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Abstract. To elucidate the frequency and histopathological 
features of gastrointestinal (GI) tract‑like muscular walls devel-
oping in ovarian mature cystic teratoma (MCT), the present 
study examined 149 MCTs surgically removed from 126 females, 
including 23 bilateral cases. GI tract‑like muscular walls were 
identified in 9 (7.1%) cases, and were accompanied by mucosa 
in 5 cases, muscularis mucosae in 5 cases, serosa in 5 cases and 
all of these components in 3 cases. The mean size of the GI 
tract‑like structures was 0.6 cm. The presence of MCT‑related 
GI tract‑like muscular walls was not significantly associated 
with patient age, size of MCTs or bilateral presence of MCT. The 
detected mucosae and muscular walls commonly demonstrated 
incomplete or anomalous features. Immunohistochemically, a 
few weakly KIT+ spindle and/or stellate cells were identified in 
7 cases (77.8% of the 9 cases of MCT‑related GI tracts); these 
cells were presented chiefly near conspicuous or inconspicuous 
S‑100 protein+ neural tissues between the conspicuous or incon-
spicuous two muscular wall layers, indicating interstitial cells of 
Cajal (ICCs). Discovered on gastrointestinal stromal tumors 1 
co‑expression in KIT+ ICCs was observed in only 1 case. Neural 
cell‑related intramuscular cluster of differentiation 34+ cells 
were occasionally observed; however, no hyperplastic ICCs 
were observed in the present study. 

Introduction

Mature cystic teratomas (MCTs) are the most common ovarian 
tumors, accounting for ~20% of all ovarian tumors, and are 
composed of mature tissues derived from two to three germ 

layers (ectoderm, mesoderm and endoderm) (1‑4). Patients 
present with tumor‑related symptoms, such as abdominal 
pain with or without tumor torsion, abdominal mass and 
abdominal swelling (2‑4). However, a considerable amount 
of MCTs are asymptomatic and are incidentally discovered 
by pelvic examination, caesarean section or surgery for 
other diseases (2‑4). Almost all MCTs have cystic spaces 
surrounded by organized skin‑like tissues composed of ecto-
derm‑derived epidermis, sebaceous glands and hair follicles 
and mesoderm‑derived dermal stromal elements, which 
together contribute to the synonym ‘dermoid cysts’  (1‑4). 
Other commonly found tissues include adipose tissues, 
smooth muscle, glia, cerebrum, peripheral nerve, cartilage, 
bone and respiratory epithelium (1‑4). Thyroid tissues, sali-
vary glands and ependymal tissues are occasionally present. 
Gastrointestinal (GI) epithelium and organized GI tracts 
may be observed in MCTs (5‑12). To date, only two previous 
articles (11,12) have described interstitial cells of Cajal (ICC) 
within the GI tract‑like muscular walls in three sporadic 
cases of MCT. However, the frequency and histopathological 
features of these muscular walls are not fully understood. 
Therefore, the present study examined GI tract‑like muscular 
walls in surgically removed ovarian MCTs.

Patients and methods

Patients. A total of 149 ovarian MCTs removed from 126 
females were retrieved from the surgical pathology files of the 
Department of Pathology, Japan Self‑Defense Forces Central 
Hospital (Tokyo, Japan), from between November 1983 and 
September 2016. The clinical findings and macroscopic 
features were obtained from surgical pathology request 
forms and patient medical charts. Patients ranged in age 
from 14‑79 years (mean, 35.1 years). Of the patients, 23 had 
bilateral ovarian MCTs and the other 103 had unilateral 
MCTs. The sizes of 144 MCTs were known, and ranged from 
1‑21 cm (mean, 6.6 cm). The present study was a retrospective 
study, which was approved by the Medical Research Ethics 
Committee of Japan Self‑Defense Forces Central Hospital 
(approval number, 28‑015).

