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Abstract. We analyzed the role of the RhoA/ROCK pathway in regulating endothelial dysfunc-
tion triggered by LPS and the protective effects of TSG (2, 3, 5, 4’-tetrahydroxystilbene-2-O-B-D-
glucoside). Human umbilical vein endothelial cells (HUVECs) were treated with LPS at different
concentrations or at different time points. Cells were also pretreated with 30 uM ROCK inhibitor
Y27632 for 30 min or different concentrations of TSG for 24 h and then were incubated with 100 pg/ml
LPS for another 24 h. The results showed that LPS treatment significantly reduced endothelial cell
viability, increased LDH release, and promoted cell necrosis in a dose- and time-dependent manner,
which was dramatically inhibited by TSG pretreatment. Furthermore, LPS induction significantly
enhanced the expression of RhoA, ROCKI1, and ROCK2 and the activation of ROCK; these effects
were reduced by TSG pretreatment. The suppression of either RhoA or ROCK significantly improved
LPS-induced endothelial cell viability, and reduced cell necrosis and LDH release. In addition, LPS
treatment promoted F-actin skeleton rearrangement and contraction ring formation around the
plasma membrane, which was greatly inhibited by the suppression of the RhoA/ROCK pathway
or TSG pretreatment. In conclusion, TSG may inhibit F-actin cytoskeletal remodeling by blocking
RhoA/ROCK signaling and thus reduce LPS-induced endothelial cell toxicity.

Key words: Tetrahydroxystilbene glucoside — RhoA/ROCK pathway — LPS — Actin — Endothelial
dysfunction

Abbreviations: DAPI, 4)6-diamidino-2-phenylindole; DMSO, dimethylsulfoxide; FBS, fetal bovine
serum; FITC, fluorescein isothiocyanate; HUVECs, human umbilical vein endothelial cells; LDH,
lactate dehydrogenase; LPS, lipopolysaccharide; MLC2, myosin light chain 2; MTT, 3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; MYPT1, myosin phosphatase targeting subunit
1; PL propidium iodide; ROCK, Rho-kinase; SDS, sodium dodecyl sulfate; TBST, Tris-buffered
saline-Tween; TSG, 2,3,5,4’-tetrahydroxystilbene-2-O-p-D-glucoside.

Introduction tant circulatory pathophysiological characteristic of sepsis

and septic shock (Fu et al. 2015). In addition, endotoxemia
Lipopolysaccharide (LPS) is the main causative pathological ~ can cause multiple organ failure and many diseases, such
agent of gram-negative bacilli. LPS in the blood isan impor-  as acute respiratory distress syndrome (ARDS), severe

burns and trauma. LPS-induced injury of endothelial cells
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TSG (2,3,5,4’-tetrahydroxystilbene-2-O-B-D-glucoside)
is the main bioactive component extracted from the dried
tuber of the traditional Chinese medicine, Polygonum
multiflorum. It has been reported that TSG has multiple
pharmacological activities, such as anti-oxidation, anti-
inflammation, and anti-platelet aggregation, and can im-
prove memory and learning ability (Biichter et al. 2015;
Wu et al. 2017). Previous studies have also found that TSG
inhibits matrix metalloproteinase activation, inflamma-
tory responses, and the proliferation of vascular smooth
muscle cells, and delays vascular and endothelial cell aging
in atherosclerosis rats (Zhang et al. 2008; Han et al. 2012).
However, the effects of TSG on LPS-induced endothelial
cell dysfunction remain unknown.

Small Rho GTPases of the Rho family, mainly including
RhoA, Cdc42 and Racl, play a role in molecular switching
in a series of intracellular activities by mediating the trans-
formation between GDP-bound inactive forms and GTP-
bound active forms (Heasman and Ridley 2008). Rho-kinase
(ROCK) is one of the best-characterized effectors of small
GTPase RhoA and contains two similar isoforms, ROCK1
and ROCK2 (Matsui et al. 1996; Nakagawa et al. 1996). It
has been reported that ROCK deletion attenuates diabetes-
induced vascular endothelial dysfunction by preventing
increased arginase activity, and by reducing nitric oxide
production (Yao et al. 2013). ROCK kinases have roles in
the phosphorylation of myosin light chain 2 (MLC2) and
cofilin to modulate the actin cytoskeleton (Shi et al. 2013).
However, it remains largely unclear whether the RhoA/
ROCK pathway or its regulation of the actin cytoskeleton is
involved in LPS-mediated endothelial dysfunction. In this
study, we investigated the specific role of the RhoA/ROCK
pathway in LPS-induced F-actin cytoskeleton and endothe-
lial dysfunction and further demonstrated the protective
effects of TSG on cell injury induced by LPS.

