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Association Between Increased Expression Levels of SDF-1 and
CXCRA4 on the Platelets of Patients With Coronary Artery Disease
and Low LVEF
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ABSTRACT

Background: Since coronary artery disease (CAD) is one of the leading causes of death globally,
identifying new risk factors can augment risk assessment. This study aimed to investigate
the surface expression of stromal cell-derived factor-1 (SDF-1), CXCR4, and CXCR7 on
the platelets of CAD patients and to determine whether there is a correlation between
their expressions and left ventricular ejection fraction (LVEF).

Methods: Sixty CAD patients and 60 healthy volunteers as normal controls were studied. The
mean fluorescence intensity (MFI) of SDF-1 and its receptor expression was evaluated by
flow cytometry. Biochemical markers and platelet parameters were investigated with an
AutoAnalyzer and a cell counter, respectively.

Results: The platelets of the CAD group expressed SDF-1 and CXCR4 significantly more than
those of the control group (MFI1=1112+304 vs 943+131; P=0.042 and MFI1=23372+6804 vs
20634+3482; P=0.033, respectively). Nevertheless, no significant difference was found in
the platelet expression of CXCR7 between the CAD and control groups (MFI=35256+8706
vs 25053+7270; P=0.061). Notably, increased expression levels of SDF-1 and CXCR4
were associated with decreased LVEF (r=—0.388, P=0.003 and r=—0.431, P=0.001).

Conclusions: Our findings demonstrated that the overexpression of SDF-1 and CXCR4 on
platelets could be considered a promising candidate indicating that asymptomatic patients
with decreased LVEF may be at the risk of CAD. (Iranian Heart Journal 2022; 23(1): 42-53)
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he development of novel treatment

strategies for coronary artery disease

(CAD) formerly evolved an
expectation that this fatal disease might be
eliminated by the end of the 20th century;
however, this optimistic prediction has faced
revision and CAD is anticipated to remain as
one of the leading causes of death until
2030. “* With approximately 15.4 million
individuals older than 20 years annually
diagnosed with CAD in the United States, *
this disease accounts for 1 in 7 mortalities,
leading to over 360 000 deaths. * Multiple
risk  factors associated with CAD
pathogenesis have been enumerated thus far
and categorized into controllable and
uncontrollable groups. While hypertension,
hyperlipidemia, smoking, diabetes, obesity,
physical inactivity, stress, and unhealthy
diets could be controllable by an appropriate
lifestyle, other risk factors such as age, sex,
race, and family history are out of control. °
Given the inadequacy of these traditional
factors in predicting the incidence of
coronary events, it is not surprising that the
identification of new and emerging risk
factors, including chemokines, can helﬁp
improve risk assessment for CAD patients.
The crucial role of chemokines in the
pathogenesis of cardiovascular disease has
been reported in several investigations. ” It is
well-established that following heart injury,
a variety of chemokines are involved in the
heart repair processes, including the
remodeling of the angiogenesis matrix, the
mobilization of fibroblasts, and the
stimulation of stem cells. ® Among these
chemokines acting both as a chemoattractant
for hematopoietic progenitor cells and a
heart remodeling factor, stromal cell-derived
factor 1 (SDF-1), also known as CXCL12,
has recently attracted tremendous attention. °
Although SDF-1 is expressed in various
tissues, platelets are a major source of this
chemokine. *° The results of several clinical
trial studies have shown that the
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overexpression of SDF-1 in the ischemic
myocardium results in cardioprotection and
improved left ventricular ejection fraction
(LVEF) as an indicator of myocardial
function after myocardial infarction. ***?
From the first description of SDF-1, CXCR4
was assumed to be the exclusive receptor for
this well-known chemokine. CXCR4 is
widely expressed on a broad range of cells
and tissues, including the immune and
central nervous systems, * * and it is
involved in the recruitment of smooth
muscle progenitor cells, resting leukocytes,
and hematopoietic progenitors to repair
vascular tissue. *° Not so long after the
discovery of the fundamental role of
CXCR4, it was reported that SDF-1 could
also bind to another surrogate receptor,
CXCR7, which participates in several
biological processes, including scavenging
for SDF-1, cell survival, and SDF-1-induced
hematopoietic cell migration and homing. **
1% Moreover, the expression of this receptor
on different organs, including the
hematopoietic ~ system, increases its
importance in the SDF-1-signaling axis. '
Given the close association between SDF-1,
CXCR4, and CXCR7, we designed the
present study to evaluate the surface
expression of the aforementioned markers
on the platelets of CAD patients.

