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It has recently been proposed that gastrointestinal
stromal tumors (GISTs) originate from stem cells that
differentiate toward a phenotype of interstitial cells of
Cajal (ICCs). Nestin is a newly identified intermediate
filament protein, and is predominantly expressed in
immature cells, such as neuroectodermal stem cells
and skeletal muscle progenitor cells, and tumors orig-
inating from these cells. In this study, we examined,
using immunohistochemistry, the nestin expression
in GISTs and ICCs to clarify the origin of GISTs. Strong
immunoreactivity for nestin was observed in all 18
GISTs, and its expression was confirmed by Western
blot and Northern blot analyses. In contrast, three
leiomyomas and a schwannoma that developed in the
gastrointestinal tract showed no apparent immunore-
activity for nestin. Among 17 mesenchymal tumors
(seven leiomyosarcomas, five malignant peripheral
nerve sheath tumors, and five fibrosarcomas) that
occurred in sites other than the gastrointestinal tract,
only two malignant peripheral nerve sheath tumors
were moderately immunoreactive for nestin. Further-
more, with fluorescence double immunostaining of
the normal small intestine, nestin expression was
demonstrated in ICCs. These results show that nestin
may be a useful marker for diagnosis of GISTs, and
support the current hypothesis that GISTs are tumors
of stem cells that differentiate toward an ICC pheno-
type. (Am J Pathol 2001, 158:817–823)

Mesenchymal tumors develop in the gastrointestinal
tract, and have been believed to be of smooth muscle or
neuronal cell origin. However, subsequent immunohisto-
chemical and ultrastructural studies have shown that a
large proportion of the tumors do not have typical fea-
tures of smooth muscle or neuronal cells. As a result, a
major subset of mesenchymal tumors, that differ from
typical leiomyomas and schwannomas, are presently
designated as gastrointestinal stromal tumors (GISTs).1–3

Recently, most GISTs have been shown to express c-kit
receptor tyrosine kinase (KIT) and CD34, both of which
are expressed in hematopoietic stem cells.4–7 In the nor-
mal gastrointestinal tract, interstitial cells of Cajal (ICCs),
that are predominantly located between the circular and
longitudinal muscle layers, express KIT and CD34. These
cells are functionally important for gastrointestinal motility
and show pacemaker activity.8–10 ICCs are assumed to
originate from mesenchymal progenitor cells that can
also differentiate into smooth muscle cells.11–13 Because
of the shared expression of KIT and CD34 in GISTs and
ICCs, a hypothesis that GISTs may originate from stem
cells that differentiate toward an ICC phenotype has been
recently proposed.2,3,14–17

Intermediate filaments are a major component of the
cellular cytoskeleton, and their cell-specific expression in
normal tissues and differential expression in tumors has
been of enormous value in tumor diagnosis.18,19 Nestin is
a newly identified intermediate filament protein that be-
longs to the sixth class of intermediate filaments.20 Pre-
vious studies have demonstrated that nestin is abun-
dantly expressed in neuroectodermal stem cells and is
extinguished from differentiated cells of the central ner-
vous system.21,22 Nestin is also expressed in skeletal
muscle progenitor cells, but is down-regulated on cellular
differentiation.22–24 In addition, nestin is shown to be
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predominantly expressed in tumors that are thought to
arise from immature cells, such as primitive neuroecto-
dermal tumors, medulloblastomas, and pediatric rhab-
domyosarcomas.25–30 These findings suggest that nestin
may be a useful molecular tool with which to characterize
tumors originating from immature cells, such as stem or
progenitor cells. In this study, we examined the nestin
expression in GISTs and ICCs to clarify the hypothesis
that GISTs originate from stem cells that differentiate
toward an ICC phenotype.

Materials and Methods

Tissue Preparation and Immunohistochemistry

The polyclonal antibody against nestin (no. 130) was
produced in a rabbit immunized with a bacterially pro-
duced fusion protein containing the 4,000 carboxy-termi-
nal base pair of the rat nestin gene. The specificity of this
antibody has been described previously; the rabbit poly-
clonal antibody (no. 130) is specific for nestin and reac-
tive with human nestin, as well as rat nestin.25 In this
study, we used this antibody (no. 130) to examine the
nestin expression in human tissues.

