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PRDM1/BLIMP-1 expression in multiple B and T-cell
lymphoma

The positive regulatory domain I
(PRDM1) protein, also named PRDI-
BF1 or BLIMP-1 (B lymphocyte-

induced maturation protein 1) in mice,
belongs to the PRDM gene family of tran-
scriptional repressors. It is a key regulator of
terminal B-cell differentiation1,2 and has the
ability to drive activated or germinal center B
cells to become antibody-secreting cells with
a plasma cell phenotype1,3 and activate an
apoptotic response in immature B cells and
pre-B cells.2 The study of normal tissues
shows that in vivo expression of PRDM1/
BLIMP-1 in the adult mouse is restricted to
plasma cells, including (a) those formed in a
primary response to either T-cell-dependent
or independent antigen, (b) those formed
from memory cells in a secondary response,
and (c) long-lived plasma cells in the bone
marrow.4 PRDM1/BLIMP-1 is not found in
memory B-cells but is expressed in a subset
(5-15%) of germinal center B-cells with a plas-
ma cell phenotype.4 These findings suggest
that this subset of germinal center B-cells
might be committed to a plasma cell fate and
that the level of PRDM1/BLIMP-1 expression
may determine whether they differentiate to
become immunoglobulin-secreting plasma
cells or enter the memory B-cell pool.4 Five
genes that are direct targets for
PRDM1/BLIMP-1 (all of them associated with

B-cell phenotype and proliferation), have
been characterized to date: c-Myc;5 MHC2TA
promoter III, responsible for regulating
CIITA;3,6 B-cell lineage-specific activator pro-
tein (BSAP)/ PAX5;7 Spi-B; and Id3.8

Repression of c-Myc, CIITA and PAX5 alone is
unlikely to explain the entire program of plas-
ma cell development activated by
PRDM1/BLIMP-1.8 Previous immunohisto-
logical studies of normal human lymphoid
tissue have shown PRDM1 expression main-
ly in a small population of large B cells in the
germinal center and plasma cells.9 PRDM1
was absent in activated extrafollicular B cells,
in the majority of resting T cells, in tissue his-
tiocytes, and in antigen-presenting dendritic
cells. PRDM1 expression was also found in
human B-cell lymphomas with plasma cell
differentiation and in a minority of diffuse
large-B cell lymphomas (DLBCL). Marginal
zone lymphomas, chronic lymphocytic
leukemias (B-CLL) and Hodgkin’s lym-
phomas were reported to be largely negative.9

Interestingly PRDM1 expression has been
found in a small population of reactive non-
neoplastic T cells (CD3-positive) in B-cell
lymphomas,9 however PRDM1 positivity in
T-cell lymphomas has not been described to
date. In the current study, using tissue-
microarrays, we investigated the expression
of PRDM1 protein in a large series of both
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Background and Objectives. The positive regulatory domain I (PRDM1) protein or
BLIMP-1, belonging to the PRDM gene family of transcriptional repressors, is a key reg-
ulator of terminal differentiation in B-lymphocytes and is critical for plasma cell differ-
entiation. 

Design and Methods. Here we document the expression of PRDM1 in normal and neo-
plastic lymphoid cells, through the use of a monoclonal antibody that recognizes the
molecule in paraffin-embedded tissue sections. A large series of B and T-cell lym-
phomas (679 cases) was studied, using tissue microarrays. 

Results. Multiple myeloma, plasmacytoma and lymphoplasmacytic lymphoma cases
(n=19) were positive. Plasmablastic lymphoma, oral mucosa-type (n=15), were also
found to be positive. PRDM1 protein was expressed in some cases of B-cell neopla-
sia, i.e. chronic lymphocytic leukemia/small lymphocytic lymphoma (15%), diffuse large
B-cell lymphoma (43%), classical Hodgkin’s lymphoma (41%) and also in T-cell lym-
phoma (23%).

