








In the majority of NLPHL cases, 25–50% of the lymphocytes
showed moderate to strong expression of c-Maf (table 3). High
numbers of positive cells with a strong staining intensity for c-
Maf were detected preferentially within the neoplastic follicles
and in the lymphocytes, forming rosettes around the L&H cells
(fig 1N and inset). A lower number of c-Maf+ cells were
observed outside of the nodules of NLPHL. While strongly
expressed on rosetting cells, a weak to moderate staining
intensity was observed on non-rosetting lymphocytes. Double
staining of NLPHL sections with c-Maf and CD57 revealed the
abundant presence (90–95% of the c-Maf+ cells were CD57+ and
almost all CD57+ cells were c-Maf+) of c-Maf+/CD57+ phenotype
T-cells as rosette formations around L&H cells or distributed
throughout the nodules (fig 2B). Of 13 CHL cases, nine
exhibited c-Maf staining in ( 10–25% of the T-lymphocytes
(fig 1O). c-Maf+ cells in CHL were distributed randomly
throughout the involved lymph node. Scattered c-Maf+ T-cells
in the vicinity of the HRS cells were also observed, but there
were no extensive rosette formations as in NLPHL.
Paragranuloma type of T/HRBCL cases revealed a ‘‘CHL
pattern’’ of staining with c-Maf antibody although they show
histological similarity to NLPHL. In general, about 15–20% of
the T-cells were c-Maf+, which were randomly distributed; no c-
Maf+ collarettes were observed in the six cases of paragranu-
loma type of T/HRBCL (fig 3).

DISCUSSION
In the present study, we analysed the expression pattern of
three T-cell TFs, considered to be important in TH lineage
commitment, in the reactive cells of HL. T-bet17 and GATA318 19

were identified as master factors regulating induction of TH1
and TH2 pathways respectively. c-Maf is a basic leucine zipper
transcription factor that is expressed in TH2 cells and has a
selective function in regulation of interleukin 4 (IL4) transcrip-
tion.20 c-Maf expression has also been reported in multiple
myeloma,21 and T-betexpression has been found in normal B-
cells22 and some B-cell neoplasms.13 14 To show the T-cell nature
of the positive cells we performed double immunostainings
with T-cell specific markers on control tonsil sections. These
revealed that the vast majority of the c-Maf+ and T-bet+ cells
were indeed of T-cell origin.

We have shown that the reactive T-cells in CHL cases are
predominantly immunoreactive for T-bet. The T-cells in CHL
include cells expressing IL2, IL10, IL13, IFNc, TGFBb1,2 and
FOXP35 and can be regarded as having a TH2-like or immunor-
egulatory phenotype.4 23 This cytokine profile is not consistent
with the ‘‘master TH1 transcription regulator’’17—T-bet expression
in the reactive T-cells of CHL. However, T-betexpression is not
necessarily incompatible with TH2 cytokine production since
retroviral expression of T-bet into TH2 cells does not extinguish
expression of GATA3 or TH2 cytokines.24 Moreover, T-bet
immunoreactivity in the reactive T-cells of CHL does not indicate
a TH1 type immune response per se; recently a new type of CD4+/
CD25� adaptive T-regulatory cell has been identified that is
phenotypically related to TH1 cells with expression of T-bet,
FOXP3, ICOS, IL10 and IFNc.25 Raised levels of FOXP3+ T-cells
were indeed described in CHL, albeit in a low percentage of cases.5

Therefore, it is possible that the TF expression repertoire of the
reactive T-lymphocytes of CHL indicates a specific subpopulation
of T-regulatory cells.

In reactive lymphoid tissues, T-bet+ as well as FOXP3+ T-cell
populations were observed solely in the interfollicular compart-
ment of the reactive lymphoid tissues5; this is consistent with
the presence of CHL in the interfollicular compartment of the
lymph nodes.

In the CHL background population, we also detected GATA3+

and c-Maf+ cells at low numbers which did not exhibit a specific
distribution pattern. The presence of T-cells with a different T-cell
TF expression repertoire suggests various subpopulations with
different specificities and functions. On the other hand, during the
T-cell differentiation process, before achieving restricted expres-
sion in the fully polarised cell, persistent co-expression of both
types of T-cell TFs has been reported in both TH subsets.26

Therefore, it is also plausible that part of the reactive T-cells of
HL are not yet fully committed or have retained the ability to
activate and express TH1 and TH2 type TFs together.

