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The existence, diagnostic features, and the biological and clinical relevance of lymphocyte-rich classical
Hodgkin’s lymphoma remain controversial. A comparative marker analysis of lymphocyte-rich classical
Hodgkin’s lymphoma, nodular lymphocyte-predominance Hodgkin’s lymphoma, and of other subtypes of
classical Hodgkin’s lymphoma was carried out. Markers were selected focusing on B-cell lineage and
transcription program (OCT.1, OCT.2, BOB.1, BCL6, PAX-5, GCET1, KLHL6, and BLIMP1), the NF-kB signaling
pathway (REL-B, C-REL, TRAF-1, p-50, and MUM-1) and the T-cell microenvironment (CD3, CD57, PD-1, CXCL-
13, and CD10, BCL-6, CD23). Lymphocyte-rich classical Hodgkin’s lymphoma cases displayed features
intermediate between those of classical Hodgkin’s lymphoma and nodular lymphocyte-predominance
Hodgkin’s lymphoma. The expression of B-cell transcription factors such as OCT.1, OCT.2, BOB.1, and BCL6
was more frequent in lymphocyte-rich classical Hodgkin’s lymphoma than in classical Hodgkin’s lymphoma. A
follicular T-cell microenvironment was also identified in 50% of lymphocyte-rich classical Hodgkin’s lymphoma
cases. NF-kB markers were expressed at frequencies comparable with those observed in classical Hodgkin’s
lymphoma. The neoplastic cell immunophenotype and microenvironment in lymphocyte-rich classical
Hodgkin’s lymphoma closely mimic that which are observed in the outer zone of the germinal center, where
B-cell blasts with germinal-center markers co-express CD30 and the B-cell transcription program, surrounded
by follicular T-cell rosettes. Lymphocyte-rich classical Hodgkin’s lymphoma seems to be characterized by a
stronger expression of the B-cell transcription program by the neoplastic cells and by a follicular T-cell
background, occupying an intermediate position between classical Hodgkin’s lymphoma and nodular

lymphocyte-predominance Hodgkin’s lymphoma.
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Hodgkin’s lymphoma has been subclassified accord-
ing to the World Health Organization classification
into two different types: classical Hodgkin’s lym-
phoma and nodular lymphocyte-predominant Hodg-
kin’s lymphoma." Classical Hodgkin’s lymphoma
itself may be subdivided into four diagnostic
subtypes: nodular sclerosis, mixed cellularity, lym-
phocyte-rich, and lymphocyte-depleted Hodgkin’s
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lymphoma. Lymphocyte-rich classical Hodgkin’s
lymphoma accounts for only 3-5% of all Hodgkin’s
lymphomas.”® Most lymphocyte-rich classical
Hodgkin’s lymphomas are diagnosed at early stages
and have a better prognosis than do other classical
Hodgkin’s lymphomas, being more similar to nodu-
lar lymphocyte-predominant Hodgkin’s lymphoma.?
Lymphocyte-rich classical Hodgkin’s lymphoma is
characterized histologically by a small number of
Reed—Sternberg cells, distributed at the edge of
reactive follicles, with a classical Hodgkin’s lym-
phoma immunophenotype.

Histological and clinical features of lymphocyte-
rich classical Hodgkin’s lymphoma have been
debated, and there is no clear consensus on whether
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lymphocyte-rich classical Hodgkin’s lymphoma re-
presents a distinct disorder or just an early pre-
sentation of classical Hodgkin’s lymphoma.®

In this study, we have carried out a comparative
marker analysis of lymphocyte-rich classical Hodg-
kin’s lymphoma, nodular lymphocyte-predominant
Hodgkin’s lymphoma, and other classical Hodgkin’s
lymphoma cases, interrogating panels of immuno-
markers selected for the study of the B-cell lineage
and transcription program, the NF-xB signaling
pathway, and the T-cell microenvironment. We have
additionally investigated whether the outer zone of
the germinal center could be a normal counterpart of
lymphocyte-rich classical Hodgkin’s lymphoma,
sharing the immunophenotype of neoplastic cells
and their microenvironment.