Interpretation and Conclusions. Most B-neoplastic cells showing plasmablastic differ-
entiation were PRDM1-positive. Unexpectedly, a subset of diffuse large B-cell lym-
phoma expressed PRDM1, lacked detectable plasmablastic or immunoblastic changes
and displayed more aggressive behavior, with a shorter failure-free survival. In contrast
to normal B-cells, diffuse large B-cell lymphoma cases with increased PRDM1 expres-
sion co-expressed BCL-6 and MUM1/IRF4, confirming that PRDM1 expression in these
tumors is insufficient to drive the full genetic program associated with plasmacytic dif-
ferentiation.
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normal and neoplastic lymphoid tissues, using a new
anti-PRDM1 monoclonal antibody that recognizes its tar-
get molecule in paraffin-embedded tissue sections. Our
results reveal the value of this anti-PRDM1 monoclonal
antibody for the identification and study of reactive plas-
ma cells and plasma cell-derived neoplasms. Immuno-
staining for PRDM1 in paraffin-embedded tissue showed
positivity not only in myeloma/plasmacytoma cases, but
also in subgroups of DLBCL and in a small proportion of
B-CLL/small lymphocytic lymphoma (B-CLL/SLL), classi-
cal Hodgkin’s lymphoma (cHL) and T-cell lymphomas.
Due to the high proportion of PRDM1-positive DLBCL,
we investigated the correlation between PRDM1 expres-
sion and clinical outcome. Our observations highlight the
potential value of detecting PRDM1 protein for the
experimental analysis and classification of human lym-
phomas. 

Design and Methods

Production of PRDM1 monoclonal antibody 
A cDNA encoding the full-length human PRDM1 pro-

tein was kindly provided by Dr. Tom Maniatis (Harvard
University, Cambridge, USA). The human PRDM1 gene
was amplified by polymerase chain reaction (PCR) and
introduced into the pDEST15 expression vector
(Invitrogen, Carlsbad, CA, USA) by means of Gateway®

technology. The GST-PRDM1 fusion protein was then
expressed in Escherichia coli strain BL21 (DE3), purified by
affinity chromatography on a GSTrap™ column (GE
Healthcare, Little Chalfont, UK) and used as an immuno-
gen. PRDM1 monoclonal antibody (clone ROS, isotype
IgG1/κ) was produced in BALB/c mice, maintained in the
Animal Facility Unit of the CNIO, with methods described
previously.10,11

Tissue samples and preparation of tissue microarrays 
All tissues were obtained from the tissue archives of the

CNIO Tumor Bank. We used a Tissue Arrayer device
(Beecher Instruments, Sun Prairie, WI, USA) to construct
tissue microarray blocks, according to conventional proto-
cols.10,12 All cases were histologically reviewed and repre-
sentative areas were selected. Tissue microarrays were pro-
duced comprising samples of normal tissue (tonsil, lymph
node with follicular hyperplasia, spleen, bone marrow,
fetal liver, fetal thymus, thymus, brain, larynx, parotid
gland, thyroid, gall bladder, liver, lung, skin, skeletal mus-
cle, kidney, pancreas, stomach, duodenum, appendix, small
and large intestine, bladder, ovary, uterus, breast, placenta,
prostate and testis). Tissue microarrays were also prepared
containing a total of 679 lymphomas, for all of which the
diagnosis had been confirmed by central review of stan-
dard tissue sections. All biopsies had been taken prior to
treatment. The histological criteria used for diagnoses of
cases were those described in the World Health
Organization classification.13 Some of these cases have
been included in previous studies.10,14-18

The B-cell tumors included were DLBCL (n=250), cHL
(n=22), follicular lymphoma (n=115), B-CLL/SLL (n=54),
mantle cell lymphoma cases (n=52), Burkitt’s lymphoma
(n=21), marginal zone lymphoma (splenic, extranodal and

nodal) (n=14), B-cell lymphoblastic lymphoma (3), lympho-
plasmacytic lymphoma (n=3), plasmacytoma and plasma
cell myeloma (n=16). The DLBCL tumors included 15 cases
of the plasmablastic variant (i.e. tumors of oral mucosa type
(n=19) that typically present in the oral cavity in HIV-posi-
tive and EBER-positive patients) and eight cases with dis-
tinct plasmablastic morphology (>90% of the cells were
immunoblasts with plasmacytoid differentiation).

T/NK-cell neoplasms comprised peripheral T-cell lym-
phoma (PTCL), unspecified (n=41), anaplastic large cell
lymphoma (ALCL) (n=30), mycosis fungoides/Sézary syn-
drome (n=8), T-cell lymphoblastic lymphoma/leukemia
(n=16), enteropathy T-cell lymphoma (n=4), angioim-
munoblastic T-cell lymphoma (n=18) and T/NK nasal type
lymphoma (n=12). 

Cell lines
Myeloma cell lines (RPMI-8226, L-363, SK-MM-2,

KARPAS-640, NCI-H929, OPM-2 and LP-1) and the
Burkitt’s lymphoma cell line (RAJI) were obtained from the
German Collection of Micro-organisms and Cell Cultures
(DSMZ, Braunschweig, Germany). Cells were grown at
37°C in 5% CO2 in RPMI-1640 medium (Invitrogen) sup-
plemented with 10% fetal calf serum (Sigma Chemical St.
Louis, MO, USA). KARPAS-620 and NCI-H929 medium
were also supplemented with interleukin-6 (20 ng/mL,
PeproTech, London, UK).

