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The immunophenotype of the Reed-Sternberg cells in
Hodgkin's disease is heterogeneous among different
cases; this heterogeneity has contributed to the con-

tinuing uncertainty regarding the normal counter-

part of the Reed-Sternberg cell In this study, the au-

thors demonstrate coexpression of the B-cell marker,
CD20, and the granulocyte associated antigen; CD15,
byReed-Sternberg cells in three of20 cases ofnodular
sclerosis and mixed cellularity Hodgkin's disease us-

ing a double-labelling technique in one case and
staining of serial sections in three cases. Addition-
ally, the authors found that expression of CD20 oc-
curred more often in tumors with a monomorphous
proliferation of mononuclear and binucleate
Hodgkin's and Reed-Sternberg cells; without numer-
ous eosinophils or polymorphonuclear neutrophils
In contrast; expression of CD15 by Reed-Sternberg
cells was associated with a greater granulocyte infil-
trate. The presence or absence of fibrosis; plasma
cells, and histiocytes did not correlate with antigen
expression. These results suggest that there may be a
continuum of antigen expression by Reed-Sternberg
cells; with some cells expressing CD20, some CD15,
and others expressing both antigens; cells coexpress-
ing both CD15 and CD20 may represent an unstable
intermediate in theprocess ofantigen switching. The
possibility that antigen expression by the neoplastic
cells in a given case may modulate depending on the
background infiltrate could explain the heterogene-
ity of immunophenotype among cases ofHodgkin's
disease. (AmJPathol 1991, 139:475-483)

The histology of Hodgkin's disease is variable, including
four major recognizable subtypes. In all types, the malig-
nant cell is presumed to be the Reed-Sternberg cell and
its morphologic variants. Until recently, most observers
have assumed that all subtypes represent the same dis-
ease process, differing only in the relative numbers of
Reed-Sternberg cells and inflammatory cells. Recently,
however, the application of monoclonal antibodies has
shown that Reed-Sternberg cells in some of the different
histologic subtypes can have different patterns of antigen
expression. In the majority of nonlymphocyte predomi-
nance Hodgkin's disease, the Reed-Sternberg cells ex-
press the granulocyte-associated antigen CD15 (LeuMl)
and the activation antigen CD30 (BerH2), and lack the
B-cell antigen CD20 (L26) and the leukocyte common
antigen (CD45).1-5 In lymphocyte predominance
Hodgkin's disease (LPHD), however, the Reed-
Sternberg cells in most cases have been shown to ex-
press CD20 and CD45 and lack CD1 5; CD30 expression
is variable.' This observation has been interpreted to
suggest that LPHD is a distinct entity unrelated to other
forms of Hodgkin's disease, possibly a B-cell lymphoma.
However, none of the subtypes of Hodgkin's disease
have absolutely consistent immunophenotypes; occa-
sional cases of nodular sclerosis, mixed cellularity, and
lymphocyte-depleted Hodgkin's disease express CD20
and CD45 and lack CD15 or CD30. Expression of T-lin-
eage antigens has been reported in some cases.910
Furthermore, inconsistency of antigenic expression has
been observed in simultaneous and successive
Hodgkin's biopsies.1

Recent studies that show clonally rearranged immu-
noglobulin genes and detection of bcl-2/JH sequences in
nodular sclerosis and mixed cellularity cases suggest a
B-cell origin for at least some of these Hodgkin's sub-
types, despite expression of CD15 and lack of
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CD20.12-14 In an attempt to explain the heterogeneity in
antigen expression among cases of Hodgkin's disease,
we postulated that antigen expression by the neoplastic
cells in a given case may modulate depending on cyto-
kines and other factors associated with the background
inflammatory cell infiltrate. If this were true, some cells
might be expected to coexpress both CD15 and CD20 in
the process of antigen switching. We looked for evidence
of coexpression of these antigens by double-labelling ex-
periments and staining of serial sections. We report co-
expression of CD15 and CD20 by Reed-Sternberg cells
in three cases of Hodgkin's disease (two nodular sclero-
sis and one mixed cellularity type), supporting the hy-
pothesis of antigen modulation by Reed-Sternberg cells.

