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Purpose: This article investigates the relationship between cancer cells and stromal cells in 

carcinoma cell living microenvironment and elucidates the mechanism that interleukin-1 recep-

tor antagonist (IL-1RA) blocks metastatic potential in colon cancer. 

Methods: Western blot and RT-PCR assay were used to determine the expression of hepatocyte 

growth factor (HGF) and IL-1a in colon carcinoma cells and stromal cells. Effect of IL-1RA 

and HGF on metastatic potential of colon cancer cells were examined by proliferation, invasion, 

and angiogenesis assays. The interactional role of IL-1RA and HGF were detected by ELISA 

assay, invasion, and angiogenesis assay making up a co-culture system consisting of stromal 

and colon cancer cells in cells living microenvironment.

Results: IL-1a was expressed in human umbilical vein endothelial cells (HUVECs) and HT-29 

and WiDr (colon cancer cell lines with higher liver metastatic potential). HGF was expressed only 

in fibroblast. HGF secretion from fibroblasts was significantly inhibited by IL-1RA (P<0.01). Fur-

thermore, IL-1RA could significantly inhibit migration, proliferation, and angiogenesis of HUVECs 

(P<0.01). In the double co-culture system, there is a high liver metastatic potential of colon cancer 

cell line (HT-29) because it can secrete autocrine IL-1a, significantly enhanced angiogenesis com-

pared with low liver metastatic cell line (CaCo-2) (P<0.01), which does not secrete IL-1a. On the 

contrary, blockage of autocrine IL-1a by IL-1RA might significantly decrease metastatic potential 

of colon carcinoma cells through downregulation of IL-1a/PI3K/NF-κB pathway. 

Conclusion: IL-1 receptor antagonist (IL-1RA) is an important inhibitor in metastatic process 

of colon carcinoma cell. Based on the above results, we suggest that IL-1RA may be a promising 

new therapeutic approach in inhibiting colon cancer with IL-1-producing patients.

Keywords: interleukin receptor antagonist, hepatocyte growth factor, metastasis, angiogenesis, 

colon cancer, IL-1RA, HGF, angiogenesis, colon carcinoma

Introduction
Colorectal carcinoma is one of the deadliest cancers due to its high propensity to 

metastatic potential. It accounts for ~1 million new incidence of colon cancer cases and 

causes a half million deaths annually worldwide.1–3 The main treatment of colorectal 

cancer at present are surgical radical operation, chemotherapy, radiotherapy, and tar-

geted therapy.4 There have not been highly effective approaches against metastasis of 

colorectal cancer so far. Recently, researching on the microenvironment of solid tumors 

shows that chemokines and their receptors act as key function in cancer metastatic 

process, and chemokines play their specific role in the regulation of angiogenesis, 

activation of a tumor-specific immune response, and inducing proliferation of tumor 

cell in an autocrine or paracrine fashion.5–8
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Development of new blood vessels is the critical path 

in the progressive growth of solid tumor. Angiogenesis is 

critical for metastasis of carcinoma cell, which not only 

carries oxygen and essential nutrients to the tumor, but 

also facilitates the spread and proliferation of cancer cells.9 

The states of angiogenesis are essential for both tumor cell 

growth and metastasis. Angiogenesis is a complicated and 

multistep process involving extracellular matrix remodeling, 

migration, and proliferation of endothelial cell and capillary 

vessel formation.10 These processes depend on the production 

of angiogenic factors secreted by both tumor and stromal 

cells.11 Angiogenesis provides a gateway for the tumor cells 

entering the circulation and metastasizing to distant organs, 

such as liver or lung. Thus, it is a critical step in tumor cell 

metastasis.

Interleukin (IL)-1a is an important inflammatory cyto-

kine. It is produced by cancer cells, such as colon, pancreas, 

lung, ovary, and gastric cancer. IL-1a can induce the expres-

sion of adhesion molecules in vascular endothelial cells and 

enhance expression of proteases in pancreatic cancer.12,13 

Recent research showed that IL-1a was highly expressed in 

tumor environment and was secreted by tumor cells or stromal 

cells. IL-1a binds to the IL-1 receptor 1 (IL-1R1), which then 

forms a complex with the IL-1 receptor accessory protein 

(IL-1RAcP).10,25 It can stimulate the development of cancers. 

However, the underlying mechanism that IL-1a influences the 

tumor behaviors remains poorly characterized. Therefore, the 

relationships between cells and IL-1 in tumor environment is 

not fully understood, especially critical is the exploration of 

the innate pathways of IL-1 regulating metastatic potential 

in tumor microenvironments.14 

Hepatocyte growth factor (HGF), a kind of pleiotropic 

cytokine, acts as a highly specific mitogen for endothelial 

cells that regulates cell proliferation, invasiveness, survival, 

and tumor angiogenesis.15,16 MET proto-oncogene, recep-

tor tyrosine kinase (c-Met) is the receptor for HGF. c-Met 

overexpression is associated with the proliferation, invasion 

and metastasis of cancer cells.17 HGF has been identified as 

a stromal cells-derived epithelial morphogen that induces 

branching tubular morphogenesis. The stromal cells-derived 

HGF plays an important role in cancer cell’s invasiveness and 

proliferation.18-20 Fibroblasts production of HGF has been 

regulated by IL-1, tumor necrosis factor (TNF), and basic 

fibroblast growth factor (bFGF), and leading to the enhanced 

invasion and proliferation ability of carcinoma cells.21 IL-1 

receptor antagonist (IL-1RA) is an endogenous inhibitor 

of IL-1 that prevents the activation of IL-1  receptors by 

 inhibiting. IL-1RA is connected with a variety of diseases, 

including cardiovascular disease, type II diabetes, carcinoma 

and joint diseases.22 IL-1RA has been shown to improve the 

symptoms of the disease in the treatment of pre-clinical ani-

mal PTOA (posttraumatic osteoarthritis) models.23 IL-1RA is 

also a promising drug for the treatment of stroke. It is reported 

that it may improve the immune response in traumatic brain 

injury and subarachnoid hemorrhage.24

The authors should describe more about chemical and/

or physiological characteristics of IL-1RA. However, the 

underlying mechanisms that IL-1 or IL-1RA influences 

HGF biochemical reaction behind the tumor behavior and 

the relationship between cancer cells and stromal cells are 

still unknown, especially in tumor environment.

