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ABSTRACT

Serum cystatin C levelsin patientswith stable angina and acute coronary
syndrome

Cho, Yun-Hyeong

Department of Medicine
The Graduate School, Yonsel University

(Directed by Professor Hyuck Moon Kwon)

Atherosclerosis is an inflammatory disease charizet by extensive remodeling
of the extracellular matrix architecture of thesaietl wall. Atherosclerotic lesions
have higher expression of cysteine protease cadttefsand K, and lower
expression of cystatin C, the endogenous inhiloitdhese proteases. This study
has examined the association between serum cy&taimd the severity of
coronary artery disease (CAD), and also has medisa@reim cystatin C levels in
patients with acute coronary syndrome (ACS). 26%seoutive patients with
significant CAD (101 patients with ACS and 164 pats with stable CAD), and
159 consecutive patients without significant CADcastrols were enrolled. All
patients underwent coronary angiography. The séiooghemical profile including
serum cystatin C was measured before coronary giagiby. Creatinine clearance
was calculated with the Cockroft-Gault equatiorrug@ecystatin C levels were
significantly higher in the stable angina patiemith significant coronary artery
disease and the ones with multivessel diseasecti@trols. Serum cystatin C levels
were correlated positively with hypertension, aedatively with creatinine
clearance and HDL cholesterol. In multivariate gsial serum cystatin C level was
not an independent risk factor for significant CAD patients with ACS, serum
levels of cystatin C were significantly lower thiarpatients with stable angina after
adjustment of renal function using creatinine deae. Serum hs-CRP levels were
also higher in ACS patients. Serum cystatin C eware correlated negatively
with serum hs-CRP levels. Even though serum cys@ivas not an independent
risk factor for CAD, serum cystatin C may reflet@que instability in patients with
ACS.

Keywords: cystatin C, coronary artery disease lstabgina, acute coronary
syndrome
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Clinical significance of serum cystatin C in patients

with stable angina and acute coronary syndrome

Cho, Yun-Hyeong

Department of Medicine
The Graduate Schoal, Yonsel University

(Directed by Professor Hyuck Moon Kwon)

. BACKGROUNDS

Atherosclerosis is an inflammatory disease charaeid by extensive remodeling of
the extracellular matrix architecture of the agkvwiall. Matrix metalloproteases and
serine proteases have been implicated in theselpgtbtal processe’s>® Lysosomal
cysteine proteases cathepsins S and K, the mamttpmammalian elastases and also
capable of collagenolysis, abound in human ath&xastec lesions, in macrophages,
smooth muscle cells (SMCs), and endothelial elis. contrast, atherosclerotic
lesions have lower expression of cystatin C, thdoganous inhibitor of these
protease$, indicating an imbalance between protease and gseténhibitor that
affects the integrity and homeostasis of the vagarg. In immunohistochemical
studies, expression of cathepsins S and K mainlgnacrophages in the shoulder
regions of atheromata, in SMCs of the fibrous capd at sites of internal elastic
laminae fragmentation, which may facilitate SMC raigon, and destabilization of
atherosclerotic plaque by degrading collagen offitv®us cap$, which may cause
acute coronary ischemic events.

Eriksson et dl recently demonstrated that a human cystatin C @rem
polymorphism mutation, associated with reducedrpéasystatin C, correlated with a
higher than average number of angiographically entitenosis per coronary artery
segment in survivors of myocardial infarction. Limdt et af and Shi et &l
independently showed a significant reduction oftatis C level in the serum of
patients with dilated abdominal aortas, highlightthe potential function of cystatin
C not only in the local vascular microenvironmenit ksystemically as well.
Furthermore, Noto et \ifound lower levels of cystatin C only in the AMiayip in a



sample of patients with unstable angina and acytecardial infarction.

On the other hand, a recent series of publicafimms the Cardiovascular Health
Study>****13%showed that mild elevations in cystatin C serumcentration at
baseline in elderly patients was a good predictaaadiovascular events as well as of
cardiovascular, non-cardiovascular and all-causeatity during a follow-up of 9
years. In adjusted analysis, the subgroup withhifleest serum cystatin C values was
at significantly increased risk for myocardial irdton.

Until now, there have been these above confliadiaig from epidemiological and
molecular genetic studies on the association dabysC with cardiovascular disease.
This study has examined the association betweemseystatin C and the presence,
severity of coronary artery disease (CAD), reflegtsystemic atherosclerosis, and
also examined the association between serum ayslagind acute coronary ischemic
events. To investigate these associations, we meghserum levels of cystatin C and
evaluated coronary angiographic findings in pasiewith CAD.



