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Yi Ai Fang, a traditional Chinese herbal
formula, impacts the vasculogenic mimicry
formation of human colorectal cancer
through HIF-1α and epithelial
mesenchymal transition
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Abstract

Background: Yi Ai Fang (YAF), a traditional Chinese medicine (TCM) formula, has been identified to have anticancer
activity in our previously studies. The present study aimed to explore the potential mechanism of YAF suppression
of VM on colorectal cancer (CRC) in vitro and in vivo.

Methods: Cell viability was measured by CCK-8 assay. HIF-1α, E-cd(E-cadherin), Claudin-4, and VIM (Vimentin)
expressions level in vitro were evaluated by Western blot or RT-PCR. In addition, Human CRC HCT-116 cells were
implanted in BALB/c nude mice; mice with xenografted tumors were randomly administrated vehicle (control), 8,
16, or 32 mg/mL YAF, or 1 mg/mL fluorouracil (5-FU). HIF-1α, E-cd, Claudin-4, and VIM expression in these tumors
were determined by IHC.

Results: YAF effectively inhibited the growth and the formation of vasculogenic mimicry (VM) of CRC cells in a
dose-dependent trend. YAF restrained the formation of vasculogenic mimicry(VM) through HIF-1α/EMT pathway in
CRC. YAF suppressed VM was triggered by activation of E-cd and Claudin-4,which are characteristics of endothelial
cells,and inhibition of HIF-1α and VIM in vitro. In vivo data showed that YAF remarkably inhibited growth of the
xenografted tumors. The YAF-treated tumor samples were analyzed by IHC for levels of HIF-1α/EMT related proteins
HIF-1α, E-cd, Claudin-4, and VIM. The results indicated that YAF significantly enhanced expression of E-cd and
Claudin-4,but decreased expression of HIF-1α, VIM in a dose-dependent manner.

Conclusions: In conclusion, this study provided the first direct evidence that YAF inhibited the formation of VM in
human CRC, suggesting that YAF may be considered as a useful target for cancer therapy.
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Background
Colorectal cancer (CRC) is the third most common cancer
worldwide [1]. More than half a million people die from
colorectal cancer each year. The incurable factor of CRC
is tumor metastasis, in which blood supply was necessary.
In other words, without angiogenesis, tumors cannot grow
beyond 2–3 mm [2]. Therefore, the antiangiogenic drug
bevacizumab (Avastin) has become one of the most
popular vascular-targeted therapeutic drugs for several
types of tumors, including CRC [3]. However, this
traditional antiangiogenic drug can accelerate metastasis
at the same time, together with marked hypoxia and an
alternative blood supply vasculogenic mimicry (VM).
Tumor cells mimic endothelial cells VM to consists of
laminin-rich networks that can be stained with periodic
acid-Schiff (PAS) in vivo and forms extracellular matrix
(ECM)-rich tubular networks on Matrigel that mimic
conventional angiogenesis in vitro [4]. That is to say,the
formation of VM lead to the failure of vascular-targeted
therapy and the metastasis of CRC.
Epithelial-mesenchymal transition (EMT) is a dynamic

biological process where polarized epithelial cells close their
epithelial characteristics and show phenotypes of mesen-
chymal cells. Growing evidence suggests that, epithelial
tumor cells capable of VM imitate endothelial functions
and display some endothelial properties typical of mesen-
chymal cells [5, 6]. Therefore, we hypothesized that VM
formation in epithelial cancer is associated with the EMT
process, and the regulators that contribute to EMT may
also modulate VM formation.
The hypoxic microenvironment of tumors regulates the

proliferation, angiogenesis, and metabolism of cells modu-
lated by hypoxia-inducible factor-1α (HIF-1α) in vivo and
forms extracellular matrix (ECM). Hypoxia provides
tumor cells with greater resistance to anticancer therapies
through EMT [7]. Further more, HIF-1α affects the
expression of EMT marks, such as E-cd, Claudin-4, and
VIM [8]. If HIF-1α is a key inducer that contributes to
tumor EMT, the function of HIF-1α in VM formation in
CRC should be investigated. Both hypoxia and HIF-1α
activation in tumor angiogenesis are illuminated, but their
roles in regulating VM are still puzzling.
Yiai Fang is a compound Chinese medicine guide by

