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Objective. To explore the effect of dexamethasone
(DEX) on monocyte adhesion function and its underly-
ing mechanism. Methods. The effects of DEX and fasudil
on adhesion of cultured U937 monocytes to human um-
bilical vein endothelial cells (HUVEC) following stimula-
tion with phorbol myristate acetate (PMA) were studied;
Changes in the Rho-associated coiled-coil protein kinase
1 (ROCK1) protein content and activity were evaluated.
Results. DEX and fasudil significantly inhibited U937
cell adhesion rates under PMA stimulation and inhibited
ROCK1 activity. Mifepristone (RU-486) and cycloheximide
(CHX) did not alter these effects of DEX. Conclusions.
DEX interferes with the adhesion function of U937 cells
through the inhibition of ROCK1 activity.
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INTRODUCTION

The monocyte—macrophage system plays a critical role
in acute inflammation reactions, such as acute lung inju-
ry and systemic inflammatory response syndrome. A sig-
nificant increase in monocyte-macrophage adhesion ca-
pacity is an important basis of the inflammatory cascade
(Clark, 2007). Glucocorticoids are known to have strong
anti-inflammatory effects through non-genomic and
genomic effects (Clark, 2007). However, the mechanism
of monocyte-macrophage adhesion inhibition by gluco-
corticoids is not clear. Previous studies have shown that
Rho-associated coiled-coil protein kinase 1 (ROCKI)
play an important role in inflammatory reaction, and it
can be selectively inhibited by treatment with fasudil
(Slotta ez al, 2006). Here we tested the adhesion capac-
ity of U937 monocyte-macrophage cells and intracellular
ROCKI1 activity to explore the mechanism of inhibition
of excessive activation of macrophages by corticosteroids
in acute inflammatory responses.

MATERIALS AND METHODS

Materials. Human monocyte-macrophage cell line
U937 and human umbilical vein endothelial cells (HU-
VEC) were stored in liquid nitrogen at the Molecular
Biology Center, Research Institute of Surgery and Dap-
ing Hospital, Third Military Medical University. Phorbol
myristate acetate (PMA) solution: PMA powder (Sigma)
was dissolved in dimethylsulfoxide (DMSO) to a con-
centration of 100 pg/ml, aliquoted into stetile tubes, and

stored in the dark at —20°C. Powders of dexamethasone
(DEX), mifepristone(RU-486), and cycloheximide (CHX,
Sigma) were dissolved at 1X10-* M in ethanol, aliquot-
ed, and stored at 4°C. Fasudil was purchased from Asahi
Kasei Pharma Corporation, dissolved in saline at 10 mM,
aliquoted, and stored at 4°C. Cell Counting Kit-8 (CCK-
8, Bi Yun Tian Biotechnology Research Institute China)
was stored in the dark at 4°C. A 0.25% of trypsin solu-
tion was purchased from Gibco, aliquoted, and stored at
—20°C. Culture plates (24- and 96-well) were purchased
from Nunclon Company. Mouse anti-human ROCKI1
antibody was purchased from BD Biosciences, rabbit
anti-human activated ROCK1 1113/1114 antibody was
putchased from Abcam Inc., and goat anti-mouse/rabbit
secondary antibody was obtained from Sigma.

Methods. Cell culture. Cryopreserved U937 cells
were recovered and cultured in RPMI 1640 medium
(Gibco) containing 10% fetal bovine serum (FBS), and
HUVEC cells were cultured in DMEM medium (Gibco)
containing 10% FBS. The cells were cultured in an incu-
bator at 37°C with 5% CO,.