[I.METHODS
1. Study population.

Those eligible for entry in this study were theigmtis who underwent coronary
angiography at Yongdong Severance Hospital, Yohkeversity, from January
2005 through June 2006 because of an abnormat@acdiogram or angina-like
chest symptoms. Patients with a previous historycafonary intervention or
coronary artery bypass graft surgery were exclugedvoid artificial bias from
such procedures. We also excluded patients withignaait disease, infectious
disease, inflammatory disease such as collageastisadvanced liver disease, and
advanced renal disease (serum creatinine>1.3 mg/dl)

According to these criteria, this study enrolled 28nsecutive patients with
significant CAD (123 patients with ACS and 164 pats with stable CAD), and 159
consecutive patients without significant CAD astoois. AMI patients were enrolled
if they matched the Joint European Society of @Gdodiy/American College of
Cardiology Committee 2000 critetfaif elevated levels of enzymes (including CK—
MB or troponin | or T) together with clinical syngrhs or ECG changes suggestive
of ischemia were detected. Unstable angina (UA)agsgssed according to the
American College of Cardiology/American Heart Adation (ACC/AHA) 2000
criteria® in patients with typical symptoms of prolonged sthgain without specific
enzymes elevation and coronary lesions detectextonary angiography.
Confirmationof UA required a 70% epicardial coronary stenosisue positive
abnormal stress test performed during the ifaespitalization or subsequent 6- to 8-
week follow-up period. ACS was prospectively defirie satisfy guidelines
establishethy the ACC/AHA with the following modifications. Possibée probable
ACS required resting chest pain compatible witfocardial ischemia ¢f30 min
duration within 12 hours of emergency departmeas@ntation (an entry criterion
that excludes chronic SA). For this study, ACS covab AMI and UA unless
specifically noted.

Stable CAD was defined as no episodes of angingesit but angiographically
documented organic stenosis>F0% in at least one of the major coronary arteries
and no previous MIs. Written informed consent wéamed from each patient
before study participation. The study was condudtedccordance with guidelines
approved by the ethics committee of our institution

2. Coronary angiogr aphy

All patients underwent routine coronary angiograpising the Judkins technique



on digitized coronary angiography equipment (IntegPhillips). All coronary
angiograms were visually assessed by at least 8riexyged angiographers (case
load >5000 angiograms each), and a consensus waelseck The reviewers were
blinded to the results of serum cystatin C. Fos wtudy, we defined significant
CAD as at least 50% or greater diameter stenos#éd least 1 coronary vessel or
prior percutaneous or surgical coronary revasad#adn. The extent of CAD was
defined as 1-, 2-, and 3-vessel disease. Multive€5®D was defined as
angiographically more than 1-vessel disease. Therale of CAD was defined as
completely smooth epicardial coronary arteries aithany narrowings visible on
coronary angiogram.

3. Blood sampling and laboratory procedures

Venous blood samples were obtained just before ¢neergency coronary
angiography in patients with ACS and were obtaindtie early morning after a 12-h
fast in patients with stable CAD. The serum profiteluding fasting blood glucose,
total cholesterol, high-density lipoprotein (HDLhatesterol, low-density lipoprotein
(LDL) cholesterol, triglyceride, creatinine, higbrssitivity C-reactive protein (hs-
CRP), and cystatin C levels, was measured in thspitad laboratory. Total
cholesterol, triglycerides, HDL cholesterol, andeatmine plasma levels were
measured using standard enzymatic—colorimetricquhae$® on a Hitachi 7600-110
(Hitachi, Tokyo, Japan). Cystatin C plasma levelserev assessed by
immunonephelometry on a Berhing Nephelometer uaimgrtified assay kit (Dade
Berhing, Newark, DE, USA3)9. Creatinine clearance was calculated with Cockeroft
Gault equatiori’

4. Statigtical analysis

Results of normally distributed continuous variabdee expressed as the mean value
+ SD, and those for continuous variables with sléwistribution are expressed as
the median value (interquartile range). Comparisohgontinuous variables were
analyzed with the unpairetdtest and the Mann-Whitney test, as appropriate.
Categorical variables are presented by frequenaptspand intergroup comparisons
were analyzed by the chi-square test. Associatiehseen the presence of significant
coronary artery disease and all other parametems fivet analyzed by simple logistic
regression analysis and then by multivariate aralyge performed multiple logistic
regression analysis to calculate the odds ratidgsj@nd 95% confidence intervals
(Cls) for single and multiple CAD, as compared vétimple lesions, in relation to all
parameters. In this analysis, factors that wereaated with the dependent variable



at p < 0.20 in the univariate analysis were enténéal the multivariate model and
eliminated using a backward procedure. Statissagificance was defined as p <
0.05. All analyses were performed using SPSS 180KVindows (SPSS Inc., Seoul,
Korea).



