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Genetic Alteration in Carcinoid Tumors of the Lung
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Surgically resected specimens of 13 carcinoid tumors of the lung including nine typical
carcinoids and four atypical carcinoids, and eight salivary gland type carcinomas (six mu-
coepidermoid carcinomas and two adenoid cystic carcinomas) were analyzed regarding p53
expression, loss of heterozygosity (LOH) in chromosome 3p, 9p, and K-ras mutation. The
overexpression of p53 was identified in four atypical carcinoid tumors, one mucoepidermoid
carcinoma, and one adenoid cystic carcinoma, however, none of typical carcinoids showed
p53 immunoreactivity. LOH in 3p14 was demonstrated in three of seven informative cases in
all tumors. LOH in 9p was demonstrated in two of five informative cases in all tumors. Two
of three cases with LOH at 3p14 had a poor prognosis, one of which also had LOH at 9p. No
mutation of the K-ras gene was observed in any of these tumors. These data thus indicate
that p53 overexpression might distinguish atypical carcinoid tumors from typical tumors
and might therefore be useful as an adjunct modality in the differential diagnosis of pulmo-
nary carcinoid tumors. The presence of LOH at 3p14 or 9p may thus help to identify lung
cancer patients with a poor prognosis. (Ann Thorac Cardiovasc Surg 2003; 9: 149–54)
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Introduction

Pulmonary carcinoid tumors account for 0.5 to 1% of all
tumors of bronchial origin. These tumors together with
small cell lung cancer (SCLC) are regarded as broncho-
pulmonary neuroendocrine tumors.1) While SCLC is a
highly malignant disease marked by rapid and dissemi-
nated tumor growth in the majority of patients, pulmo-
nary carcinoids show a relatively benign course and also

demonstrate various malignant potentials, depending on
their differentiation, namely, “typical” and “atypical”.2-4)

The differences in the biological behavior between these
two pathological types have been analyzed by some im-
munohistochemical studies,5-7) and by some gene analy-
ses.8,9)

The p53 protein regulates the cell cycle negatively
through the transactivation of the p21/WAF1 gene,10) and
induces apoptosis through the transactivation of the Bax
gene.11) The p53 gene is one of the most frequently mu-
tated tumor-suppressor genes in human tumors.12) The mu-
tations of the p53 gene usually prolong the half life of the
protein and results in accumulation. The accumulated
protein is readily detectable in the nuclei by immunohis-
tochemistry (IHC). In lung cancer, p53 mutations are
found in more than 50% of non-small cell lung cancer
(NSCLC) and in about 90% of SCLC.13) In addition, the
overexpression of p53 was also detected in about 50 to
60% of NSCLC.14,15)

A loss of heterozygosity (LOH) in chromosome 3p and
9p is frequently detected in lung cancer.16,17) Although the
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chromosome 3p regions are the most frequent sites for
genetic alterations in SCLC and NSCLC,16,18) the extent
of such abnormalities in carcinoid tumors remains to be
investigated. A ras gene mutation is found in 10 to 30%
of adenocarcinoma and about 80% of these mutations
occur at codon 12 of the K-ras gene, which is also re-
ported to be a poor prognostic factor.19-21) This mutation,
however, has never previously been detected in SCLC.

In this study, we evaluated the genetic abnormalities
in carcinoid tumors and also tried to clarify the differ-
ences between typical and atypical carcinoids.

Materials and Methods

Tissue samples
The tissue samples which were surgically resected be-
tween 1982 and 1995, were excised at the time of opera-
tion, fixed in buffered formalin, and embedded in paraf-
fin wax. They included nine typical carcinoids and four
atypical carcinoids, and eight salivary gland type carci-
nomas (six mucoepidermoid carcinomas and two adenoid
cystic carcinomas) that are considered to show a low-grade
malignant behavior, were also analyzed. Informed con-
sent to participate in the study was obtained from all pa-
tients before the operation.

