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Background: Multiple myeloma (M M) is the most common type of paraproteinemic hemoblastosis, which is characterized by an ag-
gressive course, high mortality and a large number of complications. The G681A variant (*2, rs4244285) of the CYP2C19 gene
leads to the formation of an inactive enzyme and, as a consequence, may affect the development and course of MM. The aim
of this research was to analyze the effect of the G681A variant of the CYP2C19 gene on the risk of the development of MM and
its course. Materials and Methods: The study enrolled 158 patients with MM, who underwent standard clinical and laboratory
studies: cytological, general clinical, biochemical, as well as molecular cytogenetic and molecular genetic. Cytogenetic analysis
of chromosome abnormalities was performed using interphase fluorescence in situ hybridization. Genotyping by the G681A variant
of the CYP2C19 gene was performed by polymerase chain reaction-restriction fragment length polymorphism. Results: No as-
sociation was found between the G681A variant of the CYP2C19 gene and the risk of developing MM. The association between
the presence of the G allele and GG genotypes with significant changes in clinical and biochemical parameters (plasma cell count,
o2-globulin, calcium content) in MM patients has been established. In the presence of the G allele of the CYP2C19 gene, the de-
velopment of chromosomal rearrangements del(13q14.2) or del(13q34) with significantly increased levels of albumin occurs more
frequently. Conclusions: The G681A variant of the CYP2C19 gene does not affect the risk of developing MM, but it is associated
with significant changes in the clinical and biochemical parameters that determine the severity of the disease and its prognosis.
Further research is important to develop new target strategies and maintenance therapy for carriers of different variants of the

CYP2C19 gene (G681A).
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Multiple myeloma (MM) is the most common
form of paraproteinemic hemoblastosis account-
ing for 1.0-1.8% of all cancer cases. The recent
studies indicate a high incidence of this disease
in Europe — 4.5-6.0 cases per 100.000 population
per year. MM is an incurable disease characterized
by an aggressive course, high mortality, and a large
number of complications. There is a clear tendency
of “rejuvenation” of the disease, and in increasing
frequency, the clinical presentation occurs at the age
of up to 40 years. Despite significant advances in treat-
ment, only 10-15% of patients achieve the expected
survival, which requires new research for the prognosis
of the disease course [1, 2].

Inrecent years, data have been obtained to confirm
that a functionally significant polymorphism of genes
encoding enzymes of the biotransformation system
of xenobiotics is one of the important factors in the de-
velopment and progression of malignant neoplasms,
including MM [3]. The CYP2C19, an isoenzyme of cy-
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tochrome P450, which plays an important role in both
detoxification or inactivation of potential carcinogens
and in the activation of some environmental procar-
cinogens and the formation of functionally active
DNA-binding metabolites such as nitrosamines, and
therefore may be involved in the formation of oncologi-
cal pathology [4].

The CYP2C19 gene (OMIM*124020) is located
on chromosome 10923.33. Among the gene
variants, the G681A variant (allelic variant *2,
rs4244285) is the most significant and widespread.
It is formed under the substitution of guanine with
adenine at position 681 of exon 5, which leads to the
formation of an aberrant splicing site. The creation
of this site shifts the reading frame of mMRNA, start-
ing with 215 amino acid residues, and prematurely
creates a stop codon for 20 amino acid residues
earlier, resulting in a shorter, functionally inactive
protein [5]. To date, the association of this variant
of CYP2C19 with the risk of developing various
cancers — oral cancer, breast cancer, cancer
of digestive tract, etc., has been detected [4, 6,
7]. However, studies on the association of the
CYP2C19 gene variant (G681A) with the risk of de-
veloping MM have not yet been performed. The aim
of this research was to analyze the effect of the
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G681A variant of the CYP2C 19 gene on the devel-
opment and course of MM.

