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Abstract 

This study aimed to explore the effect of DT-13 (25(R,S)-ruscogenin- 1-O- [β-d-glucopyranosyl- 
(1→2)][β-d-xylopyranosyl-(1→3)]-β -d- fucopyranoside) on tumor necrosis factor 
(TNF)-α-induced vascular inflammation and the potential molecular mechanisms. In vitro, DT-13 
suppressed TNF-α-induced adhesion and migration of human umbilical vein endothelial cells 
(HUVECs) by inhibiting the expression of intercellular adhesion molecule-1 (ICAM-1) and vascular 
cell adhesion molecule-1 (VCAM-1). DT-13 markedly suppressed NF-кB p65 phosphorylation, and 
when NF-кB p65 was over-expressed, the inhibitory effect of DT-13 on adhesion molecular de-
creased. DT-13 also suppressed TNF-α induced luciferase activities of ICAM-1 and VCAM-1 
promoter containing NF-κB binding sites. Furthermore, DT-13 markedly suppressed p38 phos-
phorylation and Src degradation induced by TNF-α, whereas had no significant effect on ERK and 
JNK activation. In vivo, DT-13 at 4 mg/kg prevented vascular inflammation and the expression of 
adhesion molecules induced by TNF-α in mice. These findings suggest that DT-13 abrogates 
vascular inflammation by down-regulating adhesion molecules associated with modulating the 
NF-кB, p38MAPK, Src signaling pathways, and NF-κB binding site is at least one of the targets of 
DT-13. This study provides novel information regarding the mechanism by which DT-13 exerts its 
effects on vascular inflammation, which is important for the onset and progression of various 
diseases. 
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1. Introduction 
Endothelial cells (ECs) play a key role in the 

pathogenesis of a broad spectrum of many human 
diseases, including atherosclerosis, heart disease, 
stroke, diabetes, tumor growth and tumor metastasis 
[1]. The dysfunction of ECs is directly involved in 
vascular inflammation. The endothelium is a critical 
regulator of vascular tone; its function is impaired 

with atherosclerosis, with reduced vasodilation, and 
increased vascular tone associated with a proinflam-
matory and prothrombotic state. The reduction of 
inflammation localized in vascular ECs is therefore 
recognized as an important contributor to the patho-
physiology of vascular inflammatory disease [2]. 

Numerous pathophysiological studies have 
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demonstrated that the first step in the development of 
EC inflammation is monocytes adhesion to the vas-
cular endothelium [3]. This pathological process de-
pends on interactions between adhesion molecules 
expressed on the EC surface, including vascular cell 
adhesion molecule-1 (VCAM-1), intercellular adhe-
sion molecule-1 (ICAM-1), E-selectin, and P-selectin 
[4-5]. As reported, these adhesion molecules are 
hallmarks of endothelial inflammation and/or endo-
thelial dysfunction [6]. Generally, these adhesion 
molecules have been demonstrated to be critical for 
activation of endothelium and vascular inflammation 
[7].  

The expression of these adhesion molecules is 
regulated by complex intracellular signaling path-
ways, which involve nuclear factor κB (NF-κB) and 
mitogen-activated protein kinases (MAPKs) [8-10]. It 
was reported that lactoferrin bound to a DNA region 
in the ICAM-1 promoter and inhibited the binding of 
NF-kappaB to a proximal NF-kappaB site in the 
ICAM-1 promoter [11]. Some chemical compounds 
have been shown to reduce TNF-α-induced VCAM-1 
expression in endothelial cells via MAPK and/or 
NF-κB signaling pathways [12-13].  

Additionally, Src activation is also involved in 
vascular inflammation. Previous reports suggest that 
Src tyrosine kinases promote inflammatory processes 
under various pathological conditions induced by 
TNF-α [14]. Src activity is regulated by tyrosine 
phosphorylation at two sites with opposing effects. 
When the C-terminal tyrosine (Y527) is phosphory-
lated, it is bound by the SH2 domain, thus holding Src 
in an inactive conformation [15]. In contrast, the 
phosphorylation of Tyr416, which is located in the 
activation loop of the kinase domain, increases en-
zyme activity [16]. Most importantly, Src activation is 
involved in cell adhesion. Several reports have 
demonstrated that TNF-α-induced vascular inflam-
mation is mediated through the activation of alterna-
tive signaling molecules, including c-Src and ICAM-1 
[17-18]. Overall, these signaling pathways play key 
roles in vascular inflammation. 

The herb Liriope muscari (Decne.) Bailey, a tradi-
tional Chinese medicine, has been used to treat vari-
ous diseases, such as pharyngitis, bronchitis, pneu-
monia, cough, and cardiovascular diseases, for many 
years in China. The steroidal saponin DT-13 
(25(R,S)-ruscogenin- 1-O- [β-d-glucopyranosyl- 
(1→2)][β-d-xylopyranosyl-(1→3)]-β -d- fucopyra-
noside) (Fig. 1A), which is one of the major active 
compounds of L. muscari, exhibits significant an-
ti-inflammatory, cardioprotective, and antitumor ac-
tivities [19-21]. DT-13 also inhibits cancer cell adhe-
sion and migration via the down-regulation of matrix 
metalloproteinases (MMPs) and p38 activation 

[22-23]. These activities of DT-13 suggest that it may 
have an effect on vascular inflammation. However, 
the mechanism by which DT-13 exerts its bioactivity 
remains uncharacterized. 

