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cases  no changes in clonal rearrangements were observed:
in fact, cerebral spinal fluid analysis at the time of CNS
relapse showed MRD positivity, although this was not
observed in bone marrow samples. These observations sug-
gest that  molecular relapse might  not always be evident
in the marrow at the time of extramedullary disease.

In conclusion, kinetic studies relying on accurate, reliable
blast quantification might help to identify patients with a
high risk of relapse.

Giorgina Specchia,*° Arcangelo Liso,* Alessandra Pannunzio,°
Francesco Albano,° Anna Mestice,° Domenico Pastore,°

Vincenzo Liso
*Hematology, University of Foggia, Italy;

°Department of Hematology, University of Bari, Italy
Key words: minimal residual disease, acute lymphoblastic
leukemia, T-cell receptor gene.
Funding: This work was supported by MIUR (Ministero dell'Istru-
zione dell'Università e della Ricerca ) and AIL (Associazione Italia-
na contro le Leucemie); we thank Ms M.V.C. Pragnell, B.A. for lan-
guage assistance in the preparation of the manuscript.
Correspondence: Professor Giorgina Specchia, Hematology,
University of Foggia, via Luigi Pinto, 71100 Foggia, Italy.
Phone/Fax: international +39.0881.733614.
E-mail: g.specchia@ematba.uniba.it

References

1. Campana D. Determination of minimal residual disease in
leukemia patients. Br J Haematol 2003;121:823-8.

2. van Dongen JJM, Macintyre EA, Gabert JA, Delabesse E, Rossi V,
Saglio G, et al. Standardized RT-PCR analysis of fusion gene tran-
scripts from chromosome aberrations in acute leukemia for
detection of minimal residual disease. Leukemia 1999;13:1921-
8.

3. Pongerse -Willemse MJ, Seriu T, Stolz F, d'Aniello E, Gameiro P,
Pisa P, et al. Primers and protocols for standardized detection of
minimal residual disease in acute lymphoblastic leukemia using
immunoglobulin and T-cell receptor gene rearrangement and
TALL1 deletions as PCR targets: report of the BIOMED1 concert-
ed action: investigations of minimal residual disease in acute
leukemia. Leukemia 1999;13:110-8.

4. Dworzak MN, Froschl G, Printz D, Mann G, Potschger U, Muh-
legger N, et al. Prognostic significance and modalities of flow
cytometric minimal residual disease detection in childhood acute
lymphoblastic leukemia. Blood 2002;99:1952-8.

5. Van Dongen JJM, Seriu T, Panzer-Grumayer ER, Biondi A,
Pongerse-Willemse MJ, Corral L,  et al. Prognostic value of min-
imal residual disease in acute lymphoblastic leukemia in children.
Lancet 1998;352:1731-8.

6. Cavé R, van der Werff ten Bosh J, Suciu S, Guidal C, Waterkeyn
C, Otten J, et al. Clinical significance of  minimal residual disease
in childhood acute lymphoblastic leukemia. N Engl J Med 1998;
339:591-8.

7. Biondi A, Valsecchi MG, Seriu T, D'Aniello E, Pongers-Willemse
MJ, Fashing K, et al. Molecular detection of minimal residual dis-
ease is a strong predictive factor of relapse in childhood acute
lymphoblastic leukemia with minimum risk features. A case con-
trol study of the international BFM study group. Leukemia 2000;
14:1939-43.

8. Foroni L, Harrison CJ, Hoffbrand AV, Potter MN. Investigation of
minimal residual disease in childhood and adult acute lym-
phoblastic leukaemia by molecular analysis. Br J Haematol 1999;
105:7-24.

9. Mortuza FY, Papaioannou M, Moreira IM, Coyle LA, Gameiro P,
Gandini D, Prentice HG, et al. Minimal residual disease tests pro-
vide an independent predictor of clinical outcome in adult acute
lymphoblastic leukemia. J Clin Oncol 2002;20:1094 -104.

10. Cimino G, Elia L, Mancini M, Annino L, Anaclerico B, Fazi P, et al.
Clinico-biologic features and treatment outcome of adult pro-
B-ALL patients enrolled in the GIMEMA 0496 study: absence of
the ALL1/AF4 and of the BCR/ABL fusion genes correlates with
a significantly better clinical outcome. Blood 2003;102:2014-
20.