METHODS

Patients

Sixty patients with symptomatic CAD who
were visited at the Cardiovascular
Department of Taleghani Hospital were
evaluated in our study between 2017 and
2018. This study was approved by the Ethics
Committee of Shahid Beheshti University of
Medical Sciences (IR. SBMU.
RETECH.REC. 1396.717), and all the
participants gave informed consent in
accordance with the declaration of Helsinki.
Before sample preparation, the patients were
classified to acute coronary syndrome (ACS;
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n=40) and stable angina pectoris (SAP;
n=20) with respect to clinical symptoms,
myocardial ~ ischemia  markers, and
electrocardiography (ECG). While SAP was
defined as a predictable pattern of chest pain
on exertion or emotional stress with negative
results for myocardial ischemia markers
(troponin and creatinine kinase), ACS was
applied to the patients who experienced
unstable angina or acute myocardial
infarction. As was previously explained,
unstable angina is defined as irregular
angina with or without ECG changes
reflecting ischemia, unelevated troponin
levels, *® and occurrence at rest or lesser
degrees of exertion than previous angina.
Acute myocardial infarction was defined as
a rise or fall in cardiac troponin,
accompanied at least by one of the following
criteria: symptoms of ischemia, new or
presumed new significant ST-segment—T
wave (ST-T) changes or a new left bundle
branch block, development of pathological
Q waves in ECG, imaging evidence of new
loss of viable myocardium or new regional
wall motion abnormality, and identification
of an intracoronary thrombus by
angiography or autopsy. *° In our study, the
exclusion criteria for the selection of CAD
patients were refusal to give informed
consent, pregnancy, infectious diseases, and
chest pain with non-coronary origins. Sixty
healthy volunteers with no history of
cardiovascular disease were included as
normal controls, and they were matched
with the CAD patients regarding age and sex
(P>0.05).

Biochemical Markers

Whole blood (5 mL) was taken from the
patients and controls in commercially red
topped tubes (Becton Dickinson). The sera
of all the samples were collected via the
centrifugation of the clotted blood at 1500¢g
for 10 minutes in a refrigerated centrifuge.
The collected sera were analyzed by using a
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Hitachi 912  AutoAnalyzer  (Roche
Diagnostics, Canada) to determine the levels
of serum C-reactive protein (CRP), troponin,
and creatine kinase.

Hematological Analysis

Venous blood samples (2 mL) from the
CAD and control groups were collected into
vacutainer tubes containing K,EDTA
(Becton Dickinson, USA). Complete blood
count (CBC) was performed immediately
after blood collection by using an automated
cell counter (Sysmex KX21-N; Sysmex
Corporation,  Kobe, Japan). Platelet
parameters, including platelet count, mean
platelet volume (MPV), and platelet
distribution width (PDW), were evaluated in
our study.

Platelet Preparation

Venous blood samples (5 mL) were taken in
ACD-A (acid citrate dextrose solution-A)
anticoagulant (1:7) from the patients and the
controls. Platelet-rich plasma (PRP) was
fractionated by blood centrifugation at 200g
for 15 minutes at room temperature (with no
brake applied). Afterward, the PRP was
diluted with phosphate-buffered saline
(PBS; Gibco, USA) to adjust the platelet
concentration at 1x10’ platelets/mL.