In the present study, we evaluated the effect of 
DT-13 on the adhesion of monocytes to 
TNF-α-induced ECs, which is a common model to 
investigate the pathogenesis of vascular inflammation 
[24-25]. We also demonstrate the effect of DT-13 on 
NF-κB p65 activation as well as p38MAPK and Src 
(Tyr527 and Tyr416) phosphorylation and confirmed 
its inhibitory activity on vascular inflammation in 
vivo. Our results provide novel information regarding 
the potential mechanism by which DT-13, the major 
active compound from L. muscari (Decne.), exerts its 
activity on EC adhesion and migration, which are 
critical steps of vascular inflammatory diseases.  

2. Materials and methods  
2.1 Extraction and isolation of DT-13 

DT-13 was prepared according to a previously 
described method and was determined to be 
(25(R,S)-ruscogenin-1-O-[β-d-glucopyranosyl-(1→2)][
β-d-xylopyranosyl-(1→3)]-β-d-fucopyranoside) by 
comparing its physical data (1H NMR, 13C NMR and 
MS) with published values. The purity of DT-13 was 
determined to be 98.5% by a high-performance liquid 
chromatography-evaporative light scattering detector 
(HPLC–ELSD) assay according to a previously re-
ported method [26]. 

2.2 Materials and chemicals  
Dexamethasone (Dex) was purchased from 

Zhejiang Xianju Pharmaceutical Co. Ltd (Hangzhou, 
Zhejiang, China). Human and mouse TNF-α was ob-
tained from Bioworld Technology Inc. (Minneapolis, 
MN, USA). In addition, 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyl tetrazolium bromide (MTT) was ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). The 
bicinchoninic acid (BCA) protein assay and enhanced 
chemiluminescence (ECL) kits were obtained from 
Beyotime Institute of Biotechnology (Shanghai, Chi-
na). Antibodies against human p65, phospho-p65 
(Ser536), Src, phospho-Src (Tyr527 and Tyr416), IкB-α, 
phospho-IкB-α, ERK, phospho-ERK, JNK, phos-
pho-JNK, p38, phospho-p38, ICAM-1, and VCAM-1 
were obtained from Cell Signaling Technology, Inc. 
(Beverly, MA, USA). Mouse glycerolde-
hyde-3-phosphate dehydrogenase (GAPDH) and 
horseradish peroxidase (HRP)-conjugated secondary 
antibodies were obtained from Bioworld Technology 
Inc. (Minneapolis, MN, USA).  

2.3 Cell culture  
Human umbilical vein endothelial cells (HU-
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VECs) and human monoblastic leukemia cells 
(THP-1) were purchased from Shanghai FuMeng 
Gene Bio-technology (Shanghai, China). HUVECs 
were grown in RPMI 1640 medium supplemented 
with 10% heat-inactivated fetal bovine serum (FBS), 
100 U/mL penicillin, 100 μg/mL streptomycin, and 
2.0 g/L sodium bicarbonate. THP-1 cells were cul-
tured in RPMI 1640 medium supplemented with 10% 
heat-inactivated FBS, 50 μM β-mercaptoethanol, 2.0 
mM glutamine, 100 U/mL penicillin and streptomy-
cin. The cells were maintained at 37°C with 5% CO2 
and 95% humidity.  

2.4 Monocyte-HUVEC adhesion assay  
An adhesion assay was performed as previously 

described [27]. HUVECs plated in a 96-well culture 
plate at a concentration of 104 cells/well. At 70-80% 
confluence, the cells were treated with DT-13 (0.01, 0.1 
and 1 μM) or dexamethasone (1 μM) for 1 h followed 
by 4 h incubation with TNF-α (10 ng/mL) at 37 °C. 
The media aspirated, and 100 µL of RPMI 1640 me-
dium or THP-1 cells (1×105) were added to different 
wells. The THP-1 cells were fluorescently labeled with 
BCECF AM (Molecular Probes, Beyotime, Jiangsu, 
China) for 1 h according to the manufacturer's in-
structions. After incubation for 60 min in a CO2 incu-
bator, the plates were washed with fresh RPMI 1640 
medium to remove the non-adherent THP-1 cells. 
Images were obtained, and the absorbance was 
measured at 488 nm. The experiments were repeated 
three times, each with six replicates.  

2.5 HUVECs migration assay 
HUVECs plated in a 12-well plate at a density of 

105cells/well. When the HUVECs were 50 to 60% 
confluent, a scratch wound was produced using a 
200-µL plastic tip. After three washes with RPMI 1640 
medium, the cells were incubated with serum-free 
RPMI 1640 medium containing various concentra-
tions of DT-13 (0.01, 0.1, and 1 µM) followed by 6h 
TNF-α (10 ng/mL) exposure. The cells were then 
cultured in the desired concentrations of DT-13 or 
vehicle (DMSO, 0.1%) in RPMI 1640 medium with 
0.5% serum. The wounded areas were imaged by flu-
orescence microscopy at 0h and 24h time points. The 
area of the wound was measured using ImageJ soft-
ware (National Institute of Health, Bethesda, MA). 

