
Abstract. Background/Aim: Interleukin (IL)-1β is a pro-
inflammatory cytokine that has recently been established as
a stimulator of angiogenesis via regulation of proangiogenic
factor expression in the tumor microenvironment. This study
aimed to demonstrate the inhibitory effects of Robinia
pseudoacacia leaf extract (RP) on IL-1β–mediated tumor
angiogenesis. Materials and Methods: Secreted embryonic
alkaline phosphatase (SEAP) reporter gene assay, ex vivo
and in vitro tube formation assay, western blot, and
quantitative PCR were used to analyze the inhibitory effect
of RP on IL-1β–mediated angiogenesis. Results: RP inhibited
secretion of SEAP, blocked IL-1β signaling, and inhibited IL-
1β–mediated angiogenesis in ex vivo and in vitro assays. RP
inhibited nuclear translocation of NF-ĸB by suppressing
phosphorylation of IL-1β signaling protein kinases and
inhibited mRNA expression of IL-1β–induced pro-angiogenic
factors including VEGFA, FGF2, ICAM1, CXCL8, and IL6.
Conclusion: RP suppressed IL-1β–mediated angiogenesis
and, thus, could be a promising agent in anticancer therapy.

Angiogenesis, the formation of new blood vessels from
preexisting ones, is an essential process in vascular
development, wound healing, and organ regeneration. Under
normal physiological conditions, angiogenesis is tightly
regulated by the balance between local endogenous
stimulators and inhibitors of angiogenesis (1). However, like
normal organs, a malignant tumor also needs to establish

adequate blood supply to satisfy its demand for oxygen and
nutrients (2). To address these needs, malignant tumors
manipulate their surroundings by creating an intricate milieu,
the tumor microenvironment (TME). The TME is a
heterogeneous group of cells including those from the tumor
and those from diverse organs – stem cells, endothelial cells,
fibroblasts, and immune cells (3). In a hypoxic state, a tumor
controls its surroundings to produce proangiogenic factors
resulting in an ‘angiogenic switch,’ which facilitates
pathological angiogenesis and tumor progression (4, 5).
Thus, tumor angiogenesis remains one of the hallmarks of
cancer and has been a valid target for the treatment of
various types of solid tumors.

The interleukin-1 (IL-1) family is composed of
multifunctional cytokines that maintain homeostasis in the
body by regulating inflammation, immune response, and
hemopoiesis (6). IL-1β is a pro-inflammatory cytokine that
leads to chronic inflammation and is involved in the
development of several diseases – rheumatoid arthritis, type
2 diabetes mellitus, gout, smoldering multiple myeloma, and
Alzheimer’s disease (7-10). Recently, there has been an
increasing amount of evidence indicating that inflammation
contributes to malignant cancer. With regard to angiogenesis,
IL-1β is a strong activator of endothelial cells and
upregulates various proangiogenic factors—vascular
endothelial growth factor A (VEGF-A), basic fibroblast
growth factor (FGF2), and IL-8 expression, mainly through
activation of the transcriptional factors nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-ĸB) and
activator protein 1 (AP-1) (11-13). Accordingly, IL-1β
synergizes with VEGF-A, in an autocrine manner, in
endothelial cells resulting in aberrant angiogenesis (14). To
date, VEGF-A is characterized as the most potent stimulator
of angiogenesis. The United States Food and Drug
Administration (FDA) has approved over 10 drugs targeting
the VEGF-A/VEGF receptor signaling in various types of
solid tumors (15). However, while IL-1β has emerged as a
key mediator of angiogenesis, cancer therapies targeting 
IL-1β are currently unavailable. Anakinra, a recombinant,
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modified IL-1 receptor antagonist (IL-1RA) approved by the
FDA for the treatment of rheumatoid arthritis, has shown a
considerable inhibitory effect on angiogenesis by
neutralizing IL-1β in preclinical studies, making it a
promising agent for therapeutic intervention (14, 16, 17).

Robinia pseudoacacia of family Fabaceae, commonly
known as the black locust tree, is one of the most widely
distributed trees worldwide. The flowers, bark, and leaves of
R. pseudoacacia have been used in traditional medicine for
antitussive, laxative, and cholagogue purposes (18-20).
These effects may be attributed to the bioactive molecules
present in R. pseudoacacia, including alkaloids, flavonoids,
tannins, phenols, and steroids. Robinia pseudoacacia leaf
extract (RP) has been reported to contain flavonoids,
including acacetin, apigenin, diosmetin, luteolin, and
quercetin (19, 20). Studies have reported the anticancer
effects of RP; it has been found to inhibit cancer cell
proliferation and migration (20); however, its effect on IL-
1β–mediated angiogenesis has not yet been studied.
Therefore, elucidating these effects of R. pseudoacacia could
facilitate the development of anti–IL-1β anticancer drugs
based on this natural product.

