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SUMMARY � The aim of the study was to determine the possible bone marrow involvement in patients
with early stages of classic Hodgkin�s disease mixed cellularity variant diagnosed by lymph node biopsy at
initial presentation not responding to radiotherapy alone. The study cohort consisted of 20 patients (18
displaying B-cell genotype and two T-cell genotype) with stages I-II Hodgkin�s disease according to Ann
Arbor classification treated with radiotherapy alone, seven of them not responding to therapy. Southern blot
hybridization using a specific EBV Bam H1W fragment probe showed the presence of EBV genomes in two
patients. All 20 patients underwent iliac crest trephine biopsy and a panel of antibodies including CD45,
CD20, CD4, CD8, CD45RO, CD56, CD30, ALK-1, CD-15, EMA, CD61, and CD68 was performed. A
statistically significant predominance of CD45, CD45RO and CD4 positive stromal cells was found in
seven patients that failed to respond to therapy (c2-test: p=0.021, p=0.019 and p=0.015, respectively).
The predominance of CD4 positive cells in the bone marrow stroma might be suggestive of involvement by
Hodgkin�s disease in the early stage (I-II) patients (indicating upstaging) who fail to show remission on
radiotherapy alone, and could explain the abnormal cytokine production, which may contribute to dimin-
ished T-cell immunity and inefficient antitumor responses despite a vast majority of infiltrating reactive
immune cells.
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Introduction

Classic Hodgkin�s disease is one of the most common
types of malignant lymphomas in the western world. It is
characterized by the presence of a low number of tumor
cells (usually <1%) designated as Hodgkin and Reed-
Sternberg (HRS) cells residing in an abundant admixture
of nonmalignant cells (inflammatory cells) of different
types1. The identification of the normal cellular counter-
part of HRS cells has been the focus of numerous investi-

gations in the last few decades. Immunohistologic stud-
ies have disclosed an expression of either B-cell or T-cell
antigens in 20% to 40% of Hodgkin�s disease cases, most-
ly restricted to a small proportion of Reed-Sternberg cells2-

7. Attempts at detecting clonal antigen receptor rearrange-
ments in whole tissue DNA extracts by means of South-
tern blot analysis or polymerase chain reaction (PCR) failed
in most instances8-12. Only when methods for single cell
isolation had become available, it could be demonstrated
that HRS cells harbored clonal immunoglobulin gene re-
arrangements with somatic hypermutations in more than
90% of Hodgkin�s disease cases13-15. This suggests that most
cases of classic Hodgkin�s disease originate from B cells at
the germinal or postgerminal center stage differentiation.
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Hodgkin�s disease comprises two distinct entities: the
rare nodular lymphocyte-predominant Hodgkin�s disease
(NLPHD) and the common classic Hodgkin�s disease
(cHD) form. NLPHD and cHD differ mainly in histolog-
ic features such as cytology of the tumor cells and compo-
sition of the reactive infiltrates, immunophenotypic and
genetic characteristics of the tumor cells, and distribution
of the neoplastic cells within the target lymph node16-18.

Bone marrow involvement in Hodgkin�s disease is low
at initial presentation (6%) in patients with stage I and II
disease, and in nodular sclerosis (1%, 2% and 4%, respec-
tively)19. The highest incidence of bone marrow involve-
ment is found with lymphocyte depletion and mixed cel-
lularity Hodgkin�s disease20,21. However, since bone mar-
row involvement is one of the criteria for systemic spread
(stage IV), bone marrow biopsy is still an integral part of
initial investigation in patients with Hodgkin�s disease.

It is of interest that CD4+ T lymphocytes with T
helper 2 (Th2)-like immunophenotype are the most abun-
dant cell type in Hodgkin�s lymphoma tissues22. Th2 cells
produce interleukin-5 (IL-5), which primes T cells and
activates eosinophils23. Moreover, the interaction of these
T cells with neoplastic cells and eosinophils also involves
ligands of TNF receptors (CD30L and CD40L)24. T lym-
phocytes as well as eosinophils transmit proliferative and
antiapoptotic signals via these ligands to HRS cells and
thereby influence tumor biology24,25.

