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Association of endothelial progenitor cells and peptic ulcer
treatment in patients with type 2 diabetes mellitus
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Abstract. The present study aimed to investigate the asso-
ciation between endothelial progenitor cells (EPCs) and peptic
ulcers in patients with or without type 2 diabetes mellitus
(T2DM), in association with the efficiency of peptic ulcer
treatment. The study recruited healthy subjects and peptic
ulcer patients with or without T2DM. All the ulcer patients,
including those with and without T2DM, were administered
omeprazole for 8 weeks. Peptic ulcer patients with T2DM were
additionally treated with glipizide and novolin. Blood samples
were then obtained from the three groups following ulcer treat-
ment. CD133* cells were isolated from the blood samples using
magnetic bead selection, and cultured in complete medium 199.
Morphological and quantity changes in EPCs were observed
by light and fluorescence microscopy. In addition, flow cyto-
metric analysis was used to quantify the number of vascular
endothelial cells. The treatment was partially effective in
7 of the 32 peptic ulcer patients without T2DM and 12 of the
32 peptic ulcer patients with T2DM. However, this treatment
was ineffective in 20 of the 32 peptic ulcer patients with T2DM.
Notably, 25 peptic ulcer patients without T2DM were defined
as completely recovered following treatment. In addition, the
number of circulating EPCs as well as their colony forming
ability was significantly reduced (P<0.05) in the peptic ulcer
patients with T2DM following ulcer treatment, compared with
the other groups. Circulating EPC counts were significantly
increased in peptic ulcer patients without T2DM, as compared
with the healthy controls. With regards to colony formation,
peptic ulcer patients without T2DM did not exhibit improved
colony formation ability. In conclusion, the number of circu-
lating EPCs and their colony-forming ability was significantly
reduced in peptic ulcer patients with T2DM following ulcer
treatment when compared with the other groups. This suggests
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that the poor curative effect of peptic ulcer treatment in these
patients is associated with impairment of EPCs.

Introduction

Peptic ulcer development is one of the most frequent complica-
tions of type 2 diabetes mellitus (T2DM) due to the increased
likelihood of Helicobacter pylori (H. pylori) infection in
T2DM patients, resulting in symptoms such as bleeding and
perforation (1). The symptoms of peptic ulcers also include
a burning sensation, belching, weight loss and poor appetite.
Peptic ulcers affect 4% of the population and were the cause
of 301,000 deaths in 2013 (2,3). T2DM is a metabolic disorder
characterized by hyperglycemia in association with insulin
resistance and lack of insulin (4). Furthermore, ulcers are the
most common complication of metabolic disorders, and are
associated with severe pathological lesions, such as extensive
vascular lesions, and mucosa ischemic necrosis (5).

Endothelial progenitor cells (EPCs) are biological markers
for vascular function, since they have an important role in
vascular repair and angiogenesis (6). The development of
T2DM has been demonstrated to be closely associated with
low levels of circulating EPCs (7). Furthermore, a previous
study has reported that peripheral vascular disease in T2DM
patients was associated with a low number of EPCs (8).
Although the role of EPCs in ulcer healing in humans has
yet to be investigated, a reduction of EPCs in patients with
diabetic foot ulcers has been demonstrated (9). Therefore,
the hypothesis that EPC injury is associated with T2DM and
contributes to a poor clinical outcome in peptic ulcer patients
with T2DM requires further investigation.

In the present study, circulating EPCs were obtained from
the blood samples of three groups, including peptic ulcer
patients with T2DM, peptic ulcer patients without T2DM and
healthy controls. The study aimed to examine the association of
the quantity and function of circulating EPCs with the curative
effect of various treatments, in order to provide novel strategies
for the treatment of peptic ulcers in patients with T2DM.

Patients and methods
Patients and groups. All subjects were recruited from the
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three groups of patients were examined: Peptic ulcer patients
with T2DM (group A; n=32; age, 64.4+6.3 years; 18 male and
14 female); peptic ulcer patients without T2DM (group B;
n=32; age, 65.1+5.8 years; 17 male and 15 female); and healthy
control subjects (group C; n=32; age, 64.8+6.9 years; 18 male
and 14 female).

Prior to inclusion into the present study, subjects under-
went T2DM evaluation using the diagnostic criteria for DM
as determined by the World Health Organization (10), and
peptic ulcer disease was evaluated using the assessment of
diagnosis of peptic ulcer reviewed by the Editorial Board of
Chinese Journal of Digestion (11). Furthermore, an endoscopy
and H. pylori infection diagnosis were conducted to further
determine the health conditions of the patients. The healthy
control patients were also subjected to blood glucose exami-
nation, the 14C-urea breath test and gastric biopsies.

