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SUMMARY
Objective: It was observed that inflammation plays an important role in the progress of
atherosclerotic vascular disease. This study is intended to indicate that, in oxidative and
inflammatory medium, the course of the atherosclerotic process can be determined by the imbalance
between Interleukin-12 (IL-12) and Transforming Growth Factor-betal (TGF-B1) with a view to
evaluate the effects of proinflammatory and anti-inflammatory cytokines on the course of the
atherosclerotic coronary artery disease.
Method: 80 patients, who applied to cardiology outpatient clinic for typical chest pain, to whom
coronary angiography was applied upon the detection of ischemia as a result of the effort test or
myocardial perfusion scintigraphy conducted, and each of whom is exposed to at least one traditional
risk factor for atherosclerotic coronary artery disease, were included to the study.
Findings: The patients were split into three groups as those, in whom atherosclerosis was not
detected, those, for whom atherosclerosis prevalence is low, and those, for whom atherosclerosis
level is high, according to the CASS 20 scores. It was observed that, as the atherosclerosis
prevalence increased; average serum IL-12 levels (3,33+0,15 / 9,70+0,22 / 23,60+0,46 pg/ml)
increased while average serum TGF-B1 levels, (32,1£0,59 / 18+0,28 / 6,74+0,42 ng/ml), decreased.
Conclusion: It was indicated that, in oxidative and inflammatory medium, the course of the
atherosclerotic coronary artery disease was determined by the dominant cytokine on the intima of
the related vascular segment.
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OZET

Amag: Ateroskelrotik vaskiiler hastaligin ilerleyisinde inflamasyonun 6nemli bir rol oynadig:
izlenmistir. Bu calisma, oksidatif ve inflamatuar ortamda aterosklerotik coroner hastalig1 gidisatinda
proinflamatuar ve antiinflamatuar sitokinlerin etkilerini degerlendirme noktasinda interldkin 12 (IL-
12) ve transforming growth faktor beta 1 (TGF-B1) arasindaki dengesizligin belirlenebilmesini isaret
etmeyi amaglamaktadir.

Yontem: Tipik gogiis agristyla kardiyoloji poliklinigine basvuran 80 hastaya, efor testi ya da
myocardial perfiizyon sintigrafisinin sonucu iskemi tespitine dayanarak coroner anjiografi
uygulandi. Aterosklerotik coroner arter hastaligi i¢in geleneksel olarak en az bir risk faktdriine sahip
hastalar ¢aligmaya dahil edildi.

Bulgular: Hastalar CASS 20 skorlarina gore aterosklerozu olmayan, diisiik ve yiiksek olmak iizere
lic gruba ayrildi. Ortalama serum IL-12 diizeyi arttikca (3,3340,15 /9,70+0,22 / 23,60+0,46 pg/ml)
aterosklerozun arttigi, TGF-fB1’in (32,1£0,59 / 1840,28 / 6,74+0,42 ng/ml) ise azaldig1 gozlendi.
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Sonuc: Oksidatif ve inflamatuar ortamda aterosklerotik koroner arter hastaliginin gidisatinin, iliskili
vaskiiler segmentin intimasindaki dominant sitokin tarafindan tayin edildigi belirlenmistir.

Anahtar sozciikler: Aterosklerozis, IL-12, TGF-p1

INTRODUCTION

In the early years of the twenty-first
century; fatalities associated with
cardiovascular diseases accounted for
roughly half of the overall fatalities in
developed countries and for one
fourth of the same in developing
countries.!  Currently hypertension,
diabetes mellitus, hyperlipidemia and
smoking are considered as the
traditional risk factors.

The traditional risk factors cause LDL
oxidation, and contribute to the
formation of oxidized LDL particles
as well as the progress of the
inflammation, leading to hs-CRP
level to increase. The oxidative and
proinflammatory medium so formed
leads to the emergence in the medium
of such cell groups, primarily
including IL-12, that causes the
secretion of various proinflammatory
cytokines. As a result, atherosclerotic
plague forms and progresses.