In order to clarify the relationship between cancer cells 

and stromal cells in the tumor living microenvironment and 

elucidate the mechanisms that IL-1a and IL-1RA influence 

the metastatic potential in colon cancer cells, we detected 

the expression of IL-1a and HGF in fibroblasts, human 

umbilical vein endothelial cells (HUVECs), and different 

liver metastatic potential of colon carcinoma cell lines. Then, 

we investigated whether IL-1RA affects HGF secretion from 

fibroblasts, and how IL-1RA influences metastatic potential 

of colon carcinoma.

Methods
Cell lines and culture conditions 
Four types of human colon carcinoma cell lines (HT-29, 

WiDr, CaCo-2, and Colo320) were obtained from American 

Type Culture Collection (Rockville, MD, USA). HT-29 was 

incubated in McCoy’s supplemented with 10% fetal bovine 

serum (FBS). WiDr and CaCo-2 were cultured in minimum 

essential medium Eagle (Sigma Chemical Co., St. Louis, 

MO, USA) with 10% FBS and high glucose. Colo320 was 

maintained in RPMI-1640 medium (Sigma Chemical Co.) 

supplemented with 10% FBS. HUVEC was purchased from 

Kurabo Co. (Osaka, Japan). HUVECs were maintained 

in HuMedia-EG2 medium supplemented with 2% FBS, 

5 ng/mL basic fibroblast growth factor, 10 µg/mL heparin, 

10 ng/mL epidermal growth factor, and 1 µg/mL of hydrocor-

tisone according to the supplier’s instruction (Kurubo Co.). 

Fibroblast was obtained from Lonza (Walkersville, MD,  

USA) and cultured in fibroblast medium-2 (FBM-2) medium 

supplemented with 2% FBS, 1 ng/mL basic fibroblast 

growth factor, and 1 mg/mL insulin, according to the sup-

plier’s instructions. All the cells were cultured at 37°C in a 

humidified atmosphere of 5% CO
2
 in air. 
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Experiment reagents and antibodies 
Recombinant human HGF and anti-HGF antibody were 

obtained from R&D systems (Minneapolis, MN, USA), 

and recombinant human IL-1a was provided by Diaclone 

(Beasancon, France), while recombinant human IL-1RA was 

purchased from Pepro Tech EC Ltd (London, UK).

Reverse transcription polymerase chain 
reaction (RT-PCR) analysis
The total RNA was extracted from all cell lines using the RNA 

OUT kit, and then the RNA concentration was determined by 

using DNA/RNA calculator. cDNA was synthesized by reverse 

transcription using 5 µg of RNA, and the cDNA was used as 

a template for PCR amplification of IL-1a, HGF, and c-Met 

gene. Reverse transcription-polymerase chain reaction (RT-

PCR) system included 10× RT buffer, 25 mM MgCl
2
, 0.1 M  

dithiothreitol (DTT), RNaseOUT, and 200U SuperScript™ ІІІ 
RT, which was placed in the water temperature box at 50°C for 

50 min and at 85°C for 5 min. About 1 µL of cDNA was used 

for amplification reaction, and the operations were performed, 

according to the supplier’s instructions. Primer sequence and 

PCR conditions are shown in Table 1.

Western blot analysis 
The colon cells and stromal cells were lysed by lysis buf-

fer consisting of 25 mM Tris (pH 7.8) with H
3
PO, 2 mM 

EDTA (ethylene diamine tetraacetic acid), 10 mM DTT, 

10% glycerol, 1% Triton® X-100, 2 mM phenylmethylsul-

fonyl fluoride, 1 mM sodium orthovanadate, and 10 µM 

leupeptin. The protein concentrations were measured by 

BCA protein assay kit (Pierce, Rockford, IL, USA). About 

30 µg of protein samples per lane was separated by 10% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) and transferred to polyvinylidene membrane 

(Immobilo PVDF; Nihon Millipore Ltd, Tokyo, Japan). The 

membrane was incubated in blocking buffer for 60 minutes 

at room temperature. The blocking buffer was formed by dis-

solving 5% nonfat dry milk into Tris-buffered saline which 

contained 0.1% Tween 20 (TBS-T). The membranes were 

washed by TBS-T and then immunoblotted by each being 

diluted into 1:1000–2000 of primary antibody overnight 

at 4ºC. Then, the membranes were washed by TBS-T three 

times. The primary antibody was combined by horseradish 

peroxidase-conjugated secondary antibody in Tris-buffered 

saline for 60 minutes at room temperature. The complexes of 

protein antibody were visualized with an ECL Western blot-

ting detection and analysis system (Amersham Biosciences, 

Buckinghamshire, UK). β-Actin served as a loading control. 

