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ABSTRACT

Background and Objectives : The serum hydroxyproline level (SHL) has been regarded as evidence of collagen
breakdown or extra-cellular matrix reorganization. The role of SHL as a diagnostic parameter in acute coronary
syndrome, and the SHL changes depending on the left ventricular remodeling after acute myocardial infarction,
was evaluated. Subjects and Methods : Venous blood samples were obtained from 122 patients with AMI at
the time of admission, and on days 7, 21 and 90, and once from 15 patients with stable angina, 15 with unstable
angina and 12 healthy subjects. The SHL was measured using the amino acid analysis system (HPLC). The
regional wall motion index (RWMI), LVEF and LV dimensions were determined in the early (<1 week) and
chronic (3 months) phases using echocardiography. Based on the final angiogram, patients were allocated to
the reperfusion (TIMI II-II ; n=103) or non-reperfusion (TIMI 0-I ; n=19) groups. Results : There were signifi-
cant differences in the SHL among patients with AMI (6.49+3.77 xg/L), unstable angina (2.92+1.81 xg/L),
stable angina (2.22+1.29 xg/L) and the normal control groups (2.35+0.92 xg/L). There was no significant
difference in the SHL between the reperfusion and non-reperfusion groups on admission (p>0.05). However,
there was a significant elevation in the SHL 14 day after AMI in the patients of the non-reperfusion group
(4.36+1.46, 7.63+2.69 xg/L, p=0.032). After 2 week, there was no significant difference in the SHL. There
was a significant relationship between the late left ventricular ejection fraction and the SHL (r=-0.414,
p=0.037), but no significant relationship between the other factors and the SHL (p>0.05). Conclusion : The
serum hydroxyproline levels were significantly increased in patients with acute coronary syndrome, which
reflect the early change in left ventricular remodeling in acute myocardial infarction. (Korean Circulation J
2004;34(12):1148-1157)
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AT FHx Ul Aol AFEISITE AFE JuEe A
2olA] 307t ®WA|ske] $ds] Sl # 3,000 g
ol i A4 3 v XS FElakal e EAtelA
CK—MB, CRP, Fibrinogen, troponin—I, myoglobin<2]
=72 immunoassay (ACCESS® immunoassay sy-
stem, Sanofi Diagnostics Pasteur, Inc., MN, USA)
7 S7sisith

T4 A5 79 CK—MB mass, troponin—I,

8, 12, 24, 48171l AF & S5}

A A 2 5

2 r

w

myoglobing- 0, 4,

ek

83 Hydroxyproline® &7

AageA A HAE 18 22 PHow ¥
< 22519 PTT tubedl] B3 & Ay} BX474] —70C
ol Ha&kAth Hydroxyprolinex]2] %S HPLC
(high performance liquid chromatography) & ©]-&3}
o] SAs3drh

A 8% Tarr WHYW el %319 constant boiling HCI
(Sigma, St. Louis) < ©]-§3to] 110TCeIA 24 A%k 7+
3l stk Cysteine®] #4< formic acid$} Tt
SlrAa E3HE(19 1 1, v/v) 2 o]83)¢] cysteic acid®
2k A7 F Tarr WS o]&3te] AF 7=l sisitk
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4 N methanesulfonic acid'? =

AR 7= stk Tl AR Az
3 & AQAx LA (Ethanol/DW/Triethylamine, 2/2/1,
viv) = olg3te] Al AxElnk 7hr AR free
amino acid A15.¢] derivatization<> Pico—Tag method
(Waters, Milford, USA) & o]-g511 om, offle] z71
o% FAEIch

buffer B ; 60% acetonitrile

Ao]7x hydroxyproline?] % (pmol)
< H A|52] §k(injection volume, xL) 0= 1}
ol s (png/L)E TITHFig. ).

