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Abstract
One hundred and two bone marrow
samples were analysed by histological
and immunohistochemical methods for
neurone specific enolase (NSE). The biopsies were performed to determine the
extent of bone marrow disease in 84
neuroblastomas, nine embryonal rhabdomyosarcomas, five Ewing's sarcomas,
two cases of Hodgkin's disease and two
lymphoblastic lymphomas. Twenty
seven (32%) of neuroblastoma bone
marrows showed metastases by conventional histological techniques and 33
(39%) after immunohistochemical staining with NSE. Five embryonal rhabdomyosarcomas, five Ewing's sarcomas,
and two lymphoblastic lymphomas
showed bone marrow metastases. Only
one of these cases was reactive for NSE.
NSE represents a very sensitive immunomarker for the follow up of
neuroblastoma and improves detection
of bone marrow invasion by neuroblastoma.
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Staging of neuroblastoma includes examination of bone marrow trephine biopsy specimens for detection of bone marrow infiltration
at diagnosis and residual tumour after
chemotherapy. In both cases histological diagnosis of metastatic neuroblastoma in bone
marrow may be difficult. In micrometastasis
malignant cells are intermingled with
haematopoietic cells following the architectural pattern of bone marrow. Under these
conditions histological diagnosis is difficult or
even impossible. After chemotherapy metastatic foci become fibrotic, making the detection of residual neoplastic cells difficult. To
avoid these difficulties, we performed immunostaining for neurone specific enolase
(NSE) in 102 bone marrows previously
studied by conventional histological techniques. NSE is a very sensitive marker for
neuroblastoma,l but it is also found in other
poorly differentiated childhood tumours.2
Methods
Bone marrow trephine biopsy specimens from
102 patients were analysed. Initial diagnosis
of primary tumour had been made according
to clinical, radiological, biochemical and
histopathological findings. There were 84
neuroblastomas, nine embryonal rhabdomyosarcomas, five Ewing's sarcomas; two

cases of Hodgkin's disease and two lymphoblastic lymphomas.
All specimens were fixed in Bouin's solution
and later decalcified in EDTA medium before
fixing in paraffin wax. For each case 6 gm
sections were stained with haematoxylin and
eosin and safranin (HES) and Gordon and
Sweet's stain for reticulin. Immunohistochemical localisation of NSE was studied by
the peroxidase-antiperoxidase method.3
The sections were incubated with rabbit
polyclonal antisera directed against NSE
(Dakopatts, Denmark) at a dilution of 1 in 50.
The peroxidase-antiperoxidase complex was
used in combination with diaminobenzidine
tetrahydrochloride (Polysciences, Warrington). Endogenous peroxidase was inhibited
with hydrogen peroxide (H202).
Non-immunised rabbit serum was used as
negative control.

Results
HISTOPATHOLOGICAL FINDINGS

Twenty seven of the 84 patients with
neuroblastoma had metastases (fig 1) (table) by
HES. Fifty four bone marrows were free of
metastasis and three others showed residual
fibrosis but without obvious neoplastic cells
("cicatricial type"). Twelve bone marrow
specimens from patients with tumours other
than neuroblastoma showed metastatic cellsfive embryonal rhabdomyosarcomas, five Ewing's sarcomas, and two lymphoblastic lymphomas (table).
IMMUNOHISTOCHEMICAL FINDINGS

Immunohistochemical results are summarised
in the table. Thirty three bone marrow specimens were positive for NSE. In 49 cases
immunoreactivity for NSE was negative; two
cases were difficult to interpret. Only one of the
18 bone marrow specimens of patients with
tumours other than neuroblastoma was positive for the NSE. The positive case corresponded to Ewing's sarcoma. Positivity for NSE in!
bone marrow invaded by neuroblastoma was
observed in both poorly differentiated cells (fig
2) and in mature ganglion cells (fig 3). The
reactivity was intracytoplasmic and in the
fibrillary processes. The reaction was particularly strong in metastatic bone marrow
previously identified by HES. No metastatic
bone marrow previously identified by HES
were negative for NSE. Five bone marrow
specimens that were considered to be nonmetastatic by HES exhibited small groups of
neoplastic cells positive for NSE (fig 3). Only
one of the three "cicatricial type" bone
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Immunohistochemical demonstration of neurone
specific enolase in bone marrow infiltrated by
neuroblastoma
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Histology and immunohistochemistry
Histology and immunohistochemistry

Metastatic

Non-metastatic

Neuroblastoma
NSE positive
Other tumours
NSE positive

27
27
12
1

54
5
6

Figure 2
Immunostaining for NSE
in a metastatic bone
marrow neuroblastoma.
Note strong reactivity.

