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Abstract

The identification of new cryptic deletions and duplications can be used to improve prognostic
classification in cancer. In order to obtain accurate results, it is necessary to discriminate
between somatic alterations in the tumor cell and germ-line polymorphisms. For this purpose,
copy number variations (CNVs) public databases have been used as reference. Nevertheless, the
use of these databases may lead to erroneous results. Our main goal was to explore the
limitations of the use of CNVs databases such as the Database of Genomic Variants (DGV) as

reference. To that end, we used pediatric acute lymphoblastic leukemia (ALL) as a model.

We analyzed the genome-wide copy number profile of 23 ALL patients and conducted a
comparison of the results obtained using DGV with those obtained using the normal sample

from the patient as reference.

Using only the DGV, 19 % of alterations and 41 % of polymorphisms were erroneously

catalogued.

Our results support the hypothesis that with the use of databases such as DGV as reference, a

high percentage of the variations can be erroneously classified.



Introduction

The use of oligo-arrays helps identifying new cryptic alterations, such as deletions and
duplications, which can be used to improve prognostic classification in cancer. However, it is
known that some deletions and duplications are polymorphisms. Consequently, when we look

for deletions and duplications in tumor cells, we need to discriminate the polymorphisms.

In order to identify the polymorphisms, databases such as the Database of Genomic Variants
(DGV) have been used as reference in several studies [1]. DGV is a valuable web source that
catalogues copy number variations (CNV) observed from studies of normal individuals.
However, many CNVs may have only been observed in a single study, or with a single
platform, and also may have not been validated by an alternative means [2]. Consequently, there
is a possibility that a substantial amount of the catalogued data may be erroneous or incomplete
[3-5]. Nevertheless, the errors in the interpretation of CNVs due to the use of the databases as

reference have been poorly studied [6].

Our aim was to investigate the possible limitations of the use of CNV databases (using DGV as
example) as reference to discriminate between polymorphisms and tumor alterations, using

acute lymphoblastic leukemia (ALL) patients as a model.

Material and Methods

We compared the copy number alteration profile obtained from the tumor samples of 23
children, consecutively diagnosed with B-ALL at the University Hospital Cruces, using two
different references for polymorphisms elimination. The references used were the DGV (2012

version) and the germ-line sample from the same patient.

Genomic DNA was obtained with QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)

from lymphocytes isolated from bone marrow or peripheral blood with Ficoll-Paque™ PLUS

3



(GE Healthcare, Uppsala, Sweeden). Material collected at diagnosis (with more than 70% blast
cells) was used as tumor sample; and in remission (with less than 5% blast cells) was used as
paired germ-line sample. Informed consent was obtained from all patients or their parents before
sample collection. The study was approved by the ethic committee of the University of the
Basque Country (UPV/EHU). Copy number detection was carried out with the Cytogenetics
Whole-Genome 2.7M platform (Affymetrix, Santa Clara, USA) and data analysis was
performed with the Chromosome Analysis Suite (ChAS) software (Affymetrix, Santa Clara,

USA).

Variations detected in both tumor and reference were considered polymorphisms and variations

detected only in the tumor sample were considered alterations.

Results
We detected a total of 510 variations in the tumor samples, with an average of 22.2 genomic

abnormalities per case, including aberrations and polymorphisms (Table S1).

In the first analysis conducted using the DGV as reference, 290 deletions/duplications were
considered tumor alterations because they were not described in the database. The remaining
220 co-localized with variations described in the DGV and were considered as germ-line

polymorphisms (Table 1).

In the second analysis performed with the remission sample from the same patient, 325 changes
were classified as tumor alterations, as they were present only in the tumor sample. The other
185 were found in both samples from the same individual and were considered as germ-line

polymorphisms (Table 1).



When we compared the results of both analyses, we observed that 56 (19%) variations, which
were labeled as alterations because they were not included in the DGV, where detected in the
germ-line sample and would have been catalogued as polymorphisms. And 91 (41%) variations,
which were tagged as polymorphisms using the DGV as reference, where not detected in the

germ-line sample and, then, would have been considered as alterations (Figure 1).

Discussion

The identification of new cryptic alterations, such as deletions and duplications, can be used to
improve prognostic classification in cancer. In order to obtain good results, it is necessary to
discriminate between somatic alterations that take place in the tumor cell and polymorphisms
that appear in all the cells from the patient. For this purpose, different studies have used CNV
public databases as reference [1]. Nevertheless, there is a possibility that a substantial amount of
the catalogued data may be erroneous [4, 5]. However, there are few studies that explore the
errors in the interpretation of CNVs due to the use of the databases as reference [6]. In this study
our main goal was to explore the limitations of the use of CNV databases such as DGV as
reference and to investigate whether normal material from the patient should be used for

comparison. To that end, we used pediatric acute lymphoblastic leukemia as a model.

