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Summary
We present a case of primary myelodysplastic syndrome 
(MDS) in a young male with two rare but recurrent 
chromosome abnormalities, i.e., t(3;21)(q26.2;q22) and 
trisomy 13. He obtained one Dacogen course at the 
BMT Center followed by sequential transplantation of 
allogeneic bone marrow and peripheral blood hemato-
poietic stem cells from an HLA-DQB1 mismatched do-
nor. The rejection of the first graft was documented on 
day 29 after transplantation, whereas the 2nd allo-HSCT 
grafting was more successful. The article contains seri-
al cytogenetic findings and time-dependent changes in 

donor chimerism. We discuss individual resistance to 
the therapy, in view of recently proposed molecular 
mechanisms of resistance which might be responsible 
for resistance of cells in this case with complex chromo-
somal pathology.
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Introduction 
The t(3;21)(q26.2;q22) translocation, as well as trisomy 13 
are rare but recurrent chromosome abnormalities which, to 
our best knowledge, have not yet encountered simultaneous-
ly in MDS/AML patients and, hence, have not been treated 
by means of allo-HSCT. The t(3;21) translocation is not rare-
ly found in patients with therapy-related MDS/AML [1-7]. 
This disorder is, generally, characterized by aggressive clini-
cal course [8, 9] and short event-free survival [10]. 

The t(3;21)(q26.2;q22) translocation results into a fusion be-
tween the RUNT domain of RUNX1, and EVI1 gene [11]. 
The EVI1 gene is known to encode a dual domain of the 
zinc-finger transcription factor which exhibits DNA bind-
ing activity acting together with a histone methyltransferase 
(SET) domain [12-14]. This molecule promotes self-renew-
al in hematopoietic stem cells. The t(3;21) translocation has 
been reported to occur in approximately 1% of AML or 
MDS cases [15]. Its clinical significance in MDS has been 
poorly determined, though poor prognosis appears to be 
proven in CML patients with t(3;21) [16-18]. It has been 
recently shown that t-MDS and t-AML positive for t(3;21)
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(q26.2;q22) are resistant both to cytostatic chemotherapy, 
and to allo-HSCT treatment [19]. 

Moreover, according to multicentric cytogenetic studies, 
trisomy 13 was observed in 0.2% patients, detectable as an 
single aberration, or combined with an additional abnormal-
ity [20]. A sufficient gender imbalance was reported for this 
condition (21 males of 27 cases). The median age of patients 
was 73 years. Isolated trisomy 13 was revealed in 96% of the 
cases. Of note, these patients with higher-risk MDS did not 
respond to therapy with hypomethylating agents. In general, 
trisomy 13 rarely occurs in MDS (0.2 to 0.8% of total), mostly 
as an isolated event, being something more frequent in AML 
(1-2%). Most of these patients are males over 70 years old. 

Typically, MDS proceeds with blast excess and moderate 
pancytopenia having poor prognosis, with median survival 
ranging between <6 months and 1 year. The patients with 
AML and trisomy 13 do not respond to standard intensive 
chemotherapy. For instance, treatment with hypomethylat-
ing agents is inefficient in this MDS type, though high-dose 
lenolidomide could be an option here. It should be also kept 
in mind, that trisomy 13 is associated with overexpression of 
FLT3 gene located at the extra chromosome. Besides, a close 
association between trisomy 13 and mutations of RUNX1 
have been recently found [21, 22]. 

Materials and methods
Cytogenetic and molecular techniques
Serial cytogenetic investigations were carried out by a stand-
ard G-banding technique which has been recently published 
[23]. Identification of chromosomes and chromosomal ab-
errations was carried out according to International System 
Human Cytogenetic Nomenclature (ISCN) [24]. A serial 
molecular biological testing of donor chimerism was done 
on peripheral blood or bone marrow samples at the time of 
hematologic engraftment, as well as every 2 weeks between 
1 and 3 months and every month between 3 and 12 months 
after transplantation were obtained and processed. Shortly, 
the evaluation was done by means of PCR-based Chimerix 
FA Kit (Inogene, Russia), by analyzing selected polymorphic 
short tandem repeat (STR) loci: D11S488, HUMVWFA31, 
D13S317, D8S639, D19S246, D4S2366, D12S1064, D16S539 
and the sex determination marker Amelogenin. The ampli-
fied sample was analyzed by capillary electrophoresis using 
an ABI Prism 3500xl Genetic Analyser (Applied Biosys-
tems). Quantification of the mixed chimerism (calculated as 
percent of recipient DNA) was performed by analyzing the 
proportion of the fluorescent peak areas corresponding to 
donor and patient genotypes.

