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Abstract

We describe here a novel unbalanced whole-arm translocation der(3;10)(q10;910) in a
58-year-old man with acute monocytic leukemia. Bone marrow was massively infiltrated with
22.2% monoblasts, 55.4% promonocytes and 5.6% monocytes. These monocytic cells were
positive for myeloperoxidase and a-naphthyl butyrate esterase stainings. Surface marker anal-
ysis revealed that they were positive for CD4, CD13, CD33, CD56 and HLA-DR but negative
for CD14 and CD34. Chromosome analysis of the bone marrow cells showed
46,XY,+3,der(3;10)(q10;910)[18]/46,XY[2]. Spectral karyotyping confirmed
der(3;10)(g10;q10) as a sole structural abnormality. By acquisition of a normal chromosome 3
but not a chromosome 10, the der(3;10)(q10;q10) resulted in trisomy 3q and monosomy 10p.
Thus, the +3,der(3;10)(q10;q10) is supposed to play a crucial role in the pathogenesis of acute

monocytic leukemia by the gain of 3q or the loss of 10p.



1. Introduction

Acute monoblastic leukemia and acute monocytic leukemia are myeloid leukemias in which
80% or more of the leukemic cells are monocytic lineage including monoblasts, promonocytes
and monocytes. In the newly revised World Health Organization (WHO) classification, they are
now categorized in *“acute myeloid leukemia, not otherwise specified (AML, NOS)” with no
recurrent genetic abnormality [1]. Nevertheless, myeloid-associated, non-specific cytogenetic
abnormalities are present in the majority of cases.

Unbalanced whole-arm translocations, which involve breakage and reunion of nonhomolo-
gous chromosomes at their centromeres, are relatively rare acquired cytogenetic aberrations in
hematological malignancies [2]. Some of these translocations, such as der(1;7)(q10;p10),
der(7;12)(910;g10), and der(9;18)(p10;q10), have been reported as a sole and recurrent anom-
aly, indicating that they could be primary genetic changes [2-5]. Among them, the most fre-
quent der(1;7)(q10;p10) has been clinically and molecularly characterized. It constitutes a dis-
tinct entity in myeloid malignancies including AML and myelodysplastic syndrome (MDS) [3].
However, clinical importance of other unbalanced whole-arm translocations remains to be
completely clarified. We describe here a novel unbalanced whole-arm translocation

der(3;10)(g10;q10) in a patient with acute monocytic leukemia.

2. Materials and methods
2.1. Case History

A 58-year-old man was admitted to our hospital because of anemia and leukocytosis in July
2009. He had no past history of antecedent hematological disorder and chemoradiotherapy.
There was no abnormal physical finding caused by extramedullary masses. Peripheral blood
showed hemoglobin 72 g/L, platelets 84 x 10°/L and white blood cells (WBC) 25.8 x 10°/L
with 3% blasts, 5% myelocytes, 2% metamyelocytes, 8% band forms, 29% segmented neutro-

phils, 10% promonocytes, 31% monocytes, and 12% lymphocytes. Bone marrow was marked-



ly hypercellular with 22.2% monoblasts, 55.4% promonocytes, 5.6% monocytes, 10.0% other
myeloid cells, 1.2% erythroblasts, and 3.6% lymphocytes. These large-sized monoblasts and
promonocytes had subtly convoluted nuclei with prominent nucleoli and basophilic cytoplasm
with vacuoles and fine azurophilic granules (Fig. 1A). They were positive for myeloperoxidase
and a-naphthyl butyrate (ANB) esterase but negative for chloroacetate esterase stainings (Fig.
1B, 1C). The ANB positivity was totally inhibited by NaF (Fig. 1D). Trilineage dysplasia was
not apparent in the bone marrow cells. Surface marker analysis with CD45 gating by
three-color flow cytometry revealed that the monocytic cells (86.5% of all bone marrow cells)
were positive (more than 20%) for CD4 (48.2%), CD13 (28.7%), CD33 (100.0%), CD56
(94.8%) and HLA-DR (97.0%) but negative for CD14 (7.0%) and CD34 (3.0%). Therefore, we
made the diagnosis as AML M5b in the French-American-British classification or acute mon-
ocytic leukemia in the WHO classification [1]. An induction therapy with idarubicin and cyto-
sine arabinoside was started, and the patient achieved a complete remission (CR). He is now
under consolidation therapy and remained in hematological and cytogenetic CR for four
months.
2.2. Chromosome and fluorescence in situ hybridization (FISH) analyses

Chromosome analyses were performed by the G-banding technique on unstimulated
short-term culture of the cells obtained from bone marrow at the initial diagnosis and after CR.
Karyotypes were described according to ISCN 2009 [6]. Spectral karyotyping (SKY) was car-
ried out with a SkyPaint kit (Applied Spectral Imaging, Migdal Ha’Emek, Israel) on five met-
aphase spreads at the initial diagnosis. Chromosomes were counterstained with
4’ 6-diaminido-2-phenylindole dihydrochloride (DAPI). FISH analyses with LSI MLL Dual
Color, Break Apart Rearrangement Probe at 11923 and LSI CBFB Dual Color, Break Apart
Rearrangement Probe at 16q22 (Abbott Molecular, Des Plaines, IL, USA) were performed on

100 interphase nuclei at the initial diagnosis.



