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Clinical Investigations

Effect of Preexisting Statin Use on Expression of C-Reactive Protein, Adhesion
Molecules, Interleukin-6, and Antioxidized Low-Densty Lipoprotein Antibody
In Patientswith Unstable AnginaUndergoing Coronary Stenting
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Summary

Background: Statinsare believed to reduce coronary heart
disease by mechanismsin addition to their well-known cho-
lesterol lowering effect.

Hypothesis: We studied the effect of statins on expression
of C-reactive protein (CRP), interleukin-6 (IL-6), adhesion
molecules, and antioxidized |ow-density lipoprotein antibody
(anti-oxL DL Ab) in patientswith unstableangina(Braunwald
classlibor I11b) undergoing coronary stenting.

Methods: Consecutive 50 patients with unstable angina
wereincluded in the study. We classified the study subjectsas
patients using statins (Group A, n= 20, men 10, mean age 62
years) and patientsnot using Satins (Group B, n =30, men 15,
mean age 60 years).

Results Basdlinelevel sof inflammatory markersweresim-
ilar in the two groups. However, 24 h after coronary stenting,
serumlevelsof CRP(2.00vs. 4.63mg/l, p<0.05), intercellular
adhesionmalecule-1 (ICAM-1) (217 vs. 261 ng/ml, p<0.01),
and anti-oxLDL Ab (8.97 vs. 12.96 U/ml, p<0.05) weresig-
nificantly higher in Group B thanin Group A. Furthermore, 72
h after coronary stenting, serum levels of CRP (3.00 vs. 5.50
mg/l, p<0.01) and ICAM-1 (222 vs. 277 ng/ml, p< 0.05) were
significantly higher in Group B thanin Group A.
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Conclusions: Preexigting statin therapy playsaroleinre-
ducingtheserumlevelsof CRP,ICAM-1, and anti-oxLDL Ab
after coronary stenting in patientswith unstableangina. These
datasupport an anti-inflammatory or plaque-stabilizing effect
of detintherapy.
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Introduction

Recent studieshave provided evidencethat inflammationis
anindependent risk factor for and playsaroleinthe pathogen-
esisof cardiovascular disease 1 Thereisstrong evidencethat
serum C-reactive protein (CRP) level sarean independent risk
factor for ischemic heart disease.3 4 Oxidized low-density
lipoprotein (oxLDL) isalso bdlieved to play akey rolein the
development of atherosclerosis® 6 and antibodies against
oxLDL have been demonstrated both in human seraand in
atheroscleratic lesions.” 8 Severd studies have found that
higher antioxidized low-dendty lipoprotein antibody (anti-
oxL DL Ab) titers are associated with the presence of athero-
scleratic disease.? 19 eukocyte binding to cellular adhesion
molecules(CAMS) onthesurface of vascular endothdlial cells
appearsto beoneof the earliest eventsin atherosclerosis 1113
Pathologic studies have demonstrated CAMs within athero-
sclerotic plaque,* 15 and clinical studieshavesuggested arole
for CAMsin plaguedisruption and subsequent acute coronary
e/entslﬁ—18

Statin therapy has been shown in many randomized, con-
trolled, primary and secondary prevention trialsto reduce the
risk of coronary eventsand stroke.1%-23 These benefits appear
to derivelargely from astabilizing effect on high-risk athero-
sclerotic plaguesthrough modification of lipid profilesaswell
as other properties not directly related to lipid lowering.24-27
The purpose of thisstudy wasto assessthe effect of statinson
expression of CRP, interleukin-6 (IL-6), adhesion molecules,
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and anti-oxL DL Abin patientswith unstable anginaundergo-
ing coronary stenting.

Materialsand Methods
Patient Population

Inall, 52 consecutive patientswere admitted to our hospital
during the period August 2002—January 2003 withadiagnosis
of ungtable angina(Braunwald class1ibor 111b). Of these, we
excluded 2 patientswith concomitant current infection (n=1,
chronic otitismedia) and 1 patient who devel oped non-Q-wave
myocardia infarction (n =1, creatine kinase> threetimesthe
upper normd limit, withaconcomitant risein M B isoenzyme)
after intervention, leaving 50 patients (25 men and 25 women;
mean age 61 years) included in the study. We classified the 50
study subjects as patients using statins (Group A, n= 20, 10
men, mean age 62 years) and patientsnot using statins (Group
B, n=30, 15 men, mean age 60 years). The study wasrevised
and gpproved by our ingtitution’sethicscommittee, and al dli-
gible patientsgave written informed consent.

