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Objective. Studies assessing the extra-lipid effects of
ezetimibe have provided contrasting results. In the
present study, we compared the effects of ezetimibe
and simvastatin, administered alone or in combina-
tion, on the secretory function of human lympho-
cytes, systemic inflammation and endothelial
functionin subjects with elevated cholesterol levels.

Methods. A prospective study involving a group of 178
ambulatory patients with isolated hypercholesterola-
emia who were randomly assigned in a double-blind
fashion to 90 days of treatment with ezetimibe
(10 mg), simvastatin (40 mg), ezetimibe (10 mg) plus
simvastatin (40 mg) or placebo. A total of 170 pa-
tients completed the study.

Main outcome measures. Lymphocyte cytokine release and
plasma levels of high-sensitivity C-reactive protein
(hsCRP) and intercellular adhesion molecule 1
(ICAM-1).

Results. Although both drugs reduced lymphocyte re-
lease of tumour necrosis factor-o, interferon-y and
interleukin-2 in a lipid-independent manner, only

the effect of simvastatin was statistically significant
(P<0.001). This lymphocyte-suppressing effect,
which was accompanied by a decrease in plasma lev-
els of hsCRP and ICAM-1 (P < 0.001), was strongest
in patients receiving both simvastatin and ezetimibe.
There were no differences in lymphocyte-suppress-
ing, systemic anti-inflammatory and endothelial
protective effects of simvastatin between insulin-
resistant and insulin-sensitive subjects, whereas the
effects of ezetimibe and the combined treatment were
greater in the former group of patients (P < 0.01 and
P < 0.001, respectively).

Conclusions. The results of this study indicate that sim-
vastatin is superior to ezetimibe in producing lym-
phocyte-suppressing, systemic anti-inflammatory
and endothelial protective effects in patients with ele-
vated cholesterol levels. Hypercholesterolaemic
patients with high cardiovascular risk may receive
the greatest benefits from concomitant treatment
with a statin and ezetimibe.
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lymphocytes, simvastatin, systemic inflammation.

Abbreviations: CRP, C-reactive protein; HDL, high-den-
sity lipoprotein; HOMA, homeostasis model assess-
ment index; hsCRP, high-sensitivity C-reactive
protein; ICAM-1, intercellular adhesion molecule-1;
LDL, low-density lipoprotein; NPC1L1, Niemann-—
Pick C1-like 1; TNF-o, tumour necrosis factor-«.

Introduction

Inflammation, involving all the cellular elements of
the vascular wall, i.e. endothelial cells, smooth mus-
cle cells and immune cells, is generally considered to
be one of the major factors responsible for the devel-
opment and progression of atherosclerosis [1-3].

32 © 2011 The Association for the Publication of the Journal of Internal Medicine

Those inflammatory processes play a crucial role in
atherogenesis, which is reflected by the presence of
large numbers of inflammatory cells, mainly mono-
cytes/macrophages and T lymphocytes, within the
atherosclerotic plaque [2, 3]. The dominant subset of
T cells found in the plaque, namely CD4+ helper cells,
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recognizes antigens associated with class II major
histocompatibility complex molecules, and the pat-
tern of local cytokine secretion suggests a T helper
type 1 response [4]. Therefore, treatment with hypoli-
pidaemic agents exerting additional anti-inflamma-
tory effects may offer additional benefits to patients
with atherosclerosis compared with drugs affecting
only the lipid/lipoprotein profile.

The novel hypolipidaemic agent ezetimibe,
which inhibits Niemann-Pick Cl-like 1 (NPC1L1)
transport protein (a critical protein in cholesterol
transmembrane transport in the small intestine) in
the brush border of enterocytes, is a strong choles-
terol and phytosterol absorption inhibitor [5, 6];
however, its actions may not be limited to improving
plasma lipids. Unfortunately, conflicting results
have been provided by the few studies that have
investigated the anti-inflammatory effects of this
agent. In some studies, ezetimibe produced a multi-
directional anti-inflammatory effect [7-9], whereas
in others this effect was either weak [10] or absent
[11]. Recent studies have provided some evidence
that ezetimibe may affect the number and function
of the cells directly involved in the process of athero-
genesis, mainly macrophages and lymphocytes.
Monocyte-derived macrophages have been found to
express target proteins for ezetimibe: NPC1L1, ami-
nopeptidase N, annexin-2 and caveolin-1 [12, 13].
Ezetimibe was found to reduce monocyte expression
of raft-associated antigens and to induce transfer of
aminopeptidase N from plasma membrane to intra-
cellular vesicles [13]. This mechanism may be
responsible for a decrease in lipid accumulation in
the atheromatous plaque. Gomez-Garre et al. [14]
observed that ezetimibe, either alone or in combina-
tion with simvastatin, reduced the number of mono-
cytes/macrophages in atherosclerotic lesions (par-
ticularly in patients receiving both these agents),
reduced monocyte chemoattractant protein 1
expression in atherosclerotic lesions and inhibited
the migratory response of monocytes in a rabbit
model of atherosclerosis. To the best of our
knowledge, only one study has assessed the effect of
this agent on T cells, showing that ezetimibe
exerts immunomodulatory properties. When admin-
istered to cardiac transplant recipients, the drug
reduced the number of CD3+ CD4+ T cells and
CD3+ CD4+ CD45RO T memory cells in a lipid-
independent manner, and this effect was similar to
that produced by atorvastatin [15]. Because of
the paucity of data and the fact that in vitro condi-
tions cannot easily be translated to conditions in
human patients, we conducted this prospective,

