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PCR technique based on short tandem repeats (STR, microsatellites)
is currently most widely used to monitor chimerism after allogeneic
hematopoietic stem cell transplantation. Analysis of the proportion of
donor and recipient derived cells enables an early detection of graft
rejection or secondary graft failure. In malignant diseases increasing
recipient chimerism has also been used to predict relapse, particularly
in patients who lack disease-specific PCR marker to detect minimal
residual disease (MRD). In these patients serial chimerism analyses
may guide the use of post-transplant pre-emptive immunomodulation
with the goal of avoiding clinical relapse. However, the sensitivity of the
recently standardized STR-PCR, ranging between 0.8 and 1.6%, may
not be sufficient to allow detection of impending relapse early enough
in rapidly proliferating diseases like acute myeloid leukemia (AML) [1].
Therefore, we have tested the Abbott AlleleSEQR chimerism analysis
system in AML patients who received pre-emptive post-transplant
immunomodulation.
The patients were routinely investigated for chimerism with
STR-PCR monthly from whole blood and from blood T-cell fraction
during post-transplant period and from bone marrow CD34 positive
precursor cell fraction at 2-3 month intervals. In high risk patients
with AML or myelodysplastic syndrome (MDS), we have applied posttransplant immunomodulation with azacytidine, lenalidomide and/
or donor lymphocyte infusions (DLI) based on findings in MRD and
chimerism analyses the target being MRD negativity and full donor
chimerism. In this retrospective study the routinely collected samples
were additionally analyzed by Abbott AlleleSEQR chimerism assay.
The study included 143 samples from 15 patients (8 men, 7 women)
transplanted for AML (n=13) or high risk MDS with blast excess (n=2)
in years 2008- 2012. The median age was 59 (range 19-66) years and
disease status at transplantation was refractory AML (n=6), AML in
CR1 (n=4), AML in CR2 (n=3) and untreated MDS with blast excess
(n=2). Sequential conditioning with FLAMSA induction (fludarabine,
cytarabine and amsacrine) followed by high dose cyclophosphamide
and total body irradiation was used in 8 patients, myeloablative in 4 and
reduced intensity conditioning (RIC) in 3 patients. Matched unrelated
donor was used for 11 and HLA-identical sibling donor for 4 patients.
The CD3-positive cells (T-cell fraction) were enriched from fresh
blood samples and the CD34-positive cells from fresh bone marrow
samples using magnetic beads according to manufacturer instructions
(Dynabeads® CD3+ and Dynal®CD34+ InvitrogenTM). DNA was isolated
from total cell fraction using the NucleonBACC3 kit (GE Healthcare);
from CD3-positive cell fraction by the EZNA-kit (Omega Biotek); and
from CD34-positive cell fraction by cell lysis with Proteinase-K.
Pre-transplant samples from patients and their respective donors
were screened for the most informative markers for chimerism
analysis. The initial screening panel for STR-PCR analyses included
seven polymorphic short tandem repeats markers among which 2-3
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most informative were selected for followup. All STR-PCR analyses
were performed with the ABI 7500 PCR system and the ABI 3700
capillary electrophoresis system as previously described [2]. 100 ng of
DNA was used in the PCR-reactions. For the CD3 and CD34 –selected
samples the concentration of DNA could not always be measured
spectrophotometrically because of the low amount of sample available.
Such samples were pre-analysed by quantitative PCR targeting the
albumin gene. Up to eight PCR-cycles were then added to the actual
analytical reaction as guided by the delta cycle threshold value reached
in the reference gene albumin PCR.
In allele SEQRanalysis 34 biallelic insertion/deletion loci across the
entire human genome were screened to identify one recipient specific
and two donor specific markers. To reach high sensitivity 500 ng of
DNA was used in each of the triplicate reactions. For the scarce CD3 or
CD34 –selected samples as much DNA as possible was used. The realtime PCR was performed with the ABI 7500 as recommended by the
manufacturer and Abbott AlleleSEQR software was used to analyze the
real-time PCR data [3,4].
In all, 143 samples were analyzed by STR-PCR and AlleleSEQRPCR (whole blood n=83, T-cell fraction n=26 and bone marrow CD34
cell fraction n=34). There were 1-21 samples per patient collected
24 to 640 days after transplantation. The concordance of the parallel
measurements is shown in Table 1. Around 60% of samples were in
accordance i.e. showing either 100% chimerism or <100% chimerism
with both methods.
Majority of discordant samples showed full donor chimerism by
AlleleSEQR
100% donor

AlleleSEQR
<100% donor

STR-PCR
100% donor

43 (30.1 %)

52 (36.4 %)

95 (66.6 %)

STR-PCR
<100 % donor

3 (2.1 %)

45 (30.8 %)

48 (33.6 %)

46 (32.2 %)

97 (67.8 %)

143 (100%)

