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The association of mycosis fungoides (MF) and
Hodgkin’s lymphoma is a relatively frequent occur-
rence, but the potential clonal relationship of the
two neoplasms is still controversial. We report a
case of a patient with a history of MF in Clinical
Stage 1A who developed retroperitoneal lymphade-
nopathy 9 years after the initial diagnosis of MF. A
bone marrow biopsy obtained at this time showed
nodular involvement by a mixed cellular infiltrate
with large, atypical cells consistent with Hodgkin
and Reed-Sternberg (RS) cells. These atypical cells
were positive for CD30 and CD15 and did not ex-
press B- or T-cell markers. In addition, they lacked
evidence of infection by Epstein-Barr virus, both by
immunohistochemical staining for latent mem-
brane protein 1 and by in situ hybridization for
EBER1/2. The background population consisted
mainly of small T cells without morphological or
phenotypical signs of malignancy. Review of the
skin biopsy obtained 9 years before showed the typ-
ical features of MF. Polymerase chain reaction anal-
ysis of the T-cell receptor g-gene confirmed the
presence of a clonal T-cell rearrangement in the
skin specimen. The bone marrow biopsy, however,
showed a polyclonal pattern both for the T-cell re-
ceptor g-gene, as well as for immunoglobulin heavy
chain genes. Isolation of RS cells stained for CD30
was performed by laser capture microdissection.
Polymerase chain reaction analysis of several
groups of RS cells showed a reproducible biallelic
rearrangement of IgH genes, which was confirmed
by cloning and sequencing of polymerase chain re-
action products. To our knowledge, this is the first

case in which a distinct clonal origin of MF and
Hodgkin’s lymphoma arising in the same patient is
clearly demonstrated, based on molecular analysis
of microdissected RS cells.

KEY WORDS: Bone marrow, Epstein-Barr virus, Mi-
crodissection, Hodgkin’s lymphoma, Mycosis fun-
goides, PCR, TCRg, IgH.

Mod Pathol 2001;14(2):91–97

The association of Hodgkin’s lymphoma (HL) and
non-Hodgkin’s lymphoma (NHL) in the same pa-
tient has been reported repeatedly and can present
in a variety of settings. The two neoplasms can
occur simultaneously, or the diagnosis of HL can
precede or follow a diagnosis of NHL (1). Among
peripheral T-NHL, mycosis fungoides (MF) is the
neoplasm most commonly associated with HL (2–
8). The relatively high frequency of this association
has led some authors to speculate that MF and HL
are derived from the same clone. Davis et al. (3)
demonstrated a common single T-cell clone for
lymphomatoid papulosis, MF, and HL occurring in
the same patient. In contrast, other authors have
not found evidence for a common clonal origin of
MF associated with HL (2, 4). A distinct phenome-
non potentially related to the association of HL and
NHL is the presence of cells morphologically and,
in part, also phenotypically indistinguishable from
typical Hodgkin and Reed-Sternberg (RS) cells in
tissues involved by NHL of both B- or T-cell origin
(9 –14). Because of the technical obstacles for mo-
lecular analysis, only very few studies have tried to
investigate the clonal relationship between HL and
NHL occurring in the same patient or the origin of
RS-like cells present in NHL.

Recently, the advent of microdissection and
single-cell polymerase chain reaction (PCR) analy-
sis allowed the determination of the lineage and
clonality of HL and established a B-cell genotype in
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most instances (15, 16). This methodical approach
has also been applied to some cases of HL and NHL
of B-cell phenotype arising in the same patient.
Using microdissection of individual tumor cells, a
common clonal origin of the two neoplastic popu-
lations has been demonstrated in most but not all
of these cases (17–19).

To our knowledge, a molecular analysis of iso-
lated RS cells has not been performed so far in cases
of HL associated with cutaneous T-NHL. We used
laser capture microdissection of RS cells to investi-
gate the clonality and lineage of a HL arising in a
patient with a history of MF.

