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Differentiated Muscle-derived Stem Cells Attenuate Intimal Hyperplasia
after Carotid Balloon Injury in Rat
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Purpose: Although progenitor cells may contribute to intimal hyperplasia (IH) after arterial injury, positive
contribution of IH is variable with type of injury or cells. This study was designed to examine whether differentiated
muscle derived stem cells (MDSC) attenuate IH in rat.

Methods: MDSCs were retrieved using preplate techniques from rat calf muscle and MDSCs (preplate 6th culture
fraction, pp6) were exposed to VEGF (50 ng/ml) for endothelial differentiation prior to injection. Male rats were
divided into two groups (cell treated vs. control) and underwent carotid balloon injury with 2-Fr catheter. The
virus containing Green fluorescent protein (GFP) gene was transfected into cells for monitoring. Cells (5><106)
were indwelled into carotid artery for 30 minutes after injury and then blood flow was restored. Arteries were
harvested at various intervals (1, 2 and 4 weeks) after injury. The intima to media thickness ratio (IMTR) was
calculated with morphometric analysis.

Results: Endothelial surface markers such as VE-CADHERIN were strongly expressed on differentiated MDSCs.
At 4 weeks after injury, IH was predominantly observed in control group compared to cell treated group. The
intensity of GFP was strongly observed at 1 week and declined at 4 weeks in carotid artery wall at MDSC group.
CD31(+) endothelial cells were observed at MDSC group compared to control. The mean IMTR in cell treated
groups were significantly lower than control at 2 weeks (P=0.005) and 4 weeks (P<0.001).

Conclusion: Our study demonstrates that MDSCs therapy promotes re-endothelialization and leads to attenuation
of IH after balloon injury in rat. (J Korean Surg Soc 2010;79:S7-15)
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Fig. 1. Muscle-derived stem cells
(pp6) using preplate techni-
que from rat calf muscle
show positive staining with
anti-Sca-1 antibody (A), an-
ti-CD34 (B), indeterminate
staining with anti-desmin (C)
and negative staining with
anti-CD45 (D) with immuno-
histochemical staining (*400).

VEGF Control 100ng 300ng 500 ng
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©

Con 100 ng 300 ng 500 ng

2. MDSCs (pp6) are exposed to VEGF for endothelial
differentiation. VE-cadherin is up-regulated in dose de-
pendent manner. Values are the meantSD of three sepa-
rated experiments.
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Fig. 3. Endothelial denudation and intimal hyperplasia are observed in difference following rat carotid balloon injury; Intimal denudation
is confirmed in immediately harvested tissue in H&E staining (x100)(A), and in anti-CD31 imunohistochemical staining (x400)(B).
Endothelial cell coverage rate in intima is less than 10% in control (C) and 50% in cell-treated group at 1week (D), 30~40%
in control (E) and more than 80% in cell-treated group (F) at 2 weeks, 50~70% in control (G) and 90~ 100% in cell-treated
group (H) at 4 weeks after carotid balloon injury. Arrows indicate CD31(+) endothelial cells.
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Fig. 4.

Contribution of MDSC to in-
timal hyperplasia. MDSCs
infected with lenti-hCMV-
GFP were delivered into car-
otid artery lumen for 30 mi-
nutes after carotid balloon
injury. MDSCs with GFP
(green fluorescent protein)
are strongly expressed at 1
week (B) and reduced at 4
weeks in carotid artery (D)
compared to controls (A, B).
Arrows indicate GFP(+) en-
dothelial cells. MDSCs with
CD31 are weakly expressed
at 1 week (F) and strongly
expressed at 4 weeks in the
intima of carotid artery (H)
compared to controls (E, G).
All sections were viewed at
x100.
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Fig. 5. The intima to media thickness ratio (IMTR) is calculated
with morphometric analysis. The mean IMTR in cell treat-
ed groups are significantly lower than control at 2 weeks
(P=0.005) and 4 weeks (P=<0.001). Black bar indicates
control and white bar indicates cell treated group. Values

are the mean=SD of five separated experiments.
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Fig. 6. Intimal hyperplasia is in-
hibited in cell-treated group
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compared to control group;
Intimal hyperplasia is mini-
mally observed in both cell-
treated (A) and control group
(B) at 1 week. Suppression
of intimal hyperplasia is
more prominent in cell-treated
group (D) than control group
(C) at 2 weeks and 4 weeks
(E, F). All sections were
viewed at x100.
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