Flow Cytometry Analysis

The samples from the control and CAD
groups were analyzed by flow cytometry
immediately after collection. For the
detection of the surface expression of
platelet markers, diluted PRP was incubated
with the respective conjugated antibodies or
their respective isotype controls for 30
minutes at room temperature. Conjugated
monoclonal antibodies were used to
determine the expression levels of platelet
GPllla (CD61; FITC from Dako, Denmark),
SDF-1 (CXCL12; PerCP from Novus
Biologicals, Littleton, CO, USA), CXCR4
(CD184; PE from Biolegend, San Diego,
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California, USA), and CXCR7 (ACKR3; PE
from Biolegend, San Diego, California,
USA). After the staining process, the cells
were fixed with 0.5% paraformaldehyde;
then, PBS was added to each sample to
reach a volume of 1 mL. Ultimately, the
samples were analyzed by using a flow
cytometer (Attune NXT; Life Technologies,
Carlsbad, CA, USA). CD61-FITC was used
to identify the platelet population, and mean
fluorescence intensity (MFI) was drawn
upon as a quantitative indicator for the
surface expression of the indicated proteins.

Expression Analysis of CXCR4 and
CXCRY7 on Activated Platelets

For the analysis of agonist-induced changes
in the surface expression of CXCR4 and
CXCR7 on platelets, diluted PRP was
treated with the increasing concentrations
(20 uM, 100 pM, and 200 puM) of adenosine
diphosphate  (ADP; Hyphen-BioMed,
Andresy, France) for 30 minutes at room
temperature and then stained with the
indicated antibodies.

Determination of LVEF

LVEF, which is an indicator of LV function,
was determined by echocardiography in the
Department of Cardiology, Ayatollah
Taleghani Hospital. The correlation between
LVEF and the platelet expression of SDF-1,
CXCR4, and CXCR7 was also evaluated.

Statistical Analysis

All the statistical analyses were performed
by using SPSS software, version 21. The
Mann-Whitney U test and the t test were
applied to assess differences in terms of
SDF-1, CXCR4, and CXCR?7 between the
CAD and control groups based on their
distribution. The correlation analyses of
SDF-1, CXCR4, and CXCR7, as well as
between the aforementioned markers and
LVEF, were assessed by using the Pearson
and Spearman tests. Linear regression
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analysis was conducted to evaluate the
association between dependent variables,
including SDF1, CXCR4, and CXCR7, and
confounding factors. The one-way ANOVA
and post hoc tests were employed to
compare the platelets treated with different
doses of ADP with the untreated platelets. A
P-value of less than 0.05 was considered
statistically significant.

RESULTS

Platelets of the CAD patients expressed
SDF-1 and its receptor, CXCR4, more
significantly.

In the present study, we aimed to quantify
the surface expression of SDF-1 on the
platelets of patients with cardiovascular
disease. To this end, we selected 60 healthy
volunteers and 60 patients with CAD,
including ACS and SAP. The characteristics
of the patients and the normal controls (viz,
age, sex, CAD type, LVEF, platelet
parameters, laboratory tests, cardiovascular
risk factors, and co-medications) are
summarized in Table 1. Flow cytometry data
analysis showed that the expression of SDF-
1 on the platelets of the CAD patients was
significantly higher than that of the healthy
controls (MFI: 11124304 vs 943+131;
P=0.042). With respect to the raised level of
SDF-1 expression, it was interesting to
measure the surface expression of SDF-1
receptors (viz, CXCR4 and CXCRY7). As is
presented in Figure 1, CXCR4 surface
expression was elevated on the platelets of
the CAD group as compared with the normal
controls (MFI: 2337216804 vs 20634+3482;
P=0.033). Nevertheless, the resulting data
revealed that the platelet expression of
CXCR7 in the CAD patients had no
statistically significant difference with that
in the control group (MFI: 352568706 vs
25053+7270; P=0.061) (Fig. 1).
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A close correlation existed between the
surface expression of SDF-1 and its
receptors on platelets.

Having established that the expression of
SDF-1 and its receptors was increased in the
platelets of the CAD patients, we
investigated the possible correlation between
the surface expressions of these markers by
using bivariate correlation analysis. The
results showed that the surface expression of

Table 1. Characteristics of the CAD and control groups
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SDF-1 strongly correlated with CXCR4
expression (n=60, r=0.727, P<0.001);
however, a moderate association existed
between the surface expressions of CXCR7
and SDF-1 (n=60, r=0.370, P=0.002). The
results of the bivariate correlation analysis
also demonstrated that the surface
expressions of CXCR4 and CXCRY7 strongly
correlated with each other (n=60, r=0.581,
P<0.001) (Fig. 2).

