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Abstract. Colorectal cancer (CRC) is one of the most 
commonly diagnosed malignancies worldwide. For patients 
diagnosed with the presence of metastatic disease, surgery is 
not suitable for the majority of them. Lymphangiogenesis is a 
key factor during cancer metastasis and is regulated by vascular 
endothelial growth factor C (VEGF-C). Hedyotis diffusa 
Willd. (HDW) is a Chinese herb of the Rubiaceae family that 
reportedly inhibits tumor metastasis. However, its underlying 
anticancer mechanisms have not yet been elucidated. In the 
present study, we investigated the effects of an ethanol extract 
of HDW (EEHDW) on the migration capacity by wound 
healing and Transwell assays, and the effect on the VEGF-C 
expression in different CRC cell lines by western blot analysis 
and ELISA assays. A model of VEGF-C-stimulated human 
lymphatic endothelial cells (HLECs) was constructed. It 
was found that EEHDW suppressed lymphangiogenesis 
via the mediation of multiple pathways, which attenuated 
the migration of cells and their tube formation abilities. 
Multiple signaling pathways were found to be involved in the 
VEGF-C-mediated lymphangiogenesis. After EEHDW treat-
ment in VEGF-C-stimulated HLECs, EEHDW was found 
to downregulate the expression levels of multiple signaling 
pathways. Taken together, these results indicate that EEHDW 
possesses significant anti-metastatic activities. Moreover, 
the suppressive effect of EEHDW on lymphangiogenesis, 
particularly via downregulation of VEGF-C, partly explains 

the potential molecular mechanism underlying the inhibitory 
effect of EEHDW on CRC metastasis.

Introduction

Colorectal cancer (CRC) ranks as the third most commonly 
diagnosed cancer and fourth leading cause of cancer-related 
death worldwide (1,2). Surgery and chemotherapy are the most 
common therapeutic strategies for CRC, but they are frequently 
associated with adverse side effects (3). However, the low 
efficacy of these treatments in advanced stage CRC patients 
is a serious public concern due to the high mortality rate. The 
limited efficacy of these therapies is mainly due to lymph 
node metastasis (4). At the time of diagnosis, approximately 
25% of CRC patients present with metastatic disease, and the 
5-year survival rate is approximately 10% (5). Therefore, to 
reduce CRC-associated mortality through the development of 
therapeutic agents, it is critical to elucidate the mechanisms 
underlying tumor metastasis.

Among many solid malignancies, the dissemination of 
cancer cells is mainly by means of lymphatic metastasis (6-10). 
Thus, a crucial target for anti-metastatic agents is tumor 
lymphangiogenesis. Lymphangiogenesis is a complex 
multi-stage process including proliferation, survival, migra-
tion and tube formation of endothelial cells, which depends 
largely on the signaling of vascular endothelial growth factor C 
(VEGF-C) and VEGF receptor 3 (VEGFR3) (11,12). VEGF-C 
is a member of the platelet-derived growth factor family (11). 
VEGFR3 is a tyrosine kinase receptor that is expressed in 
human lymphatic endothelial cells (HLECs) (13). After the 
binding of VEGF-C to VEGFR3, downstream pathways, 
including PI3K/AKT, ERK and STAT3, are activated, leading 
to the growth of endothelial cells or to proliferation, survival, 
migration, and tube formation of endothelial cells and subse-
quent lymphangiogenesis and metastasis. Thus, expression of 
VEGF-C is a key for determining whether a tumor has metas-
tasized (14).

Hedyotis diffusa Willd. (HDW) is a well-known member of 
the Rubiaceae family of tropical herbs, shrubs, and trees. HDW 
is known for its properties of heat‑clearing and detoxification 
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(in Chinese, Qing Re Jie Du), promotion of blood circulation 
and the removal of blood stasis (in Chinese, Huo Xue Hua Yu); 
therefore, it is widely used as a toxin-clearing herb in traditional 
Chinese medicine (15-17). According to a previous report, an 
ethanol extract of HDW (EEHDW) was found to inhibit the 
growth of colon cancer by inhibiting cell proliferation, tumor 
angiogenesis and metastasis; and it promoted cell apoptosis 
via regulation of multiple signaling pathways (18-21). However, 
the mechanisms underlying the anti-metastatic effect of HDW 
have not been elucidated, especially regarding lymphangio-
genesis. In the present study, by using various CRC cell lines 
and applying a VEGF-C-stimulated HLEC model, the effects 
of EEHDW on tumor metastasis and lymphangiogenesis were 
investigated.