randomized, placebo-controlled study to investigate
whether ezetimibe, administered alone or in
combination with simvastatin, affects lymphocyte
cytokine release and whether this effect is involved
in the systemic anti-inflammatory and endothelial
protective effect of this agent.

Subjects and methods
Subjects

Study participants were recruited amongst individu-
als screened in our department as a reference unit for
the presence of an abnormal lipid/lipoprotein profile.
Patients (20-70 years old) were eligible for the study if
they had recently been diagnosed with and were pre-
viously untreated for isolated hypercholesterola-
emia, defined as levels of plasma total cholesterol
>200 mg dL™!, low-density lipoprotein (LDL) choles-
terol >130 mg dL ™! and triglycerides <150 mg dL™".
The exclusion criteria are presented in the Data S1.

Study design

The study was reviewed and approved by the institu-
tional ethics committee and conducted in accordance
with the Declaration of Helsinki. All patients provided
written informed consent to participate. All patients
who met the eligibility criteria received counselling
regarding how to follow the therapeutic lifestyle
changes diet and were invited after 6 weeks of follow-
ing this diet to repeat the lipid profile evaluation.
These subjects, in whom the second test confirmed
the results of the first one (n = 178), were then ran-
domly assigned in a double-blind fashion to receive
ezetimibe (10 mg daily; n = 45), simvastatin (40 mg
daily; n = 46), ezetimibe (10 mg daily) plus simvasta-
tin (40 mg daily; n = 45) or placebo (n = 42). A com-
puter program was used for randomization. Each
treatment group was divided into two subgroups: pa-
tients with and without normal insulin sensitivity.
Normal insulin sensitivity was arbitrarily defined as
the homeostasis model assessment (HOMA) index
<2.0. If the HOMA index exceeded this threshold
value, the patient was considered to be insulin resis-
tant. Patients and all study personnel were blinded to
treatment assignment. Both ezetimibe and simvasta-
tin were administered once daily for 12 weeks with-
out any changes in dosage during the entire study
period. To minimize the risk of eventual pharmacoki-
netic interactions between ezetimibe and simvasta-
tin, both drugs were administered at 12-h intervals. If
patients were already taking other drugs, their phar-
macological schedule remained constant throughout
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the study. During the entire study period, allincluded
patients continued to follow the therapeutic lifestyle
changes diet. The possibility of ezetimibe- and/or
simvastatin-induced side effects was assessed fort-
nightly. Compliance was assessed during each visit
by tablet counts and was considered satisfactory
when the number of tablets taken by a patient ranged
from 90% to 110% ofthe total.

The primary study objective was to evaluate lympho-
cyte-suppressing, systemic anti-inflammatory and
endothelial protective effects of ezetimibe using a
panel of inflammation markers: tumour necrosis
factor-o (TNF-u), interferon-y (IFN-y), interleukin-2
(IL-2), high-sensitivity C-reactive protein (hsCRP)
and intercellular adhesion molecule 1 (ICAM-1). In
addition, the effect of combination therapy of ezetim-
ibe and simvastatin on these inflammation markers
was determined.