Clinical case description
The patient was a 22-year-old male, initially presented in 
August 2006 with complaints for moderate fatigue and fever 
(37.4°C). Peripheral blood examination showed pancytope-
nia. Bone marrow aspirate was hypocellular with features 
of aplastic anemia. Cyclosporin A (CSA) was given, but  it 
was taken by the patient only for two weeks due to hepat-
ic discomfort. During the following three years, the patient 
did not visit a hematologist, and his condition was stable. In 
January of 2009 he noted exacerbation of fatigue and skin 
hemorrhages which required hospitalization to the Hema-
tology Department. Peripheral blood counts were as follows: 
Hb, 55 g/L; WBC, 1.5x109/L; platelets, 4x109/L. The bone 
marrow aspirate was hypocellular, contained 15.5% blasts 
with diffuse-type periodic acid Schiff (PAS) staining, and 
30% ring sideroblasts, whereas most neutrophilic cells were 
peroxidase-deficient. Immunophenotyping of the blast cells 
showed positivity for CD34, CD13, CD33, and HLA-DRA. 
The results of serial cytogenetic investigations and chimer-
ism testing using molecular biology approaches are present-
ed in Table 1. 

Initial marrow karyotype was as following: 47, XY, t(3;21)
(q26.2;q22),+13, (Fig. 1) with involvement into arrangement 
EVI1 gene (Fig. 2), whereas 10% metaphases had normal 
chromosome complement. Meanwhile, a standard molec-
ular investigation with primers for common chromosome 
translocations did not show any oncogene anomalies. There-
fore, a diagnosis of MDS RAEB -II IPSS 3.0 was established. 
Since the patient was transfusion-dependent for a long time, 
his ferritine level reached 2500 mg/mm3.

Table 1. The results of HLA-immunophenotyping in the recipient and donor

HLA-locuses A B Cw DRB1 DQB1

Donor 02,03 35,51 01,04 1101 0301,0501

Recipient 02,03 35,51 01,04 1101 0301

Figure 1. Karyogram of bone marrow cell 47, XY, t(3;21)
(q26;q22),+13 from patient with primary myelodysplas-
tic syndrome (RAEB-II)
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Figure 3. Karyotype of donor’s bone marrow cell 46,XY 
from a patient with primary myelodysplastic syn-
drome after allogeneic bone marrow transplantation 
prepared during a short-term hematological and cy-
togenetic remission

Figure 4. Schematic presentation of clinical course in a patient with primary myelodysplastic syndrome with karyo-
type 47,XY,t(3;21)(q26.2;q22),+13 associated with resistance to  standard chemotherapy, hypomethylating agents and 
allo-HSCT

