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Objective. To determine prognostic role of endothelial progenitor cells (EPCs) in intensive care patients with acute myocardial
infarction (AMI). Materials and Methods. From December 2018 to July 2021, a total of 91 eligible patients with AMI were
consecutively examined in a single intensive care unit (ICU) in China. Patients with a history of acute coronary artery disease
were excluded from the study. Samples were collected within 24 hr of onset of symptoms. EPCs, defined as coexpression of CD34
+/CD133+ cells or CD133+/CD34+/KDR+, were studied using flow cytometry and categorized by quartiles. Based on the 28-days
mortality outcome, the patients were further divided into two groups: death and survival. The study incorporated various variables,
including cardiovascular risk factors such as body mass index, hypertension, diabetes, hypercholesterolemia, atherosclerotic
burden, and medication history, as well as clinical characteristics such as APACHEⅡscore, central venous-arterial carbon dioxide
difference (GAP), homocysteine, creatinine, C-reactive protein, HbAlc, and cardiac index. Cox regression analysis was employed to
conduct a multivariate analysis. Results. A total of 91 patients with AMI who were admitted to the ICU were deemed eligible for
inclusion in the study. Among these patients, 23 (25.3%) died from various causes during the follow-up period. The counts of EPCs
were found to be significantly higher in the survival group compared to the death group (P<0:05). In the univariate analysis, it was
observed that the 28-days mortality rate was associated with the several factors, including the APACHEⅡscore (P¼ 0:00),
vasoactive inotropic score (P¼ 0:03), GAP (P¼ 0:00), HCY (P¼ 0:00), creatinine (P¼ 0:00), C-reactive protein (P¼ 0:00), HbAlc
(P¼ 0:00), CI (P¼ 0:01), quartiles of CD34+/CD133+ cells (P¼ 0:00), and quartiles of CD34+/CD133+/KDR+ cells (P¼ 0:00).
CD34+/CD133+/KDR+ cells retained statistical significance in Cox regression models even after controlling for clinical variables
(HR: 6.258× 10−10 and P¼ 0:001). Nevertheless, no significant correlation was observed between CD34+/CD133+ cells and all-
cause mortality. Conclusions. The decreased EPCs levels, especially for CD34+/CD133+/KDR+ cells subsets, were an independent
risk factor for 28-days mortality in AMI patients.

1. Introduction

Acute myocardial infarction (AMI), a prime example of
endothelial injury, is further compounded by the occurrence
of superimposed thrombosis [1]. Subsequent to endothelial
damage resulting from a heart attack, endothelial progenitor

cells (EPCs) are released from the bone marrow and play a
role in the development of neovascularization in adults [2].
The levels of EPCs have been linked to cardiovascular dis-
ease, with their modulation believed to be influenced by the
presence of vascular risk factors and the efficacy of medica-
tion in managing these risk factors [3–7]. The association
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between elevated levels of EPCs and the probability of future
cardiovascular events in individuals diagnosed with stable
coronary artery disease has been established [8, 9].

There is increasing evidence indicating a correlation
between EPCs levels and the outcomes of patients with
AMI [10]. However, due to significant heterogeneity among
studies, the precise role of EPCs in predicting prognosis in
AMI remains uncertain [11–17]. Consequently, our objective
was to assess the relationship between EPCs levels and the
outcome of AMI.

2. Materials and Methods

2.1. Ethics Statement. A prospective trial was conducted at a
tertiary hospital in China, adhering to the principles outlined
in the Declaration of Helsinki. The study protocol received
approval from the Ethics Review Board for Clinical Studies of
Ningbo Medical Centre Lihuili Hospital (Approval Number:
KY2019PJ044). Informed consent was obtained from all
patients, their legal representatives, and agents involved in
the study.

