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Abstract: Objective: The aim of the current study was to investigate the effects of sparganium tablets on intestinal 
microvascular endothelial cells (INMECs) invasion and angiogenesis induced by activated platelets. Methods: Spar-
ganium tablets were collected from rats. Toxicity levels of the serum which contained sparganium were measured 
by MTT assays, guiding the choice of suitable treatment concentrations. Isolated INMECs were divided into five 
groups after treatment: Normal Control (NC), Platelets, Platelets + Low 3.125 μl/mL, Platelets + Middle 6.25 μl/
mL, and Platelets + High 12.5 μl/mL. Vascular endothelial growth factor (VEGF) concentrations of each group were 
measured using enzyme-linked immunosorbent assays. The branch point number was measured by capillary tube 
formation experimentation. The invasion cell number was evaluated by Transwell assays. Relative protein expres-
sion levels were measured using Western blotting and immunofluorescence assays. Results: The drug sera signifi-
cantly downregulated VEGF concentrations, suppressed vascular lumen formation, and inhibited cell invasion (P < 
0.05), in a dose-dependent manner. Additionally, collagen I, α-SMA, E-cadherin, p-PI3K, p-AKT, p-mTOR, and HIF-1α 
serum protein expression levels were significantly downregulated, in a dose-dependent manner, after sparganium 
treatment (P < 0.05). Activated platelets stimulated HIF-1α nuclear translocation, while sparganium treatment dem-
onstrated opposite effects. Conclusion: Sarganium tablets suppress INMECs invasion and angiogenesis induced by 
activated platelets via inhibiting activation of mTOR/PI3K pathways.
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Introduction

Incidence levels of inflammatory bowel disea- 
se in China have increased three-fold. The num-
ber of patients with Crohn’s disease (CD) has 
especially increased in this century. However, 
this disease lacks specific treatment mea-
sures. It has been designated as a modern 
refractory disease by the World Health Orga- 
nization. Intestinal fibrosis and stenosis caused 
by intestinal inflammation is a common compli-
cation of CD. Patients often need surgical inter-
vention, but recurrence rates are higher [1, 2]. 
This disease is a chronic disease with recur- 
rent attacks. In developed countries, such as 
Europe and America, incidence of this disease 
remains high. In China, incidence of CD is ex- 

pected to continue increasing yearly [3, 4]. Th- 
is trend indicates that this disease has beco- 
me a serious threat in urgent need of soluti- 
ons. Over 33% of CD cases have been found to 
cause recurrent intestinal stenosis due to fibro-
sis [5]. At present, modern medicine still lacks 
definite and effective prevention and treatment 
methods for intestinal fibrosis. Thus, there is  
an urgent need for researchers to better under-
stand the mechanisms of intestinal fibrosis in 
CD, developing effective drugs with low toxicity.

Chinese Medicine has unique advantages in 
the treatment of CD, showing good therapeu- 
tic effects. Previous studies have revealed that 
Rhizoma sparganii and Radices zedoariae de- 
press fibrosis via regulation of the epithelial-
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mesenchymal transition (EMT) [6, 7]. These 
two herbs are the two primary components of 
sparganium pills used in the current study. The 
Traditional Chinese Medicine theory suggests 
that complementary treatment of diseases is 
better than treatment with a single prescription 
or component. Based on this theory and previ-
ous studies, it was inferred that sparganium 
tablets could improve CD via regulation of EMT 
in vivo.

Materials and methods

Experimental materials

Sprague-Dawley male rats (SPF level, body 
weight 200-220 g) were purchased from Nan- 
jing Medical University Animal Center. RPM 
11650 and fetal bovine serum (FBS) were 
obtained from Gibco (USA). Activated platelets, 
the MTT Kit, and total protein and nuclear pro-
tein extraction kits were purchased from Sig- 
ma Aldrich (USA). Vascular endothelial growth 
factor (VEGF) enzyme-linked immunosorbent 
assay (ELISA) kit, anti-α-SMA, anti-Collagen I, 
anti-E-cadherin, anti-VEGFR, anti-PI3K, anti-p-
PI3K, anti-AKT, anti-p-AKT, anti-mTOR, anti-p-
mTOR, anti-HIF-1α, anti-LamB1, and anti-GAP-
DH were purchased from Abcam (UK). Immu- 
nofluorescence anti-HIF-1α was purchased 
from Cell Signaling Technology (USA). Hizoma 
sparganii, Radices zedoariae, Chinese atracty-
lodes, and roasted Atractylodes macrocepha- 
la were purchased from Sichuan Traditional 
Chinese Medicine Beverage Co., Ltd. (China).

