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Background and Objective. T-cell acute lymphoblastic
leukemia (T-ALL) and lymphoblastic T-cell non-Hodg-
kin’s lymphoma (T-NHL) are closely related disorders,
and distinguishing between the two may be difficult.
Cytogenetic investigations of large NHL series report-
ed different recurring chromosomal alterations.
Among these, aberrations of chromosome 1p seem to
be associated with T-cell differentiation, the region
most frequently involved in breakpoints being band
1p32-36. Deletions and translocations involving the
same chromosomal region are frequently observed in
T-ALL, in which one of the most common genetic
changes is the breakage of the TAL1 gene, mapped
to the 1p32 chromosomal region. The objective of this
study was to assess the possibility of TAL1 involve-
ment also in T-NHL.

Design and Methods. A series of 17 pediatric T-NHL
patients was molecularly characterized by micro-
satellite markers analysis and by TAL1 gene micro-
deletions.

Results. TAL1 gene rearrangement was found in one
case, while loss of heterozygosity (LOH) and micro-
satellite instability (MI) was identified in another
case.

Interpretation and Conclusions. Overall our findings
indicate that, differently from T-ALL, neither TAL1
gene involvement nor LOH or MI at 1p32 appear par-
ticularly relevant in the oncogenic process of T-NHL
transformation.
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T -cell acute lymphoblastic leukemia (T-ALL)
and lymphoblastic T-cell non-Hodgkin’s lym-
phoma (T-NHL) are closely related disorders

and although T-ALL cells are more often similar to
the early stages of thymocytes than T-NHL cells,
there is a considerable overlap between these two
disorders.1,2 Morphology, ultrastructure and immu-
nocytochemistry do not allow us to distinguish them

and even clinically, a clearcut discrimination between
T-ALL and T-NHL is not evident.3 In fact, T-NHL is
usually differentiated from T-ALL by minimal or
absent bone marrow and peripheral blood involve-
ment, normal white blood cell count, normal hemo-
globin levels and lack of organomegaly. Because this
distinction does not apply in every case, a presence of
less than 25% of blasts in the bone marrow is cur-
rently used to define T-NHL from T-ALL.4

Cytogenetic investigations of large NHL series
reported abnormal karyotypes, often with complex
abnormalities, in about 85% of tumors. Chromo-
some 1p aberrations both as structural and numer-
ical abnormalities were found to be one of the most
frequently occurring aberrations among T-cell neo-
plasias. The most frequent 1p breakpoints involve
band 1p32-36.5 Interestingly, both deletions and
translocations frequently observed in T-ALL involve
this same chromosomal region,6 the most common
genetic change observed being a 90 Kb deletion
resulting in fusion of the SIL promoter to the TAL1
gene.7-17 We performed molecular characterization
of the 1p32 region by microsatellite markers analy-
sis and of TAL1 gene microdeletions in a series of 17
children with T-NHL at diagnosis in order to evalu-
ate whether similar genetic changes might be respon-
sible for the oncogenic transformation in T-ALL and
T-NHL. Our findings indicate that, differently from
T-ALL, neither TAL1 gene deletions nor LOH or MI
at 1p32 appear to be particularly relevant in the
oncogenic process of T-NHL transformation.

Design and Methods

Patient population
Seventeen children with histologically confirmed

T-NHL, admitted to the Division of Pediatric Oncol-
ogy of the National Cancer Institute of Milan and
enrolled in the Institutional treatment protocol for
Childhood T-NHL, were included in the present
study. The main clinico-pathologic features are sum-
marized in Table 1. In all cases histologic diagnoses
according to updated Kiel18,19 and REAL20 classifica-
tions were carried out on buffered formalin-fixed,
paraffin-embedded tissue sections of 4 µm thickness
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stained with hematoxylin and eosin, Giemsa, PAS-
hematoxylin and Gomori’s silver impregnation.
Immunophenotype on conventional paraffin or on
cryopreserved tissue block sections was performed
using a modified-avidin biotin-peroxidase complex
(ABC) method (Vectastain ABC kit, Vector, Burlin-
game, CA, USA). A panel of monoclonal antibodies
was used to detect the T or B lineage and the stage
of differentiation of the neoplastic cells (CD2: Leu5b,
CD4: Leu3a, CD7: Leu9, CD8: Leu2a, CD10: Calla,
Becton Dickinson, Mountain View, CA, USA; CD3:
Leu4 and antiTdT, Dako, Glostrup, Denmark). The
staging procedures included careful clinical exami-
nation, chest X-ray and chest computed tomography
(CT) scan, abdominal ultrasonography and CT scan,
gallium and 99Tc scan, bilateral bone marrow biopsy
and aspirate and cerebrospinal fluid examination.
The extent of disease was indicated according to the
St. Jude’s Staging System.21

