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Abstract

Background In today's practice, gene-based approaches come to the fore in the determination of prognosis and treatment
preferences of multiple myeloma (MM). DNA methylation is one of the new approach parameters. DNA methylation occurs
by the addition of a methyl group to cytosines in CpG dinucleotides. In this study, besides comparing the global DNA and
APC 2 gene promotor hypermethylation between our patients with MM and healthy control group, we aimed to demonstrate
the effect of hypermethylation on MM treatment responses and survival.

Methods and results 38 patients diagnosed with MM between January 2016 and January 2020 and 50 healthy controls were
included in the study. The initial hypermethylation of the patients and the healthy control group were statistically analyzed.
In addition, the increase in hypermethylation in the MM group before and after the first series of treatments were analyzed
within themselves. There is a significant difference between the patients with MM diagnosis and the healthy control group
in terms of the initial global hypermethylation (P =0.001). In patients with MM, hypermethylation was significantly higher.
Global hypermethylation in the post-treatment measurements was significantly increased in comparison to the pre-treatment
state (P=0.012). In terms of APC 2 promotor gene-specific hypermethylation, no significant differences were detected
between pre- and post-treatment values (P=0.368).

Conclusions This study represents valuable data with the initial global DNA hypermethylation results in the MM patient
group and the increase in hypermethylation post-treatment. it will shed light on future studies.
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MGUS Monoclonal gammopathy of undetermined
significance

PCL Plasma cell leukemia

RBP1 Retinol-binding protein 1

GPX3 Glutathione peroxidase 3

SPARC  Secreted protein acidic and rich in cysteine

TGFBI = Transforming growth factor beta-induced

CYLD Conserved cylindromatosis

WIF1 WNT inhibitory factor 1

DKK Dickkopf-related protein

BCL9 B-cell CLL/lymphoma 9

sFRP Soluble frizzled-related protein

LGR4 Leucine-rich repeat-containing G-protein cou-
pled receptor 4

ALL Acute lymphoblastic leukemia

AML Acute myeloid leukemia

CYP1B1 Cytochrome p450 family subfamily B
polypeptide

Introduction

Multiple myeloma (MM) constitutes approximately 10%
of hematological malignancies. It is a disease caused by
malignant plasma cells, the pathology of which is abnormal
proliferation, causing free light-chain release accompanying
the increase in monoclonal immunoglobulin [1]. It is pos-
sible to say that the data obtained from many publications
are seen around 4-7/100,000 and the median age is 65 [2,
3]. Clinical manifestations appear as renal failure, anemia,
hypercalcemia, lytic bone lesions. Although positron emis-
sion tomography/computed tomography (PET/CT) is often
preferred for the detection of lytic bone lesions, magnetic
resonance (MR), computed tomography (CT) and direct
radiographs also contribute to the diagnosis [4].

In today's practice, gene-based approaches come to the
fore in the determination of the prognosis and treatment
preferences of MM. At this point, DNA methylation is one
of the new approach parameters. DNA methylation occurs
by the addition of a methyl group to cytosines in CpG dinu-
cleotides. Abnormal DNA methylation in the CpG island
has also been associated with the suppression of tumor-
suppressor genes (inhibition of transcription) [5, 6]. In the
normal genome, about 70% of the CpG dinucleotides are
methylated. This process commonly occurs in CpGs located
in the inter-genes and intron regions or gene main bodies
and causes the production of alternative transcripts specific
to cell type and function [6].

The hematopoietic cell capacity of the bone marrow is
directly proportional to its self-renewal capacity. Hemat-
opoiesis is formed by the differentiation of progenitors with
limited self-renewal properties. The self-renewal and differ-
entiation abilities of the stem cells and the balance formed
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in this process are controlled by epigenetic mechanisms.
It must be noted that one of the changes occurring in this
mechanism is DNA methylation of CpG dinucleotides. CpG
islands are found in approximately 40% of mammalian pro-
moters, particularly tumor-suppressor genes [7]. Hypermeth-
ylation, which involves the addition of a methyl group to
the fifth position of the deoxycytidine residue in each CpG
dinucleotide affected, results in remodeling of the chroma-
tin structure. Silenced gene and inhibited tumor suppression
mechanisms are also associated with carcinogenesis. Epi-
genetic modifications such as global DNA methylation are
dynamic and reversible with proven therapeutic approaches.
More importantly, they are more easily regulated and there-
fore seen more effectively than chromosomal anomalies [8,
9].