Subjects with the following characteristics were excluded
from the study: i) Malignant lesions in the gastric ulcers,
which were identified using pathology techniques; ii) concur-
rent severe H. pylori infection and acidosis in the patients
with T2DM; iii) severe complications associated with
the ulcers; iv) drug administration, such as non-steroidal
anti-inflammatory drugs, corticosteroids or statins; v) acute
myocardial infarction, angina and peripheral vascular disease;
or vi) having undergone surgery of any kind within the last
24 months.

The present study was approved by the Ethics Committee
of Gongli Hospital and written informed consent was obtained
from all participants.

Treatment protocols. Peptic ulcer patients with T2DM were
treated with 10 mg glipizide daily (Pfizer, Inc., New York,
NY, USA) to lower the blood glucose levels, and patients
with characteristics of hematemesis or hematochezia were
treated with daily injections of 8 units novolin (Novo Nordisk,
Bagsvaerd, Denmark). Omeprazole (20 mg; Hainan Haili
Pharmaceutical Co. Ltd., Haikou, China) was administered as
an antiulcer proton pump inhibitor for 8 weeks in peptic ulcer
patients with or without T2DM. In addition, H. pylori infec-
tion in peptic ulcer patients was treated with a combination
of amoxicillin (0.5 g every 8 h; CSPC Pharmaceutical Group,
Shijiazhuang, China), clarithromycin (250 mg every 12 h;
Abbott Laboratories, Lake Bluff, IL, USA) and metronidazole
(1.2 g daily; Novartis, Basel, Switzerland) for 2 weeks. This
treatment regimen was maintained for 8 weeks.

Evaluation of treatment effect. The curative effects of the
treatments were evaluated based on clinical symptoms and
endoscopy results. Various scales of treatment efficacy were
defined: i) Complete recovery was determined when clinical
symptoms and signs of peptic ulcer, including the mucosal
defect, were no longer present, as determined by gastroscopy;
ii) partially effective treatment was determined in cases where
clinical symptoms and signs were markedly decreased, but not
absent, and >50% the mucosal defect area had been repaired,;
iii) ineffective treatment was determined in cases where the
clinical symptoms and signs were increased or unchanged, and
the mucosal defect was not filled or was enlarged. In addition,
a negative result for H. pylori as determined by gastroscopic
biopsies, or a CO, concentration <100 dpm/mM as determined
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by a Hp ["“C]-urea breath test indicated the absence of H.
pylori infection.

Isolation and culture of circulating EPCs. Peripheral blood
samples (20 ml) were obtained from all three groups; these
were drawn from the peptic ulcer patients following anti-ulcer
treatment for 8 weeks. Of these samples, 15 ml was used
for EPC isolation and culture and 5 ml for flow cytometry.
Peripheral blood mononuclear cells (PBMCs) were isolated
by magnetic bead selection. Briefly, a single-cell suspension
(1x108® cells/300 pl) was prepared by standard methods (12).
A total of 100 pl beads (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany), CD133 antigen and 100 ul Fc-receptor
(Miltenyi Biotec GmbH) were added to the cell suspension
and incubated for 40 min at 4°C. The cells were subsequently
placed in an LS Magnetic Cell Sorting column (Miltenyi Biotec
GmbH) in a magnetic field. The trapped cells were released by
placing the column in a Dynal magnet (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) for at least 1 min.
CD133* cells isolated from the blood samples were collected
in Medium 199 (Sigma-Aldrich, St. Louis, MO, USA) with the
following supplements (all from PeproTech, Rocky Hill, NJ,
USA): Medium 199, 10% fetal bovine serum, 10 pg/1 vascular
endothelial growth factor (VEGF) and 2 pg/l1 basic fibroblast
growth factor.

The cells were seeded into fibronectin-treated 6-well
culture plates (PeproTech) at a final density of 1x107 cells/well.
At 48 h after seeding, nonadherent cells (1.0x10° cells/well)
were cultured at 37°C in an atmosphere containing 5% CO,
for 21 days. The culture medium was changed every 2-3 days.
During culture, an inverted phase contrast microscope
(IX70-81FZ; Olympus Corporation, Tokyo, Japan) was used to
observe the EPC morphology and growth in vitro at days 3,7,
10, 14 and 21 of culture.

Identification of vascular endothelial cells. To identify vascular
endothelial cells, dual staining for fluorescently labeled
Dil-acetylated-low density lipoprotein (Dil-ac-LDL; Molecular
Probes; Thermo Fisher Scientific, Inc.) and fluorescein
isothiocyanate (FITC)-Ulex europaeus agglutinin (UEA)-1
(Sigma-Aldrich) was performed on day 4 of the culture. The cells
were incubated at 37°C for 4 h with 10 ug/ml Dil-ac-LDL, and
then fixed with 4% paraformaldehyde for 10 min. Subsequent
to PBS washing, the cells were treated with 10.0 pg/ml
FITC-UEA-1 for 30 min. A laser scanning confocal microscope
(TCS-SP5; Leica Microsystems GmbH, Wetzlar, Germany) was
used for observation, differentiation and identification.

