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Leukocyte-specific phosphoprotein-1 and PU.1:
two useful markers for distinguishing T-cell-rich
B-cell lymphoma from lymphocyte-predominant
Hodgkin’s disease

T- cell-rich B-cell lymphoma represents
a rare variant of diffuse large B-cell
lymphoma, characterized by the pres-

ence of only a few neoplastic cells within a
background of reactive T cells and/or histi-
ocytes.1-9 The tumor cells may, on occasion,
morphologically resemble the lymphocytic
and/or histiocytic (L&H) cells of lymphocyte-
predominant Hodgkin’s disease, making the
distinction between the two diseases diffi-
cult.3,9-13 This morphologic similarity is not
surprising, given the evidence from single-
cell polymerase chain reaction (PCR) studies
that the neoplastic cells in both tumors
share a common derivation from germinal
center cells, as shown by highly mutated
clonal immunoglobulin genes, intraclonal
diversity and functional in-frame immuno-
globulin rearrangements.14-16 The distinction
between the two diseases is, however, clin-
ically important, since they run completely

different courses (aggressive vs. indolent)
and require different therapies.10,17-19 A num-
ber of morphologic, phenotypic and cytoge-
netic features that can assist in the differ-
ential diagnosis have been proposed,3,9-13,20,21

but none of them seems to be entirely spe-
cific.22 Recently, however, it has been report-
ed in a small series of cases that the tran-
scription factor PU.1 is down-regulated in
T-cell-rich B-cell lymphoma compared with
in lymphocyte-predominant Hodgkin’s dis-
ease.23,24 PU.1 regulates the transcription of
genes relevant to the development of B cells,
macrophages and myeloid cells.25,26 Further-
more, it has been reported that the leuko-
cyte-specific phosphoprotein (LSP1) is pres-
ent in the neoplastic cells of most diffuse
large B-cell lymphomas, but usually absent
in lymphocyte-predominant Hodgkin’s dis-
ease.27

In this study, we evaluated the expres-
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Background and Objectives. T-cell-rich B-cell lymphoma is a rare variant of diffuse large
B-cell lymphoma. It shows morphologic, phenotypic and molecular similarities to lym-
phocyte predominant Hodgkin’s disease, and in consequence the two diseases may some-
times be difficult to distinguish. In this paper, we have evaluated the usefulness of the
pan-leukocyte marker LSP1 and the transcription factor PU.1 for resolving such diagnos-
tic problems. 

Design and Methods. Immunohistochemical techniques were used to investigate the
expression of LSP1 and PU.1 in 34 tumors, comprising typical examples of T-cell-rich B-
cell lymphoma (15 cases), lymphocyte-predominant Hodgkin’s disease (13 cases), and
lymphocyte-rich classical Hodgkin’s disease (6 cases). 

Results. The neoplastic cells of T-cell-rich B-cell lymphoma were LSP1-positive and
PU.1-negative, whereas the lymphocytic and/or histiocytic (L&H) cells of lymphocyte-pre-
dominant Hodgkin’s disease were mostly LSP1-negative, with variable PU.1 expression.
The two markers did not discriminate between T-cell-rich B-cell lymphoma and lympho-
cyte-rich classical Hodgkin’s disease, whilst they concurred to the distinction between
lymphocyte-predominant and  lymphocyte-rich classical Hodgkin’s disease by integrat-
ing the already available tools.

Interpretation and Conclusions. Antibodies to LSP1 and PU.1 may represent useful
reagents for the differential diagnosis between T-cell-rich B-cell lymphoma and lym-
phocyte-predominant Hodgkin’s disease.
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sion of these two markers in a series of cases that were
regarded as typical examples of T-cell-rich B-cell lym-
phoma and lymphocyte-predominant Hodgkin’s dis-
ease, with the aim of establishing the value of the
markers for differential diagnosis. In addition, the
results were compared with those observed in six cas-
es of lymphocyte-rich classical Hodgkin’s disease,
which may also cause diagnostic confusion.

Design and Methods

Tissues and clinical data
Thirty-four cases previously diagnosed as typical T-

cell-rich B-cell lymphoma (15 cases), lymphocyte-pre-
dominant Hodgkin’s disease (13 cases), and lympho-
cyte-rich classical Hodgkin’s disease (6 cases) accord-
ing to the criteria of the REAL and WHO Classifications
were retrieved from the files of the Hematopathology
Unit of Bologna University.5,6,28 In particular, the lym-

phocyte-predominant Hodgkin’s disease cases were
characterized by the presence of L&H cells, paucity of
Hodgkin and Reed-Sternberg cells, CD15 and CD30
negativity, and CD20 expression by neoplastic ele-
ments. The tumor growth pattern, evaluated accord-
ing to Fan et al.,29 was recorded in each case, along
with the amount of follicular dendritic cells, small B
lymphocytes, and T cells (CD57+ and −).

