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Angiogenesis, the formation of new blood vessels, plays an important role in tumor growth and meta-
stasis; therefore, it has become an important target in cancer therapy. Novel anticancer pharmaceutical 
products that have relatively few side effects or are non-cytotoxic must be developed, and such prod-
ucts may be obtained from traditional herbal medicines. Coptis chinensis Franch. is an herb used in 
traditional medicine for the treatment of inflammatory diseases and diabetes. However, potential anti-
angiogenic effects of C. chinensis water extract (CCFWE) have not yet been studied. The purpose of 
this study was to determine the antiangiogenic effect of CCFWE in order to evaluate its potential for 
an anticancer drug. We found that the treatment with CCFWE inhibited the major steps of the angio-
genesis process, such as the endothelial cell proliferation, migration, invasion, and capillary-like tube 
formation in response to vascular endothelial growth factor (VEGF), and also resulted in the growth 
inhibition of new blood vessels in an ex vivo rat aortic ring assay. We also observed that CCFWE treat-
ment arrested the cell cycle at the G0/G1 phase, preventing the G0/G1 to S phase cell cycle pro-
gression in response to VEGF. In addition, the treatment reduced the VEGF-induced activation of ma-
trix metalloproteinases 2 and 9. Taken together, these findings indicate that CCFWE should be consid-
ered a potential anticancer therapy against pathological conditions where angiogenesis is stimulated 
during tumor development. 
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Introduction

Angiogenesis has been heavily researched recently as a 

promising field in anticancer drug development [4, 39]. 

Novel anticancer pharmaceutical products that have rela-

tively few side effects or are non-cytotoxic must be devel-

oped, and such products may be obtained from traditional 

herbal medicines [17, 52]. Several natural herbal products 

have been found to have antitumor activity, and they have 

become the main sources of anticancer drugs [23, 61].

Coptis chinensis Franch. is an herb used in traditional med-

icine for the treatment of inflammatory diseases, diabetes, 

and cancer. Plant-derived alkaloids have traditionally gained 

interest due to their pronounced physiological activities [27, 

42, 45]. C. chinensis contains several compounds thought to 

enhance health, including the isoquinoline alkaloids berber-

ine, palmatine, hydrastine, and coptisine [25, 26]. Recent re-

ports have shown a variety of activities for C. chinensis alka-

loids, such as antibacterial, neuroregenerative, antidiabetic, 

antioxidative, anti-atherosclerotic, and anti-inflammatory ef-

fects [13, 50, 53, 58, 59, 60, 62]. A variety of pharmacological 

effects have been reported for C. chinensis extracts or in-

gredients, but the potential antiangiogenic effects of C. chi-

nensis water extract (CCFWE) have not yet been studied. 

Angiogenesis is a complex process, which is tightly con-

trolled through a balance between proangiogenic and anti-

angiogenic regulatory factors and is triggered by vascular 

endothelial growth factor (VEGF), a major proangiogenic 

mediator in cancer [51, 38]. This complex multistep process 

is associated with basal membrane injury, endothelial cell 

proliferation, migration, invasion, and capillary-like struc-

ture formation, ending up in the recruitment and adhesion 

of pericytes or smooth muscle cells [18]. The aim of the cur-

rent research was to examine the antiangiogenic effects of 

CCFWE on the VEGF-induced angiogenic process both in 

vitro and ex vivo.
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Materials and Methods

Preparation of C. chinensis water extract

C. chinensis was harvested in Eumseong, Korea, and ex-

tracted three times with 2 l of water (20~25°C) within one 

day. The extracts were filtered through Whatman No. 1 pa-

per, combined, and the supernatant was concentrated using 

a rotary evaporator. The extract was then freeze-dried to ob-

tain a powder extract. The powder extract was suspended 

in sterilized distilled water at appropriate concentrations 

and stored at -70°C until use.

Animals

Sprague–Dawley rats (7-week-old, male) were purchased 

from Orient Co. (Sungnam, Korea) and maintained on a 

standard chow and water available ad libitum. All animal 

experiments were conducted in accordance with the Guide 

for the Care and Use of Laboratory Animals adopted by the 

United States National Institutes of Health and approved by 

the Ethics Committee, Institutional Animal Care and Use 

Committee (IACUC no. YWC-131127-1) of Yonsei University 

(Wonju, Korea).

