
Summary. The presence of CD117 positive cells in
esophageal leiomyoma may lead to a misdiagnosis of
GIST. We reviewed 46 esophageal tumors which were
smooth muscle tumors or GIST. Based on morphology,
immunohistochemistry and mutation analysis, there were
44 (95.6%) leiomyomas, 1 (2.2%) leiomyosarcoma, and
1 (2.2%) GIST. Variable numbers of CD117 positive
cells were seen in all leiomyomas. Tryptase
immunostaining identified mast cells in 93.2% (41/44)
of leiomyomas, and the number of mast cells per tumor
decreased significantly from tumors of the upper
esophagus to the esophageal-gastric junction (p<0.01).
Immunofluorescence study further confirmed the
presence of two types of CD117 positive spindle cells
which included spindle-shaped mast cells and DOG-1-
positive interstitial cells of Cajal. This is the first study
to systemically review mast cells in esophageal
leiomyomas and tumors which may be included in the
differential diagnosis. We demonstrate that both spindled
mast cells and hyperplastic interstitial cells of Cajal are
present within esophageal leiomyomas. The
immunoreactivity of these cells with CD117 may
suggest a diagnosis of GIST, but the presence of mast
cells itself supports a diagnosis of esophageal
leiomyoma. 
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Introduction

Since CD117 came into routine use in the
differential diagnosis of gastrointestinal stromal tumors
(GISTs) and other mesenchymal tumors of the
gastrointestinal tract, it has become clear that various
numbers of CD117 positive cells may be seen in some
esophageal leiomyomas (LMs) with classic morphologic
features (Miettinen et al., 2000; Wong and Pawade,
2007; Deshpande et al., 2014). We have observed that
abundant CD117 positive cells in otherwise typical LMs
in our department may cause confusion in the
differential diagnosis of LM and GIST and potentially
lead to a misdiagnosis.

GIST is common among mesenchymal tumors
which originate from gastrointestinal interstitial cells of
Cajal (ICCs), and these neoplasms have malignant
potential. The majority of GISTs are found in the
stomach and small intestine (Hirota et al., 1998;
Kindblom et al., 1998; Greenson, 2003; Miettinen and
Lasota, 2006). In contrast with other parts of the
gastrointestinal tract, GIST is very rare in the esophagus,
and only 1% or less of all GIST originate in this site. LM
is a benign tumor of smooth muscle which is the most
common mesenchymal tumor of the esophagus.
Differentiation of esophageal LM from GIST is crucial
as LM are curable with simple enucleation (Seremetis et
al., 1976; Lee et al., 2004; Jiang et al., 2013), while
esophageal GIST is generally more difficult to treat and
patient survival may be poor (Miettinen et al., 2000a,b;
Iijima et al., 2002; Blum et al., 2007). Enucleation is
inadequate for GIST, and esophagectomy is indicated in
some patients with larger tumors (Blum et al., 2007). In
addition, targeted therapy may also be applicable in pre-
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or post- operative adjuvant therapy (Lamba et al., 2012). 
In the current study, we reviewed esophageal and

esophageal-gastric junction (EGJ) LM and GIST
diagnosed in our pathology department over a period of
11 years, and evaluated the nature of CD117 positive
cells in these neoplasms. Our study provides information
which may help clarify this potentially misleading
finding.
Materials and methods

Case materials 

Esophageal mesenchymal tumors diagnosed from
2000 to 2010 as LM, leiomyosarcoma (LMS), or GIST
were retrieved from the electronic database of the
Department of Pathology of Peking University Third
Hospital (Beijing, China) and clinical data were
reviewed. In order to compare infiltrating mast cells in
LMs and GISTs, an additional 19 gastric GISTs were
studied as controls.
Immunohistochemistry

Sections of one representative block of each tumor
were incubated with antibodies to alpha-smooth muscle
actin (SMA), CD117, CD34, S-100, DOG-1 and
tryptase. Standard heat-induced epitope retrieval, the