Materials and methods

We obtained 143 cases diagnosed earlier as nodular
sclerosis classical Hodgkin’s lymphoma, mixed
cellularity classical Hodgkin’s lymphoma, lympho-
cyte-rich classical Hodgkin’s lymphoma, or nodular
lymphocyte-predominant Hodgkin’s lymphoma
from the files of the Molecular Pathology Programme
of the Spanish National Cancer Centre (CNIO),
Madrid, Spain, under the supervision of the local
ethical committee. All cases were reviewed and
diagnosed according to the criteria of the World
Health Organization® classification. The cases were
grouped into three diagnostic categories: lympho-
cyte-rich classical Hodgkin’s lymphoma (n=16),
nodular lymphocyte-predominant Hodgkin’s lym-
phoma (n=68), and other types of classical Hodg-
kin’s lymphoma (n=59). On the basis of these
categories, three tissue microarray blocks were
constructed using a Tissue Arrayer Device (Beecher
Instrument, Silver Spring, MD, USA), as described
earlier.* All the tissue microarray block sections
were immunostained with a panel of antibodies
against CD30 (CON6D/B9, CNIO Monoclonal Anti-
body Unit, Madrid, Spain), CD20 (L26, DAKO,
Glostrup, Denmark), CD15 (153A/D6, CNIO Mono-
clonal Antibody Unit), OCT.1 (12F11, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), OCT.2 (C-20
polyclonal, Santa Cruz Biotechnology), BOB.1 (poly-
clonal, Santa Cruz Biotechnology), bcl-6 (GI191E/
A8, CNIO Monoclonal Antibody Unit), PAX-5
(polyclonal, Santa Cruz Biotechnology), GCET-1
(341B/C1, CNIO Monoclonal Antibody Unit),
KLHL6 (92C/D9, CNIO Monoclonal Antibody Unit),
MUM-1 (ICSAT/M-17, Santa Cruz Biotechnology),
C-REL (B-6, Santa Cruz Biotechnology), REL-B
(polyclonal, Santa Cruz Biotechnology), TRAF-1
(H-3, Santa Cruz Biotechnology), p-50 (polyclonal,
Gene Tex, San Antonio, TX, USA), IgD (polyclonal,
DAKO), BLIMP-1 (195G/G5, CNIO Monoclonal Anti-
body Unit), CD38 (VS38, DAKQ), CD3 (polyclonal,
DAKO), CD57 (B321/NK-1, Abcam, Cambridge, UK),
PD-1 (NAT105, Abcam?®), CD10 (56C6; Novocastra,
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Newcastle-upon-Tyne, UK), and CXCL13 (53610,
R&D Systems, Minneapolis, MN, USA), using heat-
induced epitope retrieval, as described earlier. Non-
isotopic in situ hybridization for the Epstein—Barr
virus (EBV) early RNA (EBER) was carried out using
a fluorescein-conjugated PNA probe (DAKO) and an
anti-FITC antibody (clone DAK-FITC4, DAKO),
following the manufacturer’s recommendations.
Staining with CD23 (MHMS6, DAKO) was carried
out in whole sections of 15 lymphocyte-rich classi-
cal Hodgkin’s lymphoma cases. Double immunohis-
tochemical or immunofluorescence staining with
PD-1 and CD30, bcl-6 and CD30, OCT.2 and CD30,
and BOB.1 and CD30 was also carried out in reactive
tonsil, reactive lymph nodes, and in six lymphocyte-
rich classical Hodgkin’s lymphoma cases, in which
preserved residual germinal centers could be easily
identified, using protocols described earlier.>® Im-
munofluorescence slides were examined on a Nikon
E800 Eclipse fluorescence microscope (Nikon, King-
ston-upon-Thames, UK) equipped for epifluores-
cence, and images were captured with an Axiocam
charge-coupled device (CCD) camera (Zeiss, Jena,
Germany) and Axiovision software (Imaging Associ-
ates, Bicester, UK), and adjusted using Photoshop
software (Adobe, San Jose, CA, USA).

Statistical analyses, conducted using SPSS 12.0,
consisted of x* tests to compare frequencies of the
three different diagnostic groups of each of the
immunomarkers. Significance was concluded for
values of P<0.05.

Results

Results are presented for the diagnostic groups, and
separately for the tumoral cell phenotype and T-cell
microenvironment.

Tumoral Cell Phenotype

The main features related to the tumoral cell
phenotype are summarized in Table 1 and illu-
strated in Figures 1 and 2.

