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Hodgkin’s disease (HD) is a lymphoproliferative dis-

ease of predominantly B-cell origin. However, the

reasons for the incomplete development of the B-cell

phenotype and lack of immunoglobulin expression

in classical HD (cHD) have not been fully explained.

We examined the expression of PU.1 in HD, an Ets-

family transcription factor, which regulates the ex-

pression of immunoglobulin and other genes that are

important for B-cell development. Immunohisto-

chemistry for PU.1 was performed on 35 cases of cHD

and 15 cases of lymphocyte predominance HD as well

as 67 non-Hodgkin’s lymphomas (NHL). Expression

of PU.1 was studied by Western blotting in four cHD-

derived cell lines and in five NHL cell lines. We also

studied the expression of two additional B-cell tran-

scription factors, B-cell-specific activator protein and

Oct-2. Our results show a striking lack of PU.1 expres-

sion by neoplastic cells in cHD but not in lymphocyte

predominance HD. Our study also confirmed that B-

cell-specific activator protein but not Oct-2 is not ex-

pressed by cHD. Western blotting showed no PU.1

protein expression in the cHD-derived cell lines, with

the exception of one cell line of putative monocyte/

histiocyte origin. The lack of PU.1 protein expression

in cHD likely contributes to the lack of immunoglob-

ulin expression and incomplete B-cell phenotype

characteristic of the Reed-Sternberg cells in cHD.

(Am J Pathol 2001, 159:1807–1814)

PU.1 (PU.1) belongs to the Ets-family of transcription

factors. It is expressed in the myeloid lineage and in

immature as well as mature B lymphocytes with the ex-

ception of plasma cells. PU.1 is essential during early

B-cell differentiation. The absence of PU.1 results in a

total block of B-cell development at the pre-pro stage.1

Very little is known about PU.1 function in later stages of

B-cell development. PU.1 does not seem to play a role in

the end-stage of B-cell development and is not ex-

pressed in plasma cells. Accordingly, PU.1 DNA binding

activity, PU.1 mRNA expression and PU.1-dependent

transactivation were found to be absent or detectable

only at a very low level in a number of multiple myeloma

cell lines.2 PU.1 exerts an important role in the regulation

of the expression of crucial B-cell proteins such as im-

munoglobulin (Ig) genes, CD79, CD20, and CD72.3 PU.1

binds to the 3� enhancer region of both the Ig kappa and

lambda light chain genes whereas it also regulates the

immunoglobulin heavy chain genes through the intron

enhancer region.4–7 In addition, several promotor regions

of the immunoglobulin variable genes as well as J chain

gene have also been shown to bind PU.1.8 PU.1 exerts its

function in a number of enhancer (eg, the Ig gene) or

promotors (eg, the CD20 gene) in cooperation with a

second transcription factor Pip.9 PU.1 has also been

shown to act by cooperating with several other transcrip-

tion factors such as c-jun and c-fos.10,11

In addition to a number of other genes such as major

histocompatibility complex class II, interleukin (IL)-5 re-

ceptor � and PU.1 itself, PU.1 targets promoters/enhanc-

ers of at least 24 myelomonocyte/granulocyte genes (M-

CSF receptor, G-CSF receptor, GM-CSF receptor,

CD11b, CD11c, CD18, myeloperoxidase, and others),

four megakaryocyte/erythrocyte genes (GPIIb, PBP,

�-globin intervening sequence 2, and glutathione perox-

idase), and three viral genes (EB virus EBNA2, SV40, and

equine infectious anemia virus).3 The role of the tran-

scription factor PU.1 in hematopoiesis has been exten-

sively reviewed elsewhere.12–15 It has been recently

shown that different levels of expression of PU.1 tran-

scription factor determines cell fate in the hematopoietic

system. A high level of expression promotes macrophage

differentiation and blocks B-cell development whereas a

low level of expression favors B-cell development.16 In-

teractions between PU.1 and GATA proteins play a crit-

ical role in the decision of stem cells to commit to ery-

throid versus myeloid lineage.17 PU.1 also plays a role in

dendritic cell development and is required for myeloid-

derived but not lymphoid-derived dendritic cells.18

Oct-2 is an additional important transcription factor in

B cells that targets the immunoglobulin promotors. How-

ever, it is not necessary for the maintenance of Ig gene
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expression in a differentiated B cell.19 The study of Oct-

