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 Background: Raf kinase inhibitor protein (RKIP) regulates growth and differentiation and plays a role in key signal transduc-
tion cascades in mammalian cells. Nevertheless, the underlying mechanism for which RKIP regulates cell-cell 
adhesion remains unknown. Our study investigated the function of the RKIP overexpression on adhesion mol-
ecules expression induced by tumor necrosis factor (TNF)-a in cultured mouse vascular smooth muscle cells 
(MOVACs).

 Material/Methods: The expression levels of vascular cell adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 
(ICAM-1) were detected by ELISA kit, reverse transcription-PCR, and western blot assays. The protein expres-
sion of RKIP, p65, and inhibitor of nuclear factor (NF)-kBa (IkBa) were detected by western blot analysis. The 
activity of NF-kappaB was determined using a Dual-Luciferase Reporter assay.

 Results: The results showed that MOVACs transfected with pCMV5-HA-RKIP significantly inhibited TNF-a induced mRNA 
and protein expression of ICAM-1 and VCAM-1. The adhesion of THP-1 cells was also detected and inhibited by 
pCMV5-HA-RKIP in TNF-a-treated MOVACs. RKIP also suppressed the TNF-a-induced activation of NF-kappaB 
and the protein expression of phosphorylated IkB-a, and promoted the protein expression of IkB-a and nucle-
ar translocation of p65 NF-kappaB. Furthermore, RKIP and the inhibitor of NF-kappaB (BAY11-7082) reduced 
the upregulation of ICAM-1 and VACM-1 induced by TNF-a.

 Conclusions: Taken together, these results suggested that RKIP may inhibit the TNF-a-induced expression of adhesion mol-
ecules in MOVACs through inactivation of the NF-kappaB pathway.
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Background

Raf kinase inhibitor protein (RKIP) is a member of the phos-
phatidylethanolamine-binding protein family and is character-
ized by a small, conserved cytosolic protein originally purified 
from the bovine brain [1]. RKIP is involved in biosynthesis of 
the plasma membrane, neurodevelopment, spermatogenesis, 
apoptosis, and other physiological and pathological process-
es [2]. It has been reported that RKIP is also associated with 
an increasing number of diseases through its involvement with 
signal transduction pathways, including nuclear factor (NF)-
kB/G protein-coupled receptor kinase signal transduction path-
way the and Raf-1-mitogen-activated protein kinase signaling 
pathway [3]. A study by Wen et al. [4] showed that RKIP may 
be involved in Parkinson’s disease by interacting with cyclin-
dependent kinase 5 in neurons.

The downregulation of RKIP has also been shown to be closely 
associated with several significant tumor behaviors, including 
proliferation, adhesion, and metastasis, and prognosis [5–7]. 
The overexpression of RKIP has been shown to promote mac-
rophage differentiation by modulating NF-kB signaling, which 
suggests a link between RKIP and the expression of cell sub-
stratum adhesion proteins [8]. The adhesion of cells to extra-
cellular matrix (ECM) is a dynamic process, which is critical to 
the mechanical coupling of intracellular and extracellular en-
vironments required for cell migration [9]. Cellular adhesion is 
modulated predominantly by the activity of adhesion molecules 
in diverse endothelial cells and smooth muscle cells [10–12]. 
Cell adhesion proteins, including intercellular adhesion mole-
cule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) 
and E-selectin, on vascular smooth muscle cells are directly in-
volved in inflammation and cardiovascular disease [13]. The 
activity of cell adhesion molecules has long been considered 
to be a direct consequence of their adhesive properties [14]; 
therefore, RKIP may be vital in cell migration, adhesion, and 
metastasis. A previous study reported that RKIP inhibits the 
migration and invasion of PC-3M human prostate cancer cells 
through regulation of ECM [15]. However, until now, there has 
been no clear evidence to show effect of RKIP on the activity 
of cell adhesion molecules or the underlying molecular mech-
anism in vascular smooth muscle cells.

