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Abstract. Donor cell-derived leukemia and myelodysplastic
syndrome (DCL) is a rare complication in patients after allo-
genic stem cell transplantation (SCT). Since 1971, numerous
cases of DCL have been reported, but the detailed mechanisms
of DCL are still unclear. A patient with jumping transloca-
tions (JTs) of 1q in umbilical cord blood donor cell-derived
myelodysplastic syndrome (MDS), which likely occurred due
to genetic alterations of TET2 and ASXLI after cord blood
transplantation (CBT), was examined in this study. Previously
reported DCL cases after CBT that focused on the cytogenetic
and molecular characteristics of these patients and patient
outcome were reviewed. A total of 30 cases of DCL after CBT
were identified between 2005 and 2018. The median time from
CBT to the development of DCL was 16 months. The number
of patients with DCL who were diagnosed with acute myeloid
leukemia (AML) and MDS was 19 and 8, respectively. JTs
were frequently observed in 5 of 27 DCL patients who had
cytogenetic abnormalities, including our patient. Molecular
abnormalities were described in 7 of the cases, and the most
frequent abnormality was an NPM mutation. Other gene
mutations that were usually found in de novo MDS or AML
were observed in JT-DCL after CBT. From these results,
chromosomal abnormalities such as JTs that occur subsequent
to genetic alterations were seemed an important mechanisms
underlying DCL onset in patients after CBT. Further molecular
analyses regarding the genetic alterations of JTs are required to
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understand the pathogenesis of umbilical cord blood-derived
JT-DCL.

Introduction

Donor cell-derived leukemia and myelodysplastic
syndrome (DCL) is a rare but crucial complication in patients
after allogenic stem cell transplantation (SCT). Since the first
report of DCL was published in 1971, numerous cases of DCL
have been reported (1-9). Previous cases of DCL have been
reported with all stem cell sources, including peripheral blood
stem cells (2,9,10), bone marrow (2,9,11), and umbilical cord
blood (5,9,12-14). Umbilical cord blood is recognized as an
alternative stem cell source for transplantation, and since 2005,
some cases of DCL after cord blood transplantation (CBT)
have been reported to have poor prognoses (12-15).

Possible mechanisms for DCL that have been explored
include preleukemic clones already present in the graft at
the time of transplantation (7,8,16), telomere shortening in
engrafted donor cells (17), the effects of residual agents of
conditioning chemotherapy or radiation on infused graft
cells and/or stromal elements (18), and recipient stromal cells
that may drive the development of malignancy and impaired
immune surveillance in the posttransplantation period (7).
However, the detailed mechanisms of DCL are still unclear,
and if we can clarify the mechanism of umbilical cord blood
stem cell-derived leukemia, it may explain the mechanism of
leukemogenesis. Recently, some reports of genetic alterations
in DCL by whole genome or target sequencing have been
published (19). These results suggest that some DCL cases
develop due to an accumulation of the same genetic mutations
as de novo acute myeloid leukemia (AML) or myelodysplastic
syndrome (MDS). However, it is not sufficient to clarify the
whole picture of genetic alterations in DCL; the accumulation
of a genetic mutation profile of DCL cases is needed.

Jumping translocations (JTs) are a rare type of cytogenetic
abnormality detected in various types of leukemia but infre-
quently in patients with MDS. JTs occur when a segment of a
particular chromosome is duplicated and inserted into several
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other chromosomes, resulting in multiple gains of the chromo-
somal segment via multiple translocations and a possible loss
of segments in the recipient chromosomes (20,21). The most
commonly observed JT involves 1q as the donor chromosome
segment and is referred to as a JT of 1q. Previously, JT of 1q
had been identified in de novo MDS or AML (20-22), and a
few cases had been reported in DCL. The prognosis of JT of
1q is poor, and the translocation is associated with a high risk
of progression to AML or treatment resistance (23,24).

Here, we report a case of JT of 1q in umbilical cord blood
donor cell-derived MDS that most likely occurred due to
genetic alterations after CBT. The patient achieved complete
remission (CR) after treatment with azacytidine and a second
CBT. Therefore, we reviewed 30 previously reported cases
of DCL after CBT, and we described the cytogenetic and
molecular characteristics of the patients and patient outcome.

