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Abstract
AIM
To investigate histologic abnormalities in the gastric 
smooth muscle of patients with diabetes mellitus (DM).

METHODS
Full-thickness gastric specimens were obtained from 
patients undergoing surgery for gastric cancer. H&E 
stain and Masson’s Trichrome stain were performed 
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to assess the degree of fibrosis. Immunohistochemical 
staining using various antibodies was also performed 
[antibodies against protein gene product 9.5 (PGP9.5), 
neuronal nitric oxide synthase (nNOS), vasoactive 
intestinal peptide (VIP), neurokinin-1 (NK1) receptor, 
c-Kit, and platelet-derived growth factor receptor-alpha, 
(PDGFRα)]. Immunofluorescent staining and evaluation 
with confocal microscopy were also conducted.

RESULTS
Twenty-six controls and 35 diabetic patients (21 short-
duration patients and 14 long-duration patients) were 
included. There were no significant differences in 
basic demographics between the two groups except 
in mean body mass index (BMI) (higher in the DM 
group). Proportions of moderate-to-severe intercellular 
fibrosis in the muscle layer were significantly higher 
in the DM group than in the control group (P  < 0.01). 
On immunohistochemical staining, c-Kit- and PDGFRα-
positive immunoreactivity were significantly decreased 
in the DM group compared with the control group (P  < 
0.05). There were no statistically significant differences 
in PGP9.5, nNOS, VIP, and neurokinin 1 expression. 
On immunofluorescent staining, cellularity of interstitial 
cells of Cajal (ICC) was observed to decrease with 
increasing duration of DM.

CONCLUSION
Our study suggests that increased intercellular fibrosis, 
loss of ICC, and loss of fibroblast-like cells are found in 
the smooth muscle of DM patients. These abnormalities 
may contribute to changes in gastric motor activity in 
patients with DM.

Key words: Diabetes mellitus; Interstitial cells of Cajal; 
Fibroblast-like cell; Gastroparesis; Enteric nerve system
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Core tip: In this study, we discovered that increased 
intercellular fibrosis, loss of interstitial cells of Cajal, 
and loss of fibroblast-like cells are found in the smooth 
muscle of diabetes mellitus (DM) patients. These abnor
malities may contribute to changes in gastric motor 
activity in patients with DM.
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INTRODUCTION
Diabetes mellitus (DM), a metabolic disease caused by 

failure of blood sugar control, is a very common dis-
order, with a prevalence of 8.7% in adults[1]. It is well 
known that a lack of treatment of DM results in critical 
damage by causing acute complications (such as dia-
betic ketoacidosis or nonketotic hyperosmolar coma) 
along with chronic complications including nephropa-
thy, angiopathy, neuropathy, and ophthalmopathy[2]. It 
is also known that the majority of DM patients suffer 
one or more gastrointestinal (GI) symptoms, which 
involve abdominal pain, early satiety, constipation, 
diarrhea, nausea, vomiting, and fecal incontinence, 
and that these symptoms result in a lower quality of 
life for patients[3-8]. Although the mechanisms of GI 
complications in DM patients are still not completely 
understood, GI motor disturbance appears to play 
a critical role. Because factors including GI smooth 
muscle, intrinsic or extrinsic enteric nervous system 
(ENS), and GI hormones are involved in the control of 
GI motility, it is possible to hypothesize that damage 
to these factors causes GI dysmotility, and various GI 
symptoms might occur according to the sites involved[9].

Gastroparesis, a kind of GI complication of DM, 
is characterized by delayed gastric emptying[10], and 
occurs as a result of a problem in postprandial gastric 
contraction activity[9,11,12]. The major symptoms of 
gastroparesis include postprandial fullness, early 
satiety, nausea, vomiting, abdominal distension, and 
abdominal pain. Although many other diseases and 
circumstances such as medication, connective tissue 
disorders, neurologic disorders, and tumors can also 
be related to gastroparesis, DM is the most common 
cause[3,9,11,13]. In the past, diabetic gastroparesis was 
regarded as an ambiguous and rare condition that 
was caused by the irreversible damage of the vagal 
nervous system, which occurs after an extremely long 
presence of type 1 DM; however, since the introduc-
tion of the “gastric transit time” concept, many studies 
have been conducted into the pathophysiology of 
diabetic gastroparesis[5,11,12,14].