Serum preparation

Prescription drugs and corresponding doses 
used in this study included Hizoma sparganii 
(10 g), Radices zedoariae (10 g), Chinese atrac-
tylodes (10 g), and roasted Atractylodes macro-
cephala (10 g). The above herbs were added to 
200 mL of boiling water. They were sterilized 
and inactivated. The resulting extract (SLW) 
was stored at -20°C until use. The rats were  
fed SLW solution for 7 days. Blood serum was 
then collected from the rats for sterilization  
and inactivation. Serum samples were stored 
at -20°C for future use.

INMECs isolation and culturing [8]

Based on previous methods, intestinal micro-
vascular endothelial cells (INMECs) were iso-
lated from the rats. After the fourth or fifth gen-
eration, the INMECs were cultured in RPM 

11650 culture medium with 10% FBS. These 
INMECs were used in subsequent studies.

Cell proliferation rates using MTT assays

During the logarithmic growth period, INMECs 
were cultured in 96-well plates until cell ad- 
herence. INMECs were, respectively, add- 
ed with 1.5625 μl/mL, 3.125 μl/mL, 6.25 μl/
mL, 12.5 μl/mL, 25 μl/mL, 50 μl/mL, and 100 
μl/mL serum containing SLW for 4 hours of cul-
turing. The supernatant was removed, 200 μl 
dimethyl sulfoxide was added to each well,  
and samples were subjected to oscillation at  
a low speed on the rocking bed for 10 minut- 
es. Absorbance values were measured at 490 
nm. Measurement of cell proliferation was also 
conducted, choosing suitable drug concentra- 
tions.

INMECs grouping

Using MTT assays, safe drug concentrations of 
3.125 μl/mL, 6.25 μl/mL, and 12.5 μl/mL were 
chosen and labeled as low-dose (L), middle-
dose (M), and high-dose (H), respectively. 
INMECs were randomly divided into five groups: 
Control, Platelets, and the three SLW-treated 
groups (L, M, and H). INMECs of difference 
groups were cultured as 1 × 104 cells/well for  
4 hours. Culture fluid samples of the different 
groups were collected after centrifugation, me- 
asuring VEGF concentrations. INMECs were 
then collected for subsequent experiments.

ELISA assays

After collecting the culture fluid of five groups, 
the samples were centrifuged at 1,000 rpm for 
5 minutes at 4°C. VEGF concentrations of each 
sample were measured using an ELISA kit, with 
an absorbance of 490 nm, according to manu-
facturer protocol. Each experiment was repeat-
ed nine times.

Capillary tube formation assays

INMECs were injected into the 48-well culture 
plates at 1 × 105 cells/well. Matrigel matrix 
glue was added into each well for culturing for 
30 minutes at 37°C. INMECs for each group 
were treated under the following conditions: (1) 
Control group was treated with normal serum; 
(2) Platelets group was treated with normal 
serum that contained activated platelets; (3) 
Low-dose SLW-treated (Platelets + SLW-L) gr- 
oup was treated with 3.125 μl/mL SLW based 
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on the Platelets group; (4) Middle-dose SLW-
treated (Platelets + SLW-M) group was treated 
with 6.25 μl/mL SLW based on Platelets group; 
and (5) High-dose SLW-treated (Platelets + 
SLW-H) group was treated with 12.5 μl/mL SLW 
based on Platelets group. The groups were cul-
tured for 12 hours, then observed and imaged 
using an inverted microscope for capillary tu- 
be formation. Image J software was used, per-
forming quantitative analysis of cavity forma-
tion length. Each group had three replicates 
and five fields were selected for each well. The 
experiment was repeated three times.