Consequently, based on multiple lines of evidence, the pres-
ent study investigated whether RKIP can affect the activity of 
adhesion molecules and aimed to determine the role of the 
NF-kappaB signaling pathway in this process in TNF-a-induced 
vascular smooth muscle cells.

Material and Methods

Cell culture and TNF-a treatment

The mouse vascular smooth muscle cells (MOVACs) were of 
the Movas-1 vascular smooth muscle cell line, which was de-
rived from aortic smooth muscle cells of male C57BL6 mice 
(4–6-week-old; 20±2 g) supplied by the Laboratory Animal 
Center of Tianjin Nankai Hospital (Tianjin, China) as described 
by Golovina and Blaustein [16]. All experimental protocols were 
approved by the Ethics Committee of Nankai Hospital and were 
performed in accordance with the guidelines by the National 
Institutes of Health Guide for the Care and Use of Laboratory 
Animals. Mice were housed in a humidity- and temperature-
controlled room with food and water provided ad libitum. Light 
was controlled by a 12-hour light/dark cycle. Mice were accli-
matized for more than three days before surgical procedures

In brief, animals were anesthetized (pentobarbital, 50 mg/kg, 
ip) and pectoral muscles were dissected. The MOVACs were 
cultured in DMEM supplemented with 10% heat-inactivat-
ed fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), 100 U/mL penicillin and 100 μg/mL strep-
tomycin (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) 
in a humidified atmosphere in a 5% CO2 incubator at 37°C un-
til they reached confluence. Culture medium containing TNF-a 
(10 ng/mL) was then added to the cells and cultured for four 
hours at 37°C.

Plasmid transfection

To induce the overexpression of RKIP, the MOVACs (5×105 
cells/mL) were cultured as described until 80% confluent, fol-
lowing by 20 μg of either the pCMV5-HA-RKIP (RKIP) plasmid, 
which was constructed according to previous literature [17] 
or empty vector plasmid was transfected into the cells us-
ing Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer’s protocol and 
cultured for 24 hours at 37°C. The cells were harvested for an-
alyzing the expression of RKIP or were treated with TNF-a for 
further experiments.

ELISA

The cell surface expression levels of ICAM-1 and VCAM-1 on 
the MOVAC monolayers were quantified using ELISA, according 
to the manufacture’s protocols of ICAM-1 and VCAM-1 mouse 
ELISA kits (Abcam, Cambridge, MA, USA). In brief, the MOVACs 
(2×104 cells/mL) were seeded into a 96-well plate and treated 
with 10 ng/mL TNF-a and 20 μg pCMV5-HA-RKIP. The cells were 
harvested and incubated with mouse anti-ICAM-1 (1: 2,000) 
and rabbit anti-VCAM-1 monoclonal antibody (1: 5,000) from 
the ELISA kits at room temperature for one hour, followed by 
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adding TMB One-Step substrate reagent to each well and then 
incubating for 30 minutes. Finally, stop solution was added and 
the absorbance was read immediately at 450 nm.

Reverse transcription-polymerase chain reaction (RT-PCR) 
analysis

Total RNA was isolated from the MOVACs using an RNeasy 
Plus Universal kit (Qiagen, CA, USA). Complementary DNA 
(cDNA) was synthesized from 1 μg of total RNA using a cDNA 
synthesis kit (Thermo Fisher Scientific, Inc.). PCR analysis was 
performed using a SYBR Green Real-Time PCR Master Mix 
kit (Takara Biotechnology, Inc., Dalian, China). In brief, 45 μL 
reaction solution containing 50 ng cDNA, 25 μL Fast Start 
Universal SYBR Green Master, 0.5 μL forward primer and re-
verse primer and 19 μL PCR-grade water were subjected to 
95°C for 10 minutes, and then 40 cycles of 95°C for 15 sec-
onds, 58°C for 60 seconds, and 68°C for 45 seconds. The ex-
pression levels of each gene were normalized to the expres-
sion of the control gene (GAPDH). The primer sequences 
for the RT-PCR analysis were as follows: ICAM-1, forward 
5’-CTCCAATGTGCCAGGTCCG-3’ and reverse 5’-CAGTGGGAAAG 
TGCCATCCT-3’; VCAM-1, forward 5’-CCCAAGGATCCAGAGATTCA-3’ 
and reverse 5’-TAAGGTGAGGGTGGCATTTC-3’; GAPDH, for-
ward 5’-GTCTTCACCACCATGGAG AA-3’ and reverse 5’-AGGAG 
GCATTGCTGATGATC-3’. The expression levels of the relative 
genes were calculated using GAPDH mRNA as a control using 
the 2–DDCq method [18].

