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ABSTRACT

Background and Objectives : The present study investigated differences in the effects of macrophages between
neointimal formation after balloon (BI) and that after stent injury (SI) in hypercholesterolemic rabbits. We also
studied the relationship between advanced glycation end products (AGE), the receptor for AGE (RAGE), and
S100A8/A9 in the inflammatory reaction mediated by macrophages. Materials and Methods : Male New Zealand
White rabbits fed with a 1% cholesterol diet for 2 weeks underwent balloon dilatation to one iliac artery, and stenting
to the contralateral artery. Arteries were harvested at 7, 14, and 28 days after injury. Results : Sizes and cell numbers
of neointima were higher in SI than in BI (p<0.05), but those from media showed no difference between SI and
BI (p>0.05). Sizes and cell numbers of neointima in BI and SI increased significantly till 14 days (p<0.05). Macro-
phage numbers increased in neointima of Bl at 14 days (p=0.011), but not at 28 days (p>0.05). Macrophage num-
bers increased until 28 days in the media of Bl (p=0.003). Macrophage numbers increased at 14 days in the
neointima of SI (p=0.001), but decreased at 28 days (p=0.014). Macrophage numbers were not changed in the
media of SI. Cell numbers and area were significantly correlated with macrophage numbers in the neointima and
media of B, and in the neointima of SI (p<0.05). RAGE expression was strong in cells adjacent to lumen at 7
and 14 days, and in cells of neointima and media adjacent to internal elastic lamina at 28 days. Expression of RAGE
was increased in both macrophage and smooth muscle cells. Macrophages were the predominant cells observed
with AGE accumulation. SI00A8/A9 was not found. Conclusion : There seems to be a difference in effect of ma-
crophages on the formation of neointima after injury between Bl and SI. The effects of macrophages appears to be
more significant in the neointima of BI. Mechanical arterial injury induces the formation of AGE and overexpres-
sion of RAGE in macrophages. (Korean Circulation ] 2005;35:801—811)

KEY WORDS : Coronary restenosis ; Macrophage ; Advanced glycation end products ; Receptor for advanced
glycation end-products ; Hypercholesterolemia.
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Table 1. Total cell numbers and area of neointima and media of balloon injured and stented iliac arteries of hypercholesterolemic rabbits

Total cells Area (mm?)
Balloon injury Stent injury p Balloon injury Stent injury p
Neointima
7 days n=5 753+71 1901 £94 <0.001 0.07£0.02 0.17+0.02 0.003
14 days n=5 1993+282 3349£303 0.008 0.30+0.06* 0.51+0.05" 0.016
28 days n=7 2092 £310 3728 +365 0.002 0.26%0.05 0.56%+0.05 <0.001
Media
7 days n=5 1614+ 176 1978 =625 0.627 0.37£0.02 0.47£0.02 0.004
14 days n=5 1837197 1758 £ 142 0.744 0.42£0.04 0.50%+0.03 0.172
28 days n=7 1895+197 1680+197 0.492 0.44+£0.03 0.40%+0.03 0.458
Data are expressed as mean =SEM. *: p=0.006 vs. 7 days, T: p<0.001 vs. 7 days
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Fig. 1. Total cell numbers, macrophage numbers and ratio of macrophages of neointima (A) and media (B) of balloon injured iliac arteries of hy-

percholesterolemic rabbits. *: p=0.001 vs. 7 days, T: p=0.006 vs. 7 days, T: p=0.039 vs. 7 days, §: p=0.016vs. 7 days, II': p=0.003 vs. 7 days.
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Fig. 2. Total cell numbers, macrophage numbers and ratio of macrophages of neointima (A) and media (B) of stent injured iliac arteries of hyper-
cholesterolemic rabbits. *: p<0.001 vs. 7 days, T: p=0.001 vs. 7 days, T: p=0.014 vs. 14 days, §: p=0.151 vs. 7 days.