Case report

Patient and donor. A 49-year-old female with AML without
maturation (FAB M1) was treated with induction and
consolidation chemotherapies, achieving CR in our hospital.
Two years later, she relapsed and had bone marrow and skin
lesions. The myeloblasts were positive for CD33 and CD34,
and negative for B and T lymphoid lineage markers by flow
cytometric analysis. Cytogenetic analysis revealed a normal
female karyotype. She achieved a second CR after induction
chemotherapies and consecutively underwent allogenic CBT
after a reduced intensity conditioning regimen with fludarabine
(25 mg/m?/day, 5 days), cytarabine (3,000 mg/m?*/day, 4 days),
melphalan (70 mg/m?/day, 1 day) and 6 Gy of total body
irradiation. Prophylaxis for graft vs. host disease (GVHD)
included the use of tacrolimus until 248 days after CBT
(day+248). The graft source was a female donor with human
leucocyte antigen class I, A (HLA-A) and an HLA-DRBI1
split-allele mismatch. Favorable hematological recovery
was observed on day+28, and bone marrow examination on
day+48 showed complete chimera of the donor. Acute GVHD
of the skin (stage 4, grade IV) was observed on day+35 and
was ameliorated by treatment with methylprednisolone. From
day+277, she developed anemia that became gradually worse.
Bone marrow examination on day+417 revealed normocellular
marrow with 18.6% myeloblasts. Morphologic dysplasia, such
as micromegakaryocyte and megaloblastoid changes in the
erythroid lineage, was observed. The blasts were positive for
CD7,CD13 and CD56 and negative for B and other T lymphoid
lineage markers by flow cytometric analysis. Cytogenetic
analysis revealed a complex karyotype including JT of 1q
abnormalities: 46, XX, der(16)t(1;16)(q21;q22)ins(16;7)(q22;?)
[18/20], 46, XX [2/20]. Additionally, marrow blood chimerism
was analyzed by using the short tandem repeat (STR) method
at day+417, and at day+441, the donor type was maintained,
and the marrow HLA was the donor type. According to these
results, the patient was diagnosed with JT of 1q in donor
cell-derived MDS with excess blasts.

CD34-positive cell collection and DNA extraction. We
collected CD34-positive cells from the marrow of DCL
patients before treatment. Mononuclear cells were separated
from 4 ml of marrow by differential centrifugation over a

Ficoll-Paque PLUS gradient (GE Healthcare Biosciences),
and purified CD34 cells were obtained by using the CD34
MicroBead kit UltraPure, human and MACS cell separa-
tion method (Miltenyi Biotec). DNA was extracted using the
SepaGene DNA extraction kit (Sanko Junyaku).

Target sequencing for genetic mutations. We investigated
driver mutations in 50 genes that were related to myeloid
leukemia development in this DCL case by target gene
sequencing analysis. Details of the 50 genes are described
in supplementary Table SI. Over 500 ng of DNA from
CD34-positive cells was sequenced by multiplex PCR using
GeneRead DNAseq Targeted Panels V2 [Human Myeloid
Neoplasms (NGHS-003X)] (QIAGEN) according to the
manufacturer's instructions. The DNA was sequenced using
MiSeq (Illumina) with Reagent kit V2 in 151-base-pair (bp)
paired-end reads. The average read depth of coverage was
1,500x to allow for the detection of rare mutations and to
accurately estimate variant allele frequencies (VAFs).

This analysis was approved by the Ethics Committee of
Kawasaki Medical School (IRB no. 2408) (Kurashiki, China),
and the patient provided written informed consent.

Variant data analysis. Alignment and variant calling were
performed using the GeneRead targeted enrichment panel
variant calling web service (http://ngsdataanalysis.sabiosci-
ences.com). Original FASTQ files generated by MiSeq were
uploaded into the web service, and then, we chose somatic
workflow of the paired-end read mode. The workflow
performed a variant filtering to reduce false positive variant
calls. Single-nucleotide variants (SN'Vs) with <4% VAF, as
well as insertions and deletions (indels) with <20% VAF, were
removed. Functional annotations of the Ensembl database
GRCh37.75 (25) and the possible effects of variants were
added using SnpEff version 4.0E (26). Using these annota-
tions, the workflow-passing variants were filtered first for those
that were predicted to alter amino acid sequences (missense,
nonsense, and splice-site mutations and indels in coding
regions) and then for those that were rare [<1.0% minor allele
frequencies (MAF) in the HapMap-JPT (Japanese in Tokyo,
Japan), the 1,000 Genomes EAS (the East Asian population
including 104 Japanese individuals) or the Human Genetic
Variation Database (HGVD, http://www.genome.med.kyoto-u.
ac.jp/SnpDB/), which contained genetic variations determined
by whole exome sequences (WES) in 1,208 Japanese indi-
viduals]. Target sequencing and data analysis were performed
by Riken Genesis Co., Ltd.

