
Hematopathology / IMMUNOPHENOTYPE OF TRANSIENT MYELOPROLIFERATIVE DISORDER VS AML IN DOWN SYNDROME

204 Am J Clin Pathol 2001;116:204-210    © American Society of Clinical Pathologists

Transient Myeloproliferative Disorder and Acute Myeloid
Leukemia in Down Syndrome

An Immunophenotypic Analysis

Nitin J. Karandikar, MD, PhD, Deborah B. Aquino, MD, Robert W. McKenna, MD,
and Steven H. Kroft, MD

Key Words: Transient myeloproliferative disorder; TMD; Leukemia; AML; Down syndrome; Immunophenotype; Flow cytometry

A b s t r a c t

Immunophenotypic analysis of transient
myeloproliferative disorder (TMD) and acute myeloid
leukemia (AML) using multiparameter flow cytometry
might provide insight into their relationship. We
retrospectively analyzed the expression of multiple
lymphoid, myelomonocytic, and megakaryocytic
antigens on blast proliferations in 18 patients with
Down syndrome (DS; AML, 9; TMD, 9). The AMLs and
TMDs shared several immunophenotypic
characteristics. Blasts in all expressed CD45, CD38,
and CD33; most AMLs and all TMDs were CD36+;
and the majority expressed CD41 and CD61,
suggesting megakaryocytic differentiation. The majority
of cases were CD34+, CD14–, and CD64–. There was
aberrant expression of the T-cell–associated antigen
CD7 in most AMLs and TMDs. CD56 was expressed
aberrantly in 5 AMLs and 7 TMDs. The major
difference between the disorders was the pattern of
expression of myeloid markers CD11b and CD13; each
was expressed in 8 AMLs but only 2 TMDs. Blasts were
HLA-DR–positive in 3 AMLs vs 7 TMDs. Blasts in
TMD and AML in DS have a characteristic
immunophenotype distinct from AML in other settings.
The immunophenotypic similarities suggest a biologic
relationship between the disorders; however, distinct
immunophenotypic differences also were observed.

Children with Down syndrome (DS) are at a higher risk
of developing acute leukemias compared with the general
pediatric population.1,2 Neonates with DS also may develop a
transient myeloproliferative disorder (TMD), an abnormal
proliferation of myeloid blasts in the blood that resolves
without therapeutic intervention.3,4 TMD and acute myeloid
leukemia (AML) in DS show strikingly similar morphologic
features.5 The main difference in the clinical presentation of
these disorders is the age of onset, with TMD occurring
during the first few days of life and AML usually manifesting
after 1 year.6 However, there may be diagnostic difficulty in
some cases as there have been reports of TMD at later ages
(second or third month of life),7 as well as cases of “congen-
ital leukemia.”8 Hematologic and cytogenetic differences
between these disorders also have been described. TMD
tends to manifest with normal hematocrit and platelet counts,
whereas AML generally exhibits cytopenias.6 Blasts in TMD
usually have only the constitutional trisomy 21, whereas
blasts in AML may show additional complex cytogenetic
abnormalities.5,6 However, none of these criteria are absolute.

Few published data are available addressing the
immunophenotypic characteristics of these disorders using
multiparameter flow cytometry. In this article, we report our
immunophenotypic analysis of TMD and AML in 18 patients
with DS.

Materials and Methods

Patients

The University of Texas–Southwestern Medical Center
(Dallas) flow cytometry database was searched for cases
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from June 1994 through January 2000; 9 cases of TMD and
9 cases of AML in patients with DS were found. The diag-
noses were confirmed by review of the clinical, laboratory,
and morphologic data.

