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Mantle cell lymphoma is a mature lymphoid neoplasm characterized by the t(11;14)(q13;q32) and cyclin D1
overexpression. SOX11 is a transcription factor commonly overexpressed in these tumors but absent in most other
mature B-cell lymphomas whose function is not well understood. Experimental studies have shown that silencing
of SOX11 in mantle cell lymphoma cells promotes the shift from a mature B cell into an early plasmacytic
differentiation phenotype, suggesting that SOX11 may contribute to tumor development by blocking the B-cell
differentiation program. The relationship between SOX11 expression and terminal B-cell differentiation in primary
mantle cell lymphoma and its relationship to the plasmacytic differentiation observed in occasional cases is not
known. In this study we have investigated the terminal B-cell differentiation phenotype in 60 mantle cell
lymphomas, 41 SOX11-positive and 19 SOX11-negative. Monotypic plasma cells and lymphoid cells with
plasmacytic differentiation expressing cyclin D1 were observed in 7 (37%) SOX11-negative but in none of 41
SOX11-positive mantle cell lymphomas (Po0.001). Intense cytoplasmic expression of a restricted immunoglobulin
light chain was significantly more frequent in SOX11-negative than -positive tumors (58 vs 13%) (P=0.001).
Similarly, BLIMP1 and XBP1 expression was also significantly more frequent in SOX11-negative than in -positive
cases (83 vs 34% and 75 vs 11%, respectively) (P=0.001). However, no differences in the expression of IRF4/MUM1
were observed among these subtypes of mantle cell lymphoma. In conclusion, these results indicate that SOX11-
negative mantle cell lymphoma may be a particular subtype of this tumor characterized by more frequent
morphological and immunophenotypic terminal B-cell differentiation features that may be facilitated by the
absence of SOX11 transcription factor.
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Mantle cell lymphoma is a mature B-cell neoplasm
genetically characterized by the t(11;14)(q13;q32)
leading to the overexpression of cyclin D1.1 Other
mechanisms involved in the progression of these
tumors include alterations in components of the
cell cycle regulation, DNA damage response, and
apoptotic pathways.1 SOX11 is a transcription factor

overexpressed in the vast majority of mantle cell
lymphoma, including cyclin D1-negative cases, but it
is absent in most other mature B-cell lymphomas,
with the exception of some Burkitt lymphomas.2–6

The potential implication of SOX11 in the aggressive
behavior of mantle cell lymphoma was initially
suggested when it was recognized as one of the genes
highly expressed in tumors requiring treatment at
diagnosis compared with cases with a very indolent
clinical course.7 The relationship between the
absence of SOX11 expression and an indolent
clinical behavior of these tumors has been confirmed
in subsequent studies8–10 but not in others.11
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However, most aggressive SOX11-negative mantle
cell lymphoma carry also TP53 mutations and may,
therefore, correspond to a transformed form of these
tumors.10,11 The oncogenic potential of SOX11
has been confirmed experimentally by SOX11-
knockdown studies that have shown a significant
reduction of tumor growth in vivo of xenografted
SOX11-negative mantle cell lymphoma cell lines.12,13

The oncogenic mechanisms of SOX11 in mantle
cell lymphoma pathogenesis are not well understood.
We have recently shown that PAX5 is one of the genes
directly regulated by SOX11 in these tumor cells.13
PAX5 is a critical transcription factor that determines
and maintains the B-cell identity by activating B-cell-
specific genes and simultaneously repressing genes
that promote plasma cell differentiation.14–16 SOX11
knockdown in mantle cell lymphoma cell lines
resulted in PAX5 downregulation, increased expres-
sion of BLIMP1 and XBP1 and a switch in the gene
expression signatures from a mature B-cell to an early
plasmacytic differentiation profiling.13 These findings
suggested that SOX11 could contribute to mantle cell
lymphoma lymphomagenesis by blocking the term-
inal B-cell differentiation program of the cells as a
similar mechanism observed in the inactivating
mutations of PRDM1/BLIMP1 in diffuse large B-cell
lymphoma or the forced expression of PAX5 by the t
(9;14)(p13;q32) in some B-cell lymphomas.17–19 How-
ever, whether primary mantle cell lymphoma may
modulate terminal B-cell differentiation features in
relation to SOX11 expression is not well known.