2�/� mice has shown that the Oct-2 gene is essential for

survival, but normal numbers of surface Ig-positive B

cells develop in the fetal liver. Thus, Oct-2 seems not to

be essential for B-cell development nor for regulating the

expression of the Ig genes. However, Oct-2 does seem to

play a role in germinal center cell formation and further

differentiation of B cells into IgG-producing cells and

plasma cells and therefore is important for the mainte-

nance of the mature B-cell pool.20,21

HD has been demonstrated to predominantly repre-

sent a clonal disease of B-cell origin by virtue of the

frequent rearrangement of immunoglobulin genes by

Reed-Sternberg cells (RS), the neoplastic cells of

HD.22–26 Interestingly, Reed-Sternberg cells mostly show

a partial B-cell phenotype. Indeed, the Reed-Sternberg

cells of classical Hodgkin’s disease (cHD) infrequently

express B-cell surface antigens or immunoglobulins in

contrast with the neoplastic cells of most non-Hodgkin’s

B-cell lymphomas (B-NHL) and lymphocytic predomi-

nance Hodgkin’s disease (LPHD).27–30 Because normal

B-cell development is not possible without the transcrip-

tion factor PU.1 and the B-lymphocyte phenotype is

tightly regulated by PU.1, we wanted to investigate in the

present study whether the HD phenotype might be re-

lated to aberrant PU.1 protein expression.

Materials and Methods

Tissues and Cell Lines

A total of 125 cases were collected from the files of the

Department of Pathology, The Norwegian Radium Hospi-

tal. Included were the following diagnoses: cHD (35 cas-

es), lymphocyte predominance Hodgkin’s lymphoma

(LPHD, 15 cases), various B-cell non-Hodgkin’s lympho-

mas (B-NHL, 43 cases) and T-cell non-Hodgkin’s lym-

phomas (T-NHL, 24 cases). Eight reactive lymph nodes

were also studied. Included were lymph nodes showing

follicular hyperplasia (four cases), dermatopathic lymph-

adenopathy (one case), sinus histiocytosis (one case),

and sarcoidosis (two cases). Formalin-fixed or B5-fixed

paraffin-embedded tissues were available for all cases.

The following cell-lines were used: three HD-derived

cell lines (KM-H2, L-428, HDLM-2), one putative HD cell

line with histiocytic differentiation (HD-MY-Z), two human

anaplastic large-cell lymphoma cell lines (SR-786 and

SU-DHL-1), one Burkitt’s lymphoma cell line (Namalwa),

one T-lymphoblastic leukemia cell line (Jurkat), and one

follicular lymphoma cell line (ROS-50).31–39

All cell lines were obtained from DSMZ (Braunschweig,

Germany) with the exception of ROS-50 that was a kind

gift from Dr. R. Slater, University Hospitals of Rotterdam,

The Netherlands.

Antibodies

The monoclonal anti-human PU.1 antibody (clone G148-

74) was purchased from Pharmingen (San Diego, CA),

mouse anti-B-cell-specific activator protein (BSAP) (anti-

Pax-5, clone 24) from Transduction Laboratories (Lexing-

ton, KY), and Oct-2 (AB-1) from Oncogene Research

Products (Boston, MA). The monoclonal PU.1, BSAP, and

Oct-2 antibodies were used for immunohistochemistry

and immunocytochemistry. The polyclonal anti-PU.1 an-

tibody was purchased from Santa Cruz Biotechnology,

Inc. (Santa Cruz, CA) and used for Western blot analysis

and immunocytochemistry.

Immunohistochemistry and

Immunocytochemistry

Formalin-fixed and paraffin-embedded or B5-fixed and

paraffin-embedded tissues were cut at 4 �m. The sec-

tions were pretreated in a microwave oven (Electrolux

microwave, 850 W) by cooking in ethylenediaminetet-

raacetic acid antigen retrieval solution at pH 8. Subse-

quently, the sections were incubated with the primary

antibody (dilution, 1:10) for 30 minutes and stained using

the EnVison kit (DAKO, Glostrup, Denmark). Cytospins

prepared from cell cultures were air-dried and stored

frozen until use. Before use, cytospins were fixed in ac-

etone for 2 minutes, air-dried again, incubated with pri-

mary antibody (dilution, 1:10) for 30 minutes and stained

by the EnVision method. Formalin-fixed tissue was avail-

able for all of the cases. B5-fixed tissue was available in

40% of the cases and was studied in parallel with forma-

lin-fixed tissue to evaluate differences because of differ-

ent tissue fixation. The staining pattern was designated

as “diffuse” if the staining was found in all malignant cells

and as “focal” if present only in a fraction of malignant

cells.