Western blot analysis

The cells were washed twice with PBS and harvested in a ly-
sis buffer containing 1% SDS, 100 mM NaCl, 50 mM Tris-HCl 
(pH 8.0) and 20 mM EDTA. Total protein was extracted from 
the harvested cells using RIPA Buffer (Pierce; Thermo Fisher 
Scientific, Inc.). Nuclear proteins were extracted using NE-PER 
kits (Pierce; Thermo Fisher Scientific, Inc.). All proteins were 
quantified using a BCA protein assay kit (Pierce; Thermo Fisher 
Scientific, Inc.). For western blot analysis, ~30 µg protein was 
electrophoresed on a 10% SDS-PAGE gel and then transferred 
onto a nitrocellulose membrane. The blots were blocked in 5% 
non-fat milk in PBS for one hour, and then incubated with rat 
monoclonal anti-ICAM-1 (1: 500), anti-VCAM-1 (1: 500), an-
ti-RKIP (1: 2,000), rabbit polyclonal anti-p65 (1: 300), anti-in-
hibitor of NF-kappaBa (IkB-a;1: 250) or phosphorylated IkB-a 
(1: 1,000; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 
antibodies overnight at 37°C. The membrane was then incu-
bated with peroxidase-conjugated secondary antibodies for 
one hour. Peroxidase activity on the membrane was visualized 
on x-ray films using a standard enhanced chemiluminescence 
procedure. The immunoreactive bands were visualized using 
Immuno Star LD (Wako Pure Chemical, Osaka, Japan), and then 
measured using LAS-4000 Mini (Fuji Film Co., Ltd., Tokyo, Japan).

Cell adhesion assay

The adhesion of monocytes to the MOVACs was determined 
using THP-1 cells, as previously described [19,20]. The MOVACs 
transfected with pCMV5-HA-RKIP were cultured in a 96-well 
plate (2×104 cells/mL) until they reached confluence. TNF-a 
(10 ng/mL) was added and cultured for four hours at 37°C. The 
THP-1 cells (American Type Culture Collection, Manassas, VA, 
USA) were co-incubated with MOVACs for one hour at 37°C. 
The cells were washed three times with PBS to remove non-
adherent cells. The cells bound to the MOVACs were added to 
a substrate solution consisting of 2 mM 3, 3’, 5, 5’ tetrameth-
ylbenzidine in 0.1 M sodium acetate buffer (pH 4.2) contain-
ing 0.1% cetitrimethyl ammonium bromide as a peroxidase 
solubilizing agent. The absorbance at 490 nm was then de-
termined using an automated microplate reader (Spectramax 
190, Molecular Devices LLC, Sunnyvale, CA, USA).

NF-kappaB activity assay

NF-kappaB activity was determined using a Dual-Luciferase 
reporter assay system (Promega Corporation, Madison, 
WI, USA). Briefly, the MOVACs were incubated in 6-well 
plates(5×105 cells/mL) and co-transfected with 1 μg NF-kappaB 
reporter plasmid and 100 ng control Renilla luciferase vec-
tor (pRL-TK; (Invitrogen; Thermo Fisher Scientific, Inc.) using 
Lipofectamine reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer’s protocols. Following transfec-
tion, the cells were incubated for 10 minutes at room temper-
ature and then cultured for five hours in complete culture me-
dium. Following removal of Lipofectamine from the medium, 
10 ng/mL of TNF-a was added, and the cells were harvested 
four hours later. The luciferase activity was measured in du-
plicate in each experiment using the Dual Luciferase report-
er assay system. The firefly luciferase activity of NF-kappaB 
was normalized to the Renilla luciferase activity (Promega 
Corporation). The luciferase activities of samples containing 
the NF-kappaB responsive element were compared with the 
luciferase activities in samples transfected with the control 
plasmid, and reported as the fold increase.

