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Lymph node sectionsfrom 10 cases of mixed nod-
ular/diffuseand 10 cases ofcompletely diffuse lym-
phocyte-predominant Hodgkin's disease (LPHD)
were immunophenotyped. The results obtained
were compared with those ofnodular LPHD (nod-
ular paragranuloma). In conventional stains,
nodular/difuse LPHD diferedfrom diffuse LPHD
in the presence of nodularity, which can be best
demonstrated with silver impregnation. Immuno-
histologic analysis showed a correlation ofthe dif-
ference in nodularity with the presence or absence
and pattern of follicular dendritic cell (FDC)
meshwork, ie, a relatively sharply defined and large
spherical meshwork was present in nodular areas
ofnodular/diffuse LPHD, whereas FDCs were either
absent orpresent in a diffuse, ill-defined meshwork,
usually ofsmall size, in the diffuse zones of nodu-
lar/diffuse LPHD and in diffuse LPHD. The amount
of FDC meshwork corresponded roughly to the
number ofreactiveB cells and Tcells, meaning that
in diffuse areas significantlyfewerB cells and more
T cells were observed than in nodular areas. The
immunohistologic analysis also showed that the
antigen profile (positivity with the monoclonal B-
cell marker L26 in the majority [ 14/201 of cases
and negativityfor CD15 in all but one of20 cases)
of the tumor cells in both nodular/diffuse LPHD
and diffuse LPHD were comparable while it was dif-
ferentfrom the antigen profile (L26- and CD15+)
in most cases of nodular sclerosis and mixed cel-
lularity types ofHD. This suggests that the consid-
ered subtypes ofLPHD differ mainly in FDCpattern,
but not in origin and nature of the tumor cells.
Thisfurtherjustifies assignment ofthe above-men-

tioned LPHD subtypes to the category paragranu-
loma (LPHD). (Am JPathol 1991, 138:29-36)

The classification of Hodgkin's disease (HD) into four types
is a result of the Rye Conference.' This classification has
since been commonly accepted and applied. Further
studies suggest that the inclusion of only one lymphocyte-
predominant (LP) type of HD in the Rye classification does
not reflect the true phenotypic spectrum of lymphocyte-
predominant HD (LPHD) but rather represents a pragmatic
compromise. The paragranuloma, ie, LPHD, originally in-
cluded in the Jackson and Parker classification,2 was di-
vided into a nodular and a diffuse type in the classification
of Lukes et al.3 The nodular variant has been investigated
in detail and many arguments in favor of a B-cell neoplasia
have been raised.49 Until now, however, there have been
no immunohistologic studies concentrating on the diffuse
variant of paragranuloma. In addition, a third variant of
LPHD essentially belonging to the mixed cellularity type
of Hodgkin's disease (MCHD) has been described by
Lennert and Mohri.10 According to morphologic data and
immunohistochemical studies,11 this variant belongs to
MCHD rather than to paragranuloma.

The question of which cellular components of the par-
agranulomas form the basis of the histologic difference
between nodular/diffuse paragranuloma and diffuse par-
agranuloma was the subject of this study. To elucidate
this question, we investigated cases of paragranuloma
showing a mixture of nodular/diffuse areas within one
lymph node, as well as completely diffuse variants. The
cellular components were analyzed by immunohisto-
chemical methods using antibodies specific for lympho-
cytes, follicular dendritic cells (FDC), L&H cells,1 and
Hodgkin and Sternberg-Reed (HSR) cells. Studies such
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as this were hampered in the past by the fact that only
paraffin sections, and no frozen sections, of diffuse para-
granuloma and nodular/diffuse paragranuloma cases were
available. The present study was made possible by the
recent generation of two new monoclonal antibodies
(MAbs), 2G712 and 1 F8,'2 recognizing a formalin-resistant
epitope on the CD21 molecule that is strongly and nearly
solely expressed on FDCs,'3 and the MAb L26, strongly
reactive with the B-cell-associated antigen CD20, which
is expressed on B blasts and tumor cells in most cases
of nodular paragranuloma.14-16

