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Abstract. Previous studies have demonstrated that nico-
tinamide phosphoribosyltransferase (NAMPT) promoted 
inflammation and permeability of vascular endothelial 
cells following cardiopulmonary bypass (CPB). In addition, 
mitogen‑activated protein kinase (MAPK) signaling was 
activated and contributed to these cell responses. However, the 
mechanism by which NAMPT regulates cellular inflammation 
and permeability remains unknown, and whether NAMPT 
regulates MAPK signaling during this process is also not 
clear. The present study established an anoxia‑reoxygenation 
(A‑R) model using human umbilical vein endothelial cells 
(HUVECs) and investigated the regulation of MAPK signaling 
by NAMPT by using small RNA transfection, ELISA and 
western blot analysis. The results demonstrated that A‑R 
significantly induced the expression levels of NAMPT and 
cellular permeability‑associated proteins, and the release 
of several inflammatory factors. Furthermore, calcium and 
MAPK signaling were evidently increased. When the A‑R 
cells were transfected with NAMPT small interfering RNA, 
the expression of cellular permeability‑associated proteins 
was downregulated, the release of inflammatory factors was 
decreased, and calcium and MAPK signaling was blocked. 
These data suggest that NAMPT may activate MAPK 
signaling to promote A‑R‑induced inflammation and perme-
ability enhancement of HUVECs. Therefore, the current study 

indicates that NAMPT may be a potential drug target for 
A‑R‑induced endothelial cell injury subsequent to CPB.

Introduction

Cardiopulmonary bypass (CPB) is a necessary procedure 
during open‑heart surgery, and its use in clinical applications 
has been expanding. However, CPB may induce postoperative 
pulmonary dysfunction (1,2). During CPB, oxygen is supplied 
to the lung only through the bronchus, thus, ischemia and 
hypoxia may occur in the lung. Therefore, the lung is often 
reperfused, resulting in anoxia‑reoxygenation (A‑R)‑induced 
acute injury  (3). A‑R has been reported to induce inflam-
mation and enhance the cellular permeability of pulmonary 
vascular endothelial cells, which then led to pneumonedema, 
inducing hyoxemia, acute respiratory distress syndrome and 
even mortality (4). Thus, inhibiting inflammation and cellular 
permeability may improve the prognosis following CPB (5).

Pre‑B‑cell colony‑enhancing factor was first identified 
and cloned from peripheral blood lymphocytes in 1994 by 
Samal et al (6). Subsequently, this protein was also detected 
in adipose cells, and named visfatin or nicotinamide phospho-
ribosyltransferase (NAMPT) (7). Studies have demonstrated 
that NAMPT serves important roles in lung injury following 
CPB (8,9). NAMPT is often highly expressed during acute 
lung injury, and exhibits a close correlation with the levels 
of inflammatory factors, including tumor necrosis factor‑α 
(TNF‑α), interleukin‑1β (IL‑1β) and IL‑6 (8). In addition, a 
previous report has also identified that CPB promoted the 
release of inflammatory factors and enhanced the cellular 
permeability of pulmonary vascular endothelial cells, while 
upregulation of NAMPT contributed to A‑R‑induced cellular 
permeability enhancement (9), suggesting that NAMPT may 
facilitate CPB‑triggered inflammation and the changes in 
cellular permeability. However, the mechanism through which 
NAMPT regulates these cell responses remains unclear.

Mitogen‑activated protein kinase (MAPK) signaling 
serves important roles in cell inflammation, apoptosis, prolif-
eration and differentiation  (10). MAPK signaling includes 
three pathways: Extracellular signal‑regulated kinase (ERK), 
c‑Jun N‑terminal kinase (JNK) and p38 MAPK pathways. 
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Furthermore, MAPK signaling is activated by post‑transla-
tional phosphorylation mediated by various kinases (11,12). It 
has been demonstrated that MAPK signaling was activated in 
the rat lung tissue following CPB (13). However, this signaling 
was blocked following MAPK signaling inhibitor treatment, 
and simultaneously, the release of inflammatory factors and 
infiltration were restrained (14). Therefore, MAPK signaling 
may participate in CPB‑induced lung injury, although whether 
NAMPT regulates CPB‑triggered inflammation and cellular 
permeability enhancement of lung tissue through MAPK 
signaling remains unknown.

