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ABSTRACT 
Aims: To determine the differences in duodenal biopsies of diabetes mellitus (DM) patients and non-diabetic patients by 
investigating the numbers of immunoglobulin E (IgE) positive plasma cells, IgE positive mast cells, and eosinophils. 
Methods: Patients diagnosed with chronic duodenitis and DM and those diagnosed only with chronic duodenitis within 
between 2010-2020 years were detected from the hospital information system. Paraffin blocks and hematoxylin-eosin-stained 
preparations of the patients’ duodenal biopsies were obtained from the hospital’s pathology archive. By performing IgE 
immunohistochemical staining for all blocks, the sections were evaluated through light microscopy.
Results: A total of 75 patients, 45 with DM and 30 non-diabetic patients with chronic duodenitis were included in the study. 
While IgE accumulation was prominently detected in the plasma cells and mast cells of DM patients’ duodenal tissue samples, 
no significant IgE accumulation was detected in the biopsies of non-diabetic patients with chronic duodenitis. 
Conclusion: To date, the effectiveness of mast cells, IgE, and duodenal histological changes in DM have been proven, but our 
study is the first to detect the increase in mast cells and IgE in duodenal biopsies of DM patients. High IgE in the duodenum 
could support the relationship between DM and food allergy. We consider that higher IgE antibodies detected in diabetic 
patients’ duodenums will reveal promising novel results in elucidating DM pathophysiology and regulating the treatment 
modalities, and will shed light on future studies. 
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INTRODUCTION 
The small intestine is a major organ involved in the 
digestion of food and absorption of nutrients and 
minerals. The duodenum, which is the first part of the 
small intestine and connects to the stomach, is a primary 
site in the digestion and absorption of food.1

Diabetes mellitus (DM), a chronic metabolic disease 
with hyperglycemia, is associated with abnormalities 
in structures and functions in the gastrointestinal tract, 
especially the small intestine.2

In the literature, duodenal biopsies in DM cases, it 
was found to be associated with decreased diameter of 
blood vessels, reduced number of endothelial fenestrae, 
microvasculature, edema, and mucosal ulcers in various 
studies.3-5

Finally, comprehensive histomorphology and quantitative 
analysis results explain decreased goblet cells, increased 
number of paneth cells, thickened submucosal layer, and 
enhanced duodenal glands in the diabetes mellitus group.6 

In addition to these histologic studies, a study on the 
duodenal microenvironment in DM; patients with 
hyperglycemia had a higher duodenal bacterial count, 
increased pathobionts, and reduction in flora compared 
to normoglycemic.7 

Mast cells are capable of powerful inflammatory response 
programs triggered by surface IgE cross-linking or through 
pattern recognition receptors. Human studies point to 
pathogenetic or protective mast cell functions in patients 
with atopic conditions, autoimmune disorders, type 2 
diabetes, chronic urticaria, mastocytosis, and cancer.8

The type I hypersensitivity responses of classic allergic 
reactions are mediated by allergen cross-linking of 
immunoglobulin E (IgE) bound to FcεRI receptors on the 
surface of tissue mast cells. GI tissues are an important 
reservoir for allergen-specific IgE-positive plasma cells 
in allergic participants and could contribute significantly 
to allergen-specific serum IgE in the tissues and perhaps 
systemically.9
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In line with studies reporting that duodenal 
histopathological examination and mast cells are 
important in DM patients, in the present study, we 
aimed to determine the differences in duodenal 
biopsies of DM patients and non-diabetic patients 
by investigating the numbers of immunoglobulin E 
(IgE) positive plasma cells, IgE positive mast cells, and 
eosinophils. 

METHODS 
The study was carried out with the permission of 
the KTO Karatay University Faculty of Medicine 
Non-drug and Medical Device Researches Ethics 
Committee (Date: 25.12.2020, Decision No: 2021.006). 
All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki.