Herein, we identified RP as an IL-1β signaling inhibitor,
using a secreted embryonic alkaline phosphatase (SEAP)
assay in HEK-Blue™ IL-1β cells. Furthermore, we
investigated the potential effect of RP on IL-1β–mediated
angiogenesis using standardized in vitro and ex vivo
angiogenesis assays in addition to various bioassays.

Materials and Methods
Preparation of RP. Robinia pseudoacacia leaf extract powder (Code
number: 015-062) was prepared at and obtained from the Korea
Plant Extract Bank at the Korea Research Institute of Bioscience
and Biotechnology (Daejeon, Korea). Briefly, dried leaves of R.
pseudoacacia were cut into small pieces and extracted with 99.9%
methanol thrice over 3 days. The extracted solvent was filtered,
concentrated, and dried to form a powder of 20 mg units. The
extract powder was dissolved in dimethyl sulfoxide at a
concentration of 30 mg/ml and stored at –20˚C until use.

Animal care. Eight-week-old C57BL/6 mice (n=4) were purchased
from Samtako (Osan, Korea). They were acclimatized for 1 week at a
constant room temperature (22±2˚C) and humidity (50±5%) and were
allowed free access to water and food under a 12-h light/dark cycle.
All the protocols for animal care and use in this study were reviewed
and approved by the Institutional Animal Care and Use Committee at
Chung-Ang University (Approval number: 2019-00019).

Cell culture. HEK-Blue™ IL-1β cells were purchased from
InvivoGen (San Diego, CA, USA) and maintained in Dulbecco’s
modified Eagle’s medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% heat-inactivated fetal bovine serum, 50
μg/ml streptomycin, 50 U/ml penicillin (Invitrogen), and 100 μg/mL
Normocin (InvivoGen). For the SEAP reporter gene assay, cells
were transferred to the test medium (growth medium supplemented

with 100 μg/ml Zeocin and 200 μg/ml Hygromycin B Gold;
InvivoGen). Human umbilical vein endothelial cells (HUVECs)
were purchased from PromoCell (Heidelberg, Germany) and
cultured in human endothelial cell growth medium 2 (PromoCell).
All cells were maintained in a humidified incubator at 37˚C under
5% CO2.

Cell viability assay. HUVECs or HEK-Blue™ IL-1β cells were
seeded in a 96-well plate (5,000 cells/well). After treatment with RP
for 24 or 48 h, cytotoxicity was analyzed using the Cell Counting
Kit-8 (CCK-8) assay (Enzo Biochem, Farmingdale, NY, USA). For
this assay, 10 μl of CCK-8 (WST-8) solution was added to each well
and incubated for 1 h at 37˚C. The intensity of the formazan product
(WST-8 formazan) was detected by measuring optical density (OD)
values at 450 nm using a microplate reader.

SEAP reporter gene assay. HEK-Blue™ IL-1β cells were seeded in
a 96-well plate (15,000 cells/well) and stimulated with 1 ng/ml
recombinant human IL-1β (rhIL-1β; R & D Systems, Minneapolis,
MN, USA) for 24 h with or without RP. Following stimulation, 
50 μl of each HEK-Blue™ IL-1β cell supernatant was mixed with
150 μl of QUANTI-BLUE™ solution in a 96-well plate and
incubated at 37˚C for 1 h. SEAP production was quantified by
measuring OD values at 650 nm using a microplate reader.

Ex vivo aortic ring assay. Murine aortas were isolated and
maintained as previously described with some modifications (21).
Briefly, mice were euthanized by cervical dislocation. Each mouse
aorta was isolated, and the extraneous fat and tissue were removed
using forceps and a scalpel under a dissecting microscope. The aorta
was immediately transferred to a Petri dish containing Opti-MEM
(Invitrogen) and flushed using a 1-ml syringe filled with Opti-
MEM, to remove blood remaining in the lumen. The aorta was cut
into rings (≤0.5 mm) with a scalpel and transferred to fresh Opti-
MEM in a 10-cm dish. The rings were then incubated overnight at
37˚C, under 5% CO2 in a humidified incubator. Each well of a 24-
well plate was coated with 50 μl of growth factor-reduced Matrigel
(BD Biosciences, San Jose, CA, USA), which had been thawed
overnight on ice, and the plate was incubated at 37˚C for 15 min to
polymerize the matrix. The aortic rings were then placed on the
matrix, and an additional 50 μl of Matrigel was applied to cover
each ring. The plates were incubated at 37˚C for 15 min to
polymerize the applied matrix. The aortic rings were pretreated with
the RP for 1 h followed by proangiogenic stimulation with 30 ng/ml
IL-1β. The test medium was changed on day 3 and, then, every
other day until the end of the experiment. After 7 days of exposure,
the microscope field of view was photographed, and the sprouted
area was analyzed using the ImageJ software. 