Materials and methods

Preparation of an ethanol extract of Hedyotis diffusa Willd. 
The preparation of EEHDW was carried out using the same 
procedure as previously described (22). Briefly, EEHDW 
powder was dissolved using 100% DMSO. The concentration 
of EEHDW was 500 mg/ml and was stored at ‑20˚C. The same 
volume of DMSO was administered to all control groups in 
this study.

Cell culture. Human colorectal carcinoma cell lines HCT116 
(Cell Bank of the Chinese Academy of Sciences, Shanghai, 
China), HCT-8 (Nanjing Keygen Biotech, Jiangsu, China) and 
HLECs (JNO-19268; Jennio Biotech Company, Guangdong, 
China) were cultured in RPMI-1640 (cat. no. C11875500BT, 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) medium 
containing 10% (v/v) fetal bovine serum (FBS; cat. no. 10099-141, 
Thermo Fisher Scientific, Inc.), 1% penicillin‑streptomycin (cat. 
no. SV30010, Thermo Fisher Scientific, Inc.), and then cultured 
in a 37˚C humidified incubator with 5% CO2.

Administration of EEHDW and exogenous VEGF‑C. CRC 
cells were seeded into 6-well plates (2.5x105 cells/well) for 
12 h, and were subsequently treated with EEHDW for the 
indicated times as specified for the MTT, colony formation, 
flow cytometry, Transwell, tube formation and western blot 
assays. HLECs were grown until achieving ~60% confluency 
in complete medium and then the medium was replaced 
with FBS-free medium overnight. The cells were then 
placed into another complete medium which contained 2% 
FBS; and then the cells were treated with 5 ng/ml VEGF-C 
(cat. no. CYT-527, Prospec-Tany TechnoGene, Ltd., East 
Brunswick, NJ, USA) and/or various doses of EEHDW for 
the indicated times.

Cell viability assay. MTT assays were used to detect 
cell viability. Firstly, cells were plated into a 96-well 
(1x105 cells/well) overnight, and then the cells were treated 
with EEHDW (0, 0.125, 0.25, 0.5 and 1, 2 mg/ml) and/or 
exogenous VEGF-C (5 ng/ml) for 24 h; then MTT (0.5 mg/ml) 
was added to each well (100 µl/well) and incubated for 4 h. 
Subsequently, all wells were treated with DMSO (100 µl/well). 
An ELISA reader (Infinite M200 PRO; Tecan Austria GmbH, 
Austria) was used to read the absorbance (570 nm). This 
experiment was repeated eight times.

Colony formation assay. The procedures were conducted 
in the same way as previously described (15). Briefly, after 
pretreatment with EEHDW (0, 0.125, 0.25, 0.5 and 1 mg/ml) 
for 24 h, cells at a density of 1,000 per group were seeded into 
a 6-well plate, and cultured for 10 days for the formation of 
colonies. Then the colonies formed were fixed with 4% form-
aldehyde for 10 min, followed by visualization treatment with 
0.3% crystal violet staining for 15 min. After removing excess 
crystal violet by rinsing the plate with PBS, the visible colo-
nies were counted by ImageJ software, and the rate of colony 
formation was calculated in each group with the control group 
set as 100%. This experiment was repeated three times.

Wound healing assay. CRC cells were seeded into a 6-well 
plate with 2 ml of medium in each well (5x105 cells/well). After 
24 h, the incubated cells were scraped away vertically in each 
well with a P200 pipette tip. Under a phase-contrast inverted 
microscope at a magnification of x100, for each well three 
images along the scraped line were randomly selected. Then 
similarly, after the cells underwent another 24 h of incubation 
in the indicated concentrations of EEHDW (0, 0.25, 0.5 and 
1 mg/ml), a new set of images were captured. By comparing 
these two groups of images, the reduction in the number of 
cells within the scraped area indicated the cell migration rate. 
ImageJ software was used to analysis the images in this assay. 
This experiment was repeated three times.