2.6 Flow cytometry 
After washing twice with PBS, HUVECs were 

incubated in 50 µL of staining buffer (PBS, 1% BSA 
and 0.1% NaN3) containing phycoerythrin 
(PE)-anti-VCAM-1 and PE-anti-ICAM-1 (eBioscience, 
San Diego, CA) for 30 min at 4°C in the dark. After 
three washes, the cells were resuspended in 0.5 mL of 

staining buffer, and the fluorescence intensity was 
measured using a FACScan instrument (Becton 
Dickinson, San Jose, CA, USA). 

2.7 Transient transfection of NF-κB in HU-
VECs  

HUVECs were seeded into 6cm culture dishes 
(Corning, Lowell, MA) for overnight. Subsequently, 
1μg of pNF-κB–M98 (pReceiver-M98, Funeng, 
Guangdong, China) or pcDNA was transfected into 
HUVECs using Endofectin-Plus transfection Reagent 
(Genecopoeia, Guangdong, China), according to the 
manufacturer’s instruction. After transfection for 43h, 
cells were pretreated with or without DT-13 at 1μM 
for 1h prior to TNF-α (10 ng/mL) induction for 4h. 
The cells were collected for Western blot analysis. 

2.8 ICAM-1and VCAM-1-promoter luciferase 
reporter gene assay  

The luciferase assay was designed as previously 
described with minor modification [28]. Briefly, the 
human ICAM-1 promoter (-230/+45, -85/+45) and 
VCAM-1 promoter (-213/+119, -44/+119) were li-
gated into the pGL3-Basic luciferase reporter vector 
(Promega,WI,USA). Cells at 70–80% confluence were 
transfected with various human ICAM-1/VCAM-1 
promoter-luciferase vectors (1 μg) or scramble siRNA 
as designed (Shanghai, China). β-Gal plasmid was 
co-transfected with ICAM-1/VCAM-1 promot-
er-luciferase plasmids to serve as the control for 
transfection efficiency. After transfection for 36h, cells 
were pretreated with or without DT-13 at 1μM for 1h 
prior to TNF-α (10 ng/mL) induction for 4h. Lucifer-
ase activities were determined using a luciferase assay 
kit (Promega, Madison, WI) in according to the man-
ufacturer’s instructions. 

2.9 Western blot analysis 
The western blotting was designed as described 

with minor modification [29]. HUVECs were treated 
with various concentrations (0.01, 0.1, and 1 µM) of 
DT-13 for 1 h following TNF-α (10 ng/mL) stimula-
tion for 4 h or 15 min. After washing with PBS, the 
cells were lysed in lysis buffer (20 mM Tris (pH 7.5), 
150 mM NaCl, 1% TritonX-100, sodium pyrophos-
phate, β-glycerophosphate, EDTA, Na3VO4, and 
leupeptin) for 30 min on ice. The protein concentra-
tion was determined using a BCA protein assay kit. 
Equal amounts of protein (40 μg) were loaded on an 
SDS-PAGE gel for electrophoresis, and then trans-
ferred onto a polyvinylidene fluoride (PVDF) mem-
brane. The membrane was then blocked with 3% bo-
vine serum albumin (BSA) for 1.5 h at room temper-
ature followed by an overnight incubation at 4˚C in 
the primary antibody. After washing, an 
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HRP-conjugated secondary antibody was added and 
incubated for 1.5 h. The bands were detected using an 
ECL kit and quantified by Quantity One software. The 
antibodies against the respective total proteinswere 
diluted 1:1000, and the antibodies against phosphor-
ylated proteins were diluted 1:500.  

2.10 Monocytes adhesion ex vivo  
The monocytes adhesion ex vivo for mouse was 

assayed according to the described previously with 
minor modifications [30]. Ten-weeks-old male 
C57BL/6 mice were purchased from the Model Ani-
mal Research Centre of Yangzhou University (Yang-
zhou, certificate no. SCXK 2012-0004). The mice were 
randomly divided into 4 groups with 6 mice per 
group (control, TNF-α, TNF-α+DT-13 and 
TNF-α+dexamethasone) based on weight. The mice 
were pretreated with Saline (0.9% NaCl, 10ml/kg, 
intragastric (i.g.)), DT-13 (4.0 mg/kg, i.g.) or dexa-
methasone (2 mg/kg, i.g.) daily for 7 days. One week 
later, the mice were given an intraperitoneal (i.p.) 
injection of 25 μg/kg TNF-α daily for 7 consecutive 
days, or PBS for control mice. Mice were continually 
treated with the Saline, DT-13 or dexamethasone 
during this period. All of the mice were euthanized 
with Nembutal (Zhejiang Xianju Pharmaceutical Co. 
Ltd, Hangzhou, Zhejiang, China) 2 h after the last 
TNF-α injection at the last day. Aortas from the mice 
were rapidly excised, and fat was carefully trimmed 
to remove. The aortas were washed twice with 
ice-cold PBS and placed into DMEM for 10 min at 
37°C. Then, the endothelium was exposed after aortas 
were opened longitudinally. Then the aortas were 
pinned onto 4% agar in 35-mm plates containing 1 mL 
of heat-inactivated DMEM and 1% FBS. WEHI3 
mouse monocytes were fluorescently labeled with 
BCECF AM (Molecular Probes, Beyotime, Jiangsu, 
China) according to the manufacturer's instructions 
for 2h. The aortas were then incubated with 1×106 
fluorescently labeled WEHI3 mousemonocytes for 30 
min at 37°C. After 30min later, the aortas were 
washed twice with pre-heated PBS to remove un-
bound monocytes. The picture of aortas and the 
number of monocytes bound to the aortas were de-
termined by confocal microscopy. The data are pre-
sented as the means± standard deviation (S.D.) of five 
areas of the aorta. Meanwhile, blood samples were 
collected and the serum was ready for ELISA analysis. 
All procedures and assessments were approved by 
the Animal Ethics Committee of the School of Chinese 
Materia Medica, China Pharmaceutical University. 