TCM principles, which is composed of Astragalus mem-
branaceus (Huangqi), Atractylis ovate (Baizhu), Actinidia
arguta (Tengligen), Curcuma zedoaria (Ezhu), and
Benincasa hispida (Dongguazi). The major pharmacologic
components are astragaloside IV (ASIV, from Huangqi),
Atractyloside III(ATRIII, from Baizhu), Isocurcumenol
(from Ezhu), Oleanolic Acid (from Tengligen), Trigonel-
line (from Dongguazi). Chinese herbal medicine have been
used to fight cancer for a long time [9, 10]. Astragalus
membranaceus have been used to treat ovarian cancer,
showed clinical efficacy in treating ovarian cancer clinical

trial [11]. Atractylis ovate play an important role in con-
trol of pancreatic cancer [12]. Antitumor effects of isocur-
cumenol isolated from curcuma zedoaria on human and
murine cancer cells were proved in study [13]. Oleanolic
acid extracted from actinidia arguta,inhibit tumor gene
expression in cancer cell [14]. In addition, our previous
studies showed that Yiai Fang is effectively to control CRC
progression, improve quality of patients life, and prolong
survival times [15].
Yiai Fang had been found to have an anti-cancer effect,

however, there are few well-controlled scientific studies
on the mechanisms of action of this prescription used to
treat CRC. In this study, our aim was to investigate the
effect and the molecular mechanism of Yiai Fang in
CRC both in vitro and in vivo.

Methods
We confirmed that the Ethical Committee of the Shanghai
University of Traditional Chinese Medicine approved all
the experiments described in this paper.

Preparation of drugs
Drugs were purchased from Jiangyin tianjiang pharma-
ceutcal co., LTD (Jiangsu, China). Herb was boiled in
water according to the traditional method of herbal tea
preparation. The filtrates were concentrated and dried in
vacuum at 60 °C. The concentrated extract was then dried
by lyophilization to obtain the YAF extract at a yield of
dried powder of 26.5 %. The content of its major
components was detected by high performance liquid
chromatography (HPLC), purity: 99 %. The proportions of
Astragalus membranaceus (Huangqi), Atractylis ovate
(Baizhu), Actinidia arguta (Tengligen), Curcuma zedoaria
(Ezhu), and Benincasa hispida (Dongguazi) in YAF are 40,
20, 5, 2,6 %, respectively. YAF were dissolved in PBS
(Gibco Life Technologies, USA) to make a solution. The
extract was stored at 4 °C, and it was standardized, regu-
lated, and qualified according to the guidelines defined by
Chinese State Food and Drug Administration (SFDA).

Experimental animals
All animal studies were approved by the ethics committee
of the Putuo Hospital affiliated to Shanghai University of
Traditional Chinese Medicine and the principles of
laboratory animal care were followed in all animal experi-
ments. A total of 48 BABL/c nude male, 18 ± 2 g, SPF grade,
were purchased from Shanghai Slac Laboratory Animal
Co.Ltd (Shanghai, China, number of animal license SCXK
(Shanghai) 2008-0016), and were fed in the experimental
animal room in Putuo Hospital affiliated to Shanghai
University of Traditional Chinese Medicine (Shanghai,
China, number of animal laboratory license, SCHK
(Shanghai) 2007-0005). Sixteen animals were randomly allo-
cated into 2 groups prior to the experiment. Human
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colorectal cancer HCT116 cells were used to establish the
xenografts, which were resuspended at a density of 1 × 107/
ml. The suspension (0.1 ml/10 g body weight) was injected
subcutaneously into the nude mice. After 12 days, mice with
unbroken transplanted tumor were sacrificed, and using the
above-described method, the tumors were re-implanted and
when they reached a size of 50–100 mm3, the tumor-
bearing mice were randomly divided into five groups (six
mice for each group): the control group (isometric normal
saline), the YAF groups (8, 16, and 32 mg/kg/day, respect-
ively) and the fluorouracil (5-FU) group (1 mg/kg/day). All
the drugs were given by gavage administration. The Length
and the width of the tumor were measured and the volume
was calculated using the formula: Volume = 1/2(width2) ×
length. On day 21, the mice were sacrificed and the tumors
formed were extracted and weighed after carefully removing
the extraneous tissues. They were fixed in buffered formalin
and processed for paraffin sectioning.

