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Short Communication

Eosinophils are the Major Source of
Transforming Growth Factor-8 1 in Nodular
Sclerosing Hodgkin’s Disease

Marshall Kadin,* Janet Butmarc,*

Aram Elovic,t and David Wong?

From the Beth Israel Hospital* and Harvard Medical
School,* and the Harvard School of Dental Medicine,t
Boston, Massachusetts

Transforming growth factor-B, (TGF-B,) is a
multifunctional cytokine which promotes fibro-
blast growtbh and collagen syntbesis, but sup-
presses growth and differentiation of immune
lympbocytes and killer cells. Immunobistochemi-
cal detection of TGF-f3, in Hodgkin’s disease
(HD) bas been shown to correlate with the bis-
tologic feature of nodular sclerosis, which is
associated with a favorable prognosis (Ameri-
can Journal of Pathology 1990,136:1209). In that
study, TGF-f3; was localized mainly at the mar-
gins of broad collagen bands (presumably sites
of new collagen syntbesis) and in areas contain-
ing numerous Hodgkin/Reed-Sternberg cells
(H/RS). In tbese areas, TGF- 3, protein was found
on the membrane and occasionally within the
cytoplasm of H/RS cells. To determine whetber
TGF-B, is synthesized by H/RS cells or second-
arily bound to their membrane and sometimes
internalized, we performed in situ bybridization
(ISH) using 1.5 Kb 3°S-labeled anti-sense and
sense RNA probes to TGF-f3,. Paraffin-embedded
tissues of 10 cases from all bistologic types of
HD were examined. Somewbat unexpectedly, the
major site of TGF-f3, mRNA was in eosinopbils;
TGF-f3, mRNA was not detected in H/RS cells.
TGF-3, mRNA was found in eosinophbils in all
cases of nodular sclerosis but not in otber types
of HD, despite the presence of numerous eosino-
Dpbhils in mixed cellularity cases. The presence of
TGF-f3, mRNA coincided with immunobistochem-
ical detection of TGF-f3, protein using antibody
CC (1-30). These results confirm the role of

TGF-, in the bistogenesis of nodular sclerosing
HD and indicate that eosinopbils are the major
source of TGF- 3, in this type of HD. (AmJ Pathol
1993, 142:11-16)

Transforming growth factors-B (TGF-B) are members
of a family of multifunctional polypeptides that regu-
late cell growth, differentiation, and morphogenesis
(reviewed in ref. 1). The prototype of this family is
TGF-B4, a highly conserved 25-kd disulfide-linked
homodimer.2 TGF-B can stimulate or inhibit growth
and differentiation of cells of multiple lineages. The
net effect of TGF-B, action is determined by interac-
tion with other cytokines and the nature of the target
cell. TGF-B stimulates fibroblasts to proliferate and
synthesize collagen,® attracts and activates mono-
cytes,*® and is chemotactic for human neutrophils.®
Conversely, TGF-B; inhibits proliferation and function
of T and B lymphocytes,”® and suppresses the
growth and lytic activities of cytotoxic T cells,® NK
cells,'® and lymphokine-activated killer cells.™’
These properties of TGF-B; could explain some
features of tumor histology (collagen sclerosis, gran-
ulomas, abscesses) and clinical manifestations
(depressed cellular immunity) of HD. The relative
amounts of collagen sclerosis, inflammatory cells,

Presented in part at the 81st Annual Meeting of the United States
and Canadian Academy of Pathology, Atlanta, Georgia, March
14-20, 1992.

Supported by the following: Dr. Kadin received grant CD-485 from
the American Cancer Society, Atlanta, GA, and grant 2630 R2 from
the Council for Tobacco Research, USA, Inc., New York, NY; Dr.
Wong, grants DE08680 and DE00318 from the National Institutes of
Health; and Dr. Elovic, Physician Scientist Award DE00323.

Accepted for publication September 22, 1992.

Address reprint requests to Marshall E. Kadin, M.D., Department
of Pathology, YA-309, Beth Israel Hospital, 330 Brookline Ave.,
Boston MA 02215.

11



12 Kadin et al
AJP January 1993, Vol. 142, No. 1

and the cytology of malignant Hodgkin/Reed-
Sternberg cells (H/RS) define the four major histo-
logic types of HD: lymphocyte predominance, lym-
phocyte depletion, mixed cellularity, and nodular
sclerosis.? It has been hypothesized that these var-
ious histologic types are the result of cytokines elab-
orated by the H/RS cells.’® Consistent with this
hypothesis, eosinophilia in HD has been correlated
with the expression of IL-5 mRNA by H/RS cells.™
Moreover, nodular sclerosis has been associated
with  immunohistochemically detected TGF-B,.'®
TGF-B, protein was concentrated at the margins of
broad collagen bands and in areas with numerous
H/RS cells. In those areas, TGF-B protein was found
on the surface of H/RS cells and only occasionally
within their cytoplasm. To determine whether TGF-B,
is synthesized by H/RS cells or secondarily bound to
their membrane and sometimes internalized, we per-
formed in situ hybridization with a probe specific for
human TGF-8, mRNA.® Interestingly, TGF-8; mRNA
was not detected in H/RS cells, but instead was
associated with eosinophils which are frequently
present in HD. Expression of TGF-B8; mRNA seems to
be restricted to a subpopulation of eosinophils which
are associated with collagen formation in nodular
sclerosing HD.