Flow Cytometry

Flow cytometry was performed on blood or bone
marrow specimens using 3- or 4-color antibody panels
against a variety of lymphoid, myelomonocytic, and
megakaryocytic antigens. The antibodies (and clones) used
included (all antibodies from Becton Dickinson/Pharmingen,
San Diego, CA, unless otherwise stated): anti-CD1a
(HI149), CD3 (SK7), CD4 (SK3), CD5 (L17F12), CD7
(4H9), CD8 (SK1), CD10 (W8E7), CD11b (D12), CD13
(L138), CD14 (MφP9), CD15 (MMA), CD16 (NKP15),
CD19 (SJ25C1), CD20 (L27), CD22 (S-HCL-1), CD33
(P67.6), CD34 (8G12), CD36 (FA6.152; Beckman Coulter,
Miami, FL), CD38 (HB7), CD41 (P2; Beckman Coulter),
CD45 (2D1), CD56 (MY31), CD61 (RUU-PL7F12), CD64
(10; Ancell, Bayport, MN), HLA-DR (L243), surface light
chains kappa (TB28-2) and lambda (1-155-2), and appro-
priate isotypic control antibodies (X40, X39). The specimens
were subjected to a routine laboratory protocol for flow cyto-
metric staining. Histopaque density gradient separation
(Sigma, St Louis, MO) was used in earlier cases, whereas
ammonium chloride RBC lysis was performed in later cases.
Single cell suspensions made in PAB (0.1% PBS/bovine
serum albumin/azide buffer) were stained using antibodies
conjugated to 3 or 4 fluorochromes (fluorescein iso-
thiocyanate, phycoerythrin, peridinin chlorophyll protein,

allophycocyanin). After incubation at 2°C to –8°C for 20 to
30 minutes, the excess antibody was washed off with PAB,
and the cells were resuspended in 1% paraformaldehyde
fixative. The specimens then were run on the Becton Dick-
inson FACSort (3-color) or FACSCalibur (4-color) flow
cytometers. The data were collected using Becton Dickinson
Cellquest software.

Analysis of Data

Flow cytometric data were analyzed using Becton Dick-
inson Paint-A-Gate software. Cluster analysis was used to
identify normal and abnormal populations in the specimen.
For example, in 4-color staining, biologically different popu-
lations of cells are seen to cluster differently with respect to
the 6 parameters measured: forward and orthogonal light-
scatter properties and fluorescence in each of the 4 channels.
The blast populations could be identified based on their
forward and orthogonal light-scatter properties, in combina-
tion with staining for CD34, moderate staining for CD45
(especially in CD34– cases), or clustering in the CD33+,
CD15– region, distinct from monocytes ❚ Figure 1❚ . To deter-
mine the expression of specific antigens, the fluorescence of
a given population was compared with its staining with
isotypic antibody controls (light-scatter properties were used
to demarcate the same population in separate tubes). Internal
positive and negative control populations also were used for
comparison. A population was considered positive for a
specific marker if at least 10% of the cells showed fluores-
cence above the background isotypic control staining for the
same cell population.
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❚ Figure 1❚ Surface expression of CD38, CD45, CD33, and CD15 in transient myeloproliferative disorder (TMD) and acute
myeloid leukemia (AML) in Down syndrome. The dot plots show the surface expression pattern of the labeled antigens on
different population clusters from representative cases of TMD or AML. A, The blast population in red shows moderate CD45
positivity (similar to the granulocytes in green) and uniform CD38 expression (dimmer than the plasma cells in black). B, A
CD33+, CD15– blast population (with CD33 expression slightly dimmer than the monocytes in blue). Red, abnormal blast
population; green, granulocytes; blue, monocytes; black, plasma cells; gray, all other events in the specimen.
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Statistical Analysis

The Fisher exact test was used to compare expression of
markers between blast populations in the two disorders.

Results

Patient Demographics
The ages of patients with TMD ranged from 1 to 19

days (median, 4 days), whereas those with AML ranged
from 12 to 35 months (median, 22 months) ❚ Table 1❚ . There
were 6 boys and 3 girls with AML and 4 boys and 5 girls
with TMD. None of the cases of AML had a documented
history of TMD. None of the 4 cases of TMD with available
follow-up beyond the neonatal period developed acute
leukemia during the study (range of follow-up duration, 60-
427 days). One patient with TMD (TMD case 1) had an
atypical presentation and died on day 24 of life (see
“Discussion”).

