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Abstract

Purpose: The idea behind the present investigation was to evaluate the effect of aspirin, and two statins -
pravastatin (hydrophilic) and atorvastatin (hydrophobic) either one alone or in combination, on the capacity
of human PBMC for cytokine production.

Methods: PBMC were incubated without or with LPS in the absence (0) or presence of each one of the
followings: pravastatin, atorvastatin (50 uM) or aspirin 10 pg/ml and jointly with aspirin and one of the
statins. The supernatantswere tested for cytokinesusing ELISA Kits.

Results: Atorvastatin caused inhibition of TNFa production by PBMC and enhanced the secretion of IL-1
and IL-6. The secretion of TNFa, IL-1f or IL-6 was not affected by pravastatin or aspirin. IL-2, /FNy and IL-
10 secretion by PBMC was inhibited by atorvastatin and was further reduced when aspirin was added. IL-1ra
secretion was slightly enhanced by pravastatin or aspirin and by the combination ofboth.

Conclusion: Although all three drugs may affect cytokine production by human PBMC, albeit to different
degrees, aspirin applied together with statins and particularly with atorvastatin may alter the effect of either
drug alone in controlling inflammatory processes. This observation favor the jointly use of both drugs for
obtaining better clinical outcome.

Abbreviations: PBMC -peripheral blood mononuclear cells, PBS-phosphate buffered saline, FBS-fetal bovine
serum, LPS-lipopolysaccharide, PMA-phorbolmyristate acetate, IL-interleukin, TNF-tumor necrosis factor,
IFN- interferon, DMSO-dimethyl sulphoxide, CM-complete medium

Keywords: Aspirin, atorvastatin, pravastatin, cytokines, peripheral blood mononuclear cells.
1. INTRODUCTION cardiology, as chronic inflammation of the
vascular endothelium concurrently with risk
factors develops to atherosclerosis with serious
complications such as coronary involvement and
even death [8]. In addition to its numerous
pharmacological activities research has shown
that aspirin is an active immunomodulating
agent [7, 9]. It has been reported that aspirin
affects the phagocytic capacity of the
macrophages, induces apoptosis and modulates
cytokine  production.  Peripheral  blood
mononuclear cells (PBMC) incubated with
aspirin produce IFNy more than threefold
compared to controls [10].Considering the close
relation between chronic inflammation, immune

The history of certain drugs advances parallel to
human development - acetylsalicylic acid being
an appropriate example. More often known as
aspirin, it served as an efficient analgesic and
antipyretic for centuries. The milestones starting
from use of willow leaves containing salicin
against fever and swelling, till the massive
introduction of aspirin into the pharmacological
armamentarium have been vividly described by
Wick [1]. With increasing experience it became
obvious that aspirin exerts pleiotropic properties
including anti-platelet, anti-thrombotic, anti-
inflammatory and even anti-cancer activities [2-
6]. It is well accepted that the anti-inflammatory

properties of aspirin are due to its capacity to
inhibit cyclooxygenase (COX) functions [7].
Therefore it is widely implemented in
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responses and development of atherosclerosis,
the use of agents that may affect the chain of
events linked with those processes might be of
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great pharmacological and clinical value. In this
sense aspirin with its great variety of activities is
a valuable pharmacological asset However,
development of atherosclerosis depends on a
number of risk factors the highly important one
being hypercholesterolemia. Therefore, efforts
have been made to develop cholesterol lowering
drugs resulting in synthesis of statins known as
3-hydroxy-3-methyl-glutaryl-CoA reductase
inhibitors [11]. Research has shown that in
addition to their lowering cholesterol capacity
and prevention of cardiovascular diseases,
statins exert immunomodulatory properties such
as anti-inflammatory activities [12]. Modulation
of inflammatory cytokine production and
inhibition of malignant cell proliferation [13,
14]. Enhanced phagocytosis and decreased
apoptosis of human peripheral blood cells [15],
as well as antioxidant and antithrombotic effects
[16]. In a previous study it has been shown that
there is a difference between the activity of
hydrophobic and hydrophilic statins at least
when some functions of PBMC, such as
phagocytosis and apoptosis have been evaluated
[15]. Klener et al. [17] have reported that human
monocytes treated with hydrophobic statins
promoted secretion of a number of
inflammatory agents, among them TNFa, IL-1p
and IL-8, while the hydrophobic pravastatin
lacked the capacity to induce inflammatory
responses. Considering the similar immune
properties of aspirin and statins and their
common administration in the clinic the aim of
the study was to examine their joint effect on
cellular proliferation and the capacity of PBMC
for cytokine production applying aspirin with
the hydrophilic statin-pravastatin and the
hydrophobic one —atorvastatin.