In the present study, an A‑R model was established 
using human umbilical vein endothelial cells (HUVECs) to 
investigate the regulation of MAPK signaling by NAMPT 
during CPB‑induced A‑R. The present data demonstrated that 
NAMPT was upregulated by A‑R, and subsequently induced 
the release of inflammatory factors and the expression levels 
of cellular permeability‑associated proteins. Additionally, 
calcium and MAPK signaling were activated; however, 
NAMPT knockdown blocked A‑R‑induced MAPK signaling 
and the cell responses, including inflammation and cellular 
permeability enhancement. The present study also indicated 
that NAMPT may promote A‑R‑induced inflammation and 
cellular permeability enhancement through activating MAPK 
signaling.

Materials and methods

Chemicals. Chemicals were purchased commercially as 
follows: Bicinchoninic acid (BCA) kit, enhanced chemilumi-
nescence (ECL) reagent, Dulbecco's modified Eagle's medium 
(DMEM) and fetal bovine serum (FBS) were obtained from GE 
Healthcare Life Sciences (Hyclone; Logan, UT, USA); horse-
radish peroxidase (HRP)‑labeled goat anti‑Rabbit IgG (H+L) 
(cat. no. A0208) and glyceraldehyde phosphate dehydrogenase 
(GAPDH) mouse monoclonal antibodies (cat. no. AF0006) 
were purchased from Beyotime Institute of Biotechnology 
(Shanghai, China); enzyme‑linked immunosorbent assay 
(ELISA) kits for TNF‑α (cat. no.  MBS2502004), IL‑1β 
(cat. no. MBS175901) and IL‑6 (cat. no. MBS021993; all from 
MyBioSource, Inc., San Diego, CA, USA); rabbit polyclonal 
antibodies against myosin light‑chain (MLC; cat. no. ab79935), 
phosphorylated (p)‑MLC (cat. no. ab2480), vascular endo-
thelial (VE)‑cadherin (cat. no.  ab33168), p‑VE‑cadherin 
(cat. no. ab119785), β‑catenin (cat. no. ab6302), focal adhesion 
kinase (FAK; cat. no. ab61113), p‑FAK (cat. no. ab39967), 
paxillin (cat. no. ab2264), p38 MAPK (cat. no. ab197348), 
p‑p38 (cat. no. ab47363), ERK (cat. no. ab17942) and p‑ERK 
(cat. no. ab24157) were from Abcam (Cambridge, MA, USA); 
and Lipofectamine 2000 was from Thermo Fisher Scientific, 
Inc. (Waltham, MA, USA).

Cell culture, establishment of A‑R model and small interfering 
RNA (siRNA) transfection. HUVECs (cat. no. CRL1730) were 
purchased from American Type Culture Collection (ATCC, 
Manassas, VA, USA), and maintained in DMEM supple-
mented with 10% (v/v) FBS. The A‑R model was established 
as described in a previous study (9). Briefly, HUVECs in the 
logarithmic growth phase were arranged into the sterilized 
hypoxic box. The box was filled with 5% CO2 and 94% N2, and 

the oxygen concentration decreased to 1% within 30 min. After 
20‑h hypoxic treatment, the cells were maintained in a normal 
incubator with 5% CO2 at 37˚C to establish the A‑R model.