Laboratory assays

Venous blood was collected at baseline (after
6 weeks of lifestyle modification), after 4 weeks of
therapy and at the end of the treatment period. Sam-
ples were taken 12 h after a meal, always between
the hours of 8.00 and 9.00, to avoid circadian fluctu-
ations of the studied parameters and immediately
coded so that the person performing the laboratory
assay was blinded to subject identity and study se-
quence. To minimize analytical errors, all assays
were carried out in duplicate. Routine chemical
methods were used to determine plasma concentra-
tions of total cholesterol, high-density lipoprotein
(HDL) cholesterol, LDL cholesterol, triglycerides and
glucose (colorimetric enzymatic method; bioMerieux,
Marcy-1’Etoile, France; Beckman, Palo Alto, CA,
USA). To avoid any error resulting from the Friede-
wald formula, LDL cholesterol was determined
directly. Apoprotein A-I and apoprotein B levels were
assessed by immunoturbidimetry (Incstar Corp.,
Stillwater, MN, USA). Plasma insulin concentration
was measured with a commercial radioimmunoas-
say kit with no cross-reactivity with human proinsu-
lin (Linco Research Inc, St Charles, MO, USA). To
estimate insulin resistance, the HOMA index was
calculated using the following equation: [fasting
serum glucose (mg dL™') x fasting insulin level
(1U mL™1)]/405. Plasma C-reactive protein levels
were assessed by a highly sensitive immunoassay
using monoclonal antibodies obtained from MP Bio-
medicals (Orangeburg, NY, USA). Phytohaemaggluti-
nin-stimulated T cells were cultured in triplicate as
previously described [16]. TNF-o, IFN-y, IL-2 release

and plasma soluble ICAM-1 levels were measured
with commercial enzyme-linked immunosorbent as-
say kits obtained from R&D Systems (McKinley Place
N.E. Minneapolis, MN, USA). The minimum detect-
able levels for hsCRP, TNF-o, IFN-y, IL-2 and ICAM-1
were 0.1ngmL™!, 44, 15, 8pgmL' and
0.096 ng mL™!, respectively. The intra- and interas-
say coefficients of variation for all the assessed
markers were below 4.8% and 8.7%, respectively.

Power calculations

A power analysis was conducted prior to the study
using the Sample Power software (SPSS, Chicago, IL,
USA) on the basis of the data from our previous study
[16] and from an earlier pilot study conducted by our
team (data not shown). Assuming a power of 80% and
a significance («) level of 0.05, at least 32 subjects
would need to be randomly assigned to each treat-
ment group (at least 16 subjects to each subgroup) to
detect a 20% difference between the groups in all as-
pects of the primary end-point. Assuming possible
dropouts as well as estimation and measurement
inaccuracies, the sample size was increased to more
than 40 patients per group.

Statistical analyses

All statistical analyses were performed using Graph-
Pad Prism 2.01 (GraphPad, Software Inc., San Diego,
CA, USA) and Statistica 6.1 software (StatSoft, Tulsa,
OK, USA). Statistical significance was assumed at
P < 0.05. First, the Kolmogorov-Smirnov test was
used to analyse the normality of the distribution
of the parameters measured. Results for the HOMA
index and levels of TNF-¢, IFN-y, IL-2, hsCRP and
ICAM-1 were natural-log transformed to satisfy
assumptions of normality and equal variance.
Because lipid, lipoprotein, carbohydrate and, after
logarithmic transformation, all other values were
normally distributed, parametric tests were used for
statistical analysis. Treatment groups were com-
pared using one-way anova followed by the post hoc
Bonferroni test. The differences between baseline,
inter- and post-treatment values within the same
treatment group were compared with Student’s
paired t-test. Moreover, to verify the correctness of the
statistical analysis, the median values of the HOMA
index and levels of TNF-a, IFN-y, IL-2, hsCRP and
ICAM-1 were recalculated using nonparametric sta-
tistics (the Kruskal-Wallis test followed by the Mann-
Whitney U-test and the Wilcoxon matched paired
test), and the same results were obtained. For cate-
gorical variables, the chi-square test was applied.
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Kendall’s tau test was used to evaluate the relation-
ship between metabolic variables and inflammatory
mediators.

Results
Patient baseline characteristics

There were no differences in baseline characteristics
between the treatment groups. Mean values of plas-
ma lipids/lipoproteins, glucose homeostasis mark-
ers, lymphocyte cytokine release and plasma hsCRP
and ICAM-1 levels were all comparable between the
study groups (Table 1).

Table 1 Baseline characteristics of patients®

Adverse effects

Three participants, two allocated to simvastatin
alone and one treated with simvastatin plus ezetim-
ibe, experienced mild myalgia or other skeletal
muscle problems and therefore discontinued treat-
ment. None of these patients had values of creatine
kinase that exceeded 10 times the upper limit of nor-
mal. Two individuals, one assigned to placebo and
one receiving both ezetimibe and simvastatin,
dropped out of the study because of noncompliance
with the study protocol. One subject receiving ezetim-
ibe also dropped out because of a treatment-associ-
ated increase in aminotransferases to more than

