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Mantle cell lymphoma (MCL) is typically composed of small irregular lymphoid cells. Blastoid variants,
composed of lymphoblast-like (classic type) or large (pleomorphic type) cells, arise de novo or in patients with
typical MCL. Although it has been assumed that blastoid variant represents histologic transformation of typical
MCL, the clonal relationship between the two tumors has rarely been assessed at the molecular level. We
identified five patients with typical MCL who subsequently developed the blastoid variant. There were two men
and three women with a median age of 65 years (range, 34–70) at diagnosis of typical MCL involving lymph
nodes. The median interval between typical and blastoid MCL was 36 months (range, 11–103). Subsequent
blastoid variant MCL involved soft tissue (two), lymph node (one), ileum (one), or rectum (one). All typical and
blastoid neoplasms were positive for CD20, cyclin D1, and monotypic surface immunoglobulin light chain, and
all typical cases were positive for CD5. Two blastoid neoplasms lost CD5 expression, one of which aberrantly
expressed CD10. Immunostaining for Ki-67 showed a median proliferative fraction of 20% in typical and 70% in
blastoid neoplasms. Sequence analysis of the VDJ regions of the rearranged IgH allele proved clonal identity
in each set of paired samples in all five patients. These results support the concept that blastoid MCL arising in
patients with typical MCL represents histologic transformation of the original neoplastic clone.
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Mantle cell lymphoma (MCL) is a distinct type of
B-cell lymphoma characterized by the t(11;14)(q13;
q32) and cyclin D1 overexpression. Histologically,
MCL is typically composed of a monotonous
population of small to medium-sized lymphoid
cells with slightly irregular nuclear contours and a
relatively low mitotic rate. Immunophenotypically,
MCL expresses monotypic surface immunoglobulin,
pan-B-cell antigens, and CD5, and is usually
negative CD10 and CD23.1,2

A histologically more aggressive form of MCL,
blastoid variant, also occurs, either de novo or in
patients with typical MCL. Two types of blastoid
MCL are described, consisting of either lympho-
blast-like (classic type) or large (pleomorphic type)
cells with a high proliferative fraction.3–6 In patients
who have both typical and blastoid variant MCL,

either simultaneously or sequentially, the relation-
ship between these neoplasms is not well studied.
One might assume that both the typical and blastoid
variant MCL are clonally related, analogous to
low-grade follicular lymphoma and diffuse large
B-cell lymphoma. However, in patients with chronic
lymphocytic leukemia/small lymphocytic lympho-
ma (CLL/SLL) who develop diffuse large B-cell
lymphoma, so-called Richter’s syndrome, molecular
genetic analysis indicates that the CLL/SLL and
diffuse large B-cell lymphoma are clonally related in
approximately 50% of cases.7,8 In our review of the
literature, we have identified only three patients in
which the clonal relationship between typical and
blastoid MCL was assessed.9,10

We have reviewed the clinical, morphologic,
and immunophenotypic features of five patients
who presented with typical MCL and subsequently
developed blastoid MCL. The clonal relationship
of the five paired tumors, evaluated by DNA
sequence analysis of the VDJ regions of the
rearranged immunoglobulin heavy chain (IgH)
alleles, demonstrated identical sequences within
each pair.
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Materials and methods

Case Selection

Five patients who presented with typical MCL
and subsequently developed blastoid variant MCL
were identified through a search of the files of the
Department of Hematopathology, The University of
Texas MD Anderson Cancer Center from January
1993 to June 2005. Clinical information was
obtained by review of the medical records.

For all cases, Wright–Giemsa-stained peripheral
blood and bone marrow aspirate smears, and hemato-
xylin and eosin (H&E)-stained histologic sections of
bone marrow aspirate clot and core biopsy speci-
mens, lymph node, or other tissue biopsy specimens
were reviewed. The diagnosis of MCL was based on
morphologic and immunophenotypic findings
according to the World Health Organization (WHO)
classification criteria.11 The cases were classified as
follows: (1) typical MCL, composed of a monotonous
population of small to medium-sized lymphoid cells
with irregular nuclear contours, moderately dis-
persed chromatin, inconspicuous nucleoli, scant
cytoplasm, and a generally low-to-moderate mitotic
rate; (2) classic blastoid MCL, composed of cells that
resemble lymphoblasts, with dispersed chromatin
and a high mitotic rate (410 mitotic figures per 10
high-power fields, and usually at least 20–30 mitotic
figures per 10 high-power fields); (3) pleomorphic
blastoid MCL, composed of a heterogeneous popula-
tion of cells with large cleaved to oval nuclei,
frequently prominent nucleoli, and pale cytoplasm.
The diagnosis of MCL was further confirmed by
immunophenotypic analysis, including immuno-
histochemical staining for cyclin D1.