Case Report

A 50-year-old male patient with an unremarkable
medical history presented with multiple cutaneous
plaques and nodules two years prior to the diagno-
sis of MF on a skin biopsy in 1989. After clinical
staging, the disease was classified as Stage 1A. The
patient received several photochemotherapies with
UVA radiation and reached complete remission of
the skin lesions. Seven years later, cutaneous
plaques reappeared and diagnosis of recurrent MF
was rendered on a skin biopsy. A bone marrow
(BM) biopsy obtained at the same time showed
small nodular lymphoid infiltrates, which were in-
terpreted as involvement by MF. One year later, in
1997, hepatosplenomegaly and retroperitoneal
lymphadenopathy developed and were interpreted
as generalization of the cutaneous T-cell NHL. Poly-
chemotherapy with mitoxantrone, chlorambucil,
and prednisolone was initiated. In 1998, pancyto-
penia developed. A repeat bone marrow biopsy re-
vealed a marked nodular lymphoid infiltrate with
interspersed Hodgkin and Reed-Sternberg cells. A
diagnosis of an aggressive transformation of MF
with HL-like features was made. The patient was
treated with Endoxan and died 4 months later. An
autopsy was not performed.

MATERIALS AND METHODS

A formalin-fixed, paraffin-embedded tissue block
from the initial skin biopsy (1989) as well as buffered
(pH 7.4) formalin- (1%)/glutaraldehyde (0.5%)-fixed
and buffered Na-EDTA (pH 7.0) decalcified (48 h),
paraffin-embedded paraffin tissue blocks from the
BM biopsies (1996, 1998) were available. Four-
micrometer-thick sections were cut and were stained
with hematoxylin and eosin (H&E; skin biopsy and
BM biopsy), Giemsa, Gomori’s reticulin, and Naphtol
AS-D chloroacetate esterase (BM).

Immunophenotyping and In Situ Hybridization
Immunohistochemical studies were performed

on paraffin sections using an automated immunos-

tainer (DAKO, Hamburg, Germany) according to
the company’s protocol with minor modifications.
The antibody panel used included CD20 (L26), CD3
(polyclonal), CD45RO (UCHL-1), CD4 (MT310),
CD8 (DK25), CD30 (Ber-H2; all from DAKO Diag-
nostika, Hamburg, Germany), CD43 (Leu22), and
CD15 (Leu M1; those last two from Becton Dickin-
son, San Jose, CA). The BM biopsy was evaluated for
the presence of Epstein-Barr virus (EBV) latent
membrane protein 1 (LMP-1, CS 1– 4, DAKO).

In situ hybridization for EBV early RNA1/2
(EBERs) was performed on sections of the skin and
the BM biopsies (1996, 1998; PNA ISH Detection
Kit, DAKO) according to the manufacturer’s in-
structions. A case of EBV-positive HL was used as a
positive control.

Laser Capture Microdissection
Laser capture microdissection (LCM) was per-

formed on paraffin sections of the BM biopsy from
1998 stained for CD30, using a PixCell II laser cap-
ture microscope with an infrared diode laser and a
spot size of 7.5 mm, allowing single-cell microdis-
section (Acturus Engineering, Santa Clara, CA) as
previously described (12, 20). Four different micro-
dissections were performed separately, collecting
approximately 15 RS cells each, pooled on a dissec-
tion membrane. Each cell group was digested with
proteinase K in a total volume of 20 mL. As poly-
clonal control, 50 to 60 cells were randomly picked
from germinal centers of a lymph node with
chronic lymphadenitis.

