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Abstract

Background Increased levels of selectins, adhesion molecules, hs-CRP and homocysteine are considered
important as indicators of atherosclerosis. There is a significant amount of evidence that high LDL-C levels
are a risk factor for coronary artery disease, whereas the relevance of isolated triglycerides is controversial.
The present study aims to compare the levels of homocysteine, hs-CRP, E-selectin, sP-selectin, VCAM-1,
ICAM-1 in patients with isolated hypertriglyceridemia and polygenic hypercholesterolemia.

Methods The following three groups were formed: polygenic hypercholesterolemia group (n=30), isolated
hypertriglyceridemia group (n=30) and control group (n=30). These three groups were matched in terms of
BMI, waist circumference and gender. Plasma high sensitive CRP, homocysteine, sSVCAM-1, sICAM-1, sP-
selectin, sE-Selectin levels of patients in these three groups were measured.

Results In the present study, mean values for sE-selectin, sVCAM-1 and sICAM-1 in the polygenic hyper-
cholesterolemia group were significantly higher than in the other two groups (p<0.001). Homocysteine and
hs-CRP levels were higher in the polygenic hypercholesterolemia group, compared to the isolated hypertri-
glyceridemia group (p=0.019, p<0.001; respectively) and the control group (p<0.001, p<0.001; respectively).
Comparison of patients with hypertriglyceridemia to individuals in the control group did not yield a signifi-
cant difference in terms of sE-selectin, sP-selectin, sSVCAM-1, sICAM and homocysteine (p>0.05), where as
the hs-CRP value was significantly higher in patients with isolated hypertriglyceridemia compared to the con-
trol group (p=0.001).

Conclusion The increase of adhesion molecules, homocysteine and hs-CRP in polygenic hypercholes-
terolemia subjects compared to the isolated hypertriglyceridemia group reflects their high cardiovascular risk.
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with subsequent transmigration into the vascular intima.
Introduction Leukocyte and vascular adhesion molecules (CAMs) such as
selectins, integrins, sVCAM-1, and sICAM-1 play critical

One of the key initial events in the development of athe- roles in the adhesion of monocytes to endothelial cells. In
rosclerosis is the adhesion of monocytes to endothelial cells, vivo animal studies and immunohistochemical studies of hu-
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man tissues have shown that these CAMs are expressed at
increased levels in atherosclerotic plaques (1-3). sVCAM-1
concentration is directly correlated with LDL-C levels in
isolated hypercholesterolemia (4).

It is generally accepted that an elevation in levels of total
cholesterol and LDL-C cholesterol and a reduction in the
level of HDL-C cholesterol place patients at a higher risk of
initial and subsequent cardiac events. Cholesterol may in-
crease adhesion of monocytes to endothelium (5). LDL-C
mediated monocyte adhesion molecule overexpression may
be blocked by lipid lowering drugs (6).

There is also no definitive data currently available on the
behavior of endothelial adhesion molecules in polygenic hy-
percholesterolemia patients. Disorders in triglyceride me-
tabolism may promote atherogenesis by increasing the ex-
pression of vascular CAMs. Patients with markedly elevated
triglyceride levels also have decreased HDL-C levels and
abnormalities in fatty acid metabolism. In vitro studies have
shown that low HDL-C and oxidized fatty acids increase the
endothelial expression of CAMs in response to cytoki-
nes (7). The importance of an isolated triglyceride elevation
is much less clear. Recommendations for screening or treat-
ing isolated hypertriglyceridemia are limited. Hyperhomo-
cysteinemia (HHCY) and hypercholesterolemia are linked to
the development of atherothrombotic diseases (8). Hyperho-
mocysteinemia promotes inflammation by increasing expres-
sion of vascular cell adhesion molecule 1 (sVCAM-1) and
increases oxidative modification of low-density lipoproteins,
thereby promoting uptake of low-density lipoprotein choles-
terol by macrophages (9). Although hyperlipidemia affects
and increases the risk of cardiovascular events, little is
known about the effect of isolated triglyceride elevation on
homocysteine and adhesion molecules.

