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Editorials & Perspectives

Classical Hodgkin’s lymphoma (HL) is one of the
most common human malignant lymphomas. Due to
its characteristic histopathological, molecular and clini-
cal features HL can be distinguished from all other lym-
phomas, the so-called non-Hodgkin’s lymphomas. Two
findings, in particular, make HL a unique malignant
hematopoietic disease: first, the malignant mononucle-
ated Hodgkin- and the multinucleated Reed-Sternberg
cells (in the following termed Hodgkin/Reed-Sternberg
[HRS] cells) represent only a small fraction of cells in the
affected lymph nodes and are embedded in an infiltrate
of reactive hematopoietic cells. Among others, these
reactive cells are composed of B- and T-lymphocytes,
eosinophils and plasma cells, and they are usually con-
sidered to be non-malignant. Second, the malignant
HRS cells do not display a phenotype that can be
assigned to a defined hematopoietic cell type.1 The ori-
gin of HRS cells has, therefore, long been a matter of
debate. With the description of clonally rearranged
immunoglobulin (Ig) genes with a high frequency of
somatic mutations it became clear that HRS cells are in
most cases derived from germinal center (GC) or post-
GC B cells.2 It is of particular interest to note that,
despite their B-cell origin, HRS cells have, in most cases,
lost the B-cell-specific gene expression program. This is
in contrast to most other B-cell-derived lymphomas, the
gene expression pattern of which usually reflects the
differentiation stage of their respective cell of origin.
Furthermore, it is unclear how such cells survive, as GC
B cells with defective Ig production usually undergo
apoptotic cell death.

Clinically, HL is curable at the early stages in the vast
majority of cases. However, the treatment of patients
with advanced disease stages or insufficient response to
the initial standard treatment options is challenging.3

Furthermore, treatment succes is linked to considerable
long-term toxicity, including the risk of treatment-relat-

ed secondary malignancies. It is, therefore, imperative
to develop less toxic therapeutic strategies, in particular
non-genotoxic treatments based on, for example, inhibi-
tion of signaling pathways required for growth and sur-
vival of the tumor cells or enforcement of a cellular dif-
ferentiation program leading to growth arrest and apop-
tosis. Knowledge of the key genomic and molecular
defects of HRS cells is fundamental for the development
of such treatment strategies.

The rareness of the tumor cells in the affected lymph
nodes has been and is still a major obstacle to the iden-
tification of molecular and genomic defects in HRS cells
and to the possibility of performing functional analyses
with primary HRS cells. Although the purification of
viable primary HRS cells from patients’ lymph nodes
has been described,4 functional studies with these cells
turned out to be nearly impossible because of the lack
of suitable sample material and the insufficient number
of cells. The current knowledge of molecular defects in
HL is, therefore, based almost entirely on work with cell
lines, albeit well-characterized, the analysis of primary
HRS cells by immunohistochemistry and the analysis of
micromanipulated HRS cells, as performed in the study
by Hartmann et al. published in this issue of the journal.5

Deregulated signaling pathways in classical
Hodgkin’s lymphoma

Despite great efforts and advances in the last years,
the pathogenesis of HL has not been clarified. In partic-
ular, although at the genomic level several recurrent
alterations have been described, no unifying genomic
defect specific to the malignant HRS cells has yet been
identified. However, at the molecular level, a number of
characteristic molecular defects have been demonstrat-
ed. These include activation of the transcription factors
nuclear factor kappa B (NF-kB), activator protein 1 (AP-
1), members of the STAT signaling pathway and dereg-
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ulated NOTCH1 signaling.1 The deregulation of these
signaling pathways is found in the vast majority or even
all HRS cells of nearly all HL cases analyzed, pointing to
the central relevance of these pathways for HRS cell sur-
vival, growth and regulation of HRS cell-specific gene
expression. The NF-kB and AP-1 transcription factors
are thought to synergistically regulate not only genes
involved in apoptosis protection and proliferation but
also the abundant number of cytokines and chemokines
produced by the HRS cells.1 The AP-1 and NOTCH1
signaling pathways have been shown to be involved in
the loss of the B-cell phenotype,6,7 characteristic of the
HRS cells. The simultaneous constitutive activation of
all these signaling pathways is unique to HL and reveals
that HRS cells require strong cell-autonomous signals
ensuring growth and apoptosis protection.