-

"Cicatricial"
3
1
-

Total
84
33
18
1

marrows showed NSE positive cells intermingled with the fibrotic tissue. The two cases
interpreted as doubtful for NSE consisted of
two non-metastatic bone marrows by conventional histological techniques. These cases
showed structures positive for NSE but without visible nuclei. We eventually considered
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Figure 1 Bone marrow
biopsy specimen showing
typic al metastasis of
neuroblastoma. Note the
fib?illary aspect of the
malignant stroma
(haematoxylin and eosin).

Demonstration of NSE in bone marrow
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these cases to be non-metastatic. No immuno- regressing metastases, but no neoplastic cells
reactivity was found in granulocytic cells or were shown by conventional histology.
Immunostaining for NSE detected neoplastic
osteoblastic cells in any bone marrows.
cells in one of these bone marrows and so
showed the persistence of tumour.
Immunostaining by the peroxidase antiDiscussion
This study shows that there is consistent strong peroxidase technique in bone marrow
positivity for NSE in bone marrow invaded by specimens requires the inhibition of endogenneuroblastoma detected by conventional his- ous peroxidase that is normally present in some
tological techniques. Nevertheless, some granulocytic cells. This is easily accomplished
poorly differentiated neuroblastoma or in- with H202. Otherwise metastases may be
appropriately fixed specimens do not manifest falsely detected. Nevertheless, this might
NSE reactivity.4 NSE positive cells correspond represent a problem of interpretation, as none
to immature neuroblastic cells or mature gang- of our bone marrow specimens showed reaclion cells. No reactivity was found in haema- tivity in granulocytic cells or osteoblasts. False
negativity after decalcification of tissues has
topoietic cells.
In this series of 84 cases of neuroblastoma been considered a limitation of immunoimmunoreactivity for NSE in bone marrow peroxidase methods. When immunoreactivity
specimens permitted the diagnosis of meta- was compared in decalcified and non-decalcified
stases in 39% of cases; metastases were found tissues, however, there was no considerable
in 32% by conventional histological tech- difference in immunoreactivity.5 Only one of
niques. Therefore immunostaining represents the bone marrows invaded by other tumours
a more sensitive method of detecting micro- was positive for NSE. The case corresponded
metastases in bone marrow.
to Ewing's sarcoma of the tibia. The presence
Two of our cases were difficult to interpret of NSE in some cases of Ewing's sarcoma is
because of the presence of acellular positive consistent with the findings of recent studies.2
We conclude that immunostaining for NSE
structures. In these two cases we failed to find
nuclei in several sections. These cases were not increases the rate of detection of bone marrow
metastatic according to conventional histology. invasion by neuroblastoma cells. It detects very
Such structures could have been interpreted as small aggregates of malignant cells. The progresidual tumour cells, as similar formations nostic value of these small metastases and
have been found in bone marrows with typical particularly the mature ganglion cells (fig 3),
metastases.
however, remains questionable.
The three so-called "cicatricial-type" were
Many other antibodies have been tested for
cases studied after chemotherapy. These diagnosis of neuroblastoma,6 but most of them
showed fibrotic foci probably corresponding to are only useful in frozen sections or in cytology.
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Figure 3 Isolated
neuroblastoma cell in a
bone marrow biopsy
specimen. Immunostaining
for NSE permits
recognition of the cell
intermingled with the
haematopoietic cells. These
malignant cells correspond
to mature ganglion cells.
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Moreover, their specificity has not been
accurately determined. NSE is currently the
most sensitive immunomarker for neuroectodermal tumours.7'
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