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Summary 

Chronic lymphocytic leukemia (CLL) is a clinically heterogeneous disease and chromosomal 
abnormalities with prognostic impact are frequently detected in CLL patients. There are a 
variety of characterized chromosomal abnormalities detected by conventional cytogenetics in 
CLL. These abnormalities are valuable prognostic indicators and important key strategies for 
making treatment decisions. Deletions of 13q14, 11q22, and 17p13, and trisomy 12 are the most 
frequent chromosomal abnormalities in CLL. In this study, multiplex ligation probe 
amplification (MLPA) results using SALSA¨  MLPA kit P037-A2/P038-A2 were compared with 
results from conventional cytogenetics and fluorescence in-situ hybridization (FISH) and we 
assessed the suitability of MLPA technology as a method for detecting a variety of known 
chromosomal abnormalities in 41 CLL patients. DSP30+IL-2 combination was used as the 
mitotic stimulating agents because of the low mitotic index of CLL cells in conventional 
cytogenetics.  Locus-specific probes for 11q22.3 (ATM), 13q14.3, and 17p13 (p53), and 
centromeric probe for chromosome 12 were used for FISH analysis.Informative results were 
obtained from 80.04% of peripheral blood and bone marrow cultures. Among the 13 positive 
patients for trisomy 12 by conventional cytogenetics and FISH, 5 patients were normal by 
MLPA. The 13q14 deletions were detected in 20 patients by FISH, however, of these, 6 patients 
were normal by MLPA. In contrast, the 17p13 and 13q14 deletions were detected by MLPA but 
not by conventional cytogenetics and FISH. In this study, we found that MLPA was not as 
sensitive as conventional cytogenetics and FISH at detecting mosaicisms below 25-30%. Although 
MLPA is a simple and cost-effective technique, it may give false negative results in patients with 
low level mosaicism for any abnormalities. We suggest that MLPA should be used with 
conventional cytogenetics and FISH in detection of chromosomal abnormalities with potential 
clinical significance in CLL. 
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I. Introduction:  
Chronic lymphocytic leukemia (CLL) is 

the most frequent leukemia in the Western 
world (Calin GA et al, 2002; Damle RN et al, 
1999; Gaidano G et al, 1994) CLL is a 
genetically heterogeneous disease with a 
variable clinical course ranging from months 
to decades (Chiorazzi, N et al, 2005). 
Although several prognostic markers, such as 
clinical staging systems, expression of the 
CD38 and ZAP70 proteins and mutation status 
of the IgVH genes  have been established, 
these markers do not identify all patients with 
a high-risk profile (Marian Stevens-Kroef et 
al, 2009)  

Chromosomal abnormalities are found in 
up to 85% of CLL patients (Dšhner H et al, 
2000). In many studies multiple recurring 
chromosomal aberrations appear to be 
effective prognostics markers in CLL (Al 
Zaabi EA et al, 2010). The most frequent 
aberrations include deletions in 13q14 (50-
60%) followed by trisomy 12  (12-25%), 
11q22.3 (ATM) (10-20%) and 17p13 (TP53) 
(5-10%) deletions (Dšhner H et al, 2000; 
Seiler T et al, 2006; Hallek M et al, 2008). 
The main recurrent chromosomal aberrations 
associated with CLL include 13q14 deletion 
which is associated with good prognosis, 
trisomy 12 associated with intermediate 
prognosis and 11q22 and 17p13 deletions 
associated with poor prognosis (Lauren V. et 
al, 2013). Patients with low-risk disease (Rai 
stage 0, Binet stage A) have a median survival 
that is close to 15 years, those with 
intermediate-risk disease (Rai stage I or II; 
Binet stage B) have a median survival of 5-7 
years, and most patients with high-risk disease 
(Rai stage III or IV; Binet stage C) have a life 
expectancy less than 3-4 years (Montserrat E, 
2006). Conventional cytogenetic analysis 
identifies genetic abnormalities in a relatively 
low percentage of patients, because of the low 
in vitro proliferation potential of CLL cells 
(Stevens-Kroef M et al, 2009). Even after 

recent improvements of this technique by 
using multiple mitotic stimulators such as 
CpG-oligonucleotide DSP30 and interleukin-
2, conventional cytogenetic analysis still does 
not allow the detection of submicroscopic 
losses of the 11q, 13q and 17p regions 
(Stevens-Kroef M et al, 2009; Dicker F et al, 
2006).  The most common molecular-
cytogenetic technique currently used to detect 
these abnormalities is fluorescence in situ 
hybridization (FISH) and Dohner et al used 
five FISH probes to show that 80% of CLL 
cases had at least one of these genomic 
aberrations (Dšhner H et al, 2000).  

