other gene promoter
methylation, have been confirmed for use as biomarkers for the early diagnosis of colorectal cancer[19-
21]. In addition, the determination of Septin 9 methylation in plasma is considered a sensitive and
specific biomarker for the early diagnosis of colorectal cancer; however, when it is used for screening in
general risk populations of colorectal cancer, it can only be detected. It produces approximately 50% of
asymptomatic colorectal cancer patients, with a specificity comparable with the fecal occult blood test.
Studies have confirmed that changes in methylation sites in plasma can be used as biomarkers for the
early diagnosis of colorectal cancer. However, the methylation sites in plasma for the early diagnosis of
colorectal cancer are poorly studied. RASSF1A was the most widely investigated gene in serum or
plasma, and it was also demonstrated to be more frequently methylated in cancer patients. Global
hypomethylation of RASSF1A was related to increased breast cancer risk[22]. RASSF1A methylation is
an attractive biomarker for early cancer detection, which, for most cancers, results in improved clinical
outcome. RASSF1A methylation may be used as a diagnostic and prognostic marker in cancer
management[23]. RASSF1A hypermethylation is a promising biomarker for the diagnosis of HCC in
tissue and blood and is an emerging biomarker for HCC[24-26]. In addition, RASSF1A
hypermethylation is an early and potential prognostic biomarker in CRC[21,27,28].

There are many detection methods for DNA methylation sites, mainly including the following
methods: (1) Methylation-specific PCR: The basic principle is that after bisulfite treatment, two pairs of
primers are designed: one pair amplifies the bisulfite-treated DNA template, and the other pair
amplifies the unmethylated fragment. Then, according to whether it can be amplified, it is judged
whether methylation has occurred. The disadvantage is that the sequence of the gene to be tested needs
to be known in advance, and primers with relatively high specificity are designed[29]; (2) The bisulfite
sequencing method: The basic principle is that after bisulfite treatment, PCR amplification is performed,
the amplified product is sequenced, and methylation is determined by comparison with the untreated
sequence. The disadvantage is that it needs to undergo much cloning, and the process is cumbersome
and expensive[30]; (3) Restriction endonuclease analysis method: The basic principle is that after
bisulfite treatment and PCR amplification, the amplification product is purified and then digested with
restriction enzymes. Then, according to whether it can be cut, it is judged whether methylation has
occurred. Its disadvantage is that it can only obtain the methylation status of special enzyme cleavage
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Figure 3 Diagnostic value evaluation of RASSF1A methylation rate in plasma for discriminating T1-T4 stage colorectal cancer and
colorectal polyps. A: T1 stage colorectal cancer (CRC) and colorectal polyps (CRP); B: T2 stage CRC and CRP; C: T3 stage CRC and CRP; D: T4 stage CRC

and CRP.

sites[31]; (4) Methylation-sensitive high-resolution melting curve analysis: The basic principle is that
after bisulfite treatment, the difference between methylated sites and unmethylated DNA can be found
by melting curve analysis due to the presence of more GCs. The disadvantage is that it is greatly
affected by primer design and cannot achieve quantitative detection[32]; (5) Pyrosequencing: The basic
principle is that after bisulfite treatment, by accurately quantifying the methylation frequency on a
single continuous site, the methylation frequency can be quickly detected, and the methylation sites in
the sample can be qualitatively and quantitatively detected. The disadvantage is that there are many
steps, so it is difficult to use as a conventional methylation detection method and more often used as a
verification method of methylation sites[33]; (6) Sequenom MassArray platform: The basic principle is
that after bisulfite treatment, primers are designed for PCR amplification, and the product is subjected
to a single-base extension reaction after outpatient substance abuse program treatment. Flight mass
spectrometry can detect the molecular weight difference between methylated and unmethylated sites to
be detected. The disadvantage is that the experimental operation requirements are high, its detection
sensitivity is low, and it is difficult to achieve quantitative detection of methylation sites[34]; and (7)
Fluorescence quantitative method: The basic principle is to use TagMan probes and PCR primers to
distinguish methylated and unmethylated DNA after bisulfite treatment. As a highly sensitive relative
quantitative detection method for DNA methylation, it is widely used. The disadvantage is that it is
difficult to achieve absolute quantitative detection of methylated sites[35]. In addition to the
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Figure 4 Diagnostic value evaluation of RASSF1A methylation rate in plasma for discriminating T1-T4 stage hepatocellular carcinoma
and liver cirrhosis. A: T1 stage hepatocellular carcinoma (HCC) and liver cirrhosis (LC); B: T2 stage HCC and LC; C: T3 stage HCC and LC; D: T4 stage HCC

and LC.