Immunohistochemical detection of p53 protein
IHC for p53 protein was performed. Briefly, the sections
were immersed in citrate buffer and irradiated 5 times for
5 minutes each in a domestic microwave oven for anti-
gen retrieval. They were then stained with mouse mono-

clonal antibody DO-1 (Oncogene Science Inc., Cam-
bridge, MA, USA) against the p53 protein using a La-
beled Strept Avidin Biotin (LSAB) kit (DAKO Japan Co.,
Ltd., Kyoto, Japan). The sections were subsequently exam-
ined for nuclear staining under a light microscope.

Microdissection of the materials from stained slides
and DNA extraction
We utilized the microdissection technique extensively to
collect cells under direct microscopic observation from
hematoxylin and eosin stained slides of the paraffin-em-
bedded materials. The materials were digested in 50 �l
of buffer consisting of 20 mM Tris (pH 8.0), 1 mM EDTA,
0.5% Tween 20, and 200 mg/ml proteinase K for 24-36 h
at 42°C, and then were incubated for 15 min at 95°C to
inactivate the proteinase K. We used 5 �l of the digested
samples for each PCR reaction as a template DNA. The
DNAs from 10 of 13 carcinoids, three of six mucoepider-
moid carcinomas and two adenoid cystic carcinomas were
available for analyses to detect the LOH and mutation,
however, no others were suitable for analysis due to de-
gradation.

Microsatellite analysis at p53, 3p and 9p
The primers used for analyses of LOH in the microsatellite
markers at p53, 3p and 9p are described in Table 1. The
first PCR reaction was performed in 50 �l reaction mix-
tures containing 20 mM Tris (pH 8.4), 50 mM KCl, 1.5
mM MgCl2, 200 �M of each deoxyribonucleoside tri-
phosphate (dATP, dGTP, dCTP, dTTP), 0.2 �M of outer
primer pairs, 1.5 units of Taq DNA polymerase, and 5 �l

Table 1.  The sequence of the primer for the PCR reaction to detect LOH

Gene

p53

3p14 (D3S1228)

3p25 (D3S1038)

9p (IFNA)

PCR step

1st

2nd

1st & 2nd

1st & 2nd

1st

2nd

Primer orientation

Sense
Anti-sense

Sense
Anti-sense

Sense
Anti-sense

Sense
Anti-sense

Sense
Anti-sense

Sense
Anti-sense

                      Primer sequence

5’-ACTGCCACTCCTTGCCCCATTC
5’-AGGGATACTATTCAGCCCGAGGTG
5’-GCCACTCCTTGCCCCATTC
5’-ATACTATTCAGCCCGAGGTG

5’-TCCTTAACTCTTTCTCTGTGAGTTG
5’-TCTAGGAAAGGGATTAGGAAGGA

5’-TCCAGTAAGAGGCTTCCTAG
5’-AAAGGGGTTCAGGAAACCTG

5’-TGCGCGTTAAGTTAATTGGTT
5’-GTAAGGTGGAAACCCCCACT
5’-GCGTTAAGTTAATTGGTTTG
5’-AGGTGGAAACCCCCACTGGA
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of template DNA. The first PCR product was diluted 1:100
in dH2O, and 1 �l of the dilution was used as a template
for the second PCR reaction using the same primer as the
first PCR (3p) or nested primer (p53, 9p). The reaction
was performed using 0.5 �l of [α-32P] CTP in a volume
of 10 �l reaction, and 30 cycles were used. Following the
PCR, the labeled reaction products were denatured and
then electrophoresed in 6% polyacrylamide gels contain-
ing 7 M urea for 2-3 h at 60 W. After electrophoresis, the
gels were dried and exposed to X-ray film at room tem-
perature for 12-24 h.

