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A Novel Somatic Point Mutation of the RET Proto-oncogene in Tumor Tissues of

Small Cell Lung Cancer Patients
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We examined whether the novel point mutation from GCC (Ala) to GAC (Asp) at codon 664 in exon
11 of RET proto-oncogene, which we had found in two small cell lung careinoma (SCLC) cell lines,
existed in genomic DINA of tumor tissues of the two SCLC patients from whom these SCLC cell lines
were derived. Sequence analysis revealed that point mutation identical to that of the SCLC cell lines
was present in amplified alleles of single-strand conformational variants in genomic DNA of the tumor
tissues, whereas it was not detected in genomi¢c DNA of non-tumor tissues of the patients. These
results indicate that this mutation had initially occurred in the SCLC patients and was of somatic

origin.
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The RET proto-oncogene, which encodes receptor
tyrosine kinase for an unidentified ligand,"” has been
reported to be associated with several neoplasms and
inherited diseases.”'® Rearrangements and overexpres-
sion of the RET proto-oncogene have been found in
human papillary thyroid carcinomas,*® and neuroblasto-
mas,5 7 respectively. Recently, germ-line point mutations
of the RET proto-oncogene have been reported to be
closely associated with several inherited diseases includ-
ing multiple endocrine neoplasia type 2A (MEN2A),*%
and 2B (MEN2B),'” familial medullary thyroid carci-
noma (FMTC),” and Hirschsprung’s disease.'” > More-
over, somatic mutations of this gene were also found in
some sporadic cases of medullary thyroid carcinoma
(MTC) and pheochromocytoma.™'” Based on these
lines of evidence, point mutations of the RET proto-
oncogene have been thought to play an important role in
the carcinogenesis of at least some neurcendocrine
tumors.

Small cell lung carcinoma (SCLC) is a highly malig-
nant neoplasm and follows an aggressive clinical course.
This cancer is characterized by an ability to secrete a
variety of hormonal neuropeptides, as do several neuro-
endocrine tumors including MTC.'* ' Since it was ex-
pected that some genetic changes of SCLC might be
shared with these nenroendocrine tumors, we previously
examined whether SCLC possessed genetic alteration of
the RET proto-oncogene, using SCLC cell lines, We
found a novel point mutation of the RET proto-oncogene
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at codon 664 in exon 11 in Lul30 and Lu134A SCLC cell
lines out of six SCLC cell lines examined.'® However, it
has not been determined whether this genetic alteration
occurred in the patients or during the course of the
establishment or the in vitro culture of these cell lines. In
the present study, we examined whether this point muta-
tion existed in genomic DNA of tumor tissues of the two
SCLC patients from whom these two SCLC cell lines
were derived.

We first performed polymerase chain reaction single-
strand conformation polymorphism (PCR-SSCP) analy-
sis to detect the point mutation of the RET proto-onco-
gene of exon 11 in both the tumor and the normal tissue
of each patient using the same primers as previously
described.'® One tumor tissue was obtained by biopsy of
subcutaneous metastases of the 61-year-old male patient
from whom Lul30 was derived. This patient exhibited
features of ectopic ACTH syndrome. Laboratory exami-
nations showed high plasma ACTH and cortisol levels,
which were not suppressed by administration of high-
dose dexamethasone, Histologically, small-sized tumor
cells were diffusely infiltrating into subepithelial connec-
tive tissue. They showed hyperchromatic and finely gran-
ular nuclei with a thin nuclear membrane and inconspic-
uvous nuclei. The histological diagnosis was small cell
carcinoma, oat cell type. The diagnosis of ectopic ACTH
syndrome was confirmed by the finding of a high concen-
tration of ACTH (940 ng/g wet weight) in the tumor
specimen. Other hormonal studies revealed that the
tumor tissue contained a large amount of gastrin-
releasing peptide (GRP) (270 ng/g wet weight).!” A
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Fig. 1. PCR-SSCP analysis of the RET proto-oncogene in
exon 11 in genomic DNA from SCLC cell lines and tumor
tissues of SCLC patients. Lanes indicate samples prepared
from the following: (a) 1, Lul30 cell line; 2, peripheral blood
mononuclear cells from a normal volunteer; 3, tumor tissue
of the SCLC patient from whom Lul30 was derived; (b) 1,
Lul34A cell line; 2, peripheral blood mononuclear cells from
a normal volunteer; 3, tumor tissue of the SCLC patient from
whom Lul34A was derived. Arrows indicate a single-strand
conformational variant.

