
Research Article
The Effect of Sex Differences on Endothelial Function and
Circulating Endothelial Progenitor Cells in Hypertriglyceridemia

Zi Ren,1 Jiayi Guo,1 Xingxing Xiao,1 Jiana Huang ,1 Manchao Li,1 Ruibin Cai ,2

and Haitao Zeng 1

1Center for Reproductive Medicine, Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou 510655, China
2Division of Emergency Medicine, Department of Emergency Intensive Care Unit, *e First Affiliated Hospital,
Sun Yat-Sen University, Guangzhou 510080, China

Correspondence should be addressed to Ruibin Cai; crb1226@126.com and Haitao Zeng; zenghaitao@163.com

Received 14 February 2020; Accepted 13 July 2020; Published 21 September 2020

Guest Editor: Shiyue Xu

Copyright © 2020 Zi Ren et al. +is is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. Men have a higher risk and earlier onset of cardiovascular diseases compared with premenopausal women.
Hypertriglyceridemia is an independent risk factor for the occurrence of ischemic heart disease. Endothelial dysfunction is related
to the development of ischemic heart disease. Whether sex differences will affect the circulating endothelial progenitor cells
(EPCs) and endothelial function in hypertriglyceridemia patients or not is not clear. Methods. Forty premenopausal women and
forty age- and body mass index (BMI)-matched men without cardiovascular and metabolic disease were recruited and then
divided into four groups: normotriglyceridemic women (women with serum triglycerides level <150mg/dl), hypertriglyceridemic
women (women with serum triglycerides level ≥150mg/dl), normotriglyceridemic men (men with serum triglycerides level
<150mg/dl), and hypertriglyceridemic men (men with serum triglycerides level ≥150mg/dl). Peripheral blood was obtained and
evaluated. Flow-mediated dilatation (FMD), the number and activity of circulating EPCs, and the levels of nitric oxide (NO),
vascular endothelial growth factor (VEGF), and granulocyte-macrophage colony-stimulating factor (GM-CSF) in plasma and
culture medium were measured. Results. +e number and activity of circulating EPCs, as well as the level of NO in plasma or
culture medium, were remarkably increased in premenopausal females compared with those in males both in the hyper-
triglyceridemic group and the normotriglyceridemic group. +e EPC counts and activity, as well as the production of NO, were
restored in hypertriglyceridemic premenopausal women compared with those in normal women. However, in hyper-
triglyceridemic men, the EPC counts and activity, as well as levels of NO, were significantly reduced.+e values of VEGF and GM-
CSF were without statistical change. Conclusions. +e present study firstly demonstrated that there were sex differences in the
number and activity of circulating EPCs in hyperglyceridemia patients. Hypertriglyceridemic premenopausal women displayed
restored endothelial functions, with elevated NO production, probably mediated by estradiol. We provided a new insight to
explore the clinical biomarkers and therapeutic strategies for hypertriglyceridemia-related vascular damage.

1. Introduction

It is well known that atherosclerosis is a progressive in-
flammatory disease characterized by plaque consisting of
cholesterol, fat, calcium, and other substances deposition
in the arterial wall. Epidemiological data have suggested
that there are remarkably sex differences in the onset of
cardiovascular disease (CVD), with atherosclerosis oc-
curring approximately ten years later and myocardial
infarction about 20 years later in premenopausal women

than in man [1]. However, the risk of CVD rises about ten
times in postmenopause women, while only increases 4.6
times in age-matched men [2]. +e mechanisms of sex
differences in the occurrence of CVD are not fully elu-
cidated. Researches have indicated that estrogen [3] and
androgen [4] may play a crucial role in the development of
CVD.

