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Methods: C57Bl/6 mice (male or female) were randomly divided into normal
control group and DSS model group. The mice in model group were given DSS drinking
water (30g/L) for 6 consecutive days, while the mice in normal group were given
ordinary clean drinking water. The morphological characteristics of stool were recorded,
and HE Staining was used to identify colonic inflammation. In vivo glucose tolerance
experiments were performed to detect the glucose tolerance of the two groups of mice.
Immunofluorescence Staining and morphological analysis were used to detect changes
in the structure and composition of islets.

Results: Stools in model mice group were wet, unformed, and bloody, and the
number of stools in model mice group were significantly reduced compared with normal
mice group. HE staining showed that the structure of colon in model mice group was
damaged that the intestinal glands were atrophy. The glucose tolerance of model mice
group was significantly impaired and the blood glucose significantly increased. The
number of insulin positive islet β cells in pancreatic section was significantly reduced.
Furthermore, the CD34 was expressed in islets β cells and its number was significantly
increased in model mice group.
Conclusion: Our study demonstrates that DSS-induced colon inflammation can
significantly reduce the number of pancreatic islets β cells and increase blood glucose
levels, which may be related to the increased expression of CD34 in pancreatic islets. The
present study provides new evidence for the study of the effect of intestinal inflammation
on glucose metabolism.

Introduction
Diabetes is a chronic metabolic disease characterized by
hyperglycemia, which damages the heart, brain, and kidney to
affect the health of patients. Diabetes patient in China has research
to 114.4 million [1]. Both type 1 diabetes and type 2 diabetes are
closely related to the number and function of islet β cells. Therefore,
it is important to explore the regulation of the number and function
of pancreatic β cells. Intestinal inflammation is involved in the
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occurrence and development of diabetes. The increased expression
of inflammatory cytokines including Tumor Necrosis Factor-α
(TNF-α), interleukin-1β (IL-1β), IL-6 and IL-1 is closely related to
the occurrence and progression of type 2 diabetes. Furthermore
IL-1β and TNF-α are key pro-inflammatory factors leading to
pancreatic β cell damage and insulin resistance [2]. Treatment of
high-fat diet C57BL/6 mice within intestinal anti-inflammatory,
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5-ASA, reversed intestinal inflammation and effectively improved
blood glucose levels [3]. Current reports on the mechanism of
intestinal inflammation leading to diabetes mainly include that
chronic intestinal inflammation may affect the number of intestinal
secretory cells, the neuroregulatory signaling pathway of the brain
- intestinal axis through changing the permeability of intestinal
barrier and participate in the occurrence and development of
insulin resistance and type 2 diabetes [4].

As a transmembrane glycoprotein, CD34 was first identified
in hematopoietic stem cells and progenitor cells [5]. Later
research has demonstrated that CD34 was expressed in muscle
satellite cells, corneal keratinocytes, mesenchymal cells and other
nonhematopoietic cell types [6]. Studies have shown that CD34 is
closely related to inflammatory response. As a peripheral lymph
node transmitter, CD34 participates in the homing of lymphocytes
and the recirculation of lymphocytes in the early stage, to
supplement T and B lymphocytes in peripheral lymph nodes [7].
CD34 is widely expressed in vascular endothelial cells in colon

tissue of patients with IBD, which is related to the increase of
micro vessel density [8]. In the study of 23 patients with ulcerative
colitis, 16 patients with Crohn’s disease and 18 normal controls,
the expression of CD34 in the two disease groups was higher than
that in the control group [9]. Stzepourginski et al have confirmed
that CD34+ mesenchymal cells develop in the intestinal tract after
birth, participate in the repair of intestinal inflammation and injury,
and contribute to the inflammation and repair of the intestinal tract
after injury [10].
CD34 stem cell infusion can significantly promote the increase
of survival rate of mice with moderate and severe colitis induced
by DSS [11]. Furthermore type 1 diabetes patients can alleviate the
disease after receiving CD34+ hematopoietic stem cell treatment
[12]. And some studies have confirmed that people with low
CD34 levels have a higher risk of diabetes, and the occurrence of
diabetes is related to the decrease in the number of CD34+ cells
and functional defects [13]. It has also been documented that
diabetes impair the Bone Marrow (BM) microenvironment, thereby
reducing the number of circulating CD34 (+) cells [14]. The above
reports show that CD34 is closely related to intestinal inflammation
and diabetes. However, it is not clear what role CD34 molecules
play in the relationship between colitis inflammation and insulin
secretion. The present study aims to explore the relationship
between intestinal inflammation and islet function and the change
of CD34 ,34, which will provide a new theoretical basis for the study
of the effect of intestinal inflammation on diabetes.

