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Global DNA methylation and increased DNMT3A expression in multiple myeloma
patients

Petra Luzna', Denisa Weiser Drozdkova', Pavla Flodrova', Katarina Ondruskova’, Ivo Uberall', Jiri Minarik??, Zdenek Kolar',
Katerina Smesny Trtkova'*

Aims. The aim of this study was to compare the expression profile of selected DNA methyltransferases and global
DNA methylation status in patients with different phases of multiple myeloma (MM) . For the analysis, different cellular
populations including unsorted myeloma cells and a set of plasma cells purified by relevant antibodies were used.
Consequently, laboratory data were compared to patients’ clinical data.

Patients and Methods. For the analysis, unsorted bone marrow cell population of 44 MM patients (30 newly diagnosed,
9 relapsed and 5 patients in remission) and a set of 8 patients’samples of sorted plasma cells were used. We used com-
mercially available RNA isolated from BM of 3 healthy individuals as control samples. Expression analysis of three DNA
methyltransferases - DNMT1, DNMT3A, and DNMT3B was performed by quantitative RT-PCR and the patient global
DNA methylation profiles were detected by colorimetric assay.

Results. Unchanged DNMT1 expression was detected in the selected cohort of patients. Normalized DNMT3A gene
expression was globally higher in comparison with controls in unsorted and sorted cell populations. Low (0.08-1.81%)
global DNA methylation status in unsorted samples of multiple myeloma patients did not correlate either with expres-
sion profiles of monitored DNA methyltransferases or with the stages of MM based on Durie-Salmon and International
Staging System.

Conclusion. This is the first comparative study between DNA methyltransferases expression profiles and global DNA
methylation status in different phases of multiple myeloma patients. No significant correlation between the level
of global methylation and the clinical stage of the unsorted cell population of patients with multiple myeloma was
registered. Overexpression of the DNMT3A gene occurred in both sorted and unsorted cell populations of patients
with multiple myeloma. This fact highlights the DNMT3A as a potential marker of multiple myeloma tumor progres-
sion. Moreover, we demonstrated comparable results in the expression of DNA methyltransferases in both sorted
and unsorted cell populations. This is a promising result from the methodical point of view because when compared
to samples of unsorted multiple myeloma cells, samples of sorted cells bring reduction of the number of possible
analyses performed.
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INTRODUCTION immunoglobulin, skeletal damage, etc.) reflecting the ex-
tent of the tumor mass in the body and the progression
Multiple myeloma (MM) is a clonal malignancy char-  of the disease. Subclassification (A/B) is based on the
acterized by proliferation of plasma cells in bone marrow!.  level of creatinine. International Staging System (ISS),
It starts as an asymptomatic monoclonal gammopathy the international prognostic system for multiple myeloma
of undetermined significance (MGUS), but this stage that has been used since 2003, is easier than Durie and
is not necessarily detected in all patients. 1% of MGUS  Salmon's classification, using only 2 laboratory indicators
patients progress to symptomatic MM per each year?.  to determine prognosis: serum albumin and beta2-micro-
Despite novel therapeutic agents and strategies, MM is  globulin. In 2015, ISS system was revised (R-ISS) and
still considered to be an incurable disease’®. the prognostic system was expanded by 2 new indicators:
In 1975, a system for determining the clinical stage = LDH concentrations and the presence of risky cytoge-
of MM based on the classification of Durie and Salmon  netic changes del(17p) and/or translocation t(4;14) and/
(D-S) was introduced. It is still a well-applicable system.  or translocation t(14;16) (ref.®).
MM is divided into stages I-III based on given criteria Abnormal gene hypermethylation accompanied by
(concentration of hemoglobin, calcium or monoclonal  global DNA hypomethylation are changes generally seen
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in human cancer. There is evidence that global DNA hy-
pomethylation may result in chromosomal instability. As
shown in previous studies'®!, apart from chromosomal
gains or losses, translocations and cancer driver muta-
tions typically seen in the MM genomic landscape, epigen-
etic anomalies have been identified as important drivers
in MM development. DNA methylation is one of the post-
translational/epigenetic modifications that can affect a
gene’s function. The addition of methyl group to cytosine
in DNA is catalyzed by so-called DNA methyltransferases
- DNMT1, DNMT3A, DNMT3B, which cause its modi-
fication to 5-methylcytosine. Hypermethylation of tumor
suppressor gene promoters may lead to gene expression
inhibition thus contributing to tumor formation'*',