Inflammation, manifested by elevated serum levels of C-
reactive protein (CRP) is associated with an increased risk
of cardiovascular events. CRP can induce endothelial Lectin-
like oxidized low-density lipoprotein (ox-LDL) receptor-1
(LOX-1), which is the primary endothelial receptor for
oxLDL, may lead to the activation of proinflammatory
genes including IL-8, sSICAM-1, and sVCAM-1 (10). Little
is known, however, about serum CRP levels in patients with
polygenic hypercholesterolemia and isolated hypertriglyc-
eridemia and the effect on adhesion molecules.

In the present study, homocysteine, hs-CRP, sE-selectin,
sP-selectin, SVCAM-1 and sICAM-1 levels of 30 patients
with polygenic hypercholesterolemia and 30 patients with
isolated hypertriglyceridemia, all with no additional dis-
eases, were evaluated in comparison with 30 healthy con-
trols.

Materials and Methods

Study subject population and inclusion criteria

Study groups included individuals who presented to the
Internal Diseases Clinic between April 2008 and June 2010
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and who met the eligibility criteria. Written informed con-
sent was obtained from each subject and research protocols
were approved by the Ethical Committee of our institution.
The patients were divided into study groups. The first group
included patients with polygenic hypercholesterolemia,
whose low-density lipoprotein cholesterol elevations were
moderate (160-300 mg/dL) and whose serum triglyceride
concentrations were within the reference range (50-150 mg/
dL), while the second group included patients with isolated
hypertriglyceridemia, where isolated hypertriglyceridemia
was defined as serum triglyceride levels over 200 mg/dL
and normal LDL-C levels (<130 mg/dL) with normal total
serum cholesterol levels (< or=200 mg/dL). Thirty age- and
gender-matched healthy volunteers were studied as the con-
trol group. History, physical examination, and routine
chemical analysis showed that the control subjects had no
evidence of any disease or any medications.

Eligibility criteria

Inclusion criteria were: All subjects were attendants of
our outpatient clinic for routine check up. Inclusion criteria
were: 1) adults 27 to 52 years, 2) non-obese individuals
with BMI <25 kg/m’ and waist circumference of <102 c¢cm
in males and <88 cm in females, 3) non-diabetic and non-
hypertensive individuals, 4) non-smokers, 5) individuals
with normal folate and vitamin B12 levels, and 6) non-
menopausal women, 7) without a family history of prema-
ture onset of symptomatic CAD and physical findings such
as tendinous xanthomas and xanthelasmas or arcus cornealis
to rule out heterozygous familial hypercholesterolemia, and
8) cerebral or peripheral vascular disease.

Individuals in all three groups were evaluated according
to the International Diabetes Federation, 2005 metabolic
syndrome criteria and those without the metabolic syndrome
were included in the study.

All study subjects were free of clinically manifest vascu-
lar disease and had not taken any lipid-lowering medication
or any supplemental vitamins for at least 3 months. Patients
with secondary hyperlipidemia, thyroid diseases, alcohol
abuse, renal insufficiency (creatinine >1.5 mg/dL), liver cir-
rhosis, febrile disorders, acute or chronic inflammatory dis-
ease, malignancy, history of myocardial infarction, malnutri-
tion or endocrine disorders, those using antiinflammatory
medication, acetylsalicylic acid, antihistamines and corti-
costeroids, receiving hormone replacement therapy were ex-
cluded.

Body weight (kg) and height (cm) were measured. The
body mass index (BMI) was calculated as weight in kilo-
grams divided by the square of height in meters. Waist cir-
cumference (WC) was measured as the minimum between
the costal margin and iliac crest.

Biochemical analyses

All blood samples were obtained in the morning between
08 : 00 and 09 : 00 a.m. after overnight fasting. Fresh serum
was used for determining concentrations of cholesterol and
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Table 1. Lipid Profile of the Subjects
Parameters Control group Polygenic Isolated
hypercholesterolemia hypertriglyceridemia p
group
Total-C 164.949.4 271.4+15.0 192.04+6.0 <0.001
(mg/dL)
TG 116.4+12.3 122.0+13.4 234.0+22.2 <0.001
(mg/dL)
HDL-C 49.0+6.4 49.0+6.6 49.2+6.5 0.8
(mg/dL)
LDL-C 90.7+4.4 199.0+12.2 97.1£6.3 <0.001
(mg/dL)

Table 2. Comparison of Age, BMI, Waist Circumference and Gender

among the Three Groups

Parameters  Control group Polygenic Isolated p
hypercholesterolemia hypertriglyceridemia
group

Age (yr) 40.5+7.6 40.3+6.2 40.6 £8.1 0.9

BMI 22.3+£1.1 224 +1.2 22.2+1.3 0.9

(kg/m?)