Immunophenotypic Characteristics

Common Features
Table 1 delineates the expression pattern of representa-

tive markers on the blast populations in the AML and TMD
cases. Several similarities were observed between the

disorders (Table 1, Figure 1). Blasts were uniformly positive
for CD45, CD38 (Figure 1A), and CD33 (Figure 1B). The
level of expression of these markers was consistent with that
seen in normal myeloblasts and in most cases of non-DS
AML (Figure 1). The majority of cases also were CD34+.
Most cases were negative for the more mature myeloid
markers CD15 and CD16 (Figure 1B) ❚ Figure 2❚ .

❚ Figure 3❚ shows the expression of monocytic and
megakaryocytic markers in these cases. All tested cases
(17/17) showed CD36 expression (Figure 3A). CD36 posi-
tivity may denote erythroid, megakaryocytic, or monocytic
differentiation. However, there was no other immunopheno-
typic evidence of monocytic differentiation. The monocytic
marker CD14 was negative in all 18 cases (Figures 3B and
3C), and CD64 was negative in all cases (Figure 3A) except 1
AML case. Expression of the megakaryocytic markers CD41
and CD61 was observed in most cases (Figure 3C). The
expression of these megakaryocytic markers was uninter-
pretable in some of the cases (Table 1) owing to background
staining of granulocytes and monocytes (most likely due to
adherent platelets that may be seen in these disorders9). All
tested cases were CD71+. However, specific erythroid markers
were not evaluated in the antibody panels, and, therefore,
erythroid differentiation of the blasts could not be ruled out.

In addition to the expression of myeloid and megakary-
ocytic markers, blasts from 8 of 8 AML and 8 of 9 TMD

❚ Table 1❚
Immunophenotype of Acute Myeloid Leukemia (AML) and Transient Myeloproliferative Disorder (TMD) in Down Syndrome

Surface CD or HLA Antigens

Cases/Sex/ HLA–
Age* 45 38 33 34 13 11b 15 16 36 41 61 71 DR 14 64 7 56

AML
1/M/19 + + + – + + – – ND + + + + – – ND +
2/M/12 + + + + – + – – + ND – + – – – + –
3/F/22 + + + – + + – – + – – + – – – + –
4/F/31 + + + + + + – + + ND – ND + – – + +
5/M/35 + + + + + + – – + + + + – – – + –
6/M/20 + + + + + + – – + + + + + – – + +
7/F/26 + + + + + – – – + + + + – – + + +
8/M/22 + + + + + + – – + UI UI ND – ND – + –
9/M/13 + + + – + + – – + UI UI ND – – – + +

No. positive/ 9/9 9/9 9/9 6/9 8/9 8/9 0/9 1/9 8/8 4/5 4/7 6/6 3/9 0/8 1/9 8/8 5/9
No. tested

TMD
1/F/1 + + + + + + – – + + + + – – – – +
2/M/5 + + + + + + + – + + + ND + – – + –
3/F/1 + + + + – – + – + ND – + + – – + +
4/F/19 + + + + – – – – + + + ND + – – + –
5/F/10 + + + + – – – – + + + ND + – – + +
6/M/3 + + + + – – – – + ND – ND + – – + +
7/F/2 + + + + – – – – + ND UI ND – – – + +
8/M/4 + + + + – – – – + ND – ND + – – + +
9/M/4 + + + + – – – – + UI UI ND + – – + +

No. positive/ 9/9 9/9 9/9 9/9 2/9 2/9 2/9 0/9 9/9 4/4 4/7 2/2 7/9 0/9 0/9 8/9 7/9
No. tested

ND, not done; UI, uninterpretable; +, positive; –, negative.
* For AML, in months; for TMD, in days.
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cases showed aberrant expression of the T-lineage–associ-
ated marker CD7 ❚ Figure 4B❚ . Aberrant CD56 expression
also was noted on blasts of 5 of 9 AML and 7 of 9 TMD
cases ❚ Figure 4A❚ . The blasts in all cases were negative for
several T- and B-lineage–associated markers including
CD1a, CD3 (surface and intracellular), CD4, CD5, CD8,
CD10, CD19, CD20, CD22, and surface immunoglobulin.

In summary, the common characteristics of TMD and
AML in DS include expression of the myeloblastic markers
CD34, CD38, CD45, and CD33, along with megakary-
ocytic/erythroid antigens (CD36, CD41, CD61) and aberrant
expression of CD7 and CD56.

