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Laboratory study on near-tetraploid
acute myelogenous leukemia of childhood
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Abstract; Near-tetraploidy is a rare cytogenetic abnormality in myelocytic malignancies in children, and its significance
is unknown. To investigate the characteristics of near-tetraploidy in a child with acute myelogenous leukemia ( AML-M4) ,
bone marrow smears were prepared for morphological analysis. Bone marrow samples were collected for flow cytometry, and
prepared by short-term (24 hrs) unstimulated culture and R-banding for conventional cytogenetic assay. In this case, the
morphological analysis of bone marrow cells showed large and prominent nuclei. The chromosomal analysis ( R-banding)
demonstrated a near-tetraploidy. Combined with morphological and immunophenotypic results, AML-M4 was confirmed.
The patient was given four cycles of chemotherapy, and finally achieved clinical remission. However, the duration

achieving the remission in the child was longer than AML children with normal karyotype. It is believed that near-tetraploid

karyotype may have a great significance to the therapy and prognosis.
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A large number of recurring structural and numerical Methods
cytogenetic abnormalities have been described in acute
leukemia. Tetraploidy or near-tetraploidy is a rare cy- Patient

togenetic abnormality in myelocytic malignancies, es-
pecially in pediatric cases, and its significance is un-
known. Tetraploidy in acute myelogenous leukemia
(AML) is seen primarily in elderly male patients and
is associated with a low remission rate and short surviv-
al''’. In this report, the laboratory diagnosis character-

istics of a girl with near-tetraploid AML is described.
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A twelve-year-old girl was first seen on June 10,
2008 with a history of fever for 3 days. On physical ex-
amination, pin-point like petechia were found on both
ankles. Neither pallor on skin or mucus, nor peripher-
al lymphoadenopathy were found. Sternum tenderness
splenomegaly was found,

was present. On palpation,

which appeared hard and tender. Hemogram showed
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92 g/L hemoglobin, 50.7 x10°/L WBC and 92 x 10°/L
platelets. A diagnosis of AML-M4 was made according
to the bone marrow findings. Immunophenotyping study
was suggestive of AML. Cytogenetic analysis showed a
karyotype of 92-95 XXXX, +8, +21, + Mar[22]/46,
XX[3], including 92[2], 94[4] and 95[16]. Con-
sequently, the clinical diagnosis of AML-M4 was estab-
lished. The patient was given chemotherapy ( MAVm
protocol) ; mitozantrone 8 mg/m*/d x 3 days ( days
3-5), AraC 100 mg/m’/d x8 days (days 1-8), Vu-
mon (teniposide) 100 mg/m’/d x3 days (days 6-8).
After four cycles of chemotherapy, the child achieved
clinical remission ( Hemogram showed 92 g/L. hemoglo-
bin, 4.1 x10° g/L. WBC and 220 x 10” g/L platelets;
Bone marrow aspirate revealed 3. 5% blast infiltra-
tion ). The patient’ s condition remains stable till
present.
Bone marrow morphological examination

Bone marrow smears were made directly after sterile
aspiration of the bone marrow (0.5 mL). The smears
were simultaneously stained with Romanowsky-Giemsa
method and cellular chemical staining including peroxi-
dase (POX), o-Naphthol Acetate Esterase with NaF
inhibition test ( a-NAE + NaF) and periodic acid-
schiff’s reaction (PAS). AML was classified according
to FAB classification and the domestic classification
method ( standard classification) .
Immunophenotype analysis

Indirect immunofluorescence was done with FACS
Calibur flowcytometer ( BD Corp. US) and a panel of
monoclonal antibodies against surface antigens of neo-
plastic cells. CD45-SSC software was used for calculat-
ing percentage of neoplastic cells with positive expres-
sion of the antigens. Auto-cells without addition of
monoclonal antibodies were used as negative control.
Cells were considered positive if intensity of the fluo-
rescence was 20% or higher than the control cells.
Fluorescence-labeled monoclonal antibodies included
CD45, the marker of hematopoietic stem and progenitor
cells ( CD34 and HLA-DR ), myeloid antigens
(CDh13, CD33, CD14, CD15, CD64, CD117 and
CyMPO), B lineage antigen ( CD10, CD19, CD38
and CyCD79a) and T lineage antigen (CD7, CD2).
Karyotype analysis

Chromosome specimens were prepared by sterile as-
piration of bone marrow (1-3 mL). The aspirated bone
marrow was either directly cultured or cultured for 24
hours before chromosome preparation, and RHG-ban-

ding was made. In each case, 25 cells at meta-mitosis

phase were analyzed. The analysis was done with Cy-
covision Karyotypic Analysis System ( Al Corp, US).
Karyotype abnormality was identified and described ac-
cording to the International System for Human Cytoge-
netic Normenclature (ISCN) (2005).
DNA content determination

DNA content measurement in bone marrow cells was
performed on the FACS Calibur flowcytometer ( BD
Corp. US), and the results were expressed as the
DNA index (ratio of DNA content in leukemic GO/G1
cells to that in normal diploid GO/G1 cells). The ref-
erence range of DNA index is from 0.9 to 1. 1.