MATERIALS AND METHODS

The study enrolled 158 patients with MM —
81 women (51.3%) and 77 (48.7%) men who under-
went treatment at the Oncohematology Department
of Kyiv Centre of Bone Marrow Transplantology
in 2014-2018. The average age of the patients was
53.71 £9.38 years, of which the average age of women
was 54.44 +9.79 years, and men — 53.00 = 8.98 years.

Patients were examined in terms of a wide range
of standard clinical and laboratory studies, which
included cytological, general clinical, biochemical,
and molecular cytogenetic methods of examination
according to the protocol of the Ministry of Health
of Ukraine [8]. Cytological examination to determine
the level of plasma cells in the bone marrow is one
of the main clinical markers of MM [8]. It was per-
formed using a unified method for differentiation
of formed elements in stained smears of the bone
marrow puncture samples.

The general clinical studies included tests for the
presence of protein in the urine and the presence
of Bence-Jones protein in the urine. Biochemical
methods were used to determine the levels of creati-
nine (umol/l), calcium (mmol/l), and lactate dehydro-
genase (LDH) (U/l). Calcium concentration studies
were performed using the Calcium-Arsenazo reagent
kit (ELITechGroup, France), creatinine concentration
was determined using the Creatinine JAFFE reagent kit
(ELITechGroup, France), and LDH levels were deter-
mined using the LDG-L SL kit (ELITechGroup, France).
All studies were performed on the automatic analyzer
SelectraPRO M (Netherlands).

Detection of protein fractions in serum and
24-h urine was performed by the method of electro-
phoretic separation of proteins on the agarose film
SAS-MX100100 (Helena Biosciences Europe, United
Kingdom) in the electrophoresis chamber Helena
Biosciences SAS-MX (Helena Biosciences Europe,
United Kingdom). The separated proteins were fixed
with a mixture of acid/alcohol solutions and then
stained with acid blue dye. After decolorization and
drying, the gels were interpreted using the Platinum
[l program. Gels SAS-MX100100 allow us to clearly
divide serum proteinsinto 5 fractions: albumin (%/g/l),
alpha-1 globulins (%/g/l1), alpha-2 globulins (%/g/l),
beta globulins (%/g/l1), gamma globulin (%/g/l). Due
to the high-resolution ability of the plates, the presence
of monoclonal proteins can be detected. Immunofixa-
tion was used to confirm the presence of monoclonal
proteins and their identification.

Cytogenetic analysis of chromosome abnormali-
ties was performed using interphase fluorescence
in situ hybridization on glass (i-FISH). i-FISH studies
were performed on interphase cell nuclei after long-
term (96-h) cultivation of bone marrow or peripheral
blood cells in the RPMI 1640 medium with the addi-
tion of 20% inactivated fetal calf serum and 0.97%

gentamicin. The following kits were used to visualize
the rearrangements: Deletion-Probe XL DLEU/LAMP
(13914.2/13934) — Fig. 1, XL P53 (17p13); to detect
Dual Fusion Probe translocations: XL t(4;14) (t(4;14)
(p16;032) FGFR3/IGH), XL t(6;14) (1(6;14)(p21;932)
CCNDS/IGH), XL t(11;14) (t(11;14)(q13;932) CCND1/
IGH), XLt(14;16) (t(14;16)(932;923) IGH/MAF AMWWOX)
(MetaSystems, Germany).

For molecular genetic analysis, DNA was isolated
from the peripheral blood samples using the Quick-DNA
Universal Kit (Zymo Research, USA) according to the
instructions. Genotyping by the G681A variant of the
CYP2C19 gene was performed according to a modified
protocol using the polymerase chain reaction method
and subsequent analysis of restriction fragment length
polymorphism (PCR-RFLP) [9]. The DNA fragments
of the CYP2C19 gene were amplified using the com-
mercial DreamTaq Green PCR Master Mix kit (Thermo
Fisher Scientific, USA) and specific oligonucleotide
primers (Metabion, Germany) in compliance with the
conditions of the reaction. The amplification products
of DNA fragments were subjected to hydrolytic cleav-
age by restriction endonuclease Smal (Thermo Fisher
Scientific, USA). PCR-RFLP products with the sizes
of 118 bp and 49 bp corresponded to the GG genotype,
and with the size of 167 bp — to the AA genotype, re-
spectively; fragments of 167 bp, 118 bp, and 49 bp cor-
responded to the GA genotype of the CYP2C 1972 allelic
variant (Fig. 2).

