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Abstract

TAL1 disruption at 1p32 [del(1p)] is a common rearrangement in the development of T-cell acute lymphocytic leukemia (T-ALL). The
del(1p) are usually interstitial 90 kb deletions placitAl_1 under control of the SCL interrupting locuS ) gene forming the&l L-TAL1
fusion product. A reverse transcriptase real-time PCR assay to qu&htHyAL1 fusion genes is described. 3L-TAL1 fusion gene
RNA transcript was built that permitted absolute standard curves to be generated. Sensitivity of the RT-PCR assay was determined to be
10 cells (CEM cell line) in 1®human lymphocytes. Peripheral blood lymphocytes from 10 healthy adults and 10 neonates were assayed.
None of the samples showed a8y —TAL1 expression. However, when lymphocytes from three adults were cultured in vit8i tHEAL 1
transcript was detectable in the RNA isolates. RlG2 expression was detected in these expanded samples, suggesting that the clones
bearing theSIL-TAL1 fusion gene may have existed at low levels prior to the ex vivo expansion.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction transcriptase (RT)-PCR method for the detection of all

TAL1 and novelTAL1 deletion variants has been described

TAL1 is a positive regulator of erythroid differentiation [9]. This RNA-based method, however, is not quantitative.

[1] and normal expression of th&L1 gene occurs in A quantitative method for measurif@L-TAL1 fusion gene
hematopoietic, endothelial and brain tissyg&$. Within transcripts would be desirable for the detection of minimal
the hematopoietic system a lineage restricted expression ofresidual disease in T-ALL. Such an assay could also be
TAL1 occurs in erythroid, mast, megakaryocytes and pro- used for the specific detection of aberrant V(D)J recombi-
genitor cells[3], but not in T cells[4]. Disruption of the nase activity at these genes. Such aberrant activity has been
TAL1 gene on chromosome 1p32 [del(1p)] is a common related to the induction of lymphomas and lymphocytic
rearrangement in the development of T-cell acute lympho- leukemias and is currently assessed by a semi-quantitative
cytic leukemia (T-ALL) [5]. Approximately 25% of all ~ DNA-based assay for inversion-(j)0,11]
childhood T-ALLs bear specifitAL1 gene rearrangements Translocation t(14;18), between tHBCL-2 proto-onco-
[6]. These 90kb interstitial deletions place the coding part gene and JH immunoglobulin gene region, has been de-
of the TAL1 gene under the control of the first non-coding tected at low frequencies in the blood of healthy individuals
exon of the SCL interrupting locusSiL) gene. Aberrant  [12-14] MLL-AF4 fusion gene transcript [t(4,;11)] expres-
V(D)J recombinase activity is thought to be responsjile sion has been reported in presumably healthy individuals
resulting in a gain of function mutation in T-ALL. These [15], although there exists some controversy over this report
tumor-specific rearrangements cannot be detected cytoge{16,17] Very low frequencies of the Philadelphia chromo-
netically [8]. To solve this problem, a conventional reverse some, t(9;22), involving the breakpoint cluster regibor}

and theabl gene, have also been reported in healthy individ-
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on part of our on-going efforts to determine if other types (Qiagen). First strand cDNA was produced using meth-
of translocations are also present in peripheral blood lym- ods described20] with the following modifications. RNA
phocytes. (5 ,g) was primed with 100 ng of TAL1-E3 primefdble J)

A recently described DNA-based assay for the detection (MWG Biotech), 0.5mM dNTPs (Roche), five units of
of SL-TAL1 deletions (type | and Il splice variants) is re- Stratascrip? reverse transcriptase (Stratagene), and one unit
portedly capable of detecting 1 leukemic cell in 100,000 of RNase inhibitor (Eppendorf) for 50 min at 4¢ followed
normal cells using a first round PCR followed by real-time by 5min at 95C. From the initial cDNA strand, a smaller
PCR for quantificatiorj19]. However, as a fusion gene is double stranded DNA product was generated using PCR
likely to express more than one copy of the fusion mRNA, primers SIL-A and TAL1-B. PCR conditions were as de-
an assay detecting mRNA is likely to be more sensitive than scribed[20] and produced several different sized products,
one utilizing genomic DNA. In additiondL-TAL1 detec- one of them being a 371 bp fragment. This type Il splice
tion by RT-PCR is preferable as all deletion variants can be variant PCR product was cloned into a pER1-TOP®
detected with a single set of primd0]. plasmid (Invitrogen).