For an intact gastric emptying, synergic and appro-
priate movements of the proximal stomach, distal 
stomach, pylorus, and small intestine play critical roles. 
The role of the nervous system, which controls the 
gastric smooth muscle, is extremely important during 
gastric emptying[15]. However, recent studies show 
that the intragastric motor neurotransmission process 
causing gastric contraction is more complex than a 
simple process in which the neurotransmitters from 
nerve endings combine with the receptors of smooth 
muscle cells (SMC), and it is well known that the inter-
stitial cells of Cajal (ICC) play a very important role 
during this neurotransmission process[16-20]. Although 
there is not enough information about the roles in this 
neurotransmission process, fibroblast-like cells (FLCs) 
also show network connections to SMC via gap junc-
tions. Therefore, it is reasonable to assume that FLCs 
perform some role in the GI contraction process[21]. 
We can estimate the degree of expression of FLCs by 
immunohistochemical or immunofluorescent staining, 
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because they are widely stained with antibody to 
platelet-derived growth factor receptor α (PDGFRα)[22].

Research into the pathophysiology of diabetic gas-
troparesis has hitherto been performed by means of 
animal models; not only is research using human gas-
tric tissue rare, but the results also do not match well 
with those of animal models. Therefore, we intend to 
investigate how SMC, ENS, ICC, and FLCs are affected 
in DM using human gastric smooth muscle tissue.

MATERIALS AND METHODS
Subjects and tissues
Gastric specimens were obtained from gastric cancer 
patients who had been admitted to four university 
hospitals (Keimyung University Dongsan Hospital, 
Youngnam University Hospital, Kyungpook National 
University Hospital, Catholic University of Daegu 
Hospital) in Daegu province, South Korea, for surgery. 
Shortly after gastrectomy, entire layered tissues of 1 
cm × 2 cm in size were taken from areas free of cancer 
infiltration and used for various microscopic evaluations.

The tissues were taken from fundus, lesser curva-
ture of corpus, and lesser curvature of antrum in the 
cases of total gastrectomy, and were taken from lesser 
curvature of corpus, and lesser curvature of antrum in 
the cases of subtotal gastrectomy (Figure 1). The tis-
sues were obtained shortly after surgery, and removed 
tissues were fixed in formalin immediately.

The study protocol was reviewed and approved by 
the Institutional Review Board at Keimyung Univer
sity Dongsan Hospital, Daegu, South Korea. A precise 
explanation of the protocol was given to each patient 
by a coordinator, and all the patients provided written 
informed consent before inclusion in this study.

H/E and Masson’s Trichrome stain
Tissue samples were fixed in formalin and embedded 
in paraffin. Sections (4-µm thick) were stained with 
H&E (hematoxylin and eosin) and Masson’s Trichrome 
to evaluate the degree of fibrosis of the muscularis 
propria layer. Each microscopic evaluation was per-

formed by the same pathologist who was blind to the 
group to which the patient belonged. The degree of 
fibrosis was estimated by consulting the criteria which 
are used for the estimation of hepatic fibrosis in chronic 
hepatitis[23]: mild fibrosis means minimal fibrosis 
without bridging; moderate fibrosis means bridging 
fibrosis without encirclement; severe fibrosis means 
muscle fiber-encircling fibrosis (Figure 2). The degree 
of fibrosis was compared between the two groups (no 
or mild fibrosis vs moderate or severe fibrosis).

Immunohistochemical staining
Sections (4-µm thick) from tissue embedded in a 
paraffin block were mounted on Superfrost Plus® 
glass slides (VWR Scientific, West Chester, PA, United 
States) and incubated at 60 ℃ for 15 min. Slides were 
deparaffinized in xylene, rehydrated in graded alcohol, 
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Figure 1  Tissue-sampled sites. Full-thickness tissue samples (2 cm × 1 cm 
size) were obtained from tumor-free sites in fundus, less curvature of corpus, 
and less curvature of antrum.

Figure 2 Degree of intercellular fibrosis. A: Mild fibrosis means minimal 
fibrosis without bridging; B: Moderate fibrosis means bridging fibrosis without 
encirclement; C: Severe fibrosis means muscle fiber-encircling fibrosis. Masson’s 
Trichrome stain (× 200).
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Table 1  Patient demographics n  (%)

UGI: Upper gastrointestinal; DM: Diabetes mellitus; BMI: Body mass 
index.