All patients gave informed consent to par-
ticipate in the study, and permission was obtained
from the Bioethics Committee of P.L. Shupyk Na-
tional Medical Academy of Postgraduate Education
(N2 4 as of 07 April, 2014).

Statistical data processing was performed using
Microsoft Excel Pro Plus 2016 and SPSS v.27 software.

a b
c d

Fig. 1. Variants of the distribution of luminescence signals
of loci on the long arm of chromosome 13: green signal —
13934 (LAMP), red signal — 13g14.2 (DLEU); a — normal signal
distribution; b — del(13g34); c — del(13q14.2); d — del(13q14.2)
and del(13g34)
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Fig. 2. Electrophoregram of PCR-RFPF products of the G681A variant of the CYP2C19 gene in MM patients: 1 — molecular weight
marker, samples 3, 5, 6, 8-10, 12-16 — the GG genotype, samples 4,7, 11, 17, 19 — the GA genotype, samples 2, 18 — the AA genotype

In the analysis of the basic clinical characteristics,
the mean value + standard deviation was calculated.
Genotype and allele frequencies in the study and
comparison groups were compared using the x2 test.
The studied parameters were checked for the normali-
ty of distribution using the Kolmogorov — Smirnov test.
In the case of a normal distribution, the significance
of the differences in the parameters was determined
using Student’s t-test, and in a distribution that differed
from the normal one, the Mann — Whitney U-test was
used. Differences were considered significant for all
types of analysis at p < 0.05.

RESULTS

The molecular genetic analysis for the distribu-
tion of the CYP2C19 (G681A) gene variants yielded
the following genotype distribution frequencies in the
MM group: the GG genotype was detected in 72.3%,
the GA genotype — in 23.9%, and patients with the
AA genotype amounted to 3.2%. The frequency
of genotypes in the MM group corresponded to the
Hardy-Weinberg equilibrium. We analyzed and com-
pared the obtained frequencies of genotype distribu-
tion with the frequencies characterizing the European
population, which were taken from the open database
of the “1000 Genomes” project and with the frequen-
cies for the Ukrainian population, obtained in the study
by N.M. Levkovych (Table 1) [10, 11]. The frequencies
of the obtained genotypes according to the G681A
polymorphic variant of the CYP2C 19 gene in the exam-
ined groups did not differ significantly from the general
population frequency of the genotype distribution
for Europe and Ukraine. The results indicate that the
G681A variant of the CYP2C19 gene does not affect
the risk of developing MM.

Subsequently, we analyzed the obtained average
levels of clinical and biochemical parameters in the
examined patients with MM, which are shown in Table
2. These results correspond to the generally accepted
descriptions of the clinical presentation of MM: the
presence of specific plasma cells in the blood, elevated
creatinine and LDH due to kidney damage (myeloma
nephropathy), elevated (the upper limit of normal)
calcium levels due to bone destruction.

When comparing the results of genetic testing and
the listed clinical and biochemical parameters that de-
termine the stage of the disease and predictits course,
we found significant differences (Table 3). Having di-

vided patients into subgroups by genotypes, we found
that in some cases the parameters between the sub-
groups differed significantly. Thus, inthe general group,
there was a significant difference between the geno-
types: GG vs AA, GA vs AA and GG vs GA+AA in terms
of the level of plasma cells; between the genotypes:
GG vs GAand GG vs GA+AAin terms of the level of a2-
globulin; between the GG and GA genotypes in terms
of calcium level. There was no significant difference
between the subgroups in terms of creatinine, p2-
microglobulin, LDH, and albumin.

