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SHORT-TERM EFFECT OF
ATORVASTATIN ON THE
SOLUBLE P-SELECTIN LEVEL
IN PATIENTS WITH
HYPERCHOLESTEROLEMIA

Running Title: Effect of Atorvastatin on P-Selectin

We aimed fo determine the short-term effect of atorvastatin on the
soluble P-selectin level in patients with hypercholesterolemia.
Twenty-three patients (mean age: 60.7£11.0 yrs, 09 male/d female)
with hypercholesterolemia requiring drug therapy were admitted
into the study. The soluble P-selectin levels were measured using the
enzyme immonoassay method. The means for plasma lipids as well
as the soluble P-selectin levels before and after a 8-week treatment
period were compared to each other. The mean atorvastatin dose
was 24.8%13.1 mglday (ranging from 10 to 40 mg). We found statis-
tical differences for total cholesterol, LD cholesterol and triglyc-
eride but not for HDL cholesterol. While the soluble P-selectin at
baseline was [.620.5 ng'ml, it was 1.220.2 ngiml after treatment.
The difference was statistically significant (p<0.05). The change in
the plasma P-selectin levels wasn’t correlated with the reductions in
Plasma lipids. In conclusion, atorvastatin reduced the soluble P-
selectin levels after a 8-week freatment period in patfients with
hypercholesterolemia. This reduction wasn’t correlated with the
changes in plasma lipids. This may be one mechanism of the anfi-

inflammatory effects of atorvastatin.
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ypercholesterolemia is one of the major cardiovascu-

lar risk factors. Hypercholesterolemia causes endothe-

lial dysfunction which may result in atherosclerosis.
An inflammatory reaction is a major event in the process start-
ing with endothelial dysfunction and extending to atherosclero-
sis. Hypercholesterolemia has been shown to make the endothe-
lium more suspectible to inflammation (1). In this inflammato-
ry response, the role of adhesion molecules has been well-
known. Some studies have shown that adhesion molecules are
elevated in hypercholesterolemia (2-7).

Shon-Term Effect of Atorvastatin on the Soluble



The selectins, a great family of adhesion mole-
cules, play a crucial role in the inflammatory
reaction. Three types of selectins have been
defined: E selectin, secreted only by the affected
endothelial cells and representing endothelial
dysfunction; P-selectin, secreted by the endothe-
lial cells as well as platelets and representing
endothelial dysfunction and platelet activation;
and L selectin, expressed by all granulocytes,
monocytes as well as most lymphocytes and
standing for leucocyte activation (8). P-selectin
has an important role for efficient interaction
with monocytes and endothelial cells and for the
activation of monocytes into macrophages (9).
Because of these effects of the selectins, reducing
selectin  level with some specific medications
such as selectin inhibitors has recently become
one of the treatment goals, though this idea is still
under investigation (10).

Lipid lowering therapy with statins has been thor-
oughly shown to regress the pathologic events
triggered by hypercholesterolemia, thereby
reducing cardivascular mortality and morbidity
(11-13). Statins have many beneficial effects
beyond lipid lowering. Statins have been deter-
mined to modify endothelial and vasomotor func-
tions, inflammatory responses and atherosclerot-
ic plaques. Their antiinflammatory effects may
be attributed to preventing the activation of
monocytes into macrophages and inhibiting the
production of cytokines, C-reactive protein, and
cellular adhesion molecules (14-16). In the litera-
ture, there have been a number of studies investi-
gating the effects of several statins on various
adhesion molecules (17-20). However, the num-
ber of the studies dealing with the short-term
effect of atorvastatin, one of the potent statins, on
the soluble P-selectin level have been limited
{21-23). It is obvious that investigating this sub-
ject will mean trying to figure out the mechanism
of its antiinflammatory and antiplatelet effects.
We aimed to determine the short-term effect of
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atorvastatin on the soluble P-selectin level in
patients with hypercholesterolemia.

METHODS

Twenty-three patients with hypercholesterolemia
requiring drug therapy according to the ATP 111
guidelines were admitted into the study. Patients
with acute coronary syndrome, renal failure,
hepatic dysfunction, any systemic discase and
any contraindication to atorvastatin were exclud-
ed from the study. After the patient data includ-
ing age, smoking status, coexisting diseases such
as hypertension, diabetes and established coro-
nary artery disease were gathered, their drug
treatments was recorded, atorvostatin was pre-
scribed at a dose indivudually determined.
During the study, other medications remained
unchanged. Patients were examined at baseline
and at the end of a 8-week treatment period. Their
blood samples were taken in the moming after
overnight fasting. Serums were kept frozen at
=70 C until analysed.

Plasma lipids were measured using conventional
methods, and the soluble P-selectin levels were
obtained with the enzyme immonoassay method
using human sP-selectin ELISA kit (BioSource
Europe, Belgium) following the instructions of
the manufacturer.