Multiplex ligation-dependent probe 
amplification (MLPA) is a polymerase chain 
reaction (PCR)Ðbased technique that allows 
the quantification of up to 45 different 
genomic targets in a single experiment. It also 
allows large numbers of samples to be 
processed simultaneously and thus 
considerably reducing the laboratory work 
required. MLPA is fast, relatively 
inexpensive, and easy to perform, and the 
equipment needed is readily available in most 
laboratories (Marian Stevens-Kroef et al, 
2009). Two commercially available MLPA 
probe sets, P037 and P038, designed 
specifically for the analysis of CLL, allow the 
simultaneous analysis of multiple risk-
associated genomic targets (Marian Stevens-
Kroef et al, 2009). 

MLPA was used as a research and 
diagnostic tool in CLL (Al Zaabi EA et al, 
2010; Fabris S et al, 2011; Lauren V. et al, 
2013)  and also other types of cancer in 
several other studies (Tepeli E et al., 2009; 
Tabarestani S. Et al., 2014).In this study we 
wanted to demonstrate the contribution of 
MLPA to routine diagnostic testing of 
recurrent chromosomal aberrations in CLL. In 
addition, we used DSP30+IL-2 combinations 
as mitosis stimulating agents because of the 
low mitotic index of CLL cells in 
conventional cytogenetics.  
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II. Material s and Methods: 
A. Patients and Samples 
A total of 41 patients (28 male and 13 

female) with CLL who were diagnosed 
according to standard morphological and 
immunophenotypical criteria were included in 
the study (Hallek M et al, 2008). Median age at 
the time of sampling was 65 years (range, 36-
88). According to the Rai classification, 9 
patients were in stage 0, 9 in stage 1, 12 in stage 
2, 9 in stage 3 and 2 in stage 4. All participants 
attended to the Hematology Clinic at the 
Pamukkale University. Written informed consent 
was obtained from each participant as required 
by the Pamukkale University Medical Faculty 
Ethics Board. Peripheral blood or bone marrow 
samples were collected in sodium heparin and 
EDTA tubes. 
 

B. Conventional Cytogenetics 
Peripheral blood and bone marrow cultures 

were set up with a cell concentration of 
2x10!/mL and incubated at 37¡C. The medium 
used was RPMI 1640 (panbiotech), 
supplemented with 20% fetal calf serum 
(panbiotech), 100 U/mL penicilin (panbiotech), 
100 µg/mL streptomycin (panbiotech), 1µM 
CpG-oligonucleotide DSP30 (Metabion) and 
100 U/ml interleukin 2 (IL-2) (Panbiotech). 
Samples were cultured for 72 hours and 
metaphase plaques were obtained by addition of 
Colcemid (10 µg/ml) to the cell cultures at 71 
hours.  Harvesting was performed on all cultures 
according to standart cytogenetic protocols with 
18 minutes incubating in 0.075 mol/L potassium 
chloride (Rooney DE, 2001). A minimum of 20 
metaphases were assessed for each culture.  

At least 5 metaphases were analyzed and an 
additional 15 were counted. Each case was 
analyzed by two observers. Chromosomes were 
classified according to the International System 
for Human Cytogenetic Nomenclature (ISCN 
2009) (Shaffer LG et al, 2009).   

 
C. Fluorescence in situ hybridization  
All of the patients were investigated by 

iFISH for the most common genomic 

aberrations described in CLL, including trisomy 
12 and deletions at the, 13q14, 11q22, and  
17p13 loci. All of the FISH probes were 
commercially available (CGI Italia). Slides for 
FISH analyses were prepared using standard 
methods after a 24-hour cell culture stimulated 
with interleukin-2 and CpG-oligonucleotides 
(Shi M. et al., 2013). FISH was performed 
according to the manufacturerÕs protocol. 
Briefly, probes were denatured at 75¡C for 4 
minutes and hybridized at 37¡C for 16 hours. At 
least 200 nuclei were counted for each probe. 
Each case was analyzed by two observers. The 
cut-off values for each probe are: centromer 12, 
x%; 13q14 deletion, x%; 11q22 deletion x% and 
17p13 deletion, x%. 

 
D. MLPA Analysis 

DNA was extracted by a commercial kit 
(Fujifilm, QuickGene Mini80) and analyzed by 
MLPA using two sets of probes SALSA MLPA kit 
P037-A2 and P038-A2 (MRC Holland 
Amsterdam, The Netherlands). The probe mix 
consists of 56 probes specific for chromosomal 
positions, 13q14, 17p13, 11q23, 2p24, 10q23, 
8q24, 6q25-26, 9p21 and other regions on 
chromosomes 12 and 19 (Table 1).  