After an additional 9 h, A‑R‑treated HUVECs were used 
in subsequent siRNA transfection. For NAMPT knockdown, 
NAMPT siRNA and negative control siRNA were synthesized 
by Invitrogen; Thermo Fisher Scientific, Inc. according to 
the reported sequences: NAMPT siRNA, 5'‑CCA​CCC​AAC​
ACA​AGC​AAA​GUU​UAUU‑3'; and negative control siRNA, 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. These siRNAs were 
then transfected into the A‑R‑treated HUVECs in FBS‑free 
DMEM by using Lipofectamine 2000 following the manufac-
turer's protocol (Invitrogen; Thermo Fisher Scientific, Inc.). 
After 6‑h transfection, the cells were cultured in DMEM with 
10% FBS for an additional 48 h.

Detection of the TNF‑α, IL‑1β and IL‑6 content by ELISA 
and of the Ca2+ levels by Fura‑2‑acetoxymethyl ester 
(Fura‑2‑AM). The four treatment groups included the normal 
control cells (without A‑R induction), A‑R model cells, A‑R 
cells transfected with negative control siRNA and A‑R cells 
transfected with NAMPT siRNA transfection. Following 
treatment, the cells were centrifuged at 1,000 x g at 4˚C for 
5 min to harvest the supernatant. According to the ELISA kit 
instructions, the contents of TNF‑α, IL‑1β and IL‑6 in each 
group were detected based on three independent replicates 
using a microplate reader (Infinite F50; Tecan Trading AG, 
Männedorf, Switzerland).

For detection of Ca2+ levels, the cells were treated with 
1 µM Fura‑2‑AM (Invitrogen; Thermo Fisher Scientific, Inc.) 
and 2 mM calcium chloride (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) for 30 min at 37˚C. Subsequently, cells 
were washed three times with phosphate‑buffered saline, and 
fluorescence was detected at 555 nm using a laser scan confocal 
microscope (Carl Zeiss LSM 700; Carl Zeiss, Thornwood, NY, 
USA).

Western blot analysis of protein expression levels. The cells 
were centrifuged at 1,000 x g at 4˚C for 5 min, and the precipi-
tates were lysed in radioimmunoprecipitation assay buffer 
(150 mM NaCl, 1% NP‑40, 0.5% sodium deoxycholate, 0.1% 
SDS, 50 mM Tris, pH 8.0, 5.0 mM EDTA, pH 8.0, 0.5 mM 
dithiothreitol and 1  mM phenylmethylsulfonyl fluoride) 
containing protease inhibitors for 30 min. The cell lysates 
were then centrifuged at 12,000 x g at 4˚C for 10 min, and 
protein concentrations in the supernatants were detected 
using the BCA kit according to the manufacturer's instruc-
tions. Next, the proteins were treated with SDS sample buffer 
in boiling water for 10  min, then separated using 12.5% 
SDS‑polyacrylamide gel electrophoresis and transferred to a 
nitrocellulose membrane. The membranes were incubated with 
blocking buffer (5% bovine serum albumin (Sigma‑Aldrich; 
Merck KGaA), 50 mM Tris, 150 mM NaCl, 0.1% Tween‑20) 
for 1 h at room temperature, and subsequently incubated with 
the corresponding primary antibodies against MLC, p‑MLC, 
VE‑cadherin, p‑VE‑cadherin, β‑catenin, FAK, p‑FAK, 
paxillin, p38 MAPK, p‑p38, ERK and p‑ERK at a 1:1,000 
dilution at 4˚C overnight. After being washed with wash buffer 
(50 mM Tris, 150 mM NaCl, 0.1% Tween‑20) three times for 
5 min each time, the membranes were incubated with the 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  14:  4595-4601,  2017 4597

HRP‑labeled goat anti‑rabbit IgG (H+L) secondary antibody at 
room temperature for 2 h. Following treatment with the ECL 
regent, the target protein bands were observed by Molecular 
Image ChemiDoc XRS system (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). The protein expression was quantitatively 
analyzed by Quantity One software (version 4.62; Bio‑Rad 
Laboratories, Inc.).

Statistical analysis. All the data were collected from three 
independent replicates and analyzed with SPSS version 17.0 
software package (SPSS, Inc., Chicago, IL, USA). Statistically 
significant differences were analyzed by Student's t‑test and 
considered when P<0.05.

