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Unusual sequence of vdj rearrangement revealed by
molecular analysis in a patient with indolent lymphoma
We report a unique case of indolent lymphoma
with an unusual VDJ rearrangement. Polymerase
chain reaction (PCR) analysis of bone marrow at
the time of diagnosis was positive for both BCL2/JH and CDRIII rearrangements. After treatment,
the patient achieved complete remission (CR) with
slow disappearance of both rearrangements
(CDRIII and then BCL-2/JH). Subsequently, two
new CDRIII rearrangements were detected in bone
marrow, peripheral blood, and lymph node tissue.
After this conversion, fluorescent activated cell
sorting (FACS) analysis demonstrated monoclonal
disease, suggesting that both CDRIII rearrangements originated from one cell. Histological evidence of a B-cell small lymphocytic lymphoma (BSLL) infiltrate in the bone marrow became evident
approximately 1 year after the two CDRIII
rearrangements appeared. Direct sequencing
revealed that one of the CDRIII sequences consisted of a VDVDJ rearrangement. This is the first
report of such a rearrangement in a case of indolent lymphoma. This type of rearrangement has
been described to result from a secondary VDJ
recombination in childhood acute lymphoblastic
leukemia (ALL) leading towards oligoclonality and
poorer prognosis. Our observations suggest that
such a finding in an indolent lymphoma patient
may precede transformation into an aggressive
disease. Early detection by PCR could have substantial impact on the prognosis of such patients.
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Introduction. B-cell chronic lymphocytic leukemia/
small lymphocytic lymphoma (B-CLL/SLL) and Follicular
lymphoma (FL) both typically represent distinct entities
with different morphology, immunophenotype, histology and genetics. However, FL occasionally, can show
morphological features of both FL and monocytoid B-cell
lymphoma (e.g. marginal-zone lymphoma) making the
diagnosis challenging. 1,2 These lymphomas have been
called composite lymphomas. 3The molecular pathogenesis of B-CLL/SLL remains unknown. There is no typical
chromosomal translocation associated with this pathological entity. High level of BCL-2 expression that is consistently seen in B-CLL/SLL results from other mechanism (e.g. oncogene hypomethylation).4 B-CLL/SLL is
characterized by an accumulation of neoplastic B-cells
positive for CD5, CD23, and CD19 and negative for surface CD22 and FMC7 with a low proliferative rate.
Based on studies of mutational status B-CLL/SLL can be
divided into cases with unmutated and mutated VH
genes. Cells with mutated VH genes have gone through
the germinal center (GC) and are connected with more
favorable course of disease.5-7 Chromosomal translocation t(14;18)(q32;q21) that occurs between the BCL-2
protooncogene and the JH immunoglobulin gene region
is a hallmark of follicular lymphoma (FL) and can be
detected in 85% to 90% of FL.8 The lymphoma cells originate from germinal center that means they have already
encountered with antigen. On the cell surface they
express CD19, CD20, CD22, CD24, CD10,
immunoglobulins and are CD5 negative. Clinically FL
and B-CLL/SLL belong to low grade lymphomas with
median survival approximately 10 years. Up to 70% of