Statistical analysis

The results were analyzed using one-way analysis of vari-
ance for multiple groups, followed by Bonferroni correction. 
For two-group comparison, Student’s unpaired t-test was per-
formed on SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). 
Data are presented as the mean ± standard error of the mean. 
A p<0.05 was considered to indicate a statistically significant 
difference. All results are representative of at least three in-
dependent experiments.
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Results

RKIP inhibits TNF-a-induced surface expression of 
adhesion molecules in MOVACs

To determine the effect of RKIP on the TNF-a-induced expres-
sion of ICAM-1 and VCAM-1 in MOVACs, the cells were treat-
ed with TNF-a and RKIP. The results showed that RKIP ef-
fectively upregulated the expression of RKIP (Figure 1A, 1B). 
The mRNA expression levels of ICAM-1 and VCAM-1 were sig-
nificantly increased by TNF-a treatment. When the MOVACs 
were transfected with the RKIP overexpression vector, the ex-
pression levels of ICAM-1 and VCAM-1 were significantly sup-
pressed, compared with those in the cells treated with TNF-a 
alone. By contrast, treatment of the MOVACs with RKIP alone 
had no significant effect on the expression levels of ICAM-1 or 
VCAM-1, compared with the control (Figure 1C, 1D).

RKIP suppresses TNF-a-induced expression of adhesion 
molecules in MOVACs

As the aforementioned experiments demonstrated that the 
overexpression of RKIP significantly inhibited the surface ex-
pression of ICAM-1 and VCAM-1 in the MOVACs, the effects 
of RKIP on the transcription of adhesion molecules were mea-
sured. As shown in Figure 2A–2D, the overexpression of RKIP 
suppressed the mRNA and protein expression levels of ICAM-1 
and VCAM-1 in the TNF-a-treated MOVACs cells. Treatment 
with RKIP alone had no significant effect on the expression 
levels of ICAM-1 and VCAM-1, compared with the untreat-
ed control. These results suggested that the expression of 
ICAM-1 and VCAM-1 induced by TNF-a was transcriptional-
ly modulated by RKIP.

Control

Re
lat

ive
 m

RN
A 

ex
pr

es
sio

n 
of

 R
KI

P

4

3

2

1

0
Vector

*

RKIP Control

Re
lat

ive
 m

RN
A 

ex
pr

es
sio

n 
of

 R
KI

P

4

3

2

1

0
Vector

*

RKIP

Control Vector RKIP

RKIP

β-actin

Control TNF-α

Ab
so

rb
an

ce
 at

 45
0 n

m

0.4

0.3

0.2

0.1

0.0
Vector

TNF-α (10 ng/ml)

*

*#

#

*

RKIP RKIP Control TNF-α

Ab
so

rb
an

ce
 at

 45
0 n

m

1.5

1.0

0.5

0.0
Vector

TNF-α (10 ng/ml)

*

*#

#

*

RKIP RKIP

A

C

B

D

Figure 1.  Effect of the overexpression of RKIP on TNF-a-induced upregulated expression of adhesion molecules. MOVACs were treated 
with TNF-a and pCMV5-HA-RKIP, and (A) mRNA and (B) protein expression levels of RKIP were determined using reverse 
transcription-quantitative polymerase chain reaction and western blot analyses. The surface expression of (C) ICAM-1 
and (D) VCAM-1 in MOVACs transfected with the RKIP overexpression vector were measured using an ELISA kit. The data 
presented are representative of three independent experiments performed in triplicate. Values are presented as the mean 
± standard error of the mean. * p<0.05 versus control; # p<0.05 versus TNF-a-stimulated cells not transfected with RKIP. 
TNF-a – tumor necrosis factor-a; RKIP – Raf kinase inhibitor protein; ICAM-1 – intercellular adhesion molecule-1; 
VCAM-1 – vascular cell adhesion molecule-1.
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RKIP suppresses the adhesion of THP-1 cells to TNF-a-
activated MOVACs

