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Aim To study the short tandem repeat (STR) pattern of 
DNA from the blood, buccal swabs, and hair follicles of the 
recipients of allogenic hematopoietic stem cell transplan-
tation to examine whether these tissues contain donor de-
rived cells.

Methods The study enrolled 25 patients who sustained 
engraftment. Peripheral blood, buccal swabs, and hair fol-
licles were collected on days 21-30, 90, and 180 after trans-
plantation and the chimeric status of the recipients was 
evaluated.

Results Donor derived cells existed in the blood and buc-
cal swabs, but not in hair follicles, which can be used to ob-
tain the pre-transplant sample of the recipient after trans-
plant.

Conclusion Peripheral blood and buccal swab do not 
serve as a reliable source of recipient’s origin for DNA anal-
ysis of individuals who underwent allogenic hematopoi-
etic stem cell transplantation at least within 6 months after 
transplant.
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Chimerism is an exceptional immunogenetic condition, 
characterized by the presence of cell populations origi-
nating from two different individuals. These cells could be 
derived from a fetal maternal transfusion, blood transfu-
sion, or after allo- hematopoietic stem cell transplantation 
(HSCT) or mobilized peripheral blood stem cell transplan-
tation (PBSCT) (1). BMT/PBSCT has been widely accepted 
as a convincing life-saving treatment modality for various 
malignant and non-malignant hematologic diseases. Chi-
merism analysis is an important tool for the pre-transplant 
surveillance of engraftment and offers the possibility to re-
alize impending graft acceptance or rejection (2). Besides 
clinical cases, it is also important in forensic analysis.

Polymorphic STR analysis is presently the most common 
analytical method employed for forensic identity testing 
(3), since it is more sensitive than analysis with any other 
polymorphic markers and allows unambiguous assign-
ment of alleles. Blood, buccal swabs, and hair follicles are 
among the most important and common biological sam-
ples used for DNA profiling as they carry high evidential 
value (4). However, these samples may lead to erroneous 
interpretations of results when the person being analyzed 
is a genetic chimera, since this condition has the potential 
to change the genetic makeup of the individuals.

Many studies showed that blood was not a suitable sub-
strate for personal identification due to the presence of do-
nor cells in the recipient blood cells (5,6). Along with blood, 
buccal swabs and saliva are also reported to show conver-
sion to donor type (7-12). Other commonly encountered 
biological sources for forensic DNA profiling, especially in 
rape cases, are fingernails and hair follicles. However, there 
were studies showing donor chimerism in these sources 
as well (13-16).

Various studies have been conducted using different mark-
ers to evaluate the percentage of donor derived cells in dif-
ferent biological samples of recipients but there is no clear 
indication about the informativity of STR markers used for 
forensic purpose in chimerism analysis. Thus, the aim of 
this study was to evaluate the chimeric level in recipient 
blood, buccal swabs, and hair follicles at different time in-
tervals after allo-BMT or PBSCT with the markers that are 
being extensively used in forensic DNA analysis.

Materials and methods

Twenty five patients who had received allo-HSCT or PB-
SCT for various hematological disorders were recruit-

ed in 2010 from the department of Haematology, All India 
Institute of Medical Sciences (Table 1). The present study 
was reviewed and approved by the ethics committee of this 
institute (IESC/T-302/2010 of Nov 2, 2010). Written consent 
was obtained from every participant prior to the sampling.

Donor and pre-transplant recipient’s blood samples were 
collected for the reference material. Pre-transplant buc-
cal swabs and hair follicles were collected to rule out the 
possibility of natural chimerism. All the peripheral blood 
samples from donors and recipients were collected in 
5-mL EDTA coated tubes. Buccal swabs from recipients 
were collected from the both sides of the oral cavity on 
cotton sticks and kept frozen until the DNA extraction. 
Before taking buccal swab samples, patients were coun-
selled to refrain from food and drink and maintain high 
level of oral hygiene, avoiding any possible contamina-
tion at least for one hour prior to the sampling. 5-8 hair 
strands along with root were plucked from the scalp. 
Presence of hair bulb was visually confirmed. Long hairs 
were cut to around 2 cm including the root, and distal 
parts were discarded.