Flow cytometry of circulating EPCs. A 5-ml blood sample (from
the aforementioned 20 ml sample) was used for EPC counting.
Approximately 0.2 ml mononuclear cells obtained by magnetic
bead selection was used for cell counting. Briefly, 0.2 ml cell
suspension was incubated with monoclonal mouse phyco-
erythrin-conjugated anti-CD34 antibody (dilution, 1:1,000;
cat. no. FAB7227P; R&D Systems, Inc., Minneapolis, MN,
USA), mouse FITC-conjugated anti-CD45 (dilution, 1:2,000;
cat. no. 9625-02; SouthernBiotech, Birmingham, AL, USA)
and monoclonal mouse phycoerythrin-conjugated anti-type 2
VEGF (VEGF-R2; dilution, 1:1,000; cat. no. FAB357P; R&D
Systems, Inc.) at room temperature for 20 min in the dark. The
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cells were then blocked for non-specific binding by incubation
in red blood cell lysate for 15 min. Samples with a density of
1x10° cells were analyzed using a FC5000 cytometer (Beckman
Coulter, Inc., Brea, CA, USA).

Circulating EPCs were negative for the leucocyte marker
CD45, positive for the prototypical stem cell marker CD34,
and positive for the endothelial cell marker VEGF-R2 (13).

Circulating EPC colony counts. Colonies were evaluated after
7 days of culture, and a colony was defined as a central core of
‘round’ cells with elongated ‘sprouting’ cells at the periphery.
Three researchers independently counted the EPC colonies,
and experiments were conducted four times per patient.

Statistics analysis. Values are presented as the mean + stan-
dard deviation. The statistical significance of the data was
first assessed using a Kolmogorov-Smirnov test. Comparison
of contingency values and frequency was analyzed using a
y* test. Multiple comparisons were performed with a one-way
analysis of variance, and Student's t test was applied for
single comparisons. Statistical analyses were conducted using
SPSS version 12 (SPSS, Inc., Chicago, Il, USA). P<0.05 was
considered to indicate a statistically significant result.

Results

Treatment efficacy in the experimental groups. The treatment
efficacy in the experimental groups was evaluated (Table I).
Treatment was partially effective in 12 of the 32 peptic
ulcer patients with T2DM, and ineffective in the remaining
20 patients. Notably, 25 patients were defined as completely
recovered following treatment, and the treatment was consid-
ered partially effective in 7 patients among the 32 peptic ulcer
patients without T2DM. The treatment was therefore more
effective in patients without T2DM than those with T2DM.

EPC characterization. EPC characterization was conducted
using fluorescence microscopy. PBMCs were found to exhibit
circular morphology and were suspended in the medium. The
volume of adherent cells increased following 3 days of culture,
as well as the number of diamond-shaped cells. Colonies of
adherent cells began to appear at day 7. The majority of the cells
were of bipolar spindle shape and exhibited a cable-like struc-
ture at day 14. As shown in Fig. 1, the adherent cells displayed
cobble stone-like morphology at day 21. Notably, flow cytom-
etry immunophenotyping revealed that isolated cells expressed
Dil-ac-LDL and UEA-1 after 10 days of culturing (Fig. 2).

Comparison of changes in EPCs in the three treatment
groups. To evaluate the number of vascular endothelial cells
derived from circulating EPCs in the three groups, cells were
counted using flow cytometry. As shown in Fig. 3, group C
(healthy control patients) exhibited the highest circulating
EPC-forming ability with 1,045+106 cells/ml, whereas group A
(peptic ulcer patients with T2DM) exhibited the lowest ability
with 532490 cells/ml. The number of circulating EPCs in
group A was significantly decreased compared with groups B
(peptic ulcer patients without T2DM; 1,002+93 cells/ml)
and C (P<0.05), while no significant difference was observed
between groups B and C (P>0.05).
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Figure 1. Phase contrast image showing endothelial progenitor cell mor-
phology at day 21 of culture. Magnification, x200.

Figure 2. Fluorescence detection of CD133* mononuclear cells; images are
from a representative control cell population. Magnification, x100. (A) Phase
contrast images; (B) Dil-acetylated-low density lipoprotein fluorescence
image; (C) fluorescein isothiocyanate-Ulex europaeus agglutinin-1 fluores-
cence image.
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Table I. Treatment effect for peptic ulcer patients.