Hypertriglyceridemia is commonly defined as fasting
triglyceride serum level >150mg/dl (>1.7mmol/l) [5].
+ere is growing evidence suggesting that
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hypertriglyceridemia is an independent risk factor for is-
chemic cardiovascular disease [6–11], even slightly eleva-
tion of triglycerides was associated with a higher
cardiovascular risk [8] and mortality rate [9]. In the general
population, compared with the individuals with nonfasting
triglycerides of 70mg/dL (0.8mmol/L), individuals with
levels of 580mg/dL (6.6mmol/L) have sharply increased
risks of myocardial infarction for 5.1-fold, ischemic heart
disease, and ischemic stroke for 3.2-fold, respectively, and
all-cause mortality for 2.2-fold [11]. Lipid-lowering treat-
ment with statins was proved to exert a positive effect on
patients with atherosclerosis through restoring the endo-
thelial function and increased circulating endothelial
progenitor cells (EPCs) [12, 13]. However, some researches
have indicated patients with atherosclerosis may not get
enough protection by statins alone [14], especially in pa-
tients with systemic inflammation [15]. Besides, statins may
have some side effects such as statin-associated symptoms
(SAS), including muscle or central nervous system
symptoms and diabetes [16].

Vascular endothelium cell, nature’s blood container, is
the dynamic regulator of hemostasis and thrombosis with
the function of recruitment and activation of platelet and
coagulation cascade [17].+erefore, vascular endothelium
dysfunction was proven to be a significant risk factor for
vascular diseases, such as atherosclerosis [18] and insulin
resistance [19, 20]. Asahara et al. have firstly described
that EPCs isolated from peripheral blood play a crucial
role in angiogenesis [21]. Early EPCs, derivatives of
CD14+ monocytic cell lineage [22], promote angiogenesis
by secreting inflammatory cytokines and paracrine an-
giogenic factors [23]. While late EPCs, originating from
CD34+ hematopoietic stem cells [24, 25], are associated
with endothelial tubulogenesis and neovascularization via
enhanced expression of proliferation and angiogenesis
genes [23]. EPCs promote angiogenesis or vascular repair
through activation of resident endothelial cells and re-
cruitment of endogenous monocytes/macrophages to
sites of ischemia, which were mediated by paracrine
factors [26] such as vascular endothelial growth factor
(VEGF) [27–29], granulocyte-macrophage colony-stim-
ulating factor (GM-CSF) [29–32], and nitric oxide (NO)
[32–34]. Dyslipidemia, hyperglycemia, insulin resistance,
and induced EPC dysfunction via disrupting the SDF-1/
CXCR-4 and NO pathways and the p53/SIRT1/p66Shc
axis are critical for mobilization, migration, homing, and
vasculogenic properties [35]. Researches also have indi-
cated that EPC therapy is a safe and efficient way to delay
the progression of atherosclerosis [36] and improve the
heart function [37] for patients with coronary heart
disease.

Our previous study has demonstrated that premeno-
pausal women in prehypertension status present an in-
creased circulating EPC number and elevated NO level,
which may associate with the vascular protection effect of
premenopausal women [38]. In this study, we will further
investigate the sex differences of the endothelial function
and circulating EPCs in patients of hypertriglyceridemia,
and the probable underlying mechanisms.

2. Materials and Methods

+ematerials and methods section should contain sufficient
detail so that all procedures can be repeated. It may be
divided into headed subsections if several methods are
described.

2.1. Characteristics of Subjects. Forty premenopausal women
and forty age- and BMI-matched men without cardiovas-
cular and metabolic disease were recruited. Based on the
Adult Treatment Panel III (ATP-III) guidelines [5],
according to the triglyceride level and sex, we divided the
subjects into four groups: normotriglyceridemic women
(women with serum triglycerides level <150mg/dl), high
triglyceridemic (HTG) women (women with serum tri-
glycerides level ≥150mg/dl), normotriglyceridemic men
(men with serum triglycerides level <150mg/dl), HTG men
(men with serum triglycerides level ≥150mg/dl). Patients
with diabetes, tumor or cancer, and infection or inflam-
matory disease were excluded. Besides, we also excluded the
smokers, alcohol abusers, pregnant, women undergoing
breastfeeding, or patients with a history of hysterectomy,
oophorectomy, or irregular menstrual cycles. All the subjects
were given informed consent, and the experimental pro-
tocols were approved by the ethics committee of our hos-
pital. +e characteristics of the subjects are listed in Table 1.