2.11 In vivo leukocyte infiltration assay  
The leukocyte infiltration was assayed according 

to the described previously with a few changes [31]. 

Ten-weeks-old male C57BL/6 mice were pretreated 
with Saline (0.9% NaCl, 10ml/kg, intragastric (i.g.)), 
DT-13 (1.0, 2.0, or 4.0 mg/kg, i.g.) or dexamethasone 
(2 mg/kg, i.g.) daily for 7days. On the 7th day, TNF-α 
(25 μg/kg, i.p.) was administered in normal saline. 
The mice were sacrificed after 6 h, and the peritoneal 
cavities were washed with 5 mL of normal saline. The 
samples (20 μL) of the obtained peritoneal fluids were 
mixed with 0.38 mL of Turk's solution (0.01% crystal 
violet in 3% acetic acid), and the number of leukocytes 
was counted under a light microscope. 

2.12 Measurements of adhesion molecules 
Soluble forms of ICAM-1 (sICAM-1) and 

VCAM-1 (sVCAM-1) in the serum were measured 
using the Quantikine ELISA Kit (Senbeijia Tech., 
China) according to the manufacturer's instructions. 
The samples were plotted against standard curves to 
determine serum concentrations of sICAM-1 and 
sVCAM-1. 

2.13 Immunofluorescence staining 
For immunofluorescence (IF) staining, tissues 

were harvested after perfusion, dehydrated in 30% 
sucrose, embedded into optimal cutting temperature 
(OCT) compound, and cut into 10-μm thick slices. The 
sections were blocked in 10% goat serum with 0.1% 
BSA solution (in TBS) for 1 h at room temperature and 
then incubated with a primary antibody overnight at 
4°C. Rabbit anti-ICAM-1 (Santa Cruz) was diluted at 
1:200, whereas goat anti-CD31 (BD Corporation) was 
diluted at 1:100. Fluorescent secondary antibodies 
were diluted at 1:200 and incubated for 1 h at room 
temperature. All of the sections were mounted and 
imaged using a fluorescence microscope (Leica, Ger-
many). 

2.14 Statistical analysis 
GraphPad Prism software (Version 4.0, 

GraphPad Software Inc., San Diego, CA) was used to 
perform the data analysis. The data are expressed as 
the means ± SD. Significance between different 
groups was determined using a one-way analysis of 
variance (ANOVA) where appropriateor Student’s 
two-tailed t-test or Dunnett’s test when the data in-
volved three or more groups.P-values less than 0.05 
were considered significant. 

3. Results 
3.1 DT-13 inhibits cell adherence and migra-
tion in TNF-α- activated HUVECs 

To investigate the effect of DT-13 on monocytes 
adhesion to TNF-α-activated HUVECs, THP-1 cells 
were incubated with HUVECs pretreated with vari-
ous concentrations of DT-13 followed by TNF-α 
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stimulated. DT-13 has no effect on the HUVECs 
without the TNF-α activated (Supplementary Figure 
S1.B). Fig. 1D and E indicate that a minimal number of 
THP-1 cells adhered to the HUVECs in the absence of 
TNF-α stimulation. TNF-α (10 ng/mL, 4 h) exposure 
induced a robust increase in THP-1 cells adherence to 
activated HUVECs. Pretreatment of TNF-α-exposed 
HUVECs with DT-13 at nontoxic concentrations of 
0.01 to 1 μM markedly attenuated the THP-1 cell ad-
herence in a concentration-dependent manner (Fig. 

1B). As a positive control, 1 μM Dex decreased THP-1 
cells adhesion to TNF-α-activated HUVECs.  

On the other hand, the ability of DT-13 to reduce 
TNF-α-activated EC migration was confirmed using a 
scratch wound-healing mobility assay. As shown in 
Fig. 1C and F, incubation with TNF-α (10 ng/mL) for 
24 h significantly enhanced endothelial migration. 
Against this, pretreatment with 1 µM DT-13 signifi-
cantly reduced TNF-α-enhanced HUVEC migration.  