According to the results of cytogenetic analy-
sis, it was found that in patients with MM, the fre-
quency of detected chromosomal abnormalities was
as follows: del(13q14.2) — 12.5%, del(17p13) — 7.4%,
del(13g34) — 18.4%, t(4:14)(p16:932) — 12.5%,
t(11;14) — 10.0%, t(14:16) — 10.4%.

No significant differences were found when ana-
lyzing the distribution of genotypes in terms of the
G681A variant of the CYP2C 19 gene in the subgroups
of MM patients with detected chromosomal abnor-
malities and without them. When further comparing
the results — the existing chromosomal abnormalities
with clinical and biochemical parameters in patients
with MM, we found a significant difference (p < 0.05)
for the average level of albumin (Table 4).

When expanding this analysis and taking into ac-
count alleles in terms of the G681A variant of the
CYP2C19 gene, in addition to chromosomal abnormali-
ties, it was found that in the presence of a combination
of del(13g14.2) or del(13g34) and the G allele of the
CYP2C19 gene, the average albumin level was signifi-

Table 1. Analysis of the frequency distribution of genotypes by the G681A
polymorphic variant of the CYP2C19 gene in the comparison groups
Genotype, Patients with MM _European population Ukrainian population

allele n (%) n (%) n (%)
GG 115 (72.7) 363 (72.2) 706 (76.9)
GA 38 (24.1) 134 (26.6) 194 (21.1)
AA 5(3.2) 6(1.2) 18 (2.0)
G 0.85 0.85 0.87
A 0.15 0.15 0.13

Table 2. Clinical and biochemical parameters in the examined MM pa-
tients

Diagnostic indicators Average value
Plasma cells, % 35.35 £22.17
Creatinine, pmol/I 143.75 + 139.09
Calcium, mmol/I 2.42+0.42
LDH, u/l 313.12 £ 195.97
Albumin, g/I 34.61+7.24
a2-globulin, g/I 7.96 £2.94
B2-microglobulin, mg/I 7.34 £ 6.52
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Table 3. The average values of clinical and biochemical parameters in MM patients depending on the G681A variant of the CYP2C19 gene

Clinical and biochemical parameters GG GA AA GA+AA
Plasma cells,% 34.57 +21.61"2 32.95 £ 23.03' 61.91 +13.78 36.46 + 23.96
Creatinine, pumol/I 14111 £ 142.71 162.71 + 142.81 102.58 + 34.99 154.12 £ 134.15
a2-globulin, g/l 7.40 + 2.642° 9.57+3.38 8.61£1.73 9.43+3.12
B2-microglobulin, mg/I 6.59 £ 6.24 9.81 £7.30 3.88+1.89 8.56 £ 6.94
Calcium, mmol/l 2.29 £0.36° 2.58 £0.56 2.4 £0.22 2.55+0.52
LDH, u/l 311.15 £ 177.97 309.95 + 236.94 235.72 £ 111.52 297.15 +220.70
Albumin, g/l 34.65 + 7.65 35.23 +6.21 31.58 + 6.11 34.71+£6.24

Note: 'p < 0.05 compared with AA, 2p < 0.05 compared with GA+AA, °p < 0.05 compared with GA.

Table 4. The average level of albumin (g/l) in MM patients depending
on the presence of chromosomal abnormalities

Chromosomal abnormality Average albumin level, g/|

del(13q14.2) Yes 38.85 + 4.54*
No 32.38 £5.68
del(13934) Yes 39.00 + 5.62*
No 32.19£6.32

Note: The data are presented as mean + SD; *compared with patients with-
out chromosomal abnormalities, p < 0.05.

Table 5. The average level of albumin (g/l) in MM patients depending
on the presence of chromosomal abnormalities and alleles in terms of the
G681A variant of the CYP2C19 gene

Genetic variant

CcYpP2Cc19

Chromosomal G allele A allele

abnormality
del(13q14.2) Yes  42.70 +1.41 g/I
No 32.36 £6.14 g/
del(13q34) Yes 42.50+4.89¢g/* 34.34x131g/l*
No 32.34+£6.711 g/l 31.89+5.90 g/l
Note: The data are presented as mean + SD;*compared with patients with-
out chromosomal abnormalities, p < 0.05.