Cell lines and culture
Human CRC cell line HCT-116 (isolated from a primary
colonic tumor) was purchased from the Shanghai Cell
Collection (Shanghai, China). HCT-116 cells were cultured
in Roswell Park Memorial Institute (RPMI) 1640 medium
supplemented with 10 % fetal bovine serum (FBS), 1 mM
glutamine, 1 % penicillin/streptomycin, HT-29 was cultured
in McCoy’s 5A medium with 10 % FBS (all of these were
purchased from Gibco Life Technologies). All cells were cul-
tured with 100 μg/mL streptomycin (Invitrogen, Carlsbad,
CA, USA) at 37 °C in a 5 % CO2 humidified incubator
(Thermo Fisher Scientific Inc., Waltham, MA, USA).

CD31/PAS double staining
CD31 immunohistochemical staining was applied on the
sections before PAS staining. The slides were rinsed with
distilled water after diaminobenzidine was used as the
chromogen, then treated with 0.5 % periodic acid
solution for 10 min, and rinsed with distilled water for
2–3 min. In a dark chamber, the slides were treated with
Schiff solution for 15–30mins. After distilled water
rinsing, sections were counterstained with hematoxylin.

Cell viability by CCK-8 assays
The cell viability was detected using the CCK-8 assay. That
is to say, cells were seeded into 96-well plates at a density of
1 × 105 cells/well and stabilized for 24 h at 37 °C before be-
ing treated with Yiai Fang 0, 25, 50, 100, 150 and 200 μg/ml
of for 48 h. The concentration of 0.1 % dimethyl sulfoxide
(DMSO,solvent) was used for the control regimen.
Then,100 μl of 0.5 mg/ml CCK-8 solution was added to
each well. After 2 h,the formazan precipitate was dissolved
in 100 μl DMSO, and then the absorbance OD values were
measured in a multiscan plate reader (Varioskan Flash,
Thermo, CA, USA) at 456 nm. Cell viability of the control

cells treated with 0.5 % DMSO was set as 100 %. The
percentage viability was calculated as: % Viability = [OD of
treated cells/OD of control cells] × 100. The CCK-8 test was
repeated in triplicate.

Three-dimensional cultures
VM formation was tested by using 3-D culture containing
rat tail collagen type I in vitro. The 6-well plates were pre-
treated by a certain percentage of the rat tail collagen type I
for 30 min. Then 4 × 105 tumor cells were plated onto the
surface of collagen and incubated at 37 °C. For in-gel
methods, the tumor cells were mixture-seeded with Matrigel
to allow them to polymerize. Filtered CoCl2 was added to
the medium in the hypoxic group 48 h after polymerization.