Antibodies
Polyclonal anti-PRDM1 was kindly provided by Dr.

Mark M. Davis, Department of Microbiology and
Immunology, Stanford University School of Medicine,
Stanford, CA, USA.1 Other antibodies used were: BCL-6
(clone GI191E/A8, dilution 1:120,10 MUM-1/IRF4 (poly-
clonal antibody, Santa Cruz Biotechnology, Santa Cruz,
CA, USA dilution 1:200), CD10 (clone 56C6, Novocastra,
Newcastle, UK, 1:10), CD138 (clone MI15, Dako-
Cytomation, Glostrup, Denmark, dilution 1:50), p63 (clone
VS38c, provided by Prof. David Y. Mason, dilution 1:1),
CD30 (clone CON6D/B5, provided by Giovanna
Roncador, dilution 1:1), CD3 (polyclonal antibody, Dako,
dilution 1:100) and ALK (clone ALK1, provided by Prof.
David Y. Mason, dilution 1:1). Goat anti-species-, isotype,
or subclass-specific secondary antibodies, conjugated to
Alexa Fluor 488 (green) and 594 (red) were obtained from
Molecular Probes (Leiden, The Netherlands).

Western blotting and immunoprecipitation 
Western blotting, immunoprecipitation and prepara-

tion of cytocentrifuge slides were carried out as previous-
ly described.10,20,21

Immunostaining techniques
Immunohistochemical staining for PRDM1 was per-

formed as follows: 2-4-µm-thick paraffin-embedded tis-
sue microarray sections were cut onto Dako slides
(Dako), and subsequently dewaxed, re-hydrated, and
then subjected to antigen retrieval by heating in 50 mM
Tris (Trizma base)-2 mM EDTA (Sigma-Aldrich, St.
Louis, MO, USA) (pH 9) in a microwave pressure cooker
(A. Menarini Diagnostics, Workingham, UK) at 900W for
2 minutes. The slides were cooled and treated with per-

J.F. Garcia et al.

| 468 | haematologica/the hematology journal | 2006; 91(4)



oxidase-blocking solution (Dako) for 5 minutes. Sections
were then immunostained with PRDM1 monoclonal
antibody (clone ROS) by the two-stage peroxidase-based
EnVision technique (Dako)22 and then counterstained
with hematoxylin and mounted. Incubations omitting
the specific antibody or containing unrelated antibodies
were used as controls. Immunostaining on cytocentrifuge
preparations was carried out as previously described.10

Double immunoenzymatic labeling 
Double immunoenzymatic labeling of paraffin sections

was carried out using the EnVision peroxidase and alkaline
phosphatase kits (Dako)23 on normal tonsillar tissue.
PRDM1 was immunostained in brown with the DAB sub-
strate (Dako) and CD138 or CD3 in blue with the Vector
blue alkaline phosphatase substrate kit (Vector
Laboratories, Peterborough, UK).

Immunoperoxidase technique combined with immunoflu-
orescence

Immunoperoxidase staining, combined with single or
double immunofluorescence labeling, was performed on
paraffin sections of normal tonsil, ALK-positive ALCL,
PTCL and cHL cases, following a previously described
method.23,24 Briefly, slides were immunostained for PRDM1
by the two-stage peroxidase-based EnVision technique,
washed in phosphate-buffered saline (PBS) for up to 5 min-
utes and then incubated in normal human serum for up to
10 minutes before immunofluorescence labeling with anti-
bodies p63/VS38c (red) and CD20 (green) in normal tonsil;
ALK (red) and CD138 (green) in ALK-positive ALCL cases;
CD3 (red) in PTCL or CD30 (green) in cHL cases. The
immunofluorescence labeling was performed as previously
described.24,25 Sections were incubated for 45 minutes at
room temperature with a pair of antibodies that were
either from different species or of differing immunoglobu-
lin isotype/subclass. Sections were washed in PBS for up to
5 minutes and then incubated in the dark for 45 minutes
with secondary antibodies (specific for species, isotypes, or
subclass) and labeled with contrasting green and red fluo-
rochromes (Alexa Fluor 488 and Alexa Fluor 594, dilution
1:100). The slides were washed in PBS for up to 5 minutes,
and then mounted in fluorescent mounting medium
(Dako) containing 1 µg/mL DAPI (4,6-diamidino-2-
phenyllindole). Slides were examined on a Nikon E800
Eclipse fluorescence microscope (Nikon, Kingston-upon-
Thames, UK) equipped for epifluorescence. Fluorescence
images were captured with an Axiocam charge-coupled
device (CCD) camera (Zeiss, Jena, Germany) and
Axiovision software (Imaging Associates, Bicester, UK),
and adjusted using Photoshop software (Adobe, San Jose,
CA, USA).24 The immunoperoxidase image was viewed by
transmitting light, and corresponding gray-scale images
were inverted and pasted into the blue (or red in cHL) chan-
nel of the red-green-blue (RGB) Photoshop image. Using
this technique, cells expressing PRDM1 were visualized as
blue (excepted in cHL case visualized in red), whereas the
immunofluorescence labeling marker was detected as
green or red. In all immunostained paraffin sections, posi-
tive plasma cells were present, providing an internal posi-
tive control. 