Materials and Methods
Experimental Animal

C57BL/6 mice (18-20g) were purchased from Nanjing
Qinglongshan Animal Breeding Farm. All animals are raised in a
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standard animal laboratory, with free eating and drinking water,
the animal room is well ventilated. All experiments in this study
have been approved by the Animal Experiment Ethics Committee
of Wannan Medical College and meet the requirements of Anhui
Province Animal Experiment Management Regulations. Twenty
mice were divided into normal group and model group. Mice in
the model group were given DSS mixed solution (30g/L in water)
for 6 consecutive days, followed by normal drinking water for 4
days. Mice in the normal group were given normal drinking water
for 10 consecutive days. The weight and diet were measured from
the beginning of model building. The free diet blood glucose and
glucose tolerance tests were performed before and after modeling.
The liver, colon and pancreas tissues were collected immediately
after the mice were killed by dislocation.

Observation and Scoring of Feces of Laboratory Animals

On the 4th day of modeling, the fecal morphology of the normal
group and the model group was observed and scored according to

the stool scoring standard table (Table 1). The superposition of the
score of fecal morphology and the score of blood stool is the result
of fecal score. After the establishment of the model, the mice were
continued to be fed for 4 days, and the changes of behavior, body
weight and diet of mice were observed.
Table 1: Stool score table.
Score

Stool Characteristics

Fecal Occult Blood

0

Small amount, Hard, Dry, Nonsticky, Non-scattering

No Color

1

Low volume, Hard, Wet, Sticky

Color reaction is dot

3

Large amount, Soft and Loose

Dark stool+ Occult Blood
Blue

2
4

Large amount, Soft and Sticky
Poop

Glucose Tolerant Test (GTT)

Continuous blue

Bloody Stools+ Dark Blue
reaction

All food and bedding were removed at 5 pm the day before the
experiment, fasting for 16 hours, normal drinking water was given
during fasting, and glucose tolerance test began at 9 am the next
morning. After weighing, blood samples were taken from the tip of
the tail to measure blood glucose, which was recorded as 0. Glucose
(1.5g/kg body weight) was then injected intraperitoneally and
timing began when the first mouse was injected. The blood glucose
values measured by 0 min, 15 min, 30 min, 45 min, 60 min, 90 min,
120 min were recorded, respectively. The software prism is used for
data processing and statistics. P < 0.05 was recorded as significant
difference.

Hematoxylin-eosin (HE) Staining

Mouse liver, colon, and pancreas tissues fixed with 4%
paraformaldehyde for 24 hours, dehydrated with 15% and 30%
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sucrose solution for 24 hours, embedded in OTC, and sliced using
a cryostat [15]. The sections immersed in Phosphate-Tween Buffer
(PBST) for 5 minutes were stained with hematoxylin solution
for 10 minutes, then stained with tap water was stopped, the
differentiation solution was washed twice, the nuclei were stained
with eosin solution for 1 minute and rinsed under tap water for 2
minutes. After mounting the slides, the results were taken under a
microscope (OLYMPUS, BX-53), and the colon histology score was
performed according to the colon histopathology score sheet.

Colon Tissue Inflammation Score

The colon is scored according to the HE Staining results of colon
tissue sections, mainly based on the following scoring table (Tables
2A-2E). The final score is the average score of the five assessments.
Table 2: Colon tissue inflammation score.
Table 2A.
Inflammation (I)

Score

None

0

During

2

Light

Table 2B.

Weight

None

0

Basal crypt destroyed 2/3

2

Basal Crypt destroyed 1/3
Only superficial epithelium

Table 2C.

Score
0

Mucosa and sub mucosa

2

Penetrate the mucosal layer

Table 2D.

1
3

Lesion Range (P)

Score

1%-25%

1

51%-75%

3

26%-50%

Table 2E.

76%-100%

No significant difference in body weight between the DSSinduced model group and the normal group (Figure 1A). Compared
with the normal group, the food intake of the model group was
reduced slightly, but no significant difference was show (Figure 1B).
The number of stools in the model group within 2 hours and 6 hours
was significantly decreased compared normal group. Furthermore,
the stools were moist and with blood (Figures 1C & 1D, P<0.001).
Similarly, the weight of feces in the model group was significantly
lower than that in the normal group (P<0.01). The amount of feces
excreted within 4 hours of each normal group mouse was 0.3800 ±
0.05831 g, while that of each model group mice within 4 hours The
stool weight is 0.0820 ± 0.01114 g (Figure 1E). Stool score results
showed that the model group mice had a high colon inflammation
score (P<0.0001, Figure 1F) and severe fecal blood (Figure 1G).

3

None

Mucosa

Body Weight, Food Intake and Stool Status in DSS Model
Mouse Group

1

Depth (E)

Evaluation of Colon Inflammation in DSS Model Group
Mouse

2
4

Hyperplasia (R )

Score

Complete Hyperplasia

0

Hyperplasia with disappearance of crypts

2

Almost complete proliferation
Incomplete epidermis
Unorganized repair

Data Analysis

Results

3
Score

The pancreas sections were immersed in PBST solution for 3
times, 10 min each time. After blocking with 5% horse serum for 30
minutes, add the primary antibody (CD34: INS: PBST=1:5:1000),
and incubate overnight at 4 ℃ in the refrigerator. The next day,
they were immersed in PBST solution 3 times, 10 min each
time. Drop the secondary antibody mixture (donkey anti-rabbit
488 fluorescent secondary antibodies: donkey anti-mouse 594
fluorescent secondary antibody: DAPI: PBST=1:1:1:1000). After
incubating for 2hours at room temperature, PBST soaked 3 times.
After mounting the slides in glycerol, photographs were taken with
a laser confocal fluorescence microscope, and the expression of
CD34 and insulin in the islets was calculated.
The samples used for data analysis were randomly selected
from the normal, model group. Data were compared between
the normal or model group using analysis of variance (ANOVA).
Statistical analyses were performed using GraphPad Prism 6.0
software. P< 0.05 was considered statistically significant.