Assessment of cell migration by Transwell assay. Transwell 
cell culture chambers (cat. no. 3422; Corning Life Sciences, 
Corning, NY, USA) were used and the Transwell inserts were 
placed into a 24-well plate where each well contained chemoat-
tractant solution. The cells for migration assay were prepared 
by being seeded into a 6-well plate and incubated for 24 h after 
treatment with EEHDW (0, 0.125, 0.25, 0.5 and 1 mg/ml). The 
incubated cells were then diluted into a density of 5x104 cells 
(HCT116), 7.5x104 cells (HCT-8) and 5x104 cells (HLECs) and 
pipetted into the inserts containing suspension solution with 
0.2 ml RPMI-1640 medium. After the cells were incubated 
for 24 h, the upper-side of the polycarbonate membrane was 
scraped, leaving the underside of the membrane with migrated 
cells, which were stained with crystal violet for 15 min at room 
temperature. To count the number of the migrated cells, three 
random areas on each membrane were chosen and counted 
under a phase-contrast microscope (Leica, Germany) at a 
magnification of x200. This experiment was repeated three 
times.

ELISA assays. The secretion level of VEGF-C was measured 
using ELISA kits (cat. no. TAE-577h-c; Tianjin Aoric 
Bio-Technology Co., Tianjin, China) according to the manu-
facturer's instructions. The wells in a coated microwell plate 
were filled with 50 µl of each concentration of standard or 
25 µl test samples, and then the test sample plates were filled 
with 25 µl biotin. All wells were filled with 50 µl enzyme 
conjugation liquid and incubated for 1 h at 37˚C. After 5 times 
of washes with washing liquid, TMB1 and TMB2 were added 
to the wells, and incubation was carried out for 20 min at room 
temperature. Finally, the wells were added with stopping liquid 
and the absorbance was measured at 450 nm. This experiment 
was repeated eight times.
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Cell cycle assays by flow cytometry. Cell cycle distribution 
was assessed in the HLECs after treatment with the indicated 
concentrations of EEHDW (0, 0.125, 0.25 and 0.5 mg/ml). Cell 
cycle progression was estimated using a Propidium Iodide (PI) 
kit (cat. no. KGA512; KeyGen Biotech Co., Nanjing, 
China) with fluorescence‑activated cell sorting (ModFitLT 
version 3.0; Verity Software House, Inc., Topsham, ME, USA) 
according to the manufacturer's instructions.

Cell apoptosis assays by flow cytometry. A total of 2x105 
HLECs cells were seeded into 6-plates in 2 ml medium and 
treated with indicated concentrations of EEHDW (0, 0.125, 
0.25 and 0.5 mg/ml) or 5 ng/ml VEGF-C for 24 h. The apop-
tosis in HLECs after treatment with EEHDW was estimated 
using an Annexin V-FITC/PI kit (cat. no. KGA108, KeyGen 
Biotech Co.) with fluorescence‑activated cell sorting caliber 
(FACSCaliburTM; BD Biosciences, San Jose, CA, USA). The 
treatment method was carried out according to the manufac-
turer's instructions.

Tube formation assays. The assay was conducted as previously 
described (10). Briefly, after treatment with EEHDW (0.125, 
0.25 and 0.5 mg/ml) and/or exogenous VEGF-C (5 ng/ml) 
for 24 h, HLECs were diluted into a density of 2x105 cells 
in 200 µl medium per group, before being seeded into a 1:1 
ECMatix (ECM625; Millipore, Billerica, MA, USA) gel 
(v/v)-coated 48-well plate. The cells then were incubated for 
8 h. Then by using a phase‑contrast microscope at a magnifica-
tion of x40, the series of tube-like structures were examined 
and photographed.

Western blot assays. HCT116, HCT-8 and HLECs cells were 
seeded at a density of 2.5x105 cells/well into 6-well plates 
in 2 ml complete medium, and were treated with various 
concentrations of EEHDW (0, 0.125, 0.25, 0.5 and 1 mg/ml) 
for a total of 24 h at 37˚C. The treated cells were washed 
with PBS and scraped off into a tube, then lysed using lysis 
buffer containing protease and phosphatase inhibitor cock-
tails on ice for 15 min. Following high-speed centrifugation 
(12,000 x g) for 20 min at 4˚C, supernatant containing the 
sample proteins was collected. The concentration of proteins 
was determined using the bicinchoninic acid (BCA) assay (cat. 
no. 23227; Thermo Fisher Scientific, Inc.), and the total protein 
concentrations were determined. After separating the total 
proteins into 50 µg and resolving them in 10% SDS-PAGE 
gels, electro-blotting was carried out. After this, the separated 
proteins were subsequently transferred onto NC membranes 
(cat. no. HATF00010; Millipore, Billerica, MA, USA) which 
were blocked and probed with primary antibodies: VEGF-C, 
VEGFR-3 and β-actin (cat. nos. 2445, 2485, 4967, respectively; 
dilution 1:1,000; Cell Signaling, Beverly, MA, USA), PI3K, 
AKT, ERK and STAT3 (cat. nos. 13329-1-AP, 10176-2-AP, 
16443-1-AP and 10253-2-AP, respectively; dilution 1:2,000; 
Proteintech, USA), p-PI3K, p-AKT, p-ERK and cyclin D1 
(cat. nos. sc-12929, sc-135650, sc-16982 and sc-753, respec-
tively; dilution 1:1,000; Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), CDK4, MMP2, MMP9 and p-STAT3 (cat. 
nos. ab137675, ab37150, ab38898 and ab76315, respectively; 
dilution 1;1,000; Abcam) overnight at 4˚C. On the second day, 
the appropriate HRP-conjugated secondary antibody (cat. 

