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The Relationship of Serum Angiotensin Converting Enzyme(ACE),
Angiotensin II and Clinical Markers in the Idiopathic Interstitial Pneumonia

Sun Young Kyung, M.D., Hye Sook Hahn, M.D., Suk Ho Song, M.D.,
Jun Kyu Hwang, M.D., Young-Hee Lim, M.D., Chang Hyeok An, M.D.,
Gye Young Park, M.D., Jung Woong Park, M.D., Seong Hwan Jeong, M.D,,
Seung Yeon Ha, M.D., Jae Woong Lee, M.D.}

Division of Pulmonary Medicine, Department of International Medicire, Pathology, Thoracic surgery’,
Gachon Medical School Gil Medical Center, Incheon, Korea

Background : There have been several studies showing that angiotensin II and the angiotensin converting en-
zyme (ACE) contribute to the activation of fibroblast including the pulmonary fibrosis, and apoptosis of the
alveolar epithelium in idiopathic intersititial pneumonia. This study was performed to identify the relationship
between the serum angiotensin II, ACE and the pulmonary function test (PFT), the dyspnea score, and the
cell fraction of the bronchoalveolar lavage fluid (BALF).

Methods : Twenty three patients with idiopathic interstitial pneumonia from March, 1999 to October, 2001 at
Gachon medical school were enrolled in this study. They were divided into IPF(UIP) (16) and NSIP (7)
groups. Twelve of the idiopathic interstitial pneumonia patients (UIP : 5, NSIP : 7) were diagnosed by an open
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lung biopsy, 11 of IPF patients were diagnosed by the American Thoracic Society (ATS) diagnostic criteria.
The PFT values, dyspnea score, serum ACE and angiotensin II were measured, and a bronchoscopy was per-
formed to obtain the BALF.

Results : Of all the patients, 7 were in the normal range and 14 showed an increase in the serum level of
angiotensin I1. In terms of the serum ACE level, 14 patients had an increased level. The DLCO% of the
angiotensin II increased group was significantly lower than the not-increased group (p=0.021). Other factors
did not correlate with the serum A CE or the angiotensin II increased group and not-increased group.
Conclusions : These results suggest that an increased angiotensin II serum level may be associated with in-

crease in the of alveolar capillary block in the progression of pulmonary fibrosis in idiopathic interstitial pneu-

monia. (Tuberculosis and Respiratory Diseases 2002, 52 : 506-518)
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A vAAA A2 9 71d, 53] F HE
A2te B o g 7Y, AF TKFo R Iy sh=
Mgz osf # dAe BuEm A vk w
Blo] o]Foj|A| Rl Hi Awelch T4 M
A AEe oy Aol xHHQ] AaE s
o 2ol F5 He ABelel AR3le] 7|ddl s B
o] gelsttt. HT Ar|HT e dRse] 71
& W A AE] E4s ole] HIFAFH) A
oA AGEAF] F4o] AoUHAM HF37E =
PETh= St oleld Bl s e A
S uAE A Bu|EE angiotensinogen©] angio-
tensin 12 APHHM HAFE A Az} AEAPE
(apoptosis)¢] ZRAE 1 oL o AHFEE 7153
AFichs Hatgo] ATk

# z# YA angiotensin converting enzyme
(ACE)= 83 uin Algd B¥sa f833Foldt
Eury HARslE Sakse] 7| 8AH A Al (bron-
choalveolar lavage fluid, BALF) WellA 21 X7}
zZ7EE Aoz Rusa o 58 £%%F%5 &4
o loiAE Ao B3} A=E wdsle Aoz

g A oy, Bk W3S BAEdAE 71w
AHEAHN oA ACES] F71 7ol HH
g3 Aeote] dRAe ofF e vt gla, o
o 83 ACE Fx¢ dayol st Bis o
t}*7 Angiotensin I18] Hf3 3 288 470l
U AR 2204 o] de] dEA g1, A W £
oM Bt €3 ed, HAAREAIRS] type
receptor& B8] AHRA¥e] & FH5L HE
Am A zo] MEAMEE fEgo M ddfsE ¢
o7)E Aoy HaET

welx] 584 AAdRG8Ed ACE$H angio-
tensin 117} A3 FAA7IE Az F UdE
A= F Qe ok ddFes AW B4y
o Fole] Fag AR B3 A+ gt ol
AREe EW4 714 HE BxEe ¥HdA
ACE¢} angiotensin 11 & A3k, o] 7449
27} 274 T ZU1E A 4 o2 RS, o
oA gz FHer A dalsighe #ibs
(single-breath carbon monoxide diffusing capaci-
ty, DLCO)& o] &3 #H2iks% (DLCO%), #7
B AL 71 BAHEANHY AT B8 AL s{S
Ar x4 23X sl ACE ¥ angiotensin 119] &
7V N ETHE Alold)l Y4 X BE 2ol Al
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FVC, $FVC) & 431, ddsfios SR
A8l 3 (single-breath carbon monox-
ide diffusing capacity, DLCO)& o] &% #H¥ibs
% (DLCO%)E ZAsd vlwslet. 7|Al= Sen-
sor medics A+ #H7)1% AAF 714 (MVmax 22) &
ol &3] A3