In vitro tube formation assay. The tube formation assay was
performed as described previously (22). HUVECs were seeded in a
10-cm dish (50,000 cells) and grown until 80 to 90% confluence.
Before cell harvest, cells were serum deprived for 4 h and pre-
exposed to the RP for 1 h. Each well of a 96-well plate was coated
with 50 μl of the growth factor-reduced Matrigel (thawed overnight
on ice), and the plate was incubated at 37˚C for 30 min to
polymerize the matrix. Cells were harvested and seeded onto the
Matrigel-coated plate (12,000 cells/well). After stimulation with
rhIL-1β for 6 h, the microscope field of view was photographed and
analyzed using the ImageJ software. 
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Isolation of nuclear and cytoplasmic fraction. Nuclear extracts were
prepared using an NE-PER Nuclear Cytoplasmic Extraction Reagent
Kit (Pierce, Rockford, IL, USA), according to the manufacturer’s
instructions. Briefly, the treated cells were washed twice with cold
phosphate-buffered saline and centrifuged at 500 × g for 3 min. The
cell pellet was suspended in cytoplasmic extraction reagent I (200 ml)
by vortexing. The suspension was incubated on ice for 10 min, then
11 ml of cytoplasmic extraction reagent II were added. This was
vortexed for 5 sec, incubated on ice for 1 min, and centrifuged for 
5 min at 16,000 × g. The supernatant (cytoplasmic extract) was
transferred to a pre-chilled tube. The insoluble pellet fraction, which
contains crude nuclei, was suspended in 100 ml of nuclear extraction
reagent by vortexing for 15 sec, incubated on ice for 10 min, and
centrifuged for 10 min at 16,000 × g. The supernatant, constituting
the nuclear extract, was used for the subsequent experiments.

Western blotting. HUVECs were seeded in a 6-well plate (100,000
cells/well). The cells were serum deprived for 4 h after reaching 70
to 80% confluence. Cells were pretreated with RP (3 or 30 μg/ml)
or 2 ng/ml IL-1RA, then stimulated with 1 ng/ml rhIL-1β for 
30 min. Treated cells were lysed in ice-cold lysis buffer containing
a protease inhibitor and phosphatase inhibitor mixture. Lysed cells
were harvested, sonicated, and the protein concentrations of the
lysates were determined using a BCA Protein Assay Kit (Pierce).
Equal amounts of protein extracts were separated by SDS-PAGE
(8% acrylamide gel). The proteins were transferred to
polyvinylidene fluoride membranes and incubated overnight at 4˚C
with primary antibodies, namely anti-p65 NFĸB, anti-p-IKK, anti-
IKK, anti-p-p38, anti-p38, anti-p-JNK, anti-JNK (Cell Signaling
Technology, Danvers, MA, USA), anti-GAPDH, and anti-PARP1
(Santa Cruz Biotechnology, Dallas, TX, USA) at a dilution of
1:2000. The membranes were then individually washed thrice in
TBST (25 mM Tris, 130 mM NaCl, 2.5 mM KCl, 0.1% Tween 20)
for 10 min and incubated for 1 h at room temperature with
horseradish peroxidase-conjugated secondary antibody (Cell
Signaling Technology). Immunodetection was subsequently
performed using Amersham ECL western blotting detection reagents

(GenDEPOT, Barker, TX, USA). Densitometric analysis was
performed using the ImageJ software, and phosphorylated protein
levels were normalized to the corresponding total protein levels.

Total RNA isolation, cDNA synthesis, and quantitative polymerase
chain reaction (Q-PCR). HUVECs were seeded in 6-well plates
(100,000 cells/well). The cells were serum deprived for 4 h after
reaching 70 to 80% confluence. The cells were pretreated for 1 h
with RP (3 or 30 μg/ml) or 2 ng/ml IL-1RA, followed by
stimulation with 1 ng/ml rhIL-1β for 1.5 h. 
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Table I. Primer sequences for Q-PCR.