Malignant Lymphomas

Combined seminested polymerase chain reaction
and heteroduplex analysis for detecting monoclonality of
IgH rearrangement in patients with follicular lymphoma 

A new, sensitive method combining seminested poly-
merase chain reaction (PCR) and heteroduplex analysis
was used to detect follicular lymphoma (FL) cells in
peripheral blood. Based on the detection of IgH rear-
rangement in DNA from peripheral blood leukocytes, the
method demonstrated the presence of monoclonal B cells
in FL patients with high frequency. 
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Monoclonality of IgH gene rearrangements has been used
to distinguish malignant B cells from normal ones. The com-
plementarity-determining region (CDR) in the variable
region of the IgH gene is unique to each B-cell clone and
the CDR III is the useful clonal signature of an individual B
cell.1,2 The main difficulty of PCR-based clonality studies of
B-cell malignancies is discrimination between monoclonal
and polyclonal products, especially when there is a high
background of polyclonal B cells in tumor samples. To dis-
cern between them more clearly, we utilized heteroduplex
analysis in which PCR products are denaturated at high
temperatures and subsequently renatured to induce homo-
duplex or heteroduplex formation. 

Genomic DNA was isolated from 24 patients (18 males, 6
females) with histologically verified FL in the Hematology
and Medical Oncology Division, Department of Internal
Medicine, Hasan Sadikin Hospital, Bandung, Indonesia. Con-
sensus PCR primers used for amplifying the IgH gene were:
FR3A (framework 3A), FR1c (framework 1c) for the 3' end
of the V region, and LJH (low JH), VLJH (very low JH) for the
3' end of the J region.3,4 The first round of amplification was
performed using an upstream consensus primer FR3A or
FR1c and a lowstream primer LJH that bound to all pub-
lished JH gene segments. For reamplification, the lower
strand primer (LJH) was replaced by a nested consensus JH
primer (VLJH) and an aliquot (1%) of the first PCR was used
as template.5 The seminested PCR conditions have been
described previously, but were used with some modifica-
tions.6 For heteroduplex analysis, PCR products were denat-
urated at 94˚C for 10 min and subsequently cooled at 40°C
to induce duplex formation. The hetero- and/or homoduplex
products (10 µL) were characterized by polyacrylamide gel
electrophoresis (PAGE) with 10% non-reducing gel in
0.5×TBE buffer.7 The gel was stained with a 1:1000 dilution
of SYBR Gold dye in 0.5×TBE buffer for 30 min and visual-
ized under ultraviolet light. One or two thin clear bands
within the expected size (75-140 bp for FR3A and 330-350
bp for FR1c) were judged to indicate positive clonality.5,7 For
sensitivity studies, peripheral blood mononuclear cells
(PBMC) from normal subjects and DHL-4 cells (diffuse large
B-cell lymphoma) were mixed to make ratios of one DHL-4
cell in 102, 103, 104, 105 and 106 PBMC, and the total cell
number was adjusted to 5×106. The DNA was extracted from
the mixture using a QIamp DNA Mini Kit (Qiagen).

The PCR products loaded on 4% agarose gel stained with
ethidium bromide are shown in Figure 1A. TK cells (diffuse
large B cell lymphoma) as the positive control (lane 2) and



cells from a patient with FL patient (lane 4) both showed a
clear monoclonal band. On the other hand, normal PBMC as
negative control (lane 1), showed a broad band and FL
patients (lane 3) had a very faint band. The seminested PCR
alone revealed a monoclonal band in 10 of 24 samples.
However, it was very difficult to judge the presence of a
clear monoclonal band in ethidium bromide-stained agarose
gel. Therefore, the heteroduplex analysis with the same
samples used in Figure 1A was performed by PAGE and visu-
alized by SYBR Gold dye (Figure1 B). The monoclonal band
was much easier to detect than with seminested PCR alone.
The monoclonal band was seen in 19 of 24 patients (approx-
imately 79%). In the 24 FL patients, monoclonality in IgH
rearrangements was found in 2 of 3 patients in stage I, in
both of the 2 patients in stage II, in 8 of 12 in stage III and
in all 7 patients in stage IV. There was no significant differ-
ence in clinical characteristics between patients with and
without monoclonality. The method also identified mono-
clonality in NALM-6 (pre-B acute lymphoblastic lymphoma),
RPMI 1788 (B acute lymphoblastic lymphoma) and HD-MY-
Z (nodular sclerosis Hodgkin’s lymphoma). This combined
method detected a monoclonal band in the DNA sample
from the mixture containing 1 malignant cell in 10,000 nor-
mal PBMC (Figure 2).