Molecular characterization of TAL1 gene
rearrangements

High molecular weight DNA from frozen tumor tis-
sues obtained at diagnosis before any treatment and
peripheral blood leukocytes (PBL) obtained during
remission as the normal counterpart, was extracted
according to standard techniques.22 Fifteen micro-
grams of tumor DNA were HindIII digested, size-frac-
tionated on 0.8% agarose gels, and transferred to
Gene Screen Plus hybridization transfer membranes
(Biotechnology System-Du Pont, Boston, Massa-
chusetts, USA) according to the manufacturer’s
method. TAL1 gene rearrangements were investigat-
ed using a 32P random labeled SILDB probe.17 Deter-
mination of the exact TAL1 deletion junction was per-
formed by PCR using SILDB and TALDB specific
primers as described elsewhere.23

LOH analysis of the 1p32 chromosomal region 
Analysis of the1p32 region was performed using

four highly informative microsatellite markers tightly
linked to the TAL1 gene. The relative position from
telomere to centromere is D1S211, D1S197, D1S200
and D1S220, TAL1 being localized between D1S197
and D1S200.24 DNA samples from tumors and PBLs
were amplified by PCR, separated and visualized on
ethidium bromide-stained non-denaturing 6% poly-
acrylamide gels according to the method described
by Watkins et al.25

Results
The clinicopathologic features of the 17 T-NHL

patients included in this study are summarized in
Table 1. Three cases presented with early phenotype
(Stage I TdT+, CD2, CD3 and CD7+; CD4, CD8–), 11
cases showed intermediate differentiation (Stage II
TdT+, CD2, CD3, CD7, CD4 and CD8+) and 3 had
mature lymphoblastic T-NHL (Stage III TdT-, CD2,
CD3, CD7 and CD4+; CD8–). No cases showed
immunoreactivity to CD10 or CD20 antibodies. Using

Southern blot analysis of HindIII-digested DNAs we
studied DNA samples derived from 17 T-cell NHL.
Rearranged bands were found only in the DNA from
case #17. PCR amplification by use of sense (SILDB)
and antisense (TALDB) primers showed perfect agree-
ment with the Southern blot analysis for all samples.
PCR product of case #17 was of 356 bp size, consis-
tent with a type 1 deletion (data not shown).17

To determine the presence of subkaryotypic abnor-
malities involving the same cytogenetic region (1p32)
where the TAL1 gene is mapped, polymorphic mark-
ers spanning this band were analyzed by PCR. Results
obtained with samples prepared from lymph node
(LN) samples at diagnosis were compared with cor-
responding untreated samples of peripheral blood
(PBL) obtained during remission. As summarized in
Table 2 this analysis detected 1p changes in 1 of the
17 cases analyzed (5.8 %). As shown in Figure 1, the
allelic pattern between the tumor and its normal
counterpart was consistent with LOH and microsatel-
lite instability in case #9.

Table 1. Clinico-pathological features of the 17 T-NHL cas-
es studied.