Target gene          Primer sequence (5’→3’)                             Amplicon 
                                                                                                     size (bp)

Homo sapiens       F: GTGAAGGTCGGAGTCAACG                  112
GAPDH                R: TGAGGTCAATGAAGGGGTC
Homo sapiens       F: ATGAGGACACCGGCTCTGACCA          125
VEGFA                 R: AGGCTCCTGAATCTTCCAGGCA
Homo sapiens       F: AGTGTGTGCTAACCGTTACCT               170
FGF2                     R: ACTGCCCAGTTCGTTTCAGTG
Homo sapiens       F: TGGCTGCAGGACATGACAA                  100
IL6                         R: TGAGGTGCCCATGCTACATTT
Homo sapiens       F: ACTGAGAGTGATTGAGAGTGGAC       112
CXCL8                  R: AACCCTCTGCACCCAGTTTTC
Homo sapiens       F: GTATGAACTGAGCAATGTGCAAG        119
ICAM1                  R: GTTCCACCCGTTCTGGAGTC

F: Forward; R: Reverse.

Figure 1. Effect of Robinia pseudoacacia leaf extract (RP) on HEK-
Blue™ IL-1β cell signaling and viability. (A) The viability of HEK-Blue™
IL-1β cells was analyzed by the CCK-8 assay. The values are expressed
as a percentage of the no-treatment control. (B) Secreted embryonic
alkaline phosphatase (SEAP) production was detected with QUANTI-
Blue™ and OD values at 650 nm are expressed as a percentage of the
IL-1β–treated control (error bars indicate±SEM; n=3; #p<0.001
compared to no-treatment control; *p<0.05, ***p<0.001 compared to the
IL-1β–treated control; ns indicates no significance detected).



Total RNA was isolated from the cells using TRIzol reagent (Life
Technologies, Carlsbad, CA, USA), according to the manufacturer’s
instructions. cDNA was synthesized from 0.1 μg of total RNA using
SuperScript III First-Strand Synthesis SuperMix (Invitrogen). Q-
PCR was performed using iQ SYBR Green Supermix (Bio-Rad,
Hercules, CA, USA) and 200 nM of specific primer pairs (Table I)
in triplicate. The amplification was initiated at 95˚C for 5 min,
followed by 45 cycles of denaturation at 95˚C for 10 sec, annealing
(58-64˚C) for 15 sec, and extension at 72˚C for 20 sec. Target gene
expression levels were normalized to glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) levels using the ΔCt method.

Statistical analysis. Statistical analyses were carried out using
GraphPad Prism (San Diego, CA, USA) software version 5.0, and all
values are presented as mean±standard error of the mean. Statistical
significance was calculated using one-way analysis of variance
(ANOVA) followed by Bonferroni’s Multiple Comparison Test.

Results

RP inhibits IL-1β–mediated secretion of SEAP in HEK-
Blue™ IL-1β cells. In order to verify the inhibition of IL-
1β signaling by RP, we used HEK-Blue™ IL-1β cells,

which were transfected to respond specifically to IL-1β.
Stimulation with IL-1β leads to the activation of the
transcription factors AP-1 and NF-ĸB, which drive the
expression of SEAP in HEK-Blue™ IL-1β cells. There
were no significant differences in HEK-Blue™ IL-1β cell
viability attributable to RP treatment, according to the
CCK-8 assay (Figure 1A). Treatment with 1 ng/ml rhIL-1β
induced a 69% increase in SEAP secretion compared to the
control group, and RP significantly inhibited rhIL-1β–
stimulated SEAP secretion in a dose-dependent manner
(Figure 1B).

RP suppresses IL-1β–mediated ex vivo endothelial cell
sprouting. To demonstrate the anti-angiogenic potential of
RP upon IL-1β stimulation, we evaluated this effect in an
ex vivo aortic ring assay. Sprouted microvessels first
appeared at the edges of the aortic rings after 2 to 3 days
and continued to elongate until day 7 (Figure 2A). The
sprouted area was significantly increased by IL-1β, and
this effect was abolished by treatment with 30 μg/ml RP
(Figure 2B).
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Figure 2. Effect of Robinia pseudoacacia leaf extract (RP) on IL-1β–
induced angiogenesis in aortic rings. (A) Representative images of
outgrowth tubules from the aorta. (Scale bars: 250 μm). (B)
Quantitative analysis of area under sprouts. The values are expressed
as percentage of the IL-1β-treated control (error bars indicate±SEM;
n=4; #p<0.05 compared with no-treatment control; **p<0.01 compared
with IL-1β–treated control).