MCT examination. All representative hematoxylin and eosin 
(H&E)‑stained sections were histologically examined for the 
presence of MCT‑related GI tract‑like muscular walls with 
or without other components. In the present study, the term 
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‘muscular walls’ was used to describe muscularis propria‑like 
layered aggregations of smooth muscle cells, and did not 
include muscularis mucosae (MM). To exclude respiratory, 
urogenital and uterine cervical walls, muscular walls covered 
by ciliated columnar, squamous and/or urothelial‑like epithe-
lium were not considered.

For all samples, 10‑20% buffered formalin‑fixed and 
paraffin‑embedded representative sections containing 
MCT‑related muscular walls were available. The fixation was 
performed at room temperature, ranging in duration from 
12‑48 h. These sections were serially cut (4‑5 µm‑thick), stained 
with H&E, and subjected to immunohistochemical analysis by 
incubation with antibodies against KIT (polyclonal; A4501; 
1:100; Dako; Agilent Technologies, Inc., Santa Clara, CA, 
USA) for 60 min, cluster of differentiation (CD) 34 (NU‑4A1; 
413361; 1:100 dilution; Nichirei Biosciences, Inc., Tokyo, 
Japan) for 30 min, α‑smooth muscle actin (SMA; 1A4; 412021; 
prediluted; Nichirei Biosciences, Inc.) for 60  min, S‑100 
protein (polyclonal; 422091; prediluted; Nichirei Biosciences, 
Inc.) for 60 min, synaptophysin (27G12; 413831; prediluted; 
Nichirei Biosciences, Inc.) for 30 min, discovered on gastroin-
testinal stromal tumors 1 (DOG1; K9; NCL‑L‑DOG‑1; 1:100; 
Leica Biosystems, Newcastle, UK) for 60 min, keratin 7 (K7; 
OV‑TL 12/30; M7018; 1:100; Dako; Agilent Technologies, 
Inc.) for 30 min and keratin 20 (K20; Ks 20.8; M7019; 1:100; 
Dako; Agilent Technologies, Inc.) for 30 min. For secondary 
antibody incubation, Histofine Simple Stain MAX PO 
(MULTI)® (424152; Nichirei Biosciences, Inc.) was used for a 
duration of 30 min. Incubations with primary and secondary 

antibodies were performed at room temperature. Endogenous 
peroxidase activity and non‑specific background staining 
was blocked with 3% hydrogen peroxidase and the blocking 
solution, Protein Block Serum‑Free® (X0909; Dako; Agilent 
Technologies, Inc.), respectively. Each blocking reagent was 
incubated for 30 min at room temperature before incubation 
with the primary and secondary antibodies.

Excluding distinct neural tissues and vessels observed on 
H&E‑based histology, KIT+, CD34+, S‑100+, synaptophysin+ 
and DOG1+ spindle or stellate cells within muscular walls 
were evaluated in each case, and were graded as follows: 0, 
no positive cells; 1, <1% positive muscular wall spindle and/or 
stellate cells; 2, 1‑5% positive muscular wall spindle and/or 
stellate cells; and 3, cells >5% positive muscular wall spindle 
and/or stellate cells.

Statistical analysis. Clinicopathological findings were 
analyzed using the appropriate Spearman's rank correlation 
test and Fisher's exact test. Data were analyzed on a personal 
computer using a statistical software package (StatMate® IV 
for Windows v. 4.01; ATMS Corp., Ltd., Tokyo, Japan). P<0.05 
was considered to indicate a statistically significant difference.