Figure 2. Fluorescence in situ hybridization (FISH) with 
BreakApart EVI1 probe (CytoCell, UK) showing one nor-
mal EVI1 gene (one fusion yellow signal) and one ab-
normal EVI1 gene (one green and one red split signals 
on interphase cells) in the patient with translocation 
t(3;21)(q26.2;q22) RUNX1/EVI1
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Before bone marrow transplantation, the patient obtained 
one 5-day course of Dacogen (Decitabine) as demethylat-
ing therapy. It did not change common blood parameters, 
but allowed to reduce his transfusion dependence. Since 
the patient had an HLA-DQB1-mismatched related donor 
(Table 1), allo-HSCT was considered. The patient was en-
rolled into the RIC/MAC study protocol, and randomized 
to RIC branch (Busulfan + Fludarabine – 800 and 300 mg, 
respectively). Graft-versus-host-disease (GvHD) prophy-
laxis included CSA and Methotrexate (MTX). Following 
the allo-HSCT, stem cell engraftment was detected on day 
+15, when mixed chimerism was 45-55%. By this time, bone 
marrow contained only 2.4% of blasts, and the previously 
detected chromosomal abnormalities were not found (Fig. 
3, Table 1). GvHD symptoms were absent, but a cytogenet-
ic relapse was documented two weeks later (on day +29), 
due to appearance of the marker chromosomal aberrations 
and decreasing donor chimerism which could be caused 
by small number of CD34+ stem cells in the graft. There-
fore, cyclosporine A was stopped on day +38, and, a week 
later, a donor lymphocyte infusion (DLI) was performed 
at a dose of 5.0х107 cells/kg, however, without any clin-
ical effect. The graft rejection was diagnosed on day D+50 
(Fig. 4). By that time, the patient had hemoglobin levels of 
57 g/L; WBC, 1.7x109/L; and platelets, l3.0x109/L. Bone mar-
row aspirate was hypocellular with 3.4% blasts, and the donor 
chimerism faded away (<5%). Because of allo-BMT failure, a 
second allo-HSCT was administered, using peripheral blood 
stem cells from the same donor. It was performed after RIC 
preparative regimen containing Fludarabine 350 mg, Thi-
otepa 960 mg, and Campath 40 mg. GvHD prophylaxis in-
cluded Tacrolymus and CellCept (Mycophenolate Mofetyl). 
Engraftment was registered since day D+10. Two days later, 
acute GvHD of gut and skin (grade I) was diagnosed. Ster-
oids were added to the treatment schedule which resulted 
into a significant improvement of GvHD. Peripheral blood 
findings on the day +16 after 2nd transplant were as follows: 
Hb, 92.0 g/L; WBC, 4.3x109/L, and platelets, 35.0x109/L. 
Bone marrow aspirate was hypocellular without blast excess, 
and full donor chimerism was achieved. Cytogenetic study 
has shown a repeated karyotype normalization. Due to high 
risk of relapse, another DLI procedure was performed. De-
spite the immunotherapy, a new cytogenetic relapse, along 
with reduced donor chimerism levels, was diagnosed in July 
2010. An attempt to achieve another remission with hypo-
methylating agents (5 courses of Dacogen) was not success-
ful. A repeated cytogenetic relapse has been diagnosed in 
December 2010, causing his death at the BMT Center two 
months later.

Discussion
To our knowledge, it is the first clinical description of prima-
ry MDS with t(3;21)(q26.2;q22), combined with trisomy 13, 
and treated by two subsequent allo-HSCTs from a partially 
HLA-mismatched sibling (brother). The first earliest relapse 
occurred on the day 29, which could be, in part, explained 
by low cellularity of transplant. Since a second transplant 
was required, a reduced-intensity conditioning was chosen 
again, but peripheral blood stem cells were used for the 2nd 
transplant. The second engraftment was longer. A new cy-
tological relapse was diagnosed 2 months later as evidenced 

by increased blast counts in bone marrow up to 12% accom-
panied by recurrence of the above cytogenetic aberrations, 
as well as decreasing donor chimerism. Moreover, the pa-
tient did not respond to hypomethylating agents (5 courses 
of Dacogen), aiming to correct the hematopoietic disorder. 

Recent studies have shown that distinct portions of RUNX1 
gene may fuse in variable manner to MDS1 and EVI1 genes 
located within the 3q26 region. On the other hand, these 
different fusion products are capable of blocking myeloid 
differentiation interfering with normal transcriptional reg-
ulatory functions of RUNX1 [14].

As a result, our MDS case with combined t(3;21) chromo-
some anomalies and trisomy 13, showing poor clinical prog-
nosis, appears to be related to imbalance of GATA, ERG, 
MEIS1, HOXA9 and FLT3 genes at the stem cell level which 
could be responsible for leukemia cells resistance to both 
chemotherapy and allo-HSCT.

Acknowledgements
The authors are grateful to colleagues for their excellent sup-
port.

Conflict of interest
No conflicts of interests are declared. 

References
1. Loke J, Assl SA, Imperato MR, Ptasinska A, Cauchy P, 
Grabovska Y, Soria NM, Raghavan M, Delwel HR, Cockerill 
PN, Heidenreich O, Bonifer C. RUNX1-EVI1 differentially 
reprogram the chromatin landscape in t(8;21) and t(3;21) 
AML. Cell Reports. 2017;19(8):1654-1668. 

2. Rubin CM, Larson RA, Anastasi J, Winter JN, Thangavelu 
M, Vardiman JW, Rowley JD, Le Beau MM. t(3;21)(q26;q22): 
a recurring chromosomal abnormality in therapy-related 
myelodysplastic syndrome and acute myeloid leukemia. 
Blood. 1990; 76(12):2594-2598.