Table 1: Concordance of parallel measurements by AlleleSEQR and STR-PCR.
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STR-PCR but <100% chimerism by allele- PCR. The median donor
chimerism by AlleleSEQR in the 52 samples that showed 100% donor
chimerism by STR-PCR was 99.98% (range 98.200% - 99.999%). To
test the sensitivity and analytic linearity of the AlleleSEQR-PCR, DNA
of one of the recipients was mixed with the DNA of the respective
donor using 1:2 dilution steps down to the mixture of 1:16 384, and the
range of linear measurement was shown to span to the lowest mixture.

by STR-PCR. The behaviour of MRD and chimerism analyses of three
patients receiving post-transplant immunomodulation is shown in
Figure 1. Two of these patients have experienced a relapse and the last
whole blood chimerism analysis was performed 17 and 31 days before
the diagnosis of relapse (Figure 1, patients B and C). Both patients
showed full donor chimerism by STR-PCR while AlleleSEQR showed
a trend (>5 fold changes in serial analyses) towards higher recipient
chimerism.

Eight patients were MRD positive after transplantation, and 58
whole blood chimerism analyses were performed in them: 52 of the 58
samples showed mixed chimerism by AlleleSEQR-PCR, but only 22/58
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Twelve patients had more than one whole blood chimerism
analyzed and the last samples were taken the median of 367 days (117-
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Figure 1: Comparison of MRD and chimerism analyses in three patients transplanted for refractory AML. Patient A received post-transplant immunomodulation
(azacitidine, lenalidomide and DLI) due to mixed STR-chimerism and MRD positivity, and subsequently achieved MRD negativity and full donor chimerism(>99.99% by
AlleleSEQR-PCR). In patients B and C the result of chimerism analysis by AlleleSEQR-PCRparallel the MRD while STR-PCR indicates full donor chimerism. Patient
B experienced hematological relapse 90 days post-transplant.
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640 days) after transplantation. Among these samples 9/12 showed
100% donor by STR-PCR whereas only one sample showed full donor
chimerism also by AlleleSEQR-PCR.
Our results suggest that AlleleSEQR-PCR is well suited for sensitive
detection of minor amounts of recipient DNA in near complete donor
chimerism. Low level of recipient DNA was detected in most patients
irrespective of conditioning treatment (myeloablative versus reduced
intensity conditioning). Similar findings have been observed when
chimerism has been studied with sensitive PCR technique applying
the amplification of Y-chromosome-specific DYZ1 sequence in male
patients receiving grafts from female donor [5]. In that study, 6/11
patients with mixed chimerism converted to full donor chimerism by
15 months post-transplant (sensitivity level of the analysis was 0.01%).
Although most of our patients (11/12) showed mixed microchimerism
by AlleleSEQR-PCR in their last analysis, the level of mixed
microchimerism was below 0.01% in 5 patients.
As shown in this study, the majority of patients may present with
low level of recipient chimerism transiently during post-transplant
period. In addition to normal recipient hematopoiesis or residual
malignant cells, very low level of mixed chimerism might represent
contamination by non-hematopoietic cells. This issue was addressed
by Petit et al. [5]. They concluded, however, that contamination was
unlikely,because residual cells were detected at comparable level in
whole blood and sorted lymphocytes and they were not detected in
most long-term samples.
Despite the unspecificity of chimerism analysis, several studies
have shown that mixed chimerism may predict impending relapse
[6,7]. Similarly, studies have shown that relapses occur relatively
shortly after decrease in donor chimerism and that the level of mixed
chimerism at the time of hematological relapse is very variable. Thus to
accurately predict impending relapse, the test for chimerism has to be
sensitive, taken frequently, and the trend in degree of mixed chimerism
is significant. Peripheral blood analysis of chimerism by AlleleSEQR
fulfils these criteria. Although the sensitivity and/or specificity of the
chimerism analysis may be improved by analyzing the CD34-cell
fraction in bone marrow, the sampling of marrow at short intervals is
cumbersome.
We speculate that AlleleSEQR-PCR might be particularly useful
in patients with high risk of relapse who lack sensitive disease-specific
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PCR-marker for MRD analysis. In these patients AlleleSEQR-PCR
with sensitivity level of 0.001% could serve as a surrogate of MRD.
This is exemplified by patients B and C (Figure 1) whose proportion of
recipient specific DNA increased in peripheral blood while molecular
relapse developed in bone marrow and the less sensitive STR-PCR
still indicated full donor chimerism. Patient A was treated with DLI.
The treatment seemed to eradicate measurable MRD and turned STRPCR to indicate full donor chimerism. Initially after the DLI also the
AlleleSEQR-PCR indicated 100% donor chimerism but subsequent
analyses showed about 0,01% level of recipient specific DNA in blood
samples. This is in concordance with the results obtained from bone
marrow CD34 cell fraction showing about 99% donor chimerism.
In summary blood AlleleSEQR-PCR is well suited for the
chimerism analyses and is significantly more sensitive than STR-PCR.
The method is faster and the total costs are less compared to STR-PCR.
Further studies are needed to confirm its significance in predicting
impending relapse, and whether frequently repeated analyses from
peripheral blood could obviate the need for bone marrow sampling.
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