The presence of plasmacytic differentiation is the
defining feature of lymphoplasmacytic lymphomas20
but a certain degree of this differentiation may also
occur in other small B-cell lymphoid neoplasms
such as chronic lymphocytic leukemia, follicular
lymphoma, or marginal zone lymphoma.21–23
Recently, the L265P MYD88 mutation has been
recognized as very characteristic of Waldenström
macroglobulinemia/lymphoplasmacytic lymphoma.24
Although this mutation may also be present in other
lymphoid tumors such as diffuse large B-cell lym-
phoma, chronic lymphocytic leukemia and occa-
sional marginal zone lymphoma, it has not been
observed in mantle cell lymphoma.25–28 The
majority of mantle cell lymphoma have been classi-
cally described as a monotonous population of
mature B cells without evidence of plasmacytic
differentiation.29 However, occasional mantle cell
lymphomas with focal areas of plasma cell differ-
entiation have been reported.30–32 These studies have
emphasized the presence of mature clonally related
plasma cells in otherwise classical mantle cell
lymphoma but the potential relationship to SOX11
expression is not known. On the other hand, the
expression of transcription factors regulating the
switch from mature B-cell to plasma cells such
BLIMP1, IRF4/MUM1 and XBP1 have not been well
investigated in these tumors. Recognizing terminal
B-cell differentiation in mantle cell lymphomamay be
important in the differential diagnosis with other

B-cell neoplasms expressing this phenotype. In addi-
tion, the recent observation relating the resistance of
mantle cell lymphoma to bortezomib, a drug with
promising results in the treatment of these patients,
to the development of an early plasmacytic
differentiation33 suggests that understanding this
phenomenon may have also therapeutic relevance.
The aims of this study were to determine the presence
of terminal B-cell differentiation characteristics in
mantle cell lymphoma and their possible relationship
WITH SOX11 expression.

Materials and methods

Samples and Patients

We have included in the study 60 mantle cell
lymphoma patients retrieved from the files of the
Laboratory of Pathology of the Hospital Clinic of
Barcelona based on the availability of formalin-fixed
paraffin-embedded tissue for immunohistochemical
studies. All cases overexpressed cyclin D1 by immu-
nohistochemistry and in 18 cases the t(11;14)(q13;
q32) had been confirmed by conventional cytogenetic
or FISH studies. One case had been included in the
previous study by Visco et al32 (Case 6). SOX11
nuclear protein was expressed in 41 cases, whereas 19
were SOX11-negative. SOX11 mRNA expression was
also investigated by quantitative PCR in 23 mantle
cell lymphoma cases, 15 SOX11-positive and 8
SOX11-negative and mRNA levels correlated to SOX11
protein expression as previously described.34 The tissues
investigated in the SOX11-positive cases were lymph
nodes (29, 71%), spleen (5, 12%), spleen and lymph
nodes (3, 7%), and other extranodal sites (4, 10%),
whereas in the SOX11-negative cases were lymph
nodes (3, 16%), spleen (10, 53%), spleen and lymph
nodes (5, 26%), and other extranodal site (1, 5%).