In this report, we describe the development of a sensitive  To determine which plasmids contained a correctly ori-
RNA-based real-time RT-PCR system for the detection of entated and sized insert, colonies were screened as follows.
SL-TAL1 fusion transcripts. This assay was then used to de- Using the M13 forward-{20) primer which is just 3to the

termine the background frequency, if any, of ®&-TAL1 T7 promoter sequence of the plasmid, an@i*h 1-specific
fusion event in human peripheral lymphocyte popula- reverse primer (TAL-D), 1ul of the overnight culture was
tions. As the interstitial deletions which generefd — directly assayed with a 300 PCR (dNTPs, 30ng of for-

TAL1 are thought to be mediated by the illegitimate ward and reverse primer, and two units of AmpliT¥cpoly-
activity of V(D)J recombinase, cord blood lymphocyte pop- merase (Applied Biosystems) with the supplied buffer (A).
ulations from neonates were also examined. Three of theReactions were cycled 35 times (9@ for 30s, 60C for
adult samples were cultured in vitro and aliquots of the 30s, and 72C for 1 min). Cultures that generated a correctly
expanding T-cell populations were assayed. After 7 days of sized product (266- 112 bp of flanking plasmid sequence)
expansion3L-TAL1 fusion gene transcripts were detected were selected. Isolated plasmid DNA was sequenced by au-
in RNA extracted from these expanded samplRAG2 ex- tomated fluorescent sequencing and the sequences compared
pression was also assayed in these expanded samples, butith the publishedd L-TAL1 fusion product sequence (SIL
none was found, which potentially indicates that the detected exon la (M74558)TAL1 exons llI-VI (S53245)). A single
SIL-TAL1 fusion events pre-existed in the original lympho- error-free plasmid was subsequently used to generate runoff
cyte populations. To the best of our knowledge, this is the RNA transcripts.
first indication that this fusion event might exist in healthy Large amounts of runoff RNA transcripts were pro-
individuals. TheSIL-TAL1 transcript copy number was also  duced using the MegaShortScfifft T7 kit following the
determined for the commonly used standard, the CEM cell manufacturer’s directions (Ambion). To eliminate contam-
line. inating plasmid DNA, the runoffs were processed through
a Qiagen RNA minicolumn and the product was then re-
stricted withHaelll (several sites exist between the real-time

2. Methods primers), then treated with DNase |, and passed through

a second RNA minicolumn. Real-time PCR (below) was
2.1. Construction of SIL-TAL1 plasmid and used to directly screen the runoff RNA transcripts to ensure
RNA runoff transcripts that no residual plasmid DNA remained. Quantity of the

runoff transcript was initially determined by spectropho-
RNA was extracted from the CCRF-CEM (CCL-119, tometry and then confirmed using a RiboGrEénRNA
ATCC) cell line (1x 10’ cells) using a RNA minicolumn  quantification kit (Molecular Probes).

Table 1

Sequences of the primers used for reverse transcription and real-time PCR reaction

Primer code 5Position (size) Sequence’{8) Reference
TAL1-B 384 (18) CGCGCCCAGTTCGATGAC [20]

TAL1-E3 451 (19) CGTCGCGGCCCTTTAAGTC [20]

TAL1-D 280 (18) CCGCGTCCCGTCCCTCTA [20]
TAL1-D-R 281 (17) Reverse CGCGTCCCGTCCCTCTA This study
SIL-A 82 (21) Forward TCCCGCTCCTACCCTGCAA [20]
SILTAL1-D 231 (21) Detection GCGGCCGCTCGGTCATCCT This study
hRAG2-F (20) ATACCTGGTTTAGCGGCAAA [27]
hRAG2-R (22) GCCAGCCTTTTTGTCCAAAGAA [27]

5'-Positions are as noted by van Dongen et{20].
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2.2. Design of real-time primers