Real-time quantitative PCR
Total cellular RNA was isolated using Trizol reagent
(Invitrogen Life Technologies) according to the manu-
facturer’s protocol. RT reactions were done using the
Takara Kit under the instruction of the protocol. Quanti-
tative PCR for target RNAs was performed using the
SYBR green system (Takara). The forward primer for
HIF-1α was 5’-CATCTCCATCTCCTACCCACAT-3’,
and the reverse primer was 5’-ACTCCTTTTCCTGCTC
TGTTTG-3’. The forward primer for human Vimentin
was 5’-GAA GAGAACTTTGCCGTTGAAG-3’, and the
reverse primer was 5’-ACGAAGGTGACGAGCCATT-3’.
The forward primer for human E-cadherin was 5’-G

TCTCTCTCACCACCTCCACAG-3’ and the reverse
primer was CAGACAGAGTGGGGAAAATGTA-3’. The
forward primer for Claudin-4 was 5’-AAGTGACAGGG
TGTGGTGGT-3’ and the reverse primer was5’-CAGAC
AGAGTGGGGAAAA TGTA-3’. Data are expressed as
gene expression level relative to β-Actin (forward primer,
5’-AGCGAGCATCCCCCAAAGTT-3’; reverse primer,
5’-GGGCACGAAGGCTCATCATT-3’). All experiments
were performed in triplicate and had a non-template re-
action as a negative control. Relative mRNA expression
levels were calculated using the 2-ΔΔCt method.

Western blotting analysis
Before extracting protein, HCT-116 cells were treated with
Yiai Fang for 24 h. The protein was extracted from the cul-
tured cells and then homogenized with a protein extraction
kit (Applygen Technologies, Beijing, China) on ice, accord-
ing to manufacturer’s instruction. The whole protein was
then separated on 12 % SDS-PAGE and transferred to NC
membrane. The membrane was incubated overnight at 4 °C
with antibodies, respectively, against HIF-1α (1:1000, Novus
Biologicals, USA), β-actin (1:5000, Cell Signaling Technol-
ogy, USA), E-cd (1:5000, Cell Signaling Technology, USA),
Claudin-4 (1:2000, Cell Signaling Technology, USA), and
VIM (1:2000, Cell Signaling Technology, USA). Then,the
membranes were incubated with secondary antibody for
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24 h at 4 °C, and immunoreactive bands were revealed
using an enhanced chemiluminescence system. The
protein signal in the X-film was quantified by scanning
densitometry and further evaluated by a bio-image
analysis system (Quantity One image analyzer software,
Bio-Rad, Richmond, CA, USA).

Immunohistochemistry (IHC)
The tumor tissues were fixed in 4 % paraformaldehyde for
48 h. Then they were embedded in paraffin and made into
4 μm slides. Tissue sections were processed by de-
paraffining, rehydrating through an alcohol gradient,
peroxidase clearing, antigen retrieval and blocking, antibody
binding, DAB staining, washing with distilled water,
hematoxylin staining, niacin alcohol differentiation, dilute
ammonia bluing, incremental graded alcohol dehydration,
xylene and conventional resin mounting. The primary anti-
body was rabbit-anti-human HIF-1α monoclonal antibody
diluted by 1:50 (Abcam, Cambridge, MA, USA) rabbit-anti-
human monoclonal antibody E-cadherin (Cell Signaling,
USA, dilution 1:100) Claudin-4 (Santa Cruz, USA, dilution

1:100) and Vim (Affinity, USA; dilution 1:100) overnight at
4 °C. The secondary biotin-labeled antibody was used at
1:200. Positive blue staining for CD31 was visualized by
Light yellow or tan substrate and cell nuclei (blue) were
counterstained by hematoxylin. Under 400 ×magnification,
five random fields were selected. Staining was assessed as:
non-staining: 0 point; light brown: 1 point; brownish yellow:
2 points; and dark brown: 3 points. Percentages of positive-
stained cells were rated as: positive cells ≤5 %: 0 point;
6–25 %: 1 point; 26–50 %: 2 points; and ≥75 %: 3 points.
Points for staining and percentage were multiplied for a
10-point scale: 0 point: negative (−), 1–3 points: weakly
positive (+); 4–6 points: positive (++); and 7–9 points:
strongly positive (+++) [16].

