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Abstract: Small cell neuroendocrine carcinoma of the esophagus (SCNECE) is a very rare, but a highly aggressive
tumor. Six cases of SCNECE (0.25%) were found in the 2,438 archival pathologic specimens of esophagus in the
last 20 years in our pathology laboratory. The ages ranged from 62 years to 81 years with a mean of 73 years. All
cases were male. The presenting symptoms were dysphagia in 5 cases and vomiting in 1 case. The locations were
lower esophagus in 4 cases and middle esophagus in 2 cases. Endoscopically, the tumor was ulcerated in 3 cases
and polypoid in 3 cases. All the 6 patients were treated by chemoradiation therapy, and the survival ranged from 6
months to 25 months with a mean of 13 months. Histologically, 5 cases were pure SCNECE, 1 case showed tripli-
cate differentiation into small cell carcinoma, adenocarcinoma and squamous cell carcinoma. Immunohistochemi-
cally, each SCNECE showed at least one of the neurocrine antigens. Cytokeratins were positive in 6/6, vimentin
0/6, synaptophysin in 4/6, CD56 4/6, neuron-specific enolase 3/6, chromogranin 0/6, p53 protein in 6/6, KIT in
6/6, and platelet-derived growth factor receptor-a  (PDGFRA) in 6/6. Ki-67 labeling ranged from 56% to 100% with
a mean of 79%. A retrospective genetic analysis using PCR-direct sequencing method in paraffin sections identified
no mutations of KIT (exons 9, 11, 13 and 17) and PDGFRA (exons 12 and 18) genes in all the 6 cases.
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Introduction

Small cell neuroendocrine carcinoma of the
esophagus (SCNECE) is a very rare entity.
Several comprehensive studies of SENECE
have been reported in the English literature
[1-9]. However, there have been no reports of
SCNECE investigating protein expression and
gene mutations of KIT and platelet-derived
growth factor receptor-a (PDGFRA). The author
reports herein 6 cases primary SCNECE of with
an examination of protein expressions of KIT
and PDGFRA and gene status of KIT and
PDFRRA genes. KIT and PDGFRA genes, both
mapped to 4912, encode receptor tyrosine
kinase oncoproteins called KIT (CD117) and
PDGFRA, respectively [10-15]. Both molecules
are transmembranous oncoproteins, and play
important roles in the carcinogenesis of several
tumors such as gastrointestinal stromal tumor
(GIST) [10-22].

Materials and methods

The author retrospectively reviewed 2,438
esophageal pathologic specimens in the last
20 years in our pathology laboratory. As the
results, six cases of SCNEC (0.25%) were found.
Of the six cases, two cases had been reported
[8, 9] as case reports.

Many 3-um sections were cut from each paraf-
fin block of these 6 cases, and one of them was
stained with HE. The others were subjected to
immunohistochemical staining and molecular
genetic analysis. The immunohistochemical
analysis was performed by Dako Envision meth-
ods (Dako Corp, Glostrup, Denmark), as previ-
ously reported [23-29]. The antibodies
employed were cytokeratins (AE1/3 and poly-
clonal, Dako, Glostrup, Denmark), synaptophy-
sin (polyclonal, Dako), neuron-specific enolase
(polyclonal, Dako), chromogranin (DAK-A3,


http://www.ijcep.com

Esophageal small cell neuroendocrine carcinoma

Table 1. Primer sequence

Forward Reverse
KIT exon 9

5’-TCC TAG AGT AAG CCA GGG CTT-3’ 5’-TGG TAG ACA GAG CCT AAA CAT CC-3’
KIT exon11

5'-GAT CTATTT TTC CCT TTC TC-3’ 5’AGC CCC TGT TTC ATA CTG AC-3’
KIT exon 13

5’-GCT TGA CAT CAG TTT GCC AG -3’ 5’-AAA GGC AGC TTG GAC ACG GCT TTA-3’
KIT exon 17

5’-CTC CTC CAA CCT AAT AGT GT-3’
PDGFRA exon12

5’-TTG GAT ATT CAC CAG TTA CCT GTC-3’
PDGFRA exon 18

5'-ACC ATG GAT CAG CCA GTC TT-3’

5’-GTC AAG CAG AGA ATG GGT AC-3’

5’-CAA GGG AAA AGC TCT TGG-3’

5’-TGA AGG AGG ATG AGC CTG ACC-3’

Figure 1. HE histology of small cell neuroendocrine
carcinoma of the esophagus. HE, x200.

Dako), CD56 (MOC-1, Dako), p53 protein (DO-7,
Dako), Ki-67 antigen (MIB1, Dako), KIT (poly-
clonal, Dako), and PDGFRA (polyclonal, Santa
Cruz, CA, USA).