35.01 £0.86 /1 *
32.42 % 5.27 g/|

cantly higher in patients with MM as compared to pa-
tients without chromosomal abnormalities (Table 5).

DISCUSSION

Forhistoricalreasons, variants ofthe CYP2C19gene,
including the G681A variant, have previously been
studied only as pharmacogenetic markers. In MM pa-
tients, in particular, the effect of the G681A variant
of the CYP2C19 gene on the efficacy of antitumor
agents thalidomide and bortezomib has been studied.
It was hypothesized that patients with the AA genotype
should have a worse response to therapy with these
medications due to the reduced enzyme activity. How-
ever, alarge number of studies have not confirmed this
hypothesis [12, 13]. At the same time, in parallel, it was
found that there is an association between the G681A
variant of the CYP2C 19 gene and the risk of develop-
ing other cancers and their unfavorable course [4, 6,
71. This effect was explained based on the hypothesis
of the influence of environmental procarcinogens
on the pathogenesis of malignant tumors [14].

The results of our study indicate that the G681A
variant of the CYP2C 19 gene does not affect the risk
of developing MM. We did not find such associations
in the available literature. However, we demonstrated
a number of significant differences between the clini-
caland biochemical parameters characterizing the dis-
ease and the prognosis for its course, and genotypes
of the studied variant of the CYP2C19 gene, namely
a significant decrease in plasma cells, along with
an increase in a2-globulin and calcium. In the study
by Vangsted et al. [15], the association of genotypes
with biochemical parameters, in particular, creatinine

levels, has also been shown. In contrast, in the study
by Zhou et al. [16], no significant difference has
been found between the biochemical parameters
and genotypes in terms of the G681A variant of the
CYP2C19 gene.

In our previous study, which examined the effect
of gene variants of the second detoxification phase
of xenobiotics and medicines on the risk of developing
the refractory forms of MM, we elaborated a prog-
nostic model for the risk of developing the refractory
forms of MM, which, in addition to the deletion vari-
ant of the GSTM1 gene, included the level of calcium
and a2-globulin [17]. It has been suggested that a2-
globulin levels represent an indirect marker of kidney
damage. In this study, we found that it was elevated
in the presence of GA and GA+AA genotypes of the
CYP2C19 gene, whereas carriers of GA genotype
presented with elevated calcium levels. The identified
features provide evidence of an unfavorable course
of the disease in patients with a minor allele of the
CYP2C19 gene in the homo- or heterozygous state.
This is obviously confirmed by the significantly highest
level of plasma cells in carriers of the AA genotype.
It is well known that elevated plasma cell levels are
a marker of a severe course of MM [17].

In this study, we did not identify associations be-
tween the G681A variant of the CYP2C 19 gene and the
presence of chromosomal abnormalities in patients
with MM. However, we have shown that in the pres-
ence of the G allele in terms of the CYP2C19 gene,
the clinical manifestation is significantly more often
accompanied by the development of chromosomal
rearrangements del(13g14.2) or del(13g34) and el-
evated levels of albumin. Hence, although according
to the national protocol, chromosomal abnormali-
ties del(13g14.2) or del(13g34) refer to intermediate
risk, the literature provides the results of studies that
indicate a «protective» effect against adverse events
in case of the presence of chromosomal abnormalities
in MM patients [18]. The results of our study indicate
that patients with del(13g14.2) or del(13g34) and the
G allele of the CYP2C19 gene had much and signifi-
cantly higher levels of albumin, which is an important
prognostic biochemical marker of a more susceptible
course of MM. Some authors have proposed to calcu-
late the ratio of globulin and albumin fractions as a pre-
dictor of mortality in the cohort of MM patients [19].