Molecular Genetic Studies
Genomic DNA was extracted from the skin biopsy

and both bone marrow biopsies and used to assay
for clonal rearrangements of the immunoglobulin
heavy chain (IgH) genes and the T-cell receptor
(TCR) g genes by PCR, using published protocols
(21, 22). For the microdissected cells, a seminested
PCR procedure was employed for amplification of
the complementary-determining Region III of the
IgH gene employing primers directed against a con-
sensus sequence of the third-frame work region
(Fr3a) of the variable regions and consensus se-
quences of the joining regions (LJH, VLJH), as de-
scribed elsewhere, with minor modifications (12).
Briefly, primer pairs FR3A-LJH (5'-ACA CGG CCG
TGT ATT ACT GT, 5'-TGA GGA GAC GGT GAC C)
and FR3A-VLJH (5'-GTG ACC AGG GTX CCT TGG
CCC CAG) were used for 40 and 25 cycles of ampli-
fication, respectively. Six microliters of the crude
extract served as template for the first round of
amplification, and 5 mL of the undiluted external
PCR product was used for the second round using
the same temperature profile. PCR reactions were
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repeated to ensure reproducibility. Negative con-
trols included water, DNA extraction buffer, and
unused LCM caps. PCR reaction products were
electrophoresed in a 3% Metaphor gel. In addition,
the first-round product was reamplified with a
fluorescence-labeled VLJH primer for analysis with
a computer-assisted fragment length analysis sys-
tem using a high-resolution polyacrylamide gel for
size determination (Genescan, Perkin Elmer, Weit-
erstadt, Germany; 23).

Cloning and Sequencing of PCR Products
Clonal amplification products were extracted

from agarose gel slices using the QIAquick gel ex-
traction Kit (Qiagen, Hilden, Germany). The PCR
products were cloned with the PCR-Script Amp
Cloning kit (Stratagene, Amsterdam, The Nether-
lands). A minimum of five clones was sequenced
using the BigDye Terminator cycle sequencing kit
(Perkin Elmer, Weiterstetten, Germany) and an ABI
Prism 377 automated sequencer.

RESULTS

Pathologic Findings
The cutaneous lesions from 1989 showed the typi-

cal histologic features of MF. The biopsy contained
band-like, dermal, sometimes-perivascular and fo-
cally epidermotropic lymphoid infiltrates containing
atypical lymphocytes with hyperchromatic and irreg-
ularly shaped nuclei, admixed with scattered blasts
and inflammatory eosinophils and plasma cells. The
epidermis contained single or small clusters of atyp-
ical lymphocytes with cerebriform outlines (Pautrier
microabscess). Some of the lymphocytes showed a
clear, perinuclear halo. (Fig. 1a-b) The BM biopsies
from 1996 and 1998 showed lymphoid infiltrates
characterized by small lymphocytes with admixed eo-
sinophils and plasma cells. The BM biopsy from 1998
revealed, in addition, scattered large mononuclear
and binucleated cells with prominent eosinophilic
nucleoli with abundant cytoplasm resembling RS
cells and mononuclear variants. (Figure 1c)

FIGURE 1. Histopathologic and immunohistochemical features. (A) Mycosis fungoides: band-like subepidermal and focally epidermotropic
lymphoid infiltrates. Note the characteristic intraepidermal cluster of lymphocytes (Pautrier microabscess); the inset shows atypical intraepidermal
lymphocytes, H&E staining, magnification 31000. (B) Microphotograph of the epidermal-subepidermal junction with intraepidermal lymphocytes
and haloed lymphocytes in the basal layer, magnification 3600. (C–E) Bone marrow: lymphoid infiltrate consisting of small lymphocytes with
scattered large mononuclear and binucleated cells (C); the inset shows typical Hodgkin and RS cells, magnification 3400. The Hodgkin and RS cells
show a strong membrane staining for (D) CD15 and (E) CD30. Magnification of Panels D and E: 3300.
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Immunophenotypic Findings
The lymphoid infiltrates in the skin biopsy

showed strong immunoreactivity for CD3, CD45R0,
and CD43 and showed a predominance of CD41
cells. Only rare CD201 small lymphocytes were
present. Occasional larger cells showed weak CD30
positivity but were negative for CD15.