and washed in tap water. Endogenous peroxidase 
activity was blocked by incubating the sections with 
3% H2O2. Slides were placed in a steam cooker that 
was filled with 10 mmol/L sodium citrate buffer (pH 
6.0) for antigen retrieval. After treatment with protein 
block (DAKO, Carpinteria, CA, United States) for 10 
min to block nonspecific protein binding, the rabbit 
monoclonal or polyclonal antibody for PDGFR-α (sc-338, 
Santa Cruz Biotechnology, Dallas, TX, United States), 
neuronal nitric oxide synthase (nNOS) (EP1855Y, 
Abcam, MA, United States), neurokinin-1 (NK1) recep-
tor (NB100-74469, Nobus, CO, United States), protein 
gene product 9.5 (PGP9.5) (318A-16, Cell Marque, 
CA, United States), vasoactive intestinal peptide (VIP) 
(NB100-6568, Nobus, CO, United States), and c-kit 
(sc-5535, Santa Cruz Biotechnology, Dallas, TX, United 
States) were applied for 1 h, respectively. After reac-
tion with a biotinylated anti-mouse antibody for 30 
min, antigen-antibody complexes were visualized using 
a streptavidin-horseradish peroxidase conjugate (DAKO 
LSAB kit; DAKO, Los Angeles, CA, United States) and 
diaminobenzidine as a chromogen. Slides were coun-
terstained with Mayer’s hematoxylin for 3-5 min. The 
results were expressed as stained cell numbers under 
high magnification (× 400). Each value was calculated 
from a mean of three different sites.

Immunofluorescent staining
After washing sections (4-µm thick) from tissue 
embedded in paraffin block with phosphate-buffered 
saline (PBS, pH 7.4) and 3% dehydroxide solution 
for 5 min, sections were preincubated with blocking 
solution (Invitrogen, Carlsbad, CA, United States) 
for 30 min before being incubated with the anti-
ICC (ab5506, Abcam, Cambridge, United Kingdom). 
After the sections were incubated for 90 min with the 
primary antibodies, they were washed with PBS again 
before being incubated with secondary antibody (Alexa 
Fluor 488 goat anti-rabbit antibody, Invitrogen, CA, 
United States) for 90 min at 24 ℃. After rewashing 
with PBS, the specimens were counterstained with 
4’,6-diamidino-2-phenylindole (DAPI) and mounted. 
The immunostained tissues were evaluated with 
confocal laser scanning microscopy (LSM 5 EXCITER; 
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Carl Zeiss, Jena, Germany), using a C-Apochromat 
objective lens (× 40). Image analysis was completed 
with LSM software (version 3.98, Carl Zeiss, Jena, Ger-
many). Intensity of fluorescence in the DM group was 
compared with that in the control group and expressed 
as a percentage.

Statistical analysis
Values were compared between the DM and control 
groups. If necessary, subgroup analyses of the DM 
group between long-term (prevalent 10 or more years) 
and short-term (prevalent less than 10 years) groups 
were performed. The SPSS statistical package ver. 
20.0 (SPSS Inc., Chicago, IL, United States) was used 
for statistical analyses. All data are presented as the 
mean ± SD for continuous variables and as frequency 
or percentage for categorical variables. Student’s t-test 
was used for the comparison of continuous variables 
and a Pearson’s χ2 test for that of categorical variables. 
P values less than 0.05 were considered statistically 
significant.

RESULTS
Patient characteristics
From four university hospitals, 61 patients were reg-
istered: 39 were male and 22 were female. Thirty-six 
patients underwent total gastrectomy and 25 received 
subtotal gastrectomy. The number of patients in the 
control group was 26 and that of DM patients was 35; 
among the DM patients, 14 had suffered DM for 10 
or more years. Age, gender, and frequency of upper-
GI symptoms did not significantly differ between the 
two groups; however, patients in the DM group had 
a body mass index (BMI) of 24.2 ± 3.1 kg/m2, which 
was higher than the average BMI of the control group, 
which was 22.62 ± 3.0 kg/m2 (P = 0.045) (Table 1).

Fibrosis
Frequency of moderate or severe fibrosis appeared 
to be 80.0% in the antrum, 85.7% in the body, and 
81.3% in the fundus for the DM group. However, in the 
control group, the frequency of moderate or severe 
fibrosis was 30.8% in the antrum, 42.3% in the body, 
and 28.6% in the fundus. Therefore, the degree of 
fibrosis was statistically higher in the DM group in all 
areas of the stomach (Table 2). However, the DM dura-
tion did not affect the degree of fibrosis in any part of 
the stomach.