Methods

To facilitate evaluation of the immunophenotype of the
malignant cells, only cases with large numbers of Reed-
Sternberg and Hodgkin's cells, usually in clusters or ag-
gregates, were included. All cases of nodular sclerosis
and mixed cellularity Hodgkin's disease from 1985 to
1990 (approximately 75 cases) were evaluated for areas
with large numbers or syncytial aggregates of Reed-
Sternberg and Hodgkin's cells. Twenty of the approxi-
mately 75 cases were selected. Cases were subclassi-
fied according to the Rye Classification for Hodgkin's Dis-
ease. The inflammatory response was evaluated by
counting the number of neutrophils (using CD15), eosino-
phils (using a Giemsa stain), plasma cells, and histio-
cytes in 10 high power fields of "cellular" infiltrate diag-
nostic of Hodgkin's disease. Statistical analysis was done
using ANOVA followed by multiple-range comparison
tests (Fisher PLSD, Scheffe F-test, and Dunnett test).

Routine histologic sections were prepared from B5- or
formalin-fixed, paraffin-embedded tissue and were
stained with hematoxylin and eosin and Giemsa stains.
Immunoperoxidase stains were done on B5-fixed (16
cases) or formalin-fixed (4 cases: nos. 4, 15, 19, 20),
paraffin-embedded tissue sections with the avidin biotin
complex technique15 (Vector Laboratories Inc., Burlin-
game, CA). Tissue sections were stained with antibodies
to CD15 (LeuMl, Becton Dickinson, San Jose, CA),
CD45 (leukocyte common antigen, DAKO, Carpinteria,
CA), CD20 (L26, DAKO), and CD30 (BerH2, DAKO).

To establish coexpression of antigen by single cells in
cases that had both CD15 and CD20-positive cells, two
procedures were used: 1) staining of serial sections
(cases 1 -3)withdifferentantibodies, and 2) double stain-
ing with direct immunofluorescence (case 2 in which fro-
zen tissue was available) as follows. Four micron cryo-
stat-tissue sections were cut, air dried for 20 minutes, and

prewashed in phosphate-buffered saline (PBS) buffer
(pH = 7.4). Fluorescein isothiocyanate (green)-
conjugated anti-CD15 (CD15-FITC, Becton-Dickinson)
(dilution 1:20) and phycoerythrin (red)-conjugated anti-
CD20 (CD20-PE, Becton-Dickinson) (dilution 1:20) were
mixed; 100 ,uL was applied to the tissue sections, and the
slides were incubated at room temperature for 30 min-
utes. Each antibody was also tested individually on ad-
jacent sections. Slides were washed in PBS, three times,
5 to 7 minutes each, on a clinical rotator and cover-
slipped with aqua-mount mounting media (Lerner Labo-
ratories Pittsburgh, PA). The sections were examined with
a Zeiss Universal Fluorescence Microscope (Zeiss, Inc.,
Oberkocken, Germany) using vertical illumination for ei-
ther fluorescein or rhodamine. Sections of tonsil and re-
active lymph nodes and cases of Hodgkin's disease in-
cluding lymphocyte predominance Hodgkin's disease
(LPHD) not included in this study were used as controls.

Results

Histology and Immunophenotype (Table 1)

Neoplastic cells in three cases showed coexpression of
CD15 and CD20; all three were CD30 positive and CD45
negative. Case 1 showed typical syncytial nodular scle-
rosis Hodgkin's disease with many admixed granulo-
cytes (Figure 1A); greater than 90% of the syncytial
Hodgkin's and Reed-Sternberg cells in this case showed
strong staining for CD20 (membrane) and CD15 (mem-
brane and paranuclear) on adjacent sections (Figure 1 B,
1C). Case 2 also showed syncytial nodular sclerosis
Hodgkin's disease, but differed (from case 1) in that the
syncytial clusters of Hodgkin's cells had a more mono-
morphous appearance with fewer admixed inflammatory
cells and lymphocytes (Figure 2A). The syncytia of
Hodgkin's cells showed strong staining for CD20 (mem-
brane) of all cells, and only occasional admixed CD15
positive cells (membrane and paranuclear) (Figure 2B,
2C). Double staining by direct immunofluorescence
demonstrated occasional large cells within the syncytial
clusters that coexpressed CD15 and CD20 (Figure 3).
Case 3 showed mixed cellularity Hodgkin's disease with
small clusters of Reed-Sternberg cells that could be seen
on adjacent sections to express both CD15 and CD20.
Similar to case 2, only rare granulocytes were present,
but there were numerous admixed histiocytes.

