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Expression of ret Proto-oncogene in Human Neuroblastomas
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We examined the expression of ref proto-oncogene (proto-ref) in surgically resected human
neuroblastomas. Slot blot RNA hybridization revealed that all 29 neuroblastomas examined expressed
the proto-ret, the relative intensity of the hybridization ranging from 1 to 48. Ne correlation was found
between the level of expression of proto-ret and the clinical stage. The level of expression was also not
correlated with N-myc amplification, the patient’s age or the histological type of the tumor. Based on
the previous finding that proto-ret expression is very rarely detected in tumor cell lines other than
those of neuroblastoma, proto-ref expression was suggested to be a characteristic of neuroblastomas,

and possibly to be involved in the genesis of neuroblastomas.
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Neuroblastoma is one of the most malignant tumors in
children. Generally, the prognosis of patients with
neuroblastoma is poor. A good prognosis is expected only
in cases where surgical removal is done at a clinically
early stage, except for rare cases with a special category
of tumors with stage IV-S.” The prognosis in cases
associated with N-myc amplification is known to be
poor.>¥ N-myc amplification is found mainly in ad-
vanced cases, suggesting that this gene alteration has a
role in tumor progression. Cytogenetically, aberration of
chromosome 1p was detected in about 70% of a series of
neuroblastomas examined.” There are also recent reports
of loss of heterozygosity of chromosome 14q in about
50%,” and of that of 1p in about 28%% of two series of
cases. These data suggest that several alterations of
genes, possibly including suppressor genes, are required
for development and progression of neuroblastomas.

We have observed a marked increase in the incidence
of expression of the ret proto-cncogene (proto-ret) in
human neuroblastoma cell lines.” Proto-ret has been
predicted to encode two isoforms of a receptor type of
tyrosine kinase,*® and activated forms produced by re-
arrangements were shown to have transforming activity
in NIH 3T3 cells.>'?

Proto-ret was found to be highly expressed in all 11
neuroblastoma cell lines studied.” Detailed analysis of
cDNAs obtained from a neuroblastoma cell line, Nagai,
revealed that there is no genetic alteration in the proto-ret
coding region.”” On the other hand, our studies™® and
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those of others' on 50 cell lines of 23 different types of
tumors indicated that proto-ret expression was not spe-
cifically associated with any other type of tumor than
neurcblastoma. Proto-ref expression was also barely
detected in normal tissues of adult rats.” These findings
suggested that proto-ret expression might be closely re-
lated with the genesis of neuroblastomas. However, there
was a possibility that proto-ret was expressed only in
cultured cell lines. Therefore, in this work we examined
surgically resected specimens of neuroblastomas to deter-
mine whether proto-ret was expressed in neuroblastomas
in vivo.

The neuroblastomas examined had been resected for
the purpose of treatment from 29 patients at the Hospital
of Kyushu University Medical School or affiliated hospi-
tals between 1982 and 1988. The patients ranged from 4
months to 11 years old (average: 2 years and 6 months);
13 patients were under 1 year old. The diagnosis of
neuroblastoma was based on pathological findings, and
catecholamine secretion. Histologically, 9 cases were
classified as ganglioneuroblastomas and 20 as neuroblas-
tomas. Specimens of all tumors were taken before any
radio- or chemotherapy, and were promptly frozen. As
controls, 3 human epidermoid carcinoma cell lines,
KB3-1, its subline KB-C1' and HC7-5/VCR, which is a
subline of HC7-5, a cell line established from head and
neck cancer,'” were also examined.

RNA was extracted from tissues and cells and hy-
bridized essentially by a reported method.'® For detect-
ing the signal of proto-rer, an EcoRI-Neol 0.4 kb frag-
ment was used as a probe.'"'™ In a previous study we
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Fig. 1. Slot blot analysis for detecting proto-ret expression in 29 original biopsied neuroblastomas, Samples of 8 g (left lane)
and 2 g (right lane) of RNA were used. RNA was blotted onto a nitrocellulose filter after heat denaturation, Then the filter
was incubated in a solution of 50% deionized formamide, 5XSSC, 5 Denhardt’s solution, 0.1%9% SDS, and 100 gg/ml of
salmon sperm DNA at 42°C for 18 h. After hybridization, the filter was washed twice with a solution of 2 X85C and 0.1% SDS,
and four times with 0.1 XS858C and 0.1% SDS at room temperature. As controls, 3 human cell lines were used (slot No. 30-32).
For detecting the proto-ret and S-actin transcripts, an EcoRI-Ncol 0.4 kb fragment™ " and an H106 human genomic clone®”
were used as probes, respectively. The absence of cross hybridization with rRNA under the conditions used in this experiment
is evident from the negative results with three cell lines (slot No. 30-32). Expression of S-actin mRNA was detected in these
three cell lines (data not shown). The intensity of the signal was measured with a video densitometer. The weakest signal for
proto-ret {slot No. 17) was assigned the value of unity. The relative intensities of signals (without and with normalization to
B-actin transcript), clinical stages, and histological types (Histology) are also shown. n.d.: not detected. —: datum not
available. Histological type: 2, ganglioneuroblastoma; a, well differentiated type; b, composite type; c, poorly differentiated type:
3, neuroblastoma; a, rosette-fibrillary type; b, round cell type.