2.2. Study Population. The diagnosis of AMI involved the
presence of self-reported chest pain, accompanied by evi-
dence of ischemia on a 12-lead electrocardiogram (EKG)
or significantly elevated levels of cardiac enzymes exceed-
ingly twice the upper limit of normal as observed in angiog-
raphy. Based on the EKG findings, patients with AMI were
categorized into two subtypes: ST-elevation myocardial infarc-
tions (STEMIs) or non-ST-elevation myocardial infarctions
(NSTEMIs). STEMI was defined as ST elevation of 0.1mV or
more in at least two contiguous leads, while NSTEMI required
the presence of ischemic changes, such as ST-segment
deviation or T-wave inversion. Between December 2018 and
June 2021, the intensive care unit (ICU) of Ningbo Medical
Centre Lihuili Hospital admitted patients diagnosedwith STEMI
and NSTEMI. Consistent with prevailing guidelines, all patients
underwent appropriate therapeutic interventions [18–21].

The study employed specific inclusion and exclusion cri-
teria. Inclusion criteria encompassed the diagnostic criteria
for AMI as defined by the American College of Cardiology
(ACC), American Heart Association (AHA), and the Euro-
peanHeart Association (ECH) [18–21]. Additionally, patients
admitted to ICU within 24 hr and aged 16 years or older were
included. Conversely, exclusion criteria consisted of patients
with previously documented acute coronary artery disease,
donors, those using statins, angiotensin-converting enzyme
inhibitors, activated protein C, or experiencing hemorrhagic
shock, chronic obstructive pulmonary disease, hydrocorti-
sone, or isolated acute respiratory distress syndrome.

2.3. Blood Sampling and Isolation of Peripheral Blood
Mononuclear Cells (PBMCs). Twenty milliliters of blood
were collected from either the central venous catheter or
peripheral veins within 24 hr of symptom onset and pro-
cessed within 1 hr. PBMCs were isolated from the peripheral
blood using Ficoll gradient centrifugation. The Ficoll solu-
tion (Tianjin Haoyang Biological Products, China) was
gently poured over the peripheral blood diluted 1 : 1 in

phosphate-buffered saline (PBS). Initially, the cells in the
interphase were centrifuged at room temperature for 25min
at 700G, followed by aspiration and centrifugation at 300G
for 10min. Following the removal of the supernatant, the
pellet underwent an incubation period of 8min with erythro-
cyte lysis buffer. Furthermore, the cells were subjected to two
washes with PBS, followed by centrifugation at 300G for
8min, and subsequently analyzed using flow cytometry.

2.4. Flow Cytometry. We employed a double- or three-color
immunofluorescence staining technique to assess the expres-
sion of cell-surface antigens on EPCs. PBMCs, consisting of
1million cells, were incubated at a temperature of 4°C for a
duration of 30min with 5 μL of PE-conjugated anti-human
vascular endothelial growth factor (VEGFR-2) (BioLegend,
USA), FITC-conjugated anti-human CD34 (BioLegend, USA),
and APC-conjugated anti-human CD133 (BioLegend, USA).
Subsequently, the cells were subjected to three washes at 300G
for 5min and then resuspended in 500μL of PBS. Flow cyto-
metry analysis was conducted using a FACS Calibur flow
cytometer (BD Biosciences, USA) and FlowJo version 10.4
software (FlowJo, LLC, Ashland, OR, USA). The EPCs counts
were quantified as percentages relative to the total PBMCs in
each participant of the study.

2.5. Variables Analyzed. All patients were assessed for the
following traditional cardiovascular risk factors: age, sex, body
mass index (BMI), hypertension, diabetes, hypercholesterol-
emia, atherosclerotic burden (AB), and previous medication
use. Additionally, data on demographics, clinical variables,
plasma biomarkers, medical history, medication use, and
behavior were collected. Plasma biomarkers consisted of car-
diac troponin I (cTnI) and N-terminal pro-brain natriuretic
peptide (NT-proBNP). Vasoactive inotropic score (VIS) and
central venous-arterial carbon dioxide difference (P(cv-a)
CO2, GAP) were also calculated for each patient. The primary
outcome measure for patients diagnosed with AMI was all-
cause mortality, assessed after a period of 28 days from
admission.