Enzyme-linked immunosorbent assay
Fibroblast was implanted at a concentration of 2×105 cells/mL 

into a 24-well plate using the media with 2% FBS incubating 

overnight, and then the medium was exchanged to culture 

the cells for another 24 hours. The media were collected, and 

microcentrifuged at 1,500 rpm for 10 minutes to remove the 

particulates, and then the supernatants were obtained, the 

supernatants were frozen until ELISA assay by ELISA Kit 

(R&D Systems) in accordance with the instructions of the 

manufacturer. To evaluate the influence of IL-1a and IL-1RA 

on HGF production from fibroblasts, the culturing fibroblasts 

were stimulated by IL-1a (10 ng/mL) or IL-1RA (10 ng/mL), 

or fibroblasts were cultured for another 24 hours. The concen-

tration of HGF was measured by ELISA assay. To investigate 

the co-operative role and interaction of tumor–stromal cells, 

we next examined the effect of IL-1RA on the production 

of HGF from fibroblasts by adopting a new technology that 

consisted of a double-chamber system containing fibroblasts 

and colon cancer cells in a 24-well plate. The fibroblasts 

were implanted at a concentration of 2×105 cells/mL into a 

24-well plate containing medium with 10% FBS and cultured 

overnight. The medium was exchanged (0.5% FBS). Medium 

was exchanged (0.5% FBS), the medium was added or not 

added IL-1a or IL-1RA, then the 5×104 cells/mL of HT-29 

and CaCo-2 were planted into inserts with 0.45-mm pores 

(Kurabo Co.),  and the pores were placed into 24-well plates. 

The co-culture systems were cultured for another 24 hours, 

and subsequently the concentrations of HGF were measured 

according to the manufacturer’s protocol.

Table1 Primer sequence and PCR condition

Gene name Primer sequences Tm (°C) Cycles Length (bp) Accession number

IL-1a F: 5'-AATGACGCCCTCAATCAAAG-3' 54 35 206 NM-000575
R: 5'-TGGGTATCTCAGGCATCTCC-3'

HGF F: 5'-GGGCTGAAAAGATTGGATCA-3' 56 35 245 NM-000601 
R: 5'-TTGTATTGGTGGGTGCTTCA-3'

c-Met F: 5'-GGTTTTTCCTGTGGCTGAAA-3' 56 35 216 NM-000245 
R: 5'-GGCATGAACCGTTCTGAGAT-3' 

Abbreviations: HGF, hepatocyte growth factor; IL-1a, interleukin-1a; PCR, polymerase chain reaction; Tm, temperature.
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Proliferation of HUVEC in the presence 
of HGF or anti-HGF antibody 
HUVECs were implanted at a concentration of 5×103 

cells/100 mL in 96-well plates overnight, and the medium 

was exchanged with medium alone (control) or media 

supplemented with different concentration of HGF or 10 mg/

mL of anti-HGF antibody. About 10 mL of WST-1 cell pro-

liferation assay reagent was put in each well, and the cells 

were incubated for 72 hours at 37°C. HUVEC proliferation 

was determined by Premix WST-1 cell proliferation assay 

system (Takara Bio Ing, Shiga, Japan). We determined the 

absorbance by a microplate reader (Molecular Devices LLC, 

Sunnyvale, CA, USA) at a test wavelength of 450 nm and 

reference wavelength of 690 nm.

Proliferation of HUVEC treatment 
with fibroblasts or cancer cell-cultured 
supernatants
To prepare the conditioned media, 1×106/2 mL of fibroblast 

was seeded into a chamber of 24-well plate to culture with 

FBM-2 medium containing 2% FBS, while 5×104/mL of 

HT-29 or CaCo-2 cells was inoculated into trans-well cham-

ber containing 0.45-mm pores of polycarbonate membranes 

with 2% FBS of McCoy’s or DMEM, and then the trans-well 

chambers were plated into 24-well chambers. The co-cultured 

system was cultured for 24 hours. The cultured medium was 

gathered and microcentrifuged at 1,500 rpm for 10 minutes. 

The supernatants were used in HUVEC proliferation assay. 

About 2×103 cells/100 mL of HUVECs were implanted in a 

96-well plate with HuMedia-EB2 medium to incubate over-

night, and then, the cells were incubated with HuMedia-EB2 

medium only (control), conditioned media (supernatants 

from HT-29 and CaCo-2 co-cultured with fibroblast system 

mixed with HuMedia-EB2 medium [1:1]), and the media 

were exchanged every day. HUVECs were incubated for 

72 hours, and the proliferation of HUVEC was measured by 

the Premix WST-1 cell proliferation assay as described earlier. 

Migration of HUVEC pretreated with 
HGF or co-culture with fibroblasts or 
pretreated IL-1a or IL-1RA
We used the BioCoat Matrigel Invasion Chambers (Bencton 

Dickinson, Bedford, MA, USA) to confirm the migration 

of HUVECs in vitro. First, HUVEC was inoculated at the 

density of 1×105/mL cells into the Martrigel precoated trans-

wells containing polycarbonate membranes with 8 mm pores. 

Tran-well chambers were placed in 24-well plate with basic 

medium alone (control), or medium pretreated with 1, 10, 

100 ng/mL of HGF, or 10 mg/mL of anti-HGF antibody. After 

being cultured for 24 hours, the upper surfaces of trans-wells 

were wiped with cotton swab and the invaded cells were 

fixed and stained with Diff-Quik kit. The invaded cells were 

counted in five microscope fields (×200). To further examine 

the effect of fibroblast-derived HGF on migration of HUVEC, 

a double-chamber method was adopted to confirm the migra-

tion assay for HUVEC. We measured the invaded HUVECs 

as follows: fibroblast was implanted at a density of 1×105/

mL cells into 24-well plate with FGM-2 medium with or 

without 10 µg/mL of anti-HGF Ab or 10 ng/mL of IL-1a or 

10 ng/mL of IL-1a and 10 ng/mL of IL-1RA. About 5×104/

mL of fibroblasts was inoculated into trans-well chamber 

containing of 0.45-mm pores of polycarbonate membranes 

and cultured in a medium with 2% FBS, and then the trans-

well chambers were laid into 24-well plates. The co-cultured 

system was incubated for 24 hours, and then the invaded 

HUVECs were measured.

