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RAPID COMMUNICATION

Expression ofProstaglandinH Synthase
(Cyclooxygenase) inHodgkin'sMononuclear
and Reed-Sternberg Cells

Functional Resemblance Between H-RS Cells and
Histiocytes or Interdigitating Reticulum Cells

SU-MING HSU, MD, PEI-LING HSU, PhD,
SHAN-SHAN LO, PhD, and KENNETH K. WU, MD

The synthesis of prostaglandin, prostacyclin, and
thromboxane, which requires the enzyme prostaglan-
din H (PGH) synthase (cyclooxygenase), is a general
property of histiocytes, monocytes, and Langerhans
cells. Previously the authors reported the production
of prostaglandin E2 in a Hodgkin's cell line, KM-H2,
and suggested that these cells therefore have a func-
tional similarity to histiocyte-related cells. The present
study confirms that the Hodgkin's neoplastic (Reed-
Sternberg, H-RS) cells in tissue are also capable ofpro-
ducing prostaglandins by demonstrating the presence
ofPGH synthase in these cells in B5-fixed, paraffin-em-
bedded tissue sections. It was found that the H-RS cells
from seven often patients with Hodgkin's disease were

ARACHIDONIC ACID (AA) metabolism is active in
several types of cells, including macrophages, mono-
cytes, endothelial cells, and platelets. Among these,
macrophages (histiocytes) have been recognized as the
most active cellular source of prostaglandins and leu-
kotrienes, a property at least partially attributable to
the high AA content ofthe fatty acids in the cell mem-
brane.' Stimulation of macrophages by soluble and
particulate stimuli induces phospholipase activation,
release ofAA from fatty acids, and subsequent metab-
olism ofAA by cell-associated cyclooxygenase (PGH
synthase) and lipoxygenase.1 The AA metabolites
have many important functions, such as the modula-
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stained variously with anti-PGH synthase antibodies.
In normal and reactive lymphoid tissues, anti-PGH
synthase staining was restricted to histiocytes, endothe-
lial cells, and interdigitating reticulum cells. Thus, this
study provides further evidence for a possible relation-
ship between H-RS cells and histiocytes or interdigitat-
ing reticulum cells; this relationship has also been sup-
ported by information obtained in extensive immuno-
logic, biochemical, and cell-differentiation studies.
The secretion of PGH-synthase products, especially
prostaglandin E2, in H-RS cells may play a major role
in the regulation ofcellular immunity in patients with
Hodgkin's disease. (AmJ Pathol 1988, 133:5-12)

tion ofcytokine activity and the regulation of cellular
immunity.2'7
The authors wanted to study AA metabolism in the

neoplastic (Reed-Sternberg, H-RS) cells in Hodgkin's
disease (HD). This interest arose from the fact that im-
munosuppression is frequently observed in patients
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with HD even though abundant reactive T cells are
present in lympoid tissues affected by HD.'8-20 Fur-
thermore, it had been previously proposed that H-RS
cells are probably related to interdigitating reticulum
(IR) cells or cells in the histiocyte lineage.20 29 The IR
cells are antigen-presenting cells located in the T cell
zone, and their lineage and immunophenotype are
similar to those of tissue histiocytes.20'30'3' Thus, it was
suspected that, like histiocytes, both IR cells and their
neoplastic counterpart, H-RS cells, may be actively
committed to AA metabolism, a process in which sev-
eral immunoregulatory substances can be generated.
Indeed, it has been confirmed that KM-H2 cells (an
H-RS cell line) can produce PGE2 *32-34 To document
further that the H-RS cells in tissues are involved in
AA metabolism, the authors performed an immuno-
histochemical study in which the presence of PGH
synthase in H-RS cells was demonstrated.

Materials and Methods

Production of Anti-PGH Synthase Antibody

Purified PGH synthase from ram seminal vesicles
was obtained from Oxford Biomedical Research, Inc.
(Oxford, MI).35'36 The purity of this enzyme was
greater than 90%, as measured by electrophoresis. To
produce anti-PGH synthase, a rabbit was immunized
with this enzyme and the antibody purified by affinity
column chromatography. Briefly, the rabbit was im-
munized with 1.5 mg of PGH synthase in an equal
volume of complete Freund's adjuvant containing
heat-killed Mycobacterium tuberculosis H37RV (1
mg/ml). The emulsion (2 ml) was injected subcutane-
ously into four separate sites, in the back and footpads
of the rabbit. Booster injections of the same amount
of antigen in incomplete Freund's adjuvant were
given in the same way at 3-, 5-, and 7-week intervals
after the primary injection.
The antiserum was collected and purified by affinity