low grade lymphomas tend to convert into an aggressive
lymphoma with a diffuse large cell architecture over
time.8,9 Detection of BCL-2/JH translocation and/or the
CDRIII of immunoglobulin heavy chain gene rearrangement by PCR is commonly used for diagnostic purposes
and can be monitored for minimal residual disease
(MRD) evaluation during the posttreatment follow-up.
Methods. The material tested by PCR was represented
by bone marrow samples (BM), peripheral blood samples (PB) and lymph node (LN) obtained from patient.
The DNA was extracted using standard procedures and
the usual precautions to avoid cross-contamination. The
presence of the BCL-2/JH translocation in the major
breakpoint region (MBR) of the BCL-2 gene was examined using a touchdown PCR (TD-PCR)10 modified for
our conditions. The presence of the clonal immunoglobulin heavy chain gene rearrangement (CDRIII, complementary determining region) was examined by polymerase chain reaction (PCR), as described previously.11
Each reaction contained positive and negative control.
Amplified products were visualized on 2% polyacrylamide or 3% Metaphor agarose (FMC Bioproducts,
Rockland, ME, USA) gels stained with ethidium bromide. Results were confirmed by repeat PCR at least
once. The sensitivity was routinely better then 10 positive cells in 105 normal cells as determined by comparative PCR and also real time PCR.12 PCR products were
extracted from 3% Metaphor agarose gel slices using the
crush and soak technique13 and purified with Microcon100 (Millipore) purification columns, sequenced with
BigDye Terminator Cycle Sequencing kit (Applied
Biosystems) and analyzed on ABI Prism 310 Genetic
Analyzer (PE BioSystems).Sequences obtained from each
sample were compared with germ line sequences in the
EMBL/GenBank and current databases (V-BASE
sequence directory; I.M. Tomlinson, MRC Center for
Protein Engineering, Cambridge, UK) and the closest
sequence was assigned.14 Attribution of the D segments
was based on the identification of at least 6 consecutive
bases without mismatches. The nomenclature proposed
by Corbett et al. was adopted.15
Case history I. A 58-year-old man was diagnosed with
a stage IV nonhodgkin lymphoma which was described
as folicullar (FL) type in 1993. The PCR revealed positivity for BCL-2/JH translocation in BM. The BM was also
positive for immunoglobulin heavy chain gene
rearrangement (CDRIII). The patient received 6 cycles of
ProMACE-MOPP and then 4 cycles of ProMACECYTABOM (Prednisone, Doxorubicin, Cyclophosphamide, Etoposide, ara-C, Bleomycine, Vincristine,
Methotrexate, Leucovorin) and reached complete remission. He remained PCR positive for BCL-2/JH and CDRIII rearrangements. Then first CDRIII disappeared followed by BCL-2/JH clearance. This was due to more sensitive PCR technique (see sample from 1995 in table 1).
The next PCR test (see sample from 1996 in table 1)
revealed surprising result as the patient converted from
positivity for BCL-2/JH and CDRIII into BCL-2/JH negativity and CDRIII double positivity in BM. These findings were consistent also in subsequent samples and
other tissues (PB and LN). The two distinct CDRIII
rearrangements were confirmed by direct sequencing.
Later on also the histology and the FACS analysis was
consistent with BM infiltration with a B-CLL/SLL infiltrate. Slow progression in BM occurred in XI/1999,
approximately 3 1/2 years after the molecular conversion. Then the patient presented with generalized lymphadenopathy within the matter of weeks. Upon histological evaluation a large cell infiltrate in BM sugested a
haematologica/the hematology journal | 2003; 88(online) | 61 |

J. Cerny et al.

disease transformation. The patient obtained 1 cycle of
salvage chemotherapy (ESAP), but further progressed.
The treatment was then changed to fludarabine and
cyclophosphamide together with rituximab (anti-CD20).
The disease remained resistant to therapy and the
patient died due to disease progression.
Results and discussion. This is a first report of patient
with indolent lymphoma bearing a secondary VDJ
rearrangement. This report discusses also a rare case of
indolent lymphoma with both alleles for IgH rearranged
in the malignant clone. Sequencing revealed two distinct
CDRIII rearrangements (117 bp and 252 bp, see table 2)
in BM, PB as well as LN. The result of each PCR can be
evaluated as a duplex PCR. Using software analysis we
observed equal ratio between fluorescent intensities of
short and long CDRIII from different samples. This
result was another proof of monoclonality. We wanted
to sequence the BCL2-JH translocation and CDRIII
rearrangement from the diagnosis samples. However, we
were not able to successfully amplify any of those
archival samples due to lack of DNA. That the two
CDRIII rearrangements originated from single malignant
clone was confirmed by FACS analysis. The
immunophenotype of tumor cells was characterized by
monoclonal surface expression of CD 19, CD 5, CD 23,
CD 20, CD 11c, and immunoglobulin light chain kappa,
FMC 7 and small % CD 79b. The histology resembled BCLL/SLL at that time so one explanation for presence of
two CDRIII rearrangements in the patient’s BM could be
that those result from lack of allelic exclusion. Rassenti et
al. presented that up to 5% of CLL cases lack allelic
exclusion. 16 Aberrant expression of CD79b was previously suspected to lead to lack allelic exclusion, but no
difference in CD79b expression was observed between
CLL samples that expressed more than one IgH allele
and those with normal IgH allelic exclusion. 17 We compared both CDRIII sequences with the corresponding
germline sequences using the GenBank/EMBL database
computer-based search. The shorter CDRIII resembled a
usual V(?) - D2-8 - JH6b gene rearrangement and was
within reading frame and productive (see table 2A). The
longer CDRIII consisted of V(?) - D3-22 - VH 4-4 - D2| 62 | haematologica/the hematology journal | 2003; 88(online)