Oz, HE dilT S, EE g4T &
a. 49 : Waters Pico—tag column(3.9X300 mm, A &2 Ug 3 g AHE A8 319 7749 4
4 um) AAZ gkAke] A5 141% FA(1.6£2.7Y, n=122) 4
b. AZ7] : 254 nm, Waters 996 photodiode array ~ 742 Z7](F 16.3£7.4%Y, n=101), A<EN 5
detector (PDA) 71 (3t 31.6i10.2%}, n=89) 4l 737 (F+t 102+
c. 01%%} : buffer A ; 140 mM sodium acetate (6%  22.8%, n=109) ol Z}Z} &% hydroxyprolineX|& =
acetonitrile) ap7] Ll HAE AFstel SAsiGith
Sample information
Sample name: 2186 Acquired by: System
Sample type: Unknown Date acquired: 5/5/0210: 14: 37 PM
Vial: 34 Acg. method: PICO_tag011228
Injection #: 1 Date processed: 5/14/023: 43 : 38 PM
Injection volume: 100.00 uL Channel name: 2487Channel 1
Run time: 21.50 minutes Sample set name: LEM_020504_OHproline
Column type:
4.004 ~
] P 3 g
3.50 pid e
] ] 2
300 3 &
250
2.005
3 E
< 150
100
0.50
0.00 7
T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes
Peak name RT (min) Area (¢V*sec) % Area Height (22V) % Height Amount Units
11 3.366 380893 0.07 87353 0.14
12 Asp 3.487 7551961 1.37 1623691 2.56 7667.104 Pmol
13 Glu 3.730 21673899 3.92 3695902 5.84 23016.608 Pmol
14 3.883 1818078 0.33 164792 0.26
15 4.356 745287 0.13 54677 0.09
16 OH_Pro 4.707 412180 0.07 30962 0.05 377.632 Pmol
17 4867 250982 0.05 16842 0.03
18 5.392 392570 0.07 18130 0.03

Fig. 1. Example of amino acid analysis by Waters HPLC (high performance liquid choromatograophy) system. The
amino acids and hydroxyproline (arrow and dash line) levels were shown in the panel. OH_Pro : hyroxyproline.

1150

Korean Circulation J 2004;34(12):1148-1157



E 3= U9 Al Hewlett—PackardAFe] SONOS
Az E AHEEto] AxSItE AXRE 3181
7 AN Aol A= Ul 155 olule} A
St 3.2+2.87084 4 AxEIE AlYEith
24§43 788 S92 25 MHz B4 4
Aol X e & A 29 9 49 gE =] g
oA Azgurlel] uide xZrassE o]g3ste] Disc
1 (modified Simpson’s method) .2 4 o] ¢k
714 €A (EDV ; end—diastolic volume) ¥} 7%
22 (ESV ; end—systolic volume)& 73 % 242}-2]
TFRE ARHH O ol A4 oleE 84
A4~(EDVI ; end—diastolic volume index) &+ %71
2 87 X4=(ESVI ; end—systolic volume index) &
Axketsdtt, &3k EDV el ESVZHE] +HE(EF ; eje-
ction fraction) & AXFsISIch.

RE 3AolA HF 32228702 Fol 73 xS
AEste] Yl Ao Axgat 247 FHAe] Az
=3 A0S vlwske] Hrskeic
43U AYE W AU YT W MAUT T Tt
ofler] =EH EL tfE TS o]
1 4 s S AlEelth
A AT Rl S FAE F Al
AAFE 7= 719 Thrombolysis In Myocardial
Infarction flow (TIMI flow) S o]g3}] =451,
TIMI 0—1¢! 2+ Group 122, TIMI [I-1II91 &
A} & Group 22 WF3ILL

Table 1. Clinical characteristics

S 2y

BE B g Fu L BenxE ZAselt 72
2 8% CRP, CK—MB, fibrinogen % hydroxyproline
%+ ANOVA testd o]gste] nlmapaict. A7 4
Skx}to| A B3 hydroxyproline® A4 g, =
2 ¥ §% A= CRP, Fibrinogen 539 d71= AF
RN E ol gste] WAE A stk 7 A 79
A& W= Student’ s t—testE, W% W= chi-
square testE 3F3ITh A} oA ARE A o] mE
4= Wzle] 1ol paired t—testE 3F3TE BE F
Al A2]ell window-§ SPSS 10.0& 18313tk p #tel

0.05 oJs}]l Z-g-ofl FAASL feld< A3k

Mz

ot

2R YN EY
k] et vel= thxr 63217440, H8E A
T SR 58.3+7.94), BER AT TR 554+
8.641 3lom, §4d AT B T2 59.8£9.8
Al ek i B A s dJARl At
61(50.0%), 4% Fis ek 991(60.0%), =<t
49 AT SR 890(53.3%), B3 A
T 719(58.2%) ek Wil gkate] wds 919 1At
T 7 ARl frefst Afol7E fgith(Table 1).
W 2FES AW IHY S S 15
o & 50% ol WE™ HFo] wiE Fxk= 99
(60.0%), TFa¥ W A= 491(26.7%) il PCI
& AlEsh 8= 5441(33.3%) itk BeHd AT
b F 50% ode] WEH do] v k= 11

rrLE;jT
it

Control (n=12) SA (n=15) UA (n=15) AMI (n=122)
Age (yrs.) 63.2+7.4 583+7.9 554+8.6 598+9.8
Sex (male) 6 (50.0) 9 (60.0) 8(53.3) 75 (61.5)
DM 0 4(26.7) 5(33.3) 25 (20.5)
HTN 0 8 (53.3) 7 (46.6) 55 (45.1)
Hypercholesterolemia 2 (16.7) 6 (40.0) 7 (46.6) 53 (43.4)
Smoking 4(33.3) 7 (46.6) 8 (53.3) 58 (47.5)
Significant CAD 0 9 (60.0) 12 (80.0) 103 (84.4)
PCI 0 5(33.3) 10 (66.7) 89 (72.9)