We (cm) 83.9+7.0 85.7+6.8 84.3+£7.3 0.5

Sex 16F/14M 17F/13M 15F/15M 0.8

triglycerides in low-density lipoprotein and high-density
lipoprotein fractions.

Aliquots of plasma for analyses of high-sensitivity C-
reactive protein (CRP), cell adhesion molecules and homo-
cysteine were centrifuged at 3,000 rpm for 10 minutes at
room temperature within an hour. After centrifugation, the
serum samples were frozen and stored at -80°until analysis.

Serum total cholesterol, triglyceride, LDL-C, HDL-C,
high sensitive CRP, homocysteine, sVCAM-1, sSICAM-1, sP-
selectin and sE-Selectin levels of all subjects in the three
groups were measured. Total cholesterol, triglyceride and
HDL-C were measured using enzymatic
method. LDL-C was calculated using the, Friedewald for-
mula: LDL-C: total cholesterol-(HDL-C+ Triglyceride/5).
The TG levels were lower than 400 mg/dL in each subject.

sE-Selectin, sVCAM-1, sICAM-1 tests were carried out
by ELISA kits from Ray Bio and sSP-selectin was measured
using the ELISA method with ELISA kit from DIACLONE
Research (France). Homocysteine test was performed by the
enzyme immunoassay method by Homocysteine EIA kit
from AXIS-SHIELD (United Kingdom) using high sensitive
CRP nephelometric method and image immune chemistry
(Beckman Coulter, Fullerton, CA, USA) device.

colorimetric

Statistical analyses

Results were expressed as mean value + standard devia-
tion. Statistical evaluation of the findings was performed by
using SPSS 11.0 for Windows statistical software. One-way
analysis of variance (ANOVA) in conjunction with Tukey’s
Highly Significant Difference (HSD) test was applied when
comparing multiple groups. Comparison between groups of
continuous variables was performed by using Student’s t-test
or Mann-Whitney U-test. The Chi-square test was used to

compare the categorical parameters. Pearson’s correlation
coefficients were calculated for estimation of the level of as-
sociation between variables in all groups. Results were ex-
pressed as mean + SD. A p value of <0.05 was considered
as statistically significant.

Results

Ninety subjects aged 27 to 52 were included in the study.
Thirty subjects were enrolled into each of the polygenic hy-
percholesterolemia, isolated increased triglyceride and con-
trol groups. Of the subjects, 48 were females and 42 were
males and their mean age was 40.4 and mean body mass in-
dex was 22.3. In the polygenic hypercholesterolemia group,
mean total cholesterol was 271.4 mg/dL and mean LDL-C
was 199 mg/dL, while, in the isolated hypertriglyceridemia
group, subjects’ mean triglyceride was 234 mg/dL (Table 1).
There were no statistically significant differences between
the three groups in terms of age, BMI, waist circumference,
or gender (Table 2).

There were statistically significant differences among all
three groups in terms of mean sVCAM-1, sE-selectin and
SICAM-1 (Table 3; p<0,001). Mean sVCAM-1, sE-selectin
and sICAM-1 levels of patients with polygenic hypercholes-
terolemia were statistically significantly higher than the con-
trol group (p<0.001) and the isolated hypertriglyceridemia
group (p<0.001). Comparison of subjects with isolated hy-
pertriglyceridemia with the subjects in the control group did
not yield a significant difference in terms of sSVCAM-1, sE-
selectin and SICAM-1 (p>0.05). Mean sP-selectin values did
not differ significantly among the three groups (Table 3; p=
0.09).