Transwell assays

A 24-well Transwell chamber was used to per-
form migration assays. The surface of the me- 
mbrane was evenly covered with Dulbecco’s 

Modified Eagle Medium (DMEM) and diluted 
Matrigel (Matrigel: DMEM, 1:4, v/v). The upper 
chamber remained in the incubator (37°C, 5% 
CO2) for 30 minutes until freezing. In the upper 
chamber, 100-μl suspensions of logarithmic 
growth period INMECs were injected, along  
with 600 μl serum-free DMEM. Each group had 
three wells. INMECs of the Control group were 
added to the normal culture medium. INMECs 
of the Platelet group were added to activate 
platelets. INMECs of the Platelets + SLW-L 
group were added to 3.125 μl/mL SLW + acti-
vated platelets. INMECs of the Platelets + 
SLW-L group were added to 6.25 μl/mL SLW + 
activated platelets. INMECs of Platelets + 
SLW-L group were added to 12.5 μl/mL SLW + 
activated platelets. The different groups were 
cultured for 24 hours. Afterward, the chamber 
was taken out and the medium was discarded. 
The cells were washed with phosphate-buff-
ered saline twice. With tweezers, the filter me- 
mbrane was removed and placed on the slide 
plate. Five fields were randomly selected under 
an inverted microscope, observing and count-
ing the number of migratory cells.

Western blot assays

INMECs of the five groups were collected. Total 
proteins or nuclear proteins were extracted 
using appropriate kits, according to manufac-
turer instructions. Protein concentrations we- 
re measured using the bicinchoninic acid me- 
thod. A 50-μg protein sample was used for  
electrophoresis using 12% SAD-PAGE, mem-
brane, sealing, film washing, adding primary 
antibodies (α-SMA 1:1000; collagen I 1:1000; 
E-cadherin 1:2000; VEGFR 1:1000; PI3K 1: 
1000; p-PI3K 1:1000; AKT 1:1000; p-AKT 
1:1000; mTOR 1:1000; p-mTOR 1:1000; HIF-1α 
1:1000; LamB1 1:2000, and GAPDH 1:500)  
for culturing at 4°C overnight. They were wa- 
shed three times with PBS, adding horseradish 
peroxidase-marked second antibody (1:2000) 
for culturing for 1 hour. Next, electrochemilumi-
nescence liquid was added for coloring. Re- 
lative gray values were analyzed by Image J 
software (GAPDH or LamB1 were used as re- 
ference controls in this experiment).

Immunofluorescence staining

The cells migrated into the orifice cells. Cor- 
responding drugs were added at 12 hours. 

Figure 1. Cell proliferation rates of different SLW 
concentrations in treated groups. **: P < 0.01, vs. 0 
SLW treated group.

Figure 2. VEGF concentrations of different groups. 
*: P < 0.05 vs. Platelets group; ***: P < 0.001 vs. 
Platelets group.
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Next, PBS washing was conducted and cells 
were fixed with 2% polyoxymethylene. The ce- 
lls were then washed again with PBS. They 
were permeated by 1% TritonX-100, using 5% bo- 
vine serum albumin to close, adding the HIF- 
1α for culturing at 4°C overnight. They were 
washed again with PBS, adding fluorescein iso-
thiocyanate (FITC) remarked fluorescent sec-
ond antibody for culturing at room temperatu- 
re for 2 hours. After using DAPI to stain the 
nucleus, buffered glycerol was used to close. 
Nucleation of HIF-1α was then observed under 
a laser confocal microscope for 1 hour.

Statistical analysis

Experimental data are presented as mean ± 
standard deviation. SPSS 22.0 software was 
used to analyze the data with one-way AN- 
OVA and post-hoc Dunnett’s t-test to determi- 
ne differences between experimental groups. 
P-values less than 0.05 indicate statistical 
significance.

Results

Different SLW concentrations affect INMECs 
cell proliferation

According to results of MTT assays, no signifi-
cant differences were found between the 0  

µl/mL, 1.5625 μl/mL, 3.125 μl/mL, 6.25 μl/
mL, and 12.5 μl/mL SLW concentration gro- 
ups (P > 0.05). However, INMECs prolifera- 
tion rates of the 25 μl/mL, 50 μl/mL, and 100 
μl/mL SLW concentrations groups were sig- 
nificantly lower than that of the 0 μl/mL SLW 
concentration group (P < 0.01). Results in- 
dicate that 0 µl/mL, 1.5625 μl/mL, 3.125 μl/
mL, 6.25 μl/mL, and 12.5 μl/mL SLW concen-
trations were safe concentrations for INMECs 
in vitro. Relative data are shown in Figure 1.