The lymphoid infiltrates in the BM biopsy from
1996 revealed strong staining for T-cell markers
(CD3, CD4, CD8, and CD45R0) and contained rare
CD20-positive lymphocytes. The Hodgkin and RS
cells of the BM biopsy (1998) showed strong mem-
brane staining for CD15 and CD30. (Fig. 1d– e) They
were negative for CD20, for all investigated T-cell
markers (CD3, CD4, CD8, CD43, and CD45R0), and
for the EBV latent membrane protein 1 (LMP-1), as
well as negative for EBERs by in situ hybridization.
Only rare B cells were identified by CD20 staining;
the majority of the small lymphoid cells in the in-
filtrates stained for T-cell markers.

Molecular Findings
PCR of the TCRg was performed in all available

specimens. The skin biopsy showed single clonal
bands of 67 and 80 base pairs, respectively, with the
two primer sets as revealed by fragment length
analysis (data not shown). In contrast, TCRg PCR of
the BM sections (1996 and 1998) resulted in a re-
producible polyclonal pattern. Amplification of the
pooled, microdissected Hodgkin and RS cells gave
occasional, irreproducible oligoclonal bands, prob-
ably because of amplification of rare T cells adher-
ent to the microdissected RS cells.

PCR assays for the IgH genes performed on the
skin biopsy and whole sections of the bone marrow
biopsies showed a polyclonal pattern. IgH PCR of
three different groups of microdissected RS cells
from the BM biopsy of 1998 resulted in amplifica-
tion of identical clonal bands of 79 and 82 base
pairs, respectively. All three PCR products were
cloned. Two sequences of appropriate lengths were
obtained, which were found in eight and seven
clones, respectively, originating from the three dif-
ferent PCR products. The amplification of the same
sequences from three different groups of RS cells
confirmed the presence of a biallelic clonal IgH
rearrangement. (Fig. 2c– e)

On the basis of the morphological, immunophe-
notypical and molecular findings, the bone marrow
findings in 1998 were interpreted as a secondary,
unrelated neoplasm consistent with classical HL.

DISCUSSION

The present study describes a case of HL arising
in a patient with a long history of MF. The immu-
nophenotypic findings and the molecular analysis

of microdissected RS cells confirm that the HL in
this patient represents a true secondary neoplasm
of B-cell origin, clonally unrelated to the precedent
cutaneous T-NHL.

The synchronous or metachronous occurrence of
Hodgkin’s lymphoma and T-cell NHL in the same
patient has been reported repeatedly. The most
commonly described association is that of MF and
HL (3– 8). MF usually appears before HL, but the
reverse has been also documented (24). Only a mi-
nority of these cases have been investigated by mo-
lecular methods, and the findings concerning a
clonal relatedness of the two neoplasms are contro-
versial. Whereas a single study using clone-specific
primers and probes demonstrated a common T-cell
clone in a patient with HL, cutaneous T-cell NHL,
and lymphomatoid papulosis (3), other authors
have not confirmed these findings (2, 4). However,
none of these studies have used microdissection to
definitively determine the lineage and clonality of
the neoplastic cells of the HL.

In HL, microdissection and single-cell analysis
have proved to be crucial for resolving the long-
standing controversy concerning the origin and
clonality of the neoplastic cells. The vast majority of
cases have been shown to be of germinal center
B-cell origin, although a well-documented case of
HL with T-cell phenotype has recently been re-
ported (15, 16, 25). The same technique has also
been used to study the clonal relationship of HL
and B-NHL arising in the same patient. A common
clonal B-cell precursor has been identified in pa-
tients developing HL in the setting of B-CLL and in
HL associated with follicular lymphoma and T-cell–
rich B-cell lymphoma, respectively (18, 19).

A possibly related phenomenon is the occurrence
of RS-like cells in the background of NHL of T- or
B-cell origin, which traditionally has been inter-
preted as transformation of the initial tumor cell
clone (6, 9 –11, 13, 14, 26, 27). In chronic lympho-
cytic leukemia of B-cell origin, these RS-like cells
are usually EBV positive and frequently show the
typical phenotype of RS cells of classical HL. Recent
studies using microdissection techniques showed
that RS-like cells and the neoplastic chronic lym-
phocytic leukemia cells are frequently, but not al-
ways, clonally related (17, 19).