CAD: coronary artery disease (>50% diameter stenosis), PCl: percutaneous coronary intervention, SA: stable angina,
UA: unstable angina, AMI: acute myocardial infarction, DM: diabetes mellitus, HTN: hypertension
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oN(73.3%) R, I FHA HHES

A= 691(40.0%) Sl PCIE Algst A=
(60.0%) At} A A mz= g

50%
2%) R, F A S s g gu 3
= 4999(40.2%) o™ PCIE Aldst #x= 874
(71.3%) At

1t IR} HOYNM Q| MBI A|E

7+ 8k} ol d% CRPA+= A4 th&F 0.29+

0.31 mg/dL, 88 4<% 0.36+0.53 mg/dL, &<t
A PAZF 0.98+1.59 mg/dL, B4 A NF 353+
2.68 mg/dLZ FA ATAMZ R} Fojd v &

Ak o3 F7HE 2212 thehliglek(p=0.005).

w 2ebd 4% B4 TN Oz w3 99 9
AT A} ol nla
&= fibirinogen*+&= &7 292+32 mg/dL, SHEE

AT 294251 mg/dL, E<t 7ﬁ AT 269230 mg/

o]Ake] FAFEM Fxbo] BEE Fxl= 996 (8],

43} | 57} HcHp=0.045).

7F A cHp=0.269). E=3+ Troponin 1=
ZolA 7 =k (p=0.001), &<
5 oMy AT Ui TR SF | AEgE HEle

U BAC R {23t 2ol= HolA] etth(p=0.054)
(Table 2).

A% " 93 HydroxyprolineAl
7} A} T ] dF hydroxyprolineX|& dlZr
3510.92 ng/L, o8 FHF 2.22+1.29 ng/L,
EordE dal 2.92+1.21 pg/l, 34 AR N=
6.49+3.77 pg/LE =RVE AT A (p=0.042)
I F4 AT A F(0=0.002) A tx T3
M AT ﬂx}iﬂr froletA S7He s vE
g FHSHT AT SRt
S HtH(p=0.014) (Table 2).
w3l At hydroxyprolinei]ﬂ CRP, fibrinogen$}
Troponin [2]8} AL FAACZ fo)ek A7 Gl
Ak (Fig. 2).

Do

dL, #78 A2HAF 276270 mg/dLE ol 3t 2je]
Table 2. Serum concentrations of the variable markers in ischemic heart disease

Control (n=12) SA (n=15) UA (n=15) AMI (N=122)
CRP (mg/dL) 0.29+0.31 0.36+0.53 0.98+1.59 3.53+2.68*
Fibrinogen (mg/dL) 292432 294+ 5] 269+30 276+70*
Troponin | (ng/mL) 0.03£0.18 0.02+0.29 0.15+£0.81 9.49+4.77*
Hydroxyproline (zg/L) 2.35+0.92 2.12+1.29 292+1.11 4.49+3.77*

= p<0.05 significant differences among the patients groups. SA: stable angina, UA: unstable angina, AMI: acute

myocardial infarction, CRP: c-reactive protein

CRP (mg/dL)

Fibrinogen (mg/dL)

Troponin | (ng/mL)

400.00 4

350.00

300.00 4

250.00

400.00

350.00+

300.00+

250.00 v e

Serum hydroxyproline (ug/L)