A molecular genetic analysis of KIT gene (exons
9, 11, 13, and 17) and PDGFRA (exons 12 and
18) gene were performed by the PCR direct
sequencing method, as previously reported
[16-22]. The exons of both genes were selected
because they are frequent mutation sites [10-
15]. The primers are shown in Table 1. In brief,
genomic DNA was extracted from paraffin
blocks with proteinase K digestion and phenol/
chloroform extraction, and subjected to PCR for
40 cycles (94°C for one minute, 52°C for one
minute, 72°C for one minute), using a thermal
cycler (GeneAmp PCR system 9700, Applied
Biosystems, ABI, CA). The annealing tempera-
ture was 53°C. PCR products were extracted,
and subjected to a computed automatic DNA
sequencer (ABI PRIZM 3100 Genetic Analyzer,
Applied Biosystems, ABI, CA).
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Results

Clinically, the ages of patients with SENECE
ranged from 62 years to 81 years with a mean
of 73 years. All patients were male. The pre-
senting symptoms were dysphagia in 5 cases
and vomiting in 1 case. The locations of SCNECE
were lower esophagus in 4 cases and middle
esophagus in 2 cases. Endoscopically, the
SCNECE was ulcerated in 3 cases and polypoid
in 3 cases. All the 6 patients were treated by
chemoradiation therapy, and the prognosis
ranged from 6 months to 25 months with a
mean of 13 months.

Histologically, 5 cases were pure SCNECE, and
1 case showed triplicate differentiation into
small cell carcinoma, adenocarcinoma and
squamous cell carcinoma. The pure SENECE
was composed of medullary small malignant
cells with hyperchromatic nuclei, molded
nuclei, fine chromatin, scant cytoplasm, and
absent or inconspicuous nucleoli (Figure 1).
One SCNECE showed triplicate differentiations
into small cell carcinoma (Figure 2A), adeno-
carcinoma (Figure 2B), and squamous cell car-
cinoma (Figure 2C). Immunohistochemically,
each SCNECE showed at least one of the neuro-
endocrine antigens. Cytokeratins (Figure 3A)
were positive in 6/6, vimentin 0/6, synaptophy-
sin (Figure 3B) in 4/6, CD56 (Figure 3C) 4/6,
neuron-specific enolase (Figure 3D) 3/6, chro-
mogranin 0/6, p53 protein (Figure 3E) in 6/6,
KIT (Figure 3F) in 6/6, and PDGFRA (Figure 3G)
in 6/6. Ki-67 labeling (Figure 3H) ranged from
56% to 100% with a mean of 79%.

A retrospective genetic analysis using PCR-

direct sequencing method in paraffin sections
identified no mutations of KIT (exons 9, 11, 13
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and 17) and PDGFRA (exons 12 and 18) genes
in all the 6 SCNECE cases.

Discussion

In the present study, only 6 cases of SCNECE
were found in the 2,438 esophageal speci-
mens; the frequency was 0.25%, suggesting
that SCNECE is a very rare tumor. Clinically, the
ages of patients with SCNECE ranged from 62
years to 81 years with a mean of 73 years, and
all patients were male. This suggests that
SCNECE affect mainly old male. In the present
series, the presenting symptoms were dyspha-
gia in 5 cases and vomiting in 1 case, similar to
esophageal squamous cell carcinoma. In the
present series, the locations of SENECS were
lower esophagus in 4 cases and middle esoph-
agus in 2 cases, suggesting that SCNECE main-
ly affects distal esophagus. In the present
series, the survival of the patients ranged from
6 months to 25 months with a mean of 13
months, indicating that SCNEC is a very aggres-
sive tumor.

Small cell carcinoma is defined by only HE his-
tology [30]. According to WHO criteria [30], it is
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Figure 2. A: Small cell carcinoma area of a case
of esophageal carcinoma with differentiations into
small cell carcinoma, adenocarcinoma and squa-
mous cell carcinoma. HE, x200. B: Adenocarcinoma
area of a case of esophageal carcinoma with dif-

ferentiations into small cell carcinoma, adenocar-

cinoma and squamous cell carcinoma. There are

transition between adenocarcinoma and small cell

carcinoma. HE, x200. C: Squamous cell carcinoma
area of a case of esophageal carcinoma with dif-

ferentiations into small cell carcinoma, adenocarci-

noma and squamous cell carcinoma. There are tran-
sition between squamous cell carcinoma and small
cell carcinoma. HE, x200.

defined as a malignant epithelial tumor consist-
ing of small cells with scant cytoplasm, ill-
defined cell borders, finely granular nuclear
chromatin, and absent or inconspicuous nucle-
oli. The tumor cells are round, oval and spindle-
shaped. Nuclear molding is prominent. Necrosis
is typically extensive and mitotic count is high
[30]. More than 90% of small cell carcinoma
has neuroendocrine features [30]. The present
cases fulfill the criteria of small cell carcinoma.
The present SCNECE cases had neuroendo-
crine features. Thus, the present cases are
small cell carcinomas in strict criteria.