2.2. Blood Samples. +e peripheral blood was obtained from
the patients in the early morning after overnight fasting.
Caffeinated beverage or alcohol was forbidden for at least 12
hours before blood draw. None of the patients were taking
any medicines such as statins, antiplatelet, or anti-inflam-
matory that may have an impact on the parameters of EPCs.
+e following items were detected and evaluated: AST
(aspartate aminotransferase), ALT (alanine aminotransfer-
ase), BUN (blood urea nitrogen), Cr (creatinine), LDL (low-
density lipoprotein), TC (total cholesterol), HDL (high-
density lipoprotein), TG (triglyceride), FPG (fasting plasma
glucose), estradiol, and so on, which are presented in Table 1.

2.3. Evaluation of the EPCNumber andActivity. +e number
of circulating EPCs was evaluated by flow cytometry analysis
and cell culture assay, and EPC activity was measured by
EPC migration and proliferation assay, which were dem-
onstrated in our previous studies [38, 39].

2.4.Measurement of the PlasmaLevels of NO,VEGF, andGM-
CSF and Secretion by EPCs. +e plasma levels of NO, VEGF,
and GM-CSF and secretion by cultured EPCs were evaluated
by methods as we described previously [38, 39].

2.5. Measurement of FMD. Flow-mediated dilation (FMD)
of the brachial artery was used to evaluate the endothelial
function. +e detailed method was demonstrated in our
previous studies [40, 41].

2 Cardiology Research and Practice



2.6. Statistical Analysis. SPSS Version 26.0 statistical soft-
ware (SPSS Inc., Chicago, Illinois) was used for data analysis.
Results were expressed as mean value± standard deviation.
Two-factor ANOVA was used for comparisons between the
four groups (sex and the status of normal triglyceridemia or
hypertriglyceridemia). When there was a significant F value,
a post hoc test was then performed with the Newman–Keuls
method to identify significant differences among mean
values. Univariate correlations were analyzed by Pearson’s
coefficient (r). P< 0.05 was considered as statistically
significant.

3. Results and Discussion

3.1. Baseline Clinical Characteristics. As we have shown in
Table 1, there were no significant differences in age, BMI,
and serum TG, TC, LDL, and HDL among the four groups
(P> 0.05).+e serumTG levels of both premenopausal HTG
women (P< 0.05) and HTGmen (P< 0.05) were remarkably
increased than those in the normotriglyceridemic groups.
+e serum level of estradiol and the value of FMD were
higher in the female groups than in the male groups (both
normotriglyceridemic and HCG groups, P< 0.05 and
P< 0.05, respectively). Moreover, FMD was obviously lower
in the HMG men compared with that in the normo-
triglyceridemic men (P< 0.05). However, the value of FMD
in normotriglyceridemic women and HMG women did not
have remarkable differences (P> 0.05).

3.2. EPC Number and Activity in the Four Groups. +e
number of EPCs evaluated by FACS analysis and cell culture
assay of four groups is shown in Figure 1. +e number of

EPCs in the normotriglyceridemic groups was close to that
in the hypertriglyceridemic groups of the same sex, both
men and women (P> 0.05 and P> 0.05, respectively)
(Figures 1(a) and 1(b)). However, the number of EPCs in
men, both normotriglyceridemic and hypertriglyceridemic
groups, was drastically lower than that in women (P< 0.05)
(Figures 1(a) and 1(b)).

