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Abstract
Peripheral T-cell lymphomas (PTCL) are functionally and morphologically complex. EBV-
positive B- cells have been reported in angioimmunoblastic T-cell lymphoma (AITL) and other
PTCL and may mimic Hodgkin/Reed-Sternberg (HRS) cells, but EBV-negative HRS-like B-cells
have not been described. We wished to assess the nature of the PTCL associated with HRS-like
cells, and to determine whether EBV-negative HRS-like cells may be seen. We identified 57
PTCL cases reported as containing HRS-like cells. These included 32 AITL, 19 PTCL-NOS, 3
PTCL-NOS, follicular variant, 1 PTCL-NOS, T-zone variant and 2 adult T-cell leukemia/
lymphoma (ATLL). All patients were adults, median age, 63, and presented with
lymphadenopathy. The male: female ratio was 31:26 (1.2:1). Clonal TRG rearrangement was
detected in 46/53 cases. 6/38 cases had a concomitant clonal immunoglobulin gene rearrangement.
In 52/57 cases the HRS cells were positive for EBV. Five cases, three classified as AITL and two
as PTCL-NOS, follicular variant, contained HRS-like cells negative for EBV. All PTCL with
EBV-negative HRS cells had a TFH-immunophenotype. The neoplastic T-cells expressed CD3,
CD4, and PD-1, and formed rosettes around the HRS-like cells. The HRS-like cells were positive
for CD20 (variable intensity), PAX5, CD30 and CD15 (4/5). We conclude that both EBV positive
and EBV negative HRS-like B-cells may occur in the background of PTCL; caution is needed to
avoid misdiagnosis as CHL. The close interaction between the HRS-like cells and the rosetting
PD-1-positive T-cells suggests a possible pathogenetic role in this phenomenon, and provides new
insights into the abnormal B-cell proliferations that occur in the context of TFH malignancies.
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Introduction
Peripheral T-cell lymphomas are functionally and morphologically complex. In recent years
much attention has focused on lymphomas derived from T-follicular helper cells (TFH).
These include angioimmunoblastic T-cell lymphoma (AITL), but also the follicular variant
of peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS), and primary CD4-
positive small medium cutaneous T-cell lymphoma. While all are accepted as clonal and
neoplastic T-cell lymphoproliferations, there has been greater recognition in recent years of
the abnormal B-cell expansions that can be a component of these tumors. This phenomenon
has been described mainly in conjunction with AITL and more rarely with PTCL-NOS.
Many of the B-cell lymphoproliferations are Epstein-Barr Virus (EBV) -positive, and it was
postulated that the expansion of EBV-positive B-cells was related to defective immune
surveillance secondary to underlying T-cell malignancy. 1–7

More recently EBV-negative B-cell expansions have been recognized, often with
plasmacytic differentiation. 8,9 With the knowledge that most of the T-cell lymphomas were
derived from TFH cells, it was hypothesized that the neoplastic T-cells functioned as helper
cells, to promote B-cell proliferation.

In 1999, our group described Hodgkin-Reed-Sternberg (HRS)-like cells of B-cell derivation
in the context of PTCL, with the majority of cases classified as AITL. 10 The HRS-like cells
had the morphology and immunophenotype of classical Reed-Sternberg cells, and were
EBV-positive. Other authors confirmed these observations. 4,11 Interestingly, the HRS-like
cells appeared to be a transient phenomenon, perhaps due to defective immune surveillance,
since the patients did not progress to clinically significant classical Hodgkin’s lymphoma
(CHL). To date, instances of HRS-like cells negative for EBV are mentioned only in a report
from a workshop on T-cell lymphomas, noting two such cases. 12

To better assess the nature of the T-cell lymphomas associated with HRS-like cells, and to
determine if HRS-like cells negative for EBV may be seen, we reviewed all PTCL reported
as containing HRS-like cells since our original report of 1999. We identified 57 mature T-
cell lymphomas with HRS-like cells of B-cell lineage. Notably, in five cases, the HRS-like
cells were negative for EBV (three AITL and two PTCL-NOS, follicular variant). Thus, this
phenomenon cannot be attributed solely to defective surveillance for EBV, and suggests
other mechanisms for the abnormal B-cell proliferation.