2. MATERIALS AND METHODS
2.1.Statins and Aspirin Pre paration

Atorvastatin and pravastatin were kindly
provided by Teva, Pharmaceutical Industries

Ltd., API Division, Petah-Tigva, Israel.
Atorvastatin calcium was dissolved in dimethyl
sulphoxide (DMSO, Sigma, Israel) and

pravastatin in phosphate buffered saline (PBS).
A stock solution of 5 mM of each statin was
prepared in the appropriate diluent, and further
dilutions were made in medium. The statins
were added to the cell cultures at a final
concentration of 50 uM. Aspirin (Acetylsalicilic
acid Sigma, Israel) was dissolved in absolute
ethanol at 100 mg/ml. Dilutions were prepared
in complete medium, and the pH was adjusted to
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7.0 using 1IN NaOH. Further dilutions were
carried out in complete medium. Aspirin was
added to the cultures at a final concentration of
10pg/ml. Control cultures were incubated either
with medium or with ethanol or DMSO at final
concentrations of 0.2% and 1% corresponding to
the concentrations added with the statins.

2.2.Peripheral Blood Mononuclear Cells

Buffy coats obtained from donors’ blood were
purchased from Magen David Adom, Blood
Services Center in Israel after signing an
informed consent containing a  written
agreement that blood components not suitable
for therapeutic needs may be used for medical
research. PBMC  were separated by
Lymphoprep-1077 (Axis-Shield PoC AS, Oslo,
Norway) gradient centrifugation. The cells were
washed twice in phosphate buffered saline
(PBS) and suspended in RPMI-1640 medium
containing 1% penicillin, streptomycin and
nystatin, 10% fetal bovine serum (FBS,
Biological Industries, BeithHaemek, Israel) and
was designated as complete medium (CM).

2.3.Effect of Statins and Aspirin on Cell
Proliferation

The effect of statins and aspirin on PBMC
proliferation was determined using XTT
proliferation assay kit (Biological Industries,
Beith Haemek, Israel). Briefly, 0.1 ml aliquots
of PBMC (10%/ml of CM) were added to each
one of 96 well plates and incubated for 24 hrs in
the absence or presence of pravastatin or
atorvastatin (50uM), with aspirin (10ug/ml) or
with a combination of one of the statins and
aspirin at concentrations as indicated. At the end
of the incubation period the cells were stained
according to the manufacturer’s instructions.
The plates were incubated for 2-4 hrs.at 37°C in
a humidified incubator containing 5% CO, and
the absorbance was measured at 450 nm using
ELISA reader.

2.4.Effect of Statins and Aspirin on Cytokine
Production

2x105 MC suspended in 1 ml of CM were
incubated in 24 well plates (Nunc, Thermo
Fisher Scientific, Paisley PA4 9RF, UK)
without or with pravastatin, atorvastatin or
aspirin, or with a combination of one of the
statins and aspirin added at the onset of the
cultures at final concentrations as indicated.
Cultures were incubated without or with 50
ng/ml of lipopolysaccharide (LPS, E. coli,
Sigma) to determine the effect of all substances
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on TNFa, IL-1B, IL-6, IL-1ra and IL-10 and
with PMA 1pg/ml and ionomycin 0.5ug/ml
(Sigma, Israel) for IL-2 and IFNy secretion.

Cultures were incubated for 24 hrs at 37°C in a
humidified atmosphere containing 5% CO2 At

the end of the incubation period, the culture
media were collected, the cells were removed by
centrifugation at 200g for 10 min and the

supernatants were kept at -709C until assayed
for cytokine content.

2.5.Cytokine Content in the Supe rnatants

The concentration of cytokines in the
supernatants was tested using ELISA Kkits
specific for human cytokines (Biosource
International, Camarillo, CA) as detailed in the
guide-line provided by the manufacturer. The
detection level of all cytokines was 30 pg/ml.

2.6.Statistical Analysis

Paired t-test was used to compare between the
level of cytokines produced following
incubation with the various drugs and that found
in control cultures. In addition, it was applied to
compare between cells incubated with one of the
drugs with those incubated with one of the
statins and aspirin jointly. Probability values of
p<0.05 were considered as significant. The
results are expressed as mean + SEM of six
experiments using cells from different blood
donors.