Immunophenotypic Analysis

Immunohistochemical stains were performed using
formalin-fixed, paraffin-embedded tissue sections,
an avidin–biotin–peroxidase complex method, and
an automated immunostainer (Ventana-Biotech,
Tucson, AZ, USA). All tissue sections underwent
heat-induced antigen retrieval. The antibodies
were specific for CD5 (1:20, Labvision/Neomarker,
Montreal, Quebec, Canada), CD20 (1:700, Dako,
Carpinteria, CA, USA), immunoglobulin kappa and
lambda light chains (1:20 000, Dako), Ki-67 (1:100,
Dako), and cyclin D1 (1:40, Zymed Laboratories Inc.,
South San Francisco, CA, USA). The percentage
of Ki-67 staining were reported as mean percentage
of lowest and highest Ki-67-positive cells.

Immunophenotypic analysis was performed by
flow cytometry according to standard methods on a
FACScan instrument (BD Biosciences, San Jose, CA,
USA) as described previously.12 The antibody panel
included reagents specific for CD5, CD10, CD19,
CD20, CD23, CD45, and surface immunoglobulin
kappa and lambda light chains. All antibodies were
purchased from BD Biosciences.

Sequence Analysis of the IgH VDJ Region

The IgH gene was assessed in all cases using DNA
extracted from fixed, paraffin-embedded tissue sec-
tions with the QIAamp DNeasy Tissue Kit (Qiagen,
Valencia, CA, USA) as described previously.13 For
case 2, the typical and blastoid components were
microdissected and analyzed separately. A polymer-
ase chain reaction (PCR) assay was performed in a
9700 thermal cycler (PE/Applied Biosystems, Foster
City, CA, USA) using consensus primers that anneal
to the complementary framework II (FRII) (50-TGG
(A/G)TCCG(A/C/G)CAG(G/C)C(T/C)CC(A/C/G/T)GG-
30) or FRIII (50-TCGGATCCACGGC(T/C)(C/G)TGTAT
TACTGT-30) regions of the variable segments, and to
a conserved 30 region of JH segments (50-AACTGCAG
AGGAGACGGTGACC-30). The reaction mix con-
tained 1� PCR reaction buffer (PE/Applied Bio-
systems), 0.2mM of dNTPs, 0.4 mM of each primer,
2U of HotStar Taq DNA polymerase (Qiagen),
and 0.5 mg of DNA. The mixture was subjected
to 38 cycles of amplification. After incubation at
951C for 15min, each cycle consisted of denatura-
tion at 941C for 1.5min, annealing at 591C for
1.5min, and elongation at 721C for 3min. The last
cycle was followed by a 5-min elonga-
tion step at 721C. Amplification of a 297 base pair
(bp) sequence of the b-actin gene was performed in
all cases to confirm that the DNA quality was
adequate.

After gel electrophoresis and ethidium bromide
staining, the rearranged bands were excised and
purified using a QIAquick Gel Extraction Kit
(Qiagen) according to the manufacturer’s instruc-
tions. In four cases (cases 1, 3, 4, and 5) the purified
PCR products were sequenced directly using both
the 30 and 50 PCR primers. In case 2, the PCR
products were cloned into a pGEM-T vector (Pro-
mega, Madison, WI, USA), and plasmids were
isolated from 12 randomly selected bacterial colo-
nies (JM109, Promega). Plasmid DNA was purified
using the QIAprep miniprep kit (Qiagen) and
sequenced using SP6 and T7 primers. DNA se-
quence analysis using the fluorescence dye termi-
nator method was performed by SeqWright DNA
Technology Services (Houston, TX, USA) or The
University of Texas MD Anderson Cancer Center
DNA Core Analysis Facility (Houston, TX, USA).

