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ABSTRACT

For almost a century, many have considered lipids as the sine qua non of atherosclerosis. However, in
1856 Rudolf Virchow introduced a theory that inflammation is the driving force of atherogenesis.
Recruitment of blood leukocytes to the injured vascular endothelium characterizes the initiation and
progression of atherosclerosis and involves many inflammatory mediators, modulated by cells of both
innate and adaptive immunity. The pro-inflammatory cytokine, interferon (IFN)-y derived from T cells,
is vital for both innate and adaptive immunity and is also expressed at high levels in atherosclerotic
lesions. As such, IFN-y plays a crucial role in the pathology of atherosclerosis through activation of
signal transducer and activator of transcription STAT1.Our study indeed provides evidence that in
HMECs STAT1 coordinates a platform for cross-talk between IFNy and TLR4, and identifies a STAT1-
dependent gene signature that reflects a pro-atherogenic state in coronary artery disease (CAD) and
carotid atherosclerosis. Taken together, our data indicate that in the presence of appropriate stimuli,
HMECs are highly responsive and consistently express Cxclg. HMECs may therefore provide a better
model for in vitro studies of atherosclerosis.
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INTRODUCTION

According to the latest statistics published by disease (CVD) is the largest cause of death
the American Heart Association cardiovascular worldwide and accounts for over 750,000
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deaths in the USA cardiovascular risk factors track with these
annually(1,2,3).Atherosclerosis is a inflammatory biomarkers. These conducted
multifactorial disease that results from a researches have significant importance
complex interaction between  genetic because inflammatory cytokines can be
predisposition and well-recognized produced by a wide variety of cell types, and a

common

cardiovascular risk factors (CVRF), such as
diabetes
hypercholesterolemia, smoking, obesity and
age(4). Now thereis compelling evidence that
chronic systemic inflammation also has a major
impact on progression of CVD, with
accelerated secondary CVD being noted in

mellitus, arterial hypertension,

obese individuals, and as a risk factor for
patients with diabetes or autoimmunity (1,
3).Various factors can injure the vascular
endothelium, which leads to the release of
numerous inflammatory mediators resulting
the recruitment, activation and adhesion of
various types of leukocytes to inflammatory
foci. Thus, cells of both innate and adaptive
immunity modulate the chronic inflammatory
process
atherosclerotic plaque development (5).

initiating and acting in the

The best human data relating inflammation to
the prospective development of vascular
diseases have come from large-scale,
population based studies. To date, upraised
levels of several inflammatory mediators
among apparently healthy men and women
have proven to have predictive value for future
vascular events. In particular, prospective
epidemiological studies have found increased
vascular risk in association with increased basal
levels of cytokines such as interleukin (IL)-6
and tumor necrosis factor (TNF)-a (6,7); cell
adhesion molecules such as soluble
intercellular adhesion molecule (ICAM)-1, P
selectin, and E selectin, downstream acute-
phase reactants such as C-reactive protein
(CRP), amyloid  (8),
interferons (IFNs) (9). Several traditional

fibrinogen, serum
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underlying disorder of innate
immunity (10). In support of this hypothesis,
our very recent observations have shown, that
with the effects of inflammatory factors,
elevated level of gene expression of C-X-C
Motif Chemokine Ligand 9 (CXCL9), in HMECs
(Human microvascular epithelial cells), is
associated with subsequent development of
atherosclerosis.

Chemokines are a large family of small
cytokines with a molecular weight between 7
and 15 kDa, soluble and are involved in a wide
variety of processes during physiological and
pathological conditions (11). These pro-
inflammatory mediators and their receptors
play crucial roles in recruitment, activation and
adhesion of various types of leukocytes to
inflammatory foci. Subgroups of chemokines
that have been identified are C, CC, CX3(, and
CXC, defined based on the configuration of a
conserved amino-proximal cysteine-containing
motif. With the exception of the Csubgroup, all
chemokines contain a common four cysteine
residue motif linked by disulphide bonds in
conserved positions, one between the first and
third cysteines and one between the second
and fourth cysteines, to form triple stranded b-
sheet structures (12). As a general rule, C
chemokines mainly recruit lymphocytes, while
CC chemokines recruit monocytes. CX3CL1 is
the sole member of CX3C chemokine
subgroup,
chemoattractant (T cells and monocytes) and

combines the properties of
adhesion molecules. The last family of
chemokines, the CXC chemokines, are further
classified according to the presence of the
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tripeptide motif glutamic acid-leucine-arginine
(ELR) in the Nterminal region. ELR+ CXC
chemokines mediate neutrophil attraction and
angiogenesis, typically via interaction with
chemokine (C-X-C motif) receptor 2 CXCR2),
while  ELR- CXC chemokines attract
lymphocytes and have angiostatic properties
through their common receptor CXCR3 (13, 14).

