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Abstract

the slide for molecular pathology diagnosis.

Gastrointestinal Stromal Tumors (GIST) present different types of mutations that may or may not be sensitive to
specific target therapy. The laboratory procedure required to prepare histological sections traditionally demands
multiple steps, making the process prone to contamination by exogenous genetic material (DNA). An eventual
contamination of the biological sample with exogenous DNA may jeopardize subsequent analysis of mutations.
The Short Tandem Repeat (STR) technique is frequently used in forensic science fields and presents a potential
application in surgical pathology, especially in situations of suspected sample exchange. In the present study, the
objective is to verify the possible contamination by exogenous DNA in gastric GIST samples and to evaluate if the
presence of contamination can interfere in the detection of the mutations of interest. We assessed eight gastric
GISTs by the Sanger sequencing and STR sequence analyses. Seven samples presented more than one profile, a
result interpreted as contamination. Our results indicate that exogenous DNA contamination occurred in most of
the samples studied and that this was more frequent in samples obtained from the slides than those obtained
from the block. The presence of contamination did not inhibit the detection of the mutations of interest for a
specific target therapy. Furthermore, the histologic block revealed to be more advantageously when compared to
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Introduction

Detection of mutations of interest for specific therapy
target in formalin-fixed and paraffin-embedded samples
(FFPE) has become a common practice in pathology la-
boratories. Increasingly tumor markers are being devel-
oped for application in the diagnosis, prognosis and/or
prediction of therapeutic response in the most varied
types of tumors. In this context, molecular tests have
been incorporated into the diagnostic routine, with im-
portant impact for the entire diagnostic chain, including
for pathologists.

Gastrointestinal Stromal Tumors (GIST) present dif-
ferent types of mutations in KIT (Lasota et al. 2008) and
in the PDGFRA (Agaimy et al. 2013) genes, which may
or may not be sensitive to specific target therapy (e.g.
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imatinib mesylate) (Boikos et al. 2016). The evaluation
of these mutations is performed by molecular methods
and definitely contributes to a better therapeutic orien-
tation of the patients (Huss et al. 2015).

The formalin-fixed and paraffin-embedded samples
(FFPE) represent an important collection for the diagno-
sis and research.(Simbolo et al. 2013) In high-demand
laboratories, the steps involved in configuring the block
can be performed by automated equipment that guaran-
tees efficiency and process control, allowing the process-
ing of several different samples at the same time. On the
other hand, plate preparation necessarily involves
manual techniques and requires skills of its implementer.

STR (short tandem repeat) analysis is commonly used
in forensic science allowing the discrimination of indi-
vidual profiles based on individual genomic regions of
each organism (Jeffreys et al. 1985). The STR regions are
non-coding, they always have two alleles and are
scattered throughout the genome. The number of
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repetitions within each allele, determines the phenotypic
profile of each individual, therefore, when encountered
with the presence of an additional profile in the given
sample, it is suggestive of sample molecular contamin-
ation (Barallon et al. 2010).

In this study, we assessed the exogenous DNA con-
tamination by STR analysis in FFPE samples of gastric
GISTs, and we verified whether the presence of contam-
ination interfered in the detection of the mutations of
interest.

Due to the large number of steps involved in the prep-
aration of blocks and histological slides, we raised the
hypothesis of passive contamination by two different
routes: (1) between samples of different patients and; (2)
between sample and manipulator cells (Goray and
Oorschot 2015; Goray et al. 2010) Fig. 1. Thereby, in this
study, we created a proof concept to evaluate the con-
tamination by exogenous DNA through STR sequence
analysis of gastric GIST FFPE samples and we tested
whether the presence of contamination interfered with
the detection of the mutations of interest.

Materials and methods

We analyzed eight FFPE samples of gastric GIST from
different patients. We collected the samples from a diag-
nostic care center of a hospital affiliated to the Depart-
ment of Pathology of the Federal University of Sdo Paulo
(UNIFESP/EPM), used for the mutational analysis of the
KIT gene exon 11 and PDGFRA exon 18 performed by
Sanger sequencing for therapeutic planning purposes.
Clinical data (sex and age) of the patients from whom
the samples were collected were not available.