Material and Methods
Case selection

The pathology data base of the Hematopathology Section, Laboratory of Pathology,
National Cancer Institute, was searched for mature T-cell lymphomas accrued since 1999
and reported as containing HRS-cells or a Hodgkin-like lesion. After initial review, fifty-
seven T-cell lymphoma cases containing cells with the morphology and immunophenotype
of HRS-cells, and the presence of one or more B-cell markers on the HRS-like cells, were
chosen for this report. Histopathologic diagnosis of the T-cell malignancy was rendered by
the authors according to the 2008 World Health Organization classification. 13 The study
was approved by the NCI Institutional Review Board.
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Immunohistochemistry studies
Immunohistochemistry studies were performed on available formalin-fixed paraffin-
embedded tissue (FFPE) sections using the following antibodies: CD20, CD3, CD4, CD8,
CD10, CD15, CD30, CD21, CD79a, PAX5, Oct-2, Bcl-6, MUM1, PD-1, IgD, kappa,
lambda and LMP1 according to previously published techniques. 14,15 The panel of
antibodies, clone, dilution and source are listed in table 1.

In situ hybridization for Epstein-Barr Virus (EBV) - encoded RNA (EBER)
In situ hybridization was performed on FFPE sections, using EBER1 DNP probe supplied
by Ventana on an automated stainer (Ventana-Benchmark XT, Tucson, AZ). ISH iView blue
plus system with alkaline phosphatase and nitroblue tetrozolium and 5-bromo-4-chloro-3-
indolyl phosphate substrate, with Fast Red as contrast was used for visualization. To assess
the appropriate staining, a positive control was run with the cases.

Molecular studies
Studies of T-cell receptor γ chain (TRG) and immunoglobulin heavy and/or light chain
rearrangement were available in 53 and 38 cases, respectively. Polymerase chain reaction
(PCR) or genomic Southern Blot analysis (case 3) were carried out on whole tissue extracts
from paraffin-embedded tissue. The PCR reactions were run according to the protocols
previously detailed by Venkataraman et al. 16 and Eberle et al. 15 For the TRG locus, we
used primers that interrogate all of the known Vγ family members and the J1/2, JP1/2, and
JP joining segments. 17 For the IGH locus, we employed consensus primers directed against
the joining region (JH) with forward primers for the VH framework (FR) III and VH FR-II;
for the IgK analysis, the primer sets interrogated rearrangements involving the Vκ loci and
Jκ (tube A), the Vκ locus and the κDE locus (tube B), and the κ-intron RSS locus and the
κDE locus (tube B) (InvivoScribe Technologies, Inc, San Diego, CA). The products were
analyzed by either acrylamide gel electrophoresis, or by capillary electrophoresis on an ABI
3130xl Genetic Analyzer (Applied Biosystems, Foster City, CA).

Results
Fifty-seven cases of T-cell lymphoma were identified based on the criteria stipulated. They
were further subclassified as: AITL, 32 cases; PTCL-NOS, 19 cases; PTCL-NOS, follicular
variant, 3 cases; PTCL-NOS, T-zone variant, 1 case. Twenty-six percent of PTCL-NOS
(5/19) expressed TFH-cell markers (CD4 and CD10 with or without Bcl-6), but lacked
classical features of AITL or the follicular variant. Two cases of adult T-cell leukemia/
lymphoma (ATLL) were included, one of which was previously reported.16 A summary of
the demographic, clinical and molecular data is presented in table 2. All patients were adults,
with a median age of 63 years (n=57). The male:female ratio was 31:26 (1.2:1). All patients
presented with lymphadenopathy, with rare involvement of extranodal sites: skin (1) and
tongue (1).

The neoplastic nature of the T-cell proliferation was further confirmed by a clonal TRG
rearrangement, which was detected in 46/53 cases. In addition, in 6/38 cases, a clonal
immunoglobulin gene rearrangement was found. In 52/57 cases, the HRS-like cells were
positive for EBV (Fig. 1). In all EBV-positive cases (52) the HRS-like cells showed
evidence of B-cell lineage. PAX5 was strongly positive in 37% and more weakly positive in
63%. CD20 was strongly expressed in 32%; variably expressed in 32% and negative in 36%.
CD30 was positive in 100% of cases. The HRS-like cells were CD15-positive in 41/51
(80%) of cases, with 12/51 (24%) showing only focal staining. CD15 was negative in 10/51
(20%).
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Five cases, three classified as AITL and two as PTCL-NOS, follicular variant, contained
HRS-like cells negative for EBV. The features of these cases are discussed in greater detail
below.