Materials and Methods

Materials

TSG (purity above 98%) was purchased from Sikehua
Biosciences (#2005119; Chengdu, China). DMEM medium
and fetal bovine serum (FBS) were obtained from Gibco-
BRL (Grand Island, NY). 3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT), dimethylsulfoxide
(DMSO), 4 6-diamidino-2-phenylindole (DAPI), and
sodium dodecyl sulfate (SDS) were purchased from Sigma
Chemical Co. (St. Louis, MO). Primary antibodies for
RhoA (#2117), MYPT1 (#2634), phospho-MYPT1 (Thr696
and Thr853) (#5163 and #4563), ROCK1 (#4035), ROCK2
(#8236), GAPDH (#2118), and von Willebrand factor
(#65707) were obtained from Cell Signaling Technology

(Beverly, MA, USA). Horseradish peroxidase (HRP)-
conjugated anti-rabbit IgG (sc-2357) was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). The
annexin V-FITC/PI double staining kit was purchased
from Clontech (Mountain View, CA, USA). The LDH
(lactate dehydrogenase) assay kit (ab197004) was obtained
from Abcam (Cambridge, MA, USA). The specific ROCK
inhibitor Y-27632 was purchased from Selleckchem
(Houston, TX, USA). LPS was from Sigma (Saint Louis,
MO, USA). siRNAs were synthesized by Sangon Gene
Company (Shanghai, China). All of the other chemicals
used in these experiments were of analytical grade and
made in China.

Cell culture and treatment

Human umbilical vein endothelial cells (HUVECs) were iso-
lated by collagenase digestion of umbilical veins from fresh
cords. The study protocol was approved by the Ethics Review
Committee of the Affiliated Hospital of Nantong University.
HUVECs were cultured in DMEM (HG) with 10% FBS in
a humidified atmosphere of 5% CO, and 95% air at 37°C,
and passaged every 2-3 days by trypsinization. HUVECs at
passages 3—6 were used in this study and identified by von
Willebrand factor (data not shown).

HUVECs were treated with different concentrations of
LPS (0, 1, 10, 25, 50, and 100 pg/ml) for 24 h or 100 pg/ml
LPS at different time points (0, 6, 12, 24, 48, and 72 h). The
cells were pretreated with 30 uM of the ROCK pan-inhibitor
Y27632 for 30 min before being incubated with 100 pg/ml
LPS for 24 h. The cells were pretreated for 24 h with different
concentrations of TSG (0, 10, 25, 50, and 100 uM), and then
exposed to 100 pg/ml LPS for 24 h.

MTT assay

Cell viability was measured by the MTT method. After
treatments, the cells were added into 20 ul MTT solution
(5 mg/ml MTT in phosphate-buffered saline solution) and
then incubated at 37°C for 4 h. Subsequently, the MTT-
containing DMEM was removed and replaced by 150 pl of
DMSO, and then the plates were gently shaken for 10 min.
Absorbance was measured at 570 nm using a microplate
reader. Cell viability was expressed as the fold of the value
of the control culture.

LDH release assay

Cell toxicity was further confirmed by measuring the activity
of LDH. An LDH release assay was performed according to
the protocols of the LDH kit. Briefly, the culture medium
was mixed with NAD and lactate solution (Xu et al. 2013).
The absorbance of the samples was measured with a fluo-
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rescent microplate reader equipped with a filter for Ex/Em
=535/587 nm.

Flow cytometry

To detect cell apoptosis, the cells were washed with PBS
and then stained with annexin V-fluorescein isothiocyanate
(FITC) and propidium iodide (PI) for 20 min according to
the annexin V-FITC and PI double staining kit instructions.
Briefly, cells were collected by centrifugation at 1000 rpm
for 5 min and then gently resuspended in 500 pl of binding
buffer. Then, 5 pl of annexin V-FITC and 5 ul of PI solution
(final concentrations of both, 1 pg/ml) were added and
incubated with cells in the dark for 15 min. At the end of
incubation, the cells were and analyzed by flow cytometry
(FACSCalibur, BD Biosciences, San Jose, CA, USA).