Cell culture

Human umbilical vein endothelial cells (HUVECs) were 

purchased from the American Type Culture Collection 

(Manassas, VA, USA) and incubated in M199 medium 

(Gibco, Grand Island, NY, USA) supplemented with 20% 

(v/v) fetal bovine serum (FBS; Gibco), 100 U/ml penicillin, 

100 μg/ml streptomycin (Gibco), 3 ng/ml basic fibroblast 

growth factor (Komabiotech, Seoul, Korea), and 5 U/ml hep-

arin (Sigma, St. Louis, MO, USA) at 5% CO2 in a 37°C 

incubator. HUVECs were used between passages 4 and 8 

for all experiments.

Cell viability assay

Cell viability was evaluated using a 3-(4,5-dimethylthia-

zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; USB Co-

rporation, Cleveland, OH, USA) assay. One day before the 

extract treatment, HUVECs (1×105 cells) were seeded into 

each well of a gelatin (Sigma)-coated 24-well tissue culture 

plate. The cells were treated with 1-100 μg/ml CCFWE for 

48 hr, then the medium was replaced with a fresh medium 

containing 0.5 mg/ml MTT, and the plate was incubated for 

an additional 4 hr. After the incubation, the medium was 

carefully removed from the plate, and dimethyl sulfoxide 

was added to solubilize the formazan produced from MTT. 

Cell viability was determined by measuring the absorbance 

at 560 nm using a microplate reader (Molecular Devices, 

Sunnyvale, CA, USA). 

Cell proliferation assay 

HUVECs were seeded at a density of 4×104 cells per well 

in gelatin-coated 12-well plates. On the next day, the cells 

were treated with various concentrations of CCFWE in the 

absence or presence of 20 ng/ml VEGF (PEPRO TECH, 

Rocky Hill, NJ, USA). After 48 hr of incubation, proliferation 

and normal growth were determined using a LunaTM auto-

mated cell counter (Logos Biosystems, Anyang, Korea).

Cell cycle analysis

HUVECs were seeded at a density of 1×106 cells into 

100-mm plates. After 24 hr, the cells were washed with M199 

medium and incubated for 6 hr in M199 medium containing 

1% FBS. The cells were precultured with CCFWE for 40 min 

and then stimulated by the addition of VEGF to 20 ng/ml. 

After 20 hr of incubation, the cells were harvested and then 

fixed in 70% ice-cold ethanol. The fixed cells were dehy-

drated at 4°C for 30 min in phosphate-buffered saline con-

taining 2% FBS and 0.1% Tween 20 (USB Corporation), then 

centrifuged at 1,500 rpm for 5 min, and resuspended in 0.5 

ml of the same buffer. RNase digestion (5 μg/ml, Sigma) 

was carried out at 37°C for 1 hr, followed by staining with 

propidium iodide (5 μg/ml, Sigma). The cells were analyzed 

using a Laser BD FACSCalibur flow cytometer (BD Biosci-

ence, San Jose, CA, USA).

Migration assay

Chemotactic motility of HUVECs was assayed using a 

Transwell apparatus (Corning Costar, Cambridge, MA, 

USA). Briefly, cell culture inserts with membrane filters (3-μ

m pore size) were coated with 10 μg of gelatin on the lower 

surface. Cell suspensions were incubated for 30 min at 37°C 

in M199 medium (1% FBS) containing various concentrations 

of CCFWE and then seeded into the inserts at 5×104 

cells/insert. A chamber containing VEGF alone served as a 

positive control. After an incubation for 4 hr, migrated cells 

were fixed and stained with hematoxylin and eosin stain 

and quantified using an optical microscope (200×). Each 

treatment was performed in triplicate, and eight fields of 

view were counted for each assay.
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Invasion assay

The invasive behavior of endothelial cell in the presence 

of CCFWE was quantified using a double-chamber assay kit 

(Trevigen, Gaithersburg, MD, USA) by counting the number 

of cells that invaded Matrigel (BD Biosciences, Bedford, MA, 

USA)-coated inserts, according to the manufacturer's in-

structions. The membrane of the upper chamber was coated 

with Matrigel to prevent the migration of noninvasive cells 

[1]. VEGF was used as a positive chemoattractant. 