The neoplastic cells in case 4 showed divergent phe-
notypes at two different sites within the same patient. Bi-
opsy of a mediastinal mass showed typical Hodgkin's
disease with numerous cytologically benign lymphocytes
and admixed granulocytes (predominantly eosinophils)
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Table 1 . Histologic and Immunophenot)pic Findings

Histologic
Case subtype CD15

Coexpression of CD15 and CD20 (on same cells)
1 NS + +
2 NS +
3 MC +

Discordant expression of CD15 and CD20 at different sites
4 a) Unclass*

b) Unclasst +
"B-cell" phenotype

5 NS
6 MC
7 MC

"Hodgkin's" phenotype
8-16 NS
17-18 MC

"Null" phenotype
19-20 NS

CD20

++

CD45 CD30

+

++

+ +

++
+

++

+

+ or ++

+

+

+

Granulocytic
infiltrate
(1 -3+)t

3+
1 +
1 +

1 +
3+

1 +
1 +
1 +

2-3+
2+

1-2+

* Subcapsular focus of syncytial Hodgkin's disease.
t Adjacent mediastinal mass suggestive of nodular sclerosis type without fibrous bands on biopsy specimen.
t 1 + = <100; 2+ = 100-200; 3+ = >200 cells/10 hpf.
NS = nodular sclerosis subtype; MC = mixed cellularity subtype.

and both diagnostic Reed-Sternberg cells and mononu-
clear variants. No fibrous bands were seen, but because
of small sample size distinction between nodular sclero-
sis and mixed cellularity Hodgkin's disease was not pos-
sible. Immunoperoxidase stains on the mediastinal node
showed that the atypical cells were negative for CD20
and CD45 and strongly expressed both CD15 and
CD30. An adjacent cervical lymph node showed a small
focus of tumor composed of a syncytium of Hodgkin's
and Reed-Sternberg cells with only rare admixed lym-
phocytes and virtually no granulocytes, histiocytes, or
plasma cells. The aggregate of Hodgkin's cells was
CD20 and CD45 positive, and CD15 and CD30 negative.

Three cases (5-7) had a B-cell phenotype; they ex-
pressed CD20 and lacked CD1 5. Two cases were CD45
positive and only one expressed CD30. Case 5 was clas-
sified as nodular sclerosis Hodgkin's disease and was
similar to case 2, with monomorphous clusters of
Hodgkin's and Reed-Sternberg cells separated by thick
bands of collagen; although numerous admixed lympho-
cytes were present, granulocytes were virtually absent.
Cases 6 and 7 showed mixed cellularity Hodgkin's dis-
ease with small clusters of Reed-Sternberg cells admixed
with numerous lymphocytes, plasma cells and histio-
cytes. Both cases were unusual in that there was a pau-
city of granulocytes.

Of the remaining 13 cases, 11 showed a classic
Hodgkin's disease phenotype (CD15+, CD30+,
CD20-, CD45-); all cases were associated with a
moderate-to-marked granulocytic infiltrate. The Reed-
Sternberg cells in two cases did not express either CD1 5
or CD20 although both were CD30 +.

Inflammatory Reaction (Table 2)
The average number of inflammatory cells in 10 high
power fields was compared for the four immunopheno-
typic groups: coexpression, b-cell, Hodgkin's, and null.
(For this exercise, Case 4a was considered B-cell and 4b
as Hodgkin's phenotype.) For neutrophils, eosinophils,
and total granulocytes, the average number was lowest
in the B-cell group and highest in the Hodgkin's group,
with the coexpression group having an intermediate
number. Analysis of variance (ANOVA-single factor
model), comparing the immunophenotypic groups and
inflammatory components showed significance for
eosinophils [F(3,17) = 4.895; P = .0124] and total
granulocytes [F(3,17) = 3.86; P = .0283]. Further anal-
ysis of these groups using multiple-range comparison
tests showed significant mean differences between the
B-cell group and Hodgkin's group for both eosinophils
and total granulocytes (P < 0.05), and between the
Hodgkin's and coexpression groups for eosinophils (P <
0.05); other mean differences were not significant. Anal-
ysis of variance for histiocytes, plasma cells, and neutro-
phils alone was not significant when compared with the
four immunophenotypic groups. Although there were no
significant difference in numbers of histiocytes or plasma
cells between the four groups by ANOVA, there were half
as many histiocytes and twice as many plasma cells on
average in the null group as in the other three.