Classical Hodgkin’s lymphoma
Mononuclear Hodgkin’s cells and multinucleated
Reed-Sternberg cells were CD30 positive in all
cases, whereas a CD15 expression was seen in 52%
of cases. Seven percent of cases were CD20 weakly
positive, whereas an EBER expression in the mono-
nuclear Hodgkin’s cells and multinucleated Reed—
Sternberg cells was detected in 29% of cases.
Regarding the B-cell lineage and transcription
program, OCT.1, OCT.2 and their coactivator BOB.1
were expressed by mononuclear Hodgkin’s cells and
multinucleated Reed—Sternberg cells only in 21, 34,
and 26% of cases, respectively. All cases were Bcl-6
negative. Moreover, mononuclear Hodgkin’s cells
and multinucleated Reed—Sternberg cells expressed
Pax-5 (moderate to strong staining) in 80% of the
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Table 1 Summary of the immunohistochemical findings

Percentage positive cases (positive/valuable cases)

Antibody CHL (n=59) LRCHL (n=16) NLPHL (n=68)
CD30 100 (59/59) 100 (16/16) 0 (0/68)
CD20 7 (4/58) 31 (5/16) 98 (48/49)
CD15 52 (31/59) 56 (9/16) 4 (6/68)
EBER 29 (17/58) 31 (5/16) 1 (1/57)
OCT.1 21 (12/58) 50 (8/16) 69 (42/61)
OCT.2 34 (20/58) 56 (9/16) 100 (54/54)
BOB.1 26 (15/58) 62 (10/16) 97 (62/64)
Bcl-6 0 (0/55) 31 (5/16) 82 (51/62)
Pax-5 80 (45/56) 94 (15/16) 94 (60/64)
GCET-1 21 (11/52) 0 (0/16) 74 (44/59)
KLHL6 40 (23/57) 69 (11/16) 78 (47/60)
MUM-1 100 (58/58) 100 (16/16) 20 (13/64)
c-Rel 60 (35/58) 25 (4/16) 20 (12/59)
Rel-B 54 (31/57) 12 (2/16) 40 (22/55)
TRAF1 95 (54/57) 100 (16/16) 19 (14/57)
p-50 85 (46/54) 73 (11/15) 36 (22/61)
IgD 0 (0/59) 6 (1/16) 17 (10/60)
Blimp-1 27 (16/58) 25 (4/16) 50 (27/54)
CD38 10 (6/58) 0 (0/16) 9 (6/63)

cases, and 40% expressed the BTB-kelch protein,
KLHL6. The recently described GCET1 (germinal-
center B-cell-expressed transcript-1) was observed in
21% of cases. Six of the 58 cases expressed CD38
(10%) and Blimp-1 was observed in 16 of the 58 cases
(27%). All cases were IgD negative.

With respect to the NF-kB signaling pathway,
c-Rel and Rel-B nuclear staining in mononuclear
Hodgkin’s cells and in multinucleated Reed—Stern-
berg cells was observed in 60 and 54% of cases,
respectively. TRAF1 and p-50 were detected in
mononuclear Hodgkin’s cells and in multinucleated
Reed—Sternberg cells in 95 and 85% of the cases,
respectively. All cases were MUM-1 positive.

Nodular lymphocyte-predominant Hodgkin’s
Iymphoma

Lymphocytic and/or histiocytic Reed—Sternberg cell
variants were CD20 positive in 98% of the cases,
CD30 was consistently negative, and CD15 was
expressed in 6 out of 68 cases (4%). EBER was only
detected in one case.

Figure 1 Expression of OCT.1 and BOB.1 in CHL (a), LRCHL (b), and NLPHL cases (c).

Modern Pathology (2009) 22, 1006—1015
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Figure 2 Expression of Rel-B, p-50, and TRAF-1 in CHL (a), LRCHL (b), and NLPHL cases (c), respectively.

In this group, OCT.2 was expressed in all cases,
BOB1 in 97%, and OCT.1 in 69% of the cases. Other
B-cell lineage markers such as bcl-6, Pax-5, KLHLS6,
and GCTE-1 were detected in 82, 94, 78, and 74% of
the cases, respectively. With regard to plasma cell
differentiation, Blimp-1 was detected in 50% of
cases, but IgD and CD38 were only shown in 10 of 60
(17%) and in 6 of 63 (10%) cases, respectively.