Clinical data of EBV-negative cases
The clinical features of the EBV-negative cases are summarized in table 3.

The patients ranged in age from 51 to 83 years (median 67 years) and included 3 men and 2
women. All presented with nodal involvement and three patients had stage IV disease. One
patient (case 1) presented with skin rash, weight loss, splenomegaly and biochemically had
high levels of lactate dehydrogenase, alkaline phosphatase and beta 2-microglobulin. Skin
rash was also seen in case 5. Clinical follow-up was available in three of five patients. One
patient is in complete remission and asymptomatic three months after systemic
chemotherapy and autologous bone marrow transplant. One patient has persistent
lymphadenopathy 12 months after diagnosis; the patient has refused therapy at this point in
time. Case 5 was initially diagnosed and treated for CHL; recurrences developed in the
inguinal lymph nodes at 2 years and in the skin/soft tissue of the right forearm and axillary
lymph nodes at 7 years, at which time a diagnosis of T-cell lymphoma was established. He
is currently undergoing therapy.

Pathologic findings
Cases 1, 2, 3: Angioimmunoblastic T-cell lymphoma—Lymph node architecture
was partially effaced by a polymorphous cellular infiltrate, which focally breached the
capsule involving the perinodal adipose tissue. The peripheral cortical sinus was preserved
and dilated (Fig. 2A). The atypical cells were medium sized lymphocytes with round to
angulated nuclei and abundant pale cytoplasm (Fig. 2B), and clustered around arborizing
high endothelial venules. Hodgkin-like cells with abundant pale cytoplasm and uni-, bi or
multilobated nuclei with prominent eosinophilic or basophilic nucleoli were distributed in
the paracortex, amidst the paracortex. (Fig. 2B). In all three cases, the atypical HRS-like
cells also had a focal intrasinusoidal distribution (Fig. 2C, detail in inset). The background
contained small lymphocytes, histiocytes, plasma cells, eosinophils and rare
polymorphonuclear leukocytes. Regressed and peripheralized follicles were observed (case
1 and 2), corresponding to AITL type III as per Attygalle et al. 18

Cases 4 and 5: PTCL-NOS, follicular variant—The nodal architecture was altered by
multiple irregular, disrupted follicles, reminiscent of progressive transformation of germinal
centers (Fig. 3A). The nodules corresponded to expanded follicular mantles, highlighted by
CD20 and IgD. Within the nodules, clusters and larger aggregates of small-medium sized T-
lymphocytes with moderate pale cytoplasm and slight nuclear variability were seen (Fig. 3B,
C). Amidst the T-cell nodules and in the focally expanded paracortex, there were single
scattered large atypical lymphoid cells reminiscent of HRS cells (Fig. 3C, detail inset). The
appearance resembled lymphocyte-rich CHL, imparting a moth-eaten appearance within the
nodules. The background lymphocytes in the paracortex showed some atypia, but the
atypical cytology was more readily appreciated in CD3-immunostained sections (Figure 4).
A rich inflammatory background, characterized by varying numbers of eosinophils,
neutrophils and plasma cells was also identified in case 5.

Sections of the right forearm lesion (case 5) showed fibro-adipose tissue with a vaguely
nodular atypical small lymphocytic infiltrate. In contrast to the prior lymph node biopsies,
there were only rare HRS-like cells. Numerous eosinophils, histiocytes and focally
prominent vessels were also present in the background.

Nicolae et al. Page 4

Am J Surg Pathol. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Case 3, was notable for presence of overlapping features between AITL and the follicular
variant of PTCL. It showed intrafollicular accumulations of atypical T-cells which
surrounded the HRS-like cells. However, it was classified as AITL, based on dilated
subcapsular sinuses, a similar population of cells in the paracortex mainly in association
with a hyperplastic vascular network, and expanded FDC meshworks around the high
endothelial venules.