Measurement of U937 and HUVEC adhesion
rates. After the digestion of HUVEC cells, which were
grown under optimal conditions, with 0.25% trypsin,
DMEM medium containing 10% FBS was used to adjust
the density to 4X10* cells/ml. Aliquots of 100 ul wete
added to each well of a 96-well plate and placed in a
37°C, 5% CO, incubator for 8-14 hours. After the cells
had grown and adhered to the well to form a single lay-
er, the original medium was removed and the cells were
washed twice with serum-free medium. U937 cells at a
density of 5X10° cells/ml wete added to the wells at
100 pl per well. Six experimental groups were used: con-
trol, 400 ng/ml PMA, 400 ng/ml PMA+106 M DEX,
400 ng/ml PMA+106 M DEX+10+ M RU-486, 400
ng/ml PMA+10 M DEX+ 10+ M CHX, and 400 ng/
ml PMA+100 uM fasudil. The 96-well plate was placed
in the cell incubator for 1 hour. The medium was then
discarded, and the cells were gently washed twice with
sterile PBS solution to remove the U937 cells that were
not adhered. After adding 90 ul of PBS and 10 ul of a
10% CCK-8 solution to each well, the plate was placed
in the cell incubator for 1-2 hours. OD values were
then measured using a microplate reader at 450 nm. OD
values were compared between the groups.
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Western blot detection of ROCKI protein expres-
sion and its activity. After the extraction of total cel-
lular protein using a conventional method, the Bradford
method was used to determine its concentration (Comp-
ton e al, 1985). Then 30 pg of total protein boiled with
2X Joading buffer and subjected to 7.5% SDS/PAGE
with uniform sample volumes per well. Proteins were
wet-transferred to a PVDF membrane, and after block-
ing with 3% BSA for 5 h at room temperature, mouse
anti-human ROCK1 primary antibody (1:500) and rab-
bit anti-ROCK1 cleavage site 1113/1114 primary an-
tibody (1:1000), which was used to evaluate ROCK1
activity indirectly, were added. The membrane was sub-
sequently incubated at room temperature for 2 h. Then
HRP-labeled goat anti-mouse/rabbit secondary antibody
(1:5000) was added. The results were recorded with X-
ray film after adding enhanced chemiluminescence rea-
gent (ECL, GE Healthcare). Labworks 4.6 image analysis
software was used to analyze the intensity of band with
B-actin as an internal control. The experiments were re-
peated three times (Liu e a/, 2008).

Statistical analysis. The experimental results were
expressed as the mean T standard deviation (X=J).
Sigmaplot 11.0 and SPSS 17.0 were used for graph con-
struction and statistical analysis, respectively. A single-
factor analysis of variance was used for multiple group
comparisons. A value of P<0.05 was considered statisti-
cally significant.

RESULTS

Changes in the U937-HUVEC cell adhesion capacity

After PMA stimulation, the U937 cell adhesion rate
was significantly increased relative to the non-stimulated
group (P<0.01). After the addition of DEX or fasudil,
the adhesion rate was significantly lower than in the
PMA stimulation group (P<0.01). Furthermore, the ad-
dition of RU-486 or CHX did not block the DEX inhi-
bition of PMA stimulation (P> 0.05).

Changes in ROCK1 protein expression

The total content of ROCKI1 protein in U937 cells
did not change significantly following the addition of
vatious agents.

Changes in ROCK1 activity

After the addition of PMA, ROCK1 activity was signif-
icantly increased relative to the control group (P<0.05).
After the addition of inhibitors, such as DEX and fas-
udil, the ROCK1 activity decreased significantly when
compared to the PMA stimulation group (P<0.05). The
addition of glucocorticoid receptor antagonist RU-486 or
the protein synthesis inhibitor CHX did not affect the
DEX inhibition of ROCK1 activity (P> 0.05).

DISCUSSION

Glucocorticoids play a crucial role in anti-inflamma-
tory responses and immune suppression. In addition
to the well-known long-term effects of glucocorticoids,
there are also other pathways, such as non-genomic ef-
fects, that are known to have rapid actions. Such rapid
actions do not require gene transcription and protein
synthesis, and thus the reaction time is short, and the
response is efficient (Strehl ez al, 2011; Zen et al., 2011).
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Figure 1. U937 cell adhesion to HUVEC cells

Note: When compared to the blank control group, *P<0.05; when
compared with the PMA-stimulated group, #P and *P were both
<0.05.n=4.