Tissues of 18 GISTs, three leiomyomas, and one
schwannoma developed in the gastrointestinal tract and
those of seven leiomyosarcomas, five malignant periph-
eral nerve sheath tumors, and five fibrosarcomas that
occurred in sites other than the gastrointestinal tract were
obtained from 39 cases who underwent surgical resec-
tion. The tissues were fixed with 10% formalin, embedded
in paraffin, and then sections (5 mm thick) were prepared.
Some sections were used for hematoxylin and eosin
staining and others for immunohistochemistry. Immuno-
histochemical analysis was performed as follows. Sec-
tions for KIT, CD34, and nestin immunohistochemistry
were heated in 10 mmol/L sodium citrate buffer (pH 6.0)
for 10 minutes with a microwave oven (Matsushita Elec-
tric Inc., Osaka, Japan) at 600 W, and those for a-smooth
muscle actin (a-SMA) immunohistochemistry were di-
gested with 0.05% trypsin (Sigma Chemical Co., St.
Louis, MO) in 0.1 mol/L Tris-HCl and 0.1% CaCl2, pH 7.8,
for 5 minutes at 37°C. All sections for immunohistochem-
istry were incubated in 0.3% H2O2 in methanol for 30
minutes to inactivate internal peroxidase, washed with 10
mmol/L phosphate-buffered saline (pH 7.4) with 0.2%
Tween 20 (PBST), and incubated with normal goat serum
or normal horse serum (Vector Laboratories, Burlingame,
CA) to block nonspecific binding of antibodies. The sec-
tions were then incubated with a rabbit polyclonal anti-
body against KIT (C-19; Santa Cruz Biotechnology, Santa
Cruz, CA), a mouse monoclonal antibody against CD34
(QBEnd 10; DAKO, Glostrup, Denmark), a mouse mono-
clonal antibody against a-SMA (Nichirei, Tokyo, Japan), a
rabbit polyclonal antibody against S-100 (Nichirei), or a
rabbit polyclonal antibody against nestin (no. 130) at 4°C
overnight. After washing with PBST, the sections were
incubated with biotin-conjugated goat anti-rabbit or
horse anti-mouse IgG for 60 minutes, and immunore-
acted cells were then visualized using the streptavidin-

biotin peroxidase complex method with a Vectastain ABC
Elite kit (Vector Laboratories) and diaminobenzidine tet-
rahydrochloride (Sigma Chemical Co.). The sections
were lightly counterstained with hematoxylin.

Western Blot Analysis

Tissue samples were homogenized in RIPA buffer (10 mmol/L
Tris-HCl, pH 7.2, 150 mmol/L NaCl, 1 mmol/L O,O9-bis(2-ami-
noethyl) ethylene glycol-N,N,N9,N9-tetraacetic acid, 1% Tri-
ton X-100, 1% sodium deoxycholate, 0.1% sodium dode-
cylsulfate, 1 mmol/L phenylmethylsulfonyl fluoride, 10 mg/ml
leupeptin, and 10 mg/ml aprotinin) using a handy microho-
mogenizer, Physcotron (NITI-ON, Tokyo, Japan). After incu-
bation in ice for 30 minutes, the homogenate was centri-
fuged at 15,000 3 g for 30 minutes and the supernatant was
collected. Aliquots of the supernatant were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
with 10% polyacrylamide. After electrophoresis, proteins in
the gel were electrophoretically transferred onto a nitrocel-
lulose transfer membrane (Nitrobind; Micron Separations,
Inc., Westborough, MA). Immunoblotting was then per-
formed with either a rabbit polyclonal antibody against KIT
or a rabbit polyclonal antibody against nestin (no. 130).

Northern Blot Analysis

Total RNAs were extracted from tissue samples using
TRIZOL reagent (Life Technologies, Inc., Grand Island,
NY) according to the manufacturer’s instructions. The
RNAs (20 mg) were fractionated by agarose-formalde-
hyde gel electrophoresis, transferred to a Hybond-N1
nylon membrane (Amersham International, Buckingham-
shire, UK), and hybridized with 32P-labeled human c-kit
cDNA,31 nestin cDNA,32 and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) cDNA.33 The blot was
hybridized in Church’s buffer (1 mmol/L ethylenediami-
netetraacetic acid, 7% sodium dodecyl sulfate, and 0.5
mol/L Na2HPO4, pH 7.2) at 65°C overnight.34 The blot
was washed at 65°C in 23 standard saline citrate (300
mmol/L NaCl and 30 mmol/L trisodium citrate, pH 7.4)
and subjected to autoradiography.