Peripheral blood, buccal swabs, and hair follicles from the 
recipients were collected on days 21-30, 90, and 180 af-

Table 1. Quantitative summary of patients’ clinical data

Category n %

Number of recipients
Total 25 100.00
Male 19   76.00
Female   6   24.00
Number of samples
Buccal swab 75 samples
Blood 75 samples
Hair root 75 samples
Recipient /donor relationship
Related 25 100.00
Not related   0     0.00
Sex match with donor 13   52.00
Sex mismatch with donor 12   48.00
Disease
Severe aplastic anemia 13   52.00
Thalassemia   6   24.00
Myelogenous leukemia (acute myeloid 
leukemia/chronic myeloidleukemia

  3   12.00

Acute mixed phenotypic leukemia   2     8.00
Red blood cell aplasia   1     4.00
Origin of stem cells
Peripheral blood 18   72.00
Bone marrow   7   28.00
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ter transplantation. Genomic DNA from all the samples 
was isolated using organic extraction method (17). Qual-
ity and quantity of extracted genomic DNA was evaluated 
by agarose gel electrophoresis and UV spectrophotomety 
(Nanodrop, Thermospectronic, Rochester, NY, USA). Ampli-
fication of extracted DNA was carried out using AmpFlSTR 
identifiler kit (Applied Biosystems, Foster City, CA, USA), 
which co-amplifies 15 loci (D8S1179, D21S11, D7S820, 
CSFIPO, D3S1358, THO1, D135317, D16S539, D2S1338, 
D19S433, vWA, TPOX, D18S51, D5S818, FGA) and the sex 
determining marker, amelogenin. The amplified DNA was 
analyzed by ABI 3100 genetic analyzer and genotype soft-
ware version 3.2 (Applied Biosystems). Three controls (In-
built house kit and negative one) were used to maintain 
the sensitivity of the analysis. Donor chimerism was calcu-

lated according to peak area of the donor and the recipi-
ent allele (18). The chimerism percentage was calculated 
for every possible combination: type I – by considering 
only alleles not shared between recipient and donor; type 
II – by considering at least one shared and one unshared 
allele between recipient and donor; type III – by consider-
ing alleles common between recipient and donor. Type III 
was considered to be non- informative and was exclud-
ed from chimerism percentage calculation. Allele bands 
shorter than 4bp, corresponding to the main allele, were 
considered as stutter bands and were excluded from chi-
merism calculations. Samples with more than 90% chime-
rism were classified as complete chimerism (100%Ch) and 
samples with less than 10% chimerism were classified as 
no chimerism (0%Ch).

Table 2. Characteristics and percentage chimerism of different biological samples at different time intervals