Therefore, we can conclude that the G681A vari-
ant of the CYP2C19 gene is not associated with the
risk of developing MM but affects some important
clinical and biochemical parameters that determine the
stage of the disease and its severity, namely plasma
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cell count, a2-globulin and calcium calcium. In the
presence of the G allele of the CYP2C19 gene, chro-
mosomal rearrangements del(13g14.2) or del(13g34)
with significantly increased levels of albumin are more
frequent. Further research isimportant to develop new
target strategies and maintenance therapy for carriers
of different variants of the CYP2C19 gene (G681A).
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BAPIAHT FrEHA CYP2C19*2 (G681A, RS4244285)
AK NPOrTHOCTUYHUIA MAPKEP KJ1IHIYHOIO
NEPEBI'Y MHOXXWHHOT MIEJTOMU
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CtaH nuTaHHs1: MHOXVHHA Mienoma (MM) — HarnowmpeHiwa
dopma napanpoTeiHeMiyHNX remabnacTosis, sika xapakTepu-
3yeETbCA arpecuBHUM nepebiroM, BUCOKMM pPiBHEM CMepT-
HOCTi Ta BENWKOIO KiNbKiCTIO ycknagHeHb. BapiaHT G681A
(*2, rs4244285) reHa CYP2C19npu3BoauTb OO YTBOPEH-
HA HeakTVMBHOro GepMeHTy, i 9K Hacnigok, Moxe BnAMBaTn
Ha pPO3BUTOK Ta nepebir MM. Merta: lNpoaHanizyBatu BNAvB
BapiaHTa G681A reHa CYP2C19 Ha pu3nk po3BUTKY Ta nepe-
6ir MM. Martepianun Ta meTogu: Y OOCNIOXEHHI B3S/IM y4acTb
158 naujeHTiB 3 MM, y siknux 6yno npoBeneHo ctaHaapTHI Kili-
HiKO-N12b0paTopPHi  A0CNIOXKEHHS: LMTONOrYHI, 3arafbHOKJIi-
Hi4Hi, BiOXiMiYHI, @ TAaKOX MONEKYNSIPHO-LUMTOreHETUYHI Ta MO-
NEeKyNSApHO-reHeTuYHi. Pe3ynbTaTu: He BUABNEHO acoujauii
Mix BapiaHTom G681A reHa CYP2C19 Ta pn3nkoM pPO3BUTKY
MM. BcTtaHOBREHO acouiaLito HasBHOCTI anena G Ta reHoTu-
niB GG 3i 3HAYYLLMMW 3MiIHAMW KJTiHIKO-Bi0XiMiYHNX MOKa3HWKIB
(nnasmaTuyHUX KiTvH, 0a2-rnobyniHy, Kanblilo) y nauieHTiB
3 MM. 3a HaaBHocTi G-anenio 3a reHom CYP2C 19y naujeHTiB
3 MM «kniHiyHa MaHidecTauis YacTiwe CynpoOBOAXYETLCH PO3-
BUTKOM XpOMOCOMHUX nepebynosdel(13g14.2)abodel(13934)
3i 3HavyLLe NiaBULLEHUM piBHEM anbOyMmiHy. BucHoBku: Bapi-
aHT G681A rena CYP2C 19 He BNANBAE Ha pn3nk po3suTtky MM,
ane acouiioBaHWiA 3i 3HAYYLLVIMWN 3MiIHAMW NPOBIOHNX KITiHIKO-
6ioXiMiYHMX MOKA3HWKIB, O BM3HAYalOTh TAXKICTb 3aXBOPIO-
BaHHS Ta NPOrHo3a. MNMoganblui AOCNIAXEHHS BXNUBI ANS PO3-
POBKN HOBUX TapreTHWX CTpaTerili Ta NigTpMMyBanbHOI Tepanii
L2151 HOCIiB pi3HMX BapiaHTiB reHa CYP2C19 (G681A).

Knoyosi cnosa: mHOXMHHA Mienoma, CYP2C19, G681A, xpo-
MOCOMHI NepebynoBu, NnasMaTuyHi KNiTUHN.




