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Virginia Ottaviano,1 Frederic Preffer,3 and Mario Petrini1

1 Division of Hematology, Department of Oncology, Transplants and Advances in Medicine, University of Pisa, 56126 Pisa, Italy
2 Department of Biochemistry and Medical Biotechnology, CEINGE Institute, Federico II University, 80145 Naples, Italy
3 Department of Pathology, Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114, USA

Correspondence should be addressed to Elisa Cannizzo, elisacannizzo@libero.it

Received 5 May 2011; Accepted 26 May 2011

Academic Editors: L.-M. Benjamin, K. Goetze, K. Konstantopoulos, and M. Singh

Copyright © 2011 Elisa Cannizzo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Acute undiffentiated leukemia (AUL) is an acute leukemia with no more than one membrane marker of any given lineage.
Blasts often express HLA-DR, CD34, and/or CD38 and may be positive for terminal deoxynucleotidyl transferase (TdT). The
expression of CD34, HLA-DR, and CD38 has been shown in pro-T-ALL, although in this case, blasts should also express
CD7 and cyCD3. However, some cases of T-ALL without CD3 in the cytoplasm and all TCR chain genes in germ line
configuration are reported, features that fit well with a very early hematopoietic cell. We report a case of acute leukemia
CD34+/−HLADR+CD7+CD38+cyCD3− in which a diagnosis of AUL was considered. However the blasts were also positive for
CD99 and TCR delta gene rearrangement which was found on molecular studies. Therefore a differential diagnosis between AUL
and an early cyCD3 negative T-ALL was debated.

1. Introduction

The distinction between Acute Undifferentiated Leukemia
(AUL) and early Acute Lymphoblastic Leukemia (ALL) is
complex and affects patient management options. AUL is an
acute leukemia with no more than one membrane marker
of any given lineage. It specifically lacks the T or myeloid
lineage specific markers cyCD3 and MPO, respectively, and
does not express B-lineage specific markers such as cyCD22,
cyCD79a, or CD19. The tumor also lacks specific features
of other hematopoietic lineages such as megakaryocytes or
plasmacytoid dendritic cells. Blasts often express HLA-DR,
CD34, and/or CD38 and may be positive for terminal
deoxynucleotidyl transferase (TdT). The blasts are negative
for myeloperoxidase and esterase [1]. The expression of
CD34, HLA-DR, and CD38 has been shown in pro-T-ALL,
although in this case, blasts should also express CD7 and
cyCD3 (Table 1) [2]. However, some cases of T-ALL without
CD3 in the cytoplasm and all TCR chain genes in germ line
configuration are reported, features that fit well with a very
early hematopoietic cell [3, 4]. We report a case of acute

leukemia where a differential diagnosis between an early
cyCD3-T-ALL and an AUL was debated.

2. Case Presentation

A 65-year-old man was admitted to the hospital in November
2008 with a few weeks history of dyspnea and purpura
with edema of the lower left limb. A complete blood count
revealed: White Blood Count 1, 8× 109/l, Hemoglobin 9 g/dL,
and Platelet Count 10 × 109/l. Manual differential showed
6% neutrophils, 66% lymphocytes, and 28% undifferentiated
blasts with nucleoli and intensely basophilic cytoplasm.
Splenomegaly and lymphadenopathy were present. Increased
values of lactic dehydrogenase (LDH) (4.480 IU/l, n.v. 250–
450) were registered. The bone marrow aspirate was hyper-
cellular with blasts of medium-large size, with nucleoli, with-
out cytoplasmic granules, and with occasional “hand mirror”
forms (Figure 1). Cytochemical assays showed negativity for
myeloperoxidase and α-naphthyl-acetate esterase and 20–
30% of blasts to be PAS positive. Immunohistochemistry
performed on the biopsy core showed that the tumor cells
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Table 1: T-ALL EGIL classification of T lineage acute lymphoblastic leukemia (T-ALL) modified by Szczepanski et al. [2].