Dako EnVision Detection System, and a Dako
Autostainer (Dako North America Inc, California, USA)
were employed for immunohischemistry studies. The
sources and dilutions of each primary antibody are listed
in Table 1. The localization of positive signals for each
antibody was noted. Tryptase positive cells were
evaluated under light microscope (Leica DM2000;
Wetzlar, Germany) by counting immunostained cells in
areas of strongest labeling (“hot spots”). For each slide,
ten high power fields (400×) were counted both in tumor
and in peripheral muscularis propria, and cell density
was assessed as number of cells per high power field
(cells/hpf) separately.
Immunofluorescence analysis

To further explore the nature of CD117 positive
cells, representative sections from cases with prominent
spindle-shaped CD117 positive cells were double
labeled with CD117 and DOG-1, CD117 and tryptase, or
CD117 and SMA. Sections were incubated with these
mixtures of primary antibodies overnight at 4℃. After
washing away unbound primary antibody, sections were
incubated with a mixture of fluorescein isothiocyanate
(FITC)-conjugated goat anti-mouse IgG antibody and
Alexa Fluor® 594-conjugated goat anti-rabbit IgG
antibody (diluted 1:200, Jackson ImmunoResearch
Laboratories, Inc. USA). Sections were then washed in
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Table1. Antibodies for immunohistochemistry.

Antibodies Source Clone Dilution Localization of positive signal

Monoclonal mouse anti-SMA Dakocytomation Company, Denmark 1A4 1:300 Cytoplasm
Polyclonal rabbit anti-CD117 DAKO polyclonal 1:400 Cytoplasm/membrane
Monoclonal mouse anti-CD34 DAKO QBEnd/10 1:200 Cytoplasm/membrane
Polyclonal rabbit anti-S100 DAKO polyclonal 1:200 Cytoplasm/nuclear
Monoclonal mouse anti-DOG-1 Zymed Laboratories, South San Francisco, CA Dog1.1 ready-to-use Cytoplasm/membrane
Monoclonal mouse anti-Tryptase Thermo Fisher Scientific, Waltham, MA AA1 1:200 Cytoplasm

Table 2. Primer sequence for C-kit exons 9，11，13，17 and PDGFRA exons 12，18, the corresponding annealing temperature (TA) and the size of
expected PCR products.

Exon No. Primers Primer sequence 5’-3’ TA (℃) Product size(bp)

C-kit 9 9-F TCCTAGAGTAAGCCAGGGCTTT 56 283
9-R TGGTAGACAGAGCCTAAACATCC

C-kit 11 11-F CTGAGACAATAATTATTAAAAGGTGA 60 227
11-R TTATGTGTACCCAAAAAGGTGACA

C-kit 13 13-F GCTTGACATCA GTTTGCCAG 60 193
13-R AAAGGCAGCTTGGACACGGCTTTA

C-kit 17 17-F TACAAGTTAAAATGAATTTAAATGGT 56 228
17-R AAGTTGAAACTAAAAATCCTTTGC

PDGFRA12 12-F TCCAGTCACTGTGCTGCTTC 58 260
12-R CGTTCCCTTTTCCCTCAGAA

PDGFRA18 18-F ACCATGGATCAGCCAGTCTT 60 251
18-R ACTTCCTCCTACTCGGACTGG



PBS and mounted in antifading mounting medium with
4’, 6-diamidino-2-phenylindole (DAPI; Vectashield;
Vector Laboratories Inc., Burlingame, CA). Sections
incubated without primary or secondary antibody were
used as negative controls. Slides were observed under a
conventional immunofluorescence microscopy
(Olympus, BX-UCB; Japan).
Analysis of C-kit and PDGFR mutations

Mutation screening for C-kit and PDGFRA was
performed in 13 tumors. Exons 9, 11, 13 and 17 of the
C-kit gene and exons 12 and 18 of the PDGFRA gene
were amplified by PCR. Briefly, tumor-rich areas from
five to ten 5-µm unstained sections were macrodissected
and DNA was extracted, purified and amplified using
polymerase chain reaction (PCR) for 30 cycles. The
products were then purified and sequenced in both
directions using the BigDye Terminator kit and an ABI
Prism 3500 DNA Analyzer (Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions.
All primers and product information are listed in Table
2.
Statistical analysis