HGF influence angiogenesis activity 
in vitro
To research the effect of HGF on tubular formation by 

HUVEC, we co-cultured HUVEC and fibroblast in base 

medium only or in basal medium containing different con-

centration of HGF adopting an Angiogenesis Kit (Kurabo 

Co.). In brief, HUVECs and fibroblasts were co-cultured 

in 24-well plate chamber with base medium alone (con-

trol) or base medium with 1, 10, or 100 ng/mL of HGF or 

10 mg/mL of anti-HGF Ab. HUVECs and fibroblasts were 

totally incubated for 12 days, and the medium was changed 

every 2 days. HUVEC tubular formation was stained with 

anti-CD31 antibody by the protocols of the manufacturer. The 

area of tubular formation was measured quantitatively over 

five different fields for each condition using an Angiogenesis 

Image Analyzer (Kurabo Co., Osaka, Japan).

Effect of co-cultured colon cancer cells 
on angiogenesis in vitro 
We further investigated the influence of different colon 

cancer cells (HT-29 secreted IL-1a or CaCo-2 not secreted 

IL-1a) on tubule formation by HUVEC. HT-29 or CaCo-2, 

HUVECs, and fibroblasts were co-cultured using a double-

chamber method. First, HUVEC/fibroblasts were cultured in 

a 24-well plate for 3 days, and then HT-29 or CaCo-2 cells 

(5×104 cells/mL) were inoculated into trans-well chambers 

in which the bottom of chamber consisted of polycarbonate 

membrane with 0.45-mm pores, and then trans-well chambers 
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were placed in HUVEC/fibroblast cultured 24-well plate. 

Approximately 10 ng/mL of IL-1a, IL-1RA, or anti-HGF 

Ab was added to the cultured medium, and the medium was 

changed every 2 days. All the cells were totally incubated 

for 12 days, then the upper trans-wells were removed, and 

the 24-well plate chambers were washed with 100 mL of 1× 

PBS three times. Then the HUVEC tubular formation was 

stained with anti-CD31 antibody by the protocols of manu-

facturer, and the total area of tubular formation was measured 

as described earlier. 

Measurement of IL-1a and HGF 
concentrations in angiogenesis 
supernatants by ELISA
In order to investigate the relationship between colon cancer 

cells and tumor microenvironment, we examined the con-

centrations of IL-1a and HGF protein in the supernatants of 

angiogenesis assay. Cultured media of angiogenesis assay on 

day 12 were gathered and microcentrifuged at 1,500 rpm for 

10 minutes to get rid of the particles. The concentrations of 

IL-1a and HGF in the media were determined by ELISA assay.

Statistical analysis
All data are presented as means ± standard deviations (SD). 

Differences in the mean of two groups were analyzed by an 

unpaired t-test. Multiple group comparison was performed by 

one-way analysis of variance (ANOVA) with a post hoc test 

for subsequent individual group comparisons. P<0.05 was 

considered statistically significant. Mean values and SD were 

calculated for experiments performed in triplicate (or more). 

Results 
Expression of HGF, c-Met, and IL-1a 
in colon cancer cell lines, HUVEC, and 
fibroblast 
Colon carcinoma cell lines were previously classified into 

two groups by intrasplenic liver metastatic assay; one is high 

liver metastatic potential cell lines (HT-29 and WiDr) and 

the other group is low liver metastatic potential cell lines 

(CaCo-2 and CoLo320).25 RT-PCR experiments showed that 

IL-1a mRNA was expressed by the higher liver metastatic 

colon cancer cell lines HT-29, WiDr, and HUVEC. HGF 

mRNA was expressed only by fibroblast. c-Met is the recep-

tor for HGF. c-Met mRNA was shown in all cells, but HGF 

mRNA was discovered only by fibroblast (Figure 1A). West-

ern blot assay showed that IL-1a protein was also revealed 

in HT-29, WiDr, and HUVEC. HGF protein was expressed 

only by fibroblast, and c-Met protein was detected in all cell 

lines (Figure 1B).

The secretion levels of HGF from 
fibroblasts were influenced by 
recombinant human IL-1a, colon cancer 
cell-derived IL-1a and IL-1RA
The secretion levels of HGF by stromal cells were mea-

sured by ELISA assay. HGF production from fibroblast 

was increased by IL-1a (compared with control, P<0.01). 

Likewise, the secretion level of HGF from fibroblast was 

significantly enhanced when co-cultured with HT-29 cells 

(1.563-folds versus control, P<0.01), and the enhanced 

production of HGF by co-culturing with HT-29 cells was 

obviously decreased by the presence of IL-1RA (P<0.01, 

Figure 2A). The secretion level of HGF from fibroblast has 

no significant effect of co-culturing with CaCo-2, but the 

treatment of IL-1a significantly increased the secretion level 

of HGF in this co-culture system (P<0.01, Figure 2B). 

Figure 1 Expression of IL-1a, HGF and c-Met.
Notes: (A) Expression of IL-1a, HGF, and c-Met in colon cancer cell lines and 
stromal cells. PCR products stained with ethidium bromide were subjected to 1.5% 
agarose gel electrophoresis. (B) The protein expression of IL-1a, HGF, and c-Met 
in colon cancer cell lines and stromal cells were confirmed by Western blotting 
analysis. We used the method of 10% SDS-PAGE to dispose 30 µg of total cell lysate 
and then transferred them to polyvinylidenedifluoride membrane which was probed 
with anti-IL-1a, HGF, and c-Met antibodies. β-Actin served as a loading control.
Abbreviations: HGF, hepatocyte growth factor; IL-1a, interleukin-1a; SDS-PAGE, 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
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HGF promoted HUVEC proliferation
In order to investigate the effect of HGF on the prolif-

eration of HUVEC, the proliferation assay was performed. 