The main clinical and phenotypic features of the 34
cases are shown in Tables 1 and 2. The tissue samples
had been fixed in 10% buffered formalin, processed
according to routine procedures and embedded in
paraffin.30

Immunohistochemistry
Five-micron thick sections were cut from paraffin

blocks, coated on electrically charged slides, de-waxed
and re-hydrated, and then submitted to antigen
retrieval by micro-waving in 1mM EDTA (pH 8.0) for 5
minutes at 900 W. This was performed two or three
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Table 1. Summary of the clinical data in the 30 patients for whom complete information was available.

T-cell-rich B-cell Lymphocyte-predominant Lymphocyte-rich classical 
lymphoma  Hodgkin’s disease Hodgkin’s disease 
(12/15) (12/13) (6/6) 

Male/Female 9/3 9/3 4/2
Mean age (yrs) 43.4 37.2 25.8
Stage I-II 6/12 12/12 5/6
Stage III-IV 6/12 0 1/6
B symptoms 5/12 1/12 2/6
Bulky disease 5/12 2/12 2/6
Spleen involvement 3/12 1/12 1/6
BM positivity 4/12 0 2/6
First line therapy 12/12 12/12 6/6
Salvage therapy 5/12 1/12 1/6
Complete remission 6/12 12/12 6/6
Died of disease 6/12 0 0
Follow-up period (median) 24 months 48 months 36 months

Table 2. Main phenotypic features of the cases of T-cell-rich B-cell lymphoma, lymphocyte-predominant Hodgkin’s dis-
ease and lymphocyte-rich classical Hodgkin’s disease.

Marker T-cell-rich B-cell Lymphocyte-predominant Lymphocyte-rich classical  
lymphoma Hodgkin’s disease Hodgkin’s disease 

CD30 3/15 2*/13 6/6
CD15 0/15 0/13 3/6
CD20 15/15 13/13 1*/6
BCL-6 9/15 13/13 0/6
PAX-5/BSAP 11/15 13/13 6/6
BOB.1 14/15 13/13 0/6
OCT-2 12/15 13/13 0/6
MUM-1/IRF4 6/15 10/13 6/6

*Only a few neoplastic cells positive.
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times, depending on the location (cytoplasmic or
nuclear) of the antigen.31 Slides were then incubated
for 30 minutes at room temperature with antibody to
LSP127 and/or PU.1 (clone G148-74, BD PharMingen,
USA), at a dilution of 1:10 or 1:50, respectively. Anti-
body binding was detected either by the alkaline phos-
phatase anti-alkaline phosphatase (APAAP) technique
or the peroxidase-based EnVision+ method.32,33 Sec-
tions were then counter-stained with hematoxylin.
Most immunohistochemical tests were carried out on
a TechMate 500 immunostainer.31

Double immunoenzymatic and
immunofluorescent labeling

Paraffin sections of lymphocyte-predominant
Hodgkin’s disease cases were de-waxed, re-hydrated and
micro-waved as described above. Endogenous peroxi-
dase was blocked using the Peroxidase Blocking Reagent
(DakoCytomation, Denmark) for 20 minutes. Sections
were then incubated with anti-PU.1 antibody at a dilu-
tion of 1:50. After washing in TBS, the slides were incu-
bated with the anti-mouse EnVision™ HRP reagent
(DakoCytomation, Denmark). The reaction was then
developed using the DAB substrate of the EnVision™ sys-
tem kit (DakoCytomation, Denmark). After prolonged
washing in TBS, anti-CD20 antibody (L26) was applied
at a dilution of 1:100, and its binding was detected by
the APAAP technique using the New Fuchsin substrate
kit (DakoCytomation, Denmark).32 Sections were then
washed in tap water and mounted in Aquamount (Mer-
ck). All primary and secondary antibody incubations last-
ed 30 minutes at room temperature. Double immuno-
fluorescence was evaluated in representative cases (two
T-cell-rich B-cell lymphomas and two cases of lympho-
cyte-predominant Hodgkin’s disease) using fluo-
rochrome-conjugated anti-Ig reagents (species and/or
subclass-specific) obtained from Molecular Probes
(Eugene, OR, USA) as previously described.34

Results

The expression patterns of LSP1 and PU.1 in cases of
T-cell-rich B-cell lymphomas, lymphocyte-predomi-
nant Hodgkin’s disease and lymphocyte-rich classical
Hodgkin’s disease are summarized in Table 3.