Results

Clinicopathological features. GI tract‑like muscular walls 
were hemi‑laterally identified in 9 (7.1%) of 126 cases of MCT 
(4 left and 5 right MCTs). Table I summarizes the main clini-
copathological findings in these 9 patients. These walls were 

Figure 1. Histopathological analysis of gastrointestinal tract‑like structures in a teratoma (case 4). (A) Hematoxylin and eosin‑stained intestinal mucosa 
and atrophic gastric mucosa surrounded by a muscular wall with scattered neural tissues (arrows) inconspicuously observed between two muscular layers. 
(B) Immunohistochemical staining of SMA in the muscular wall (asterisks) revealed partially decreased expression. (C) K7+ immunostaining in gastric mucosa 
and serosa (arrow) (A‑C magnification, x100). (D‑F) Moderate‑power views (magnification, x200) of immunostaining for (D) KIT (E) S‑100 protein and 
(F) CD34. (G‑I) High‑power (magnification, x400) views of (D), (E) and (F), respectively. (D) A few KIT+ spindle or stellate cells graded as 1, chiefly between 
two muscular layers (arrows), and a (G) high‑power view suggesting their close proximity to S‑100 protein+ and CD34+ cells shown in (H) and (I), respectively. 
(E) S‑100 protein+ neural cells within the muscular layer itself, graded as 2, together with S‑100 protein+ distinct neural tissues, and a (H) high‑power view of 
intramuscular S‑100 protein+ spindle cells (arrows). (F) Increased intramuscular CD34+ cells in the muscular wall, graded as 3, and a (I) high‑power view. The 
distributions of intramuscular S‑100 protein+ cells and CD34+ cells were similar. SMA, smooth muscle actin; K7, keratin 7; CD34, cluster of differentiation 34.
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accompanied by mucosae in 5 cases, MM‑like structures in 
5 cases, serosa‑like features in 5 cases, and all of these compo-
nents were present in 3 cases. Patients ranged in age from 
19‑52 years (mean, 34.3 years), and 4 patients had bilateral 
MCTs. The sizes of MCTs with these muscular walls ranged 
from 1.4‑11.0 cm (mean, 4.8 cm). The largest dimension of 
GI tract‑like structures in each case ranged from 0.2‑1.5 cm 
(mean, 0.6  cm). GI tract‑like muscular walls partially or 
totally demonstrated incomplete features, such as indistinct 
two‑layered structures (all cases), thinning (7 cases) and adhe-
sion to MM‑like structures (1 case). In all muscular walls, 
neural tissues of varying size were observed between two 
conspicuous or inconspicuous muscular layers (Figs. 1 and 2), 
partially exhibiting Auerbach's plexus‑like features, and 

also within the muscular layers (Fig. 2A). Gastric and intes-
tinal mucosae were found in 2 and 4 cases, respectively. In 
1 case, partially atrophic, gastric pyloric mucosa and small 
intestine‑like mucosa were surrounded by mutual muscular 
walls (Fig. 1A). In another case, gastric body mucosa merged 
with marked flattened mucosa was observed. In 3 other cases, 
intestinal mucosae were difficult to distinctly divide into small 
and large intestinal types. Neoplastic lesions arising in GI 
tract‑like structures, such as gastrointestinal stromal tumor 
(GIST), leiomyoma, glandular neoplasia and neuroendocrine 
tumor, were not observed.

Immunohistochemical features. Table  II summarizes the 
immunohistochemical features of GI tract‑like structures. 