Study Design

Blood sampleswere obtained before and at 24 and 72 h &f-
ter intervention. All sampleswere measured asasingle batch
at the end of the study. Patients received aspirin 200 mg once
per day and ticlopidine 250 mg twice per day before inter-
vention. Also beforeintervention, heparinwasgivenasanin-
travenous bolus of 8,000 to 10,000 units and then additiona
heparin, asrequired, to maintain an activated clotting time of
=250 s. Coronary angiography aswell as percutaneous coro-
nary intervention via the radia artery, except in five cases,
were performed using standard techniquein al patients.

Laboratory Assays

Anti-oxL DL Abtitersweredetermined using asolid-phase,
enzyme-linked immunosorbent assay (ELISA) (oxLDL im-
munoglobulin ELISA test, Biomedicalnc., Vienna, Austria).
Concentrations are expressed as unitsml (U/ml). Intra- and
interassay variabilitieswere <5%. Thelevelsof intercellular
adhesonmolecule-1 (ICAM-1), vascular cell adhesion mole-
cule-1 (VCAM-1), E-selectin, and |L-6 were determined us-
ing a commercialy available ELISA kit (R & D Systems,
Minnegpoalis, Minn., USA) with intra- and interassay coeffi-
cientsfor each moiety of <5 and < 10%, respectively. C-reac-
tive protein was measured by rate nephelometry (Immage®
Immunochemistry System, Beckerman Coulter, Inc., Fuller-
ton, Calif., USA). The CRP detection range corresponded to
concentrationsof 0.1to 96 mg/l (normal values<8.0mg/l).

Statigtical Analysis

The Statistical Package for Social Sciences version 10.0
(SPSS, Inc., Chicago, I1l., USA) wasused for statistical analy-

sis. Data are presented as means + standard deviation (SD).
Serum CRPleve sare presented as medians. Continuousvari-
ableswere compared using the Mann-Whitney U-test or the
Wilcoxon signed-rank test (CRP) and using the unpaired
Student’ st-test or paired Student’st-test (anti-oxLDL Ab, ad-
hesion molecules, and IL-6). The chi-square test was used to
compare discrete variables. A p vaue of <0.05 wastaken to
indicate statistical significance.

Resaults
BasdineChar acteristics

Basdline clinical and angiographic characteristics are
showninTablel. Thelevelsof LDL cholesterol in GroupsA
and B were 129 and 125 mg/dI, respectively. Body massin-
dex (the weight in kg divided by the square of the height in
meters), risk factorsfor coronary artery disease (CAD), and
medi cations such as antiplatel ets and angiotensin-converting
enzyme (ACE) inhibitors were similar in the two groups
(Tablel).

TaBLE | Basdinecharacterigticsof subjects
GroupA GroupB
(n=20patients)  (n=30 patients)

Age(years) 62+9 60+9
Men/women 10/10 15/15
Body massindex (kg/m?) 237145 230+37
Higtory of

Systemic hypertension (%) 11(55) 15(50)

Diabetesmellitus (%) 9(45) 10(33)

Hypercholesterolemia (%) 2 20(100) 5(17)

Smoking (%) 7(35) 15(50)
Lipid status

LDL cholesterol (mg/dl) 129+37 125+31

Triglyceride (mg/dl) 103+ 55 127+60

HDL cholesterol (mg/dl) 49+10 45+9
Ejectionfraction (%) 60+ 10 60+ 11
Medication at enrollment

Aspirin (%) 11(55) 9(30)

Betablockers (%) 7(35) 7(23)

ACE inhibitor (%) 7(35) 10(33)
Multivessdl disease (%) 10(50) 14(47)
Lesionlength (mm) 174+49 16.4+45
Referencediameter (mm) 34+04 34106
Minimal lumina diameter

Preintervention (mm) 07+04 0604

Post intervention(mm) 32+06 3307

ap<0.001versusGroupA.