In our series, we studied the immunohistochemistry
profile of bone marrow stromal cells in early stages (I-II)
of classic Hodgkin�s disease mixed cellularity variant treat-
ed with radiotherapy alone, in order to explain the partial
response to treatment, given that the reactive lymphocytes
in Hodgkin�s disease involved bone marrow are predomi-
nantly CD4 positive T cells.

Material and Methods

The study population included 20 patients (16 male
and four female, age range 32-72 years) with stage I-II
Hodgkin�s disease according to Ann Arbor criteria. In all
patients, the classic Hodgkin�s disease mixed cellularity
variant was revealed by routine lymph node histologic and
immunohistochemistry examinations. The study was ap-
proved by the regional ethics committees, an informed
consent in writing was obtained from all study patients,
and the study was performed in accordance with the in-
stituional guidelines.

The genotypic profile of our Hodgkin�s disease patients
(cervical lymph node involvement) is shown in Table 1. In

brief, HRS cells of 18 cases harbored highly mutated rear-
ranged IgH genes, whereas the remaining two cases dis-
played HRS cells with clonar TCR rearrangements. South-
tern blot hybridization using a specific EBV Bam H1W
fragment probe showed the presence of EBV genomes in
two cases (patients Nos. 5 and 8).

Table 1. Genotyping of classic Hodgkin�s disease mixed cellularity
variant (cervical lymph nodes involved)

Patient No. Age (yrs)/Sex Genotype

01 55/M B
02 71/M B
03 60/F T
04 34/M B
05 36/M B
06 32/F T
07 38/M B
08 42/F B
09 43/M B
10 35/M B
11 53/M B
12 47/M B
13 38/F B
14 49/M B
15 51/M B
16 40/M B
17 56/M B
18 64/M B
19 39/M B
20 72/M B

The possibility that the two Hodgkin�s lymphomas
with rearranged TCR genes were confused with anaplas-
tic large cell lymphomas, which may mimic Hodgkin�s dis-
ease, was excluded by their negative labeling for ALK-1,
the expression of which is restricted to anaplastic large cell
lymphoma26,27. The antibodies recognizing megakaryocytes
CD61 (Y2/51) were included to be sure that the abnormal
cells really derived from Hodgkin�s disease.

All study patients were treated with radiotherapy alone.
Seven patients showed no remission of the disease present-
ing with the characteristic clinical symptoms (fever, night
sweat and weight loss). Iliac crest trephine bone marrow
biopsy was performed in all study subjects.

Immunohistochemistry. Following short decalcification,
bone marrow biopsy specimens were processed for routine and im-
munohistochemistry examination by a panel of monoclonal antibodies
against CD30 (Ber-H2), CD15 (C3D1), EMA, CD45 (LCA),
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CD20 (L26), CD4, CD8, ALK-1, CD45RO (UCHL1), CD56
(NK cells), CD61 (Y2/51), and CD68 (PG-M1). Immunostaining
was performed on formalin-fixed, paraffin-embedded sections em-
ploying the alkaline phosphatase antialkaline phosphatase (APAAP)
technique28. Paraffin-embedded sections were pretreated by pressure
cooking, as described elsewhere29.

The immunostained sections were examined with a
X40 objective and distribution of the above listed antibod-
ies within the cell was recorded. Every stained cell was
scored as positive regardless of staining intensity. A 10x10
square calibrated grid was inserted into the eyepiece of an
Olympus BX40 binocular microscope to count the num-
ber of positive cells.

Five-to-ten high power fields per section were exam-
ined, and at least 1000 cells were scored, depending on
cellularity. The number of positive cells per high power
field was recorded.

Results

Results are presented in Table 2.