+e migratory and the proliferative activities of EPCs
were significantly higher in both normotriglyceridemic and
hypertriglyceridemic premenopausal female groups than
those in the male groups (P< 0.05 and P< 0.05, respectively)
(Figures 2(a) and 2(b)). Besides, in the male groups, the
migratory and the proliferative activities of EPCs were
statistically decreased in the hypertriglyceridemic men
compared with those in the normotriglyceridemic men
(P< 0.05) (Figures 2(a) and 2(b)). However, the activity of
EPCs in normotriglyceridemic premenopausal women was
not remarkably different from that in hypertriglyceridemic
premenopausal women (P> 0.05) (Figures 2(a) and 2(b)).

3.3. Levels of NO, VEGF, and GM-CSF in Plasma or Culture
Media in the Four Groups. +e level of NO from plasma or
culture media of the normotriglyceridemic and hyper-
triglyceridemic men groups was remarkably lower than that
of the premenopausal women groups (P< 0.05 and P< 0.05,
respectively) (Figures 3(a) and 4(a)). However, the differ-
ences in plasma level of NO or the level of NO secreted by
cultured EPCs between the normotriglyceridemic and
hypertriglyceridemic premenopausal female groups did not
reach statistical significance (P> 0.05 and P> 0.05, respec-
tively) (Figures 3(a) and 4(a)). In addition, the level of NO in
plasma or cultured media of the hypertriglyceridemic men

Table 1: Clinical and biochemical characteristics.

Characteristics Normotriglyceridemic women
(n� 20)

HTG women
(n� 20)

Normotriglyceridemic men
(n� 20)

HTG men
(n� 20)

Age (years) 44.8± 3.4 45.3± 3.28 46.6± 4.4 46.2± 3.6
Height (cm) 162.7± 5.4 160.6± 6.7 168.1± 6.0# 169.2± 6.2#
Weight (kg) 68.6± 6.5 69.1± 6.0 75.0± 5.3# 75.3± 4.3#
BMI (kg/cm2) 25.9± 2.3 26.8± 2.2 26.2± 2.2 26.7± 1.6
Systolic blood pressure
(mmHg) 123.2± 9.0 125.2± 3.4 124.3± 8.7 127.0± 4.4☆

Diastolic blood pressure
(mmHg) 75.3± 7.2 78.0± 5.9 76.1± 7.5 78.3± 5.1☆

Heart rate (beats/min) 78.8± 9.3 81.3± 8.3 77.5± 7.7 78.3± 8.8
AST (mmol/L) 28.1± 6.2 26.7± 5.1 25.8± 6.3 28.8± 3.1
ALT (mmol/L) 23.3± 6.9 22.4± 5.5 21.4± 5.1 24.3± 5.7
BUN (mmol/L) 4.6± 0.8 5.0± 1.1 4.9± 0.7 5.1± 0.8
Cr (mmol/L) 60.4± 11.7 64.6± 13.6 61.3± 12.0 64.7± 12.1
LDL (mmol/L) 2.81± 0.45 2.69± 0.45 2.73± 0.42 2.57± 0.40
TC (mmol/L) 4.70± 0.50 4.50± 0.56 4.51± 0.62 4.34± 0.63
HDL (mmol/L) 1.31± 0.23 0.97± 0.15☆ 1.34± 0.15 0.93± 0.14☆
TG (mmol/L) 1.53± 0.17 3.42± 0.73☆ 1.48± 0.16 3.66± 0.75☆
FPG (mmol/L) 4.66± 0.84 4.47± 0.50 4.44± 0.45 4.83± 0.45
Estradiol (pmol/L) 224.48± 33.4 212.3± 35.7 104.2± 19.9# 110.92± 16.6#
FMD (%) 8.97± 1.99 8.22± 1.56 7.60± 1.66# 5.85± 1.77#☆