Results

NAMPT knockdown by siRNA transfection inhibits 
A‑R‑induced release of inflammatory factors in HUVECs. In 
the present study, an A‑R model was established in HUVECs 
in order to investigate the mechanisms underlying A‑R‑induced 
inflammation. Compared with the normal control, A‑R clearly 
upregulated NAMPT protein expression (Fig. 1A). Following 
transfection of the cells with NAMPT siRNA, NAMPT expres-
sion was markedly downregulated, even under A‑R treatment, 
as compared with the negative control siRNA transfection group 
(Fig. 1A). Next, the contents of three inflammatory factors in 

the culture medium of HUVECs were detected using ELISA 
subsequent to NAMPT knockdown. As shown in Fig. 1B‑D, 
TNF‑α, IL‑1β and IL‑6 contents were significantly increased 
following A‑R treatment along with the NAMPT upregulation 
(P<0.01). However, NAMPT knockdown by siRNA transfec-
tion significantly inhibited the A‑R‑upregulated inflammatory 
factor contents (P<0.01; Fig.  1B‑D). Therefore, the results 
suggest that A‑R induces inflammation in HUVECs by upregu-
lating NAMPT expression.

NAMPT knockdown blocks A‑R‑induced expression of 
cellular permeability‑associated proteins and Ca2+ increase. 
A previous study has demonstrated that the cellular permea-
bility of endothelial cells is mediated by intercellular adherens 
and the junction between cell and extracellular matrix (15). 
VE‑cadherin interacts with β‑catenin to form intercellular 
adherens junctions, and is then connected to actin cytoskel-
eton to regulate cellular permeability (16). In addition, FAK 
interacts with paxillin and vinculin to form cell‑extracellular 
matrix adhesions, and regulates cellular permeability through 
actin cytoskeleton  (16). Calcium signaling activated MLC 
kinase (MLCK) to phosphorylate MLC and promote the 
connection between MLC and actin for the regulation of 
cell contraction (17). Therefore, calcium signaling is able to 
regulate intercellular adherens junctions and cell‑extracellular 
matrix adhesions for cellular permeability changes through 

Figure 1. NAMPT knockdown by siRNA transfection inhibits A‑R‑induced release of inflammatory factors in HUVECs. (A) Western blots demonstrating the 
expression of NAMPT in the four groups of treated cells, including normal cells, A‑R‑induced cells, A‑R‑induced cells transfected with negative control siRNA, 
and A‑R‑induced cells transfected with NAMPT siRNA. Enzyme‑linked immunosorbent assay was used to analyze the contents of (B) TNF‑α, (C) IL‑1β and 
(D) IL‑6 in the four treated cell groups. Normal and negative control siRNA‑transfected cells were used as the controls corresponding to the A‑R‑induced 
cells and A‑R+NAMPT siRNA‑transfected cells, respectively. Values are expressed as the mean ± standard deviation based on three independent replicates. 
Statistical significance was calculated with the Student's t‑test. **P<0.01. NAMPT, nicotinamide phosphoribosyltransferase; A‑R, anoxia‑reoxygenation; 
siRNA, small interfering RNA; TNF‑α, tumor necrosis factor‑α; IL, interleukin.
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adjusting actin. Previous studies observed that NAMPT 
induced the enhancement of cellular permeability of pulmo-
nary vascular endothelial cell during A‑R‑induced acute lung 
injury (18,19), and the aforementioned results of the present 
study suggested that NAMPT was upregulated in HUVECs 
under A‑R treatment. Therefore, the current study attempted 
to clarify whether NAMPT serves a role in the A‑R‑induced 
cellular permeability enhancement of HUVECs.