 

 
Figure 1. DT-13 inhibited TNF-α-activated endothelial cell adhesion and migration in vitro. (A) The chemical structure of DT-13. (B). THP-1 cells adhesion to 
HUVECs was measured using an ELISA reader at 488 nm. (C). Confluent monolayers were wounded and a wound assay was performed Materials and Methods section. The area 
of the wound was measured using Image J software. (D)&(E). HUVECs were pretreated with various concentrations of DT-13 (0.01, 0.1, and 1 µM) or dexamethasone (Dex, 1 
µM) for 1 h followed by TNF-α (10 ng/mL) stimulation for 4 h. Subsequently, the cells were incubated with THP-1 cells (1×105/mL) for 30 min and washed three times with media. 
The images (×100) are the representative optical fields of various treatments. The cells were scanned under fluorescence at 488nm (D) and the light view (E). (F). Confluent 
monolayers were wounded and a wound assay was performed. HUVECs were pretreated with various concentrations of DT-13 (0.01, 0.1, and 1 µM) or dexamethasone (DEX, 
1 µM) for 1 h followed by TNF-α (10 ng/mL) stimulation for 6 h. The wounded areas were imaged by fluorescence microscopy at 0- and 24-h time points. The data represent the 
mean ± SD from three experiments. ## P<0.01 vs. the control group; * P<0.05, ** P<0.01 νs. the TNF-α group. 
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Figure 2. DT-13 suppressed the expression of ICAM-1 and VCAM-1 in TNF-α-activated HUVECs. (A-B). HUVECs were pretreated with DT-13 (0.01, 0.1, and 1 
μM) for 1 h followed by TNF-α (10 ng/mL) exposure for 4 h. ICAM-1(A) and VCAM-1(B) surface expression were detected by flow cytometry. (C-D). The expression of 
ICAM-1(C) and VCAM-1(D) was detected by Western blotting. Representative blots normalized to GAPDH expression are presented. The data represent the mean ± SD from 
three experiments. ##P<0.01 vs. the control group; * P<0.05, ** P<0.01 vs. the TNF-α group. 

 

3.2 DT-13 inhibits the expression of ICAM-1 
and VCAM-1 in TNF-α- activated HUVECs 

Cell adhesion is controlled by several molecules 
on the cell surface of HUVECs, including ICAM-1 and 
VCAM-1 [32]. To determine the possible molecular 
mechanism by which DT-13 influenced THP-1 cells 
adherence to TNF-α-activated HUVECs, ICAM-1 and 
VCAM-1 expression was evaluated by flow cytome-
try. Incubation of HUVECs with TNF-α dramatically 
increased ICAM-1 (Fig. 2A) and VCAM-1 expression 
on the cell surface (Fig. 2B). Pretreatment with DT-13 
markedly suppressed the expression of 
TNF-α-induced ICAM-1 (Fig. 2A) and VCAM-1 (Fig. 
2B) on the surface of HUVECs in a concentra-
tion-dependent manner. The maximum suppression 
of TNF-α-induced ICAM-1 and VCAM-1 expression 
by DT-13 was 72% and 67%, respectively. The expres-
sion of ICAM-1 and VCAM-1 in HUVECs following 
DT-13 treatment was also evaluated by Western blot 
analysis. Non-activated HUVECs exhibited low levels 
of ICAM-1 (Fig.2C) and VCAM-1 (Fig.2D). However, 
the expression was dramatically increased by TNF-α 
(10 ng/mL) treatment. Pretreatment with DT-13 (0.1, 

and 1 μM) markedly reduced ICAM-1 and VCAM-1 
expression. The maximum inhibitory rates of DT-13 
on ICAM-1 and VCAM-1 expression were 42.5% and 
36.8%, respectively. 

3.3 DT-13 suppressed ICAM-1 and VCAM-1 
expression dependent with NF-κB pathway 

TNF-α activates NF-кB, which subsequently 
translocates into the nucleus, and promotes the gene 
transcription of adhesion molecules [33]. We therefore 
evaluated the influence of DT-13 on TNF-⍺ activated 
NF-кB using Western blot analysis. HUVECs exposed 
to TNF-α (10 ng/mL) exhibited dramatic increases in 
NF-кB p65 and IкB-α phosphorylation, whereas the 
expression of total p65 and IкB-α remained un-
changed. DT-13 inhibited p65 (Fig. 3A) phosphoryla-
tion, with maximum inhibitory rates of 43.3%. 
Meanwhile, DT-13 inhibited the IкB-α (Supplemen-
tary Figure S2.A&B) phosphorylation with maximum 
inhibitory rates of 41.2%.  

To further investigate the role of NF-κB in the 
inhibitory activity of DT-13, the pNF-κB–M98 or 
pcDNA were transfected into HUVECs. Following the 
over-expression of p65 (Supplementary Figure S3), 
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the suppression of ICAM-1 (Fig. 3B) and VCAM-1 
(Fig.3C) by DT-13 decreased. As shown in Fig.3D&E, 
TNF-α induces the activity of the ICAM-1 promoter 
containing NF-κB, TATA, STAT, and the VCAM-1 
promoter containing NF-κB, GTATA without obvious 
effect on the promoters of ICAM-1 and VCAM-1 that 
lack NF-κB binding sites. In contrast, pretreatment 
with DT-13 (1 μM) before TNF-α stimulation reversed 
this increased expression. Moreover, 1 μM DT-13 
alone did not affect the basic activity of both ICAM-1 
and VCAM-1 promoters and had no effects on the 
promoters of ICAM-1 and VCAM-1 that lack NF-κB 
binding sites. These findings suggest DT-13 sup-
pressed ICAM-1 and VCAM-1 expression dependent 
with NF-κB pathway. 