Jaishideng®

fluorescence quantitative method, the above methylation detection methods have difficulty achieving
high-sensitivity detection for trace DNA, the detection result of the fluorescence quantitative method is
relatively quantitative, and it is difficult to achieve high-precision and absolute quantitative detection of
plasma DNA methylation.

dPCR technology evenly distributes the PCR system into tens of thousands of reaction units. Each
reaction unit does not contain or only contains one nucleic acid sequence to be tested. After the number
of nucleic acids to be tested conformed to the Poisson distribution, PCR amplification was
independently performed in each reaction unit. Finally, the fluorescence signal of each reaction unit was
detected, and the copy number of the nucleic acid sequence to be tested was calculated according to the
Poisson distribution and the proportion of reaction units with positive fluorescence signals to all
reaction units. Compared with other methylation detection methods, ddPCR has the following
advantages: (1) High sensitivity: ddPCR turns PCRs into tens of thousands of PCRs that independently
detect nucleic acids. Compared with traditional detection methods, the detection sensitivity is greatly
improved; (2) High accuracy: ddPCR can accurately detect small changes in the nucleic acid to be
detected by calculating the number and proportion of positive reaction units in tens of thousands or
even tens of millions of reaction units; (3) High tolerance; and (4) absolute quantification: ddPCR
technology can achieve the absolute quantitative detection of the nucleic acid to be detected without
relying on the Ct value and the standard curve.
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There are some limitations in our study. First, the digital PCR methylation of RASSF1A was not
compared with the conventional real-time PCR method. Second, the healthy control group was not
detected in our study, and the methylation rate of RASSF1A was not evaluated. Third, the sample size
was small, and the results may be affected.

CONCLUSION

In conclusion, we demonstrate that RASSF1A methylation in plasma detected by digital PCR may be a
potential biomarker for CRC and HCC.

ARTICLE HIGHLIGHTS

Research background
DNA methylation in serum or plasma was demonstrated to be a potential biomarker for cancer
detection and prognosis.

Research motivation
More sensitive and accurate methods for detecting methylation in plasma are urgently needed in clinical
practice.

Research objectives
In this study, we aimed to evaluate RASSF1A methylation in plasma by digital polymerase chain
reaction (PCR) for colorectal cancer (CRC) and hepatocellular carcinoma (HCC).

Research methods

A total of 92 CRC patients, 67 colorectal polyp (CRP) patients, 63 HCC patients, and 66 liver cirrhosis
(LC) patients were enrolled. The plasma DNA was detected by digital PCR. The diagnostic value was
evaluated by the area under the curve (AUC).

Research results

The DNA methylation rate of RASSF1A in plasma in the CRC group was 2.87 + 1.80, and that in the CRP
group was 1.50 + 0.64. The AUC of RASSF1A methylation for discriminating the CRC and CRP groups
was 0.82 (0.76-0.88). The AUCs of T1, T2, T3 and T4 CRC and CRP were 0.83 (0.72-0.95), 0.87 (0.78-0.95),
0.86 (0.77-0.95), and 0.75 (0.64-0.85), respectively. The DNA methylation rate of RASSF1A in plasma in
the HCC group was 4.45 + 2.93, and that in the LC group was 2.46 + 2.07. The AUC of RASSF1A
methylation for discriminating the HCC and LC groups was 0.70 (0.60-0.79). The AUCs of T1, T2, T3 and
T4 HCC and LC were 0.80 (0.61-1.00), 0.74 (0.59-0.88), 0.60 (0.42-0.79), and 0.68 (0.53-0.82), respectively.

Research conclusions
We demonstrate that RASSF1A methylation in plasma detected by digital PCR may be a potential
biomarker for CRC and HCC.

Research perspectives
Different methylation detection methods should be compared, and more samples need to be detected.
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