3. RESULTS

3.1.Effect of Statins and Aspirin on Cell
Proliferation (Tablel)

PBMC incubated for 24 hrs with either aspirin
or pravastatin, or a combination of both drugs
had no effect on cell proliferation. On the other
hand, incubation of PBMC with atorvastatin
caused 25% inhibition of cell proliferation
(p=0.004), whereas incubation with both aspirin
and atorvastatin caused 18% inhibition (p=0.04)
that did not differ significantly from the
reduction induced by atorvastatin alone.

Tablel. Effect of statins and aspirin on cell
proliferation

0.1 ml aliquots of PBMC (10°/ml of CM) were
added to each one of 96 well plates and
incubated for 24 hrs in the absence (0) or
presence of pravastatin, atorvastatin (50puM), or
aspirin (10pg/ml) and with a combination of one
of the statins and aspirin at concentrations as
indicated. At the end of the incubation period
the cells were stained according to the
manufacturer’s instructions. The plates were
incubated for 2-4 hrs at 37°C in a humidified
incubator containing 5% CO, and the
absorbance was measured at 450 nm using
ELISA reader. The results are expressed as the
MeantSEM of 6 experiments. P value
represents statistically significant difference
from cell incubated without addition of either
statins or aspirin (0).

3.2.Effect of Aspirin and Statins on Pro-
Inflammatory Cytokine Secretion (Table
2)

TNFa: The secretion of TNFa by non-
stimulated PBMC was not affected by 24 hrs. of
incubation with either pravastatin, atorvastatin
or aspirin added separately or in a combination
of aspirin and one of the statins. In addition,
TNFo production by LPS-stimulated PBMC
was not affected when the cells were incubated
with aspirin. However, LPS-induced secretion
of TNFa was inhibited by 45% upon incubation
with  atorvastatin  (p<0.003) or with a
combination of atorvastatin and aspirin p<0.01,
Table 2).

Table2. Effect of statins and aspirin on TNFa and
IL-6 production by PBMC

TNFa, ng/ml IL-6, ng/ml
Sponta . Sponta LPS-
neous |LPS-stimulated ooq | stimulated
0 079+ | 153+0.19 | 342%| 265+16
0.10 0.29
Pravast| 0.65+ 1.63+0.22 2.48+ 27.0+1.6
atin 0.03 0.27
Atorva | 0.75+ 0.85+0.10*** 8.25+ 28.342.3
statin 0.04 1.95*
Aspirin 0.63+ 1.63+0.20 2.91+ 26.3+1.8
0.04 0.59
Aspt | 067+ | 169+018 | 295t | 26.3+13
prava 0.03 0.32
Aspt | 0.76% | (g3+0.08** | 683%| 269422
atorva 0.05 0.83**

XTT proliferation assay

OD at 450nm P value
0 344+14
Pravastatin 322+14 NS
Atorvastatin 25619 0.004
Aspirin 336+14 NS
Asptprava 354+18 NS
Asptatorva 282+15 0.04

ARC Journal of Hematology

2x10° PBMC suspended in 1 ml of CM were
incubated for 24 hrs without (spontaneous) or
with LPS 100ng/ml in the absence (0) or
presence of each one of the followings:
pravastatin, atorvastatin (50 uM) or aspirin 10
pg/ml and with a combination of aspirin and one
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of the statins. At the end of the incubation
period supernatants were collected and tested
for cytokines using ELISA Kkits. The results are
expressed as MeantSEM of 6 experiments.
Asterisks  represent  statistically  significant
difference from cells incubated without drugs
(0) (*p<0.05; **p<0.01; ***p<0.001).

IL-1B: The spontaneous secretion of IL-1B by
PBMC was 4.7 times higher (p<0.01) when the
cells were incubated with atorvastatin alone, and
3.5 times higher (p<0.01) upon incubation with
atorvastatin and aspirin compared with cells
incubated without drugs, the difference between
the two combinations being statistically
significant (p=0.007). The secretion of IL-1pB by
non-stimulated PBMC was not affected by
incubation with pravastatin or aspirin alone or
added together. IL-1p production by LPS-
stimulated PBMC was reduced by 16% upon
incubation with aspirin and by aspirin plus
pravastatin (p<0.05) and was enhanced by 72%
following  incubation  with  atorvastatin
(p<0.001). LPS-stimulated PBMC incubated
with aspirin and atorvastatin together caused
52% increase in IL-1p production (p<0.005), a
value significantly lower from that caused by
atorvastatin alone (p<0.01, Figl).
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Figl. Effect of aspirin and statins on
production

2x10° PBMC suspended in 1 ml of CM were
incubated for 24 hrs without (spontaneous) or
with LPS 100ng/ml in the absence (0) or
presence of each one of the followings:
pravastatin, atorvastatin (50 uM) or aspirin 10
pg/ml, and with a combination of aspirin and
one of the statins. At the end of the incubation
period supernatants were collected and tested

IL-18
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for cytokines using ELISA kits. The results are
expressed as MeantSEM of 6 experiments.
Asterisks  represent  statistically  significant
difference from cells incubated without the
drugs (0) (*p<0.05; **p<0.001). *represents
statistically significant difference from cells
incubated with statin or aspirin alone (p<0.05).