Statistical analysis was performed using SPSS 13.0
for windows (SPSS Inc, Chicago, IL). The median
numbers of mast cells in LMs originating in different
locations, peripheral muscularis propria of LMs and

GISTs were compared by the use of independent-
samples nonparametric tests, respectively. 2 related-
samples Wilcoxon Signed Ranks test and Spearman’s
Correlations were performed on the mast cells within
tumors and peripheral muscularis propria of LMs.
P<0.05 was considered statistically significant.
Results

Clinical features

Material from a total of 46 patients was reviewed.
Three cases were eliminated due to lack of
representative slides or clinical information. Forty nine
mesenchymal tumors were found in the remaining 43
patients, which included 4 patients with multiple tumors.
Two patients had 2 esophageal tumors each, 1 patient
had 1 esophageal and 1 gastric tumor, and one patient
had 2 esophageal and 2 gastric tumors. Patients included
25 men (58.1%) and 18 women (41.9%) ranging in age
from 27 to 78 years (median age 52 years), and typically
presented with dysphagia. However, six patients had
retrosternal pain or discomfort, and eight tumors were
incidental findings during surgery for carcinoma of the
esophagus or stomach. None of these patients received
preoperative therapy. General patient information and
tumor distribution are summarized in Table 3. 
Morphologic findings

Diagnoses were confirmed histologically and by
immunohistochemical analysis. 44 of 46 esophageal/EGJ
tumors were LM, and the remaining 2 included 1 LMS
and 1 GIST (Table 3). The other 3 gastric tumors from
patients who had synchronous esophageal and gastric
lesions were all GIST.

All of the LMs were esophageal except two which
were located at the EGJ. These LMs ranged from 0.16 to
7cm (median 1.5 cm), and most were grossly white to
gray-tan with a firm consistency and a whorled cut
surface. Histologically, LMs were well circumscribed
and typically showed low cellularity with spindle cells
forming intersecting fascicles (Fig. 1a). Tumor cells had
abundant eosinophilic cytoplasm and uniform blunt-
ended, cigar-shaped nuclei. Mitotic figures were
extremely rare. Abundant eosinophil infiltrates were
observed in 9 cases. Calcification was found in 3 cases,
and infarction was found in 2 tumors. The single case of
LMS in this study showed marked hypercelluarity,
prominent nuclear pleomorphism and mitotic figures. 

One of 4 GISTs was a solitary tumor arising in the
EGJ. The other three were of gastric origin and occurred
synchronously in 2 patients who had esophageal LMs.
These tumors were 0.5 to 2.5 cm, and the cut surfaces
showed features similar to LM, but tumor borders were
more or less ill-defined microscopically, and showed
moderate cellularity with a basophilic appearance. A
feature notably different from the LMs was that no mast
cells or eosinophils were present in GISTs.
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Table 3. General information of the cases studied.

Clinicopathologic features Number

Number of patients studies 43
Gender

Male 25 (58.1%)
Female 18 (41.9%)

Age (median, yrs) 52 (range 27-78)
Multiplicity

1 tumor 39 (90.7%)
LM 37 (86.0%)
GIST 1 (2.3%)
LMS 1 (2.3%)

>1 tumor 4 (9.3%)
LMs only 2 (4.6%)
LM(s) and GIST(s) 2 (4.6%)

Accompanied with esophageal or gastric carcinomas 8 (18.6%)
Number of the esophageal/EGJ tumors studied 46
Tumor type and distribution

LMs 44 (95.6%)
Upper esophagus 8 (17.4%)
Middle esophagus 18 (39.1%)
Distal esophagus 15 (32.6%)
EGJ 2 (4.3%)
Not applicable 1 (2.2%)

GISTs (EGJ) 1 (2.2%)
LMS (middle esophagus) 1 (2.2%)



Immunohistochemical and immunofluorescence findings

LMs were all strong and diffusely positive for SMA
(Fig. 1b), and none of the spindle cells in these
neoplasms were positive for CD34 or S100. Variable
numbers of CD117 positive cells were found in all LMs,
and in 77.3% (34/44) of these tumors, CD117 positive
cells exceeded 10/hpf (Fig. 1c,f). There were three
morphologically distinct types of CD117 positive cells
which included round or oval-shape cells, spindled cells,
and long fiber- or dendritic-like cells. 