Characteristics

CAD Patients (n=60)

Normal Controls (
n=60)

Age (mean + SD) 58.14+11.1 53+9.6 0.091
Sex (male/female) 73.7%126.3% 69.1%7/30.9% 0.164
CAD type (ACS/SAP) 66.7/33.3% -

EF percentage (mean + SD)
Laboratory Results

Creatine kinase (mean £ SD)

CRP (negative/positive)

Troponin (negative/positive)

Cardiovascular Risk Factors
Diabetes (no/yes)

History of CAD in the Family

49.0+11.7

319+101

58+2.4%

134455

80%/20%

90%/10%

0.087

78%/22%

77%I23%

95%/5%

85%/15%

87%/13% 90%/10% 0.645

(no/yes)
Hypertension (no/yes) 569%/44% 83%/17% <0.001
Hyperlipidemia (no/yes) 78%/22% 90%/10% <0.001
Smoking (no/yes) 77%/23% 83%/17% 0.058

Kidney defect (no/yes)
Medication on Admission

Acetyl salicylic acid (no/yes)

98%/2%

61%/39%

100%/0%

90%/10%

Clopidogrel (no/yes) 91%/9% 100%/0% 0.007
ACE inhibitor (no/yes) 71%/29% 100%/0% <0.001
Beta-blocker (no/yes) 70%/30% 100%/0% <0.001
Statin (no/yes) 71%/29% 95%/5% <0.001

CAD, Coronary artery disease; ACS, Acute coronary syndrome; SAP, Stable angina pectoris; EF, Ejection fraction; CRP, C-

reactive protein; ACE, Angiotensin-converting enzyme
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Figure 1. Flow cytometry data analysis shows that the expressions of (A) SDF-1 and (B) CXCR4 on the platelets of the
CAD patients are significantly higher than those of the healthy controls. (C) The platelet expression of CXCR7 shows no
significant difference between the CAD and control groups.
Data are meanSD of mean fluorescence intensity from experiments done with 60 healthy controls and 60 CAD patients.
*. A P-value< 0.05 represents significant changes from the controls.
CAD, Coronary artery disease; SDF-1, Stromal cell-derived factor-1
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Figure 2. A close correlation can be observed between the surface expression of SDF-1 and its receptors on the
platelets of the CAD patients. There is also a significant correlation between CXCR4 and CXCR?7.

SDF-1, Stromal cell-derived factor-1

There were significant differences in
platelets indices between the CAD and
control groups.

Platelet parameters such as platelet count,
MPV, and PDW were evaluated in the CAD
and control groups. The results showed
statistically significant differences in MPV
and PDW between the CAD patients and the
healthy controls. However, no significant
difference was found in platelet count
between the patients and the controls (Table
2). As is shown in Table 3, the investigation
of the correlation between platelet
parameters and the surface expression of
SDF-1 and its receptors did not show any
significant relationship.

Confounding variables did not affect the
expressions of SDF-1, CXCR4, and
CXCRY7 on platelets.

It has been reported that the surface expression
of chemokines and their receptors on platelets
may be affected by a wide range of
confounding variables. To examine the effects
of these intervening variables on the surface
expression of SDF-1, CXCR4, and CXCR7 in
our CAD patients, we applied univariate
analysis of covariance on several confounding
variables, including hypertension, diabetes,
hyperlipidemia, family history of CAD, and
smoking. Moreover, we investigated the
association between the expressions of SDF-1,
CXCR4, and CXCR7 and inflammatory and
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ischemic factors such as CRP, troponin, and
serum creatine kinase. The results revealed
significant  interactions  between  the
expressions of SDF-1, CXCR4, and CXCR7
neither with confounding variables nor with
inflammatory factors. In addition, linear
regression was performed to determine
whether the surface expressions of SDF-1,
CXCR4, and CXCR7 could be caused by
either medications or platelet parameters. The
results are summarized in Table 4, which
indicates that these confounding factors had
no significant effects on the aforementioned
markers.