Statistical analysis
All the results were expressed as the mean ± SD. If data
met the homogeneity of variance of Gaussian distribution,
one-way analysis of variance will be used for statistical
inference; otherwise, non-parametric tests will be used. A
P value of <0.05 was considered statistically significant.

Fig. 1 a. YAF reduces the viability of HCT-116 cells. The cells were incubated with YAF at 0, 25, 50, 100, 150 and 200 μg/ ml for 48 h. The viable
cells were determined using CCK-8 assay. Data presented were means ± SD of three independent experiments. *P < 0.05 compared with the
control group. b. VM capacity in vitro in colorectal cancer cells is affected by YAF. HCT116 cells were treated with YAF at 25, 50 and 100 μg/ml
for 48 h, the constitution of VM was significantly decreased by YAF compared with that of untreated cells (*P < 0.05)
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Results
YAF inhibited proliferation of HCT-116 cells and
depressed the information of VM in HCT-116 cells
The antitumor effects of YAF on HCT-116 cells were eval-
uated by CCK-8 assay. As is shown in Fig. 1a, YAF inhibited
proliferation of HCT-116 cells in a dose-dependent

manner. After 48 h of treatment,the average IC50 of YAF
against HCT-116 cells was 79.27 μg/ml. VM is a type of
angiogenesis that is accompanied by a specialized series of
cellular events such as matrix reconstruction and cell mi-
gration [17]. To quantify the VM in HCT-116 cells, cells
were stained with CD31/PAS, and then subsequently

Fig. 2 YAF influences HIF-1α and EMT expression analysis in HCT-116 cell lines. a. Cells were incubated for 48 h in YAF. The level of HIF-1α, Clau-4, E-cd
and VIM mRNA were found. b HCT-116 cells were incubated with YAF for 48 h. The level of HIF-1α, Clau-4, E-cd and VIM protiens were found. *P< 0.05.
Results are folden change ± SE of at least three independent experiments
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analyzed by microphotograph. What’s more, the formations
of VM in HCT-116 cells were affected by YAF in a dose-
dependent fashion too. After treatment with YAF at 25, 50
and 100 μg/ml for 48 h, the constitution of VM was signifi-
cantly decreased by YAF compared with that of untreated
cells (P < 0.05) (Fig. 1b). Taken together, YAF inhibits the
formations of VM in HCT-116 cells at concentrations
much lower than those required to inhibit HCT-116 cells.

YAF impact VM formation through HIF-1α and EMT in
HCT-116 cells
In the process of VM formation by tumor cells, HIF-1α
and EMT play an important role. To further verify this
point and research the effect of YAF, HCT-116 cells
were treated with YAF. Closer investigation the results
of Western blotting and qPCR in CRC cells showed that
YAF inhibited HIF-1α and VIM expression, but

increased E-cd and Claudin-4 levels (Fig. 2) compared
with the control group. The data come from CRC cells,
which were incubated with YAF at 25 μg/ml for 48 h.
This suggests that YAF hinders the formation of VM in
CRC cells through HIF-1α and EMT dependent
mechanism.

YAF prevents VM formation by influence HIF-1α and EMT
in CRC xenograft tumors
In order to confirm the effects of YAF for CRC in vivo,
we established the human CRC xenograft mode in nude
mice, which were then treated with different doses of
YAF(8,16 and 32 mg/kg/day for 14 day). The positive
control group were treated with 5-FU(1 mg/kg/day for
14 day). Our data showed that YAF remarkably inhibited
growth of the xenografted tumors (Fig. 3a and b). Unfor-
tunately, one mouse in control group died for unclear