Among the genes most commonly hypermethylated
in MM; cell cycle inhibitors P15 and P16, suppressor of
cytokine signaling-1 (SOCS-1), E-cadherin promoting cel-
lular adhesion, tumor suppressor genes P73 and Src homol-
ogy region 2 domain-containing phosphatase-1 (SHP-1)
[10]. Adenomatous polyposis coli (APC) also appears as
a tumor-suppressor gene that is thought to be effective in
the prognosis of MM. APC is a classical tumor-suppressor
gene [11] located on the chromosomal band 5q21-q22.13.
Although initially associated with colorectal tumors, it has
been shown to be associated with other malignancies. The
APC protein is a negative regulator of the Wnt (Wingless
and Int-1)/beta-catenin pathway. Loss or alteration of APC
expression leads to stabilization and nuclear accumulation of
beta-catenin. It may, then, result in the activation of down-
stream genes involved in the initiation of carcinogenesis. It
has been shown that methylation of the CpG island in the
APC gene promoter region can lead to suppression of the
expression of the APC gene. This disrupts the transmission
of the Wnt signaling pathway, leading to the appearance and
development of tumors. It has been identified as an effec-
tive factor in breast, stomach, esophagus, pancreas and lung
cancer [11]. In addition, hypermethylation of the APC gene
is closely related to the incidence, development, invasion,
and migration of malignant tumors [11, 12].

In this study, besides comparing the global DNA and
APC 2 gene promotor hypermethylation between patients
with MM and healthy control group, it was aimed to dem-
onstrate the effect of hypermethylation on MM treatment
responses, overall survival (OS) and progression-free sur-
vival (PFS).

Materials and method
In this study, 38 patients diagnosed with MM in Gazi-

antep University Faculty of Medicine Hematology Clinic
between January 2016 and January 2020 and 50 without any
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comorbidity in order to create a healthy control group were
included. In addition to the demographic data of the patients,
such as age and gender; initial Durie—Salmon stages, Inter-
national Prognostic Index (IPI) scores, Eastern Cooperative
Oncology Group (ECOG) scores, laboratory data (hemo-
globin, leukocyte, platelet, c-reactive protein (CRP), lactate
dehydrogenase (LDH), beta 2 microglobulin, albumin), first-
line treatment subtypes, 2-year OS and PFS data, mortality
rates and mean follow-up durations (months) were recorded.

In terms of first-line treatments, patients were divided
into two groups. Patients in first group underwent autolo-
gous stem cell transplantation (ASCT) after obtaining at
least partial remission (PR) after 4 cycles of VCD (bort-
ezomib—cyclophosphamide and dexamethasone; bortezomib
1.3 mg/m? subcutaneous, cyclophosphamide 300 mg/m?
intravenous and dexamethasone 40 mg/week per oral; D1-8-
15-22) and then used LD (lenalidomide—dexamethasone;
lenalidomide 10 mg per oral-dexamethasone 40 mg/week
per oral) for 24 months. Patients in the second group were
not eligible for stem cell transplantation. After 4 cycles of
VCD, the least PR response was obtained in this group and
maintenance was provided with LD.

Global hypermethylation of the patients before and after
first-line treatment (after 4 cycles of standard VCD in all
patients) were evaluated using the following method that
will be explained in detail. The initial hypermethylation of
the patients and the healthy control group were statistically
analyzed. In addition, the increase in hypermethylation in
the MM group before and after the first series of treatments
were analyzed within themselves. Based on the increase
or decrease after the treatment in terms of 5-mC values,
two separate groups were formed. Post-treatment global
DNA and APC 2 gene promoter hypermethylation values
as 5-methylated cytosines % (5-mC %) were divided into
two separate groups as “increasing” and “decreasing” based
on pre-treatment values. Both hypermethylation changes
and first-line treatment responses of these two groups were
compared statistically. APC 2 hypermethylation values were
obtained from only 19 patients because only they could be
isolated.

The demographic data of the patients, risk scores, MM
subtypes (kappa, lambda, light chain), ECOG scores, labo-
ratory parameters, first-line treatment groups and global
hypermethylation groups (as increasing and decreasing),
OS and PFS were also evaluated statistically.