Increased expressions of SDF-1, CXCR4,
and CXCR7 were coupled with low LVEF
in the CAD patients.

It has been demonstrated that platelet-derived
factors could promote cardiac function and
may influence LVEF, % which serves as an
important indicator of efficient blood pumping
to systemic circulation. We found that LVEF
in the CAD group was significantly lower than
that in the control group (49.0+11.7% vs
58+2.4%). Based on the increased expression
of SDF-1 on the platelets of the CAD patients,
we assume that the lower values of LVEF may
correlate with the increased expression of
SDF-1. Of particular interest, the resulting
data indicated that the surface expression of
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SDF-1 was higher in patients with low LVEF
than in those with normal values (r= —0.388,
P=0.003). Based on our results, it was
reasonable to hypothesize that there might be a
correlation between LVEF and the expression
of either CXCR4 or CXCRY7. Noteworthy, our
results showed a significant correlation
between CXCR4 expression and LVEF (r=
—0.431, P=0.001). However, there was no
significant  correlation between CXCR7
expression and LVEF (r=-0.054, P=0.6) (Fig.
3).

ADP increased the surface expression of
SDF-1 receptors on the platelets of the
healthy volunteers.

ADP is an important primary platelet agonist
with the ability to trigger a signaling cascade,
which may alter the expression of surface
proteins on platelets. To investigate whether
ADP could affect the surface expression of
CXCR4 and CXCR?7, we treated platelets of
5 healthy volunteers with the increasing
concentrations of the agonist. Interestingly,
flow cytometry analysis revealed that the
expressions of CXCR4 and CXCR7 were
increased in a concentration-dependent
manner following treatment with 20 uM, 100
KM, and 200 uM of ADP, as compared with
the expression intensity of the receptors on
the untreated platelets (Fig. 4).

Table 2. PLT parameters in the CAD and control groups

Variables CAD Patients Controls P-value

PLT count (meanzSD) 234430+£69661 221500+48296 0.221
MPV (meantSD) 10.1+1.0 8.9+1.0 <0.001
PDW (meanSD) 12.7+2.1 11.5+1.9 0.002

PLT, Platelet; MPV, Mean platelet volume; PDW, Platelet distribution width

Table 3. Correlation between PLT parameters and SDF-1, CXCR4, and CXCR7 MFI

Variables

PLT count -0.065 (P=0.59)
MPV 0.051 (P=0.67)
PDW -0.048 (P=0.69)

-0.731 (P=0.54)
0.222 (P=0.06)
-0.451 (P=0.71)

0.120 (P=0.321)
0.161 (P=0.183)
-0.143 (P=0.237)

PLT, Platelet; MPV, Mean platelet volume; PDW, Platelet distribution width; SDF-1, Stromal cell-derived factor-1; MFI,
Mean fluorescence intensity
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Table 4. Univariate linear regression between SDF-1, CXCR4, and CXCR7 MFI values as dependent variables and
clinical factors as confounding factors

SDF-1
(GREIE))

Confounding Factors

Cardiovascular Risk Factors
Hypertension \
Diabetes \

Hyperlipidemia
History of coronary artery
disease

in the family
Smoking \

Inflammatory and Ischemic Factors
C-reactive protein
Troponin \
Creatine kinase

Medications
Acetyl salicylic acid \
Clopidogrel
ACE inhibitor \
Beta-blocker
Statin

PLT Parameters
PLT count 0.645 0.360
MPV \ 0.142 0.306
PDW \ 0.142 0.188

(1) €2 2207 ‘Teuano| 1yed ueruely

SDF-1, Stromal cell-derived factor-1; MFI, Mean fluorescence intensity; PLT, Platelet; MPV, Mean platelet volume; PDW,
Platelet distribution width
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Figure 3. There is a negative correlation between SDF-1 and CXCR4 and LVEF. Increased expressions of SDF-1
and CXCR4 are coupled with low LVEF in the CAD patients. However, no significant correlation exists between
CXCR7 and LVEF.