Immunohistochemical staining
When observed at high-power magnification (× 400), 
the number of c-Kit (+) cells, indicating ICC, appeared 
to be 11.6 ± 3.6 in the antrum, 12.3 ± 3.8 in the 
body, and 12.1 ± 3.4 in the fundus of the control 
group, whereas the antrum, body, and fundus of the 
DM group yielded c-Kit (+) cell numbers of 8.4 ± 2.9, 
8.0 ± 2.8, and 8.4 ± 2.4, respectively. Therefore, the 

DM (n  = 35) Control (n  = 26) P  value
Age (years) 62.3 ± 8.9 59.7 ± 10.4 0.297
Gender

Male 24 (68.6) 15 (57.7) 0.428
Female 11 (31.4) 11 (42.3)

BMI (kg/m2) 24.2 ± 3.1 22.6 ± 3.0 0.045
UGI symptoms

Yes 26 (74.3) 22 (84.6) 0.366
No 9 (25.7) 4 (15.4)
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number of c-Kit (+) cells was lower in the DM group 
than in the control group in all areas of the stomach (P 
< 0.001) (Table 3; Figure 3A and B).

However, the average PDGFRα (+) cell numbers 
in the control group were found to be 7.5 ± 2.6 in the 
antrum, 9.1 ± 4.0 in the body, and 7.2 ± 1.9 in the 
fundus, whereas the antrum, body, and fundus of the 
DM group yielded PDGFRα (+) cell numbers of 7.5 ± 
2.0, 6.7 ± 2.4, and 5.3 ± 2.7, respectively. Therefore, 
fewer PDGFRα (+) cells were found in the body (P = 
0.010) and the fundus (P = 0.021) of the DM group 
compared to those of the control group (Table 3; Figure 
3C and D).

There were no significant differences between both 
groups with regard to degree of expression of PGP9.5, 
nNOS, VIP, or NK1 receptor in any areas of stomach 
(Table 3).

Immunofluorescent staining
Immunofluorescence intensity of c-Kit (+) cells was 
100.0% ± 13.2% in the control group, 64.1% ± 0.7% 
in the DM group of < 10 years’ duration, and 36.1% 
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Table 3  Results of immunohistochemical stain

DM: Diabetes mellitus; PDGFRα: Platelet-derived growth factor receptor α; 
PGP9.5: Protein gene product 9.5; nNOS: Neuronal nitric oxide synthase; 
VIP: Vasoactive intestinal peptide; NK1R: Neurokinin 1 receptor.

DM (n  = 35) Control (n  = 26) P  value

c-Kit
Antrum 8.35 ± 2.89 11.63 ± 3.64 0.001
Body 7.98 ± 2.84 12.29 ± 3.84 0.000
Fundus 8.27 ± 2.40 12.16 ± 3.38 0.001

PDGFRα
Antrum 7.45 ± 1.96 7.49 ± 2.58 0.965
Body 6.73 ± 2.37 9.13 ± 4.00 0.010
Fundus 5.33 ± 2.73 7.16 ± 1.90 0.021

PGP9.5
Antrum 18.39 ± 5.16 18.64 ± 6.09 0.930
Body 15.47 ± 3.94 17.38 ± 4.98 0.090
Fundus 12.89 ± 5.76 14.22 ± 5.84 0.656

nNOS
Antrum 9.01 ± 4.01 8.17 ± 3.06 0.393
Body 7.75 ± 2.22 8.06 ± 3.79 0.976
Fundus 5.67 ± 2.61 6.08 ± 2.42 0.747

VIP
Antrum 4.73 ± 2.25 4.79 ± 2.90 0.720
Body 5.19 ± 2.14 5.33 ± 2.40 0.952
Fundus 3.79 ± 2.09 5.05 ± 2.94 0.256

NK1R
Antrum 0.65 ± 0.74 0.36 ± 0.38 0.253
Body 0.77 ± 0.78 0.59 ± 0.63 0.460
Fundus 0.54 ± 0.40 0.57 ± 0.60 0.705

Figure 3 Immunohistochemical staining of interstitial cells of Cajal (upper 
panel) and platelet-derived growth factor receptor α-positive fibroblast-
like cells (lower panel) in the human gastric corpus (× 200). Cellularity of 
ICC is higher in the control group (A) than in the DM group (B). Cellularity of 
FLCs is higher in the control group (C) than in the DM group (D). DM: Diabetes 
mellitus; FLCs: Fibroblast-like cells.

A

B

C

D
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Table 2  Degree of intercellular fibrosis n  (%)

DM: Diabetes mellitus.