Blood samples and DNA extraction

The patients with MM and the control groups’ 4 mL periph-
eral venous blood samples were collected in EDTA tubes.
Genomic DNA was extracted from whole blood by using the
Plus Blood Genomic DNA Purification test kit (GeneMark,
USA).

Global DNA methylation

Global genomic DNA methylation was assayed by measure-
ment of 5-mC using the ELISA method as per the manufac-
turer’s protocols (Zymo Research, Germany). The amount of
5-mC was proportional to the optical density (OD) intensity
measured at 450 nm. All of the measurements were performed
in triplicate within each experiment. For more information
please refer to our previously published article [13].

Bisulphite treatment and methylation-specific
polymerase chain reaction (MSP-PCR)

After isolation of DNA, bisulfite modification is an accepted
gold standard procedure to detect methylation of DNA. For
this analysis, we used the EZ-96 DNA Methylation-Gold kit
according to the manufacturer’s recommendations (Zymo
Research, Germany).

Modified DNA samples were subjected to MSP using
APC?2 primer pair. One pair of methylated primers were used
to amplify methylated regions and one pair of unmethylated
primers to amplify unmethylated regions. Bisulphite converted
DNA samples were amplified by PCR with Zymo Taq DNA
polymerase (Zymo Research) with the primers at the follow-
ing conditions: 10 min at 95 °C, 40 cycles (30 s at 95 °C, 40 s
at 69 °C for methylated primer and 57 °C for unmethylated
primer and 45 s at 72 °C), and 72 °C for 7 min. The products
were separated on 3% agarose gel and visualized under UV
light and taken a photo [14].

Statistical analysis

SPSS for Windows (version 13.0; SPSS, Chicago, IL) soft-
ware was used for data analysis. Logistic regression analysis
was used to determine the statistical significance of the differ-
ences between control groups and patients. The odds ratios
(OR) and 95% confidence intervals were used for this analysis.
The X2 test was used to compare the differences between the
patient and the control group's global and APC 2 promotor
methylation results. Fisher's test was used if necessary. P val-
ues <0.05 were considered to indicate statistical significance.
The Kaplan—Meier method was used to estimate the survival
probabilities and the log-rank test to compare differences. The
significance of risk factors was confirmed by applying The
Cox stepwise regression analysis. In the multivariate analysis,
the stepwise (backward) eliminated variables were used with
a significance of less than 10%.
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Results

A total of 38 patients with a diagnosis of MM and 50
healthy control persons were included in the study.
Fourteen (14) were female (36.8%) and 24 were male
(63.2%). When MM subtypes were examined, 5 patients
were found to have a lambda light chain (18%). The OS
median value of the patients was 75 months and the PFS
median value was 66 months. The mean follow-up period
was 19.4 months. Ten (10) patients were exitus (26.3%)
(Table 1).

Twenty-two (57.9%) of 38 MM patients underwent
ASCT after 4 cycles of VCD and received LD mainte-
nance for 2 years. The remaining 16 patients (32.1%) were
followed up with LD until progression, as they were not
eligible for ASCT after 4 cycles of VCD (Table 1).

Table 1 Clinical features and treatment regimens of MM patients

In the statistical analysis performed in terms of clinical
findings, there is a significant difference between the patients
with MM diagnosis and the healthy control group in terms
of the global hypermethylation (P=0.001). In patients with
MM, hypermethylation was significantly higher (Table 1).

When the hypermethylation conditions of the MM-
diagnosed patients in pre- and post-treatment states were
compared, global hypermethylation in the post-treatment
measurements was significantly increased in comparison to
the pre-treatment state (P=0.012). In terms of APC 2 pro-
motor gene-specific hypermethylation, no significant differ-
ences were detected between pre-and post-treatment values
(P=0.368) (Table 2).

When the patients’ responses to the first-line treatment
are examined, there are no meaningful differences observed
between the first-line treatment responses and both global
DNA hypermethylation and the changes in APC 2 gene

Multiple myeloma Control p
Median n® (%) Median n® (%)

Age 58 (41-82) 54 (29-72) 0.875%*
Gender Female/male 14/24 (36.8/63.2) 22/28 (44/56)  0.499%
5-mC value (%) 38.43 (4.03-87.84) 11.04 (2.79-18.82) 0.001*
Ig subtypes K/\ 23/15 (60.5/39.5)

Light chain 5(18)
Stage (Salmon—Durie) TI/TII 18/20 (16/84)

