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A B S T R A C T

Lysine-specific histone demethylase 1A gene (KDM1A) promotes tumorigenesis. The aim of this study was to
investigate the association between KDM1A methylation and colorectal cancer (CRC). Currently, we collected 37
paired CRC tissues and adjacent non-tumor tissues from Jiangsu province and 75 paired CRC tissues and adjacent
non-tumor tissues from Zhejiang province to conduct a two-stage experiment to study the association between
KDM1A methylation and CRC. We used qMSP to measure the KDM1A promoter methylation, and the percentage
of methylation reference (PMR) to quantify the KDM1A promoter methylation level. To investigate the effect of
the selected KDM1A fragment on gene expression regulation, we also performed a dual luciferase reporter gene
assay. In the stage I study, the KDM1A promoter methylation level in CRC tumor tissues was significantly lower
than that in adjacent non-tumor tissues (median PMR: 6.93% vs 10.25%, P= 0.033). The results of the stage II
study were similar to those of the stage I study (mean PMR: 12.94% versus 17.42%, P= 0.016). In addition, a
clinical pathology subgroup analysis found that KDM1A hypomethylation was associated with CRC only in
patients with well-differentiated CRC (stage I: P= 0.047; stage II: P= 0.040). The dual luciferase reporter
assay showed that the transcriptional activity of the recombinant pGL3-KDM1A plasmid was significantly higher
(fold change = 2, P= 0.0009). In conclusion, our results suggest that KDM1A hypomethylation is significantly
associated with CRC.

1. Introduction

CRC is a malignant lesion of the normal colonic epithelium that is
converted to glandular epithelium [1]. CRC ranks third among the most
common tumors in the world [2]. The annual global incidence rate is
about 1.3 million [3]. In China, about 15.9 million people die of CRC
each year, and the death rate of CRC ranks the fifth cause of death [2].
The 5-year survival rate of patients with early CRC is about 90%, but
most patients with CRC have distant metastasis at the time of diagnosis
[4], which makes the average 5-year survival rate of CRC less than 10%
[5]. Therefore, it has been found that diagnostic biomarkers in patients
with early CRC have important implications for the prognosis of pa-
tients with CRC.

The occurrence of CRC may be due to the accumulation of genetic

and epigenetic changes in the genome [6]. As an important epigenetic
mechanism, DNA methylation plays an important role in CRC [7].
Abnormal methylation of tumor suppressor genes is associated with
cancer development [6], progression [8], invasion [9], and metastasis
[10].

The lysine-specific histone demethylase 1 A gene (KDM1A), located
at 1p36.12, encodes a nuclear protein that is highly expressed in a
variety of cancers, including CRC [11], lung cancer [12], prostate
cancer [13], oral cancer [14], neuroblastoma [15], and medullo-
blastoma [16]. The KDM1A promotes cancer through a variety of me-
chanisms [13].

Colonoscopy is the gold standard for the diagnosis of CRC, but its
popularity is limited by its high cost and invasiveness [17]. DNA me-
thylation biomarkers have broad prospects for early detection and
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prognosis of cancer [18,19]. Therefore, we designed a two-stage study
to explore the association between KDM1A methylation level and CRC.

2. Materials and methods

2.1. Subjects

In the stage I study, we collected samples of cancer tissues and
adjacent tissues from 37 CRC patients at the Third Affiliated Hospital of
Nanjing University of Traditional Chinese Medicine (Jiangsu Province,

China). In the stage II study, we collected samples of cancerous and
paracancerous tissues from 75 CRC patients from Zhejiang Cancer
Hospital (Zhejiang, China) and Shaoxing First People's Hospital
(Zhejiang, China). All patients were diagnosed by pathology, and no
radiotherapy or chemotherapy was performed before surgical resection.
All clinical information was derived from the patient's medical history
(including gender, age, tumor location, tumor size, tumor differentia-
tion, lymph node metastasis, and TNM staging). Written permission
from the Ethics Committee of Ningbo University Medical College has
been obtained. Each patient participating in the study has signed a

Fig. 1. Target sequence on KDM1A CpG island region. (A) The genomic position and functional annotation of fragment were based on human 2009 (GRCh37/
hg19) assembly. The qMSP primers were underlined and two CpG sites on primers were in grey. F represented forward primer; R represented reverse primer. (B) The
images were the qMSP results of primers (The amplification curve was above and the melting curve was below). (C) The image was the capillary electrophoresis
result of a qMSP product.
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written informed consent form.