A new cell group has been discovered
recently, which is considered to be
negatively affecting the
atherosclerotic process, and which
has been proven through animal
testing to be suppressing the
inflammatory response; and the cells
in such group are referred to as T
regulatory (Treg) cells.2 It was
indicated that this cell group poses
anti-inflammatory effect by way of
contact inhibition or, as in most cases,
by way of TGF-p1.2

This study is intended to indicate that
the sub-clinical inflammation, which
emerges on account of such oxidative
stress, could be determined by the
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imbalance between the
proinflammatory cytokines (I1L-12)
and the anti-inflammatory cytokines
(TGF-B1) on the intima of the related
vascular segment.

MATERIAL AND METHOD

For the purpose of this study; 80
patients, who applied to the
Cardiology Outpatient Clinic of Gazi
University Hospital for typical chest
pain between December 2011 and
December 2012, to whom coronary
angiography was applied upon the
detection of ischemia as a result of the
effort test or myocardial perfusion
scintigraphy conducted, and each of
whom is exposed to at least one
traditional risk factor for
atherosclerotic ~ coronary  artery
disease, were included to the study.
The traditional risk factors for
coronary artery disease  were
considered to be hypertension,
hyperlipidemia, smoking and diabetes
mellitus.

The requirements contemplated for
inclusion to the study sampling were,
without regards to whether being
under medical treatment or not, for
the patients' blood pressure arterial
value at the time of application to be
below 140/90 mmHg, for the serum
LDL value of the same at the time of
application to be below 100 mg/dl, for
the HbAlc value of the same at the
time of application to be below 6.5,
and the patients should not have
smoked for the last 6 months.

Patients who were considered to have

acute coronary syndrome, coronary
artery  diseases, decompensated
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cardiac insufficiency, serious valvular
heart  disease,  chronic  renal
disease/insufficiency, active
infection, autoimmune  disease,
malignancy or peripheral arterial
disease were not included to the
study.

The patients eligible for the study
were applied a coronary angiography
through Toshiba digital radiography
system DFP-8000D device in line
with the current scientific knowledge,
and thereafter they were informed by
the researcher physician about the
study. Subsequently, printed
informed consent forms were given to
the patients for their review. The
written consents of the patients, who
agreed to participate in the study,
were obtained. Following the
coronary angiography, 10 cc of blood
was drawn from the sheath on the
femoral artery; after allowing for 30
minutes for coagulation, it was then
centrifuged at 4000 rpm for 15
minutes. Then, the serums so derived
were stored at -80°C and were frozen
in order for the measurement of I1L-12
and TGF-B1 levels of the patients at
the time of their admission to the
hospital.

Serum TGF-B1 level was determined,
using a Human TGF-pB1 instant Elisa
Kit from Ebioscience/Bendermed
Systems; and serum IL-12 level was
determined, using a Human IL-12
Platinum Elisa Kit from
Ebioscience/Bendermed Systems at
the Central Laboratory of the
Department of Biochemistry, Medical
School,Gazi University.

The coronary angiography images of
the 80 patients included in the study
were evaluated by two observers. The
atherosclerotic ~ coronary  artery
disease prevalence levels of the
patients were calculated using CASS

CM]J

197

20 scoring system.* The patients were
divided into 3 groups, being those
with CASS scores equal to 0 (patients
detected to have normal coronary
arteries), those with CASS scores
equal to 1 to 3 (patients with low
atherosclerosis prevalence), and those
with CASS scores over 3 (patients
with high atherosclerosis prevalence).
The effects of the parameters to be
studied on the formation of
atherosclerosis and prevalence of
coronary artery disease  were
evaluated on the basis of the serum
samples collected.

The study data were evaluated using
SPSS 15.0 statistics  software
package. The descriptive statistics
were presented as a mean (%),
standard deviation, frequency
distribution and percentage.
Statistically significance level was
accepted to be p<0.05. In addition to
the descriptive statistics; Kruskal-
Wallis  Tests and  Spearman
Correlation  Test, being non-
parametric test methods, were
employed for the identification of the
difference among the groups after
evaluation through normality tests.

