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Background : Persistent nonproductive cough is a major adverse effect encountered with ACE inhibitor treat-
ment and the most frequent reason for withdrawal of the drug. The mechanism of cough was postulated to be
associated with accumulation of bronchial irritants which are substrates of ACE. It has been speculated that oc-
currence of this adverse effect is genetically predetermined ; in particular, variants of the genes encoding ACE.
To investigate this relationship, we determined ACE gene Insertion/Deletion polymorphism in subjects with and
without a history of ACE inhibitor-induced cough.

Methods : Among the 339 patients with ACE inhibitor treatment, subjects who developed cough that resolved
when not taking medication were designated to cough group and other subjects who did not complain cough
were designated to non-cough group. Clinical characteristics of the patients were collected by review of medical
records. ACE genotypes were determined by PCR amplification of DNA from peripheral blood and agarose gel
electrophoresis.

Results : 37 patients complained of dry cough(cough group) and 302 patients did not complained of cough
(non-cough group). The incidence of ACE inhibitor induced dry cough was 10.9%. There was a preponder-
ance of females in the cough group (M : F=24.3% : 75.7%) compared to the non-cough group (M : F=49.7
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% : 50.3%, p=0.004). There was no significant difference in mean age, underlying diseases, and kinds and

frequencies of ACE inhibitors and their mean dosage between the both groups. ACE genotypic frequencies
were I/1:1/D : D/D=16.2% : 18.9% : 64.9% in the cough group and 18.9% : 18.2% : 62.9% in the non-
cough group which showed no significant difference between the both groups(p=0.926). Allelic frequencies

were [ 1D = 25.7% :74.3% and 28.0% : 72.0% in the cough and non-cough group respectively and the dif-

ference was not significant(p = 0.676).

Conclusion : The incidence of ACE inhibitor-induced cough are 10.9%, and women are more susceptible to
ACE inhibitor-induced cough. ACE inhibitor-induced dry cough is not associated with ACE gene Insertion/De-
letion polymorphism. (Tuberculosis and Respiratory Diseases 1999, 46 : 241-250)
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7132 B4 71-e BEA gfAT, ACEe] 71E
bradykinin®#} substance P&} 2-& tachykinin?,
23 prostaglandin®] &7} Z7198ld, 7]Aulk
ARE #¥8h= unmyelinated C-fiber7} 2} o]
doiks Aoz FA=I Ut

ACE #4xte] 4] (Insertion)/Z<=(Deletion)
9} oA (polymorphism)<, intron 169 287bp
©] DNA 4 (fragment)o] Q=AU AgeHe
RAoz?, A/ (el I/, A4d/AE (ol I/
D)3t d&/2&(el3t D/D)<] Al 7Hx] 123 0]
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Hjste] 714 ACE #4x7} 2vf 7k &2 Aoz
HaEoH.

oldF} 2L ol 714 ACE 847} ¥& 74
AFge] AtgollA] ACE A4 & AH83l6E 9, 713
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EAoME 71Ae] ACE 8=t e Aoz 73
HE VI f3219 9] Al 713 2l viwrs) 5
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o & 14 7189 WYL 3400 o 2T E &
49 845 713 PToR, SR B B4
3 ghe BAEE 714 HBAREoR AT Ba
E9) 7199 WH, 714 A% B Fobd Bl 4
B4e 92715 olgste] ZAksia).

2. Genomic DNAg| &g

g Bate] g FHoA Y 6mlg, EDTAE
e Algdd] sl dedlM 4,000 rpmo.
2087 94 EeEac. d4ReE ¥, A9 buffy
coat We] 98T 200l & #H3ld 1.5m¢ HRo| ¥
& %, Proteinase K& #4329 oA, 70C
oA 2087} incubation 3}grt. 1% incubation
o] ¢ AAd T 100% AL Hrlely
DNAE #AAZ 5, 13,000 rpmojA] 187 g4
#2]8lo] QiagenAle] DNA spin columng AR&-3}
o DNAE #&3193, RNAses} glx 540 =
o -20°C oM B3t 2E Ao et spec-
trophotometerofirl DNA 9] 358 233} c).