The means for plasma lipids as well as the solu-
ble P-selectin levels before and after a 8-week
treatment period were compared to each other.
The means were expressed as mean + SD. The
Wilcoxon test was used for comparisons. The
correlation was saught using the Pearson correla-
tion co-efficient. A p value under (.05 was con-
sidered significant. The comparisons were done
using the SPSS 10.0 for Windows program.

The study was approved by The Local Ethics
Committee. All patients gave writien consent.
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RESULTS

The mean age was 60.7 £ 11.0 yrs. The charac-
teristics of the study population were summa-
nzed in Table 1. The mean atorvastatin dose was
24.8 £ 13.1 mg/day (ranging from 10 to 40 mg).
Table 2 showed plasma lipids at baseline and
after the 8-week treatment. We found statistical
differences for total cholesterol, LDL cholesterol
and triglyceride but not for HDL cholesterol.

Table 1. The Charactenstics Of The Study Population

Study population (n=23) Number of patient{ %)

Male/female 19 (8260 4 (174
SEmokers I2LT
Existing diseases

Coronary artery disease 14 (B0.E)
Hypertension 14 (50.8)
Diabetes I(1am
Medications

Acetylsalicylic acid 23 (1000
ACE inhibitors/ATII antagonist 13 (56.5)
Ca-channel bloker 4(17.4)
Beta Bloker 15 (65.2)
Long-acting nitrate 13 (56.5)

ACE: Angiotensin converting engyme, AT 1I: Angiotensin 11

Table 2. Plasma Lipids At Baseline And  After The 8-Week
Treatment

Parameters Baseline 8 weeks P
(mg/dl) (meantSD)  (meantS0)

Total cholesteral 2504 £49.1 1794 +£428 <005
LDL-cholesterol 1744 £355 11261410 <005
HDL-cholestersl 437 £ 7.6 439170 =005
Tryglyceride 1331 £60.1 1037459 <005

SD: Standard deviation

While the soluble P-selectin at baseline was 1.6 +
0.5 ng/ml, it was 1.2 + 0.2 ng/ml after treatment.
The difference was statistically significant
(p<0.05). The means and comparisons were
shown as a box-plot graphic in figure 1. The
change in the plasma P-selectin levels wasn’t cor-
related with the reductions in plasma lipids.
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Figure 1. Soluble P-Selectin at Baseline and After Treatment
as A Box-Plot Graphic

Our resulis revealed that atorvastatin lowered
plasma lipids including total cholesterol, LDL-
cholesterol and tryglycende as well as the soluble
P-selectin level in patients with hypercholes-
terolemia after a 8-week treatment period. P-
selectin is stored in --granules of platelets and in
Weibel-Palade bodies of endothelial cells.
Activated platelets express P-selectin which
binds P-selectin glycoprotein ligand-1 on leuco-
cytes and monocytes. This reaction is reponsible
for the recruitment of inflammatory leucocytes to
thrombi (8). It was shown that plasma P-selectin
level was elevated during acute coronary syn-
dromes (24,25). Also, P-selectin is required for
the activation of monocytes into macrophages. It
is obvious that increased P-selectin represents
platelet activation and endothelial dysfunction.
Therefore, P-selectin plays a crucial role in ather-
osclerosis pathogenesis (9). Moreover, it was
indicated that adhesion molecules are increased
in hypercholesterolemia in some studies.
Hypercholesterolemia enhances the expression of
endothelial cell adhesion molecules and renders
the endothelium more suspectible to inflamma-
tion (2-7). Davi et al. showed that hypercholes-
terolemia was associated with elevated plasma P-

Shont-Term Effect of Atorvastatin on the Soluble 31



selectin, They claimed that an altered oxidative
process and persistent platelet activation may
contribute to increased soluble P-selectin levels
(7). Furthermore, increased P-selectin may be
proposed as a vascular risk factor. A study by
Ridler et al investigating the value of soluble P-
selectin in determining vascular risk indicated
that healty women with elevated P-selectin levels
had more risk for future vascular events (26). [t is
apparent that reducing soluble P-selectin levels
would mean preventing the inflammatory
response of vascular endothelium, modifying
platelet function and reducing vascular risk. With
our results, it may be suggested that atorvastatin
has these effects by reducing the soluble P-
selectin levels in patients with hypercholes-
terolemia. In our study, we focused on the effect
of atorvastatin treatment on the soluble P-selectin
level in hypercholesterolemia regardless of
whether the subjects had elevated P-selectin lev-
els or not. In fact, we didn’t test whether the sub-
jects had elevated P-selectin levels in hypercho-
lesterolemia. Also, we didn't group the patients
as to their association with any disease such as
hypertension, coronary artery disease or diabetes,
their levels of P-selectin, that is, elevated or not,
or the dose of atorvastatin they receieved. Indeed,
our population was too small to group the
patients in terms of these types of features.
However, hypercholesterolemia 1s frequently
associated with coronary heart disease, hyperten-
sion, diabetes etc. Hence, beneficial effects of
statins are expected for all patients. For that rea-
son, we didn’t group the patients according to
their some features mentioned above.