Differences
The major difference in the two groups was the expres-

sion pattern of myeloid-associated antigens CD11b and
CD13. CD13 is a myeloid antigen expressed as early as the

blast stage of normal development and is positive in most
cases of AML.10,11 In myeloid development, CD11b is a
marker of relative maturation and usually is expressed at and
beyond the promyelocyte/myelocyte stage.10

The typical pattern of CD11b and CD13 expression in
representative cases of AML and TMD is shown in Figure 2.
Blasts in 8 of 9 AML cases were positive for CD13 (Figure
2D); however, TMD blasts showed CD13 expression in only
2 of 9 cases (P < .02; Figure 2B). Differences also were
observed in CD11b expression, which was seen in 8 of 9
AMLs and only 2 of 9 TMDs (P < .02; Figure 2A). None of
the cases of AML were negative for both CD11b and CD13
(Table 1). Hence, the CD11b–CD13– pattern was observed
in 0 of 9 AMLs vs 7 of 9 TMDs (P < .002).

HLA-DR expression was observed in only 3 of 9 AML
cases vs 7 of 9 TMD cases. This difference was not statisti-
cally significant, but may be indicative of an expression trend.
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❚ Figure 2❚ Immunophenotypic differences in transient myeloproliferative disorder (TMD) vs acute myeloid leukemia (AML) in
Down syndrome. These dot plots represent typical cases of TMD (A and B) and AML (C and D). Blasts (red) in most cases of
TMD do not express the myeloid-associated antigens CD13 and CD11b, whereas AML blasts are typically positive for these
markers. In normal myeloid maturation, CD11b usually is expressed after the myeloblast stage (arrows). Six of 9 AML cases
were HLA-DR negative (D). Red, abnormal blast population; green, granulocytes; gray, all other events in the specimen. Black
arrows indicate pathway of normal granulocytic maturation.
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Discussion

TMD is characterized by proliferation of abnormal
myeloid blasts in the blood and bone marrow of infants with
DS that spontaneously resolves without therapy.3,4,12,13

Morphologically, it is very difficult to distinguish TMD from
AML.1,2 The age of manifestation is different for the two
disorders: TMD usually manifests during the first few days
of life and AML generally after 1 year of age.6 However, rare
cases may manifest in the overlapping age range. Some
hematologic and cytogenetic differences have been
described6,7; however, none of these features absolutely
distinguishes between the disorders.

Interestingly, a substantial percentage of infants with
resolved TMD later manifest AML that may show acquired
complex cytogenetic abnormalities.6,7 This has led to the
belief that TMD and AML may be related disorders and that
AML may represent a clonal evolution of a dormant, sponta-
neously remitted TMD. Indeed, TMD seems to be a clonal
disorder with spontaneous regression14; some investigators
have considered TMD to be a myeloid equivalent of other
childhood tumors that show spontaneous remissions such as
neuroblastoma.12

Very little has been published about the complex
immunophenotype of these disorders, especially using
modern multiparameter flow cytometry. Previous studies
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❚ Figure 3❚ Characteristic expression pattern of myelomonocytic and megakaryocytic antigens in transient myeloproliferative
disorder (TMD) and acute myeloid leukemia (AML) in Down syndrome. These are dot plots from representative cases of TMD
or AML. The blast population in red shows characteristic CD36 expression (A), but is negative for monocytic markers CD14 and
CD64 (A-C). The blasts are typically CD34+ (B) and show megakaryocytic markers (CD61; C). Red, abnormal blast population;
green, granulocytes; blue, monocytes; gray, all other events in the specimen.
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❚ Figure 4❚ Aberrant CD56 and CD7 expression in transient myeloproliferative disorder (TMD) and acute myeloid leukemia (AML)
in Down syndrome. These dot plots from representative cases of TMD or AML show aberrant expression of CD56 (A) and CD7
(B) on the blast (red) populations. Blasts do not express CD3 (B; compare with T lymphocytes in light blue). Red, abnormal
blast population; green, granulocytes; light blue, T lymphocytes; gray, all other events in the specimen.
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suggested that the abnormal blasts in TMD belong to the
megakaryocytic lineage, by virtue of expression of CD41 and
CD61 as well as electron microscopic platelet peroxi-
dase.5,15-19 These conclusions are corroborated by morphologic
studies that have reported cytoplasmic budding, circulating
micromegakaryocytes, and abnormal platelets.5,6 However,
other investigators also have shown expression of erythroid
surface markers (glycophorin A) and erythroid messenger
RNA,20,21 suggesting erythroid differentiation. Some authors
believe that the blasts represent precursor cells with a potential
for megakaryocytic, erythroid, and basophilic differentiation.
Hence, limited multiparameter flow cytometry of TMD and
AML in DS has revealed that the blasts have a mixed
immunophenotype with the expression of myeloid, megakary-
ocytic, and T-cell–associated antigens. However, no studies
have shown consistent significant differences between the
immunophenotypic characteristics of these two disorders.17