2.2. DNA extraction, bisulfite conversion and quantitative methylation-
specific polymerase chain reaction (qMSP)

The extraction of DNA from tissue samples and subsequent bisulfite
conversion experiments was detailed in our previous work [20]. The
KDM1A gene sequence used in our study is based on the UCSC website
(chr1:23346088-23346148, http://genome.ucsc.edu/, Human
GRCh37/hg19). In this study, we used the qMSP method to detect the
methylation level of the KDM1A promoter in tumor tissues and the
adjacent non-tumor tissues. The qMSP experiments were performed in
DNA samples that had been subjected to bisulfite conversion to de-
termine the methylation level of the KDM1A promoter region. In the
qMSP experiment, only DNA molecules that contain the two methylated
CG sites on the downstream primer can be amplified by the KDM1A
primer set [21,22]. The methylation level of the two CG sites can be
calculated according to the previous study [23]. The forward primer
sequence of the KDM1A is 5′-AGATGTTATTTGGGAAGAAGG-3′, and
the reverse primer sequence is 5′-CCGATTACTACCGCTACA-3′. The
forward primer sequence of the ACTB gene is 5′-TGGTGATGGAGGAG
GTTTAGTAAGT-3′, and the reverse primer sequence is 5′-AACCAATA
AAACCTACTCCTCCCTTAA-3′. The percentage of methylation reference
(PMR) was used to quantify the level of methylation. PMR is described
as 2−ΔΔCT × 100%, and ΔΔCT = ΔCT (target gene) - ΔCT (ACTB) =

[CT (target gene) - CT (ACTB)] (sample DNA) - [CT (target gene) - CT
(ACTB)] (fully methylated DNA) [23]. Details of the qMSP experiment
can be obtained from our previous article [20].

2.3. Dual luciferase reporter gene assay

The HEK293 T cell line was used for the dual luciferase reporter
gene experiment. A fragment of KDM1A CpG island (-200 bp to +261
bp) digested with XhoI and KpnI (New England Biolabs, Ipswich, MA)
was ligated to the pGL3-Basic vector using a DNA ligation kit (TaKaRa,
Japan). The negative control was an empty pGL3-Basic vector
(Promega, Madison city, WI, USA) and the positive control was a pGL3-
Basic vector containing the upstream of the SV40 promoter. Details of
the dual luciferase reporter gene experiment can be found in our pre-
vious article [20].

2.4. TCGA and GEO data analysis

The sample expression data of the Cancer Genome Atlas (TCGA)
database we used was from the University of North Carolina, and the
sample source was not indicated. Therefore, future study is needed to
verify the relevant findings in the Chinese population. At the same time,
the expression data of the Gene Expression Omnibus (GEO) database
was derived from the mouse C2C12 mesenchymal progenitor cell line
(GSE30192), showing a negative correlation between KDM1A

Fig. 2. Comparison of KDM1A methylation in tumor and para-tumor tissues from CRC patients. (A) KDM1A hypomethylation was found to be associated with
CRC based on the comparison between tumor tissues and para-tumor tissues of 39 and 75 CRC patients in the stage I and stage II studies. (B) The association of
KDM1A hypomethylation was specific to CRC patients with tumors of high and median differentiation. T represented tumor, and PT represented para-tumor. “Low
and none” and “High and medium” denoted tumors with low/none and high/median differentiation, respectively.
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methylation and expression.

2.5. Statistical analysis

Data that conforms to a normal distribution was expressed as
mean ± standard deviation, and data of a skewed distribution was
expressed as a median (interquartile range). Nonparametric tests were
used to calculate differences in KDM1Amethylation between tumor and
para-tumor tissues. A two-sided P value less than 0.05 was considered
as statistically significant.

3. Results

We conducted a two-stage study to investigate the differences in
KDM1A promoter methylation between CRC tumor tissues and adjacent
non-tumor tissues. Two CG sites in the target fragment were used to
indicate KDM1A promoter methylation (Fig. 1A). The amplification and
melting curves showed that the qMSP product was homogeneous, and
capillary electrophoresis results showed that the length of the qMSP
product was 61 bp as expected (Fig. 1B).