The National Center for Biotechnology Informa-
tion BLAST (Basic Local Alignment Search Tool,
National Institutes of Health, Bethesda, MD, USA)
software was used to compare the sequence homo-
logy of the PCR products within each pair. In order
to determine the level of somatic hypermutation of
the IgH gene variable (IgVH) regions, patients’
sequences were aligned to the germline sequences
listed in the V-BASE database and assessed as
described previously.14 Cases were designated
as unmutated if there were 2% or fewer mutations,
or mutated if there were more than 2% mutations,
compared with germline sequences.15
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Results

Clinical and Histologic Findings

The clinical features of the five patients are
summarized in Table 1. There were two men and
three women, with a median age of 65 years (range,
34–70) at the time of diagnosis of typical MCL.
The interval between the typical and subsequent
blastoid MCL was 11–103 months (median 36). All
patients presented with typical MCL in lymph
nodes, and four had bone marrow involvement at
the time of diagnosis (cases 1, 2, 4, and 5).
Subsequent specimens of blastoid MCL involved
soft tissue of thigh (cases 3 and 5), lymph node (case
4), ileum (case 2), and rectum (case 1). Patient 2
initially had typical MCL in lymph node, and
subsequently developed both typical and blastoid
MCL in the ileum 103 months later.

In all cases, the initial lymph node biopsy speci-
mens showed typical MCL. The architecture was
effaced by a monotonous proliferation of small to
medium-sized lymphoid cells with oval to slightly
irregular nuclear contours, moderately dispersed
chromatin, generally inconspicuous nucleoli, and
scant cytoplasm; the growth patterns were diffuse

(Figures 1a and c and 2a). Mitotic figures were
infrequent, with fewer than 10 (range 1–9, median 4)
per 10 � 400 high-power fields (Table 2). Staining
with antibody to Ki-67 demonstrated a median
proliferative fraction of 20% (range 10–50%)
(Figures 1b and 2c, Table 2). In the subsequent
biopsy specimens involved by blastoid MCL, four
tumors showed a diffuse growth pattern (cases 1, 3,
4, and 5), and one showed nodular and diffuse
growth patterns (case 2). Three cases (cases 1, 4, and
5) showed classic blastoid cytology (Figure 2b) and
two cases (cases 2 and 3) showed pleomorphic
cytology (Figure 1d). In the blastoid tumors the
mitotic rates ranged from 16-78 (median 48) per
10 � 400 high-power fields (Table 2). Staining
with antibody to Ki-67 demonstrated proliferative
fractions that ranged from 60 to 90% (median 70%)
(Figures 1b and 2d, Table 2).

Immunophenotypic Findings

The immunophenotypes of the typical and blastoid
MCL are summarized in Table 2. In all cases, both
tumors expressed CD19, CD20, cyclin D1 (nuclear
staining) and monotypic surface immunoglobulin

Table 1 Clinical features

Patient 1 2 3 4 5

Age/Gender 65/F 34/M 65/M 64/F 70/F

Typical MCL
Presenting site Lymph node Lymph node Lymph node Lymph node Lymph node
Bone marrow + + � + +
Lymphadenopathy + + � + �
Splenomegaly � � � � �
WBC (k/ml) 9.8 18.7 12.9 4.7 4.8
Lymphocytes (k/ml) 7.6 10.1 3.3 0.6 1.4
Hemoglobin (g/dl) 13.2 15.4 11.8 12.7 12.5
Platelets (k/ml) 150 265 218 157 290
Chemotherapy Hyper-CVAD FC R-CHOP Hyper-CVAD CHOP

FCR R

Blastoid MCL
Interval (months) 66 103 11 36 32
Presenting site Rectum Ileum Soft tissue Lymph node Soft tissue
Morphology Classic Pleomorphic Pleomorphic Classic Classic
Bone marrow � + NA NA NA
Lymphadenopathy + + + + +
Splenomegaly � � � � NA
WBC (k/ml) 2.6 61.6 8.1 4.2 NA
Lymphocytes (k/ml) 0.9 42.5 1.8 0.8 NA
Hemoglobin (g/dl) 10.6 11.0 13.0 13.0 NA
Platelets (k/ml) 91 312 204 159 NA
Chemotherapy R Hyper-CVAD R, FND Hyper-CVAD ESHAP

R R
BMT No Yes No Yes No
Follow-up (months)a 75 142 21 78 72
Outcome DOD Remission DOD Remission DOD

F, female; M, male; MCL, mantle cell lymphoma; Hyper-CVAD, cyclophosphamide, vincristine, doxorubicin, dexamethasone; FCR, fludarabine,
cyclophosphamide, rituxan; R, rituxan; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisolone; FND, fludarabine, mitoxantrone,
dexamethasone; ESHAP, etoposide, methylprednisolone, cytarabine, cisplatin; BMT, bone marrow transplantation; NA, not available; DOD, died
of disease.
a
Follow-up: months from initial diagnosis to last time the patient presented to our institution.
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light chain (four kappa, one lambda), and were
negative for CD23. CD5 was positive in all typical
MCL. Only three blastoid MCL were CD5 positive.
Cases 2 and 3 lost CD5 expression, one of which
(case 3) aberrantly expressed CD10.