5. 7|®X| o MY MEZ 2E ZHAL

Eubyg 7HAA HE 8 25 J8ANAE AARE
e, 3 Aol FHolu #HE #Hel Al
A AVBAAEAHY HALE APEATt 71 BAHE
HHe wEd Ael 4g4E 50 miy 43 FYE
5] 50-100 mmHg AE9] &holli A3l AFolE
gon Rold MHNS R FHA U
FE&AoA 0.1 ml¥ 3l cytospinell A H2igt 5
Wright stain& 3] A2 £ HARE A& st ot

6. Z&T2 WLk Al

SAse] sFES] ARE T o] 5HAR Y
FAT

ALE A AT 2F2TE =7l

A2% vy FAE & W FIAXE =7
Aut HRAAME Fde] A3 2L X
22 A& & de 3

A3% BRI Fdufe] Aol vje) WH3 A
ojo} sh} Aprle] HER 10l ol A& F
Re A

A4% HAE 100m FET Ao|= o] 2 A

AsE ZFU FAARE Fol A 9FL EE Uiz
U AlF T A gz 2ad dd

7.8 A

249 Aas B+ gEdde Jepiga, 4 2

Table 1. Demographic data and clinical charac-
teristics at inclusion into study

Number of patients 23
Gender Male/Female 11/22
Age, Yr 53+10
ACE increased/not-increased 14/9
AT I increased/not-increased 14/9
IPF(UIP)/NSIP 16(5)/7
diagnosis ; ATS/Biopsy 11/12

36+20

ACE ! angiotensin converting enzyme AT 1II :
angiotensin I

IPF : idiopathic pulmonary fibrosis UIP : usual
interstitial pneumonia

NSIP . nonspecific interstitial pneumonia

ATS : diagnosed by american thoracic society di-
agnostic criteria of IPF

Biopsy . diagnosed by open lung biopsy

Values given as No. unless otherwise indicated.

Smoking history, Pack year

7ol vlmE W-FHEY A (Mann-Whitney test)
& o]g3lgdr}. Pgro] 0.051R) A2 fold A
o2 3¢t

g =

1 Mg, oY W HdH /Y

oA e BUA A4 #HE 8
uaual interstitial pneumonia (UIP)7} ¥3H8 idio-
pathic pulmonary fibrosis (IPF) #xp7} 16492
nonspecific interstitial pneumonia (NSIP) #x}7}
7dom, A 2 3 @zt 119, =t 12
o2 Fun] zil folg zole i, IA HI
Awe 53+ 1041 (] 1 36-7T1M ) o FAHLE
35+20 7hdolgtH(Table 1). IPF #x}9] angio-
tensin converting enzyme (ACE) F*= 315+
18.4 U/Le]a, NSIP #xle] ACE FX|& 275+
198 U/L& 5 T3t EATHA #9482 sldct
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Table 2. Demographic data and clinical characteristics between increased and not-increased

group of ACE
ACE not-increased ACE increased p-value

Mean£SD, U/L 128146 4401120
Number 9 14
Male/Female 5/4 6/8
Age, Yr : 59+10 58 £10 0.7
IPF(UIP)/NSIP 6(3)/3 10(2)/4
Diagnosis ; ATS/biopsy 3/6 8/6
Smoking, Pack year 35+24 14+18 0.09
Underlying diseases

DM 1

Pulmonary tuberculosis 1

SD ; standard deviation ACE ; angiotensin converting enzyme

IPF ! idiopathic pulmonary fibrosis UIP : usual interstitial pneumonia
NSIP : nonspecific interstitial pneumonia

ATS ' diagnosed by american thoracic society diagnostic criteria of IPF
Biopsy . diagnosed by open lung biopsy

Values given as No. unless otherwise indicated.