Placebo Ezetimibe Simvastatin Ezetimibe + simvastatin
Number of patients 41 43 44 42
Age (years; mean + SD) 51+£3 50+£3 51+4 52+4
Women (%) 44 40 45 43
Bodymass index (kg m %; mean + SD) 27.8+2.6 27.9+2.8 28.2+3.2 27.7+2.5
Smokers (%) 32 33 34 36
Mild hypertension (%) 15 14 16 12
Insulin-resistant subjects (%) 46 51 48 52
Medications (%)
p1-adrenergic blockers 12 9 9 10
Imidazoline receptor agonists 2 5 7 2
Total cholesterol (mg dL™'; mean * SD) 252 + 12 258 + 14 259 + 13 255+ 12
Low-density lipoprotein cholesterol 179+ 9 181 +9 183 + 10 182 +38
(mg dL™!; mean * SD)
High-density lipoprotein cholesterol 45+ 4 46+ 4 44+ 3 45+ 3
(mg dL™!; mean * SD)
Triglycerides (mg dL™!; mean + SD) 119+ 11 122+ 11 120 £ 12 124 +£ 12
Apoprotein A-I(mg dL™'; mean + SD) 123+ 8 125+ 5 126 £ 8 123+ 7
Apoprotein B (mg dL™'; mean + SD) 172 + 10 174 £ 8 178 22 7 177 £ 8
Fasting glucose (mg dL™!; mean + SD) 965 94 £ 5 933 95+5
2-h postglucose load plasma glucose 1337 135+ 5 137+ 6 138+ 7
(mg dL™!; mean + SD)
Homeostasis model assessmentindex 29+04 29+04 2.8+£0.5 3.0£04
(mean * SD)
High-sensitivity C-reactive protein 32+04 34+04 3.3x04 3.5£04
(mg L™!; mean + SD)
Intercellular adhesion molecule 1 302 = 32 305 = 46 307 £ 31 299 + 35
(ng mL™'; mean + SD)
TNF-uarelease (pg mL™'; mean + SD) 348 £ 31 361 + 26 364 + 34 359 £ 38
IFN-yrelease (ng mL™'; mean + SD) 53.2+6.0 542 +7.1 54.4£5.2 52.9+6.4
IL-2 release (ng mL™'; mean + SD) 5 22 045 5.6 £ 0.6 5.8+£0.5 5.7+0.5

20nly data from subjects who completed the study were included in the final analyses.
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three times the upper limit of normal. Another patient
complained of abdominal pains and diarrhoea whilst
on combination therapy and withdrew from the
study. Additionally, a patient treated with ezetimibe
refused to further participate in the study because of
personal reasons. Neither significant adverse effects
nor any other complications were reported through-
out the study for the remaining 170 patients who
completed the study protocol.

Lipid/ lipoprotein profile and glucose homeostasis

Twelve weeks of placebo treatment did not affect
either the lipid/lipoprotein profile or glucose homeo-
stasis markers. Ezetimibe, simvastatin and the com-
bination treatment decreased circulating levels of
total cholesterol, LDL cholesterol and apoprotein B.
When administered together, ezetimibe and simvast-
atin also increased plasma levels of HDL cholesterol
and apoprotein A-I. None of the treatment options
affected glucose homeostasis markers, although eze-
timibe or ezetimibe plus simvastatin showed a
tendency to reduce the HOMA index (ezetimibe:
P =0.085and P = 0.076; ezetimibe plus simvastatin:
P=0.087 and P=0.075 after 4 and 12 weeks of
treatment, respectively) (Table 2).

Plasma hsCRP and ICAM-1

No changes in plasma hsCRP and ICAM-1 levels were
observed during the entire study period in placebo-
treated patients. Ezetimibe alone tended to reduce
plasma levels of these proteins (hsCRP: P= 0.076
and P=0.053; ICAM-1: P=0.069 and P= 0.059
after4 and 12 weeks of treatment, respectively). Both
4 and 12 weeks of simvastatin therapy alone or in
combination with ezetimibe decreased plasma
hsCRP and ICAM-1 levels. Simvastatin- and combi-
nation therapy-induced changes in plasma hsCRP
and ICAM-1 were more pronounced at the end of the
study than after 4 weeks of treatment (Table 3).

Lymphocyte cytokine release

Placebo treatment was without any effect on lympho-
cyte cytokine release. Ezetimibe treatment was asso-
ciated with a trend towards a decrease in phytohae-
magglutinin-induced cytokine release (TNF-o:
P=0.089 and P=0.078; IFN-: P=0.084 and
P=0.059; IL-2: P=0.087 and P = 0.051 after 4 and
12 weeks of treatment, respectively). Four and
12 weeks of treatment of hypercholesterolaemic pa-
tients with simvastatin alone or in combination with
ezetimibe reduced lymphocyte release of all cytokines

studied. The effect of simvastatin alone or the combi-
nation therapy on cytokine release was stronger after
12 than after 4 weeks of treatment (Table 3).