CXCL9, also known as SCYB9/ MIG gene
(located on 4q21.1), is a small cytokine
belonging to the ELR- CXC family of
chemokines. Under the influence of a pro-
inflammatory cytokine milieu, CXCL9 can be
produced by a wide variety of cell types, such
as endothelial cells, fibroblasts, monocytes,
and T lymphocytes, and exerts its biological
effects mainly via binding to CXC chemokine
receptor 3 (CXCR3 /GPR9/CD183) (15-17). The
protein encoded is thought to be involved in T
cell trafficking. The encoded protein binds to C-
X-C  motif
chemoattractant for lymphocytes but not for

chemokine 3 and is a

neutrophils. Number of cytokines may control
the cellular expression of the CXCL9 gene (18).
Although, CXCL9 is strongly induced by IFN-II,
also known as IFN-y (produced by T
lymphocytes), type | interferons-IFN-a, .
Furthermore, recent studies have shown
evidence to suggest that, also in endothelial
cells (ECs) and vascular smooth muscle cells
(VSMCs) signal transducer and activator of
transcription 1 (STAT1) provides a platform for
cross-talk between IFN Y and
LPS(Lipopolysaccharides), and leads to a
significant phosphorylation of STAT1 as
compared to both factors alone (19-20).
Hence, phosphorylated STAT1 in VSMCs and
ECs of plaques
correlated with elevated gene and protein

human atheromatous

expression of the chemokines CXCL9 and
CXCL10 (21). To study if a similar mechanism
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affected the expression of CXCL9 in HMECs,
the following scientific studies have been
conducted. Taken together, the aim of this
cohort study was to examine the role of
chemokine (C-X-C motif) ligand 9 (CXCL9) on
experimental atherosclerosis.

Cell culture experiments

1. Human Microvascular Endothelial Cells
(HMEGs) (28) were provided by the Center
for Disease Control and Prevention
(Atlanta, GA)

2. MCDB-131 medium (IITD PAN, Wroclaw,
Poland) containing 10% of fetal bovine
serum (FBS) (Gibco, Thermo Fisher
Scientific), 100 U/ml penicillin, 100 pg/ml
streptomycin, 0.01 pg/ml EGF, 0.05 pM
hydrocortisone and 2 mM L-glutamine.

3. Serum starved-medium (containing 1% of
FBS instead of 10%).

4. Recombinant IFNa and
purchased from Merck, and LPS was
provided by Sigma-Aldrich.

IFNy  were

Microvascular Endothelial Cells were cultivated
in MCDB-131 medium containing 10% FBS (PAA),
100 U/ml penicillin, 100 pg/ml streptomycin,
0.01 pg/ml EGF, 0.05 pM hydrocortisone
(Sigma), 2 mM L-glutamine (PAA) for 48 hours
in 37C. 24 hours before the experiment, full
medium was exchanged into medium
containing 2% serum. After minimum 12 h-
detect the effect of

inflammatory factors to the STAT1 dependent

starvation, to

genes expression, HMECs were treated with
murine IFNa and murine IFNy alone for 8 hours
and IFN treatment was followed separately by
treatment with LPS for an additional 4 hours
and at the end LPS alone for 4 hours to induce
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(Thermo Fisher Scientific) on the Eco qRT-PCR

System (Illumina). Perhaps, B-actin (ACTB) is
the most widely used gene for normalization in

signal integration pathway between IFNs and
TLRs.

RNA isolation and real-time PCR the experiments of gene expression, and the
expression of this gene is believed to remain
stable across all experimental conditions, then
relate the concentrations of gene(s) of interest
to those of this housekeeping gene (22), thus
the amount of target gene in each sample was
normalized to [-actin gene endogenous
control. The 2797 method was applied for
quantitative data analysis.

Total RNA was isolated from HMECs using
GeneMATRIX Universal RNA Purification Kit
(EUR x, Gdansk, Poland) according to the
manufacture's protocol. Afterwards, isolated
RNA was subjected to reverse transcription
and PCR amplification was performed in
Maxima SYBR Green/ROX qRT-PCR Master Mix

Table 1. Primer sequences used in experimental procedure.