The aim of our study was to perform pilot assessment
of DNA methyltransferases expression profiles and global
DNA methylation status in bone marrow samples of mul-
tiple myeloma patients.

MATERIALS AND METHODS

Unsorted cell population of multiple myeloma patients

We analysed unsorted cell population of bone mar-
row aspirates of 44 multiple myeloma patients at different
phases of MM The analyzed group of patients consist-
ed of 30 newly diagnosed multiple myeloma patients,
9 patients in relapse, and 5 in remission of the disease.
Altogether, there were 19 men and 25 women, with me-
dian age 68 years. The diagnosis of MM was guided by
International Myeloma Working Group criteria'®. The ba-
sic characteristics of the cohort are summarized in Table
2. The study was approved by the Ethics Committee of
the Olomouc University Hospital and all samples were
taken after informed consent.

Cluster of differentiation (CD) purified plasma cells

Purified plasma cells of 8 multiple myeloma patients
were analyzed, all in active phase of the disease, 5 newly
diagnosed and 3 in relapse, Table 2 Plasma cells (PCs)
were separated from bone marrow aspirate of MM pa-
tients by Histopaque-1077 medium (Histopaque®-1077,
Sigma Aldrich, St. Louis, Missouri, USA) according to
the manufacturer’s instructions. Centrifugation on ficoll
gradient was used to isolate total lymphocytes from the
sample, then the obtained lymphocytes were incubat-
ed with a set of the following antibodies: Anti-Human
CD19" (Beckman Coulter Life Science, Indianapolis,
Indiana, USA), FITC Anti-Human CD38* (Immunostep,
Salamanca, Spain), Anti-Human CD45* (Agilent Dako,
Santa Clara, California, USA), and Anti-Human CD56*
(Agilent Dako, Santa Clara, California, USA), and sorted
by flow cytometry.

Nucleic Acid Isolation

Total RNA was isolated from an unsorted bone mar-
row population using TRI Reagent® BD (Molecular
Research Center, Inc., OH, USA) according to the manu-
facturer’s protocol.
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Total RNA from purified plasma cells was isolated by
Norgen Single Cell RNA Purification Kit (Norgen Biotek
Corp, Thorold, ON, Canada) according to the manufac-
turer’s instructions.

Genomic DNA was isolated from an unsorted bone
marrow cell population using the QIAamp DNA Mini
Kit (Qiagen, Hilden, Germany). Both the RNA and DNA
concentration and purity were measured using a nano-
drop (NanoDrop ND-1000, Thermo Fisher Scientific)
instrument.

Expression analysis of DNA methyltransferases (DNMTs)

100 ng of total RNA was converted by reverse tran-
scription into cDNA using the Transcriptor First Strand
cDNA Synthesis Kit (Roche, Basel, Switzerland) ac-
cording to the manufacturer’s instructions. cDNA was
used for the expression analysis of DNA methyltrans-
ferase (DNMT1, DNMT3A, DNMT3B) expression.
RNA isolated from a sorted population of bone marrow
cells was transcribed into cDNA via EasyScript Plus
cDNA Synthesis Kit (Applied Biological Material, Inc.,
Richmond, Canada).

The qRT-PCR with TagMan and Xceed qPCR Probe
Mix probes (Institute of Applied Biotechnologies,
Prague, Czech Republic) was performed using the Light
cycler®480 system (Roche, Basel, Switzerland). The ex-
pression of DNMTs was normalized to the endogenous
house-keeping control, the GAPDH gene. All probes were
provided by Thermo Fisher Scientific (Waltham, MA,
USA). Commercially available RNA isolated from BM of
3 healthy individuals (Takara Bio USA, Inc., Mountain
View, CA, USA) was used as the calibrator for 244 quan-
tification.