The delineation of genomic alterations in HRS cells 
A growing number of studies are aimed at identifying

genomic alterations or translocations specific to HRS
cells of HL. Due to the rareness of the tumor cells and
the resulting difficulties in obtaining sufficient numbers
of metaphase tumor cells for cytogenetic analyses, data
on genomic alterations of HRS cells are still limited. The
available data point to an unusual complex karyotype of
the HRS cells with ongoing rearrangment activity.8-12 Up
to now, no single unifying genomic defect has been
described for HRS cells. This is in contrast to non-
Hodgkin’s lymphomas which frequently harbor genetic
lesions, especially translocations, that, albeit not
absolutely specific, are closely associated with a distinct
entity. Nevertheless, a number of recurrent defects have
been identified, including gains or amplifications of the
gene loci for JAK2, FGFR3, REL and ID2.8,13 In particular,
genomic gains in chromosomal arms 2p and 9p were
reported as recurrent alterations in primary HRS cells.8

Fluorescence in situ hybridization analyses of these
regions delineated copy number increases of the gene
locus for the NF-kB transcription factor REL and the
JAK2 locus in a significant number of HL cases. These
findings are in line with the presumed function of dereg-
ulated activity of the NF-kB and the JAK/STAT signaling
pathways in HRS cells, supporting their pathogenetic
role in these cells. More recently, chromosomal translo-
cations involving the IG loci were found in approxi-
mately 20% of HL cases.12 Their pathogenetic signifi-
cance is unclear, since the assumed mechanism of such
translocations is the juxtaposition of a pathogenetically
relevant gene to an actively transcribed IG locus, where-
as the IG locus is not active in HRS cells. However, it
cannot be excluded that such genetic events contribute
to the pathogenesis of HL at a given time point during
lymphomagenesis. Alternatively, in such cases the
deregulated expression of genes with a putative trans-
forming capacity might be the result of positioning
them in an altered chromatin context. In summary,
analyses of genomic alterations in HRS cells have con-
firmed the significance of deregulated signaling path-
ways identified by molecular biology approaches.
Furthermore, they have revealed additional defects,
whose relevance for HRS cell biology has yet to be elu-
cidated. However, to date a unifying genomic defect

providing a concept for HRS cell biology has still not
been identified.

Questions to be answered in the future
The work by Hartmann et al.5 represents a further

step towards a detailed map of genetic lesions in HL.
Their study confirms and extends previous reports of
chromosomal imbalances in HRS cells, including
increased copy numbers of the gene loci for JAK2,
RELB, STAT6, NOTCH1 and JUNB. The recurrent find-
ing of chromosomal gains in these regions indicates
that the pathogenesis of HL is associated with a selec-
tion pressure for the accumulation of such genetic
lesions, and clearly supports the biological significance
of these genes for HRS cells of HL. However, whereas
alterations in these genes are found only in a certain
proportion of HL specimens, the deregulated activity of
the respective signaling pathways is a strikingly consis-
tent feature of the vast majority or even all HL cases.1

This indicates that genomic alterations are just one
mechanism among others leading to the activation of
disease-relevant signaling cascades in HRS cells.
Furthermore, it remains unclear at what stage of the
oncogenic process the genomic aberrations occur, i.e.
whether a given increase in copy number is an early or
late event during transformation. One possible
approach to answer this question could be to analyze
composite lymphomas, using the same method as that
applied by Hartmann et al. to HL cases, as has been pre-
viously described for the study of chromosomal
translocations and tumor suppressor gene mutations.14

Such studies could help to delineate genomic alter-
ations that are closely associated with the development
of HL and, therefore, likely to be highly relevant for the
pathogenesis of this disease. In addition, serial analysis
of HL cases at diagnosis and relapse could shed light on
genetic changes associated with treatment failure and
disease progression.

