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ÖZET
GİRİŞ ve AMAÇ: Multipl Miyelom (MM) ikinci en sık görülen hematolojik malignitedir. MM'deki genetik
değişiklikler kromozomların yapısını veya sayısını etkileyebilir. t (11; 14) (q13; q32), t (4; 14) (p16; q32), t (14;
16) (q23; q32), hipodiploidi, hiperdiploidi, delesyon 13q (del 13q) veya TP53, MM hastalarında gözlenen
mutasyonlardan bazılarıdır. Bu çalışmada, myelomalı Türk hastalarda gözlenen genetik değişiklikleri incelemeyi
amaçladık.
YÖNTEM ve GEREÇLER: Şubat 2014 ile Kasım 2019 tarihleri arasında merkezimizde genetik değerlendirmesi
yapılan MM hastalarının verileri retrospektif olarak incelendi. Yalnızca kemik iliği örnekleri konvansiyonel
sitogenetik ve floresan yerinde hibridizasyon (FISH) [t (4; 14), t (11; 14), del13q, TP53] ile değerlendirilen
hastalar çalışmaya dahil edildi.
BULGULAR: Çalışmaya 100 MM hastası dahil edildi. 22 (% 22) hastada tanı anında genetik değişiklikler
görüldü. En sık görülen genetik değişiklik hastaların% 12'sinde görülen del13q idi. MM hastalarının % 8’inde t
(11; 14), % 8’inde TP53, % 7’sinde trizomi 7, % 5’inde t (4; 14) ve % 4'ünde trizomi 8 gözlenmiştir.
TARTIŞMA ve SONUÇ: Tedavi yaklaşımlarını optimize etmek için MM hastalarının genetik özelliklerinin
sadece tanı anında değil takip sırasında da değerlendirilmesi önemlidir.
Anahtar Kelimeler: Multipl myelom, genetik değişiklikler, konvansiyonel sitogenetik
ABSTRACT
INTRODUCTION: Multiple Myeloma (MM) is the second most common hematologic malignancy. Genetic
alterations in MM may affect structure or number of chromosomes. Specific translocations like
t(11;14)(q13;q32), t(4;14)(p16;q32), t(14;16)(q23;q32), hypodiploidy, hyperdiploidy, deletion 13q (del 13q) or
TP53 are some of the mutations observed in MM patients. In this study, we aimed to study the genetic alterations
observed in Turkish patients with MM.
METHODS: The data of MM patients whose genetic evaluations were performed at our center between February
2014 and November 2019 were retrospectively analyzed. Only the patients whose bone marrow samples were
evaluated by conventional cytogenetics and by fluorescence in situ hybridization (FISH) [t(4;14), t(11;14),
del13q, TP53] were included in the study.
RESULTS: 100 patients with MM were included in the study. 22 (22%) patients had genetic alterations at the
time of diagnosis. The most often observed genetic alteration was del 13q which was observed in 12% of the
patients. t(11;14), TP53, trisomy 7, t(4;14) and trisomy 8 were observed in 8%, 8%, 7%, 5% and 4% of MM
patients, respectively.
DISCUSSION AND CONCLUSION: Evaluating the genetic characteristics of MM patients not only at the time
of diagnosis but also during the follow up is crucial in order to optimize the treatment aproaches.
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INTRODUCTION