Detection of point mutation of K-ras gene using PCR-
based designed RFLP
To detect ras mutations, we utilized a modification of the
designed RFLP method using nested PCR reactions to
detect point mutations in codons 12 and 13 of the K-ras
gene, as described previously.22,23) Briefly, mismatched
primers were used to introduce a new restriction site (Bst
NI for codon 12, Bgl I for codon 13) into the PCR prod-
uct derived from the wild-type allele. Wild type alleles
were digested and were found to yield a smaller product
than the mutant forms which were digestive resistant. Both
bands could be recognized after electrophoresis.

Results

Immunohistochemical detection of p53 protein
Anti-p53 immunostaining reactions showed the protein
to be restricted to the nucleus in the positive control sec-
tions. The histological classification of the tumors exam-
ined and the immunostaining obtained with the anti-p53
DO-1 antibody are summarized in Table 2. In carcinoid
tumors, none of the typical carcinoids lacked any immu-
noreactive cells, whereas all four cases of atypical carci-

noid showed nuclear p53 immunoreactivity. In four of
the atypical carcinoids with positive p53, three cases were
p53 positive in almost all tumor cells whereas one case
showed scattered positive cells in the tumor. One of six
mucoepidermoid carcinomas, and one of two adenoid
cystic carcinomas showed positive p53 immunoreactiv-
ity.

LOH analysis at p53
The LOH of the p53 gene was analyzed using a
microsatellite marker within the gene. Only one case of
atypical carcinoid was informative for the LOH analyses
and showed LOH. Other three cases with atypical
carcinoids were not informative. No LOH was determined
in one informative case with typical carcinoids. No LOH
was determined in one informative case with mucoepi-
dermoid carcinoma, and other cases were not informa-
tive.

LOH analysis at 3p and 9p
We tested our samples for LOH at the 3p14, 3p25 loci
using microsatellite markers (Fig. 1). In 3p, three of seven
informative cases showed LOH in 3p14 locus, whereas
none of the six informative cases showed LOH in 3p25
locus. Two of the three cases with LOH at the 3p14 locus
showed a p53 overexpression. In 9p, LOH of the INFA
locus was detected in two of five cases, one was a carci-
noid tumor and one was a case of adenoid cystic carci-
noma.

PCR-based designed RFLP analysis for K-ras muta-
tions
We screened for a mutation of codons 12 and 13 in the K-
ras gene in the DNA from 10 cases with carcinoid tu-
mors, three cases with mucoepidermoid carcinomas and

Table 2. Immunoreactivity and genetic alteration of the cases with carcinoid
tumor, mucoepidermoid carcinoma and adenoid cystic carcinoma

IHC, immunohistochemistry; LOH, loss of heterozygosity.

Carcinoid tumor
   Typical
   Atypical
Mucoepidermoid carcinoma
Adenoid cystic carcinoma

Total

 p53
IHC

4/13
   0/9
   4/4
1/6
1/2

6/18

3p14
LOH

1/4
   0/2
   1/2
1/1
1/2

3/7

3p25
LOH

0/4
   0/1
   0/3
0/2

0/6

  9p
LOH

1/4
   0/1
   1/3
0/0
1/1

2/5

  K-ras
mutation

0/10
      0/4
      0/6
   0/3
   0/2

   0/15
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two cases with adenoid cystic carcinomas. As a result, no
mutation of codons 12 and 13 was detected in any of the
samples examined.

Prognosis of cases with carcinoid tumors
All cases with carcinoid tumors were followed more than
five years after surgery. All cases with typical carcinoid
tumors are alive, however, in cases with atypical carci-
noid tumors, three of four cases were dead within three
years after surgery. Only one case with atypical carci-
noid tumor is alive without recurrent disease, which had
p53 overexpression but had no other abnormal genetic
alterations.

