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Introduction: Aberrant DNA methylation is one of the important molecular markers in acute lymphoblas-
tic leukemia (ALL).
Objectives: To determine Aberrant DNA methylation profiles of the CDKN2A and CDKN2B genes in ALL
samples from T1DM cases.
Results: Aberrant hypermethylation of CDKN2B gene and cytogenetic abnormalities were analyzed in
>60% of subjected cases. Total cholesterol, triglycerides and low-density lipoprotein cholesterol were
not significantly varied between experimental and control (p >0.05). Expression analysis of human
peripheral blood mononuclear cells revealed decreased mRNA levels of CDKN2B. The decreased level
of p21 and CDK4 expression in the T1DM cases than control. The number of monocytes, lymphocytes
and neutrophils significantly varied in T1DM samples and control (p < 0.05).
Conclusions: Aberrant methylation is one of the important mechanisms involved in the expression of
CDKN2B genes and is an important prognostic marker for the early detection of ALL risks.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Epigenetics is termed as mitotically heritable changes in the
expression of genes and these changes do not affect the DNA
sequences. These are considered non-genetic factors that generally
interact with associated genes; however, they can be influenced by
inherited genetic variation (Jerram et al., 2017). DNA methylation
is regulated by the catalytic activity of DNA methyltransferases
and the impaired function of DNA methyltransferases affects the
normal DNA methylation process. DNA methylation is one of the
important epigenetic modifications, and it is very important for
silencing various imprinted genes, silencing retrotransposons and
X-chromosome inactivation. It is involved in the expression of
genes during individual tissues development and differentiation.
Moreover, aberrant methylation is associated with disease
response. DNA methylation is involved in the development of var-
ious diseases including cardiovascular diseases, diabetes,
atherosclerosis, and tumours and is a reversible process (Kandi
and Vadakedath, 2015).

Type 1 diabetes (T1D) results in decreased production of insulin
and epigenetics plays a major role in disease susceptibility. In can-
cer, methylation silences various types of genes and it is generally
considered that methylation of a promoter is very important for
the process of gene silencing (Srivastava and Lodhi, 2022). The
CDKN2A/B locus, at chromosome 9p21, associates high diabetes
risk across various geography and ethnicities. In malignancies,
CDKN2B (p15) (tumour suppressor gene) is frequently silenced
(Xia et al., 2021). Methylation of CDKN2B gene was used as an
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important biomarker for acute myeloid leukaemia and myelodys-
plastic syndrome. The epigenetic changes do not alter the genetic
code, however, it involved in the induction of gene activity and
involved in pathogenesis in leukemia cases. Methylation of CpG
islands considerably reduced the transcription of specific genes
and it affects the expression of tumour suppressor genes. Hypo
methylation has been frequently determined in malignant cells
and is involved in genetic instability, increased proto-oncogene
expression, and the complete role of methylation patterns in can-
cer is not elucidated (Rodrigues et al., 2010). There are several
environmental and genetic factors associated with T1DM. Hence,
analysis of human leukocyte antigen response is very important
and the immune response is associated with T1DM pathogenesis
(Pugliese, 2017). Previous functional studies linked the upregula-
tion of CDKN2A and CDKN2B genes and increase the risk of T2DM
(Hannou et al., 2015). The present study analyzes the immune sys-
tems function in T-ALL cases and expression changes of CDKN2A
and CDKN2B genes.
2. Materials and methods

2.1. Samples

In this study, a total of 71 diabetic cases and 23 non-diabetic
controls were evaluated between July 2020 and June 2021. All
the participants involved in this study were confirmed using bio-
chemical tests. The patients that had >110 mg/dL glucose concen-
tration in the blood were considered diabetic and those patients
who had <110 mg/dL glucose in the serum were considered as a
non-diabetic group. T1DM was analyzed from the fasting plasma
and the value �110 mg/dL or HbA1C value �6.5% was considered
a normal or hyperglycaemic condition. The gender, age were col-
lected from the clinical records and the mean age of the diabetic
patients was 63 ± 2.3 years, including 53 males and 41 females.
The biochemical analysis of serum was determined using clinical
diagnostic kits and the result was expressed as mg/dL. Genomic
DNA was isolated from the seven ALL patients (5 males and 2
females) and four control cases (2 males and 2 females). Bone mar-
row sample was obtained from ALL control and experimental sub-
jects. The selected ALL cases were associated with diabetic
disorder. All selected diabetic and non-diabetic cases were pro-
vided written informed consent.