Materials and Methods

Paraffin sections from 20 cases of paragranuloma were
stained with hematoxylin and eosin (H&E), Giemsa, pe-
riodic acid-Schiff (PAS), and Gomori's silver impregnation
technique. For immunohistologic labeling, deparaffinized
sections were incubated with the primary monoclonal an-
tibodies listed in Table 1. Visualization of the antigenic
sites was achieved with employment of the alkaline phos-
phatase and monoclonal anti-alkaline phosphatase
(APAAP) method of Cordell et al.'7

Results

The diagnosis of paragranuloma was primarily based on
morphologic criteria (low number of classic HSR cells,
occurrence of typical L&H variants of Hodgkin cells, high
number of small lymphocytes, no relevant numbers of
intermingled eosinophils or plasma cells)'"10 and confirmed
by additional immunostaining with the MAbs L26, CD30,27
and CD15.

Nodular/Diffuse Paragranuloma

In 10 cases, the lymph node biopsies showed a partially
nodular, partially diffuse pattern. In these cases, approx-
imately half of the lymph node sections were composed
of nodules dominated by small lymphocytes, whereas the
other half showed a diffuse growth pattern, as is best
seen in the silver staining (Figure 1 a). In the nodular areas,
one could see a few epithelioid cell clusters, remnants of
germinal centers, and occasionally L&H and HSR cells.
Between the nodules there were areas rich in epithelioid
venules composed mainly of lymphocytes. Small lympho-
cytes dominated in the diffuse areas as well, surrounding
epithelioid cell groups, histiocytes, L&H, and HSR cells.

Immunohistologically, the MAb 2G7 detected FDCs in
the nodular as well as the diffuse areas. The appearance
and distribution of FDCs in these areas was, however,

Table 1. Primary Monoclonal Antibodies (MAb)

MAb Specificity Source/reference

Ki-B3 Subtype of leukocyte Pathol. Inst., Kiel
common antigen Hansmann et a17
predominantly Feller et alf
expressed on B
cells

126 pan B cell Dakopatts
MT1 (CD43) pan T cell, some B- Laboserv

cell lymphomas, Diagnostika, FRG
granulocytes,
macrophages

UCHL1 (CD45RO) T cells, some B-cell Dakopatts
lymphomas,
granulocytes,
and macro-
phages

Ber-H2 (CD30) Formalin-resistant Dakopatts
epitope of CD30- Schwarting et a127
antigen, Hodgkin
cells

2G7 (CD21) Follicular dendritic Petzer et al12
cells

1 F8 (CD21) Follicular dendritic Petzer et al12
cells

Leu-M1 (CD15) Myeloid cells, many Becton Dickinsen
Hodgkin cells

quite different. In the nodular areas, medium-sized to large
meshworks of FDCs could be seen (Figure 1 b; Table 2).
The nodules were more or less demarcated from the in-
terfollicular areas. The FDCs appeared to surround single
cells or small clusters of lymphoid cells.

Occasionally L&H or HSR cells were in direct contact
with the FDC processes (Figure 1 b, inset). The appearance
of medium-sized to large nodular FDC meshworks showed
a direct correlation to that of the nodules demarcated by
reticulin fibers visualized in the silver staining.

Compared with these nodular areas of the lymph
nodes, the diffuse areas showed a quite different FDC
distribution. In the diffuse areas, FDCs formed only small
and mostly ill-defined meshworks. In these areas, the FDC
processes seemed thinner and were not situated so
closely together as in the nodular areas. The meshworks
occasionally showed large holes containing lymphoid cells
that apparently had no contact to the FDC processes.