LSP1 expression
Strong cytoplasmic LSP1 positivity was seen in all

tumor cells in 11 out of 15 T-cell-rich B-cell lym-
phomas (Figure 1A). In the remaining four cases, LSP1
labeling was found in only a proportion (25 – 75%)
of neoplastic cells (Figure 1B). 

An opposite pattern was seen in lymphocyte-pre-
dominant Hodgkin’s disease: in 10/13 cases the
tumor cells (i.e. L&H cells) were LSP1-negative (Fig-
ure 1C). Of the remaining three cases – all corre-
sponding to the classical variant described by Fan et
al.29 – one showed LSP1 positivity in a minority of the
neoplastic cells (less than 25%), while the other two
showed LSP1 expression in most L&H cells (Figure
1D). PU.1 staining was negative in the first of these
three cases and positive in the others.

Double immunofluorescent staining in selected
cases confirmed that the neoplastic cells were indeed
LSP1-positive in T-cell-rich B-cell lymphomas and
LSP1-negative in cases of lymphocyte-predominant
Hodgkin’s disease (Figures 1E and 1F).

Based on the results of a previous study  showing
strong LSP1 expression in nodular sclerosis,27 mixed
cellularity and lymphocyte-depleted classical
Hodgkin’s disease, we extended the investigation of
LSP1 expression to six examples of lymphocyte-rich
classical Hodgkin’s disease. The CD30-positive
Hodgkin and Reed-Sternberg cells (Figure 1G) dis-
played strong LSP1 positivity at both the cytoplasmic
and membrane level (Figure 1H) in all cases.

LSP1 and PU.1 in T-cell-rich B-cell lymphoma and Hodgkin’s disease

Table 3. LSP1 and PU.1 expression in T-cell-rich B-cell lymphoma, lymphocyte-predominant Hodgkin’s disease and lym-
phocyte-rich classical Hodgkin’s disease. 

LSP1 PU.1
+ +/- -/+ − + +/- -/+ −

T-cell-rich B-cell lymphoma (15) 11 2 2 0 0 0 0 15

Lymphocyte-predominant 2 0 1 10 5 3 2 3
Hodgkin’s disease (13)

Lymphocyte-rich classical 6 0 0 0 0 0 0 6
Hodgkin’s disease (6)

+: >95% of tumor cells positive; +/-: 50-75% of tumor cells positive; -/+: <50% of tumor cells positive; -:all tumor cells negative.
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Figure 1. LSP1 expression in T-cell-rich B-cell lymphoma, lymphocyte-predominant Hodgkin’s disease and lymphocyte-rich
classical Hodgkin’s disease. The tumor cells (blue circles) in the majority of the cases of T-cell-rich B-cell lymphoma dis-
played cytoplasmic and membrane-bound LSP1-positivity (A) with the exception of a few cases in which LSP1 was detect-
ed in a minority of the neoplastic elements (blue circles) (B) (APAAP technique, Gill’s hematoxylin counterstaining, ××250).
L&H cells (blue circles) in most cases of lymphocyte-predominant Hodgkin’s disease were LSP1-negative (C), although in
single cases they showed strong cytoplasmic LSP1-labeling (D) (APAAP technique, Gill’s hematoxylin counterstaining,
××250). Double immunofluorescence for CD20 (red) and LSP1 (green) confirmed that in T-cell-rich B-cell lymphoma the tumor
cells co-expressed the two markers (example of double-stained cell encircled) (E), whereas in lymphocyte-predominant
Hodgkin’s disease L&H cells (yellow circles) were CD20-positive/LSP1-negative (F) (××250). In lymphocyte-rich classical
Hodgkin’s disease, the CD30-positive Hodgkin and Reed-Sternberg cells (G) revealed constantly strong cytoplasmic and
membrane-associated LSP1-labeling (H) (APAAP technique, Gill’s hematoxylin counterstaining, ××400 and ××600).