SDF-1, Stromal cell-derived factor-1; LVEF, Left ventricular ejection fraction; CAD, Coronary artery disease
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Figure 4. ANOVA analysis and LSD post hoc comparisons between the groups show that the surface expression of
CXCR4 and CXCRY are increased in a dose-dependent manner after treatment with ADP as an agonist. There is also
a significant difference between the 2 groups in all pairwise comparisons with LSD. Data are mean + SD of MFI
from experiments done with 5 healthy controls. *: P< 0.05

MFI, Mean fluorescence

DISCUSSION outlined a tight correlation between SDF-1
and its receptors. Taken together, our results
suggest that platelets probably play a key
role in progenitor cell homing to damaged
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several studies. ® 3 Of particular interest,
our results delineated that there was no
significant correlation between platelet
parameters and the surface expression of
SDF-1/CXCR4/CXCRT. Overall, our
findings suggest that increased platelet
indices are not necessarily associated with
the augmented surface expression of the
indicated markers on platelets.

Most clinical studies, as well as the current
investigation, have demonstrated that LVEF
is decreased in patients with CAD in
comparison with normal controls. ** 3 Our
correlation analysis showed a negative,
albeit significant association, between SDF-
1 and CXCR4 and LVEF. Chiming in with
our results, other researchers have suggested
that in CAD patients with decreased LVEF,
the surface expression of SDF-1, CXCR4,
and CXCR7 on platelets is increased to
induce cardiac improvement. ?* Alterations
in the surface expression of multitude
proteins upon the agonist-induced activation
of platelets have been reported previously. *
In contrast to the results reported by Rath et
al, 2 we found that the activation of platelets
with ADP resulted in a significant increase
in the surface expression of CXCR4 and
CXCRT7.

CONCLUSIONS

Identifying and introducing novel
biomarkers as predictive markers of
cardiovascular  disease is of great
importance. Accordingly, our results showed
that the increased expression of SDF-1 and
CXCR4 on platelets could be considered a
promising  candidate indicating that
asymptomatic patients with decreased LVEF
are at the risk of CAD.

Acknowledgments

The authors would like to thank the
Research Deputyship of Shahid Beheshti
University of Medical Sciences, the
Department of Cardiology, and the

Mehrpouri et al

Hematopoietic Stem Cell (HSC) Laboratory
of Taleghani Hospital for supporting and
providing research facilities.

Conflict of Interest

The authors hereby declare no potential
conflicts of interest with respect to the
research, authorship, and/or publication of
this article.

REFERENCES

1. Mathers CD, Loncar D. Projections of global
mortality and burden of disease from 2002 to
2030. PLoS medicine. 2006;3(11):e442.

2. Members WG, Thom T, Haase N,
Rosamond W, Howard VJ, Rumsfeld J, et al.
Heart disease and stroke statistics—2006
update: a report from the American Heart
Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation.
2006;113(6):e85-e151.

3. Go AS, Mozaffarian D, Roger VL, Benjamin
EJ, Berry JD, Blaha MJ, et al. Executive
summary: heart disease and  stroke
statistics—2014 update: a report from the
American Heart Association. Circulation.
2014;129(3):399-410.

4. Association AH. Heart Disease and Stroke
Statistics 2017 At-a-Glance. on-line at:

http://imww heart
org/idc/groups/ahamahpublic/@ wem/@
sop/@
smd/documents/downloadable/ucm_491265
pdf. 2017.

5. Hajar R. Risk factors for coronary artery
disease: Historical perspectives. Heart
views: the official journal of the Gulf Heart
Association. 2017;18(3):1009.

6. Akhabue E, Thiboutot J, Cheng J-w, Lerakis
S, Vittorio TJ, Christodoulidis G, et al. New
and emerging risk factors for coronary heart
disease. The American journal of the
medical sciences. 2014;347(2):151-8.

7. Aukrust Pl, Halvorsen B, Yndestad A,
Ueland T, @ie E, Otterdal K, et al.
Chemokines and cardiovascular  risk.

(1) €2 2207 ‘Teuano| 1yed ueruely

51



(I) €T 2207 ‘Tevano| 1redH uerues]

52

Increased Expression of SDF-1 and CXCR4

10.

