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Background and Objectives. Polymerase chain reaction
(PCR) detection of clonal T-cell receptor (TCR) γγ and δδ
gene rearrangements is widely used in clonality assess-
ment of lymphoid leukemias and lymphomas and for
detection of minimal residual disease of acute lym-
phoblastic leukemia (ALL). Standard analyses for clon-
ality assessment include Southern blotting or PCR-based
detection of clonal TCR gene rearrangements. The latter
consist of heteroduplex PCR analysis by separation of
PCR products on non-denaturing polyacrylamide gel
(PAGE). We describe a rapid and sensitive method to
identify specific clonal rearrangements in PCR fragments
obtained by amplification of TCRγγ and TCRδδ genes. 

Design and Methods. We applied a semi-automated elec-
trophoretic technique (PhastSystem™, Amersham Phar-
macia Biotech) and compared it with standard homo-
heteroduplex analysis in 21 cases of childhood acute
lymphoblastic leukemia (ALL). 

Results. The results obtained for each sample analyzed
by standard homo-heteroduplex detection were com-
pletely reproduced by the PhastSystem™ approach.

Interpretation and Conclusions. We conclude that het-
eroduplex analysis of TCR gene rearrangements using the
semi-automated PhastSystem™ is a simple, rapid, cheap
and highly reproducible method which can be used as an
alternative to traditional analysis for detection of clonal-
ity.
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Acute lymphoblastic leukemia (ALL) results from
clonal expansion of a T- or B-cell at a different
stage of differentation. The clonal cell popula-

tion, carrying identical copies of rearranged T-cell
receptor (TCR) and/or immunuglobulin (Ig) genes, can
be identified in more than 90% of cases.1 Therefore
molecular analysis of TCR or Ig genes is used to prove
or exclude clonality in human lymphoid tumors.2 Many
methods are able to identify clonal TCR or Ig rearrange-
ments;3 i.e. this can be achieved by Southern blot analy-
sis4 and proper use of probe/restriction enzyme combi-
nations. However, this method requires a large amount
of DNA, is time consuming and labor-intensive. More
recently polymerase chain reaction (PCR) techniques
have begun to be frequently used as alternatives.
Although this technique is sensitive and fast, the risk of
false-positive results due to amplification of similar
rearrangements in polyclonal, or reactive lymphocytes,
is one of the major drawbacks. To overcome this prob-
lem most laboratories apply homo-heteroduplex analy-
sis.5 In this method, PCR products are denatured at high
temperature and subsequently renatured to induce
homo- or heteroduplex formation. The presence of
homoduplex and heteroduplex bands represents pat-
terns of clonal T-cell population. Although this
approach is simpler to apply in routine screening than
Southern blotting, it still takes a long time for gel
preparation and running (4 to 20 hours). We tested the
applicability of PhastSystem™ technology (Pharmacia
Biotech, Uppsala, Sweden) for detecting TCRγand TCRδ
gene rearrangements in a series of childhood ALL pre-
viously studied by conventional homo-heteroduplex
analysis.

Design and Methods

Patients and cell samples
Twenty-one children with ALL (16 common ALL, 2 T-

ALL, 3 pre-B ALL) were included in this study. All cases
had been diagnosed according to standard morpholog-
ic and immunologic criteria.6 Bone marrow mononu-
clear cells at diagnosis were isolated by Ficoll-Hypaque
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(Pharmacia, Uppsala, Sweden) gradient centrifugation.
The percentage of BM blast cells was more than 80% in
all the cases studied. High molecular weight DNA was
extracted from bone marrow mononuclear cells using an
automated DNA extractor [Applied Biosystems (ABI),
Foster City, CT, USA]. 

PCR amplification analysis
Detection of the TCRγ VJ region and TCRγ V(D)J region

was performed with the primers described elsewhere.7
The reaction mixture for PCR in 50 µL contained 100 ng
template DNA, 12.5 pmoles of 5’ and 3’ oligonucleotide
primers, 200 nM dNTP, 20 mM Tris-HCl pH 8.3, 1.5 mM
MgCl2 and 1 unit Taq polymerase. PCR conditions were
1.30 min at 94°C, 1 min at 60°C, and 1.30 min at 72°C,
followed by 35 cycles of 1.30 min at 94°C, 30 s at 60°C,
1.30 min at 72°C, and a final extension phase of 7 min at
72°C. A 5 µL aliquot of each reaction was analyzed on
1.5% agarose gel after ethidium bromide staining. A neg-
ative (no DNA) control, DNA from peripheral blood of
healthy donors and the appropriate positive control were
included for all PCR reactions.