The duodenum biopsy materials obtained from 45 
diabetic patients and 30 non-diabetic individuals 
diagnosed with non-specific chronic duodenitis in the 
pathology laboratory of our hospital between 2010 and 
2020 years were included and investigated in the study. 
The patients diagnosed with chronic duodenitis and 
DM and non-diabetic individuals diagnosed only with 
non-specific chronic duodenitis were detected from 
the hospital information system. The patients with any 
malignancy or diagnosed with any known food allergy 
and autoimmune disease were not included in the 
study. The paraffin blocks of patients’ duodenal biopsy 
samples and hematoxylin-eosin-stained preparations 
were obtained from the hospital’s pathology archive. 
In preparing tissue sections, poly-L-lysine (PPL) was 
used to coat glass slides for IgE immunocytochemical 
staining. The primary antibody was anti-human IgE 
(rabbit, Abcam, polyclonal, prediluted, Ab75673). 

Therefore, immune-stained and hematoxylin-
eosin-stained glasses were evaluated under a light 
microscope. With IgE staining, plasma cells with 
strong cytoplasmic staining were easily distinguishable 
from the mast cells with weaker membrane reactions. 
The numbers of Ig E-positive plasma cells and mast 
cells, eosinophils in the duodenal mucosa, and lamina 
propria were calculated by an ocular micrometer on 
a total area of mm2 per sample. The IgE-containing 
mast cells were evaluated by counting cells in mm2 in 
the areas where the cells were the most concentrated. 
However, the plasma cells containing IgE were graded 
as 1, 2, and 3 in light of their prevalence and density 
(Figure 1-4). The demographic data related to the 
patients’ peripheral blood test results and ages were 
obtained from the hospital information system, and 
the data accessed were recorded. 

Figure 1. Diffuse and severe plasma cells containing IgE in the 
duodenum of the diabetic patient (IgE immunostaining image of 
100X objective)(a), 200X objective(b)

Figure 2. Focal and moderate Ig E containing plasma cells in the 
duodenum of the diabetic patient (Ig E immunostaining image of 
100X objective)(a), 200X objective(b) (yellow arrows show some of 
the mast cells and red arrows show some of the plasma cells with IgE 
accumulation)

Figure 3. No plasma and mast cells accumulating Ig E in control 
group patient’s duodenum 200X objective (a-b)

Figure 4. Severe mast cells containing Ig E in the duodenum of the 
diabetic patient, low magnification-100X(a), high magnification-
400X(b), and moderate Ig E-containing plasma cells (yellow arrows 
show some of the mast cells and red arrows show some of the plasma 
cells with IgE accumulation).

While the differences between both groups were 
determined by the Mann-Whitney U test for numerical 
variables, the chi-square test was used to investigate the 
categorical variables. A p-value of <0.01 was considered 
statistically significant. 

RESULTS 
Our study included a total of 75 patients, 45 with DM 
diagnosis [27 with type-1 DM and 18 with type-2 non-
insulin-dependent DM (NIDDM)] and 30 non-diabetic 
patients diagnosed with chronic duodenitis. The study 
participants were classified as the study group consisting 
of 45 DM patients and the control group composed of 30 
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non-diabetic patients diagnosed with chronic duodenitis. 
DM and non-DM patients consist of groups with similar 
age distributions

While Ig E accumulation was detected in the plasma cells 
in duodenal tissue samples of DM patients, no significant 
Ig E accumulation was observed in duodenal tissue of 
non-diabetic patients (Table) (Figure 1-3). In addition to 
that, while the mast cells were seen in varying numbers in 
77% (35/45) of DM patients, the cells were present only 
in 20% (6/30) of the participants in the control group 
(Figure 4). 

Table. Demographic and histological results of Ig E staining, Mast 
cell, and plasma cells in duodenum biopsies of DM and non-DM 
patients  

Diabetes 
mellitus
patients

The control group 
(non-diabetes 

mellitus) patients
p-value 

Mean Age/y 40.8 38.1 p>0.05
The mean number of 
prevalence (diffusivity) 
of plasma cells 
containing IgE in 
duodenal biopsies

1.6 0.06 p<0.001

The mean number of 
intensity of plasma 
cells containing IgE in 
duodenal biopsies

1.9 0.06 p<0.001

Mast cells and plasma 
cells containing Ig E in 
duodenal biopsies/mm2

17.7 0.6 p<0.001

Based on our findings, both mast cells and IgE-containing 
plasma cells were found to be statistically significantly 
higher among DM patients, compared to those of the 
controls (p <0.01) (Table ).

Given the number of peripheral blood and tissue 
eosinophils, no significant difference was found between 
the study and control groups (p >0.05). Considering 
the plasma cells in type-1 and type-2 DM patients, no 
difference was detected between the number of IgE and 
mast cells and the number of tissue eosinophils (p >0.05). 

