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ABSTRACT

Background and Objectives : Previous studies suggest that phenotypic conversion, proliferation and migra-
tion of adventitial fibroblasts after balloon injury have an important role in neointimal formation and vas-
cular remodeling. The present study evaluated whether orally administered everolimus (a macrolide of the
same family as sirolimus) reduces adventitial cell activation and neointimal formation in balloon-injured rat
carotid arteries. Materials and Methods : Oral everolimus (1.25 mg/kg/day), or a matching placebo, was admi-
nistered daily to 30 rats by gavage, starting 3 days before balloon injury. The treatment effects were asses-
sed 3, 7 and 14 days after injury. Results : The oral everolimus group showed a significant reduction in adven-
titial cell proliferation at 3 days after injury and significant neointimal formation reduction compared to the
control group at 7 and 14 days after injury (control group 0.06+0.01 mm?, everolimus group 0.01+0.01 mm?,
p<0.01 and control group 0.28+0.06 mm’, everolimus group 0.08+0.03 mm? p<0.01). Conclusion : Oral evero-
limus reduces adventitial cell activation and neointima formation in balloon injured rat carotid arteries.

(Korean Circulation J 2004;34(10):983-991)
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Fig. 2. A: bar graph showing that the adventitia was relatively hypocellular in everolimus group compared to control
group 3 days after balloon injury. B: adventitia cell proliferation (the ratio of BrdU-positive adventitial cells to the total
adventitial cell number) was decreased in everolimus group compared to control group 3 days after balloon injury.
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Fig. 1. A: example of mild injury 14 days after balloon overstretch in rat carotid artery. Break in the internal elastic
lamina (arrow) without medial dissection noted. B: histomorphometric analysis. L indicates lumen area, N: neointima,
M: media. Verhoeff's stain. Magnification x 400 (A), X100 (B).

Control Everolimus

Fig. 3. Hematoxylin and eosin staining of balloon-injured rat carotid arteries 3 days after angioplasty. A large number
of adventitial cells was noted in a control artery (A) whereas everolimus-treated artery showed few adventitial cells
(B). M:indicates media, A: adventitia. Magnification < 100.

Fig. 4. Immunohistochemical staining using antibodies against bromodeoxyuridine (BrdU) (A) and «-smooth muscle
actin (B). Balloon-injured rat carotid arteries of control group 3 days after angioplasty. A large number of adventitial
cells was rapidly proliferating (A). Most neo-adventitial cells of control artery showed positive @ -actin staining (B)
suggesting differentiation into the myofibroblast phenotype. Magnification < 400.
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Fig. 5. Carotid artery morphology of control group (A) and everolimus group (B) 7 days after balloon injury. Everolimus
inhibits neointima formation 7 days after balloon injury. Hematoxylin and eosin staining. Magnification X 100.

7 days

Everolimus

Fig. 6. Carotid artery morphology of control group (A, C) and everolimus group (B, D) 7 days after balloon injury. C
and D are higher magnification of the area indicated by rectangle in A and B, respectively. Everolimus reduces
neointima cell proliferation 7 days after balloon injury. BrdU immunostaining. Magnification X100 (A, B), X400 (C, D).
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Fig. 7. Carotid artery morphology of control group (A) and everolimus group (B) 14 days after balloon injury. Eve-
rolimus markedly reduces neointima formation 14 days after balloon injury. Verhoeff's stain for elastic tissue. Magni-
fication x100.
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Fig. 8. Carofid artery morphology of control group (A, C) and everolimus group (B, D) 14 days after balloon injury. C
and D are higher magnification of the area indicated by rectangle in A and B, respectively. Everolimus reduces
neointima cell proliferation 14 days after balloon injury. BrdU staining. Magnification X100 (A, B), X400 (C, D).
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Table 1. Histomorphometric indices 7 days after balloon
injury

Control Everolimus

group group
Neointima area (mm?2) 0.06+£0.02 0.01£0.01 <0.01
Lumen area (mm?2) 0.35+£0.06 0.42+0.06 NS
Area stenosis (%) 14.6+£58 33*x14 <0.01
Media area (mm?2) 0.14+0.01 0.14£0.02 NS
Neointimal cell count  828+120 35+7 <0.01
BrdU (+) cell count 333+61 23+4 <0.01
BrdU (+) cells (%) 40.3+54 68.7+t154 <0.01

Values are mean=®3D or percenatage

Table 2. Histomorphometric indices 14 days after balloon
injury

Control Everolimus

group group
Neointima area (mm?2) 0.28+£0.06 0.08+£0.03 <0.01
Lumen area (mm?2) 0.16+0.01 0.33£0.09 <0.01
Area stenosis (%) 62.6+44 200+11.1 <0.01
Media area (mm?2) 0.14+£0.01 0.14£0.01 NS
Neointimal cell count  3872+£312 503101  <0.01
BrdU (+) cell count 184426 18+4 <0.01
BrdU (+) cells (%) 48+0.6 3.7+0.8  <0.05

Values are mean=®SD or percenatage
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