Figure 2. Hematoxylin and eosin staining and immunohistochemical analysis of a gastrointestinal tract‑like muscular wall without mucosa in a teratoma (case 6).  
(A) Moderate‑power view (magnification, x100) of hematoxylin and eosin staining demonstrating scattered neural tissues between two muscular layers 
(arrows) and within a muscular layer itself (arrowheads). The former resembles Auerbach's plexus. (B‑F) Moderate‑power views (magnification, x100) of 
immunostaining for (B) KIT, (C) S‑100 protein, (D) CD34, (E) synaptophysin and (F) DOG1. Insets in (B‑F) represent high‑power views (magnification, x400) 
of positive cells in the same regions. (B) KIT+ spindle and/or stellate cells (arrows) near the S‑100+ neural cells shown in (C) and corresponding to the DOG1+ 
cells (arrows) shown in (F). (C) Distributions of intramuscular S‑100+ cells similar to those of intramuscular (D) CD34+ cells and (E) synaptophysin+ cells. 
CD, cluster of differentiation; DOG1, discovered on gastrointestinal stromal tumors 1.
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In case 2, neither CD34 nor synaptophysin positivity was 
observed within muscular walls or the inner controls (vascular 
endothelium and neural cells, respectively). Hence, these 
findings were not included in the results. Muscular walls and 
MM‑like structures were highlighted by SMA positivity, 
but the SMA positivity of the former was relatively weak in 
3 cases (Fig. 1B). A few weakly KIT+ spindle/stellate cells 
(not including KIT+ mast cells) were observed chiefly nearby 
neural tissues between muscular layers in 7 cases (Figs. 1D 
and 2B), and were graded 1 and 2 in 5 cases and 2 cases, 
respectively. S‑100+ spindle or stellate cells were scattered 
within muscular layers and within the distinct neural tissues 
recognizable on H&E‑stained histology in all cases (Figs. 1E 
and 2C). These intramuscular S‑100+ cells were considered 
to be richly distributed neural cells or networks, and were 
graded 1, 2 and 3 in 3 cases each. CD34+ spindle or stellate 
cells were scattered near the boundary zones of two muscular 

layers and within muscular layers in 8 cases (Figs. 1F and 2D) 
along with or without prominent CD34+ microvessels, and 
were graded 1, 2 and 3 in 3, 1 and 4  cases, respectively. 
Other than in the context of distinct neural tissue positivity, 
intramuscular synaptophysin+ spindle or stellate cells were 
observed in 7 cases (Fig. 2E) and were graded 1, 2 and 3 in 
3, 2 and 2 cases, respectively. The intramuscular distributions 
of KIT+, CD34+, S‑100+ and synaptophysin+ spindle or stellate 
cells were similar. A few DOG1+ spindle or stellate cells were 
observed near the Auerbach's plexus‑like neural tissues in only 
1 case (case 6; Fig. 2F), possibly corresponding with KIT+ cells. 
Accompanying gastric mucosae contained only K7+/K20‑ cells 
in 1 case, and both K7+/K20‑ and K7‑/K20+ cells in 1 case. 
Intestinal mucosa specimens were composed of only K7‑/K20+ 
cells in 2 cases, and were admixed with K7+/K20‑ cells and 
K7‑/K20+ cells in 2 cases. Serosa‑like structures were positive 
for K7 (Fig. 1C).

Table II. Immunohistochemical features of gastrointestinal tract‑like structures in ovarian MCTs.

	 Grading scoree of muscular wallsf

		  Diminished SMA	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Case	 Keratin pattern of mucosa	 staining of muscular walls	 KIT	 CD34	 S‑100	 Synaptophysin	 DOG1

1	 K7+/K20‑ > K7‑/K20+a	 None	 1	 1	 1	 0	 0
2	‑	  Present	 2	‑ g	 3	‑ g	 0
3	 K7+/K20‑ << K7‑/K20+b	 None	 1	 3	 2	 2	 0
4	 K7+/K20‑(G)c, K7‑/K20+ (I)c	 Present	 1	 3	 2	 2	 0
5	‑	  None	 0	 1	 1	 1	 0
6	‑	  Present	 2	 3	 3	 3	 1
7	‑	  None	 1	 3	 3	 3	 0
8	 K7+/K20‑ >> K7+/K20+d	 None	 1	 2	 2	 1	 0
9	 K7‑/K20+ only	 None	 0	 1	 1	 1	 0

aK7+/K20‑ cells and K7‑/K20+ cells were intermingled, but the former was slightly predominant; bmajority of epithelial cells were K7‑/K20+, and 
K7+/K20‑ cells were focally present; cgastric mucosa and intestinal mucosa were surrounded by the same muscular wall; dmajority of epithelial 
cells were K7+/K20‑ cells, and K7+/K20+ cells were focally present; epositive spindle or stellate cells within muscular walls were graded as 
follows: 0, no positive cells; 1, <1% positive muscular wall spindle or stellate cells; 2, 1‑5% positive muscular wall spindle or stellate cells; 
and 3, >5% muscular wall spindle or stellate cells; fmuscular walls represented muscularis propria and did not include muscularis mucosae; 
gno immunoreactivity was observed in muscular walls or inner controls within the same MCTs. MCT, mature cystic teratoma; G, gastric 
mucosa; I, intestinal mucosa; K7, keratin 7; K20, keratin 20; SMA, α‑smooth muscle actin; CD, cluster of differentiation; DOG1, discovered 
on gastrointestinal stromal tumors 1.

