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Cytogenetic Study and Analysis of Protein Expression
in Plasma Cell Myeloma with t(11;14)(q13;q32):

Absence of BCL6 and SOX11, and Infrequent Expression of
CD20 and PAX5
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The t(11;14)(q13;q32) translocation is the most common chromosomal translocation in plasma cell myeloma (PCM), but the

cytogenetic and immunophenotypic features of PCM with t(11;14)(q13;q32) remain to be fully elucidated. To address the issue,

we retrospectively analyzed 21 newly diagnosed PCM patients with the t(11;14)(q13;q32) translocation in our institute. CD20 is

a B-cell-specific transmembrane protein that is the topic of much focus as a potential target in immunotherapy. We observed a

low incidence of CD20 expression (2 of 21 patients, 11%), although the expression of CD20 was previously reported to be

associated with t(11;14)(q13;q32). PAX5 is an essential transcriptional factor involved in B-cell development and commitment,

and is down-regulated upon plasma cell differentiation. We observed one patient (6%) with expression of PAX5. The

expression of CD19, CD56, and CD138 was detected in one (0.7%), nine (60%), and 13 patients (87%), respectively. Cyclin D1,

CD38, and BCL2 were detected in all patients; on the other hand, neither BCL6 nor SOX11 was detected in any of the evaluated

patients. Abnormalities of chromosome 13 were detected in six patients (38%), but deletion of TP53 was not observed in any of

the evaluated patients. Our results suggest the absence of BCL6 and SOX11 expression, and infrequent expression of CD20,

PAX5, and CD56 in PCM with t(11;14)(q13;q32), in contrast to the findings of earlier reports. 〔J Clin Exp Hematop 55(3) :

137-143, 2015〕
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INTRODUCTION

Plasma cell myeloma (PCM) is a hematologic neoplasm

characterized by monoclonal proliferation of plasma cells in

the bone marrow. Nearly half of all patients with PCM carry

chromosomal translocations involving the immunoglobulin

heavy chain (IGH) locus at 14q32.1 The t(11;14)(q13;q32)

translocation is the most common IGH translocation in PCM,

with a prevalence of approximately 15%.1 As a result of this

translocation, the coding region of cyclin D1 (CCND1) on

11q13 is juxtaposed to the transcriptionally active enhancers

of IGH, resulting in upregulated expression of CCND1.2

CD20 is a B-cell-specific transmembrane protein with

four membrane-spanning domains.3 Although the exact func-

tion of CD20 is not fully elucidated, it is believed that CD20

is involved in B-cell activation and proliferation, and regula-

tion of transmembrane calcium transport.4 CD20 is expressed

in committed B-cells throughout their development, but is lost

upon differentiation to plasma cells.3 However, Robillard et

al. reported that CD20 was expressed in 12 (18%) of 66 PCM

patients.5 Interestingly, they showed a significant correlation

between immunophenotype and genotype; the expression of

CD20 was strongly associated with t(11;14)(q13;q32) (10 of

12 patients, 88%). On the other hand, recent studies reported

lower correlation between the expression of CD20 and t(11;

14)(q13;q32).6,7

PAX5 is a transcriptional factor that is expressed in B-

cells and the nervous system.8 In B-cells, the expression of

PAX5 is initiated in the pre-pro-B cells, maintained through

137

J Clin Exp Hematop

Vol. 55, No. 3, Dec 2015

Received: September 26, 2015

Revised : October 29, 2015

Accepted: November 13, 2015
1)

Division of Hematology and Oncology, Department of Internal Medicine, St.