There was a significant difference among the three groups
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Table 3. Comparisons of Adhesion Molecules, hs-CRP and Homocysteine Lev-

els in Three Groups (mean + SD)

Polygenic Isolated Control p value
hypercholesterolemia  hypertriglyceridemia
sVCAM-1 533.7+23.3 496.8 + 30 483.7+£29,3 <0.001
(ng/mL)
sICAM-1 294.7+41,9 204.5+£23.6 195.9+22.6 <0,001
(ng/mL)
sP-selectin 254.5+52.6 244.5+499 226.0 £46.7 0.09
(ng/mL)
sE-Selectin 48.5+6.5 36.7+4.6 347+£3.5 <0.001
(ng/mL)
h-CRP (mg/L) 39+1.8 201+1.4 1.0£0.5 <0.001
Homocysteine 15.7+4.5 13.1+3.9 12.6 +3.9 0.004
(nmol/L)

Table 4. Pearson’s Correlation Analysis for LDL-c, sE-selectin, sP-selectin Levels, sVCAM-1,
sICAM-1 Levels, hs-CRP and Homocysteine Levels in the Whole Study Group (n=90)

LDL-C HDL-C HHCY sVCAM-1 sICAM-1 sE-selectin hs-CRP  sP-selectin
LDL-C NS r=0.379  1=0.626 r=0.846 r=0.795 r=0.683  r=0.227
p<0.001  p<0.001 p<0.001 p<0.001 p<0.001  p<0.032
HDL-C NS r=-0.275 r=-0.260 r=-0.232 r=-0.225
p=0.009  p=0.010 p=0.028 p=0.033 NS NS
=0.379 r=-0.275 r=0.737 r=0.641 r=0.713 r=0.724  r=0.711
Homocysteine p<0.001 p=0.009 p<0.001 p<0.001 p<0.001 p<0.001  p<0.001
r=0.626 r=-0.260 r=0.737 r=0.857 r=0.881 r=0.858  r=0.706
sVCAM-1 p<0.001 p=0.010  p<0.001 p<0.001 p<0.001 p<0.001  p<0.001
=0.846 r=-0.232 r=0.641 r=0.857 r=0.967 r=0.875  r=0.550
sICAM-1 p<0.001 p=0.028  p<0.001  p<0.001 p<0.001 p<0.001  p<0.001
=0.795 r=-0.225 r=0.713  r=0.881 r=0.967 r=0.903  r=0.59%4
sE-selectin p<0.001 p=0.033  p<0.001  p<0.001 p<0.001 p<0.001  p<0.001
r=0.683 r=0.724  r=0.858 r=0.875 r=0.903 =0.680
hs-CRP p<0.001 NS p<0.001  p<0.001 p<0.001 p<0.001 p<0.001
r=0.227 r=0.711  r=0.706 r=0.550 r=0.594 =0.680
sP-selectin p<0.032 NS p<0.001  p<0.001 p<0.001 p<0.001 p<0.001

in terms of mean hs-CRP and homocysteine (p<0.001, p=
0.004; respectively). Homocysteine and hs-CRP levels were
higher in the polygenic hypercholesterolemia group, com-
pared to the isolated hypertriglyceridemia group (p=0.019, p
<0.001; respectively) and the control group (p<0.001, p<
0.001; respectively). Subjects with hypertriglyceridemia did
not differ significantly from the control group regarding ho-
mocysteine (p>0.05), whereas hs-CRP value was higher in
the subjects with isolated hypertriglyceridemia than in the
control group (p=0.001).

Pearson’s correlation analysis revealed that LDL-C levels
were correlated with sE-selectin, sP-selectin levels, sVCAM-
1, SICAM-1 levels, hs-CRP and homocysteine levels in the
whole study group (Table 4). Pearson’s correlation analysis

also showed that TG levels were not correlated with the
variables sE-selectin and sP-selectin levels, sVCAM-1 and
SICAM-1 levels in the whole group. For HDL-C, there was
a negative correlation between sE-selectin, sVCAM-1,
SICAM-1 levels and homocysteine levels.