Measuring VEGF concentrations using ELISA 
assays

VEGF concentrations in the Platelets group 
were significantly higher than those of the 
Control group. However, with SLW treatment, 
VEGF concentrations of the Platelets + SLW-M 
and Platelets + SLW-H groups were significant- 
ly lower than those of the Platelets group (P < 
0.05 and P < 0.001). Relative data are shown  
in Figure 2.

Branch point numbers

The branch point number of the Platelets gr- 
oup was significantly higher than that of the 
Control group, indicating that activated plate-
lets promoted INMECs to angiogenesis. How- 

Figure 3. Branch points number of different groups. *: P < 0.05 vs. Platelets group; ***: P < 0.001 vs. Platelets 
group.
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ever, branch point numbers of SLW-treated 
groups were significantly lower than those of 
the Platelets group (P < 0.05), with SLW con-
centrations that were dose-dependent (P < 
0.05). Relative data are shown in Figure 3.

Evaluation of migratory cell numbers

According to results of Transwell assays, the 
number of invaded INMECs in the Platelets + 
SLW-M and Platelets + SLW-H groups were sig-

Figure 5. α-SMA, Collage I, E-cadherin, and VEGFR protein expression of different groups. #: P < 0.05, compared 
with Control (untreated) group; *: P < 0.05, compared with Platelets group; **: P < 0.05, compared with SLW-L 
treated group; ***: P < 0.05, compared with SLW-M treated group.

Figure 4. Migrated INMECs cells number of different groups. *: P < 0.05 vs. Platelets group; ***: P < 0.001 vs. 
Platelets group.
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nificantly lower than that in the Platelets group 
(P < 0.05 or P < 0.01). Relative data are shown 
in Figure 4.

Protein expression levels of α-SMA, collagen I, 
E-cadherin, and VEGFR

According to Western blot assays, protein ex- 
pression levels of α-SMA, collagen I, and E-ca- 
dherin were significantly higher in the Platelets 
group than the Control group (P < 0.05). With 
SLW treatment, protein expression levels of 
α-SMA, collagen I, and E-cadherin were signi- 
ficantly lower, in a dose-dependent manner, 
than those of the Platelets group without SWL 
treatment (P < 0.05, P < 0.01, and P < 0.001, 
respectively). However, no significant differen- 
ces in VEGFR protein expression levels were 

found between the five groups. Relative data 
are shown in Figure 5.

PI3K/AKT/mTOR pathways and HIF-1α protein 
expression levels

According to results of Western blot assays, no 
significant differences in protein expression 
levels of PI3K, AKT, and mTOR were found am- 
ong Control, Platelets, Platelets + SLW-L, Pla- 
telets + SLW-M, and Platelets + SLW-H groups 
(P > 0.05). However, protein expression levels 
of p-PI3K, p-AKT, p-mTOR, and HIF-1α in the 
Platelets group were significantly upregulated, 
compared with those of the Control group (P < 
0.05). With SLW added, protein expression of 
p-PI3K, p-AKT, p-mTOR and HIF-1α in the SLW-
treated groups was significantly suppressed, 

Figure 6. PI3K/AKT/mTOR pathway relative 
expression and HIF-1α proteins expression 
of different groups. #: P < 0.05, compared 
with Control (untreated) group; *: P < 0.05, 
compared with Platelets group; **: P < 0.05, 
compared with SLW-L treated group; ***: P 
< 0.05, compared with SLW-M treated group.
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compared with that of the Platelets group, in a 
dose-dependent manner (P < 0.05). Relative 
data are shown in Figure 6.