In the present study, 5 cases were pure
SCNECE, 1 case showed triplicate differentia-
tion into small cell carcinoma, adenocarcinoma
and squamous cell carcinoma. As to the latter
one case, some reports revealed that small cell
carcinoma of the esophagus coexisted with
squamous cell carcinoma and adenocarcinoma
[6, 31]. It has been considered that small cell
carcinoma may arise from totipotential stem
cell with triple differentiations [31]. In the pres-
ent cases, SCNECE may arise from such totipo-
tential stem cells.
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Figure 3. A: Cytokeratins are positive in tumor cells. Immunostaining (AE1/3), x200. B: Synaptophysin is positive
in tumor cells. Immunostaining x200. C: CD56 is positive in tumor cells. Immunostaining x200. D: Neuron-specific
enolase is positive in tumor cells. Immunostaining, x200. E: p53 protein is positive in tumor cells’ nuclei. Immunos-
taining x200. F: KIT is strongly positive. Immunostaining, x200. G: PDGFRA is positive. Immunostaining, x200. H:
The Ki-67 labeling is 100%. Immunostaining, x200.

In the present cases, immunohistochemically,
cytokeratins were positive in 6/6, vimentin 0/6,
synaptophysin in 4/6, CD56 4/6, neuron-spe-
cific enolase 3/6, chromogranin 0/6, p53 pro-
tein in 6/6, KIT in 6/6, and PDGFRA in 6/6.
Ki-67 labeling ranged from 56% to 100% with a
mean of 79%. The positivity of cytokeratin and
negativity of vimentin indicate the epithelial
nature of the present SCNECE. Among the neu-
roendocrine markers, synaptophysin and CD56
was most sensitive followed by neuron-specific
enolase. In the present series, no chromo-
granin-positive SCNECE was present. The
expression of p53 indicates p53 gene muta-
tion. The high Ki-67 labeling shows highly prolif-
erative activity of the present SCNECE cases.

The novel findings in the present study are that
immunoreactive KIT and PDGFRA were present
in all cases. The present study is the first report
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of SCNECE that examined KIT and PDGFRA pro-
teins and KIT and PDGFRA genes. KIT and
PDGFRA proteins and KIT and PDGFRA genes
have rarely been investigated in extrapulmo-
nary small cell carcinoma [32-45], while several
comprehensive reports are present in small cell
lung carcinoma. KIT has been reported to be
expressed in 30-80% of the small cell lung car-
cinoma [43, 46, 47]. The present case shows
that esophageal SCNECE also expresses KIT
protein. Only one study of PDGFRA protein has
been reported in small cell lung carcinoma [43],
and only two studies of KIT and PDGFRA in
SCNECE have been reported [8, 9]. The present
study showed PDGFRA expression, suggesting
that SCNECE expresses this oncoprotein.

The present cases did not identify mutations of
KIT and PDFGRA genes. Most reports of small
cell lung carcinoma have shown no mutations
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in KIT genes [43, 46], except for Boldrini et al.
[47] who found five mutations in 60 small cell
lung carcinomas. On the other hand, Terada
[43] and Sihto et al. [46] identified no KIT muta-
tions in many cases of small cell lung carcino-
mas. More studies of KIT mutations remain to
be performed in the SCNECE. With regard to
PDFGRA mutations, Terada [43] and Sihto et al.
[46] found no mutations in many cases of small
cell lung carcinomas. Sihto et al. [46] insisted
that KIT expression in small cell lung carcinoma
is due not to KIT gene mutations but to KIT
gene amplification.

Among many KIT-positive tumors, GIST is repre-
sentative [10-15]. It is thought that GIST arises
from interstitial cell of Cajal, a pacemaker neu-
ronal cell that normally expresses KIT protein
[10-15]. In contrast, SCNECE is an undifferenti-
ated carcinoma with neuroendocrine pheno-
types. The original cell of SCNECE is unknown.
Recently, Blumming et al. [48] found that GIST
expresses synaptic vesicle proteins, and sug-
gested that GIST has endocrine features.
Therefore, it is suggested that there may be an
association between GIST and SCNECE in that
the both entities have neuroendocrine
features.

Several studies of GIST have revealed that
there are minute subclinical microGISTs or
“GIST tumorlets” in the gastrointestinal tract
[49-51]. The incidence of these is about 20%,
and these are considered as GIST precursors.
Frequent KIT mutations (about 46%) and occa-
sional PDGFRA mutations (about 4%) are pres-
entin these “GIST tumorlets” [49-51]. However,
these “GIST tumorlets” do not always develop
into clinical GIST. Other genetic events are nec-
essary for the development of clinical GIST. In
contrast, little is known about the precursor
lesions in SENECE.

Recently, the phosphorylation (activation) sta-
tus of KIT and PDGFRA has been studies [52,
53]. This is particularly important in KIT muta-
tion-negative tumors as in the present case.
KIT kinase activation and downstream signal-
ing proteins leading to tumorigenesis have
been studied, but little is known as yet. Protein
kinase C-theta and PI3-kinase/AKT are activat-
ed in imatinib-resistant GIST [52, 53], and anal-
yses of these KIT signaling molecules may be
important in the treatment of GIST. Such stud-
ies are not performed in SCNECE. In the pres-

489

ent study, the author could not investigate
these molecules, because no relevant antibod-
ies were available. KIT tyrosine kinase activity
and KIT signaling abnormalities in SCNECE
remain to be elucidated.

In summary, the author reported 6 very rare
cases of SCNECE with KIT and PDGFRA expres-
sions but without KIT and PDGFRA mutations.
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