Western Blotting

Cells (106) were lysed in Laemmli buffer and heated at

95°C for 5 minutes and subsequently loaded onto the gel.

Alternatively, 25 �g of protein as measured by the Brad-

ford assay were used. Sodium dodecyl sulfate-polyacryl-

amide gel electrophoresis using 10% polyacrylamide

gels and transfer of proteins to nitrocellulose filters were

performed as described previously.40,41 The transfer of

proteins as well as amount of proteins was checked with

Ponceaus S solution. After inactivation with 5% milk so-

lution in phosphate-buffered saline with 1% Tween 20,

the blots were incubated for 2 hours with the anti-PU.1

polyclonal antibody at a final concentration of 1 �g/ml.

After washing, the blots were incubated for 45 minutes

with peroxidase-labeled swine anti-rabbit IgG at a final

concentration of 0.2 �g/ml. Subsequently, the blots were

washed again and incubated with enhanced chemilumi-

nescence detection reagents (Amersham, Buckingham-

shire, England) after which they were exposed to autora-

diographic film first for 2 minutes, and subsequently for

15 minutes.
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Results

Immunohistochemistry and

Immunocytochemistry

Reactive Lymph Nodes

The results were very uniform and reproducible with

the anti-human PU.1, anti-Pax-5, and anti-Oct-2 antibod-

ies. The anti-human PU.1 antibody labeled lymphocytes

in B-cell compartments of the lymph node and histio-

cytes. Lymphocytes in B-cell compartments, but no other

cells of the lymph node showed strong and uniform nu-

clear positivity with anti-Pax-5. The intensity of staining

with anti-human PU.1 varied in various cell types. The

staining intensity was the strongest in histiocytes, mod-

erate and uniform in mantle B cells, whereas the majority

of germinal center B cells showed a moderate intensity of

staining. No expression of either PU.1 or BSAP was de-

tected in plasma cells. Plasmacytoid monocytes ex-

pressed PU.1, but not BSAP. Oct-2 was variably ex-

pressed in germinal center cells, weak or negative in

mantle zone, and weak to moderate in plasma cells. A

subpopulation of germinal center cells showed the stron-

gest expression. No expression of Oct-2 was found in any

other cell type.

Hodgkin’s Lymphoma

cHD was classified as follows: nodular sclerosis (20

cases), mixed cellularity (9 cases), lymphocyte depletion

(3 cases), and lymphocyte-rich (3 cases). There were 15

cases of LPHD. The immunophenotypes of the neoplastic

cells in cHD are summarized as follows: 100% CD30,

70% CD15, 28% CD20 (occasional cells with variable

intensity), 23% CD45 (occasional cells), and 7% CD3

(rare cells). The expression of the CD20, CD45, and CD3

was only seen in a small subpopulation of Hodgkin’s cells

in these respective cases. The neoplastic cells in all

cases of LPHD expressed CD45 and CD20 (diffuse ex-

pression, variable intensity), but no positivity was found

for either CD30 or CD15.

The results of immunohistological evaluation of PU.1,

BSAP, and Oct-2 protein expression are summarized in

Tables 1 and 2 . Figures 1 and 2 show the results of

immunohistochemical study of PU.1 and BSAP expres-

sion. A striking difference in the expression of the PU.1

protein was found between cHD and LPHD (Figure 1). In

all cases of LPHD, the neoplastic cells (popcorn cells,

L&H cells) showed nuclear positivity for PU.1, whereas

only in 1 of the 35 cases of cHD neoplastic cells unequiv-

ocally expressed PU.1. In all cases of cHD included in

the study, histiocytes as well as small B lymphocytes

were invariably positive such as observed in the reactive

lymph nodes. Variable cytoplasmic positivity in malignant

cells was noted in 62% of cHD and 34% of LPHD cases.

In all cases of LPHD and all, but two cases of cHD,

neoplastic cells were positive for BSAP (Figure 2). The

intensity of the staining varied from weak to strong in

the neoplastic cells, whereas it was invariably strong in

the small benign B lymphocytes. Oct-2 was not ex-

pressed in any of the cases of cHD in our study. Also, all

cases of LPHD expressed Oct-2.

NHL

The results are shown in Table 2. B-NHLs were positive

for BSAP except for a single case of plasmablastic lym-

phoma that was negative. Interestingly, 33% of B-NHL

were negative for PU.1 (Figure 1) and 11% for Oct-2.