Colorimetric analysis of global DNA methylation

Isolated DNA was used for colorimetric detection of
global methylation (% 5-mC) using the MethylFlash™
Methylated DNA Quantification Kit (Epigentek,
Farmingdale, NY, USA). The method is based on the
binding of genomic DNA (approx. 100 ng) to the spe-
cially modified bottom of a 96-well plate (part of the kit).
After DNA binding, the sample was washed and a pri-
mary antibody which binds to the methylated DNA was
applied. After binding of the secondary antibody followed
by adding an enhancer, a colorimetric reaction occurred,
and the absorbance at 450 nm was measured. The experi-
ment was performed in triplicates, negative control was
included. 5 different known concentrations of methylated
DNA were used to generate a calibration curve. The level
of global methylation was calculated as follows: 5-mC (ng)
= (absorbance of the sample - absorbance of the negative
control)/slope* x 2; 5>-mC% = (5-mC in ng/S*) x 100%
(5-mC = 5-methylcytosine, S is the amount of DNA in
the reaction, the slope value is obtained from the linear
regression).

Statistical analysis
The data were analyzed using two non-parametri-
cal tests, Spearman rank-correlation coefficient and
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Fig. 1. Comparison of DNMT1, DNMT3A and DNMT3B ex-
pression profile detected in unsorted cell samples obtained from
44 multiple myeloma patients.

Kruskal-Wallis test. Statistically significant differences
are marked with an asterisk (*) directly in the text or in
the tables (*P<0.05).

RESULTS

Expression profiles of DNA methyltransferases

For the expression analysis, we used the whole cohort
of unsorted cell samples of all 44 multiple myeloma pa-
tients. Furthermore, a set of 8 samples of purified plasma
cells from 5 newly diagnosed multiple myeloma patients
and 3 patients in relapse were obtained.

In the set of the unsorted patients’ samples, we anal-
ysed the levels of the expression of the methyltransferases
with respect to the healthy controls. The final outcomes
are therefore presented in relative expression levels. The
levels of DNMT1 and DNMT3B were comparable to the
controls, however, an increased DNMT3A expression was
detected, moreover even in comparison with DNMT1 and
DNMT3B expression profiles (Fig. 1) (average relative
DNMT3A expression = 2.2; DNMT1 = 0.9; DNMT3B =
1.4, respectively).

Similar results with higher DNA methyltransferase
expression was observed in both the unsorted and the
sorted cell population of multiple myeloma patients. In
both sorted and unsorted cell populations, an increased
level of relative expression of the DNMT3A gene was
detected when compared to DNMT1 and DNMT3B ex-
pressions (Fig. 5A, 5B).

As we had samples from 3 different phases of MM
(remission phase, diagnosis and relapse), we tried to
compare the expression profiles of all the three methyl-
transferases within these phases. We didn’t find any sta-
tistically significant differences in DNMT1 nor DNMT3B
expression profile in any of the analysed subset of pa-
tients (Table 1, Fig. 2, 4). Nevertheless, we could observe
a trend towards higher expression levels of DNMT3A in
active phase of MM (newly diagnosed and relapsed) ver-
sus the remission phase of the disease (Fig. 3).
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Fig. 2. Relative DNMT1 expression detected in unsorted cell
samples of three subgroups of MM patients.

MMdg. - newly diagnosed MM, MMrel. - MM in relapse, and
MMrem. - MM in remission

10
g 9 .
Z s
5 7 .
% 6 Il MM rem.
on
R [ Mm rel.
=
s 4 B MM dg.
< 3 T
o
. mb
2 1 -
0

Fig. 3. Relative DNMT3A expression detected in unsorted cell
samples of three subgroups of MM patients.

