
Abstract. Malpractice in breast cancer can be seen as false-
negative or false-positive findings which may result in either
late or incorrect therapies. Biopsy material can be uninten-
tionally interchanged, leading to incorrect treatment, and
psychological damage to the patient. There is an obvious need
for individualization of the tissue samples in such cases. In
this study we used a multidisciplinary approach to integrate
DNA technology that has been standardized and used in
forensic science for other purposes, mainly to prove
malpractice that has been the result of interchanging tissue
samples in breast cancer. The main focus of the study was to
evaluate the applicability of the technique, therefore we
studied the samples of a 58-year-old female for whom the
result of pathological analysis was reported as ‘invasive
ductal carcinoma’. The patient was surgically treated by a
modified mastectomy technique and referred for chemo-
therapy. Prior to chemotherapy we found that the tissue
samples analyzed did not belong to the patient in question.
We used a battery of 15 polymorphic STR loci to identify the
sample and we had strong evidence for exclusion of the
patient. The analysis was done on both blood and buccal swab
of the patient and on the tissue sample. We concluded that
the technique is applicable and useful; however care should
be taken in the interpretation of the results because the
mutations in the tumoral tissues are very well known.
Therefore, the maximum of informative loci should be
studied and loss of heterozygosity should always be
considered. We should also have in mind the possibility of
intentional interchange which gives the results value in
medico-legal investigations.

Introduction

Breast cancer is an important public health problem in
Turkey. The incidence of this disease and the resulting deaths

continue to increase, as 30,000 new cases of breast cancer
were diagnosed last year in the country. Breast cancer forms
approximately 30% of all cancers identified in women, and
the incidence rate is twice as high as that for colorectal and
lung/bronchus cancer (1). The international improvements in
the detection and treatment of breast cancer have resulted in
an increase in the long-term survival of patients. Consequently,
the increase in breast cancer incidence ultimately results in
a growing demand for supportive, palliative, and medical
services (2). While developments in these sections are
positive, there is a series of problems that can be classified as
malpractices concerning the diagnosis, treatment and
follow-up of the patients. One is the failure to see a cancer
that is visible retrospectively (3). Screening mammography
may miss a breast cancer thus presumably delay its diagnosis
and treatment. It is reported that almost 25% of screening
misses small tumors (4). False-negative rates of mammo-
graphy are seriously criticized by numerous articles and a
huge platform of discussion on issues concerning the benefits
and limitations of the technique has been created (5,6).
Another problematic situation is the false-positive outcome
that may have severe consequences for the patient resulting
to unnecessary operations, chemotherapies and suffer from
psychological damage. A false-positive result may be due to
an unintentional interchange of biopsy material (7).

This study was carried out to show that the proof of such
an interchange can be done by the analysis of the poly-
morphic DNA loci that are used in Forensic Science for
personal identification. We also discuss the necessary pre-
cautions that should be taken in order to avoid later ubiquities. 
As an example we describe a patient who had an unnecessary
operation because of such a mistake.

Patients and methods

The patient (58-year-old female) was admitted to a state
hospital for evaluation of a mass in her right breast discovered
during a physical examination and the specimen obtained by
needle biopsy was evaluated as ‘benign findings’. An excisional
biopsy was obtained at the hospital and the result of patho-
logical analysis was reported as ‘invasive ductal carcinoma’.
Hence, the patient was surgically treated by a modified
mastectomy technique in the state hospital and referred for
chemotherapy to Cerrahpasa Medical Faculty of Istanbul
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University. The pathology department of the Medical Faculty
demanded a sample of the tumor from the pathology laboratory
of the private clinic where the first biopsy was taken, for
evaluation of tumor receptors. The study of the specimen
failed to reveal the presence of any tumor tissue. Then slides
and tissue blocks of the specimen removed at the state hospital
was asked for examination. Perusal of these, verified presence
of ductal carcinoma. However, the discrepancy among the
macroscopic physical aspects of the slides and the blocks
sent from the state hospital aroused suspicion concerning the
origin of the tissue from the state hospital: possibly it was
from another patient. The possibility of interchange of the
specimens brought about the need for identification using
DNA analysis and the tissues were sent to the Institute of
Forensic Sciences of Istanbul University.