Table 3. Demographic data and clinical characteristics between increased and not-increased
group of AT II

AT II not-increased AT II increased p-value

Mean +SD, pg/ml 224+97 240.9+184.0
Number 9 14
Male/Female 4/5 7/7
Age Yr 6010 58 £10 0.67
IPF(UIP)/NSIP 7(2)/2 9(3)/5
Diagnosis ; ATS/biopsy 5/4 6/8
Smoking, Pack year 33+24 14+18 0.1
Underlying diseases

DM 1

Pulmonary tuberculosis 1

SD | standard deviation AT II ; angiotensin II

IPF  idiopathic pulmonary fibrosis UIP : usual interstitial pneumonia
NSIP : nonspecific interstitial pneumonia

ATS ! diagnosed by american thoracic society diagnostic criteria of IPF
Biopsy : diagnosed by open lung biopsy

Values given as No. unless otherwise indicated.
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Angiotensin II 2] A$-, IPF #x}+= 183.4+206.1
pg/mlo|iL, NSIP #2}:= 91.6+63.5 pg/ml=, ©]
= 94 BAEE fojdel st & & 1o §F
& AWEY, ACE BlE7hEe 99(12.8+4.6 U/
L), Z7k2& 1441(44.0+12.0 U/L)¥3, antio-
tensin II H|ZF7+2 99 (22.4+9.7 pg/ml), F7}
T2 1499 (240.9+184.0 pg/ml) S} (Table 2). &=
234] Zo|A 1117} ACE$} angiotensin II 7} FA]
o Z7l=e] & £7A% B ACE ¥|E7HEe
IPF 37} 64, NSIP $ap7} 399, F7hHES
IPF 37} 10¢], NSIP 327} 4¢ 92, angio-
tensin II ¥]ZF712L- IPF #8217} 7<), NSIP £z}
7} 24|93, E7H2e IPF ##7} 9¢), NSIP 4
7} Bellgih(Table 3). ¥}Avl= ACE vZF7lEe
5.4, 7S 6 © 80|23, angiotensin II ¥]&7}
e 415, Z7FEE 7:7%2 ACEZ 2 angio-
tensin 1l 25 B|Z7rd F7k 7l f-el& =
ol f121%, 7 AFE S ACE ¥E7k-$ 59410
A, Z7~8 58 £ 104|915, angiotensin II H]ZE7}
T2 60£104], TV 68+ 10M2 HA] F #7F

Fig. 1. PFT in Angiotensin II increased and not-increased groups.

o 25 fo]& o)z} gt FI38S ACE vl%
7}a-o] 35+25 7, Zvkte] 14+16 Fhde|gla,
angiotensin II W]57kte] 33+24 73, 7ol
14+18 3hdeldct. 714 Ao = ACE F7ks
angiotensin II &7h0 9 $xb7} 2z} 194 ¢l
2dal, ACE Y]Z7k+3 angiotensin II H]ZE7}tol
sE4g dAgr 2l

2. 17| Z4Alel €% ACE 9l angiotensin 1I2}2]
A

HB8FE712 FJF BFVCE ACE ®lIF7kEel
687.2+18.2%, Z7hH0] 70.3+21.2% 2 5 T+ 7|
23 zel= {1 (p=0.72). Angiotensin 1I
H]Z7krolA] BFVCE 67.3+186%, Z7hHEA
67.6122.1% =2 HA 7 T 2l /23 2|7t gl
F(p=0.97). DLCO% = ACE H|&7kto| 66.2+
22.9%, Z7Fto] 55.9+206% 02 T T3t Ho
3t zlo]7} 919dA|2H(p=0.32). angiotensin II ¥]Z
7bo] 64.0£19.8%, S7hre] 516+£187% =2 &
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Fig. 2. PFT in ACE increased and not-increased groups.

ACE ,; angiotensin converting enzyme
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Fig. 3. BALF cell differential count in Angiotensin II not-increased and increased groups
BALF ; bronchoalveolar lavage fluid
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7 ACE not-increased
ACE increased

lymphocytes %

macrophages %

neutrophils %

Fig. 4. BALF cell differential count in ACE not-increased and increased groups.
BALF ; bronchoalveolar lavage fluid
ACE ; angiotensin converting enzyme

Aoz fo§ 539 xo)E BATHP=0.021)
(Fig. 1, 2).

3. 7[#XEZAMZEY HE 22 HAIRt E% ACE 3
angiotensin 11 2}2| &A|

7}zhe) Bl Z|HANAIE AALE B8l 72
ZAHE Al3Eld AE 28 HAe AlEisigd
ACE M|Z7kreo]l tiaA¥E 60.3+33.2%, B=F
26.6+216%, 5T 10.3+109%°]2l2, ACE
Z7ho] M E 446+275%, BETF 20.1+19.1
%, 35T 123*114%°1den, T 4 {9
g ol 1 tH(p=0.29/0.51/0.72). Angioten—
sin Il H|Z7}2e dAAE 59.7+243%, d=F
225+244%, ZFT 10.0+6.7% %1, angio-
tensin II F7hS diAAIE 41.6+21.2%, F=1
26.5+21.1%, 3FT 13.1£122% 2 94 & &3+
o felg ztol= ¢t (p=0.22/0.72/0.58) (Fig.