2.2. DNA methylation of CDKN2A and CDKN2B genes

2.2.1. Extraction of DNA and bisulphite conversion
The blood sample was used for the extraction of genomic DNA

using a Genomic DNA Kit (Qiagen, Germany) according to the man-
ufactures instructions. The concentration and purity of the
extracted DNA were performed by a NanoDrop spectrophotometer
(Thermo Scientific). The quantified DNA has diluted appropriately
for all experiments. About 400 ng DNAwas used for bisulphite con-
version using an EZ DNA Methylation–Gold Kit as described by the
manufacture’s protocol (Zymo Research, USA). Bisulfite-converted
DNA samples were finally stored at �20 �C until use.

2.2.2. Methylation–specific polymerase chain reaction
In this study, methylation of CDKN2A and CDKN2B genes was

evaluated by methylation specific primers, as described earlier
(Chen et al., 2017). Polymerase chain reaction products were used
for the determination of the methylation process. The sequencing
process revealed the confirmation of bisulphite conversion. The
primer sequences of CDKN2A methylated primers were 50–GTA
GGG TTT AGA GTC GTT TCG A–30 (forward) and 50–AAC TAC AAA
CTA AAA CCC ACG C-30 (reverse). The unmethylated primers for
2

CDKN2A were 50–CGT AGG GTT TAG AGT TGT TTT GA–30 (forward)
and 50–AAC TAC AAA CTA AAA CCC ACA CA–30 (reverse). CDKN2B
methylated primers were 50–GCG TTC GTA TTT TGC GGT T–30 (for-
ward) and 50–CGT ACA ATA ACC GAA CGA CCG A–30 (reverse).
Whereas, 50–TGT GAT GTG TTT GTA TTT TGT GGT T–30 (forward)
and 50–CCA TAC ATA ACC AAA CAA CCA A–30 (reverse) primers
were used for the amplification of unmethylated CDKN2B. The final
PCR reaction volume was 20 lL, comprising forward and reverse
primers (0.5 lL), bisulphate–converted DNA (1.6 lL), PCR mix
(10 lL), DNase/RNase–free Millipore water (Chen et al., 2017).
2.3. Cytokines analysis and enzyme linked immunosorbent assay
(ELISA)

ELISA test was performed for the determination of cytokines
from the human plasma. The plasma blood was collected and cen-
trifuged at 3000 rpm for 5 min. The centrifuged plasma was stored
at 4 �C and blood parameters were determined. For ELISA assay,
heparinised blood was used and the level of cytokines was ana-
lyzed using ELISA method (R&D Systems, UK).
2.4. Gene expression analysis by quantitative real time PCR (qPCR)

Gene expression analysis was performed on the diabetic and
non-diabetic ALL and normal cases during the study period. For
this study, human peripheral blood mononuclear cells were ini-
tially separated from the blood of individuals using a commercial
kit and RNA was obtained (Qiagen, USA). The amount of RNA in
the sample was quantified using a Nanodrop spectrophotometer
(Thermoscientific) and 1.0 – 1.5 lg RNA was transcribed and cDNA
was obtained using a cDNA kit. Then the DNA was amplified using
a PCR machine. The expression analysis of CDKN2A and CDKN2B
was performed. Endogenous control was used to normalize the
mRNA levels.
2.5. Western blotting analysis

Human peripheral blood mononuclear cells (PBMCs) were asep-
tically lyzed in ice cold conditions using lysis buffer (Tris-HCl buf-
fer, pH 7.5, 0.05 M, Tween 20 – 2%; NaCl- 0.2 M, and NP-40 0.2%)
containing protease inhibitors. The protein sample was prepared
and loaded on 12% SDS-PAGE and Western blotting analysis was
performed as described earlier. The primary antibodies such as
anti-CDK4, anti-p21 and anti-b-Actin and secondary antibodies
(anti-mouse IgG-HRP and anti-rabbit IgG-HRP) were applied and
the results were analysed (Vinue et al., 2019).
2.6. Statistical analysis

Data were described in the study as the mean ± standard devi-
ation. The difference between experimental and control samples
was compared by Student’s t-test. Analysis of variance was per-
formed and the p-value <0.01 was considered significant.
3. Results

3.1. Clinical history of patients

The general characteristics of the study population were
described in Table 1. The patients with >75 were highly susceptible
to a diabetic than younger ages (<40). The relationship between the
ages of diabetic patients was significant (p < 0.001). The blood
sugar level was comparatively lower in females than males. About
5.3% of diabetic cases were associated with other complications.



Table 1
General characteristics of the non-diabetic and diabetic population during the study
period.