Age, lipid profile, gjection fraction, lesion length, and minimal lumi-
nal diameter are presented asmean + standard deviation.
Abbreviations: LDL =low-density lipoprotein, HDL = high-density
lipoprotein, ACE = angiotensin-converting enzyme.
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Inflammatory Markers

Before intervention, serum concentrations of CRP, anti-
oxLDL Ab, VCAM-1, ICAM-1, E-sdectin, and IL-6 were
similar inthe two groups. However, 24 h after coronary stent-
ing, serum levels of CRP (2.00 vs. 4.63 mg/l, p<0.05),
ICAM-1 (217 £ 70 vs. 261 + 62 ng/ml, p<0.05), and anti-
oxLDL Ab(8.9+3.9vs. 12.9+ 6.9U/ml, p<0.05) weresig-
nificantly higher in Group B thanin Group A. Furthermore, 72
h after coronary stenting, serum levels of CRP (3.0 vs. 5.50
mg/l, p<0.01) and ICAM-1 (222 + 50 vs. 277 £ 71 ng/ml,
p < 0.05) weresignificantly higher in Group B thanin Group
A. At 24 and 72 h after coronary stenting, serum levels of
VCAM-1, E-sdectin, and IL-6 weresimilar inthetwo groups
(Tablell, Figs. 1, 2). In Group B (no-gtatin group), serum lev-
elsof CRP and anti-oxLDL Ab increased significantly 24 h
after coronary stenting, from abasdlinevalue of 2.1 mg/l and
7.9U/ml to 4.63 mg/l and 12.9 U/ml (p<0.05, respectively).
However, in response to coronary stenting, serum levels of
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CRP and anti-oxLDL Ab did not significantly change in
Group A (Tablell). Thelevelsof VCAM-1, ICAM-1, E-se-
lectin, and IL-6 were not significantly changed in responseto
coronary stenting in both Groups A and B. At 24 h after inter-
vention, CRPlevelsweredevated (> 4.1 mg/l, medianlevel of
all patientsat 24 h after intervention) in 4 (20%) of 20 patients
in Group A but in 17 (57%) of 30 patientsin Group B (p<
0.05), and anti-oxLDL Ab levelswere dso elevated (>11.2
U/ml, meanvaueof al patientsat 24 h after intervention) in3
(15%) of 20 patientsin Group A butin 14 (47%) of 30 patients
inGroup B (p<0.05) (Teblell).

Discussion

Our findingsshow that preexisting statintherapy playsarole
in reducing serum levels of CRP, ICAM-1, and anti-oxLDL
Ab after coronary stenting in patients with unstable angina.
Therefore, theseresultsprovide evidence of an anti-inflamma:

TaBLE Il Serumlevelsof inflammatory markersbeforeand after intervention
GroupA GroupB
(n=20patients) (n=30patients)

Anti-oxL DL Ab (mean, U/ml)

Beforestenting 82+32 79+33

24 h after stenting 89+39 129+6.92¢

72 hdfter stenting 84+40 101+4.1¢
CRP (median, range, mg/l)

Beforestenting 1.10(0.06~5.41) 2.19(0.06~11.7)

24 hdfter stenting 2.00(0.06~10.3) 4.63(0.06~11.3)a¢

72 hfter stenting 3.00(0.06~7.10) 5.50(0.06~21.0) b.c
VCAM-1 (mean, ng/ml)

Beforegtenting 645+ 150 625+ 140

24 h dfter stenting 663+ 165 669+ 186

72 hfter stenting 588+ 180 671+ 201
ICAM-1 (mean, ng/ml)

Beforestenting 227+55 230+93

24 hafter stenting 217+70 261+ 622

72 h &fter stenting 222+50 277+712
E-sdlectin (mean, ng/ml)

Before stenting 50+25 49+ 22

24 h after stenting 51+29 48+28

72 hafter stenting 3b+15 45+ 27
I1L-6 (mean, pg/ml)

Beforegtenting 81+51 85+53

24 h after stenting 89+49 95+6.7

72 h after stenting 85131 88+5.2
At 24 h after genting

CRP=4.1mg/l (%) 4(20) 17(57)2

Anti-oxLDL Ab=11.2 U/ml (%) 3(15 14(47)2
ap<0.05.
bp<0.01versusGroupA.
¢p<0.05versusbeforegtenting.

Abbreviations: Anti-oxLDL Ab = antioxidized |ow-density lipoprotein autoantibody, CRP = C-reactive protein, VCAM-1 = vascular cell adhe-
sonmolecule-1, ICAM-1 = intercellular adhesion molecule-1, |L-6 = interleukin-6.
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Fic.1 Trendsof CRP(median), ICAM-1 (mean), and anti-oxL DL
Ab (mean) levels. Serum levels of CRP, ICAM-1, and anti-oxL DL
Ab significantly increased in Group B, but not in Group A; CRP,
ICAM-1, and anti-oxLDL Ab levels 24 h fter coronary stenting in
Group A weresignificantly lower thanin Group B. CRP=C-reactive
protein, ICAM-1 = intercellular adhesion molecule-1, anti-oxL DL
Ab =antioxidized low-density lipoprotein antibody.

tory effect of atin therapy and may help explain the greater
than expected benefitsof statin therapy in such patients.