Gelatin zymography

Activity of matrix metalloproteinases (MMPs) 2 and 9 was 

determined using a gelatin zymogram. In brief, to remove 

cellular debris, cultured media were centrifuged at 1,500 rpm 

for 5 min at 4°C, and the supernatants containing 20 μg of 

secreted protein were mixed with sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS–PAGE) loading 

buffer without a reducing agent. The protein samples were 

separated on a 10% SDS–PAGE gel copolymerized with 2 

mg/ml gelatin. The gels were washed with 2.5% (v/v) 

Triton X-100 (USB Corporation) for 30 min to remove SDS, 

then rinsed with incubation buffer (50 mM Tris–HCl, pH 

7.5, containing 10 mM CaCl2 plus 1 μM ZnCl2), and in-

cubated at 37°C for 3 hr or overnight. The gels were stained 

with a 0.25% Coomassie brilliant blue R250 (Sigma) solution 

and then destained until clear bands appeared.

Tube formation assay

To assess the inhibitory potential of CCFWE for tube for-

mation by HUVECs, Matrigel was used. In brief, 2×105 cells 

were preincubated with CCFWE for 40 min and then seeded 

to each well of 24-well plates coated with 250 μl of Matrigel, 

followed by the addition of VEGF (20 ng/ml). After 20 hr 

of incubation, tube-like structures were visualized and pho-

tographed under light microscopy at 40× magnification. The 

average branch areas were measured using Image-Pro Plus 

(Media Cybernetics, Bethesda, MD, USA). 

Rat aortic ring sprouting assay

Rat aortic ring angiogenesis was investigated using the 

three-dimensional rat aortic ring model as described pre-

viously [3]. Basically, aortic rings of about 1-mm thickness, 

excised from thoracic aortas, were placed into a 48-well plate 

coated with 120 μl of Matrigel and sealed in place with an 

overlay of 50 μl of Matrigel. After an incubation for 30 min 

at 37°C, 600 μl of M199 medium containing VEGF or CCFWE 

was added into each well. On day 7, the outgrowth of the 

sprouting microvessels was measured using an inverted 

light microscope (Olympus, Center Valley, PA, USA) at 100× 

magnification. Sprouting was estimated using the following 

scale: 0 = no sprouting; 1 = migrated cells without sprouting; 

2 = isolated sprouting; 3 = sprouting in 25-50% of the arterial 

ring circumference; 4 = sprouting in 50-75% of the circum-

ference; and 5 = sprouting in 75-100% of the circumference. 

The results were scored from 0 to 5 in a double-blinded 

manner. Each data point was quantified in sextuplicate.

Results

CCFWE inhibits VEGF-induced proliferation of 

HUVECs

To determine non-toxic concentrations of CCFWE against 

HUVECs, an MTT cytotoxicity assay was performed using 

cells exposed to various concentrations of CCFWE for 24 hr. 

CCFWE did not show any cytotoxicity up to 25 μg/ml as 

shown in Fig. 1A. After having established that CCFWE does 

not affect cell viability, all experiments were performed at 

non-toxic concentrations of CCFWE. Since angiogenesis be-

gins with local proliferation of endothelial cells in response 

to a proangiogenic stimulus from VEGF, we first determined 

the antiproliferative effect of CCFWE on human endothelial 

cells in vitro. The CCFWE treatment significantly inhibited 

the proliferation of VEGF-stimulated HUVECs in a concen-

tration-dependent manner (Fig. 1B).

CCFWE induces arrest of endothelial cells in G0/ 

G1 phase

We then examined the effect of CCFWE on cell cycle pro-

gression using fluorescence-activated cell sorting (FACS) 

analysis. After the treatment of HUVECs with 20 ng/ml 

VEGF, with or without CCFWE, for 20 hr, the percentage 

of cells in the G0/G1, S, and G2/M phases was monitored. 