Immunophenotypic findings
The immunophenotype of the malignant T-cells and HRS-like cells in all five cases is
summarized in Table 4 and illustrated in Fig. 2, 3 and 4.

Independent of the architectural pattern the atypical lymphoid cells in all cases had a TFH-
immunophenotype. The cells were positive for CD3 (Fig. 2J, 3G, 4A), CD4 (Fig. 3H) and
PD-1 (Fig. 2K, 4B) and negative for CD8. In case 3, CD3 was noticeably weaker in the
neoplastic cells than in background lymphocytes. The atypical cells showed
immunoreactivity for CD10 (case 1, 2, 3 and 4) (Fig. 2L, 4C) and Bcl-6 (case 1, 4 and 5)
(Fig. 2M, 4D). Scattered clusters of T-cells were additionally positive for CD30 (case 1 and
3).

In all cases, HRS-like cells demonstrated strong membrane staining for CD30 (Fig. 2E,
3Da). All cases except one (case 2) showed at least focal positivity for CD15 (Fig. 2F, 3Db).
CD20 stain showed a variable reactivity in all five cases (Fig. 2G inset, 3Dc). PAX5 was
either of variable intensity (cases 1, 2 and 3) (Fig. 2H) or uniformly weak compared with the
small B lymphocytes (cases 4 and 5) (Fig 3E, detail inset). HRS-like cells lacked expression
of T-cell markers, but were rosetted by CD3 (Fig. 2J, 3G, 4A), CD4 (Fig. 3H, detail inset),
PD-1 (Fig. 2K, 4B) and CD10 (Fig 2L, 4C) positive atypical T-cells (see table 4). They were
negative for LMP1 in the cases studied (case 1, 3 and 4). In cases with available material,
HRS-like cells also displayed positivity for CD79a (case 1, 2 and 5), Oct-2 (1, 2, 4 and 5),
and MUM1/IRF4 (case 1, 4 and 5. HRS-cells did not show staining for Bcl-6 and
immunoglobulin light chains.

CD20 and PAX5 revealed eitherregressed and peripheralized B-cell areas (case 1 and 2)
(Fig. 2G) or expanded, disrupted, moth eaten ill-defined primary follicles, (3, 4 and 5) (Fig.
3E), which were also positive for IgD (case 4 and 5). CD21 demonstrated expansion of the
FDC meshworks (case 1 and 2) (Fig. 2D). In the cases classified as PTCL, follicular variant,
the FDC meshworks encircled clusters of atypical T-cells within the B nodules (case 4, 5)
(Fig. 3F). In case 3, FDC meshworks were expanded around the high endothelial venules,
but also defined clusters of atypical cells within the follicles.

In situ hybridization
HRS-like cells were negative for EBER ISH in all five cases (Fig. 2I, 3Dd). Occasional
(cases 3, 4 and 5) or numerous (cases 1 and 2) bystander small lymphocytes were positive.

Molecular findings
All five cases showed clonal TRG rearrangement. PCR identified bands of identical size in
the lymph node and bone marrow biopsy in case 1, and identical peaks in the multiple
biopsies of case 5 (Fig. 5), which indicated a common T-cell clone throughout the course.
IG gene PCR was negative for clonality in all four cases examined.
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Discussion
EBV-positive B-cells are increased in many nodal T-cell lymphomas, but have been noted to
be a characteristic feature of AITL for many years. 7 It was hypothesized that EBV-positive
cells were expanded due to defects in immune surveillance, although EBV-positive cells can
be abundant very early in the course, and may dominate the histological picture in some
cases. 6,19 In 1999, Quintanilla-Martinez et al. noted that the EBV-positive cells could
assume both the morphology and immunophenotype of HRS-cells. 10 This occurrence
created diagnostic challenges because some of these cases were mistaken for CHL. Since
our original report in 1999, we wished to assess the nature of the underlying T-cell
lymphomas, and to examine more closely the relationship between the HRS-like cells and
the neoplastic population. The current study confirms that HRS-like cells are mainly seen in
AITL. 4,10,11. In the current series, 32/57 cases were classified as AITL, and another 3 were
diagnosed as the follicular variant of PTCL-NOS, a tumor that like AITL is derived from
TFH cells. In addition, 26% of PTCL-NOS expressed TFH-cell markers, but lacked classical
features of AITL or the follicular variant.