Nuclear HIF-1α and LamB1 protein expression 
levels

Compared with those in the Control group, HIF-
1α protein expression levels in the Platelets 
group were significantly upregulated in the 
nucleus (P < 0.05). HIF-1α protein expression 
levels in SLW-treated groups were significantly 
lower than those in the Platelets group, in a 
dose-dependent manner (P < 0.05), in the Pla- 
telets + SLW-L, Platelets + SLW-M, and Plate- 
lets + SLW-H groups. No significant differenc- 
es in GAPDH protein expression was observ- 
ed between the five groups. However, GAPDH 
protein expression in all five groups was low. 
This result indicates that proteins were from 
the nucleus. Relative data are shown in Figure 
7.

HIF-1α protein nuclear translocation by immu-
nofluorescence

According to results of immunofluorescence 
staining, HIF-1α protein expression increased 

mon drugs used to treat CD include mesala-
zine, as well as immunosuppressive agents  
and biological agents. Many Western medicin- 
es have toxic side effects, including drugs us- 
ed to treat CD. In the present study, suitable 
SLW concentrations were chosen, according to 
MTT assays. In subsequent cell experiments, 
this study examined the effects and mecha-
nisms of SLW treatment in a CD cell model. 
Results showed that SLW improved EMT (an- 
giogenesis and invasion) induced by activated 
platelets in vitro, in a dose-dependent manner.

Recent studies have found that angiogenesis  
is closely correlated with fibrosis [11-13]. High 
expression of VEGF has been shown to play a 
key role in angiogenesis development [14-16]. 
The current study found that VEGF concentra-
tions were depressed with SLW supplement. 
Based on these results, it was concluded that 
SLW has anti-fibrosis effects by depressing 
VEGF expression. In addition, this study aimed 
to explain the relevant mechanisms of action 
and signal pathways involved. Thus, the cur- 
rent study evaluated relative protein expres-
sion of VEGF, finding no significant differences 
in VEGFR among the groups. This suggests that 

Figure 7. HIF-1α and LamB1 protein expression levels of different groups in 
the nucleus. #: P < 0.05, compared with Control (untreated) group; *: P < 
0.05, compared with Platelets group; **: P < 0.05, compared with 2.5 μM 
SLW treated group; ***: P < 0.05, compared with 5 μM SLW treated group.

with activated platelets. How- 
ever, SLW also suppressed 
HIF-1α protein expression and 
depressed HIF-1α protein nu- 
clear translocation in vitro. Re- 
lative data are shown in Figure 
8.

Discussion

CD is defined as chronic non-
specific granulomatous infla- 
mmation [9]. Its cause remai- 
ns unclear, even though it is 
considered to be associated 
with immune factors. CD of- 
ten causes severe symptoms, 
including intestinal stenosis 
[10]. Due to the repeated irri-
tation of inflammation to the 
intestinal wall, an entire layer 
of intestinal fibrosis is form- 
ed, causing stricture and ev- 
en obstruction of the intes-
tines. Many patients with CD 
are forced to be treated with 
surgical interventions, resolv-
ing these complications. Com- 
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stimulated VEGF was not correlated with VEGFR 
expression. Intensive investigations have found 
that SLW supplement suppresses PI3K/AKT/
mTOR pathways via phosphorylation in vitro. 
Previous studies have shown that PI3K/AKT/
mTOR pathway phosphorylation stimulates the 
upregulation of VEGF concentrations [17, 18].

EMT is another important step that leads to 
fibro-genesis [19]. E-cadherin and α-SMA are 
biomarkers of EMT. When overexpressed, they 
could stimulate EMT development [20, 21]. In 
the current study, SLW depressed protein ex- 
pression of E-cadherin and α-SMA. This may in- 
dicate improved EMT, leading to fibrosis. Hy- 
poxia inducible factor-1α (HIF-1α) is a transc- 
ription factor that widely exists in mammals, 
including humans, under hypoxic conditions. 
HIF-1α nuclear translocation and subsequent 
activation promotes angiogenesis and EMT 
[22, 23]. Furthermore, HIF-1α is an important 
downstream marker of PI3K/AKT/mTOR path-
ways [24]. According to results of Western blot 
assays and immunofluorescence staining, SLW 
treatment depressed HIF-1α expression in the 
nucleus. Results also suggest that SLW im- 
proved fibrosis-induced platelet activation (CD 
cell model) by depressing angiogenesis and 
EMT, in a dose-dependent manner, in vitro.