21 - JH4b segments and we found a stop codon TAG
(unproductive rearrangement; see table 2B). The comparison of CDRIII sequences with the germ line
sequences did not suggest mutation. However mutational status of VH genes was not evaluated in detail.
Without the initial BCL-2/JH and CDRIII sequences from
the diagnosis it is rather difficult or speculative to explain
whether this molecular conversion resulted from a clonal evolution or if our patient had a composite lymphoma
(the originally dominant FL clone was eradicated and the
minor clone of B-SLL expanded). However, the presented data still suggest a presence of secondary VDVDJ
recombination that is unusual for indolent lymphoma.
The V(D)J recombinase possesses latent transponase
activity. Errors of V(D)J recombination may generate
chromosomal translocations consistent with those present in lymphomas and leukemias. Lymphomas bearing
t(14;18) have been classified by phenotype and genotype
as malignant disorders originating from germinal center
(GC) B cell. The GC is a site of affinity maturation where
B cells undergo V(D)J hypermutation, Ig class switch and
may also support secondary V(D)J recombination. The
BCL-2/JH translocation is typical for tumor cells of GC B
origin and remains stable even after the transformation
occurs.18 In our patient this marker disappeared as the
patient reached remission. The CDRIII is often used as
molecular marker in B cell lymphoproliferative disorders.
Our patient was originally positive for one CDRIII, then
was shortly CDRIII negative. Later on we detected two
CDRIII rearrangements. This was followed by the disease progression and transformation. It is known that in
30-50% of cases of childhood B precursor acute lymphoblastic leukemia the CDRIII may change along the
course of the disease leading to oligoclonality. This is
believed to result from a secondary V gene to DJ
rearrangement.19 There is also some evidence about
receptor revision through secondary VH gene rearrangements in normal human B-lymphocytes.20 We are not
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aware of data about such phenomena in indolent lymphomas or leukemias. It is believed that secondary
rearrangements are driven by somatic hypermutation,
which takes place in GC. It is difficult to explain the
VDVDJ rearrangement in presented case since we did
not observe any mutations within both CDRIII
sequences. Our observation suggests that occurrence of
a secondary rearrangement is possible also in indolent
lymphomas. Since it may be followed by transformation
into aggressive disease, detection of such CDRIII
sequence should be considered seriously and the patient
managed carefully before a full-blown clinical
relapse/progression of aggressive disease develops.

J. Cerny, A. Slavickova, A. Krepelova, M. Trneny,
J. Karban, P. Klener
Correspondence: Jan Cerny, Roger Williams Medical Center,
Department of Research, 825 Chalkstone Avenue, Providence,
Rhode Island, 02908, USA.

7.

8.
9.
10.
11.
12.
13.
14.

References
1. Dogan A, Du MQ, Aiello A, Diss TC, Ye HT, Pan LX, Isaacson
PG. Follicular Lymphomas Contain a Clonally Linked But
Phenotypically Distinct Neoplastic B-Cell Population in the
Interfollicular Zone. Blood 1998; 91: 4708-4714.
2. Robetorye RS, Bohling SD, Medeiros LJ, Elenitoba-Johnson
KSJ. Follicular Lymphoma with Monocytoid B-Cell
Proliferation: Molecular Assessment of the Clonal
Relationship between the Follicular and Monocytoid B-Cell
Components. Laboratory Investigation 2000; 80: 1593-1599
3. Hernandez AM, Nathwani BN, Nguyen D, Shibata D, Chuan
W, Nichols P, Taylor CR. Nodal benign and malignant monocytoid B cells with and without follicular lymphomas: a comparative study of follicular colonization, light chain restriction, bcl2, and t(14;18) in 39 cases. Hum Pathol 1995; 26 (6): 625-32.
4. Schena M, Larsson LG, Gottardi D, Gaidano G, Carlsson M,
Nilsson K, Caligaris-Cappio F. Growth- and differentiationassociated expression of bcl-2 in B-chronic lymphocytic
leukemia cells. Blood 1992; 79(11): 2981-9.
5. Fais F, Ghiotto F, Hashimoto S, Sellars B, Valetto A, Allen SL,
Schulman P, Vinciguerra VP, Rai K, Rassenti LZ, Kipps TJ,
Dighiero G, Schroeder HW Jr, Ferrarini M, Chiorazzi N.
Chronic lymphocytic leukemia B cells express restricted sets
of mutated and unmutated antigen receptors. J Clin Invest
1998; 102(8): 1515-25.
6. Damle RN, Wasil T, Fais F, Ghiotto F, Valetto A, Allen SL,

15.