In the present study, a retrospective analysis of the
immunophenotypes of cases of TMD and AML in DS was
performed in an attempt to test whether the disorders had an
immunophenotypic relationship. In addition, we hypothesized
that if there are immunophenotypic differences, they may
potentially be helpful when the distinction is problematic.

We found 9 cases of TMD and 9 cases of AML in our
database from June 1994 through January 2000. The diag-
noses were confirmed by review of clinical and laboratory
data. All cases of TMD showed complete resolution of
peripheral blood blasts over time, except one (TMD case 1).
This case had several unusual features, including an
extremely high leukocyte count at presentation (329 ×
103/µL [329 × 109/L]; 80% blasts) with infiltration of blasts
into tissues and ascitic and cerebrospinal fluids. It was
thought that this case may potentially represent a congenital
leukemia, but it was classified as TMD, strictly on the basis
of reducing leukocyte and blast counts over time. The patient
died at 24 days of age due to cardiovascular malformations,
at which time the total leukocyte count had dropped to 37.9
× 103/µL (37.9 × 109/L) with circulating blasts.

There was no overlap in the age range of the patients in
this series (Table 1). The median age for TMD was 4 days,
and that for AML was 22 months, consistent with previous
reports. About 25% of patients with TMD are thought to
develop AML in later life7,13; however, none of the TMD
cases in this series developed AML during the period of the
study, and none of the AML cases had documented TMD at
an earlier age.

Immunophenotypic analysis of the cases revealed
striking commonality. Blasts in both TMD and AML cases
were CD38+, CD33+, and moderately CD45+ (Figure 1).
These antigens were expressed at levels expected in normal
myeloid blasts as well as in most cases of non-DS AML.11,22

Most cases were CD34+ and lacked the more mature

myeloid antigens CD15 and CD16, similar to normal
myeloblasts, although 3 of 9 AML cases showed aberrant
absence of surface CD34.

Of note, there were some immunophenotypic features
that were similar between the two disorders but fairly
uncommon in the setting of other myeloid neoplasms. All
tested cases of TMD and AML showed uniformly CD36+
blasts (Figure 3). Most of the cases did not express the
monocytic antigens CD14 or CD64. Taken together, these
features suggest megakaryocytic or erythroid differentiation.
The majority of the cases showed CD41 and CD61 expres-
sion (Figure 3), consistent with megakaryocytic differentia-
tion, as has been described in previous studies.15 These cases
showed a moderate level of CD71 expression that is more
typical of nonerythroid AMLs compared with the bright
CD71 expression seen in true erythroid cells (unpublished
observations). However, our antibody panels did not include
definitive erythroid markers, and, thus, concomitant
erythroid differentiation, as has been suggested in previous
reports,21 cannot be ruled out.