This study found that DEX inhibition of U937 cell ad-
hesion was not affected by the addition of the classic
glucocorticoid receptor antagonist RU-486 or the addi-
tion of the protein synthesis inhibitor CHX. This result
indicated that the DEX suppression of the U937 adhe-
sion mechanism may function »iz non-genomic effects.
This study found that the use of fasudil could effectively
reduce the adhesion function of macrophages. Fasudil, as
a specific inhibitor of ROCK, a n important downstream
effector molecule of the small G-protein Rho signal-
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Figure 2. ROCK1 protein content following various treatments.
Top, a representative of Western blot. Bottom, quantitative data
for ROCK1 protein expression. Difference are not statistically sig-
nificant.
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Figure 3. ROCK1 activity content following various treatments.
Top, a representative of Western blot. Bottom, quantitative data
for ROCK1 activity expression. Note: When compared to the blank
control group, *P<0.05; when compared to the PMA-stimulated
group, *P and P were both <0.05.

ing pathway, has been used for treatment of a variety
of diseases associated with ROCK (Riento et al, 2003;
Surma et al, 2011). The experimental results presented
here suggest that ROCK may play an important role in
the adhesion mechanism of macrophages. In the human,
ROCK exists as two subtypes, ROCK1 and ROCK2, of
similar structures. However, ROCK1 is mainly distrib-
uted in the lungs, liver and kidneys, whereas ROCK2 is
mainly found in the brain (Nakagawa e a/, 1996). An
increasing number of experiments have shown that the
roles of these two subtypes of ROCK are not similar
and may even be mutually antagonistic. Currently, an ob-
vious distinction between the specific roles of ROCKI1
and ROCK2 is not known. Studies have shown that
ROCKI1 plays a major role in the neutrophil adhesion
process, whereas ROCK2 does not (Kume, 2008). In a
study of lipopolysaccharide-induced acute lung injury in
mice, lung inflammation was significantly reduced after
giving fasudil (Li e a/, 2010). In addition, an experimen-
tal analysis of coronary artery ligation-induced vascular
injury also confirmed that ROCK1 was the main cause
of neutrophil aggregation and vascular injury (Noma ef
al., 2008). Therefore, the inhibition of ROCKI1 expres-
sion may be the key to suppressing inflammation. In
the experiments presented here, the mechanism of mac-
rophage adhesion inhibition by DEX was similar to that
of fasudil, thereby suggesting that DEX may also inter-
act with ROCK. Our experiments found that in both
the PMA stimulation group and the DEX and fasudil

treatment group, the ROCKI1 protein content showed
no obvious change. However, in the DEX and fasudil
treatment group, ROCKI activity was significantly re-
duced relative to the PMA stimulation group. Therefore,
we speculate that DEX and fasudil have similar actions,
namely the inhibition of ROCKI1 activity, thereby inhib-
iting cell adhesion, which does not affect the ROCKI1
protein content.

CONCLUSION

Although the role of glucocorticoids in the inhibition
of acute inflammation and of allergic reactions, and in
immunosuppression has undisputed therapeutic poten-
tial, accompanying side effects have restricted its use.
The mechanisms of the genomic and non-genomic ef-
fects of glucocorticoids have gradually been discovered.
Experiments have confirmed that glucocorticoids affect
the cell adhesion junction complex 2z RhoA (Ruben-
stein e/ al, 2003), although it remains unclear whether
glucocorticoids affect ROCKI1. The experimental results
presented here suggested that DEX inhibited the activa-
tion of ROCK1 and thus hindered the adhesion func-
tion of monocyte-macrophage cells, which occurred as a
non-genomic effect. In other words, ROCK1 may be an
important effector molecule of glucocorticoids in a non-
genomic effect pathway. In the course of using glucocor-
ticoids to inhibit the over-adhesion of inflammatory cells,
future work will be necessary to improve the specific
effects of the glucocorticoid treatment while highlight-
ing its impact on ROCKI1 inhibition and avoiding the
occurrence of other genomic and non-genomic effects.
In conclusion, through the measurement of U937 mono-
cyte-macrophage cell adhesion, this study found that
DEX suppresses the up-regulation of U937 cell adhesion
under PMA stimulation by inhibiting ROCK1 activity.
However, the specific molecular mechanism by which
DEX inhibits ROCK1 activity remains unclear and re-
quires further study.
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