3. ACE F7%xI ci84de| gfol

ACE #3dx¥e 23L&, 2% DNAJ daA,
ACE #4x}9] intron 164 K919} 7] qdeM 1
A% primer& AMGE FHAL A&7 (Poly-
merase-Chain Reaction, PCR) .2 &}gu}e,
Sense primere] g’} MEe 5 -CTG GAG
ACC ACT CCC ATC CTT TCT-3’, antisense
primer= 5 -GAT GTG GCC ATC ACA TTC
GTC AGA-3 ©]%1tH(Genosys® DNA synthesizer,
USA). F8a4 duhgd] A8 &9 24
% 50u0 o] 89 o DNA 0.5 g, 40PM prim-
er, 0.5mM dNTP, 3mM Megcl2, 50mM Kcl,
10mM Tris-cl, pH 8.33} 1U¢] Taq polymerase &
ARR-SFATHBM, Germany). PCR 3£ 94°Coj
A 10 #7t denaturation A7) ¥, Z+z 94 ¢

IID D/D

MM I/l

SN < 190bp

Fig. 1. Agarose gel electrophoreis of PCR prod-
uct (flanking primer PCR)

1%, 58C 1%, 72°C 289 FHe 303 yras
F, 72 ColAM 783 extension A}

PCR #Ho] 8 ¥, ¥H-3EE 1% Agarose gel
WollA H7|95-& "]336‘P°4 DNA F4e] mvjg &
UFeEM ACE H8218& HAEDA allele :
490bp, D allele : 190bp)(Fig. 1).

gt o33 (heterozygous) A (I/D)oA D
alleleo] ZZxlo] D/D $Hx¥ o2 Yrisls 3
7 2191'7, 12k PCR #AoM ACE #Azt8o] D/
DYoo= BF3H 79 insertion specific sequence
H-2]ol|A] 1915t primer & AME-3le] 231 PCR-& A
P3lErt'®, 221 PCRoll AL4-¥ sense primere] ¢
7] Ag& 5 -TGG GAC CAC AGC GCC CGC
CAC TAC-3", antisense primer= 5 -TCG CCA
GCC CTC CCA TGC CCA TAA-3 ¢it}. PCR4
AMGE 8o 2AL F 504 o £9 Yo DNA
0.5ug, 40PM primer, 0.5mM dNTP, 3mM
Mgcl2, 50 mM Kcl, 10mM Tris-cl, pH 8.33} 0.
5U9] Taq polymerase& AME-3}%ct. PCR #AL
94 C°“/“] 587} denaturation A3 ¥, Z4z} 94C

0z, 67T 45x, 72T 2%9 34L& 303 wrEs
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Fig. 2. Agarose gel electrophoreis of PCR prod-
uct (insertion specific primer PCR)

%, 72°CAH 7R3 extension AlZth. PCRo] &
W AA = 1% agarose gel oA A7 EL A3
3t 1 alleled] EAAQ 335bp DNA EAo| §-%F
& mehslel o] Aol Y A% /D¥oz, gig
7% D/D¥og F ZAAsArt(Fig. 2).

4. BA Nz

AY 23 4L A5 FAAMeE SAS FA=ZE

W(SAS 6.12 for Windows®) & AM3lo] Chi-
square A% 9 t-test® Al&sted pgko] 0.050]3F
o’ BAgtH o2 #ol3k Zor HAsH.

2 3

1. 24 73Sl g Pis U YN &Y

Z 33999 tia & M, 713 SHFL 379,
714 vl 302802, ACE A4 & 1§ 7)
Ao wrA ¥lx= 10.9% Y}, G A SoF A7}
= 713 w7l A7k 10YeiM 110Y, S
A F 713H0] 24EE o ZAY AT 10Y9A 3
AEE Jebgth. U vl 713 ATl 24.3%!
75.7%, BTN 49.7% : 50.3% 2, WA
A 49 W=t feEtA %o (p=0.004), H
7 due WAFAA 47.2+14.5(Mean+SD) A,
P Fol AE 45.1 £13.94)2 R S-2lF ab
017} 9121t (p=0.396).(Table 1)

2. 7|x| & N ACE dxilxle| HF X 22

ACE JAAE FosiA & 7IAZA8e 2t ¢ 7
=HA AF, D, IgA AF, %, T W5
AslE L ARA Follew, 1 ¥ Qloiy 73
HAZH Ry f-94F ztel=. fdTH(p>0.
05)(Table 2).