A B

C D

E F

G H
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PU.1 expression
Tumor cells in T-cell-rich B-cell lymphoma and lym-

phocyte-rich classical Hodgkin’s disease were PU.1-
negative in all instances (Figures 2A and 2B). In con-
trast, heterogeneous PU.1 expression was found in
10/13 cases of lymphocyte-predominant Hodgkin’s
disease. In five cases more than 95% of the L&H cells
expressed PU.1 ( Figure 2C), while PU.1 was expressed
in a proportion of these cells (ranging from 20% to
70%) (Figure 2D) in another 5 cases. The neoplastic
cells in the remaining three cases were all PU.1-neg-
ative (Figure 2E). These findings were confirmed by
double labeling for CD20 and PU.1 (Figure 2F) to avoid
problems caused by PU-1-positive histiocytes in the
cellular background. Interestingly, the staining for PU.1
was frequently weaker in L&H cells than in reactive
lymphocytes and histiocytes (Figure 2D).

Growth patterns of nodular
lymphocyte-predominant Hodgkin’s lymphoma

According to Fan et al.,29 seven cases were classified
as classical nodular, two serpiginous/interconnected,
one with inter-nodular L&H cells, one with T-cell-rich
nodules, and two diffuse. The first two variants were
characterized by nodules with abundant small B lym-
phocytes, CD57-positive T-cell rosettes around CD20-
positive neoplastic elements, and a prominent follic-
ular dendritic cell meshwork. In the remaining variants,
the content of B lymphocytes, CD57-positive elements
and follicular dendritic cells progressively decreased,
while the amount of reactive T lymphocytes progres-
sively increased.

Clinical and follow-up data
Comprehensive clinical and follow-up data were

obtained for 30 out of the 34 cases (Table 1) and con-
firmed significant differences between patients with T-
cell-rich B-cell lymphoma, lymphocyte-predominant
Hodgkin’s disease and lymphocyte-rich classical
Hodgkin’s disease. Half of the T-cell-rich B-cell lym-
phoma patients had stage III or IV disease, presented
with systemic symptoms and bulky tumor, and died of
their disease despite aggressive therapy (namely,
MACOP-B or a MACOP-B-like regimen as the first line
therapy, and a supra-maximal approach followed by
peripheral blood stem cell infusion as salvage thera-
py). In contrast, the lymphocyte-predominant
Hodgkin’s disease patients were all staged I-II, rarely
presented with bulky disease or B symptoms, and were
all in complete remission after a prolonged follow-up
period (median 48 months). For these patients, the
first line therapy consisted of three cycles of ABVD
followed by involved field irradiation (30 cGy). In the
only case with relapsing disease, an autologous bone-
marrow transplantation was performed. Similar find-

ings were recorded in the patients with lymphocyte-
rich classical Hodgkin’s disease group who did, how-
ever, undergo four ABVD cycles with or without local
radiotherapy.

Discussion

The differential diagnosis between T-cell-rich B-cell
lymphoma and lymphocyte-predominant Hodgkin’s dis-
ease has important therapeutic implications, and sev-
eral studies have therefore been carried out in an
attempt to find informative immunohistochemical
markers.1,3,4,9-12,21,22,24,32 For example, Rüdiger et al. reported
that the two diseases can be distinguished on the basis
of a combination of phenotypic features, including the
pattern of follicular dendritic cells and the TIA-1/CD57
T-cell ratio.9,13 However, none of the studies reported to
date have fully achieved their goal of finding reliable
immunohistological markers.22 Even the evaluation of
reactive elements does not represent an entirely reliable
tool, as their proportion can vary among cases of lym-
phocyte-predominant Hodgkin’s disease depending on
the tumor growth pattern, as shown by Fan et al.29 and
confirmed by this study.

In 2001, Torlakovic et al. reported that the PU.1 tran-
scription factor is constantly present in L&H cells in
lymphocyte-predominant Hodgkin’s disease, but not in
Reed Sternberg cells in classical Hodgkin’s disease.24 This
finding was subsequently confirmed by Jundt et al.35 In
addition, Torlakovic and co-workers reported that PU.1
was absent in a few examples of T-cell-rich B-cell lym-
phoma.24 Similar results were published by Boudová et
al., who found significantly weaker expression of PU.1
in T-cell-rich B-cell lymphoma than in lymphocyte-pre-
dominant Hodgkin’s disease.23 In contrast, Loddenkem-
per et al. recently reported stronger PU.1 positivity in T-
cell-rich B cell lymphoma than in nodular lymphocyte-
predominant Hodgkin’s disease.36