DISCUSSION 
Increasing day by day and affecting individuals from all 
age segments across the world, DM is a chronic disease 
leading to fatal problems.10 Numerous studies have been 
conducted to understand the pathophysiology of DM 
and are to be still performed.11,12 In addition to these, 
medical science continues to create many medical and 
surgical novel treatment modalities to treat DM.13-15

There are many studies on the effectiveness of mast 
cells in DM patients.8,16-18 Obesity is associated with 
adipose tissue inflammation and prominent M1 
macrophage differentiation, as well as the dominance 
of type 1 cytokines, including TNF.16 This spontaneous 
inflammatory response plays an important role in the 

breakdown of adipose tissue glucose homeostasis and 
the development of type II DM.16 The observation that 
mast cells accumulate in the inflamed adipose tissue and 
reports on beneficial effects of H1- blocking and mast 
cell-stabilizing drugs with potentially additional anti-
inflammatory effects on obesity and type II diabetes.17,18

In our study, the fact that a difference was determined 
between the two groups by examining the number of 
IgE-positive plasma cells, and the number of IgE-positive 
mast cells in DM and non-diabetic patients’ duodenum 
biopsies yielded remarkable results never studied before. 

In recent years, various studies have been conducted 
to demonstrate the associations between chronic 
inflammation, autoimmune diseases, and mast cells.18,19 
Even so, in diabetic individuals, it has been found that 
the severity of DM in plasma and tissue cells is associated 
with the number of mast cells.19,20 As consistent with 
the findings stated by those studies, our study revealed 
that the rate of IgE-containing mast cells was higher in 
diabetic patients, compared to the control group. 

As well as the above-mentioned ones, there are also 
studies detecting IgE in the plasma concentration of 
patients with DM. While some of those studies found that 
IgE was within normal limits, others revealed that the 
plasma IgE concentration was increased with the severity 
of DM.19,21-24 Based on the literature, however, there is no 
study investigating IgE antibodies in the plasma cells and 
mast cells of the duodenal tissue of diabetic populations. 
So, our study findings are the first to enlighten the issue 
in this respect. 

Given the findings related to IgE antibodies in the tissues, 
there are studies in the literature evaluating only food 
allergies in the duodenum and Helicobacter pylori in 
the stomach.23-26 As a result of such studies, the detection 
of IgE in the duodenum tissue was found to be highly 
predictive and sensitive in detecting food allergies.25 

We know from the literature that one of the components 
of diabetic gastroenteropathy is bacterial overgrowth and 
that bacterial overgrowth is generally associated with 
food intolerance and food allergy.27,28 The IgE increase 
we detected in the duodenum may be associated with 
food allergy, which will cause bacterial overgrowth in 
DM patients. More detailed studies are needed on this 
subject.

There are some new studies asserting the relationship 
between DM and food allergy. These studies support 
that food allergen elimination reduces DM.29,30 Our 
study detected more IgE in the duodenum of DM 
patients than in the control group and supported the 
food allergen and DM relationship which could help to 
reduce or reverse the progress of DM by food allergen 
elimination.29,30
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Although blood eosinophil levels were found to be lower 
in the patients with insulin resistance and DM, compared 
to the control group in a study including a large 
population.31 Other studies related to tissue eosinophils 
reveal the opposite. However, in studies evaluating 
the lipomatous tissues of the patients with metabolic 
syndrome and the pancreatic tissues of DM patients, 
the number of eosinophils and eosinophilic chemotactic 
proteins were demonstrated to be higher among the 
patients than in the control group.31 In our study, no 
difference was found between blood eosinophil levels 
and tissue eosinophils in DM patients and the controls. 

CONCLUSION
To date, the effectiveness of mast cells, IgE, and duodenal 
histological changes in DM have been proven, but our study 
is the first to detect the increase of IgE in mast cells and 
plasma cells in duodenal biopsies of DM patients. High IgE 
in the duodenum supports the relationship between DM and 
food allergy. We consider that higher IgE antibodies detected 
in diabetic patients’ duodenums will reveal promising novel 
results in elucidating DM pathophysiology and regulating the 
treatment modalities, and will shed light on future studies.
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