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Abstract. Richter's syndrome is defined as the transformation  
of low-grade lymphoma to a more aggressive high-grade malig-
nant form, usually diffuse large B-cell lymphoma. Hodgkin's 
lymphoma variant of Richter transformation is relatively 
rare, and only approximately 100 cases have been reported 
in the literature. This study examined a case of a 53-year-old 
woman who developed Hodgkin's lymphoma almost 5 years 
after the diagnosis of chronic lymphocytic leukemia (CLL). 
The major points of interest regarding CLL with Hodgkin's 
transformation were also considered, such as the potential role 
of MDR-1 gene polymorphisms. The patient was evaluated 
for two MDR-1 gene polymorphisms, G2677T polymorphism 
in exon 21 and silent C3435T polymorphism in exon 26, to 
ascertain whether polymorphisms affect the risk of Hodgkin's 
lymphoma variant of Richter transformation and whether 
genomic polymorphisms provide prognostic information  
on the clinical progression of the disease. According to the data 
obtained, the analysis of polymorphisms in the MDR1 gene 
exons 21 and 26 revealed that the T2677T and T3435T alleles 
are not a predisposing factor to Richter transformation, while 
the presence of the wild-type genotype may be associated with 
a more favorable response to therapy.

Introduction

Richter syndrome (RS) is defined as the transformation of 
low-grade lymphoma to a more aggressive high-grade malig-
nant form, usually diffuse large B-cell lymphoma. Hodgkin's 
lymphoma (HL) variant of Richter transformation is relatively 
rare (0.4%) (1), and only approximately 100 cases have been 
reported in the literature (2-6).

The prognosis of patients with HL transformation of chronic 
lymphocytic leukemia (CLL)/small lymphocytic lymphoma 

(SLL) is poor in contrast with that of de novo HL, with a median 
overall survival of less than one year in small series (7).

In certain cases, results of studies using single-cell 
analysis have shown an identical immunoglobulin gene rear-
rangement. CLL and Reed-Sternberg cells were considered to 
belong to the same clonal population, although RS-like cells 
are found in B-CLL in the absence of clinical transformation 
to HL, whereas in other cases this transformation has not been 
validated (8,9). In the first case, a progression from underlying 
CLL cells is hypothesized; in the remaining cases, Hodgkin's 
disease may indicate a second malignancy (10). In addition, a 
role for the Epstein-Barr virus (EBV) in the pathogenesis of 
the transformation to HL has been suggested (11-13).

This study reported a case of a 53-year-old woman who 
developed HL almost 5 years after the initial diagnosis of CLL. 
Major points of interest in CLL with Hodgkin's transformation 
were considered, such as the possible role of MDR-1 gene 
polymorphisms (14).

The patient was evaluated for two MDR-1 gene polymor-
phisms, G2677T polymorphism in exon 21 and silent C3435T 
polymorphism in exon 26, to ascertain whether polymorphisms 
affect the risk of the HL variant of Richter transformation and 
whether genomic polymorphisms provide prognostic informa-
tion on the clinical progression of the disease.

Case report

Patient and methods. A 47-year-old Caucasian female was 
diagnosed with CLL/SLL in 2003. A staging CT scan of the 
chest, abdomen and pelvis revealed axillary, pelvis, cervical 
lymphadenopathy and hepatosplenomegaly.

The patient's white blood cell count was 9,400/mm3 with 
48% lymphocytes. Hemoglobin was 6.9 g/dl and the platelet 
count was 97,000/mm3. IgVH gene analysis and determina-
tion of Zap-70 and CD38 expression were performed (15). The 
results indicated IgVH mutation (>2%) and the patient was 
negative for ZAP-70 and CD38 expression (<30%).

A cervical lymph node biopsy was performed to confirm the 
diagnosis. The immunophenotype of the cervical lymph nodes 
and bone marrow (20% small lymphocytes) was consistent  
with the diagnosis of CLL (CD20+, CD5+, CD23+, MUM1+ and 
BCL6-). The diagnosis was B-CLL Rai stage IV.