The present study also examined the effect of RKIP on the ad-
herence of THP-1 cells to TNF-a-treated MOVACs. The results 
showed that TNF-a significantly promoted the adhesion of 
THP-1 to the MOVACS, and RKIP transfection markedly sup-
pressed the adhesion of THP-1 cells to TNF-a-activated MOVACs. 
No significant differences were found between the MOVACs 
treated with RKIP alone and the untreated control (Figure 3).

RKIP inhibits TNF-a-induced NF-kB signaling in MOVACs

The NF-kB signaling pathway is important in the expression of 
adhesion molecules. Therefore, the effect of RKIP on the acti-
vation of NF-kappaB transcription was assessed in the present 
study. The results showed that luciferase activity was signifi-
cantly stimulated by TNF-a and decreased by the overexpres-
sion of RKIP (Figure 4A). As the nuclear p65 protein is a critical 
subunit of NF-kappaB, which exerts its activity in the transcrip-
tion of several genes, the protein expression of p65 NF-kappaB 
was also evaluated in the present study. The results showed 
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Figure 2.  Effect of the overexpression of RKIP on the TNF-a-induced expression of adhesion molecules in MOVACs. MOVACs were 
treated with TNF-a and pCMV5-HA-RKIP, and relative mRNA expression levels of (A) ICAM-1 and (B) VCAM-1 were measured 
using reverse transcription-polymerase chain reaction analysis. b-actin served as a housekeeping gene. Relative protein 
expression levels of (C) ICAM-1 and (D) VCAM-1 in MOVACs were determined using western blot analysis. The data presented 
are representative of three independent experiments performed in triplicate. Values are presented as the mean ± standard 
error of the mean. * p<0.05 versus control; # p<0.05 versus TNF-a-stimulated cells not transfected with RKIP. TNF-a – tumor 
necrosis factor-a; RKIP – Raf kinase inhibitor protein; ICAM-1 – intercellular adhesion molecule-1; VCAM-1 – vascular cell 
adhesion molecule-1.
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that the MOVACs transfected with RKIP had significantly re-
duced protein expression levels of p65 NF-kappaB (Figure 4B), 
suggesting that RKIP inhibited the TNF-a-induced nuclear trans-
location of NF-kappaB. Furthermore, transfection with RKIP 
significantly suppressed the phosphorylation of IkB-a and in-
creased degradation to regulate the activity of NF-kappaB in 
the THF-a-treated MOVACs (Figure 4C, 4D).

RKIP and NF-kappaB signaling inhibitors reduce the 
expression of ICAM-1 and VCAM-1 induced by TNF-a.

Following confirmation that the overexpression of RKIP led to 
inhibition of the TNF-a-activated NF-kappaB signaling path-
way, the present study investigated the inhibitory effect of the 
overexpression of RKIP on the expression levels of ICAM-1 and 
VCAM-1, compared with MOVACs treated with the NF-kappaB 
signaling inhibitor BAY11-7082. The increased expression levels 
of ICAM-1 and VCAM-1 induced by TNF-a were decreased follow-
ing transfection with RKIP or treatment with BAY11-7082 (Figure 
5A, 5B). These results indicated that the TNF-a-induced expres-
sion of ICAM-1 and VCAM-1 were regulated by the NF-kappaB 
pathway. RKIP inhibited the TNF-a-induced expression of VCAM-
1 and ICAM-1 by inhibiting activation of the NF-kappaB pathway.