Histology. The bone marrow appearance was hypercel-
lular in eight, hypocellular in seven, and normocellular in
the rest of five patients. Bone marrow stroma replacement
by fibrous or granulomatous tissue was not observed in any
of the 20 study patients.

Immunohistochemistry. The sections were examined in-
dependently by two observers, and positive cellular stain-
ing for the respective antibodies was manifested as yellow
cytoplasmic granularity and/or surface membrane expres-

sion. The following findings were recorded: 1) no evidence
of lymphocyte-rich Hodgkin�s disease (L&H cells), mono-
nuclear Hodgkin�s disease, binocular Hodgkin�s disease, or
nodular sclerosis variant (lacunar cells): CD30-, CD15-,
EMA-; 2) evidence for the presence of megakaryocytes:
CD61+; and 3) a mild increase in the number of lymphoid
cells constituting up to 20%-25% of the nucleated cell
population in the bone marrow: CD45+. The T cell to B
cell ratio was estimated to be from 8:1 to 9:1. The small-
cell type lymphocytes, preferentially located in the cen-
ter of the marrow space, were arranged either in small clus-
ters of 2-10 lymphocytes resembling minute bunches of
grapes, or in 1-2 cell thickness layers distributed in a way
that we called a �streamlet like� or �Indian� like pattern.
A paratrabecular pattern of localization was not considered,
however, randomly reactive lymphoid follicles were ob-
served. On immunohistochemical grounds, the lympho-
cytes were identified as being of T cell origin. Such a cel-
lular arrangement was considered as a piece of evidence
against lymphomatous lesion.

A predominance of CD4 expression in the bone mar-
row stroma was found in seven nonresponding patient-
cases (Fig. 1) as differentiated from 13 cases with favor-
able outcome (Fig. 2). The difference was statistically sig-
nificant (χ2-test, p=0.015).

Discussion

To date, there has been a common agreement that bone
marrow biopsy should always be performed by trephine in
all patients with newly diagnosed Hodgkin�s lymphoma,

Table 2. Immunophenotyping of classic Hodgkin�s disease mixed cellularity variant (bone marrow
biopsy)

Immunohistochemistry Nonresponsive Responsive Statistical
(cells/mm2)  cases (n=7) cases (n=13) significance

CD45 (+) 68.1±20.8 45.7±15.2 p=0.021
CD45RO (+) 70.4±32.7 32.5±17.8 p=0.019
CD4 (+) 38.2±06.4 28.9±07.6 p=0.015
CD61 (+) 2.65±0.73 2.55±0.81 Nonsignificant
CD20 (+) 9.1±02.7 8.9±01.8 Nonsignificant
CD56 (+) � � �
CD30 (+) � � �
CD15 (+) � � �
EMA (+) � � �
CD68 (+) 3.12±0.38 3.21±0.79 Nonsignificant
CD8 (+) 5.68±0.96 5.85±1.08 Nonsignificant
ALK (+) � � �
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even knowing that early clinical stages (I and II) seldom
have bone marrow involvement and that bone marrow is
very rarely involved in lymphocyte predominant Hodgkin�s
lymphoma30. However, the College of American Patholo-
gists Protocol for the Examination of Specimens from Pa-
tients with Hodgkin�s Disease states that bone marrow
biopsy is optional in clinical stages I-II31. Also, Spector et
al.32 recommend that bone marrow biopsy be only includ-
ed in staging procedure when the patient presents with
fever, spleen enlargement, leukopenia and �poor histologic
subgroup� (mixed cellularity and lymphocyte depleted
Hodgkin�s lymphoma).