577

2.4. Sandard curves

Real-time PCR primers were manually designed and Standard curves were prepared using serial dilutions of
then tested using Primer Express Software. Guidelinesthe SL-TAL1 fusion gene RNA runoff transcripts, ranging

for primer design were as suggested by Applied Biosys-

tems. PCR primers originally designed by van Dongen

et al. [20] met these requirements and were used, ex-

cept that one 5 cytosine residue was removed from
primer TAL1-D and renamed TAL1-D-RT@ble 1. Thus,
PCR primers SIL-A and TAL1-D-R are able to de-
tect the three different splice variants as originally de-
scribed[20]. PCR primers were proofed using the selected
SL-TAL1 fusion gene plasmid. A TagMaM probe
(SILTAL1-D) was designed such that it anneals to the
5'-end of TAL1 exon IV. The probe was labeled with the
VIC™ and 6-carboxytetramethylrhodamine (TAMRA)
dyes (Applied Biosystems). Probe labeled with 6-carboxy-
fluorescein, succinimidyl ester (FAM) was obtained later
as this dye was considerably less expensive (MWG
Biotech). Primer and probe concentrations were opti-
mized following the manufactures directions (Applied Bio-
systems).

2.3. Reverse transcription and real-time PCR

First strand cDNA, generated from runoff RNA tran-

from 50 ng to 50fg per RT reactions, with Qu§ of back-
ground RNA. RT reactions were prepared in replicates for
each standard curve point. To determine the limit of the
assay'’s sensitivity two additional standard curves were pre-
pared. For the first, whole RNA was obtained from a series
of limiting dilutions placing 10! to 10* CEM cells into
10° freshly obtained human lymphocytes. This situation
more closely resembles the real-life situation of a leukemic
clone contained within a normal population of cells. A
second standard curve mixed cell equivalence amounts of
RNA (4.0 pg of whole RNA per resting T-cell) at 5000,
500, 50, 5 and 0.5 CEM cells in a background of a million
cells (RNA equivalents, 4g of human colon RNA). These
RNA mixtures were then assayed by RT-PCR.
Beta-2-microglobulin 2MG) mRNA expression was
used as a standardization gene, and permitted RNA quantifi-
cation and efficiency of the RT reaction to be determined.
Primers forg2MG PCR were as previously describgl].
A B2MG RT primer was added to each RT cocktail mixture,
and subsequently, ajd portion of the cDNA cocktail was
added to a real-time PCR assay. Briefly that assay contained,;
10wl universal master mix () (Applied Biosystems),

scripts, was used to construct a standard curve for 60ng each of the forward and reverse primers, and 6 ng of a

SIL-TAL1 fusion gene expression. To more closely mimic
a real-life reaction, human total RNA (Stratagene) was
also added to the reactions (@.§/20ul reaction). RT
reaction cocktails (& buffer, 0.5mM dNTPs, one unit
of RNase inhibitor, five units of StratascfptRT, 5ng
TAL1-B and 5ng B2MG RT primer (described below)
in a 20pl volume) were incubated at 2& for 5min,
42°C for 50min, and finally 95C for 5min. Random

2/, 7-dichloro-6-carboxy-4,7-dichlorofluorescein (TET) and
TAMRA-labeled probe (Operon). Theg2MG Ct values
determined the actual amount of RNA assayed. Reported
SIL-TAL1 values are corrected for that amount of RNA.

2.5. V(D)J recombinase RAG2 expression assay

A cDNA mixture was prepared as detailed above, but

hexamers can also be used instead of these two sped20ng of random hexamer (Gibco-BRL) was used to prime

cific primers, but the TAL1-B primer did provide smaller
Ct values, indicating better RT efficiencies (data not
shown).

Real-time PCR reactions usingub of the completed

RT reaction were performed as directed by the manufac-

turer with the following modifications. Reaction volumes
were decreased from 50 to g0 to economize reagent
use. PCR primers TAL1-D-R and SIL-A were added at
100 ng each, while the SILTAL1-D TagM&W primer was

just 10ng (again this economized the expensive probe).

Reactions were then subjected to 5min at'G0 10 min
at 95°C, followed by 45 cycles of 95C for 15s and
60°C for 60s. Data was collected using an ABI Prism
7700 real-time PCR machine and analyzed with Applied

the mRNA molecules. A single round of conventional PCR
was used to dete®AG2 cDNA molecules. The 2l reac-

tion contained 2.l of the cDNA reaction, 100 ng of forward
and reversdRAG2-specific PCR primersT@able 1, 0.8 mM
dNTPs, one unit of AmpliTa! Gold with 1x supplied
buffer. An initial 95°C for 5 min melting step was followed
by 35 rounds of 60, 72 and 9&, each for 30 s. After com-
pletion, 5ul of the reaction was loaded into a 0.75% ethid-
ium bromide stained agarose gel. A 200 bp product indicated
that there wafRAG2 expression.