11.

12.

13.

14.

15.

16.

Arteriosclerosis, thrombosis, and vascular
biology. 2008;28(11):1909-19.

Laflamme MA, Murry CE. Heart
regeneration. Nature. 2011;473(7347):326.

van der Vorst EP, Déring Y, Weber C. MIF
and CXCL12 in cardiovascular diseases:
functional differences and similarities.
Frontiers in immunology. 2015;6:373.

Chatterjee M, Gawaz M. Platelet-derived
CXCL 12 (SDF-10): basic mechanisms and
clinical implications. Journal of Thrombosis
and Haemostasis. 2013;11(11):1954-67.

Abbott JD, Huang Y, Liu D, Hickey R,
Krause DS, Giordano FJ. Stromal cell-
derived factor-1a plays a critical role in stem
cell recruitment to the heart after myocardial
infarction but is not sufficient to induce
homing in the absence of injury. Circulation.
2004;110(21):3300-5.

Geisler T, Fekecs L, Wurster T, Chiribiri A,
Schuster A, Nagel E, et al. Association of
platelet-SDF-1 with hemodynamic function
and infarct size using cardiac MR in patients
with AMI. European journal of radiology.
2012;81(4):e486-e90.

Balabanian K, Lagane B, Infantino S, Chow
KY, Harriague J, Moepps B, et al. The
chemokine SDF-1/CXCL12 binds to and
signals through the orphan receptor RDC1 in
T lymphocytes. Journal of Biological
Chemistry. 2005.

Teicher BA, Fricker SP. CXCL12 (SDF-
1)/CXCR4 pathway in cancer. Clinical
cancer research. 2010:1078-0432. CCR-09-
2329.

Yamaguchi J-i, Kusano KF, Masuo O,
Kawamoto A, Silver M, Murasawa S, et al.
Stromal cell-derived factor-1 effects on ex
vivo expanded endothelial progenitor cell
recruitment for ischemic neovascularization.
Circulation. 2003;107(9):1322-8.

Naumann U, Cameroni E, Pruenster M,
Mahabaleshwar H, Raz E, Zerwes H-G, et
al. CXCR?7 functions as a scavenger for
CXCL12 and CXCL11. PloS one.
2010;5(2):€9175.

17.

18.

19.

20.

21.

22.

23.

24.

Mehrpouri et al

Melo RdCC, Ferro KPV, Duarte AdSS, Saad
STO. CXCR7 nparticipates in CXCL12-
mediated migration and homing of leukemic
and normal hematopoietic cells. Stem cell
research & therapy. 2018;9(1):34.

D'Souza M, Sarkisian L, Saaby L, Poulsen
TS, Gerke O, Larsen TB, et al. Diagnosis of
unstable angina pectoris has declined
markedly with the advent of more sensitive
troponin assays. The American journal of
medicine. 2015;128(8):852-60.

Bax JJ, Baumgartner H, Ceconi C, Dean V,
Fagard R, Funck-Brentano C, et al. Third
universal definition of myocardial infarction.
Journal of the American College of
Cardiology. 2012;60(16):1581-98.

Rath D, Chatterjee M, Borst O, Miller K,
Stellos K, Mack AF, et al. Expression of
stromal cell-derived factor-1 receptors
CXCR4 and CXCRY7 on circulating platelets
of patients with acute coronary syndrome
and association with left ventricular
functional recovery. European heart journal.
2013;35(6):386-94.

Kajstura J, Urbanek K, Rota M, Bearzi C,
Hosoda T, Bolli R, et al. Cardiac stem cells
and myocardial disease. Journal of
molecular  and  cellular  cardiology.
2008;45(4):505-13.

Stellos K, Bigalke B, Langer H, Geisler T,
Schad A, Kogel A, et al. Expression of
stromal-cell-derived factor-1 on circulating
platelets is increased in patients with acute
coronary syndrome and correlates with the
number of CD34+ progenitor cells.
European heart journal. 2008;30(5):584-93.