2.6. Data Analysis. Statistical analyses were performed using
SPSS version 25.0 (SPSS Inc., Chicago, IL). Kolmogorov–
Smirnov tests were utilized to assess the presence of normal
and non-Gaussian distributions. Both nonparametric and
parametric methods were employed. Multivariate logistic
regression analysis was conducted to identify the indepen-
dent factors influencing the prognosis of patients with AMI,
and statistically significant variables from the univariate
analysis were included as independent variables in the mul-
tivariate analysis. The significance level for the examination
was set at α= 0.05, and a P-value of less than 0.05 was con-
sidered statistically significant.

3. Results

3.1. Study Population. Between December 2018 and June 2021,
a cohort of 186 patients diagnosed with AMI were admitted to
ICU. Ultimately, a total of 91 AMI patients were included in the
final analysis, with 69 experiencing STEMI and 22 experiencing
NSTEMI. All patients underwent coronary angiography, with
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the exception of AB distribution, no significant differences
were observed between the baseline characteristics or clinical
variables of STEMI and NSTEMI patients. The demographic
and clinical characteristics can be found in Table S1 and S2.

EPCs (CD34+/CD133+ cells) were partitioned equally into
four quartiles, namelyQ1 (0–0.288%), Q2 (0.288%–0.425%), Q3
(0.430%–0.555%), and Q4 (>0.555%), based on their relative
numbers. Similarly, the EPCs (CD34+/CD133+/KDR+ cells)
were also categorized into quartiles: Q1 (0–0.129%), Q2
(0.129%–0.170%), Q3 (0.170%–0.230%), and Q4 (>0.230%).
The APACHE II score, GAP, homocysteine (HCY), creati-
nine, C-reactive protein, HbAlc, cardiac index (CI), and AB
exhibited significant variations among the four groups of
EPCs (CD34+/CD133+ cells). Additionally, a negative corre-
lation was observed between basal EPCs (CD34+/CD133+
cells) levels and the following parameters: APACHE II score
(P¼ 0:00), GAP (P¼ 0:04), HCY (P¼ 0:01), creatinine (P¼
0:01), C-reactive protein (P¼ 0:04), HbAlc (P¼ 0:04), AB
(P¼ 0:01), and CI (P¼ 0:01). Regarding EPCs (CD34
+/CD133+/KDR+ cells), there was a significant association
between lower basal EPCs (CD34+/CD133+/KDR+ cells)
levels and higher APACHEⅡscore (P¼ 0:00), higher creati-
nine (P¼ 0:03), higher HbAlc (P¼ 0:04), higher Killip clas-
sifications (P¼ 0:04), higher AB (P¼ 0:02), and a lower CI
(P¼ 0:03). A comprehensive overview of the univariate anal-
ysis can be found in Tables 1 and 2.

3.2. Incidence of Outcomes of AMI Patients. Among a cohort
of 91 patients who presented with AMI, a total of 23 indivi-
duals (25.3%) experienced mortality from various causes dur-
ing a 28-days follow-up period. This group, referred to as the
“death group,” comprised 16 deaths that transpired within the
initial 7 days of hospital admission, while the remaining seven
deaths occurred between the 7th and 28th days of admission.
The remaining 68 patients (74.7%) successfully survived the
aforementioned time frame, as the “survival group”.

A statistically significant increases EPCs counts CD34
+/CD133+ cells quartiles (P¼ 0:00), and CD34+/CD133
+/KDR+ cells were observed in the survival group compared
with the death group (P<0:05). Univariate analysis revealed
that 28-days mortality was associated with the several factors,
including APACHEⅡscore (P¼ 0:00), VIS (P¼ 0:03), GAP
(P¼ 0:00), HCY (P¼ 0:00), creatinine (P¼ 0:00), C-reactive
protein (P¼ 0:00), HbAlc (P¼ 0:00), CI (P¼ 0:01), CD34
+/CD133+ cells quartiles (P¼ 0:00), and CD34+/CD133
+/KDR+ cells quartiles (P¼ 0:00). The detailed analysis can
be found in Table 3.

To explore potential correlations between survival trajec-
tory and quartiles of EPCs, we categorized 28-days mortality
into three subgroups: the survival group, the death group
within 7 days, and the death group from the 7th to
28th days. Notably, both quartiles of CD34+/CD133+ cells
and CD34+/CD133+/KDR+ cells exhibited significant dif-
ferences across these three groups (Figures 1 and 2). More-
over, the survival group exhibited the highest EPCs count.