The diagnostic criteria for Hodgkin�s lymphoma in
bone marrow have not changed essentially since the now
historical clinicopathologic studies by Lukes33 and Bartl et
al34. The criteria differ slightly depending on whether the
primary diagnosis of Hodgkin�s lymphoma is just being
established or the patient has already been diagnosed with
Hodgkin�s lymphoma at another location. The criteria are
as follows:

1) diagnostic: typical Reed-Sternberg cells or their vari-
ants in a proper background. Mononuclear variants in
a proper background are only diagnostic in patients
with a previously established diagnosis;

2) strongly suggestive but not diagnostic: abnormally large
cells that lack the nuclear features of Reed-Sternberg
cells but are present in a cellular and/or fibrotic back-
ground that is characteristic of Hodgkin�s lymphoma;
and

3) suggestive: focal or diffuse fibrosis or necrosis only in a
previously diagnosed patient.

Various combinations of these patterns may be seen in
the same biopsy specimen or in different biopsy specimens
from the same patient. In addition, amorphous eosinophilic
background material may be apparent. Necrosis is occa-
sionally detected prior to treatment35, but is more common
in treated patients. Granulomas are sometimes associat-
ed with infiltration, however, they also occur in the absence
of bone marrow infiltration. Reticulin is increased in the
areas of infiltration and collagen is often present. There
may occasionally be osteolysis or osteosclerosis, whereas
bone remodeling is usually observed34. There is a tenden-
cy of the involvement to be quite extensive, with more than
70% of bone marrow affected, or to be minimal (less than
30% of bone marrow involved). Focal or discrete involve-
ment may be observed as small lesions surrounded by
normal hematopoietic tissue or at a paratrabecular location.
With diffuse involvement, Hodgkin�s lymphoma occupies
the entire space between osseous trabeculae. The mor-
phology is highly variable but usually there is a polymor-
phous cellular composition with lymphocytes, plasma cells,
histiocytes, neutrophils and granulocytes, Reed-Sternberg
cells and Hodgkin cells. The latter may be very rare and
multiple biopsy sections are recommended. The hemato-
poietic tissue adjacent to Hodgkin�s lymphoma in the bone
marrow often shows nonspecific changes. There may be
general hyperplasia. Hyperplasia of the granulocytic series
with eosinophilia, plasmacytosis and megakaryocytic hy-
perplasia may be found in patients with Hodgkin�s lympho-
ma with no evidence for bone marrow involvement. With
bone marrow involved, the patient is by definition in stage
IV, however, bone marrow involvement is also recognized
as an unfavorable prognostic sign per se.

Fig. 2. Immunohistochemical expression of CD4 in bone marrow
stroma of patients with stage I-II Hodgkin�s disease responsive to
radiotherapy (mild reactivity). Immunostaining with CD4 Mab,
APAAP technique; original magnification X400.

Fig. 1. Immunohistochemical expression of CD4 in bone marrow
stroma of patients with stage I-II Hodgkin�s disease nonresponsive
to radiotherapy (strong reactivity). Immunostaining with CD4 Mab,
APAAP technique; original magnification X400.
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In HIV infected patients, bone marrow involvement is
often the first sign of the disease. In these cases, the lym-
phocytic background consists predominantly of CD8 sup-
pressor T-cells, unlike Hodgkin�s disease in normal hosts,
where the lymphocytes are predominantly CD4 helper T-
cells36.

The diagnosis of Hodgkin�s lymphoma should prefer-
entially be confirmed by immunohistochemistry (CD3, 20,
15, 45, 30 and EMA). When the initial diagnosis of
Hodgkin�s lymphoma is made on a trephine, biopsy of the
lymph node should always be done before treatment for
both confirmation of the diagnosis and for subclassification.
One should not attempt to classify Hodgkin�s lymphoma
on the basis of bone marrow biopsy. The histology of
Hodgkin�s lymphoma in bone marrow and in lymph node
may differ significantly, and all types of Hodgkin�s lympho-
ma may produce the appearance of lymphocyte depletion
and fibrosis in bone marrow.