Subgroup analysis

Insulin-sensitive patients. Simvastatin, adminis-
tered alone or in combination with ezetimibe, to pa-
tients with a normal HOMA index reduced cytokine
release and circulating levels of hsCRP and ICAM-1,
whereas no effect was observed with ezetimibe alone
(Table 4).

Insulin-resistant patients. In insulin-resistant pa-
tients, all treatment options reduced cytokine release
and plasma levels of the assessed variables.

Between-group comparisons

The combination therapy was superior to the other
treatment options with regard to circulating levels of
total cholesterol, LDL cholesterol, apoprotein B,
hsCRP and ICAM-1, as well as lymphocyte cytokine
release. Simvastatin or ezetimibe administered alone
was superior to placebo in reducing total and LDL
cholesterol and apoprotein Blevels and, for simvasta-
tin, in reducing plasma hsCRP and ICAM-1 levels as
well as cytokine release. Simvastatin alone was supe-
rior to ezetimibe alone in reducing plasma hsCRP and
ICAM-1 levels and lymphocyte cytokine release. The
effects of ezetimibe alone or the combination therapy,
but not of simvastatin alone, on cytokine release and
circulating levels of hsCRP and ICAM-1 were more
evident in insulin-resistant than in insulin-sensitive
patients (Tables 3 and 4).

Correlations

Atentry, plasma hsCRPlevels showed a weak correla-
tion with lymphocyte release of TNF-a (r= 0.49,
P<0.001), IFN-y (r=0.56, P<0.001) and IL-2
(r=0.50, P< 0.001), as well as with plasma soluble
ICAM-1 (r=0.52, P< 0.001). There was no correla-
tion between lipid/lipoprotein profile and cytokine re-
lease or plasma levels of hsCRP and ICAM-1. Plasma
ICAM-1 level did not correlate with cytokine release.
The effect of simvastatin, ezetimibe and the combina-
tion therapy on hsCRP correlated weakly with their
effect on cytokine release (simvastatin: r= 0.47-
0.59, P< 0.001; ezetimibe: r = 0.46-0.57, P < 0.001;
ezetimibe  plus simvastatin: r=0.53-0.62,
P<0.001) and on plasma ICAM-1 (simvastatin:
r=0.60, P< 0.001; ezetimibe: r= 0.53, P< 0.001;
ezetimibe plus simvastatin: r=0.61, P< 0.001).
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Table2 The effect of ezetimibe and simvastatin on lipid/ lipoprotein profile and glucose homeostasis in patients with isolated hyper-
cholesterolaemia*

Placebo Ezetimibe Simvastatin Ezetimibe + simvastatin

Total cholesterol (mg dL ™)

Baseline 252 + 12 258 + 14 259 + 13 255+ 12

After 4 weeks 255+ 13(1) 199 + 12(-23)>4 194 + 12(-25)>¢ 159 + 9 (-38)>de8

After 12 weeks 258 + 15(2) 198 + 13(-23)>4 191 + 19(-26)>4 157 + 11 (-39)>4:fe
Low-density lipoprotein cholesterol (mg dL™?)

Baseline 179 £ 9 181 +9 183 +£ 10 182 +£ 8

After 4 weeks 181 + 8(1) 137 + 8 (—24)>¢ 125 + 8(-32)>4 99 + 8 (-46)>die

After 12 weeks 176 + 12(-2) 134 + 7 (-26)>4 122 + 9 (-33)>4 95 + 6 (—48)>dfe
High-density lipoprotein cholesterol (mg dL™)

Baseline 45+ 4 46 £ 4 44 £3 45+ 3

After 4 weeks 43 £ 4(-4) 44 £ 4 (-4) 48 +5(9) 54 + 3 (20)*°

After 12 weeks 45 £ 4(0) 47 £5(2) 47 £ 4(7) 54 £ 3 (20)*°
Triglycerides (mg dL™")

Baseline 119£11 122 £ 11 120 £ 12 124 £ 12

After 4 weeks 125 £ 14(5) 115 £ 12(-6) 111 £ 13(-8) 110+ 10(-11)

After 12 weeks 127 £ 13(7) 112 £ 10(-8) 111 £ 14(-8) 109 £ 11(-12)
Apoprotein A-I (mg dL ™)

Baseline 123 +8 1255 126 £ 8 123 +£7

After 4 weeks 121 £ 7(-2) 123 £ 8(-2) 131+9(4) 142 £ 5(15)*°

After 12 weeks 124 £7(1) 129 £ 8(3) 131 £6(4) 143 £ 6 (16)*°
Apoprotein B (mg dL™)