B cells were stained with the pan-B MAbs Ki-B372 and
L26. B cells could be found in large clusters in the FDC-
rich nodules (Figure 2; Table 2). A few UCHL-1 + and MT1 +
T cells could also be seen in these nodular areas (Table
2). In contrast, the diffuse areas contained only low or
occasionally moderate amounts of Ki-B3+ and L26+ lym-
phocytes (Figure 3a; Table 2). Clusters of B cells could
be detected in those areas containing remnants of FDC
meshworks. Around these small foci of FDC and B cells,
UCHL-1 + (Figure 3b) and MT1 + T cells were seen (Ta-
ble 2).
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Figure 1. a: Lymph node section ofpartly
nodular, partly diffuseparagranuloma. On
the right side nodular, on the left side diffuse
areas (Silver impregnation, X56). b: Im-
munohistochemical demonstration offol-
licular dendritic cells in partly nodular,
partly diffuse paragranuloma. On the right
side large nodules, consisting offollicular
dendritic cells (FDC). On the left side in
the diffuse area small clusters ofFDC Par-
affin section, APAAP method, MAb 2G7, X56
Inset: L.&H cell in direct contact withfollic-
ular dendritic cell (APAAP method, MAb
2G7, paraffin section, X350).

Diffuse Paragranuloma

In contrast to nodular/diffuse paragranuloma, silver stain-
ings of diffuse paragranuloma sections (Figure 4a) showed
no nodules surrounded by reticulin fibers. The 10 cases
of diffuse paragranuloma showed a picture very similar to
the diffuse areas of nodular/diffuse paragranuloma with
regard to cell types and their distribution. Small lympho-
cytes also dominated in these cases. Occasionally, one
could see some germinal center cells, as well as L&H
and HSR cells. Many macrophages and small clusters of
epithelioid cells could also be seen. The immunohistologic
findings in the cases of diffuse paragranuloma were quite
similar to those in diffuse areas in the cases of nodular/
diffuse paragranuloma described above. Follicular den-
dritic cells formed small meshworks with loosely arranged,
relatively thin processes (Figure 4b). In the FDC foci, a
small to moderate number of B cells could be demon-

strated with the MAbs Ki-B3 and L26, whereas T cells
(UCHL-1+, MT1 +) dominated in diffuse areas.

Immunophenotype of L&H and HSR Cells

The immunophenotypes of L&H and HSR cells were iden-
tical in nodular and diffuse areas in cases of nodular/
diffuse paragranuloma. In nodular/diffuse paragranuloma,
L&H and HSR cells reacted with the B-cell MAb Ki-B3 in
one case and with L26 in 6 of 10 cases (Table 3), whereas
they were negative for CD15 (Leu-M1). In sections stained
with the T-cell MAbs UCHL-1 and MT1, the tumor cells
were always negative, but were often surrounded by T
lymphocytes. In 4 of 10 cases, L&H and HSR cells showed
a positive reaction with the CD30 MAb Ber-H2. The re-
action product of all antibodies applied was located mainly
on the cell surface. The Ber-H2 (CD30) MAb occasionally
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Table 2. Distribution ofFollicular Dendritic Cells (FDC) Immunostained with ML4b 2G7 and 1F8 and Number ofB
and T Cells in Nodular and Diffuse Paragranuloma and in Diffuse Paragranuloma

Diffuse
Nodular and diffuse paragranuloma paragranuloma

(n = 10) Nodular area Diffuse area (n = 10)

FDC
Small meshworks without sharp border ++ ++
Medium-sized to large meshworks ++

B cells
Ki-B3+ +++ / /
L26+ ++ +1++ +/++

T cells
UCHL1 + (CD45RO+) + ++/+++ ++/+++
MT1 + (CD43+) + ++1+++ ++1+++

showed an intracytoplasmic reaction in the Golgi region
of L&H and HSR cells.

In diffuse paragranuloma cases, ie, with completely
diffuse growth pattern, the reaction of L&H and HSR cells
was similar to that described above (Table 3). A positive
staining with MAb Ki-B3 occurred in three cases (Figure
5), and with L26 in 8 of 10 cases (Figure 6). L&H and
HSR cells were always negative with MAbs directed
against T cells. A positive reaction with the MAb Ber-H2
(CD30) was seen in 2 of 10 cases. In 1 of 10 cases, a
small portion of the HSR cells showed a weak paranuclear
positivity with MAb Leu-M1 (CD1 5).