Scoring of PRDM1 expression
PRDM1 protein expression was assessed by immuno-

histochemistry on normal and neoplastic human tissue
microarrays and on complete tissue sections when neces-
sary. Each case was scored on a semi-quantitative basis,
depending on the number of positive cells, as negative
(no positive tumor cells or < 10%); weak (10% to ≤50%
positive cells); and strong (>50% to 100% positive cells).
The threshold selected for biological correlation and clin-
ical analysis was 10%, on the basis that this gave good
inter-observer reproducibility. Scoring was performed by
four independent observers (Juan-FG, SM-M, MAP and
TM).

Clinical series
Clinical data and follow-up were available for 140

DLBCL cases, including HIV-negative cases diagnosed
between 1990 and 1999. Patients were treated with
regimes including multi-agent chemotherapy (mainly
adriamycin-based) with or without adjuvant radiothera-
py and/or surgery. Data on gender, response to treat-
ment, International Prognostic Index, and follow-up dis-
ease were collected according to standard protocols. A
subgroup of these DLBCL cases had been used previous-
ly in an earlier study.14 Data on Rai score, Binet classifica-
tion and follow up were available for 36 B-CLL/SLL
cases, for which the first line of treatment had been chlo-
rambucil and CHOP.15

Statistical analysis
Survival analyses, failure-free survival, disease-free sur-

vival and overall survival were analyzed by curves plot-
ted using the Kaplan-Meier method. The statistical signif-
icance of associations between PRDM1 and survival was
determined using the log rank test and taking a p value of
< 0.05 as significant. The SPSS software (SPSS Inc.
Chicago IL 1999) was used for the analyses.

Results

Validation of the PRDM1 monoclonal antibody 
The specificity of the anti- PRDM1 monoclonal anti-

body (clone ROS, isotype IgG1/κ) was demonstrated by
western blotting analysis of lysates of tonsil, thymus and
myeloma cell lines. A specific band of 97 kDa was
observed in tonsil, thymus and all myeloma cell lines
(Figure 1A). In five of the seven myeloma lines, SK-MM-
2, KARPAS-620, NCI-H929, OPM-2 and LP-1, it was pos-
sible to detect a second band of 80 kDa corresponding to
an alternative protein product, PRDM1 (Figure 1A).26

Nuclei stains cytocentrifuge preparations of the cell lines
analyzed were all concordant with the protein expression
detected by western blotting (Figure 1C). We confirmed
the specificity of clone ROS for human PRDM1 protein
by using this antibody in western blotting of material
that had been immunoprecipitated from tonsil lysates
with the PRDM1-specific polyclonal antibody1 or with
the monoclonal antibody ROS. Both antibodies immuno-
precipitated a protein with a molecular weight of 97 kDa
that gave a positive western blotting reaction with the
ROS antibody (Figure 1B).

PRDM1/BLIMP-1 expression in B and T-cell lymphomas
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PRDM1 protein expression in normal human tissues
PRDM1 protein expression in normal human tissues

was analyzed on paraffin-embedded tissue sections using
the anti-PRDM1 monoclonal antibody (clone ROS). As
previously reported,9 PRDM1 protein was detected in the
nucleus of multiple cell types, with the strongest intensi-
ty in B-lymphocytes and squamous epithelium (Figure 2).
Single and double immunostaining of normal tonsillar tis-
sue showed that PRDM1 was expressed in (a) plasma
cells in germinal centers (CD138-positive) lying in a band