V(D)J heteroduplex analysis 
The TCR γ/δ PCR products were analyzed by standard

homo-heteroduplex analysis as previously described.5
Briefly: to favor homo-heteroduplex formation, 5 to 20
µL of each amplified PCR product were heated at 94°C
for 5 min, rapidly cooled to 50°C and left at this tem-

perature for 1 hour, then kept on ice until loading. Sam-
ples were run overnight at 10 mA on a 12% non-dena-
turing polyacrylamide gel (19:1, acrylamide:bis-
acrylamide) in tris-borate EDTA (TBE) 1x buffer, at 4°C
(Protean II Xi Cell apparatus; Bio-Rad, Hercules, CA,
USA). Homo-heteroduplex patterns were shown by
ethidium bromide staining. The homo-heteroduplex
analysis using the PhastSystem™ apparatus was per-
formed as follows: 0.5 µL of each amplified PCR prod-
uct were heated at 94°C for 5 min, rapidly cooled to
50°C and left at this temperature for 1 hour, then kept
on ice until loading as for the standard method. The
automatic run consisted of a pre-run at 10 mA for 20
min (150 Vh) at 15°C and then 15 min at 10 mA (250
Vh) at 15°C in Native Strip buffer for migration of PCR
product. Only 0.3 µL of PCR product were loaded on
12.5% non-denaturing polyacrylamide gel (PhastGel™
Pharmacia Biotech, Uppsala, Sweden). Silver staining
was performed in the automatic development chamber
by a modified protocol: 20% trichloroacetic acid for 7
min at 50°C, 50% ethanol, 5% glacial acetic acid for 4
min at 50°C, wash in water for 2 min at 50°C, 0.4% sil-
ver nitrate (Pharmacia Biotech, Uppsala, Sweden) for 10
min at 50°C, wash in water for 1 min, 2.5% sodium car-
bonate solution (Pharmacia Biotech, Uppsala, Sweden)
for 5 min at 30°C, tris(hydroxymethyl)-aminomethane
0.3 M for 3.5 min at 30°C and 5% glycerol for 5 min at
30°C.
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Table 1. Heteroduplex analysis: PAGE and PhastSystem™.

Pt. Phenotype Gene rearrangement

TCRγ TCRδ

VI-J1.3/2.3 VII-J1.3/2.3 VIV-J1.3/2.3 VI-J1.1/2.1 VII-J1.1/2.1 VIV-J1.1/2.1 V1/J1 V2/D2 D2/D3

1 Common - - - - - - - - -
2 Common Ho - - Ho - - - He -
3 Pre-B - He - - - - - Ho Ho
4 Common - - - - - - - Ho Ho
5 T - Ho Ho - - - He - -
6 T - - - Ho - - - - -
7 Common - - - - - - - - -
8 Common - - - - - - - He -
9 Common Ho - - - Ho - - - -

10 Common - - - - - - - - Ho
11 Common He - - - - - - He -
12 Common - - Ho - Ho - - Ho -
13 Common - - - - - - - He -
14 Common - - - - - - - - -
15 Common - - - - - - - - -
16 Common - - - - - - - - -
17 Common - - - - - - - - -
18 Common - - - - - - - Ho -
19 Pre-B - - - - - - - - -
20 Pre-B - - - - - - - - -
21 Common He - - He - - - - -

Molecular analysis: Ho = homoduplex, He = heteroduplex, (-) = polyclonal PCR product. The types of rearrangement are listed in the box at the top of each column. All the results
were obtained on BM-MNC at diagnosis analyzing every sample with both techniques: PAGE and PhastSystem™.
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Results
The aim of this study was to compare the reliability