IL-6: IL-6 production by non-stimulated
PBMC was 2.4 and 2.0 times higher following
incubation with atorvastatin alone or combined
with  aspirin, respectively (p<0.05). No
significant difference was found between the
two experimental settings. The spontaneous
secretion of 1L-6 was not affected by aspirin or
pravastatin alone or added together. There was
no effect of either of the drugs added separately
of jointly on the production of IL-6 by LPS-
stimulated PBMC (Table2).

3.3.Effect of Aspirin and Statins On IL-2
And IFNy Production

IL-2.: No detectable amounts of IL-2 could be
found in supernatants obtained from non-
stimulated PBMC incubated for 24 hrs without
or with aspirin, statins or both. The production
of IL-2 by PMA/ionomycin prompted PBMC
was not affected when cells were incubated with
aspirin or pravastatin alone. However when
added together, the production of IL-2 was
reduced by 14% (p<0.005). In addition,
atorvastatin caused 7% reduced secretion of IL-
2 when added alone to PMA/ionomycin
stimulated PBMC (p<0.05) and 25% inhibition
when added together with aspirin (p<0.001).
The difference between the two combinations
was statistically significant (p<0.005, Fig 2).

IFNy: The spontaneous secretion of IFNy by
PBMC was not affected by incubation with
aspirin or with one of the statins separately or
jointly with aspirin. However, IFNy production
by PMA/ionomycin stimulated cells was
inhibited by 37% (p=0.002) and 8% (p=0.027)
following incubation with atorvastatin or aspirin
alone, respectively, and by 41% (p=0.001) when
added together. The nhibition in IFNy secretion
caused by incubation with both aspirin and
atorvastatin was significantly more manifested
as compared to each one added separately
(p<0.002). Incubation of PMA/ionomycin
stimulated PBMC with pravastatin had no effect
on IFNy production. However added together
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with aspirin it caused 12.5 inhibition (p<0.05,
Fig2).
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Fig2. Effect of aspirin and statins on IL-2 and IFNy
secretion

2x10° PBMC suspended in 1 ml of CM were
incubated for 24 hrs with PMA/ionomycin (1
pg/ml and 0.5ug/ml respectively) in the absence
(0) or presence of each one of the followings:
pravastatin or atorvastatin (50 pM), aspirin 10
pg/ml and with a combination of aspirin and one
of the statins. At the end of the incubation
period supernatants were collected and tested
for cytokines using ELISA kits. The results are
expressed as MeantSEM of 6 experiments.
Asterisks  represent  statistically  significant
difference from cells incubated without drugs
(0)  (*p<0.05; **p<0.001).  *represents
statistically significant difference from cells
incubated with statin or aspirin.

3.4.Effect of aspirin and statins on anti-
inflammatory cytokine production

IL-10: The secretion of 1L-10 by non-stimulated
PBMC was 25% higher when they were
incubated for 24 hrs with atorvastatin
(p<0.05).Addition of aspirin did not change
significantly the production of 1L-10 compared
to control cells. Incubation with pravastatin or
aspirin separately or jointly had no effect on IL-
10 production. The secretion of IL-10 by LPS-
stimulated PBMC was inhibited by 74% when
atorvastatin was added alone (p<0.001) and was
further reduced by 81.5% (p<0.001) when it was
added with aspirin (p<0.05) as compared with
cells incubated with atorvastatin alone (Fig 3).