Immunohistochemistry

Immunohistochemistry was performed on formalin-
fixed paraffin-embedded material. The staining for
cyclin D1, CD5, IRF4/MUM1, CD20, CD3, BLIMP1,
PAX5, kappa, and lambda light chains were devel-
oped in an automated immunostainer (Autostainer-
Link 48 DAKO). Antigen retrieval was done for
20min in Envision Flex TRS High pH (pH 9, DAKO)
or Low pH (pH6, DAKO) buffer solution at 98 °C
accordingly. The primary antibodies, monoclonal
rabbit anti-human cyclin D1 clone SP4 (Ready to Use
DAKO), monoclonal rabbit anti-human CD5 clone
SP19 (Ready to Use, DAKO), monoclonal mouse
anti-human MUM1-protein clone MUM1p (Ready to
Use, DAKO), monoclonal mouse anti-human CD20
clone L26 (Ready to Use DAKO), monoclonal mouse
anti-human CD3 clone CD3-PS1 (diluted 1:60 Novo-
castra), monoclonal mouse anti-human BLIMP1
antibody provided by Dr G Roncador (Centro
Nacional Investigaciones Oncologicas diluted 1:3),
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monoclonal mouse anti-human B Cell Specific
Activator Protein Clone DAK-PAX5 (Ready to Use
DAKO), polyclonal rabbit anti-human kappa light
chain, and polyclonal rabbit anti-human lambda light
chain (DAKO both diluted 1:128 000) were incubated
followed by the secondary antibody Envision Flex
Rabbit and Mouse linker, respectively. A peroxidase-
based EnVision Flex/HRP system (DAKO) was used
for the detection and 3,3′-diaminobenzidine as a
chromogen. For SOX11 and XBP1, the slides were
processed in a fully automated immunostainer (Bond
Max, Vision Biosystems, Mount Waverley, Australia).
The procedure was the same as described above.
Antigen retrieval was done for 20min in Bond ER
Buffer solution (pH 9 and pH 6, Vision Biosystems,
respectively). The primary antibodies were mouse
monoclonal anti-SOX11143 (AMAb90502, clone
CL0143; Atlas Antibodies, Stockholm, Sweden at
1:100), rabbit polyclonal anti-SOX11HPA000536 (HPA
000536, Atlas Antibodies, Stockholm, Sweden at
1:400 dilution) and mouse monoclonal anti-XBP1
(Santa Cruz diluted 1:400). Bond Refine Polymer
(Vision Biosystems) was used as secondary antibody
for detection.

Slides were reviewed, analyzed, and photo-
graphed on a Olympus BX51 microscope, by means
of DP70 cooled CCD camera (Olympus) with the use
of Cell^B imaging software (Olympus). The antigen
expression was considered positive if ≥10% of
tumor cells showed strong positive staining. This
quantitative index was obtained by counting the
number of positive tumor cells within 200 tumor
cells in a High Power Field (×40) within a repre-
sentative tumor area. The statistical analyses were
performed using the SPSS software package version
21 (SPSS, Chicago, IL, USA).

DNA Extraction and Assessment of MYD88 Mutation

DNA was isolated with the QIAamp DNA mini kit
(Qiagen) according to the manufacturer’s instructions
from formalin-fixed paraffin-embedded tissue sec-
tions. MYD88 mutations were studied in 16 mantle
cell lymphoma cases, using an allele-specific PCR for
the L265P mutation in 11 (7 SOX11-negative and 4
SOX11-positive cases) and sequencing exon 5 in 12
(6 SOX11-negative and 6 SOX11-positive cases).
Seven cases were investigated with both approaches

Table 1 Clinical and pathological characteristics of the 60 mantle cell lymphomas

Patients

SOX11-negative mantle
cell lymphoma

n=19

SOX11-positive mantle
cell lymphoma

n=41 P-value

No. 19 41
Median age, years (range) 72 (53–80) 64 (42–89)
Male 10/19 (53%) 38/41 (93%) 0.001
CD5 expression 12/18 (67%) 35/36 (97%) 0.002

Histology
Small cell 11/19 (58%) 1/41 (2%) o0.001
Classic 7/19 (37%) 33/41 (81%) 0.002
Blastoid/pleomorphic 1/19 (5%) 7/41 (17%) 0.211

Ki67 index mean± s.d. 20 ± s.d.18 34.5± s.d.23 0.017

Ann Arbor stage
I/III 0/11 (0%) 3/28 (11%)
IV 11/11 (100%) 25/28 (89%) 0.258

LDH level4normal 2/9 (22%) 10/22 (45%) 0.452
Mutated IGHV (o98% identity) 7/11 (64%) 1/25 (4%) o0.001
Non-nodal presentation 15/19 (79%) 8/41 (20%) o0.001
Leukemic involvement 11/12 (92%) 21/28 (75%) 0.227
Bone marrow involvement 11/11 (100%) 25/28 (89%) 0.258