Peptic ulcer patients with T2DM (n=32) Peptic ulcer patients without T2DM (n=32)
Category Partially effective Ineffective Complete recovery Partially effective
No. of patients, n 12 20 25 7
Male/female patients, n/n 8/4 10/10 15/10 2/5
Age, years 63.9+5.2 64.3+5.4 65.3+£3.8 64.6+5.5

T2D2M, type 2 diabetes mellitus.
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Figure 3. (A) Flow cytometric analysis and number of circulating EPCs in the three groups sorted according to the presence of CD34, CD45, or VEGFR-R2.
(B) Changes in EPC measurements in peptic ulcer patients with T2DM (group A), peptic ulcer patients without T2DM (group B), and healthy controls (group C).
“P<0.05, vs. group A. EPC, endothelial progenitor cells; T2DM, type 2 diabetes mellitus.

=]

[=]
)
*
*

@
[=]
L

]
(=]
1

EPC colony (colonies/well)
-9
o

(=]
[

Groups

Figure 4. Colonies of circulating EPCs and columnar analysis of EPC colony formation. (A) A colony of circulating EPCs is shown, as well as (B) changes in
circulating EPC colony formation in peptic ulcer patients with T2DM (group A), peptic ulcer patients without T2DM (group B) and healthy controls (group C).
“P<0.05 vs. group A. EPC, endothelial progenitor cells; T2DM, type 2 diabetes mellitus.
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To evaluate the colony forming ability of the circulating
EPCs in the three groups, colonies were counted by three inde-
pendent researchers (Fig. 4). Similarly, group C exhibited the
highest circulating EPC forming ability (70+9 colonies/ml),
whereas group A exhibited the lowest ability (28+5 colo-
nies/ml). The number of circulating EPC colonies in group A
were significantly increased compared with groups B
(68+8 colonies/ml) and C (P<0.05), whereas group B did not
reveal significantly different circulating colony numbers to
group C (Fig. 4) (P>0.05). This indicates that the EPC forming
ability may be significantly disrupted in group A.

Discussion

A previous study demonstrated that circulating EPCs were
associated with microvascular disease (7), whereas studies
have yet to report the existence of an association between
circulating EPCs and ulcer treatment. The results of the present
study indicated that, compared with peptic ulcer patients
without T2DM, peptic ulcer patients with T2DM exhibited
poor treatment outcomes. In addition, the number of EPCs
was most significantly decreased in peptic ulcer patients with
T2DM, compared with the other two groups. Furthermore, the
lowest colony forming ability of circulating EPCs was present
in peptic ulcer patients with T2DM.

The present study measured the most currently used
phenotypic markers for assessing vascular endothelial cells,
including CD34, CD133 and VEGR-R2 (14). The results
indicated that peptic ulcer patients with T2DM had signifi-
cantly reduced numbers of circulating EPCs, compared with
peptic ulcer patients without T2DM and healthy controls.
Furthermore, following treatment with peptic ulcer drugs,
patients with and without T2DM exhibited significantly
reduced colony forming abilities, as compared with healthy
controls. It is widely known that angiogenesis and tissue
repair are required for ulcer healing (15). In addition, previous
studies demonstrated that EPC injury reduces regeneration,
contributing to low microvascular density, slow blood vessel
formation and delayed cellular renewal, suggesting an impor-
tant role for EPCs in endogenous vascular repair (16,17).
The results of the present study suggested that ulcer treatment
may be associated with EPC impairment.

Patients with diseases associated with T2DM were demon-
strated to have lower levels of circulating EPCs (18,19), results
which were not concordant with a hypothesis of association
between ulcer treatment and EPC injury. However, the lower
colony-forming ability of circulating EPCs from peptic ulcer
patients compared with that in healthy controls suggested a
correlation between EPC injury and peptic ulcers. Further
studies that examine the association between EPCs and ulcer
treatment, and adjust to EPC changes induced by T2DM are
therefore required.

Recent studies have sought stem cell-based approaches
to harness vascular regeneration in view of its capacity for
self-renewal and directed differentiation (20-22). Given the
hypothetical ability of EPCs to differentiate and form new
blood vessels, the use of EPCs for vascular regeneration
was presented by Asahara er al (23) in 1997. Recently, stem
cell-based therapy has been studied in clinical trials (24,25).
The present study demonstrated the role of EPCs in ulcer
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treatment, and we therefore propose that EPC therapy may
also be used in peptic ulcer-associated diseases.

In conclusion, the results of the present investigation
indicated that ulcer treatment is associated with reduction in
circulating EPC number. In addition, the ability of circulating
EPCs to differentiate into vascular endothelial cells was lowest
in peptic ulcer patients with T2DM, suggesting the important
role of circulating EPCs in ulcer treatment. However, further
studies are required in order to examine the association
between EPCs and ulcer treatment following adjustment to the
effect of T2DM on circulating EPCs.
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