of the rapid heteroduplex analysis method with the
standard method in this population of patients with ALL.
The results of TCR γand δ gene rearrangement analyses
by both conventional homo-heteroduplex analysis and
rapid PhastSystem™ methods were completely concor-
dant and are given in Table 1. Clonality of TCRγ gene
rearrangement was seen in 8 out of 21 cases. TCRδ was
found to be clonal in 10 out of 21 patients. Figure 1
shows the results of TCR clonality analysis obtained for
the same cases with the two different techniques. Pan-
el a) shows standard homo-heteroduplex analysis and
panel b) shows PhastSystem™ analysis of TCR rearrange-
ments. Patient #2 (lane 2) exhibited VγI–Jγ1.3/2.3
monoallelic rearrangement; patient #6 (lane 3) was
found to be polyclonal for VγI-Jγ1.3/2.3 while patient
#21 (lane 4) showed biallelic VγI-Jγ1.3/2.3 rearrange-
ment. Patient #8 (lane 7) and patient #13 (lane 9) were
found to have biclonal Vδ2-Dδ3 rearrangement. Patient
#12 (lane 8) exhibited monoallelic rearrangement for
Vδ2-Dδ23. As shown in Table 1, the parallel (PAGE and
PhastSystem™) homo-heteroduplex analysis of our
patients series showed identical results. Figure 1 shows
that the two methods are also comparable in terms of
band resolution (see heteroduplex cases, lanes #4, 7,
and 9).

Discussion
PhastSystem™ technology was successfully used for

clonality assessment of ALL by homo-heteroduplex
analysis. As compared to standard non-denaturing gel
electrophoresis (PAGE), PhastSystem™ was faster, pro-
ducing results in a few minutes as compared to the 4-

24 hours required by PAGE. Furthermore the use of
ready-made gels made it possible to obtain reproducible
results of good quality, independently from the experi-
ence of the investigators and their technical laboratory
skills. Interestingly PhastSystem™ gels can be stained
even for DNA, with the same silver staining commonly
used for protein staining.

The importance of minimal residual disease (MRD)
detection for diagnosis and monitoring of large series of
ALL patients enrolled in clinical studies prompted sever-
al groups, including ours, to devote some effort to achiev-
ing standardized and reproducible methods for Ig and
TCR gene recombination analysis. In this context the pro-
posed technique, albeit not sensitive enough for MRD
analysis, could represent an important step forward in
the directions of saving time, reducing cost and increas-
ing reproducibility in the assessment of clonality by
homo-heteroduplex analyses in acute and cronic lym-
phoproliferative diseases.8,9 Comparing the two techniques
we observed a 50 % saving in reagents and a 70 % saving
in time/researcher. The automated coloration system
avoids the use of ethidium bromide and reduces biolog-
ical hazards for the operator. Another great advantage in
using minigels is the lesser quantity of chemicals used,
decreasing the amount of waste materials.

The technique reached a sensitivity of 10-1/10-2 in ser-
ial dilution experiments of patient’s leukemic DNA in
polyclonal mononuclear cells.10 The levels of sensitivity
are adequate for the screening of initial diagnostic sam-
ples, but not for MRD detection,11-13 a higher sensitivi-
ty (10-4/10-6) being required for this latter. When
patient-specific oligonucleotide complementary to the
junctional region of TCRδ chain gene was used, a sen-
sitivity of 10-3/10-4 in serial dilution experiments was
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Figure 1. Homo-heteroduplex analysis of TCR rearrangements. (a) PAGE analysis and ethidium bromide staining; (b) Phast-
System™ analysis and silver staining: the presented sizes of the gels are proportional; (c) detail of the Phastgel™. The same
PCR amplified products, after denaturation and renaturation were run in both systems. In each panel, lane 1: molecular weight
marker. Panel (a) and (c) lanes 2, 3, 4, 7, 8 and 9: patients #2,  #6,  #21,  #8,  #12 and  #13, respectively. Lane 5: positive
control for Vγ I-Jγ 1.3/2.3, lane 6: polyclonal MNC DNA. Lane 10: positive control Vδδ2-Dδδ3, lane 11: polyclonal MNC DNA.
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achieved (data not shown).
In conclusion our findings indicate that the Phast-

System™,  reliable, reproducible and time-saving, can
substitute the PAGE technique in the screening of clon-
ality of Ig and TCR recombinations.

Contributions and Acknowledgments
GG and SS were responsible for designing the study

and writing the paper. GB and AB critically revised the
manuscript and gave the final approval for its submis-
sion.

Funding
This work was supported by AIRC (Associazione Italia-

na per la Ricerca sul Cancro), MURST ex 40% and 60%;
Fondazione Città della Speranza, Fondazione M. Tetta-
manti.