Nuclear expression of NF-kB subunits in nodular
lymphocyte-predominant Hodgkin’s lymphoma was
rarely seen. Staining was observed for c-Rel in only
20%, for Rel-B in 40%, for TRAF1 in 19%, and for p-
50 in 36% of cases. MUM-1 staining was observed in
20% of the cases.

Lymphocyte-rich classical Hodgkin’s lymphoma

All the cases diagnosed as lymphocyte-rich classical
Hodgkin’s lymphoma had classical CD30-positive
mononuclear Hodgkin’s cells and a multinucleated
Reed—Sternberg immunophenotype. They were pre-

dominantly CD15 positive (56%) and 31% of cases
were EBER positive. Pax-5 was expressed in 94% of
cases. CD20 was observed in 31% of cases, which
was more frequent than that in classical Hodgkin’s
lymphoma, but not significantly so.

Interestingly, immunomarkers related to the B-cell
transcription program were identified: OCT.1 was
expressed in 50%, OCT.2 in 56%, and BOB.1 in 62%
of cases. Germinal-center immunomarkers were also
detected (Bcl-6 in 36% and KLHL6 in 69%), except
for GCET-1, which was constantly negative.

The expression of NF-kB subunits was variable. C-
Rel and Rel-B were expressed in 25 and 12% of
cases, respectively. Nevertheless, TRAF-1 and p-50
(NF-xB1) (canonical pathway) were observed in 100
and 73% of the cases, respectively. MUM-1 was
positive in all cases.

IgD and Blimp-1 were only observed in 1 (6%) and
4 (25%) of the 16 cases, respectively. CD38 was
constantly negative.
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T-Cell Microenvironment

The main features related to the T-cell microenvir-
onment are summarized in Table 2 and illustrated in
Figure 3.

Nodular lymphocyte-predominant Hodgkin’s
lymphoma

A total of 77% of the nodular lymphocyte-predomi-
nant Hodgkin’s lymphoma cases showed distinct

Table 2 Immunophenotype of T-cell rosettes

Percentage positive cases (positive/valuable cases)

Antibody CHL (n=59) LRCHL (n=16) NLPHL (n=68)
CD3 17 (0/57) 62.5 (10/16)  55.22 (37/67)
CD57 0 (0/55) 20 (3/15) 77.19 (44/67)
PD-1 (Nat-105) 0 (0/52) 53.33 (8/15) 87.69 (57/65)
CXCL-13 0 (0/54) 12.5 (2/16) 12.31 (8/65)
Bcl-6 0 (0/59) 0 (0/16) 0 (0/68)
CD-10 0 (0/59) 0 (0/16) 0 (0/68)

Modern Pathology (2009) 22, 1006—1015

CD57-positive rosettes surrounding tumoral cells.
The rosettes were also apparent with PD-1 (NAT-
105) in a higher proportion of cases (88%) compared
with CD57. These T-cell rosettes were also identified
with CD3 in 55% of the cases. Moreover, eight
cases showed CXCL-13-positive T-cell rosettes. No
bcl-6-positive or CD10-positive T-cell rosettes were
observed.

Classical Hodgkin’s lymphoma

No follicular T-cell rosettes surrounding mononuc-
lear Hodgkin’s cells and multinucleated Reed-
Sternberg cells could be identified in this diagnostic
group with either of the immunomarkers, except in
CD3, which yielded T-cell rosettes in 10 cases
(17%).

Lymphocyte-rich classical Hodgkin’s lymphoma

Cases diagnosed as lymphocyte-rich classical Hodg-
kin’s lymphoma displayed follicular T-cell rosettes
surrounding tumoral mononuclear Hodgkin’s cells
and multinucleated Reed-Sternberg cells. With



Table 3 Statistical analysis (NS =not significant)

Tumoral cell CHL vs LRCHL vs NLPHL vs
LRCHL NLPHL CHL
CD30 NS P<0.05 P<0.05
CD20 NS P<0.05 P<0.05
CD15 NS P<0.05 P<0.05
EBER NS P<0.05 P<0.05
OCT.1 P<0.05 NS P<0.05
OCT.2 NS P<0.05 P<0.05
BOB.1 P<0.05 P<0.05 P<0.05
Bcl-6 P<0.05 P<0.05 P<0.05
Pax-5 NS NS P<0.05
GCET-1 P<0.05 P<0.05 P<0.05
KLHL6 P<0.05 NS P<0.05
MUM-1 NS P<0.05 P<0.05
c-Rel P<0.05 NS P<0.05
Rel-B P<0.05 P<0.05 NS
TRAF1 NS P<0.05 P<0.05
p-50 NS P<0.05 P<0.05
IgD NS NS P<0.05
Blimp-1 NS NS P<0.05
CD38 NS NS NS
T-cell rosettes
CD3 P<0.05 NS P<0.05
CD57 P<0.05 P<0.05 P<0.05
PD-1(Nat-105) P<0.05 P<0.05 P<0.05
CXCL-13 P<0.05 NS P<0.05
Bcl-6 NS NS NS
CD-10 NS NS NS