no. E030120; EarthOx, Millbrae, CA, USA) was added and 
SuperSignal West Pico Chemiluminescent Substrate was used 
to detect the signal. Image Lab™ Software (version 3.0) was 
used for densitometric analysis/quantification of the western 
blot (Bio-Rad Laboratories Inc., Hercules, CA, USA).

Statistical analysis. One-way ANOVA and SPSS software 
(version 18.0; SPSS, Inc., Chicago, IL, USA) were used to 
analyze all the data in this study. LSD and Dunnet's were used 
as post-hoc tests. Data are expressed as mean ± standard devia-
tion (SD). P<0.05 was considered as indicative of a statistically 
significant result.

Results

EEHDW inhibits the growth of CRC cell lines. We used MTT 
assays to determine the effect of EEHDW on the viability 
of HCT116 and HCT-8 cell lines. After their treatment with 
EEHDW at 0, 0.25, 0.5, 1.0 and 2.0 mg/ml for 24 h, the cell 
viability was reduced from 100% (control) to 37.32±3.08% 
(2 mg/ml EEHDW) (HCT116) and from 100% (control) 
to 43.10±3.80% (2 mg/ml EEHDW) (HCT-8) (Fig. 1A) 
(P<0.05). For verification, we performed a colony formation 
assay to examine the effect of EEHDW on the survival of 
CRC cells. As shown in Fig. 1B and C, the survival rates of 
the EEHDW-treated cells decreased with increasing dose in 
a dose-dependent manner, relative to the survival rate of the 
control EEHDW-untreated group.

EEHDW inhibits the migration of CRC cell lines. 
Wound-healing assays were used to investigate the effect of 
EEHDW on the migratory ability of CRC cells. During the 
process, 24 h after wounding, we observed the migration of 
the untreated HCT116 and HCT-8 cells (control groups) into 
the wounded (clear) area of the cell monolayer. Compared 
with the control group (100%), the percentages of the wound 
area in the HCT116 cells after treatment with 0, 0.25, 0.5 and 
1.0 mg/ml EEHDW were 51.92±5.56, 64.55±6.37, 72.38±4.95 
and 98.43±7.21%, respectively (P<0.05); the percentages of the 
wound area in the HCT-8 cells were 21.18±3.14, 38.31±5.24, 
45.89±5.98 and 50.91±6.09%, respectively (P<0.05) 
(Fig. 2A and B), which confirmed that the migration rates of 
both cell lines were significantly inhibited by the EEHDW 
treatment. We also used a Transwell assay to detect the effect, 
as shown in Fig. 2C and D, and found that EEHDW signifi-
cantly inhibited the migration of the CRC cells.

EEHDW downregulates the expression and secretion of 
VEGF‑C in the CRC cell lines. To understand the potential 
mechanism involved in the EEHDW-mediated inhibition of 
CRC cell migration, the expression and secretion levels of 
VEGF-C were assessed in the CRC cells following treatment 
with 0, 0.25, 0.5 and 1.0 mg/ml EEHDW by western blot 
analysis and ELISA assay. We found that EEHDW signifi-
cantly inhibited the expression (Fig. 3A and B) and secretion 
(Fig. 3C) of VEGF-C (P=0.00).