Mehrpouri M, Bashash D, Mohammadi MH,
Gheydari ME, Satlsar ES, Hamidpour M.
Co-culture of Platelets with Monocytes
Induced M2 Macrophage Polarization and
Formation of Foam Cells: Shedding Light on
the Crucial Role of Platelets in Monocyte
Differentiation. ~ Turkish  Journal  of
Hematology. 2019;36(2):97.

Derakhshan R, Arababadi MK, Ahmadi Z,
Karimabad MN, Salehabadi VA,
Abedinzadeh M, et al. Increased circulating
levels of SDF-1 (CXCL12) in type 2 diabetic
patients are correlated to disease state but are



Increased Expression of SDF-1 and CXCR4

25.

26.

27.

28.

29.

unrelated to polymorphism of the SDF-1p
gene in  the Iranian  population.
Inflammation. 2012;35(3):900-4.

Li S-L, Lin W, Zhang Y, Zheng Z-C, Liu L-
J, Fu H, et al. Stromal Cell-Derived Factor-
lao as a Novel Biomarker for
Hyperlipidemia. The Tohoku journal of
experimental medicine. 2012;228(4):355-63.

Ribeiro V, Bosquetti B, Gongalves SM,
Bucharles SGE, Rempel L, Maciel RAP, et
al. Uremic serum inhibits in vitro expression
of chemokine SDF-1: impact of uremic
toxicity on endothelial injury. Jornal
Brasileiro de Nefrologia. 2014;36(2):123-31.

Chu H, Chen W-L, Huang C-C, Chang H-Y,
Kuo H-Y, Gau C-M, et al. Diagnostic
performance of mean platelet volume for
patients with acute coronary syndrome
visiting an emergency department with acute
chest pain: the Chinese scenario. Emergency
Medicine Journal. 2010:emj. 2010.093096.

lhara A, Kawamoto T, Matsumoto K,
Shouno S, Hirahara C, Morimoto T, et al.
Relationship between platelet indexes and
coronary angiographic findings in patients
with ischemic heart disease.
Pathophysiology of  haemostasis and
thrombosis. 2006;35(5):376-9.

Islam M, Siddiqui N, Begum M, Bhuiyan A,
Rahman M, Ahammed S. Diagnostic
Importance of Platelet in Patients with Acute
Coronary Syndrome Admitted in
Mymensingh Medical College Hospital.
Mymensingh  medical journal: MMJ.
2017;26(1):61-7.

30.

31.

32.

33.

34.

35.

Mehrpouri et al

Lippi G, Filippozzi L, Salvagno GL,
Montagnana M, Franchini M, Guidi GC, et
al. Increased mean platelet volume in
patients with acute coronary syndromes.
Archives of pathology & laboratory
medicine. 2009;133(9):1441-3.

Rodrigues B, Franca HH, Maiello JR,
Romanini S, Pasuld F, Nunes E, et al. Mean
Platelet Volume (MPV) Analysis In Patients
with Coronary Arterial Disease. Am Soc
Hematology; 2010.

Majumder B, Jain H, Chatterjee S, Das TK.
Study of platelet count and platelet volume
indices in the spectrum of coronary artery
diseases and its  clinicopathological
correlation. Nigerian Journal of Cardiology.
2018;15(1):63.

Freixa X, Chan J, Bonan R, lbrahim R,
Lamarche Y, Demers P, et al. Impact of
coronary artery disease on left ventricular
ejection  fraction  recovery  following
transcatheter aortic valve implantation.
Catheterization and Cardiovascular
Interventions. 2015;85(3):450-8.

Squeri A, Gaibazzi N, Reverberi C,
Caracciolo MM, Ardissino D, Gherli T.
Ejection fraction change and coronary artery
disease severity: a vasodilator contrast
stress-echocardiography study. Journal of
the American Society of Echocardiography.
2012;25(4):454-9.

Yun S-H, Sim E-H, Goh R-Y, Park J-I, Han
J-Y. Platelet activation: the mechanisms and
potential biomarkers. BioMed research
international. 2016;2016.

(1) €2 2207 ‘Teuano| 1yed ueruely

53



