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Silencing of PAX5 gene by upregulation of B-lymphocyte-induced maturation protein-1 (PRDM1) is essential for
terminal differentiation of B cells to plasma cells. To investigate PAX5 gene expression and its protein product,
B-cell-specific activator protein (BSAP), in a subgroup of multiple myeloma characterized by CD20 expression,
we studied PAX5/BSAP by immunohistochemistry in 25 cases of myeloma, all expressing moderate to strong
CD20 by flow cytometric analysis, and correlated the results with PAX5 and PRDM1 mRNA levels analyzed by
the Affymetrix HuGeneFL GeneChip microarray in 17 cases. Using paraffin-embedded bone marrow biopsy
sections, we found PAX5/BSAP was expressed in 72% (18/25) of cases overall with an intensity ranging from
weak (10, 56%) to strong (8, 44%). PAX5/BSAP was negative in 10 randomly selected CD20-negative myelomas
included as negative controls. PAX5mRNA levels correlated inversely with that of PRDM1 in both CD20-positive
and CD20-negative myelomas and failed to predict the expression levels of PAX5/BSAP, suggesting that
detected PAX5/BSAP likely represents remnant of earlier stage of development. We conclude that CD20-positive
myelomas expressing PAX5/BSAP can present as a diagnostic pitfall mimicking B-cell neoplasms with
plasmacytoid differentiation.
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PAX5 is a member of the paired domain family of
transcription factors that encodes for B-cell-specific
activator protein (BSAP). PAX5/BSAP plays a
pivotal role in B-cell lineage commitment and
differentiation by targeting several B-cell-related
genes including CD19 and CD79a (mb-1).1–3 B cells
from pro-B to mature B stage express PAX5.
Silencing of PAX5 at the plasma cell stage is
considered to be critical for maturation of B cells
to plasma cells and is mediated through upregula-
tion of B-lymphocyte-induced maturation protein-1
(PRDM1), a transcriptional repressor encoded by the
gene PRDM1.2,4

Previous studies of large series of T- and B-cell
lymphomas and leukemias by immunohistochemis-

try have shown that PAX5/BSAP is consistently
expressed by precursor and mature B-cell lympho-
mas or leukemias but not by multiple myeloma or
solitary plasmacytomas.5 Furthermore, the expres-
sion of PAX5/BSAP correlates strongly with
CD20 expression. Thus, PAX5/BSAP has been
considered an excellent marker for distinguishing
B-cell neoplasms, particularly chronic lymphocytic
leukemia with plasmacytoid features or lympho-
plasmacytic lymphoma/Waldenstrom macroglobuli-
nemia, from plasma cell neoplasms. About 10–15%
of myelomas express CD20.6 The expression pat-
terns of PAX5 and PRDM1 in CD20-positive myelo-
ma are unknown.

We studied PAX5/BSAP expression in CD20-
positive myelomas by immunohistochemistry
using bone marrow biopsy samples. We also
correlated the results with the mRNA levels of
PAX5 and PRDM1 analyzed by the Affymatrix
HuGeneFL microarray using CD138 purified
plasma cells from the corresponding bone marrow
aspirates.
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Materials and methods

The files of Department of Pathology were searched
for cases of multiple myeloma that expressed CD20
between January 2001 and March 2002. CD20
expression was determined by flow cytometry
immunophenotypic analysis of bone marrow aspi-
rate material. The diagnosis of myeloma was con-
firmed by reviewing medical records and diagnostic
bone marrow biopsy samples. Each patient was
staged according to the Salmon and Durie system7

and each tumor was graded according to the Bartl
system.8 Conventional cytogenetic analysis was
performed on the bone marrow aspirate material
using techniques described before.9 We excluded
cases with a monoclonal IgM on serum protein
electrophoresis and immunofixation electrophoresis.

Flow cytometric immunophenotyping was per-
formed on whole bone marrow aspirates antic-
oagulated with EDTA using methods described
before.10 Briefly, after red cell lysis with ammonium
chloride, the cells were resuspended and fixed with
1% methanol–formaldehyde and incubated with a
panel of monoclonal antibodies specific for CD138-
PE (Immunotech, Marseille Cedex, France), CD138-
FITC, CD138-PC5, CD45-FITC, CD117-PE, CD20-
FITC, CD56-PE, and CD19-PE (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA).
The clonality of plasma cells was determined by
dual analysis of immunoglobulin k and l light
chains (Dako, USA) and DNA ploidy. Only rare
contaminating normal plasma cells (o1%) were
found. All analyses were performed on a FACScan
(Becton Dickinson, Mountain View, CA, USA) using
Cell-quest software (Becton Dickinson).