Table III. Relationship between MCT‑related gastrointestinal tract‑like muscular walls and clinicopathological variables.

	 Presence of MCT‑related gastrointestinal
	 tract‑like muscular wallsa

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Yes (n=9)	 No (n=117)	 P‑value

Age, years (mean)	 19‑52 (34.3)	 14‑79 (35.1)	 0.855
Size of MCT containing muscular walls, cm (mean)	 1.5‑11.0 (4.8)	 1.0‑21.0 (4.0) (n=135)b	 0.082
Patients with bilateral MCTs, n	 4	 19	 0.096

aMuscular walls represented muscularis propria and did not include muscularis mucosae; bthere were 135 MCTs, including bilateral MCTs, in 
which tumor size was known. MCT, mature cystic teratoma.
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Association between various histopathological and immu-
nohistochemical features. The presence of GI tract‑like 
muscular walls was not statistically associated with age 
(P=0.855), MCT size (P=0.082) or bilateral presence of 
MCTs (P=0.096; Table  III). Spearman's rank correlation 
analysis demonstrated significant correlations between 
grading scores of KIT+ and S‑100+ cells (P=0.014), CD34+ 
and S‑100+ cells (P=0.003), CD34+ and synaptophysin+ cells 
(P=0.009) and S‑100+ and synaptophysin+ cells (P=0.002); 
however, no significant correlations were observed between 
other combinations (Table IV). Fisher's exact test (data not 
shown) revealed significant relationships between CD34+ 
and S‑100+ cells (P=0.018) and between S‑100+ and synapto-
physin+ cells (P=0.048); however, it revealed no significant 
associations between KIT+ and S‑100+ cells (P=0.500) or 
between CD34+ and synaptophysin+ cells (P=0.143). No 
statistical associations were observed between decreased 
SMA positivity of muscular walls and other immunostaining 
results.

Discussion

In the present study, GI tract‑like muscular walls with or 
without other components were observed in 7.1% of MCT 
cases. This incidence is consistent with the occurrence of 
GI‑type epithelium with or without other components in MCTs, 
which has been reported to be 7‑13% (6,13). Totally organized 
GI tracts within ovarian MCTs are rare, with <20 previously 
reported cases (8‑12). The present study revealed GI tract‑like 
structures containing mucosa, MM, muscular walls and serosa 
in 3 (2.4%) of 126 MCT cases, and muscular walls without 
mucosa in 4 (3.2%) cases.

The detected MCT‑related GI tract‑like structures were 
relatively small and histologically differed somewhat from 
those of actual GI tracts. Accompanying intestinal epithelia 

were frequently difficult to distinguish as small vs. large 
intestine, and gastric mucosae were partially atrophic or 
prominently flattened. Muscular walls commonly demon-
strated inconspicuous two‑layered structures, thinning and 
partially diminished SMA positivity. These findings under-
score the disorganization of the GI tracts, which may influence 
the development of ICCs. However, a high percentage (78%) 
of the present cases had KIT+ spindle or stellate cells chiefly 
nearby the neural tissues between muscular layers, which is 
consistent with those of ICCs of actual GI tracts (14). KIT and 
S‑100 grading scores were also significantly correlated with 
each other. Although DOG1 is also known to be a marker of 
ICCs (15,16), DOG1 co‑expression in KIT+ ICCs was observed 
in only 1 case.