RP suppresses IL-1β–mediated capillary-like tube formation
of HUVECs. Following demonstration of the antiangiogenic
potential of RP in the ex vivo model, we evaluated the effect
of RP on tube formation by HUVECs. RP potently
suppressed rhIL-1β–induced tube formation by HUVECs on
Matrigel (Figure 3A). Stimulation with rhIL-1β significantly
increased branch number (Figure 3B) and branch length
(Figure 3C), and this effect was significantly inhibited by RP
in a dose-dependent manner. No significant cytotoxicity of
RP was observed in HUVECs over 24 or 48 h at the
concentrations used in the tube formation assay (Figure 3D).

RP inhibits IL-1β–mediated nuclear translocation of NF-ĸB
in HUVECs. We examined the effect of RP on rhIL-1β–
mediated NF-ĸB nuclear translocation and detected an
increased presence of NF-ĸB in the nuclear compartment
after exposure to 2 ng/ml rhIL-1β. Both RP and IL-1RA
inhibited rhIL-1β–stimulated nuclear translocation of NF-ĸB
in HUVECs (Figure 4).

RP inhibits IL-1β–mediated phosphorylation of IKK, p38,
and JNK in HUVECs. To assess whether the downregulation
of NF-ĸB nuclear translocation was due to the inhibition of
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Figure 3. Effect of Robinia pseudoacacia leaf extract (RP) on IL-1β–
induced capillary-like tube formation of HUVECs. (A) Representative
images of capillary network formation (Scale bars: 100 μm). (B) and
(C) Quantitative analysis of total number of branches and branching
length. The values are expressed as a percentage of the IL-1β–treated
control. (D) The viability of HUVECs treated with RP was evaluated
using the CCK-8 assay. The values are expressed as a percentage of the
no-treatment control (error bars indicate±SEM; n=3; #p<0.05
compared with no-treatment control; **p<0.01, ***p<0.001 compared
to IL-1β–treated control; ns indicates no significance detected).



phosphorylation within the IL-1β signal transduction
pathway, we examined the effect of RP on the
phosphorylation status of IKK as well as of members of the
mitogen-activated protein kinase (MAPK) family (p38, JNK)
that activate AP-1, by western blot analysis. Both RP and IL-
1RA inhibited rhIL-1β–induced phosphorylation of IKK,
p38, and JNK (Figure 5).

RP inhibits expression of proangiogenic factors in HUVECs.
Treatment of HUVECs with rhIL-1β for 1.5 h significantly
upregulated proangiogenic mRNA expression, whereas
pretreatment for 1 h with RP significantly inhibited the rhIL-
1β–stimulated mRNA expression of VEGF-A, FGF2, ICAM1,
IL-6, and IL-8 (Figure 6). Similarly, IL-1RA inhibited rhIL-
1β–stimulated increases in the abundance of the above-
mentioned transcripts, with the exception of ICAM1.

Discussion

Owing to the prominent role of angiogenesis in physiological
processes – wound healing, fetal development, and tumor
progression – it is considered a potential target in cancer
prevention (1). To date, VEGF-A is the best-characterized
growth factor for endothelial cells in developmental
angiogenesis (23). Since 2004, various drugs targeting VEGF
signaling have been approved by the FDA and are in clinical
use (24). As VEGF-A/VEGF receptor signaling contributes
to both physiological and pathological angiogenesis, long-
term use of antiangiogenic drugs that target VEGF-A
signaling leads to a variety of adverse effects, including
hypertension, wound complications, and cardiomyopathy

(25). Therefore, a new strategy that does not compromise the
physiological angiogenic response needs to be developed.

Interestingly, an association between tumor progression and
inflammation has been established. Approximately 25% of
cancers are accompanied by chronic inflammation (26). It has
been suggested that inflammation contributes to tumor
progression and immunosuppression; furthermore, IL-1β is
responsible for this as it creates an environment favorable for
tumor development (27). Initially, IL-1β is secreted by
malignant cells, resulting in the recruitment of myeloid cells—
macrophages, neutrophils, and myeloid-derived suppressor
cells—to the TME. These cells are capable of further IL-1β
secretion and help create hospitable conditions for the tumor by
promoting angiogenesis, chronic inflammation, and metastases
(6, 28-30). Studies have reported that the concentration of IL-
1β in the TME was associated with a virulent tumor phenotype.
Additionally, patients with IL-1β–producing tumors generally
have a poor prognosis (31). Therefore, neutralizing IL-1β in the
TME could be an effective anticancer strategy (27).