Discussion

In the present study, mean values for plasma sE-selectin,
sVCAM and sICAM were significantly higher in the group
with polygenic hypercholesterolemia compared to the other
two groups. Comparison of subjects with hypertriglyceride-
mia with those in the control roup did not reveal any statis-
tically significant differences in terms of sE-selectin, sP-
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selectin, sSVCAM-1, sICAM or homocysteine, while hs-CRP
was significantly higher in the isolated hypertriglyceridemia
group compared to the control group. Mean plasma levels of
sP-selectins in all three groups did not yield a significant
difference.

The correlation analyses across all subjects demonstrated
a positive, highly significant relationship between LDL-C
cholesterol and sVCAM, sICAM, sE-Selectin, sP-selectin,
homocysteine and hs-CRP levels. On the other hand, TG
levels were not significantly correlated with these parame-
ters. Recommendations for screening or treating isolated hy-
pertriglyceridemia have been limited. It has been demon-
strated that hypertriglyceridemia is associated with increased
plasma concentrations of soluble adhesion mole-
cules (11-13). However, unlike the present study, HDL-C
levels differed between the patient and control groups in
those studies. HDL-C levels were lower in patient groups
than in the control group. In a study by Cockerill et al,
HDL-C cholesterol was added to the endothelial cell culture
and noted a reduction in the expression of VCAM-1, sE-
selectin and ICAM-1 in the cell culture medium (7). Addi-
tionally, a negative association between tHcy and HDL-C
cholesterol has been reported (14). It is believed that there
were no differences between the subjects with isolated tri-
glyceridemia and those in the control group in terms of ad-
hesion molecules and homocysteine.

Triglyceride is a fatty substance that is composed of three
fatty acids. Each of these acids is attached to a glycerol
molecule. Before breakfast after an overnight fast, most of
the triglyceride in the blood comes from the liver in the
form of VLDL particles. Whether elevated triglyceride levels
in the blood lead to atherosclerosis and heart attacks is con-
troversial. It is difficult to conclusively prove that elevated
triglyceride by itself can cause atherosclerosis. However, it
is increasingly recognized that elevated triglyceride is often
associated with other conditions that increase the risk of
atherosclerosis, including obesity, low levels of HDL-C, in-
sulin resistance and poorly controlled diabetes mellitus, and
small, dense LDL-C particles (15).

A recent review of the literature concluded that treating
isolated hypertriglyceridemia does not prevent coronary
events (15). In PROCAM study, the cardiovascular risk of
hypertriglyceridemic subjects was strongly influenced by the
and HDL-C levels,
whereas the cardiovascular event rate of the subjects with
high triglycerides and normal cholesterol was the same as
that of normolipidemic controls (16). The National Choles-
terol Education Program Adult Treatment Panel does not
recommend drug therapy for hypertriglyceridemia except in
familial dyslipidemias (17). The American College of Physi-
cians does not recommend screening for hypertriglyceride-
mia (18) and the US Preventive Services Task Force is not
for or against screening for elevated triglyceride levels (19).

Together with previous reports, this emphasizes the im-
portance of the fact that isolated hypertriglyceridemia may
not show increased plasma sICAM-1, sVCAM-1, homocys-

concurrent cholesterol cholesterol
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teine and soluble E-selectin levels for atherosclerosis and
coronary heart disease with the results of the present investi-
gation in which there were no differences in between pa-
tients with hypertriglyceridemia and control subjects. How-
ever, isolated hypertriglyceridemic patients showed “isolated
high CRP levels” in our study. Isolated hypertriglyceridemia
could conceivably lead to a chronic inflammatory state,
which can contribute further to endothelial dysfunction.

High serum lipid levels, especially high LDL-C levels
have been shown to be related strongly to the development
of atherosclerosis (20, 21). Results from both clinical and
animal studies show that a high level of LDL-C in the blood
is pivotal in the production of atherosclerosis. It is crucial to
understand how elevated blood LDL-C or cholesterol levels
can induce a proinflammatory, proatherogenic state. Con-
flicting results have been reported. LDL-C may promote ad-
hesion molecules. LDL-C increases endothelial cell affinity
for monocytes and it induces expression of vascular adhe-
sion molecule (VCAM)-1 and sE-selectin in human vascular
endothelial cells (22). However, other studies have not con-
firmed elevated levels of SICAM-1 and sVCAM-1 in hyper-
cholesterolemia subjects (23, 24). Kowalski et al recorded
elevated levels of SICAM-1 but not of sVCAM-1 in indi-
viduals with hyperlipidemia IIb (25).