3.4 DT-13 modulated MAP kinase phosphory-
lation in TNF-α-stimulated HUVECs 

 HUVECs exposed to TNF-α exhibit increased 
phosphorylation of mitogen-activated protein kinases 
(MAPKs), such as p38, ERK1/2, and JNK. We there-
fore examined the effects of DT-13 on p38, p-ERK1/2, 
and p-JNK in TNF-α-activated HUVECs. As shown in 
Fig. 4A, TNF-α-induced phosphorylation of p38 
MAPK was significantly suppressed by pretreatment 
with DT-13 (0.1 or 1 μM) for 5 h in HUVECs. The 
maximum inhibitory rate was 50.2%. However, DT-13 
did not significant affect ERK and JNK phosphoryla-
tion (Fig. 4B and 4C).  

 

 
Figure 3. DT-13 inhibited TNF-α-induced ICAM-1 & VCAM-1 activity dependent with NF-κB pathway. (A). DT-13 inhibited TNF-α-induced p-65 phosphorylation 
in HUVECs. HUVECs were pretreated with DT-13 (0.01, 0.1 or 1 μM) for 1 h followed by TNF-α (10 ng/mL) exposure. Expression and activation of p-65 were detected by 
western blotting. ## P<0.01 νs. the control group; * P<0.05,** P<0.01 νs. the TNF-α group. (B) & (C). The over-expression of p65 overcomes the inhibitory effect of DT-13 on 
ICAM-1 (B) and VCAM-1 (C) expression. (D) Human ICAM-1 promoter or (E) VCAM-1 promoter were ligated into pGL3 basic luciferase vectors. The binding sites for 
transcription factors are also shown. Right: Cells were transfected with indicated forms of (D) ICAM-1 or (E) VCAM-1 promoter for 24 h, and then incubated with DT-13 for 
1 h followed by TNF-α (10 ng/mL) stimulation for 4 h. The promoter activity is represented by the level of luciferase activity indicated by relative light units (RLU). pRL-TK plasmid 
was also transfected into cells and used as an internal control. The data represent the mean ± SD of three experiments. # P<0.05, ## P<0.01 νs. the control group; * P<0.05,** 
P<0.01 νs. the TNF-α group. 
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Figure 4. DT-13 inhibited the TNF-α-induced activation of MAPK and Src in HUVECs. HUVECs were pretreated with DT-13 (0.01, 0.1 or 1 μM) for 1 h followed by 
TNF-α (10 ng/mL) exposure. Activation of p38 and phospho-p38 (A), JNK and phospho-JNK (B), and ERK and phospho-ERK (C) , phospho-Src (Tyr416) (G&H)and phospho-Src 
(Tyr527) (G&I) were detected by western blotting. The data represent the mean ± SD of three experiments. # P<0.05, ## P<0.01 vs. the control group; * P<0.05,** P<0.01 vs. the 
TNF-α group. 

 

3.5 DT-13 modulates Src phosphorylation in 
TNF-α-stimulated HUVECs 

 Given the important role of Src activation in EC 
inflammation [34], we therefore investigated the ef-
fects of DT-13 on p-Src (Tyr416 and Tyr527) in 
TNF-α-activated HUVECs. As shown in Fig. 4D, E 
and F, TNF-α activated Src via a decrease in Src 
(Tyr527) phosphorylation and an increase in Src 
(Tyr416) phosphorylation, whereas DT-13 modulated 
Src activation by increasing Src (Tyr527) phosphory-
lation and decreasing Src (Tyr416) phosphorylation. 

3.6 DT-13 decreases cell adherence and leu-
kocyte infiltration in TNF-α-induced mice 

Inflammation-induced mononuclear cell adhe-
sion to ECs is an important step in the development of 
vascular disease. This study determined whether 
DT-13 exerts a regulatory effect on the adhesion of 
monocytes to ECs by identifying whether DT-13 pre-
vents TNF-α-induced vascular inflammation in vivo. 
We examined monocytes binding to intact endothe-
lium in mouse aortic vessels to evaluate the signifi-
cance of the DT-13 effect. An ex vivo monocytes adhe-
sion assay was performed using cultured mouse 
WEHI3 monocytes binding to isolated mouse aortic 
endothelium. As shown in Fig. 5A and B, the number 
of mouse monocytes WEHI3 cells bound to the en-
dothelium of mouse aortas isolated from 
TNF-α-treated mice was significantly increased com-
pared with that of control mice, indicating that the 

vessels in the TNF-α-treated mice were activated and 
exhibited inflammation. Dex (2 mg/kg) was used as a 
positive control and decreased WEHI3 cell adhesion. 
DT-13 (i.g.) reversed this adverse effect (Fig. 5B). 
Moreover, DT-13 did not affect ECs adhesion in the 
absence of TNF-α stimulation (Supplemental Data). 
TNF-α stimulated the migration of mouse leukocytes, 
and 2 and 4 mg/kg DT-13 treatment via intragastric 
administration resulted in a significant reduction in 
peritoneal leukocyte counts (Fig. 5C). Dex (2 mg/kg) 
was used as a positive control and decreased leuko-
cyte migration. DT-13 (i.g.) at 4mg/kg reversed this 
adverse effect (Fig. 5C).  