Discussion

IHC for p53 expression has now become an established
method for the assessment of the p53 status. In this study,
we used anti-p53-antibody DO-1 and a microwave for
antigen retrieval, under the same conditions as previously
reported.15) The immunoreactivity of the p53 protein by
IHC usually indicated a point mutation. However, the
presence of elevated protein levels in the tumors that had
no detectable gene mutations has been reported by oth-
ers.15,24) The accumulation of wild-type p53 protein indi-
cates the presence of a mechanism of p53 stabilization
other than a missense point mutation, which may be

caused by such DNA damage as ionizing radiation or
chemotherapeutic agents which showed a physiological
response to allow for DNA repair.25,26)

We analyzed the p53 gene expression by IHC analy-
ses in carcinoid tumors and salivary gland type tumors of
the lung, that are considered to show a low-grade malig-
nant behavior. Pulmonary neuroendocrine tumors include
a spectrum of histological variants ranging from relatively
indolent typical carcinoids to highly malignant small cell
carcinomas. The behavior of atypical carcinoid tumors is
intermediate between that of a typical carcinoid tumor
and small cell carcinoma. In carcinoid tumors, no immu-
noreactivity was detected in any of 21 cases including 13
typical and 8 atypical carcinoids by Lohmann et al.,27)

and in only one of 18 carcinoids by Wang et al.5) How-
ever, Roncalli et al. reclassified the atypical carcinoids
into three groups,28) and p53 immunoreactivity was thus
strictly confined to the cases belonging to the more ag-
gressive subsets, that is, 10 of 16 cases showed p53
overexpression, however, no immunoreactivity was ob-
served in the less aggressive atypical carcinoids and typi-
cal carcinoids.29) We were able to confirm the previous
reported results in which p53 immunoreactivity was fre-
quently detected in atypical carcinoids, but not in typical
carcinoids.29) Although the number of our atypical carci-
noid cases was small in this study, we demonstrated that
all atypical carcinoid tumors showed an abnormal p53

Fig. 1.  LOH determined by a microsatellite analysis at the 3p14 (D3S1228) lo-
cus. LOH was determined in cancer tissue in patients 4, 5, and 8. Lanes 1, 2,
carcinoid tumor (typical); 3, 4, carcinoid tumor (atypical); 5, 6, 7, mucoepider-
moid carcinoma; 8, 9, adenoid cystic carcinoma.
N, normal tissue; T, cancer tissue.
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expression. These cases were also characterized by a cell
proliferation analysis using PCNA and AgNORs, which
showed a significantly high proliferation (in preparation).
These data suggest that p53 overexpression might thus
be related to a deregulated cell proliferation, and might
thus be a useful marker for evaluating atypical carcinoid
tumors from typical carcinoid tumors in the lung.

LOH at multiple loci on the short arm of chromosome
3 is the most frequent genetic lesion in lung cancer.16)

Recently, the FHIT gene was identified at 3p14.2, in which
80% of SCLC and 40% of NSCLC showed abnormali-
ties in RNA transcripts.30,31) In addition, the LOH at 3p
loci was also reported to be associated with poor progno-
sis in lung cancer.18) Deletions in the short arm of chro-
mosome 9 have also been observed in lung carcinomas.17)

In our preliminary study, the frequency of LOH was higher
in 3p14 than in 3p25, and two of the three cases with
LOH at 3p14 died of the disease; one was mucoepider-
moid carcinoma and other was adenoid cystic carcinoma.
One of these patients with LOH at 3p14 also demonstrated
LOH at 9p. These data suggest that the putative tumor
suppressor gene in 3p14 might thus play a critical role in
carcinogenesis and may also help to identify these lung
cancer patients with a poor prognosis.

A ras gene mutation is found in 10 to 30% of adeno-
carcinoma,19-21) however, it has never previously been de-
tected in both carcinoid tumor and SCLC. No ras gene
mutation was found in the tumors examined in this study,
that suggested that ras mutation does not play a critical
role in carcinogenesis in these tumors.

In conclusion, these data indicate that p53 over-
expression might thus distinguish atypical carcinoid tu-
mors from typical tumors and might therefore be a useful
adjunct modality for making a differential diagnosis of
pulmonary carcinoid tumor.
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