Table 1. Clinical characteristics of cough and non-cough group

Cough group

Non-cough group

No. 302

% 89.1
Sex(M:F) t 9:28 150 : 152
% 24.3 . 75.7 49.7 : 50.3
Age(Mean+SD) } 47.2+145 45.1+13.9

(t p=0.004, $ p=0.396)
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Table 2. Underlying diseases of cough and non-cough groups

Cough group N=37 Non-cough group N=302
Hematuria 5(13.5%) 49(16.2%)
IgA nephropathy 6(16.2%) 32(10.6%)
Proteinuria 4(10.8%) 34(11.3%)
Chronic renal failure 2(5.4%) 24(7.9%)
Chronic renal insufficiency 1(2.7%) 22(7.3%)
Diabetic nephropathy 3(8.1%) 14(4.6%)
Hypertensive nephropathy 7(18.9%) 61(20.1%)
Nephrotic syndrome 1(2.7%) 5(1.7%)
etc. 8(21.6%) 61(20.2%)
(p>0.05)

Table 3. ACE genotypes and allele frequency in cough and non-cough groups

Genotype Allele
Total
1/1 1/D D/D I D
Cough 47 6 7 24 19 55
ougn grolip (162%) (189%) (64.9%) (25.7%) (74.3%)
57 55 190 169 435
Non-cough group 302

(18.9%) (18.2%) (62.9%) (28.0%) (72.0%)
(p=0.926 for genotype frequency, p=0.676 for allele frequency)

16.2% 64.9%
Cough
N=37 24

189%  18.2% 62.9% *
Non-cough :
N=302 190

(] 20 40 60 80 100 o

l ) VD D D/D genotype » p=0.926

Fig. 3. ACE genotype frequency in cough and non-cough groups
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257% 74.3%
e 5
28.0% 72.0% *
e s
c; 2Io 4I0 6'0 BIO 1:0 %
. | Allelel D D Allele * p=0.676

Fig. 4. ACE allele frequency in cough and non-cough groups

3x1Eol Fopslad ACE dJAAle] 2%+ Tr-
tace® Rampiril), Tanatril®Imidapril), Capoten®
(Captopril), Inhibace®(Cilazapril), Renitec® Enala-
pril) ¥ 57MA%91, & oHle] F5E W E HY
FoF g3 gl FFlel f2% Afol= YU
(p=0.399 for ACE inhibitor frequency, p>0.05

for mean dosage).

3. ACE #¥x} cigMeo| FExtE U allele2| BXZ

ACE ##7 349 §4432] vl 713 ¢AT
oA I1/1:1/D:D/D=16.2% : 18.9% : 64.9%,
713 v A= 18.9% : 18.2% : 62.9% 2 <%
23t foJF Aol fiem (p=0.926)(Table
3)(Fig. 3), I allele®} D alleled} v|= 7]3] @A+
oA 1:D=25.7% : 74.3%, "]&EZdA 28.0%
172.0%2 FA] F2F 2jolE HolX]| eksitt(p=

0.676)(Table 3)(Fig. 4).

&

ACE 9AAl= 18, 4 &84 454, 423
A T gk 488 A8 9 g TN A%

Aol A A2 FAASA AL U= FA o).

e, B Al Bk A4 713e M &8
o, F83 #ARgo 2, 71Hd dig dukAQl X8|
2 vke-3kA] ¥51, ACE JAlAle] Fo4R& FXsof
g A=z AT A9 Boh 2 3 Ve BAe
0% A EAE 37% WA 39%7HA FsiAl 2o
Hiu gom?, oA4n vjFAxAM Bd o & W
T2 wgstu?, Fo5 ACE dAAEe f3a=
A7 gl Aoz deA A, & AP 7]
Ao B HiEE 109% 2 71E9 HuES FAls)
o, qgAoA fosi B 2 ez B8y
3(p=0.004), ACE JAAIES] &7 T8I
tH(p>0.05). 23}, & A7 4F715S 53 ¥
gHRog AP Wi, tid FAE] AU
N3 8 T Aot A A WY o
§ AR BE3le], FAe] BB deiMe =
AeHA] Rkt