2.500 5.000 7.500 10.000 12.500

2.500 5.000 7.500 10.000 12.500

Fig. 2. The relationships between the hydroxyproline and CRP (c-reactive protein), fibrinogen or troponin | in patients
with acute coronary syndromes. There were no significant relationships between the hydroxyproline and other serum

markers.
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HAMS AOIM Hydroxyproline £A] H3t
74 A et 1.8+2.99 Fof s
ul o5 3=z}
s FAES AW ‘ﬂc% ﬂx}w 749, &
= {8l S5l 8- 8Hxﬂ
= Fo] wiohd 28] & 14004 A2 s Z=a)
= ABsIAL 34el= 714 e Sl Ale)
At
Ul A= dsd AHE M9leE & TIMI A3 &
F Axof wet [T (TIMI grade 0—1) 19 1(15.6%),
I (TIMI grade II-111)-> 10311(84.4%) ). &+ o
Zke] vol, /3 Exell= st zle)7) qloleh B
T Age] Y AR FA, 1Y, T 9 1A

gz S0 = ol G0 xjol7} gtk F 27k
Killips 277 Fo) st 2fol= §ila A4 A= 39
WEE T ke fols Aol fiodth mEe AAA
s FAeS Al 2 B} 2 7oA 61.8%,
ol A= 70.7% 2 f-2lst o7} A tH(Table 3).

Table 3. Clinical characteristics in acute myocardial in-
farction

Group|  Groupl i
(n=19) (n=103)

Age (years) 57+9 60+12  0.742
Male sex (%) 13 (68.4) 66.8 0.564
Risk factor (%)

Hypertension 8 (42.1) 38.7 0.729

DM 6 (31.6) 22.3 0.104

Smoking 9 (47.3) 51.0 0.297
Killips class (%)

| 53.6 56.6 0.886

Il 24.1 24.3 0.883

Il 17.2 12.2 0.436

[\ 5.1 7.0 0.763
Anterior wall Ml (%) 449 57.8 0.102
Infarct related artery (%)

LAD 47.0 57.3 0.312

LCX 14.0 10.6 0.537

RCA 38.0 26.2 0.283

Left main 1.0 59 0.653
Primary PCI (%) * 61.8 70.7 0.354

DM: diabetes mellitus, MI: myocardial infarction, LAD:
left anterior descending artery, LCX: left circumflex artery,
RCA: right coronary artery, PCI: percutaneous coronary
intervention

I 54+13 mL/m2 :p=0.362), B2 FZ7a &
A A7 34+9 mL/m?, 11 29+ 14 mL/m” : p=

Table 4. Echocardiographic parameter and serum hy-
droxyproline level

Group | Group I
(n=19) (n=103)
LV remodeling index (acute)
LVEDVI (mL/m?2) 59+8 54113 0.362
LVESVI (mL/m32) 34+9 29414 0.342
LVEF (%) 44+6 48+9 0.398
LV remodeling index (chronic)
LVEDVI (mL/m?2) 64+7 50+11 0.021
LVESVI (mL/m32) 37+16 24112 0.029
LVEF (%) 41+6 51+9 0.047
Change
ALVEDVI (mL/m?2) 6+4 7+6 0.003
ALVESVI (mL/m2) 6+3 —-8+4 0.002
ALVEF (%) —4+4 —4+4 0.005
Hydroxyproline level
0 day 4.61+1.07 523+3.03 0.062
2 week 7.63£1.23 526+275 0.032
1 month 4,92+2.69 508+269 0.101
3 month 4.12+2.69 3.73+2.69 0.122

LVEDVI: left ventricular end-diastolic volume index, LVE-
SVI: left ventricular end-systolic volume index, LVEF: left
ventricular ejection fraction, Change: Chronic index-
acute index, LV: left ventricular

o8 N —&— Total patients [
g " —a— TIMIO-l
- —&— TIMIIHI N
£
s, /0\
s M
S
X 5 -
<

4
5 X
33 !

0 day 2 week 1 month 3 month

Fig. 3. The serial changes of hydroxyproline level in post-
infarction periods. There was no significant difference in
hydroxyproline between the reperfusion group and non-
reperfusion group on admission (p>0.05). However, there
was significant elevation of hydroxyproline 2 weeks after
acute myocardial infarction in the patients with reper-
fusion group (4.36+1.46, 7.63%+2.69 1 g/L, p<0.05). After
2 weeks, there was no significant difference in serum
hydroxyproline. : p<0.05,TIMI O-l vs. II-lIl. TIMI: thrombolysis
in myocardial infarction flow.
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Early EF (%)

Late EF (%)

10

Serum hydroxyproline (ug/L)

Fig. 4. The relationships between the hydroxyproline and ejection fractions. There was significant relationship between
late ejection fraction and hydroxyproline (r=—0.414, p=0.037) but there was no significant relationship between
early ejection fraction and hydroxyproline (p=0.525) . EF: ejection fraction.