Literature review. A literature review was conducted in
PubMed and the Japan Medical Abstracts Society database
using the terms ‘donor cell leukemia’ or ‘donor cell-derived
leukemia’ from 2005 to 2018. The papers were reviewed, and
we reviewed cases of patients who developed DCL after CBT.

Results

Treatment after the development of DCL and outcomes of
patients and cord blood donors. Our patient achieved CR
after 3 cycles of azacytidine treatment and underwent a second
allogenic CBT from an HLA-DR single-locus mismatch
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male donor. The reduced intensity conditioning regimen
used fludarabine (40 mg/m?*day, 5 days), cyclophosphamide
(50 mg/kg/day, 1 day) and 3 Gy of total body irradiation, and
the GVHD prophylaxis included cyclosporine and mycophe-
nolate mofetil. Favorable hematological recovery was observed
on day+37, and the patient was alive 5 years after the second
CBT and remained in CR.

We followed up on the prognosis of the donor, and we
confirmed that the donor was healthy when she was 1 year old,
but her prognosis after that time was unknown.

Mutation analysis. Target sequencing revealed that DCL
cells had genetic alterations in tet methylcytosine dioxy-
genase 2 (TET2) (S1107P) and additional sex combs like 1
(ASXLI) (E792D), which were novel nonsynonymous muta-
tions (Table I). Another mutation of ASXL/ (E1028V) had
never been reported in some databases but was discovered in
the NCBI dbSNP database. Details of the sequence data are
shown in supplementary Table SII.

Discussion

A total of 30 cases of donor cell-derived hematological
malignancies after CBT were identified from 2005 to 2018
(Table II) (6,12,14,27-52). The first reports of umbilical
cord blood donor-derived leukemia were published by
Fraser et al (12) and Matsunaga et al (14) in 2005. Seventeen
of 31 cases, including our case, were female, and the median
age of the patients was 33 years (range: 1-64 years). The
median time from CBT to the development of DCL was
16 months (range: 2.6-60 months). The diagnosis of DCL was
AML in 19 cases, MDS in 8 cases, ALL in 2 cases, chronic
myeloproliferative disorder in 1 case and T-cell large granular
lymphocyte leukemia in 1 case. The outcomes were described
in 22 of the cases, and the median duration following donor
cell-derived hematological malignancies was 8 months
(range: 7 days-70 months). Fifteen of the patients were dead,
12 patients were alive at the time the reports were written, and
4 patients were not described. Twenty-one of the patients were
treated with intensive therapy, and some recent cases were
treated with demethylating agents (azacitidine or decitabine)
or a Janus kinase inhibitor (tofacitinib). Finally, 7 patients had
a second SCT, and 4 of those patients were alive. In contrast,
5 patients were alive out of 17 patients who were treated without
SCT. The results of cytogenetic analyses were described in
27 cases, and the most frequent abnormalities, which were
observed in 11 patients, involved chromosome 7. JT-DCL or
AML were observed in 5 patients (cases 2, 8, 15, and 25 were
AML, and the present case was MDS, Table II). JT of 1q21
was only detected in 2 patients, including our patient (case 2
and the present case, Table II). Molecular abnormalities were
described in 7 of the cases (cases 8, 20, 22, 25, 26, 27 and
the present case, Table IT). The most frequent abnormality was
a nucleophosmin 1 (NPM1) mutation, which was observed in
3 patients. Additionally, some other gene mutations that are
usually found in de novo MDS or AML were observed. Gene
mutations were found in JT-DCL, including the rearrangement
of the myeloid/lymphoid leukemia or mixed lineage leukemia
(MLL) gene (case 8), mutations of the Janus kinase 2 (JAK2),
checkpoint kinase 2 (CHEK?2), Down syndrome cell adhesion
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molecule (DSCAM), and IKAROS family zinc finger (IKZF1)
genes (case 25) and mutations of TET2 and ASXLI (present
case).

The incidence of DCL has been estimated to range from
less than 1 to 6.6% of all transplantations (2-10), and the
frequency of DCL is increasing due to the increase in the
number of SCTs (15). Dietz et al (9) reported that the risk
of DCL was similar between stem cell sources. In contrast,
Kato er al (6) reported that the incidence of DCL after CBT
was significantly higher than after transplantation from other
stem cell sources. The authors assumed that the naive immune
function of cord blood might influence the onset of DCL (6).
Shiozaki et al (46) estimated that a high proliferation of cord
blood cells may be sufficient for inducing replication errors
or mutations in DNA. However, it is difficult to accurately
estimate the incidence of DCL.