BMI, body mass index; LDL, low-density lipoprotein; TC, total cholesterol; HDL, high-density lipoprotein; TG, triglyceride; FPG, fasting plasma glucose;
hrCRP, hypersensitive C-reactive protein; FMD, flow-mediated brachial artery dilatation; HTG, hypertriglyceridemic. Notes: data are given as mean± SD.
☆vs normotriglyceridemic subjects; # vs. premenopausal women.
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Figure 2: (a) +e migratory and (b) the proliferative activities of EPCs were statically elevated in the female groups (both normo-
triglyceridemic and hypertriglyceridemic) than those in the male groups.+emigratory and the proliferative activities of EPCs were lower in
the hypertriglyceridemic men group than those in the normotriglyceridemic men group. However, the migratory and the proliferative
activities of EPCs in normotriglyceridemic premenopausal women were similar to those in hypertriglyceridemic premenopausal women.
Data were presented as mean and standard deviation. ☆vs. normotriglyceridemic. #vs premenopausal women.
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Figure 3: Continued.
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Figure 1: (a) fluorescence-activated cell sorting analysis. (b) Phase-contrast fluorescent microscope. +ere was no significant difference in
the level of circulating EPCs between the normotriglyceridemic and the hypertriglyceridemic women. In both the normotriglyceridemic and
hypertriglyceridemic patients, the number of EPCs in women groups was statically higher than that in the men groups. Data were presented
as mean ans standard deviation. #vs premenopausal women.
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Figure 4: +e levels of NO, VEGF, and GM-CSF secreted by cultured EPCs. (a) +e level of NO produced by cultured EPCs of the
normotriglyceridemic and hypertriglyceridemic men groups was remarkably lower than that of the premenopausal women groups. Besides,
the secretion of NO from hypertriglyceridemic men was statically elevated compared with that from normotriglyceridemic men. Nev-
ertheless, the level of NO in the EPCs cultural media of the hypertriglyceridemic premenopausal women was not significantly different from
that of the normotriglyceridemic premenopausal women). (b) and (c) +ere was no obvious difference in VEGF or GM-CSF secretion
between four groups.
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Figure 3: +e plasma levels of NO, VEGF, and GM-CSF. (a) +e plasma levels of NO in normotriglyceridemic and hypertriglyceridemic
men were statically lower than those in the female groups (P< 0.05). In the male groups, the level of NO was decreased in hyper-
triglyceridemic subjects than that in normotriglyceridemic subjects (P< 0.05). +e plasma levels of NO between normotriglyceridemic and
hypertriglyceridemic premenopausal female groups displayed no significant difference (P> 0.05). (b) and (c)+e plasma level of VEGF and
GM-CSF had no statistical difference between the four groups.
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was statistically elevated compared with that from the
normotriglyceridemic men (P< 0.05 and P< 0.05, respec-
tively) (Figures 3(a) and 4(a)). Nevertheless, there were no
drastic differences in VEGF or GM-CSF plasma level or
secretion between four groups (Figures 3(b), 3(c), 4(b), and
4(c)).

3.4. Correlation between FMD and EPCs or NO Level.
FMD, which reflected the endothelial function, was posi-
tively relevant with the migratory (r� 0.57, P< 0.05) and the
proliferative (r� 0.46, P< 0.05) activity of circulating ECPs
(Figures 5(a) and 5(b)). Moreover, there was a positive
correlation between FMD and the plasma NO level (r� 0.62,
P< 0.05) or level of NO secreted by cultured EPCs (r� 0.44,
P< 0.05) (Figures 5(c) and 5(d)).

4. Discussion

Our research firstly demonstrated sex effects on the endo-
thelial function and circulating endothelial progenitor cells in
hypertriglyceridemic patients, which may be probably at-
tributed to the disturbance of NO production. We have
evaluated that the number and activity of EPCs were pre-
served in premenopausal women compared with those in the
age-matched men in hypertriglyceridemic status. Besides, the
plasma level of NOorNO level secreted by EPCs in the culture

media was higher in the premenopausal hypertriglyceridemic
women than in men. Moreover, there was a positive corre-
lation between EPCs activity or the NO level and endothelial
functions evaluated by FMD.