between the light and dark zones, (b) plasma cells at the
periphery of the germinal center and (c) plasma cells
located within and below the crypt epithelium (Figure
2A-E). PRDM1 was also expressed in some CD138-nega-
tive cells in the germinal center, mainly located in the
light zone (Figure 2C and E). Triple immunostaining
showed co-expression of PRDM1 protein (blue) and the
plasma cell-related antigen p63/VS38c (red), while CD20-
positive cells were mainly PRDM1-negative (green)
(Figure 2G). PRDM1 was also expressed in plasma cells in
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Figure 1. Biochemical characterization of
the ROS monoclonal antibody. (A) Western
blot analysis of PRDM1 expression in total
protein extracts from lymphoid tissue, multi-
ple myeloma and RAJI cell lines. Tonsil, thy-
mus and all myeloma cell lines show a ~97
kDa band, corresponding to PRDM1α pro-
tein. Myeloma cell lines, SK-MM-2, KARPAS-
620, NCI-H929, OPM-2 and LP-1, also
express an 80 kDa protein. The Burkitt´s
lymphoma cell line, RAJI, contains neither
PRDM1α nor PRDM1β proteins, and was
included as a negative control. (B)
Immunoprecipitation of protein extracts
from normal tonsil with the anti-PRDM1
monoclonal antibody (clone ROS, line IP
mAb) and the specific polyclonal antibody
(line IP pAb) followed by western blotting
with the ROS monoclonal antibody, shows a
~97 kDa band. (C) Immunocytochemical
staining for PRDM1 on cytocentrifuge prepa-
rations of cell lines using the ROS monoclo-
nal antibody. Nuclei staining correlates with
the pattern of protein expression detected
by western blotting. Original magnification:
200X.

Figure 2. Immunostaining of PRDM1 protein
in normal tissues. In tonsil PRDM1 protein is
strongly expressed by plasma cells present
in germinal centers, and in subepithelial
areas (A, B, C and D). The subepithelial cells
(B and D) show plasmacytoid morphology,
but many positive cells in the germinal cen-
ter (C) have a centrocyte-like morphology.
Strong PRDM1 expression is also seen in
the superficial layer of the epithelium (A and
B). Double immunoenzymatic staining in
normal tonsil reveals cells (mainly lying out-
side germinal centers) co-expressing
PRDM1 (brown) and the plasma cell marker
CD138 (blue). Furthermore a small popula-
tion of PRDM1-positive cells that lack
CD138 is seen in the germinal center (E).
Within the germinal center, rare CD3-posi-
tive cells (blue staining) co-express PRDM1
(F and arrow). Triple staining of normal ton-
sil shows that PRDM1 protein (blue) is co-
expressed by cells carrying the plasma cell-
related antigen p63/VS38c (red). CD20-pos-
itive cells (green) are mainly PRDM1-nega-
tive (G). PRDM1 protein is also detected in
plasma cells located in other tissues, i.e.
appendix (H) and bone marrow (I).
Spermatogonia and Sertoli cells in the testis
express PRDM1 strongly (J).
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other organs, such as spleen, bone marrow and in the
intestinal lamina propria (Figure 2H, I). Furthermore we
also found a small number of T cells (CD3-positive) that
expressed PRDM1 both within and outside germinal cen-
ters (Figure 2F). PRDM1 protein expression was not
found in non-hematologic tissues, with the exception of
squamous epithelium in different tissues. In the testis, we
found PRDM1 expression in undifferentiated germ cells
(spermatogonia) present in the basal compartment of the
seminiferous tubule and in Sertoli cells (Figure 2J).27,28

PRDM1 expression in human lymphomas
The immunostaining results on paraffin sections from

679 cases of human lymphoma are summarized in Table 1. 

Non-Hodgkin’s B-cell lymphoma
As expected, all plasma cell-derived neoplasms and

small B-cell lymphomas with plasma cell differentiation
(multiple myelomas [n=11], plasmacytomas [n=5], lym-
phoplasmacytic lymphomas [n=3]) showed strong
PRDM1 expression (Figure 3). 

Plasmablastic DLBCL of oral mucosa type
All 15 cases showing the characteristic clinical presen-

tation, HIV-infection and EBER expression, considered to
represent a clear-cut clinicopathologic entity, were
PRDM1-positive (Figure 3).

Diffuse large B-cell lymphoma
Almost half of all cases of DLBCL (101/235) were

PRDM1-positive. PRDM1 was strongly positive in 63 of
the 235 cases analyzed (Figure 3), while a further 38 cases
showed weaker PRDM1 expression. Eight cases of
DLBCL with an immunoblastic morphology, distinct
from the plasmablastic oral mucosa-type, were PRDM1-
positive (Figure 3). We found MUM1/IRF4 expression in
68% of PRDM1-positive DLBCL. Among PRDM1-nega-
tive DLBCL cases, 48% expressed MUM1/IRF4. We also
observed that many PRDM1-positive DLBCL cases also
expressed BCL-6 protein (84%). As described by Hans et
al., it is possible to distinguish the germinal center-B and
non-germinal center B subtypes of DLBCL using a panel
of three immunostains (BCL-6, CD10 and MUM1/

PRDM1/BLIMP-1 expression in B and T-cell lymphomas
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Table 1. Immunohistological analysis of PRDM1 protein expres-
sion in lymphoma subtypes.