EEHDW reduces the growth of VEGF‑C‑stimulated HLECs. 
The viability of HLECs was increased to 106.45±6.59% at 
24 h after VEGF-C stimulation relative to the viability of 
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the control cells (P<0.05), whereas viability was significantly 
decreased from 94.87±2.91 to 45.64±2.46% after EEHDW 
treatment (from 0.125 to 1.0 mg/ml) (Fig. 4A). Using a colony 
formation assay, we found that after VEGF-C stimulation, the 
survival rate of the HLECs was increased. After EEHDW 

treatment, the survival rate decreased dose-dependently rela-
tive to the rate in the untreated control cells (Fig. 4B). Cell 
colony formation assay indicates the cell survival ability; 
therefore, in our study, this data only confirmed that EEHDW 
decreased the ability of survival. We also performed cell 

Figure 1. Effect of EEHDW on the growth of HCT116 and HCT-8 cells. (A) Cell viability of CRC HCT116 and HCT-8 cell lines was assessed by MTT assay 
following treatment with 0, 0.25, 0.5, 1.0 and 2.0 mg/ml EEHDW. (B) Cell growth ability was assessed by colony formation assay. (C) Quantitative analysis of 
the colony formation assay. *P<0.05 vs. the control group. CRC, colorectal cancer; HDW, Hedyotis diffusa Willd.; EEHDW, ethanol extract of HDW.
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Figure 2. Effect of EEHDW on the migration of HCT116 and HCT-8 cells. (A) Migration ability in the CRC HCT-116 and HCT-8 cells following treatment 
with 0, 0.25, 0.5 and 1.0 mg/ml EEHDW was detected by wound healing assays (magnification, x100). (B) Quantitative analysis of the wound healing assays. 
*P<0.05 vs. the control group. (C) Migration ability in the HCT116 and HCT-8 cells was detected by Transwell assays (x200). (D) Quantitative analysis of the 
Transwell assays. *P<0.05 vs. the control group. CRC, colorectal cancer; HDW, Hedyotis diffusa Willd.; EEHDW, ethanol extract of HDW.
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cycle assay to detect the effect of EEHDW on cell cycle 
distribution. However, the distribution of cells in the G0/G1, 
S, G2/M phases following treatment with 0, 0.125, 0.25 and 
0.5 mg/ml EEHDW had no statistically significant difference 
(Fig. 4C). Thus, the effect of EEHDW on the significant reduc-
tion in cell proliferation is influenced by the changes in cell 
survival ability. Moreover, we used Annexin Ⅴ/PI staining and 
fluorescence‑activated cell sorting analysis to investigate the 
effect of EEHDW on the apoptosis of HLECs after VEGF-C 

stimulation. The results showed that after EEHDW treat-
ment at 0.125, 0.25 and 0.5 mg/ml, there were no significant 
differences in the percentage of cells undergoing apoptosis 
in the EEHDW-treated groups and the control group without 
EEHDW treatment (Fig. 4D). These results indicated that 
EEHDW reduced the growth of VEGF-C-stimulated HLECs 
but had no proapoptotic effect in the dose range of 0.125 to 
0.5 mg/ml EEHDW.

EEHDW inhibits the migration and tube formation of 
VEGF‑C‑stimulated HLECs. The migration abilities of 
HLECs after VEGF-C stimulation were enhanced, whereas 
this enhanced effect was significantly attenuated by treat-
ment with 0.125, 0.25 and 0.5 mg/ml of EEHDW (Fig. 5). 
Similarly, the rate of tube formation of HLECs significantly 
increased with exogenous VEGF-C stimulation, relative 
to the rate in the control cells without VEGF-C treatment, 
whereas the rate of tube formation of HLECs was significantly 
decreased after treatment with 0.125, 0.25 and 0.5 mg/ml of 
EEHDW (Fig. 6).

EEHDW suppresses the expression of MMP2, MMP9, 
cyclin D1 and CDK4 in VEGF‑C‑stimulated HLECs. During 
cancer metastasis, matrix metalloproteinase (MMP)2, MMP9, 
cyclin D1 and cyclin-dependent kinase 4 (CDK4) are important 
factors for cell proliferation and migration (23,24). Therefore, 
we detected the expression of MMP2, MMP9, cyclin D1 and 
CDK4 after treatment with 0.125, 0.25 and 0.5 mg/ml of 
EEHDW. As shown in Fig. 7, we found that expression levels 
of MMP2, MMP9, cyclin D1 and CDK4 were upregulated 
after VEGF-C stimulation but downregulated after EEHDW 
treatment.