showed that this proto-ret cDNA probe did not cross-
hybridize with any other members of the tyrosine kinase
family under the conditions used in experiments.'®'*!"
For detecting N-myc amplification, Southern blot analy-
sis was performed using an EcoRI-BamHI 1.0 kb frag-
ment'* as a probe.

As shown in Fig. 1, samples of 8 yg of total RNA of all
29 neuroblastomas examined gave a signal of proto-ret,
and 23 of these tumors gave a definite signal even with
samples of 2 ug of RNA. In contrast, none of the 3
non-neuroblastoma tumor cell lines gave any signal of
proto-ret (Fig. 1, slot No. 30-32). The intensities of the
signals were measured with a video densitometer (Model
620, Bio-Rad). The lowest intensity of expression among
the 29 samples was referred to as 1 (slot No. 17 in Fig.
1), and the signal intensities of the other samples were
expressed as ratios to it (values do not necessarily rep-
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resent ratios of amounts of proto-ret mRNA). We
normalized the levels of proto-ret transcript to S-actin
mRNA on 26 samples and expressed them as relative
ratios to the sample of No. 17 (Fig. 1), although it is not
known yet whether the levels of S-actin mRNA remain
constant in various primary neuroblastomas. Figure 2
shows the relative expressions of proto-ret in the samples
classified according to the clinical stage. No correlation
between the level of proto-ret expression and the clinical
stage is apparent. Of these 26 neuroblastomas, § were
associated with N-myc amplification (manuscript in
preparation). The number of cases was small, but among
them there seemed to be no correlation between the level
of proto-ret expression and N-myc amplification. These
data suggest that expression of proto-rer is a characteris-
tic of neuroblastomas that is detectable before alteration
of the N-mypec gene. The prognosis of patients of over 1
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Fig. 2. Relative levels of expression of proto-ret at different
clinical stages. The intensity of proto-ret expression normalized
to fG-actin mRNA is plotted according to the clinical stage of
the patients. () indicates the case in which the intensity of
proto-ret expression is defined as 1 (slot No. 17 in Fig. 1). Solid
circles indicate cases associated with more than 10-fold am-
plification of N-myc.

year old is reported generally to be poor."” The expression
levels of proto-ret of our patients of under and over 1
year old were not different (data not shown). The expres-
sion levels were also not correlated with the histological
degrees of differentiation of the tumors (Fig. 3 and also
refer to Fig. 1).

Based on these results, we speculate that over-
expression of proto-ret is involved in the genesis of
neurcblastomas, or that the expression is a characteristic
of neuroblast cells,

Recently, human proto-ret was mapped to chromo-
some 10ql11.2 near the possible locus responsible for
multiple endocrine neoplasia 2A (MEN2A).¥ MEN2A
induces multiple tumors such as medullary thyroid carci-
noma and pheochromocytoma, which originate from the
neural crest, It is interesting to note that neuroblastoma
also originates from the neural crest. However, among
the tumors originating from the neural crest, including
melanomas, only neuroblastomas express proto-ref,?
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suggesting that proto-ret is related to the differentiation
of precursor cells into neuroblasts, although it is possible
that constitutively high expression of proto-ret is in-
volved in malignant transformation.

Recently, proto-ret was found frequently to be acti-
vated by rearrangement in papillary thyroid tumors.'
We also observed rearrangement of this gene in a cell
line, TPC-1, of human papillary thyroid carcinoma, and
found that the TPC-1 cells weakly expressed aberrant
transcripts.” Thus, papillary thyroid carcinomas may
frequently express aberrant transcripts.
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