Reactivity neoplastic cells

Diagnosis/lymphoma Number Negative Weak Strong Total of 
subtypes of cases positive

cases (%)

B-cell neoplasms
B-Lymphoblastic lymphoma 3 3 0 0 0 (0%)
Chronic lymphocytic leukemia/ 54 46 8 0 8 (15%)
small lymphocytic lymphoma
Mantle cell lymphoma 52 52 0 0 0 (0%)
Follicular lymphoma 115 109 4 2 6 (5%)
Burkitt’s lymphoma 21 21 0 0 0 (0%
Marginal zone lymphoma 14 14 0 0 0 (0%)
(splenic, extranodal and nodal)
Diffuse large B-cell 235 134 38 63 101 (43%)
lymphoma (DLBCL)a

Plasmablastic DLBCL 15 0 0 15 15 
(EBER+ and HIV+) (100%)
of oral mucosa type
Myeloma/plasmacytoma 16 0 0 16 16 (100%)
Lymphoplasmacytic lymphoma 3 0 0 3 3 (100%)

Hodgkin’s disease
Classical Hodgkin’s lymphoma 22 13 8 1 9 (41%)

T-cell neoplasms
Peripheral T-cell lymphoma 41 30 7 4 11 (27%)
Anaplastic large cell lymphoma

ALK protein + 16 5 5 6 11 (69%)
ALK protein - 14 8 3 3 6 (43%)

T-angioimmunoblastic lymphoma 18 17 1 0 1 (6%)
T/NK nasal type lymphoma 12 11 1 0 1 (8%)
Mycosis fungoides/Sézary 8 8 0 0 0 (0%)
T-lymphoblastic lymphoma/ 16 16 0 0 0 (0%)
leukemia
Enteropathy-type T-cell 4 4 0 0 0 (0%)
Lymphoma 
Total 679 491 75 116 188 (28%)

aIncluding eight selected DLBCL cases with distinct immunoblastic morphology:
all eight cases (100%) showed >50% PRDM1 strong positive expression.

Figure 3. Immunostaining of lymphoid neoplasms for PRDM1.
Representative examples of PRDM1-positive plasma cell-derived
neoplasms, plasmablastic lymphoma of oral mucosa type and dif-
fuse large B-cell lymphoma (DLBCL). Strong nuclear PRDM1 expres-
sion in multiple myeloma in bone marrow, in extramedullary plas-
macytoma, in plasmablastic lymphoma of oral mucosa type and
DLBCL with plasmablastic/immunoblastic cytological features.
Note tumor cells express PRDM1 and CD138, but are BCL6-nega-
tive. A case of conventional nodal DLBCL shows strong nuclear pos-
itivity for the PRDM1 protein (tumor cells are CD138-negative and
BCL-6-positive). Tumor cells in a second PRDM1-positive DLBCL
nodal case show strong nuclear positivity for the PRDM1 protein
(and absence of CD138 and BCL-6). All stains were performed on
paraffin sections using the immunoperoxidase technique.



IRF4).29 However, we were unable to demonstrate any
difference in expression of PRDM1 between germinal
and non-germinal center B tumors, since PRDM1 expres-
sion was detected in just under half of the cases in both
subgroups (36/81 and 42/97, respectively). We also inves-
tigated the prognostic value of PRDM1 protein expres-
sion in 146 patients with DLBCL, excluding plasmablas-
tic DLBCL of oral mucosa type. Kaplan-Meier plots
showed that the overall survival and disease-free survival
of PRDM1-positive patients were not significantly differ-
ent from those of PRDM1-negative cases; however when
treatment failure was considered, PRDM1-positive
patients had a shorter failure-free survival. This differ-
ence in the survival rate proved significant using the log
rank test (χ2= 3.809, p<0.05) (Figure 4).

B-chronic lymphocytic leukemias/small lymphocytic lym-
phomas

A minority of cases of B-CLL/SLL (8/54) were PRDM1-
positive. Most of these positive cases showed weak
PRDM1 staining compared with the strong positivity of
normal plasma cells or plasma cell-derived lymphomas
(Figure 5). Expression of PRDM1 in B-CLL/SLL cases was
not correlated with survival or IgVH mutational index.