FINDINGS

According to the results of the
coronary angiography applied to the
patients; the patients with CASS 20
scores equal to O (detected not to have
atherosclerosis) accounted for 33.8%,
those with CASS 20 scores equal to 1
to 3 (low atherosclerosis prevalence)
accounted for 33.8%, and those with
CASS 20 scores =>4  (high
atherosclerosis prevalence) accounted
for 32.5% of the overall sampling.
Table-1 compares the patients, as
grouped according to CASS 20
scores, on the basis of basal
characteristics and  demographic
characteristics.
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Table 1. patients characteristics according to CASS 20 scores.

The baseline characteristics | CASS 20 1I<SCASS 20 | CASS 20 p
and demographics score=0 score <3 score>4 value
Age 56+0,9 55+1,1 57+0,9 0,50
Sex Male 12 (%44) 12 (%44) 11 (%42) 0.87
(n/%) Female 15 (%56) 15 (%56) 15 (%58) 0.87
The average body mass index
(kg/m?) 34,5+0,6 32,5+0,2 35,3+0,8 0.55
The mean creatinine level | 90,005 | 1.120,02 0.95:0,03 | 0.88
(mg/dl)
The mean ejection
fraction(%6)) 62+0,4 60+0,4 64+0,5 0.85
The mean HbA1C level 6.2+0.2 6.4+0.1 6.0+£0.3 0.54
The mean LDL level 9444.5 88+5.2 90+3.3 0.24
STtgtein””mber Of patient using | 14 ora7) | 10 (%37) | 9 (%34) 0.85
The number of patient Using | 1) gpa7y | 10 (9637) | 9 (%34) 0.85
antihypertensive drug
The number of patient using 0 0 0
oral antidiabetic drug 8 (%29) 8 (%29) 7 (%26) 0.83

Furthermore, the average 1L-12 level
and the average TGF-B1 level of the
patients with CASS 20 scores equal to
0 were, respectively, 3.33+0.15 pg/ml
and 32.1+0.59 ng/ml; those of the
patients with CASS 20 scores equal to

1 to 3 were, respectively, 9.70+0.22
pg/ml and 18+0.28 ng/ml; and those
of the patients with CASS 20 scores
>4 were, respectively, 23.60+0.46
pg/ml and 6.74+0.42 ng/ml (Table-2).

Table 2. The relationship between the levels of 1L-12, TGF- p1 and CASS 20

SCores.
CASS 20 score 0 1-3 >4 p value
IL-12 level (pg/ml) 3,33+0,15 9,70+0,22 23,60+0,46 p<0,01
TGF-1 level (ng/ml) 32,1+£0,59 18+0,28 6,74+0,42 p<0,01

DISCUSSION

It is, currently, the recognized theory
that the oxidative process invoked by
traditional risk  factors  causes
atherosclerosis.® It was indicated that
the oxygen and nitrogen metabolites
that form throughout the oxidative
process oxidized LDL particles from
amino groups, whereby oxidized LDL
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particles formed.® It was discovered
that the LDL particles so formed were
bonded to the Toll-like receptors and
the receptors on macrophage and
endothelial cells such as CD36 and
LOX-1, and caused macrophage to
activate (transform into foam cells)
and proinflammatory cytokines to be
secreted.” It is known that, throughout
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the said oxidative and inflammatory
process, hs-CRP rises and contributes
to the process.®

A statistically significant correlation
between the number of traditional risk
factors posed and atherosclerosis
prevalence was not observed in this
study. More descriptively; the
inflammatory process started by the
oxidized LDL particles, which are
deemed to form on account of the
existence of any traditional risk
factor, and subsequently, the
emergence  of  proinflammatory
cytokine prevalence would lead to the
formation of more hs-CRP, which
would lead to further LDL oxidation.
When proinflammatory  cytokine
prevalence does not emerge, hs-CRP
levels, and thus, oxidized LDL levels
would drop. It was indicated by
previous studies that hs-CRP played
an important role in LDL oxidation.®
It can, accordingly, be suggested that,
as proinflammatory cascade increases
and, thus, hs-CRP and oxidized LDL
levels rise; atherosclerosis poses a
progress as a result.