Based on these findings, we decided to investigate
PU.1 expression in typical examples of T cell-rich B-cell
lymphoma, lymphocyte-predominant Hodgkin’s disease
and lymphocyte-rich classical Hodgkin’s disease to
assess whether this marker might contribute to the dif-
ferentiation between these tumors. We also studied the
leukocyte-associated phophoprotein, LSP1. This mole-
cule has not previously been evaluated in T-cell-rich B
cell lymphoma, but its expression has been reported to
differ between cases of large B-cell lymphoma and lym-
phocyte-predominant Hodgkin’s disease.27

Several interesting findings were made. Most impor-
tantly, LSP1 and PU.1 differed in their expression
between cases of T-cell-rich B-cell lymphoma and lym-
phocyte-predominant Hodgkin’s disease (Table 3). These
results suggest that these molecules may be more valu-
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Figure 2. PU.1 expression in T-cell-rich B-cell lymphoma, lymphocyte-predominant Hodgkin’s disease and lymphocyte-rich
classical Hodgkin’s disease. The neoplastic cells (red circles) in T-cell-rich B-cell lymphoma (A) and lymphocyte-rich clas-
sical Hodgkin’s disease (B) cases were PU.1 negative (EnVision+ method, Gill’s hematoxylin counterstaining, ××250 and
××400). PU.1 was heterogeneously expressed in lymphocyte-predominant Hodgkin’s disease cases: (C) illustrates an
example of a PU.1 positive case (EnVision+ method, Gill’s hematoxylin counterstaining, ××100). The inset highlights a sin-
gle L&H cell showing nuclear PU.1-positivity (EnVision+ method, Gill’s hematoxylin counterstaining, ××250). In some cas-
es of lymphocyte predominant Hodgkin’s disease, only some L&H cells (red circles) carried PU.1, which in addition was
weakly expressed (D) (EnVision+ method, Gill’s hematoxylin counterstaining, ××250). An example of PU.1 negative L&H
cells (red circles) in lymphocyte-predominant Hodgkin’s disease is shown (E) (EnVision+ method, Gill’s haematoxylin
counterstaining, ××250). The inset highlights the presence of CD3-positive reactive T lymphocytes around L&H cells
(APAAP technique, Gill’s hematoxylin counterstaining, ××100). Double immunoenzymatic staining for CD20 (red) and PU.1
(brown) revealed that L&H cells (blue circles) co-expressed both molecules (F) (APAAP technique and EnVision+ method,
Gill’s hematoxylin counterstaining, ××350).

A B

C

FE

D
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able in the differential diagnosis between T-cell-rich
B-cell lymphoma and lymphocyte-predominant
Hodgkin’s disease than previously recognized markers9

(e.g. CD30, CD15, BCL-6, BSAP/PAX-5, BOB.1, OCT-2,
and IRF4/MUM1) (see also Table 2).

Our study showed additional results of interest. The
intensity of expression of PU.1 in L&H cells was vari-
able, a fact that questions the speculative and diag-
nostic relevance of this marker in the field of Hodgkin’s
disease. In addition, PU.1 positivity in these cells was
often weaker than in normal B-lymphocytes, periph-
eral B-cell lymphomas, and reactive macrophages.24

Within this context, it should be noted that PU.1-pos-
itive histiocytes can be quite numerous in lympho-
cyte-predominant Hodgkin’s disease, and they may be
confused morphologically with L&H cells, resulting in
an over-estimation of the positivity of the latter. The
use of double immunostaining for CD20 and PU.1 (see
Figure 2F) circumvented this problem, since it clearly
revealed the number of PU.1-positive L&H cells and
the expression variability of the transcription factor
within the neoplastic compartment. The results repre-
sent another example of the value of using this over-
looked approach to study antigen co-expression in
routine biopsy samples.34

It may be noted that the LSP1 phosphoprotein is
involved in the regulation of cell motility, as shown by
studies in mice and cell lines.37-41 It is conceivable that

the different clinical behaviors of lymphocyte-pre-
dominant Hodgkin’s disease and T-cell-rich B-cell lym-
phoma, as confirmed in the present series, relate to the
fact that the neoplastic cells in the former disease (fre-
quently LSP1-negative) usually present in stage I or II,
while the latter (regularly LSP1-positive) commonly
manifests in a high stage and with spread to distant
organs.

In conclusion, the present report highlights the val-
ue of using two markers, LSP1 and PU.1, for discrimi-
nating between T-cell-rich B-cell lymphoma and lym-
phocyte-predominant Hodgkin’s disease. This points
to the need for multi-center studies to evaluate these
markers in previously reported series of gray-zone lym-
phomas.9,13
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logical and immunohistochemical preparations;  KP: carried out the
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