As in other tissues, the main differential diagnosis in
cases of Hodgkin�s lymphoma includes non-Hodgkin�s lym-
phoma, especially anaplastic large cell lymphoma37, and T-
cell-rich (and histocyte-rich) large B-cell lymphoma38,39.
Peripheral T-cell lymphoma with polymorphous cell pro-
liferation and epitheloid histiocytes are particularly prob-
lematic40. Rare cases of B-CLL with occasional Reed-
Sternberg cells may also pose a difficulty41. The lesions
should be distinguished from mastocytosis, granulomatous
diseases and myelofibrosis either as a primary bone mar-
row disease or as fibrosis induced by x-ray or other noxae.
The value of routine bone marrow biopsy for staging of
Hodgkin�s lymphoma is being questioned. However, if
bone marrow biopsy is performed, bilateral biopsies are
warranted.

In our setting, we found that bone marrow stromal cells
exhibited a statistically significant (p=0.015) prevalence
of CD4 expression in cases of stage I-II Hodgkin�s disease
treated with radiotherapy alone42 as compared with the
patients responding to therapy, suggesting that the in-
crease in CD4 might be connected with bone marrow in-
volvement, indicating upstaging of the disease. On the
other hand, our findings may be viewed as suggesting that
the chemokines locally produced by T lymphocytes are
implicated in the accumulation of abundant reactive in-
filtrates (e.g., eosinophils) in classic Hodgkin�s disease and
thereby influence tumor biology. Confirmation of this hy-
pothesis would necessitate studies in large groups of pa-
tients and longer observation period including unfavorable
disease outcomes.
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Sa�etak

PREVLAST CD4 POZITIVNIH STROMALNIH STANICA KO�TANE SR�I U BOLESNIKA S RANIM STUPNJEM
HODGKINOVE BOLESTI MIJE�ANE CELULARNOSTI

D. Tamiolakis, I. Venizelos, A. Kotini, M. Lambropoulou, Th. Jivannakis, A. Efthimiadou, P. Boglou i N. Papadopoulos

Cilj rada bio je utvrditi moguæu zahvaæenost ko�tane sr�i u bolesnika s ranim stadijima klasiène Hodgkinove bolesti, varijanta
mije�ane celularnosti, dijagnosticirane biopsijom limfnog èvora, koji pri prvom dolasku nisu odgovorili na samu radioterapiju.
Bolesnièka skupina sastojala se je od 20 bolesnika (18 s B-staniènim genotipom i dvoje s T-staniènim genotipom) u I.-II. stadiju
prema klasifikaciji iz Ann Arbora, koji su bili lijeèeni samo radioterapijom. Sedmoro bolesnika nije odgovaralo na ovu vrst lijeèenja.
Southern blot hibridizacija uz primjenu specifiène fragmentne sonde EBV Bam H1W pokazala je prisutnost EBV genoma u dvoje
bolesnika. Svih 20 bolesnika podvrgnuto je trepanacijskoj biopsiji ilijaènog grebena i provedeno je ispitivanje panelom protutijela
ukljuèujuæi CD45, CD20, CD4, CD8, CD45RO, CD56, CD30, ALK-1, CD-15, EMA, CD61 i CD68. U sedmoro bolesnika koji
nisu odgovarali na lijeèenje utvrðena je statistièki znaèajna prevlast stromalnih stanica pozitivnih na CD45, CD45RO i CD4 (c2-
test: p=0,021, p=0,019 odnosno p=0,015). Prevlast stanica pozitivnih na CD4 u stromi ko�tane sr�i moglo bi ukazivati na
zahvaæenost ko�tane sr�i Hodgkinovom bole�æu u bolesnika s ranim stadijem (I.-II.) (tj. porast stadija) u kojih ne dolazi do remisije
bolesti nakon same radioterapije, te bi moglo objasniti nenormalnu proizvodnju citokina, �to mo�da doprinosi smanjenoj T-imunosti
i nedostatnom protutumorskom odgovoru usprkos goleme veæine infiltriranih reaktivnih imunih stanica.
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