Marianna University School of Medicine, Kanagawa, Japan
2)

Department of Pathology, St. Marianna University School of Medicine, Kanagawa, Japan

Corresponding author: Hirotaka Sakai, M.D., Ph.D., Division of Hematology and

Oncology, Department of Internal Medicine, St. Marianna University School of

Medicine, 2-16-1 Sugao, Miyamae-ku, Kawasaki 216-8511, Japan

E-mail: hsakai@marianna-u.ac.jp



030_15-027.mcd

out subsequent stages of B-cell development, and is silenced

upon plasma cell differentiation.9 In PAX5-defficient mice,

B-cell development is arrested at a very early stage.10 PAX5

activates B-cell specific genes, including Ebf1, CD19, and

CD79a, and represses lineage-inappropriate genes, including

Notch1, Csf1r, and Flt3.9 Thus, PAX5 plays an essential role

in B-cell development and commitment. Concurrently, PAX5

represses both Xbp1 and Blimp1, which are required for plas-

ma cell differentiation.9 Hence, down-regulation of PAX5

expression is required for differentiation to plasma cells, and

consequently, PAX5 is not expressed in plasma cells. PCM

cells have been assumed to not express PAX5 by analogy

with normal plasma cells. In addition, Proulx et al. reported

that PAX5 overexpression induces apoptosis in PCM cell

lines.11 However, Torlakovic et al. reported that 2 of 39 (5%)

PCM patients showed unequivocal focal expression of PAX5,

and two more patients were border-line positive. Notably,

these four patients also exhibited weak expression of CD20.12

Lin et al. also reported the expression of PAX5 in CD20-

expressing PCM (18 of 25 patients, 72%).13

Accordingly, the expression patterns of CD20 and PAX5

in PCM with t(11;14)(q13;q32) remain unclear. To clarify

the characteristics of PCM cells with t(11;14)(q13;q32), we

retrospectively analyzed newly diagnosed PCM patients in

our institute.

PATIENTS AND METHODS

Patients

We retrospectively reviewed 21 PCM patients with t(11;

14)(q13;q32) who were treated at our institute between May

2003 and October 2013. The diagnosis of PCM was made

according to the 2008 World Health Organization

Classification of Tumours of Haematopoietic and Lymphoid

Tissues.14 Chromosome analysis and fluorescence in situ

hybridization (FISH) were used to detect t(11;14)(q13;q32).

The study protocol was approved by the Institutional Review

Board of St. Marianna University School of Medicine.

Chromosome analysis and FISH

Chromosome analysis of aspirated bone marrow cells was

performed using a conventional G-banding technique.

Karyotypes were described according to the International

System for Human Cytogenetic Nomenclature (2013).15

FISH was performed on the same aspirated bone marrow

cells. FISH probes included Vysis LSI IGH/CCND1 (Abbot

Laboratories, North Chicago, IL, USA) for t(11;14)(q13;q32),

Vysis D13S319 (Abbot Laboratories) for chromosome 13

abnormalities (-13/13q-), and Vysis TP53/CEP17 (FISH

Probe Kit; Abbot Laboratories) for detection of TP53 dele-

tions.

Flow cytometry

Flow cytometric analysis of aspirated bone marrow cells

was performed using antibodies against CD19, CD20, CD49e,

CD56, CD138, and MPC1. Positivity was evaluated using a

cut-off value of 20%.

Immunohistochemical analysis

Formalin-fixed, paraffin-embedded, aspirated bone mar-

row clot sections were stained with hematoxylin and eosin for

routine histopathological evaluation. Immunohistochemical

analysis was performed according to standard procedure.

Antibodies used in this study were as follows: primary mouse

monoclonal anti-CD20 (clone L26, Nichirei Bioscience,

Tokyo, Japan), mouse monoclonal anti-CD38 (Leica

Biosystems Newcastle, Ltd., Newcastle, UK), mouse mono-

clonal anti-CD56 (Leica Biosystems Newcastle, Ltd.), rabbit

monoclonal anti-Cyclin D1 (CCND1) (Nichirei Bioscience),

mouse flex monoclonal anti-human BCL2 (Dako, Denmark

A/S, Glostrup, Denmark), mouse monoclonal anti-BCL6

(Nichirei Bioscience), rabbit epitope-specific anti-PAX5

(Thermo Fisher Scientific. Inc., Waltham, MA, USA), and

mouse anti-human SOX11 (eBioscience, San Diego, CA,

USA). Positivity was evaluated using a cut-off value of 20%.