The samples used were paraffin blocks that were questioned
together with blood and buccal swabs from the patient. We
specifically wanted to examine the buccal swab to avoid the
possibility of circulating mutated DNA. DNA from the blood
and buccal swab samples was extracted using Qiagen DNA
extraction kit. For the paraffin-embedded tissue we first applied
deparaffinization and then we extracted DNA by the use of
the same extraction kit. The DNA amount obtained was at
the recommended concentration of 0.05-0.125 ng/μl. The
polymorphic loci that were amplified and their chromosomal
locations are as follows: D8S1179 (8), D21S11 (21q11.2-q21),
D7S820 (7q11.21-22), CSF1PO (5q33.3-34), D3S1358 (3p),
TH01 (11p15.5), D13S317 (13q22-31), D16S539 (16q24-qter),
D2S1338 (2q35-37.1), D19S433 (19q12-13.1), vWA (12p12-
pter), TPOX (2p23-2per), D18S51 (18q21.3), D5S818 (5q21-
31), FGA (4q28), Amelogenin (X: p22.1-22.3, Y: p11.2).
For the fragment analysis the AmpFlSTR® Identifiler™ PCR
amplification kit with a five-dye fluorescent system for
automated DNA fragment analysis was used. Following the
manufacturer's instructions 10.5 μl AmpFlSTR PCR reaction
mix, 5.5 μl AmpFlSTR primer mix, 0.5 μl AmpFlSTR Taq
Gold DNA Polymerase, 10 μl DNA were used. The PCR
parameters were as follows: incubation at 95˚C for 11 min;
denaturation at 94˚C for 1 min, annealing and extension at
59˚C for 1 min, at 72˚C for 1 min (for 28 cycles) final extension
at 60˚C for 60 min. The products were analyzed on the ABI
PRISM 310 Genetic analyzer using Data Collection software
v2.1 and GeneScan analysis.

Results

The results of the polymorphic STR loci that were amplified
can be seen in Table I. The samples studied were the blood
and the buccal swab of the patient and the tissue sample that
was under suspicion. There is a complete match in the blood
and buccal swab samples D8S1179, D3S1358 and D19S433
loci were not identified in the tissue sample and there is
exclusion in 11 loci mainly D21S11, D7S820, CSF1PO,
THO1, D13S3317, D16S539 TPOX, D18S51, D5S818 vWA
and FGA.

Discussion

The rapid growth of DNA-based tests raises complex
questions on how to integrate them efficiently into clinical
medicine (8). In this study we used a multidisciplinary

approach to integrate DNA technology that has been
standardized and used in forensic science to prove mal-
practice that has been the result of interchanging tissue
samples in breast cancer. The approach was to use polymorphic
short tandem repeats (STRs) for identifying a suspicious tissue
sample. The AmpFlSTR® Identifiler™ PCR Amplification kit
that is used in this study is a short tandem repeat (STR) multi-
plex assay that amplifies 15 tetranucleotide repeat loci and
the Amelogenin gender determining marker in a single PCR
amplification (9). All thirteen of the required loci for the
Combined DNA Index System (CODIS) are included in this
kit for evaluation of known-offender data in the United
States. Two additional loci, D2S1338 and D19S433, are
included. The combination of the 15 loci is consistent with
several worldwide database recommendations (10). This
ensures a practically positive identification of any unknown
sample, taken that there is reference material to compare.
This STR assay is widely used in forensic case work for
human identification and paternity confirmation. The high
power of discrimination make them useful clinical tools for
following chimerism in allogenic marrow transplantation or
in cases of suspicious diagnosis in paraffin-embedded tissues
(11-13).

We examined the maximum possible STR loci (15+
Amelogenin) to obtain the required correct exclusion. The
results can be seen in Table I. Three out of 16 loci were not
clearly typed in the tissue sample. When comparing the tissue
samples, the buccal swabs and the blood sample studied, the
blood and the buccal swab show completely the same profile,
whereas 11 out of 15 loci studied are different between the
blood/swab and tissue. No homozygosity was observed in
any of the loci in the malignant tissue sample, indicating that
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Table I. The STR profiles of the blood and buccal swab of the
patient together with the profile of the tissue sample that was
shown to belong to another person.
–––––––––––––––––––––––––––––––––––––––––––––––––
Name of STR Tissue Blood Buccal swab
–––––––––––––––––––––––––––––––––––––––––––––––––
D8S1179 14-15 14-15

D21S11 31.2-32.2 30-30.2 30-30.2

D7S820 9-11 8-9 8-9

CSF1PO 10-11 13-14 13-14

D3S1358 17-18 17-18

THO1 5-6 7-8 7-8

D13S3317 8-11 11-11 11-11

D16S539 8-12 10-12 10-12

D2S1338 18-19 18-19 18-19

D19S433 13-14 13-14

vWA 14-16 14-15 14-15

TPOX 8-12 8-11 8-11

D18S51 13.2-14.2 14-14 14-14

AMELOGENIN XX XX XX

D5S818 11-13 12-12 12-12

FGA 22-24 23-24 23-24
–––––––––––––––––––––––––––––––––––––––––––––––––
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there is no allelic loss. It can be clearly seen that the two
samples originated from different subjects.