Immunostaining for tryptase demonstrated mast cells
in 93.2% (41/44) of LMs. The 3 LMs which lacked
tryptase positive mast cells were all from patients who
had synchronous gastric GISTs. The density of LM mast
cells ranged from 1 to 61 cells per high power field
(median 19/hpf). LM mast cell counts significantly
decreased from tumors of the upper esophagus to the
EGJ (median 33/hpf in upper, 23/hpf in middle, 9/hpf in
distal esophagus, and 5/hpf in EGJ respectively, p<0.01)
but no correlation was shown between mast cell count

and patient age, gender, tumor size, or the presence of
eosinophils. In 24 tumors, adjacent muscularis propria
were available and the number of mast cells in
muscularis propria were less than that in LMs (median
10/hpf vs 20/hpf, p<0.01), meanwhile a positive
correlation was present (rs=0.553, p<0.01). 

The majority of mast cells were round or oval-
shaped. Spindle-shaped mast cells which accounted for
5-50% of all mast cells were present in 86.4% (38/44) of
tumors. These spindled cells were generally mixed with
oval-shaped mast cells and sparsely distributed.
However, in 13.6% (6/44) of tumors, spindle-shaped
mast cells were distributed in clusters and accounted for
more than 30% of all tryptase-positive mast cells (Fig.
1d,g).

Long fiber- or dendritic-like CD117 positive cells
were identified in 63.6% (28/44) LMs, and positive
DOG-1 staining demonstrated these cells were ICCs
(Fig. 1e, h). Compared with spindle-shaped mast cells,
these ICCs were slimmer and longer, and sometimes
showed dichotomous branching. ICCs were usually
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Fig. 1. Typical morphology and immunostaining patterns of an esophageal LM with prominent CD117 positive cells. Tumor cells have abundant
eosinophilic cytoplasm and form intersecting fascicles (a). Tumor cells are diffusely positive for SMA (b), but large numbers of CD117 positive cells are
also present (c), which are positive either for tryptase (d) or DOG-1 (e). Three types of CD117 positive cells are identified under higher magnification,
including round or oval-shaped, spindled, and long fiber- or dendritic-like cells (f). Tryptase immunostaining shows both ovoid and spindled mast cells
are present (g). DOG-1 immunostaining highlights hyperplastic ICCs (h). Scale bars: a-e, 200 µm; f-h, 40 µm.
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Fig. 2.
Immunofluorescence
analysis shows the
CD117 positive spindle
cells are either tryptase
positive mast cells (a-c)
or DOG-1 positive ICCs
(d-f). No CD117/SMA co-
expressed cells are seen
(g-i). Scale bars: a-f, 10
µm; g-i, 20 µm..



scattered in these tumors but increased numbers of ICCs,
accounting for up to 50% of CD117 positive spindle
cells were identified in 11 tumors. ICCs were either
mixed with mast cells or were found in clusters with a
few mast cells scattered in between. Compared with the
adjacent muscularis propria, the density of ICCs within
LMs was greater but no relationship was found between
the density of ICCs and mast cells.

Double-labeling immunofluorescence confirmed
there were two morphologic types of tryptase positive
mast cells which were typically round or oval-shaped
and spindle-shaped. The length of the spindle-shaped
mast cells which showed positive CD117/tryptase
double-labeling was usually shorter than that of the
CD117/DOG-1 positive ICCs, similar to that seen under
light microscopy. No cells which co-expressed CD117
and SMA were found, arguing against the possibility that
some ICCs may have smooth muscle differentiation
(Fig. 2). 

The single LMS showed strong but focal positivity
for SMA. Occasional oval shaped mast cells were
identified by tryptase staining. No DOG-1 positive ICCs
were found in this tumor. 

