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Glutathione S-transferases in bone marrow
metastases of disseminated neuroblastoma

A G Hall, A G McGuckin, A D J Pearson, A R Cattan, A J Malcolm, MM Reid

Abstract
Antisera to each of the three main
cytosolic forms of glutathione S-trans-
ferase (GST; a,,u, and x) has been used
to characterise GST expression by
metastatic neuroblastoma in bone mar-
row trephine biopsies taken from 15
patients at presentation and from five of
this group at relapse. There was no cor-
relation between expression of extra-
nuclear a or,u GST and outcome, and no
consistent pattern at relapse. Seven of
eight expressing nuclear X GST at pre-
sentation died of resistant disease. Three
of five cases with no detectable nuclear ,r
class GST remain alive and disease free.
The results provide no encouragement
for further investigation of a or ,u GST in
this disease but larger studies of uni-
formly treated patients may show
whether nuclear n GST expression at
presentation indicates likely relapse.
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Disseminated neuroblastoma often responds
to initial chemotherapy but drug resistant
disease usually recurs. Most studies of drug
resistance in this disease have concentrated on
P-glycoprotein expression; however, several of
the drugs used to treat neuroblastoma are not
affected by the classical multidrug resistance
phenotype. Raised cytosolic glutathione S-
transferases (GSTs) may be associated with
resistance to a range of cytotoxic drugs, some
of which are commonly used to treat neuro-
blastoma.' The GSTs are involved in the
detoxification of a wide range of xenobiotics,
either through the formation of non-cytotoxic
glutathione adducts or by direct binding.
Human forms of cytosolic GST are classified
into three main families, a, 1u, and it, on the
basis of immunoreactivity and amino acid
sequence.2 Little is known of the patterns of
expression of these enzymes by human
tumours. High 7r GST values have been
described in breast,3 colon,4 cervix,5 liver,6
and haematopoietic malignancy.7 The a and,u
forms show less consistent patterns but often
reflect expression in the normal tissue from
which the tumours have arisen. In this paper
we report the immunocytochemical demon-
stration of GSTs by bone marrow metastases
of neuroblastoma in 15 patients at initial
presentation and in five of this group at
relapse.

Methods
Fifteen patients with disseminated neuroblas-
toma were studied. The median age was
4 (range 1-18) years. All had bone marrow
infiltration at diagnosis. Patients were treated
by chemotherapy with vincristine, cisplatin,
carboplatin, etoposide, cyclophosphamide, or
ifosfamide and high dose melphalan.
Bone marrow biopsy specimens were

obtained by trephine as part of routine staging
or reassessment. Many patients had multiple
biospies taken at each assessment. Cores (1-2
cm) fixed in 10% neutral buffered formalin
and decalcified with Gooding and Stewart's
solution were embedded in paraffin wax.
Duplicate 3,m sections, placed on poly L-
lysine treated slides, were prepared for each
antibody to be tested, one of which was pre-
treated with trypsin. Reactivity with antisera
to a, ,u, and Xt GSTs was determined by
immunohistochemical techniques as previ-
ously described.' Similarly prepared sections
of human kidney were used as positive con-
trols and normal rabbit serum as a negative
control.

Sections were independently assessed by
two of us (MMR and AGH) without knowl-
edge of the patients' identities and scored for
nuclear or extranuclear positivity by a system
in which no staining was designated by 0,
moderate staining by +, and heavy staining
by + +. In any in which there was disagree-
ment the final score was determined after
joint review through a double headed micro-
scope.

Results
Twenty eight biopsy specimens were studied.
In 144 of the 168 test slides there was agree-
ment concerning the level of nuclear and
extranuclear staining, a concordance rate of
85%. Considerable heterogeneity in staining
intensity was found, both between different
sites from the same patient and within indi-
vidual cores. The most positive result
obtained for each patient was taken as the
final result. Staining was found both within
the nuclei and in extranuclear sites, but it was
usually difficult to distinguish true cytoplas-
mic staining of neuroblasts and reactivity with
stromal material, whether cellular or extracel-
lular. Trypsinisation had no significant effect.
The table shows the patterns of reactivity for
trypsinised sections.