Materials and Methods

Tissue Processing

Formalin- and B5-fixed, paraffin-embedded tissues
from 10 adult patients with HD were studied. Tissues
were routinely processed for histology and stained
with hematoxylin and eosin or Giemsa. Six cases
were subclassified as nodular sclerosing, two as
mixed cellularity, one as lymphocyte depletion, retic-
ular subtype (with numerous H/RS), and one as lym-
phocyte predominance, nodular subtype.

Immunohistochemistry

Tissues were stained with a rabbit polyclonal IgG
antibody, anti-CC(1-30), (L. Ellingsworth, Collagen
Corp., East Palo Alto, CA), which detects principally
extracellular TGF-B4.'7 Specificity of antibody CC
(1-30) was confirmed by absorption with human
TGF-B4 bound to a Sepharose column and by sub-
stitution of nonimmune rabbit antibody for the spe-
cific antibody.'®'7 Endogenous peroxidase was
blocked with 0.3% hydrogen peroxide in methanol
(20 minutes). Other details of the immunoperoxidase
staining method have been described.®

Molecular Probes

For in situ hybridization, the human TGF-B, (hTGF-
B1) cDNA was a 1.5 kb EcoR1-Pstl fragment (G.I.
Bell of Chiron Corp., Emeryville, CA). The hTGF-B,
cDNA was recloned into the plasmid pBSII-SK(-)
(Stratagene, La Jolla, CA) such that the sense and
anti-sense riboprobes were produced by either T3 or
T7 BNA polymerases respectively.

In Situ Hybridization

Details of our in situ hybridization procedure using
35S-labeled anti-sense and sense hTGF-B, ribo-
probes for the specific detection of TGF-B; mRNA in
human eosinophils were described previously.'® We
used hybridization conditions that eliminate non-spe-
cific annealing of the riboprobes to eosinophils, as
previously described.8-21

Results

In situ hybridization localized TGF-B; mRNA to eosi-
nophils in each of six cases of nodular sclerosing
HD. No TGF-B; mRNA was detected in other histo-
logic types of HD despite the presence of numerous
eosinophils in the mixed cellularity type. ldentifica-
tion of eosinophils as the cells expressing TGF-8,
mRNA was done by the combined use of bright field
microscopy on Giemsa-stained sections and dark
field/fluorescence microscopy using appropriate
filters. A typical result is shown in Figure 1. Eosino-
phils expressing TGF-B; mRNA were most often con-
centrated at the.periphery of lymphoid nodules con-
taining H/RS cells. Fewer eosinophils expressing
TGF-B; mRNA were found within these lymphoid
nodules. A variable number of eosinophils from each
case did not contain TGF-g; mRNA.

Eosinophils containing TGF-B; mRNA usually
were associated with collagen fibers and TGF-B;,
detected immunohistochemically with antibody CC
(1-30) (Figure 2A). H/RS cells were not labeled for
TGF-B; mRNA (Figure 2B). H/RS cells were identified
as cells with abundant cytoplasm, large lobated or
multiple nuclei, and prominent nucleoli occurring
within lymphoid nodules. H/RS cells occasionally
were surrounded by eosinophils containing TGF-B,
mRNA.

Discussion

This study demonstrates that eosinophils are the
principal source of TGF-B in nodular sclerosing HD.
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Figure 1. In situ hybridization detecting TGF-B; mRNA with a 3°S-labeled hTGF-B; anti-sense riboprobe in a typical case of nodular sclerosing HD.
A: Bright field visualization. Note the lymphoid nodule in the center of the field with eosinophils at the peripbery and a number of recognizable H/RS
giant cells at the center (X 240). B: In situ hybridization labeling for TGF-B; mRNA with *°S-labeled human TGF-B, anti-sense riboprobe (X 120).
C: Composite exposure of the same field as in (B); rbodamine fluorescence visualization to highlight the eosinophils as brightly red fluorescent cells,
JSollowed by dark field visualization to bighlight the TGF-B, autoradiographic grains (green). Note that the eosinophils in the lower left field do not
contain detectable TGF-B; mRNA (X 120). D: High magnification (X 240) of an area in C to demonstrate that eosinophils are the cells wbich contain

TGF-B; mRNA detected by in situ bybridization. Double exposure same as C.