RS-like large cells can also be observed in periph-
eral T-cell lymphoma, including aggressive trans-
formation of MF. They are often part of a continu-
ous spectrum of atypical cells and frequently retain
expression of T-cell markers, suggesting that they
are part of the malignant clone. In a patient with
MF followed by CD301 large-cell lymphoma, a
common clonal origin has been documented by
molecular studies (28).

A distinct phenomenon is the appearance of RS-
like cells expressing B-cell markers in some periph-
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FIGURE 2. (A) Bone marrow infiltrate with small lymphoid cells and typical Hodgkin and RS-cells. The RS-cells were stained for CD30 (arrows). (B)
the same CD30-stained area as in Panel A after LCM of CD30-positive RS cells (arrows). Note that the photograph is taken without cover slide in
Panels A and B (3400). (C–E) Computer-assisted fragment length analysis (Genescan) of three different groups of microdissected CD30-positive RS
cells with identical biallelic rearrangements for the IgH gene. (F) Corresponding rearranged IgH gene sequences obtained from microdissected cells.
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eral T-cell lymphomas (11, 12, 27). In incipient adult
T-cell leukemia/lymphoma with Hodgkin-like fea-
tures, Oshima et al. (29) demonstrated the presence of
unrelated immunoglobulin gene rearrangements in
isolated RS-like cells. Similarly, Quintanilla-Martinez
et al. (12) found polyclonal immunoglobulin gene
rearrangements in EBV-positive RS-like cells isolated
by LCM from cases of peripheral T-cell lymphoma
with angioimmunoblastic features. Thus, these cells
seem to represent a polyclonal, EBV-transformed re-
active population unrelated to the malignant clone.
Defective T-cell function and underlying immunode-
ficiency may predispose to expansion of EBV-
transformed B-cells in these NHLs (12, 29). Notably,
none of these lymphomas showed evidence of pro-
gression to HL.

Our case differs from the two phenomena de-
scribed above in several aspects. Although predom-
inantly of T-cell phenotype, the background lym-
phocytes in the bone marrow infiltrate, in contrast
to the skin lesion, lacked cellular atypia and a clonal
TCRg rearrangement and therefore represent a re-
active infiltrate. Moreover, the RS cells showed a
clonal rearrangement of the IgH gene, documented
by amplification of identical IgH rearrangements
from independent groups of isolated RS cells, which
is indicative of a true secondary neoplasm. Even
though no biopsy of the retroperitoneal lymphade-
nopathy was obtained, the morphologic and immu-
nophenotypical findings on the bone marrow bi-
opsy in conjunction with the molecular findings are
consistent with a diagnosis of classical HL.

In contrast to the RS-like cells in other T- and
B-cell lymphomas, these cells lacked EBV genome.
The EBV negativity of our case is in accordance with
other reports showing absence of EBV infection in
the majority of cases of HL associated with MF (4,
30). The relatively frequent association of EBV-
negative HL and MF could point to a so-far-
unidentified common etiologic agent or to shared
risk factors. Zucker-Franklin et al. (31) reported the
release of retroviral particles from cultured lympho-
cytes of 18 MF patients. However, to date, there is
no convincing evidence for an involvement of ei-
ther human T-cell Lymphotropic Virus Type-I nor
human Herpesvirus 8 in the pathogenesis of MF
(32, 33). Patients with HL show defects in cell-
mediated immunity that can precede the develop-
ment of the disease (34). Antecedent chemotherapy
and MF-associated immunosuppression could
probably enhance the defects in cell-mediated im-
munity and therefore development of subsequent
HL.

In conclusion, our case provides evidence that
EBV-negative HL arising in association with MF can
represent a true secondary, clonally unrelated neo-
plasm of B-cell origin. This finding, based on mo-
lecular analysis of microdissected RS cells, confirms

and extends previous reports using immunohisto-
chemical and molecular techniques (2, 4, 7). In the
light of the existence of rare cases of HL with a
T-cell origin, further studies will be needed to ex-
clude the possibility of rare cases of MF and HL
with a common clonal T-cell origin.(3, 25).
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