RESULTS

Patient characteristics

Patient characteristics are summarized in Table 1. The

median age at diagnosis was 69 years with a slight predomi-

nance of females (57%). Monoclonal serum paraprotein was

detected in 20 of 21 patients with the following subtypes;

IgG in seven patients (33%), IgA in five (24%), and light

chain only (Bence Jones protein type, BJP type) in eight

(38%). Only one patient had non-secretory PCM. The type

of light chain was k in seven patients (33%) and l in 14

(67%). Nine patients (43%) were classified as stage III ac-

cording to the International Staging System.16 Laboratory

data of all patients are shown in Table 2. The median per-

centage of plasma cells was 58.9%.

Chromosome analysis and FISH

Of the 21 patients, 18 (86%) showed normal karyotype,

but one patient showed the following complex chromosome

abnormality in addition to t(11;14)(q13;q32): 47,XY,der(1)

ins(1;14)(p32;q11.2q32),i(1)(q10),del(8)(p?),del(11)(q13),

-14,der(14)t(11;14)(q13;q11.2)[2]/46,XY[18]. FISH revealed

the fusion signals of IGH and CCND1 in the patients with

normal karyotype. Abnormalities of -13/13q- were detected

in six patients (UPN 2, 5, 6, 11, 16, and 21) (38%). On the
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other hand, the deletion of TP53 was not detected in any of

the evaluated patients.

Flow cytometry

The results of flow cytometry are shown in Table 3.

CD19 was positive in only one patient (0.1%), CD20 in two

(18%) (Fig. 1), CD56 in nine (60%), and CD138 in 13 (87%).

The immunophenotypes of the PCM cells were classified as

immature, intermediate, or mature, as defined by Huang et

al.17 The immature phenotype of PCM cells (MPC1-/

CD49e-) was observed in three patients (20%), the intermedi-

ate phenotype (MPC1+ /CD49e-) in seven (50%), and the

mature phenotype (MPC1+/CD49e+) in five (30%).

Immunohistochemical analysis

The results of immunohistochemical analysis are shown in

Table 4. Strong nuclear positivity of CCND1 was observed

in all of the evaluated patients. Both CD38 and BCL2 were

also positive in all evaluated patients. CD20 was positive in

two patients (11%) (Fig. 2c, 2f), and CD20 expression in

these patients was also detected by flow cytometry. May-

Grünwald-Giemsa-stained PCM cells exhibited a lymphoplas-

macytic cell morphology, as defined by Goasguen et al.18

(Fig. 2a, 2d). PAX5 was positive in only one patient (0.06%),

as discussed in our previous report (UPN 3).19 The karyotype

of this patient was normal at diagnosis, but t(9;14;11)(p13;

q32;q13), a complex variant translocation of t(11;14)(q13;

CD20/PAX5 in PCM with t(11;14)(q13;q32)
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Table 2. Laboratory data

UPN
Hb
(g/dL)

WBC
(× 109/L)

Plt
(× 109/L)

Ret
(‰)

TP
(g/dL)

Alb
(g/dL)

AST
(IU/L)

ALT
(IU/L)

LDH
(IU/L)

BUN
(mg/dL)

Cre
(mg/dL)

Ca
(mg/dL)

CRP
(mg/dL)

IgG
(mg/dL)

IgA
(mg/dL)

IgM
(mg/dL)

b2MG
(mg/L)

PC
(%)