Sample collection

In each case, samples were collected by two different
methods. Method I consisted of the collection of mater-
ial directly from the paraffin block (samples B), which
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was performed with a sterile curette 3 mm wide. A rep-
resentative tumor area was determined by a pathologist.
These fragments were stored in a sterile tube (1.5 mL) of
microcentrifuge. The authors chose this method in order
to eliminate any possible interference related to the steps
involved in preparing histology slides. Method II con-
sisted of collecting material directly from the lamina
with histological section (L). They removed one to three
histological sections of 5 pum thickness in a conventional
microtome. The obtained micrometric sections were ex-
tended in a histological bath and arranged on glass slides
(Fig. 1). A representative tumor area was determined by
a pathologist. The samples were collected by hand mi-
crodissection (direct scraping) on the slide. The col-
lected material was then stored in a sterile tube (1.5 mL)
of microcentrifuge. We emphasize that all the steps
of sample collection were performed with sterile
instruments (tweezers, scalpel, curette, tubes) and
antisepsis procedures. Subsequently, the samples were
processed in single batch under the same dewaxing
protocol, DNA extraction, mutation analysis and STR
analysis.

Criteria for contamination

To be considered contaminated by exogenous DNA, the
sample should present a minimum of two of the 16 ana-
lyzed markers, in the following criteria, (1) the presence
of more than two alleles per marker or (2) the presence
of a discrepancy between the number of replicates for
each allele.

DNA extraction and mutation analysis

The extractions wercommercialed according to the man-
ufacturer’s manual (Qiagen QIAamp DNA Micro-com-
mercial kit). The analysis of the mutations of interest for
gastric GIST was previously performed by Sanger
sequencing method (Merkelbach-Bruse et al. 2010).

Manual macrodissection

tumor
margin

paraffin block

analysis for detection of molecular contamination

Fig. 1 Study workflow. Study procedure was divided to two analyses: Analysis of mutations for GIST diagnosis by Sanger sequencing and STR

tube
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Genotyping procedures

Various markers are used for human identification. In
this study, we used the Kit PowerPlex® 16 system (White
et al. 2015) for STR analysis according to the manufac-
turer’s recommendations (Promega Corporation). A sys-
tem that has as a sexual marker, the amelogenin and 15
other autosomal markers of different sizes (Table 1).
The characterization of the profiles of STR is given by
the analysis of all the markers together. This analysis is
initiated by the amplification of repetitive regions by
PCR and then the fragment sequencing determines the
amount of replicates of each allele (Fig. 2) (Morikawa et
al. 2011).

The sexual marker is given by amelogenin gene hom-
ologous sequences in the X and Y chromosomes
(AMELX and AMELY). These sequences are amplified
simultaneously. Thus, a sample of female origin can be
identified by the presence of a single peak derived from
the X chromosome in the electropherogram, while a
sample of male origin is characterized by the presence of
a secondary peak derived from the Y chromosome (Mor-
ikawa et al. 2011). The presence of two different profiles
in the sexual marker (amelogenin) combined with the
presence of total compatibility in the other autosomal
markers was not considered contamination, since this
discrepancy occurred in less than 10% of the analyzed
markers.

The amplification was performed on the GeneAmp®
PCR System 9700 equipment. Genotyping was per-
formed on the ABI PRISM 3130xl GeneticAnalyzer
(AppliedBiosystems). The obtained data were analyzed
with the aid of GeneMapper software version 1.2
(AppliedBiosystems). The concentration of DNA used
for genotyping was 0,5 ng.

Results

Formalin fixation and paraffin inclusion procedures are
part of the routine of all pathology laboratories. The use
of automated processing equipment and the high
demand for the production of these paraffin blocks and
laminates make up a very common scenario that leads
for some laboratories to perform several modifications
in the standard protocols (Table 2).

Genotyping
The analysis of amelogenin showed that in all the sam-
ples obtained from the slides (samples L) the presence of
the marker for the Y chromosome was detected. How-
ever, in the samples obtained from the block (samples
B), half of the cases (50%) presented a female sexual pat-
tern, that is, only the presence of a single peak derived
from the X chromosome.

The analysis of the autosomal markers showed that
the B samples presented a larger amount of amplified
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markers, independent of contamination, in relation to
the samples L (Fig. 3). Comparisons between autosomal
markers showed the number of discrepant amplified
autosomal markers, independent of contamination,
samples L e B (Fig. 4).

GIST mutations

Sanger sequencing technique was used to detect muta-
tions in all the cases studied. The results obtained in the
analysis of mutations in the exon 11 of the KIT gene and
PDGFRA gene exon 18 in gastric GIST, presented high-
quality electropherograms.

Discussion

In this study, we observed the presence of exogenous
DNA contamination in FFPE samples of gastric GISTs.
However, this contamination did not inhibit the evalu-
ation of mutations in exon 11 of the KIT gene and the
exon 18 of the PDGFRA gene by STR analysis technique.

The purpose of this research was to analyze the pos-
sible contamination of samples following the original
protocol performed by a molecular pathology laboratory.
Furthermore, the initial intention of this project was to
attempt an ameliorated understanding of the observed
variations between samples processed by the same
protocol and that often presented qualitative and quanti-
tative results technically variable.