The HUVEC proliferation was enhanced by HGF in a 

concentration- dependent manner. About 100 ng/mL of 

HGF significantly enhanced the proliferation of HUVECs 

(P<0.01). Interestingly, anti-HGF antibody significantly 

inhibited the enhanced proliferation in presence of HGF in 

culture media (Figure 3A).

The cell-cultured supernatants enhanced 
HUVEC proliferation 
The condition medium effect of HUVEC proliferation was 

measured by WST-1 Cell Proliferation Assay. HUVEC 

proliferation was significantly enhanced by the addition 

of fibroblasts, fibroblast + HT-29, and fibroblast + CaCo-2 

conditioned media (P<0.01 compared with control), and 

fibroblast + HT-29 most significantly increased the prolif-

eration of HUVECs (P<0.01 compared with fibroblast and 

fibroblast + CaCo-2; Figure 3B).

Effect of HGF, co-cultured with fibroblast 
and IL-1RA on HUVEC migration
The migrating capability of HUVEC was promoted by HGF 

in a dose-dependent manner (P<0.01, compared with con-

trol), 100 ng/mL of HGF significantly enhanced HUVEC 

migration, and the enhanced migration was inhibited by 

anti-HGF antibody (P<0.01; Figure 4A). Co-culture with 

fibroblasts caused significant enhancement on HUVEC 

migration (P<0.01), and this enhanced role was inhibited 

by anti-HGF antibody (P<0.01). Moreover, the addition of 

IL-1a significantly promoted the migration of HUVEC when 

co-cultured with fibroblast system and inhibited in the pres-

ence of IL-1RA as well (P<0.01; Figure 4B).

Influence of HGF on angiogenesis by 
HUVEC
To further examine the role of HGF in tube formation by 

HUVEC, we measured the influence of HGF on HUVEC tube 

formation by using angiogenesis assay. The tubular forma-

tion was obviously promoted by the presence of HGF in a 

Figure 2 The effect of IL-1RA and co-culture with different metastatic potential of colon cancer cells on the secretion of HGF from fibroblasts.
Notes: Alteration of HGF production from fibroblasts were pretreated by recombinant human IL-1a (10 ng/mL), co-cultured with colon cancer cells [(A) HT-29 and (B) 
CaCo-2], and IL-1RA (10 ng/mL). Fibroblasts were cultured for 48 hours, and the concentration of HGF was measured by ELISA assay. Multiple comparisons were made by 
using the method of one-way ANOVA, followed by Student–Newman–Keuls test. Values are expressed as mean ± SD. Error bars indicated SD, *P<0.01. 
Abbreviations: ANOVA, analysis of variance; HGF, hepatocyte growth factor; HUVEC, human umbilical vein endothelial cell; IL-1a, interleukin-1a; SD, standard deviation. 
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 dose-dependent manner (P<0.01, compared with control), 

and about 100 ng/mL of HGF most significantly increased the 

tube formation of HUVEC (P<0.01, compared with control). 

On the contrary, anti-HGF antibody could inhibit the tube 

formation by HUVEC (P<0.01, compared with 10 ng/mL of 

HGF group; Figure 5A).

Effect of colon cancer cells with or 
without IL-1a on tube formation 
We also investigated the influence of various liver metastatic 

potentials of colon cancer cells on the tube formation by 

HUVEC. We co-cultured colon cancer cells and HUVECs/

fibroblasts by adopting double-chamber methods to exam-

ine the relationship among them. The tube formation was 

significantly promoted when co-cultured with HT-29 cells 

compared with control (HUVECs and fibroblasts only) or 

co-cultured with CaCo-2 cells (P<0.01; Figure 5B). Further-

more, the presence of IL-1a could obviously promote the 

tubular formation when co-cultured with CaCo-2 cell system 

(P<0.01). By comparison, the enhanced tubular formation by 

HUVEC was obviously inhibited by the addition of IL-1RA 

when co-cultured with HT-29 cell system (P<0.01) and was 

significantly inhibited by anti-HGF antibody in HT-29 or 

CaCo-2 cell co-culture system (P<0.01).

Concentration of IL-1a and HGF in the 
angiogenesis assay supernatants
To investigate the interaction between colon cancer cells and 

stromal cells in microenvironment, the concentrations of 

IL-1a and HGF containing the angiogenesis assay of super-

natants were examined by ELISA assay. IL-1a concentration 

in the supernatant of HUVEC/fibroblast  co-cultured with 

Figure 3 The effect of increasing concentrations of HGF and anti-HGF antibody on HUVEC proliferation. 
Notes: (A) The different conditioned HGF or anti-HGF antibody influenced HUVEC proliferation. (B) The effect of conditioned cell media from HT-29 and CaCo-2 on 
HUVEC proliferation. HUVECs were pretreated with CM from fibroblasts or different metastatic potential of colon carcinoma cell lines. HUVECs were cultured for 72 hours, 
and then HUVEC proliferations were measured by the premix WST-1 cell proliferation assay. The absorbance was measured at 450 and 690 nm. Multiple comparisons were 
made by using one-way ANOVA, followed by Student–Newman–Keuls test. *P<0.01. Each experiment was performed for more than three times. 
Abbreviations: ANOVA, analysis of variance; CM, conditional media; HGF, hepatocyte growth factor; HUVEC, human umbilical vein endothelial cell; SD, standard deviation. 
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HT-29 cells was higher (16.54±1.72 pg/mL) than HUVEC/

fibroblast only or cultured with CaCo-2 cells (3.91±0.13 

pg/mL, P<0.01). Similarly, HGF concentration in the super-

natant of HUVEC/fibroblast co-cultured with HT-29 cells 

was high (382.89±31.05 pg/mL, P<0.01 compared with 

HUVEC/fibroblast only or co-cultured with CaCo-2). HGF 

protein concentration in HUVEC/fibroblast co-cultured with 

CaCo-2 and IL-1a was high (379.40±30.51 pg/mL, P<0.01 

compared with HUVEC/fibroblast only or co-cultured with 

CaCo-2), but this promoted action was inhibited by IL-1RA 

(240.71±23.86 pg/mL, P<0.01 compared with HUVEC/

fibroblast co-cultured with CaCo-2 + IL-1a group). The 

concentration of HGF was inhibited by IL-1RA co-cultured 

with HT-29 cell system (P<0.01). But there is no effect of 

IL-1RA co-cultured with CaCo-2 cell system (Table 2).

