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ABSTRACT

BackgroundJ The restenosis after coronary angioplasty is the unresolved problem even if the improvement
of interventional skills and pharmacological therapies. Nitric oxide, known as endothelial derived relaxing
factor (EDRF), regulates the vascular tone and inhibits the proliferation of vascular smooth muscle cells and
platelet adhesions and endothelium-leukocyte interactions. Nitric oxide is produced by endothelial nitric oxide
synthase (eNOS). We studied the significance of eNOS gene polymorphism for the prediction of restenosis
after coronary angioplasty in Koreans with ischemic heart disease. Methodsl] We analyzed the two eNOS
poly-morphisms using PCR (eNOS A/B polymorphism is the VNTR in intron 4 and eNOS T/G polymorphism
is a missense mutation in exon 7) in 199 Korean patients who had 257 lesions undergoing percutaneous coronary
angioplasty (ballooning[] 152, stenting[] 105). The angiography was repeated 6 months later to assess the
relation between the rate of restenosis and types of eNOS gene polymorphism. Results{] We found no significant
differences of restenosis rate in eNOS A/B and T/G polymorphism in those with balloon angioplasty or with
stent (restenosis rate of A/A, A/B, B/B, respectively (O 257)0 25% (1/4), 26% (14/53), 31% (62/200) (pO

not significant), and T//T, T/G, G/G (O 249)0 0% (0/3), 36% (16/44), 29% (58/202) (p not significant))
Patients with A allele (non BB) or GG phenotype had lower restenosis rate, so we analyzed protective effect of
non BB and GG phenotype on restenosis, but there was no significant statistical difference (restenosis rate of non
BB and GG, BB and non GG respectivelyl] 20% (15/57), 34% (16/47) (pU not significant)). Conclusion[]
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eNOS A/B and T/G polymorphism is not associated with a significantly elevated risk of restenosis after coronary
angioplasty. (Korean Circulation J 21999529(12):1332-1340)
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Fig. 1. Schematic presentation of eNOS intron 4 polym-
orphism (A/B). A smaller rare allele (A allele) has four
tandem 27 bp repeats and a common larger one (B all-
ele) has five repeats. The first two repeats has A and
the last two has G at the 19" base of the 27 bp repeat in
A allele. The first three repeats has A and the last two
has G at the 19" base of the 27 bp repeat in B allele.
VNTRO variable number of tandem repeats.
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Fig. 2. The PCR product of eNOS intron 4 polymorphism
separated by electrophoresis with ethidium bromide
staining followed by ultraviolet visualization. The band
of 420 bp indicates five repeats (B allele) and the ba-
nd of 393 bp denotes 4 repeats (A allele). SMO size
marker.
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Fig. 3. Schematic presentation of eNOS exon 7 polymo-
rohism (T/G) by missense Glu298Asp variant. The mut-
ant allele (T) has no Ban Il cutting site.
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Fig. 4. The PCR-RFLP of eNOS exon 7 polymorphism sep-
arated by electrophoresis with ethidium bromide stai-
ning followed by ultraviolet visualization. The PCR pro-
ducts of wild type (GG) after digestion with Ban O
has two bands, 163 bp & 85 bp, respectively. Glu
298Asp homozygote (TT) without Ban O cutting site
has one band of 248 bp. Glu298 Asp heterozygote (TG)
has three bands, 163 bp band and 85 bp band dige-
sted by Ban O and 248 bp one without digestion. SMO
size marker.

ethidium bromided 00000 (Figs. 3 and 4).
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Table 1. Clinical characteristics (mean+ SD)

Ballooning (nO 152)

Stent (nO 105)

Restenosis (=)

Restenosis (O )

Restenosis (=) Restenosis (O )

Lesion no. (%) 102 (67%)
Male (%) 67%
Age (years) 59+ 11
BMI (kg/m?2) 247+ 2.6
F/U interval (days) 258+ 124
Cholesterol (mg/dl) 207+ 51
Hypertension (%) 54%
Diabetes (%) 32%
Smoking (%) 47 5%
MLD (mm) after intervention 2.14x 0.56
P=NS*

50 (33%) 78 (74%) 27 (26%)
76% 79% 74%
58+ 10 57+ 10 61+ 8

24+ 2.3 25.7x 2.7 23.6x 2.6

225+ 144 243+ 99 194+ 80

212+ 56 207+ 47 212+ 43
36% 43% 52%
36% 27% 12%
40.8% 40.8% 25.9%

1.94% 0.51 2.60+ 0.70 2.3+ 0.59

pP=NS*

*Noft significant

Table 2. Basal characteristics in patients with three ge-
notypes of eNOS polymorphism in infron 4 (mean+ SD)