Pathology
Plasma cell differentiation 7/19 (37%) 0/41 (0%) o0.001
Cytoplasmic light-chain expression 11/19 (58%) 5/39 (13%) 0.001
BLIMP1 expression 15/18 (83%) 13/38 (34%) 0.001
MUM1 expression 10/19 (53%) 18/40 (45%) 0.705
XBP1 expression 12/16 (75%) 4/38 (11%) o0.001

Therapy
No chemotherapy 9/14 (64%) 1/28 (4%) o0.001
Chemotherapy 5/14 (36%) 27/28 (96%) o0.001

Median survival, range (months) 103 (64–141) 44 (24–64) 0.024
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obtaining similar results. The protocol for analysis
using an allele-specific PCR was previously
described.35 MYD88 exon 5 was amplified with the
primers forward: 5′-TGCCAGGGGTACTTAGATGG
-3′ and reverse 5′-GAAGTTGGCATCTCCAGGAA-3′.
Sequences were analyzed with the Mutation Sur-
veyor (Softgenetics).

Results

Clinical Characteristics

The main clinical and pathological characteristics of
the patients are summarized in Table 1. The 19
SOX11-negative mantle cell lymphomas presented
with a non-nodal disease more frequently than
positive tumors (79 vs 20% Po0.001). Leukemic
expression was observed in 11/12 (92%) SOX11-
negative and in 21/28 (75%) positive cases. Bone
marrow involvement was present in 100 vs 89% in
SOX11-negative and -positive tumors, respectively
(Table 1). No bone lytic lesions or hypercalcemia
was reported in any of the cases. SOX11-negative
cases had a more indolent clinical course, as fewer
patients with this subtype of mantle cell lymphoma
needed chemotherapy at diagnosis (36 vs 96%
Po0.001) and the overall median survival was
longer than in patients with SOX11-positive mantle
cell lymphoma (103 months, range 64–141 vs
44 months, range 24–64, P=0.024) (Figure 1).

Histopathology

All cases were diagnosed as mantle cell lymphoma
based on their morphological and immunophenoty-
pic features and were cyclin D1 and PAX5 positive
(Table 1). SOX11-negative mantle cell lymphoma
had small cell morphology in 58% of the cases,

classical in 37%, and blastoid in only one case (5%)
(Table 1). The cytological variants of SOX11-positive
cases were classical in 81%, small cell in 2%, and
blastoid in 17%. The three SOX11-negative cases
with nodal biopsies had preserved reactive germinal
centers, whereas this feature was only observed in
8/29 SOX11-positive tumors with nodal presentation
(100 vs 28% P=0.012). Finally, the Ki67 proliferation
index was significantly lower in the SOX11-negative
than -positive cases (20± s.d. 18 vs 34.5± s.d. 23,
P=0.017) (Table 1).

Monotypic Plasma Cells in SOX11-Negative Mantle
Cell Lymphoma

Polytypic plasma cells were commonly seen in
virtually all cases independently of SOX11 expres-
sion. However, a monotypic plasma cell population
and variable number of lymphoid cells with plas-
macytic differentiation were focally seen in 7 of the
19 (37%) SOX11-negative but in none of the SOX11-
positive cases (Po0.001). All these cases had an
atypical lymphoid component that could be diag-
nosed as mantle cell lymphoma, classical in three
cases, and small cell variant in four (Figure 2). The
monotypic plasma cells were seen in three splenic,
three nodal, and one periorbital tumors. Dutcher
bodies were found in three of these cases. The
monotypic plasma cells in the spleen formed small
clusters and sheets with a peritrabecular and
periarteriolar distribution (Figure 3). In the nodal
and periorbital cases the plasma and lymphoplasma-
cytic cells were more intermingled with the atypical
lymphoid cells. Interestingly, in nodal cases with
persistent reactive germinal centers, monotypic
plasma cells and cells with Dutcher bodies could
be seen within the mantle zones (Figure 4).