Discussion

The present study shows that B-cell antigen expression
(especially L26, and less often Ki-B3) is usually found on
Hodgkin cells in the different subtypes of Hodgkin's dis-
ease such as nodular/diffuse and purely diffuse para-
granuloma. Although B-cell properties of Hodgkin cells
are usually confined to the paragranuloma subtypes and
are not expressed in nodular sclerosis and the mixed cel-
lularity type, there are exceptions. First, there are cases
of nodular sclerosis and mixed cellularity type in which
Hodgkin cells show positive immunoreactions with B-cell
markers.18'9 Second, in 40% of typical cases of nodular
and diffuse paragranuloma and in 20% of the cases of
diffuse paragranuloma in this study, the B-cell lineage of
the Hodgkin cells could not be confirmed immunohisto-
chemically. Absence of L26 positivity does not necessarily
speak against a B-cell nature, however, because it is well
known that B-cell lymphomas can lack a typical B-cell
antigen on their cell membranes during tumor cell differ-
entiation. The L26-negative cases were included in this
study because the classical morphologic criteria of para-
granuloma were fulfilled. These cases did not show the
morphologic features of the lymphocyte-rich variant of
mixed cellularity type, which may be difficult to distinguish
from diffuse paragranuloma in the differential diagnosis.

The morphologic features of the lymphocyte-rich variant
of mixed cellularity type are: a larger number of classic
HSR cells, the lack of typical L&H cells, and a larger num-
ber of intermingled eosinophils and plasma cells.

Hodgkin cells in lymph nodes with nodular/diffuse and
completely diffuse paragranuloma were nearly identical in
CD15 expression. CD15 (Leu-M1) is detectable in Hodg-
kin's cells in most cases of the mixed and nodular scle-
rosing types of Hodgkin's disease but usually absent in
paragranuloma. There are, however, exceptions that ac-
count for approximately 15% of the cases of Hodgkin's
disease of nodular paragranuloma type.11 In the present
study, we found one exception of CD1 5-positive Hodgkin
cells in a case of diffuse paragranuloma. Nonetheless,
CD15 proved to be of considerable aid in distinguishing
between cases of paragranuloma and lymphocyte-rich
mixed type of Hodgkin's disease (which shows CD15+
Hodgkin cells), the most important differential diagnosis
in paragranuloma1l (for a review of the literature, see Hall
and D'Ardenne20).

The above findings suggest that the tumor cells in
nodular, nodular/diffuse paragranuloma and diffuse para-
granuloma are B cell derived and closely related. They
furthermore confirm the justification to group these Hodg-
kin's disease subtypes into the categories paragranuloma
or lymphocyte predominance, separating them from the
other types of HD. The close relationship of the tumor
cells in LP subtypes raises the question of the difference
between these subtypes. According to Regula et al,21
prognosis differs between nodular paragranuloma and dif-
fuse paragranuloma, ie, the patients with diffuse para-
granuloma showed significantly fewer relapses and a
shorter overall survival time than those with nodular para-
granuloma. In our clinical study on LPHD cases, however,
we found a similarly favorable prognosis in cases of both
nodular paragranuloma and diffuse paragranuloma.2223
This finding further supports the assumption that, in prin-
ciple, diffuse paragranuloma and nodular paragranuloma
are variants of the same disease entity. Because patients
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Figure 2. Nodular areas in paragranuloma
showing large numbers ofB cells (Ki-B3+)
(APAAP method, paraffin section, X56).