Four tumors arising in the EGJ and stomach were
diffusely positive for CD117, CD34 and DOG-1, but
negative or only focally positive for SMA, supporting a
diagnosis of GIST. No tryptase positive mast cells were
found in these tumors. Identical expression profiles were
observed in 19 control cases of gastric GISTs. Although
the mast cell counts in adjacent muscularis propria of
these tumors were lower than those of LMs (median
5/hpf vs 10/hpf, p<0.05), it was more likely to be
associated with the location but not the type of the
tumors.
PCR evaluation of C-kit and PDGFRA mutations

The C-kit gene, and the PDGFRA gene were
analyzed for mutation in 7 solitary LMs with prominent
DOG-1 positive ICCs, and no mutation was observed in
any case. In addition, representative material from LMs
in 2 patients with synchronous esophageal LM(s) and
gastric GIST(s) (also with prominent DOG-1 positive
ICCs) was tested. No mutation was detected in the LMs.
However, a C-kit gene exon 13 missense mutation
(c.1888 C>T) was detected in a GIST from one patient,
and combined mutations of the C-kit gene exon11
deletion (c.1669_1731del) and the PDGFRA gene exon
18 missense mutation (c.2525A>T), were found in a
GIST from another patient. Mutation analysis data was
available for 8 GISTs in control group, 7 harbored C-kit
mutations and 1 had PDGFRA mutation.
Discussion

Before the era of C-kit, GISTs were commonly
diagnosed as smooth muscle tumors, such as leiomyoma,
cellular leiomyoma, leiomyoblastoma, and leiomyo-
sarcoma. It is now clear that GIST originates from ICCs

or their stem-like precursor cells (Hirota et al., 1998;
Kindblom et al., 1998), and more than 95% of GIST are
positive for C-Kit (CD117) receptor tyrosine kinase
(Miettinen and Lasota, 2006), which is regarded as the
key diagnostic feature of GIST. Therapy and prognosis
are quite different for GIST and LM, and CD117
immunostaining is therefore used for diagnostic
verification in these mesenchymal tumors (Sarlomo-
Rikala et al., 1998; Miettinen et al., 2000a; Iijima et al.,
2002; Bernet et al., 2003; Miettinen and Lasota, 2006).
This change in diagnostic approach has reversed the
previous trend of misdiagnosing GIST as smooth muscle
tumor. However, misinterpretation of CD117 staining
may lead in exactly the opposite direction, and result in
underdiagnosis of LM. 

In 2000, Miettinen et al. (2000a,b) reported the
presence of small numbers of CD117 positive spindle
cells in one esophageal LM and suggested they were
ICCs. In contrast, Wong and Pawade (2007) reported 3
LMs (1 in esophagus, 2 in stomach) with prominent
CD117 expression. They suggested that these CD117
positive cells, regardless of the observed ovoid or
spindled morphology, were toluidine blue-stained mast
cells and these mast cell-rich LMs should not be
mistaken for GISTs. A recent study by Deshpande et al.
(2014) showed CD117 positive spindle cells in LM were
mostly ICCs as they were also positive for DOG-1. In
addition, they performed mutational analysis on 4
tumors and the negative results suggested these ICCs
were non-neoplastic. Our study further confirmed their
findings in a larger series of esophageal/EGJ LMs.
Immunohisto-chemistry and immunofluorescence results
demonstrated the spindle-shaped CD117 positive cells in
LMs were heterogeneous. Cells co-expressing
CD117/DOG-1 were similar to ICCs normally present in
the muscularis propria, which had long fiber- or
dendritic-like cell processes. Since DOG-1 has been
reported to be expressed in LMs from uterine, abdomen
and retroperitoneum (Miettinen et al., 2009), one may
ask the question whether these cells are smooth muscle
cells. By immunofluorescence, we could rule out the
possibility as no cells showed co-expression of CD117
and SMA. Mutation analysis on 9 tumors with
prominent DOG-1 positive cells showed no C-kit or
PDGFRA mutations. These results are in agreement with
Deshpande et al.’s opinion that the relatively large
numbers of ICCs found in some of these LMs is
probably a hyperplastic but not neoplastic phenomenon.
Different from Deshpande et al.’s study, which focused
on ICCs, we also paid attention to mast cells. Although
most of these mast cells showed typical mast cell oval-
shaped morphology, varying numbers of spindle-shaped
mast cells were found in 86.4% of LMs. Therefore
prominent numbers of either ICCs or spindle-shaped
mast cells are potential “pitfalls” for misdiagnosis of LM
as GIST. 