3, 4).

4 3EZe ME X490 HA ACE U angiotensin
11.2be] FA|

352 A= AF= ACE H|Z7keo] 3.6%0.7,
ACE Z7he] 371082 F T3 #2938 o=
81913 (p=0.60), angiotensin 1I H|ZF7k*& 3.7
+0.5, B7HEL 38+08% HA| T T #2lFh
#}o) 7} g19icH(p=0.69) (Fig. 5, 6).

a2

A @7le oj| g]ldl o3l &4l LY &,
ole]] th&t remodeling 8 FlA B3t EAH
A 7 A7) &4 29T 5 AT, o7
AfEt Fad Al 282 o, AdRss, 13

F, AA AEE, AR REs Sl W s,
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Eangiolensln Il not-increased |

W angiotensin |l increased

dyspnea score

Fig. 5. Dyspnea score in Angiotensin II in-
creased and not-increased groups.

dyspnea score

Fig. 6. Dyspnea score in ACE increased and not
-increased groups.
ACE; angiotensin converting enzyme

Qo XHAH] FEHg v A = Yooy
Interleukin (IL)-1, IL-6, tumor necrosis fac-
tor-alpha (TNF-@)%} 22 proinflammatory
cytokineEe] A-ste] #Ad) Fag 9L Ifn
duiz dem, olFe] Ao 23 fibrogenic
cytokine e 2 ¥#d#l transforming growth factor—
beta (TGF-B) Y platelet derived growth factor
(PDGF), fibroblast growth factor 5°) A%
X5 T3 ngdAde] e FTRFHLEA AT
332 Z7FIE Aoz dEA At Ty of
W el 93] ¢]F cytokineEo] WA= B3
5]=7], fibrogenic cytokine52 <@ A¥f 413
A2 A A (intracellular signal transduction)e]l €]

A AREAEe] F4E YooY =X ofF HEs] ¥
2| 22 Aot}

524 ddf-sge] He Aol g At A
sle] Mol @FA Wgo] st Az A
Pk Aow AFEHAA ok T HIZE o
e ela A HE A M3e] £4do] T E T,
ole] X Foll HE A Mxe] AAAEo]
olik=d], o) uf #EAT HEZolAM o] 4 AR
o] BH|xo] HfmAEe] Hxfze] o] FT F2¢]
ZX€ 7 ZAlo] 24824 3 (myofibroblast) = &
37} Z7}=]9], fibroblastic focis v @448t A
fraprt Asfo] Han, o5 AE =FofA] A¥e] 7|A
9l FepAg IwstA sl =i, o7]d FEr
B3 &4 (matrix  metalloproteinase, MMP, col-
lagenase) & 71%5°] <slEs v, o AFERL-E
= FebalEal oA &4 (tissue inhibitor of metall-
oproteinase, TIMP )& @de] Z7lslHA o]& Aol
o] Exdo] wlsle] Felle] vlg4H oz o 7h4
Well A2stA =l ) dislse] dEghtk= T3]
A7 = G

ACE®} angiotensin Il renin-antiotensin
system (RAS)e] &3h= EEEE ACE+ angio-
tensin I8 angiotensin 12 FAFAAI= B42A
F2 @9y AEel 22e] Adu) Ml Ee] 2t
I, Angiotensin Il = RASE FHF A} AERA
25 g 75 Fe A3 2 g dig A
27 A28 sh= ¢ Blo|n), A £ 7he] o
Toll olshd AlFAlH-3-50A angiotensin II 7} 4
F35S dodle Fa8 ks S| g,
®3 angiotensin 11 &= 444754 3 (cardiofibro-
blast) 9] F21& fuUstd 48 ARsEe S =
Fa% 98¢ s BEavl dd® Uhal 5
angiotensin 117} % 9] Axe] AEAMEE 37}
A171, o] W angiotensin I12] F8 1A= o3
Aw MlEel Q43 ZHFEAESE HaE sl
angiotensin II7} # AF3 A =7 FaF
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qEE & Urks 7FeAE AAEE 4% Mar-
shall g2 fetal fibroblast cell line®} 491 # A8
313 e HAGEAEE o]838 in vitro AT
Al angiotensin 117} o] MX 59 DNA AL =
7HZIHA F4-& F538la fibrogenic cytokine$)
TGF-pBo] e Z7M7IH, old &3 fibro-
blast€] angiotensin-1 (AT-1) receptor® &3}
doldths ZAg Basle o AHesEe] iy
angiotensin 117} Q3 48S & 4 988 w1
AT