All cells with plasmacytic differentiation, includ-
ing the ones with Dutcher bodies, were cyclin D1
positive, supporting that they belonged to the same
neoplastic population as the atypical lymphoid cells
(Figure 4). The presence of the t(11;14)(q13;q32) was
confirmed in the four of these seven cases in which it
was examined. Five (71%) cases expressed kappa
and two expressed (29%) lambda. IgM and IgD
expression by immunohistochemistry was observed
in three of four cases and three of five, respectively,
whereas CD5 expression was observed in four of
seven cases. Interesting, although the neoplastic
populations of atypical lymphoid cells were PAX5
positive, the monotypic plasma cells were PAX5
negative (Figure 3). An elevated monoclonal IgM
component in the serum was detected in three
patients. Three of these seven cases in which the
IGHV mutational status could be studied showed
42% mutations. These seven cases had an indolent
clinical evolution as none of them required
chemotherapy for at least 2 years after diagnosis.

Figure 1 Overall survival in mantle cell lymphoma patients
according to SOX11 expression. Overall median survival was
longer in patients with SOX11-negative (n=16) than SOX11-
positive (n=28) mantle cell lymphoma (103 months 95%
confidence interval 64–141 vs 44 months 95% confidence interval
24–64) (P=0.024).
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Immunohistochemical Findings

An intense cytoplasmic light-chain protein expres-
sion was seen in 11 of the 19 (58%) SOX11-negative
mantle cell lymphomas, including the 7 with
monotypic plasma cells, but only in 5 of 39 (13%)
SOX11-positive tumors (P=0.001) (Figure 5). Flow
cytometry studies performed in cell suspensions of
three of the seven SOX11-negative cases with
plasmacytic cell differentiation confirmed the same
surface kappa light chain restriction in lymphoid
cells as the cytoplasmic light chain observed in the
plasma cells by immunohistochemistry.

IRF4/MUM1 expression in410% of tumor cells
was detected in 10/19 (53%) SOX11-negative and in
18/40 (45%) SOX11-positive tumors. No differences
in the total number of positive cells in both subtypes
of mantle cell lymphoma were seen (Figure 5). In
addition to plasma and lymphoplasmacytic cells of
the 7 SOX11-negative cases, atypical lymphoid cells
were also frequently positive in both SOX11-negative
and -positive tumors. IRF4/MUM1-positive cells
tended to form clusters and large nodular aggregates
in both subtypes of SOX11-negative and -positive
tumors (Figure 5).

The expression of the plasmacytic transcription
factor BLIMP1 was more frequently seen in SOX11-
negative than in -positive tumors (83 vs 34%
P=0.001) (Figure 2f and 5) (Table 1). The number of
positive cells was variable among cases but was also
higher in SOX11-negative (mean 26%±s.d. 23) than
in -positive tumors (mean 13%±s.d. 19) (Po0.04)
(Figure 6a). BLIMP1 was not only expressed in
plasma and lymphoplasmacytic cells but also
in atypical lymphoid cells without morphological

plasmacytic differentiation. Cases with high number
of positive cells tend to have a diffuse distribution,
whereas in cases with smaller number of cells they
tended to concentrate in nodules.

Finally, to complete the assessment of plasmacytic
differentiation we examined the expression of the
transcription factor XBP1 (Figure 5). Similarly to
BLIMP1, XBP1 nuclear expression was significantly
more frequent in SOX11-negative than -positive
mantle cell lymphomas (75 vs 11% Po0.001)
(Table 1). The mean value of the number of positive
XBP1 tumor cells in SOX11-negative cases was also
higher than in SOX11-positive tumors (12%±s.d. 10
vs 3%±s.d. 4) (Po0.004) (Figure 6b). The number of
XBP1-positive cells was almost always lower than the
BLIMP1 expressing cells but were found with a
similar topographic distribution. Interestingly,
whereas 11 of the 12 (92%) cases considered positive
for XBP1 also expressed BLIMP1 in the SOX11-
negative cases, only 1 of the 4 (25%) SOX11-positive
case expressed both proteins.

MYD88 Mutations

MYD88 mutations were studied in nine SOX11-
negative mantle cell lymphoma, including the seven
cases with plasmacytic differentiation and in seven
SOX11-positive cases. The MYD88 L256P mutation
was only found in one SOX11-negative mantle
cell lymphoma with plasmacytic differentiation
(Figure 4). This case had areas of small atypical
lymphoid cells consistent with mantle cell lymphoma,
and cyclin D1 could be clearly demonstrated in

Figure 2 SOX11-negative mantle cell lymphoma with monotypic plasma cell showed a main component with small cell morphology.
(a) H&E, (b) CD20, (c) CD3, (d) CD5, (e) cyclin D1, (f) BLIMP1. H&E, hematoxylin and eosin.
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plasma cells and cells with Dutcher bodies. The
t(11;14) (q13;q32) was demonstrated by FISH.