Discussion
The lineage of the malignant cell in Hodgkin's disease is
unknown. In the majority of cases, Reed-Stemnberg cells



Figure 1. (Case 1) Aggregate of Hodgkin's
and Reed-Stemnberg cells with numerous ad-
mixed lvmphocvtes (A, H&E X313). Same
field on adjacent sections shows that most of
the Hodgkin's cells are CD15 + (membrane
and paranuclear) (B, x313) and CD20+
(membrane) (C, x313). Arrows highlight sim-
ilar cell groupsfor orientation.
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Figure 2. (Case 2) Syncytial aggregate of
Hodgkin's and Reed-Sternberg cells with few
admixed inflammatory cells and lymphocytes
(A, H&E X313). All cells show strong staining
for CD20 (membrane) (B, x500) and occa-
sional cells are also CD15 + (membrane and
paranuclear) (C, X500).
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Figure 3. Double staining bw direct immunofluorescence demonstrates occasional large cells within the svncytial clusters of case 2 that
coexpress CD20 (red) (A, D, x850) and CD15(green) (B, E, X850). Note theparanuclearstaining u'ith CD15 (B); it is notpresent with CD20
(A). The cells visualized with phase contrast (C, F, x850) are compatible u'ith Reed-Sternberg and Hodgkin's cells.
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Table 2. Inflammatoty Reaction

Coexpression B-cell Hodgkin's Null
Neutrophils [F(3,17) = 1.316;
P = .3019]t 108.3 (166.0)* 18.7 (13.1) 145.8 (132.9) 40 (28.3)

Eosinophils [F(3,17) = 4.895;
P = .0124] 16.7 (5.8) 13.8 (24.2) 87.9 (49.1) 33 (24.0)

L P <0.05
P<0.05

Total granulocytes [F(3,17) = 3.86;
P = .0283] 125 (168.9) 32.5 (33.7) 233.8 (118.7) 73 (52.3)

L P < 0.05 1
Histiocytes [F(3,17) = .154;
P = .9258] 186.7 (271.6) 187.5 (224.4) 186.7 (172.4) 90 (14.1)

Plasma cells [F(3,17) = .43;
P = .7339] 21.7 (24.7) 23.7 (30.9) 24.9 (40.2) 55 (35.4)

* Mean number of cells/10 hpf (x40) (SD).
t One Factor ANOVA.

and their variants lack leukocyte common antigen and T-
or B-cell-associated antigens and express the granulo-
cyte-associated antigen CD15 and the activation antigen
CD30.15 Occasional cases have been reported in which
the neoplastic cells express B-lineage antigens, particu-
larly with the antibody L26, which detects an intracyto-
plasmic domain of CD20.316 The majority of CD20
positive cases are lymphocyte predominant type; these
cases usually lack CD15, and it has been postulated that
they represent B-cell neoplasms that are different from
classic Hodgkin's disease (nodular sclerosis/mixed cel-
lularity).6-8

In this study, we found that the majority (55%) of cases
of mixed cellularity and nodular sclerosis Hodgkin's dis-
ease had a classic phenotype (CD15+, CD30+,
CD20 -, CD45 -), whereas a minority (15%) had a B-cell
phenotype (CD20 +, CD15 -). In three cases (15%), we
found coexpression of CD15 and CD20 on the same
cells. The finding that the same cell coexpresses CD15
and CD20 suggests that one of these antigens is not
lineage specific, and that cases of Hodgkin's disease
that express one of these antigens and lack the other
may not reflect different lineages, as previously believed,
but may represent different phases of antigen expression
by the same neoplastic cell type. There may be a con-
tinuum in antigen expression from CD20+ to CD15+,
with the double staining cells possibly representing an
unstable intermediate in the process of antigen switch-
ing.