AR SR A AgdM 72y 822
BAENAM 843} 2 HE 29 83 ACES =4
gl o] 71X A NE L 7| BAAE A HH o
Mol ME P vmslga, £3 ¥F angio-
tensin 11 %= 48l 47])9] o8] x| HE} v wale]
2 2%, 5580 vEA 594 7034 H™e)
Me 83 ACE FXl9t 44 AR Alold] & A
dol glee FEdF oy, EH angiotensin I <
e #o7ls AAF & A8 (diffusion capacity)
I Fold A A FAT U & ¥y
angiotensin I1¢] $=2]7} B]|AAM o ’a}%%l =t
oA A FxpE vl folsA Hgatsol
Haso] e 208 Bo Fn, 584 A4 63
F A} niFolg IHHAAY 81} AloldlE foldt
zlo]& Holz] o}M angiotensin II 7} B3 Wa}
A7 A7 Brhs ekl Bk b4 Hg 3
A2 A HEAbed BAE s A¥E-2AdY Afo]e)
e FMAN  AE-mAEd xg
(alveolar-capillary block)& ¥do7)=d 283 o
T 8 7 ULE F5Y F AU

a2 BHAM angiotensin 117} 271590t} 8}
Hete dAH oz o8 A Ee} wAET Ao|9] 71
Az ojd oL} A2 g Folo] 2E-L 3l
9} angiotensin I1¢] F23 W8 z2o] Uhal 2
A Aol A 1} fibroblastic focithe] ZA§RA
XAt oW oA A4t angiotensinogeno]

B ZAEue] W) MEelA ACES ojald w3y
ol Ageh=AE B d7dMe & 5 gk
=AM Al | BAA RN e A AT B
=

HAPIA BH angiotensin 117} R A= 08 Aps
HwollA gl mlsiA A Ee] BEle 7as
T AE HolBA YETY 5570 ge Fv)s}
= A% Bod, BAHeE o8 ol uA
g 4 glo] AEYe) 259} angiotensin 119 &
A sEote HUE Ao 2P £ glol § A
38l 2ol A angiotensin 117} G924 a4e gt
AFI7IRTRE AHAHR A48 oo ddE dew
AlEY HE e AEeA 248 Aolehe 2

g AR

Aoz W angiotensin 117} 7|7t 271
FHE Jod o Hdiste AgE oz WsA
2 Aollx P} vl AAE Alold) Av% 2 %
FVCe= o o7t gidla aFEee] Ards
2fol& Holx] edgtod oyt HEiksnt o3k 3}
ol& KAt} ol& HellA dxet mAdH® Ajole] 7}
HzA e 4RRAEA FZ angiotensin II 7}
ZHEsled HREAEE A7)0 o) A 2o Ae
RAHEAA TGF-L%2] #8]7} $715) 1 Fogo $9l
AT Anje} o] Ao A angiotensin II 7} Z7)8}
WA A% Au) Ml EolA plasminogen activator in-
hibitor 1 (PAI-1)e]u} 2 (PAI-2) 5<] Exo] W

HE52o] A Adu] MEME v)523 Fato] dold
Aoz #58 £ omd Wang 5o dFdAiet
#o] angiotensin 117} #HFE Am M¥Ee] type II
receptorg F3lo] A FEAIEE SEsl] HE Ay
A Eo] HPPgE QL A 2Hgo] dojujms ¥ FZu)o

EAeke X4 Al vlgo] BrsaA Hx)
HATAN F2 BUHE BeIBAELe] Wo|
2015, Al F48 HRuAEAA Bt Bulss

FePlEs) aaet ol oA 54 Alole] #¥ol 7
AHA HAE-AEH Alolo] Ha37t ZuE Ro
2 Alzgr}.
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g% 2 A3 angiotensin 119 9gg &7
SaiM= A A HE 2AA HExde] fi-

broblastic foci % #H¥E- A @3 Alo]e] A =2
A W s}sta] whel] ofsle] angiotensin 119] W
£ a3l fibroblast cell line 3 HWAoA F&%
A8 EdlA angiotensin 117} i@ ®R]e] re-
ceptor pathway <} AU A% A 314 (intracel-
lular signal transduction pathway)S& %3}od
TGF-4% A7 =29 AZAES fdsheAE

o)l 7}x] MAP-kinases, cospase-3 5 enzyme
swdy & Al 2o e BEE Fast 97

o

A7l

b A d el A AdR3HE dodle e A
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