MATERIAL AND METHOD

Multiple myeloma (MM) is a plasma
cell malignancy in which clonal plasma cells
produce a monoclonal immunoglobulin. MM is
the second most common hematologic
malignancy. Median age at diagnosis is 70
years and two-thirds of the patients are older
than 65 years. MM patients usually present
with skeletal destruction with osteolytic
lesions, pathologic fractures, hypercalcemia,
renal insufficiency and anemia (1,2).
The etiology of MM has been under
investigation for decades but the exact cause is
still unknown. The pathogenesis of MM
patients starts from genomic changes. The
factors that start these genomic changes has
not been identified yet. The earliest phase of
MM is monoclonal gammopathy of
undetermined significance (MGUS). There is
an asymptomatic expansion of clonal plasma
cells in MGUS and the risk of MGUS patients
for progressing to MM is 1% per year (3,4).
The phase between MGUS and MM is
smoldering MM (SMM) and the risk of SMM
patients for progressing to MM is 10% per year
for the first five years (5). So some patients
with MGUS or SMM progress to MM, but
most of the patients remain without
progression. The question that must be
answered is which factor
triggers the
progression to MM from MGUS or SMM. The
answer is still unknown but the main
hypothesis is the occurrence of a genetic
alteration that cause carcinogenesis leading
progression to MM. With the improvements in
the field of genetic, many genetic alterations
that cause MM have now been characterised
and they have been used to categorise patients
according to their genetic risk classification.
So genetic evaluation of every MM patient is
very important in order to understand the
disease aggressiveness and to plan treatment
aproaches (3-5).
Genetic alterations in MM may affect
structure or number of chromosomes. Specific
translocations
like
t(11;14)(q13;q32),
t(4;14)(p16;q32),
t(14;16)(q23;q32),
hypodiploidy, hyperdiploidy, deletion 13q (del
13q) or TP53 are some of the mutations
observed in MM patients (6). In this study, we
aimed to study the genetic alterations observed
in Turkish patients with MM.

The data of MM patients who were
treated at our center between February 2014
and November 2019 were retrospectively
analyzed. Only the patients whose bone
marrow samples were evaluated by
conventional cytogenetics and by fluorescence
in situ hybridization (FISH) [t(4;14), t(11;14),
del13q, TP53] were included in the study. The
patients who had missing data of conventional
cytogenetic or t(4;14), t(11;14), del13q and
TP53 by FISH were excluded from the study.
In order to study conventional cytogenetics
(chromosome analysis), after the bone marrow
samples of
patients reached to genetic
laboratory,
direct cell cultures
were
performed from the samples. 20% fetal calf
serum and antibiotic were added to the samples
and cultures were performed on RPMI
medium. Mitogen agents were not added to
cultures. Then the harvesting was carried out
according to routine methods and the spreading
process was performed. Finally, the
preparations were made ready for analysis by
GTG banding. Chromosome analysis was
performed with computer aided software
under microscope according to ISCN
(International System of Human Cystogenetic
Nomenclature) on at least 20 metaphases.
When sufficient number of metaphase was not
obtained, analysis was made on the number of
metaphases obtained. In order to use molecular
cytogenetic (FISH) method; smears were made
with fixatives obtained from bone marrow
samples and genomic changes were analyzed
by fluorescence microscope using probes
specific to t (4; 14), t (11; 14), del13q and
TP53 regions. In addition, after the
amplification by polymerase chain reaction
(PCR) technique for detection of t (11; 14)
change, DNA execution was performed on gel
electrophoresis and analyzed.
The
statistical
analyses
were
performed with SPSS V21.0 (SPSS Inc.,
Chicago, IL) software. Descriptive statistics
were used to summarize the data.

RESULTS
100 patients with MM were included
in the study. 22 (22%) patients had genetic
alterations at the time of diagnosis. The most
often observed genetic alteration was del13q
which was observed in 12% of the patients. In
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3 patients there were 5 genetic alterations
together at the time of diagnosis. Except these
22 patients who had genetic alterations at the
time of diagnosis, 4 patients had genetic
alterations during follow up unless they had no
genetic alterations at the time of diagnosis. The
prevalances of genetic alterations observed in
patients were given in Table 1 and the genetic
characteristics of the patients were given in
Table 2.
Table 1. Prevalances of genetic alterations
Genetic alterations
del 13q
TP53
t(11,14)
t(4,14)
trisomy 7
trisomy 8