In the stage I study, we performed qMSP experiments in 37 cancer
tissues and 37 matched paracancerous tissues from patients in Jiangsu
Province. The results showed that the methylation level of the promoter
region of KDM1A in tumor tissues was significantly lower than that in
adjacent non-tumor tissues (median PMR: 6.93% vs 10.25%, P=
0.033, Fig. 2A). To further validate our results, a stage II study was
performed in another 75 pairs of cancerous and paracancerous tissues
of CRC patients in Zhejiang Province. We obtained similarly significant
results (mean PMR: 12.94% vs 17.42) %, P= 0.016, Fig. 2A). Clinical
pathology subgroup analysis showed that the association of KDM1A
hypomethylation with CRC was only shown in patients with highly
differentiated CRC (mean PMR: 8.90% vs 17.57%, P= 0.047, Fig. 2B,
stage I; Mean PMR: 6.68% vs 12.38%, P= 0.040, Fig. 2B, stage II).
Meanwhile, we also compared KDM1A methylation of cancer tissues
between subgroups by clinical characteristics (Table 1).

Then we analyzed the relationship between methylation and ex-
pression of KDM1A and CRC based on the data of TCGA database, and
evaluated its diagnostic value. We searched a total of 9 cg sites located
on the KDM1A sequence, as shown in Fig. 3A. The statistical results
showed that the methylation levels of cg25977026, cg03967533 and
cg23271558 were statistically significant between CRC tissues and ad-
jacent tissues (Fig. 3B). In addition, the methylation levels of
cg25977026 (r = -0.320, P=7E-11) and cg23271558 (r = -0.186,
P=2E-4) were inversely correlated with KDM1A expression, while the
methylation levels of cg06958034(r= 0.189, P=2E-4)and
cg03967533 (r= 0.158, P= 0.002) were positively correlated with

KDM1A expression (Fig. 3C).
We also used the receiver operating characteristic curve (ROC

curve) to evaluate the diagnostic value of the methylation level of the
promoter region of KDM1A gene, and the area under the curve (AUC)
was used as the criterion for the diagnostic value. As shown in Fig. 4,
the methylation of four CG sites on the KDM1A (cg14015920,
cg25977026, cg03967533, and cg23271558) could well predict the risk
of CRC with a mean AUC of 0.738, a sensitivity of 82.8%, and a spe-
cificity of 42.2% (P=2E-7).

GEO analysis indicated that KDM1A expression was significantly up-
regulated in myoblast cell lines treated with 5′-AZA-deoxycytidine (fold
change=1.45, P= 0.004, Fig. 5A). To examine whether the KDM1A
fragment is capable of regulating gene expression, we performed a dual
luciferase reporter gene assay. The results showed that the transcrip-
tional activity of the recombinant pGL3-KDM1A plasmid was sig-
nificantly higher compared to the pGL3-Basic control (fold change=2,
P= 0.0009, Fig. 5B).

4. Discussion

Our two-stage study showed that the methylation level of the
KDM1A promoter region in CRC tumor tissues was significantly lower
than that of the matched non-tumor tissues, and that KDM1A methy-
lation was associated with CRC differentiation. The information re-
trieved from the GEO database showed an inverse correlation between
KDM1A methylation and expression of the KDM1A. Our dual luciferase
reporter assay showed that the KDM1A fragment promoted gene ex-
pression. Therefore, we hypothesized that hypomethylation of KDM1A
may lead to the risk of CRC by regulating gene expression.

Up-regulation of KDM1A expression is thought to be associated with
proliferation of cancer cells [24], and it has been shown to be up-
regulated in a variety of cancers [25–27], including CRC [11]. KDM1A
is a histone methylation-modified demethylase, and KDM1A over-
expression in CRC cells is associated with LGR5 expression and in-
hibition of the Wnt/β-catenin pathway [11]. In CRC, mutations in β-
catenin activate the Wnt/β-catenin pathway gene LGR5, which may
ultimately lead to CRC [28]. In this study, we reported for the first time
that methylation of the KDM1A may be involved in the development of
CRC.

The clinical characteristics of patients (including age, tumor size,
tumor differentiation, lymph node metastasis, and TNM stage) are
commonly used to assess the prognosis of cancer [29]. In contrast,
molecular biomarkers have the advantage of non-invasive convenience
in assessing prognosis. High expression of KDM1A is not only associated
with poor prognosis in tongue cancer [30], but is also associated with
lymph node metastasis and distant metastasis in colon cancer [31]. Our

Table 1
Comparisons of KDM1A methylation of cancer tissues between subgroups by clinical characteristics.