+21 to +31 days +3 months +6 months

Unique 
patient 
number

Sex/ 
age 
at 

HSCT
Donor 

sex Diagnosis

Type 
of 

transplan-
tation

blood 
percent
donor 
type

buccal 
swab 

percent 
donor type

hair 
percent 
donor 
type

blood 
percent 
donor 
type

buccal 
swab 

percent 
donor type

hair 
percent 
donor 
type

blood 
percent 
donor 
type

buccal 
swab 

percent 
donor type

hair 
percent 
donor 
type

1 M/11 M Thalassemia BMT   99.75 16.72 0   98.32 24.00 0   90.58 28.72   1.08
2 M/3 F CDA with thalassemia BMT 100 23.00 1.34 100 25.98 2.16 100 27.00   4.45
3 M/39 F AML PBSCT 100 12.3 0.56 100 15.4 1.21 100 18.3   2.00
4 M/18 F Severe aplastic anemia PBSCT 100 12.60 1.98 100 14.33 2.32 100 24.97   3.67
5 M/35 F Severe aplastic anemia PBSCT 100   9.2 0 100 10.1 0 100 11.3   0
6 M/11 M Aplastic anemia PBSCT 100 10.5 0 100 11.6 0.67 100 12.3   0.98
7 F/45 F Severe aplastic anemia PBSCT 100 15.9 2.38 100 16.4 2.62 100 19.2   3.54
8 M/8 F Thalassemia BMT 100 20.5 4.38 100 25.1 5.12 100 29.7   8.00
9 M/31 M Refractive pure RBC aplasia PBSCT 100   1.23 0 100   2.45 0 100   2.98   0
10 F/21 F Severe aplastic anemia PBSCT   92.4 20.09 0.49   96.41 24.7 1.33   97.5 32.00   9.50
11 M/35 F Severe aplastic anemia PBSCT 100 14.2 4.25 100 17.4 5.87 100 25.7   8.00
12 M/41 M Mixed phenotypic acute leukemia PBSCT 100   2.56 0 100   3.59 0 100   5.36   0.67
13 M/8 F Very severe aplastic anemia BMT   87 35.6 4.6   91 41.8 8.65   97   53.6   9,12
14 F/3 F Thalassemia BMT   54.6   1..5 0   55.1   2.86 0   57   4.00   0
15 M/21 F Very severe aplastic anemia PBSCT 100   6.73 0 100 10.6 0 100 12.3   0
16 M/15 M Severe aplastic anemia PBSCT   93 38.5 6.78   95 48.9 9.76   99 54.5 10.09
17 M/22 M Very severe aplastic anemia PBSCT 100   5.6 0 100   9.4 1.23 100 12.6   3.41
18 M/32 M CML PBSCT 100   7.54 0 100 10.7 0 100 11.2   0
19 M/28 F Severe aplastic anemia PBSCT   97 15.6 2.31   99 17.5 4.59 100 24.8   6.23
20 F/42 F Acute myeloid leukemia PBSCT 100 22.1 5.12 100 24.00 6.00 100 25.1   9.49
21 M/42 M Aplastic anemia PBSCT 100   2.56 0 100   5.34 0 100   7.8   0
22 M/8 F Thalassemia major BMT 100 10.4 0.23 100 12.6 1.98 100 15.5   2.00
23 F/39 M CML PBSCT 100 28.9 3.24 100 36.7 5.23 100 45.8   7.98
24 F/12 F Thalassemia major BMT   55.00   0.5 0   51.2   1.11 0   46.9   1.9   0
25 M/17 F Severe aplastic anemia PBSCT 100 21.6 0.76 100 26.8 2.89 100 30.4   5.71

Mean
(range)

  95.15
(54.6-
100)

14.76
(0.5-38.5)

1.53
(0-6.78)

  95.44
(51.2-
100)

17.57
(1.11-48.9)

2.46
(0-8.65)

  95.51
(46.9-
100)

21.48
(1.9-54.5)

  3.61
(0-10.09)

*BMT – bone marrow transplantation; PBSCT – peripheral blood stem cell transplantation; CDA – congenital dyserythropoietic anemia ; AML – acute myeloid leukemia; RBC 
– red blood cells.
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Statistical analysis

Data are presented as mean and standard deviation. Wil-
coxon signed-rank test was used to compare the chi-
merism levels of different biological specimens at differ-
ent time intervals. Paired t test was used to compare the 
groups of three different biological samples, ie, blood, buc-
cal swab, hair follicle, collected at three different time in-
tervals (21-30 days, 90 days, and 180 days post transplant). 
P < 0.05 was considered as the significance level. AdaMSoft 
software was used for statistical analysis.