It is well documented that there are sex differences in the
occurrence of ischemic heart disease. Generally, males tend to
have earlier onset [1] of occlusive coronary artery disease
(CAD) [42] with more severe infarction foci and poor re-
covery [43–45] than females. EPCs are essential for the in-
trinsic repair and regeneration process of the injured
myocardium [46]. Ischemic heart disease was proved to be
associated with depletion of circulating EPCs [47, 48] and
higher local density of EPCs [48]. Coincidently, in compar-
ison with men or postmenopausal women, premenopausal
women exhibit a higher level of circulating EPCs with better
colony-forming capacity and migratory activity [49–52]. +is
phenomenon was consistent with that of the previous studies
of the sex differences in the occurrence of ischemic heart
disease, which implied that the better cardiovascular repaired
and protective capacity in premenopausal women might
partly attribute to the enhanced number and activity of EPCs.
Hypertriglyceridemia is proved to be an independent risk
factor of cardiovascular disease [6–11]. However, there were
no scientific data revealing the relationship between sex
differences and hypertriglyceridemia and EPCs. Hence, we
postulated that the sex differences in circulating EPCs might
also exist in hypertriglyceridemia.

r = 0.57, P < 0.05
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Figure 5:+e correlation between FMD and EPCs or NO level. (a) and (b)+ere was a positive relevance between FMD and the proliferative
or migratory activity of circulating ECPs. Besides, (c) and (d) FMD was positively correlated with the plasma NO level or NO level detected
from cultured media.
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We have studied the number and activity differences in
circulating EPCs among four groups. Generally, the number
of circulating EPCs in male groups (both the hyper-
triglyceridemia and the control) was higher than that in the
age-matched premenopausal female groups, while the ac-
tivity of EPCs was depleted compared with that of female
groups, which were consistent with the previous studies
[49–52]. Furthermore, we noticed that, in the male groups,
the number and activity of EPCs are drastically reduced in
patients with hypertriglyceridemia, which suggested the
depletion of the number and activity of EPCs in hyper-
triglyceridemia may at least partly explain the higher risk of
ischemic heart disease in hypertriglyceridemic male patients.
Interestingly, we found that the number and activity of
circulating EPCs in hypertriglyceridemic premenopausal
women was nearly identical to that in normotriglyceridemic
premenopausal women. +e present results suggested the
restoration of endogenous vascular endothelial repair ca-
pacity in premenopausal women, even in hyper-
triglyceridemia status. +e reduction of number and activity
of EPCs only existed in hypertriglyceridemic males rather
than in the hypertriglyceridemic premenopausal female,
indicating that a higher tendency of ischemic heart disease in
hypertriglyceridemic men than in hypertriglyceridemic
premenopausal women may be due to the sex differences in
endogenous endothelial repair capacity.

It is well known that EPCs promoting angiogenesis or
vascular repair is mediated by paracrine molecules such as
VEGF [27–29], GM-CSF [29–32], and NO [32–34]. Previous
studies elucidated that elevation of triglycerides was in-
versely correlated with the level of NO [53–55]. +erefore,
we hypothesized that the sex differences in EPCs in patients
with hypertriglyceridemia might be related to the alteration
of the production of VEGF, GM-CSF, or NO. We detected
the plasma level of NO, VEGF, and GM-CSF in the four
groups. Similar to the sex differences in the changes of
circulating EPCs in hypertriglyceridemia status, we found
that the NO plasma level was lower in male groups than in
premenopausal female groups, which was consistent with
those of the previous studies in healthy subjects [56]. Be-
sides, the plasma NO level was restored in premenopausal
women in hypertriglyceridemia status compared with that in
women in the control group. In our previous research, we
have elucidated the positive correlation between plasma NO
level and the number or activity of circulating EPCs [38].
+erefore, it suggested that the restoration of number and
activity of circulating EPCs in hypertriglyceridemic pre-
menopausal women may be attributed to the stability of
exogenous NO production. Nevertheless, we did not observe
a significant change in the plasma level of VEGF or GM-CSF
among four groups, implicating that VEGF and GM-CSF
may not be the key factors contributing to the sex differences
in hypertriglyceridemia.