Fig. 3 Inhibition effect of YAF in vivo. a Tumor weight change was determined every two days during delivery period. Tumor weight inhibition
rates in the low-, medium-, and high-YAF dose groups were 27.95, 40.99, and 66.46 %, respectively. Values are mean weight of nude mice ± SD.
Statistical difference was analyzed by Student’s t-test. *P < 0.05 compared with that of control group. b Tumors removed from nude mice and
photographed on the 21th day after administration
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reason dury our research, but this doesn’t disturb our
results. Tumor weight inhibition rates in the low-,
medium-, and high-YAF dose groups were 27.95, 40.99,
and 66.46 %, respectively. Obviously, at the highest
doses, the anti-tumor effect of YAF was similar to that
of 5-FU (57.74 %). The xenograft tumor samples were
then analyzed by IHC for levels of proteins such as HIF-
1α, E-cd, Claudin-4, and VIM. The results demonstrated
that YAF significantly enhanced expression of E-cd and
Claudin-4 proteins in tumors, but decreased expression
of HIF-1α and VIM in a dose-dependent manner
(Fig. 4).

Discussion
In 1999, vascular mimicry was reported in melanoma.
The found of VM explained that tumor cells have more
than one “trick” to ensure that they receive nourishment
[18]. This finding demonstrated why a lot of drugs once
heralded as a panacea in cancer treatment was less

effective than hoped [19]. Cancer cells have infinite plas-
ticity, which enable them to alter their cell markers, and
adapt to specific microenvironments [20]. Hypoxia (or
induction of HIF-1α), which plays an important role in
microenvironment in induces EMT, and promotes the
formation of VM [21]. Exploring the mechanisms of VM
will increase our understanding of cancer development,
and may identify new therapeutic approaches. Therefore,
HIF-1α and EMT were the key factor, that control VM.
Several preliminary work showed that VM exists in

CRC, and VM formation have relationship with HIF-1α
and EMT. It was well konwn that,traditional Chinese
medicinal herbs have been used to treat cancer for a lot
of years. In recent research, it has been found that VM
in cancer can be inhibited by the medicine. However, the
specific function of YAF was unclear in CRC VM prior
to the present study. Our in vitro data showed that YAF
effectively suppresses metastatic CRC cell HCT-116
dominant vasculogenic mimicry, which is associated

Fig. 4 VM formation is association with HIF-1α and EMT markers in CRC xenograft tumors. The IHC of CRC xenografts vivo data showed that
HCT-116 VM formation was inhibit by YAF. The effect of YAF on HIF-1α and E-cadherin, Claudin-4 as well as Vimentin, in CRC xenograft tumors
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with the inhibition of HIF-1α and VIM genes expression
and cell exposure of the proteins. In contrast, E-cd and
Claudin-4 levels both in mRNA and protein were in-
creased by YAF. Xenograft HCT-116 tumors in BALB/C
nude mice were applied for further investigating the
mechanisms underlying the inhibiting effect of YAF on
CRC. The present data demonstrated that YAF can sig-
nificantly shorter tumor volume and decrease tumor
weight. At this time, HIF-1α and VIM appeared to be
affect by YAF at the pattern same with in vitro. What’s
more, Furthermore, CRC cells instructed VM to produce
in E-cd and Claudin-4 independent manner.

Conclusions
In conclusion, this study firstly observed the correlation
among observed the correlation between HIF-1α, EMT
and VM in CRC intervened by though YAF. Our data
strongly imply that YAF inhibited VM both in vitro and
in vivo. The HIF-1α and EMT have an important role in
the development of VM, and in the case of cancer. The
traditional Chinese medicine YAF, has been found to
have implications for the rational development of novel
regimens in human CRC.

Acknowledgments
This work is supported by The National Natural Science Funds(81473624),
Innovation Project of Shanghai Municipal Education Commission (12YZ057)
and the Fundamental Research Funds for the Central Universities (78210021).

Funding
The National Natural Science Funds (81473624), Innovation Project of
Shanghai Municipal Education Commission (12YZ057) and the Fundamental
Research Funds for the Central Universities (78210021).

Availability of data and materials
The authors agree with the availability of data and materials.