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total RNAs (5 mg) were reverse-transcribed in 20 ml of
the reaction mixture containing Superscript II reverse
transcriptase (Life Technologies, Inc.) and random hex-
amer. One ml of each reaction product was amplified in
50 ml of PCR mixture containing Takara Ex Taq (Takara
Shuzou, Kyoto, Japan) and each set of sense and anti-
sense primers with 30 cycles of 30 seconds of denatur-
ation at 94°C, 30 seconds of annealing at 58°C, and 1
minute of synthesis at 72°C. The following oligonucleo-
tides were used for PCR: sense (59-TTTGGTCTAGCCA-
GAGACATCAAG-39, 2431 to 2454) and antisense (59-
AGGGCTGAGCATCCGGAAGCCTTC-39, 2653 to 2676)
for the human c-kit gene,31 sense (59-ATCCAGGACTC-
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CCAGGTTCCTTTG-39, 1597 to 1620) and antisense (59-
ATGTCTCTAGATTACCTTCAAGAG-39, 1910 to 1933) for
the human nestin gene,32 and sense (59-CGGAGT-
CAACGGATTTGGTCGTAT-39, 78 to 101) and antisense
(59-AGCCTTCTCCATGGTGGTGAAGAC-39, 361 to 384)
for the human GAPDH gene.33 Ten ml of the PCR prod-
ucts were electrophoresed in a 2% agarose gel contain-
ing ethidium bromide.

Fluorescence Double Immunolabeling

Fluorescence double immunostaining was performed us-
ing a combination of a mouse monoclonal antibody
against KIT (Novocastra Laboratories, Ltd., Newcastle,
UK) and a rabbit polyclonal antibody against nestin (no.
130). Freshly dissected tissues were fixed with 4% para-
formaldehyde in 0.1 mol/L phosphate buffer, pH 7.2, for 6
hours, then placed overnight in 20% sucrose in 0.1 mol/L
phosphate buffer at 4°C. The tissues were covered with
Tissue-Tek OCT compound (Miles Inc., Elkhart, IN),
quickly frozen in liquid nitrogen, and cut with a cryostat.
Frozen sections (5 mm thick) were sequentially incubated
with normal goat serum to block nonspecific binding of
antibodies, a mouse monoclonal antibody against KIT, and
R-phycoerythrin-conjugated anti-mouse IgG (DAKO). After
rigorous washing with PBST, the sections were incubated
sequentially with a rabbit polyclonal antibody against
nestin, biotin-conjugated anti-rabbit IgG, and fluorescein
isothiocyanate-conjugated streptavidin (DAKO). The
sections were examined with a confocal laser-scanning
microscope (LSM310; Carl Zeiss Jena GmbH, Jena, Ger-

many) with an excitation wavelength of 568 nm for R-
phycoerythrin and 488 nm for fluorescein isothiocyanate.

Results

We collected 22 mesenchymal tumors that developed in
the gastrointestinal tract, comprising 18 GISTs, three
leiomyomas, and one schwannoma. The results of the
immunohistochemical studies on these tumors are sum-
marized in Table 1. As previously reported,1–7,14–17 the
neoplastic cells of all GISTs expressed both KIT and
CD34 (Figure 1; A, B, and C). In contrast the neoplastic
cells of three leiomyomas and a schwannoma were com-
pletely negative for KIT and CD34, although a few CD34-
positive fibroblast-like cells and endothelial cells were
observed within the leiomyoma nodules. a-SMA immuno-
reactivity was observed in mature smooth muscle cells
(Figure 1D), five of 18 GISTs, and all three leiomyomas.
The a-SMA immunoreactivity in five of 18 GISTs was
weak compared with that in mature smooth muscle cells
and leiomyomas, and was confined to a focal area. The
remaining 13 GISTs were completely negative for a-SMA
(Figure 1D). S-100 immunoreactivity was observed in the
schwannoma, but not in any of the 18 GISTs. As for nestin
immunoreactivity, all GISTs were strongly positive (Figure
1E). On the other hand, nestin immunoreactivity was not
detected in the surrounding nontumor smooth muscle
cells and neoplastic cells of the three leiomyomas,
whereas a few nestin-positive spindle cells were scat-
tered within the leiomyoma nodules. Nestin immunoreac-

Table 1. Summary of Mesenchymal Tumors that Developed in the Gastrointestinal Tract

Case
no.