It has generally been assumed that this process is passive, with the T-cell lymphoma
allowing emergence of EBV-infected B-cells. This scenario also explains the development
of EBV-positive HRS-like cells in ATLL, a lymphoma associated with marked
immunosuppression. 16,20 However, in our review of 57 cases of T-cell lymphoma with
HRS-like cells, we encountered 5 cases in which the HRS-like cells were negative for EBV.
Thus, other pathogenetic mechanism must be sought. Notably, all five EBV-negative cases
were T-cell lymphomas of TFH origin, three classified as AITL and two as PTCL-NOS,
follicular variant.

Two main pathways can be hypothesized. First, the HRS-like cells could be driven by the
microenvironment. In particular in the EBV-negative cases, but also in some of the EBV-
positive cells, the neoplastic CD4-positive, PD-1-positive neoplastic T-cells intimately
rosetted the HRS-like cells (case 1, 2, 4 and 5). TFH cells play a critical role in the
generation of T-cell dependent B-cell responses, and promote the expansion of B-cells in the
immune response.21 Thus, continued TFH help might aberrantly expand B-cells outside of
normal physiological control. Another function of PD-1 is its interaction with its ligand,
PDL-1, which helps to maintain an immunosuppressive environment. 22 Current tumor
immunology trials are exploring ways to block PD-1, and promote anti-tumor activity by
normal immune cells.22 Studies have shown that PDL-1 can be upregulated on the cells of
Hodgkin’s lymphoma and EBV-positive post-transplant lymphoproliferative disease. 23

Thus, rosetting by PD-1 positive T-cells in these lymphomas might be protecting aberrant B-
cell clones from immune surveillance, leading to emergence of the HRS-like cells we
observed.

A second hypothesis, although somewhat less likely, is that EBV may be involved in a hit
and run mechanism. 24 We saw frequent EBV-positive small lymphocytes in two of five
cases, although the HRS-like cells were negative. Thus, the virus might be seen very early in
the course of disease, 6 and might persist or disappear during disease progression. 25

Interestingly, as noted, all cases with EBV-negative HRS-like cells were T-cell lymphomas
of TFH origin. Two were classified as AILT, and two as PTCL-NOS, follicular variant. A
third case had overlapping features of both subtypes. While intrafollicular clusters of
neoplastic T-cells were noted, the paracortical regions showed features of AITL with
increased vascularity and expansion of FDC meshworks around high endothelial venules.
Thus, our results confirm the close relationship of AITL and PTCL-follicular variant, and
suggest that they may be different phases of the same condition. 5,26–29 The expansion of
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PD-1 positive lymphocytes may be playing a similar pathophysiological role in both
lymphoma subtypes.

Regardless of EBV status, the HRS-like cells in T-cell lymphomas resembled their
counterparts in classical Hodgkin lymphoma both morphologically and
immunophenotypically. The HRS-like cells in our entire series were invariably positive for
CD30 and the vast majority (45/56 studied) were positive for CD15, similar to earlier
reports.4,10 However, one difference is that the B-cell program tends to be more completely
preserved in the Hodgkin-like cells, in comparison with HRS cells of CHL. CD20 was
expressed on the HRS-cells in 67% of cases, and in the majority of the positive cases (56%)
nearly all of the HRS-like cells were positive to some degree, irrespective of EBV-status. As
expected, PAX5 was uniformly positive, although it tended to be weakly expressed.
Although CD79a was not uniformly investigated, interestingly it was positive in all three of
the EBV-negative cases tested.

It can be challenging to distinguish CHL from T-cell lymphoma with HRS-like cells. The
diagnosis of CHL was strongly considered in all five cases, and in one case (case 5), the
patient was diagnosed and treated for CHL. It was only at the time of the second recurrence
with subcutaneous involvement that the diagnosis of T-cell lymphoma was appreciated,
when atypia of the T-cells was more apparent and interestingly, HRS-like cells were
decreased.