0.342), @ 2214 THET 4416%, I 48+9% :
p=0.398) °lli= FreJgt zlel7t Qloltk F4 HAExSvw
A A G A A 2 FEE 44 A
& 9 2 FEE| 423 ZolE HATHp<0.05)
(Table 4). 4 & 7|17k F3toll AE A4
7|4 Wl e [FolA 6+4 mL/m® /s
HhA ([l AE 742 mL/m” 7438193 (p=0.003),
AxHAS FAAFSIDE 84 Wg 2 [TelA
6+3 mL/m® 728 Wi [[3oA= 8+4 ml/m® 7
281307 (p=0.002), A FEE Hsk= [TelA
4+49% 7123 WP, [PolAE 4+14% Z7FSicHp=
0.005) (Table 4).

379 AN EAlelA 8F hydroxyproline|:=
g GA T gl foE 2ot i9la 2] 25
A A#E = hydroxyprolineX]& 17(7.63+1.23
pg/L) ol Blal II(5.26+2.75 pg/L) oM 2latA
2okeh(p=0.032) (Fig. 3). W3k 1 1712 2 ok 371
9 %] = hydroxyprolineX|&= W @A F 3¢
o 23t z10]7} QItHTable 4). 254 =743 %
hydroxyprolinex| ¢} 23 P4 atele] 34 A
3 A Ay 7] 24 FEER o g &
Alr=-0.414, p=0.037)7} A HFig. 4) F47]
#F4 FHE(p=0.525) (Fig. 4), F4 ole] &4
A4 A3k (p=0.081), 24 F57] 84A52] W3}
(p=0.13), FA =& |3+ (p=0.081) &= 2
sk Aol giglor 1 9] A7l S4¥ EF hy-
droxyproline X2} th2 @49k BA= F2)3 AR
AL BEEA] gtk
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BHET M XA proteinase S3] matrix metallopro-
teinase (©]3F MMP) &< #Hlste] 57 Aghke] Al
3 9] AAEAL] H4 gEE Yoy olx lE] 4
Ao HdS P eE RAow e ekt o
g At ohdel the 5 nkgellA collagen 3
gl AR 9] A4 Felle v U 52 5
WS Ak T8k Q4olr g4 AR 35
5 Al ATl MR AAZA e sk
e Fels} 71sfiAlel T8 ks sit) olF
collagenase®l MMP2} &JA|A|<] tissue inhibitors of
metalloproteinases (¢]3} TIMP) & WH3k= 34 4l
RBAZ ool A AFAYT Folst BAE ik
T BT 0

Shah 57 Stz F4 Zshike] w%o] A 4]
A7} 57kl o] glom ) MR HEFER <Qlsh
MMP o] S718aL o) we} fibrous capollA] #H]
%= hydroxyproline®] %] S7Fdvh= 21 Bl st
AT} ol W AAelA] ERPS =4 57 At
] 394 Shah®] ofex ¢} o] AT = MMP, TI-
MP2 8% 42| 57k} Zo] d% hydroxyproline
9] FA7} 27)el 7} 2 7FsAol glrka szt
ole} 2 TFsAE ATl uix T 8E Al
T BAMET EPY AT 2 34 AR

o] FA B F5- slAjol|A 3 hydroxyproline

ox M\
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AY FrefsAl S71 BE RIS o= TIMP, MMP
Sl & 22 FakeE Y d ¢ ot 2
ToM= TIMP, MMPE] 215 FAlel 78314 ¢ot
ol AW B Tk 71l dist ATt FEbE o
L 0]9] =717} focal fibrous capelA] 4] Hivh=
SAZF =5 AT Alg o] gick
ARF T 7 A SxtellA A ARl
A=A hydroxyproline}] ¥7AIE 37} si3ltt.
w7 4:—37““ F 27l FA 7R AEE
3k A5 g glo] Fas)
op 1D 43373@‘ 5 el #4494
N 3 AT 75 58 1 ode] ARlel| &
2te] AdEfel wh vheFatA l gt 7 ARleRA=
#HA2 757] 715 9 PV 7158 As), A
- (expansion) 5ol 7]°J°]~: 24 Z-3Hvolume
overload) ©l| &3t FE AN E FUsHA 2w
ul gle} 4 01315} Ao AFEE A - A8k
H FAA ] 715 BAtsR= Zgo] glot Ar|AH o
2 2oy #7715 Aske sk g9 o
= ordgks vtk Mukherjee S92 4]
72 Bdlola] MMP A|1e] 5315 AFsto] A4
A 55 djels 24 Wl MMP2] 5= 9 24
HISE 91510 MMP ARl A5 ok
Z7) 27 F 58 WH37) 8FelA B e
el %01 27 MMP-29] d%
st iz TellA =1 A4 FLaL 85 ol A
Ao & Y MMPEE % endogenous tissue in-
hibitor of MMP% 57} & & 5= itk skt &€
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