1 10.3 3.5 211 11.5 7.0 3.1 48 9 284 32.6 3.50 7.8 0.68 2,469 45 43 15.1 16.8

2 10.7 5.4 280 17.1 11.8 3.2 21 16 166 16.2 0.87 9.6 0.04 8,244 11 6 3.7 67.6

3 11.6 4.9 145 22.4 11.5 3.8 37 57 198 14.3 0.60 9.0 NA 6,732 89 26 4.3 65.0

4 12.6 8.3 222 NA 11.4 3.5 24 20 212 14.5 0.79 9.0 0.12 6,425 64 53 NA 45.2

5 10.2 4.5 229 7.7 9.2 3.9 14 8 151 13.0 0.58 8.8 0.12 4,080 35 63 1.9 11.2

6 9.2 3.2 166 11.1 9.0 3.5 19 21 159 11.2 0.48 8.9 0.17 4,289 22 17 2.6 81.2

7 10.2 5.8 199 26.9 9.5 4.3 31 21 279 17.6 0.63 9.3 0.09 4,231 30 12 3.2 30.4

8 8.4 7.2 257 16.5 8.8 3.0 15 11 130 27.3 1.39 14.6 3.73 288 3,690 24 7.6 26.8

9 12.0 6.4 233 12.1 7.2 3.9 23 20 143 15.6 0.50 9.8 0.09 561 1,554 21 2.0 35.6

10 8.2 10.5 143 7.8 8.4 3.2 13 13 162 46.7 2.04 14.9 1.20 737 2,512 50 8.8 59.6

11 7.0 4.8 173 16.8 7.5 3.1 12 5 133 22.4 2.84 12.3 0.16 411 1,806 82 8.5 49.6

12 7.8 8.4 268 12.5 8.8 3.2 18 14 172 18.0 0.63 9.9 3.47 890 2,262 51 3.0 58.2

13 8.6 6.6 160 37.4 7.2 4.8 23 15 296 9.2 0.63 9.6 0.32 1,183 36 30 3.6 NA

14 14.5 5.8 162 6.7 6.9 4.8 37 56 268 22.9 0.86 9.9 0.14 399 22 17 2.4 45.6

15 8.1 3.7 98 11.5 6.1 4.2 20 11 215 22.2 2.06 10.5 1.24 359 11 < 4 10.9 62.4

16 6.5 10.4 161 32.2 5.6 3.7 33 48 342 39.1 3.88 13.2 0.50 374 17 9 17.1 73.4

17 7.5 4.6 113 20.3 5.0 3.4 21 10 270 27.5 2.04 9.9 0.05 440 10 4 8.8 69.8

18 11.0 6.1 217 8.0 7.5 4.5 16 12 243 30.8 3.80 12.4 1.24 689 33 8 17.0 81.6

19 9.6 1.9 136 14.3 6.7 4.8 21 12 212 13.3 0.40 NA < 0.03 577 19 9 1.6 62.4

20 12.0 4.3 175 14.7 4.7 2.8 28 19 341 12.3 0.89 8.0 0.03 489 123 99 3.3 3.8

21 5.5 3.4 100 14.3 5.3 3.8 46 96 226 20.2 0.78 9.7 0.16 360 22 6 5.5 91.2

UPN, unique patient number; Hb, hemoglobin; WBC, white blood cell; Plt, platelet; Ret, reticulocyte; TP, total protein; Alb, albumin; b2MG, b2-microglobulin;

PC, ratio of plasma cell in bone marrow; NA, not available

Table 1. Patient characteristics

UPN Age Sex M protein ISS

1 56 M IgG k 3

2 70 M IgG k 2

3 64 M IgG l 2

4 69 M IgG l NA

5 53 F IgG l 1

6 69 F IgG l 1

7 80 F IgG l 2

8 73 M IgA l 3

9 58 F IgA l 1

10 60 F IgA l 3

11 74 F IgA l 3

12 80 F IgA l 2

13 41 M BJP k 2

14 56 M BJP k 1

15 82 M BJP k 3

16 52 F BJP k 3

17 74 F BJP k 3

18 58 M BJP l 3

19 72 F BJP l 1

20 80 F BJP l 2

21 76 F NS l 3

UPN, unique patient number; ISS, inter-

national staging system; BJP, Bence

Jones protein type, i.e. light chain only

type; NS, non-secretory type; NA, not

available
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q32), was later detected. We performed two-color immuno-

histochemical analysis of PAX5 and CD138 in the current

study, and confirmed definite expression of PAX5 in the PCM

cells (Fig. 2i).