In Cox regression models (also known as the proportional
hazards model, is a semiparametric regression model), the
significance of CD34+/CD133+/KDR+ cells persisted even

after controlling for various clinical variables including age,
gender, BMI, APACHEⅡscore, ST-AMI, VIS, GAP, HCY, cre-
atinine, C-reactive protein, HbAlc, and CI (HR: 6.258× 10−10

and P<0:01). However, no significant association was observed
betweenCD34+/CD133+ cells and all-causemortality (P>0:05),
as indicated in Table 4.

4. Discussion

In accordance with our research, a lower count of EPCs exhib-
ited a correlation with increased mortality within 28 days
among individuals diagnosed with AMI. These findings
are consistent with the previous studies conducted on AMI
patients, which have yielded comparable outcomes. Based on
the findings of the procell study, it has been determined that
basal EPCs levels possess the ability to forecast forthcoming
vascular events in a cohort of 100 patients diagnosed with
AMI within the initial 6 months of posttreatment monitoring.
Through the utilization of a multivariate Cox regression anal-
ysis, it has been established that there exists an independent
correlation between EPCs counts within the lowest quartile
(HR: 10.33 and P¼ 0:032) and the occurrence of new vascular
events, encompassing new acute coronary syndrome, tran-
sient ischemic attack, stroke, or any hospitalization or death
resulting from the cardiovascular causes [11]. In a separate
investigation involving 529 individuals diagnosed with acute
coronary syndrome, it was found that subjects with low levels
of EPCs exhibited a 2.46-fold increase in the likelihood of all-
cause mortality (95% CI 1.18–51.3) [22].

In this study, our inclusion criteria were limited to
patients diagnosed with AMI, due to their critical condition
and elevated mortality risk. Consequently, our research con-
centrated on individuals who were admitted to the hospital
within 24hr of the initial event, and we monitored them for a
brief duration subsequent to their admission. It is imperative
to acknowledge that our study’s focus solely on AMI patients
admitted to our ICUmay result in the exclusion of numerous
AMI patients who did not require ICU treatment due to their
less severe condition. Consequently, this limitation may pose
challenges when attempting to extrapolate our findings to a
broader population.

AMI leads to a time-dependent increase in the mobiliza-
tion of EPCs from the bone marrow to the peripheral circu-
lation [14, 17]. This mobilization process initiates shortly
after an AMI, reaches its peak after several days, and returns
to baseline levels within 60 days [23]. The occurrence of
myocellular necrosis triggers an acute inflammatory response,
resulting in the upregulation of hypoxia-inducible factor
1-alpha (HIF-1α). Consequently, the expression of stromal
cell-derived factor-1Alpha (SDF-1α) is stimulated, acting as
a chemotactic signal for the recruitment of EPCs to ischemic
tissues [24, 25].

In our study, we did not investigate the potential corre-
lation between peripheral and bone marrow progenitor cells
in patients with AMI. Despite the aforementioned findings,
it remains uncertain whether the reduced levels of EPCs
observed in AMI patients are a result of diminished progeni-
tor cell reserves in the bone marrow or impaired mobilization
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of progenitor cells from the bone marrow [26–28]. More-
over, although the mechanism by which EPCs repair the
endothelium remains incompletely understood [29–31], the
application of stem cell therapy for vascular system diseases

has demonstrated encouraging outcomes. However, it is
imperative to conduct larger-scale trials to assess the thera-
peutic effectiveness and identify the most suitable patient
population.

TABLE 3: Comparison of study variables between survival group and death group (M (Q25 and Q75) or MÆ SD).