Even  though  oxidative and
inflammatory processes are critical
elements of formation and progress of
atherosclerosis; atherosclerosis
formation would not take place in the
event of the lack of formation of
proinflammatory cytokine (primarily
including IL-12) in the medium. The
recent studies show that extremely
large amounts of IL-12 m-RNA were
detected in human atherosclerotic
plagque formations. In fact, the animal
testing shows that the atherosclerotic
process progressed  significantly
faster in the mice infused with IL-12.°
In another animal study, it was
observed that atherosclerotic process
was precluded and even regressed in
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mice, which were administered IL-12
blocking antibodies.° In fact, a strong
positive correlation with statistical
significance (p<0.01) was observed
between serum IL-12 level and
coronary artery disease prevalence
throughout the oxidative and
inflammatory process, the formation
of which was indicated, in the patients
included in this study.

Had the atherosclerosis pathogenesis
been limited to oxidative stress and
proinflammatory cytokine secretion
only; prevalent atherosclerosis would
have been expected to form in all
individuals with oxidative stress
formation. The existence of an anti-
inflammatory cascade, which is
activated concurrently with  the
proinflammatory cascade instigated
by the oxidative process, has been
discovered recently. The studies
indicate that Treg cells as well as T
helper cells emerge in the medium (in
the intima of the related vascular
structure) through the IL-12 that is
secreted from the active
macrophage!?, and the said cell group
secretes, particularly, TGF-B1 and
displays  anti-atherogenic/  anti-
inflammatory activity.*?> The animal
testing conducted indicates that
atherosclerosis is more prevalent in
the mice, which were administered a
TGF-B1 inhibition. Another study
shows that atherosclerosis rapidly
tended to progress in mutant mice,
one allele of the gene that codes TGF-
B1 of which was removed and the
process was regressed through TGF-
B1 infusion. It was observed in
another study that the atherosclerotic
process progressed faster in the group
of mice, which were administered a
TGF-B1 receptor blocker. In fact, a
strong positive correlation  with
statistical significance (p<0.01) was
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observed between serum TGF-f1
level and coronary artery disease
prevalence throughout the oxidative
and inflammatory process, the
formation of which was indicated, in
respect of the patients included in the
study.

The oxidized LDL particles that
emerge throughout the oxidative
process lead to the formation of foam
cells. The IL-12, which is secreted
from the foam cells so formed, attract
T helper cells and, in to a lesser
extent, Treg cells to the intima of the
related vascular segment. If the TGF-
B1 cytokines secreted from Treg cells
prevail over the proinflammatory
cytokines secreted from T helper
cells; the process will tend to progress
in favor of the anti-inflammatory
cascade, in which case atherosclerosis
will either not progress at all or
progress to a limited extent in the
related vascular segment. Otherwise,
atherosclerotic plaque will form and
progress.

The most critical determinant in the
said competition between IL-12 and
TGF-B1 is, most certainly, the number
of encounters of the two cytokines. It
is the oxidized LDL itself that
happens to cause and ensure the two
cytokines to encounter. The higher
the level of oxidized LDL in the
medium; the larger the number of
macrophages activated is and, thus,
the larger the number of T cells drawn
to the medium. Since T helpers drawn
to the medium would outnumber Treg
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cells, the process would be expected
to tend to progress in the favor of
proinflammatory /  atherogenic
cascade. However, in the event the
capacity of the suppressive /
immunosuppressive / antiatherogenic
effect of the Treg cells drawn to the
medium is higher than the overall
capacity of the inflammatory /
atherogenic effect of the T helper
cells, then macrophage will lose
activation, and IL-12 concentration
will diminish relatively. On the other
hand, the more the number of
encounters between Treg cells and T
helper cells, that is the larger the
number of oxidized LDLs in the
medium; the more likely T helper
cells, which would, in that case
outnumber Treg cells, would prevail
over Treg cells.

It is believed that the future discovery
of conveniently administrable agents
with low side effect profile that
stimulate Treg cell population and
enhance TGF-B1 secretion will ensure
considerable improvement in the
treatment of atherosclerotic coronary
artery disease that is the most frequent
cause of death at present.

This study is intended to indicate that
the sub-clinical inflammation, which
emerges on account of such oxidative
stress, could be determined by the
imbalance between the
proinflammatory cytokines (IL-12)
and the anti-inflammatory cytokines
(TGF-B1) on the intima of the related
vascular segment.
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