A previous research evaluated the risk for contamin-
ation of tissue samples, it was suggested that standard
precautions are sufficient for molecular pathology diag-
nosis of surgical samples and are not associated with in-
creased risk of cross-contamination, however they
limited the investigation solely to the mutation regions
of the specific genes (Asor et al. 2017) whereas in this
research the investigation of molecular contamination
was expanded by the application of STRs.

Accumulating research evidence indicates that STRs
make a valuable contribution to the detection of sample
exchange or to determine the degree of kinship (Raina et
al. 2011; Zhao et al. 2011). However, cautiousness should
be taken during the use of STR analysis in tumor
samples for forensic purposes, since the loss of hetero-
zygosity or genomic instability caused by tumorigenesis
(Pepiniski et al. 2009) can lead to errors in the identifi-
cation of individuals (Filoglu et al. 2014).

Contamination by exogenous DNA may occur due to
saliva deposition during sample processing. Saliva is con-
sidered one of the main means that can lead to exoge-
nous DNA contamination. Studies demonstrate that the
mean number of epithelial cells per 1 mL of saliva is
about 4.3 x 10° (Khare et al. 2014; Quinque et al. 2006)
additionally, saliva is one of our body’s most accessible
bio-fluids, a substantial source of genetic material for
either traditional or molecular diagnostic analysis, used
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Fig. 2 a lllustrative scheme demonstrating the quantification of the repetitive regions - STR. STR analysis is performed initially by a PCR reaction
that amplifies the region where the replications occur. Then the Sequencing is applied, which indicates the number of repetitions that the
marker presents. The X-marker presents three and five replicates of each parent allele, while the other Y-marker presents the same number of
replicates in the two alleles. b In the electropherogram, it is possible to see the peaks of two markers indicating the number of repetitions
presented by a sample

Table 2 Main modifications occurring in the protocols of fixation, inclusion, diaphanization and microtomy that can lead to
endogenous contamination by DNA

Protocols

Protocol modifications

Consequences

Fixation

Diaphanization

Inclusion

Microtomy

Histological
slices

Inaccuracy in the observation of ideal tissue / formalin volume.
Decrease in the time required for fixation.

The use of the fixative longer than indicated by the manufacturer. Presence of
circulating residues from previous plants.

The Personal Protective Equipment (PPE) not utilized by the handlers. DNA
contamination of the manipulator or other component.

Inaccurate observation of the ideal volumes of alcohol solution within different
concentrations.

A rapid transfer from one alcohol solution to another.

The quality of the paraffin. PPE not utilized by the handlers. Contamination by
saliva. Cells come from previous inclusions.

Cells from the saliva of the manipulators.
Reuse of razors for DNA cutting.
Incorrect block manipulation. Contamination by saliva.

Incorrect handling. Transfer of DNA from the manipulator to the material (touch)

Defective fixation. Free loose cells in the solution
(inter-samples).

Presence of circulating residues from previous
samples.

DNA contamination from the manipulator or
other component.

Mixture of different alcohol solutions, increasing
the risk of fragment exchange.

Cells derived from previous inclusions.

Cells from the saliva from the manipulators.
Transfer of DNA from the manipulator to the
material (touch).

Transfer of DNA from the manipulator to the
material (touch)
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Amount of marker amplification per sample

autosomal markers

cases
Fig. 3 Amount of amplified markers in accordance with contamination criteria

clinically to detect pathogens and tumor cells (Wang et
al. 2015).

DNA from FFPE samples has been found to be par-
tially degraded, sometimes hindering the application of
molecular methods (Barcelos et al. 2008). Therefore, the
possible presence of a small amount of saliva belonging
to the manipulator can decisively interfere with the
result of molecular tests (Kidd et al. 2014; Wiegand
et al. 2011).

Besides saliva contamination, there is the possibility of
contamination by squamous skin cells that can be trans-
mitted by either physical contact between the manipu-
lator and the sample (block or slide) or contamination
due to the processing of several samples altogether
(Merkelbach-Bruse et al. 2010). Moreover, direct contact
can result in the transfer of viable cells and, therefore, of
exogenous contaminating DNA, this transferring

method is commonly known as “touch DNA” (Malsom
et al. 2009; Fonnelgp et al. 2015).

In this research, it is also suggested that there may be
the possibility of contamination by loose cells during the
preparation of the block. Thus, the use of automated
extraction equipment and the training of the technical
team for the preparation of samples for molecular use
can reduce the contamination rates (Lang et al. 2012).
Therefore, by being produced specifically for the forensic
market, which uses degraded samples and often in very
small quantities, the STR kits were used due to the fact
that they are highly sensitive and robust allowing the
detection of small allele peaks even at very low
concentrations.