Case Sex Age Stage M-mass/ LDH Immuno- Outcome
no. BM involv. U/L phenotype

1 F 9.0 2 –/– 688 A 29 mos: nodal REL

2 M 15.6 2 –/– 139 B 11 mos: nodal REL
71 mos: EX

3 M 16.0 2 +/– 336 A 4 mos: testic. PRO
22 mos: leuk. PRO
23 mos: EX

4 F 4.0 3 +/– 260 C 32 mos: med. REL
44 mos: EX

5 M 4.0 3 +/– 714 B 17 mos: nodal REL
28 mos: AWD

6 M 5.8 3 +/– 284 B 94 mos: CCR

7 M 6.5 3 +/– 811 B 4 mos: leuk. PRO
8 mos: EX

8 M 7.5 3 +/– 590 B 61 mos: CCR

9 M 7.10 3 +/– 2057 A 5 mos: nodal PRO
8 mos: leuk. PRO
12 mos: EX

10 M 9.0 3 +/– 1307 B 7 mos: CCR

11 M 9.1 3 +/– 811 B 19 mos: CCR

12 M 11.6 3 +/– 352 C 75 mos: CCR

13 M 4.2 4 +/– 638 B 42 mos: leuk. PRO
62 mos: III CR

14 M 4.10 4 –/+ 379 B 8 mos: nodal PRO
11 mos: EX

15 M 5.1 4 +/+ 420 B 8 mos: CCR

16 M 11.1 4 +/+ 377 C 19 mos: CCR

17 F 11.9 4 +/+ 1181 B 72 mos: CCR

REL: relapse; M-mass: mediastinic mass; EX: dead;  MB: bone marrow;
PRO: progression; AWD: alive with disease; +: involved; –not involved; CCR:
continuous complete remission; A: early; B: intermediate; C: mature (29).
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Discussion
The identification of TAL1 rearrangements as a spe-

cific marker of T-ALL was first suggested in 1989 by
Kurtzberg et al., who described TAL1 alterations in 8
cases of T-ALL.27 Further studies confirmed that TAL1
rearrangements could be identified in a significant
proportion of cases of T-ALL both in adults and chil-
dren. The proportion ranged from 12 to 26% in the
different case series reported.13-17 The phenotype of
leukemic cells carrying TAL1 alterations corresponds
to the more mature (CD3+, CD4+, CD8+ separately or
in combination) stage of lymphocyte differentia-
tion.12,23 Furthermore, Breit et al.17 showed in their T-
ALL series that the TAL1 rearrangements were restrict-
ed to cells of the a/b lineage.

Limited information has been reported so far on the
occurrence of TAL1 gene rearrangements in T-cell
malignancies other than T-ALL.28,29 Although most of
the cases of T-NHL display an immunophenotype cor-
responding to intermediate and mature thymic matu-
ration stages,26 Kikuchi et al. did not find TAL1 gene
rearrangements in 18 T-NHL cases analyzed.28 More
recently TAL1 gene rearrangement was described in 3
out of 32 cases of cutaneous T-cell lymphoma.29 Our
findings confirm and further extend the observations
that despite the overlapping features between T-ALL
and T-NHL, TAL1 gene rearrangements are barely
detectable in T-NHL. The only case out of 17 patients
analyzed bearing a TAL1 deletion was stage IV T-NHL
with 8% bone marrow infiltration. In addition to TAL1
submicroscopic deletions, microsatellite markers
analysis at 1p32 was performed in T-ALL cases.23 Eight
of 22 T-ALL cases analyzed displayed LOH for at least
one of the following markers (D1S211, D1S197,
D1S200, D1S220) suggesting the existence of hot spot
rearrangement on the short arm of chromosome 1.23

When T-NHL cases were analyzed using the same
markers, allelic abnormalities were detected in only
one case, indicating that, although cytogenetically
similar, the involvement of 1p32 region involves dif-
ferent genomic sequences. In conclusion, genetic
lesions other than TAL1 and LOH or MI at 1p32 might
be responsible for T-NHL oncogenic transformation
and for the different spectrum of T-cell neoplasms
despite their similar presentation.
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Table 2. Microsatellite marker analysis of the 1p32 region.

microsatellite

Case D1S211 D1S197 D1S200 D1S220

1 – ni ni –
2 – – ni –
3 ni – – –
4 – – – –
5 ni – – ni
6 – – ni –
7 – – – –
8 – – – –
9 mi – + mi

10 ni ni – –
11 – – ni –
12 ni – ni –
13 – ni ni –
14 – – – ni
15 – – ni ni
16 ni – ni –
17 – – ni –

– constitutionally heterozygous; + loss of heterozygosity; ni: constitutionally
homozygous; mi: microsatellite instability.

Figure 1. Microsatellite band patterns in DNA extracted
from lymph node at diagnosis (T) of patient #9 compared
with those seen in DNA from peripheral blood leukocytes
(PBL) of the same patient during remission phase (N). The
allelic patterns were consistent with microsatellite insta-
bility for D1S211 and D1S220 (arrowhead) and with LOH for
D1S200 (arrow). 
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