PU.1�/Oct-2� Phenotype

Double-negative phenotype, PU.1�/Oct-2�, was

found characteristically in all but two cases of cHD. In

contrast to cHD, all cases of LPHD were positive for PU.1

and Oct-2. Also, 1 of 17 cases of diffuse large B-cell

lymphoma (DLBCL) (5.8%) was double-negative for PU.1

Table 1. PU.1, BSAP, and Oct-2 Expression in Hodgkin’s
Lymphoma

Diagnosis PU.1 (%) BSAP (%) Oct-2 (%)

Classical HD 2/35 (5.7 ) 27/29 (93 ) 0/29 (0)
LPHD 15/15 (100) 15/15 (100) 15/15 (0)

Table 2. PU.1, BSAP, and Oct-2 Expression in Non-
Hodgkin’s Lymphoma

Diagnosis PU.1 (%) BSAP (%) Oct-2 (%)

B-NHL 29/43 (67) 21/22 (95) 32/36 (89)
CLL/
SLL*

6/6 (100) 2/2 (100) 3/3 (100)

FL 7/7 (100) 2/2 (100) 4/4 (100)
MCL 2/3 (67) 2/2 (100) 4/6 (67)
MZL 3/3 (100) 2/2 (100) 2/2 (100)
DLBCL† 11/18 (61) 9/10 (90) 15/17 (88)
TCRBCL 0/6 (0) 4/4 (100) 4/4 (100)

PTCL 0/17 (0) 0/17 (0)
ALCL 0/7 (0) 0/7 (0)

B-NHL, B-cell non-Hodgkin’s lymphoma; CLL, chronic lymphocytic
leukemia/small lymphocytic lymphoma; FL, follicular lymphoma; MCL,
mantle cell lymphoma; MZL, extranodal marginal zone lymphoma of
MALT type; DLBCL, diffuse large B-cell lymphoma; TCRBCL, T-cell-rich
B-cell lymphoma; PTCL, peripheral T-cell lymphoma; ALCL, anaplastic
large cell lymphoma.

*Including one case of lymphoplasmacytic lymphoma.
†Excluding TCRBCL.

Table 3. Immunocytochemical Detection of PU.1 in
Hodgkin’s and Non-Hodgkin’s Lymphoma-Derived
Cell Lines

Cell line Monoclonal PU.1 Polyclonal PU.1

HD-MY-Z �/� �

HDLM-2 � �

L-428 � �

KM-H2 � �

Namalwa � �

Jurkat � �

SU-DHL-1 �/� �

SR-786 � �

ROS-50 �� ��

��, strong; �, weak; �/�, very weak; �/�, borderline.

PU.1 in Hodgkin’s Disease 1809
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Figure 1. PU.1 is differentially expressed in HD and B-NHL. Immunohistochemical analysis on paraffin-embedded tissues using monoclonal anti-PU.1 antibody
(immunostaining by the EnVision method using diaminobenzidine as a chromogen). A and B: Reed-Sternberg cells in nodular sclerosis cHD and mixed cellularity
cHD, respectively, show no expression of PU.1. Small B lymphocytes and occasional histiocytes, but not T lymphocytes in the background express the protein
in the nuclei. C and D: Neoplastic cells in two cases of LPHD expressing PU.1 in the nucleus. T cells rosetting the neoplastic cells do not express PU.1, whereas
small B cells and histiocytes in the background do express the protein. E: PU.1 is strongly and diffusely expressed in small lymphocytic lymphoma/chronic
lymphocytic leukemia. F: Absence of PU.1 expression by the neoplastic cells of DLBCL.
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and Oct-2. Forty-seven percent of DLBCL had double-

positive phenotype such as LPHD.

Cell Lines

The results of PU.1 expression by the cell lines are

shown in Table 3. The HD-MYZ cell line showed cytoplas-

mic positivity with polyclonal PU.1 antibody. However,

monoclonal PU.1 antibody detected very weak nuclear

expression in an occasional cell. The L428, HDLM-2, and

KM-H2 HD-derived cell lines were negative using both

polyclonal and monoclonal PU.1 antibody. The Namalwa

cell line showed occasional cells with weak, but definite

positivity. The Jurkat cell line was negative with both

antibodies. The SU-DHL-1 anaplastic large-cell lym-

phoma cell line showed borderline cytoplasmic and nu-

clear positivity with monoclonal, but not polyclonal PU.1

antibody. However, SR-786, another anaplastic large-cell

lymphoma cell line was found to be negative with both

PU.1 antibodies. The control cell line ROS.50 showed

strong nuclear positivity with both monoclonal and poly-

clonal anti-PU.1 antibody.