Western blot analysis

Cells after various treatments were lysed in protein lysis
buffer (0.2% SDS, 1% NP-40, 5 mM EDTA, 1 mM PMSE,
10 ug/ml leupeptin, and 10 pg/ml aprotinin) and then
centrifuged at 12,000 rpm for 15 min at 4°C. The protein
concentrations were determined with the BCA-100 Protein
Quantitative Analysis kit (Sangon, Shanghai, China). The
protein samples were separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred onto a polyvinylidene fluoride (PVDF)
membrane (Millipore, Billerica, MA, USA). The membranes
were incubated at room temperature for 2 h with 5% skim
(non-fat) milk in Tris-buffered saline-Tween (TBST). After
washing with TBST, the membranes were then incubated
with appropriate antibodies overnight at 4°C. Subsequently,
the membranes were washed with TBST and incubated with
HRP-conjugated secondary antibodies for 1 h at room tem-
perature. Band intensities were quantified by densitometry
and imaging software (Labworks).

Transfection of siRNA

The siRNAs were a human RhoA-siRNA (sense: UGGCA-
GAUAUCGAGGUGGAJTAT; anti-sense: UCCACCUC-
GAUAUCUGCCAJdTAT), a human ROCK1-siRNA (sense:
GACGCAAGAAAGCAAGAAAATAT; anti-sense: UUUCU-
UGCUUUCUUGCGUCATd), and a human ROCK2-siRNA
(sense: GGCACGACUAGCAGAUAAAJATAT; anti-sense:
UUUAGCUGCUAGUCGUGCCATAT). Synthetic siRNAs
were dissolved into DEPC water at a concentration of 20 uM.
The transfection reagent Lipofectamine 2000 and the siRNAs
were diluted with Opti-MEM (Invitrogen, Karlsruhe, Ger-
many) and incubated for 5 min at room temperature prior
to use. Subsequently, the siRNAs solution and Lipofectamine
2000 solution were mixed and incubated for 20 min at room

temperature to allow complex formation. The mixture was
added to the HUVECs and incubated at 37°C with 5% CO,
for 48 h.

F-actin imaging

To detect F-actin, HUVECs were seeded and attached to
gelatin-coated glass coverslips. The cells were fixed with 4%
paraformaldehyde in PBS for 20 min and permeabilized with
0.2% Triton X-100 for 30 min. After blocking with 5% bovine
serum albumin, the cells were stained with rhodamine-
conjugated phalloidin (Life Technologies) for 20-90 min at
room temperature. After washing with PBS, the cells were
stained with DAPI for 20 min. Stained cells were viewed
under a fluorescent microscope equipped with appropriate
filters (Nikon, Japan).

Statistical analysis

All experiments were repeated at least three times. Data
were expressed as means + SD. One-way ANOVA fol-
lowed by Student’s t-test was used for statistical analysis
with SPSS.

Results

The toxicological effects of LPS on HUVECs

We added different concentrations of LPS (0, 1, 10, 25, 50,
and 100 pg/ml) to the cell culture media of HUVECs. Af-
ter treatment for 24 h, cell viability was assessed by MTT
assay. As shown in Fig. 1A, the viability was significantly
decreased after treatment with 25, 50, and 100 pg/ml LPS
when compared with the control group (0 pg/ml LPS),
while the cell viability after treatment with 1 or 10 pg/ml
LPS had no obvious changes. In addition, we also treated
HUVECs with LPS at a final concentration of 100 pg/ml at
different time points (0, 6, 12, 24,48, and 72 h). MTT results
showed that the viability was significantly decreased after
LPS treatment for 24, 48 and 72 h when compared with
the control group (0 h). However, the cell viability was not
significantly decreased when cells were treated with LPS at
6 and 12 h. Furthermore, we detected the cytotoxicity of
LPS by measuring LDH release into the culture medium. As
shown in Fig. 1B, LDH release was greatly increased after
treatment with 25, 50, and 100 ug/ml LPS when compared
with the control group, while 1 and 10 pg/ml LPS treatment
did not affect the release of LDH. The LDH release of HU-
VECs was dramatically enhanced after LPS treatment for
24, 48 and 72 h, while no obvious changes were observed
after LPS treatment for 6 and 12 h. Finally, we detected the
effect of LPS on endothelial cell apoptosis by performing
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flow cytometry. As shown in Fig. 1C, compared with the
control group, LPS treatment at different concentrations
significantly promoted total cell apoptosis (including early-
phase apoptotic and late-phase apoptotic/necrotic cells) in
a dose-dependent manner, in which late-phase apoptotic/
necrotic cells were dominant. Total cell necrosis was greatly
increased after treatment with 100 pg/ml LPS for 24, 48 and
72 h. Since LDH release significantly increased, we think
that endothelial cytotoxicity induced by LPS treatment
was dominated by necrosis. Taken together, LPS treatment
significantly promoted endothelial cell necrosis and reduced
cell viability in a dose- and time-dependent manner. Since
cell survival was less than 50% after prolonged exposure to