ResultS

19 blood samples showed complete donor chimerism 
(100%), 3 patients (unique patient number [UPN] 10, 16, 
19) showed chimerism within the range of 92.4%-100%, 
and other 3 patients (UPN 13, 14, 24) showed mixed chime-
rism within the range of 46.9%-97% at various time points 
(Table 2). Buccal swabs showed donor chimerism in all the 
samples at all time points. 8 showed donor chimerism be-
low 10% (UPN 9,12,14,15,17,18, 21, and 24). The majority of 
hair follicle samples showed donor chimerism (18 of 25), 
but in none chimerism was above 10%. Seven patients 
(UPN-5, 9, 14, 15, 18, 21, 24) showed no chimerism and re-
mained completely of recipient type. 3 patients (UPN 1, 6, 
12) showed donor chimerism below 1% and 15 patients 
showed donor chimerism below 10% at all the time inter-
vals (Figure 1,2; Table 3). There was a significant change in 
the percentage of donor chimerism among the groups of 
the biological samples (peripheral blood, buccal swab, hair 
follicle) in recipient samples at every time point analyzed 
post transplant (P = 0.0001). With time, gradual increase in 
the percentage of donor chimerism was observed. No cor-
relation of chimerism level with patients’ age and no corre-
lation between different groups of biological samples and 

donor chimerism and different time intervals post trans-
plant (P > 0.05) (Figure 1 and 2) was observed.

Discussion

A few cases of chimerism have been reported in forensic 
context but this is still an under-reported genetic pecu-
liarity (19). During the medico legal investigations this in-
formation is often not available. Our results suggest that 
all patients who had a history of allo-BMT/PBSCT showed 

Table 3. Mean, standard deviation, and p50 value of peripheral 
blood, buccal swabs, and hair follicles at different time intervals 
post transplant for all 25 patients

Sample Mean
Standard 
deviation P50

Blood (+21-31 d) 95.15 12.554 100 (54.6-100)
Blood (+3 mo) 95.44 12.910 100 (51.2-100)
Blood (+6 mo) 95.51 13.341 100 (46.9-100)
Buccal swab (+21-31 d) 14.23 10.340 1  2.6 (0.5-38.5)
Buccal swab (+3 mo) 17.57 12.310   15.4 (1.11-48.9)
Buccal swab (+6 mo) 21.48 14.569   19.2 (1.9-54.5)
Hair follicle (+21-31 d)   1.53   2.040     0.49 (0-6.78)
Hair follicle (+3 mo)   2.46   2.869     1.33 (0-9.76)
Hair follicle (+6 mo)   3.83   3.698     3.41 (0-10.09)

Figure 1.  Percentage of donor chimerism in buccal swabs at 
different post transplant intervals in all the patients (n=25), 
P=0.001.

Figure 2.  Percentage of donor chimerism in hair follicle 
samples at different post transplant intervals in all the patients 
(n=25), P=0.001.
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complete donor profile in blood, with few exceptions and 
mixed chimerism in buccal swabs and hair follicles.

For all the hair samples, percentage of donor chimerism 
was between 0%-10% hence this could be classified as “no 
chimerism.” The small percentage of donor DNA observed 
in hair follicle samples could have been the result of con-
tamination with leukocytes because blood in traces could 
have come out along with hair follicle. Although proper 
care was taken to remove the possible contamination from 
the plucked hair follicle, the possibility of contamination 
cannot be ruled out completely. Also, the technique we 
used is very sensitive to such contamination; the sensitiv-
ity of Identifiler® kit is given in terms that full profile can be 
obtained from 2 ng down to 0.25 ng of human genomic 
DNA (Applied Biosystem, User manual).