Baseline 172 £ 10 174 £ 8 175+ 7 177 + 8

After 4 weeks 175+ 13(2) 143 + 7 (-18)*° 132 + 6(-25)>¢ 114 £ 5(-36)>te

After 12 weeks 176 + 12(2) 141 + 7 (-19)*¢ 130 7 (-26)>¢ 111 + 5(-37)>dt8
Fasting glucose (mg dL™%)

Baseline 96 +5 94 +5 93 +3 95+5

After 4 weeks 98 £5(2) 93 +3(-1) 95 £ 4(2) 93 + 4(-2)

After 12 weeks 97 £ 4(1) 92 + 4 (-2) 95 £ 4(2) 93 + 3(-2)
2-h postglucose load plasma glucose (mg dL ™)

Baseline 1337 1355 137 £ 6 138 £ 7

After 4 weeks 135+ 6(2) 132 = 5(-2) 139 + 8(1) 136 £ 7(-1)

After 12 weeks 136 = 7(2) 130 + 6 (-4) 138 £ 6(1) 133 + 6(-4)
Homeostasis model assessmentindex

Baseline 2904 2.9+04 2.8+0.5 3.0+£04

After 4 weeks 3.0+0.4(3) 2.5+0.5(-14) 3.0+£0.5(7) 2.6 £0.5(-13)

After 12 weeks 2.9 +0.4(0) 2.4+04(-17) 2.9+04(4) 2.5%0.4(-17)

Data represent the mean + SD. Values in parentheses represent percentage changes from baseline values. *P < 0.05,
PP < 0.001 vs. control group. °P < 0.05, P < 0.001 vs. pretreatment values. °P < <0.05, TP < <0.01 vs. ezetimibe-treated
patients. 8P < 0.05vs. simvastatin-treated patients.
*Only data from subjects who completed the study were included in the final analyses.
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Table3 The effect of ezetimibe and simvastatin on systemic inflammation, endothelial function and lymphocyte cytokine release in

patients with isolated hypercholesterolaemia*

Placebo Ezetimibe Simvastatin Ezetimibe + simvastatin

High-sensitivity C-reactive protein (mg L)

Baseline 3.2+0.4 34+£04 3.3+0.4 3.5+04

After 4 weeks 3.3+0.3(3) 2.8+0.3(-18) 2.5+ 0.2(-22)*4 2.0+ 0.4(-43)>f

After 12 weeks 3.4 +0.5(6) 2.7 £0.4(-19) 1.9 £ 0.2 (-42)>th! 1.1 £ 0.2 (-69)>kn
Intercellular adhesion molecule 1 (ng mL™?)

Baseline 302 £ 32 305 + 46 307 £ 31 299 35

After 4 weeks 306 = 24 (1) 253 + 31(-17) 236 + 18(-23)*¢ 202 * 24 (-32)>F

After 12 weeks 308 + 26(2) 247 + 23(-19) 196 + 15(-36)>e! 147 + 16 (-51)°tm
TNF-orelease (pg mL™)

Baseline 348 + 31 361 £ 26 364 + 34 359 + 38

After 4 weeks 361 £ 33(4) 305 £ 28(-16) 280 £ 25(-23)*4 241 £ 22(-33)°f

After 12 weeks 365+ 31(5) 298 + 32(-17) 220 % 21 (-40)>F&! 175 £ 23 (-51)>5d=m
IFN-yrelease (ng mL™)

Baseline 53.2% 6.0 54.2+7.1 54.4 %52 52.9 + 6.4

After 4 weeks 52.8 £ 7.4(-1) 45.6 + 3.7 (-16) 41.6 + 3.5 (-24)*° 36.7 +5.1(-31)>f

After 12 weeks 52.4 + 4.4 (-2) 445+ 4.5(-18) 32.7 + 3.2 (-40)>50! 24.8 + 2.2 (-53)>Hn
IL-2 release (ng mL™)

Baseline 55+0.6 5.6%0.6 5.8+0.5 57+0.5

After 4 weeks 5.5+ 0.5(0) 4.6+0.5(-18) 4.5+ 0.3(-22)*4 3.9%0.4(-32)°F

After 12 weeks 5.7+0.5(4) 4.5+0.5(-19) 3.7 £ 0.2(-36)>"8! 2.9 £ 0.3 (-49)cHim

Data represent the mean * SD. Values in parentheses represent percentage changes from baseline values. *P < 0.05,
"P<0.01, °P< 0.001 vs. control group. “P < 0.05, °P < 0.01, 'P< 0.001 vs. pretreatment values. P < 0.05, "P < 0.01,
'P<0.001 vs. ezetimibe-treated patients. JP < 0.05, kP < 0.001 vs. simvastatin-treated patients. 'P< 0.05, ™P< 0.01,

P < 0.001 vs. the effect after 4 weeks of treatment.