Acknowledgements

This study was supported by the National Na- 
tural Science Foundation of China (no. 81603- 
622) and Natural Science Foundation of Jiang- 
su Province of China (no. BK20161319).

Address correspondence to: Su Xu, Department of 
Anorectal Surgery, Yancheng Hospital of Traditional 
Chinese Medicine Affiliated to Nanjing University of 
Chinese Medicine, Yancheng 224001, China. E-mail: 
suxu0410@sina.com

References

[1] Ko JK, Auyeung KK. Inflammatory bowel dis-
ease: etiology, pathogenesis and current ther-
apy. Curr Pharm Des 2014; 20: 1082-1096.

[2] Zacharopoulou E, Ioakeim S, Tzouvala M, 
Karamanolis G, Vezakis A and Gazouli M. Cor-
relation of polymorphisms in long non-coding 
RNAs with the pathogenesis of inflammatory 
bowel diseases. Dig Liver Dis 2018; 50: 624-
626.

[3] Zheng JJ, Zhu XS, Huangfu Z, Gao ZX, Guo ZR 
and Wang Z. Crohn’s disease in mainland Chi-
na: a systematic analysis of 50 years of re-
search. Chin J Dig Dis 2005; 6: 175-181.

[4] Floyd DN, Langham S, Séverac HC and Leves- 
que BG. The economic and quality-of-life bur-
den of Crohn’s disease in Europe and the Unit-

Figure 8. Immunofluorescence staining for nuclear translocation of HIF-1α. Red indicates HIF-1α.

mailto:suxu0410@sina.com


Sparganium suppresses INMECs invasion and angiogenesis

11131 Int J Clin Exp Med 2019;12(9):11123-11131

ed States, 2000 to 2013: a systematic review. 
Dig Dis Sci 2015; 60: 299-312.

[5] Van Assche G, Geboes K and Rutgeerts P. 
Medical therapy for Crohn’s disease strictures. 
Inflamm Bowel Dis 2004; 10: 55-60.

[6] Yin Y, Feng L, Wang L and Ding L. The role of 
curcumae rhizoma-sparganii rhizoma medi-
cated serum in epithelial-mesenchymal transi-
tion in the triple negative breast cancer: phar-
macological role of CR-SR in the TBNC. Biomed 
Pharmacother 2018; 99: 340-345.

[7] Xi ZT, Shan CM, Jiang XL, Luan XY and Li KK. 
Experimental study on Rhizoma sparganii and 
Radices zedoariae treating hepatic fibrosis. 
Zhongguo Zhong Yao Za Zhi 2002; 27: 929-
932.

[8] Kohn EA, Du Z, Sato M, Van Schyndle CM, 
Welsh MA, Yang YA, Stuelten CH, Tang B, Ju W, 
Bottinger EP and Wakefield LM. A novel ap-
proach for the generation of genetically modi-
fied mammary epithelial cell cultures yields 
new insights into TGFβ signaling in the mam-
mary gland. Breast Cancer Res 2010; 12: R83.

[9] Harb WJ. Crohn’s disease of the colon, rectum, 
and anus. Surg Clin North Am 2015; 95: 1195-
210.

[10] Nishida Y, Hosomi S, Yamagami H, Yukawa T, 
Nagami Y, Tanaka F, Kamata N, Tanigawa T, 
Shiba M, Watanabe T, Tominaga K, Fujiwara Y 
and Arakawa T. Analysis of the risk factors of 
surgery after endoscopic balloon dilation for 
small intestinal strictures in Crohn’s disease 
using double-balloon endoscopy. Intern Med 
2017; 56: 2245-2252.

[11] Choudhari SS, Kulkarni DG, Patankar S, Kheur 
SM, Sarode SC, Sarode GS and Patil S. Angio-
genesis and fibrogenesis in oral submucous fi-
brosis: a viewpoint. J Contemp Dent Pract 
2018; 19: 242-245.

[12] Liakouli V, Cipriani P, Di Benedetto P, Ruscitti P, 
Carubbi F, Berardicurti O, Panzera N and Gia-
comelli R. The role of extracellular matrix com-
ponents in angiogenesis and fibrosis: possible 
implication for systemic sclerosis. Mod Rheu-
matol 2018; 15: 1-11.