We have shown that c-Maf+ T-cells are predominantly
located within the GCs of the reactive lymphoid tissues. L&H
cells of NLPHL have characteristics of GC B-cells, and the
nodules of NLPHL are considered altered germinal centres.27

Thus, L&H cells, surrounded by c-Maf+ T-cells, proliferate in a
GC-like environment. The CD57+ T-cell rosetting pattern is a
distinct and well known feature of NLPHL,3 but this is the first
demonstration of c-Maf+/CD57+ T-cell rosettes around L&H
cells. Carbone et al28 showed the presence of MUM1/IRF4+ T-
cells, which are located mainly in close proximity to L&H cells
as rosettes. c-Maf is a specific TF for IL4,20 and MUM1/IRF4
synergises with NFATc2 and c-Maf, to augment IL4 promoter
activity as well as to elicit significant levels of endogenous IL4
production.29 However, we have recently reported that in
contrast to their tonsillar counterparts, CD4+/CD57+ T-cells of
NLPHL do not express IL4 even after PMA–ionomycine
activation.2 This suggests that in NLPHL, c-Maf and MUM1/
IRF4 induced expression of IL4 is blocked. c-Maf also has a
transforming ability,30 and has been shown to function as an
oncogene.31 The functional significance of c-Maf+ T-cell rosettes
in NLPHL cases remains to be elucidated.

Figure 2 Double immunostaining of Hodgkin’s lymphoma sections with T-
cell markers. (A) Double staining for T-bet and CD3 in classical Hodgkin’s
lymphoma (CHL) showed that the vast majority of the T-bet expressing
background cells of CHL were CD3+ T-cells. Hodgkin and Reed–Sternberg
cells were also strongly T-bet+. (B) Double staining of nodular lymphocyte
predominance type of Hodgkin’s lymphoma (NLPHL) with c-Maf and CD57
revealed the abundant presence of c-Maf +/CD57+ phenotype T-cells as
rosette formations around lymphocytic and/or histiocytic cells, or widely
distributed in the NLPHL nodule. Original magnification 6 157.5.

Figure 3 Paragranuloma type T/HRBCL. (A) H&E staining of
‘‘paragranuloma’’ type T/HRBCL with neoplastic cells resembling
‘‘popcorn’’ cells of NLPHL and the surrounding non-neoplastic
lymphocytes. (B) c-Maf staining of paragranuloma type T/HRBCL showed
that the c-Maf+ cells were less in number (in this case � 20%) compared to
NLPHL. c-Maf+ cells were randomly distributed and no c-Maf+ rosettes were
present. Original magnification 6 157.5.
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NLPHL can histologically and immunophenotypically resemble
a subset of T/HRBCL cases.32 To investigate whether the presence
of c-Maf+ rosettes is of value in the differential diagnosis between
T/HRBCL and NLPHL, we have stained a specific subtype of cases
referred to as ‘‘paragranuloma type’’ of T/HRBCL16 for c-Maf
antibody. None of the six paragranuloma type of T/HRBCL cases
showed c-Maf+ rosettes but rather showed a ‘‘CHL pattern’’ of c-
Maf staining. Therefore, the presence of c-Maf+ rosettes may help
to distinguish NLPHL from paragranuloma type of T/HRBCL. In
fact, three immunophenotypic features can be used to distinguish
NLPHL from T/HRBCL, including two markers of the neoplastic B
cells (LSP-1, PU.1)33 and one differentially expressed by the non-
neoplastic T cells (c-Maf).

PTGC have been consistently been associated with NLPHL.9 10

Our results further support the hypothesis that PTGC and NLPHL
may both be manifestations of an abnormal follicular centre
reaction. c-Maf staining was most pronounced in the light zone of
GC of the reactive lymph nodes (tables 2 and 3). In transformed
follicles of PTGC cases there was an increased frequency of c-Maf+

T-cells together with loss of zonal distribution of c-Maf reactivity.
Frequent c-Maf+ T-cell rosettes around L&H cells was a common
characteristic of all NLPHL cases, and c-Maf+ rosette like
formations were also detected between broken-up borders of GC
and the mantle zone in transformed follicles of PTGC, albeit at low
frequencies. PTGC and NLPHL nodules contained very few
GATA3+ and T-bet+ T-lymphocytes, which is consistent with an
enlarged mantle zone like B-cell rich area.

In conclusion, we have shown that CHL associated lymphocytes
are mostly T-bet expressing T-cells, whereas NLPHL cases have a
high frequency of c-Maf+/CD57+ T-cells as rosettes or single cells.
The T-cell TF expression pattern of the HL associated T-cells is
consistent with the T-cell TF pattern observed in the distinct
lymphoid compartments in which HL subtypes are diagnosed.
This implies that background T-cells of HL are not randomly
distributed T-cells, but an expansion of the native T-cells or an
influx of T-cells with the same profile as the native T-cells in the
corresponding lymphoid compartments.
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Take-home messages

N Background T-cells of Hodgkin’s lymphoma (HL) are not
randomly distributed T-cells: the reactive T-cells in
classical Hodgkin’s lymphoma (CHL) are predominantly
immunoreactive for T-bet and in NLPHL for c-Maf.

N T-cell transcription factor profiles of HL indicate that the
two types of HL are two different diseases within two
distinctive lymphoid compartments.

N Raised numbers of c-Maf+/CD57+ T-cell rosettes are
characteristic for NLPHL.
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