VEGF induced HUVECs to enter into the S phase, whereas 

the treatment with CCFWE significantly increased the pro-

portion of cells at G0/G1 (Fig. 2), which indicated that 

CCFWE induced a cell cycle arrest. Thus, these results in-

dicate that CCFWE affects the transition of cells from G0/G1 

to the S phase. Taken together, the inhibitory effect on the 

growth of endothelial cells should be attributed to the cell 

cycle-arresting pharmacological properties of CCFWE.



Journal of Life Science 2017, Vol. 27. No. 1 81

A B

Fig. 1. Effect of CCFWE on viability and proliferation of HUVECs. (A) HUVECs were exposed to CCFWE at concentrations of 

1, 5, 10, 25, 50, and 100 μg/ml. After 24 hr, the viability (%) was determined by the MTT assay. Vehicle-treated cells were 

used as the control (100%). (B) HUVECs were treated with the indicated concentrations of CCFWE for 40 min before the 

exposure to VEGF (20 ng/ml). After 24 hr, the number of proliferating cells was counted. Data are expressed as the mean 

± standard deviation (SD) of three independent experiments. *p<0.01 versus VEGF alone.

A B

Fig. 2. CCFWE causes a G0/G1 arrest in HUVECs. HUVECs were preincubated with increasing concentrations of CCFWE for 40 

min and treated with VEGF (20 ng/ml) for up to 24 hr. After the incubation, the representative images of cell cycle analysis 

shown in (A) were acquired, and the percentage of cells in each phase after the treatment is presented as a histogram (B). 

CCFWE inhibits VEGF-induced migration and invasion 

of HUVECs

We additionally examined the influence of CCFWE on cell 

motility using an in vitro cell migration assay. Endothelial 

cell migration is one of the crucial events in neovessel 

formation. As shown in Fig. 3A and B, after the incubation 

with various concentrations of CCFWE for 4 hr, the migra-

tion of HUVECs in response to VEGF was dose-dependently 

inhibited. At 25 μg/ml CCFWE, the number of migrating 

cells was reduced to basal levels. However, CCFWE alone 

had no significant effect on the basal migration of endothe-

lial cells. We next tested whether CCFWE could inhibit the 

invasion ability of endothelial cells. The invasion property 

of endothelial cells was analyzed in a Matrigel-coated 

Boyden chamber in the presence of various concentrations 

of CCFWE. As shown in Fig. 4A, the number of the cells 
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Fig. 4. Effect of CCFWE on invasion and MMP expression in HUVECs. (A) HUVEC invasion was studied using a Transwell plate. 

HUVECs were pretreated for 40 min with 10 and 25 μg/ml CCFWE before the exposure to VEGF (20 ng/ml). After the 

incubation with VEGF for 16 hr, invaded endothelial cells were evaluated. (B) MMP (MMP-2 and MMP-9) activities were 

measured by a zymogram assay. After the incubation with 10 or 25 μg/ml CCFWE for 40 min, the cells were treated with 

VEGF (20 ng/ml) for 12 hr. The cultured media were electrophoresed, incubated at 37°C for 3 hr (upper panel) or 12 hr 

(lower panel), and stained with Coomassie brilliant blue R250. The culture medium from HUVECs treated with phorbol 

myristate acetate (PMA, 40 ng/ml) for 12 hr was used to distinguish between the different types of MMPs. Experiments 

were repeated three times, and the results are shown as the mean ± SD of triplicate determinations. *p<0.01 versus VEGF 

alone.

A B

Fig. 3. Effect of CCFWE on migration of HUVECs. HUVECs were pretreated for 40 min with various concentrations (1, 5, 10, 

and 25 μg/ml) of CCFWE before the exposure to VEGF (20 ng/ml). After incubation for 4 hr, chemotactic migration was 

evaluated. (A) Images of migration were captured under a phase-contrast microscope. The cells successfully migrated to 

the lower surface of the insert. (B) The cell number (%) decreased in a dose-dependent manner following the treatment 

with CCFWE. In the histogram, the data are expressed as the mean ± SD from triplicate experiments. *p<0.01 versus VEGF 

alone.

that invaded through the Matrigel-coated filter was dose-de-

pendently reduced by CCFWE, indicating that CCFWE can 

inhibit the VEGF-induced invasion ability of endothelial 

cells. This inhibition of migration and invasion is not due 

to a cytotoxic effect of CCFWE because the viability of these 

cells was not affected by CCFWE in the concentration range 

tested (Fig. 1A).