Parameters Diabetic Non-Diabetic p-value

Sex
Male 41 13 <0.01
Female 30 10 <0.01
Male (41–50 Years) 7 2 <0.001
Male (51–60 Years) 21 5 <0.0001
Male (61–70 Years) 8 5 <0.045
Male (71–80 Years) 5 1 <0.001
Female (41–50 Years) 5 1 <0.001
Female (51–60 Years) 7 5 >0.05
Female (61–70 Years) 13 2 <0.001
Female (71–80 Years) 5 2 >0.043

Fig. 1. Methylation pattern of tumour suppressor gene, CDKN2B (a and b). A total of
ten leukemia samples from seven males (1 = M03, 2 = M09, 3 = M25, 4 = M33,
5 = M34; 6 = M39 and 7 = M42) and three females (8 = F49, 9 = F54 and 10 = F63)
were selected and methylation changes were analyzed.

1.2
Control T1DM
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3.2. Clinical characterization of diabetic and normal cases

The biochemical parameters such as blood pressure, total
cholesterol, HDL-C, LDL-C and triglyceride contents were deter-
mined among diabetic and normal cases. Diabetic cases were asso-
ciated with increased systolic pressures than normal cases. Based
on high pressure, the human subjects were categorized into two,
viz, 41–60 years and 61–80 years. The amount of HDL-C was lower
in diabetic cases than in control groups. Total cholesterol, triglyc-
erides and LDL cholesterol were not significantly varied between
the experimental and control (p >0.05). The biochemical parame-
ters of diabetic patients and normal cases were described in
Table 2.
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3.3. DNA methylation of CDKN2B and CDKN2A genes

The methylation result of the CDKN2B was described in Fig. 1. A
total of seven samples from ALL males and three from ALL females
were methylated. CDKN2B gene was common among the patients
and methylation was observed in male bone marrow tissues
(M03, M09, M25, M33, M34; M39 and M42) and female bone mar-
row samples (F49, F54 and F63). DNA methylation was not
observed in the selected specimens associated with CDKN2A.
Fig. 2. mRNA levels of CDKN2B from the tissues extracted from the T1DM patients
and control individuals.
3.4. Expression of CDKN2B levels in T1DM cases and biomarker

analysis

Expression analysis revealed variation in the T1DM cases and
control individuals. Expression analysis of human peripheral blood
mononuclear cells revealed fewer mRNA levels of CDKN2B and the
result was described in Fig. 2. Analysis revealed variations in the
regulation of CDK4 and p21 protein expressions. These cell cycle
inhibitors showed a decreased level of p21 and CDK4 expression
in the T1DM cases than control. CDKN2A gene was negatively cor-
related with mRNA expression in diabetic cases associated with
ALL-disease and normal individuals. The percentage of lympho-
cytes and monocytes was high in normal samples than in diabetic
Table 2
Lipid profile analysis among high systolic pressure cases associated with T1DM.

41–60 years

Characters T1DM

Total Cholesterol (mg/dL) 169
HDL-C (mg/dL) 51.2
LDL-C (mg/dL) 109
Triglycerides (mg/dL) 69.7

HDL-C – High density lipoprotein cholesterol, LDL-C- Low-density lipoprotein cholester

3

samples. However, neutrophils (%) were high in the diabetic group
than control (Fig. 3). The circulating CD3 + marker level was high
than CD4 + and was statistically significant (p < 0.01) (Fig. 4).
The expression of CDK4 and p21 was analyzed and the results
revealed variation in the expressed level in control and T1DM sam-
ples. Fig. 5a and b revealed mRNA expression in control and T1DM
subjects. The cytokine levels in diabetic and control subjects were
analyzed. The cytokine markers were high in normal cases than
T1DM samples (Fig. 6).
61–80 years

Control T1DM Control

174.2 173.2 176.4
53.8 52.5 53.8

110.2 112.2 115.9
73.3 74.1 75.6

ol. The value represents the average of three independent experiments.
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Fig. 3. Analysis of leukocytes (%) in diabetic and control individuals. The number of monocytes, lymphocytes and neutrophils was determined in diabetic cases and control
individuals. A student t-test was performed and the value < 0.01 was considered significant.
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Fig. 4. Analysis of circulating marker (CD3 + and CD4 + ) in ALL cases associated
with the diabetic disease. The student t-test was performed and the value < 0.01
was considered significant.

Fig. 5. Analysis of human peripheral blood mononuclear cells from diabetic and
control subjects. Protein expression of CDK4 (a) and p21 (b) from diabetic and
control subjects. The expressed level of proteins was normalized to b-actin levels.
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Fig. 6. Analysis of circulating cytokine levels in diabetic and control subjects. The
circulating cytokine level was assayed and the amount was expressed pg/mL blood.
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4. Discussion