A study by Agaimy et al (11) first described KIT+ ICCs 
within GI tract‑like muscular derivatives in 2 MCTs, and 
a case of hyperplastic ICCs was reported later  (12). In the 
present study, an increased number of KIT+ cells were not 
observed; however, there appeared to be more intramuscular 
CD34+ spindle or stellate cells compared to KIT+ cells. As 
CD34 is also a marker of ICCs (14), these findings suggest the 
possibility of ICC hyperplasia. However, CD34+ cells are also 
detectable in normal endoneural fibroblasts (14) and in periph-
eral nerve sheath tumors (17). Furthermore, in the present 
study, the distribution of intramuscular CD34+ cells resembled 
that of intramuscular S‑100+ neural cells, and their grading 
scores were closely correlated with each other. Therefore, 
CD34+ cells are expected to be neuron‑related cells rather 
than ICCs. Similarly, intramuscular synaptophysin+ cells are 
expected to represent intramuscular neural cells rather than 
neuroendocrine cells because synaptophysin positivity may 
be found in synaptic vesicles of neural cells  (18) and the 
neuroendocrine system of GI tracts is usually present in the 
mucosa and submucosa, and is unknown within the muscularis 
propria (14). We believe that ICC hyperplasia is a rare event in 
MCT‑related GI tract‑like structures.

GISTs are considered to arise from ICCs or their precursor 
cells (3,17,19); however, they were previously misinterpreted as 
smooth muscle tumors in the ‘pre‑KIT era’ (12). Our previous 
review of the literature identified a case report describing 
a ‘spindle cell nodule’ in a MCT‑related gastric wall  (7). 
However, based on the description and the photomicrographs 
in this article (7), this spindle cell nodule did not demonstrate 
a well‑demarcated GIST‑like configuration, thus was likely a 
reactive stromal reaction associated with an ulcer. Therefore, 
to the best of our knowledge, no distinct cases of GISTs arising 
in MCTs have been reported previously, regardless of their 
incidence in normal GI tract tissue (3,15,17,19) and the pres-
ently demonstrated frequent KIT+ ICCs within MCT‑related GI 
tract‑like structures. Agaimy et al (11) reported that no previous 
cases of MCT‑related GISTs have contributed to unknown 
underlying pathogenic factors other than the rarity of somatic 
secondary tumors in MCTs. Based on the present results, this 
may be partially due to the rarity of ICC hyperplasia.

In conclusion, the present study revealed GI tract‑like 
muscular walls in 7.1% of ovarian MCT cases, which frequently 
contained KIT+ ICCs but did not demonstrate any hyperplastic 
features. The present study included a limited number of cases. 
Therefore, to elucidate true incidence of KIT+ ICC in MCT, 
further study using a larger number of cases is required.

Table IV. Spearman's rank correlation analysis of immumohis-
tochemical grading scores of mature cystic teratoma‑related 
gastrointestinal tract‑like muscular walls.

Correlation of immunohistochemistry	 P‑value	 rs

KIT vs. CD34 (n=8)a	 0.130	 0.58
KIT vs. S‑100 protein	 0.014	 0.78
KIT vs. synaptophysin (n=8)a	 0.753	 0.12
KIT vs. DOG1	 0.094	 0.63
CD34 vs. S‑100 protein (n=8)a	 0.003	 0.89
CD34 vs. synaptophysin (n=8)a	 0.009	 0.84
CD34 vs. DOG1 (n=8)a	 0.426	 0.33
S‑100 protein vs. synaptophysin (n=8)a	 0.002	 0.91
S‑100 protein vs. DOG1	 0.129	 0.54
Synaptophysin vs. DOG1 (n=8)a	 0.184	 0.52

Muscular walls represented muscularis propria and did not include 
muscularis mucosae. aExcluding 1 case (case 2) in which CD34 and 
synaptophysin were not positive in the internal controls of the mature 
cystic teratomas. CD, cluster of differentiation; DOG1, discovered on 
gastrointestinal stromal tumors 1.
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