Apart from the evidence of megakaryocytic differentia-
tion, blasts in TMD and AML also showed aberrant expres-
sion of CD56 and the T-cell–associated antigen CD7 (Figure
4). CD56 expression is seen in a minority of AML cases.23

We also have observed CD56 expression on granulocytes and
monocytes in people with DS who are hematologically
normal or have diagnoses other than TMD or AML (eg, acute
lymphoblastic leukemia; unpublished data). Hence, this is a
fairly nonspecific but characteristic finding. CD7 is expressed
in about 12% of pediatric AML cases24 and in less than a third
of adult AML cases.23,25 The virtual uniformity of this finding
in TMD and AML in DS is interesting and has been reported
in the past as well.5,17 Contrary to the findings of one previous
study, we did not see expression of other T-cell–associated
markers such as surface or intracellular CD3.17 We cannot
explain the differences in these observations, but they may be
due to the more precise characterization of the blast popula-
tion using cluster analysis. Our data suggest a relationship
between these two disorders; TMD in DS may represent a
clonal, neoplastic proliferation of abnormal myeloblasts with
a characteristic aberrant phenotype, similar to that of AML.

Despite the distinct immunophenotypic similarities of
TMD and AML, there were statistically significant differ-
ences in the groups. The major difference was in the expres-
sion of CD11b and CD13. CD13 is expressed on normal
myeloblasts at an early stage of development and can be
observed in most neoplastic myeloid proliferations.22-24

However, this marker was expressed in only 2 of 9 TMD
cases vs 8 of 9 AML cases. CD11b, a more mature myeloid-
associated antigen not found on normal myeloblasts or in
most cases of AML, was expressed in 8 of 9 AML cases in
DS vs only 2 of 9 TMD cases. TMD case 1 was one of the
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cases that deviated from the usual pattern. This case may
represent a congenital leukemia, as discussed previously.
Differences in CD13 and CD11b expression are corroborated
in one previous report17; however, in that study there were
insufficient cases to achieve statistical significance. In addi-
tion to CD13 and CD11b, we observed minor differences in
HLA-DR expression that were not statistically significant.

The combined pattern of CD11b, CD13, and HLA-DR
expression potentially may be useful in rare cases that are
diagnostically problematic, such as our TMD case 1. In addi-
tion, the differences in the immunophenotype suggest that
although these disorders seem to be related, they may repre-
sent different stages of a similar process. It has been
suggested that dormant cells of a resolved TMD may
undergo clonal evolution to AML at a later time.12 A longitu-
dinal evaluation of a large number of cases would help deter-
mine whether immunophenotypic features of TMD are
predictive of eventual evolution into AML.

Our findings indicate that there are characteristic simi-
larities between the myeloid blast populations of AML and
TMD in DS, including immunophenotypic evidence of
megakaryocytic/erythroid differentiation and aberrant
expression of CD56 and the T-cell–associated marker CD7.
Despite these striking similarities that suggest a pathogenetic
relationship, there are distinct differences between the two
disorders, specifically in the expression patterns of the
myeloid-associated antigens CD11b and CD13. These differ-
ences raise some interesting possibilities about the biology of
these diseases and potentially may be helpful in the unusual
circumstance of a diagnostic dilemma.

From the Division of Hematopathology and Immunology,
Department of Pathology, University of Texas–Southwestern
Medical Center at Dallas.

Address reprint requests to Dr Kroft: Dept of Pathology,
5323 Harry Hines Blvd, Dallas, TX 75390-9073.

References
1. Miller RW. Persons with exceptionally high risk of leukemia.

Cancer Res. 1967;27:2420-2423.
2. Robison LL, Nesbit ME Jr, Sather HN, et al. Down syndrome

and acute leukemia in children: a 10-year retrospective survey
from Children’s Cancer Study Group. J Pediatr. 1984;105:235-
242.

3. Weinstein HJ. Congenital leukaemia and the neonatal
myeloproliferative disorders associated with Down’s syndrome.
Clin Haematol. 1978;7:147-154.

4. Iselius L, Jacobs P, Morton N. Leukaemia and transient
leukaemia in Down syndrome. Hum Genet. 1990;85:477-485.

5. Litz CE, Davies S, Brunning RD, et al. Acute leukemia and
the transient myeloproliferative disorder associated with
Down syndrome: morphologic, immunophenotypic and
cytogenetic manifestations. Leukemia. 1995;9:1432-1439.

6. Hayashi Y, Eguchi M, Sugita K, et al. Cytogenetic findings
and clinical features in acute leukemia and transient
myeloproliferative disorder in Down’s syndrome. Blood.
1988;72:15-23.