3.7 DT-13 reduced the expression of adhesion 
molecules in TNF-α-induced mice 

As shown in Fig. 6A and B, the expression of 
ICAM-1 and VCAM-1 in aorta ECs was activated by 
TNF-α compared with the control. DT-13 (4 mg/kg) 
decreases ICAM-1 and VCAM-1 expression. The se-
rum concentrations of ICAM-1 and sVCAM-1 were 
significantly increased in TNF-α-treated mice com-
pared with control mice. Intragastric administration 
of DT-13 significantly suppressed the TNF-α-induced 
increase in ICAM-1 and sVCAM-1 (Fig. 6C and D). As 
these adhesion molecules are critically involved in the 
firm adhesion of monocytes to activated ECs and 
subsequent monocytes recruitment into the suben-
dothelial space [35], these results suggest that DT-13 
exhibits an anti-inflammatory effect in vivo via the 
inhibition of adhesion molecules. 
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Figure 5. DT-13 prevented ECs adhesion and leukocytic infiltration in TNF-α-treated mice. (A) A significantly increased number of mouse monocyte WEHI3 cells 
bound to the endothelium of mouse aortas isolated from TNF-α-treated mice compared with control mice, and DT-13 administered by i.g. injection reversed this adverse effect. 
(B) The number of adhered fluorescently labeled WEHI3 mouse cells was counted in each field. (C) DT-13 inhibited leukocyte migration in vivo at the concentrations of 2 and 4 
mg/kg with TNF-α treatment. The data representthe means ± SD of five areas of one aorta. Bar=100 μm. ##P<0.01 vs. the control group; * P<0.05, ** P<0.01 vs. the TNF-α group. 

 
Figure 6. DT-13 supressed ICAM-1 and VCAM-1 expression in vivo. (A-B). DT-13 inhibited ICAM-1 (A) or VCAM-1 (B) expression in aortic endothelial cells activated 
by TNF-α. ICAM-1 or VCAM-1 was labeled using anti-ICAM-1 or anti-VCAM-1 antibodies (FITC-labeled secondary antibodies, 488 nm) and anti-CD31 (TRITC- FITC-labeled 
secondary antibody, 594 nm). The arrow denotes ICAM-1 and VCAM-1 on ECs. Bar=100 μm. The data are represented as the mean ± SD of five areas of one aorta. (C-D). DT-13 
decreased serum concentrations of sICAM-1 (C) or sVCAM-1 (D) in TNF-α- treated mice by an ELISA assay. ##P<0.01 νs. the control group; * P<0.05, ** P<0.01 νs. the TNF-α 
group. 
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4. Discussion 
The adherence of monocytes to ECs is a major 

early event in vascular inflammation. Monocytes bind 
to the activated endothelium through adhesion mol-
ecules. Upon relocating to the intima, monocytes be-
come intimal macrophages and internalize modified 
lipoproteins to become foam cells. Eventually, these 
macrophages congregate to the central core of acti-
vated vessels [36]. In the present study, we used a 
monocytes cell model of adhesion to TNF-α-activated 
ECs, which is a common model to mimic the interac-
tion between monocytes and ECs. We found that 
DT-13 significantly inhibited adhesion as detected by 
fluorescence and ELISA assays in vitro and in vivo. 
These results indicated the potential application of 
DT-13 in the prevention of early inflammation in 
vascular diseases. 

The inhibition of monocytes adherence to 
TNF-α-activated ECs was likely mediated through the 
regulation of the cell surface expression of adhesion 
molecules, such as ICAM-1 and VCAM-1, given that 
we observed that DT-13 significantly inhibited 
TNF-α-activated cell surface expression of ICAM-1 
and VCAM-1. These adhesion molecules have been 
implicated in the onset and progression of vascular 
diseases [37]. Numerous studies have demonstrated 
that ICAM-1 and VCAM-1 are key molecules that 
firmly adhere between inflammatory cells and the 
vascular surface [38]. For example, ICAM-1 mediates 
the adhesion of leukocytes to an activated endothe-
lium by establishing strong interactions with integrins 
and inducing the firm arrest of inflammatory cells at 
the vascular surface, participating in leukocyte ex-
travasation [39]. VCAM-1 is also the dominant adhe-
sion molecule on the endothelial surface of the vas-
cular wall in the initiation of atherosclerosis [40]. Pre-
vious studies demonstrated that VCAM-1 expression 
increased in the early stages of atherosclerotic lesion 
formation and correlated well with monocytes adhe-
sion to ECs. A reduction in the expression of these 
adhesion molecules is hypothesized to be one of the 
logical mechanisms to ameliorate the early stages of 
vascular disease [41-42]. Our results demonstrated 
that DT-13 inhibited monocytes adhesion to 
TNF-α-activated ECs at least in part by reducing 
ICAM-1 and VCAM-1 expression in vivo and in vitro.  