Discussion

Adhesion molecules are glycoproteins on the cell membrane 
surface, which mediate cell-cell and cell-ECM interactions, 

and are widely distributed on vascular endothelial cells and 
the surfaces of various leukocytes. They are involved in the 
development of a range of chronic diseases, including rheu-
matoid arthritis, tumor growth, and wound repair [21,22]. 
Adhesion molecules are also important in angiogenesis, in-
flammation, and the invasion and metastasis of tumor cells 
due to the mediation of cellular adhesion and migration [23]. 
In addition to promoting angiogenesis in simplified systems, 
adhesion molecules can stimulate mesenchymal cells to gen-
erate ECM proteins through the TNF-a cytokine, altering en-
dothelial cell morphology and behavior [24]. This is beneficial 
to tumor cell adhesion, migration, invasion and metastasis. 
Currently, RKIP, as an inhibitor of key signal transduction cas-
cades, is a promising adhesion suppressor; however, the mo-
lecular mechanisms underlying its regulation of the activity of 
adhesion molecules remain to be fully elucidated.

In the present study, TNF-a was used to stimulate vascular 
smooth muscle cells, following which the TNF-a-induced cells 
were transfected with an RKIP overexpression vector. The up-
regulation of RKIP suppressed the TNF-a-induced increase in 
the expression of adhesion molecules ICAM-1 and VCAM-1 in 
the vascular smooth muscle cells. Vascular smooth muscle cells 
express ICAM-1 and VCAM-1, which are reported to be prom-
inent in the fibrous caps of advanced atherosclerotic plaques 
and are also associated with disease severity [25]. Similar re-
sults were obtained in a previous study, in which the overex-
pression of RKIP in a cellular model used to examine the be-
havior of differentiated epithelial cells resulted in the loss of 
cell-cell contacts and increased migratory capacity of cells, 
whereas RKIP silencing reduced the rate of cell migration [26].

In the present study, the overexpression of RKIP prevented the 
adhesion of THP-1 to TNF-a-activated MOVACs. The potential 
mechanism may be that TNF-a induced monocyte-MOVAC in-
teraction, increasing the local production and activity of matrix 
metallo proteinase (MMP)-1, which has an important patho-
genic role in atherosclerotic plaque rupture [27]. A member of 
the zinc-dependent proteolytic enzyme family, MMP-1 can ef-
fectively degrade the ECM, which is important in tumor growth 
and metastasis. Therefore, RKIP reduced the TNF-a-induced 
expression of cellular adhesion molecules causing a decrease 
in monocyte-MOVAC interaction, and resulting in decreased 
MMP-1, a reduction in ECM degradation, and the alleviation 
of tumor cell migration and metastasis.

The NF-kB signaling pathway is important in the expression 
of adhesion molecules. As the overexpression of RKIP alters 
NF-kB signaling induced by TNF-a, independent of the reg-
ulatory effects of the mitogen-activated protein kinase cas-
cade [28], the present study examined the effect of RKIP on 
the IkB/NF-kB pathway to explain the molecular mechanism 
underlying the effect of the overexpression of RKIP in reducing 
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Figure 3.  Effect of the overexpression of RKIP on the adhesion 
of THP-1 cells to TNF-a-treated MOVACs. MOVACs 
were treated with TNF-a and RKIP, and the adhesion of 
THP-1 to MOVACs was measured. The data presented 
are representative of three independent experiments 
performed in triplicate. Values are presented as the 
mean ± standard error of the mean. * p<0.05 versus 
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transfected with RKIP. TNF-a – tumor necrosis factor-a; 
RKIP – Raf kinase inhibitor protein.
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the TNF-a-induced expression of adhesion molecules. The re-
sults showed that RKIP inhibited the TNF-a-induced transcrip-
tional activation of NF-kB and nuclear protein expression of 
p65, a critical subunit of NF-kappaB. It also suppressed the 
phosphorylation of IkB-a to inhibit the degradation of IkB-a 
in TNF-a-induced MOVACs. This suggested that RKIP inhibited 