The patient received fludarabine (50 mg for 5 consecutive 
days every month from July to September 2003). Treatment 

MDR-1 gene polymorphisms G2677T and C3435T  
in a case of Hodgkin's variant of Richter's syndrome

Giuseppa Penna1,  Alessandro Allegra1,  Andrea Alonci1,  Mohamed Aguennouz2,  
Antonino Cannavò1,  Sabina Russo1,  Angela Granata1  and  Caterina Musolino1

1Division of Hematology, and 2Department of Neuroscience, Policlinico G. Martino, University of Messina, Messina, Italy

Received November 11, 2010;  Accepted January 12, 2011

DOI: 10.3892/ol.2011.243

Correspondence to: Professor Caterina Musolino, Division of 
Hematology, Policlinico G. Martino, University of Messina, Via 
Colapesce 20, 98100 Messina, Italy
E-mail: cmusolino@unime.it

Key words: Richter syndrome, Hodgkin's lymphoma, chronic 
lymphoid leukemia, MDR-1 gene, gene polymorphism



penna et al:  MDR-1 polymorphisms and Richter Syndrome380

was then interrupted due to the onset of pericarditis and acute 
renal failure.

In March 2004, chlorambucil, 15 mg/m2 was administered 
daily for 5 consecutive days for 6 months. Following treat-
ment, partial remission was achieved.

Four years later, the patient was admitted to hospital. 
Axillary and cervical lymph nodes were enlarged, but the 
liver and spleen were normal. A trephine bone marrow biopsy 
showed minimal infiltration with CLL (<10%). Following 
histopathological examination of the lymph node biopsy, a 
diagnosis of HL of classical type (mixed cellularity classical 
HL) was confirmed. In situ hybridization for EBER-1 RNA 
was negative for EBV.

Subsequently, the patient received chemotherapy with 
ABVD for eight cycles. After completing the chemotherapy, 
she was discharged and has since been in sustained CR for 
CLL and HL as documented by the results of the PET and CT 
scans.

Pathological findings. Prior to initiating chemotherapy, two 
MDR-1 gene polymorphisms, i.e., G2677T polymorphism 
in exon 21 and C3435T polymorphism in exon 26, were 
evaluated. For MDR-1 genotyping, the genomic DNA was 
extracted from the peripheral blood of the patient using 
standard procedures. Two MDR-1 gene polymorphisms were 
detected based on a polymerase chain reaction (PCR), using 
primers to amplify a short fragment of DNA containing the 
polymorphic sites. The PCR primers for G2677T polymor-
phism in exon 21 were: 5'-TGC AGG CTA TAG GTT CCA 
GG-3' and 5'-TTT AGT TTG ACT CAC CTT CCC G-3', 
producing a 224-bp fragment. Those for the C3435T poly-
morphism in exon  26 were: 5'-GCT GCT TGA TGG CAA 
AGA AA-3' and 5'-ATT AGG CAG TGA CTC GAT GAT 
GA-3', producing a 208-bp fragment. The PCR reaction was 
performed in a 40-µl reaction volume containing 100 ng 
of genomic DNA, 10 pmol of each primer, 0.2 mM of each 
deoxynucleotide triphosphate, 1X PCR buffer [50 mM KCl 
and 10 mM Tris-HCl (pH 8.3)], 1.5 mM MgCl2 and 1 unit of 
Taq polymerase. The PCR program for exon 21 consisted of 
35 cycles at 94˚C for 30 sec, 58˚C for 30 sec, 72˚C for 30 sec, 
and a final elongation step at 72˚C for 10 min. The PCR 
program for exon 26 consisted of 35 cycles at 94˚C for 30 sec, 
54˚C for 30 sec, 72˚C for 30 sec, and a final elongation step at 
72˚C for 10 min. The PCR products were evaluated on a 1.5% 
agarose gel, photographed using Polaroid film and subjected 
to RFLP analysis.