We searched for differences in results using the DGV or the normal sample from the same
patient, as reference for polymorphisms discrimination. We detected 510 changes in the tumor
tissue of 23 B-ALL patients. Using the DGV as reference, 290 were classified as tumor
alterations and 220 as polymorphisms. By contrast, using the normal sample from the own
patient as reference, 325 were classified as alterations and 185 as polymorphisms. Comparing
both results, we could see that, using only DGV, we found erroneous results, in agreement with

that observed in a population of patients with myelodisplastic Syndromes [6].



We found that, using DGV, we obtained 56 erroneous alterations that should have been
classified as polymorphisms because they were found in the germ-line sample. This may happen
due to the fact that CNV databases are far from complete. On the one hand, many
polymorphisms do not appear frequently enough to be included in the database [4]. On the other
hand, the studies compiled in the database are performed with platforms with different probe
coverage and resolution [7] and, depending on the platform used in each case, some CNVs
remain undetected. Consequently, many polymorphisms that are present in the patients are not
collected in the databases, as we have confirmed in our population. We also considered the
possibility that the persistence of abnormal ALL clones in the remission sample or the presence
of circulating free DNA (cfDNA) from tumor cells could be confounding factors. However,
it is unlikely since the percentage of aberrant DNA molecules that can be detected on
Affymetrix Cytogenetics Whole-Genome 2.7M arrays is 20%, according to the manufacturer. In
our study, the number of tumor cells in the remission sample was between 0 and 5% and the
percentage of residual cfDNA from tumor cells remaining within the pellet of lymphocytes after

gradient isolation and washing should be very low.

And, also, 91 of the alterations catalogued as polymorphisms, due to co-localization with
polymorphisms described in the same frame in the DGV, where not observed in the normal
tissue and would have been classified as alterations. Some of them (34/91, 37%) include T-cell
receptor genes and IGL loci (7p14.1, 7934, 14q11.2, 22q11.22). The detection of alterations in
these loci is usually explained by the clonal origin of the tumor in those cases rather than to the
leukemic process in itself. The rest of alterations (57/91, 63%) would have not been considered
using only the DGV. This could be due to the fact that the database includes submissions that
have not been thoroughly validated [4]. Many CNVs may have only been observed in a single
study, or with a single platform, and also may have not been validated by an alternative means
[2]. This raises the possibility that a substantial amount of the catalogued data may be erroneous
and, as a result, we could find false polymorphisms co-localizing with alterations present in the
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patients. Therefore, caution should be exercised when relying heavily on such databases [8]. In
addition, recent studies based on very high-resolution arrays have shown that the size of CNV
could be smaller than what was recorded in DGV, mainly because of a resolution bias [3].
Consequently, alterations that are next to a wrongly limited polymorphism could be considered
as such. Moreover, it has been observed that regions that are frequently altered by CNV are
more likely to undergo somatic copy number changes in stressed conditions because of their
complex genomic architecture, they are prone to change [9]. Those changes that would have
been considered polymorphisms and excluded using the DGV are alterations that could
contribute to disease progression. Anyway, it should be taken into consideration that even if an
alteration takes place in the tumor cell, it does not have to be pathogenic of necessity, and that it

could be a benign, passenger mutation.

Consequently, we have shown that studies performed using the DGV as reference [1] could be

providing some erroneous results.

In conclusion, the results of this study support the idea that the cytogenetic characterization of
tumor tissue with databases such as DGV could give erroneous results. Consequently, in order

to carry out a good characterization of the patient the paired normal tissue is required.
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Table legends

Table 1. Summary of the classification of the alterations.

Tumor tissue vs. Dgv

Tumor tissue vs. Normal tissue

Classification

Erroneously classified

Classification

290 alterations

56 (19%)

325 alterations

220 polymorphisms

91 (41%)

185 polymorphisms




Figure legends

Figure 1. Differences in results observed using the DGV and the normal tissue. A) A
variation that is classified as a deletion using the normal tissue as reference and that is
classified as a polymorphism using the DGV as reference. B) A variation that is
classified as polymorphism with the normal tissue and as deletion with the DGV

(because no polymorphism is described in the region).
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