Activation of PI3K/NF-κB signaling 
pathway after the stimulation of IL-1a in 
fibroblast
Stromal cell fibroblast was used to determine IL-1a/PI3K/

NF-κB signaling pathway activated by IL-1a stimulation. The 

result showed that 100 ng/mL of IL-1a could increase PI3K 

and NF-κB (Figure 6A) phosphorylation in a time-dependent 

manner. To investigate the effect of IL-1RA and PI3K inhibi-

tor on the activation of NF-κB in stromal cell after stimula-

tion by IL-1a, fibroblasts were pretreated with 100 ng/mL of 

Figure 4 HGF and co-culturing fibroblast influence on migration of HUVEC.
Notes: (A) The effect of different concentrations of HGF on HUVEC migration. HUVECs were treated with different concentrations of HGF and/or anti-HGF antibody and 
incubated for 24 hours. The invading cells were fixed and stained with Diff-Quick stain. The invading cells were counted in five random microscopic fields (×200). Multiple 
comparisons were made by using one-way ANOVA, followed by Student–Newman–Keuls test. Columns indicate relative invading numbers. Error bars indicate SD. *P<0.01. (B) 
The effect of co-culturing with fibroblasts and IL-1RA on HUVEC migration. The HUVEC migration influenced by co-culturing with fibroblasts or IL-1RA was assessed by the BD 
Bio-Coat Matrigel invasion assay as described in “Migration of HUVEC pretreated with HGF or co-culture with Fibroblasts or pretreated IL-1a or IL-1RA” section. To assess 
the influence of fibroblast-derived HGF on HUVEC migration, HUVECs were co-cultured with fibroblast pretreated with or without IL-1a or anti-HGF antibody or IL-1RA. The 
invading cells were incubated for 24 hours and then fixed and stained with Diff-Quick stain. The invading cells were counted in five random microscopic fields (×200). Multiple 
comparisons were made by using one-way ANOVA, followed by Student–Newman–Keuls test. Bars indicate SD, *P<0.01. All experiments were performed at least three times.
Abbreviations: ANOVA, analysis of variance; HGF, hepatocyte growth factor; HUVEC, human umbilical vein endothelial cell; IL-1RA, interleukin-1 receptor antagonist; 
IL-1a, interleukin-1a; SD, standard deviation. 
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Figure 5 Effect of HGF and co-cultured colon cancer cells on angiogenesis.
Notes: (A) Different concentrations of HGF impacted the angiogenesis by HUVEC. The HUVEC/fibroblast co-culture system was incubated in the presence or absence of 
different concentrations of HGF or anti-HGF antibody for 11 days, and then the incubated system was stained by anti-CD31 antibody. An image analyzer was used to measure 
the tube formation area quantitatively. (a) Control; (b) 1 ng/mL of HGF; (c) 10 ng/mL of HGF; (d) 100 ng/mL of HGF; (e) 10 µg/mL of anti-HGF antibody. Columns represent 
mean pixels of HUVEC tube formation area; error bars represent SD. Multiple comparisons were made by using one-way ANOVA, followed by Student–Newman–Keuls 
test. *P<0.01 versus control. Magnification: ×40. (B) Effect of co-culture with different metastatic potential colon cancer cells (HT-29) and (CaCo-2) on HUVEC tubular 
formation. HUVECs/fibroblasts were co-cultured with HT-29 or CaCo-2 with or without IL-1a, anti-HGF antibody, or IL-1RA by using the double-chamber method. The 
co-cultured system was incubated for 11 days, and the tube formation was measured as described earlier. Magnification: ×40. (a) Control; (a1) co-cultured with HT-29 cells; 
(a2) co-cultured with HT-29 cells pretreated with 10 ng/mL of IL-1a; (a3) co-cultured with HT-29 cells pretreated with 10 ng/mL of IL-1RA; (a4) co-cultured with HT-29 cells 
pretreated with 10 ng/mL of anti-HGF antibody; (b1) Co-cultured with CaCo-2 cells; (b2) co-cultured with CaCo-2 cells pretreated with 10 ng/mL of IL-1a; (b3) co-cultured 
with CaCo-2 cells pretreated with 10 ng/mL of IL-1RA; (b-4) co-cultured with CaCo-2 cells pretreated with 10 ng/mL of anti-HGF antibody. Columns represent mean pixels 
of HUVEC tube formation area; error bars represent SD. Multiple comparisons were made by using one-way ANOVA, followed by Student–Newman–Keuls test. *P<0.01. 
Key to graph in (B): Gray, control; purple, co-culture with colon cancer cells; green, co-cultured with colon cancer cells pretreated with 10 ng/mL of IL-1a; blue, co-culture 
with colon cancer cells pretreated with 10 ng/mL of IL-1RA; lavender, co-culture with colon cancer cells pretreated with 10 ng/mL of anti-HGF Ab.
Abbreviations: ANOVA, analysis of variance; HGF, hepatocyte growth factor; HUVEC, human umbilical vein endothelial cell; IL-1RA, interleukin-1 receptor antagonist; 
IL-1a, interleukin-1a; SD, standard deviation. 
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Table 2 Concentrations of HGF and IL-1a proteins in angiogenesis assay supernatant

Cell type IL-1a HGF

(pg/mL) (pg/mL)