Extranuclear 7t GST was detected in 14 of
the 15 patients but it was within the nuclei in
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Glutathione S-transferases in bone marrow metastases ofdisseminated neuroblastoma

Intensity ofstaining with antisera to su, a, or p. class GST and outcome in 15 patients with neuroblastoma

Presentation Relapse

Xt a p it a ,

Patient N E N E N E N E N E N E Outcome

1 + + 0 0 + 0 - - - - - RD
2 + + + + + 0 + + + 0 0 0 0 0 0 RD
3 + + + + 0 + + + + 0 + + 0 + + RD
4 + + + + + 0 + + + + + + + + + 0 + 0 RD
5 + + + + 0 + + + + + + + 0 + + RD
6 0 ++ 0 0 + 0 - - - - - - A
7 0 + 0 0 + 0 RD
8 0 + 0 0 + 0 - - - - - - TD
9 + + + 0 + 0 RD
10 0 + + + 0 + + - - - - - - A
11 0 0 + 0 + 0 - - - - - - A
12 + + + 0 0 + + + 0 + 0 0 + + RD
13 0 + 0 0 0 + - - - - - - TD
14 ++ ++ 0 + ++ ++ - - - - - - TD
15 0 + 0 0 + ++ - - - - - - RD

N = Nuclear staining; E = extranuclear staining; RD = died of resistant disease; TD = death from toxicity; A = alive, disease free.

only eight. Nuclear a GST was detected in
seven, extranuclear a in one, nuclear p in 14,
and extranuclear p in nine patients. There
was no consistent pattern of differences
between samples taken at presentation or at
relapse. The table shows the outcome of the
15 patients. There was no relation between
extranuclear it GST expression and outcome
as of December 1992. Seven of the eight with
nuclear 7t GST have died of resistant disease.
Three of the seven with 7t GST negative
tumour nuclei at presentation remain alive
and disease free at 60, 60, and 22 months
from diagnosis, and are the sole survivors
from this group of 15 patients. Two patients
with 7r GST negative nuclei at presentation
died from toxicity and two from disease. On
relapse two of five patients had Xt GST nega-
tive nuclei. In both cases nuclei were positive
on presentation. All relapsed cases have died
of resistant disease.

Discussion
This study shows that cytosolic GSTs, in par-
ticular the Xt class, are often found in bone
marrow metastases of neuroblastoma, both at
presentation and relapse. Unfortunately they
can not be used as markers for the presence of
bone marrow infiltration because normal
bone marrow cells also express them.

Despite the small numbers of patients
these preliminary investigations suggest that
detection of extranuclear GSTs will not
distinguish between chemosensitive and resis-
tant tumours in patients with disseminated
neuroblastoma. Bourhis et al,8 who used
northern blotting to assess the level of it GST
gene expression, came to a similar conclusion.
Recent experiments in which GST genes were
transfected into a human breast cancer cell
line also suggest that expression of GST does
not on its own confer cellular resistance to a
wide range of cytotoxic drugs, including some
(such as cisplatin) commonly used in the
treatment of neuroblastoma.910

Nuclear expression of it GST at presenta-
tion, however, might be associated with
resistance. The confounding influences of dif-
ferent treatment regimens and the distribution
of toxic deaths within the study demand cau-

tion in interpretation. Confirmation of an
association between nuclear it GST expres-
sion at presentation and treatment failure will
require larger studies of uniformly treated
patients. At present there is no well developed
biological rationale for such a link, but
nuclear expression of it GST in cervical
epithelium has been suggested as a marker of
differentiation.5 There was no relation
between nuclear ir GST expression and
response on relapse, suggesting that such
expression is not a prerequisite for resistance.
As resistance in tumours treated with complex
multiagent regimes is likely to be multifactorial
this is perhaps not surprising. Further studies
of tissues derived from the neural crest,
including ganglioneuroblastoma and poor
prognosis disseminated neuroblastoma, as
well as more common adult tumours, might
be of value in the identification of a useful
prognostic marker.
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