Other non-Hodgkin’s B-cell lymphomas
A small minority (6/115) of follicular lymphoma cases

showed weak PRDM1 expression. In other B-cell lym-
phomas, i.e. B-lymphoblastic lymphoma (n=3), mantle
cell lymphoma (n=52), Burkitt´s lymphoma (n=21) and
marginal zone lymphoma (n=14) (splenic, extranodal and
nodal), PRDM1 expression was detected only in the non-
neoplastic plasma cell component.

Classical Hodgkin’s lymphoma
PRDM1 expression was found in a fraction (around

10%) of the nuclei of Hodgkin's and Reed Sternberg (H-
RS) cells in 9 of the 22 cases of cHL analyzed (Figure 5).

All PRDM1-positive cHL cases were PAX5-positive and
CD138-negative. Furthermore, no correlation was seen
between PRDM1 expression and Epstein-Barr virus infec-
tion. The presence of PRDM1 in tumor cells was con-
firmed by double immunofluorescence analysis, showing
PRDM1-positive nuclei in a majority of atypical CD30-
positive cells. PRDM1 protein was also detected by west-
ern blotting analysis in different cHL-derived cell lines, L-
540 and L428 (data not shown), supporting the immuno-
histological data on PRDM1 expression in cHL biopsies.

T/NK-cell neoplasms
As described above, nuclear PRDM1 expression in

reactive lymphoid tissue was observed in less than 1% of
T cells. In contrast, approximately a quarter of the T-cell
neoplasms analyzed (30/129) showed PRDM1 expres-
sion (Table 1). PRDM1 expression was mainly found in
PTCL (11/41, 27%) and ALCL (17/30, 57%) (Figure 5). In
ALCL cases PRDM1 staining could be detected in both
ALK-positive (11/16, 69%) and ALK-negative cases (6/14,
43%). The presence of PRDM1 protein in neoplastic cells
was confirmed by double immunofluorescence analysis,
which showed that PRDM1-positive nuclei were found
in CD3-positive cells in PTCL and in the majority of
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Figure 4. Kaplan-Meier analysis of failure-free survival (FFS) in
DLBCL patients, grouped according to the expression of PRDM1
protein. FFS was shorter in the PRDM1-positive group (gray curve)
than in the PRDM1-negative group (black curve).

Figure 5. Immunostaining of lymphoid neoplasms for PRDM1.
Representative examples of PRDM1-negative and PRDM1-positive
B-chronic lymphocytic leukemia/small lymphocytic lymphoma (B-
CLL) cases. Note weak nuclear PRDM1 staining in neoplastic cells
in the positive B-CLL case (seen more clearly at higher power in
the inset) compared with strong staining in normal plasma cells
shown in Figure 1. Representative example of classical Hodgkin’s
lymphoma (cHL) case with high numbers of PRDM1-positive cells.
Double immunofluorescent labeling of the cHL case shows CD30-
positive neoplastic cells (green) expressing PRDM1 protein (red)
(inset). Representative example of PRDM1-positive peripheral T-
cell lymphoma (PTCL). Double immunofluorescent labeling shows
that neoplastic cells (CD3-positive, red) also express PRDM1
(green) (inset). Representative example of ALK-positive anaplastic
large T-cell lymphoma (ALCL) with high numbers of PRDM1-posi-
tive cells. Triple labeling shows ALK-positive neoplastic cells (red)
and also plasma cells (CD138-positive) (green) which express
PRDM1 (blue) (inset). 
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ALK-positive cells in ALCL (shown at higher power in
the insets of Figure 5).

Other types of T-cell neoplasia were negative (with the
exception of one out of 18 cases of T-angioimmunoblas-
tic lymphoma and one out of 12 cases of T/NK nasal type
lymphoma). 

Discussion

PRDM1 protein is a master regulator of B-cell terminal
differentiation, with crucial roles in plasma cell differentia-
tion.30 This study provides a detailed description of the dis-
tribution of PRDM1 protein expression in a wide va-riety
of normal and malignant human tissues. The results were
obtained using a novel anti-PRDM1 monoclonal antibody
(clone ROS), suitable for immunohistochemical staining of
formalin-fixed paraffin-embedded tissue sections and
western blotting analysis. PRDM1 expression was mainly
restricted to lymphohematopoietic tissues, although
nuclear labeling was also observed in spermatogonia,
Sertoli cells and epithelial cells. In agreement with previous
data, PRDM1 protein was strongly expressed in tonsil in
the nuclei of mature plasma cells in germinal centres as
well as in interfollicular areas, in a subset of B cells in the
germinal center and in rare T cells.9 The strong staining for
PRDM1 protein in normal plasma cells in tonsil and in
other organs, such as spleen, bone marrow or intestinal
lamina propria, shows that this anti-PRDM1 monoclonal
antibody represents an important tool for the identification
and classification of reactive plasma cells (in combination
with other plasma cell markers such as CD138, p63/VS38c,
CD38 and MUM1/IRF4).31,32