Fig. 3. Photomlcrographs of sections of balloon injured iliac arteries at 7 days (A), 14 days (B), and 28 days (C) after injury, stented iliac arteries at 7
days (D), 14 days (E), and 28 days (F) after injury. Each sections are immunostained with RAM-11. At 7 days postinjury, most macrophages are
infiltrated in neointima. At 14 and 28 days after injury, macrophages are abundant adjacent to the internal elastic lamina (open arrows). Howe-
ver, stenting induced rare macrophage infiltration in the media. L: lumen, Bar: 100 #m. *<400.
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rophages are infiltrated in the media. Balloon injured artery showed many macrophage infiltration without fracture of internal elastic lamina (B).
Sections are immunostained with RAM-11. Open arrows: the internal elastic lamina. Closed arrows: fractured internal elastic lamina. L: lumen,

Bar: 100 z#m. X400.

Table 2. Total numbers of macrophage in the neointima and media of balloon injured and stented iliac arteries of hypercholesterolemic rabbits

Number of macrophage

Ratio of macrophage

Balloon injury Stent injury P Balloon injury Stent injury )
Neointima
7 days n=5 87136 224+52 0.049 11.1+4.2 11.6+2.7 0.923
14 days n=5 447103 609123 0.329 21.2£3.9 174+2.7 0.427
28 days n=7 439£76 347143 0.314 21.6%=2.4 11.1=£2.1 0.004
Media
7 days n=5 35t15 514 0.047 26*1.2 0.3+0.3 0.055
14 days n=5 201+80 26t 14 0.013 10.1£3.5 1.7£0.9 0.009
28 days n=7 29691 187 0.001 14.3+3.6 1.3£0.5 <0.001

Data are expressed as mean = SEM
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Fig. 5. Correlation between number of total cells and macrophages in balloon injured (A) and stented (B) iliac arteries of hypercholesterolemic
rabbits. Number of macrophages in the neointima and media of balloon injured, and in the neointima of stented shows significant correlation with
numbers of total cells. Correlation between area and number of macrophages in balloon injured (C) and stented (D) iliac arteries of hyperchole-
sterolemic rabbits. Number of macrophages in the neointima and media of balloon injured, and in the neointima of stented shows significant cor-

relation with neointima and media area.
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Fig. 6. Photomicrographs of sections of balloon injured iliac arteries at 7 days (A), 14 days (B), and 28 days (C) postinjury, stented iliac arteries at 7
days (D), 14 days (E), and 28 days (F) after injury. Sections are immunostained with polyclonal anti-RAGE antibody. At 7 and 14 days postinjury,
upregulated RAGE is abundant in cells adjacent to the lumen. At 28 days, immunostained RAGE is abundant in foam cells. L: lumen, Open arrows:

internal elastic lamina. Bar: 100 zm. X400. RAGE: receptor for advanced glycation end product.




Moo—Yong Rhee, et al : Macrophage in Neointimal Formation 807

Z

i

Fig. 7. Photomicrographs of double immunostained sections. A: double immunostaining with RAM-11 (red) and anti-RAGE antibody (brown).
RAGE showed even distribution in macrophage and smooth muscle cells. B: double immunostaining with RAM-11 (red) and anti-AGE
antibody (brown). Accumulated AGE is abundant in macrophage. Bar: 100 #m. X400. AGE: advanced glycation end product.
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Fig. 8. Photomicrographs of sections of balloon injured iliac arteries at 7 days (A), 14 days (B), and 28 days (C) after injury, stented iliac arteries
at 7 days (D), 14 days (E), and 28 days (F) after injury. Each sections are immunostained with monoclonal anti-AGE antibody. AGE is abundant in
foam cells. L: lumen, Open arrows: internal elastic lamina, Bar: 100 z£m. X400.
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Fig. 9. Photomicrographs of control hypercholesterolemic rabbit fed for 4 weeks with 1% cholesterol diet (A, B, and C), and non-injured arteries of
ballooninjured rabbit at 7 days postinjury (D, E, and F). Immunostaining with anti-AGE antibody showed no AGE accumulation (A and D). Im-
munostained with anti-RAGE antibody showed abundant RAGE in the neointima and media of balloon injured rabbit, but not in control rabbit
(B and E). Section C and F are immunostained with RAM-11. L: lumen, Open arrows: internal elastic lamina. Bar: 100 #m. X400.
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