The genotype of buccal swabs in all the patients showed 
donor chimerism. There are few possible explanations for 
the presence of high percentage of donor DNA in buccal 
swabs. During the collection of buccal swabs epithelial 
cells can be contaminated with saliva. Since granulocytes 
and lymphocytes are trafficking through the normal hu-
man mucosa and can be found in saliva, after successful 
transplantation these granulocytes and lymphocytes in 
recipient are derived from the donor. There is highly di-
vergent information on the number of leukocytes in the 
normal saliva, ranging from 2-136 000 cells/mL2 to 1.1 × 106 
cells/mL2 in a patient with inflammation of the oral cav-
ity (20). In order to remove as many non epithelial cells as 
possible from the buccal swab before collection, patients 
were asked to thoroughly rinse their mouth with water but 
still there was a possibility of mixing of leukocytes with epi-
thelial cells. Similarly, it was found that mouthwash sample 
of patients who underwent bone marrow transplant con-
tained high amount of donor DNA and was sometimes al-
most completely derived from the donor (7). Further, when 
epithelial cells were separated out from the mouthwash 
sample and analyzed for donor chimerism percentage, it 
was found that epithelial cells served as a good source to 
obtain recipient pre-transplant DNA profile (8). This study 
observed that 8 out of 25 patients showed lower per-
centage of donor chimerism (below 10%), while UPN 16 
showed high donor chimerism (54.5%). It is still not clear 
which factor defines the variable number of donor cells 
present in a buccal swab.

Jacewicz et al (15) found donor derived male DNA in the 
range of 0.96-19.16 ng/µL in epithelial cells of female re-
cipients who received allo-HSCT. According to them, the 

possible reason for the presence of donor chimerism is 
the “stem cell plasticity phenomenon” (21), ie, the ability of 
adult stem cells to cross lineage barrier and differentiate 
into cells outside their own tissue. Similarly, Berger et al (12) 
found donor DNA in every sample of buccal swab of adult 
recipients of allo-HCT and concluded that the presence of 
donor DNA in recipient buccal swab of such patients is a 
rule rather than the exception. They could not explain the 
biological cause of donor DNA presence in buccal epithelia 
of the recipient but believed it unlikely that it was caused 
by the migration of leukocytes in to the buccal epithelia as 
the collected buccal swab exclusively consisted of epithe-
lial cells with no contamination of saliva.

Various studies showed the presence of donor cells in dif-
ferent tissues of recipient’s body. Imanishi et al (13) dem-
onstrated the existence of donor cells in fingernails of 
recipients of allo-HCT transplant patients. Due to the my-
eloblative conditioning regimen of transplanted patients, 
their epithelial stem cells got damaged to a significant ex-
tent, which led to the transient growth retardation. This 
contributes to de-differentiation of donor hematopoietic 
stem cells into non-hematopoietic tissue of recipient.

After engraftment, production of donor cells from bone 
marrow in allo-transplanted recipients is an ongoing pro-
cess. These donor cells undergo their programmed death, 
apoptosis, and release donor DNA packaged into apop-
totic bodies (22-25). Although foreign DNA is normally 
cleared up (26), the excessive amount of released donor-
derived genetic material is horizontally transferred from 
apoptic hematopoietic cells to the cytoplasm and nucle-
us of epithelial cell lines through phagocytosis of apoptic 
bodies and is integrated within the recipient’s genome, re-
sulting in DNA chimerism (27). Furthermore, the incorpora-
tion of the foreign DNA into the host genome could result 
in physical rearrangement at the site of integration, includ-
ing point mutations, deletions, interruptions of coding se-
quence, and chromosomal breakages.

After allo-HSCT, epithelial tissues also become injured 
through preparative regimen and are then potentially at-
tacked by allo-reactive T cells. The net effect of this allo-
antigenic reaction is tissue stress and apoptosis, which is 
known as graft vs host disease. Chronic stress due to in-
teraction of donor derived lymphocytes with host epi-
thelium in the biological chimera may cause genomic al-
teration (28). Hence, the development of epithelial cells 
with donor derived genotype and the accumulation of 
genomic alterations in the epithelial tissue are the 
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recognized phenomena occurring in the recipient after al-
lo-HSCT, explaining the presence of donor derived DNA in 
recipient epithelial cells.