Myeloma cells were first identified by their light
scattered distribution and reactivity pattern to
CD138, CD38 and CD45. CD20 expression was then
determined by analyzing the gated region using
CD138 and CD20. The intensity of CD20 expression
was graded as weak, moderate or strong. For
purpose of this study, we only included patients
with moderate to bright expression of CD20, defined
as a positive population at least 1 log brighter than
the negative control.

PAX5 and PRDM1 mRNA levels were analyzed by
the HuGeneFL GeneChip microarray (Affymetrix,
Santa Clara, CA) using CD138 selected plasma
cells from corresponding bone marrow aspirates.
RNA extraction was followed by synthesis of cDNA
and biotinylated cRNA and then hybridized to
the oligonucleotide array. The expression levels
were determined by fluorescence intensity and
analyzed by Affymetrix 3.3 software as described
before.11

Sections of formalin-fixed paraffin-embedded
bone marrow biopsy were stained with monoclonal
antibody specific for PAX5/BSAP (1:35, Transduc-
tion Laboratories, BD Biosciences, San Jose, CA,
USA). Areas with large clusters or sheets of
myeloma cells were assessed for staining intensity.

Immunostain with monoclonal antibody specific for
CD138 (1:20, Dako, Carpenteria, CA, USA) was also
performed in a subset of cases to assess the extent of
plasma cell infiltrate. In all, 10 cases of randomly
selected CD20-negative myelomas were included as
negative controls.

The staining intensity of PAX5/BSAP was mea-
sured by computerized quantitative image analysis
using a SAMBA 4000 Cell Image Analysis System
(SAMBA Technologies, Meylan, France). The image
analyzer is a PC-based integrated system for densito-
metric, morphometric, and colorimetric analysis of
cells and tissues. It consists of a Nikon microscope
with � 10, � 20, � 40 objectives and a Sony 960MD
3-chip CCD camera, interfaced with a Dell computer
(Dell Computer Corporation, Austin, TX, USA)
equipped with a Matrox Meteor digitizer board
(Matrox Electronic Systems Ltd, Dorval, and Que-
bec, Canada). Light and camera settings were
standardized resulting in average background values
of 21075 (mean7s.d., scale 0–255 from black to
white) for the red, green and blue channels. Images
were captured using � 20 objective. Background
subtraction was automatically performed on every
tissue after storing an empty field of the slide.
Analysis was performed after transformation of the
red–green–blue (RGB) information to hue-satura-
tion-intensity (HSI) information. The SAMBA soft-
ware (Immuno-Analysis Version 4.28) enables the
operator, after evaluating several fields on control
slides, to set an intensity threshold value for the best
discrimination between tissue and background.
Separation between the hematoxylin counterstain
(blue) and the immunostaining with DAB (brown)
was achieved by setting a proper threshold on the
hue value. The threshold for DAB-positive hues was
obtained by evaluating several fields on positive and
negative control slides for optimal separation be-
tween blue- and brown-stained areas.

Parameters measured were the mean optical
density (MOD: the mean of optical densities mea-
sured over the labeled areas within the structure,
proportional to the mean stain concentration),
staining index (SI: the proportion of stained area
relative to the total area of the structures) and the
quick score (QS: MOD�SI /100). These parameters
were generated from averaging the quantitative
computerized image analysis data obtained from at
least four fields of tumor components in each
section. Based on the quick score, the staining
intensity was graded as strong (410), weak (o10
and 41.5), or negative (o1.5).

Results

From 306 myeloma patients who were studied by
flow cytometric immunophenotyping, we identified
28 (9%) patients with moderate–strong CD20 ex-
pression on myeloma cells. The bone marrow biopsy
specimens of 25 patients were available for immu-
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nostaining. CD20 was expressed by the entire
plasma cell population in 23 patients and by 50%
of plasma cells in two patients. The intensity of
CD20 was strong in 21 cases and moderate in four
cases (Figure 1). All cases were CD19 negative by
flow cytometric immunophenotyping. The clinico-
pathological features of the 25 patients are summar-
ized in Table 1 (Figure 2a).