The calcium‑mediated phosphorylation of MLC (p‑MLC 
protein) was first detected to investigate the regulation of 
actin cytoskeleton by NAMPT under A‑R induction. The data 
revealed that A‑R significantly upregulated (P<0.01) the Ca2+ 
level and the phosphorylation of MLC compared with the 
normal control group (Fig. 2). When NAMPT was depleted by 
siRNA transfection, the levels of Ca2+ and p‑MLC were signifi-
cantly downregulated (P<0.01) under A‑R treatment. These 
results suggested that NAMPT may promote A‑R‑induced actin 
cytoskeleton contraction by activating the Ca2+‑MLC pathway.

Subsequently, the levels of VE‑cadherin phosphorylation 
(p‑VE‑cadherin protein) and β‑catenin expression were exam-
ined to determine whether NAMPT is able to regulate the 
A‑R‑induced derangement of intercellular adherens junctions. 
Compared with the normal control, A‑R significantly upregu-
lated the levels of p‑VE‑cadherin and β‑catenin (P<0.01; 
Fig. 3). However, the increased expression was significantly 
blocked subsequent to NAMPT knockdown (P<0.01; Fig. 3). 
The data indicated that NAMPT may regulate intercellular 
adherens junctions during A‑R.

The study also examined the levels of FAK phosphoryla-
tion (p‑FAK protein) and paxillin expression to determine the 
effect of cell‑extracellular matrix adhesions by NAMPT under 
A‑R treatment. Clearly, the levels of p‑FAK and paxillin signif-
icantly increased following A‑R induction compared with the 
normal control levels (P<0.01; Fig. 4). By contrast, NAMPT 
knockdown significantly suppressed this A‑R‑induced upregu-
lation (P<0.01; Fig. 4). The results suggested that NAMPT 

may regulate cell‑extracellular matrix adhesions during A‑R. 
Collectively, the data indicate that NAMPT may mediate 

Figure 2. NAMPT increases Ca2+ levels and MLC phosphorylation. (A) Ca2+ levels detected by Fura‑2‑acetoxymethyl ester assay, and (B) protein levels of 
MLC and p‑MLC detected by western blot analysis in the four groups of treated cells. MLC was used as the internal control of p‑MLC. Bar graph shows the 
mean ratios of the abundance of p‑MLC to that of MLC in each sample. All the values are reported as the mean ± standard deviation based on three indepen-
dent replicates. Statistically significant differences were calculated with the Student's t‑test. **P<0.01. NAMPT, nicotinamide phosphoribosyltransferase; A‑R, 
anoxia‑reoxygenation; siRNA, small interfering RNA; MLC, myosin light‑chain; p‑MLC, phosphorylated MLC.

Figure 3. NAMPT regulates intercellular adherens by promoting the phos-
phorylation of VE‑cadherin and expression of β‑catenin, analyzed by western 
blot analysis in the four groups of treated cells. GAPDH was used for internal 
standardization. Bar graph demonstrates the mean ratios of the abundance 
of p‑VE‑cadherin to that of VE‑cadherin, or β‑catenin relative to GAPDH 
in each sample. All the values are reported as the mean ± standard deviation 
based on three independent replicates. Statistically significant differences 
were calculated with the Student's t‑test. **P<0.01. NAMPT, nicotinamide 
phosphoribosyltransferase; A‑R, anoxia‑reoxygenation; siRNA, small inter-
fering RNA; VE, vascular endothelial; p‑, phosphorylated.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  14:  4595-4601,  2017 4599

cellular permeability by affecting the intercellular adherens 
and the junction between cell and extracellular matrix.

NAMPT knockdown restrains A‑R‑activated MAPK signaling. 
It has been demonstrated that MAPK signaling is activated 
during CPB‑triggered acute lung injury, and mediates cellular 
inflammation and permeability (20). Thus, the present study 
tested the phosphorylation of p38 MAPK and ERK to investi-
gate the regulation of MAPK signaling by NAMPT under A‑R 
treatment. Compared with the normal control, p38 and ERK 
phosphorylation significantly increased following A‑R treat-
ment (P<0.01; Fig. 5). However, siRNA‑mediated NAMPT 
knockdown significantly decreased the A‑R‑induced phos-
phorylation of p38 and ERK (P<0.01; Fig. 5). These results 
suggested that NAMPT positively regulates the A‑R‑activated 
MAPK signaling.