Age
(years) Sex Histology

Primary
site

Immunohistochemistry

KIT CD34 a-SMA S-100 Nestin

1 63 F GIST Stomach 11 111 2 2 111
2 74 M GIST Stomach 111 111 2 2 111
3 68 F GIST Stomach 111 111 2 2 111
4 51 F GIST Stomach 111 111 2 2 111
5 69 M GIST Stomach 111 111 2 2 11
6 69 F GIST Stomach 111 111 2 2 111
7 59 F GIST Stomach 11 11 2 2 11
8 53 F GIST Stomach 111 111 2 2 111
9 73 F GIST Stomach 11 111 1* 2 111
10 71 F GIST Stomach 111 111 2 2 111
11 62 M GIST Stomach 11 111 2 2 111
12 53 M GIST Stomach 11 111 2 2 11
13 75 F GIST Stomach 111 111 1* 2 111
14 62 F GIST Stomach 11 111 1* 2 111
15 74 F GIST Stomach 11 11 2 2 11
16 64 F GIST Stomach 111 111 2 2 111
17 42 M GIST Jejunum 111 111 1* 2 111
18 72 M GIST Rectum 111 111 1* 2 111
19 62 F Leiomyoma Stomach 2 2† 111 2 2‡

20 35 M Leiomyoma Stomach 2 2† 11 2 2‡

21 39 F Leiomyoma Colon 2 2 111 2 2
22 80 F Schwannoma Stomach 2 2 2 111 6§

KIT, c-kit receptor tyrosine kinase; a-SMA, a-smooth muscle actin; M, male; F, female; GIST, gastrointestinal stromal tumor.
Signal strength is shown as an increasing scale (2, 6, 1, 11, and 111).
*The a-SMA immunoreactivity was weak compared with that of the nontumor smooth muscle cells and leiomyomas, and was confined to a focal

area.
†A few CD34-positive fibroblast-like cells and endothelial cells were observed within the tumor nodule, but neoplastic cells were negative for CD34.
‡A few nestin-positive spindle cells were scattered, but neoplastic cells were negative for nestin.
§Immunoreactivity was hardly detected in the tumor.
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tivity was also hardly detected in neoplastic cells of the
schwannoma.

To clarify whether nestin has any specificity toward
GIST, we examined, using immunohistochemistry, the
nestin expression in 17 mesenchymal tumors, which
comprised seven leiomyosarcomas, five malignant pe-
ripheral nerve sheath tumors, and five fibrosarcomas that
occurred in sites other than the gastrointestinal tract.
Nestin immunoreactivity was not observed in neoplastic
cells of all seven leiomyosarcomas and of all five fibro-
sarcomas. Moreover, three of five malignant peripheral
nerve sheath tumors showed no apparent immunoreac-
tivity, although the remaining two tumors were moderately
immunoreactive for nestin.

We next examined the KIT and nestin expression in
GISTs and nontumor tissues by Western blot analysis.
The nontumor tissues, comprising the circular and longi-
tudinal muscle layers of the intestinal tract, were pre-
pared from the surrounding tissues of GISTs. As shown in
Figure 2A, KIT and nestin were markedly expressed in
GISTs, but hardly detected in nontumor tissues. Northern
blot analysis also showed marked expression of c-kit and
nestin mRNAs in GISTs, even when autoradiography was
performed for only 5 hours (Figure 2B). In nontumor tis-
sues, the expression of c-kit and nestin mRNAs was
slightly detected if autoradiography persisted for more
than 72 hours (data not shown). In accord with the find-
ings on Northern blot analysis, RT-PCR showed faint
expression of c-kit and nestin mRNAs in nontumor tissues
(Figure 2C).