Degree of fibrosis DM (n  = 35) Control (n  = 26) P  value

Antrum < 0.001
Moderate to severe 28 (80.0)  8 (30.8)
None or mild  7 (20.0) 18 (69.2)

Body 0.001
Moderate to severe 30 (85.7) 11 (42.3)
None or mild  5 (14.3) 15 (57.7)

Fundus 0.003
Moderate to severe 13 (81.3)  6 (28.6)
None or mild  3 (18.8) 15 (71.4)



± 5.1% in the DM group with > 10 years’ duration. 
Therefore, with increasing DM duration, the density of 
c-Kit (+) cells appeared to decrease (Figure 4).

DISCUSSION
In this research, the effects of DM on SMC, ENS, ICC, 
and FLCs (all related to GI motility) were investigated. 
Results showed that DM patients have excessive 
amounts of fibrosis in their gastric smooth muscles; 
decreased density of ICC and PDGFRα was also found 
in these patients.

Because formerly reported studies related to the 
gastric smooth muscle were achieved by means of 
animal experimentation and only a few studies used 
human gastric tissue, human gastric smooth muscle 
samples excised during cancer surgery were used in 
this study.

The tissues used in this study were taken from 
regions isolated from the cancer foci. Although the 
duration of gastric cancer was not consistent in each 
patient and the possibility that the cancer itself might 
affect the structure of adjacent smooth muscle cannot 
be disregarded, we included cancer surgery cases 
because it is difficult in practice to obtain gastric 
smooth muscle tissue samples from cases other than 

these[16,24].
Extrinsic nerve (such as vagus or sympathetic 

nerve) dysfunction[25,26], ICC dysfunction[16,19,27], intrin-
sic enteric nerve dysfunction[16,28], and smooth muscle 
dysfunction itself[29] have been consistently suggested 
as factors that affect gastric motility disorder during 
the causation of gastroparesis in DM patients. In 
this study, markers for these components were also 
observed by means of immunohistochemical and 
immunofluorescent staining.

Although several reports indicate that DM patients 
showing gastroparesis also show dysfunction of 
extrinsic nerve cells[25,26], this could not be observed in 
this study because the tissues excised were too small. 
Because it is unrealistic to stain entire specimens for 
observation, it seems more appropriate to measure 
pancreatic or gastric secretory function after stimula-
tion of the vagal nerve to evaluate the function of the 
gastric extrinsic nervous system.

Results from previous studies regarding changes 
in the gastric smooth muscle in DM patients are not 
consistent. Several studies report the degeneration 
and fibrosis of smooth muscle[30]; however, one report 
demonstrated no relationship of early DM with fibro-
sis[31]. These results suggest that fibrosis of the gastric 
smooth muscle might indicate an advanced state of 
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diabetic complication. In our study, the ratio of moder-
ate or severe fibrosis was significantly higher in the 
DM group than in the control group, but there was no 
difference according to the prevalent duration of DM. 
This result suggests that fibrosis of the gastric smooth 
muscle begins during the early stage of DM.

Since the role of ICC is accepted to be extremely 
critical for proper GI motility, several GI motility 
disorders have been confirmed to be caused by 
ICC damage[32-34]. The pathophysiology of diabetic 
gastroparesis has also been established to involve 
damage to ICC, not only in animal experiments but 
also in a human study[27]. This damage includes both 
a decrease in the number of ICC and microstructural 
abnormality[35]. Recent studies have shown that 
Ano-1 is the most important protein involved in the 
electrophysiological role of ICC, and that abnormalities 
in Ano-1 are involved in the development of diabetic 
gastroparesis[36]. In this study, we also proved that the 
number of ICC is decreased in all gastric areas of DM 
patients, and that these numbers are more severely 
decreased in long-term cases of DM. However, we 
could not investigate the degree of Ano-1 expression 
and microstructural abnormality of ICC; further inves-
tigations into this are necessary.

FLCs that express PDGFRα are interstitial cells that 
are assumed to have a particular role in GI motility 
and are connected to SMC through gap junctions. 
Although located very close to ICC, ultrastructural 
and functional aspects of FLCs are distinct from those 
of ICC[21]. Located very close to nerve endings, FLCs 
are considered to have a role in neurotransmission, 
especially within purinergic neurotransmission[37,38]. In 
this study, whereas a decrease in FLCs was observed 
in the gastric body and fundus of the DM group, no 
difference in the numbers of FLCs was observed in 
the antrum of the DM group compared to that of the 
control group. Considering that the fundus and upper 
body of the stomach play important roles in gastric 
accommodation through postprandial relaxation, it can 
be hypothesized that the damage in gastric accom-
modation caused by the FLCs decrease might be the 
major element causing gastroparesis in DM patients. 
Further research will be necessary after considering 
the functional aspects of FLCs.