DISCUSSION

We evaluated 21 PCM patients with t(11;14)(q13;q32).

The light chain-only (BJP type) was the most prevalent sub-

type (38%) in the current study, while a previous study has

reported that the incidence of this subtype accounts for only

20% of all PCM patients.14

Robillard et al. reported a significantly high correlation

between the expression of CD20 and t(11;14)(q13;q32) in

PCM patients.5 However, Mateo et al. reported a lower inci-

dence of CD20 expression in PCM with t(11;14)(q13;q32)

(21 of 66 patients, 38%) in a larger study.6 We observed a

lower incidence of CD20 expression (2 of 21 patients, 11%),

which was in accordance with a report by Grigoriadis et al. (2

of 19 patients, 11%).7 Notably, the plasma cells of these

patients exhibited lymphoplasmacytic cell morphology, which

is a feature of PCM with t(11;14)(q13;q32).5

The down-regulation of PAX5 is essential for terminal

differentiation into plasma cells,9 but the expression of PAX5

in PCM has also been previously reported in the literature.12,13

Torlakovic et al. reported focal or border-line expression of

PAX5 in PCM, in which CD20 was also expressed.12 Lin et

Yokoi S, et al.
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Fig. 1. Flow cytometry (1a, 1b, UPN 7; 1c, 1d, UPN

17). CD38 and side scatter identification of plasma cell

myeloma cells (ellipse) (1a, 1c). A distinct population of

plasma cell myeloma cells expressed CD20 (1b, 1d ).

Table 3. Flow cytometry

UPN CD19 CD20 MPC1 CD49e CD56 CD138

1 - - + - + +

2 NA NA NA NA NA NA

3 + - - - - +

4 NA NA NA NA NA NA

5 - NA - - + -

6 - - + - - +

7 - + + + + +

8 - - + + + +

9 - NA + - + +

10 - NA + + - -

11 - - - - + +

12 - - + - + +

13 NA NA NA NA NA NA

14 - NA + + + +

15 - - + + - +

16 NA NA NA NA NA NA

17 - + + - - +

18 - - + - - +

19 NA NA NA NA NA NA

20 - - + - + +

21 NA NA NA NA NA NA

UPN, unique patient number; NA, not available

Table 4. Immunohistochemistry

UPN CCND1 CD38 BCL2 CD20 PAX5 BCL6 SOX11

1 + + + - - - -

2 + + + - - - -

3 + + + - + - -

4 + + + - - - -

5 + + + - - - -

6 + + + - - - -

7 + + + + - - -

8 + + + - - - -

9 + + + - - - -

10 + + + - - - -

11 + + + - - - -

12 NA NA NA NA NA NA NA

13 NA NA NA NA NA NA NA

14 + + + - - - -

15 NA NA NA NA NA NA NA

16 + + + - - - -

17 + + + + - - -

18 + + + - - - -

19 + + + - - - -

20 NA NA NA NA NA NA NA

21 + + + - - - -

UPN, unique patient number; NA, not available
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Fig 2. May-Grünwald-Giemsa staining and immunohistochemistry. May-Grünwald-Giemsa staining (2a, UPN 7; 2d, UPN 17;