It has been shown that statins have anti-inflam-
matory properties beyond lipid lowering in the
large trials as well as in expenimental ammals and
cell culture systems (11-16). LDL cholesterol
represents potent pro-inflammatory stimuli, and
it is clear that lowering LDL cholesterol nor-
malises systemic inflammatory markers. Also, an
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increase of HDL cholesterol with statin treat-
ments is a contributing factor in reducing inflam-
matory markers (14). However, in the studies, a
correlation between LDL cholesterol changes
and C reactive protein wasn't found (27). The
role of adhesion molecules in inflammation has
been well-known (8). The effects of statins on
adhesion molecules are still being investigated.
Although statins have been shown to reduce
some selectins, there have been some reporis
indicating that some statins have a different effect
on other adhesion molecules, such as intercellular
adhesion molecule-1{(ICAM-1), vascular-cellular
adhesion molecule-1(VCAM-1) and E-selectin
(28,29). Empen et al reported that a 4-week ator-
vastatin treatment didn’t affect on the level of
adhesion molecules including E-selectin, ICAM-
1 and VCAM-1 in patients with hypertryglyc-
eridemia (30). In that study, the study population
was different from our population, and P-selectin
wasn't determined. In a recent study, Nawawi et
al investigated the effect of atorvastatin on adhe-
sion molecules including E-selectin, ICAM-1
and VCAM-1 in patient groups with familial or
nonfamilial hypercholesterolemia, and  they
reported that there were reductions in serum
ICAM-1 levels at 2 weeks, 3 months and 9
months for both groups. In that study, there was
reduction in serum VCAM-1 levels at 3 months
but not at 9 months and only in the nonfamilial
hypercholesterolemia group. It was also reported
that a reduction in the E-selectin levels was
observed at 9 months in both groups (31). An
other study by Nawawi et al indicated that low
dose atorvastatin treatment in patients with non-
familial hypercholesterolemia reduced adhesion
molecules at 2 weeks and 3 months for ICAM-1,
YVCAM-1 but not for E-selectin (32). P-selectin
levels were not determined in these studies by
Nawawi et al. Moreover, Jilma et al reported that
the levels of ICAM-1,VCAM-1, E-selectin did
not decrease after 3 months of statin therapy with
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atorvastatin, simvastatin, pravastatin in moderate
hypercholesterolemia (29). However, Purcetti et
al determined time-dependent effects of statins
including atorvastatin on platelet function in
hypercholesterolemia by measuring surface P-
selectin, and they claimed that atorvastatin
reduced platelet activity after 1,2,3 and 4 weeks
of treatment (22). Also, Seljeflot et al investigat-
ed the effect of atorvastatin and simvastatin on
adhesion molecules inculding the ICAM-1,
VCAM-1, E-selectin and P-selectin levels after 1
year treatment in patients with coronary heart dis-
ease, and they reported that atorvastatin lowered
all cellular adhesion molecules, reaching statisti-
cal significance for ICAM-1 and P-selectin. In
that study, statistical significance was observed
for E selectin and P-selectin, whereas a statisti-
cally significant increase in VCAM-1 was seen in
the simvastatin group (21). When combining
their results with ours, it might be expressed that
the reducing effect of atorvastatin on P-selectin
levels may be observed at early stage of treatment
(& weeks), though our population was slighty dif-
ferent from those in the study by Seljeflot et al. In
an other study by Atalar et al, it was reported that
atorvastatin reduced the soluble L-selectin level
in hyperlipidemic patients with coronary heart
discase at 12 weeks (33). All findings indicate
that atorvastatin has antiinflammatory and
antiplatelet effects, though with varying results.
The existence of different results may imply that
the interaction of adhesion molecules with statins
and the mechanisms of their antiinflamatory
properties are more complex than appears, and
these subjects need to be dealt with in more fur-
ther investigations. Also, not finding a correlation
between lipid changes and the P-selectin reduc-
tion with treatment may be said to confirm to this
idea. With this point of view, we think that our
study can be a part of the collected data regarding
the effects of atorvastatin.

Koguyolu Heart Journal

In the literature, there have been some studies
regarding the effects of other statins including
simvastatin, fluvastatin, pravastatin on soluble P-
selectin levels. It has been reported that these
statins reduce soluble P-selectin levels at early
stage of treatment (4-12 weeks) in hypercholes-
terolemia (17-20). With these findings, it is like-
ly to be suggested that the lowering effect on the
soluble P-selectin level may be a group effect of
statins.

In conclusion, atorvastatin reduced the soluble P-
selectin levels after a 8-week treatment period in
patients with hypercholesterolemia. This reduc-
tion wasn't correlated with the changes in plasma
lipids. This may be one mechanism of the antiin-
flammatory effects of atorvastatin.
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