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Allogeneic bone marrow mesenchymal stem cells for the treatment of diabetic foot ulcers in rats

and vascular endothelial growth factor expression
Cai Qian, Dong Fang, Liu Yi

Abstract

BACKGROUND: Autologous bone marrow stem cells and autologous peripheral blood stem cells are commonly used to treat
diabetic foot ulcer in clinic. Few studies have addressed basic research of bone marrow mesenchymal stem cells (BMSCs) for
diabetic foot ulcer.

OBJECTIVE: To investigate the effect of local transplantation of allogeneic BMSCs in the treatment of rats with diabetic foot
ulcers and the systemic and local expression of vascular endothelial growth factor (VEGF).

METHODS: A total of 90 male Wistar rats were randomly divided into three groups: control group (normal foot ulcers), BMSCs
treatment group and diabetic control group. Rat models of type 2 diabetic foot ulcers were established in the BMSCs treatment
group and diabetic control group. Following model induction, allogenic BMSCs and stem cell medium DMEM were respectively
injected. At 1, 4 and 8 days following model establishment, rat ulcer area was observed in each group. Nucleus staining tracing
and pathological examination were conducted. Enzyme linked immunosorbent assay was utilized to measure VEGF
concentration in peripheral blood. Western blot assay was employed to detect VEGF concentration in local region.

RESULTS AND CONCLUSION: Compared with diabetic control group, ulcer healed faster in the BMSCs treatment group, but
slower than control group. Peripheral blood VEGF expression increased, but did not reach normal levels. In early days of
allogenic BMSCs treatment (1-4 days), VEGF concentration was significantly elevated, but slightly elevated in late days (8 days).
In the BMSCs treatment group, healing was slow; epidermis was not completely covered. The healing was significantly early
compared with diabetic control group, and epidermis was obviously covered. Nucleus staining demonstrated that transplanted
stem cells gathered in the regions surrounding ulcers. These indicated that allogenic BMSCs can promote the healing of diabetic
foot ulcers in rats. The mechanism may be that it increased the VEGF expression in systemic condition, especially local condition.
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Figure 1 Adherent cultured third passage of bone marrow
mesenchymal stem cells under phase contrast mi-
croscope (x200)
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Table 1 Comparison of ulcer area of rats in all groups
(x&s, =79, mm?)

Group 1d 4d 8d
Control 31.25+4.36 20.16+3.68 3.64+0.92
BMSCs treatment 31.90+3.66 23.62+2.26 7.56+1.91
Diabetic control 32.18+7.53 25.50+6.79 13.20+1.74
F 0.077 7.174 85.662
P 0.926 0.002 0.000 13

BMSCs: bone marrow mesenchymal stem cells
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# (P < 0.05), Ml R0 ML A s R AIGE H(P <
0.05).

* 2 HAKERSMAM VEGF & 117K Lh A
Table 2 Comparison of vascular endothelial growth factor
protein level in peripheral blood of rats in all groups
(xts, Nn=79, ug/L)

Group 1d 4d 8d
Control 1.40+0.07 1.58+0.06 1.70£0.04
BMSCs treatment 1.47+0.07 1.53+0.08 1.50+0.04
Diabetic control 1.45+0.10 1.04+0.05 1.14+0.07
F 2.227 220.996 310.069
P 0.127 0.000 24 0.000 16

BMSCs: bone marrow mesenchymal stem cells
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A: control group; B: bone marrow mesenchymal stem cells treatment
group; C: diabetic control group

Figure 2 Vascular endothelial growth factor levels in local
region of the skin in each group
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A: control group; B: bone marrow mesenchymal stem cells treatment
group; C: diabetic control group

Figure 3 Photographic band results and relative absorbance
value of vascular endothelial growth factor (VEGF)
and B-actin expression in local region at 1, 4 and 8 d
in each group
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c: Diabetic control group

BMSCs: bone marrow mesenchymal stem cells

Figure 4  Hematoxylin-eosin staining of ulcer healing on 8 d In
each group (x100)
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Figure 6  Stem cells fluorescent staining observation in frozen
tissue section after transplantation (x200)
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Figure 5 Bone marrow mesenchymal stem cell nuclei
with in vitro successful fluorescent staining (x200)
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