2.6. Cdlsand cdll culture

Human cell lines were obtained from ATCC and grown

Biosystems sequence detection software (Version 1.7).as directed. Total cellular RNA was prepared using Qiagen
After analysis, real-time PCR data can be expressed asRNA minicolumns and assayed for the expression of the
cycle thresholds (Ct) which are determined by the soft- SIL-TAL1 fusion genes, th82MG gene and th®AG2 gene.
ware. Where Ct data is not presented, the software anal-The Reh cell line was used as a positive control for the ex-
ysis package has been utlized to generate the valuespression of thdRAG2 gene and was not tested faIL—TAL1
shown. expression. RNA samples from 10 healthy adults and 10



578 J.D. Curry, M.T. Smith/Leukemia Research 27 (2003) 575-582

neonates were obtained from the Ficoll separated mononu-tween standard curves prepared in different experiments

clear cell (MNC) fraction of whole blood collected under an (likelihood ratio test:X? = 0.31, df. = 2, P = 0.81).

IRB approved human subjects protocol. Additionally, three

of the aforementioned adult MNC samples (approximately 3.2. Sensitivity of the assay

20 x 1P cells) were stimulated with phytohemagglutinin

(PHA; 0.25pg/ml, Wellcome Diagnostics) and interleukin-2  Detection sensitivity of the RT-PCR assay was determined

(IL-2) (five units/ml, Gibco-BRL) in RPMI 1640 with 10%  ytilizing two distinct methods. The first method placed sev-

fetal bovine serum. The expanding T cells were cultured eral known amounts of isolated CEM cell line RNA (Con-

for 9 days, and samples for RNA preparation withdrawn at tajining theSIL-TAL1 fusion gene transcript) into the RNA

days 3, 5, 7 and 9. RNA samples were demonstrated to beequivalent of one million cells. Each point consisted of three

free of potential DNA contamination by directly perform-  independent RT-PCR reactions. By way of comparison, an

ing real-time PCR on them. These samples were then as-dentical experiment was performed, but without adding the

sayed forSL-TAL1 fusion gene expression as described, background RNA to the RT reaction. Effects of the back-

but in a larger RT reaction volume (1Q®) containing 59 ground RNA can be seen iRig. 2, where the Ct values

of RNA. for each of the four points were significantly (as noted by
non overlapping standard errors) decreased as compared to
the identical reactions containing the®1€ells RNA back-

3. Results ground. In both cases the last point, containing five CEM
cell RNA equivalents was detectable, however, only one of
3.1. Generation of a standard curve the three identical reactions produced a detectable signal.

This indicates the sensitivity of the assay as determined with
Real-time RT-PCR assays are a rapid and accuratethis methodology.

method for the quantification of fusion gene transcripts. The other method that was employed to determine the
Accurate standard curves are essential for the precise quanassay’s sensitivity was to mix resting human lymphocytes
tification of gene expression when employing any real-time with known numbers of CEM cells. RNA was then extracted
PCR method. Extremely significaBtL—TAL1 fusion gene and assayed. This method closely resembles the first method,
standard curvesR? = 0.99, df. = 25, P < 0.000001) but now also accounts for the RNA extraction process. RNA
were generated using the constructed runoff RNA tran- yields from resting lymphocytes were noted to be very low,
scripts €ig. 1). The reproducibility of the assay described and great numbers of lymphocytes had to be used to obtain
was demonstrated as there was little or no difference be-suitable amounts of RNA for each standard curve point. For
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Fig. 1. Linear regression analysis yielding the standard curve foiStheTAL1 fusion gene runoff transcripts. Mean Ct values are indicated by bars
with standard errors (whiskers). Each point is the mean of results taken from four identical RT-PCR reactions. The line demonstrates a high level of
significance with arR? value of 0.99, d. = 25 and P < 0.000001.
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Fig. 2. Detection limits of the RT-PCR assay for tB#-TAL1 fusion gene. CEM RNA was either mixed into background RNA (dashed, and short
bars) equal to 10cells or not (solid, and wider bars). Mean Ct values are indicated by bars with standard errors (whiskers). Each point is the mean of
results obtained from three identical RT-PCR reactions. The RNA equivalent of five CEM cells, bearing a toteBbfBAL1 fusion genes could be
detected. A zero cell control is not shown as no Ct values could be obtained from such a control.

this reason, this methodology was not used further to teststimulated in the @ state. Of the 10 cord blood samples
the resolutionFig. 3 shows the real-time data generated by assayed, none were found to express any detectable amount
this method, where 1 CEM cell in a background population of the fusion gene.

of 10° resting lymphocytes was detectable.

