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To determine whether interleukin-1� converting enzyme (ICE) plays a role in the programmed cell

death of neuroblastoma, we studied ICE expression in primary tumours. In patients in stages I, II and

IVS, ICE mRNA was detected in 22 of 32 (69%) tumours, while only 5 of 26 (19%) tumours expressed

ICE in stages III and IV (P < 0.001). ICE mRNA was expressed in 27 of 47 (57%) tumours without

MYCN ampli®cation, but it was not detected in any tumours with MYCN ampli®cation (P < 0.01).

Immunohistochemically, the cytoplasm was stained in all 15 neuroblastomas examined. The nuclei

were stained in 12 neuroblastomas without MYCN ampli®cation, whereas only 1 of 3 tumours with

MYCN ampli®cation had positive staining in the nuclei. In ganglioneuromas, high levels of ICE mRNA

were expressed, but immunostaining showed that the protease expression was con®ned to the cyto-

plasm. These observations suggest that ICE may be associated with the spontaneous regression often

seen in favourable neuroblastomas and that localisation of ICE protease in the cell may be important

for the cell death pathway. Double staining for ICE and TUNEL showed that they were co-localised in

some nuclei, but the distribution of ICE protease expression was not necessarily the same as that of

DNA fragmentation, suggesting that the protease expression probably preceded DNA fragmentation

during the apoptotic process. ICE may play an important role in regulating the apoptotic process of

neuroblastoma. # 1997 Elsevier Science Ltd.
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INTRODUCTION

Neuroblastoma is a paediatric solid tumour which originates

in the adrenal and the sympathetic ganglia. It is clinically

and biologically heterogeneous, with some tumours regres-

sing spontaneously whilst others progress. Most neuro-

blastomas with a favourable prognosis express high levels of a

high-aYnity nerve growth factor (NGF) receptor gene, trk-A,

and diVerentiate in response to NGF [1, 2]. Depletion

of NGF induces cell death of such neuroblastomas in primary

culture, and this phenomenon may occur in vivo [2].

We previously observed that massive apoptosis occurred in

some neuroblastomas with favourable characteristics [3].

It has also been found that the bcl-2 proto-oncogene product

may regulate apoptosis in such regressing tumour cells

[3, 4].

Interleukin-1b converting enzyme (ICE) is a mammalian

homologue of CED-3 which is required for programmed cell

death in the nematode Caenorhabditis elegans [5]. A recent

study revealed that an inhibitor of ICE prevented neuronal

cell death induced by NGF deprivation, suggesting that ICE

may participate in the neuronal cell death process in verte-

brates [6]. In this study, we studied ICE expression in pri-

mary neuroblastomas to determine whether ICE plays a role

in the programmed cell death of this tumour.

MATERIALS AND METHODS

Tissue samples

Tumour specimens were obtained at surgery from 58

neuroblastoma and 2 ganglioneuroma patients and were
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subjected to Northern blotting. The patients were treated at

the Children's Hospital of Philadelphia and the St. Louis

Children's Hospital in the U.S.A. and the Department of

Paediatric Surgery, Chiba University, the Department of

Paediatrics, Kagoshima University, the Department of Pae-

diatric Surgery, Kumamoto University, and the Department

of Paediatric Surgery, Hiroshima University, in Japan during

the past 5 years. The stages of the neuroblastomas were stage

I in 17 cases, stage II in 6, stage IVS in 9, stage III in 13 and

stage IV in 13 patients according to the staging system by

Evans and associates. Immunohistochemical studies were

done with samples obtained at Gunma Children's Medical

Centre during the past 5 years from 15 neuroblastoma and 2

ganglioneuroma patients. The stages of the neuroblastomas

were stage II in 4, stage IVS in 1, stage III in 6 and stage IV in

4 patients.

RNA extraction and Northern blotting

Total RNA was extracted from frozen samples of tumour

tissues and was subjected to Northern blot analysis as des-

cribed previously [7]. Brie¯y, 25 mg of each RNA was

resolved on 1% agarose-formaldehyde gels and transferred to

a nylon membrane by blotting. Blots were hybridised with

ICE cDNA probe and were exposed to X-ray ®lms to obtain

autoradiographs. The ICE cDNA probe was prepared by one

of the authors (M.S.).

Immunostaining of ICE

Haematoxylin and eosin sections were examined in all

specimens and a representative block was chosen from each

of the tumours. Sections from formalin-®xed, paraYn-

embedded samples were deparaYnised, rehydrated and pro-

cessed for staining. A rabbit polyclonal antibody to 10 kDa

(p10) subunits of ICE (Santa Cruz Biotechnology, Inc.,

Santa Cruz, California, U.S.A.) was applied at a dilution of

1:100 and detected by the streptavidin±biotin (SAB) method.

Because ICE expression in a section was not homogeneous,

standards for quali®cation were used. When positive cells

were observed, ICE expression was described as `+1' and it

was described as `+2' if strongly positive cells were observed.

When only weakly positive cells were observed, the expres-

sion was described as `�'.

Identi®cation of apoptotic cells (TUNEL method) and double

labelling for ICE and TUNEL

The in situ visualisation of apoptotic cells was done by the

method described by Gavrieli and associates [8]. Brie¯y, the

exposure of nuclear DNA on histological sections was com-

pleted by incubation with 20 mg/ml proteinase K. Terminal

deoxynucleotidyl transferase (TdT) (Life Sciences, St

Petersburg, Florida, U.S.A.) was used to incorporate bioti-

nylated deoxyuridine triphosphate (dUTP) (Enzo Diagnos-

tics, New York, U.S.A.) at sites of DNA breaks. Double

labelling for ICE and TUNEL with ¯uorescence was done

according to the method described in our previous paper [3].