NF-κB, a major transcription factor in the de-
velopment of atherosclerotic injury and inflammation, 
plays critical roles in endothelial cell activation as well 
as the transcription of numerous cytokines and adhe-
sion molecule-related proteins [43-44]. As previously 
reported, NF-κB subunits are retained in the cyto-
plasm by binding to the inhibitory IκB protein in un-
stimulated cells. Upon stimulation, phosphorylation 

and the subsequent degradation of IκB-α liberates the 
NF-κB subunit p65 to enter the nucleus and bind to 
DNA target sites [45]. Our results demonstrating that 
DT-13 inhibits TNF-α-induced p65 and IκB phos-
phorylation suggested that the NF-κB signaling 
pathway was responsible for the effect of DT-13on EC 
adhesion. NF-κB is one of the transcription factors 
that have been reported to be responsible for ICAM-1 
and VCAM-1 expression [46-47]. Following the 
over-expression of p65, the effect of DT-13 on 
ICAM-1/VCAM-1 decreased. Moreover, in the pro-
moter activity assay, deletion of the NF-κB binding 
sites in VCAM-1 and ICMA-1 affected TNF-α-induced 
promoter activity and DT-13 activity. The 
over-expression of NF-kB/p65 overcomes the inhibi-
tory effect of DT-13 on ICAM-1 and VCAM-1 expres-
sion, and DT-13 inhibited the p65 DNA binding ac-
tivities. These results indicated that NF-κB played a 
key role in DT-13-inhibited VCAM-1 and ICAM-1 
transcription and NF-κB binding site was at least one 
of the potential targets of DT-13. 

In addition to the NF-κB pathway, MAP kinases 
also play an important role in regulating the expres-
sion of adhesion molecules on ECs [48-49]. Studies 
suggest that various cells preferentially utilize MAPK 
signaling pathways in response to TNF-α stimulation 
or inflammation [50-51]. We demonstrated that DT-13 
inhibited TNF-α-induced phosphorylation of p38 but 
not ERK1/2 or JNK.  

Src plays essential roles in the regulation of an-
giogenesis, cell survival, proliferation, adherence, and 
movement [52]. The activation of Src is involved in 
TNF-α-induced inflammatory processes, such as cell 
adhesion, resulting in the activation of downstream 
components, such as ICAM-1, and MAPK activation 
[17, 53]. Thus, the effect of DT-13 on Src activation was 
investigated in TNF-α-induced HUVECs. As previ-
ously reported, phosphorylation of the C-terminal 
tyrosine(Y527) leads to an intra molecular interaction 
with the SH2domain, resulting in an inactive Src 
conformation [54]. According to the report, the desta-
bilization of the phosphorylation Tyr416 was linked 
with the activation of Src and the phosphorylation of 
Tyr527. The assembly/disassembly of the SH3-SH2 
regulatory apparatus plays an important role in the 
stable conformation of the activated loop. The inser-
tion of Tyr527 into the SH2 domain results in the sta-
bilization of assembled regulatory domains. At the 
same time, the kinase domain and the transient ex-
posure of Tyr416 would help the phosphorylation of 
Tyr527 [55]. This study demonstrated that DT-13 
suppresses the activation of Src via the downstream 
phosphorylation of Src (Tyr527). Anti-inflammatory 
herbal medicines, such as Archidendron clypearia, Po-
lygonum hydropiper, Cinnamomum cassia, and Sorbus 
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commixta, directly suppress the kinase activities of Src 
[56-58]. Radicicol and nitidine chloride, which have 
been identified as potential anti-tumor natural prod-
ucts, also inhibit Src tyrosine kinases [59-60]. Dios-
genin is the primary steroidal saponin found in sev-
eral plants, including Dioscorea species (yams), fenu-
greek, and Costus speciosus. Diosgenin suppresses 
phospho-Src (Tyr416) levels in a time-dependent 
manner [61]. Hence, our results strongly suggest that 
the inhibition of the critical regulatory enzyme Src by 
DT-13 potentially contributes to inhibition of ECs 
adhesion by inhibiting the NF-κB and MAPK path-
ways and the subsequent expression of adhesion 
molecules. 

Notably, ruscogenin, the sapogenin of DT-13, 
exhibits analogous anti-inflammatory effects in vivo or 
in vitro on certain targets, such as ICAM-1 and NF-κB 
[62-63]. In addition, DT-13 exhibits significant an-
ti-inflammatory and cardioprotective activities in 
vascular disease. These activities suggest that DT-13 
potentially affects vascular disease. Moreover, we 
have demonstrated that DT-13 exhibits low acute 
toxicity and is genotoxically safe. Ninety days of re-
peated oral administration of DT-13 at levels of up to 
360 mg/kg/day did not cause toxic effects in male or 
female rats [26]. These results indicated that DT-13 
may be safely used as a potential drug for vascular 
diseases.  

In summary, we demonstrate that DT-13, the 
major active component isolated from Liriope muscari, 
suppresses the adhesion of TNF-α-stimulated ECs in 
vitro and in vivo by decreasing ICAM-1 and VCAM-1 
expression, which possibly correlates with the inhibi-
tion of the NF-κB and p38 MAPK signaling pathways 
by modulating Src activation. These findings also in-
dicate that NF-κB plays a key role in DT-13-inhibited 
VCAM-1 and ICAM-1 transcription, and NF-κB 
binding site is at least one of the potential targets of 
DT-13. In addition, we demonstrate that DT-13 inhib-
its TNF-α-induced phosphorylation of p38 but not 
ERK1/2 or JNK. Our data provide some new insights 
into the possible mechanism of the effect of DT-13 on 
cell adhesion and migration, which is important for 
the onset and progression of cardiovascular diseases, 
such as atherogenesis. Therefore, DT-13 may serve as 
a safe candidate drug for vascular disease interven-
tion.  
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