Discussion

Previous studies revealed that NAMPT serves as a growth 
factor and cytokine (18). In particular, NAMPT has been identi-
fied as an inflammatory factor and a potential novel biomarker 

in acute lung injury  (21). Further research demonstrated 
that NAMPT was expressed in lung microvascular endo-
thelium (21). In mice, NAMPT regulated ventilator‑induced 
lung injury through mediating the release of inflammatory 
factors, including IL‑6 and TNF‑α (22). Previous studies have 
also observed that NAMPT expression was upregulated in 
pulmonary cells, and that it may contribute to inflammatory 
factor expression (23). Therefore, NAMPT is considered to 
participate in the inflammation during acute lung injury (18). 
In the present study, an A‑R‑induced model was established 
using HUVECs to investigate how NAMPT regulates inflam-
mation. It was observed that A‑R significantly induced the 
expression of NAMPT and the release of TNF‑α, IL‑1β and 
IL‑6, suggesting that NAMPT may promote A‑R‑induced 
inflammation by facilitating the release of inflammatory 
factors. Next, NAMPT knockdown was performed via siRNA 
transfection, and it was demonstrated that the release of these 
three inflammatory factors was controlled by the high expres-
sion of NAMPT. Thus, these results indicated that NAMPT 
promotes A‑R‑induced inflammation by facilitating the 
release of TNF‑α, IL‑1β and IL‑6. Similar results were also 
observed in a previous study during rat acute lung injury, in 

Figure 5. NAMPT promotes A‑R‑induced activation of MAPK signaling. 
The phosphorylated expression levels of ERK and p38 were analyzed by 
western blot analysis in the four treated cell groups. Bar graph demonstrates 
the mean ratios of the abundance of phosphorylated protein to that of the 
corresponding protein in each sample. All the values are reported as the 
mean ± standard deviation based on three independent replicates. **P<0.01. 
NAMPT, nicotinamide phosphoribosyltransferase; A‑R, anoxia‑reoxygen-
ation; siRNA, small interfering RNA; MAPK, mitogen‑activated protein 
kinase; p‑, phosphorylated.

Figure 4. NAMPT regulates cell‑extracellular matrix adhesions by 
promoting FAK phosphorylation and paxillin expression. The expression 
levels of p‑FAK and paxillin were analyzed by western blot analysis in 
the four groups of treated cells. GAPDH was used for internal standard-
ization. Bar graph reports the mean ratios of the abundance of p‑FAK to 
that of FAK, or paxillin relative to GAPDH in each sample. All the values 
are reported as the mean ± standard deviation based on three independent 
replicates. **P<0.01. NAMPT, nicotinamide phosphoribosyltransferase; A‑R, 
anoxia‑reoxygenation; siRNA, small interfering RNA; FAK, focal adhesion 
kinase; p‑, phosphorylated.
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which NAMPT was highly expressed, and NAMPT inhibitor 
decreased TNF‑α and IL‑1β contents (24). Notably, inhibition 
of NAMPT was able to attenuate the pandemic H1N1 2009 
virus‑induced inflammation in the lung endothelium, for 
example, by decreasing the expression levels of IL‑6, IL‑8, 
and TNF‑α (25). Therefore, NAMPT may be an important 
upstream factor that regulates inflammation.