Clinical characteristics Variable Stage I experiment Stage II experiment

Number PMR P value Number PMR P value

Gender Male 25 11.18 ± 6.35 0.588 48 10.79 ± 9.01 0.558
Female 12 16.60 ± 1.57 27 9.74 ± 9.17

Age (years) ≤ 65 20 12.94 ± 1.23 0.611 55 11.78 ± 9.05 0.012
> 65 17 12.93 ± 8.12 20 6.65 ± 7.98

Tumor size ≤ 6 cm 34 13.69 ± 1.05 0.057 63 7.85(3.92, 15.90) 0.483
> 6 cm 3 4.40 ± 3.14 12 9.04 ± 9.45

Differentiation Low and none 3 11.33 ± 1.07 0.444 60 11.34 ± 9.49 0.111
High and medium 34 8.90 ± 5.80 15 6.68 ± 5.60

Lymph node metastasis Positive 18 13.98 ± 8.60 0.206 42 10.82 ± 8.60 0.430
Negative 19 11.95 ± 1.21 33 9.89 ± 9.63

TNM stage Ⅰ + Ⅱ – – – 37 10.18 ± 9.11 0.757
Ⅲ + Ⅳ – – 38 10.63 ± 9.04

PMRs were the percentages of methylation reference of tumor tissues. The data of normal distribution were expressed as mean ± SD, otherwise they were expressed
as median (interquartile range). P value was calculated by Spearman rank test.
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results suggested that hypomethylation of the KDM1A might be a bio-
marker associated with well-differentiated CRC.

DNA methylation does not alter gene sequence and it can silence
gene expression [32]. Our study showed that the KDM1A was hypo-
methylated in CRC tumor tissues. And accumulating evidence showed
that the KDM1A was highly expressed in tumor tissues. We used TCGA
database data to analyze the methylation level and gene expression of
each CG locus on KDM1A, and found that there were differences in
methylation level of each CG locus and KDM1A expression. Among
them, the three CG sites in the TCGA database showed significant hy-
pomethylation in cancer tissues, which was consistent with the hypo-
methylation results of the CpG island in the KDM1A promoter region in
the our work, indicating the methylation of the fragment in the qMSP
experiment can represent the methylation of the KDM1A.

In addition, data from the TCGA database showed that two CG sites
in the gene body of the KDM1A were negatively correlated with their
expression, while a CG site in gene body and one CG site on the CpG
island was positively correlated with KDM1A expression. In addition,
TCGA data analysis found that the combination of four CG sites in the
gene region of KDM1A might be a diagnostic marker for CRC. The
above results illustrate the complexity of the function of DNA methy-
lation modification of KDM1A. Future research needs to be done to
elaborate the role of CpG sites in different regions of the KDM1A in the
molecular pathogenesis of CRC.

In this study, we used two batches of tissue samples from different
regions to study the association of KDM1A methylation with the risk of

Fig. 3. 9 CG sites from TCGA datasets. (A) Genomic map (B) Differences of KDM1A methylation levels of CG sites between case and control group (C) Correlation
between KDM1A methylation level and mRNA expression level of each CG sites.

Fig. 4. Diagnostic value of KDM1A gene body methylation combined with
4 CG sites. A model constructed by KDM1A gene body methylation combined
with 4 CG sites was used to screen for CRC. The involved CG sites were
cg14015920, cg25977026, cg03967533, and cg23271558.
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CRC. In both experiments, the hypomethylation of the KDM1A pro-
moter was found to be associated with CRC risk. The qMSP method was
used in this study to detect KDM1A promoter methylation levels. The
qMSP method is a method for quantitatively examining methylation
levels. qMSP is more sensitive than the MSP method in methylation
assays [33] and has a lower false positive rate [34]. However, our re-
search still has some shortcomings. First, due to the lack of sufficient
tissue samples, we were unable to perform KDM1A expression experi-
ments in 112 pairs of samples, but bioinformatics analysis of TCGA and
GEO data sets indicated that KDM1A methylation may regulate the
expression of KDM1A. However, since the population involved in the
TCGA and GEO data is unknown, future study is needed to verify the
relevant findings in the Chinese population. Moreover, our samples
were limited to Jiangsu and Zhejiang provinces. The effects of dietary
habits on gene methylation were not fully considered. Finally, our
sample size is small, and we still need further large sample experiments
to verify our findings in the future.

In conclusion, our study found that KDM1A hypomethylation was
closely related to CRC, providing a new idea for molecular biology
research on the development of CRC in the future.
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