LPS, we performed 100 pg/ml LPS treatment for 24 h in
subsequent experiments.

Inhibitory effects of TSG on LPS-induced cytotoxicity in
HUVECs

HUVECs were pretreated with different concentrations of
TSG (10, 25, 50, and 100 uM) for 24 h and then treated with
LPS at a final concentration of 100 pg/ml for another 24 h.
MTT assays showed that 100 uM TSG treatment alone exhib-
ited no significant effects on cell viability in HUVECs. TSG
pretreatment of 50 and 100 uM significantly promoted cell
viability after LPS treatment (Fig. 2A). As shown in Fig. 2B,
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50 and 100 pM TSG pretreatment significantly reduced the
LDH release induced by LPS, while 100 uM TSG treatment
alone had no significant effects on the release of LDH in
HUVEC:s. As illustrated in Fig. 2C, pretreatment with various
concentrations of TSG (10, 25, 50, and 100 uM) significantly
reduced the number of necrotic cells induced by LPS (IC50 =
39.76 uM), while TSG treatment alone (100 pM, for 24 h) had
no significant effects on the necrosis of normal HUVECs.

Inhibitory effects of TSG on the RhoA/ROCK pathway
induced by LPS

To investigate whether the RhoA/ROCK pathway mediates
LPS-induced HUVEC cell injury and whether TSG has an
interventional effect on this pathway, we detected the expres-
sion of RhoA and ROCK, and the activation of ROCK by
using Western blotting. As shown in Fig. 3A, compared with
the control group, LPS significantly increased the expression
of RhoA (p < 0.05), which was greatly inhibited by 100 uM
TSG pretreatment. The expression of RhoA in normal en-

dothelial cells was not affected by 100 pM TSG treatment
alone. In addition, LPS significantly increased the expres-
sion of both ROCK1 and ROCK2 when compared with the
control. TSG pretreatment at different concentrations (10,
25, 50, and 100 pM) dramatically decreased the expression
of ROCK1 induced by LPS treatment, while LPS-induced
ROCK?2 expression was significantly inhibited only by
100 uM TSG pretreatment (Fig. 3B). We did not detect any
significant effects of 100 uM TSG treatment alone on both
ROCKI1 and ROCK2 expression in normal HUVECs. We
further examined the activation of ROCK induced by LPS
by detecting the phosphorylation of myosin phosphatase
targeting subunit 1 (MYPT1) (Arita et al. 2009). As illus-
trated in Fig. 3C, LPS treatment significantly enhanced the
phosphorylation of MYPI1 (both at Thr696 and Thr853
sites) without affecting the total MYPT1 expression, which
was greatly inhibited by pretreatment with 50 and 100 pM
TSG. In addition, 100 uM TSG pretreatment alone had no
significant effect on the total expression and phosphoryla-
tion of MYPT1 in normal endothelial cells. Therefore, these
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Figure 3. Effects of TSG on the LPS-induced RhoA/ROCK pathway. HUVECs were pretreated with different concentrations of TSG (0, 10,
25, 50, and 100 uM) for 24 h before treatment with 100 ug/ml LPS for another 24 h. A. Western blot analysis for RhoA expression. B. Western
blot analysis of ROCK1 and ROCK2 expression. C. Western blot analysis of MYPT1 expression and phosphorylation (Thr696 and Thr853).
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target proteins to GAPDH or MYPT1. Cells without treatment were Control group. Data are expressed as means + SD of three independent

experiments. * p < 0.05, ** p < 0.01 and *** p < 0.001 vs. Control group; * p < 0.05,* p < 0.01 and *** p < 0.001 vs. LPS-treated group (n = 3).
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results demonstrate that the RhoA/ROCK pathway may be
involved in LPS-induced endothelial cell injury and that
TSG may inhibit LPS-induced endothelial dysfunction by
inhibiting the RhoA/ROCK pathway.