After carefully analyzing the nature of CD117
positive cells as well as the staining patterns of SMA and
CD34, all of the 43 tumors located in esophagus proved
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to be LMs and 1 of 3 EGJ tumors was confirmed to be a
GIST. Thus only 2.2% of the esophageal/EGJ
mesenchymal tumors in our series were GIST. Although
lower than Miettinen’s reports (Miettinen et al., 2000b),
which indicated 25% of the esophageal mesenchymal
tumors were GISTs, our study is consistent with other
reports which conclude esophageal GIST appears to be
very rare, and the majority occurs in the EGJ (Hatch et
al., 2000; Nilsson et al., 2005; Orosz et al., 2005; Shin et
al., 2014). This discrepancy may have been caused either
by sampling deviation or geographic/racial differences in
the study population, although an over-diagnosis of
GISTs cannot be excluded. 

Mast cells are found in almost all major organs and
tissues of the body. The cytomorphology of mast cell
displays a wide range of appearances. Most of them are
round or ovoid-shaped, whereas some of them may have
elongated cytoplasmatic processes (Esposito et al.,
2002). Mast cells in smooth muscle tumors have been
well described, especially in uterine LM (Maluf and
Gersell, 1994). Zhu et al. (2007) suggested that
expression of chemokines by smooth muscle tumor cells
may play a role in recruitment of mast cells. Orii et al.
(1998) reported that mast cell counts might be useful as
part of a multivariate approach to distinguishing
leiomyosarcoma from bizarre or cellular leiomyoma. In
the current study, we observed tryptase positive mast
cells in all but 3 esophageal LMs. In contrast, neither
ovoid nor spindled mast cells were found in GISTs.
Therefore, even if the presence of CD117 positive
spindled cells may mislead to a diagnosis of GIST, the
presence of ovoid mast cells or adjunct tryptase staining
may serve as a useful tool to exclude GIST. Mast cells
may be more significant in differential diagnosis of
proximal tumors, as numbers of mast cells in esophageal
LM significantly decrease from the upper esophagus to
the EGJ. 

Several studies have shown that mast cells may have
structural and functional relationships with ICCs within
the gastrointestinal tract. In conditions such as Crohn’s
disease and achalasia, mast cells were found to closely
adhere to the injured ICC (Zarate et al., 2006; Wang et
al., 2007). Mast cells are also identified as a source of
stem cell factor, which serves as a ligand of C-kit (de
Paulis et al., 1999). All these data are evidence of the
importance of mast cells in providing factors for survival
and maintenance of ICC in disease states. However, in
our observations, ICCs are either admixed with mast
cells, no matter oval-shaped or spindle-shaped, or
distributed separately. And the density of mast cells does
not correlate well with that of the ICCs. More
interestingly, different from other LMs in our series of
cases, esophageal LMs from the two patients who had
synchronous gastric GISTs showed none tryptase
positive mast cell. Simultaneously, all 3 LMs have
prominent ICCs hyperplasia. Their diffuse positivity for
SMA, negativity for CD34 and genetic mutation test
helped to confirm the diagnosis of LMs. However, the
mechanism of ICCs hyperplasia in esophageal LMs and

the role of mast cells in these tumors are still unclear and
awaiting further investigation.

In conclusion, both elongate spindled mast cells and
hyperplastic ICCs are present in esophageal LM, and the
CD117 expression of these cells may lead to a
misdiagnosis of GIST. Immunostaining for tryptase is
not only able to identify these spindled mast cells, but
also helpful to confirm the presence of mast cells, which
in itself serves to support a diagnosis of esophageal LM.
Misdiagnosis of leiomyoma with CD117 positive spindle
cells as GIST can be avoided by taking tumor location,
H&E morphology, diffuse positive SMA staining, CD34
negativity and the presence of mast cells into
consideration. 
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