Microsatellite alteration has been reported in many studies
characterized by expansion or deletion of a repeat in malignant
tissue. Microsatellite alteration or instability (MI) is possible
and characterized by expansion or deletion of a repeat in
malignant tissue and decrease in heterozygosity. It has been
detected in breast cancer, in neurodegenerative diseases, in
human atherosclerotic plaques, in spontaneously aborted
embryonic tissues, in human pterygia and pulmonary
sarcoidosis (14-18). There are numerous studies using this
instability and high mutation rate of microsatellites to either
try to explain or find clues to the pathogenesis of the diseases
which is a completely different use of repetitive polymorphism
(18).

No consensus exists in how many loci should be analyzed
and how many of them should show alterations to be
classified as ‘high’ MI. A number of publications have
classified tumors as MI-positive, when as few as one of two
loci appeared unstable. Other investigators have used the
absence of alterations in three, four, or even five markers as the
criterion for labeling the tumor specimens as ‘low’ MI (19).
The STRs used in forensic identification, consequently in this
study are not cancer markers and are situated in the noncoding
regions of DNA.

The above are examples of the usage of altered
microsatellites as cancer markers. However, in forensic
identification the same alterations on STRs might wrongly
exclude persons. Thus, we might be comparing two samples
originating from the same person, but the alteration in one
sample may wrongly indicate another source. In this case we
have to study the risk of such a mismatch probability.
Vauhkonen et al showed that the extent of the alteration for
each single locus may occur at different rates for different
malignancies (20). While for urinary tract malignancy we see
0% alteration, lung cancer may show up to 68%. The loci
themselves can also be classified as the most affected ones
such as FGA and vWA and less affected ones like TH01
(21). Therefore, we have to be aware of the risk of incorrect
interpretation in personal identification cases. Repeated
results have shown a maximum of 5 microsatellite marker
alterations in a certain battery of forensically used STRs (22).
However, to exclude any doubt we wanted to include in our
battery the maximum number (n=15) of STRs that have been
standardized as polymorphic markers.

Circulating DNA in the blood of many patients with
breast and other types of cancer has been detected because of
cell lysis, tumor necrosis, apoptosis, and active cell shedding
(2). A high proportion of breast cancer patients exhibited
plasma DNA at diagnosis similar to tumor DNA, and its
presence correlated significantly with pathological para-
meters associated with a poor prognosis (23).

It is clear that the interpretation of DNA findings in
cancer cases should be done extremely carefully because the
potential for genetic instability of the STR markers is
considered to be high. Therefore, in our study in order to
avoid any possible misinterpretation we used the maximum
number of available standardized polymorphic loci for typing
the malignant tissue and we compared the findings with
blood and buccal swabs. The buccal swabs were used as an

unaffected histologically normal tissue sample. It was
confirmed in our case that there was no mixing of any
mutated plasma DNA in the blood sample that we used
(Table I).

In a study where the psychological squeal of false-positive
recall in women with and without a family history of breast
cancer was studied, depression, stress-related behavior changes
border line or clinically significant anxiety or at least short-
term distress has been detected. The breast screening
programs should ensure that steps are taken to minimize the
number of women who are recalled for further investigations
(24), highlighted by the psychological effect that will result
from an unnecessary total mastectomy, as happened to the
case we have described.

In conclusion, the excisional biopsy is a valuable diagnostic
tool in breast cancer but there is always a possibility of un-
intentional interchange of the biopsy material resulting to
unpleasant consequences. DNA technology is used for
human identification and defined as reliable, it can be easily
applied to prove the identity of the samples. However, the
interpretation should be done with extreme care because the
possibility of genetic instability in tumor cells. Therefore, the
maximum possible number of polymorphic markers should
be analyzed. Misinterpretation and false-negatives may result
in a delay in the treatment of the patient. We based our
deductions on the assumption of unintentional interchange of
the biopsy material. We should always have in mind that
there may be cases of intentional interchange. In such cases
the DNA result will form evidence for medico-legal
investigations and this will change completely the way of
approaching the case.
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