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Polymorphisms Contribution to the 
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Summary
The introduction of new drugs improved clinical response of patients with diagnosed multiple 
myeloma (MM); however, MM is still an incurable disease that leads to frequent relapses. Indi-
vidual genetic variability can significantly affect therapeutic response, sensitivity and toxicity. 
Analysis of single nucleotide polymorphisms (SNPs) to study genetic changes is the genomic 
method that can obtain information for improving the effectiveness of treatment with mini-
mum undesirable toxicity followed by individual treatments. The aim of this paper is to explain 
the possibility of detection and evaluation of polymorphisms associated with toxicity of treat-
ment in patients with MM.
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Souhrn
Zavedení nových léků zlepšilo klinickou odpověď pacientů s diagnostikovaným mnohočetným 
myelomem (MM), nicméně se stále jedná o nevyléčitelnou chorobu, při níž dochází k častým 
relapsům. Genetická variabilita každého jedince může významně ovlivnit léčebnou odpověď, 
citlivost a toxicitu léčby. Analýza jednonukleotidových polymorfizmů (SNPs) pro studium ge-
netických změn je metodou molekulární biologie, která může napomoci k získání informací 
pro zvýšení efektivity léčby s minimem nežádoucí toxicity a následnou individualizaci léčby. 
Cílem této práce je podat souhrnný přehled o hodnocení polymorfizmů asociovaných s toxici-
tou léčby u pacientů s MM.
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Introduction
Multiple myeloma (MM) does not in-
volve only factors of the tumor cells 
themselves, but also host factors, as ge-
netic variability of each individual can 
significantly affect the therapeutic re-
sponse, as well as sensitivity and/or toxi-
city. The knowledge of pharmacogene-
tics can potentially aid in the discovery, 
development and ultimately individuali-
zation of anticancer drugs. Identification 
of genetic variations that predict drug 
response is the first step towards tran-
slation of pharmacogenetics into clinical 
practice [1].

Single nucleotide polymorphisms 
(SNPs) are inherited and do not change 
from generation to generation, creating 
genetic variability in populations, based 
on the substitution of a single nucleo-
tide (A, G, C or T) in the DNA sequence. 
This substitution must occur in a popu-
lation with a frequency greater than 1%, 
otherwise it is a  single-point mutation 
[2]. Two of the three SNPs include sub-
stitution of cytosine (C) for thymine (T). 
The frequency of these polymorphisms, 
ranging from 2–40%, accounts for 90% 
of total genetic variation. In the human 
population, over 99% of genomic DNA 
is identical; yet, such a small variability 
in DNA is an important factor in diver-
sity of each individual’s predisposition 
to disease, response to treatment, etc. 
Most SNPs are not responsible for any 
specific illness, but can be used as bio-
logical markers through their occurence 
close to the gene responsible for disor-
der pathogenesis.

In large genome-wide association 
studies (GWAS), thousands of polymor-
phisms are monitored simultaneously; 
those that occur more frequently in pa-
tients than in healthy voluntaries are 
identified as candidates and studied. 
After verifying the results of indepen-
dent studies and finding the mechanism 
of action of genes, a proposed panel of 
candidate genes for investigation of in-
dividuals with increased risk of deve-
loping the disease is proposed. The In-
ternational Myeloma Foundation (IMF) 
has created a comprehensive myeloma 
specific bank of DNA samples ‚Bank On 
A  Cure’  – BOAC (http//:www.myeloma.
org), to create a truly collaborative bank 

for research capable of analyzing com-
plex genetic information from thou-
sands of MM patients.

Association studies evaluate indivi-
dual polymorphisms separately or in 
combination. A  comparison of nucle-
otide sequences of the same chromo-
somes of two individuals found on an 
average of one SNP per 1 200 pairs of 
nucleotides. SNPs on a chromosome or 
a segment of a chromosome, which tend 
to be inherited together, form a haplo-
type [3]. Study of polymorphisms and 
haplotypes can be used to predict the 
risk of illness or specify the impact of ge-
netic predisposition to increased risk of 
side effects of treatment.

