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5000; Abbkine, China) were used. Later, the HRP-
labeled anti-rabbit IgG and anti-mouse IgG (both 1:
5000; Beyotime, China) were used for visualizing the
proteins, and ECL chemiluminescence system (Tanon,
China) was used for color development.

Statistical analyses
The data were presented as mean ± standard deviation
(SD). The SPSS 18.0 software was used for statistical
analyses. The Kolmogorov-Smirnov test was used to
study the distribution of the variables. The unpaired Stu-
dent t-test or Welchs t-test (normal distribution) was
employed to compare the two groups. The variance test
(ANOVA) followed by the post-hoc test was used to
evaluate the statistical significance of multiple groups of
data with a parametric distribution. A difference of P <
0.05 indicated a statistical significance.

Result
Subject features
Differences in the baseline subject features were not statisti-
cally significant in normal controls compared to the CAD
cases (Table 1). Figure S1 characterizes the late EPCs.

Down-regulation of CXCR7/ERK signaling pathways
decreased the CAD-derived EPCs function in vitro
The late EPCs function in vitro was assessed to investi-
gate the effect of CXCR7/ERK signaling pathways on
EPCs dysfunction in CAD cases. Compared to the nor-
mal controls, the CAD-derived EPCs had declined mi-
gration and adhension capacity (Fig. 1a-b). The tube
formation test was carried out to investigate the angio-
genic potential of EPCs in vitro, thus determining EPCs
vasculogenic function. The tube formation capacity of
late EPCs in CAD cases declined consistently and re-
markably compared to that of the healthy subjects (Fig.
1c). Meanwhile, the CXCR7 and p-ERK expression de-
creased within the CAD-derived EPCs when compared
to that of the EPCs from normal controls, as verified by
Western Blotting (Fig. 1d). Thus, it was speculated that
CXCR7/ERK signaling pathways played a vital role in
the normal EPCs function, and also the decreased CAD-
EPCs vasculogenic ability may be associated with the
down-regulated CXCR7/ERK signaling pathways to
some extent.

Table 2 The information of qPCR primers

homo GAPDH Forward 5’-GGTGTGAACCATGAGAAGTATGA-3’

Reverse 5’-GAGTCCTTCCACGATACCAAAG-3’

homo CXCR7 Forward 5’-CTCTACACGCTCTCCTTCATTT-3’;

Reverse 5’-GTGGTCTTGGCCTGGATATT-3’

homo ERK Forward 5’-AGAGAACCCTGAGGGAGATAAA-3’

Reverse 5’-CGATGGTTGGTGCTCGAATA-3’

A B C

0

50

100

150

200

Healthy CAD

E
PC

s
m
ig
ra
tio

n

**

0

50

100

150

**

Healthy CAD

E
PC

s
ad
he
ns
io
n

0

50

100

150

Healthy CAD

**

E
PC

s
tu
be

fo
r m

at
io
n

GAPDH

CXCR7

0.0

0.5

1.0

1.5

**

Healthy CAD

C
X
C
R
7/
G
A
PD

H
(p
ro
te
in

ra
t io

)

0.0

0.5

1.0

1.5

p-ERK1/2

ERK1/2

p-
E
R
K
/E
R
K

(p
ro
te
in

ra
ti o

)

**

D

Healthy CAD

Healthy CAD Healthy CAD Healthy CAD

Fig. 1 Down-regulation of CXCR7/ERK signaling decreased the CAD-derived EPCs functions in vitro. a: Quantitative analysis and typical images for
EPCs migration (**P < 0.01 vs. normal EPCs; n = 3 in each group). b: Quantitative analysis and typical images for EPCs adhesion (**P < 0.01 vs.
normal EPCs; n = 3 in each group). c: Quantitative analysis and typical images for the complete tube formation in EPCs (**P < 0.01 vs. normal
EPCs; n = 3 in each group). d: Typical images and quantitative analysis on the protein levels of CXCR7 and p-ERK in cultured EPCs measured by
Western Blotting (**P < 0.01 vs. normal EPCs; n = 3 in each group)
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Fig. 2 (See legend on next page.)
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Shear stress up-regulated the CAD-derived EPCs
proliferation, adhesion, and migration in vitro
To investigate the role of shear stress on the CAD-derived
EPCs function in vitro, EPCs were exposed to 6, 12, and
24 h shear stress at 0, 5, 15, and 30 dyn/cm2, separately.
The results suggested that shear stress significantly en-
hanced EPCs migration and adhesion capacity in CAD pa-
tients (Fig. 2a-b). Additionally, EPCs proliferation was
promoted after being exposed to shear stress in vitro (Fig.
2c). Typically, laminar shear stress exposure at 15-dyn/
cm2 for 12 h significantly enhanced the CAD-derived
EPCs migration, adhesion, and proliferation activities.
Thus, the relationship between the enhanced EPCs vascu-
logenic ability after being exposed to shear stress with the
CXCR7/ERK signaling pathways was explored. We found
that 12 h of shear stress exposure in EPCs at 15-dyn/cm2

markedly up-regulated the CXCR7 expression at mRNA
(Fig. 2d) and protein (Fig. 2e) levels. Similarly, p-ERK
levels (Fig. 2d-e) were remarkably up-regulated in the
EPCs that underwent shear stress treatment compared
towith those cultivated at static conditions.