chromatography. Briefly, PGH synthase was coupled
to cyanogen bromide-activated Sepharose CL 4B (2.3
,umol/ml ofwet gel). Immunoglobulin from rabbit an-
tiserum was precipitated with ammonium sulfate at
50% saturation and applied to the column at room
temperature. The column was washed with BBS (0.1
M borate buffer, 0.15 M NaCl, pH 8.0), and then anti-
bodies were eluted with 6 M guanidine hydrochloride.
The specificity ofthe antibody was confirmed by gel

electrophoresis, Western blotting, and immunostain-
ing. For immunoblots, the purifed PGH synthase (ap-
proximately 5 ,g per slot) was electrophoresed on 8%
SDS polyacrylamide gel and then electroblotted onto

BA83 nitrocellulose (0.2 z thick, Schleicher and
Schull, Keene, NH). The filter was blocked with nor-
mal goat serum (1:200 dilution) and 3% nonfat dry
milk (prepared in TS buffer; 20mM Tris-HCl, pH 7.6,
0.15 N NaCl, 0.1 mM PMSF) for 30 minutes and then
reacted sequentially with rabbit anti-PGH synthase (3
hours), biotin-labeled goat anti-rabbit Ig (30 minutes),
and avidin-biotin-peroxidase complex (ABC) (30
minutes).23'37 The filters were washed extensively with
TS and 0.1 % Triton X- 100 between steps and finally
were developed in 4-chloro- 1 -naphthol (0.6 mg/ml) in
TS with 20% methanol and 0.03% H202.

Rabbit anti-ram PGH synthase has been reported
to react with PGH synthase from many other species,
including humans.38'39 To document that the anti-
PGH synthase prepared in this laboratory also reacts
with human enzyme, the authors examined whether
the antibody could react with PGH synthase from hu-
man endothelial cells. The endothelial cells were cul-
tured as reported previously,40 and gel electrophoresis
and Western blotting were performed as described
above.

Tissues and Anti-PGH Synthase Staining

The avidin-biotin-peroxidase technique was used
to examine the expression of PGH synthase in H-RS
cells in 10 B5-fixed and paraffin-embedded tissue sec-
tions. These included seven sections ofnodular sclero-
sis (NS) and three of the mixed cellularity (MC) form
of HD. In addition, five tonsils and five lymph nodes
from patients with reactive hyperplasia, sinus histio-
cytosis, or dermatopathic lymphadentitis were in-
cluded for evaluation of PGH synthase-containing
cells in nonneoplastic tissues. The dermatopathic
nodes were included because these tissues contain nu-
merous IR cells. The nature of IR cells is confirmed
by their characteristic enzyme and immunohisto-
chemical staining patterns with acid phosphatase and
anti-Leu M l, which are distinct from those of histio-
cytes. 20,21,30
The paraffin sections were dewaxed and rehydrated

routinely. After being washed in Tris-buffered saline
(TBS), 0.05 M, pH 7.6, the sections were incubated
with rabbit antisheep PGH synthase at a concentra-
tion of 1 ytg/ml, followed by sequential incubation
with biotin-labeled goat anti-rabbit Ig (1:200) and
ABC. Each step lasted 30 minutes, with an interval
of 5 minutes for washing with TBS. The slides were
developed in a DAB-hydrogen peroxide-nickel chlo-
ride solution.4'42

Control tests for staining specificity were performed
by omitting the primary antibody, replacing the pri-
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Figure IA-Rabbit antiserum binds to purified sheep PGH synthase, an

antigen of 70 kd molecular weight. Lane 1, control markers; lane 2, sheep

PGH synthase. B-Rabbit antiserum binds to human PGH synthase

prepared from endothelial cells (lane 2). In lane 1, sheep PGH synthase was

used as control. Staining was carried out on nitrocellulose paper after gel

electrophoresis and Westem blotting.

mary antibody with nonimmune serum, or absorbing

the primary antibody with purified PGH synthase.

Culture of H-RS Cells

To study the expression of PGH synthase in cul-

tured H-RS cells, the authors stained the cytospin

smears as described above. Two H-RS cell lines,

HDLM-I and KM-H2, were grown at 4 X _05 to 2

X 106 cells/mi in RPMI 1640 medium (Gibco) supple-

mented with 10% fetal calf serum, 2 mM glutamine,

50 ~tg/ml 2-mercaptoethanol, and 50 .tLg/ml genta-

mycin at 37 C in a humidified, 5% CO2 atmosphere.4

4gFor detection ofPGH synthase, the cells were spun
down onto slides, dried, fixed with acetone, and im-

munostained.