2g, UPN 3: original magnification × 1,000) and immunohistochemical analysis (2b-2c, UPN 7; 2e-2f, UPN 17; 2h-2i, UPN 3:

original magnification × 400). May-Grünwald-Giemsa staining show the plasma cell myeloma cells in patients with t(11;14)(q13;

q32) and CD20-positivity exhibit lymphoplasmacytic cell morphologies (2a, 2d). Immunohistochemical analysis show strong

nuclear positivity of CCND1 (brown) (2b, 2e, 2h), and CD20 (brown) (2c, 2f). Two-color immunohistochemical analysis of

PAX5 (blue) and CD138 (brown) show plasma cell myeloma cells expressing PAX5 (2i).
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al. also described a high correlation between PAX5 and CD20

expression in PCM.13 In the current study, only one patient

expressed PAX5. We have previously reported this PCM

patient as having t(9;14;11)(p13;q32;q13), which is a complex

variant translocation of t(11;14)(q13;q32).19 CD20 was not

detected in the PCM cells by flow cytometry or immunohisto-

chemical analysis, while PAX5 positivity in the PCM cells

was definitively detected by two-color immunohistochemical

analysis for PAX5 and CD138. We postulate that the strong

enhancers or promoters of IGH drove PAX5 expression as a

result of the translocation, because t(9;14;11)(p13;q32;q13) is

a complex variant translocation not only of t(11;14)(q13;q32)

but also t(9;14)(p13;q32).

BCL6 is a transcriptional repressor that is expressed in

germinal center B-cells, and plays a crucial role in the forma-

tion of germinal centers.8 In the current study, the expression

of BCL6 was not detected in PCM with t(11;14)(q13;q32).

BCL2 is a protein that inhibits the apoptosis pathway,20 and is

expressed in most PCM cells.21 CD56 is an adhesion mole-

cule involved in cell-to-cell and cell-to-matrix interactions.22

Normal plasma cells lack CD56, whereas PCM cells express

CD56 in 70-80% PCM patients.23 On the other hand, PCM

with t(11;14)(q13;q32) is correlated with the lack of CD56

(82%).24 The expression of BCL2 was detected in all pa-

tients, and the expression of CD56 was observed in only 40%

of patients in the current study.

The t (11; 14) (q13; q32) translocation is commonly ob-

served in PCM and mantle cell lymphoma (MCL).14

Abnormality of -13/13q- is a common additional cytogenetic

change in these diseases.14 In the current study, the frequency

of -13/13q- was 38%, which was in accordance with a report

by An et al.;25 they reported that the frequency of -13/13q- in

PCM with t(11;14)(q13;q32) (20 of 57 patients, 35%) was

lower than that of PCM without t(11;14)(q13;q32) (99 of 191

patients, 52%). Furthermore, the allelic loss of 13q14-q34 was

observed in 43-51% of MCL patients.14 The abnormality of

del(17p) is also a common cytogenetic change in both PCM

and MCL,14 the relevant gene of which is TP53, located on

17p13.26 The deletion of TP53 has been reported in 21-45%

of MCL patients14 and 5-10% of PCM.27 We did not detect

the deletion of TP53 in any of the four patients evaluated.

The deletion of TP53 is infrequent in newly diagnosed PCM

patients, and is may be regarded as a later event in this

disease.21

SOX11 is a transcriptional factor expressed in the devel-

oping nervous system and plays a crucial role in

neurogenesis,28 but is absent in many adult tissues.29 Recent

studies showed that SOX11 is strongly expressed in the ma-

jority of MCL patients. In the current study, the expression of

SOX11 was not detected in any PCM patients with t(11;14)

(q13;q32). The t(11;14)(q13;q32) translocation is common in

MCL and PCM with t(11;14)(q13;q32), but the expression of

SOX11 is independent of this translocation and the resulting

expression of CCND1, as mentioned by Dictor et al.30

Although the number of patients was limited in the current

study, the results suggest the absence of BCL6 and SOX11

expression, and infrequent expression of CD20, PAX5, and

CD56 in PCM with t(11;14)(q13;q32), in contrast to the find-

ings of earlier reports.
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