MMdg. - newly diagnosed MM, MMrel. - MM in relapse, and
MMrem. - MM in remission
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Fig. 4. Relative DNMT3B expression detected in unsorted cell
samples of three subgroups of MM patients.

MMdg. - newly diagnosed MM, MMrel. - MM in relapse, and
MMrem. - MM in remission
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Fig. 5. Comparison of DNMT1, DNMT3A and DNMT3B gene expression profile in samples of unsorted cell populations
(39 patients). A. and purified plasma cells (8 patients). B. obtained from newly diagnosed MM patients (MMdg.) and patients

in relapse (MMrel.)

Table 1. Statistical analysis of DNMTs expression levels
detected in samples of unsorted cell populations among three
subgroups of MM patients.

Gene P

DNMT1 0.5182
DNMT3A 0.6357
DNMT3B 0.8149

MMdg. - newly diagnosed MM, MMrel. - MM in relapse, and MMrem.
- MM in remission

Global DNA methylation in unsorted cell samples

Our next aim was to determine the global DNA meth-
ylation level in different phases of the development of
multiple myeloma. We proceeded to determine the global
DNA methylation in the whole set of 44 patient samples.
Although the physiological value of global cytosine meth-
ylation was reported to be about 4% (ref.'), the global
DNA methylation in our set of multiple myeloma patients
varied in the range from 0.08 to 1.81%. Statistical analy-
sis of global DNA methylation percentage values among
monitored subgroups of MM patients showed no signifi-
cant difference among the groups (P=0.1088) (Fig. 6).
However, similarly as in the case of DNMT3A, there was
a trend towards different (lower) levels of global methyla-
tion in remission phase MM with respect to both newly
diagnosed and relapsed patients.

Correlation of methylation profiles and clinical stages of
multiple myeloma

We finally tried to compare the expression profiles
of all the three selected methyltransferases (DNMT],
DNMT3A, DNMT3B) with respect to the global DNA
methylation. Having the data on individual D-S and ISS
stages of multiple myeloma, we performed a correlation
analysis of the methylation status with respect to the clini-
cal stages. In the unsorted cell samples, we did not detect
any statistically significant correlation between the global
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Fig. 6. Comparison of global DNA methylation (%) among
three subgroups of MM patients (unsorted samples).

MM dg. - newly diagnosed MM, MMrel. - MM in relapse, and
MM rem. - MM in remission

DNA methylation status and either D-S or ISS stage of
multiple myeloma (Table 3). There was also no statis-
tically significant relationship between the global DNA
methylation and DNA methyltransferases (DNMT]1,
DNMT3A, DNMT3B) expression (Table 4).