Authors’ contributions
Conception and design: WL, JC, FH. Financial support: JR, JX. Provision of
study materials: QS, HL. Helped to discuss and supervised the work: SL, SZ.
Involved in design and critical revision of article: WL, JC, FH. All authors read
and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
The authors declare that they consent for publication.

Ethics approval
All animal studies were approved by the ethics committee of the Putuo
Hospital affiliated to Shanghai University of Traditional Chinese Medicine and
the principles of laboratory animal care were followed in all animal
experiments.

Author details
1Oncology Department of Shanghai Municipal Hospital of Traditional
Chinese Medicine affiliated to Shanghai TCM University, Shanghai 200071,
China. 2Department of Gastrointestinal Surgery, Shandong University
Affiliated Shandong Cancer Hospital and Institute, 117 Jiyan Road, Jinan,
Shandong 250000, China. 3Mental diseases of Shanghai Municipal Hospital of
Traditional Chinese Medicine affiliated to Shanghai TCM University, 274
Zhijiang Road, Shanghai 200071, China.

Received: 11 May 2016 Accepted: 20 October 2016

References
1. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer J

Clin. 2014;64(2):104–17.
2. Min H, Yiquan K, Xinlin S, Li Y, Zhilin Y, Yonghong Z, Mouxuan D, Jihui W,

Xiao L, Shuyun H. Mammalian target of rapamycin signaling is involved in
the vasculogenic mimicry of glioma via hypoxia-inducible factor-1α. Oncol
Rep. 2014;32(5):1973–80.

3. Ghiringhelli F, Bichard D, Limat S, Lorgis V, Vincent J, Borg C, Berthou J, Orry D,
Ortega-Deballon P, Lakkis Z. Bevacizumab Efficacy in Metastatic Colorectal Cancer
is Dependent on Primary Tumor Resection. Ann Surg Oncol. 2014;21(5):1–9.

4. Qi L, Song W, Liu Z, Zhao X, Cao W, Sun B. Wnt3a Promotes the
Vasculogenic Mimicry Formation of Colon Cancer via Wnt/β-Catenin
Signaling. Int J Mol Sci. 2015;16(8):18564–79.

5. Yang JP, Liao YD, Mai DM, Xie P, Qiang YY, Zheng LS, Wang MY, Mei Y,
Meng DF, Xu L. Tumor vasculogenic mimicry predicts poor prognosis in
cancer patients: a meta-analysis. Angiogenesis. 2016;19(2):191-200.
doi:10.1007/s10456-016-9500-2.

6. Kong X, Cheng X, Yang Z, Yunfeng LI. Contribution of Epithelial-mesenchymal
Transition to Vasculogenic Mimicry. Cancer Res Prev Treat. 2014;41(4):405–8.

7. Chao S, Jingjing Z, Jianhua F, Feihai L. The potential role of Brachyury in
inducing epithelial-to-mesenchymal transition (EMT) and HIF-1α expression
in breast cancer cells. Biochem Biophys Res Commun. 2015;25(10):610–1.

8. Jing D, Baocun S, Xiulan Z, Qiang G, Xueyi D, Jing M, Tao S, Junyan W, Ran S,
Yanrong L. Hypoxia promotes vasculogenic mimicry formation by inducing
epithelial-mesenchymal transition in ovarian carcinoma. Gynecol Oncol.
2014;133(3):575–83.

9. Adams M, Jewell AP. The use of complementary and alternative medicine
by cancer patients. Nutr Clin Pract. 2014;29(3):409–11.

10. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M, Kessler
RC. Trends in alternative medicine use in the United States, 1990-1997:
results of a follow-up national survey. JAMA. 1998;280(6):1569–75.