CCFWE suppresses MMP-2 and MMP-9 secretion 

by HUVECs



Journal of Life Science 2017, Vol. 27. No. 1 83

A B

Fig. 5. Inhibition of VEGF-induced tube formation on a Matrigel matrix. HUVECs were incubated for 40 min with 10 or 25 μg/ml 

CCFWE, then plated on Matrigel-coated plates, and treated with 20 ng/ml VEGF. After 20 hr, microphotographic images 

were obtained (×40). (A) Representative images of endothelial tube formation. (B) The area covered by the capillary-like 

tubes was measured using the Image-Pro Plus software. Data shown are the mean ± SD of triplicate determinations. *p<0.01 

versus VEGF alone.

A vital step in cell migration and invasion includes the 

degradation of the extracellular matrix (ECM), and MMPs 

play a central role in the process [41]. Therefore, we further 

performed a zymogram assay to examine the effect of 

CCFWE on the VEGF-stimulated secretion of MMP-2 and 

MMP-9 into the supernatant of cultured media. Gelatin zy-

mography of the serum-free cultured medium supernatants 

revealed that the activities of MMP-2 and MMP-9 in VEGF- 

treated cells were substantially higher than those in un-

treated cells. However, their activities were significantly 

suppressed by the treatment with CCFWE (Fig. 4B).

CCFWE inhibits tube formation by endothelial cells

To characterize the antiangiogenic activity of CCFWE, a 

tube formation assay, which mimics the neovascularization 

process, was conducted using endothelial cells. HUVECs 

were cultured on Matrigel-formed, tube-like networks (Fig. 

5A) for 20 hr. The inhibitory effect of CCFWE on the tube 

formation induced by VEGF was quantitated by measuring 

the tube area. It is noteworthy that the VEGF-treated 

HUVECs formed organized capillary tubes; however, 25 μ

g/ml CCFWE completely abrogated the integrity of the en-

dothelial tube network, reducing both the width and length 

of the tube-like structures (Fig. 5B). 

CCFWE inhibits sprouting of microvessels from 

rat aortic rings

Finally, to verify the antiangiogenic effect of CCFWE ex 

vivo, a rat aortic ring assay was conducted. The rat aortic 

ring sprouting assay is a widely used antiangiogenic model 

that mimics several stages of angiogenesis, including pro-

liferation, migration, and invasion of vascular endothelial 

cells, as well as tube formation. Fig. 6 shows that in the ab-

sence of CCFWE, sprouts emerged from the aortic ring and 

grew outward after seven days in culture with VEGF. In 

contrast, the treatment with CCFWE exhibited a dramatic 

dose-dependent inhibitory effect on microvessel formation. 

This inhibition of vessel sprout formation by CCFWE was 

unlikely due to cytotoxicity. 

Discussion

C. chinensis has been used in China to treat inflammatory 

diseases and diabetes for centuries. In recent years, it has 

been reported that C. chinensis exhibits various pharmacobio-

logical effects, such as antidiabetic [14, 55], neuroprotective 

[13], antipyretic [29], antibacterial [11], immunomodulatory 

[37, 43], antioxidant [22], and anticancer activities [48]. 

Active ingredients of CCFWE include alkaloids, such as ber-

berine, jatrorrhizine, coptisine, and palmatine [34]. Berberine 

shows strong antibacterial bioactivity against Shigella dysen-

teriae [54], induces apoptosis via a mitochondrial pathway 

in liver cancer cells [56], provides neuroprotective effects in 

mice [8], prevents the development of left ventricular hyper-

trophy induced by pressure overload in rats [21], and in-

hibits angiogenesis through the suppression of various 
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Fig. 6. CCFWE inhibits vessel sprouting from rat aorta. Rat aortic rings were placed in Matrigel and treated with 10 or 25 μg/ml 

CCFWE before the exposure to VEGF (20 ng/ml). The effect of CCFWE on sprout formation by the aorta samples was 

examined on day 7. (A) Representative images were photographed. (B) CCFWE inhibits the VEGF-induced vessel sprouting. 