Discussion

Plasmacytic differentiation is a phenomenon seen in
different types of small B-cell lymphomas with
variable frequency.21,23 It constitutes an essential
element in the definition of lymphoplasmacytic
lymphoma and may be seen with different degree
in marginal zone lymphoma, follicular lymphoma,
and chronic lymphocytic leukemia. Classical mantle
cell lymphoma has been considered as a tumor
composed of a monotonous proliferation of small to

medium-sized lymphoid cells with irregular nuclei.
Different morphological variants have been recog-
nized such as blastoid and small cell. The small cell
variant seen in 58% of our SOX11-negative tumors is
composed of small lymphocytes with rounded
nuclei, dense chromatin, and scanty cytoplasm
mimicking small lymphocytic lymphoma. However,
prolymphocytes, paraimmunoblasts or proliferation
centers are never found in this variant.36

Contrary to other small B-cell lymphomas, plasma-
cytic differentiation is not usually found in mantle cell
lymphoma. However, in recent years, several studies
have reported occasional tumors with clonally related
monotypic plasma cells.30–32,37 These cases are rare but
have raised questions on the potential mechanisms

Figure 2 Continued.
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involved in their terminal B-cell. This process is
normally regulated by the coordinated action of
several transcription factors including PAX5, IRF4/
MUM1, BLIMP1, and XBP1.14–17 PAX5 maintains the
mature B-cell differentiation program and represses
the expression of BLIMP1 required to turn on the
plasma cell differentiation program by activating
XBP1 among other factors. IRF4/MUM1 is initially
expressed in a small number of germinal center cells
committed to exit this microenvironment and progress
toward plasma cells. The expression of these

transcriptions factors in mantle cell lymphoma and
their possible relationship to the plasma cell differ-
entiation has not been investigated. In a recent
experimental study we demonstrated that SOX11, a
transcription factor expressed in ~90% of mantle cell
lymphomas, binds directly to the promoter region of
PAX5 and regulates positively its expression that in
turn represses BLIMP1 and blocks the terminal
differentiation of mantle cell lymphoma cells.13 These
observations made us hypothesize that plasma cell
differentiation and upregulation of transcription

Figure 3 Plasma cell differentiation in mantle cell lymphoma: splenic SOX11-negative mantle cell lymphoma with a Lambda monotypic
plasma cell population. (a) H&E with black arrow indicating a periarteriolar plasma cell distribution, (b) cyclin D1 with black arrow
indicating cyclin D1-positive plasma cells with periarteriolar distribution, (c) SOX11, (d) kappa, (e) lambda with a distinctive monotypic
peritrabecular plasma cell distribution, (f) IRF4/MUM1, (g) BLIMP1, (h) XBP1, (i) PAX5 with black arrow indicating PAX5-negative
periarteriolar plasma cell distribution. H&E, hematoxylin and eosin.
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factors related to the terminal B-cell differentiation
program in mantle cell lymphoma could be a pheno-
menon mainly occurring in SOX11-negative tumors.

In the current study, we have identified the
presence of monotypic plasma cells and lymphoid
cells with plasmacytic features in 7 of 60 mantle cell