Results

Morphological analysis of bone marrow cells

Abnormal hyperplasia of myelocytic series was noted
with myeloblasts and promyelocytes amounting to
33.6% . The cells were round in shape, and they had
little cytoplasm, which were light-blue in color, and
had plentiful tiny and uniform granules. Their nuclei
were large and bizarre in shape. See Figure 1. Abnor-
mal hyperplasia of monocytic series was noted with
monoblasts and premonocytes accounting for 62. 4% .
Erythroid and megakaryocytic series were significantly
inhibited. Cytochemical staining showed that most of
the cells were POX weak-positive; NAE was positive in
most of the cells, and positive reaction of some cells
was inhibited by NaF; PAS was positive in part of the
cells, and presenting fine particles. The possible diag-
nosis of AML-M4 was made according to the bone mar-
row examination.
Immunophenotype analysis

Neoplastic myelogenous cells accounted for 64. 3% .
CD34 was expressed in 82.6% of the cells, MPO
61.5% , CD13 93.7% , CD33 48.6% , HLA-DR 90.7% ,
CD38 37.3%, CD117 37. 0% , CD64 15.2% , CD15
16.1% , and CD14 13.5% . Immunophenotype analysis
showed the diagnosis of AML.
Karyotype analysis

Among the 25 cells at meta-mitosis phase, 22 had
9295, XXXX, +8, +21, + Mar and the other 3 had
normal karyotype (46, XX). The result showed a near-
tetraploid karyotype ( Figures 2 and 3).
DNA content determination

The DNA histogram showed double peaks. One indi-
cated a diploid line with the DNA index of 1.0, while
another represented a near-tetraploid line with the DNA

index of 2. 03.
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Figure 1 Morphological features of leukemic cells Nu-

clei were large and bizarre in shape ( Wright-Giemsa staining, x1000).

Figure 2 Karyotype analysis Near-tetraploidy was noted.
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Figure 3 Karyotype of the patient Of the 25 cells at meta-
mitosis phase, 22 had 9295, XXXX, +8, +21, + Mar (R -banding).

Discussion

Tetraploid or polyploid metaphases were found in
<2% of metaphases in normal bone marrows, most of
them originating from cells of megakaryocytic line-

(2]

age Tetraploidy can be found in many kinds of

tumors , such as esophageal carcinoma, gastric carcino-

ma, carcinoma of colon and lymphadenoma. Tetra-
ploidy was also found in acute leukemia and myelodys-
plastic syndrome ( MDS). Hyperdiploidy was present
in 14% -27% of cases of childhood ALL and 4% -9%
of cases of adult ALL, and tetraploidy or near-tetra-
ploidy accounting for 1% -2% of them"'. Cases of
tetraploid AML were less than those in ALL'**'. They
were previously reported in FAB subtypes of MO to
M7. Association of tetraploidy with leukemia-specific
translocations, especially t(8;21), has also been re-
ported. Morphologically, tetraploidy is associated with
large and bizarre blasts, probably due to the increased

7% In general, tumors with tet-

nucleic acid conten
raploidy have a great malignant degree and a short sur-
vival period. Hyperdiploid ALL is sensitive to chemo-
therapy and has a good prognosis. Raimondi et al"*’ re-
ported that the prognosis of patients with triploid or
tetraploid ALL was not significantly different from that
of patients with hyperdiploid ALL. The adult patients
with tetraploid AML were not sensitive to chemothera-
py, and had a low remission rate and a short survival
period ¢

The case in this study was a 12-year-old girl, and
the final diagnosis was AML-M4. The blast cells were
large, with a low nuclear/cytoplasmic ratio, bizarre
nuclear configuration, and multiple nucleoli. The cyto-
plasms were light-blue in color, and had plentiful tiny
and uniform granules, but Auer rods were rarely seen.
This kind of nuclei cannot be found in some cases with
non-tetraploid AML. So it was thought that the occur-
rence of the giant and bizarre blasts were morphological
features of tetraploid or near-tetraploid leukemia. Kary-
otype analysis was thus suggested to detect tetraploid or
near-tetraploid metaphases in patients with giant and
bizarre blasts displayed on bone marrow smears. Near-
tetraploidy has ever been found in AML-M2 patients,
and it is essential to distinguish AML-M4 from AML-
M2 in morphology "', Dingol et al'""’ found a case of
near-tetraploid acute mixed leukemia. In that case,
both myeloid and NK cells in leukemic cells were
found by immunophenotyping and FISH analysis. Com-
bined use of multiple methods such as immunopheno-
typing, FISH and karyotype analysis are helpful in the
accurate diagnosis of leukemia.

Cytochemical staining and flow cytometric immuno-
phenotype analysis in this patient did not show signifi-
cant differences from AML-M4 patients with normal
karyotype. However, there were differences in the
DNA content determination between them. The DNA
index (2.03) in this patient was obviously higher than
that in patients with normal karyotype (0. 9-1.1).
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Tetraploid clones were verified in this patient. This in-
dicates DNA index has a great significance in the diag-
nosis, therapy and prognosis of tetraploid AML in chil-
dren.

Clinically, with the same conventional chemotherapy
regimen, the child in this study showed low sensitivi-
ties to treatment compared to AML-M4 children with
normal karyotype. Although she achieved a clinical re-
mission finally, the duration achieving the remission
was longer than other children with normal karyotype.
This might be owing to the underlying multiple karyo-
typic aberrations ®'. Abnormal tetraploid karyotypes in-
volved may contribute to the laboratory and clinical fea-
tures, and have a great significance to the therapy and
prognosis.

The AML case with tetraploid or near-tetraploid kar-
yotypes is rarely seen in children. The studies on the
laboratory and clinical features of this disorder are lim-
ited. The diagnosis of this case was based on evidence
of laboratory findings that included karyotype analysis,
immunophenotype analysis and DNA content determi-
nation. These methods provided more convincing evi-
dence for the tentative diagnosis based on the morpho-
logical observation. This also indicated good feasibility
of MICM classification diagnosis for leukemia. This re-
search might provide new thoughts in clinical manage-
ment of multiploid AML in children, i. e, an individual
chemotherapy regimen may be proposed combined with
the morphological, immunophenotype and cytogenetic

features.
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