Effects of RhoA/ROCK pathway suppression on LPS-induced
endothelial dysfunction

To further confirm that the RhoA/ROCK signaling path-
way is involved in LPS-induced endothelial cell toxicity,

we first silenced the expression of RhoA, ROCKI, and
ROCK?2 in HUVECs by siRNA and then identified their
expression by Western blot. The results showed that
the transfection of RhoA-siRNA, ROCK1-siRNA, and
ROCK2-siRNA successfully reduced the expression of
RhoA, ROCK1, and ROCK?2, respectively (Fig. 4A-C).
MTT assays showed that the LPS-induced reduction of
endothelial cell viability was significantly improved after
the suppression of RhoA or ROCK or pretreatment with
the ROCK inhibitor Y27632 (Fig. 4D). Furthermore,
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Figure 5. Phalloidin and phalloidin conjugates for staining F-actin
filaments. Immunofluorescence assay for F-actin (red) and nuclei
stained with DAPI (blue). Cells were pretreated with 20 uM Y27632
for 30 min before being incubated with 100 ug/ml LPS for 24 h.
RhoA or ROCK suppression inhibited the redistribution of F-actin
induced by LPS. (See online version for color figure.)

LPS-induced LDH release was significantly inhibited by
silencing the expression of RhoA or ROCK or pretreat-
ment with Y27632 (Fig. 4E). And LPS-induced endothelial
cell necrosis was also significantly decreased after the
suppression of RhoA or ROCK or pretreatment with
Y27632 (Fig. 4F). These results indicate that inhibition
of the RhoA/ROCK signaling pathway can significantly
reduce LPS-induced endothelial cell injury.

Effects of RhoA/ROCK pathway suppression on LPS-in-
duced F-actin remodeling

It has been confirmed that the actin skeleton rearranges
during cell apoptosis and motility activation (Amano et al.
1997; Shi et al. 2013). In this study, we observed the effects of
LPS and RhoA/ROCK pathway suppression on the F-actin
skeleton by performing phalloidin staining. As shown in
Fig. 5, F-actin stained as red filaments was distributed
over the whole cell in normal HUVECs. After treatment
with LPS, cells were slightly contracted, and F-actin was
mainly distributed around the plasma membrane to form
a strong red fluorescence ring in the cell edge. This LPS-
induced F-actin skeleton remodeling was inhibited by the
suppression of RhoA, ROCK1, or ROCK2, or by pretreat-
ment with Y27632 as shown by the decreased fluorescent
rings around the plasma membrane and the increased
distribution of F-actin over the whole cell. However, sup-
pression of the RhoA/ROCK pathway exhibited no obvious
effects on F-actin distribution in normal HUVECs. These
results indicate that the suppression or inhibition of the
RhoA/ROCK signaling pathway can reverse LPS-induced
F-actin cytoskeleton remodeling.

Effects of TSG on LPS-induced F-actin remodeling

Furthermore, we observed the effects of TSG on the re-
modeling of F-actin induced by LPS. As shown in Fig. 6, 50
and 100 pM TSG pretreatment dramatically decreased the
red fluorescent rings in the cell edges induced by LPS and
reversed the distribution of F-actin throughout the cells.
However, pretreatment with 100 uM TSG alone did not ex-
hibit significant effects on F-actin distribution in normal en-
dothelial cells. These results demonstrate that TSG treatment
can inhibit LPS-induced F-actin cytoskeleton remodeling.

Discussion

The RhoA/ROCK signaling pathway has been reported to be
involved in multiple diseases, such as diabetic nephropathy,
cancer, and hypertension. RhoA/ROCK signaling induces
cytoskeletal reorganization and stresses fiber formation,
which participates in many physiological functions (Riento
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and Ridley 2003; Arita et al. 2009; Satoh et al. 2011). In this
study, we first elucidated the regulation of the RhoA/ROCK
signaling pathway in LPS-induced endothelial injury and
F-actin cytoskeleton remodeling.