Sequence Analysis of the IgH Genes

In order to assess the clonal relationship between
the typical and blastoid MCL, we compared the
VDJ sequences of the rearranged IgH gene of paired
samples from all five patients (Table 3). Clonal
rearrangement of the IgH gene was detected in all
five tumor pairs, and the VDJ sequences were
identical in each pair of cases. In case 2, three
identical clones were found in both the typical and
blastoid MCL. We assessed the somatic hypermuta-
tion status of all cases by comparing the sequences
of the IgVH region sequences with the germline
sequences. Two cases (cases 1 and 3) were unmu-

tated; three cases (cases 2, 4, and 5) were mutated
(Table 3).

Discussion

MCL is a distinct type of B-cell non-Hodgkin
lymphoma characterized by the t(11;14)(q13;q32)
and cyclin D1 overexpression. Most cases of MCL
are composed of a monotonous proliferation of small
lymphoid cells, referred to as typical MCL. In
contrast, blastoid variants of MCL are histologically
more aggressive, but have similar immunopheno-
typic features and also carry the t(11;14). Blastoid
MCL may arise de novo or in patients with an
established diagnosis of typical MCL. In the litera-
ture, 10–30% of patients with typical MCL subse-
quently develop blastoid variant MCL.3–6 It seems
reasonable to assume that blastoid MCL represents
histologic transformation of typical MCL. However,
as this is not the case in patients with Richter’s

Figure 1 Morphologic features of typical and blastoid MCL involving the same site, ileum, in patient 2. (a) Typical MCL (upper left)
and blastoid MCL (lower right) (H&E, �200); (b) staining with antibody to Ki-67 (same field as a) (IHC, �200); (c) typical component
(H&E, � 400); (d) blastoid component (H&E, �400).

Histologic transformation of mantle cell lymphoma
CC Yin et al

4

Modern Pathology (2007) 20, 1–7



syndrome, in which the CLL/SLL and diffuse large
B-cell components are clonally related in only 50%
of patients,7,8 there is precedent for hypothesis that
typical and blastoid MCL are not clonally related.
Hence, we studied at the molecular level five

patients with typical MCL who subsequently devel-
oped blastoid MCL.

Sequence analysis of the VDJ region of the
immunoglobulin heavy-chain genes has proven to
be a valuable tool to assess the clonality of B-cell

Figure 2 Morphologic features of case 4, with typical (a, c) and pleomorphic blastoid (b, d) MCL. Immunohistochemical stain for Ki-67
demonstrates the lower proliferative fraction in the typical (c) compared to the blastoid (d) component (� 400).

Table 2 Immunophenotypic features and proliferative fraction

Case Type CD5 CD10 CD19 CD20 CD23 k/l Cyclin D1 Ki-67 (%) Mitotic indexa

1 Typical + � + + � k + 20 4
Blastoid + NA NA + NA k + 60 16

2 Typical + � + + � k + 20 9
Blastoid � � + + � k + 90 78

3 Typical + � NA + NA k + 30 1
Blastoid � + + + � k + 90 64

4 Typical + � + + � k + 10 2
Blastoid + � + + � k + 60 17

5 Typical + � + + � l + 50 8
Blastoid + � + + � l + 70 48

NA, not available.
a
The mitotic index is the number of mitotic figures per 10 � 400 high-power fields.
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neoplasms.16 Our studies demonstrated that the VDJ
sequences were identical within each pair of
samples from all five patients. These findings
indicate that the blastoid tumors represent histo-
logic progression of the original neoplastic clones,
rather than de novo second tumors. We were unable
to perform direct sequence analysis of the PCR
products in case 2, the case with typical and
blastoid MCL at the same site (ileum). In this case,
the two components were separated by microdissec-
tion of formalin-fixed, paraffin-embedded tissue
sections, and sequence analysis was performed on
cloned PCR products. Interestingly, we recovered
three identical clones from both components,
suggesting an oligoclonal pattern. This finding is
similar to the previous observations that some
lymphoproliferative disorders, especially those as-
sociated with autoimmune disease and immuno-
deficiency, may show an oligoclonal pattern.17

However, we cannot exclude the possibility that
both components contained a small number of cells
of the other component that were not apparent on
histologic examination, and that the presence of
multiple clones resulted from the mixture of two
(or more) clonally unrelated tumors. Unfortunately,
insufficient tissue remains for us to perform single-
cell sequence analysis, which would address this
problem.