The amplified marker size is directly related to the de-
tection sensitivity of the marker. The STR detection kit
used in this study presents markers in three different

Number of discrepant amplified markers in samples L and B

n2 markers
N

samples L e B

cases
Fig. 4 Comparison between autosomal markers. The number of discrepant amplified autosomal markers, independent of contamination,

mL
=B
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sizes, 100-200 bp, 201-300bp e 301-400 bp. Amplifica-
tion of larger fragments indicates molecular integrity
whereas amplification of only a few base pair fragments
(bp) indicates damage of the DNA molecule. A “one size
fits all” approach to the interpretation of these samples
is not recommended (Budimlija et al. 2009). Hence, the
non-amplification of some markers does not invalidate
the results. However, it can lower the similarity rate of
the profile sought and therefore the analysis must be
conducted carefully to evaluate these profiles (Pelotti et
al. 2007).

This sensitivity may explain the discrepant detection
of the Y chromosome marker in samples L and B in case
1, considered uncontaminated. This marker is one of the
smaller ones and therefore has an amplification rate
higher than the others.

Knowing the genetic profile of the samples manipula-
tor is one of the control parameters in STR analyzes,
specifically the gender. This can be a determining factor
in a sample exchange case, for example, where other
markers cannot be amplified. In our study, the re-
searcher responsible for the sample extractions was a
woman and the presence of Y may suggest that sample
contamination occurred during the processing of the
tissues by a male operator.

The samples used in this study were taken from a ref-
erence database in the region and therefore this bank re-
ceives material from several other locations, moreover,
the samples are often part of the routine as a case
review, it is additionally not possible to access basic data
such as the patient’s name and gender. These samples
were specifically included in the study because they
presented high-quality results in PCR and in the Sanger
sequencing, which is out of the characterized standard
when considering the paraffin samples and for that
reason, the hypothesis of the contamination emerged.

Samples B not only showed a higher amplification rate
of the markers in general, also showing lower amounts
of excess peaks, suggesting that the use of L samples to
obtain molecular test material may represent an
additional risk of exogenous DNA contamination (Figs. 3
and 4). Such findings are probably due to contamina-
tions that occurred in stages between inclusion and
histological cut, given that the water of the histological
bath is not replaced for each sample, as it happens with
the razors, presenting as a possible route for contamin-
ation of the L samples. We also emphasize that although
the amount of DNA extracted from the samples B is
greater than that obtained from samples L, this does not
guarantee the efficiency of the reaction, since such
efficiency depends on intact DNA templates without the
crosslinking (Funabashi et al. 2012).

The non-amplification of some markers occurred in
all the cases studied is related to the fact that the average
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length of DNA obtained after extraction is 300—400 bp.
However, this value is lower in FFPE tissues, which re-
duces the amount of amplified fragments in detectable
levels by the equipment (Barcelos et al. 2008; Alqaydi
and Roy 2016).

The DNA extracted for the detection of mutations of
exon 11 of the KIT gene (174pb) and the exon 18 of the
PDGFRA gene (213 bp) was extracted from histological
sections. It was possible to amplify all samples, without
inhibition of the Sanger sequencing technique by con-
tamination with exogenous DNA, however, samples 2, 5
and 8 did not present mutations in exon 11 of the KIT
gene and no sample had mutations in exon 18 of the
PDGFRA gene.

Some limiting aspects deserve to be highlighted. The
lack of comparison between the DNA profile of the
FFPE samples and the DNA profile of fresh samples
(blood or tissue) from the same patient represents an
important limitation of our study. In addition, studies in-
volving a larger number of samples are necessary since
our results are based on a rather reduced casuistry. In
the future, separate investigation of each stage of histo-
technical processing (fixation, paraffinization, inclusion
and shear) may yield relevant results for a better under-
standing of the means of contamination and provide
the basis for a reformulation of standard operating
protocols.

Conclusion

To conclude, we detected the presence of exogenous
DNA contamination in FFPE samples of gastric GISTs
by STR analysis. Such contamination was seen to occur
more frequent in samples obtained from the slides than
in those obtained from a block and its presence did not
inhibit the detection of mutations of interest for the
specific targeting therapy. Our findings further indicate
probable sample mishandling during the design and ap-
plication of standard operating protocols for traditional
histotechnical processing that might have resulted in
their contamination, additionally taking into consider-
ation that such protocols generally do not take into
account the possibility of further analysis by molecular
techniques.

Abbreviations
FFPE: Formalin-fixed and paraffin-embedded samples; GIST: Gastrointestinal
stromal tumors; STR: Short tandem repeat
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