7. Homans AC, Verissimo AM, Vlacha V. Transient abnormal
myelopoiesis of infancy associated with trisomy 21. Am J
Pediatr Hematol Oncol. 1993;15:392-399.

8. Liang DC, Ma SW, Lu TH, et al. Transient myeloproliferative
disorder and acute myeloid leukemia: study of six neonatal
cases with long-term follow-up. Leukemia. 1993;7:1521-1524.

9. Brunning RD, McKenna RW. Acute Leukemias. Washington,
DC: Armed Forces Institute of Pathology; 1994:89-92. Tumors
of the Bone Marrow, Third Series, Fascicle 9.

10. Terstappen LW, Safford M, Loken MR. Flow cytometric
analysis of human bone marrow, III: neutrophil maturation.
Leukemia. 1990;4:657-663.

11. Terstappen LW, Safford M, Konemann S, et al. Flow cyto-
metric characterization of acute myeloid leukemia, II: pheno-
typic heterogeneity at diagnosis. Leukemia. 1992;6:70-80.

12. Zipursky A, Brown EJ, Christensen H, et al. Transient
myeloproliferative disorder (transient leukemia) and
hematologic manifestations of Down syndrome. Clin Lab Med.
1999;19:157-167, vii.

13. Avet-Loiseau H, Mechinaud F, Harousseau JL. Clonal
hematologic disorders in Down syndrome: a review. J Pediatr
Hematol Oncol. 1995;17:19-24.

14. Kurahashi H, Hara J, Yumura-Yagi K, et al. Monoclonal
nature of transient abnormal myelopoiesis in Down’s
syndrome. Blood. 1991;77:1161-1163.

15. Kojima S, Matsuyama T, Sato T, et al. Down’s syndrome and
acute leukemia in children: an analysis of phenotype by use of
monoclonal antibodies and electron microscopic platelet
peroxidase reaction. Blood. 1990;76:2348-2353.

16. Girodon F, Favre B, Couillaud G, et al. Immunophenotype of
a transient myeloproliferative disorder in a newborn with
trisomy 21. Cytometry. 2000;42:118-122.

17. Yumura-Yagi K, Hara J, Kurahashi H, et al. Mixed phenotype
of blasts in acute megakaryocytic leukaemia and transient
abnormal myelopoiesis in Down’s syndrome. Br J Haematol.
1992;81:520-525.

18. Suda J, Eguchi M, Ozawa T, et al. Platelet peroxidase-positive
blast cells in transient myeloproliferative disorder with Down’s
syndrome. Br J Haematol. 1988;68:181-187.

19. de Tar MW, Dittman W, Gilbert J. Transient myelo-
proliferative disease of the newborn: case report with
placental, cytogenetic, and flow cytometric findings. Hum
Pathol. 2000;31:396-398.

20. Ito E, Kasai M, Toki T, et al. Expression of erythroid-specific
genes in megakaryoblastic disorders. Leuk Lymphoma.
1996;23:545-550.

21. Ito E, Kasai M, Hayashi Y, et al. Expression of erythroid-
specific genes in acute megakaryoblastic leukaemia and
transient myeloproliferative disorder in Down’s syndrome.
Br J Haematol. 1995;90:607-614.

22. Terstappen LW, Loken MR. Myeloid cell differentiation in
normal bone marrow and acute myeloid leukemia assessed by
multi-dimensional flow cytometry. Anal Cell Pathol.
1990;2:229-240.

23. Venditti A, Del Poeta G, Buccisano F, et al. Prognostic
relevance of the expression of Tdt and CD7 in 335 cases of
acute myeloid leukemia. Leukemia. 1998;12:1056-1063.

24. Creutzig U, Harbott J, Sperling C, et al. Clinical significance
of surface antigen expression in children with acute myeloid
leukemia: results of study AML-BFM-87. Blood. 1995;
86:3097-3108.

25. Del Poeta G, Stasi R, Venditti A, et al. CD7 expression in
acute myeloid leukemia. Leuk Lymphoma. 1995;17:111-119.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/116/2/204/1758050 by guest on 16 M

ay 2023