The appearance most closely resembled the nodular variant of lymphocyte-rich CHL in
cases 4 and 5, in which the HRS-like cells were observed within IgD-positive B-cell nodules
resembling expanded mantle zones or primary follicles.30,31 A clue to the diagnosis was that
the HRS-like cells were seen amidst sizable aggregates of T-cells (Fig. 4), rather than the
single layer of rosetting T-cells characteristic of lymphocyte-rich CHL. Additionally, at least
some of the T-cells in these aggregates expressed CD10 and Bcl-6, and all were strongly
positive for PD-1. The diagnosis of AITL with HRS-like cells was easier to reach in cases 1
and 2, which contained atypical T-cells with clear cytoplasm, prominent vascularity, and
regressed B-cell areas confined to the far cortex. 5 In 3 cases intrasinusoidal HRS-like cells
also were observed, sometimes in clusters, a feature very rare in CHL. In all cases
cytological atypia of the T-cells was easier to appreciate in immunostained sections.

The diagnosis of composite lymphoma can also be questioned. However, a composite
lymphoma involving both T and B-cell lineages is an unusual event, 32 and only exceptional
reports describe occurrence of CHL EBV positive in the natural history of AITL. 5,6,33 The
intimate association of HRS-like cells with the T-neoplastic proliferation and not with
reactive-appearing T lymphocytes in an independent area makes the diagnosis of a
composite lymphoma unlikely.34 The situation is somewhat analogous to the EBV-positive
HRS-like cells observed in chronic lymphocytic leukemia (CLL) lymph nodes.35 If they are
present in a background of CLL cells, and lack the inflammatory milieu of CHL, the
diagnosis of composite lymphoma is not favored. 13,36

Neoplastic T-cells resembling Hodgkin’s cells can be observed in PTCL of diverse types,
and some cases of PTCL may mimic CHL immunophenotypically, with expression of CD30
and CD15.14,15 Careful assessment of the immunophenotype will help in the recognition of
such cases, as the Hodgkin-like cells will display T-cell associated antigens, and be negative
for PAX5 or other B-lineage markers. Rare cases of CHL can aberrantly express T-cell
antigens, but most are readily identified as CHL, 37,38 and will be negative for T-cell gene
rearrangement by molecular studies.