Figure 3. a: Small clusters and solitary B
cells (Ki-B3+) in diffuseparts ofparagran-
uloma (APAAP method, paraffin section,
X56). b: Diffuse parts ofparagranuloma.
The infiltrate contains many Tlymphocytes
positively immunostained with the mono-
clonal antibody UCHL1 (APAAP method,
paraffin section, X 150).
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Figure 4. a: Fiber network of diffuse para-
granuloma (Silver impregnation, paraffin
section, X56). b: Small clusters offollicular
dendritic cells in diffuse paragranuloma
demonstrated with the monoclonal anti-
body 2G7 (APAAP method, paraffin section,
X56).

with diffuse paragranuloma dominated in the study of
Regula et al,21 whereas in our series of LPHD cases, pa-

tients with diffuse paragranuloma were very rare, it is con-
ceivable that Regula et al included lymphocyte-rich cases

of MCHD in their series, whereas we did not. This might
explain the different prognoses reported in the two studies.
At present, however, this conclusion must remain an as-

sumption, as Regula et al did not perform any immuno-
histologic investigations and based the diagnosis of LPHD
on morphologic criteria only.

In conventional stains, the only difference between dif-
fuse paragranuloma and nodular paragranuloma is the
presence or absence of nodularity or a mixture of both.
Immunostaining of FDCs demonstrated a close correlation

Table 3. Phenotype ofL&H, Hodgkin-, and Sternberg-Reed Cells,
Defined by Monoclonal Antibodies in Paraffin Sections

UCHL1 MT1 Ber-H2 Leu-M1
Ki-B3 L26 CD45RO CD43 CD30 CD15

Nodular and diffuse
paragranuloma
(n = 10) 1/10 6/10 0/10 0/10 4/10 0/10

Diffuse paragranuloma
(n = 10) 3/10 8/10 0/10 0/10 2/10 1/10
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Figure 5. Diffuseparagranuloma. L&H cell
positively stained with the monoclonal an-
tibody Ki-B3, also small lymphocytes show-
ing a positive reaction. Small lymphocytes
intimately surrounding L&H cells are ob-
viously T cells (Ki-B3-) (APAAP method,
paraffin section, X860).

between the degree of nodularity, or its absence, and the
FDC meshwork pattern; ie, a relatively sharply defined
and large spherical meshwork was present in nodular
paragranuloma (perhaps indicating a relationship to
preexisting progressively transformed germinal centers),
whereas either no FDCs or only a diffuse, ill-defined mesh-
work was visible in some areas of nodular/diffuse and in
diffuse paragranuloma.

The FDC meshwork correlated roughly with the number
of B cells in the tumor: the denser and more nodular the
FDC meshworks were, the higher was the proportion of
B cells. In other words, the diffuse cases contained con-
siderably fewer B cells and relatively more T lymphocytes.
In contrast, an even smaller number of B cells and a larger
number of T cells are found in MCHD with a large content
of lymphocytes (23% of B-cell areas in tumors of diffuse

paragranuloma type versus 15% of B-cell areas in lym-
phocyte-rich variant of mixed cellularity type in individual
cases).

The FDC network pattern in HD of other types than
paragranuloma is known to vary greatly, ranging from large
FDC networks to small foci to complete absence of these
cells.16 Even large FDC networks typical for nodular para-
granuloma are not specific but can also be seen in cases
of the nodular sclerosing type.24

In summary, nodular paragranuloma, nodular/diffuse
paragranuloma, and diffuse paragranuloma have identical
tumor cells in common but differ in the pattern of FDC
networks. A convincing explanation for this is the hypoth-
esis that the tumor cells themselves, by secreting cyto-
kines, determine the number and types of intermingled
nonmalignant cells. This also might apply to the expanded

Figure 6. L&H cells showing a positive re-
action with the monoclonal antibody L26
The reaction product is mainly located on
the cell surface (APAAP method, paraffin
section, X860).
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FDC meshworks present in angioimmunoblastic type of
peripheral T-cell lymphoma.5 If true, this would mean that
the tumor cells found in the cases of various LP types
differ mainly in the number or types or mixtures of cyto-
kines they secrete. This concept postulates the existence
of cytokines that can induce the presence of FDC mesh-
work as well as the secretion of large quantities of FDC-
inducing cytokines by tumor cells in cases of nodular
paragranuloma and not in cases of diffuse paragranuloma
without FDCs.
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