The results were scored from 0(least positive) to 5(most positive), and the data are shown as the mean ± SD (n=6). *p<0.01 

versus VEGF alone.

proinflammatory and pro-angiogenic factors in melanoma 

cells and C57BL/6 mice [19]. Jatrorrhizine inhibits pro-

liferation of metastatic melanoma cell and neovasculariza-

tion in mice [35] and Coptisine inhibits aggressive osteo-

sarcoma cell proliferation [57]. Palmatine exhibits an ex-

tensive range of pharmacological actions, including anti-

bacterial activity against Escherichia coli [53], as well as anti-

viral [24], anti-inflammatory [30], and anticancer effects [2]. 

Although various beneficial effects of CCFWE have been re-

ported, the exact mechanisms of action of the extract and 

its active components, associated with the diverse biological 

functions, are still unclear. Until now, there have been no 

reports on antiangiogenic activity of CCFWE. To validate 

CCFWE as a potential antiangiogenic material, we explored 

well-established angiogenesis assays [47]. Consequently, we 

demonstrated that the treatment with CCFWE suppressed 

the VEGF-induced angiogenesis progression in vitro and ex 

vivo.

Angiogenesis plays a key role in tumor growth and meta-

stasis [15], and it is a multi-step process requiring coordi-

nated endothelial functions, such as the activation of endo-

thelial cells, degradation of the basement membrane, migra-

tion and proliferation of endothelial cells, elongation and 

branching of vessels, acquisition of pericytes, and ECM re-

modeling [49]. VEGF is a key factor in angiogenesis, and 

it is highly expressed in a wide variety of human cancers 

[12]. It has been demonstrated that antiangiogenic drugs that 

target molecules within the angiogenic signaling pathway 

inhibit the tumor growth [46]. Recently, more efforts have 

been focused on the discovery of novel, non-cytotoxic, anti-

angiogenic compounds or natural product extracts, some of 

which have been used clinically for thousands of years as 

important alternative remedies for a wide variety of dis-

eases, including cancer [16, 32, 33, 36].

To investigate the antiangiogenic activity of CCFWE, we 

first performed a test of endothelial cell proliferation in re-

sponse to VEGF. Cell growth is determined by the balance 

between cell proliferation and death. As shown in Fig. 1, 

the treatment with CCFWE dramatically reduced the 

VEGF-induced proliferation of endothelial cells in a concen-

tration-dependent manner (Fig. 1B), but cell viability did not 

significantly change at concentrations as high as 25 μg/ml, 

as determined by the MTT assay (Fig. 1A). These results in-

dicate that the antiangiogenic potential of CCFWE is not due 

to cytotoxicity. In order to gain deeper insights into the 

mechanism of the antiangiogenic activity of the extract, we 

investigated the effect of CCFWE on the phosphorylation 

of extracellular signal-regulated kinases (ERKs) 1/2 and p38 

mitogen-activated protein kinase (MAPK) in endothelial 

cells. MAPK pathways are involved in the VEGF signaling 

cascades and regulate a variety of physiological processes, 

including endothelial cell growth in angiogenesis [6, 31]. In 
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these experiments, we observed that the CCFWE treatment 

did not inhibit the VEGF-stimulated phosphorylation of 

ERK1/2 and p38 MAPK (data not shown). Using FACS anal-

ysis, we found that CCFWE induces a cell cycle arrest in 

the G0/G1 phase (Fig. 2). The G0/G1 to S phase transition 

is a major checkpoint responsible for DNA replication, and 

it is strongly regulated by the combined activity of the cyclin 

D1/cyclin-dependent kinase (CDK) 4 complex [40]. The p21 

protein, a proliferation inhibitor, plays a role in the G0/G1 

arrest by binding to and inhibiting the activity of cy-

clin/CDK complexes [20]. In our previous work, we showed 

that a hot water extract of Coptis japonica Makino inhibited 

the proliferation of HUVECs in response to VEGF through 

the G0/G1 arrest [28].