Umbilical cord blood-derived leukemia has several
features that are different from other stem cell sources.
Shiozaki et al (46) reported that, concerning the type of DCL,
AML and MDS occurred more frequently after CBT, whereas
AML and ALL were observed at a similar frequency after
bone marrow transplantatio (BMT). In our review of DCL
after CBT, AML and MDS were most frequently observed in
27 cases, but ALL was observed in only 2 cases. The median
time to the development of DCL after CBT was 16 months in
our reviewed cases. DCL occurred more quickly after CBT
(14.5 months) than after BMT (36 months), and the timing was
similar to the period in which infant leukemia occurs with
the highest incidence (46). The prognosis of DCL is gener-
ally poor, and 15 of 27 patients died of DCL progression or
complications accompanying treatment. The median duration
of follow-up in 22 cases of DCL after CBT was 8 months. The
survival ratio of DCL patients who were not treated with SCT
was lower than that of patients who were treated with SCT
(5/17 patients, 29% vs. 4/7 patients, 57%, respectively). Our
present patient is in CR 5 years after the second SCT, which is
the longest surviving case in our reviewed reports. SCT seems
to be an effective treatment for patients with DCL after CBT.
Recently, DCL patients who were treated with novel drugs,
such as demethylating agents or a Janus kinase inhibitor, have
been reported. Although the prognosis of DCL is poor, our
case obtained long-term survival by treatment with demeth-
ylating agents and subsequent SCT. This result suggests that
the prognosis of DCL may improve by treatment with demeth-
ylating agents and subsequent transplantation. Obviously, it is
necessary to consider in many cases in the future.

Regarding the karyotypes of DCL after CBT, the frequency
of a normal karyotype was slightly lower than that seen after
BMT (46). A normal karyotype was only seen in 6 out of
27 cases in our review. These results suggest that chromosomal
abnormalities may play an important role in the development
of DCL after CBT. The most frequent abnormalities involved
chromosome 7 (11/27 cases, 41%). Moreover, we found 5 cases
with JT chromosomal abnormalities (5/27 cases, 19%). JTs
are very rare cytogenetic phenomena in de novo leukemia and
MDS; however, JT abnormalities were observed frequently in
patients with DCL after CBT. As far as we investigated, the
frequency of JT in other stem cell sources was lower than that of
CBT. Hertenstein et al (3) reported 14 cases of DCL in a survey
of the European Group for Blood and Marrow Transplantation
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(EBMT); 12 donor sources were bone marrow and 2 were
peripheral blood, but JT was not observed. Shiozaki et al (46)
reported the results of comparing the features of DCL cases
following BMT and CBT. In that report, JT was observed in
4 of 24 cases of DCL after CBT but not in 52 cases of DCL
after BMT (27). From these limited results, JT abnormalities
seemed to be an important mechanism underlying the devel-
opment of DCL after CBT.

Recent studies revealed that several genetic mutations were
found in de novo MDS or leukemia patients harboring JTs.
Yeung et al (22) investigated genetic mutations in 6 cases of
JT-MDS patients by using target gene panel next-generation
sequencing. They reported that TET2 mutations were the most
frequently observed mutations in their patients (4 of 6 JT-MDS
patients), and SF3BI and ASXLI mutations were found in 3 and
2 patients with JT-MDS, respectively. These mutations were
the most frequently observed in de novo MDS patients. We
found genetic mutations of TET2 and ASXL! in umbilical cord
blood-derived JT-MDS. TET2 mutations have clearly been
linked to myeloid dysfunction (53), clonal diseases such as
MDS (54), and responsiveness to hypomethylating agents such
as azacitidine or decitabine (55). Additionally, TET2 mutation
results in an unstable genomic state and, when present in asso-
ciation with JTs, indicates a poor prognosis (22). Additionally,
the ASXLI mutation is associated with MDS development and
disease progression (55). From these results, it was seemed that
genetic alterations and subsequent additional chromosomal
abnormalities such as JTs can lead to MDS, as in our present
case.

In conclusion, we treated a JT-DCL patient who developed
after CBT. Target sequencing analysis in our case and a review
of previously reported DCL cases suggested that genetic
mutations that are observed in de novo MDS and AML and not
only chromosome 7 abnormalities but also JT chromosomal
abnormalities are important for the development of DCL
following CBT. The lengthy survival of our patient suggests
that demethylating agents such as azacitidine and SCT may
be effective as DCL treatment strategies. However, there are
limited reports that analyze the molecular abnormalities and
clinical features of JT-DCL. Further molecular analysis to
understand the genetic alterations that cause JTs may facilitate
targeted therapy for umbilical cord blood-derived JT-DCL.
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