On the other hand, homocysteine may promote lipid per-
oxidation of LDL-C (26). Elevation of plasma tHcy also has
been shown to accelerate the development of atherosclerosis
in the hypercholesterolemic Apoe-deficient (Apoe -/-)
mouse (27). HcyH is proinflammatory and upregulates the
expression of human aortic endothelial cell adhesion mole-
cules (28). As with homocysteine, CRP is an important risk
factor for atherosclerosis and coronary artery disease. Vin-
cenzo et al proposed that CRP directly stimulates the in-
flammatory reaction of arteriosclerosis by inducing the ex-
pression of adhesion molecule in vascular endothelial
cells (10). Hs-CRP levels were found to be significantly cor-
related with Hcy levels in patients with diabetes melli-
tus (29).

In the present study, mean plasma levels of sE-selectin,
SVCAM-1 and sICAM-1 in the group with polygenic hyper-
cholesterolemia were significantly higher than in the other
two groups. Indeed, hyperlipidemic individuals showed a
significant correlation between LDL-C, sE-selectin, sP-
selectin levels, sVCAM-1, sICAM-1 levels, hs-CRP and ho-
mocysteine levels, which is in accordance of other authors
confirming an evident and independent correlation between
LDL-C cholesterol levels and coronary heart disease.

There are two main limitations in this study. First, we did
not examine IDL, Lpa levels, which are important parame-
ters in atherosclerosis. Because beta-quantification is cum-
bersome and requires sophisticated equipment, we use the
Friedewald formula, which also includes LDL-C, IDL-
cholesterol, and Lp(a)-cholesterol in the estimation of LDL-
C.

This formula is valid when triglycerides are below 400
mg/dL. Published evaluations of current direct LDL tests in-
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dicate that the correlation between a direct LDL method to
the reference method was no better than the correlation ob-
served using the Friedewald equation, when triglycerides are
between 200 mg/dL and 400 mg/dL (30-33). There was a
good correlation between the results of LDL-C assayed by
the proposed method and the beta-quantification reference
method involving these reports (r=0.990, r=0.994, r=0.994,
respectively). The Working Group on Lipoprotein Measure-
ment of the NCEP recommends that the most prudent
course at present is to measure LDL-C by methods similar
to those used to establish the epidemiological database on
which the relations between cardiovascular risk and LDL-C
have been established. These methods are limited to ultra-
centrifugation and Friedewald formula calculation. Hypertri-
glyceridemia is often associated with the elevation of plasma
LDL-C and IDL. Isolated hypertriglyceridemia is defined in
subjects as elevated triglycerides but LDL-C is normal (34).
We selected isolated hypertriglyceridemia patients who had
higher than 200 mg/dL with normal LDL cholesterol levels.
On the other hand, plasma Lp (a) levels are inversely related
to TG levels in hypertriglyceridemic patients (34, 35). The
other limitation is the small sample size in each group. The
results, although could be considered as preliminary due to
the relatively small sample size could improve the under-
standing on the development of coronary arterial disease in
these two metabolic situations especially in similar HDL-C
levels.

Comparison of plasma concentration of these molecules
between patients with hypertriglyceridemia and subjects in
the control group did not yield a significant difference.
Plasma concentrations of sP-selectin were not significantly
different among the three groups. The increase of adhesion
molecules, homocysteine and hs-CRP in polygenic hyper-
cholesterolemia subjects compared to the isolated hypertri-
glyceridemia group reflects their high cardiovascular risk.
However, it is controversial how much isolated hypertriglyc-
eridemia correlates directly with coronary artery disease and
further studies are needed to clarify whether treatment for
this condition leads to meaningful clinical outcomes.

In conclusion, we determined that plasma concentrations
of the adhesion molecules sVCAM, sICAM, sE-selectin, ho-
mocysteine and hs-CRP were statistically significantly in-
creased compared to the hypertriglyceridemia and control
groups.

The authors state that they have no Conflict of Interest (COI).
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