Table 3. Basal characteristics in patients with three ge-
notype of eNOS polymorphism in exon 7 (meant SD)

A/A A/B B/B /T T/G G/G
Patient no. (%) 4 (2%) 53 (20%) 200 (78%) Lesion no. (%) 3(1.2%) 44 (17.7%) 202 (81.1%)
Age (year) 61 5 56+ 10 59+ 10 Age (year) 517 59+ 10 59+ 10
BMI (kg/m?) 25+ 1 25+ 3 25+ 2 BMI (kg/m?) 24+ 3 25+ 2 25+ 3
F/Uinterval (days) 216+ 119 259+ 117 235+ 120 F/Uinterval (days) 297+ 71 236+ 154 241+ 110
Cholesterol (mg/dl) 219 227+ 67 204+ 44 Cholesterol (mg/dl) 167+ 31 214+ 49 208+ 50
Hypertension (%) 100% 62% 42% Hypertension (%) 33% 50% 48%
Diabetes (%) 0% 36% 28% Diabetes (%) 33% 34% 28%
Smoking (%) 41.8% 49% 39.4% Smoking (%)* 100% 48.8% 39.6%
MLD (mm) affer ) 134 0.6 223+ 07 227+ 0.6 MLD (mm) after s 04 212+ 05 230t 07

Intervention

intervention

pP=NS

OO0 0000 O 0O 000 intron 4 A/BOODOODO
00 000 00 0 000 OO ooo ooo o
00 (Table 4, 5 and 6).

Exon 7 T/G OO0OOO OO OOOOO T/T, T/G,
G/G OO0 00 0000 0%(0/3), 36%(16/44),
29%(58/202)(pONS), DO OO0 OOOO 0%(o/
3), 37%(11/30), 32%(36/113)(p0NS), OO0 O
0O 0000 0%(0/0), 36%(5/14), 25%(22/89)(pU
NS)O O 00O 00000 00 OoOoo 0oog o
00 0O00. 00 0000 T/T 00000 OO o
00 0000 7/ 00 O0O000 O oo ooo o
000 T allele 0000 (dominant effect)yC 00O O
00 non G/G OO G/GOOO O0OO G/GUOO OO
non G/G OO 00000 OO OOOO 00O OO0
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P=NS, *Smoking (%) of non G/GO G/G0O 52.200 39.6 (p=
0.120)

0.00 0000 00 0000 1.166(95% Cl 0.7
4201.832), 00000 D0OOO 1.018(95% Cl
058701.765), 000 00 0000 1.445(95%
Cl 0.65503.186)0 OOOO OOOO OOO0. OO
000 0000000 0000 O 0 000 exon 7
T/ 0000000 000 000 000 00 00
0 000 000 (Table 7, 8and 9).

0 000 0000 0000 0000 000 0
0 000 000 000 000 B/B & non G/GO O
00 000 000 000 000 non B/B & G/GO
0 00000 OO0 000 000 O 000000
(33%0 28%, p10.663)0 0000 (36%0 25%, pO
0.881)0 00 00 B/B & non G/GOO0 00000
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0000 00000 00000 oOd(Table 10).
Non B/B & G/G 0O OO B/B&non G/G OO OO
000 OO0 00 0000 00 0000 1.244(95%

Table 4. Restenosis rate in three genotypes of eNOS polymorphism in intron 4

Cl 0.62602471), 00000 OOOO 1.086(95%
Cl 0456002585), OO0 OO OOOO 1.250(95%
Cl0.37104.207)0 OO0OO OOOO O0OO.

A/A A/B B/B p-value
Total lesion (n=257) 1/4 (25%) 14/53 (26%) 62/200 (31%) NS
Ballooning lesion (n=152) 0/2 ( 0%) 7/23 (30%) 43/127 (34%) NS
Stenting lesion (n=105) 1/2 (50%) 7/30 (23%) 19/ 73 (26%) NS
Table 5. Restenosis rate between B/B vs non B/B of eNOS polymorphism in intron 4
B/B Non B/B P value Relative risk 95% Cl
Total lesion (n=257) 62/200 (32%) 15/57 (26%) 0.496 1.104 0.694—1.757
Ballooning lesion (n=152) 43/127 (34%) 7/25 (28%) 0.569 1.058 0.569-1.969
Stenting lesion (n=105) 19/ 73 (26%) 8/32 (25%) 0.912 1.041 0.510-2.216

Table 6. Frequency of genotypes of eNOS polymorphism in intron 4 in restenosis and non-restenosis groups