Western Blotting

The results are illustrated in Figure 3. The ROS-50 follic-

ular lymphoma cell line showed the strongest band of the

appropriate molecular weight (�42 kd) that was also

present in the peripheral blood mononuclear cell sample.

An identical, but much weaker band was detected after

prolonged exposure of the radiographic film in the Na-

malwa cell line. Three of the HD-derived cell lines did not

Figure 2. BSAP is expressed in all subtypes of HD and B-NHL. Immunohistochemical analysis on paraffin-embedded tissues using monoclonal anti-Pax-5 antibody
(immunostaining by the EnVision method using diaminobenzidine as a chromogen). A, B, and C: Reed-Sternberg cells in nodular sclerosis cHD, mixed cellularity
cHD, and neoplastic cells of LPHD, respectively, show nuclear BSAP expression. The level of BSAP expression by neoplastic cells varies from case to case as
illustrated by the low level of expression of the case shown in A. Small B lymphocytes, but not T lymphocytes or histocytes in the background also express the
protein. D: BSAP is expressed in neoplastic cells of DLBCL.

PU.1 in Hodgkin’s Disease 1811
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reveal PU.1 expression. The HD-MYZ, a putative HD-

derived cell line with monocytic differentiation displayed

an anti-PU.1 reactive protein migrating at �50 kd. The

Jurkat and the two anaplastic large cell lymphoma

(ALCL) cell lines were negative for PU.1 expression.

Discussion

Our study shows a striking absence of PU.1 expression

by Hodgkin cells in cHD as compared to LPHD. In addi-

tion, normal PU.1 protein was not found to be expressed

by three cHD-derived cell lines and the HD-MY-Z, a

putative HD cell line. PU.1 is a transcription factor nec-

essary for B-cell development and regulates a diversity of

genes important for B-cell differentiation. Among the

genes regulated by PU.1 are the Ig genes including

heavy chain, J-chain, and both light chain genes, as well

as the CD20 gene and the mb-1 gene.4–8,11,42 Thus, it is

likely that the lack of PU.1 expression is at least partly

responsible for an abnormal and/or incomplete B-cell

phenotype of the Hodgkin cells in cHD. The absence of

immunoglobulin expression by Hodgkin cells in cHD was

previously in part explained by crippling somatic hyper-

mutations of the rearranged Ig genes such as the intro-

duction of stop codons.43 However, in one study, the

Ig-coding capacity was found to be preserved in 18 of 24

cases (75%), but the expression of Ig mRNA was not

detectable in the RS cells with the exception of Ig kappa

light chain expression in some tumor cells implying other

mechanisms leading to the lack of Ig expression by

Hodgkin cells.44 Two recent studies suggested that

down-regulation of BOB.1/OBF.1 and Oct-2 in cHD but

not in LPHD may be responsible for the lack of Ig gene

expression.45,46 In addition, the study of Stein and col-

leagues45 demonstrated that the activity of co-trans-

duced Ig promoter constructs in cultured HRS cells can

be restored by transfection with BOB.1 and Oct-2. This

study dismissed the concept that the absence of immu-

noglobulin expression in cHD, but not in LPHD is be-

cause of disrupting mutations of Ig V genes in cHD. The

latter data strongly suggest that Hodgkin cells have lost

their Ig gene transcription ability, because of functional

defects in the Ig gene regulatory elements. However,

Oct-2 does not seem to be essential for Ig gene expres-

sion nor for normal development of B cell before terminal

differentiation into plasma cells as was shown previous-

ly.19–21 However, it is likely that the transcription factor

PU.1 plays a more direct role in the regulation of Ig gene

expression.47 The study of Nelsen and colleagues47

showed that the co-expression of both PU.1 and Ets-1

transcription factors in nonlymphoid cells trans-activated

reporter plasmids that contained the minimal Ig� en-

hancer. In addition, absence of PU.1 expression leads to

the absence of B-cell development. Because PU.1 nu-

clear protein expression was not found in all but 2 of the

35 studied cases, it is likely that the lack of PU.1 protein

expression is responsible for the lack of normal B-cell

development in cHD including immunoglobulin expres-

sion. Because 49% of DLBCL were also found to lack

PU.1 expression, it is likely that other mechanisms also

contribute to the development of a characteristic pheno-

type of cHD. It is of particular interest in that regard that

cHD seems to be characterized by the absence of both

PU.1 and Oct-2, whereas absence of both transcription

factors is notably rare in DLBCL (1 case in the current

study, and 8 of 127 cases we have studied so far, un-

published results).

