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ABSTRACT

Background and Objectives : Inflammation plays a central role in the development of neointimal hyperplasia.
Due to its potent anti-inflammatory property, thalidomide is being re—evaluated in several clinical fields. Thus,
we examined whether thalidomide affects neointimal overgrowth. Materials and Methods : Male Sprague—Daw-
ley rats, pretreated with thalidomide (100 mg/kg qd) for 3 days, underwent carotid artery angioplasty. Thali-
domide administration was then continued for 2 weeks after injury. Results : Compared with the control rats,
the systemic inflammatory marker (serum TNF- @) reduced significantly in the thalidomide—treated rats at
3 and 14 days after injury (856+213 vs 449+68 pg/mL, p=0.001, day 3 ; 129+34 vs 63+18 pg/mL, p=0.001, day
14). This effect was accompanied by marked decreases in the arterial macrophage infiltration and by attenua-
ted expressions of TNF-« and bFGF in the arteries, which were measured as local tissue inflammatory indi-
cators. The anti—proliferative effect of thalidomide was confirmed by a reduced number of PCNA-positive
vascular smooth muscle cells in the arteries (43.1+2.9 vs 7.4+1.7 %, p<0.001, day14). Morphometric analysis 2
weeks after injury revealed that gains in the luminal area of the thalidomide—treated rats (0.17£0.04 vs 0.05+
0.02 mm?, p=0.001) were due to the suppression of neointimal hyperplasia (neointima-to—media [N/M] ratio,
0.35+0.13 vs 1.26+0.29, p<0.001). Moreover, a strong positive correlation was observed between the serum
TNF- @ and the N/M ratio. Conclusion : Through its anti-inflammatory and anti—proliferative effect, thalido-
mide significantly inhibits neointimal hyperplasia. Therefore, thalidomide can be applied in various ways, for
instance, as a new drug—eluting stent or as a systemic oral drug against restenosis. (Korean Circulation J
2004;34(4):346-355)
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Fig. 1. Neointimal hyperplasia 14 days after balloon angioplasty. Low and high-magnification photomicrographs (Ver-
hoeff-van Gieson staining) of arterial section from the control (E, G) and from thalidomide-treated (F, H) rafs. Note
that neointimal growth was significantly inhibited in the thalidomide-treated rats. Much larger luminal area in the thalido-
mide freat-group is due to the prevention of neocintimal overgrowth (Fig. 11, J). NI: indicates neointima, M: media, Ad:
adventitia, N/M: neointimal area/media area. *: p<0.001.
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Fig. 2. Anti-TNF-a effect of thalidomide associated with
reduced neointimal hyperplasia. A: production of serum
TNF-a, as determined by ELISA, was significantly reduced
in animals freated with thalidomide. B: moreover, a strong
positive correlation was found between the serum TNF-
a level and the N/M ratio on the 14th day. These results
show that thalidomide treatment inhibits systemic inflam-
matory response, which is associated with neointimal for-
mation (n=16, Pearson correlation coefficient= 0.908, p<
0.001). *: p=0.001. ELISA: enzyme-linked immunosorbent
assay, N/M: neointimal area/media area, TNF: ftumor ne-
crosis factor.

19; sc—1350) 2} & bFGF &A(147; sc—79) = Sa-
nta Cruz Biotechnology |4 7+9]3}ich

e =5 o =
COEHSSIRNES S5 34 FXO| ASUS 5
A A

O
1.
")
o

1> e
2
_°|1_',
N
ﬁ
2
i)
m,&

O

\m
o

o0l
i

et
5 &

I %%(ED 1, Serotec) bFGF Hlﬁd
(147; sc—=79, Santa Cruz Biotechnology). £&l°]=
oA He}HE AAT F microwave® FYE wEA
7|13 %5319 peroxidase—antiperoxidase %234
< ARtk Mayer’s hematoxylin® % oz 98- 3t
49 o] F9lellx] Al 149 A ED-1°0% 4
A A2 FE Uy 2] A AR Itk
(& 159 n=4).

NE2Ho BH

Zhed 9FHkgo] VSMCs 2950 9|9} Axy
of el A& 2Ris] 8l Wyzasisiadals Al
galoit). L= AlEE #slr] 9181e] PCNA (PC10,

TNF-a - .L.,... 19 KD
T e e e e

43 KD

Balloon injury - + + + +

Thalidomide - - + - +

@ Day 3 Day 14
bFGF - bun

.“ 18 KD

Balloon injury - + + + +

Thalidomide - - + - +

Fig. 3. Effect of thalidomide treatment on the local expres-
sions of INF-@ (A) and bFGF (B) in an injured vessel. A
striking reduction in the expressions of TNF-« and bFGF
was observed in the balloon-injured arteries of thalido-
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Fig. 4. Comparison of bFGF staining in the arterial wall. Immunohistochemical analysis showed decreased bFGF staining

in nuclei and cytoplasms, identified as brown color, in the artery on 3 days (Fig. 4D) and 14 days (Fig. 4F) in the thali-
domide-treated group versus the control. The percentages of bFGF-labeling index at the indicated time points were
43.31£6.9% and 39.8+4.2% in the control group and 9.0£2.8% and 15.0+5.8% in the thalidomide-treated group, respec-
fively (n=3 per time point per group, p<0.001). The arrow indicates a bFGF-positive nucleus. | : bFGF staining positive.

x: 0<0.001. FGF: fibroblrast growth factor.
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Fig. 5. Immunohistochemical analysis of infiliration of macrophages in rat carofid arteries two weeks after balloon
injury. Number of tissue macrophages in media and neointima of thalidomide-treated ratfs (B, n=4) were significantly
reduced versus the control animals (C, n=4) . Brown cytoplasmic stain indicates ED-1 positive tissue macrophages,
which are maijor sources of INF-@ and many other cytokines. NI: neointima, M: media, ED-1 indicates macrophage

staining. *: p=0.021. TNF: tumor necrosis factor.
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ated animals. The arrows indicate typical PCNA-positive cells. Note the reduction in the number of nuclei stained with
PCNA in animals treated with thalidomide at 3rd (D) and 14th day (F) after balloon injury, respectively, compared
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vascular smooth muscle cells, PCNA: proliferating cell nuclear antigen.
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