Shear stress exposure boosted the CAD-derived EPCs
ability and affected apoptosis via the CXCR7/ERK
signaling
Subsequently, the effect of shear stress-mediated up-
regulation of CXCR7/ERK signaling pathways in enhan-
cing the EPCs functions was examined. According to
our results, the lentiviral siRNA-induced CXCR7 silen-
cing significantly attenuated the migratory (Fig. 3a), ad-
hesive (Fig. 3b), and the tube forming (Fig. 3c) activities
of CAD-derived EPCs on being exposed to shear stress
in vitro. On the contrary, the transfection of lentiviral
scrambled siRNA particles into EPCs made no difference
to these functional factors. Further, the knockdown of
CXCR7 declined apoptosis was mitigated by shear stress
treatment in CAD patients (Fig. 3d). Overall, these find-
ings revealed that exposure to shear stress boosted the
CAD-derived EPCs vasculogenic ability through the
CXCR7/ERK signaling pathways.

Discussion
The result of this study were as follows: (1) the migra-
tion, adhesion and tube formation activities of CAD-

derived EPCs in vitro, remarkably decreased compared
to those of the healthy subjects; (2) diminishing the
CXCR7/ERK signaling pathways impaired the CAD-
derived EPCs function in vitro; and (3) exposure to shear
stress mitigated the impaired EPCs function in the CAD
patients by augmenting the CXCR7/ERK pathways.
Overall, our study demonstrated that the CXCR7/ERK
signaling pathways played an essential role in the CAD-
derived EPCs function, and the shear stress exposure
in vitro may be a favorable method to enhance the EPCs
function.
The circulating EPCs are of great importance in main-

taining endothelial integrity after endothelial injury, and
CAD is related to decrease EPCs number and function in
the human body [12, 28–30]. In this study, the CAD-
derived EPCs had markedly decreased abilities compared
to those collected from the normal controls, suggesting
that CAD decreased the endogenous vasculogenic abilities
of EPCs. Emerging evidence indicates that CXCR7 plays
an important role in regulating multiple cellular functions
[20–22, 31]. Moreover, in the previous studies, CXCR7
regulates the EPCs proliferating, adhesive and vasculo-
genic activities in vitro [32, 33]. The CXCR7 signaling was
closely associated with EPCs functions, and thus, we as-
sumed that the dysregulated CXCR7 signaling may be as-
sociated with EPCs functional impairment in the CAD
patients. This study suggested that the CXCR7 level was
remarkably decreased in CAD-derived EPCs compared to
those in normal controls, as previously reported [23]. ERK
is a critical molecular signaling pathway involved in the
survival, differentiation, and proliferation of various cells.
Therefore, we assumed that the ERK signaling pathway
participated in regulating the EPCs function mediated by
CXCR7 [34–36]. For a better understanding of the rela-
tionship between CXCR7 and ERK, the phosphorylated
ERK (p-ERK) level was determined, which suggested that
p-ERK level remarkably decreased in CAD-derived EPCs
compared to that of the EPCs from healthy subjects. Ac-
cording to these results, the CXCR7/ERK signaling path-
ways play a vital role in the EPCs function. Therefore, a
novel approach that enhances the CXCR7/ERK signaling
pathways can also potentially enhance the EPCs vasculo-
genic activities while reversing the vascular endothelial in-
tegrity and homeostasis in CAD patients.

(See figure on previous page.)
Fig. 2 Shear stress enhanced the CAD-derived EPCs proliferation, adhesion, and migration capacities in vitro. a-c: CAD-derived EPCs were
exposed to shear stress treatment for 6, 12, and 24 h, separately, at 0, 5, 15, and 30 dyn/cm2. a: Quantitative analysis and typical images for EPCs
migration (**P < 0.01 vs. Static CAD-EPCs; n = 3 in each group). b: Quantitative analysis and typical images for EPCs adhesion (*p < 0.05/**p <
0.01vs. Static CAD-EPCs; n = 3 in each group). c: Quantitative analysis for EPCs proliferation (*p < 0.05/**p < 0.01vs. Static CAD-EPCs; n = 3 in each
group). d: Quantitative analysis for the mRNA levels of CXCR7 and ERK in EPCs treated with or without 12 h of shear stress at 15 dyn/cm2

determined through Real-time PCR (n = 3 in each group). e: Quantitative analysis and typical images for the protein levels of CXCR7 and p-ERK/
ERK in EPCs treated with or without 12 h of shear stress at 15 dyn/cm2 measured by Western Blotting (*p < 0.05/**p < 0.01vs. Static CAD-EPCs; n =
3 in each group)
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Fig. 3 (See legend on next page.)
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