3.5. Effect of lymphocyte expansion on SIL-TAL1
3.3. SL-TAL1 expression in the CEM human cell line transcript detection

Minor differences in the RNA amounts assayed, due ei-  Lymphocytes from three of the previously screened adults
ther to measurement (by spectrophotometer) or pipette er-were grown in culture under PHA and IL-2 stimulation, pro-
ror, were accounted for by standardization againspeG moting the rapid expansion of the T cells. A 10-fold increase
gene. Identical amounts of human colon RNA were repeat- in the population sizes was noted after 9 days of culture
edly assayed in each experiment and the results COﬂSiStenﬂXdata not shown)_ Samp|es of the cultures taken at days 0,
yielded the sam@2MG Ct values (184 + 0.07). 5, 7 and 9, were subjected to real-time RT-PCR analysis of

The molecular weight of th8IL-TAL1 fusion gene RNA 9| —TAL1 expression. None of the 0- or 5-day cultures dis-
transcript including the flanking plasmid sequences (inser- played any expression of fusion gene. However, after 7 and 9
tion site toSacl restriction site and to the T7 promoter site) days, theSL-TAL1 fusion gene transcripts were detected in
is 161,944.4g/mol. Thus, 1ag contains 3.847 transcripts the cultures of all three subjects. The RT-PCR experiments
(10-189/161,9444 x 6.23x 10%). As 500 ng of total CEM  were repeated and the mean number of transcripts detected
RNA, which originated from 125,000 (4 pg RNA per cell), perug of input RNA is shown Table 3.
was determined to contain®x 10°ag of the fusion tran- For every experiment multiple negative controls were
script, then each CEM cell can be calculated to contain ap- ytilized, and never indicated any contaminating signals.
proximately 9 transcriptsTgble 9. The human lung cancer  Experimental design was such that potential contaminat-
cell line (CI-H460) was found not to contain any expression ing templates were physically separated from the areas

level of SL-TAL1 fusion gene. where the RT-PCR set up was performed. PCR products
were never a contamination issue for two reasons: first

3.4. SL-TAL1 expression in human lymphocytes the real-time PCR assay utilized dUTP during PCR prod-

from the general population uct synthesis, and the TagMah Master mix contained a

uracil-DNA-N-glycosylase which would initially destroy
No expression of th&8IL-TAL1 fusion gene was detected any templates containing UTP. Secondly, and more con-
in any of the 10 adult lymphocyte populations resting un- vincingly, was the fact that the PCR product containing
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Fig. 3. Detection limits of the RT-PCR assay using RNA extracted from CEM cells diluted into resting human lymphocytes. Freshly obtained human
lymphocytes (16) were mixed with 10 to 10* CEM cells, RNA extracted, and assayed for 8ie-TAL1 fusion gene. The limits of the sensitivity were

10 CEM cells in 16 lymphocytes. The-axis is a measure of the reporter dyes’ fluorescence. The horizontal line indicates where the cycle thresholds
will be read from. Single dots below the horizontal line represent noise.

reaction tubes were never opened and were safely discardedable 3
after the real-time PCR analysis. Expression of theSL-TAL1 fusion gene transcript in expanding (PHA
and IL-2 stimulated) human T-cell cultures. Data from three healthy adults

] ] (aged 25, 26 and 35 years) determined during two separate RT-PCR
3.6. V(D)J recombinase RAG2 expression experiments

Day SL-TAL1 (mean+ S.E.) transcripts

RAG2 expression was assayed for all the human cell per ug of whole RNA

lines and reported as either present or abs&ablé 2.

. s 0 None detected
The Reh cell line (CRL-8286) was used as a positive con- 5 None detected
trol for the RAG2 expression assay, while both the colon 7 7900+ 1700
RNA and lung cancer fibroblast cell line served as nega- © 64004+ 2600

tive controls.RAG2 expression was always found in the
Reh and CEM cell lines but never in the two negative
controls. Assaying RNA from the adult time course exper- 4. Discussion
iments for RAG2 expression was negative for each time