CD57, 20% of the cases presented follicular T-cell
rosettes, whereas with PD-1 (NAT-105), these were
observed in 53% of cases. All cases with CD57-
positive T-cell rosettes also showed PD-1 positivity
in the rosetting T-cells.

Staining with CD23 was performed in whole
sections of 15 cases. In 13 of the 15 cases (86%),
tumoral cells were embedded in follicular dendritic
cell meshworks, clearly surrounding the tumoral
cells and forming nodular areas.

Statistical analysis revealed significant differ-
ences among the three diagnostic groups for many
immunomarkers (Table 3).

Reactive follicles

Reactive tonsils and lymph nodes were analyzed as
controls. Immunostaining showed the presence of
large cells, positive for each of CD30, OCT.2, and
BOB.1, which were limited to the outer zone of the
germinal centers (Figure 4). Bcl-6 was not consis-
tently expressed by the CD30-positive cells located
in the outer zone.

Double immunofluorescence and immunohisto-
chemical study

Reactive tonsils and lymph nodes showed CD30-
positive cells limited to the outer zone of the
germinal centers partially surrounded by T cells,
sometimes forming a perfect rosette, with an
immunophenotype similar to the T-cell rosettes
described in lymphocyte-rich classical Hodgkin’s

Lymphocyte-rich classical Hodgkin’s lymphoma
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lymphoma and nodular lymphocyte-predominant
Hodgkin’s lymphoma, namely, CD57- and PD-1-
positive cases, respectively (Figure 4). This could
also be seen in preserved residual germinal centers
of six lymphocyte-rich classical Hodgkin’s lympho-
ma samples, in which CD30-positive cells were also
surrounded by T cells (PD-1-positive), and seemed
to invade from the outer zone the interfollicular
areas forming the tumoral mononuclear Hodgkin’s
cells and multinucleated Reed—Sternberg cells, still
surrounded by T cells (Figure 5).

Discussion

Lymphocyte-rich classical Hodgkin’s lymphoma has
been described as being a distinct subtype of
classical Hodgkin’s lymphoma with scattered
CD30-positive and CD15-positive HRS cells on a
nodular or diffuse background of small lympho-
cytes. Morphologically, it mimics nodular lympho-
cyte-predominant Hodgkin’s lymphoma, but has an
immunophenotype similar to that of classical Hodg-
kin’s lymphoma.™” Before this description, cases
with the same features were known as ‘follicular
Hodgkin lymphoma.’”® Lymphocyte-rich classical
Hodgkin’s lymphoma has been considered by some
authors to be a distinct entity, exhibiting features of
classical Hodgkin’s lymphoma and nodular lympho-
cyte-predominant Hodgkin’s lymphoma, but with a
different pattern of clinical presentation and age and
sex distributions from other classical Hodgkin’s
lymphomas, and an excellent prognosis after treat-
ment with current treatment regimens.> Conversely,
other investigators have suggested that lymphocyte-
rich classical Hodgkin’s lymphoma represents an
early stage in the spectrum of classical Hodgkin’s
lymphoma rather than being a biologically separate
disease entity. The observations described here
seem to confirm the distinct profile of lymphocyte-
rich classical Hodgkin’s lymphoma neoplastic cells
and their microenvironment, with its characteristic
mixture of features of nodular lymphocyte-predo-
minant Hodgkin’s lymphoma and classical Hodg-
kin’s lymphoma. Thus, mononuclear Hodgkin’s
cells and multinucleated Reed—Sternberg cells in
lymphocyte-rich classical Hodgkin’s lymphoma ex-
hibit a full classical Reed-Sternberg cell profile
(CD30 positive, CD15 positive, EBV/LMP positive
for EBV-positive cases) simultaneously with a
relatively well-preserved B-cell transcription pro-
gram including BOB.1, OCT.1, OCT.2, some GC
markers such as KLHLS, a lower frequency of BCL6,
and the same frequency of NF-kB activation markers
as in classical Hodgkin’s lymphoma. By contrast,
nodular lymphocyte-predominant Hodgkin’s lym-
phoma cases do not have a classical Reed—Sternberg
cell profile. Most do not show NF-kB activation
markers but instead display B-cell transcription
machinery markers such as OCT.1, OCT.2, and
BOB.1. The presence of B-cell transcription markers
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Figure 4 Reactive lymphoid follicles of the tonsil with the presence of CD30-positive cells surrounded by PD-1-positive T cells localized
in the outer zone of the germinal center (a). These cells have a variable expression of Bcl-6 (b), and express OCT.2 (c) and BOB.1 (d).