11. Yin G, Tang D, Dai J, Liu M, Wu M, Sun YU, Yang Z, Hoffman RM, Li L, Zhang
S. Combination Efficacy of Astragalus membranaceus and Curcuma
wenyujin at Different Stages of Tumor Progression in an Imageable
Orthotopic Nude Mouse Model of Metastatic Human Ovarian Cancer
Expressing Red Fluorescent Protein. Anticancer Res. 2015;35(6):3193–207.

12. Hui L, Ying L. Atractylodes dwarf lilyturf soup of pancreatic digestive tract
reaction after three-dimensional conformal radiotherapy curative effect
observation. Shaanxi J Tradit Chin Med. 2014;4:412–4.

13. Lakshmi S, Padmaja G, Remani P. Antitumour Effects of Isocurcumenol
Isolated from Curcuma zedoaria Rhizomes on Human and Murine Cancer
Cells. Int J Med Chem. 2011;2011:2090–69.

14. Liu J, Zheng L, Wu N, Ma L, Zhong J, Liu G, Lin X. Oleanolic Acid Induces
Metabolic Adaptation in Cancer Cells by Activating the AMP-Activated
Protein Kinase Pathway. J Agric Food Chem. 2014;62(24):5528–37.

15. Man L, Tao Y, Min C, Feng H, Hong L, Ping X. Tumor-suppressor side colon
cancer in mice transplanted tumor microvascular and vascular mimicry
formation. J Anhui Tradit Chin Med Coll. 2011;30(1):42–5.

16. Sood AK, Fletcher MS, Gruman LM, Coffin JE, Jabbari S, Khalkhali-Ellis Z,
Arbour N, Seftor EA, Hendrix MJ. The paradoxical expression of maspin in
ovarian carcinoma. Clin Cancer Res. 2002;8(9):2924–32.

17. Liu X, Wang JH, Li S, Li LL, Huang M, Zhang YH, Liu Y, Yang YT, Ding R, Ke
YQ. HDAC3 expression correlates with vasculogenic mimicry via the PI3K/
ERK‐MMPs‐Ln5γ2 signaling pathway. Cancer Sci. 2015;106:857–66.

18. Maniotis AJ, Folberg R, Hess A, Seftor EA, Gardner LM, Pe’Er J, Trent JM, Meltzer
PS, Hendrix MJ. Vascular channel formation by human melanoma cells in vivo
and in vitro: vasculogenic mimicry. Am J Pathol. 1999;155(3):739–52.

19. Ebos JM, Kerbel RS. Antiangiogenic therapy: impact on invasion, disease
progression, and metastasis. Nat Rev Clin Oncol. 2011;8(4):210–21.

20. Bittner M, Meltzer P, Chen Y, Jiang Y, Seftor E, Hendrix M, Radmacher M, Simon
R, Yakhini Z, Ben-Dor A. Molecular classification of cutaneous malignant
melanoma by gene expression profiling. Nature. 2000;406(6795):536–40.

21. Madoka I, Atsuko H, Yoshie Y, Toshihiro K, Toshihide M, Makoto S. Hypoxia-
mediated cancer stem cells in pseudopalisades with activation of hypoxia-
inducible factor-1α/Akt axis in glioblastoma. Hum Pathol. 2015;46(10):1496–505.

Hou et al. BMC Complementary and Alternative Medicine  (2016) 16:428 Page 8 of 8

http://dx.doi.org/10.1007/s10456-016-9500-2

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Preparation of drugs
	Experimental animals
	Cell lines and culture
	CD31/PAS double staining
	Cell viability by CCK-8 assays
	Three-dimensional cultures
	Real-time quantitative PCR
	Western blotting analysis
	Immunohistochemistry (IHC)
	Statistical analysis

	Results
	YAF inhibited proliferation of HCT-116 cells and depressed the information of VM in HCT-116 cells
	YAF impact VM formation through HIF-1α and EMT in HCT-116 cells
	YAF prevents VM formation by influence HIF-1α and EMT in CRC xenograft tumors

	Discussion
	Conclusions
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval
	Author details
	References