NO was generated by endothelial nitric oxide synthase
(eNOS), which acts as a key regulator for the homeostasis of
endothelial function [57]. +erefore, we further investigated
the sex differences in NO production by EPCs. And, we
found that the level of NO secreted by EPCs was similar to
the change of the NO plasma level. As we have mentioned

before, NO secretion by EPCs is significantly correlated with
the number and activity of circulating EPCs [38]. Our result
suggested that enhanced endogenous NO production would
probably help to preserve the number and activity of cir-
culating EPCs in hypertriglyceridemic women. In addition,
there was no remarkable difference in the production of
VEGF and GM-CSF, which further suggested that VEGF
and GM-CSF did not participate in the sex differences in the
EPCs of hypertriglyceridemia.

FMD is an indicator of endothelial function. We further
investigated the relationship between FMD and EPCs or
NO. +e result revealed that the activity of EPCs and NO
exogenous or endogenous production was positively cor-
related with the endothelial function.

In general, we discovered the conservation of endothelial
function with EPC counts and activity in hypertriglyceridemic
premenopausal women, which may be attributed to the en-
hanced production of NO. It is well documented that NO
plays an essential role in the maintenance of vascular ho-
meostasis, including regulation of vascular dilator tone,
modulation of local cell growth, and protection of vessels [58].
Endothelial cells, as well as vascular smooth muscle cells, are
crucial targets of estradiol [59]. Furthermore, estradiol acti-
vates early and late endothelial eNOS via binding the estrogen
receptors through nongenomic and genomic pathways [60].
Undoubtedly, the remarkable difference between premeno-
pausal women and age-matched men is the estradiol level.
Hence, we inferred that estradiol augmented NO production
and thereby increased the number and activity of circulating
EPCs in hypertriglyceridemia.

+e present study demonstrated a new insight into the
evaluation and therapeutic targets of hypertriglyceridemia-
related endothelium injury. Firstly, we showed the sex dif-
ferences in circulating EPC counts and activity, indicating that
EPCs and FMD could act as an essential clinical biomarker to
detect hypertriglyceridemia-related vascular injury. Secondly,
the correlation of higher cardiovascular risk with the reduction
of EPC counts and activity in men compared with that in
premenopausal women reminded us that enhancement of
circulating EPC counts and activity is a potential therapeutic
target to reverse the hypertriglyceridemia-related endothelial
damage. Furthermore, our study also revealed that enhanced
NO production was essential for the improvement of EPC
number and activity. Hence, we advocated that patients with
hypertriglyceridemia could adopt some strategies, such as
exercises [39, 61], to stimulate NO production and thereby
improve the endothelial repair capacity.

5. Conclusions

+e present study raised a new view that there were sex
differences in the number and activity of circulating EPCs in
hyperglyceridemia patients. Hypertriglyceridemic premen-
opausal women displayed restored endothelial functions,
which was associated with the enhanced NO production,
probably mediated by estradiol. We provided a new insight
to explore the clinical biomarkers and therapeutic strategies
for hypertriglyceridemia-related vascular damage.
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dothelium, hemodynamics, and the pathobiology of athero-
sclerosis,” Cardiovascular Pathology, vol. 22, no. 1, pp. 9–15,
2013.

[19] D. Prieto, C. Contreras, and A. Sánchez, “Endothelial dys-
function, obesity and insulin resistance,” Current Vascular
Pharmacology, vol. 12, no. 3, pp. 412–426, 2014.