In conclusion, we have established a new sensitive
method consisting of seminested PCR, heteroduplex analy-
sis with PAGE and SYBR Gold staining. The method detect-
ed the monoclonality of IgH rearrangement in 19 of 24
peripheral blood leukocyte DNA samples from FL patients
and was more sensitive than seminested PCR with PAGE
and ethidium bromide.8,9 The method could detect 1 malig-
nant cell in 10,000 PBMC and was approximately 10 times
more sensitive than silver nitrate-stained PAGE after het-
eroduplex analysis.7 Our method might be useful to detect
malignant B cells in minimal residual disease or discriminate
malignant cells from polyclonal expansions of reactive B
cells.
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Figure 1. Comparison of the same peripheral blood leuko-
cyte (PBL) DNA samples from FL patients examined by
(A) seminested PCR without heteroduplex analysis with
agarose gel and ethidium bromide staining, and (B) sem-
inested PCR with heteroduplex analysis with PAGE and
SYBR Gold staining. M, DNA size marker; lane 1, PBMC
as negative control; lane 2, TK cells as positive control;
lanes 3-6, PBL from FL patients. Note that a clear mon-
oclonal band is present between 75 and 140 bp in lanes
2 and 4 in A and lanes 2-6 in B.
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B Figure 2. The sensitivity of seminested PCR followed by
heteroduplex analysis with PAGE and SYBR Gold stain-
ing. DHL-4 cells were diluted in normal PBMC at various
concentrations ranging from 10-2 to 10-6 and the DNA was
extracted. M, DNA size marker; lane 1, DHL-4, cells; lane
2, 10-2 dilution; lane 3, 10-3 dilution; lane 4, 10-4 dilution;
lane 5, 10-5 dilution; lane 6, 10-6 dilution; lane 7, normal
PBMC. Note that monoclonal bands could be seen until
a 10-4 dilution of DHL-4 cells.
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Sequential chemotherapy regimens followed by high-dose
therapy with stem cell transplantation in mantle
cell lymphoma: an update of a prospective study

This study is a long-term follow-up analysis evaluat-
ing clinical outcome of patients with mantle-cell lym-
phoma treated by the sequential CHOP and DHAP chemo-
therapy followed by autografting. The median overall sur-
vival of 81 months (95% CI, 66-not reached) and the
median event free survival of 51 months (95% CI, 43-not
reached) confirm the improvement in outcome obtained
by such protocol.
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Despite an initial relatively indolent clinical presentation,
the prognosis of mantle cell lymphoma (MCL) remains poor
with a median survival of less than 3 years.1-4 We previous-
ly reported a prospective study of 28 patients treated
between 1995 and 1999 based on the response to initial
CHOP therapy with the aims of increasing response rate
before autologous peripheral blood stem cell transplanta-
tion (APBSCT) and increasing event free and overall sur-
vival.5 Patients who achieved a complete remission (CR) after
four cycles of CHOP received total body irradiation (TBI) plus
high dose cyclophosphamide and etoposide as a myeloab-
lative regimen before APBSCT. Patients who did not achieve
a CR after CHOP were treated with salvage therapy con-
sisting of a high dose cytarabine regimen (DHAP) followed
by TBI plus high dose cytarabine plus melphalan (TAM8) and
APBSCT. Only two CR and 14 partial responses (PR) were
obtained after CHOP. The two patients in CR after CHOP
underwent intensification with TBI, high-dose cyclophos-
phamide-etoposide and unpurged APBSCT. The other twen-
ty-five patients received DHAP and in this group a response
rate of 92% (21 CR (84%), two PR (8%)) was observed. Two
patients had progressive disease. The twenty-three respond-
ing patients received high-dose therapy (TAM8 regimen)
followed by APBSCT. There was no conditioning or trans-
plant-related mortality. Here we report the outcome of

these patients after a longer median follow-up.
Sixteen (58%) of 28 patients remain alive at the time of

data analysis (January, 2004) The median overall survival
from diagnosis is 81 months (95% confidence interval, 66-
not reached) from the time of diagnosis (Figure 1). In addi-
tion, 9 (32%) patients remain alive and progression free (5
patients remaining alive and in remission 6 or more years
after treatment). These data result in a median event-free
survival of 51 months (95% confidence interval, 43-not
reached) (Figure 2).

Our data are similar to those of a published study on the
hyper-CVAD/mitoxantrone-cytarabine regimen that con-
tains high dose cytarabine,6 in which the authors reported
a high response rate of 93.5% (CR 38%, PR, 55%) for
patients with MCL previously treated (or not). However, the
response rate for the subgroup of previously untreated
patients was not given and some patients (including some
previously treated with chemotherapy) failed to mobilize
enough PBSC to harvest for autografting. It is noteworthy
that in our study, two courses of DHAP after four cycles of
CHOP did not compromise stem cell harvesting, since no
patient failed to have adequate peripheral stem cell collec-
tion. In a second study, previously untreated 65 years or
older patients with MCL were enrolled in sequential phase
II trials using hyper-CVAD, alternating with high doses of

Figure 1. Overall survival (Kaplan-Meier).
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Figure 2. Event-free survival (Kaplan-Meier).

Event-free survival

1.0

0.8

0.6

0.4

02

0.0

0 1 2 3 4 5 6
Time in years

p
(s

u
rv

iv
al

)

1.0

0.8

0.6

0.4

02

0.0