Herein, we used HEK-Blue™ IL-1β cells, which respond
specifically to IL-1β by the activation of NF-ĸB and AP-1. RP
inhibited IL-1β stimulation of HEK-Blue™ IL-1β cells, in a
dose-dependent manner, without inducing cytotoxicity,
suggesting a specific action and a potential role of RP in IL-
1β–mediated tumor angiogenesis. To distinguish the direct
effect of IL-1β and the inhibitory effect of RP, we performed
an ex vivo aortic assay, which permits the study of the
interaction between endothelial cells, fibroblasts, pericytes,
and smooth muscle cells that constitute blood vessels. The ex
vivo aortic assay demonstrated that IL-1β-stimulated cell
sprouting was strongly suppressed by pretreatment with RP.
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Figure 4. Effect of Robinia pseudoacacia leaf extract (RP) on IL-1β–induced nuclear translocation of NF-ĸB in HUVECs. The nuclear translocation
of p65 NF-ĸB was measured by western blotting.



Furthermore, one of the important prerequisite steps in
angiogenesis is the migration, adhesion, and capillary-like tube
formation by endothelial cells. Thus, inhibition of tube
formation has been suggested as a promising outcome in
preventing angiogenesis (22). We performed an in vitro tube
formation assay and observed inhibition of IL-1β¬–stimulated
tube formation in the presence of RP, in agreement with the
results of the aortic ring assay. Collectively, our results suggest
that pretreatment with RP has the potential to suppress IL-1β–
mediated angiogenesis.

IL-1β signaling in endothelial cells contributes directly to
the various steps of tumor angiogenesis by the production of
proangiogenic factors via the transcription factors NF-ĸB and
AP-1 (11-13). In response to ligand binding to the IL-1
receptor, a complex sequence of phosphorylation and
ubiquitination events results in the activation of the IKK
complex and MAPKs (JNK and p38), which further activates
NF-ĸB and AP-1, respectively (32). Here, we found that
pretreatment with RP inhibited rhIL-1β–induced NF-ĸB
nuclear translocation in HUVECs. Moreover, we
demonstrated that pretreatment of HUVECs with RP

inhibited rhIL-1β–induced phosphorylation of IKK, JNK,
and p38 protein kinases, which was associated with a
concurrent reduction in mRNA expression for proangiogenic
factors—VEGF-A, FGF2, IL-6, IL-8, and ICAM1. Thus, RP
has the potential to inhibit IL-1β–mediated angiogenesis by
suppressing the expression of proangiogenic factors, which
function in an autocrine manner in endothelial cells.
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Figure 5. Effect of Robinia pseudoacacia leaf extract (RP) on IL-1β
signaling pathway phosphorylation in HUVECs. (A) Levels of IKK and
MAP kinase (JNK, p38) phosphorylation were determined by western
blotting (representative images shown). (B) Ratio of phosphorylated
IKK, JNK, and p38 normalized to the total levels of IKK, JNK, and p38,
respectively (error bars indicate±SEM; n=3; #p<0.001 compared with
no-treatment control; *p<0.05, **p<0.01, ***p<0.001 compared to
IL-1β–treated control).
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Figure 6. Effect of Robinia pseudoacacia leaf extract (RP) on IL-1β-
induced proangiogenic gene expression in HUVECs. Expression of
mRNA of proangiogenic genes including (A) VEGFA, (B) FGF2, (C)
ICAM1, (D) CXCL8, and (E) IL6 were determined by Q-PCR, and
target gene expression level was normalized to GAPDH level using the
ΔCt method. (error bars indicate±SEM; n=3; #p<0.05, ###p<0.001
compared with no-treatment control; *p<0.05, **p<0.01 compared to
IL-1β–treated control).



Conclusion

As its profound effects on angiogenesis and tumor growth
have been established, IL-1β has been identified as a
potential target for anticancer therapy. We demonstrated the
inhibitory effect of RP on IL-1β signaling pathway and IL-
1β–mediated tumor angiogenesis. Furthermore, we suggest
that the inhibition of proangiogenic factor mRNA expression,
via the inactivation of IL-1β–inducible transcription factors
NF-ĸB and AP-1, is a potential mechanism underlying the
antiangiogenic effects of RP. Thus, RP may be a promising
agent in anticancer therapy for suppressing IL-1β-mediated
angiogenesis.
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