[11.RESULTS
1. Comparisons between SA CAD patientsand controls

The demographic and metabolic characteristicsl@fadients are shown in Table 1.
No difference was seen between SA with signifi@AD group and control group in
body mass index (BMI), creatinine, total choledtetaglyceride, HDL cholesterol,
LDL cholesterol, or hs-CRP levels. A significanffeience between the two groups
was seen in age, seX, hypertension, and diabetbse. A patients with
angiographically proven significant CAD had a higkerum cystatin C levels and
creatinine clearance by Cockcroft-Gault fornifithan the control group. After renal
function adjustment using cystatin C dividing batinine clearance, Cys C/CCR
ratio was significantly higher in the SA group thtae control group.

Table 2 shows the correlation of cystatin C leveth the investigated parameters.
At univariate analyses (Table 2, column A), cysta€ levels were positively
correlated with age, hypertension and hs-CRP, am wegatively correlated with
creatinine clearance (all patients with creatirabeve 1.3 mg/dl were excluded from
calculation) and HDL cholesterol. The same varisittlet age and hs-CRP were also
independently correlated with cystatin C levelsainmultiple-regression analysis
(Table 2, column B) with a multiple R = 0.557.

A multiple logistic regression analysis revealetusecystatin C level not to be an
independent risk factor for significant CAD. (Tal3le



Table 1. Comparisons of the Baseline Demographtt Metabolic Characteristics
between SA CAD Patients and Controls (creatining+ig/dL)

Control SA CAD
(n=164) (n=159) pvalue
Age (yrs) 58.2+9.68 63.1+8.89 <0.001
Sex (M/F) 89/70 70/94 0.019
BMI (kg/m?) 25.4+3.16 25.1+2.87 0.483
Hypertension (%) 57.9% 68.9% 0.049
DM (%) 12.6% 33.5% <0.001
Current smoker (%) 24.5% 34.8% 0.052
hs-CRP (mg/dL) 2.98+6.825 3.51+11.139 0.610
Creatinine (mg/dL) 0.91+0.175 0.930.166 0.269
CCR (ml/min) 61.9+14.57 57.7+12.65 0.007
Cystatin C (mg/dL) 0.84+0.126 0.87+0.154 0.049
Cys (.:/CSR 1.16+0.392 1.27+0.424 0.014
(g'min/L")
T. chol (mg/dL) 160.8+32.68 158.5+39.21 0.561
TG (mg/dL) 137.8+82.82 139.4+114.26 0.887
HDL chol (mg/dL) 44.4%10.21 42.8+11.24 0.167
LDL chol (mg/dL) 98.8+28.39 97.1+34.83 0.636

Data are expressed as Mean * SD.
", significant if p < 0.05

Control, normal or minimal coronary control gro@\ CAD, stable angina group
with significant CAD; BMI, body mass index; DM, diates mellitus; CCR,
creatinine clearance by Cockcroft-Gault formula(i®P, high sensitivity C-reactive
protein; T. chol, total cholesterol; TG, triglycde; HDL chol, high-density

lipoprotein cholesterol; LDL chol, low-density lipmotein cholesterol



Table 2. Univariate Correlation and Multiple Regiea Analysis of Serum Cystatin
C with the Investigated Parameters (Creatinine</8ky)

Pearson'sk (p) Multiple beta )
Age (years) 0.401 (<0.001 NS
Sex NS
BMI (kg/m?) NS
Hypertension 0.147 (0.008 0.104 (0.032
DM NS
Current Smoker NS
hs-CRP (mg/dL) 0.144 (0.00 NS

CCR (ml/min) -0.504 (<0.00} -0.509 (<0.00%)
T. chol (mg/dL) NS
TG (mg/dL) NS
HDL chol (mg/dL) -0.180 (0.00) -0.205 (<0.001)
LDL chol (mg/dL) NS
", significant if p < 0.05; NS, nonsignificant
Table 3. Multiple Logistic Regression Analysis fignificant CAD
OR 95% CI p value
Age (years) 1.073 1.029 ~ 1.118 <0.001
Sex 1.962 1.082 ~ 3.560 0.027
Hypertension 1.317 0.785 ~ 2.208 NS
DM 2.436 1.322 ~ 4.488 0.004
Current Smoker 1.629 0.860 ~ 3.083 NS
hs-CRP (mg/dL) 0.999 0.973 ~ 1.026 NS
CCR (ml/min) 1.001 0.972 ~1.031 NS
Cystatin C (mg/dL) 0.520 0.064 ~ 4.261 NS
HDL chol (mg/dL) 0.996 0.972~1.021 NS

", significant if p < 0.05

OR, odds ratio; Cl, confidence interval; NS, nongigant



2. Correlation between cystatin C levels between the severities of CAD in SA
patients

There was a significant difference in serum cyst&ti and creatinine between the
groups according to the degree of CAD in SA pasieftere was no difference in
serum creatinine. The serum cystatin C was nedgtis@rrelated with creatinine

clearance.