PAX5/BSAP Protein Expression

PAX5/BSAP expression was detected in 18 (72%)
cases overall. The staining intensity was strong in
eight (44%) and weak in 10 (56%) cases, respec-
tively (Figure 2b). The quick score for cases with
strong reactivity ranged from 10.32 to 19.06 (median
13.13). The quick score for cases with weak
reactivity ranged from 1.50 to 3.59 (median 2.35).
PAX5/BSAP was negative in seven cases of CD20-
positive myeloma and in all 10 cases of CD20-
negative myeloma.

Of the 17 cases that were studied by both
immunohistochemistry and the Affymetrix Gene-
Chip microarray, PAX5/BSAP was expressed
strongly in four and weakly in eight cases.

PAX5 and PRDM1 mRNA Expression

PAX5 and PRDM1 mRNA levels were available in 17
patients. The mean florescence intensity of PAX5
mRNA ranged from 60 to 817 (median 210). It was
o100 in two patients, 100–500 in 13 patients and
4500 in two patients, respectively. In contrast, the
mean florescence intensity of PRDM1 mRNA ranged
from 1734 to 6216 (median 3298).

In the 10 patients with CD20-negative myeloma,
the mean florescent intensity of PAX5 mRNA ranged
from 99 to 565 (median 206). The corresponding
PRDM1 levels were in the range of 1047–5167
(median 3078).

A strong inverse correlation between levels of
PAX5 and PRDM1 mRNA expression was observed
in both CD20-positive and CD20-negative myelomas
(Figure 3). In addition, PAX5 mRNA did not predict
the expression intensity of PAX5/BSAP as assessed
by immunohistochemistry. PAX5 mRNA levels were
low in both PAX5/BSAP-positive and -negative
cases (Figure 4).

Discussion

PAX5 is a transcription factor that belongs to the
paired box gene family. The predominant form of
PAX5 (PAX5a) encodes for a 50 kDa protein, PAX5 or
BSAP that regulates B-cell differentiation through
activation or suppression of different target genes.1

The binding sites of BSAP have been detected in the

Figure 1 CD138 gating identifies a population of CD138 bright
PCs that coexpress CD20 at moderate–strong intensity.

Table 1 Clinicopathological features of 25 patients with CD20-
positive myeloma

Age (median) 43–76 year (58)
Gender 12 male, 13 female
Salmon and Durie stage
Stage 3 20
Stage 2 3
Stage 1 2

Bartl Grade
1 9
2 15
3 1

Extent of bone marrow involvement (biopsy)
20–50% 8
450% 17

Type of monoclonal protein
IgG 16
IgA 6
Light chain only 3

Karyotype
Diploid 13
Complex with t(11;14)(q13;q32) 2
Complex with t(6;14)(p21;q32) 1
Complex (others) 9
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promoter regions of CD19 and CD20.12,13 Studies of a
mouse model indicate that PAX5 expression is
required for commitment of hematopoietic progeni-
tor cells to B-cell lineage and for differentiation of
pro-B to mature B-cell stage until the point of

terminal differentiation to plasma cells. Silencing
of PAX5 at the plasma cell stage is generally
considered prerequisite for differentiation of mature
B cells to immunoglobulin-secreting plasma cells
and is mediated through PRDM1, a transcriptional

Figure 2 (a) A case of CD20-positive myeloma showing moderate cytologic atypia (Bartl grade 2) and increased mitosis. Hematoxylin and
eosin, � 200 (upper panel) and �400 (lower panel). This case was strongly and diffusely positive for PAX5/BSAP. (b) PAX5/BSAP
immunostain performed on bone marrow biopsy was graded as strong, weak, or negative based on computerized quantitative imaging
analysis �400.