The unique histopathological pattern of HL, with
rare HRS cells embedded in an abundant mixture of
inflammatory cells, has repeatedly stimulated specula-
tions on a relationship between HRS cells and their cel-
lular environment. Previous reports described chromo-
somal abnormalities in a fraction of morphologically
normal cells isolated from HL lymph nodes with com-
mon aberrations in both cell populations.15 In contrast,
studies analyzing the mutations of the IKBA gene,
amplifications of the JAK2 locus or translocations
involving the BCL3 gene found no evidence for the
respective genetic changes in bystander cells.9,16,17 The
technical advances seen in the last years would enable
this issue to be addressed in more detail and with much
greater reliability, allowing definite clarification. 

Technical advances are also making it possible to ana-
lyze genomic alterations associated with oncogenic
transformation in ever greater detail, as reflected by
Hartmann’s work published in this issue of the journal.
As a consequence, there is an increasing number of can-
didate genes that might contribute to the pathogenesis
of HL. On the other hand, genomic alterations of genes
playing a key role in HL might still be missed, as
demonstrated by gains and amplifications of the ID2
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locus, which were described by the same authors,13 but
were not identified in the current work. However, we
are just beginning to understand the signaling networks
and the cross-talk between AP-1, NF-kB and STAT tran-
scription factors in HRS cells, and how they allow for
synergistic activation of HRS cell-specific target genes,
and the abundant number of highly expressed
cytokines and chemokines.1 Thus, it will be important
in the future to develop high throughput approaches to
define the biological role of identified candidate genes
for HRS cell transformation and to determine their role
within the complex network of deregulated prolifera-
tion and survival pathways. Furthermore, the analysis
of genomic lesions by techniques such as array CGH
will have to be complemented by studies aimed at
identifying mutations in signaling molecules of lym-
phoma-relevant pathways, as already demonstrated for
SOCS1 and IKBA genes in HRS cells.16,18 As exemplified
by studies in diffuse large B-cell lymphoma and multi-
ple myeloma, the genetic events underlying the activa-
tion of the canonical or alternative NF-kB pathways in
B-cell malignancies can be very diverse, affecting
numerous different components of the signaling cas-
cade. Such studies will provide a more accurate molec-
ular basis to answer the questions of which pathway
and, moreover, which molecules in a given pathway
are suitable targets for therapeutic interventions. 

Another important issue of HL tumor biology con-
cerns the complex and instable karyotype of the HRS
cells. Although only limited data are available, and
some of these data were generated with HRS cell-
derived cell lines, it is remarkable that (i) chromosomes
composed of multiple chromosomes of different origin
are regularly found, (ii) some translocations are identi-
fied in only a subpopulation of cells, arguing for ongo-
ing rearrangement activity in HRS cells, and (iii) small
translocated chromosomal segments are identified in
HRS cells.8,10,11 In particular, such small segmental jump-
ing translocations appear to be directly linked to gene
amplification, as shown for JAK2 or FGFR3.8 All these
findings point to an unusual genomic instability of HRS
cells. It is not yet clear whether this instability is a
cause or a consequence of HRS cell transformation. Is a
viral infection involved in inducing such genomic insta-
bility, as has been proposed for human T-cell leukemia
virus type-I infected cells in adult T-cell leukemia?19