We observed a difference in donor chimerism among 
the individuals in all the three samples (blood, buccal 
swabs, and hair follicles) and interestingly every individu-
al showed difference in chimerism level at different post 
transplant intervals. The effect of post transplant intervals 
was also analyzed on the chimeric levels in every patient. 
With the increase in post transplant intervals, chimeric lev-
el increased in every patient but there was no significant 
co-relation between age and sex with chimerism percent-
age. The limitation of this study is that we performed fol-
low up of patients up to 180 days post transplant due to 
the time constraints.

In summary, blood and buccal swabs are not useful to 
get the patient’s pretransplant or true genotype profile as 
these samples are not devoid of donor derived cells. For 
hair samples, no donor chimerism was observed so they 
can be a reliable biological source for personal identifica-
tion using DNA profiling technique. Also, great care must 
be taken to avoid possible contamination while collecting 
the samples. The findings of this study are useful as sup-
portive data for forensic DNA profiling.

Acknowledgment The authors thank all the patients for their co-operation.

Funding received from University Grant Commission.

Ethical approval received from the All India Institute of Medical Sciences 
(IESC/T-302/2010 of Nov 2, 2010).

Declaration of authorship CG performed all the experimental work and 
prepared the manuscript. DTD helped in designing the experimental work. 
RA helped in the designing the study.

Competing interests All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References
1	B ader P, Neithammer D, Wilasch A, Kreyenberg H, Kliengebiel T. 

How and when should we monitor chimerism after allogenic stem 

cell transplantation? Bone Marrow Transplant. 2005;35:107-19. 

Medline:15502849 doi:10.1038/sj.bmt.1704715

2	 Cogle CR, Yachnis AT, Laywell ED, Zander DS, Wingard JR, 

Steindler DA. Bone marrow transdifferentiation in brain after 

transplantation: A retrospective study. Lancet. 2004;363:1432-7. 

Medline:15121406 doi:10.1016/S0140-6736(04)16102-3

3	 Gill P, Kimpton C, d’Aloja E, Andersen JF, Bar W, Brinkmann B, et al. 

Report of the European DNA profiling group (EDNAP)- towards 

standardization of short tandem repeat (STR) loci. Forensic Sci Int. 

1994;65:51-9. Medline:8206453 doi:10.1016/0379-0738(94)90299-2

4	 Castella V, Gervaix J, Hall D. DIP-STR highly sensitive markers 

for the analysis for unbalanced genomic mixtures. Hum Mutat. 

2013;34:644-54. Medline:23355272

5	 Thomas ED, Ramberg RE, Sale GE, Sparkes RS, Golde DW. Direct 

evidence for a bone marrow origin of the alveolar macrophage 

in man. Science. 1976;192:1016-8. Medline:775638 doi:10.1126/

science.775638

6	 Gale RP, Sparkes RS, Golde DW. Bone marrow origin of hepatic 

macrophage (Kupffer cells) in humans. Science. 1978;201:937-8. 

Medline:356266 doi:10.1126/science.356266

7	E ndler G, Greinix H, Winkler K, Mitterbauer G, Mannhalter C. 

Genetic fingerprinting in mouthwashs of patients after allogeneic 

bone marrow transplantation. Bone Marrow Transplant. 

1999;24:95-8. Medline:10435742 doi:10.1038/sj.bmt.1701815

8	 Thiede C, Prange-krex G, Freiberg-Ritchter J, Bornhauser M, 

Ehninger G. Buccal swab but not mouthwash samples can be 

used to obtain pretransplant DNA fingerprints from recipients of 

allogenic bone marrow transplantats. Bone Marrow Transplant. 

2000;25:575-7. Medline:10713640 doi:10.1038/sj.bmt.1702170

9	 Tran SD, Pilemer SR, Dutra A, Barett AJ, Brownstein MJ, Key 

S, et al. Differentiation of human bone marrow-derived cells 

into buccal epithelial cells in vivo: a molecular analytical study. 

Lancet. 2003;361:1084-8. Medline:12672312 doi:10.1016/S0140-

6736(03)12894-2

10	H ong YC, Liu HM, Chen PS, Chen YJ, Lyou JY, Hu HY, et al. Hair 

follicle; a reliable source of recipient origin after allogenic 

hematopoietic stem cell transplantation. Bone Marrow Transplant. 