3. Pedersen-Bjergaard J, Philip P. Balanced translocations 
involving chromosome bands 11q23 and 21q22 are highly 
characteristic of myelodysplasias and leukemia following 
therapy with cytostatic agents targeting at DNA-topoisomer-
ase II. Blood. 1991; 78(4):1147-1148.

4. Pedersen-Bjergaard J, Johansson B, Philip P. Translo-
cation (3;21)(q26;q22) in therapy-related myelodysplasias 
following drugs targeting DNA-topoisomerase II combined 
with alkylating agents, and in myeloproliferative disorders 
undergoing spontaneous leukemic transformation. Cancer 
Genet Cytogenet. 1994; 76:50-55.

5. Schneider NR, Bowman WP, Frenkel EP. Translocation 
(3;21)(q26;q22) in secondary leukemia. Ann Génét 1991; 
34(3-4):256-263.

6. Miyazaki H, Ino T, Sobue R, Kojima H, Wakita M, No-
mura T, Tuzuki M, Hirano M. Translocation (3;21)(q26;q22) 
in treatment-related acute leukemia secondary to acute 
promyelocytic leukemia. Cancer Genet Cytogenet 1994; 
74(2):84-86.



CLINICAL CASE

cttjournal.com68 CTT JOURNAL | VOLUME 7 | NUMBER 2 | JUNE-JULY 2018

7. Tanaka R, Oshikawa G, Akiyama H, Ishida S, Nagao 
T, Yamamoto M, Miura O. Acute myeloid leukemia with 
t(3;21)(q26.2;q22) developing following low-dose Metho-
trexate therapy for rheumatoid arthritis and expressing two 
AML/MDS1/EVI1 fusion proteins. A case report. Oncology 
Letters. 2017;14(1):97-102.

8. Yin CC, Cortes J, Barkoh B, Hayes K, Kantarjian H, Jones 
D. t(3;21)(q26;q22) in myeloid leukemia: an aggressive syn-
drome of blast transformation associated with hydroxyurea 
or antimetabolite therapy. Cancer. 2006; 106(8):1730-1738. 

9. Park TS, Choi JR, Yoon SH, Song J, Kim J, Kim SJ, Kwon 
O, Min YH. Acute promyelocytic leukemia relapsing as 
secondary acute myelogenous leukemia with translocation 
t(3;21)(q26;q22) and RUNX1-MDS1-EVI1 fusion transcript. 
Cancer Genet Cytogenet 2008; 187(2):61-73.

10. Lugthart S, Groschel S, Beverloo HB, Kayser S, Valk PJ, 
van Zelderen-Bhola SL, Jan Ossenkoppele G, Vellenga E, van 
den Bergde Ruiter E, Schanz U, Verhoef G, Vandenberghe 
P, Ferrant A, Kohne CH, Pfeundschuh M, Horst HA, Koller 
E, von Lilienfeld-Toal M, Bentz M, Ganser A, Schlegelberg-
er B, Jotterand M, Krauter J, Pabst T, Theobald M, Schlenk 
RF, Delwel R, Dohner K, Lowenber B, Dohner H. Clinical, 
molecular, and prognostic significance of WHO type inv(3)
(q21q26.2)/t(3;3)(q21;q26.2) and various other 3q abnor-
malities in acute myeloid leukemia. J Clin Oncol. 2010; 
28(24):3890-3898.

11. Nucifora G, Begy CR, Kobayashi H, Roulston D, Clax-
ton D, Pedersen-Bjergaard J, Parganas E, Ihle JN, Rowley JD. 
Consistent intergenic splicing and production of multiple 
transcripts between AML1 at 21q22 and unrelated genes at 
3q26 in (3;21)(q26;q22) translocation. Proc Natl Acad Sci 
USA. 1994; 91(9):4004-4008. 

12. Morishita K, Suzukawa K, Taki T, Ihle JN, Yokota J. EVI-
1 zinc finger protein works as a transcriptional activator via 
binding to a consensus sequence of GACAAGATAAGA-
TAAN1-28 CTCATCTTC. Oncogene. 1995; 10(10):1961-
1967. 

13. Hirai H, Ogawa S, Kurokawa M, Yazaki Y, Mitani K. 
Molecular characterization of the genomic breakpoints in a 
case of t(3;21)(q26;q22). Genes Chromosomes Cancer. 1999; 
26(1):92-96.