the TNF-a-induced nuclear translocation of NF-kappaB through 
inhibiting IkB degradation of its suppressive protein, leading to 
the downregulation of p65, which is a binding protein of NF-
kappaB. A previous study also showed that RKIP inhibited TNF-
a-induced NF-kB through inhibiting IKKb, resulting in a reduc-
tion in the ability of IKK to phosphorylate or activate IkB and 
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Figure 4.  Effect of RKIP on the activation of NF-kappaB and degradation of IkB-a in TNF-a-treated MOVACs. (A) NF-kappaB activity was 
determined using a Dual-Luciferase reporter assay system. The protein expression of (B) p65, (C) p-IkB-a, and (D) IkB-a were 
detected using western blot analysis. The data presented are representative of three independent experiments performed in 
triplicate. Values are presented as the mean ± standard error of the mean. * p<0.05 versus control; # p<0.05 versus TNF-a-
stimulated cells not transfected with RKIP. TNF-a – tumor necrosis factor-a; RKIP – Raf kinase inhibitor protein; 
NF-kappaB – nuclear factor-kB; IkB-a – inhibitor of NF-kappaB-a; p- – phosphorylated.
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Figure 5.  Inhibitory effects of NF-kappaB inhibitor and RKIP on the TNF-a-induced expression of ICAM-1 and VCAM-1 in MOVACs. 
Relative mRNA expression levels of (A) ICAM-1 and (B) VCAM-1 in the TNF-a-treated MOVACs were determined using an 
ELISA kit. The data presented are representative of three independent experiments performed in triplicate. Values are 
presented as the mean ± standard error of the mean. * p<0.05 versus control; # p<0.05 versus TNF-a-stimulated cells not 
transfected with RKIP. TNF-a – tumor necrosis factor-a; RKIP – Raf kinase inhibitor protein; NF-kappaB – nuclear factor-kB; 
ICAM-1 – intercellular adhesion molecule-1; VCAM-1 – vascular cell adhesion molecule-1.
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allowing NF-kB to remain sequestered with IkB [5,7,9,28]. RKIP 
appears to have multiple functions in the regulation of differ-
ent cell signaling cascades. It is initially present on the surface 
of cells, although it does not have a recognized secretory sig-
nal and may only act locally. However, the recombinant over-
expression of RKIP in rat fibroblast cells results in the detec-
tion of RKIP in the cell medium [29]. The mechanism through 
which RKIP is released from cells remains to be elucidated and 
requires further investigation. In terms of the present study, 
one possibility is that RKIP was secreted through non-classical 
signal secretory mechanisms, which may be through interac-
tions with granule membrane lipids and lipid rafts.

Based on the aforementioned, the present study investigated 
the effect of NF-kappaB signaling on the RKIP-regulated ex-
pression of adhesion molecules. The TNF-a-induced MOVACs 
were exposed to the NF-kappaB signaling inhibitor, BAY11-
7082, and then treated with RKIP, following which the expres-
sion levels of ICAM-1 and VCAM-1 were detected. The results 
showed that RKIP inhibited the TNF-a-induced expression of 
VCAM-1 and ICAM-1 by inhibiting activation of the NF-kappaB 

pathway. Consequently, RKIP may inhibit the TNF-a-induced 
expression of adhesion molecules by inhibiting IkB degrada-
tion, leading to the downregulation of p65 and inhibiting NF-
kappaB pathway activation.

Conclusions

The present study found that RKIP appeared to have a nega-
tive regulatory effect on cell-cell adhesion in monocytes and 
MOVACs. The overexpression of RKIP relieved cell-cell adhe-
sion in monocytes and MOVACs through downregulation of 
the degradation of IkB and expression of p65. This inhibited 
the nuclear translocation of NF-kappaB induced by TNF-a, in-
hibiting the effect of NF-kappaB signaling on the regulation 
of adhesion molecule expression. These findings may contrib-
ute to the identification of potential therapeutic targets for in-
flammatory diseases, cardiovascular disease, and the migration 
and metastasis of malignant tumors. However, the potential 
involvement of other signaling pathways and the precise un-
derlying mechanisms require further investigation.
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