Our data are in keeping with the results of two
earlier sequencing studies of patients with typical
and blastoid MCL that assessed a total of three
patients.9,10 Combined with the five cases we report,
in all patients typical and blastoid MCL have had
identical sequences. In aggregate, it appears that
typical and blastoid MCL occurring in the same
patient are clonally related.

A recent study of 51 MCL cases (38 typical, 13
blastoid) has shown that about 20% (eight typical,
two blastoid) of MCL cases display somatically
mutated IgVH genes, whereas 80% are unmutated.18

Similarly, Pittaluga et al19 reported that three of nine

blastoid MCL had mutated IgVH genes. Cogliatti
et al,20 in a study of 21 cases of blastoid MCL, found
that positive IgVH mutational status had no statisti-
cally significant prognostic impact on event-free or
overall survival. However, in Cogliatti’s20 study
mutated blastoid MCL tended to present more often
at an earlier stage and without bone marrow
involvement, and to show lower rates of relapse
and death, resulting in a more favorable clinical
outcome. Similarly, Orchard et al21 found that among
80 MCL patients (72 typical/small MCL and eight
blastoid MCL), mutation status did not statistically
affect survival. However, five of five long-term
survivors (more than 90 months) had mutated IgVH

genes, suggesting that mutated IgVH genes may help
identify patients with indolent disease.21 Compared
to these studies, we found a higher percentage (60%)
of mutated cases. This discrepancy may be due to
our referral patient population or to the relatively
small size of our series, rather than reflecting the
biology of MCL cases that subsequently undergo
histologic progression.

Few studies have compared the immunopheno-
type of paired samples of typical and blastoid MCL.3

We performed immunophenotypic analysis of the
five paired samples using a combination of immu-
nohistochemical and flow cytometric studies. All
samples assessed were positive for CD19, CD20,
cyclin D1, and negative for CD23, and all typical
cases were positive for CD5. All cases showed the
same immunoglobulin light chain within each pair.
Interestingly, two blastoid tumors lost CD5 expres-
sion, one of which aberrantly expressed CD10.
Absence of CD5 expression has been described in
up to 10% of all MCL cases.22 However, reports of
cases that have converted from a CD5-positive to a
CD5-negative immunophenotype, or that show con-
current CD5-positive and CD5-negative tumors at
different sites are unusual.23 Reports of aberrant
CD10 expression by MCL are also rare, and most
often associated with blastoid morphology.23,24

Table 3 DNA sequence analysis

Case Type CDRIII sequence Mutation rate (%)

1 Typical GTGCGACGGGCCTCAGCCCGCGGGGCGGGAGCTACA-JH5 1.7
Blastoid GTGCGACGGGCCTCAGCCCGCGGGGCGGGAGCTACA-JH5 1.7

2 Typical GTACCACATCCCATTACTATGGTTCGGGGAGTTACCCTTTT-JH4 6.0
Blastoid GTACCACATCCCATTACTATGGTTCGGGGAGTTACCCTTTT-JH4 6.0
Typical GTGCGACGGGCCTCAGCCCGCGGGGCGGGAGCTACA-JH5 5.0
Blastoid GTGCGACGGGCCTCAGCCCGCGGGGCGGGAGCTACA-JH5 5.0
Typical GTGCGAGAGGCGAAGTGGGAGCTACTACATCGGC-JH6 11.0
Blastoid GTGCGAGAGGCGAAGTGGGAGCTACTACATCGGC-JH6 11.0

3 Typical GTACCACATCCCATTACTATGGTTCGGGGAGTTACCCTTTT-JH4 1.6
Blastoid GTACCACATCCCATTACTATGGTTCGGGGAGTTACCCTTTT-JH4 1.6

4 Typical GTGCAAAAGTGGCTGGTACAACCGAAAACTACTTT-JH4 2.2
Blastoid GTGCAAAAGTGGCTGGTACAACCGAAAACTACTTT-JH4 2.2

5 Typical GTGCGAGAGGCGAAGTGGGAGCTACTACATCGGC-JH6 2.7
Blastoid GTGCGAGAGGCGAAGTGGGAGCTACTACATCGGC-JH6 2.7

In patient 2, both the typical and blastoid MCL involved the ileum at diagnosis of blastoid MCL. Three identical clones were identified in each
component.
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In summary, we have shown that typical and
blastoid MCL are clonally related in five patients.
These results support the concept that blastoid MCL
arising in patients with a history of typical MCL
generally represents histologic progression of the
original neoplastic clone, rather than a de novo
tumor. We also have assessed the mutation status of
the IgH genes in these cases and identified immu-
nophenotypic changes associated with blastoid
transformation.
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