HUVEC/fibroblast only 3.04±0.62 226.34±11.72
HUVEC/fibroblast co-cultured with HT-29 16.54±1.72 382.89±31.05*
HUVEC/fibroblast co-cultured with HT-29+IL-1a 23.54±3.54 425.63±19.82*
HUVEC/fibroblast co-cultured with HT-29+IL-1RA 20.54±5.29 254.19±27.35*
HUVEC/fibroblast co-cultured with CaCo-2 3.91±0.13 247.32±21.79
HUVEC/fibroblast co-cultured with CaCo-2+IL-1a 13.54±2.09 379.40±30.51*
HUVEC/fibroblast co-cultured with CaCo-2+IL-1RA 12.54±3.17 240.71±23.86*

Notes: In order to evaluate the interactions between colon cell lines and the tumor microenvironment, we measured IL-1a and HGF protein concentrations in the 
angiogenesis assay supernatants. Culture media from angiogenesis assays were collected on day11 and microfuged at 1500 rpm for 10 min to remove any particles, and the 
concentrations of IL-1a and HGF in the media were then measured by ELISA. Statistical significance was tested by one-way ANOVA followed by the Dunnett test. Statistical 
significance was indicated by P<0.05. All data are expressed as mean ± standard deviation.*P<0.01 compared with HUVEC/fibroblast only or co-cultured with CaCo-2 cells.
Abbreviations: HGF, hepatocyte growth factor; HUVEC, human umbilical vein endothelial cell; IL-1RA, interleukin-1 receptor antagonist; IL-1a, interleukin-1a.

Figure 6 IL-1a-induced phosphorylation of PI3K/NF-κB signaling in fibroblast. 
Notes: (A) Fibroblasts were stimulated with 100 ng/mL of IL-1a, and then fibroblasts were cultured for 5, 10, and 30 minutes. The cells were collected and lysed by lysis 
buffer. Approximately 30 µg of lysed protein was used to perform immunoblotting with a phospho-PI3K and phospho-NF-κB antibody. Detection of total PI3K or NF-κB 
levels served as a loading control. (B) Fibroblasts after being pretreated with 100 ng/mL of IL-1RA and 50 µM LY294002 for 1 hour were incubated with 100 ng/mL of IL-1a 
for 1 hour, and the cells were immunoblotted by using PI3K and NF-κB antibody. Detection of total NF-κB levels served as a loading control.
Abbreviations: IL-1a, interleukin-1a; IL-1RA, interleukin-1 receptor antagonist. 
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IL-1a for 15 minutes, then 10 µg/mL of IL-1RA or 50 µM of 

LY294002 (PI3K inhibitor) was added to the culture medium 

and stimulated for 15 minutes. The proteins were extracted 

and separated by SDS-PAGE and transferred to membranes, 

and the membranes were probed with antibody directed 

against phospho-NF-κB, phospho-PI3K, total NF-κB and 

total PI3K. We found that IL-1a-mediated phospho-NF-κB 

was inhibited by 10 µg/mL of IL-1Ra. Phospho-NF-κB was 

significantly blocked by 50 µM of LY294002. These data 

indicate that IL-1RA inhibited the metastatic potential of 

colon cancer depending on downregulation of IL-1a/PI3K/

NF-κB signaling pathway (Figure 6B).

Discussion
Our previous studies elucidated that IL-1a expression was 

a feature in which mRNA and protein were determined only 

in high liver metastatic colon cancer cell lines HT-29 and 

WiDr but not detected in the low liver metastatic cell lines 

CaCo-2 and Colo320. IL-1a is one of the most important 

inflammatory cytokines, is involved in the metastatic process 

of colon cancer, and regulates the tumor growth, progression, 

and liver metastasis in gastric carcinoma and pancreatic 

cancer. Pancreatic carcinoma cell-derived IL-1a increases 

the secretion level of HGF by stromal cells with a paracrine 

manner, and enhanced HGF expression promotes invasion, 

proliferation, and angiogenesis of cancer cells.25–28 Present 

research offered a new viewpoint about cooperative interac-

tion between cancer cells and stromal cells with respect to the 

biological effects of HUVEC/fibroblast co-culture cytokines. 

We investigated how IL-1RA influences the progression of 

colon cancer in living microenvironment, how it affects this, 

and what is the relationship between cancer cells and living 

microenvironment. Our results showed that colon carcinoma 

cell-derived IL-1a increased the secretion level of HGF from 

fibroblast in a paracrine manner and that enhanced HGF 

expression promoted HUVEC proliferation, migration, and 

tube formation. On the contrary, these enhanced roles were 

significantly inhibited by IL-1RA through the blockage of 

IL-1/PI3K/NF-κB pathway.

The metastasis of colon carcinoma is associated with the 

abundant stromal cells, and the tumor–stromal cell interaction 

is known to play a critical role in tumor progression. Recent 

studies have proved that tumor growth and metastasis forma-

tion are influenced by the tumor microenvironment, which 

consists of cancer cells, HUVECs, fibroblasts, and a group 

of cytokines.29,30 Chemokines are highly expressed in tumor 

microenvironment and have a close connection with tumor 

behaviors, such as tumorigenesis, proliferation, angiogenesis, 

and metastasis.31–33 Presently, a study showed that IL-1a and 

c-Met were overexpressed in colon cancer tissues, and the 

overexpression was related to poor prognosis.26 Meanwhile, 

patients with IL-1a and c-Met overexpression exhibited a 

worse prognosis compared to patients with either IL-1a or 

c-Met overexpression alone or decreased expression of these 

proteins. Correlation analysis revealed that IL-1a expres-

sion was significantly associated with c-Met expression in 

colon cancer tissues.34 We found that IL-1a could enhance 

the expression of HGF secreted from fibroblasts, which is 

an upstream signal molecule in c-Met signaling pathway in 

tumor microenvironment.