Figure 4 Lymphoplasmacytic cells with Dutcher bodies in cyclin D1-positive SOX11-negative mantle cell lymphoma. (a) Cyclin D1-
positive lymphoplasmacytic cells with mantle zone distribution, (b) kappa monotypic plasma cells with mantle zone distribution, (c)
cyclin D1-positive cells with Dutcher bodies indicated by black arrow, (d) kappa monotypic Dutcher bodies indicated by black arrow, (e)
Sanger sequencing of MYD88 mutation in SOX11-negative mantle cell lymphoma with plasmacytic differentiation.
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lymphomas. This incidence should not be considered
representative, as some of these cases had been sent
in consultation because of this unusual feature. CD5
positivity was observed in 57% and IgD expression in
60% of these cases. In all cases, the plasma and
lymphoplasmacytic cells with Dutcher bodies had
strong nuclear expression of cyclin D1 and in three
cases in which flow cytometry was performed the
atypical lymphoid cells expressed the same light-
chain restriction than the plasma cells. These finding
suggest that the monotypic plasma cells and mantle
cell lymphoma cells belong to the same tumor. In one
of these cases, the clonal relationship between

plasma cells and mantle cell lymphoma cells had
been previously demonstrated by molecularly inves-
tigating the IGH rearrangement.32 Interestingly, the
seven cases with the plasma cell component were
SOX11-negative, confirming the idea that the absence
of this transcription factor may allow mantle cell
lymphoma cells to progress in the terminal B-cell
differentiation process.

The clinical and pathological presentations of
these seven cases had similarities with the eight
previous reported mantle cell lymphomas with
clonal plasma cells.30–32,37 Most of these patients
had nodal involvement but extranodal dissemination

Figure 5 Cytoplasmic light chain expression, IRF4/MUM1, BLIMP1, and XBP1 expression in a SOX11-negative case. (a) H&E with black
arrow indicating Dutcher body, (b) cyclin D1 with black arrow indicating Dutcher body, (c) SOX11, (d) kappa, (e) lambda, (f) IRF4/MUM1,
(g) BLIMP1, (h) XBP1 with black arrow indicating Dutcher body, (i) PAX5. H&E, hematoxylin and eosin.
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was also frequent. One previous case had a periorbital
presentation as one of our patients.32 Three cases had
a mantle zone growth pattern and most cases had
been cytologically considered classical mantle cell
lymphoma except one pleomorphic variant. One
previous case had an intriguing clonally related
plasmablastic differentiation in the transformation of
a classical mantle cell lymphoma.37 Interestingly, the
three cases in which we could investigate the IGHV
mutational status had a low level of identity with the
germline (o2%), indicating that these tumors derive
from cells that have experienced the germinal center
microenvironment, a feature also common in SOX11-
negative mantle cell lymphoma.38 The clinical course
of these seven cases was indolent, as none of the
patients required chemotherapy for at least 2 years, a
behavior similar to that described in other SOX11-
negative mantle cell lymphomas.7–10

To expand the analysis of the terminal B-cell
differentiation program in mantle cell lymphoma, we
investigated the expression of cytoplasmic immuno-
globulin light chains, IRF4/MUM1, BLIMP1, and
XBP1. A restricted and intense cytoplasmic light
chain was seen more commonly in SOX11-negative
(58%) than in -positive (13%) cases. IRF4/MUM1
expression has been observed in 10–50% of mantle
cell lymphoma without a clear relationship to
particular clinical or pathological features of the
tumors.39–42 The IRF4/MUM1 positivity in 47% of
our cases is similar to these reports. In addition, we
did not observe differences in the expression
between SOX11-negative (53%) and -positive (45%)
tumors. This finding in primary tumor samples is
concordant with our previous experimental observa-
tion of the lack of modulation of IRF4/MUM1 by
SOX11 silencing in mantle cell lymphoma cell lines,
suggesting an independent regulation of these tran-
scription factors in these tumors.13

BLIMP1 and XBP1 are expressed in plasma cell
neoplasias and aggressive lymphomas with plasma-
blastic differentiation but their distribution in small

B-cell lymphomas has been less investigated.43 We
found a relatively high expression of these transcrip-
tions factors in mantle cell lymphoma and both of them
were significantly more common in SOX11-negative
than in -positive tumors. The knockdown of SOX11 by
shRNA in mantle cell lymphoma cell lines leads to a
downregulation of PAX5 and a switch toward the
terminal B-cell differentiation program with increased
expression of BLIMP1 and XBP1.13 Our BLIMP1 and
XBP1 findings in primary SOX11-negative tumors are
consistent with the observation in the experimental
model. However, we did not see a clear downregula-
tion of PAX5 in SOX11-negative tumors, although the
monotypic plasma cells were PAX5 negative. PAX5 is
expressed in all mature B-cell lymphomas and its
regulation includes complex mechanisms. Our find-
ings would be consistent with the idea that SOX11
expression may prevent the downregulation of PAX5
and the absence of this transcription factor may allow
tumor cells to be more responsive to regulatory stimuli
promoting terminal B-cell differentiation.