Disclosures
Conflict of interest: none.
Redundant publications: no overlapping with previous

publications.

Manuscript processing
This paper was peer-reviewed by two external referees

and by Prof. Francesco Lo Coco, who acted as an Associ-
ate Editor. The final decision to accept this paper was
taken jointly by Prof. Lo Coco and the Editors. Manuscript
received January 15, 2001; accepted February 28, 2001.

Potential implications for clinical practice

Rapid screening of clonality of all lymphoproliferative
diseases both acute and chronic. Results are available
in a short time, thus accelerating further analyses
such as minimal residual disease evaluation.

References

1. van Dongen JJ, Seriu T, Panzer-Grumayer ER, et al. Prog-
nostic value of minimal residual disease in acute lym-
phoblastic leukaemia in childhood. Lancet 1998; 352:
1731-8.

2. Lafaille JJ, DeCloux A, Bonneville M, Takagaki Y, Tone-
gawa S. Junctional sequences of T cell receptor γδgenes:
implications for γδT cell lineages and for a novel inter-

mediate of V-(D)-J joining. Cell 1989; 59:859-70.
3. Foroni L, Harrison CJ, Hoffbrand AV, Potter MN. Investi-

gation of minimal residual disease in childhood and adult
acute lymphoblastic leukaemia by molecular analysis. Br
J Haematol 1999; 105:7-24.

4. Van Dongen JJ, Wolvers-Tettero IL. Analysis of immuno-
globulin and T cell receptor genes. Part I: basic and tech-
nical aspects. Clin Chim Acta 1991; 198:1-91.

5. Bottaro M, Berti E, Biondi A, Migone N, Crosti L. Het-
eroduplex analysis of T-cell receptor γ gene rearrange-
ments for diagnosis and monitoring of cutaneous T-cell
lymphomas. Blood 1994; 83: 3271-8. 

6. Breit TM, Wolvers-Tettero IL, Hahlen K, Van Wering ER,
van Dongen JJ. Limited combinatorial repertoire of γδT-
cell receptors expressed by T-cell acute lymphoblastic
leukemias. Leukemia 1991; 5:116-24.

7. Pongers-Willemse MJ, Seriu T, Stolz F, et al. Primers and
protocols for standardized detection of minimal residual
disease in acute lymphoblastic leukemia using immu-
noglobulin and T cell receptor gene rearrangements and
TAL1 deletions as PCR targets: report of the BIOMED-1
CONCERTED ACTION: investigation of minimal residual
disease in acute leukemia. Leukemia 1999; 13:110-8.

8. Gonzalez M, Gonzalez D, Lopez-Perez R, et al. Heterodu-
plex analysis of VDJ amplified segments from rearranged
IgH genes for clonality assessments in B-cell non-Hodgk-
in’s lymphoma. A comparison between different strate-
gies. Haematologica 1999; 9:779-84.

9. Lopez-Perez R, Garcia-Sanz R, Gonzalez D, et al. The
detection of contaminating clonal cells in apheresis prod-
ucts is related to response and outcome in multiple
myeloma undergoing autologous peripheral blood stem
cell transplantation. Leukemia 2000; 14:1493-9.

10. Yu RC, Alaibac M. A rapid polymerase chain reaction-
based technique for detecting clonal T-cell receptor gene
rearrangements in cutaneous T-cell lymphomas of both
the αβ and γδvarieties. Diagn Mol Pathol 1996; 5:121-
6.

11. Langerak AW, Szczepanski T, van der Burg M, Wolvers-
Tettero IL, van Dongen JJ. Heteroduplex PCR analysis of
rearranged T cell receptor genes for clonality assessment
in suspect T cell proliferations. Leukemia 1997; 11:2192-
9.

12. van Dongen JJ, Breit TM, Adriaansen HJ, Beishuizen A,
Hooijkaas H. Detection of minimal residual disease in
acute leukemia by immunological marker analysis and
polymerase chain reaction. Leukemia 1992; (Suppl 1):47-
59.

13. Seriu T, Hansen-Hagge TE, Erz DH, Bartram CR. Improved
detection of minimal residual leukemia through modifi-
cations of polymerase chain reaction analyses based on
clonospecific T cell receptor junctions. Leukemia 1995;
9:316-20.

Rapid detection of clonality in ALL

haematologica vol. 86(4):April 2001