3. Results

Chromosome analysis of the bone marrow cells at the initial diagnosis of acute monocytic
leukemia showed 46,XY,+3,der(3;10)(q10;910)[18]/46,XY[2] (Fig. 2A). SKY analysis con-
firmed der(3;10)(g10;q10) as a sole structural abnormality (Fig. 2B). Unexpectedly, SKY also
revealed the existence of an unrelated clone with trisomy 8 as follows:
46,XY,+3,der(3;10)(q10;910)[2]/47,XY,+8[2]/46,XY[1] (data not shown). The karyotype after
hematological CR converted to 46,XY[20].

To exclude the possibility that leukemic cells had cryptic rearrangements, we next performed
interphase FISH analyses. We used probes for MLL and CBFB genes because translocations
involving 11923 and inv(16)(p13g22) in AML occasionally cannot be detected by G-banding
or SKY. None of 100 interphase nuclei showed split signals of MLL and CBFB, indicating the
absence of their cryptic rearrangements (data not shown). Accordingly, it was supported that

der(3;10) was a sole structural abnormality.

4. Discussion

We have identified a novel unbalanced whole-arm translocation der(3;10)(g10;q10) in acute
monocytic leukemia. To the best of our knowledge, the der(3;10)(q10;910) has never been de-
scribed in the literature to date [7]. Furthermore, the der(3;10) was accompanied by an extra
chromosome 3. Duplication of a normal copy of one of the chromosomes participating in the
translocation occurs in more than one half of the cases with unbalanced translocations [8], such
as +1,der(1;7)(g10;p10) and der(5;19)(p10;910),+19 [3, 9]. In the present case, by acquisition
of a normal chromosome 3 but not a chromosome 10, the der(3;10) resulted in trisomy 3q and
monosomy 10p. The +3,der(3;10) was found as a sole abnormality in all abnormal metaphase
spreads by G-banding, indicating that it could play a crucial role in the pathogenesis of acute
monocytic leukemia by the gain of 3q or the loss of 10p. Both unbalanced aberrations are not

described in cytogenetic abnormalities sufficient to diagnose AML with myelodysplasia-related



features in the WHO classification [10]. Thus, considering the absence of previous history of
MDS and multilineage dysplasia in the bone marrow, we diagnosed the disease as de novo
acute monocytic leukemia.

The most significant consequence of unbalanced whole-arm translocation is the genomic
imbalance resulting from the gain and loss of whole chromosome arms. Adeyinka et al. [2] re-
ported that chromosome arms were non-randomly involved in the whole-arm translocations.
That is, a loss of 17p was most common, and losses of 7q, 13p, 14p, and 15p, and a gain of 1q
were found in more than 10% of cases in 131 hematological malignancies. A gain of 3q and a
loss of 10p were observed in three and seven cases, respectively, although the karyotypes of
these cases were not fully described. According to the Mitelman database [7], unbalanced
whole-arm translocations involving 3q10 or 10910 were found in 19 cases and 13 cases of he-
matological malignancies, respectively. Among them, 10 cases of MDS/AML with 3910 or
10qg10 translocations are summarized in Table 1 [2, 11-18]. There was no case having an extra
chromosome 3 with 3q10 translocations, whereas acquisition of the partner chromosomes
(chromosomes 1 and 12) was observed only in two cases (No. 1 and 5). Thus, trisomy 3q
caused by unbalanced whole-arm translocations seems to be a very rare event in MDS/AML.
Another two cases with 10q10 translocations (No. 9 and 10) showed monosomy 10p.

Whole or partial trisomy 3 has been reported to be especially associated with lymphoid ma-
lignancies. Trisomy 3 represents the most frequent chromosomal abnormality in marginal zone
B-cell lymphoma (MZBCL) [19]. Partial trisomy 3q induced by unbalanced translocations in-
volving chromosome 3 is recurrently found in MZBCL as well, and a commonly duplicated
region was found to be 3q13.2-3929 [20]. In addition to MZBCL, gains of chromosome 3/3q
occur in other lymphoid B-cell chronic lymphoproliferative disorders including chronic lym-
phocytic lymphoma, prolymphocytic leukemia and Waldenstrém’s macroglobulinemia [21]. In
myeloid malignancies, a few cases of childhood AML showed trisomy 3 and tetrasomy 3q [22].

Gains of partial chromosome 3q by unbalanced translocations were also reported in cases of



juvenile myelomonocytic leukemia [23].