2007;40:871-4. Medline:17704789 doi:10.1038/sj.bmt.1705823

11	 Zhou Y, Li S, Zhou J, Wang L, Song X, Lu X, et al. DNA profiling in 

blood, buccal swab and hair follicles of patients after allogenic 

peripheral blood stem cell transplantation. Leg Med. 2011;13:47-

51. Medline:21035373 doi:10.1016/j.legalmed.2010.09.005

12	B erger B, Parson R, Clause J, Berger C, Nachbaur D, Parson W. 

Chimerism in DNA of buccal swabs from recipients after allogenic 

hematopoietic stem cell transplantation: implications for forensic 

DNA testing. Int J Legal Med. 2013;127:49-54. Medline:22402873 

doi:10.1007/s00414-012-0687-5

13	I manishi D, Miyazaki Y, Yamasaki R, Sawayama Y, Taquchi H, 

Tsushima H, et al. Donor- derived DNA in fingernails among 

recipients of allogenic hematopoietic stem cell transplants. Blood. 

2007;110:2231-4. Medline:17557896 doi:10.1182/blood-2007-02-

071423

14	 Pearce L, Lim ZY, Usai M, Ho AY, Mufti GJ, Pagliuca A. Mixed donor 

chimerism in recipient fingernails following reduced-intensity 

conditioning haematopoietic SCT [letter]. Bone Marrow Transplant. 

2008;42:361-2. Medline:18622424 doi:10.1038/bmt.2008.176

15	 Jacewicz R, Lewandowski K, Rupa-Matysek J, Jedrzejczyk M, 

Brzezinski PM, Doosz T, et al. Donor derived DNA in hair follicle of 

www.icmje.org/coi_disclosure.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15502849&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15502849&dopt=Abstract
http://dx.doi.org/10.1038/sj.bmt.1704715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15121406&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15121406&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)16102-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8206453&dopt=Abstract
http://dx.doi.org/10.1016/0379-0738(94)90299-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23355272&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=775638&dopt=Abstract
http://dx.doi.org/10.1126/science.775638
http://dx.doi.org/10.1126/science.775638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=356266&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=356266&dopt=Abstract
http://dx.doi.org/10.1126/science.356266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10435742&dopt=Abstract
http://dx.doi.org/10.1038/sj.bmt.1701815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10713640&dopt=Abstract
http://dx.doi.org/10.1038/sj.bmt.1702170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12672312&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(03)12894-2
http://dx.doi.org/10.1016/S0140-6736(03)12894-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17704789&dopt=Abstract
http://dx.doi.org/10.1038/sj.bmt.1705823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21035373&dopt=Abstract
http://dx.doi.org/10.1016/j.legalmed.2010.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22402873&dopt=Abstract
http://dx.doi.org/10.1007/s00414-012-0687-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17557896&dopt=Abstract
http://dx.doi.org/10.1182/blood-2007-02-071423
http://dx.doi.org/10.1182/blood-2007-02-071423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18622424&dopt=Abstract
http://dx.doi.org/10.1038/bmt.2008.176


245Chaudhary et al: Blood, buccal swabs, and hair follicles used for DNA profiling technique with STR markers

www.cmj.hr

recipient after allogenic hematopoietic stem cell transplantation. 

Bone Marrow Transplant. 2010;45:1638-44. Medline:20173789 

doi:10.1038/bmt.2010.27

16	 Jacewicz R. Lewandowski k, Rupa-Matysek J, Jedrzejczyk M, 

Komarnicki M, Barnet J. Genetic investigation of biological material 

from patients after stem cell transplantation based on autosomal 

as well as Y chromosome markers. Int. J Leg Med. 2013;127:359-62. 

doi:10.1007/s00414-012-0771-x

17	S ambrook J, Fritch EF, Maniatis T. Molecular cloning. A laboratory 

manual. 2nd ed. New York, NY, USA: Cold Spring Harbour 

Laboratory Press; 1989.