EEHDW suppresses multiple signaling pathways in the 
VEGF‑C‑stimulated HLECs. As important as VEGF-C is to 
the proliferation and migration of HLECs (11,13), the expres-
sion of VEGFR-3 is also closely related to these processes. 
Additionally, multiple signaling pathways, including the 
PI3K/AKT, ERK and STAT3 pathways, can be upregulated 
as well as some factors, such as MMPs, cyclins, and relevant 
dependent kinases (14). To further investigate the anti-lymphan-
giogenesis effects of EEHDW, we examined the expression of 
related proteins after EEHDW treatment. We found that the 
expression level of VEGFR3 increased by 1.35±0.03 times 
after VEGF-C stimulation, whereas the level decreased from 
1.35±0.03 times to 0.72±0.02 times with EEHDW treatment. 
The expression levels p-PI3K/PI3K, p-AKT/AKT, p-ERK/ERK 
and p-STAT3/STAT3 were increased by 1.31±0.03, 1.11±0.05, 
1.81±0.07 and 1.35±0.02 times, respectively, after VEGF-C 
stimulation, whereas the levels decreased to 0.86±0.05, 
0.73±0.04, 0.72±0.05 and 0.33±0.01 times, respectively, 
following EEHDW treatment (Fig. 8).

Discussion

Many colorectal cancer (CRC) patients succumb to disease due 
to tumor metastasis (3). Many cell processes, including tumor 
cell migration, angiogenesis and lymph angiogenesis, promote 
such tumor metastasis, and a key process is lymph angiogen-
esis (25,26). Preclinical evidence suggests that the spread of 

Figure 3. Effect of EEHDW on the expression and secretion of VEGF-C in 
CRC HCT116 and HCT-8 cells. (A) The expression of VEGF-C in HCT116 
and HCT-8 cells following treatment with 0, 0.25, 0.5 and 1.0 mg/ml EEHDW 
was determined by western blot assay. β-actin was used as an internal con-
trol. (B) The band densities of the western blot in (A) were quantitatively 
analyzed. *P<0.05 vs. the control group. (C) The secretion of VEGF-C was 
determined by ELISA. *P<0.05 vs. the control group. VEGF-C, vascular 
endothelial growth factor C; CRC, colorectal cancer; HDW, Hedyotis diffusa 
Willd.; EEHDW, ethanol extract of HDW.
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cancer can be blocked by the inhibition of cancer-mediated 
lymphangiogenesis (27). Recently, many studies have provided 
new clues to the development of lymphatic vessels and the 
mechanisms underlying lymph node metastasis.

Reportedly, VEGF-C, which is a lymphangiogenic marker, 
determines the development of lymphangiogenesis and lymph 

metastasis (28). Furthermore, the role of VEGF-C is important 
in many human cancers, including CRC and lung cancer (29). 
Previous research (10) suggest that lymphatic vessel growth 
and metastasis can be promoted by the complex of VEGF-C 
and VEGFR3, abundantly expressed in human lymphatic 
endothelial cells (HLECs).

Figure 4. Effect of EEHDW on the growth of VEGF-C-stimulated HLECs. (A) Cell viability in the VEGF-C (5 ng/ml)-stimulated HLECs following treatment 
with 0, 0.125, 0.25, 0.5 and 1.0 mg/ml EEHDW was determined by MTT assay. *P<0.05 vs. the control group; #P<0.05 vs. the VEGF-C-stimulated group. 
(B) Cell growth ability was measured in VEGF-C-stimulated HLECs following treatment with 0, 0.125, 0.25 and 0.5 mg/ml EEHDW by colony formation 
assay. (C) Cell cycle distribution in VEGF-C-stimulated HLECs after treatment with 0, 0.125, 0.25 and 0.5 mg/ml EEHDW was detected by PI staining with 
flow cytometric analysis. (D) Apoptosis in VEGF‑C‑stimulated HLECs after treatment with VEGF‑C and EEHDW was detected by Annexin V‑FITC/PI 
staining with flow cytometry analysis. VEGF‑C, vascular endothelial growth factor C; HLECs, human lymphatic endothelial cells; HDW, Hedyotis diffusa 
Willd.; EEHDW, ethanol extract of HDW.
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A new therapeutic strategy for CRC is the targeting of 
lymphangiogenesis and VEGF-C. However, in clinical prac-
tice, there are many disadvantages, including drug resistance, 
metastatsis and tumor recurrence. Recently, cancer treatment 
using medicinal herbs has drawn increasing attention due to 
their significant efficacy and few side effects. Hedyotis diffusa 
Willd. (HDW), an annual herb, has long been used in clinical 
practice for its anti‑inflammatory, anti‑oxidant and anticancer 
effects, and previous studies of our research group found that 
an ethanol extract of HDW (EEHDW) inhibited proliferation, 
migration, invasion and promoted apoptosis in vivo and inhib-
ited CRC growth in vivo via inhibition of SHH-mediated tumor 

angiogenesis (10,18,30), and other scholars have also studied 
the toxicological safety of HDW (31). We also conducted 
animal experiments to evaluate whether EEHDW is toxic 
and has adverse side effects on animal body weight, intestinal 
tissue, liver and other organs. The results demonstrated that 
EEHDW showed no toxicity and side effects in regards to 
animal body weight, intestinal tissue, liver and other organs 
compared with the control group (unpublished data).