ACE AlAl0) o 7]H o] 27 - L o} P&
2 ok, 2 ACES] A4 ofsjA veht= A
oz gAY FAZRe] Had] 9jEhd,
ACE ARl ojsted dF ACE =t ZasH
59, 2 71249 kininA] 833 substance P, 1g]
1 prostaglandins %9] 7|#x] & 359 3%
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7} Z7}8ted, 713 o] WAk AR FAHAL U
Bradykinin $¢] kininAl 83& ACEd 2J8iA
BaisEs 714z, ACEZL A=Y Hz23d] 345
oy, 712 ¥k}e} BHE unmyelinated afferent
vagal C-fibers& 233l 7|33} 7= Hae 44
A71m9, ol9JolE asthmae] ftel Fasicin &
2172 prostaglandins®} leukotrienes 2 arachi-
donic acid HE=AEE AT vY AEZRE
histamine-& f2} 3h= Aoz &&A Ut

Substance Px= A4 7+ztal7d, 53] C-fiberd]
A7 Ag Bdo)x, ACE 2jaiA Balise e
7182 4% E4=2, ACE gAlAll ol&ir] 2 &8-
o] F7150} /1A & fUshe Ao HIHT gle
w72 prostaglandins &3] prostaglandin E&
bradykinin® substance Pol 2jallA 1 o] &
z5o, ¥A] C-fiber& =Tt 713& doJl=
Aoz &uA Jr}?. ol9je] thE 7|degE ACE
ARl s o] 74A] AT diF 71z Y
Ao] F7bdhs 4™ 3} prostaglandin A B3E
3} bradykininell o}s|A %% thromboxane-A,
o oJsiA ZIErt &= 7|Ao] RATTH Ao
A AE v U2,

ol43 o] ACE gAAle] & 718& ACE 9
AAE Boksld e 749, ACE 71AE9] &3 A=
Q&) A s, 71%e] ACE 4=/} & Al
A ACE 9AIAE Fofstgg 4%, A9t 22 713
o2 BAETL B AdMEL 73] o & ¥
T2 A rFsAe 8 F da, o)A £
oz ARE F A& Holghs FHo] ANUF?.

ACE $#dahk= 179 f4319] 17q23 band H-9
o E&A5l, Hubert S¢) 23l 1 §7] Mdo| &
A, 26719 exond A 21kbp A=< =v]e|:,
7} exong 88bpollAl 481lbp AXS =vI¢de] ¥
Zt}®, EF intron 16 FyHiol| oF 287bpe] £-H
2} BAo] A9](Insertion, I allele) 54y A&(De-
letion, D allele)® % 7}A} t§ 32 (allele) o] ©1Y
43 (polymorphism)e] %l1, Z 7l 1/1, 1/D, D/

Do) Al 744 #AAY F WIAE 7HAY, SHES
a2 (Polymerase-Chain Reaction, PCR) 2.2
FAAYEE AL & e Ao ARG £
Rigat 5, I/D %43 t}¥4¢] 714 ACE 4=
o] 47% & ZAAs, D/D #AAFEE /M Al
ACE 457} I/I f-8x189] At 2u) 7V &
3, I/D fAAY A9+ AR g4=E Y
il Aoz Baght Y. dxj7A] L= vl
u2d A48 8xE, 53] thE J¥UApL Ez
e AT BB FAA BlE] D/D &
Aol B, 44 AIF A} YA ASF
Al A2 AARl HlEle D alleled] W=7} &&
Aoz &34 ok EF D/D §3A4H H=r}
A& oEA % vioEA Iy P P00
2 % AF FAEANN £, thdAF A=A
A5 WeE 24 29 @A7F dom™, o o}
7b AR 715 B3E] AT g A A3g
= @A U= Aeg vuHE vl .

ACE &4z tgAst A4 7135e] @Alo] dig
7129 U d7El 2, Furuya F& 1027
o] TPY E= ARDE JH UM, U1 &
AL 7HA AEEAA feldHA 713 HxETt '
& Aoz nusigot®, Kreft-Jais 53 Chad-
wick 5& n¥YE 7M1 A4 146959] =F203
252 9] 4=RlojA 7|He dA¥T ACE #37 o
Y7 Rold A8 BAE gl 2eE Rud
t}. 222 Furuya ¢} Q79 vlasted, ol&jd }
ol FTUYUNA 1 allele] W=7}, AU vl
A B AFF Ajolo) oJF Aoz FHAIHITH 0.
Fel APoME A dizTdA oy A 1
alleled] WIE7} Ex, d&o] Y 2 £¥9
FARE Aoz Bag ub Yok