18	N ollet F, Billiet J, Selleslag D, Criel A. Standardisation of multiplex 

fluorescent short tandem repeat analysis for chimerism testing. 

Bone Marrow Transplant. 2001;28:511-8. Medline:11593326 

doi:10.1038/sj.bmt.1703162

19	 Castella V, Lesta M, Mangin P. One person with two DNA profiles: 

a(nother) case of maosaicism or chimerism. Int J Leg Med. 

2009;123:427-30. Medline:19241086 doi:10.1007/s00414-009-

0331-1

20	B urnett GW, Scherp HW. Oral microbial and infectious disease. 

Baltimore, MD, USA: Williams & Wilkins Co; 1962.

21	 Moore BE, Quesenberry PJ. The adult hematopoietic stem cell 

plasticity debate: idols vs new paradigms. Leukemia. 2003;17:1205-

10. Medline:12835714 doi:10.1038/sj.leu.2402956

22	 Rutkowska J, Olszewski WL. DNA transfer in bacteria and animals 

(Humans). Ann Transplant. 2006;11:16-21. Medline:17715573

23	B urghoff S, Ding Z, Godecke S, Assmann A, Wirrwar A, Buchholz D, 

et al. Horizontal gene transfer from human endothelial cells to rat 

cardiomyocytes after intracoronary transplantation. Cardiovasc 

Res. 2008;77:534-43. Medline:18006428 doi:10.1093/cvr/cvm071

24	 Garcia-Olmo D, Garcia-Olmo DC, Ontanon J, Martinez E, 

Vallejo M. Tumour DNA circulating in the plasma may play a 

role in metastasis. The hypotesis of the genometastasis. Histol 

Histopathol. 1999;14:1159-64. Medline:10506932 

25	 Tysnes BB, Bjerkvig R. Cancer initiation and progression: 

involvement of stem cells and the microenvironment. Biochim 

Biophys Acta. 2007;1775:283-97. Medline:17374555 

26	S avill J, Fadok V. Corpse clearance defines the meaning 

of cell death. Nature. 2000;407:784-8. Medline:11048729 

doi:10.1038/35037722

27	 Waterhouse M, Themeli M, Bertz H, Zoumbos N, Finke J, 

Spyridonidis A. Horizontal DNA transfer from donor to host 

cells as an alternative mechanism of epithelial chimerism after 

allogenic hematopoietic cell transplantation. Biol Blood Marrow 

Transplant. 2011;17:319-29. Medline:20837151 doi:10.1016/j.

bbmt.2010.09.001 

28	 Themeli M, Waterhouse M, Finkle J, Spyridonidis A. DNA 

chimerism and its consequences after allogenic hematopoietic 

cell transplantation. Chimerism. 2011;2:25-8. Medline:21547035 

doi:10.4161/chim.15276

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20173789&dopt=Abstract
http://dx.doi.org/10.1038/bmt.2010.27
http://dx.doi.org/10.1007/s00414-012-0771-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11593326&dopt=Abstract
http://dx.doi.org/10.1038/sj.bmt.1703162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19241086&dopt=Abstract
http://dx.doi.org/10.1007/s00414-009-0331-1
http://dx.doi.org/10.1007/s00414-009-0331-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12835714&dopt=Abstract
http://dx.doi.org/10.1038/sj.leu.2402956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17715573&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18006428&dopt=Abstract
http://dx.doi.org/10.1093/cvr/cvm071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10506932&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17374555&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11048729&dopt=Abstract
http://dx.doi.org/10.1038/35037722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20837151&dopt=Abstract
http://dx.doi.org/10.1016/j.bbmt.2010.09.001
http://dx.doi.org/10.1016/j.bbmt.2010.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21547035&dopt=Abstract
http://dx.doi.org/10.4161/chim.15276