The mRNA expression of PU.1 was previously studied

in multiple myeloma and lymphoblastic cell lines and

acute lymphoblastic leukemia (ALL).12,48 Hromas and

co-authors49 studied several cell lines derived from ma-

lignant lymphomas by Northern expression analysis and

found that PU.1 mRNA was expressed in all of the four

B-cell leukemia lines assayed. There are no previous

studies of PU.1 protein expression in malignant lym-

phoma by immunohistochemistry even though the protein

activity and subcellular localization of some transcription

factors, including PU.1 might be more representative of

their activity/function than mRNA expression.50 Only two

studies investigated PU.1 protein expression using im-

munohistochemistry; however, no lymphomas were ana-

lyzed.49,51 As opposed to BSAP, we have found that PU.1

protein is differentially expressed in B-NHLs. Lack of

PU.1 expression in 7 of 18 cases (39%) of DLBCL, as well

as 1 of 3 mantle cell lymphomas. An extended study of

PU.1 expression in DLBCL is currently being performed

in our laboratory. Small lymphocytic lymphoma and mar-

ginal zone lymphomas uniformly and strongly expressed

PU.1. A single case of lymphoplasmacytic lymphoma

expressed PU.1 only in a subpopulation of malignant

cells, which is in concordance with its partial plasmacytic

Figure 3. Normal PU.1 is not expressed in HD-derived cell lines by Western
blotting. HD-derived cell lines L428, KM-H2, and HDLM-2 do not show PU.1
expression. In contrast, the peripheral blood cells as well as the follicular
lymphoma cell line ROS-50 reveal expression of 42-kd PU.1 protein. HD-
derived cell line HD-MYZ with monocytic differentiation shows an aberrant
anti-PU.1 reactive 50-kd protein. Molecular weight markers are depicted at
the right.
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differentiation. Although PU.1 was expressed in LPHD, it

was not in four cases of T-cell-rich B-cell lymphoma after

LPHD and in an additional two de novo cases of T-cell-

rich B-cell lymphoma. These preliminary findings suggest

that PU.1 may be used as a useful diagnostic marker

distinguishing LPHD from T-cell-rich B-cell lymphoma.

Our study demonstrated that the B-cell-specific tran-

scription factor (BSAP, the product of PAX-5) is ex-

pressed by all except two cases of cHD studied and all

cases of LPHD. That BSAP is expressed in most B-cell

lymphomas was also confirmed in our study.52 Because

we used a monoclonal anti-Pax-5 antibody, our findings

are very similar to that of Foss and co-authors52 who

showed universal expression of this transcription factor in

both Hodgkin’s lymphoma and non-Hodgkin B-cell lym-

phoma. Using two polyclonal antibodies, the relative

number of B-NHLs and Hodgkin’s lymphomas express-

ing BSAP in the study of Krenacs and colleagues53 was

smaller. This is likely because of the lack of sensitivity of

the antibodies or the immunohistochemical technique

used by the authors. The only B-cell lymphoma negative

for this transcription factor in our study was a plasma-

blastic lymphoma in a HIV-positive patient. This finding is

expected because BSAP is not expressed at the plasma

cell level of differentiation.54,55

We agree with Foss and co-authors52 that BSAP may

be clinically used to distinguish between cHL and ALCL.

Three of our cases of cHD included in this study were

previously classified as HD-like ALCL. The expression of

BSAP by the Reed-Sternberg cells in these cases illus-

trates that BSAP expression is a good marker to distin-

guish HD from ALCL, especially in those cases of HD with

numerous neoplastic cells. Also, our finding that two cHD

cases are negative for BSAP is in accordance with pre-

vious findings by Foss and co-authors.52 These cases

may be of non-B-cell origin.

In summary, PU.1 transcription factor is not expressed

in cHD in contrast to LPHD. The lack of PU.1 expression

in addition to the previously described lack of Oct-2

expression are likely causes of the incomplete B-cell

phenotype characteristic of the Reed-Sternberg cells in

cHD. Especially the absence of PU.1 expression is likely

to contribute to the absence of immunoglobulin expres-

sion in cHD. The lack of both PU.1 and Oct-2 in cHD but

not in B-NHL suggests different mechanisms of PU.1

deregulation in cHD versus B-NHL. These mechanisms

need yet to be elucidated. Transfection studies are also

needed to further evaluate the functional consequences

of the loss of PU.1 expression in cHD.
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