In the present study, it was verified that EEHDW could 
reduce viability, survival ability, and migration in CRC cell 
lines, which indicated the significant capability of EEHDW 
in regards to anti-metastasis (Figs. 1 and 2). To explain the 

Figure 5. Effect of EEHDW on the migration ability of VEGF-C-stimulated HLECs. (A) Migration ability in HLECs cells after treatment with VEGF-C 
(5 ng/ml) and EEHDW (0, 0.125, 0.25 and 0.5 mg/ml) was detected by Transwell assays (x200). (B) Quantitative analysis of the Transwell assay. *P<0.05 vs. the 
control group; #P<0.05 vs. the VEGF-C-stimulated group. VEGF-C, vascular endothelial growth factor C; HLECs, human lymphatic endothelial cells; 
HDW, Hedyotis diffusa Willd.; EEHDW, ethanol extract of HDW.
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Figure 7. Effect of EEHDW on the expression of MMP2, MMP9, cyclin D1 and CDK4 in VEGF-C (5 ng/ml)-stimulated HLECs. (A) Expression levels of 
MMP2, MMP9, cyclin D1 and CDK4 in HLECs after treatment with VEGF-C (5 ng/ml) and EEHDW (0, 0.125, 0.25 and 0.5 mg/ml) were determined by 
western blot analysis. β-actin was used as an internal control. (B) Quantitative analysis of the western blot in (A). *P<0.05 vs. the control group; #P<0.05 vs. the 
VEGF-C-stimulated group. MMP, matrix metalloproteinase; CDK4, cyclin-dependent kinase 4; VEGF-C, vascular endothelial growth factor C; HLECs, 
human lymphatic endothelial cells; HDW, Hedyotis diffusa Willd.; EEHDW, ethanol extract of HDW.

Figure 6. Effect of EEHDW on the tube formation of VEGF-C-stimulated HLECs. (A) Tube formation in HLECs cells after treatment with VEGF-C (5 ng/ml) 
and EEHDW (0, 0.125, 0.25 and 0.5 mg/ml) was detected by tube formation assays (x40). (B) Quantitative analysis of the tube formation assay. *P<0.05 vs. 
the control group; #P<0.05 vs. the VEGF-C-stimulated group. VEGF-C, vascular endothelial growth factor C; HLECs, human lymphatic endothelial cells; 
HDW, Hedyotis diffusa Willd.; EEHDW, ethanol extract of HDW.
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mechanism further, we investigated VEGF-C expression 
and secretion levels in CRC cells. The results showed that 
EEHDW significantly downregulated VEGF-C expression 

and secretion (Fig. 3), an indication that a potential mecha-
nism of the anti-metastatic effects of EEHDW may lie in the 
inhibition of lymphangiogenesis-related VEGF-C expression. 

Figure 8. Effect of EEHDW on multiple signaling pathways in VEGF-C-stimulated HLECs. (A) Expression levels of VEGFR3, PI3K, p-PI3K, AKT, p-AKT, 
ERK, p-ERK, STAT3 and p-STAT3 in HLECs after treatment with VEGF-C (5 ng/ml) and EEHDW (0, 0.125, 0.25 and 0.5 mg/ml) were determined by western 
blot analysis. β-actin was used as an internal control. (B-F) Quantitative analyses of the western blot in (A). *P<0.05 vs. the control group; #P<0.05 vs. the 
VEGF-C-stimulated group. VEGF-C, vascular endothelial growth factor C; HLECs, human lymphatic endothelial cells; HDW, Hedyotis diffusa Willd.; 
EEHDW, ethanol extract of HDW.
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Since CRC-secreted VEGF-C can promote the formation of 
lymphatic vessels in HLECs, we established an in vitro model 
by using exogenous VEGF-C to stimulate HLECs. We found 
that the viability of the cells and their ability to migrate and 
form tubes were significantly enhanced after stimulation with 
5 ng/ml of exogenous VEGF-C (Figs. 4 and 5). In contrary, these 
cell behaviors were attenuated after EEHDW treatment. Yet, 
these effects were not the result of cell apoptosis, as we showed 
that EEHDW did not affect apoptosis in HLECs (Fig. 4D). The 
present study also showed that EEHDW did not affect the cell 
cycle distribution of HLECs. Additionally, the expression of 
VEGFR-3, a cognate receptor to VEGF-C, in HLECs was 
increased after stimulation by exogenous VEGF-C but was 
notably downregulated by EEHDW treatment.