The complete MLPA protocol was performed 
according to the manufacturerÕs instructions. In 
each experiment, at least four healthy blood 
donors were included as control. PCR products 
were identified and quantified by capillary 
electrophoresis on an automatic sequencer 
(GenomeLab GeXP Analysis System, Beckman 
Coulter). MLPA results were first visually 
analyzed and reanalyzed as specified in the 
manufacturer’s instructions. The peak areas of the 
PCR products were exported into a Microsoft 
Office Excel 2007 spreadsheet. The relative peak 
area of each CLL target sequence probe was 
obtained by dividing the single peak area by the 
sum of peak areas of all internal control probes 
located in regions not involved in CLL. When a 
deletion or duplication is present, the relative copy 
number (RCN) will deviate toward 0.7 or 1.3, 
respectively. Bi-allelic deletions can result in RCN 
values <0.5 (0.4), depending on the percentage of 
cells carrying the aberration. 
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Table 1: Number of probes from MLPA kits P037-A2 and P038-A2 used for detection of genomic loci associated with CLL. 

 
 

 

III. Results 
3.1 Demographic and Clinical Data 

The demographic data for 41 patients are 
summarized in Table 2 

. 
  

 
Table 2 : Demographic and Clinical Data 

 
3.2 Conventional Cytogenetics 
Of the 41 patients enrolled in the study, a 

total of 33 (80.4%) cultures could be 
successfully analyzed by cytogenetic banding 
techniques after culturing with DSP30 and 
IL-2. A total of 19 (57.5%) cases showed 
chromosomal abnormalities in metaphase 
cytogenetics. The conventional cytogenetic 
results are summarized in Table 3. Trisomy 
12 was the most frequent abnormality and 
was observed in 12 cases (36.3%).  The 
incidence of chromosomal rearrangements 
were 15.1% (5 of 33 cases) in this study 
(Figure 1). In details, four patients had a 
rearrangement at 13q (12.1%); one patient 
(3%) had trisomy 3; and in one patient, 
marker chromosomes were observed. 

3.3 Fluorescence in Situ 
Hybridization  

The FISH results are summarized in Table 
4. All of the cases could be successfully 
analyzed by iFISH. Thirty-one of 41 patients 
had chromosomal abnormalities detected and 
the remaining 10 patients had normal FISH 
signals. While 25 of these had a single 
abnormality detected, six had two 
abnormalities. The most common defect was 
13q14 deletion, which was present in 20 
patients. The deletion was heterozygous in the 
majority of these, but 3 cases were 
homozygous. Trisomy 12 was observed in 14 
(34.1%) cases by iFISH. 17p13 deletion was 
detected in 2 cases, while 11q22 deletion was 
observed in one case.  
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Table 3: Frequency of recurring cytogenetic abnormalities detected    

by conventional cytogenetics 
 

 
Table 4:  Frequency of recurring cytogenetic abnormalities 
detected by FISH  

 
 

 
 
Figure 1: Partial karyotypes of the 13q 
rearrengements detected by cytogenetic banding 
techniques after culturing with DSP30 and IL-2.  

 
 
 
3.4 MLPA 

The MLPA results are summarized in ! able 5. 
Twenty-two of 41 patients had chromosomal 
abnormalities detected by MLPA and the 
remaining 19 patients had normal MLPA 
results. The most common defect was 13q14 
deletion, which was present in 14 patients. 
Trisomy 12 was observed in 8 patients, 
whereas 17p13 and 9p21 deletions were 
observed in 3 and 1 patients, respectively. 
 
 
 

 
Table 5: Frequency of recurring cytogenetic 

abnormalities detected by MLPA 
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3.5 Analysis of Discordant 
Results Between MLPA and Routine 
Diagnostic Tests 

 Among 41 CLL cases, conventional 
cytogenetics detected 19 aberrations in 19 
patients (46.3%), iFISH detected 37 
aberrations in 31 patients (75.6%), whereas 
MLPA detected 26 aberrations in 22 patients 
(53.7%). In five patients, chromosomal 
rearrangements were detected by conventional 
cytogenetics only. Trisomy 3 in one patient 
was detected by conventional cytogenetics but 
not by MLPA and iFISH because, MLPA and 
iFISH probes associated with chromosome 3 
regions were not included in the study. In 27 
patients (65.8%) iFISH and MLPA results 
were in concordance including the normal 
results.  