GeneName Forward Reverse

TCATCCCTGCGAGCCTATCC GGAGCCCTTTTAGACCTTTTT

CXCLg

It is already known that, in ECs cross-talk
between IFNy and TLR4 leads to augmented
phosphorylation of STAT1and expression of
the chemokine CXCL9(21). In HMECs, CXCL9
gene showed a mild response to interferon
treatment such as IFNa and IFNy alone, and the
expression levels remarkably increased by the
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contribution of LPS compound, in comparison
to untreated cells. Another important factor is
STAT1 as a
integration pathway. Genes, which are induced
by the presence of STAT1 protein, showed high
levels of expression with the treatment
combination of IFNs and LPS together. STAT1
dependent CXCL9 gene showed significant
patterns in HMECs.

critical mediator of signal
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Many studies have revealed that signal
transducer and activator of transcription 1
(STAT1), that mediates cellular responses to
interferons (IFNs), cytokine KITLG/SCF and
other cytokines and other growth factors,
plays a significant role in cardiovascular
disease. It is additionally accepted that in
immune cells STAT1 is a unique point of
convergence for the antimicrobial and
inflammatory synergism between IFNy and
TLRs. Recently, it is shown that also in VSMCs
cross-talk between IFNy and LPS resulted in
augmented STAT1 phosphorylation and
increased expression of the chemokine CXCL9
(21). Here, a similar STAT1-dependent
mechanism for CXCL9 expression in response
to IFNy and LPS was observed in HMECs at the
RNA level. Although CXCL9 have been
extensively studied in in vivo and in vitro
angiogenesis models, the expression of
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p<0.05 was considered as significant. Data were tested for significance by one-way ANOVA
followed by post-hoc Dunnett's.
DISCUSSION

receptors for these chemokines on HMECs
remains controversial. Moreover, we have
studied the expression of Cxclg in human
microvascular ECs with HUVECs to test the
hypothesis that HMECs may be better
indicators of the role of chemokines in somatic
angiogenesis and to evaluate the prediction
that differences in receptor expression are
responsible for different functional abilities of
various EC types.

Our study indeed provides evidence that in
HMECs STAT1 coordinates a platform for cross-
talk between IFNy and TLR4, and identifies a
STAT1-dependent gene signature that reflects
a pro-atherogenic state in coronary artery
disease (CAD) and carotid atherosclerosis.
Taken together, our data indicate that in the
presence of appropriate stimuli, HMECs are
highly responsive and consistently express

The USA Journals Volume 03 Issue 05-2021

28


https://doi.org/10.37547/tajas/Volume03Issue05-05

The American Journal of Applied sciences MPACT FACTOR
(ISSN -2689-0992)

2021:5.634
May 30, 2021 | 24-30
https://doi.org[10.37547/tajas/Volumeo3lssue05-05 - 1121105553
CXCL9. HMECs may therefore provide a better 7. MartynaPlens-Galaska, MalgorzataSzelag,
model for in vitro studies of atherosclerosis. Hans A R Bluyssen; et al. 1Genome-Wide

Inhibition of Pro-atherogenic Gene
Expression by Multi-STAT Targeting
Compounds as a Novel Treatment
Strategy of CVDs. Front Immunol
.Frontimmunol. 2018 Sep 19;9:2141. doi:
10.3389/fimmu.2018.02141. eCollection
2018.

8. Haverkate F, Thompson SG, Pyke SD, et al.
Production of C-reactive protein and risk
of coronary events in stable and unstable

1. Mozaffarian, D.; Benjamin, E.J.; Go, A.S,;
Arnett, D.K.; Blaha, M.J.; Cushman, M.D,;
Das, S.R.; De Ferranti, S.; Cushman, M.;
Despr’s, J.P.; et al. Executive Summary:
Heart Disease and Stroke Statistics-2016
Update: A Report From the American
Heart Association. Circulation 2016, 133,
447-454. [CrossRef] [PubMed]

2. Benjamin, E.J.; Virani, S.S.; Callaway, C.W.;
Chamberlain, A.M.; Chang, A.R.; Cheng, S.;
Chiuve, S.E.; Cushman, M.; Delling, F.N,;
Deo, R. Heart Disease and Stroke
Statistics-2018 Update: A Report From the
American Heart Association. Circulation
2018, 137, €67-e492. [CrossRef] [PubMed]

3. Day A, Jameson Z., Hyde C., Simbi B.,
Fowkes R.C-Type Natriuretic Peptide
(CNP) Inhibition of Interferon-y-Mediated
Gene Expression in Human Endothelial
Cells In Vitro. Biosensors (Basel) . 2018 Sep
14;8(3):86. doi: 10.3390/bios8030086.

4. Roberta D. R., MD; Leistner D. M., MD;
Sophia M. Reis, MD; et al. Coronary
Atherosclerotic Plaque Characteristics and

angina. European Concerted Action on
Thrombosis and Disabilities Angina
Pectoris Study Group. Lancet. 1997,
349:462-466.

9. Pleunie van den Borne, et al. The
Multifaceted Functions of CXCL10 in
Cardiovascular Disease. BiomedReslInt.
2014;2014:893106. doi:
10.1155/2014/893106. Epub 2014 Apr 23.