The clinical significance of EBV-negative HRS-like cells in the context of T-cell lymphoma
is uncertain. Similar to their EBV-positive counterparts, they could represent just an
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epiphenomenon, with eventual disappearance in the evolution of disease. 8,25 None of our
cases showed histological progression to CHL or another B-cell lymphoma, although
follow-up was limited to three cases. In our fifth case, the HRS-like cells decreased in
number over the time, but did not disappear completely during the seven years of follow-up.
It has been suggested that EBV-negative B-cell proliferations in AITL and other PTCL are
more dependent on the T-cell component and subsequently more unstable and sensitive to
therapy.8 Finally, they may represent a starting point for development of an EBV-positive or
negative B-cell lymphoma. This possibility is supported by previous reports, which
documented expansion of EBV-negative B-cell clones in AITL 3,5,6 as well as development
of EBV-positive B-cell lymphomas in some cases in which the original AILT lacked
detectable EBV-positive cells. 1,39
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Figure 1.
Angioimmunoblastic T-cell lymphoma with EBV-positive Hodgkin-Reed Sternberg-like
cells. A. A large multinucleate cell is seen in a background of atypical lymphoid cells. B.
CD3 highlights the cytologic atypia in the T-cells and presence of rosettes around Hodgkin-
Reed Sternberg-like cell (upper left corner). C. T-cell rosettes are positive for CD10. D.
Expanded CD21-positive follicular dendritic meshworks surround multinucleated cells
(upper left corner). The Hodgkin-Reed Sternberg-like cells show strong membrane positivity
for CD30 (E), CD15 (F), weak nuclear staining for PAX5 (G) and EBER positivity (H).
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Figure 2.
Angioimmunoblastic T-cell lymphoma with EBV-negative Hodgkin-Reed Sternberg-like
cells (cases 1 and 2). A. Effaced lymph node with paracortical expansion and preserved and
dilated peripheral cortical sinus. B. Polymorphous infiltrate composed of pleomorphic cells
with uni or multilobated nuclei and prominent nucleoli, resembling Hodgkin-Reed Sternberg
cells admixed with medium sized atypical lymphocytes. C. Dilated subcapsular sinus with
atypical Hodgkin-Reed Sternberg-like cells (detail in inset) D. Hodgkin-Reed Sternberg-like
cells (detail in inset) are embedded in expanded CD21-positive follicular dendritic cell
meshworks. They are positive for CD30 (E), CD15 (F), variably positive for CD20 (G
inset), weakly positive for PAX5 (H), but negative for EBER (I). G. CD20 stain shows also
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marginalized B-cell areas in the far cortex. The Hodgkin-Reed Sternberg-like cells are
rosetted by neoplastic T-cells positive for CD3 (J), PD-1 (K), CD10 (L). M. HRS-cells are
negative for Bcl-6, which stains some background T-cells. (A, B, C, F, G, H, K, L M – case
1; D, E I, J –case 2)
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Figure 3.
Peripheral T-cell lymphoma not otherwise specified, follicular variant, with Hodgkin-Reed
Sternberg-like cells, EBV negative (case 4 and 5). A. The nodal architecture is altered by
multiple irregular, disrupted follicles. B. Pale cluster of small-medium sized T-lymphocytes
within the large nodule. C. Pleomorphic mono or binucleate Hodgkin-Reed Sternberg-like
cells are seen amidst atypical T-cells (detail in inset). Hodgkin-Reed Sternberg-like cells
strongly express CD30 (Da), CD15 (Db), weakly CD20 (Dc) and are negative for EBER
(Dd). They are also weak positive for PAX5 (E inset). PAX5 (E) and CD21 (F) show the
moth eaten appearance of nodules created by the atypical T-cell clusters positive for CD3
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(G) and CD4 (H). Hodgkin-Reed Sternberg-like cells are rosetted by CD3 (G) and CD4 (H
inset) positive T-cells. (A, B, C, E, F – case 4; D, G, H - case 5).
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Figure 4.
Features of neoplastic T-cells in cases of PTCL, follicular variant, with EBV-negative HRS-
like cells. A. CD3 immunostain highlights a large aggregate of atypical T-cells showing
variation in nuclear size and shape. B. Several nodules of atypical T-cells are highlighted by
PD-1 immunostain. Two nodules on right contain HRS-like cells. C. Many of the atypical T-
cells are positive for CD10, with some rosetting HRS-like cells. D. Similarly, the atypical T-
cells are positive for Bcl-6, while HRS-like cell is negative. The large size of the T-cell
aggregates, and the atypical immunophenotype (CD10-posiitve, Bcl-6-positive, strong and
uniform PD-1) are clues against the diagnosis of lymphocyte-rich CHL. (A, B, C – case 4; D
– case 5).
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Figure 5.
PCR studies of PTCL-NOS, follicular variant, containing HRS-like cells (Case 5). TRG
PCR identifies two identical peaks, consistent with a clonal rearrangement in all three
specimens tested: soft tissue 2011 (A), inguinal lymph nodes 2006 (B) and 2004 (C). This
confirms that the same disease process is present in different sites and at different time
points at molecular level. Color code of interrogated joining segments of TCR locus: black –
J1/2; green – JP1/2 and blue – JP.
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Table 1

Antibodies used in the immunophenotypic analyses

Antigen Clone Dilution Source

CD3 Polyclonal 1:100 Dako

CD4 1F6 1:40 Novocastra

CD8 C8/144B 1:50 Dako

CD10 56CF 1:20 Novocastra

CD15 Leu-M1 1:20 Becton Dickinson

CD20 L26 1:200 Dako

CD21 1F8 1:30 Dako

CD30 1G12 1:80 Novocastra

CD79a JCB117 1:100 Dako

PAX5 24 1:25 BD Transl Labs

Oct-2 CD-20 1:4000 Santa Cruz

Bcl-6 PG-B6p 1:20 Dako

MUM1 MUM1p 1:100 Dako

PD-1 (CD279) NAT 1:50 ABCAM

IgD Polyclonal 1:1000 Dako

Kappa Polyclonal 1:25000 Dako

Lambda Polyclonal 1:10000 Dako

LMP1 C-S 1–4 1:400 Dako
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