 
 

Additionally, 24 of 26 anomalies detected 
by MLPA in CLL patients were also detected 
by iFISH.  

In 15 anomalies of 14 cases MLPA and 
iFISH revealed discordant results (Figure 2). 
In 6 of these, 13q14 deletions were identified 
by iFISH but not by MLPA.  iFISH detected 
trisomy 12 in 14 patients, while MLPA only 
detected in 8 patients. When aberrant cells 
were present at a low level, they were not 
detectable by MLPA. Trisomy 12 and 13q14 
deletions were detected at a minimum of 30% 
and 27.5% mosaicism levels, respectively. In 
one patient, 11q22 deletion was detected by 
iFISH only. In this case, abnormal cells were 
present low level (7%). On the other hand, 
MLPA detected 17p13 deletion in 3 patients, 
while iFISH detected in 2 patients. In one 
case, 9p21 deletion was observed by MLPA 
only. 

 
Figure 2: Comparison between iFISH and MLPA results in 39 aberrations. Thirteen aberrations were detected 
by iFISH only, while 2 aberrations were detected only by MLPA. 
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IV . Discussion 
In this prospective study we wanted to test 

the feasibility of MLPA probe sets (P037-A2 
and P038-A2) for the detection of clinically 
relevant chromosome abnormalities in CLL. 
MLPA results were compared with 
conventional cytogenetics and iFISH results in 
41 patients with CLL. We also used 
DSP30+IL-2 combination as mitosis 
stimulating agents because of the low mitotic 
index of CLL cells in conventional 
cytogenetics. 

 We detected a total of 39 aberrations 
with iFISH and MLPA. MLPA results were in 
concordance with FISH results in 24 
aberrations (61.5%). Our detection rate is not 
high when compared to the previous studies. 
Fabris et al. detected 95% concordance 
between MLPA and FISH results in CLL 
(Fabris S et al, 2011).  

 
 
 

In 6 patients, 13q14 deletions were 
detected by iFISH but not by MLPA in our 
study. In these cases, discordances between 
these two techniques can be related to the low 
percentage of clonally aberrant cells. We 
found that, MLPA could reliably detect the 
13q14 deletion in samples containing at least 
27.5% of cells bearing this aberration. Al 
Zaabi et al. determined a threshold of 
approximately 36% aberrant cells to detect 
13q14 deletion by MLPA (Al Zaabi EA et al, 
2010). Coll-Mulet et al. reported false-
negative MLPA results in samples with less 
than 25% of aberrant cells  (Lauren V. et al, 
2013; Coll-Mulet L et al, 2008). According to 
Abdool et al., abnormalities could be detected 
when present in approximately 20% of the 
cells within a sample for each MLPA probe 
(Abdool A et al, 2010). Stevens-Kroef et al. 
reported false-negative MLPA results in one 
sample among 88 patients (Stevens-Kroef M 
et al, 2010). 

 

 
Table 6: Discordant results between iFISH and MLPA 
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In the present study, we detected 
trisomy 12 in 6 patients by iFISH but not by 
MLPA which shows that trisomy 12 patients 
could be reliably detected by MLPA 
when %30 of abnormal cells is present. In one 
patient, we detected 11q22 deletion only by 
iFISH because of the low proportion of the 
cells carrying the alteration (6%).  

Conversely, 9p21 deletion was 
observed only by MLPA but not by iFISH, 
because this region was not included by FISH 
probe sets. In one patient, 17p13 deletion was 
detected only by MLPA. MLPA technique 
allowed us to detect small submicroscopic 
losses or gains.  

  More genetic subgroups including 
balanced and unbalanced translocations are 
being described in CLL patients in the 
literature. These changes are detectable by 
conventional cytogenetics only. In our study, 
rearrangements were detected in 5 patients by 
conventional cytogenetics.  

 

In details, 4 patients had a rearrangement 
at 13q (12.1%). In 3 of these, 13q14 deletion 
was detected by iFISH and MLPA, although 
the remaining one case was normal by both 
methods.  

In summary, mosacism and 
rearrangements are noteworthy in cancer 
genetics. Difficulties in the detection of low 
level mosacisms by MLPA might be 
considered as a disadvantage for this 
technique and detection of different 
rearrangements might be possible by using 
conventional cytogenetics. Limited number of 
regions can be studied by iFISH, but MLPA 
enables the evaluation of many critical regions 
within a considerably short time with low cost. 
As a result, we showed that the usage of 
MLPA along with iFISH and conventional 
cytogenetics is the most suitable approach in 
CLL, but MLPA alone is not informative 
enough. 
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