In this study, conjugates of ICE and anti-ICE antibody were

detected with a ¯uorescein-5-isothiocyanate (FITC)-conju-

gated goat anti-rabbit antibody (Organon Teknika Corpora-

tion, Durham, North Carolina, U.S.A.).

Statistical analysis was done by the w2 test.

RESULTS

ICE mRNA expression

Fifty-eight primary neuroblastomas were analysed by

Northern blotting to detect ICE transcript (Figure 1). In

patients in stages I, II and IVS, ICE mRNA was detected in

22 of 32 (69%) tumours, while 5 of 26 (19%) tumours

expressed ICE in stages III and IV (P < 0.001). ICE mRNA

was expressed in 27 of 47 (57%) tumours without MYCN

ampli®cation, but it was not detected in any tumours with

MYCN ampli®cation (P < 0.01).

Immunostaining of ICE

The results of immunostaining of ICE protease in 15

neuroblastomas are summarised in Table 1. The cytoplasm

was stained in all 15 neuroblastomas. The nuclei were stained

in 12 neuroblastomas without MYCN ampli®cation, whereas

only 1 of 3 tumours with MYCN ampli®cation had positive

staining in the nuclei (Figure 2a). Two neuroblastomas with

MYCN ampli®cation had negative staining in the nuclei

(Figure 2b). ICE protease seemed to be expressed in the

nuclei more strongly in favourable neuroblastomas than in

aggressive tumours.

Figure 1. Northern blot analysis of neuroblastomas and gang-
lioneuromas. Relatively high levels of ICE transcript were
seen in samples of ganglioneuromas and a IVS neuroblastoma.
ICE expression was not detectable in tumours in the advanced
stages with or without MYCN ampli®cation. GN, ganglioneur-
oma; NB, neuroblastoma; +, MYCN ampli®cation > 10 copies;

ÿ, no MYCN ampli®cation.

Table 1. Immunostaining of interleukin-1b converting enzyme

(ICE) protease in 15 neuroblastomas

Case Age

(months)

Stage MYCN

(copy)

ICE protease

Nucleus Cytoplasm

1 6 II 1 + �

2 7 II 1 + +

3 8 II 1 + +

4 9 II 1 + +

5 9 IVS 1 ++ �

6 2 III 1 + �

7 4 III 1 ++ +

8 7 III 1 + +

9 9 III 1 + +

10 11 III 1 + ++

11 22 III 40 ++ +

12 8 IV 1 + +

13 19 IV 140 ÿ +

14 50 IV 250 ÿ �

15 56 IV 1 + +
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In ganglioneuromas, ICE expression was observed only in

the cytoplasm of mature ganglion cells. No staining was

observed in the normal adrenal medulla.

Double staining for ICE and TUNEL with ¯uorescence

Double staining for ICE and TUNEL was done in 2 cases

whose specimen was positive for both ICE and TUNEL

(data not shown). Both ICE and TUNEL were positive in

some nuclei, but the distribution of ICE protease expression

was not necessarily the same as that of DNA fragmentation.

DISCUSSION

Interleukin-1b converting enzyme (ICE) is an oligomeric

enzyme with 10 kDa (p10) and 20 kDa (p20) subunits that

are derived from a common 45 kDa precursor [9]. ICE func-

tions as a cysteine protease that cleaves 33 kDa interleukin-1b
(IL-1b) precursor into 17.5 kDa biologically active IL-1b
[10]. Overexpression of ICE induced programmed cell death,

which was suppressed by the product of the crmA gene, a

speci®c inhibitor of ICE [6, 11]. A recent study demonstrated

that the ICE family proteases are components of the mam-

malian cell death pathway [12]. Active forms of the proteases

cause cell death by accessing cytoplasmic and nuclear

substrates such as poly (ADP-ribose) polymerase (PARP). It

was also demonstrated that bcl-2 may function upstream and

inhibit apoptosis by blocking the cell death signal that acti-

vates the proteases [12].

In this study, we observed that ICE mRNA was more fre-

quently or preferentially expressed in neuroblastomas in

stages I, II and IVS and more frequently expressed in

tumours without MYCN ampli®cation. Immunohistochemi-

cally ICE was expressed in the cytoplasm and the nuclei in

neuroblastomas, but strong positivity tended to be observed

in the nuclei in favourable neuroblastomas. These observa-

tions suggest that ICE may play an important role in regu-

lating the apoptotic process of neuroblastoma and that ICE

may be associated with the spontaneous regression often seen

in favourable neuroblastomas. In ganglioneuromas, high

levels of ICE mRNA were expressed, but immunostaining

showed that protease expression was con®ned to the cyto-

plasm. Localisation of ICE protease in the cell may have

some biological meaning.

Double staining for ICE and TUNEL showed that they

were co-localised in the nuclei of some tumour cells, but the

distribution of ICE protease expression and that of DNA

fragmentation did not always overlap. This may be explained

if the protease expression precedes DNA fragmentation dur-

ing the apoptotic process. In conclusion, ICE may play an

important role in regulating the programmed cell death of

neuroblastoma.
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Figure 2. ICE immunostaining of an (a) IVS neuroblastoma
originating in the adrenal gland detected by screening.
Neuroblastoma cells showed positive staining for ICE, in both
the nuclei and the cytoplasm, but strong positivity was
observed in the nuclei. (b) A stage IV unfavourable neuro-
blastoma with MYCN ampli®cation. ICE was expressed weakly
in the cytoplasm, and most cells do not show ICE expression in
the nuclei. (Immunoperoxidase, original magni®cation �400.)

ICE in Neuroblastoma 2083