Survival group (N= 68) Death group (N= 23) t/U/x2 P

Male (n (%)) 52 (76.5) 17 (73.9) 0.06 0.80
Age (years) 65.1Æ 15.3 68.1Æ 13.5 0.84 0.41
BMI (kg/m2) 22.2Æ 2.4 22.1Æ 2.3 0.20 0.84
APACHEⅡscore (points) 15.5Æ 5.0 28.0Æ 5.8 9.94 0.00
STEMI (n (%)) 52 (76.5) 17 (73.9) 0.06 0.80
cTnI (μg/L) 47.8 (37.1, 76.6) 75.1 (47.0, 129.0) 2.20 0.03
NT-proBNP (ng/L) 8949.4 (6950.2, 13822.9) 13822.9 (6483.4, 19339.0) 1.41 0.16
VIS (points) 14.8Æ 2.9 16.4Æ 2.9 2.24 0.03
GAP (mmHg) 5.3Æ 0.8 6.2Æ 1.3 3.94 0.00
HCY (μmol/L) 17.8 (12.0, 30.2) 40.3 (22.2, 58.6) 4.41 0.00
Creatinine (μmol/L) 72.9 (60.1, 91.7) 95.8 (88.4, 119.2) 4.35 0.00
C-reactive protein (mg/L) 14.3 (6.7, 35.2) 49.3 (40.5, 68.9) 5.17 0.00
HbAlc (%) 5.7Æ 1.5 6.9Æ 1.9 3.25 0.00
CI (L/min/m2) 2.6Æ 0.6 2.2Æ 0.8 2.53 0.01
CD34+/CD133+ cells (%) 0.50Æ 0.17 0.37Æ 0.18 19.56 0.00
CD34+/CD133+/KDR+ cells (%) 0.19Æ 0.06 0.14Æ 0.02 28.96 0.00
CD34+/CD133+ cells quartiles (n (%)) 49.77 0.00
Q1 5 (21.7) 18 (78.3)
Q2 21 (91.3) 2 (8.7)
Q3 23 (100.0) 0 (0.0)
Q4 20 (90.9) 2 (9.1)

CD34+/CD133+/KDR+ cells quartiles (n (%)) 44.04 0.00
Q1 6 (26.1) 17 (73.9)
Q2 17 (73.9) 6 (26.1)
Q3 23 (100.0) 0 (0.0)
Q4 22 (100.0) 0 (0.0)

AMI, indicates acute myocardial infarction; STEMI, ST-elevation MI; BMI, body mass index; VIS, vasoactive inotropic score; GAP, central venous-arterial
carbon dioxide difference; HCY, homocysteine; CI, cardiac index; AB, atherosclerotic burden.
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Currently, two distinct strategies may be employed for
the application of EPCs-based cellular therapy, particularly
in the treatment of AMI, acute cerebral infarction, limb
ischemia, and similar conditions [32]. One therapeutic strat-
egy entails the administration of stem cells or endothelial
progenitors via local injection directly into the ischemic tissue.
Another viable approach to substitute exogenous administra-
tion is the endogenous stimulation of EPCs [33, 34]. In the
presence of ischemia, the expression of VEGF, stromal cell-
derived factor 1 (SDF-1), hepatocyte growth factor (HGF),
and endothelin 1 (ET-1) is increased, thereby stimulating
the recruitment of EPCs to the ischemic sites [32]. Further-
more, the identical factors that facilitate the mobilization of
EPCs, such as VEGF and SDF-1, alongside various pharma-
ceutical agents including statins and erythropoietin (EPO),
significantly contribute to the migration, viability, and spe-
cialization of EPCs [35–37].

In the future study, our focus was on EPCs obtained from
individuals diagnosed with AMI. These cells will be divided
into two distinct groups: the experimental group, which will
be cultured in the endothelial cell growth medium-2 contain-
ing factors such as VEGFR, SDF-1, ET-1 etc.; and the control
group, which will be cultured in the regular fetal bovine
serummedium. In this study, we aim to assess the directional
differentiation, proliferation, and migration capacity of two
different states of EPCs. The objective is to establish a solid
groundwork for subsequent drug investigations targeting AMI.

5. Conclusions

Our study demonstrates that lower EPC levels, especially for
CD34+/CD133+/KDR+ cells subsets, were associated with
higher mortality in the patients with AMI. These results
contribute to the advancement of knowledge regarding
the inherent regenerative responses following AMI and are
expected to inspire the formulation of innovative approaches
for cell-based therapies.
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