Results

On gel electrophoresis and Wester blotting, the

antibody described above reacted specifically with

the 70 kd molecular weight PGH synthase. The anti-

body, although raised against sheep PGH synthase,
cross-reacted with human antigen (Figure 1). This was

confirmed in studies performed on human endothe-

lial cells in which a single 70 kd protein was precipi-

tated by the same antibody. In tissue staining, the

binding of PGH synthase to histiocytes, JR cells, and
H-RS cells was inhibited completely because of ab-

sorption ofantibody by purified antigen. Thus, the re-
sults confirm the specificity ofthis anti-PGH-synthase
staining.

In tissue from seven lymph nodes that were in-
volved by HD, approximately 15-40% of the H-RS
cells were positive for PGH synthase with various
staining intensities (Figure 2). In these tissues, a few
normal or reactive histiocytes as well as endothelial
cells were also stained. In the other three tissue sam-
ples (2 NS and 1 MC HD), the staining of H-RS cells
was minimal or undetectable. In these three speci-
mens, there was also an extremely weak reaction in
histiocytes and endothelial cells. The staining was the
same in mononuclear and binuclear or multinuclear
cells, and in the NS and MC types ofHD. In the cyto-
spin smears ofcultured H-RS cells, PGH synthase was
detected in 15-20% of KM-H2 cells, but not in
HDLM-1 cells.

In normal tonsils and in reactive lymphoid tissues,
the expression ofPGH synthase was also highly vari-
able. In the normal tonsils, the PGH-synthase positiv-
ity was restricted to free histiocytes in the peritonsillar
connective tissue or in the capsule (Figure 3). The
fixed histiocytes, including histiocytes in germinal
centers, as well as the IR cells in the T cell zone were
not stained or stained minimally.

In lymph nodes, the distribution of PGH-synthase-
positive cells was similar to that in tonsils, except for
the fact that there was a significant increase in PGH-
synthase-positive cells in the T cell zone (Figure 4).
The positively stained cells had an elongated and ir-
regularly shaped nucleus, as is characteristic for IR
cells. The IR-cell nature of these PGH-synthase-posi-
tive cells was further suggested by the staining pattern
in dermatopathic lymph nodes. In all lymph nodes,
only a few (10%) sinus histiocytes were positive for
PGH synthase. No staining of T or B lymphocytes,
plasma cells, immunoblasts, follicular dendritic cells,
or fibroblastic reticulum cells was observed.

Discussion

PGH synthase was detected in H-RS cells, IR cells,
histiocytes, and endothelial cells. The positive stain-
ing of the last two types of cells confirms the well-
known active production of PGs in these cells. The
detection of PGH synthase in IR cells has also been
predicted, however, because these cells have func-
tional properties and immunophenotypes similar to
those of histiocytes and Langerhans cells.30'46 Langer-
hans cells and IR cells are antigen-presenting den-
dritic cells located in skin and lymphoid tissue, respec-
tively. Although they have not been studied as exten-
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Figure 2A-F-PGH synthase distribution in tissue affected by HD. Note the positive staining in H-RS cells (arrowheads in A-F) and in endothelial cells (arrows
in A). The staining in H-RS cells was highly variable. C, D, and E are higher magnifications of A and B.

sively as histiocytes, Langerhans cells have been
shown to engage in PGH-synthase metabolism. The
Langerhans cells of guinea pigs can transform AA,
predominantly to PGD2 ." In humans, histiocytosis
X, a Langerhans cell neoplasm, has been reported to
produce PGE2.48 Thus, one can expect an analogy be-
tween Langerhans cells and IR cells and their neoplas-
tic counterparts as to their capacity to metabolize AA.

Expression of PGH synthase in lymphoid tissues
appears to be restricted to histiocytes or to cells related
to them (ie, IR cells), and not to occur in B or T lym-
phocytes. This was the finding in previous studies on
subpopulations of highly purified human lympho-
cytes (<1% monocytes), in which both T cells and B
cells failed to synthesize detectable levels of PGE2 .
Thus, the expression of PGH synthase and the pro-
duction of PGE2 by H-RS cells indicate a functional
similarity between H-RS cells and IR cells/histiocytes.
This proposal for the cell lineage of H-RS cells is also
supported by extensive studies of their immunophe-
notype, their biochemical and functional characteris-

tics (cytokine production), and their pattern of differ-
entiation induced by phorbol ester, extracellular ma-
trix, and retinoic acid. 20-34'49'50
The presence ofPGH synthase in cells enables them