10. Hans A. R. Bluyssen, et al. A Positive
Feedback Amplifier Circuit That Regulates
Interferon (IFN)-Stimulated Gene
Expression and Controls Type | and Type Il
IFN Responses. Front Immunol. 2018 May
8;9:1135. doi: 10.3389/fimmu.2018.01135.
eCollection 2018.

1. D. D. Taub, ‘“Chemokine-leukocyte

Cardiovascular Risk Factors.Circ J. 2017 Jul . .
/ interactions. The voodoo that they do so

25;81(8):1165-1173. doi:  0.1253/circj.CJ-17-
0054. Epub 2017 Apr 14.
5. Hansson GK, Libby P. The immune

well,” Cytokine & Growth Factor Reviews,

VOI- 7, N0. 4, pp. 355_376; 1996

) ) 12. E. J. Fernandez and E. Lolis, “Structure,

response in atherosclerosis: a double- function, and inhibition of chemokines,”
edged sword. Nat Rev Immunol 2006;
6:508-19; doi.org/10.1038/nri1882

6. Ridker PM, Hennekens CH, Buring JE, et al.

C-reactive protein and other markers of

Annual Review of Pharmacology and
Toxicology, vol. 42, pp. 469-499, 2002.

13. P. van den Borne, P. H. A. Quax, I. E.
Hoefer, and G. Pasterkamp, “The
multifaceted functions of CXCL10 in
cardiovascular disease,” BioMed Research
International, vol. 2014, Article ID 893106,
11 pages, 2014.

inflammation in the prediction of
cardiovascular disease in women. N Engl J
Med. 2000;342:836-843.

The USA Journals Volume 03 Issue 05-2021


https://doi.org/10.37547/tajas/Volume03Issue05-05

The American Journal of Applied sciences
(ISSN -2689-0992)

https://doi.org[10.37547/tajas/Volumeo3lssue05-05

14.

15.

16.

17.

18.

19.

20.

May 30, 2021 | 24-30

Giovanny Aguilera-Duran, Antonio Romo-
Mancillas. Computational Study of C-X-C
Chemokine Receptor (CXCR)3 Binding
with Its Natural Agonists Chemokine (C-X-
C Motif) Ligand (CXCL)9, 10 and 11 and with
Synthetic ~ Antagonists:  Insights  of
Receptor Activation towards Drug Design
for  Vitiligo.Molecules. 2020  Sep
25;25(19):4413. doi:
10.3390/molecules25194413.

Qin S, Rottman JB, Myers P, et al: The
chemokine receptors CXCR3 and CCRs5
mark subsets of T cells associated with
certain inflammatory reactions. J Clin
Invest 101: 746-754, 1998.

Cole KE, Strick CA, Paradis TJ, et al:
Interferon-inducible T cell
chemoattractant (I-TAC): a novel non-ELR

alpha

CXC chemokine with potent activity on
activated T cells through selective high
affinity binding to CXCR3. J Exp Med 187:
2009-2021, 1998.

Clark-Lewis |, Mattioli I, Gong JH and
Loetscher P: Structure-function
between the human
chemokine receptor CXCR3 and its
ligands. J BiolChem 278: 289-295, 2003.

J. R. Groom and A. D. Luster, “CXCR3
ligands:
antagonistic functions,” Immunology and
Cell Biology, vol. 89, no. 2, pp. 207-215,
2011.

Alain Tedgui, ZiadMallat.
atherosclerosis:

relationship

redundant, collaborative and

Cytokines in
pathogenic and
regulatory pathways. PhysiolRev. 2006
Apr;86(2):515-81. doi:
10.1152/physrev.00024.2005.

Hans A. R. Bluyssen, et al. STAT1 as a novel
therapeutical target in pro-atherogenic
signal integration of IFNy, TLR4 and IL-6 in
vascular disease. Cytokine Growth Factor

The USA Journals Volume 03 Issue 05-2021

21.

22,

MPACT FACTOR

2021:5.634
- 1121105553
Rev. 2011  Aug;22(4):211-9. doi:
10.1016/j.cytogfr.2011.06.003.
Hans A. R. Bluyssen, et al. STAT1-

dependent signal integration between
[FNgamma and TLR4 in vascular cells
reflect pro-atherogenic
atherosclerosis.

responses in
human PloS  one.
2014;9:e113318. Published online 2014 Dec
5. doi: 10.1371/journal.pone.0113318.

Pohjanvirta T., et al. Evaluation of various
housekeeping genes for their applicability
for normalization of mRNA expression in
dioxin-treated rats.ChemBiol Interact.
2006 Mar  25;160(2):134-49. doi:
10.1016/j.cbi.2006.01.001. Epub 2006 Feb8.

30


https://doi.org/10.37547/tajas/Volume03Issue05-05