*Only data from subjects who completed the study were included in the final analyses.

There was a correlation between ezetimibe- and the
combination therapy-induced changes in the HOMA
index and the effect on cytokine release and plasma
levels of hsCRP and ICAM-1 (ezetimibe: r= 0.48-
0.59, P < 0.001; ezetimibe plus simvastatin: r=0.46—
0.58, P< 0.001). The treatment-induced reductions
in levels of hsCRP and ICAM-1 and lymphocyte cyto-
kine release were unrelated to the degree oflipid/lipo-
protein profile improvement and, for simvastatin, to
the action on glucose homeostasis markers. The
treatment-induced reduction in ICAM-1 did not
correlate with the effect of either drug on cytokine
release.

Discussion

The major finding of our study is that simvastatin
is superior to ezetimibe in producing lymphocyte-sup-
pressing, systemic anti-inflammatory and endothelial

protective effects in patients with hypercholesterola-
emia. The strongest effect was observed when both
these agents were administered together, which sug-
gests that combined treatment with ezetimibe and
simvastatin is an interesting therapeutic option in
high-risk patients with hypercholesterolaemia.

In line with our previous studies [16, 17], simvastatin
significantly reduced lymphocyte cytokine release,
with the strength of the effect determined by the
length of treatment. Because simvastatin was admin-
istered in the same dose as used in the Heart Protec-
tion Study [18], the largest study that demonstrated
the benefits of statin use in the prevention of cardio-
vascular disease, a lymphocyte-suppressing effect of
this agent may in part explain why statins delay the
development and progression of atherosclerosis. In
turn, ezetimibe showed only a tendency to affect lym-
phocyte cytokine release. Although both statins [19]
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and ezetimibe [15] were found to reduce the number
of T cells, the accurate procedure for lymphocyte iso-
lation (including the same number of cells in each
sample) enabled us to exclude the possibility that the
observed decrease in cytokine release is secondary to
the reduction in the number of these cells. Because
T lymphocytes are one of the most important cells
involved in atherogenesis [3, 4], and TNF-«, IFN-y and
IL-2 exhibit pro-atherogenic actions [20, 21], the
results suggest that statin treatment offers more ben-
efits than ezetimibe to patients with isolated hyper-
cholesterolaemia, despite similar hypolipidaemic
effects of these drugs. Considering the strong rela-
tionship between plasma hsCRP and the presence,
onset and severity of atherosclerosis [22], as well as
the established role of the assessed cytokines in the
development and progression of atherosclerosis [20,
21], it seems that a weak anti-inflammatory effect of
ezetimibe may bring some additional clinical benefits
to patients with hypercholesterolaemia in whom sta-
tin therapy either is contraindicated or results in
adverseeffects. However, in the light of recent studies,
which demonstrated a lack of benefit of ezetimibe on
intima-media thickness in statin-treated subjects
with either heterozygous familial hypercholesterola-
emia [23] or type 2 diabetes [24], longer-term prospec-
tive controlled trials using more hard end-points in
large patient groups are required to confirm this
hypothesis.

The most interesting result of our study may be that
ezetimibe potentiated a lymphocyte-suppressing ef-
fect of simvastatin. Moreover, the combined adminis-
tration of simvastatin and ezetimibe was the only
treatment that led to a small but statistically signifi-
cant increase in HDL cholesterol and apoprotein A-I
levels. These findings may suggest the superiority of
the ezetimibe/statin combination compared with the
effect of a statin alone and partially explain why eze-
timibe administered together with simvastatin re-
duced the need for coronary artery bypass grafting in
patients with aortic stenosis [25]. According to cur-
rent recommendations, administration of ezetimibe
should be considered if statin therapy is contraindi-
cated, resultsinadverseeffects orif statinmonothera-
py does not correct all lipid/lipoprotein abnormalities
[26]. Our results may indicate that the combined
treatmentisjustifiable evenin subjects with relatively
mild hypercholesterolaemia if they are at high cardio-
vascular risk. Because the combined treatment was
welltolerated when the two agents were started simul-
taneously, it seems that hypercholesterolaemic indi-
viduals may be administered both ezetimibe and a
statin from the beginning of treatment.