A/B 31/7 (71/29)
IPI 1 12 (31.6)

1I/111 6/20 (15.8/52.6)
ECOG >1 14 (31.6)
Hemoglobin g/dL 10.5 (7.4-17)
Leukocyte pL 7125 (3680-16,800)
Trombocyte 10%/uL 159 (37-680)
C-reaktive protein mg/dL 9 (2.1-82)
LDH IU/L 380 (151-2300)
b2-mikroglobulin mg/L 5.7 (1.4-59)
Albumin g/L 3.4 (1.94.7)
Treatment VCD, ASCT, LD 22 (57.9)

VCD+LD 16 (32.1)
OS (2-years, %) 75
PFS (2-years, %) 66
Mortality 10 (26.3)

Follow up (mean-months) 19.4 (4.1-34.2)

PFS Progression-Free Survival, OS overall survival, /PI International Prognostic Index, ISS International Scoring System, ECOG Eastern Coop-
erative Oncology Group, LDH lactate dehydrogenase, CRP C-reactive protein, VCD Bortezomib, cyclophosphamide, dexamethasone, ASCT
autologous stem cell transplant, LD lenalidomide, dexamethasone, 5-mC 5-methylcytosine

*Median test
&pearson Chi-square
n*=38

n°=50
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Table 2 Treatment-related methylation change: global and APC 2
methylation

Multiple myeloma

Pre-treatment Post-treatment P
Median Median
5-mC value (%) 38.43 (4.03-87.84) 51.29 (11.74— 0.012*
n=38 96.55)
APC2n=19
Unmethylated 18 12
Partial methylated 1 7 0.368*

5-mC 5-methylcytosine, APC 2 Adenomatous polyposis coli protein 2
*n=38; *median test, “Fisher's Exact Test

promotor hypermethylation (Global hypermethylation:
P=0.551, APC 2 promotor gene: P=0.829) (Table 3).

The statistical analysis conducted between disease param-
eters and OS-PFS revealed that both OS and PFS were
significantly lower in patients (1) with higher IPI score
(P=0.013, P=0.012); (2) whose first-line treatments were
preferred as VCD + LD and those who had not been through
stem cell transplantation (P=0.005, P=0.003); and (3)
whose response to the first-line treatment was below partial
remission (PR) (P=0.001, P=0.001). No significant dif-
ference was detected between the global hypermethylation
changes in pre-/post-treatment and OS or PFS (P=0.367,
P=0.414) (Table 4).

Discussion

When the literature is examined in terms of MM and
methylation-related outcomes, different results may be
encountered. In a study by Larrea et al., the global meth-
ylation status and treatment responses of a total of 75 MM
patients, treated with bortezomib, were examined. It was
observed that patients with a hypermethylated DNA per-
centage higher than 3.95% showed better OS (P =0.004).
This study is important in terms of epigenetic changes in

plasma cells. It is necessary to highlight the relationship
between the increase in DNA methylation percentage and
OS. In our study, although there was a significant increase
in global DNA methylation in MM patients compared to
the healthy control group, an increase in methylation was
observed after treatment. Although the statistical relation-
ship between treatment response and methylation has not
been revealed at a significant level, this can be defined as an
important indicator for prospective studies. DNA hypometh-
ylation, described for solid tumors and chronic lymphocytic
leukemia (CLL), plays a role in both gene rearrangements
and genomic instability [15]. In this context, treatment-
related hypermethylation appears as the most emphasized
point of our study.

Although studies for MM have not been performed in
large patient populations, it is seen that there is a relation-
ship between global DNA hypomethylation and malignant
plasma cell clone formation. In addition, it is stated that it
is significant for monoclonal gammopathy of undetermined
significance (MGUS) to MM transformation. In this study,
the initial global hypermethylation was significantly higher
in the MM group compared to the healthy controls. It should
be emphasized that this is a unique input that has no equiva-
lents in literature in terms of initial global DNA hypermeth-
ylation status [16]. Again, in another study conducted on
patients with plasma cell leukemia (PCL) transformation,
the effect of global hypomethylation on MGUS-MM and
PCL transformation was mentioned. However, in this study,
we see that there is no analysis comparing before and after
treatment.