IL-1ra: The spontaneous production of IL-1ra
was not affected by incubation with pravastatin,
atorvastatin or aspirin added separately or
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combined. Its secretion by LPS induced cells
was not affected by atorvastatin alone or
together with aspirin. However, addition of
pravastatin or aspirin to LPS stimulated PBMC
caused 20% and 15% enhancement in IL-1ra
secretion (p<0.05) and was further increased to
35% (p<0.03) when added together, but did not
differ significantly from that caused by
pravastatin alone (Fig3).
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Fig3. Effect of aspirin and statins on IL-10 and IL-
1ra secretion

2x10% PBMC suspended in 1 ml of CM were
incubated for 24 hrs with LPS 100 ng/ml in the
absence (0) or presence of each one of the
followings: pravastatin or atorvastatin (50 pM)
or aspirin 10 pg/ml, and with a combination of
aspirin and one of the statins. At the end of the
incubation period supernatants were collected
and tested for cytokines using ELISA kits. The
results are expressed as the MeantSEM of 6
experiments. Asterisks represent statistically
significant difference from cells incubated
without drugs (0) (*p<0.05; **p<0.001).
*represents statistically significant difference
from cells incubated with statin only (p<0.05).

4. DISCUSSION

The presented results indicate that atorvastatin
exerted a marked inhibition of PBMC
proliferation ~ while  neither  aspirin  nor
pravastatin alone affected that cell activity. The
combination of aspirin with atorvastatin did not
alter this function, further attesting that aspirin
has no effect on PBMC proliferation at least at
the present laboratory setup. Incubation of
human monocyte-derived dendritic cells with
simvastatin  (hydrophilic) or atorvastatin
(hydrophobic) inhibited their capacity to induce
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T cell proliferation [18]. It has been firmly
established  that statins may  control
inflammatory ~ responses  via  different
mechanisms, one of them being activation of
mononuclear  cells’ immune  functions.
Investigations revealed that atorvastatin may
promote differentiation of classically activated
pro-inflammatory M1 monocytes to
alternatively activated anti-inflammatory M2
monocytes [19]. The results hereby presented
indicate that aspirin, atorvastatin and pravastatin
applied alone influenced in a different way the
capacity for cytokine production by PBMC
alongside a marked dependency on the
activation status of the cells. Aspirin increased
the secretion of the anti-inflammatory cytokines
IL-10 and IL-1ra and inhibited that of the pro-
inflammatory IFNy. Pravastatin incubated with
PBMC did not affect the production of either of
cytokines examined, except for an increased
secretion of the anti-inflammatory cytokine IL-
1ra observed with LPS induced cells only. On
the other hand, atorvastatin promoted IL-13
production by both stimulated and unstimulated
PBMC, whereas the production of IL-6 was
increased only by unstimulated PBMC. At the
same experimental conditions the production of
TNFa and IFNy was decreased only when the
cells were activated with LPS or PMA
respectively. Interestingly, the secretion of IL-
10 was slightly increased by unstimulated cells,
while those promoted by LPS showed marked
inhibition of this cytokine production. It has
been reported that statins may trigger immune
responses. Thus, mice given atorvastatin and
rosuvastatin showed a decreased production of
IL-6 and TNFa [20]. A reduced expression of
TNFa, IL-1B, and IL-18 has been observed
following incubation of PBMC with atorvastatin
[21, 22] and of TNFa, IFNy, IL-12 after
incubation with pravastatin [23, 24]. Similar
activities characterized by inhibited production
of pro-inflammatory cytokines have been
observed with PBMC from hypertensive
patients treated with atorvastatin [25]. Likewise
to statins, aspirin expresses anti-inflammatory
properties. Lipopolysaccharide activated human
monocytes showed dose- dependent inhibition
of TNFa synthesis following incubation with
aspirin [26]. Aspirin administered to healthy
volunteers caused increased production of both
IFNy and IL-2 [27]. Incubation of PBMC with
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both aspirin and atorvastatin caused a decrease
in production of proinflammatory IL-1f in
comparison to the effect of atorvastatin alone.
PBMC incubated with aspirin and pravastatin
jointly showed a decreased production of IL-2
and IFNy and an increased generation of the
anti-inflammatory  cytokine IL-1ra.These
findings are in agreement with other reports in
the literature based on meta-analyses evolving
clinical studies indicating that jointly
administration of aspirin and statins results in
decreased release of inflammatory cytokines and
thus promote cardiovascular diseases prevention
[28, 29]. Nakamura et al. [30] have observed
improved inflammatory responses including
cytokine down regulation in patients undergoing
coronary artery bypass grafting 14 days after
combined treatment with  aspirin  and
atorvastatin.

5. CONCLUSION

The results of the present study underscore the
importance of aspirin and statins in the immune
activity of human peripheral blood mononuclear
cells. Moreover, the findings contribute to the
concept that combined administration of aspirin
and statins, either hydrophobic or hydrophilic —
atorvastatin and pravastatin respectively in our
case, bears advantage in control of inflammation
compared to the effect of each one of the drugs
used alone.
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