In the present study, we did not find any correlation
between the degree of reduction in cytokine levels
and the extent of lipid-lowering action of the drugs
studied. Inthe case of simvastatin, an anti-inflamma-
tory effect probably results from diminished post-
translational protein prenylation, which is an
important process for cellular signalling, differentia-
tion and growth regulation, and membrane transport
[27, 28]. It is more difficult to establish the molecular
mechanisms responsible for a weak anti-inflamma-
tory effect of ezetimibe. One of the potential signal
transmission pathways may be aminopeptidase N,
which is one of the molecular targets of ezetimibe
[29]. This protein is expressed by monocytes/macro-
phages [13], which are in close proximity to lympho-
cytes within the atherosclerotic plaque [1, 2]. In line
with this hypothesis, synthetic inhibitors of amino-
peptidase N were found to suppress cytokine produc-
tion by activated human T cells [30].

The ezetimibe-induced reduction in the level of
ICAM-1 indicates an endothelial protective effect
of ezetimibe. This is in agreement with the results of
Kuhlencordt et al. [31] who found that ezetimibe po-
tently reduced vascular expression of vascular cell
adhesion molecule-1 in atherosclerosis-prone mice.
The existence of a correlation between plasma levels
of soluble ICAM-1 and hsCRP as well as between lym-
phocyte cytokine release and plasma hsCRP suggests
that both enhanced lymphocyte cytokine release and
endothelial dysfunction contribute to the develop-
ment of systemic low-grade inflammation. Moreover,
areduction in TNF-o, [IFN-y, IL-2 and ICAM-1 produc-
tion is in part responsible for the systemic anti-
inflammatory effect of ezetimibe and simvastatin. As
our results show, abnormal secretory function of
T lymphocytes and endothelial dysfunction indepen-
dently induce systemic inflammation, whereas treat-
ment-induced reduction in plasma levels of hsCRP
seems to result from the combined actions of
statins and/or ezetimibe on lymphocytes and the
endothelium.

Another interesting finding of our study is that eze-
timibe, but not simvastatin, affected cytokine release
and plasma hsCRP with a potency determined by the
degree of insulin sensitivity. In subjects with normal
sensitivity to insulin, ezetimibe had no anti-inflam-
matory effects, whereas the effect was almost as
strong as that produced by simvastatin in insulin-
resistant individuals. Our observation, the first to
show that the anti-inflammatory effect of ezetimibe
depends on insulin sensitivity, suggests that this
agent should be administered in particular toisolated
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hypercholesterolaemic patients with abnormal insu-
lin sensitivity. In turn, in the case of simvastatin, the
degree of insulin sensitivity seems to be oflittle impor-
tance forits action onlymphocytes and hsCRP.

Although both 4- and 12-week treatments with eze-
timibe and simvastatin resulted in almost the same li-
pid-lowering effects, their effects on cytokine release
and plasma levels of ICAM-1 and hsCRP were more
pronounced at the end of the study protocol. This
observation, suggesting that the pleiotropic effects of
ezetimibe are time dependent, seems to justify the
need for long-term treatment with statins, even if
such therapy is not associated with any further lipid-
lowering effects. It also raises the question of whether
a longer period of treatment might bring any addi-
tional benefits compared with 12 weeks of therapy.
Weintend toinvestigate this in our future studies.

Our study has some limitations. Although the study
was powered and the population exceeded the re-
quired number of individuals, our sample size was
relatively small. As several differences in lympho-
cyte-suppressing, global anti-inflammatory and
endothelial protective effects (particularly in the
group treated with ezetimibe) did not achieve a P-va-
lue below 0.05 (ranging between 0.05 and 0.1), it
appears that slightly larger groups would ensure sig-
nificant differences. Moreover, the doses of ezetimibe
and simvastatin were not maximal, and the duration
of treatment was short. It is likely that the effect of
both these agents is more pronounced in the case of
long-term treatment with higher doses. In our study,
the term ‘insulin resistant’ encompassed subjects
with impaired fasting glucose, impaired glucose tol-
erance and some with normal glucose tolerance. We
cannot exclude the possibility that the effect of eze-
timibe and simvastatin may differ between the three
subgroups. Because patients with diabetes were ex-
cluded, it remains unknown whether similar effects
of ezetimibe and simvastatin are also observed in
subjects with advanced glucose homeostasis abnor-
malities.

In conclusion, the results of our study demonstrate
that simvastatin and, to a lesser extent, ezetimibe re-
duce lymphocyte cytokine release, reduce systemic
inflammation and improve endothelial function. For
ezetimibe, these actions were more evident in insulin-
resistant than in insulin-sensitive patients. These ef-
fects, which are lipid-independent and more potent if
both agents are administered together, may delay the
onset and progression of atherosclerosis and related
disorders.
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