Patients (%)
12%
8%
8%
5%
7%
4%

Table 2. Genetic characteristics of the patients
Number
patients
n:6
n:3
n:2
n:2
n:1
n:1
n:1
n:1
n:1
n:1
n:1

of

n:1
n:1

Genetic alterations
del 13q
TP53
TP53 and t(11,14)
trisomy 7
t(11,14)
TP53 and t(4,14)
trisomy 8, del 13q
trisomy 7, trisomy 8, del 13q
del 13q, t(11,14), t(4,14)
trisomy 7, del 13q, t(11,14)
trisomy 7, trisomy 8, t(11,14),
t(4,14), TP53
trisomy 7, del 13q, t(11,14),
t(4,14), TP53
trisomy 7, trisomy 8, del 13q,
t(11,14), t(4,14)

DISCUSSION
Multiple Myeloma is an older age
disease. The patiens have been long living with
the novel agents such as lenalidomide,
pomalidomide, monoclonal antibodies and
protesome inhibitors. Although various side
effects of these novel agents have been widely
observed, they could be managable (7).
Genetic alterations in Multiple Myeloma are
important prognostic factors and their
importance in clinical practice have been
increasing.
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The most common genetic alterations
observed in monoclonal plasma cells at the
time of diagnosis are monosomy 13,
chromosome 1q gains and different deletions
involving the 1p, 6q, 8p, 12p, 14q, 16q, 17p, or
20p chromosomal regions (8-10). In our study.
22% of patients had genetic alterations at the
time of diagnosis and the most often observed
genetic alteration was del 13q.
40–50% of genomic changes in MM
patients at the time of diagnosis are
chromosomal
translocations
(11).
t(11;14)(q13;q32)
dysregulates
the CCND1 gene and it is observed in 15% to
20% of MM patients (12). In our study,
t(11;14) was observed in 8% of MM patients.
Except 1 patient, all patients with t(11;14) had
additional genetic alterations.
The
second
most
offen immunoglobulin
heavy
chain
translocation is the t(4;14)(p16;q32) and it is
observed in 12% to 15% of MM patients (13).
𝑡(4; 14) cause overexpression of FGFR3 and
MMSET (14). In previous studies 𝑡(4; 14) has
been shown to be related with an adverse
prognosis (15-17). In our study, t(4;14) was
observed in 5% of MM patients and all of
these patients had additional genetic
alterations.
TP53 gene has a role in DNA repair
and apoptosis in response to DNA damage. In
previous studies, del(17p) has been found to be
associated with an aggressive disease
phenotype and poor survival (18). The gene
deregulated in del(17p) is thought to be the
tumour suppressor gene TP53, as it has been
shown that 17p deletions express significantly
less TP53 compared to nondeleted samples
(19). In cases without del(17p) the rate of
TP53 mutation is< 1%, whereas in cases with
del(17p) this rises to 25–37% (20,21). In our
study, TP53 mutation was observed in 8% of
MM patients and all of these patients had
additional genetic alterations. Further analysis
to observe the possible relations of hemogram
parameters and plasma cell ratio with these
mutations may also be helpfull for prognosis
evaluations in hematological malignancies
(22).
Chromosome 13 deletion is observed
in approximately 50% of patients with MM
(23). In approximately 85% of cases, deletion
of chromosome 13 constitutes a monosomy or
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loss of the q arm, whereas in the remaining
15% various interstitial deletions ocur (24). In
our study, del 13 was observed in 12% of MM
patients. In 90% of patients with del 13q, there
is also 𝑡(4; 14) (25). In our study, 50% of
patients with del 13q, there was additional
genetic alterations and in 25% of patients with
del 13, there was also 𝑡(4; 14).
Genetic alterations in MM may affect
structure or number of chromosomes.
Hyperdiploidy involves trisomies of the odd
numbered chromosomes and is observed in
50% of patients with MM. Hyperdiploidy is
more common in elderly patients and is
associated with a relatively favourable
prognosis (26). In our study, 7% of patients
had trisomy 7 and 4% of patients had trisomy
8.
In conclusion; the prognosis in
MM is very heterogeneous. Evaluating the
genetic characteristics of MM patients not only
at the time of diagnosis but also during the
follow up is crucial in order to optimize the
treatment aproaches.
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