MARKERS
Pro-T-ALL
(EGIL T-I)

Immature thymocyte
(EGIL T-II)

Common
thymocytic T-ALL
mCD3-(Cortical

T-ALL, EGIL T-III)

Common
thymocytic T-ALL
mCD3+ (Cortical

T-ALL, EGIL T-III)

Mature T-ALL
(EGIL T-IV)

TdT ++ ++ ++ ++ ++

HLA-DR + − − − −
CD34 + − − − −
CD1a − − ++ ++ −
CD2 + ++ ++ ++ ++

cyCD3 ++ ++ ++ ++ ++

CD5 − ++ ++ ++ ++

CD7 ++ ++ ++ ++ ++

CD4−CD8− ++ + − − −
CD4+CD8− − +/− +/− +/− +

CD4−CD8+ − +/− +/− +/− +/−
CD4+CD8+ − − + + +/−
mCD3 − − − ++ ++

TcRαβ − − − 60–70% 60–70%

TcRγδ − − − 30–40% 30–40%

<10% of the leukaemias are positive; +/−: 10–25% of the leukaemias are positive; +: 25–75% of the leukaemias are positive; ++: >75% of the leukaemias are
positive.

were CD79a-PAX5-CD68-MPO-CD3-CD7+CD34−. These
results supported the diagnosis of leukocytosis of uncertain
histologic origin. Flow cytometry was carried out by means
of a FacsCanto II cytometer (Becton Dickinson) and samples
were stained with fluorochrome-conjugated monoclonal
antibodies (FITC, PE, PerCP, PE-Cy7, APC, and APC-
Cy7) to the following antigens: CD3, cyCD3, CD2, CD7,
CD1a, CD4, CD8, CD5, CD16-56, TCRαβ, TCRγδ, CD19,
CD20, CD22, CD23, FMC7, CD10, CD38, CD45, K and
λ immunoglobulin light chains, cyCD22, cyCD79a, CD34,
CD99, HLA-DR, CD117, CD33, CD13, MPO, CD45RA, and
CD45RO. Data were collected and analyzed by FacsDiva
software (Becton Dickinson). The blasts were positive for
CD34+/−HLA-DR, CD7, CD99, CD38 (Figure 2), CD45RA,
CD10+/−, and CD4 (not shown). Conventional cytogenetics
performed on the bone marrow revealed a 47, XY karyotype
with trisomy of chromosome 8 (47, XY, +8). T-cell receptor
(TCR) delta gene rearrangements studies by polymerase
chain reaction (PCR) showed the presence of a clonal TCR
rearrangement and therefore a clonal T-cell population.

3. Discussion

The expression of CD34, HLA-DR, and CD7 has been shown
in pro-T-ALL, although in this case, blasts should also
express cyCD3 (Table 1) [2]. In AUL, blasts often express
HLA-DR, CD34, and/or CD38 (1). In this case report the
blasts were CD34+/−HLA-DR+CD7+CD38+cyCD3− such
that a diagnosis of AUL was considered. However the
blasts were also positive for CD99 and a TCR delta gene
rearrangement, which was obtained from molecular studies.

Figure 1: Blasts appear of medium large size, with nucleoli, without
cytoplasmic granules.

Thus, a differential diagnosis between an AUL and early
cyCD3 negative T-ALL was considered.

Nishi et al. reported some cases of c-kit+ T-ALL without
CD3 in the cytoplasm, and all TCR chain genes in germ
line configuration, features that fit well with a very early
hematopoietic cell [3]. Quintanilla-Martinez et al. also
reported three cases of prethymic lymphoblastic lymphoma
which resulted TdT+, HLA-DR+, CD34+, CD71+, CD38+,
and CD7+, most resembling the normal prothymocyte.
The prethymic T-cell character was further supported by
germline T-cell receptor and chain genes [4]. In our case the
blasts expressed CD99, which was reported as the most useful
antigen to indicate the precursor nature of T lymphoblasts
[5]. CD99 is intensely expressed in the earliest maturational
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Figure 2: Blasts are shown in blue, lymphocytes in violet. Blasts are CD34+/−CD7+HLA−DR+CD38+CD99+CD3−cyCD3−
CD19−CD20−.