16.
17.
18.

19.

20.

Buchbinder A, Budman D, Dittmar K, Kolitz J, Lichtman SM,
Schulman P, Vinciguerra VP, Rai KR, Ferrarini M, Chiorazzi N.
Ig V gene mutation status and CD38 expression as novel prognostic indicators in chronic lymphocytic leukemia. Blood
1999; 94: 1840-1847.
Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK.
Unmutated immunoglobulin VH genes are associated with a
more aggressive form of chronic lymphocytic leukemia.
Blood. 1999; 94: 1848-1854.
Weiss LM, Warnke RA, Sklar J, Cleary ML. Molecular analysis
of the t(14;18) chromosomal translocation in malignant lymphomas. N Engl J Med 1987; 317: 1185-1189.
Horning SJ, Rosenberg SA. The natural history of initially
untreated low-grade non-Hodgkin's lymphomas. N Engl J
Med 1984; 311: 1471-1475
Don RH, Cox PT, Wainwright BJ, Baker K, Mattick JS.
'Touchdown' PCR to circumvent spurious priming during
gene amplification. Nucleic Acids Res 1991; 19: 4008.
Slavickova A, Ullmannova V, Benesova E, Klener P. Monitoring
of residual disease in non-Hodgkin's lymphomas by quantitative PCR (preliminary report). Folia Biol 1999; 45: 179-183
Slavickova A, Ivanek R, Cerny J, Salkova J, Trneny M. [Clinical
relevance of semiquantitative monitoring by comparative PCR
of lymphomas.] Cas Lek Ces, 2002; 141 (23): 735-738. Czech.
Sambrook, J., Fritsch, E.F.; Maniatis, T. Molecular Cloning: a
Laboratory Manual. New York. Cold Spring Harbor
Laboratory Press, 1989.
Cook GP, Tomlinson IM: The human immunoglobulin VH
repertoire. Immunol Today 1995; 16: 237
Corbett SJ, Tomlinson IM, Sonnhammer EL, Buck D, Winter
G. Sequence of the human immunoglobulin diversity (D) segment locus: a systematic analysis provides no evidence for the
use of DIR segments, inverted D segments, "minor" D segments or D-D recombination. J Mol Biol 1997; 270(4): 587-97.
Rassenti LZ, Kipps TJ. Lack of allelic exclusion in B cell chronic lymphocytic leukemia. J Exp Med. 1997; 185: 1435-45.
Rassenti LZ, Kipps TJ. Expression of Ig-beta (CD79b) by
chronic lymphocytic leukemia B cells that lack immunoglobulin heavy-chain allelic exclusion. Blood. 2000; 95(8): 2725-7.
Huang JZ, Sanger WG, Greiner T, Staudt LM, Weisenburger
DD, Pickering DL, Lynch JC, Armitage JO, Warnke RA,
Alizadeh AA, Lossos IS, Levy R, Chan WC. The t(14;18)
defines a unique subset of diffuse large B-cell lymphoma with
a germinal center B-cell gene expression profile Blood 2002;
99: 2285-2290.
Steenbergen EJ, Verhagen OJ, van den Berg H, van Leeuwen
EF, Behrendt H, Slater RR, von dem Borne AE, van der Schoot
CE. Rearrangement status of the malignant cell determines
type of secondary IgH rearrangement (V-replacement or V to
DJ joining) in childhood B precursor acute lymphoblastic
leukemia. Leukemia 1997; 11(8): 1258-65
Wilson PC, Wilson K, Liu YJ, Banchereau J, Pascual V, Capra
JD. Receptor revision of immunoglobulin heavy chain variable
region genes in normal human B lymphocytes. J Exp Med 2000
Jun 5;191(11):1881-94

haematologica/the hematology journal | 2003; 88(online) | 63 |