In the study conducted by Walker et al. [17] in 2011, the
relationship between global methylation loss and MGUS-
MM transition were mentioned. In another study conducted
by Kaiser et al. in 2013, the methylation status of global
and tumor suppressor genes was discussed in patients with
MM. Global hypomethylation and specific gene methyla-
tion profiles have been examined; similar to other studies,
global hypomethylation has been shown to play a role in
the transformation to aggressive plasma cell disorders.
Age was associated with lower OS independent of ISS

Table 3 The relationship

. MM patients Response to OR exp(B) 95% CI p*
between methylation status and first-line treat-
response to first-line treatment: ment
global and APC 2 methylation
38 Response +
5-mC value (%) Increased 31 20/11
Decreased 7 6/1 0.467 0.038-5.704 0.551
APC2 Unmethylated 18 12
Partial methylated 1 7 1.250 0.164-9.538 0.829

MM multiple myeloma, 5-mC 5-methylcytosine, APC 2 adenomatous polyposis coli protein 2
n=38 *OR (95%CI) was adjusted by age and sex
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Table 4 Univariate analysis (log-rank test) of prognostic factors in 38 patients with MM

N 2-years PFS (%) Log rank 2-years OS (%) Log rank
P-value P-value
38 66 75
Gender Female/male 14/24 86/53 0.177 84/45 0.251
Age <65/>65 24/14 62/77 0.733 46/77 0.695
Stage (Salmon—Durie) TI/11T 20/18 78/51 0.223 76/32 0.323
A/B 31/7 66/71 0.724 57/69 0.472
IPI (ISS) | 12 91 91
I 6 100 100
I 20 42 0.013 25 0.012
IPI (ISS) /11 18 93 93
I 20 42 0.006 25 0.007
Ig subtypes K/A 23/15 76/57 0.122 73/47 0.126
Hafif zincir 5 80 0.487 80 0.432
ECOG <1/>1 24/14 66/69 0.712 57/69 0.624
Trombocyte (X 103/L) <150/>150 6/32 40/71 0.542 42/74 0.528
LDH (IU/L) <480/>480 26/12 66/73 0.885 52/71 0912
CRP (mg/L) <5/>5 13/25 81/60 0.195 68/66 0.135
First-line treatment VCD, ASCT, LD 22 80 69
VCD+LD 16 46 0.005 41 0.003
Response status CR/VGPR/PR 25 100 100
SD+PD 13 0 0.001 0 0.001
5-mC value (%) Increased 31 73 61
Decreased 7 83 0.367 86 0.414

PF'S progression-free survival, OS overall survival, /PI International Prognostic Index, ISS international scoring system, ECOG Eastern Cooper-
ative Oncology Group, LDH lactate dehydrogenase, CRP C-reactive protein, VCD bortezomib, cyclophosphamide, dexamethasone, ASCT autol-
ogous stem cell transplant, LD lenalidomide, dexamethasone, CR complete response, VGPR very good partial remission, SD stable disease, PD

progressive disease, 5-mC 5-methylcytosine

scores and additional cytogenetic abnormalities in terms
of hypermethylation of specific tumor suppressor genes
such as glutathione peroxidase 3 (GPX3), retinol-bind-
ing protein 1 (RBP1), secreted protein acidic and rich in
cysteine (SPARC), transforming growth factor beta-induced
(TGFBI). When the functions of four different genes are
examined, the hypermethylation of "TFBI" that play a role
in chemotherapy response, "SPARC" that regulates its rela-
tionship with the microenvironment, "RBP1" effective in the
retinoic acid signaling pathway and "GPX3", which play a
role in the oxidative stress response, are significantly associ-
ated with both low OS and low PFS [18].

Traditionally, the "global" loss of methylation of the
whole genome and methylation of the associated CpG
islands of the specific genes have been associated with
carcinogenesis [19]. APC 2, which is an important tumor
suppressor gene, is subject to similar studies. An impor-
tant study on solid malignancies is a meta-analysis related
to bladder cancer in 2018. In a study where a total of 531
controls and 1293 patients from 14 separate studies were
included, the relationship between APC promoter region
methylation and bladder cancer was evaluated. It has been
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demonstrated that there is a statistically significant relation-
ship with bladder cancer (OR=17.01, CI=7.40-39.07).
At the same time, a significant increase in methylation was
observed in correlation with tumor grade [20]. Similarly,
in another study from 2018, a significant relationship was
shown between esophageal cancer and APC promoter gene
methylation [21, 22]. In another meta-analysis of 2018, 2483
patients and 1218 controls from 31 studies were evaluated
and the relationship between breast cancer and APC gene
methylation was studied. It has been shown that hypermeth-
ylation is significantly higher in advanced breast cancer [23].