Several lines of evidence favor the conclusion that the
CD15 antigen is nonlineage specific, and that the neo-
plastic cell is more likely to be a B lymphocyte than a
granulocyte-macrophage lineage cell. First, the CD15
antigen is expressed by nonlymphoid cells, and has
been reported in activated T cells, cytomegalovirus-
infected cells, and some T-cell lymphomas,17-19 it is
therefore not restricted to monocyte/macrophage cells.
Second, the CD20 antigen has been extensively studied
and found to be a highly specific marker for B cells.16,20

Third, there is evidence from molecular genetic studies
that Reed-Sternberg cells in some cases of typical
Hodgkin's disease can have rearranged immunoglobulin
genes.12-13

The Hodgkin's phenotype (CD15+, CD30+,
CD20 -, CD45 -) that was seen in cases 8 through 18
was associated with the presence of a moderate-to-
marked reactive inflammatory infiltrate, containing
eosinophils and neutrophils, whereas the B-cell pheno-
type (CD15-, CD30-, CD20+, CD45+) in cases 5
through 7 was associated with the absence of such an
infiltrate. The double staining cases were heterogeneous:
case 1 had a marked granulocytic infiltrate and strongly
expressed CD15, whereas case 2, which was associ-
ated with a scanty inflammatory infiltrate, strongly ex-
pressed CD20 and weakly expressed CD15. In case 4,
expression of CD15 was seen in a node with a prominent
granulocytic infiltrate, whereas CD20 expression was
seen in a node with no granulocytic background.

The functional relationship between the neoplastic
Hodgkin's and Reed-Sternberg cells in Hodgkin's dis-
ease and the inflammatory background infiltrate is not
understood fully. Several recent studies suggest that pro-
duction of cytokines by the neoplastic cells may be re-
sponsible for the tissue eosinophilia and fibrosis.21-23 It is
also theoretically possible that the presence of specific
types of inflammatory cells could alter antigen expression
by the neoplastic cells, although direct evidence for such
an interaction is lacking. The findings in our study sug-
gest the possibility that, in the absence of the classic
inflammatory background, the Hodgkin's and Reed-
Sternberg cells express a B-lineage antigen and often
CD45, whereas in the presence of the typical inflamma-
tory infiltrate of eosinophils and/or neutrophils, these an-
tigens are lost, and CD15 and CD30 are expressed.
Whether the change in antigen expression by Reed-
Sternberg cells is the cause or the effect of the change in
the inflammatory background remains to be elucidated.

Coexpression of Hodgkin's and B-cell markers on the
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same cell forms an addition to the growing body of evi-
dence supporting the B-cell nature of the Reed-
Sternberg cell.12-14'24 We postulate that the Reed-
Sternberg cell in most cases of Hodgkin's disease may
be of B-cell origin, even though B-lineage antigens are
usually not detectable. Under some conditions, the cells
may express B-cell associated antigens, whereas under
other conditions the cells develop a Hodgkin's pheno-
type, with partial or complete loss of B-cell associated
antigens and expression of CD15 and CD30. The pattern
of antigen expression is likely to be related in some way
to host-tumor cell interaction, but the nature of the inter-
action and the chronologic sequence of antigen expres-
sion or loss is speculative at this time. However, the pos-
sibility that Reed-Sternberg cells can modulate antigen
expression would explain the confusing heterogeneity of
antigen expression in Hodgkin's disease, with some cells
in a given case expressing CD15 and CD30, others
CD20, some expressing both antigens, and some cases
showing a change in antigen expression over time.11 If
our hypothesis is correct, it would explain the frequent
association of Hodgkin's disease with B-cell lym-
phoma.25 30 This hypothesis would also suggest that
lymphocyte predominance Hodgkin's disease may be
related to other subtypes of Hodgkin's disease rather
than a separate entity, distinct from other types of
Hodgkin's disease by virtue of a different neoplastic cell
lineage. It would also explain the presence of clonally
rearranged immunoglobulin genes and detection of bcl-
2/JH sequences in some cases of Hodgkin's disease that
lack B-lineage associated antigens. 12-14

In summary, we report the coexpression of CD15 and
CD20 by Reed-Sternberg cells in rare cases of Hodgkin's
disease. We also observed that lack of CD20 and expres-
sion of CD15 was associated with an increasing inflam-
matory infiltrate, suggesting that antigen expression by
Reed-Sternberg cells may vary depending on the back-
ground cellularity. In addition, our results support a B-cell
origin for the Reed-Sternberg cell in some cases of
Hodgkin's disease.
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