in lymphocyte-rich classical Hodgkin’s lymphoma
is consistent with earlier observations made by
Brauninger et al.,®* whose mutational studies of the
rearranged Ig genes of mononuclear Hodgkin’s cells
and multinucleated Reed—Sternberg cells in lym-
phocyte-rich classical Hodgkin’s lymphoma showed
differences from those in lymphocytic and/or his-
tiocytic Reed—Sternberg cell variants of nodular
lymphocyte-predominant Hodgkin’s lymphoma.
Their presence also resembles the findings in
classical Hodgkin’s lymphoma, suggesting that
mononuclear Hodgkin’s cells and multinucleated
Reed—Sternberg cells in lymphocyte-rich classical
Hodgkin’s lymphoma derive from germinal-center
B-cells that silence hypermutation.®

Here we have analyzed relatively new germinal-
center markers such as KLHL6 and GCET1. KLHL6
is a BTB-kelch protein involved in germinal-center
B-cell maturation,'® whereas GCET1 (germinal-cen-
ter B cell-expressed transcript-1) is thought to be
expressed exclusively by neoplasms that arrested at
the germinal-center stage of differentiation.'* These
markers were positive in most of the nodular

Modern Pathology (2009) 22, 1006—1015

lymphocyte-predominant Hodgkin’s lymphoma
cases, which is evidence of a germinal-center stage
of differentiation in lymphocytic and/or histiocytic
Reed—Sternberg cell variants." Interestingly, mono-
nuclear Hodgkin’s cells and multinucleated Reed—
Sternberg cells in lymphocyte-rich classical Hodg-
kin’s lymphoma commonly express KLHL6 (69%, 11
of 16), a molecule that has been implicated in BCR
signal transduction and in the formation of the full
germinal-center response.®

NF-xB activation is considered to be an important
survival factor for mononuclear Hodgkin’s cells and
multinucleated Reed-Sternberg cells in classical
Hodgkin’s lymphoma, whereby the inactivation of
factor NF-kB in Hodgkin’s lymphoma cell lines
leads to the apoptosis of neoplastic cells.”*
Different expression patterns of NF-kB subunits
and related molecular factors have been shown in
classical Hodgkin’s lymphoma and nodular lympho-
cyte-predominant Hodgkin’s lymphoma, with c-Rel
protein, Rel-B, p-50, TRAF1, and MUM-1 being
significantly more frequently expressed in the
former. Our results are similar, supporting the
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Figure 5 CD30-positive cells localized in the outer zone of residual germinal centers of LRCHL cases (a) surrounded by PD-1-positive
T cells (b). Also evidenced by the double immunofluorescence study (c, d).

hypothesis that there is a low or null degree of NF-
kB activation in nodular lymphocyte-predominant
Hodgkin’s lymphoma. Interestingly, lymphocyte-
rich classical Hodgkin’s lymphoma not only resem-
bles nodular lymphocyte-predominant Hodgkin’s
lymphoma in its low level of Rel-B and c-Rel
expression but also resembles classical Hodgkin’s
lymphoma with its high degree of expression of
TRAF1 and p-50,""® which supports the interpreta-
tion that NF-xB is activated only by canonical or
classical pathways, and not by non-canonical or
alternative pathways in lymphocyte-rich classical
Hodgkin’s lymphoma.