As the results of our experiments showed that IL-1a was 

confirmed in HT-29, WiDr, and HUVEC, HGF was expressed 

only by fibroblasts, and c-Met was expressed in both colon 

cell lines and stromal cells (HUVECs and fibroblasts). The 

ELISA results demonstrated that secretion level of HGF from 

fibroblast was enhanced by IL-1a and when co-cultured with 

HT-29 cells, which could secrete IL-1a, and the enhanced 

HGF secretion was significantly blocked by IL-1RA. We 

also examined the effect of IL-1RA on the proliferation of 

colon cancer cells, but were not able to confirm a significant 

relationship between IL-1RA and carcinoma cell proliferation 

(data not shown). However, endogenous (condition superna-

tants from fibroblast-cultured medium) and exogenous HGF 

could enhance HUVEC proliferation. These results indicate 

that IL-1RA could inhibit the proliferation of HUVECs 

in tumor living microenvironment. Therefore, we further 

investigated the effect of HGF and IL-1RA on the migra-

tion of HUVECs using a double-chamber cultured method 

to examine the effect of HGF and IL-1RA on the interac-

tions between cancer cells and stromal cells in the tumor 

living microenvironment. Our results indicate that HUVEC 

migration was significantly enhanced by HGF and when 

co-cultured with fibroblasts, and this ability was inhibited 

by IL-1RA. This enhanced migration could be inhibited 

through blocking IL-1a signaling to decrease HGF secretion. 

These results suggest that vascular endothelial cells located 

near high liver metastatic tumors that secreted high levels 

of inflammatory cytokine (IL-1a) are able to proliferate 

and migrate faster than endothelial cells near tumors that 

do not secrete IL-1a and that these functions are blocked by 

IL-1RA. Furthermore, we also investigated capillary tube 

formation by HUVEC by adopting a HUVEC/fibroblast or 

colon cancer cell co-cultured system. The tube formation 

of HUVECs was significantly promoted when co-cultured 

with HT-29 cells, and this effect was decreased. In contrast, 

no significant difference was detected between HUVECs 
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co-cultured with and without CaCo-2 cells by IL-1RA. For 

a more comprehensive understanding of the interactions 

between carcinoma cancer cells and tumor living microenvi-

ronment, we examined IL-1a and HGF concentrations with 

angiogenesis assay supernatants. The secreted IL-1a and 

HGF proteins with the supernatants of HUVEC/fibroblast 

co-cultured with HT-29 cells were higher than those with the 

supernatants from control HUVEC/fibroblasts or from those 

co-cultured with CaCo-2 cells. These results suggest that 

colon cancer cells with high liver metastatic potential also 

have a high angiogenic potential and that fibroblast-derived 

HGF plays an important role in angiogenesis and metastasis. 

IL-1RA blocked the IL-1a/PI3K/NF-кB signaling to inhibit 

HUVEC angiogenesis that was enhanced by HT-29 cells, but 

the inhibited levels did not completely return to a basal level. 

One might conjecture that colon cancer cells produce other 

angiogenic cytokines, such as IL-6 and IL-8. IL-1 signaling 

is also associated with tumor growth, angiogenesis, metasta-

sis, and cancer-associated wasting syndrome.35 Activation of 

IL-1 signaling pathway leads to the expression of numerous 

inflammatory cytokines involved in tumor survival and in 

the alterations of various immune cells to the tumor, which 

further promotes the inflammatory and pro-survival micro-

environment of the tumor.36

HGF, which was secreted by several types of carcinoma 

cells and stromal cells, is a growth-promoting factor that plays 

an important role in cancer metastasis. HGF was overexpressed 

in colon cancer cells. Recent molecular profiling has shown 

that activation of PI3K/NF-κB signaling is associated with 

aggressive disease and poor prognosis. These data suggested 

that enhanced HGF secreted by the stromal cells might be 

responsible for the metastasis of colon cancer in the microenvi-

ronment. Both HGF and c-Met were upstream signal molecular 

target that activate and enhance phosphatidylinositol 3-kinase 

(PI3K), and the activation of PI3K/NF-κB or MAPK pathway 

is involved in multiple mechanisms responsible for cancer 

progression, including apoptosis, proliferation, migration, 

and angiogenesis.37–40 In our next study, we have planned to 

use carcinoma cells with shRNA knockout of the cytokines 

or its receptor genes to investigate the relationship between 

AKT/NF-κB or MAPK signaling pathway and cytokines in 

cancer metastatic process and further search for more potent 

angiogenesis-modulating agents to be used in the clinical 

treatment of colon cancers as a new therapeutic technique.

In summary, we have demonstrated that IL-1RA not 

only decreases the proliferation and invasion of HUVEC but 

also suppresses angiogenesis, and this role is involved in the 

interaction between colon cancer cells and the tumor living 

microenvironment depending on the inhibition of secreted HGF 

from fibroblast by downregulating IL-1a/HGF/PI3K signaling 

pathway. Blockage of the IL-1 receptor system has recently been 

shown to be a critical event in the development of several human 

tumors. Our results indicate that blockage of IL-1a/PI3K/NF-κB 

signaling phosphorylation may be a major mechanism by which 

IL-1RA inhibits cancer cell metastatic potential and induce 

apoptosis. Based on our findings, it is suggested that IL-1RA 

may be a new beneficial clinical therapeutic approach to inhibit 

the aggressive spread of patients with IL-1-producing cancers.

Conclusion
IL-1RA could downregulate the secretion of HGF in a 

paracrine manner, and this role is involved in the interaction 

between colon cancer cells and tumor living microenviron-

ment. IL-1RA blocking IL-1a/HGF signaling pathway 

significantly inhibited the metastatic potential in colon cancer. 

Our data suggest that IL-1RA may be a new beneficial clini-

cal therapeutic approach to inhibit the aggressive spread of 

patients with IL-1-producing cancers.
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