14. Tokita K, Maki K, Mitani K. RUNX1/EVI1, which blocks 
myeloid differentiation, inhibits CCAAT-enhancer binding 
protein α function. Cancer Sci. 2007; 98(11):1752-1757.

15. Secker-Walker L, Mehta A, Bain B. Abnormalities of 3q21 
and 3q26 in myeloid malignancy: a United Kingdom Cancer 
Cytogenetic Group study. Br J Haematol. 1995; 91(2):490-
501.

16. Rubin CM, Larson RA, Bitter MA, Carrino JJ, Le Beau 
MM, Diaz MO, Rowley JD. Association of chromosomal 
3;21 translocation with the blast phase of chronic myeloge-
nous leukemia. Blood 1987; 70(5):1338-1342 .

17. Coyle T, Najfeld V. Translocation (3;21) in Philadelphia 
chromosome-positive chronic myelogenous leukemia prior 
to the onset of blast crisis. Am J Hematol. 1988; 27(1):56-59.

18. Phan CL, Megat Baharuddin PJ, Chin LP, Zakaria Z, Yeg-
appan S, Sathar J, Tan SM, Purushothaman V, Chang KM. 
Amplification of BCR-ABL and t(3;21) in a patient with blast 
crisis of chronic myelogenous leukemia.  Cancer Genet Cy-
togenet 2008; 180(1):60-64.

19. Testoni N, Borsaru G, Martinelli G, Carboni C, Ruggeri 
D, Ottaviani E,   Pelliconi S, Ricci P, Pastano R, Visani G, 
Zaccaria A, Tura S. 3q21 and 3q26 cytogenetic abnormalities 
in acute myeloblastic leukemia: biological and clinical fea-
tures. Haematologica 1999; 84(8):690-694.

20. Bacher U, Schanz J, Braulke F, Haase D. Rare cytogenet-
ic abnormalities  in myelodysplastic syndromes. Mediterr J 
Hematol Infect Dis 2015; 7(1): e2015034, DOI: http://dx.doi.
org/10.4084/MJHID.2015.034.

21. Dicker F, Haferlach C, Kern W, Haferlach T, Schnittger 
S. Trisomy 13 is strongly associated with AML1/RUNX1 
mutations and increased FLT3 expression in acute myeloid 
leukemia. Blood 2007; 110(4):1308-1316.

22. Silva FPG, Lind A, Brouwer-Mandema G, Valk PJ, 
Giphart-Gassler M. Trisomy 13 correlates with RUNX1 mu-
tation and increased FLT3 expression in AML-M0 patients. 
Haematologica 2007; 92(8):1123-1126.

23. Gindina T, Mamaev N, Barkhatov I, Solomonova I, Se-
menova E, Zubarovskaya L, Morozova E, Rudnitskaya Yu, 
Popva M, Alexeev S, Uspenskaya O, Bondarenko S, Afa-
nasyev B. Complex chromosome damages in patients with 
recurrent acute leukemias after allogeneic hematopoietic 
stem cell transplantation. Ther Arkhiv 2012; 84(8):61-66 (In 
Russian). 

24. Schaffer L., McGovan-Jordan J., Schmid M. ISCN. An in-
ternational System for Human Cytogenetic Nomenclature. S. 
Karger, Basel. Switzerland, 2013, p.140.



CLINICAL CASE

69CTT JOURNAL | VOLUME 7 | NUMBER 2 | JUNE-JULY 2018

Первичный миелодиспластический синдром 
с двумя редкими повторяющимися прогностически 
неблагоприятными цитогенетическими нарушениями 
[транслокацией t(3q26.2;q22) и трисомией 13], 
ассоциированными с резистентностью к химиотера-
пии и к трансплантации гемопоэтических стволовых 
клеток  

Резюме
Представлено наблюдение миелодиспластического 
синдрома (МДС) с двумя редкими, повторяющими-
ся и прогностически неблагоприятными нарушени-
ями хромосом: транслокацией t(3;21)(q26.2;q22) и 
трисомией 13, которые обеспечили патологическим 
элементам резистентность к химиотерапии и транс-
плантации гемопоэтических стволовых клеток от 
сиблинга. На основании полученных данных и об-
суждения в свете недавно открытых молекулярных 
механизмов резистентности к терапии при данном 
виде хромосомной патологии сделано заключение 
об ответственности данных нарушений хромосом 
за развитие резистентности к терапии, включая 
алло-ТГСК у больных МДС. 
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