With regard to the microenvironment, we have
examined the presence of follicular T-cell rosettes
with preserved follicular dendritic cell meshworks.
The presence and histological distribution of folli-
cular T cells is becoming more widely considered as
useful for exploring the pathogenesis of several
lymphoproliferative disorders.>'”*® Follicular T-cell
rosettes surrounding tumoral lymphocytic and/or
histiocytic Reed-Sternberg cell variants within
nodular areas of follicular dendritic cell meshworks

are considered a diagnostic feature of nodular
lymphocyte-predominant Hodgkin’s lymphoma.
These cells have an immunophenotype similar to
that of intrafollicular T cells, that is, they are CD57
positive and PD- 1 positive and co-express bcl-6."°
We recently found that the presence of T-cell
rosettes is not a unique and defining feature of
nodular lymphocyte-predominant Hodgkin’s lym-
phoma, as it also occurs in lymphocyte-rich classi-
cal Hodgkin’s lymphoma.'” None of the cases of
classical Hodgkin’s lymphoma in this study pre-
sented T-cell rosettes, but a significantly large
number of lymphocyte-rich classical Hodgkin’s
lymphoma cases showed follicular T-cell rosettes,
presumably reflecting the germinal-center origin of
the tumoral cells in nodular lymphocyte-predomi-
nant Hodgkin’s lymphomas, and in at least a
substantial proportion of lymphocyte-rich classical
Hodgkin’s lymphomas.'” These rosettes had already
been recognized by Ashton-Key et al.? in a series of
four cases of CD30-positive and CD15-positive
classical Hodgkin’s lymphomas that histologically
resembled nodular lymphocyte-predominant Hodgkin’s
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lymphoma, although the follicular T-cell phenotype
of the rosetting cells was not noted. The immuno-
phenotype of the tumoral lymphocytic and/or
histiocytic Reed—Sternberg cell variants in nodular
lymphocyte-predominant Hodgkin’s lymphoma
(CD20, OCT.2, BOB.1, BCL6, and PAX-5) shows that
nodular lymphocyte-predominant Hodgkin’s lym-
phoma cells preserve the expression of a full B-cell
program, whereas the presence of follicular
T cells surrounding tumoral cells suggests that the
germinal-center microenvironment is also main-
tained. This is not the case for classical Hodgkin’s
lymphoma, in which the B-cell program and the
germinal-center microenvironment are lost. Never-
theless, in lymphocyte-rich classical Hodgkin’s
lymphoma, the B-cell program and the germinal-
center microenvironment seem to be at least
partially preserved.

Neoplastic cell features and microenvironment
sub-populations in lymphocyte-rich classical Hodg-
kin’s lymphoma bear a resemblance to the CD30-
positive large B-cells situated in the outer zone of
reactive germinal centers that are present in tonsils
and lymphadenitis, and also in the residual germ-
inal centers of lymphocyte-rich classical Hodgkin’s
lymphoma-involved lymph nodes. The outer zone
refers to the germinal-center border adjacent to the
follicular mantle. The outer zone of the follicle, first
described by Hardie et al.,*® is distinguished by the
presence of follicular dendritic cells with a low level
of expression of CD23, which distinguishes it from
the adjacent follicular mantle and apical light zone.
The outer zone was described as containing small
lymphoid cells, blasts, and plasmacytoid cells, with
many cells of the outer zone strongly expressing
CDw75. Hauser et al.** described the tendency of
germinal-center B cells to migrate toward the outer
zone of the germinal center, and Brink®? questioned
whether this reflected a need for interactions with T
cells or antigen-bearing cells bordering the germinal
center. Indeed, although the specific function of the
outer zone is still essentially unknown, antibodies
for follicular T-cell markers such as PD-1 clearly
show that the PD-1-positive cells in reactive follicles
very characteristically occupy this outer zone.'”
Interestingly, B-cell blasts situated in the outer zone
have an immunophenotype that closely mimics that
of lymphocyte-rich classical Hodgkin’s lymphoma
neoplastic cells, with expressions of OCT.2 and
BOB.1, and a lower frequency of BCL6. These B-cell
blasts express CD30 and are surrounded by a rim of
follicular T cells.

In conclusion, lymphocyte-rich classical Hodg-
kin’s lymphoma seems to be a distinct entity that
shares similarities with both classical Hodgkin’s
lymphoma and nodular lymphocyte-predominant
Hodgkin’s lymphoma, and seems to derive from
germinal-center B cells that maintain a germinal-
center microenvironment, mimicking the patterns
seen in B-cell blasts and T-cell sub-populations in
the outer zone of the reactive germinal centers.
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