Table 4. Comparison of Cystatin C, Creatinine, @ng@e Clearance According to

the Degree of CAD in SA Patients

Control 1-VD Multi-vVD value
(n=159) (n=66) (n=98) P
Cystatin C
0.84+0.126  0.85:0.141  0.89+0.162 0.047
(mg/dL)
Creatinine 0.01+0.175  0.92+#0.172  0.94+0.163 0.314
(mg/dL)
CCR (mimin)  61.9+1457 58241149  57.3+13.38 0°021

", significant if p < 0.05; 1-VD, 1-vessel diseabkylti-VD, multi-vessel disease

10



3. Comparisons between ACS, SA CAD and control group

The demographic and biochemical parameters betwé&es patients, SA patients
with significant CAD, and control group are shownTable 5. No difference was
seen between ACS group, SA with significant CADugr@nd control group in body
mass index (BMI), hs-CRP, total cholesterol, triglside, HDL cholesterol and
cystatin C. A significant difference between thesthgroups was seen in age, sex,
hypertension, diabetes, current smoking, creatjinioeatinine clearance, LDL
cholesterol, and cystatin C/CCR ratio. Between 8& ACS group, serum cystatin C
levels and cystatin C/CCR ratio were significamtiyer in ACS group. Between SA
and control group, there was no significant diffex@in serum cystatin C and cystatin
C/CCR ratio.

11



Table 5. Comparisons of Demographic and Biochenfabhmeters between ACS,
SA CAD, and Control Group

ACS SA CAD Control o
(n=101) (n=164) (n=159) PP

<0.001 (<
Age (years) 57.9+11.88 63.1+8.89 58.2+9.68 0.001)
Sex(M/F) 90/26 94/70 70/89 <0.001
BMI (kg/m?) 24.9+4.27 25.1+2.87 25.4+316  0.590
Hypertension (%) 53.6% 68.9% 57.9% 0.023
DM (%) 20.5% 33.5% 12.6% <0.001
C””e(':; )S moker  44.6% 34.8% 24.5% 0.002

0

hs-CRP (mg/dL) 5.29+9.730 3.51+11.139 2.9846.825 0.144(0.173)

Cystatin C 0.84+0.145  0.87+0.154  0.84%0.126 0.059 (0.04§

(mg/dL)
creatinine 4 9740153 0.93:0.166  0.910.175 0011 (0.039)
(mg/dL)
CCR (ml/min) 79.7+£22.35 73.0+£18.57 78.1+21.36 0.017 (0.009)
Cys (_:/C(Z:R 1.14+0.437 1.27+0.424 1.16+0.392 0.014 (0.015)
(g'min/L?)

T. Chol. (mg/dL) 163.2+34.12 158.5+39.21 160.8432.68  0.552
TG (mg/dL) 119.0+62.28  139.4+114.26 137.8+82.82 0.142
HDL Chol
(mg/dL)
LDL Chol
(mg/dL)

42.3+10.45 42.8+11.24 44.4+10.21 0.198

109.2+30.83 97.1+34.83 08.8+28.39 0.005 (0.003)

", significant if p < 0.05;

2 ANOVA test;

® t test between ACS and SA group;

AMI, acute myocardial infarction; SA CAD, stablegama patients with significant
coronary artery disease; CCR, creatinine clearbyc€ockcroft-Gault formula; Cys
C, cystatin C