PAX5 expression in CD20-positive myeloma
P Lin et al

1220

Modern Pathology (2004) 17, 1217–1222



repressor encoded by a positive regulatory domain
zinc-finger protein 1 gene (PRDM1). PRDM1 binds to
the PAX5 promoter and represses PAX5 transcrip-
tion.2 It is expressed by all plasma cells and a subset
of germinal center B cells (5–15%) differentiating to
plasma cells.14

In a large series of lymphomas and leukemias that
included 39 cases of myeloma,5 Torlakovic et al5

found that PAX5/BASP was consistently negative in
myeloma, and therefore serves as an excellent
marker for distinguishing plasma cell neoplasms
from B-cell neoplasms. Only two cases in their study
had focal PAX5/BSAP positivity and both were also
weakly positive for CD20. These two patients were
found to have unusual clinical features character-
ized by absence of lytic bone lesions but presence of
410% infiltrate in the bone marrow and 43 g/l
serum monoclonal immunoglobulin. Other studies
have described CD20-positive myeloma as fre-
quently associated with t(11;14), small mature
morphology15 or plasma cell leukemia.16

The myeloma cases in this study cohort presented
with a range of cytologic atypia, type of M-protein,
and karyotypic aberrations. Most patients had an
advanced stage of disease, intermediate cytological
grade and serum monoclonal IgG. Diploid karyotype
was the most common finding. Abnormal karyo-
types were characterized by complex changes with
infrequent occurrence of t(11;14).

We confirmed the findings reported by Torlakovic
and colleagues that PAX5/BSAP expression corre-
lated with CD20 expression in myeloma, as PAX5/
BASP expression was only detectable in CD20-
positive cases. However, PAX5/BSAP and CD20
expression was not completely concordant. PAX5/
BSAP positivity was not detected in all CD20-
positive cases, and the staining intensity of PAX5/
BSAP was variable in most cases despite more
uniform CD20 positivity demonstrated by flow
cytometric immunophenotyping.

PAX5 mRNA levels analyzed by microarray were
consistently low in the myeloma cells and did not
predict PAX5/BSAP expression analyzed by immu-
nohistochemistry. There was no significant differ-
ence in PAX5 mRNA levels between PAX5/BSAP-
positive cases vs negative cases. The discordance
between the gene and protein expression suggests
that detected PAX5/BSAP likely represents a pro-
duct of an earlier stage of differentiation that
persisted after PAX5 gene expression has been
repressed. The persistence of BSAP did not appear
to inhibit the development of plasma cell phenotype
and immunoglobulin secretion when PAX5 mRNA
expression was repressed and PRDM1 was upregu-
lated. This finding is in keeping with the observa-
tion that enforced expression of PRDM1 is sufficient
to drive differentiation of B cells to immunoglobu-
lin-secreting plasma cells.17

The strong inverse correlation between PAX5 and
PRDM1 mRNA levels in the myeloma cells, both
CD20 positive and negative, recapitulates the gene
expression patterns in normal plasma cells.18 How-
ever, since normal plasma cells are usually CD20
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Figure 3 mRNA levels of PAX5 and PRDM1 in 17 cases of CD20
positive and 10 cases of CD20 negative myeloma analysed by
HuGeneFL GeneChip microarray.
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Figure 4 PAX5 mRNA levels (y-axis) assessed by microarray and corresponding BSAP intensity (x-axis) assessed by immunohis-
tochemistry in 17 cases of CD20-positive myeloma. S: Strong; W: Weak; N: Negative.
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negative, the asynchronous overexpression of
PRDM1 and the B-cell associated marker CD20 in
myeloma cells indicates disordered plasmacytic
differentiation of B cells. Studies have shown that
B cells from myeloma patients express low levels of
full-length PAX5 but multiple isoforms that varied
among individual patients.19 A splicing variant of
PRDM1 mRNA is expressed at higher levels relative
to the full-length form in the myeloma cells lines
compared to the normal plasma cells.20 Thus,
defective PAX5 expression and premature PRDM1
expression have been postulated to cause some
proliferating B cells to prematurely differentiate to
plasma cells in myeloma. The existence of CD20-
positive myelomas appears to support the hypoth-
esis.

In conclusion, our studies show that PAX5/BSAP
expression detected by immunohistochemistry is
not restricted to B-cell lymphomas and leukemias.
CD20-positive myelomas show variable expression
of PAX5/BSAP, and those with strong and diffuse
reactivity can present as a diagnostic pitfall mimick-
ing B-cell neoplasms. PAX5 mRNA levels did not
predict PAX5/BSAP expression but correlated in-
versely with PRDM1 mRNA levels in myeloma cells
as in normal plasma cells. CD20-positive myeloma
may be a useful model for studying disregulation of
PRDM1 and PAX5 in pathogenesis of myeloma.
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