WNT signal transduction emerges as an important path-
way for cell differentiation and growth in hematopoiesis and
lymphopoiesis. The WNT signaling pathway is thought to
play an important role in the transformation of MM and
plasma cells into a malignant clone [24]. Inhibition of the
tumor suppressor, the conserved cylindromatosis (CYLD)
involved in the regulation of the WNT pathway in the devel-
opment of MM; WNT Inhibitory Factor 1 (WIF 1), dick-
kopf-related protein 1 and 3 (DKK1), (DKK3) and soluble
frizzled-related protein 1, 2, 3, 5 (sFRP1, sFRP2, sFRP4,
sFRPS5') are antagonists of the WNT pathway. In addition
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to promoter hypermethylation, overexpression of the co-
transcriptional activator B-cell CLL/lymphoma 9 (BCL9)
and R-spondin receptor Leucine-rich repeat-containing
G-protein coupled receptor 4 (LGR4) are thought to play a
role. The strong binding of both WNT and R-spondins with
syndecan-1 "CD-138", which has been identified on the MM
cell surface, also contributes to the disease. These epigenetic
changes in the WNT 1 signaling pathway can contribute to
the proliferation, migration and drug resistance of plasma
cells. In addition, it was seen that WNT antagonists are also
secreted from plasma cells [25].

In a 2017 study on the WNT signaling pathway, the APC
gene in this pathway and hematological malignancies [26],
the effect of APC gene expression and hypermethylation
in childhood acute lymphoblastic and myeloblastic leuke-
mia (ALL and AML) patients were examined. The APC
gene promoter region was found to be hypermethylated
in 56% of patients (49.2% B-ALL, 62.5% T-ALL, 64.1%
AML patients). When APC mRNA levels were examined
to evaluate the effect of methylation on gene expression,
it was observed that expression was statistically decreased
in all ALL patients compared to controls. Aberrant DNA
promoter methylation is shown as one of the major factors
in hematological malignancies and especially leukemias.
Chemotherapy responses or the change that occurs with
chemotherapy are also studied in terms of the relationship
with the same mutations. In a study conducted with 30 AML
patients [14], APC 2 and cytochrome p450 family subfam-
ily B polypeptide (CYP1B1) methylations of bone marrow
samples collected before chemotherapy were examined. For
APC 2, no change was detected before and after chemo-
therapy; However, CYP1B promoter hypermethylation was
observed to be induced in M3 subtype.

Although the relationship between the MM and WNT
signaling pathways has been theoretically explained, the
data revealed by clinical studies are not clear. The effects of
different tumor suppressor genes on MM and the effect of
methylation on the disease response were examined. How-
ever, clear data could not be generated for the APC 2 and
WNT pathway. Similarly, in another [10] study, hypermeth-
ylation of tumor suppressor genes such as p16, suppressor of
cytokine signaling-1 (SOCS-1) p73, E-Caderin and SHP-1
and global hypermethylation in MM has been studied.
SOCS-1 hypermethylation was also common in active dis-
ease and was significantly frequent in more advanced disease
stages. SHP-1 hypermethylation has been associated with
low OS. In terms of global DNA hypermethylation, no sig-
nificant difference was found in terms of active disease or the
group in remission. We demonstrated in this study a quite
significant post-treatment increase in hypermethylation. In
this study, no significant difference was observed in terms
of APC 2 promoter gene hypermethylation before or after
treatment. Similarly, no statistically significant result was

found in treatment response. This is a very important point
in terms of literature contribution.

This study also had limitations. The most important
point is that the obtained global DNA belongs to all cells,
as in most studies. It is not specifically derived from clonal
plasma cells. Another important limitation point is that only
19 of the patients included in the study had the APC 2 hyper-
methylation profile. This can be seen as an obstacle to more
sensitive results for APC 2. The limited patient group and
subgroups also prevent possible statistical significance.

In conclusion, this study represents valuable data with
the initial global DNA hypermethylation results in the MM
patient group and the increase in hypermethylation post-
treatment. Although no significant findings were obtained
in terms of APC 2 gene promoter hypermethylation due to
the limited patient group, it will shed light on future studies.
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