To distinguish the single nucleotide polymorphisms (SNPs), 
the restriction enzyme BanI (New England BioLabs, Ipswich, 
MA, USA) was used for G2677T and DpnII (New England 
BioLabs) was used for C3435T. Each 20 µl of PCR products 
was digested overnight with 5 units of BanI (G2677T in 
exon 21) and DpnII (C3435T in exon 26) at 37˚C. The digestion 
products were separated on a 4% agarose gel.

Our patient presented MDR1 G2677G and C3435C genotype,  
then she presented the wild-type genotype.

Discussion

Chemotherapy and radiotherapy are known risk factors for 
secondary cancers, while genetic factors affect risk factors 

only for selected secondary tumors following lymphoprolife-
rative disorders (16).

The patient in this study was administered chlorambucil, an 
established human carcinogen, and fludarabine. It is known that 
treatment of CLL with fludarabine has been associated with 
secondary malignancies (17,18), although Cheson et al found 
no significantly increased risk of secondary malignancies (19).

HL has been reported as a second malignancy during 
continued chemotherapy (20), and an altered expression of 
the MDR1 gene may represent an additional risk factor for 
developing a secondary cancer. In previous studies, a higher 
frequency of the T allele in position 3435 of MDR1, as well 
as the T allele at position 2677, were detected in patients with 
colorectal cancers as compared to healthy subjects. These 
observations indicate that the MDR1 polymorphism is associ-
ated with an increased risk of cancer that has been attributed 
to lower protection against specific P-gp-dependent carcino-
gens (21-25).

Although Goreva et al pointed out that the T2677T and 
T3435T alleles are not a predisposing factor to lymphoprolife-
rative diseases (27), Jamroziak et al showed that the gene 
polymorphism C3435T is associated with P-glycoprotein 
activity in B-cell CLL (26). In a previous study, we noted a 
significant difference in the genotype distribution between 
B-CLL patients and the control group as well as significant 
differences in the genotype distribution between patients with 
high and low risk of progression, with a correlation with IgVH 
gene analysis and CD38 positivity (28). Notably, since it is well 
known that the probability of transformation in RS is strongly 
associated with the CD38 polymorphism, the G allele is an 
independent risk factor for RS development (29).

The clinical definition of RS is heterogeneous and encom-
passes at least two biologically different conditions. CLL 
transformation may be due to a clonally related lymphoma, 
which accounts for the majority of cases or the development 
of an aggressive high-grade malignant form unrelated to 
the CLL clone. In clonally related RS, the pathogenetic link 
between CLL and RS has been substantiated by the acquisition  
of novel molecular lesions at the time of clinicopathologic 
transformation (30).

No data are currently available in the literature regarding a 
correlation between the MDR1 polymorphism and RS. Genetic 
polymorphisms, which determine differences in the activity 
of enzymes involved in transport and metabolism of muta-
gens, are a promising area in the search for factors providing 
an enhanced risk of developing hematologic neoplasms. The 
alteration of the cellular defense mechanism mediated by 
P-gp has been speculated to be closely associated with the 
development of various types of cancer. These observations 
suggest that MDR1 plays a significant role in the elimination 
of carcinogens, and that the malfunction of MDR1 may cause 
various human malignancies, including HL or RS.

In the present study, we examined the association of the 
development of the HL variant of Richter transformation and 
gene polymorphisms. According to the data obtained, the study 
of polymorphisms in the MDR1 gene exons 21 and 26 revealed 
that the T2677T and T3435T alleles are not a predisposing 
factor to Richter transformation, while the presence of the 
wild-type genotype may be associated with a more favorable 
response to therapy.
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It is not possible to verify the prognostic role of common 
SNPs based on the genotyping results of a single patient, given 
the rarity of the HL variant of RS. However, it is quite difficult 
to perform a case-control study in which the MDR-1 genotype 
of CLL cases transformed to the HL variant is compared to 
that of a cohort of CLL not transformed to RS. Further studies 
involving a large series of patients may indicate new paths of 
investigation leading to an improved understanding of RS.
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