The migratory and invasive behavior of endothelial cells 

is another mainstay in angiogenesis. Cell migration and in-

vasion requires ECM degradation and involves the activa-

tion of many intracellular signaling pathways, such as those 

regulating MMPs. Our findings show that the number of 

migrated and invaded endothelial cells decreased very effec-

tively among VEGF-stimulated, CCFWE-treated HUVECs 

(Fig. 3, Fig. 4A). Therefore, these data suggest that CCFWE 

significantly reduced the endothelial cell migration and in-

vasion and reveal the potential of this extract as an anti-

angiogenic agent. The MMPs, MMP-2 and MMP-9, are key 

enzymes involved in the migratory and invasive progress 

of angiogenesis [7, 44]. We investigated the MMP-2 and 

MMP-9 enzyme activities in response to VEGF in CCFWE- 

treated HUVECs. The activities of MMP-2 and MMP-9, in-

creased by VEGF, decreased in CCFWE-treated cells in a 

dose-dependent manner (Fig. 4B). However, we did not in-

vestigate the mechanism by which the CCFWE treatment 

downregulates the MMP-2 and MMP-9 expression. Taken 

together, our results suggest that CCFWE exerts its anti-

angiogenic effects on HUVECs by inhibiting the activity of 

the proangiogenic proteins, MMP-2 and MMP-9. After endo-

thelial cells invade and migrate into the perivascular space, 

the cells differentiate and form a capillary network [9, 10]. 

To further study the differentiation of endothelial cells, we 

measured the tube formation on a Matrigel matrix. Matrigel 

is a tumor-derived matrix that contains all the components 

necessary to start the formation of blood vessel-like struc-

tures by endothelial cells [5]. As a result, CCFWE showed 

the potent inhibition of tube formation in a dose dependent 

manner (Fig. 5). Finally, to verify the antiangiogenic effect 

of CCFWE, we carried out an ex vivo rat aortic ring sprouting 

assay. The results showed that the VEGF-stimulated out-

growth and dendritic branching of new blood vessels were 

potently and dose-dependently inhibited in the rat aortic 

rings treated with CCFWE (Fig. 6). Collectively, the in-

hibition of microvessel outgrowth from rat aortic rings, as 

well as the inhibition of HUVEC proliferation, migration, in-

vasion, and tube formation on a Matrigel matrix, provides 

strong evidence of the antiangiogenic effect of CCFWE.

In conclusion, we demonstrated that a water extract of 

C. chinensis could be an interesting antiangiogenic candidate 

that targets the VEGF signaling pathway and may be a po-

tential novel therapeutic agent for the treatment of cancer 

and other angiogenesis-related diseases.
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록：In vitro와 ex vivo 신생 모델에서 황련 냉수추출물의 신생  억제효과

김억천․김서호․이진호․김택 *

(연세대학교 과학기술대학 생명과학기술학부)

혈관신생, 즉 새로운 혈관형성은 종양의 성장과 전이에 중요한 역할을 한다고 알려져 있으며, 암 치료에 중요한 

목표물이 되고 있다. 이 연구의 목적은 황련 냉수추출물의 혈관신생 억제작용의 효과를 밝히고 항암제로서의 가

능성을 평가하고자 한다. Ex vivo rat aortic ring assay 실험결과 신생혈관성장을 억제하는 결과를 확인하였고, 

이것을 통해 황련 냉수추출물이 혈관신생과정의 주요한 단계와 내피세포의 증식, 이동, 침투, 혈관내피세포자극인

자에 의한 반응으로 모세관 모양의 관 형성작용을 억제함을 알아내었다. 또한 황련 냉수추출물을 처리하였을 때, 

세포주기가 억제되고 VEGF에 의한 반응으로 인해 G0/G1 주기에서 S 주기로 가는 과정을 예방하고, VEGF에 의

해 활성화가 유도되는 MMP-2, MMP-9이 감소되었다. 따라서 이들의 결과는 황련 냉수추출물이 종양의 발달 단계 

중 혈관신생을 방해하는 잠재적인 항암약물의 소재로 고려될 수 있음을 제안한다.