The damage caused to not only the extrinsic ner-
vous system but also the intrinsic ENS in the diabetic 
animal model has long been investigated and has led 
to the elucidation of the impairment of nonadrenergic 
noncholinergic neurotransmission, impaired post-
receptor response to adrenalin[39,40], and especially 
impaired NO-mediated neurotransmission[33,41]. One 
study showed the impairment of several kinds of 
neurotransmitters including nNOS in colonic smooth 
muscle of DM patients[42], while another report showed 
decreased expression of both nNOS and NK-1 in the 
gastric smooth muscle of DM patients[16]. Therefore, 
reduced expression of nNOS was anticipated in this 
research as well; however, no difference in nNOS 

expression was observed between the DM group and 
control group. The result also did not exhibit any differ-
ence between the two groups with regard to expres-
sions of NK-1 receptor, PGP9.5 (neuronal marker), and 
VIP. Further investigation using immunofluorescence 
may be helpful in providing more clarity.

There are several limitations of our study. First, 
the symptom intensity and serial glucose level of 
each patient from the DM group were not analyzed. 
Because DM patients do not always show symptoms 
of gastroparesis, further study for the identification 
of pathologic factors associated with the presence 
or degree of symptoms will be necessary. Second, 
physiologic studies for investigation of gastric smooth 
muscle function and mechanism of muscular fibrosis 
were not performed. Additional studies on how the 
pathologic abnormalities observed in this study and 
gastric smooth muscle dysfunction affect each other 
might be helpful in the discovery of the mechanism 
of gastric dysmotility and the subsequent symptoms. 
Lastly, according to recent animal studies, the differ-
entiation process of macrophages plays an important 
role in the causation of diabetic gastroparesis[43,44]; 
however, experiments on this process could not be 
performed in this study. Because very little research 
into the role of the macrophage differentiation process 
in the causation of diabetic gastroparesis has been 
performed in human tissue, future study on this topic 
is needed.

Despite these limitations and the necessity for 
future research, this study is valuable because abun-
dant human tissues were used to identify effects on 
SMC, ICC, and FLCs in DM patients and the findings 
considered the prevalent duration of DM.

COMMENTS
Background
Gastroparesis, a kind of gastrointestinal (GI) complication of diabetes mellitus 
(DM), is characterized by delayed gastric emptying, and occurs as a result 
of a problem in postprandial gastric contraction activity. Although many other 
diseases and circumstances such as medication, connective tissue disorders, 
neurologic disorders, and tumors can also be related to gastroparesis, DM is 
the most common cause. Although the mechanisms of diabetic gastroparesis 
are still not completely understood, gastric motor disturbance appears to play 
a critical role. Because factors including gastric smooth muscle, intrinsic or 
extrinsic enteric nervous system (ENS), and GI hormones are involved in the 
control of gastric motility, it is possible to hypothesize that damage to these 
factors causes gastric dysmotility and gastroparetic symptoms.

Research frontiers
Research into the pathophysiology of diabetic gastroparesis has hitherto been 
performed by means of animal models; not only is research using human 
gastric tissue rare, but the results also do not match well with those of animal 
models.

Innovations and breakthroughs
This is a unique study that investigated the histologic abnormalities in the 
gastric smooth muscle of patients with DM using human gastric tissues.

Applications
Increased intercellular fibrosis, loss of interstitial cells of Cajal (ICC), and loss 
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of fibroblast-like cells were found in the gastric smooth muscle of DM patients. 
These findings suggest that changes in gastric motor activity in patients with 
DM may be caused by these abnormalities.

Terminology
The ICC is a kind of interstitial cell that is located in the GI tract. Many ICC 
communicating with each other form network systems and serve as electrical 
pacemakers. As a result, spontaneous electrical slow waves are generated 
in the GI tract. Since the role of ICC was accepted to be extremely critical for 
proper GI motility, several GI motility disorders have been confirmed to be 
caused by ICC damage.

Peer-review
In this study the authors aimed to investigate histologic abnormalities in the 
gastric smooth muscle of patients with DM and showed that DM patients have 
excessive amounts of fibrosis on their gastric smooth muscles, which may 
contribute to changes in gastric motor activity in patients with DM. They used 
histologic and staining techniques to identify the proposed changes of tissue 
samples. Since most of the published findings have been obtained from animal 
research, using human tissues makes this study distinguished and important.
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