DISCUSSION

DNMT3A and DNMT3B catalyze de novo DNA meth-
ylation, while DNMT1, which is called a maintenance
methyltransferase, preferentially catalyzes hemi-methyla-
tion of DNA after each cell division. Gene transcription
silencing does not have to be permanent, recent studies
describe the possibility of 5-methylcytosine demethylation.
That is why epigenetic modifications, including DNA
methylation, could be an attractive target for potential
cancer treatment. In some types of cancer, hypomethyl-
ation agents can restore desirable physiological processes,
such as DNA repair, or contribute to cancer cell apopto-
sis'>, So far, the cause of unusual DNA methylation in
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Table 2. MM patients’ characteristics.
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UNSORTED POPULATION
M58 rem F 56 0.9580 2.3590 1.0420 0.0800 III A 3
M55 rem F 67 0.9560 1.0070 0.41900 0.3930 III A 2
M66 rem F 63 0.8980 1.4340 0.7070 0.7250 IITA 1
M65 rem M 60 0.8790 1.3850 0.7500 0.7250 ITA 1
MS80 rem M 65 0.9540 2.2660 2.0780 1.1890 III B 3
M57 rel F 73 0.8800 1.6210 0.7000 0.2930 ITA 2
Mol rel F 74 0.9360 2.2420 0.6710 0.5890 ITA 1
M28 rel F 72 0.8530 1.0280 0.5210 0.8000 ITA 1
M84 rel F 65 0.9910 1.5490 1.0470 0.9930 ITA 1
M39 rel F 64 0.8770 2.6030 0.7790 1.0720 I A 1
M37 rel M 69 0.9460 1.6590 0.7170 1.1740 IIA 1
M33 rel M 68 1.0000 3.1490 0.6350 1.4310 IIA 1
M30 rel M 57 0.9140 3.4340 1.9450 1.4630 1A 2
MS3 rel M 71 0.8390 1.1810 1.0140 1.2200 III B 3
M86 dg M 68 0.9590 1.7840 1.6530 0.5460 IIT A 2
M56 dg F 41 0.8550 1.6660 0.1470 0.4050 1T A 2
M25 dg F 58 0.8950 1.4040 0.4090 0.6430 III B 3
M50 dg M 68 0.8590 1.404 1.2100 0.1720 I A 2
M64 dg M 61 0.9660 1.2060 2.6940 0.2730 1A 2
M10 dg M 75 0.8170 2.1990 0.3010 0.7420 111 B 3
M68 dg M 78 0.9200 2.0350 1.3240 0.7450 III A 2
M79 dg M 67 0.8800 2.9720 2.5050 0.7850 ITA 1
MO8 dg M 62 0.8460 1.3200 0.4560 0.9770 IITA 1
M26 dg F 75 0.8890 1.8400 0.7120 0.9900 1T A 2
MO02 dg F 68 1.0830 2.3700 0.3310 0.9980 IIT A 3
M36 dg F 74 0.7220 8.8150 4.7900 1.0180 ITA 2
M21 dg F 79 0.9140 2.8680 0.5010 1.0540 1T A 3
MO04 dg M 73 1.0870 2.8280 0.4730 1.1160 111 B 3
M8l dg F 71 0.8830 3.4500 9.7140 1.1180 III A 2
M27 dg M 70 0.8770 1.3290 0.8350 1.1270 1T A 2
M69 dg F 72 0.8880 2.2290 1.0090 1.1270 A 2
M78 dg F 80 0.9120 7.0130 1.6040 1.1400 IITA 1
M77 dg F 73 0.7870 1.4900 0.6200 1.1850 IIT A 2
M24 dg F 63 0.8710 1.6020 1.1410 1.2310 IIII A 3
M62 dg F 64 0.9440 0.8790 0.3300 1.3010 I A 1
MO03 dg F 68 0.9230 1.3240 0.6950 1.3400 111 B 3
M85 dg M 82 0.8320 3.8150 0.8040 1.3840 III A 3
MO6 dg F 63 0.9940 0.7530 0.3910 1.3900 III A 2
MO7 dg F 71 1.0970 2.9490 1.6250 1.4170 ITA 3
MI12 dg M 68 0.8180 2.6210 0.3760 1.5250 1A 1
M38 dg F 51 0.8950 1.2570 0.4510 1.5300 1T A 2
M20 dg M 71 0.9530 1.5480 0.4150 1.6880 I B 2
M70 dg F 68 0.9560 2.9320 0.1640 1.7740 I B 3
M29 dg M 87 0.8590 1.6930 3.5680 1.8050 ITA 2
SORTED POPULATION
20200107 rel F 60 1.1171 1.5119 0.7262 X IIA 1
20200120 rel M 70 1.8969 1.8462 2.2831 X 111 B 3
20191118B rel F 74 1.9783 3.4715 1.8292 X 11 A 3
20200304B dg F 62 0.8014 2.3251 1.1541 X 1A 2
20200225 dg F 60 1.0788 3.3247 1.8214 X IITA 2
20200330 dg M 78 1.1083 1.5696 0.5572 X IIT A 2
20200629C dg F 63 1.1232 0.9648 0.1975 X ITA 1
20200730 dg M 75 2.1166 2.4310 1.1346 X IIT A 2

M - male, F - female, Dg. - newly diagnosed MM patient, rel - relapsed patient, rem - patients in remission, A - creatinine < 177 umol/L,
B - creatinine > 177 umol/L, x - global methylation level could not be due to low level of isolated DNA detected
*assessed at the time of MM diagnosis
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Table 3. Statistical analysis of global DNA methylation detected in unsorted samples of MM patients analyzed by prognostic
scoring systems (Spearman rank-correlation coefficient).