normal tissue sample for the preparation of the genomic
DNA of this patient was obtained from the spleen at
autopsy. Another tumor tissue was obtained by surgical
operation on the primary tumor of the 80-year-old male
patient from whom Lul34A was derived. This patient
did not show particular symptoms or signs due to hormo-
nal excess. Histologically, most of the tumor cells were
small and showed hyperchromatic nuclei, compatible
with oat cell or intermediate cell type small cell carci-
noma. But there was a minor component of tumor cells
which showed large and varied nuclei. The cytoplasm was
abundant with an ill-defined cell border. The histological
diagnosis was small cell carcinoma with a large cell
component. Hormonal studies also revealed that tumor
tissue contained a large amount of GRP (280 ng/g wet
weight) and growth hormone-releasing hormone (1600
ng/g wet weight)."” A normal tissue sample for the
preparation of the genomic DNA of this patient was
obtained from the normal tissue of the resected lung.
Genomic DNA for PCR-SSCP analysis was extracted
from formalin-fixed and paraffin-embedded samples,'”
and PCR-SSCP analysis was carried out as described
previously.'®* PCR-SSCP analysis for genomic DNA
from both tumor tissues revealed a faint band of a single
strand conformational variant (SSCV) at a position adja-
cent to the normal band (Fig. 1, arrows). The mobility
shifts of these SSCVs in the gel were identical to those of
Lul30 and Lul34A cell lines. Subsequently, these small
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Fig. 2. Direct sequencing analysis of amplified mutated
alleles of single-strand conformational variants of the RET
proto-oncogene in the tumor tissues of the two SCLC pa-
tients. Nucleotide sequence showed the point mutation from
GCC (Ala) to GAC (Asp) at codon 664, in addition to the
normal sequence at this codon. Lanes from left to right are
nucleotides T, G, C, A of the sense strand. a, tumor tissue of
the SCLC patient from whom Lul30 was derived; b, tumor
tissue of the SCLC patient from whom Lul34A was derived;
¢, peripheral blood mononuclear cells from a normal volun-
teer.

arcas of 88CVs below the normal bands were cut out and
subjected to DNA extraction for secondary PCR as
described previously.””’ The secondary PCR was per-
formed using the primers described previously.'® The
direct sequencing of the PCR products revealed the point
mutation from GCC (Ala) to GAC (Asp) at codon 664
in addition to the normal sequence at this codon (Fig. 2).
This nucleotide alteration was identical to those observed
in the two cell lines Lui30 and Lul34A.' The direct
sequencing of genomic DNA from normal tissues of
these patients revealed only the wild-type codon 664 in
exon 11 (data not shown).

We demonstrated in this study that the novel point
mutation of the RET proto-oncogene was also present in
the tumor tissues of the two SCLC patients. This result
indicates that the genetic alteration of the mutated RET
proto-oncogene observed in Lul30 and Lul34A cells had
initially occurred in these patients. In addition, the fact
that only the wild-type codon 664 in exon 11 was ob-
served in the genomic DNA from normal tissues of these
patients indicates that this mutation was of somatic
origin. Moreover, in order to determine the frequency of
this point mutation of exon 11 in SCLC, we further
examined whether this mutation was present in tumor
specimens from another 5 SCLC patients using PCR-
SSCP analysis as described above. However, SSCVs cor-
responding to those detected in the two SCLC cell lines
were not detected in these specimens (data not shown).
Thus, so far, this point mutation has been found in 2 of
7 SCLC patients (29%). Nevertheless, the finding that
two SCLC cases independent of each other had the same
novel point mutation of the RET proto-oncogene in vivo
strongly suggests that this point mutation is closely



associated with a part of SCLC. PCR-SSCP analysis
demonstrated that the bands of SSCVs in these patients
were much fainter than the normal bands in the same
lanes, indicating that the population of the mutated allele
in the tumor specimen was small. One possible explana-
tion for this is that the mutated allele existed only in a
limited subpopulation of the cancer cells, although it
remains to be determined whether the population of
normal cells in the tumor tissues was relatively large.
As previously described, only the mutated allele of
RET proto-oncogene was detected in both of the cell
lines.'® These cell lines were established through several
passages of xenograft transplantation followed by in vitro
culture.” Therefore, it is possible that the cancer cells
carrying the point mutation of codon 664 might have
been selected and become dominant in the transplanted
tumor in nude mice or in cell culture. Recently, the
mutated RET alleles reported in MEN2A, MEN2B and
FMTC were shown to be transforming genes in NIH 3T3
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forming gene, it might have led to transplantability for
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