We further investigated whether the nestin expression
of nontumor tissues was caused by ICCs. Because ICCs
between the circular and longitudinal muscle layers of the
small intestine are easily identified by their specific local-
ization, they were immunohistochemically examined. As
reported by other investigators,2–4,9 the cells enclosing
the myenteric ganglia, assumed to be ICCs, showed
immunoreactivity for both KIT and CD34 (Figure 3, A and
B). The cells, of which the distribution was similar to that
of KIT- and CD34-positive cells, also showed nestin ex-
pression, suggesting that ICCs may express nestin (Fig-

ure 3C). On the other hand, immunoreactivity for nestin
was not observed in mature smooth muscle cells of the
circular and longitudinal muscle layers (Figure 3C). When
fluorescence double staining for KIT and nestin on the
same small intestinal section was performed to further
clarify the nestin expression in ICCs, KIT-positive ICCs
between the circular and longitudinal muscle layers
showed definitive nestin expression. In addition, some
KIT-positive ICCs, that were present along the fiber bun-
dles of the circular muscle layer, simultaneously ex-
pressed nestin (Figure 3; D, E, and F). However, nestin-
positive, but KIT-negative, cells were also observed in the
intercellular space of myenteric ganglion cells (Figure
3C) and along the fiber bundles of the circular muscle
layer (Figure 3E).

Discussion

In this study, we examined immunohistochemically the
nestin expression in GISTs, and found that all 18 GISTs
were strongly immunoreactive for nestin, as well as for
KIT and CD34. The striking nestin expression in GISTs
was confirmed by Western blot and Northern blot analy-
ses. On the other hand, apparent immunoreactivity for
nestin was not observed in three leiomyomas and a
schwannoma that developed in the gastrointestinal tract.
It therefore seems that nestin is exclusively expressed in
GISTs among tumors developing in the gastrointestinal
tract. These findings further support the point that GISTs
are distinct from genuine leiomyomas and schwanno-
mas, and show that nestin, as well as KIT and CD34, may
be a useful marker for diagnosis of GISTs.

To clarify whether nestin has any specificity toward
GIST, we examined by immunohistochemistry the nestin
expression in mesenchymal tumors occurring in sites
other than the gastrointestinal tract. Among 17 mesen-
chymal tumors, which comprised seven leiomyosarco-
mas, five malignant peripheral nerve sheath tumors, and
five fibrosarcomas, 15 mesenchymal tumors showed no
apparent immunoreactivity. Although two malignant pe-

Figure 1. Expression of nestin in GISTs deter-
mined by immunohistochemistry. A–E: Sections of
case 1 (GIST) are shown. A: Staining with H&E. B:
Immunostaining with anti-KIT. C: Immunostaining
with anti-CD34. D: Immunostaining with anti-a-
SMA. E: Immunostaining with anti-nestin. Marked
immunoreactivity for nestin is observed in GIST.
Asterisks in A to E indicate nontumor mature
smooth muscle cells that are positive for a-SMA.
Original magnification, 373.
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ripheral nerve sheath tumors were immunoreactive for
nestin, their immunoreactivity was weak compared with
that in GISTs. Because nestin expression has been
shown in a subpopulation of Schwann cells in the periph-
eral nervous system,35,36 the nestin immunoreactivity in
two of five malignant peripheral nerve sheath tumors may
reflect the nestin expression in a subset of Schwann cells
that were considered to be the origin of these tumors. As
for fibrosarcomas, consistent with our observations,
Kobayashi and colleagues30 showed no nestin immuno-
reactivity in the fibrosarcoma examined in their study.
These results indicate that nestin is a valuable marker for
GISTs among mesenchymal tumors.

Based on the current hypothesis that GISTs are tumors
of stem cells that differentiate toward an ICC pheno-
type,2,3,14–17 we examined whether nestin is expressed
in ICCs. Although the magnitude of the nestin gene ex-
pression in nontumor tissues was very small, the pres-
ence of nestin mRNA was convincingly shown by RT-
PCR, as was the case with the c-kit gene. Moreover, the
immunoreactivity for nestin was observed in cells that
were assumed to be ICCs by their distribution, and fluo-
rescence double staining confirmed nestin expression in
KIT-positive ICCs. In the murine gastrointestinal tract,
both ICCs and smooth muscle cells have been shown to
arise from common mesenchymal progenitor cells that
express KIT.11–13,37 Moreover, Miettinen and col-
leagues38 recently showed nearly consistent KIT immu-
noreactivity in GISTs occurred as primary tumors outside
of the gastrointestinal tract, including the omentum and
mesentery. These observations suggest that a primitive
ancestor cell present inside and outside the gastrointes-
tinal tract, rather than ICCs, may give rise to GISTs, and
that common mesenchymal progenitor cells that can dif-
ferentiate into both ICCs and smooth muscle cells could
be a logical candidate for the origin of GISTs. Nestin is
predominantly expressed in immature cells, such as neu-
roectodermal stem cells and skeletal muscle progenitor
cells,21–24 and this present study has demonstrated the
shared expression of nestin in GISTs and ICCs. Further-
more, we more recently found strong immunoreactivity for
nestin in a tumor phenotypically identical with GISTs, but
occurring in peritoneum (unpublished data). These find-
ings further strengthen the hypothesis that GISTs may
originate from stem cells that differentiate toward an ICC
phenotype, although nestin expression by mesenchymal
stem or progenitor cells in the gastrointestinal tract re-
mains to be determined.