[13] Puxeddu I, Capecchi R, Pratesi F, Cianchetti S, 
Tavoni A and Migliorini P. Mediators of angio-
genesis and fibrosis in IgG4-related disease. 
Clin Exp Med 2018; 18: 245-249.

[14] Wang H, Zhang C, Chi H and Meng Z. Synergis-
tic anti-hepatoma effect of bufalin combined 
with sorafenib via mediating the tumor vascu-
lar microenvironment by targeting mTOR/VEGF 
signaling. Int J Oncol 2018; 52: 2051-2060.

[15] Luo X, Gu S, Zhang Y and Zhang J. Kinsenoside 
ameliorates oxidative stress-induced RPE cell 
apoptosis and inhibits angiogenesis via Erk/
p38/NF-κB/VEGF signaling. Front Pharmacol 
2018; 9: 240.

[16] Chillà A, Margheri F, Biagioni A, Del Rosso M, 
Fibbi G and Laurenzana A. Mature and progen-
itor endothelial cells perform angiogenesis 
also under protease inhibition: the amoeboid 
angiogenesis. J Exp Clin Cancer Res 2018; 37: 
74.

[17] Sharma S, Guru SK, Manda S, Kumar A, Mint-
oo MJ, Prasad VD, Sharma PR, Mondhe DM, 
Bharate SB and Bhushan S. A marine sponge 
alkaloid derivative 4-chloro fascaplysin inhibits 
tumor growth and VEGF mediated angiogene-
sis by disrupting PI3K/Akt/mTOR signaling 
cascade. Chem Biol Interact 2017; 275: 47-
60.

[18] Wang J, Zhou J, Wang Y, Yang C, Fu M, Zhang J, 
Han X, Li Z, Hu K and Ge J. Qiliqiangxin protects 
against anoxic injury in cardiac microvascular 
endothelial cells via NRG-1/ErbB-PI3K/Akt/
mTOR pathway. J Cell Mol Med 2017; 21: 
1905-1914.

[19] Ma J, Zhang L, Hao J, Li N, Tang J and Hao L. 
Up-regulation of microRNA-93 inhibits TGF-β1-
induced EMT and renal fibrogenesis by down-
regulation of Orai1. J Pharmacol Sci 2018; 
136: 218-227.

[20] Wang H, Wu Q, Zhang Y, Zhang HN, Wang YB 
and Wang W. TGF-β1-induced epithelial-mes-
enchymal transition in lung cancer cells in-
volves upregulation of miR-9 and downregula-
tion of its target, E-cadherin. Cell Mol Biol Lett 
2017; 22: 22.

[21] Igietseme JU, Omosun Y, Nagy T, Stuchlik O, 
Reed MS, He Q, Partin J, Joseph K, Ellerson D, 
George Z, Goldstein J, Eko FO, Bandea C, Pohl 
J and Black CM. Molecular pathogenesis of 
chlamydia disease complications: epithelial-
mesenchymal transition and fibrosis. Infect Im-
mun 2017; 86. 

[22] Zhang W, Yuan W, Song J, Wang S and Gu X. 
LncRNA CPS1-IT1 suppresses EMT and metas-
tasis of colorectal cancer by inhibiting hypoxia-
induced autophagy through inactivation of HIF-
1α. Biochimie 2018; 144: 21-27.

[23] Liang H, Xiao J, Zhou Z, Wu J, Ge F, Li Z, Zhang 
H, Sun J, Li F, Liu R, Chen C. Hypoxia induces 
miR-153 through the IRE1α-XBP1 pathway to 
fine tune the HIF1α/VEGFA axis in breast can-
cer angiogenesis. Oncogene 2018; 37: 1961-
1975.

[24] Tanaka Y, Hosoyama T, Mikamo A, Kurazumi H, 
Nishimoto A, Ueno K, Shirasawa B and Hamano 
K. Hypoxic preconditioning of human cardio-
sphere-derived cell sheets enhances cellular 
functions via activation of the PI3K/Akt/
mTOR/HIF-1α pathway. Am J Transl Res 2017; 
9: 664-673.