to convert AA to PGE2, thromboxane, prostacyclin, or
other PG metabolites. The metabolites present in PGH-
synthase-positive cells depends on the cell type, the envi-
ronment from which the cells were obtained, the partic-
ular subpopulation of cells under study, and the nature
ofthe stimuli that the cells encounter in their pericellular
environment.' Numerous studies have illustrated the
complexity ofAA metabolism in cells. For example, hu-
man monocytes can be separated into different subpop-
ulations on the basis of their production of interleukin-
1 (IL-1) and PGE2; the density of PGE2-producing
monocytes is lower than that of IL- 1-producing mono-
cytes.5' Secretion of the various AA metabolites has
been detected in mouse macrophage cell lines, perhaps
because these cells had been frozen at certain stages of
maturation or differentiation.52 Such complexity may
occur in H-RS cells as well.
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Figure 3A-D-PGH synthase staining of tissue from human tonsils (A-C) and a reactive lymph node (D). The staining was generally restricted to endothelial
cells (arrows in A, C, and D) and to free histiocytes in subepithelial and perntonsillar connective tissue (arrowheads in A and C). The fixed histiocytes in germinal
centers (B) and sinuses (D) were negative or weakly positive for PGH synthase.

It is difficult to assay the various AA metabolites in
H-RS cells in tissue. The metabolites may vary from
one cell to another because ofdifferences in their mat-
uration or microenvironment. The study ofpooled H-
RS cells may not reveal such heterogeneity. In study-
ing cultured H-RS cell lines, the authors had noted
previously that the major AA metabolite is PGE2 in
KM-H2 cells, whereas it is 1 5-HETE (a lipoxygenase
metabolite) in HDLM-1 cells.32-34 The types of AA
metabolites produced appear to be related to the ex-

pression of PGH synthase in these cells. PGH syn-
thase was detected in 20% of KM-H2 cells, but none

was found in HDLM- 1 cells.
The presence of PGH synthase in H-RS cells may

explain, in part, the impaired T cell immunity associ-
ated with HD. The lymphoid tissues affected by HD
usually have a scant infiltrate of neoplastic cells (less
than 2% of the cells), but an abundant T lymphocyte
reaction.20 Despite the increased number ofT cells in
tissues, patients with HD often have significant im-
pairment of their cellular immune response. 18"19 This

depressed cellular immunity has been attributed to an
excess of suppressive activity by monocytes or T lym-
phocytes.'8" 9 The detetion ofPGH synthase and the
release of PGE2 and 1 5-HETE from H-RS cells indi-
cate that H-RS cells may have a direct role in regulat-
ing cellular immunity in patients with HD, however.
PGE2 and 1 5-HETE are well known for their T cell-
suppressing activity, including inhibition of antigen-
and mitogen-induced blastogenesis and of lympho-
kine secretion, cytotoxicity, lymphocyte proliferation,
and IL-2 production."'4"16

In conclusion, it has been demonstrated that H-RS
cells express PGH synthase and that these cells are
likely to be engaged in the production of PGs. This
unique biochemical property of H-RS cells suggests
that they are related to cells in the histiocyte lineage.
The various degrees of staining of PGH synthase in
H-RS cells in tissue and the difference in AA metabo-
lites in cultured H-RS cells reflect a high degree of
functional heterogeneity of these cells. It is possible
that the production ofAA metabolites and of immu-

Vol. 133 * No.lI



10 HSU ET AL AJP * October 1988

D Zw

4 1r;

Figure 4A-C-PGH synthase staining in reactive lymph nodes (A and B) and a dermatopathic node (C). Numerous elongated cells in the T cell zone (labeled
T) were positively stained (arrowheads in B and C). The histiocytes in the germinal center (labeled GC) and sinus (labeled S) were generally negative for PGH
synthase. The positive cells were IR cells, as confirmed by their morphologic characteristics and their distribution in the dermatopathic node. Not all IR cells in
C were PGH-synthase-positive.

noregulatory cytokines, whose functions may be an-
tagonistic or synergic, in IR cells and histiocytes is har-
monious and well balanced. Such a delicate balance
may not be preserved in neoplastic H-RS cells. H-RS
cells are known to secrete IL- 1 (a or f0), granulocyte
colony stimulating factor, tumor necrosis factor
(TNF-a), and perhaps many other cytokines (ie,
transforming growth factor-0).24'5354 Future studies of
AA metabolism and its interaction with various cy-
tokines in H-RS cells could lead to a better under-
standing ofpathophysiology ofHD.
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