Restenosis A/A A/B B/B p-value
Total @) 1/78 (1.3%) 15/ 78 (19.2%) 62/ 78 (79.5%) 0.905
) 3/179 (1.7%) 38/179 (21.2%)  138/179 (77.1%)
. @) 0/ 51 (0%) 8/ 51 (15.7%) 43/ 51 (84.3%) 0.597
Ballooning
) 2/101 (2%) 15/101 (14.9%) 84/101 (83.2%)
Stenting @) 1/27 (3.7%) 7/ 27 (25.9%) 19/ 27 (70.4%) 0.701
) 1/78 (1.3%) 23/ 78 (29.5%) 54/ 78 (69.2%)
Table 7. Restenosis rate in three genotypes of eNOS polymorphism in exon 7
/T /G G/G p-value
Total lesion (n=249) 0/3 (0%) 16/44 (36%) 58/202 (29%) NS
Ballooning lesion (n=146) 0/3 (0%) 11/30 (37%) 36/113 (32%) NS
Stenting lesion (n=103) 0/0 5/14 (36%) 22/ 89 (25%) NS
Table 8. Restenosis rate between non G/G vs G/G of eNOS polymorphism in exon 7
Non G/G G/G p value Relative risk 95% Cl
Total lesion (n=249) 16/47 (34%) 58/202 (29%) 0.471 1.166 0.742-1.832
Ballooning lesion (n=146) 11/33 (33%) 36/113 (32%) 0.873 1.018 0.587—-1.765
Stenting lesion (n=103) 5/14 (36%) 22/ 89 (25%) 0.385 1.445 0.655-3.186

Table 9. Frequency of genotypes of eNOS polymorphism in exon 7 in restenosis and non-restenosis groupes

Restenosis T/T /G G/G p-value
Total @) 0/ 75 (0%) 16/ 75 (21.3%) 59/ 75 (78.7%) 0.335
) 3/174(1.7%) 28/174 (16.1%)  143/174(82.2%)
. @) 0/ 48 (0%) 11/ 48 (22.9%) 37/ 48 (77.1%) 0.435
Ballooning
) 3/ 98 (3.1%) 19/ 98 (19.4%) 76/ 98 (77.6%)
stentin @) 0/ 27 (0%) 5/ 27 (18.5%) 22/ 27 (81.5%) 0.385
i
° ) 0/ 76 (0%) 9/76 (11.8%) 67/ 76 (88.2%)
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Table 10. Restenosis rate between worst and best com-
bined genotypesin

Worst Best
genotypes genotypes p-
B/B & non non B/B & value
G/G G/G
Total lesion 16/47 (34%) 15/57 (20%) NS
Ballooning lesion  11/33 (33%) 7/25 (28%) NS
Stenting lesion 5/14 (36%)  8/24 (25%) NS
oo
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0 00 000 33%(50/152), 000 00 00 O
00 26%(27/105)00 0000 O0. 0000-0
000 intron 4 A/B 00000 OO0 00000 A/
A, A/B, B/BO 00,00 D000 25%(1/4), 26%
(14/ 53), 31%(62/200)(p0NS), 00000 OO0
0 0%(0/2), 30%(7/23), 34%(43/127)(pINS), O
00 00 0000 50%(L/2), 23%(7/30), 26%
(19/ 73)(pONS)0 0 000 00000 OO0 OO
00 000 000 000.0000-0000 exon
7 T/G 00000 00 00000 T/T, T/G, G/GO
00,00 0000 0%(0/3), 36%(16/44), 29%(58/
202)(pONS), OOO000 0000 0%(0/3), 37%
(11/30), 329%(36/113)(pINS), 000 OO 000
0 0%(0/0), 36%(5/14), 25%(22/89)(p0NS) O
000 00000 OO0 0000 000 000 00
0.0 000 0000 0000 0000 000 00
000 000 000 000 B/B & non G/GOO O
0 000 000 000 000 non B/B & G/GO O
00000 00 000 000 0O 000000 (33%0
28%, p00.663)0 000 OO0(36%0 25%, pOl
0.881)00 00 B/B & non G/GOOO 0OOOO0O
0000 00000 00000 000.

A E:

000 000 0 0000 0000-0000 00
00 0000 000 000 00 0000 O 00
000, 000000 000 000 0 0 000 00
00 000 0000000 OO0 000 00000
00 0000 00 04000,

A HO{00000 D000 000 O00- 000
ogo- ooo.

0 000 199800 00000 O0O00O0MHMP-98—M—
2-0024)0 OO0 OO0 ooOoOoo.
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