The underlying genetic mechanism by trisomy 3/3q is supposed to be a gene dosage effect
rather than a specific gene disruption [20]. Several genes of particular importance in neoplastic
transformation are included in the chromosome 3q, such as PARP9 (BAL) at 3q13-21, RPN1 at
3g21.3, PBX2P1 at 3q24, MECOM (MDS1-EVI1) at 3926, TERC (hTR) at 3926.2, and BCL6 at
3027 [20, 22]. However, it is unknown whether these genes have a gene dosage effect by tri-
somy 3/3@. On the other hand, monosomy 10p, which could be considered as an alternative
mechanism to development of leukemia, has been hardly shown to be correlated with specific
subtypes of hematological malignancies. Thus, accumulation of more cases will be necessary

to clarify the critical role of der(3;10) in the pathogenesis of acute monocytic leukemia.
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Figure legends

Fig. 1

Bone marrow smears at the diagnosis of acute monocytic leukemia (x1000). (A) Large mono-
blasts and promonocytes are shown (May-Grinwald-Giemsa staining). (B) Monocytic cells
show scattered positivity for myeloperoxidase staining. (C) They are positive for a-naphthyl
butylate (ANB) esterase but negative for chloroacetate esterase stainings. (D) The ANB posi-

tivity is inhibited by NaF.

Fig. 2

(A) G-banded karyotype of the bone marrow cells at the diagnosis of acute monocytic leuke-
mia: 46,XY,+3,der(3;10)(g10;g10). An arrow indicates the rearranged chromosome.

(B) Spectral karyotyping of the metaphase spread after spectrum-based classification (left side,
reverse DAPI; right side, SKY). Chromosomes were assigned a pseudocolor according to the
measured spectrum. The karyotype is confirmed as follows: 46,XY,+3,der(3;10)(q10;910). An

arrow indicates the rearranged chromosome.
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Table 1. Reported cases of acute myeloid leukemia and myelodysplastic syndrome with

unbalanced whole-arm translocations involving 3910 or 1010

Case  Age/  Diagnosis Karyotypes References

No. Sex

1 66/M  AML 47,X,der(Y)t(Y;3)(q12;921),+8[7]/46,XY,+1,der(1;3)(q10;910)[3]/46,XY[15] Davidsson et al., 2006

[11]
2 NA/M  MDS 49~50,XY,der(3;5)(q10;910),-5,add(7)(?q10),+8,+22,+1~3mar[cp20] Westbrook et al., 2000
[12]

3 45/M  t-AML 44,XY,der(3;6)(q10;p10),del(5)(q11.2934),-7,del(12)(p11.2p13)[4]/45,idem, Side et al., 2004 [13]
+r[17]/46,idem,+r,+mar[2]

4 NA/F  AML 43~47,X,der(X)t(X;17)(p22;921),der(3;8)(910;q10)inv(3)(g21925),del(5)(q31), Zhao et al., 2001 [14]
1(8)(q10),del(9)(q11),+der(9)del(9)(p21)del(9)(gq11)x2,der(10)t(3;10)(p22;p13),
der(10)t(10;21)(p15;921),der(12)t(10;12)(q22;912),del(13)(g21),der(16)t(12;16)

(p13;922),-17,-21[cp5]
5 6/F AML 46,XX,i(7)(ql0)[2]/45~47,XX,+der(2)t(2;17)(p14;q11),der(3;12)(910;q10),-5,+12, Gohring et al., 2007 [15]

-13,-17,del(20)(q11)[cp10]/46,XX[6]
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11

77/F  AML 44,X,dic(X;14)(q13;p11.2),der(3;17)(910;q10),del(5)(q11.2931),add(7)(q32),-12, Adeyinka et al., 2007 [2]
-15,add(16)(p13.1),+1~2mar[cp15]/46,XX[1]

78/F AML-MO  44,XX,der(3;17)(q10;q10),der(4)t(4;16)(g34;p13),del(5)(q12934),-7,del(12)(p13) Van Limbergen et al.,
2002 [16]
53/F RAEB-2 44,X,der(X;3)(g10;910),der(1)t(X;1)(?;943),der(4)t(4;11)(gq11;?q24),del(5)(g22935), Lessard et al., 2007 [17]
der(5)ins(5;20)(q15;9?),del(6)(p22),-7,der(22)t(4;22)(q11;p12),+dmin(X)/44,XX,
t(1;6)(q12;926),-3,del(5)(q22935),der(5)ins(5;20)(q15;9?),der(6)t(6;17)(p22;?),-7

56/M  AML-M5a 45,XY,der(7;10)(q10;910),t(11;19)(q23;p12-13) Huret et al., 1993 [18]
78/F MDS 44~48,XX,der(10;17)(q10;q10),-12,add(16)(p13.3),+1~3mar[cp12]/46,X X[9] Adeyinka et al., 2007 [2]
58/M  AML-M5b 46,XY,+3,der(3;10)(q10;q10)[18]/46,XY][2] present case

Abbreviations: NA, not available; F, female; M, male; MDS, myelodysplastic syndrome; AML, acute myeloid leukemia; t-AML,
therapy-related AML; RAEB, refractory anemia with excess of blasts. Unbalanced translocations involving 3q or 10q are described in
bold letters.



	der(3;10) manuscript revised
	der(3;10) Fig. 1 revised
	der(3;10) Fig. 2 revised
	t(3;10) Table revised