12



V. DISCUSSION

The extracellular matrix (ECM) of the vascular wadlrgely elastin and collagen,
subserves many functions essential for vessel hst@sie. Normal tissues exhibit
strict regulation of the expression and turnoverE@M?* In addition to matrix
metalloproteases and serine proteases, lysosorstdimy proteases have recently been
recognized to participate in the pathogenesis lérasclerosié? Atherosclerotic lesions
in human$® and in the apolipoprotein E-deficient

mouse (ApoE -/-), an established animal model finemsclerosis, over-express the
elastolytic and collagenolytic cathepsins S andchl show relatively reduced expression
of cystatin C, their endogenous inhibif6iCystatin C, a potent protease inhibitor able
to inhibit different cathepsins, is believed to ypla role in the balance of the
proteolytic/antiproteolytic activities in the ari@r wall.>® Lower plasma levels, as
well as low intralesion cystatin C expression, hdeen found in patients with
established aortic aneurySmand acute myocardial infarctiénRecently, the
determination of renal function, either by estimgticreatinine clearance with the
Cockroft-Gault equation or by measuring serum dnest, has been shown to be a
prognostic value in the population of suspectedamfirmed ACS patient§:* In the
present paper, we investigated the role of cyst&tinlevels in patients with
angiographically-proven coronary artery diseaser @apulation was composed of
patients with acute coronary syndrome and stabignanwith significant coronary
artery disease, and patients without angiograpiipabven significant coronary
artery disease. Because cystatin C levels weregljracorrelated with creatinine
levels in previous studi€sall patients with creatinine levels above 1.3 rhg/dre
excluded. Under these conditions, serum cystatiev€ls were compared between
stable angina patients with significant coronaneryr disease and control patients
without significant coronary artery disease. Cystétlevels were higher in SA group
with significant CAD than control group. Serum dirime levels were not different
between the two groups. But, creatinine clearanas significantly lower in stable
angina patients with significant CAD than contr@grum cystatin C levels were also
higher in multivessel disease group than controlalgzing the correlation between
cystatin C serum levels and the investigated paemnewe found that cystatin C
increases with age and decreases with creatinea&rasice even in subjects with
normal serum creatinine levels (creatinine belo® thg/dl). We also found that
cystatin C level showed a negative, independemelzdion with the HDL cholesterol,
and a positive, independent correlation with theCR®. In multivariate analysis,
serum cystatin C was no longer independent ristofdor the presence and degree of
coronary artery disease in stable angina patiéftiese above findings might be
paradoxical. In previous repont& local cystatin C deficiency has been demonstrated

13



in atherosclerotic and aneurismal lesions, suguygstiprotective role of cystatin C in
the vessel wall.

Since cystatin C is produced by all nucleated céllis unlikely that local variations
in cystatin C synthesis in diseased arteries —rdttemn global cystatin C production
and renal elimination— should determine its serwncentration. In line with this
reasoning, the association between serum cystaindthe presence and degree of
coronary artery disease may indeed reflect inctpienal failure — which does not
exclude local cystatin C deficiency in diseasedras. Serum cystatin C was a better
estimator of renal function than serum creatinmeurr study. We think we can use
serum cystatin C as a measurement of renal funbidore coronary angiography to
prevent contrast-induced nephropathy.

In patients with acute coronary syndrome, plasmel$eof cystatin C were lower

than in SA patients. There was no difference inmecystatin C between ACS group
and control group. Cystatin C was lower in ACS guatts than in SA patients.
Between ACS patients and control group, there wedifference. When cystatin
Clcreatinine clearance ratio was considered, sagmifly lower values were found in
ACS patients. This difference of cystatin C amdmgtivo study groups might be due
to a negative acute phase response during acuteandyal infarction. Higher hs-CRP
levels, but not significantly, in ACS patients ate@ht support this hypothesis.
However, other hypothesis could be possible. Thetserum levels of cystatin C in
ACS patients might be due to the consumption dgpeateolytic factors during acute
plague rupture.

In order to solve the paradox between the localffitsency of cystatin C in
atherosclerotic lesion and higher serum levelsysfatin C in patients with coronary
artery, it will be necessary to include a gold-gi&nd measurement of kidney function
and a broad range of both traditional and nontiatif cardiovascular risk factdfs
in future studies. Also, pharmacological intervens aimed at modifying cystatin C
serum concentrations (e.g. by the induction of hyyyeoidism, which is associated
with an increase in both serum cystatin C and ineat clearancd) in animal
models prone to develop atherosclerosis could ke ts study whether there is a
direct atherogenic effect of systemically elevatgstatin C.

In summary, serum cystatin C levels were highewstable angina patients with
significant coronary artery disease and multivessisease, and correlated with
creatinine clearance even in subjects with norrealra creatinine levels (creatinine
below 1.3 mg/dl). Serum cystatin C levels were d{swer in patients with acute
coronary syndrome than stable angina patients aft@rstment of renal function
using creatinine clearance. Serum cystatin C wgatieely correlated with hs-CRP.

14



V.CONCLUSION
Even through serum cystatin C was not an indepeamdsdnfactor for CAD and may

reflect incipient renal dysfunction, serum cysta@imay reflect immunoinflammation
and plaque instability in patients with ACS, sudupegits role in acute plaque rupture.

15
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