The differential diagnosis of small B-cell lympho-
mas with plasmacytic differentiation encompasses
several entities. The general agreement is that these
tumors must be classified according to the atypical
lymphoid component. The identification of cyclin D1
expression or the t(11;14)(q13;q32) may facilitate the
diagnosis of mantle cell lymphoma. However, given
that plasmacytic differentiation in these tumors is
rare. and some of these may be CD5-negative, the
recognition of a small B-cell lymphoma with terminal
B-cell differentiation as mantle cell lymphoma may
be challenging. The presence of Dutcher bodies and a
monoclonal component in the serum may suggest the
diagnosis of lymphoplasmacytic lymphoma or less
frequently marginal zone lymphoma. However, the
clinical presentation with generalized lymphadeno-
pathy and leukemic expression in some cases should
raise the possibility of a mantle cell lymphoma. The
recent identification ofMYD88mutations as a genetic
hallmark of lymphoplasmacytic lymphoma may help

Figure 6 (a) Percentage of BLIMP1-positive cells in SOX11-negative and positive mantle cell lymphoma; (b) percentage of XBP1-positive
cells in SOX11-negative and -positive mantle cell lymphoma.
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in establishing this diagnosis, and its absence would
favor a different small B-cell lymphoma.24,27 The
same mutation has been reported in occasional cases
of marginal zone lymphoma. However, although some
genuine marginal zone lymphoma may carry the
mutation, a positive result must be interpreted with
caution.27 MYD88 mutations have been also identi-
fied in 3% of chronic lymphocytic leukemia and they
seem to recognize a particular subgroup of young
patients with good prognosis and without plasmacytic
differentiation.28 The finding of the L256P MYD88
mutation in one of our mantle cell lymphoma with
plasmacytic differentiation is surprising, as these
mutations have been investigated in 4100 mantle
cell lymphomas and all had been negative and it was
also negative in the remaining six cases with mono-
typic plasma cells in this study.44–48 In our MYD88-
mutated case cyclin D1 was unequivocally positive in
plasma cells and cells with Dutcher bodies, and the
tumor carried the t(11;14)(q13;q32) supporting the
diagnosis of mantle cell lymphoma and excluding the
existence of two different tumors. The consideration
of this case as a real mantle cell lymphoma, or
alternatively as a lymphoplasmacytic lymphoma or
marginal zone lymphoma with the t(11;14)(q13;q32)
may be debatable. However, MYD88 mutations seem
to be less specific than the t(11;14)(q13;q32) defining
an entity and the tumor cells with plasmacytic
differentiation had a distribution in the mantle zone
of residual follicles highly suggestive of a mantle cell
lymphoma pattern.

The differential diagnosis with plasma cell
myeloma t(11;14)(q13;q32) positive should be also
considered.49,50 Recently, several studies have inves-
tigated SOX11 immunohistochemical expression in
56 cases of plasmacytoma/myeloma (73% cyclin
D1-positive and 27% cyclin D1-negative) including
12 cyclin D1-positive cases, which presented also the
t(11;14)(q13;q32). No nuclear SOX11 expression was
found in any of these cases.3,6,34,51,52 However, mantle
cell lymphomawith plasmacytic differentiation in this
and previous studies are CD5 positive in 57%, and
tend to present with generalized lymphadenopathy
and leukemic involvement without lytic bone lesions,
all of them unusual features in plasma cell myeloma.

In conclusion, our study supports the idea that
SOX11-negative mantle cell lymphoma is a particu-
lar subtype of these tumors characterized by more
frequent morphological and phenotypic terminal
B-cell differentiation features that may be facilitated
by the absence of this transcription factor. The
recognition of these features expands the spectrum
of small B-cell lymphomas with plasmacytic differ-
entiation in which this subset of mantle cell
lymphoma should be included.
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