In humans, an abnormal methylation can indirectly affect the
activity of genes with the specific disruption of the protein synthe-
4

sis process by enhancing the possibility for mutational changes
resulting in reduced chromosomal stability and dysfunction (Liu
et al., 2022). Methylation changes of the CDKN2B were determined
in this study and CDKN2B gene was more methylated than the
CDKN2A gene. Methylation changes in the promoter region affect
the functions of the cell growth regulator to inactivate the com-
plexes (cyclin D/CDK4 and D/CDK6) in the G1 phase of the cell
cycle. Inactivation of CDKN2B and CDKN2A was reported in neo-
plasia revealing methylation or homozygous deletion in the pro-
moter region (Wong et al., 2000). In ALL and AML,
hypermethylation of CDKN2B was reported. Our study was consis-
tent with earlier ALL experiments, where >50% of samples were
involved to have promoter-based methylation of CDKN2B. In cer-
tain studies, the percentage of CDKN2B methylation has been con-
siderably less (<30%) (Roman-Gomez et al., 2004). Methylation of
CDKN2B has also been reported in squamous cell carcinoma, dif-
fuse large B-cell lymphoma, hepatocellular carcinoma and glioblas-
toma (Wemmert et al., 2009; Wong et al., 2003). In ALL patients,
earlier reports showed various methylation frequencies for the
CDKN2B gene and methylation was based on the selected methods
(Chim et al., 2003). The unmethylated phase of the CDKN2B gene
was observed in this study, which was in agreement with the study
of Nephew and Huang (2003).

The expression changes of CDKN2B mRNA were determined in
methylated samples, however, CDKN2A mRNA expression was
not observed in this study. In the unmethylated specimens, the
expression level and methylated CpG (%) were analyzed. The
expression of the CDKN2B gene was considerably high than the
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CDKN2A gene. The fact of epigenetic gene silencing is that the rate
of loss of protein biosynthesis is not almost uniform throughout
the development of tumour cells and was distinct from genetic
changes (Jones and Baylin, 2002). It has been reported that various
factors are involved to bind CpG-containing sequences and these
molecules failed to bind the methylated CpG sequences, therefore
transcription process is significantly affected (Wong et al., 2000).

T1DM increased the risk of various diseases however the cause
of risk has not been completely reported. In our study, we analyzed
the changes in mRNA expression of the CDKN2B gene in circulating
leukocytes of diabetes patients associated with ALL cases. The risk
associated with CDKN2B inhibitor in ALL cases and the level of
CD3 + and CD4 + marker changes in the T1DM cases revealed lower
circulating levels in the blood. The T-cell function and circulating
CD3 + and CD4 + reduced mRNA transcripts related to CD3 + and
CD4 + markers. The number of cytokines such as TNFa, TGFb, IL2,
IL6 and IL17 were determined in control and diabetic cases associ-
ated with ALL. The amount of these cytokines reduced in T1DM
patients than in normal cases revealed the lower expression of var-
ious transcription factors. The expression of the CDKN2B gene has
been associated with various disease risks. CDKN2A and CDKN2B
genes are linked with carbohydrate metabolism, b-cell islet biology
and insulin secretion (Bochenek et al., 2013; Kong et al., 2018).
T1DM cases showed decreased levels of cytokines in the blood
sample and affected the expression of mRNAs associated with
cytokines. Likewise, T1DM patients showed decreased amounts
of cytokines TNFa, TGFb, IL2, IL6 and IL17. The expression of the
CDKN2B gene was correlated with mRNA expression and methyla-
tion in ALL cases. However, the association between the CDKN2B
gene and methylation changes were not very clear. Recently,
Song et al. (2020) reported non-coding RNA (CDKN2B-AS1) associ-
ated with various diseases. Aberrant expression of CDKN2B-AS1
linked with hepatocellular carcinoma, ovarian cancer, breast can-
cer, laryngeal squamous cell carcinoma and osteosarcoma, glioma,
lung cancer, esophageal squamous cell carcinoma and gastric can-
cer. Recent studies also reported the potent association of
CDKN2B-AS which is present within the p14, p15 and p16 gene
cluster at 9p21 locus with cancers, cardiovascular diseases and dia-
betes (Golchin et al., 2017). The CDKN2A/B genomic locus is mainly
linked with various metabolic diseases and human cancers.

5. Conclusions

In this study, we analyzed a total of 71 samples from diabetic
cases diagnosed ALL positive and 23 samples were non-diabetic
individuals associated with ALL. The expression pattern of CDKN2
was determined in this study and plays a significant role in the reg-
ulation of cytokines. The level of CDKN2 expression and translation
influenced the regulation and apoptosis of the cell cycle pathway.
Inactivation of CDKN2 may lead to the development and progres-
sion of cancers. The amount of circulating cytokines level
decreased in ALL cases than in control individuals. A deeper knowl-
edge of intracellular pathways, gene expression, cell signalling, and
molecular mechanisms will helpful for the identification of new
biomarkers, as well as novel therapeutic targets in the manage-
ment of ALL patients with T1DM.
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