Significant Specific Toxicity  
of Treatment in MM
Introduction of new immunomodu-
latory drugs (IMiDs), such as thalido-
mide and lenalidomide, improved clini-
cal outcome in MM patients. However, 

the use of these IMiDs is associated with 
higher risk of VTE (venous thromboem-
bolism) in 12% or 8% of cases, respe-
ctively [4]. Use of IMiDs in combination 
with dexamethasone or chemotherapy 
increases the risk of VTE up to 25% [5–7].  
The US Food and Drug Administration 
(FDA) and European Medicines Eva-
luation Agency (EMEA) have publis-
hed recommendations suggesting the 
use of thromboprophylaxis with IMiDs 
treatment [8,9]. Therefore, in MM pati-
ents, low-molecular weight heparines 
(LMWHs) are used as primary drug of 
thromboprophylaxis [10,11].

Despite this, VTE develops in a signi-
ficant number of patients with MM. The 
main interest is to find an accurate me-
thod for prediction of VTE risk, allowing 
individualization of treatment and pro-
tection of MM patients from serious to-
xicity. Extensive observations published 
by Johnson et al indicate that polymor-
phisms of DNA damage response genes 

Tab 1. SNPs in genes associated with peripheral neuropathy (PN). 

Reference Thalidomide Bortezomib
Gene Gene

Johnson et al 2011 [16] ABCA1 (rs363717)  
ICAM1 (rs1799969)
PPARD (rs2076169)
SERPINB2 (rs6103)
SLC12A6 (rs7164902)

Broyl et al 2010 [17]  Early (1 cycle)
RDM1 (rs2251660)
CASP9 (rs4646091)
ALOX12 (rs1126667)
ALOX12 (rs434473)
LSM1 (rs7823144)
 
Late (2-3 cycles)
ERCC4 (rs179980)
ERCC4 (rs1799801)
IFGR2 (rs1059293)
ERCC3 (rs2276583)
MRE11 (rs10501815)

Favis et al 2011 [18]  CTLA4 (rs4553808)
PSMB1 (rs1474642)
CTSS (rs12568757)
GJE1 (rs11974610)
DYNC1I1 (rs916758)
TCF4 (rs1261134)
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Genomic DNA is isolated from whole 
peripheral blood using MagNA Pure 
DNA Isolator (Roche). DNA concentra-
tion is measured on Nanodrop ND-1000 
(NanoDrop Technologies, Inc.). Analyses 
of gene polymorphisms, using standard 
TaqMan genotyping assays, are carried 
out according to manufacturer’s instruc-
tions. In brief, probes, primers and Taq- 
-Man universal PCR master mix are obta-
ined from Applied Biosystems. Reaction 
solution of 10 μl contained 0,5 μl Taq- 
-Man Genotyping assay mix (consisting 
of 20 × mix of unlabeled PCR primers 
and TaqMan MGB probe, FAM and VIC 
dye-labeled), 8 μl of PCR mixture rea-
gent and 10 ng of genomic DNA. Reacti-
ons are run according to manufacturer’s 
instructions. The polymerase chain reac
tion consists of pre-PCR read 60°C for  

In our institute, analyses of gene po-
lymorphisms using real-time PCR alle-
lic discrimination is performed on Step- 
-One Real-Time PCR instrument (Applied 
Biosystems) using standard TaqMan ge-
notyping assays. Each TaqMan assay is 
composed of two probes for each al-
lele. TaqMan probes are based on 5´–3´ 
exonuclease activity of Taq polymerase, 
which cleaves labeled TaqMan probe, 
when hybridized with complementary 
target sequences. Each probe has a dif-
ferent fluorophore for each allele. If the 
probe sequence is complementary to 
the DNA sequence, fluorescence signal 
is detected by the instrument. Different 
colors then identify individuals as wild-
type homozygotes, mutant homozygo-
tes or heterozygotes with two variants 
(alleles) of gene (Fig. 1).