1

Crypt Damage (C)

Immunofluorescence Staining

1
3
4
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HE Staining results showed that the structure of the colon of the
model group mice was significantly damaged, mucosal epithelial
cells were shed, intestinal glands mucosa was missing and glands
were destroyed (Figure 2A). The results of colon histopathology
score showed that the pathology score of the model group was

significantly higher than that of the normal group (11.00±0.8312;
Figure 2B). The pancreatic tissue structure is intact and has not
been significantly damaged, indicating that the overall structure
of the pancreatic tissue in the model group has not been affected
29109
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(Figure 2C). Simultaneously, the staining of liver sections showed
that the histological morphology of the liver was consistent with
the normal group (Figure 2D).

Changes of Glucose Metabolism in DSS Model Mouse
Group

The model group showed no difference in free diet blood glucose
compared with the normal group (Figure 3A). GTT result showed
that no difference in glucose induced blood glucose between the
normal group and the model group before modeling (Figures 3B
& 3C). Interestingly, after DSS induced colon inflammation, the
curve of GTT the model group was significantly move up (Figure
3D). Furthermore, the levels of blood glucose at 30 min and 60
min (Figure 3E, P <0.05), and the area under the curve were all
significantly increased (Figure 3F). Those results demonstrate
that the blood glucose tolerance of the model group mice was
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significantly impaired.

Changes in the Structure of Pancreatic Islets and the
Number of β Cells in DSS Model Mouse Group
The results of Iiimmunofluorescence Staining showed that CD34
molecules were coexist with insulin-secreting β cells in pancreatic
tissue of normal mouse (group (Figure 4A). Compared with the
normal group, the number of β cells expressing insulin in DSS model
mouse group was reduced (Figures 4A & 4B). The statistical results
of morphological analysis showed that the number of pancreatic β
cells was significantly reduced (Figure 4C). At the same time, the
positive expression of CD34 in the pancreas of the model group
increased compared with the normal group (Figure 4C). The results
showed that mouse colon inflammation significantly damage the
glucose metabolism in model mouse group.

Figure 1: General physical and fecal changes of DSS model mice.
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Figure 2: Evaluation of colonic inflammation in DSS mice model.

Figure 3: Changes of glucose metabolism in DSS mice model.
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Figure 4: Islets structure and β Cell number in DSS mice model.

Discussion
In this study, it was found for the first time that there was
no abnormal blood glucose in mice with colonic inflammation
induced by DSS, but the blood glucose increased significantly after
glucose injection, that is, abnormal glucose tolerance. Colonic
inflammation induced by DSS results in a decrease in the number
of islets β-cells and a decrease in insulin secretion, which is related
to the increase of CD34 molecules expressed on islet β-cells. In
recent years, more and more studies have shown that there is a
correlation between intestinal inflammation and islet function. In
this study, colonic inflammation was induced by administration of
3%DSS solution in mice. The results showed that the number of
feces decreased and hematochezia appeared in the model group.
HE Staining showed abnormal colon morphology and significant
differences in histopathological scores. During the detection of
glucose metabolism, it was found that there was no significant
change in blood glucose in DSS mice model group with free diet,
but the results of glucose tolerance test showed that the glucose
tolerance curve of DSS mice model group and the value of blood
glucose significantly increased.
Through further morphological examination, we found that
the number and proportion of β cells in islets of DSS mice model
group decreased. At the same time, the expression of CD34 on β
Copyright@ Feng Hong | Biomed J Sci & Tech Res | BJSTR. MS.ID.005948.

cells is significantly up-regulated. As an adhesion molecule, CD34
participates in intercellular adhesion and plays an important role in
the process of migration and cell maturation. In vitro studies have
shown that the decrease of CD34 secretion is involved in the normal
differentiation of mast cells [16] and the occurrence of diabetes. And
CD34 is widely expressed on vascular endothelial cells in colonic
tissue of patients with IBD [17] Clinical studies have reported that
patients with intestinal inflammation have a higher risk of insulindependent diabetes and higher insulin levels than healthy people
[18]. This change may be related to the specific histocompatibility
site antigen type. It may also be related to the activation of isletspecific T cells in intestinal mucosa.

Conclusion

We demonstrate that the decrease of islet function caused by
abnormal glucose metabolism in mice with colonic inflammation
induced by DSS is related to the increased expression of CD34, and
its specific mechanism needs to be further studied.
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