We found that LPS treatment significantly reduced the
survival rate of endothelial cells, and increased the release of
LDH and cell necrosis in a dose- and time-dependent man-
ner. The viability of cells exposed to 25, 50, and 100 pg/ml
of LPS decreased to 0.75 + 0.08, 0.61 + 0.06, and 0.52 + 0.09
compared with the control, respectively. Since the survival
rate of cells treated with 100 pg/ml LPS was greater than 50%,
we thus selected 100 pg/ml LPS treatment for further experi-
ments in this study. Since small Rho GTPases act as molecu-
lar switches in a range of cellular activities (Bishop and Hall
2000; Heasman and Ridley 2008), we observed the effects of
LPS on the expression of RhoA. The results showed that LPS
induction significantly enhanced the expression of RhoA.
The suppression of RhoA by siRNA significantly improved
the endothelial cell survival rate and reduced LPS-mediated
endothelial cell necrosis and LDH release, indicating that
RhoA is indeed involved in LPS-induced endothelial cell
injury. ROCK, a serine/threonine protein kinase, is an im-
portant effector protein of RhoA and includes two subtypes,
ROCKI1 and ROCK2 (Yao et al. 2013). Our results illustrated
that LPS treatment significantly induced the expression of
both ROCK1 and ROCK?2 as well as the activation of ROCK.
After successfully suppressing the expression of ROCK1
and ROCK?2 or pretreating with the non-selective ROCK
inhibitor Y-27632 (which equivalently inhibits ROCK1 and
ROCK?2), cell necrosis and LDH release induced by LPS were
significantly inhibited, and the endothelial cell survival rate
was dramatically improved. These results indicate that the
RhoA/ROCK signaling pathway participates in LPS-induced
endothelial cytotoxicity.

It has been reported that the reorganization of F-actin in
endothelial cells is an important pathological factor leading
to increased endothelial permeability and endothelial dys-
function (Shietal. 2013; Wang et al. 2013). It has been found
that activated RhoA regulates the phosphorylation of the
downstream myosin light chain (MLC) by activating ROCK,
causing the formation of stress fibers and focal adhesion and
the remodeling of F-actin (Shi et al. 2013; Wang et al. 2013).
To find out whether the F-actin cytoskeleton regulated by
the ROCK pathway plays a role in LPS-induced endothelial
cell injury, we examined the effects of the RhoA/ROCK
pathway on LPS-mediated F-actin remodeling. We found
that LPS treatment promoted F-actin skeleton rearrangement
and the formation of contraction rings around the plasma
membrane, accompanied by cell morphology changes, which
were greatly inhibited by suppression of the RhoA/ROCK
pathway. These results indicate that the regulation of the F-
actin cytoskeleton by the RhoA/ROCK signaling pathway is
involved in LPS-induced endothelial cell injury.

It has been reported that TSG has significant pharmaco-
logical activities such as antioxidant and anti-inflammatory
activities (Xu et al. 2012; Zhang et al. 2012; Biichter et al.
2015; Chen et al. 2017). In this study, we found that TSG
significantly inhibited LPS-induced LDH release and cell
necrosis, and improved endothelial cell viability. In addi-
tion, TSG significantly suppressed the expression of RhoA,
ROCKI1, ROCK?2, and the activation of ROCK induced by
LPS. We also found that TSG inhibited LPS-induced F-actin
cytoskeleton remodeling and reduced the formation of
contracting rings and cell morphological changes. Taken

Control

100 pM TSG

10 uM TSG+LPS

25 uM TSG + LPS

50 UM TSG +LPS

100 pM TSG+ LPS

Figure 6. Phalloidin and phalloidin conjugates for staining actin
filaments. Immunofluorescence assay for F-actin (red) and nuclei
stained with DAPI (blue). Cells were pretreated with different
concentrations of TSG (10, 25, 50, and 100 uM) for 24 h and then
treated with 100 pg/ml LPS for another 24 h. TSG pretreatment
inhibited the redistribution of F-actin induced by LPS. (See online
version for color figure.)
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together, TSG may regulate F-actin cytoskeletal rearrange-
ments by inhibiting the RhoA/ROCK signaling pathway
and thereby reduces LPS-induced endothelial cell toxicity.

In conclusion, the main findings of our study are: (i)
the RhoA/ROCK signaling pathway is involved in LPS-
induced endothelial cytotoxicity by regulating the F-actin
cytoskeleton; (ii) TSG reduces LPS-induced endothelial cell
toxicity by inhibiting RhoA/ROCK signaling and F-actin
cytoskeleton remodeling.
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