a2, o A7 713 ST Y] AR
o Wix= 1/1:1/D:D/D7} 16.2% : 18.9% : 64.
9%, n|AAYFN A 18.9% : 18.2% : 629% 2 %
2l felF zolr} i%leni (p=0.926), I allele
7} D alleleg] B|= WAFTFNA 25.7% . 74.3%, 7]
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BTN A 28.0% 1 72.0% 2 HA §98 ol
Holz] ¢oH(p=0.676), Y&z NFAg tjato
2 3 A7 Abolol] yehd Zzlo) o)} Q1F A &
ol oF FHezm ARIHAE Peth Ign
Furuya 59 dE<le] dig d7oAe 713 Hy#
A4 D/D fAz8e ¥=r} 002 FriehA ol
o[gfgt ztol= tiakrte] A4 9 EAe xjold 719
e Zog ARG, £33 o AT hAarzl
4 D/D #3282 D allele] W17} koAl 7t
Zt 64.9% ¢ 74.3%, 62.9%9 72.0% 2 =& A
<, WA 7)14d#e] D alleled) Wlz9} Uy
& dEAol e, Ty n¥gow g A=,
hAE, IgA A5 2 F2 o] AFPER QA A
& 202 FEHe A Arls AR An
A EFH3LIL oj* B, B dAdlM D/D {448
% D alleles] 32 7|4 A%ke) E¥o 9% Hoz
Aladd).

£ a7 9 Fuke A3Es s g
o2 ACE AAle 23 713e) w3} ACE &4
b g Adwe] BAE 1A 7 & e d7s
A, U Exelxe] ACE JAAl¢] 23 A4 713
o] 2L ACE #34 tgAai= Zasin, ACE

AAA ogt 7|Fe] WAL, olmlE proinflam-

matory cascade #AE TE F3 AxE ¥F3 o}
&3 AAE o3t FAdeab, &F 1 genetic pre-
disposition®] 7FsAdel g & 729 AegA o
T/t Ha¥ Aog Alggr).

8 o

Fagncl P

ACE dAlAl= 28 2 Agdde) xa424, £
oF F DA A 713 o] gAY AR8-g AP}
T F3gos defA gk ACE AAl= 9%
4 7139 24 NEE ACES] =7} Be Al
A E3, 1 4= ACE 43839 t3Az B4

7} Qitkz 7Hdol o, Tzte) Se) oAt AFs
< 1o i 42t Agoldt BaE slat Qo oo B
A7E =W ACE HAAE FoF W Q= A%
A IS ddor, A s By wxe
ACE¢] 84=& AAsk= fax vzt dAE
ngstaat st

g9

1998'd 84 #Al, o4l ACE A& FoF
I Ue 3399 AES dew, £k 2 A4
713& 3430, A FH F 7Aoo A4E IAAE
& 718 HAE, 71HE 5AFA gL g5 A
migTo R st xS WE, Fopy, 24
T G4H B L oFVES o83t ZARIY L,
ACE #34 b8 8xE9 Tx oA gde
DNA9] F3as Adw&7H(PCR)# A7d%s
(electrophoresis) ¢ 2 AA3}c}.

2 1}:

713 BT 3THe R, HlEE 10.9%lYT, o)
ATe 30230k, FFtke A, 71A A%,
ACE oAA9] F7 9 &3l Aol F9J3 2loj=
e, dy v 713 ST M F=24.3
% : 75.7%, APEAFANM = 49.7% : 50.3% 2, 7]
F BRTAAN g9 vgo] Fo&A EUATHp=0.
004). ACE 3z thgAye] #1189 v 7]3
Wz A 1/1:1/D:D/D=16.2% : 18.9% : 64.
9%, uAB A 18.9% : 18.2% : 62.9% = G
ol F2lg xtol7}h g%lem (p=0.926), 1 alleles}
D alleled] ¥z 7|3 AT [:D=25.7% :
74.3%, v)QATAAM 28.0% : 72.0% 5 SoF 2}
ol& Ho|z]| ot (p=0.676).

g B!

ACE SAIAE ARg-3la Qe BalollA, 14 7]1de)
WA WEE 10.9% 0191, AN featl =%
on|, ACE A4 <& 7133} ACE #-4% oy
A7 gEAdo] glsich
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