Furthermore, in pediatric HL cases, loss of expression
of the ataxia telangiectasia mutated gene (ATM) has
been reported,20 and the constitutive activity of tran-
scription factor NF-kB has been proposed to inhibit
ATM expression in HRS cells.21 The fact that ATM
plays an important role in the response to DNA dam-
age, and loss of ATM results in genomic instability,22

suggests a functional link between ATM down-regula-
tion and impaired DNA repair mechanisms in HL. In
this context it is interesting to note that the genetic and
functional status of the p53 pathway in HRS cells is not
fully understood. Primary HRS cells frequently display
high levels of p53 protein expression, an observation
that is indicative of p53 mutations. Whereas several
HRS cell-derived cell lines have been shown to harbor
small deletions in the p53 gene,23 p53 mutations in pri-

mary HRS appear to be rare, at least based on sequenc-
ing studies that cover the hot spot regions for typical
p53 point mutations.24 With respect to the molecular
events that govern HL tumorigenesis as well as the
rational development of treatment strategies, it will be
critical to determine the mechanisms and consequences
of the genomic instability in HRS cells in the future.

In summary, genomic studies of HRS cells have
advanced our understanding of HL tumor biology by
revealing a number of genetic defects with pathogenet-
ic relevance, such as amplifications of genes encoding
components of disease-associated signaling cascades
and transcription factor networks. However, no recur-
rent HRS cell-characteristic genetic lesion has so far
been identified. Thus, the genetic basis of HL has
proven to be more complex than might have been
expected or hoped. This has attenuated expectations
that resolving the technical problems associated with
the analysis of genomic imbalances in the rare popula-
tion of HRS cells will reveal a specific genetic pattern
for HL. The challenge for future work will be to inte-
grate the results obtained by genetic and molecular
biology approaches into a common pathogenetic con-
cept, and to identify the unifying molecular defects of
classical Hodgkin’s lymphoma. 
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Allogeneic hematopoietic stem cell transplantation
has been performed for the treatment of multiple
myeloma since the early 1980s. We performed our

first myeloma transplant in April 1983.1 The patient, a 46-
year old woman, was diagnosed with monoclonal gam-
mopathy of undetermined significance in 1974. The dis-
ease progressed to multiple myeloma and the patient
required treatment with melphalan and prednisone in
1977. In 1982 the disease was resistant to chemotherapy
and in early 1983 she received a bone marrow transplant
from an HLA-identical brother. She engrafted without
serious complications, and at the time of publication of
her case report in 1986 she was in complete hematologic
remission with no signs of disease. We thought that we
had cured the first patient with multiple myeloma, but 4
years after the transplant she relapsed. She lived for
another 6 years as a mixed chimera, but eventually died
from the disease. Since then numerous allogeneic trans-
plants have been performed throughout the world. The
registry of the European Group of Blood and Marrow
Transplantation (EBMT) has reports of more than 4000
transplants performed in European centers.

Allogeneic transplantation using myeloablative 
conditioning

The idea of using high-dose myeloablative allogeneic
transplantation in multiple myeloma has four rationales.

First, the myeloablative chemotherapy and total body
irradiation should eradicate the myeloma cells in the
bone marrow. Second, reduction of host immunocom-
petent cells should allow engraftment of the allogeneic
cells. Third, the graft should save the patient from the
effect of ablation of normal host bone marrow cells.
Fourth, the immunocompetent donor cells should help
eradicate myeloma cells (through a graft-versus-myelo-
ma [GVM], effect) that might persist despite the mye-
loablative therapy. Originally the most common mye-
loablative conditioning therapy was cyclophosphamide
+ total body irradiation (10-12 Gy), fractionated or
unfractionated with lung shielding. However, many
other myeloablative protocols have subsequently been
developed.

Initially it appeared that all these four goals could be
obtained in multiple myeloma. However, as in the case
described above, it soon became apparent that this
rarely happens. One problem is the high incidence of
severe graft-versus-host disease (GVHD) and high trans-
plant-related mortality, which reached 30-40%.
Another problem was the significant relapse/progres-
sion rate.2 Although the relapse/progression rate was
shown to be lower with allogeneic transplantation than
with autologous transplantation already in 1996 in an
EBMT retrospective case-matched analysis of 378
patients, the overall survival was, at that time, inferior
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