Eosinophils were the only cells found to contain
readily detectable TGF-B; mRNA. In each case,
however, a subpopulation of eosinophils did not con-
tain TGF-B; mRNA. This may be explained by inter-
mittent synthesis of this cell product or a functional
separation of eosinophil compartments with respect
to cytokine synthesis.

Interestingly, no TGF-8; mRNA was detected in
eosinophils of mixed cellularity HD in which sclerosis
was not a prominent feature. This suggests that
some difference in microenvironmental stimuli may
account for the elaboration of TGF-B; in nodular scle-
rosis as opposed to the mixed cellularity type of HD.
This stimulus is likely to be some factor which acti-
vates eosinophils in specific pathological conditions
characterized by tissue fibrosis because eosinophils
from patients with hypereosinophilic syndrome'® and
chronically inflamed upper airway tissues®? were
found to express TGF-B; mRNA and protein,
whereas normal eosinophils do not.

The mechanism by which some eosinophils in HD
are activated to produce TGF-B; remains to be
determined. It is possible that eosinophils are acti-
vated by other cytokines to synthesize TGF-B;
mRNA. Messenger RNA for Interleukin-5, a selective
activator of eosinophils,?3 has been demonstrated in
H/RS cells of HD patients with eosinophilia.’* Eo-
sinophil density also has been correlated with T-cell
activation in lymph nodes of patients with HD.2* Acti-
vated T cells secrete IL-225 and IL-52° to which eo-
sinophils can respond. Thus, it will be important to
determine whether IL-2, IL-5, and perhaps other
cytokines can activate eosinophils to synthesize
TGF-B4 in pathologic conditions with fibrosis, such
as nodular sclerosing HD.

Other eosinophil products have been demon-
strated to be expressed selectively in lymph nodes of
nodular sclerosing HD.27:28 Lymph nodes with nod-
ular sclerosing histology showed the heaviest infiltra-
tion with eosinophils and the most pronounced extra-



14  Kadin et al
AJP January 1993, Vol. 142, No. 1

cellular deposits of eosinophil major basic protein.2”
Extracellular eosinophil peroxidase detected with a
monoclonal antibody was distributed in a dendritic
pattern in nodular sclerosis, suggesting that exten-
sive eosinophil degranulation in HD may produce
tissue damage that results in collagen bands and
sclerosis.?® The presence of these eosinophil prod-
ucts, together with TGF-B; mRNA, indicates a pri-
mary role for the eosinophil in the histogenesis of
nodular sclerosing HD.

In none of these HD cases was TGF-B; mRNA
detected in H/RS cells. This result was somewhat
unexpected since the HD cell line L428 derived from
H/RS cells was found to produce biological activity
for TGF-B+.2° However, further analysis revealed that
L428 cells in culture produce an unusually high
molecular weight (350 kd) form of TGF-B8 which is
active at physiological pH.2® TGF-8; normally occurs
as a latent low molecular weight (25 kd) peptide
bound to a;-macroglobulin.®® TGF-8 synthesized by

Figure 2. Localization of TGF-B, to eosinophils.
A: Immunoperoxidase with antibody CC'—3 and
Giemsa counterstain localizing TGF-B, protein to
collagen fibers around eosinophils at margin of
collagen band surrounding H/RS-cells (arrows).
B: H/RS cells do not show bybridization for TGF-,
mMRNA (X470).

L428 cells may not be recognized by the probe for
TGF-B4 used in our study.

Nodular sclerosis is associated with a relatively
good prognosis compared with mixed cellularity and
lymphocyte depletion HD.3' The mechanism of nod-
ular sclerosis is not well understood. These results
suggest that nodular sclerosis may be due to the
synthesis and secretion of TGF-B4 by eosinophils in
some patients with HD. However, these results do not
readily explain the relatively lower frequency of nod-
ular sclerosis in underdeveloped countries®? or in
patients with AIDS.®3 Perhaps a primary defect of
eosinophils or a deficiency of the interleukins neces-
sary to activate eosinophils to produce TGF-84 con-
tributes to the altered histology of HD in these
patients.

The favorable prognosis of nodular sclerosis may
be associated with the formation of collagen bands
surrounding the malignant H/RS cells. A favorable
prognosis also has been found for non-Hodgkin's



lymphomas with fibrosis.®* The findings of this study
suggest another possible explanation for the favor-
able prognosis of nodular sclerosis. It seems that the
TGF-B4 found on the surface and sometimes within
the cytoplasm of H/RS cells is not a product of those
cells but instead is made by eosinophils and sec-
ondarily bound to the membrane of H/RS cells. Since
H/RS cells seem to be derived from activated lym-
phocytes,'® and TGF-8, has an antiproliferative
effect on activated lymphocytes,”-® this cytokine may
have an antiproliferative effect on H/RS cells in nod-
ular sclerosing HD.
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