In addition to the nestin expression in KIT-positive
ICCs, immunoreactivity for nestin was observed in the
intercellular space of myenteric ganglion cells. Because
the intercellular space of myenteric ganglion cells is likely
to be consistent with the location of glial cells, the immu-
noreactivity for nestin in this area may reflect the nestin
expression of glial cells. Supporting this, Eaker and col-
leagues39 showed, by primary culture of the rat myenteric
plexus, that glial cells, but not neurons of the myenteric
plexus, are capable of expressing nestin. Immunoreac-
tivity for nestin was also observed in cells lying along the
fiber bundles of the circular muscle layer. Although some
KIT and nestin double-positive ICCs were present, the
immunoreactive cells for nestin were mostly KIT-negative.
Recently, KIT-negative cells, that were close to ICCs and
had a morphological resemblance to ICCs, in the muscle
layer were shown to be CD34-positive fibroblasts.40

Thus, fibroblasts may be a candidate for these KIT-neg-
ative and nestin-positive cells. However, it is possible that
cells other than fibroblasts may contribute to the immu-
noreactivity for nestin, because Redies and colleagues41

reported that induced immortalization of primary fibro-
blasts did not produce nestin-expressing cell lines,
whereas that of neuroectodermal and myogenic cells did.
Moreover, we failed to detect nestin immunoreactivity in
all five fibrosarcomas that seemed to originate from fibro-

Figure 2. Expression of nestin in GISTs. A: Western blot analysis after
sodium dodecyl sulfate-polyacrylamide gel electrophoresis with nontumor
and GIST tissues obtained from case 17. KIT is expressed in GIST as 145- and
125-kd proteins, which are mature and immature forms of KIT, respectively.
Nestin is expressed in GIST as an ;220-kd protein. B: Northern blot analysis
using total RNAs extracted from nontumor and GIST tissues of cases 17 and
18. Subsequent hybridization with the GAPDH cDNA probe served as a
quantitative internal control. Each transcript of c-kit, nestin, and GAPDH gave
a single band of ;5.5 kb, 6.0 kb, and 1.4 kb, respectively. C: RT-PCR using
total RNA extracted from nontumor and GIST tissues of cases 17 and 18. The
GAPDH gene was used as an endogenous internal control. The fragments of
the c-kit, nestin, and GAPDH genes were amplified, corresponding to tran-
scripts of 246 bp, 337 bp, and 307 bp, respectively. N, nontumor tissues; T,
GIST tissues.
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blasts, although these fibrosarcomas occurred in sites
other than the gastrointestinal tract. To identify the type of
cells that are KIT-negative and nestin-positive in the gas-
trointestinal tract, further studies will be necessary.

The biological function of the nestin expressed by
ICCs is yet unknown, but it is possibly as follows. ICCs
have long cytoplasmic processes and form complex net-
works in the lamina muscularis. In addition, ICCs have a
pacemaker activity and are involved in the generation of
peristaltic motor activity.9,10 Based on these characteris-
tics of morphology and function in ICCs, it seems likely
that the nestin expressed by ICCs may play an important
role in the formation of long cytoplasmic processes and
the cell network. Supporting this, Matsuda and col-
leagues42 reported that nestin participates in the organi-
zation or maintenance of elongated cell shapes in the
developing central nervous system. Alternatively, nestin
may serve as a framework for other intermediate fila-
ments, because it is predominantly expressed in imma-
ture cells and its expression precedes expression of
other types of intermediate filaments.21–24

In summary, we found concomitant expression of nes-
tin with KIT and CD34 in both ICCs and GISTs. These
findings show that nestin, as well as KIT and CD34, may
be a useful marker for diagnosis of GISTs, and support
the current hypothesis that GISTs are tumors of stem cells
that differentiate toward an ICC phenotype.
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