point. Sensitivity of the single round real-time PCR assay de-
scribed here is considerably improved compared to the pre-
viously reported assay employing a nested RT-PCR design
Table 2 [14]. Detection sensitivity, as determined from the standard
SIL-TAL1 fusion andRAG2 gene expression curve data, was 5ag (19 copies) of transcript within a back-
Coll ne ATCC # _ ComectedL_TALL _ SL_TALL _RAGZ ground of 500 ng total cell RNA. When mixing CEM total
fusion transcripts (ag) transcripts detected cell RNA into million cell RNA equivalents, the assay was
per 500ng of whole  per cell able to detect five cells within one million. However, the
RNA sensitivity decreases two fold when actual CEM cells were
CEM CCL-119 2.934+ 0.684x 10° 9.0 Yes mixed with normal human lymphocytes and the extracted
NCI-H460, HTB-177 None detected 0.0 No RNA assayed.
Reh CRL-8286 - - Yes Plasmid DNA containing the fusion gene sequence has
Colon RNA None detected 0.0 No

previously been used to generate real-time standard curves.
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While the use of plasmid DNA to generate curves has rel- ated, and the resting T-cell population will have completed
evance when solely quantifying target DNA sequences, it that phase of there life cycles, this alternative is unlikely.
does not equate well when attempting RNA quantification. No RAG2 expression could be detected in any of these ex-
A standard curve for RNA quantification must account for panded lymphocytes populations, which discounts the pos-
the low efficiency of the RT reactid22], where the RNA is sibility that the deletion event occurred during expansion of
first transcribed into cDNA. Thus, use of fusion gene runoff the lymphocyte populations. With this in mind, we suggest
RNA transcripts to generate a reliable real-time standard that the deletion event existed a priori and that the T-cell
curve realizes a true measure of the RT-PCR assay. Stanculture conditions favored cloning of a sub-population bear-
dard curves constructed with runoff transcripts as demon- ing this interstitial deletion. Again, the possibility of con-
strated here have exceptional reproducibility and extremely tamination is discounted as none of the negative controls,
little variation. Most of the variability is likely to arise from  which were carried out in parallel with these experiments
inaccuracies in volume pipetting, in particular the loading yielded any indications of contamination. Similar cultures
of a fraction of the RT volume into the real-time PCR vol- of several neonate cord blood samples for 3—4 days (as part
ume. Considerable reductions in these inaccuracies can bef another experiment) revealed one culture that contained
realized through the use of highly accurate and reproducible 2100 SL-TAL1 transcripts pejrg RNA. We are unable at
electronic pipette$23]. In addition, the real-time PCR re- this time to account for this unusual observation, although in
action volumes can be loaded directly onto the entire RT re- this neonate case illicit V(D)J recombinase activity is more
action volume (2@Qul). This of course requires much larger likely to be a factor than in the adults. We were unfortu-
PCR volumes, but yields highly reproducible results. nately unable to attempt a sequence characterization of the

Resting adult lymphocyte populations yielded no expres- actual deletion junctions. Such analysis would have defini-
sion of theSL-TAL1 fusion gene. Lymphocyte populations tively identified the origins of the fusion genes detected in
from neonates (cord blood) were also assayed, as V(D)J isthe expanded adult samples.
quite active in the lymphocytes at this stage of life, and  Complexities of these seemingly simple expanded pri-
thus could potentially act aberrantly. Such is the case with mary T-cell populations are likely to mask the origins of
the hypoxanthine—guanine phosphoribosyltransfe ) ( the SL-TAL1 fusion genes that may have been detected.
gene, a surrogate gene used for mutation detection, at whichThe SL-TAL1 fusion gene is likely to be exceedingly rare
V(D)J has been demonstrated to aberrantlyj24}. Indeed, in healthy individuals, but the possibility of its existence
V(D)J mediatedhprt deletions are more commonly observed cannot be ruled out. While the transcript copy number for
in neonates than in adul{5,26] However, from the 10  the CEM cell line was obtainable, the determination of the
neonates lymphocyte populations analyzed, none demon-transcript copy number in a single resting T-cell bearing an
strated any8 L-TAL1 expression. It is likely that the current interstitial deletion remains elusive. Indeed, the biological
sensitivity of the assay was insufficient to detect such rare activity of this fusion gene in pre-leukemic cells in vivo re-
events in either of these two populations. In addition, the mains unknown. A larger population study with a more sen-
population sizes examined here are rather small, but weresitive assay would likely be more definitive in defining the
meant only as a cursory examination. Further examination background frequency of this event in human populations.
of larger populations, perhaps with greater sensitivity, is
warranted.
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