[20] S. Del Turco, M. Gaggini, G. Daniele et al., “Insulin resistance
and endothelial dysfunction: a mutual relationship in car-
diometabolic risk,” Current Pharmaceutical Design, vol. 19,
no. 13, pp. 2420–2431, 2013.

[21] T. Asahara, T. Murohara, A. Sullivan et al., “Isolation of
putative progenitor endothelial cells for angiogenesis,” Sci-
ence, vol. 275, no. 5302, pp. 964–966, 1997.

[22] G. Krenning, B. W. A. van der Strate, M. Schipper et al.,
“CD34+ cells augment endothelial cell differentiation of
CD14+endothelial progenitor cellsin vitro,” Journal of Cel-
lular and Molecular Medicine, vol. 13, no. 8, pp. 2521–2533,
2009.

[23] C.-C. Cheng, S.-J. Chang, Y.-N. Chueh et al., “Distinct an-
giogenesis roles and surface markers of early and late en-
dothelial progenitor cells revealed by functional group
Analyses,” BMC Genomics, vol. 14, no. 1, p. 182, 2013.

[24] M. C. Yoder, L. E. Mead, D. Prater et al., “Redefining en-
dothelial progenitor cells via clonal analysis and hemato-
poietic stem/progenitor cell principals,” Blood, vol. 109, no. 5,
pp. 1801–1809, 2007.

[25] D. Rana, A. Kumar, and S. Sharma, “Endothelial progenitor
cells as molecular targets in vascular senescence and repair,”

8 Cardiology Research and Practice



Current Stem Cell Research & *erapy, vol. 13, no. 6,
pp. 438–446, 2018.

[26] J. Rehman, J. Li, C. M. Orschell, and K. L. March, “Peripheral
blood “endothelial progenitor cells” are derived from
monocyte/macrophages and secrete angiogenic growth fac-
tors,” Circulation, vol. 107, no. 8, pp. 1164–1169, 2003.

[27] L. Li, H. Liu, C. Xu et al., “VEGF promotes endothelial
progenitor cell differentiation and vascular repair through
connexin 43,” Stem Cell Research & *erapy, vol. 8, no. 1,
p. 237, 2017.

[28] S. Aday, J. Zoldan, M. Besnier et al., “Synthetic microparticles
conjugated with VEGF165 improve the survival of endothelial
progenitor cells via microrna-17 inhibition,” Nature Com-
munications, vol. 8, no. 1, p. 747, 2017.

[29] T. M. Powell, J. D. Paul, J. M. Hill et al., “Granulocyte colony-
stimulating factor mobilizes functional endothelial progenitor
cells in patients with coronary artery disease,” Arteriosclerosis,
*rombosis, and Vascular Biology, vol. 25, no. 2, pp. 296–301,
2005.

[30] C. Qiu, Q. Xie, D. Zhang et al., “GM-CSF induces cyclin D1
expression and proliferation of endothelial progenitor cells via
Pi3k and mapk signaling,” Cellular Physiology and Bio-
chemistry, vol. 33, no. 3, pp. 784–795, 2014.

[31] S. Bruno, B. Bussolati, P. Scacciatella et al., “Combined ad-
ministration of G-csf and gm-csf stimulates monocyte-de-
rived pro-angiogenic cells in patients with acute myocardial
infarction,” Cytokine, vol. 34, no. 1-2, pp. 56–65, 2006.

[32] J. Schuett, H. Schuett, R. Oberoi et al., “NADPH oxidase
NOX2 mediates TLR2/6-dependent release of GM-CSF from
endothelial cells,” *e FASEB Journal, vol. 31, no. 6,
pp. 2612–2624, 2017.

[33] Z. S. Katusic and S. A. Austin, “Endothelial nitric oxide:
protector of a healthy mind,” European Heart Journal, vol. 35,
no. 14, pp. 888–894, 2014.
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