Statin therapy has been shown in many randomized, con-
trolled, primary and secondary prevention trialsto reduce the
risk of coronary events and stroke.1%-23 These benefits have
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been observed in diverse patient popul ationswith awiderange
of risk according to standard risk factors. It hasbeen long ob-
served by angiography that thedight degree of atheroscleross
regression seen with statin therapy is unlikely to account for
theextensiveclinicd benefits. These benefits appear to derive
largely from astabilizing effect on vulnerable plaquesthrough
modification of lipid profiles even in patients with normal
cholesteral levels, as well as anti-inflammeatory actions and
other properties not directly related to lipid lowering.2427
Thesemechanismsby which statinsmake plagueslessvulner-
ablearenot wdl understood. Intravascular ultrasound can now
delineate statin-induced changes in plague congtituents. The
observation of reduced plaque lipid content and increased fi-
brous cap thickness in association with statin therapy, in the
virtua absence of changesin overall plaquesize, iscons stent
with the long-observed clinica and angiographic effects of
thistreatment.28 Ininvestigations using an intravascul ar ther-
mography catheter, the el evated temperatures|ong associated
with unstable plagques were observed in plaquesthat had rup-
tured previoudly. It was observed, however, that statin therapy
attenuated thesetemperature el evationsin the previoudy rup-
tured lesions.2° I n ancther study that helps clarify the mecha
nisms of statin’s clinical benefits, satin therapy was seen to
improve the resistance of LDL cholesterol to oxidation. The
study also found that statin therapy is associated with reduced
production of acytokinethat promotes atherogenesis by con-
tributing to the devel opment of foam cellswithin plagues.®
Our data are in line with these findings. Serum levels of
CRP, anti-oxL DL Ab, and ICAM-1, which wereinflammato-
ry markers of interest in atherosclerotic development and
plagque instability, were not significantly increased by coro-
nary stenting in patients with compared with those without
preexigting atintherapy. Therefore, thefindingsindicate that
statintherapy has an anti-inflammatory effect that literaly re-
ducestheresponse of inflammatory systemtoinjury, leading
toanimprovement intheplaquestahilizing effect. However, in
the present study, the basdlinelevel sof inflammatory markers
were similar in thetwo groups. Many recognized risk factors
for CAD, such as dydipidemia, hypertension, diabetes, and
obesity, have close pathophysiol ogic associationswith inflam-
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Fic.2 Distribution of CRP (median) and anti-oxLDL Ab (mean) levels 24 h after coronary stentingin Groups A and B; CRP and anti-oxL DL
Ablevels24 h after coronary stentingin Group A weresignificantly lower thanin Group B. Abbreviationsasin Figure 1.
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matory processes. 3 Thus, the basdlinelevel s of inflammatory
markersmay besimilar inthetwo groupseven though patients
in Group A had undergone statin therapy previoudy. In the
present study, serum levelsof CRP, ICAM-1, and anti-oxL DL
Ab did not increase significantly by coronary stenting in
patients with preexisting statin therapy, but serum levels of
VCAM-1, E-sdlectin, and IL-6 did not respond to Satinthera-
py. The mechanisms underlying these distinctly different re-
sults for the inflammatory markers are unknown. However,
these differencesmay beexplained by differencesin haf-life,
the shedding process, and the different expression sitesof in-
flammatory markers. C-reactive protein (half-lifeof 19 h) and
anti-oxLDL Ab represent more practica markers of inflam-
mation than | L-6 because of itsmuch shorter hdf-life(4 h). In
addition, incontrast to| CAM-1, levelsof solubleVCAM-1do
not reflect the expression of membrane-bound VCAM-1.

The major limitation of our study is the small number of
patients; however, we adopted strict enrollment criteria to
achieve ahomogeneous population. The duration of clinica
follow-up wasnot long enough to eval uatethe effect of statins.
These limitations should be considered when ng the
study results.

Conclusions

Our findings show that preexisting statin therapy plays a
rolein reducing the serum levels of CRP, ICAM-1, and anti-
oxLDL Ab after coronary stenting in patients with unstable
angina Therefore, theseresultsprovide evidence of ananti-in-
flammatory effect of Statin therapy and may help explain the
greater than expected benefitsof statin therapy in patientswith
unstableangina.
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