In addition, various downstream transcription factors (e.g. 
those in cancer) can be activated by VEGF-C/VEGFR-3. We 
found that EEHDW prominently inhibited the expression of 
MMP2, MMP9, cyclin D1 and CDK4 (Fig. 7). MMP2 and 
MMP9 are two important factors involved in cell migration, 
whereas exogenous VEGF-C stimulation increased their 
expression. In tumor tissue, injury to the extracellular matrix 
can be caused by the overexpression of MMP2 and MMP9 
finally leading to the migration of HLECs (32). Previously, 
EEHDW has been shown to prominently downregulate the 
expression of cyclin D1 and CDK4, two key factors in cell 
proliferation, and overexpression of the cyclin D1/CDK4 
complex enhanced cell proliferation (33). Overall, these 
results show that the suppressive effect of EEHDW on lymph 
angiogenesis via downregulation of VEGF-C may be one of 
the molecular-level mechanisms that explains how EEHDW 
inhibits cell metastasis in CRC. In a word, our objective of 
the present study was to evaluate whether EEHDW can 
inhibit VEGF-C-mediated lymphangiogenesis in CRC. The 
results showed that the VEGF-C-stimulated cell migration 
and tube formation ability were attenuated by EEHDW, and 
the VEGF-C-stimulated relevant protein expression was 
also attenuated by EEHDW. All of these results support our 
final conclusion that EEHDW can inhibit VEGF‑C‑mediated 
lymphangiogenesis in CRC. It is universally acknowledged 
that VEGF-C is currently recognized as the strongest factor 
involved in lymphangiogenesis and its receptor is VEGFR3. 
Thus, only after the combination of VEGF-C and VEGFR3 
can the corresponding biological effects occur (11-13). This 
accepted theory does not need to be verified again in this study. 
But to further strengthen our theory, it may be appropriate 
to address the mimicking assays, such as, conducting RNA 
interference assay using siRNA for VEGFR3 in HLEC cells, 
and analyze the downstream signaling molecules. Thus, this 
is considered as a limitation of the present study and future 
research is warranted.

In addition, the VEGF-C/VEGFR3 pathway can activate 
its downstream pathways, including the PI3K/AKT, ERK, 
and STAT3 pathways (34,35). PI3K, a key factor during many 
cellular processes, can mediate signals from receptor tyrosine 
kinases. Then, AKT is phosphorylated and further activates 
downstream molecules, consequently regulating cell growth 
and gene transcription. The PI3K/AKT signaling pathway plays 
a key role in cell survival. As demonstrated by our results, the 
protein expression ratios of p-PI3K/PI3K, and p-AKT/AKT 
were increased by VEGF-C but decreased by EEHDW, which 

indicated that the PI3K/AKT pathway is involved in lymphan-
giogenesis. Additionally, ERK, part of the MAPK pathway, 
has been identified as a cell growth‑related pathway. In the 
present study, we found that after stimulation with VEGF-C, 
the expression ratio of p-ERK/ERK was increased, whereas 
after treatment with EEHDW, the protein expression ratio 
was decreased (Fig. 8). Additionally, in cutaneous melanoma, 
interaction between the PI3K/AKT and ERK pathways has 
been previously demonstrated (36,37).

Importantly, these study findings suggest that activation of 
the PI3K/AKT, ERK, and STAT3 pathways occur in parallel, 
with a wide range of evidence on their interconnectivity. 
Between these three pathways, multiple crosstalk points have 
been detected and activated coordinately, which determine 
the fate of cells. Not surprisingly, both negative and positive 
influences of the PI3K/AKT, ERK, and STAT3 pathways 
have been identified during different stages of signal propa-
gation. Our findings indicate that the PI3K/AKT, ERK, and 
STAT3 pathways could provide a promising target for cancer 
therapy (Fig. 8).

In conclusion, EEHDW inhibited VEGF-C-mediated 
lymphangiogenesis in CRC by the suppression of multiple 
(PI3K/AKT, ERK, STAT3) signaling pathways and appears to 
be a promising multi-potent anticancer agent for the clinical 
treatment of CRC.
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