Using tumor tissue microarrays, we also investigated,
PRDM1 expression in a large series of B and T cell lym-
phomas. PRDM1 was present in all lymphomas character-
ized by plasmacytic differentiation such as myeloma/plas-
macytoma, lymphoplasmacytic lymphoma, plasmablastic
lymphoma of oral mucosa type and DLBCL with
immunoblastic morphology. This finding agrees with the
consistent expression of PRDM1 protein in plasma cells
and during plasma cell differentiation. However, we also
identified aberrant PRDM1 expression in B-cell lym-
phomas that lack morphological features of plasmacytic
differentiation (e.g. it was found to a varying degree in
almost half of all cases of conventional DLBCL). 

The existence of a subgroup of PRDM1-positive DLBCL
cases confirms the heterogeneity of this category of lym-
phoma. The identification of clinical, histopathological and
biological features is indispensable for the detection of dif-
ferent risk groups and for the therapeutic management of
these lymphomas. With this in mind we investigated the
possible correlation between PRDM1 and other markers
commonly used for the classification of this lymphoma
and outcome. Previous reports have shown that PRDM1-
positive cells in normal germinal centers co-express
MUM1/IRF4 in the absence of BCL-6 and that PRDM1 is
required to induce plasma cell differentiation.30 In our
DLBCL study, we found that there are PRDM1-positive
MUM1/IRF4-negative and PRDM1-negative MUM1/IRF4
positive cases. Interestingly, we also observed that many
PRDM1-positive tumors also co-expressed BCL-6 protein.

These results indicate that the distribution of BCL6,
MUM1/IRF4 and PRDM1 seen in normal germinal center
cells is lost in DLBCL and that the regulation of these pro-
teins is more complex than previously known.

We also investigated the relevance of PRDM1 expression
in DLBCL to survival. In univariate analysis, PRDM1
expression was significantly correlated with shorter failure-
free survival (p<0.05). PRDM1-positive patients also
showed a tendency towards decreased overall and disease-
free survival. These findings suggest that tumors with high
PRDM1 expression have a more aggressive behavior; how-
ever, the study of a larger series of DLBCL is necessary to
confirm the statistical significance of this finding and to
throw further light on the role of PRDM1 in DLBCL
tumorigenesis. In all of the above studies we found no dif-
ference in terms of clinical behavior or phenotype between
strongly and weakly PRDM1-positive cases.

An unexpected observation was the presence of PRDM1
protein in H-RS cells in almost half of the cases of cHL.
This finding is consistent with the observation that H-RS
cells could express plasma cell-associated markers and may
well indicate that they arise from post-germinal center cells
that are beginning to progress towards the stage of termi-
nal B-cell differentiation, a process that is accompanied by
downregulation of most of the genes comprising the B-cell
transcriptional program.33 Weak PRDM1 expression was
also found in a small number of SLL/CLL (15%). Although
rare cases of SLL/CLL show plasmacytic differentiation,34

we were unable to show that PRDM1 expression was
associated with this feature. Furthermore, no correlation
with CD38, Epstein-Barr virus infection, mutation index or
survival was found in this group. Finally, although PRDM1
expression is predominantly associated with late-stage B-
cell differentiation, we observed that PRDM1 is not B-cell
specific. PRDM1 was expressed in a small percentage of
non-neoplastic T cells and also in some T-cell lymphomas.
Among all the T-cell lymphomas tested we found that
more than half of all ALCL and about one quarter of PTCL
expressed PRDM1. At this moment the significance of
PRDM1 expression in T cells is unknown and further stud-
ies are needed. The results obtained in our study are gener-
ally consistent with those previously described for normal
lymphoid tissue and for some lymphoma types.9

However, we detected PRDM1 expression in other, not
previously reported lymphomas. We believe that the high
affinity and specificity of our monoclonal antibody allow
more accurate detection of the protein, even in those cases
expressing a low level of the protein. In summary, this arti-
cle describes a new monoclonal antibody, clone ROS, suit-
able for the detection of PRDM1 on routine samples. The
analysis of a large series of lymphomas revealed that
PRDM1 expression, in addition to identifying plasma cell
disorders, is also present in subsets of DLBCL, cHL, B-
CLL/SLL and T-cell lymphomas. The PRDM1-monoclonal
antibody could, therefore, become a valuable tool for
research and diagnosis of lymphomas.
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