Cellular permeability alterations in endothelial cells 
participate in acute lung injury, while the cellular perme-
ability in these cells has been demonstrated to be mediated 
by intercellular and cell‑extracellular matrix adherens (15). 
VE‑cadherin interacts with β‑catenin to form intercellular 
adherens junctions, and then targets the actin cytoskeleton 
to regulate cellular permeability  (16). Furthermore, FAK 
interacts with paxillin and vinculin to form cell‑extracellular 
matrix adhesions, and subsequently regulates cellular perme-
ability through the actin cytoskeleton (16). Calcium signaling 
regulates intercellular adherens junctions and cell‑extra-
cellular matrix adhesions for cellular permeability changes 
through activating MLCK‑mediated MLC phosphorylation. 
Phosphorylated MLC then promotes the connection between 
MLC and actin to regulate cell contraction (17). In human 
pulmonary artery endothelial cells, high expression of NAMPT 
has been reported to regulate thrombin‑induced alterations 
of cellular permeability by promoting Ca2+ entry, MLC 
phosphorylation and actin polymerization (26). The present 
study also identified that NAMPT regulated the A‑R‑induced 
cellular permeability changes in HUVECs by mediating actin 
function, including Ca2+ signaling and MLC phosphorylation. 
Furthermore, it was demonstrated that NAMPT regulated 
VE‑cadherin phosphorylation and β‑catenin expression, 
suggesting the regulation of intercellular adherens junctions 
by NAMPT. Meanwhile, NAMPT also mediated cell‑extra-
cellular matrix adhesions by regulating FAK phosphorylation 
and paxillin expression. Hence, NAMPT serves a vital role in 
the regulation of cellular permeability under A‑R conditions. 
Combined with previous research, the current study suggests 
that NAMPT regulates cellular permeability by mediating 
intercellular and cell‑extracellular matrix adherens.

NAMPT promotes acute lung injury through regulating 
inflammation and cellular permeability, while MAPK 
signaling may also be involved in this process (18). MAPK 
signaling includes the ERK, p38 MAPK and JNK pathways, 
and serves an important role in cell inflammation, apoptosis, 
proliferation and differentiation. MAPK signaling is activated 
by post‑translational phosphorylation mediated by various 
kinases (11,12). Studies have shown that p38 MAPK and ERK 
pathways participate in the inflammation of endothelial cells, 
while JNK pathway does not function in this process (27). In 
pig lungs following CPB, ERK and p38 MAPK were detected 
to be significantly activated (28). Furthermore, in reperfused 
rat lungs, the phosphorylation of p38 MAPK and ERK was 
also upregulated (13). Our previous study demonstrated that 
p38 MAPK was activated in rat lungs following CPB and that 
the inhibitor of p38 MAPK restrained CPB‑triggered inflam-
mation (14). Therefore, MAPK signaling serves an important 
role in acute lung injury and the associated inflammation. In 
addition, MAPK signaling also regulates the cellular perme-
ability of pulmonary endothelial cells (29,30). Phosphorylated 
p38 MAPK was able to activate heat shock protein 27 in order 

to regulate the cellular permeability of rat pulmonary micro-
vascular endothelial cells  (31). p38 MAPK also regulated 
TGF‑β‑mediated MLC phosphorylation to affect permeability 
of endothelial cells (32). During vascular endothelial growth 
factor‑induced cellular permeability changes, ERK was 
identified as an important regulator (33). Although NAMPT 
promoted inflammation in human pulmonary microvascular 
endothelial cells, inhibition of MAPK blocked NAMPT 
function, suggesting that NAMPT may regulate inflam-
mation via MAPK signaling  (34). These studies indicated 
that NAMPT‑mediated lung injury may depend on MAPK 
signaling.

In the present study, it was observed that A‑R significantly 
induced the expression of NAMPT and the phosphorylation 
of p38 MAPK and ERK in HUVECs. When NAMPT was 
depleted by siRNA transfection, the phosphorylation levels 
decreased. Clearly, NAMPT controls the A‑R‑induced activa-
tion of MAPK signaling. Combined with previous research, it 
can be concluded that NAMPT promotes A‑R‑induced inflam-
mation and cellular permeability through MAPK signaling. 
The current study indicates that NAMPT may be a potential 
drug target for CPB‑triggered acute injury of endothelial cells.
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