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LETTER TO THE EDITOR

Chimerism interpretation with a highly sensitive quantitative
PCR method: 6 months median latency before chimerism drop
below 0.1%
Bone Marrow Transplantation (2016) 51, 874–875; doi:10.1038/
bmt.2016.5; published online 15 February 2016

Despite better results with hematopoietic stem cell transplantation
(HSCT) over the years, high rates of relapse, which in acute leukemia
can reach 30–70% of cases, remain a major challenge.1–2 The
treatment of relapse has better outcomes if performed early.
Studies show that the detection of mixed chimera after transplan-
tation can predict for relapse in most cases and it may allow for
earlier appropriate treatment, with higher chances of success.3-5

A variety of techniques has been developed to determine
post-transplant chimerism. The use of PCR-based amplification of
STRs has become the gold standard for quantitative chimerism
analysis but, although the high informativity and good accuracy of
the method, its sensitivity is relatively low and the detection level
of a minor genotype is between 0.4 and 5%.6–9 Some studies have
proposed RQ–PCR-based methods that allow for the detection
and quantification of hematopoietic chimerism, with sensitivities
⩽ 0.1% of the minor genotypes.10

In this study, we tested a method of quantitative PCR
of insertions–deletions (indels) diallelic polymorphisms.11–13

RQ–PCRs were performed with TaqMan technology at an ABI
Prism 7500 apparatus (Applied Biosystems, Foster City, CA, USA).
The TaqMan reaction is based on the 5′ nuclease activity of Taq
DNA polymerase to cleave an oligonucleotide probe during PCR,
thereby generating a detectable signal that is analyzed in a
dedicated thermocycler.14 We analyzed samples from 41 adult
patients submitted to HSCT at the Bone Marrow Unit of the
University of Campinas between 2005 and 2010. Patients' DNA
samples were appropriately stored and their concentrations were
measured with Thermo Scientific Nanodrop 1000 (Wilmington, DE,
USA). We first analyzed all pre-HSCT samples of patients and their
respective donors for the presence of 13 indels polymorphisms.
The primers and probes for the polymorphisms studied came in a
set produced by the Spanish company Sistemas Genómicos
(Valencia, Spain). The set also included the β globin gene for DNA
quality control. We used a total of 25 ng of DNA and all samples
were satisfactorily amplified. When a polymorphism was present
in patient DNA and absent in donor DNA, it was considered
informative and selected for further analysis. We found informa-
tive polymorphisms in 83% (34) of patients, half of them had more
than one. Patients had at least three post-HSCT samples and were
tested for one or two polymorphisms up to 1 year post HSCT, or
longer, if relapse occurred later and samples were available. Two
patients were excluded because of inadequate samples. The
median number of samples was 7.5 per patient and we used
100 ng of DNA for the tests. A complete table with the
characteristics of patients and the distribution of the polymorph-
isms studied can be found in the Supplementary Appendix.
Descriptive analyses were done and presented through

graphics and tables. The time of relapse was defined as the date
of first hematologic relapse. To investigate clinical correlations,
Pearson correlation coefficient was applied and differences in
quantitative variables were analyzed by Mann–Whitney or t-test,

when satisfactory, whereas categorical data were compared by
χ2-test. Kaplan–Meier method and log-rank test were also applied
for survival analysis. P-values below 0.05 were considered
significant. SPSS (statistical package for social sciences) version
21.0 (Armonk, NY, USA) and the GraphPad Prism 5 (GraphPad
Software, La Jolla, CA, USA) were used.
Almost half (46.9%) of the patients relapsed, most of them

(73.3%) in the first 6 months. The median overall survival for
relapsed patients was 9 (2–98) months and, at the end of the
observation period, only one patient (6.6%) was alive. The main
cause of death was disease progression. Among non-relapsed
patients, five (29.4%) died, four in 9 months post HSCT, mostly
from infectious complications. Five-year overall survival in non-
relapsed patients was significantly higher than in the relapsed
group (P= 0.001, log-rank test).
The quantitative PCR method was able to quantify the

chimerism in almost all 249 post-HSCT samples and it was highly
sensitive, with a minimum level of detection reaching 0.01%. For
the analysis of post-HSCT samples, we used 100 ng of DNA. Only
one patient had an inadequate amplification of the DNA in almost
all his samples because of bad DNA quality. As shown in Figure 1,
the chimerism kinetics was very different between groups of
relapsed and non-relapsed patients. The relapsed group showed a
steep initial drop and then a very early and fast rise in chimerism
before hematologic relapse. The non-relapsed group showed,
initially, a less deep and more progressive fall in the percentage of
recipient cells, followed by a continuous and slow fall over time.
Although we could not find a cutoff level of chimerism that could
predict relapse, the difference in the kinetics was evident. Also,
curiously, there was a median period of about 6 months before
chimerism clearance reached levels below 0.1% in non-relapsed
patients.
We tried to correlate the chimerism kinetics with the risk of

relapse and the diagnosis, but we didn’t find statistical signifi-
cance. It is evident, though, that those patients who relapse have a
very early rise in the population of recipient cells. As early as
6–8 weeks post transplantation, we started to see a difference in
chimerism levels, but probably due to the limited sample size,
there was no statistical significance, only a trend at 12–14 weeks
(P= 0,06). The median time to hematologic relapse was 18 weeks.
This helps explain why there was no response to donor
lymphocyte infusions among all five patients who were submitted
to it after detection of mixed chimerism by variable number
tandem repeat (VNTR)/STR and all of them died of disease
progression. Early intervention upon evidence of relapse is crucial
for prognosis in this population.
It was not possible to correlate the chimerism values with any

other clinical parameter. The samples were heterogeneous at the
time of collection and the number of patients was probably
insufficient to be able to demonstrate a statistical difference
between relapsed and non-relapsed patients based on the
chimerism value. It is necessary to evaluate a larger number of
patients in a prospective study.
The chimerism technique by real-time PCR of insertion–deletion

diallelic polymorphisms was easy to perform and very accurate for
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the detection of chimerism after HSCT. It was able to detect very
low levels of recipient cells in the studied post-HSCT population.
Although it was not able to determine a cutoff value that could be
predictive of relapse, it showed that the chimerism kinetics is very
different between relapsed and non-relapsed patients. There are
still very few reports on the use of indels for longitudinal
chimerism evaluation post HSCT and some important questions
remain unanswered and need further investigation. Is it possible
that the remaining recipient cells in the first 6 months post
transplantation observed in the non-relapsed patients were
responsible for triggering a more efficient GvL effect? Are these
residual recipient cells normal or leukemic cells? Is initial mixed
chimerism beneficial? The predominant type of recipient cells that
remain after conditioning could be responsible for the results of
the transplant. It is been reported, for example, that filters used in
bone marrow harvest may contain on average 21% long-term
culture-initiating cells and 15% fibroblast colony-forming units of
the total progenitor cell content and that adding these cells to the
harvest significantly reduced the incidence of grade II–IV GvHD
and the transplant-related mortality.15 It highlights the importance
of other bone marrow cells, such as mesenchymal cells in the
mechanisms of engraftment. The evaluation of chimerism at such
low levels could help us understand the complex mechanism of
genetically distinct cells interacting in different post-
transplantation settings. This could also lead to a better
optimization of the current nonmyeloablative conditioning regi-
mens for better GvL effect with lower adverse effects.
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Figure 1. Differences in chimerism kinetics reveal a long time to
clearance of host cells to o0.1% in non-relapsed patients, up to
1259 days post transplantation (median 189 days), and a very early
rise in host cells in relapsed patients.
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