Correlated data

Results

Global DNA methylation vs. Durie-Salmon Staging System

Global DNA methylation vs. Durie-Salmon Staging System, subtype A or B

Global DNA methylation vs. International Staging System

r=0.1416, P=0.3593 (ns)
r=0.2149, P=0.1564 (ns)
r=0.1036, P=0.4984 (ns)

(ns) - not significant

Table 4. Statistical analysis of global DNA methylation status and DNA methyltransferases expression in unsorted samples of
MM patients.

Correlated data

Results

DNMTI expression vs. global methylation level
DNMT3A expression vs. global methylation level
DNM3B expression vs. global methylation level

r=0.038, P=0.808 (ns)
r=0.184, P=0.232 (ns)
=-0.068, P=0.663 (ns)

(ns) - not significant

patients with MM is still unknown. Two scientific groups
describe increased expression of DNMT1 in plasma cells
of multiple myeloma patients compared to healthy indi-
viduals, and moreover the increase correlates with disease
progression'>"”, However, it is not known whether the ele-
vated expression of DNA methyltransferases causes global
DNA methylation enhancement or is only the indicator
of increased cell proliferation. Dimopulos et al. described
decreased DNMT3A expression in multiple myeloma pa-
tients" and Heuck et al. demonstrated hypermethylation
of the DNMT3A gene promoter®.

About 4% of cytosine residues in the human genome
have been found to be methylated. It is known that
DNA hypomethylation is associated with cancer and af-
fects more of the genome than hypermethylation®. Some
studies suggest that the level of global methylation could
serve as an independent prognostic factor?>?. The pos-
sibility that the level of global methylation in multiple
myeloma could serve as an independent prognostic fac-
tor has not yet been described in the literature. Moreaux
and colleagues described the relationship between DNA
methylation score of myeloma cells and sensitivity to hy-
pomethylation treatment by 5-azacytidine?.

In this study we describe the level of methylation and/
or expression changes of selected DNA methyltransfer-
ases in both unsorted and sorted bone marrow aspirates
of multiple myeloma patients. Despite of the fact that we
did not find any significant differences between the DNA
methyltransferases expression in MM patients at different
phases of the disease (possibly due to low patient counts),
some of the outcomes were promising. Specifically, the
expression level of DNMT3A was increased in patients
with active MM (newly diagnosed patients and those
in relapse) in both unsorted and sorted cell population
compared to healthy controls and even to DNMT1 and
DNMT?3B expression profiles in MM patients. The global
DNA methylation had a similar trend towards higher lev-
els in active MM and lower level of methylation in remis-
son phase MM, even below the reported physiological
value of global cytosine methylation'.

Cell sorting may be a limiting factor that interferes
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with the use of cell samples for further analyses, for ex-
ample due to the inability to obtain sufficient amount
of nucleic acids for the desired expression assays. It is
known that only 20% of bone marrow aspirates ensure a
sufficient number of plasma cells when sorted with a set
of antibodies?. In our study, equal changes in the expres-
sion profile of DNMTs were found in both sorted and
unsorted cell populations.

CONCLUSIONS

Increased expression of the DNMT3A gene could
highlight the DNMT3A as a potential marker of multiple
myeloma disease progression. The global DNA methyla-
tion in our MM cohort had lower overall levels in compar-
ison with reported physiological values. We did not detect
any significant correlation between the level of global
methylation nor the expression of DNMT1, DNMT3A
and DNMT3B in the unsorted cell population and the
clinical stage of MM patients.

ABBREVIATIONS
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5-mC: 5-methylcytosine.
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