and cytokine-mediated apoptosis are of 
great importance in the development of 
VTE after thalidomide treatment [12]. In 
this study, the authors built a classifica-
tion tree from 7 SNPs enabling prediction 
of individual risk of VTE in MM patients. 
Findings in our validation set (111 pati-
ents treated with thalidomide, in total 
19 % of these patients developed VTE) did 
not indicate the possible use of SNPs in 
clinical practice for prediction of VTE risk 
[13]. In general, further studies are need- 
ed to verify if SNPs-based approach is 
eligible for prediction of VTE risk in MM 
patients.

Another example of severe toxicity of 
treatment is peripheral neuropathy (PN), 
occurring mainly after treatment with 
bortezomib and thalidomide [14,15]. 
Using a custom-built single nucleotide 
polymorphism (SNP) array, Johnson et 
al tested the association of thalidomide-
-related peripheral neuropathy (TrPN) 
with 3,404 SNPs. They report that an in-
dividual risk of developing peripheral 
neuropathy after thalidomide treatment 
can be mediated by polymorphisms in 
genes governing repair mechanisms and 
inflammation in the peripheral nervous 
system [16]. Results of Broyl et al suggest 
significant SNPs associated with early-
onset bortezomib-induced peripheral 
neuropathy (BiPN) in apoptotic genes. 
SNPs in inflammatory genes and DNA 
repair genes were associated with late-
onset BiPN [17]. On the other hand, in 
the study of Favis et al, genes associated 
with immune function (CTLA4, CTSS), re-
flexive coupling within Schwann cells 
(GJE1), drug binding (PSMB1) and neu-
ron function (TCF4, DYNC1I1) are associ-
ated with BiPN [18] (Tab. 1).

Methodology for Determination 
of Polymorphisms
For genotyping, different methodolo-
gies are used. At present, in large geno-
me-wide association studies (GWAS), 
research focuses on the analysis of 
SNPs using chip technology. These 
chips allow simultaneous analysis of 
a  large number of polymorphisms lo-
cated at various loci in the genome. For 
validation of polymorphisms associa-
ted with toxicity, real-time PCR is cur-
rently used.

Fig. 1. Results of SNP analysis of VEGFA (rs699947) gene: red and blue colour points 
identify homozygotes (allele 1 – AA or allele 2 – CC); green colour points identify hetero-
zygotes for both alleles (AC) (Almasi, 2009).
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Conclusion
Current data do not indicate potential 
application of polymorphisms for rou-
tine clinical application for major toxici-
ties prediction in MM patients. Further 
studies of genetic polymorphisms asso-
ciated with the occurrence of significant 
toxicity may contribute to more effective 
and rational prophylaxis for these com-
plications of therapy in patients with 
MM.
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30 sec, holding stage at 95°C for 10 min, 
50 cycles of denaturation at 92°C for  
15 sec, annealing at 60°C for 1 min 30 sec,  
and post-PCR read at 60°C for 30 sec.

Evaluation of Polymorphisms
Different studies have focused on fin-
ding a direct correlation between these 
polymorphisms and major toxicities in 
MM. All analyzed polymorphisms are 
first tested using χ2 for Hardy-Weinberg 
equilibrium (HWE), which examines the 
distribution of alleles in individuals in 
the population. Only when the poly-
morphism meets conditions of HWE, 
it may be subjected to further analysis. 
The most important statistical concept is 
odds ratio (OR). Homozygote most fre-
quent allele is usually referred to as the 
reference group for calculation of the 
odds ratio, which reflects how many 
times specific toxicity has an increased 
or decreased risk of occurring in patients 
with different genotypes. If the value of 
OR > 1, this is a risk factor compared to 
the reference group. If OR < 1, it is a pro-
tective factor. When evaluating the inter
action of more polymorphisms that are 
inherited together, haplotype analysis is 
used. One of the most popular programs 
is PHASE, estimating haplotypes from 
population genotypes.