stages of the myeloid and the lymphoid lineages. Dworzak
et al. speculated that normal and leukemic cells could be
distinguished in bone marrow and peripheral blood based on
CD99, since maturation-related CD99 overexpression should
be nonexistent or extremely rare on T cells outside the thy-
mus [5]. Considering that normal bone marrow and/or early
thymic cells are CD34+CD7+cyCD3− and are able to differ-
entiate into myeloid and lymphoid cells [6, 7], the expression

of CD7 and CD99 together on blasts negative for cyCD3
might be indicative of an earlier T-ALL than that of pro-
T-ALL. To support this hypothesis, Kawamoto et al. pro-
posed a new model of hemopoiesis where, a common myeloid-
lymphoid precursor was recognized [8]. Cytogenetic and mo-
lecular studies could be helpful in conjunction with immu-
nophenotype to confirm the T lineage of such leukemia.
In this regard, our patient showed a TCR delta gene
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rearrangement. As reported in literature, CD7+ early T-
cell acute lymphoblastic leukemia (T-ALL) shows a delta
gene rearrangement, which occurs earlier than expression
of cyCD3 epsilon protein products [9, 10]. Kimura et al.
observed that DDJ delta rearrangements have never been
observed in non-T-cell malignancies, such as precursor-
B-ALL or acute myeloid leukemia [10]. Thus, TCR delta
gene rearrangements studies represent a useful tool to es-
tablish lineage and clonality of leukemic cells in the most
immature stages of T-cell development [10]. While anecdo-
tal experience generally considers AUL to have a poor prog-
nosis, information is too scanty to make any definitive state-
ments about clinical features or outcome. T-ALL often
presents with a large mediastinal mass or other tissue mass.
Lymphadenopathy and hepatosplenomegaly are common.
Our patient presented at diagnosis with lymphadenopathy
and splenomegaly. Patients with ALL should have a lumbar
puncture to exclude or confirm an involvement of the CNS
with leukemia. All treatment protocols for ALL include a
prophylaxis to the CNS by administrating drugs (e.g., me-
thotrexate) to the intrathecal space [11]. Our patient did
not have CNS involvement but achieved complete remission
following an ALL type treatment, thus supporting our diag-
nostic hypothesis. In conclusion, the immunophenotypic
study of a large number of T-ALL cases, in conjunction with
associated clinical features, cytogenetic and molecular stud-
ies, would be helpful in differential diagnosis with AUL
and might contribute to the choice of the most appropriate
treatment and management for these patients.
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[5] M. N. Dworzak, G. Fröschl, D. Printz et al., “CD99 expression
in T-lineage ALL: implications for flow cytometric detection
of minimal residual disease,” Leukemia, vol. 18, no. 4, pp. 703–
708, 2004.

[6] C. M. deCastro, S. M. Denning, S. Langdon et al., “The c-kit
proto-oncogene receptor is expressed on a subset of human

CD3-CD4-CD8- (triple-negative) thymocytes,” Experimental
Hematology, vol. 22, no. 10, pp. 1025–1033, 1994.

[7] E. S. Jaffe, N. L. Harris, H. Stein, E. Campo, S. A. Pileri, and S.
H. Swerdlow, “Introduction and overview of the classification
of the lymphoid neoplasms,” in WHO Classification of Tumors
of Haematopoietic and Lymphoid Tissues, S. H. Swerdlow, E.
Campo, N. L. Harris et al., Eds., p. 162, International Agency
for Research on Cancer, Lyon, France, 4th edition, 2008.

[8] H. Kawamoto, H. Wada, and Y. Katsura, “A revised scheme for
developmental pathways of hematopoietic cells: the myeloid-
based model,” International Immunology, vol. 22, no. 2, pp. 65–
70, 2010.

[9] M. Nagano, N. Kimura, T. Akiyoshi et al., “T-stem cell leu-
kemia/lymphoma with both myeloid lineage conversion and
T-specific δ recombination,” Leukemia Research, vol. 21, no. 8,
pp. 763–773, 1997.

[10] N. Kimura, T. Akiyoshi, T. Uchida et al., “High prevalence of T
cell receptor Dδ2(Dδ)Jδ rearrangement in CD7-positive early
T cell acute lymphoblastic leukemia,” Leukemia, vol. 10, no. 4,
pp. 650–657, 1996.

[11] R. Munker and V. Sakhalkar, “Acute lymphoblastic leukemia,”
in Modern Hematology: Biology and Clinical Management, R.
Munker, E. Hiller, J. Glass, and R. Paquette, Eds., p. 182,
Humana Press, Totowa, NJ, USA, 2007.


	Introduction
	Case Presentation
	Discussion
	Acknowledgments
	References

