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Abstract. Scutellarein has been identified to serve an 
anti‑tumor function in human colon cancer, but the under-
lying mechanisms remain largely unclear. The present study 
further investigated the effect and mechanism of scutellarein, 
extracted from wild chrysanthemum, in the progression of 
colon cancer. MTT, clone formation, flow cytometry and 
tumor‑bearing mice assays were used to detect cell viability, 
clone formation, apoptosis and tumorigenesis, respectively. 
Western blot and quantitative PCR assays were performed 
for protein and mRNA expression detection. The results 
revealed that, compared with the control group, scutellarein 
treatment significantly inhibited the viability and induced 
the apoptosis of colon cancer cells (P<0.05), with significant 
decreases in receptor for advanced glycosylation end products 
(RAGE) protein expression and stability and an increase in 
RAGE ubiquitination (P<0.05). However, the effects of scutel-
larein exerted in cell apoptosis and viability were rescued by 
RAGE overexpression, and accelerated by RAGE knockdown. 
Additionally, it was observed that scutellarein treatment 
induced a significant increase in the expression of cell divi-
sion control protein 4 (CDC4) compared with the control 
group (P<0.05), which was then verified to interact with 
RAGE protein and mediate its ubiquitination. Overexpression 
of CDC4 inhibited colon cancer cell viability and promoted 
the apoptosis of SW480 and T84 cells, whereas this function 
was weakened when RAGE was overexpressed. Furthermore, 
CDC4 downregulation significantly neutralized scutellarein 
functions in promoting cell apoptosis and inhibiting cell 

viability and tumorigenesis in colon cancer cells compared 
with the scutellarein group (P<0.05). In conclusion, the present 
study revealed that scutellarein inhibited the development of 
colon cancer through upregulating CDC4‑mediated RAGE 
ubiquitination.

Introduction

Colon cancer is one of the most common malignant alimentary 
canal tumor types, and mainly occurs on the joint of the rectum 
and colon sigmoideum (1). A total of 1.2 million patients are 
diagnosed annually and ~0.6 million mortalities occur each 
year globally  (1). Nearly 60% patients with colon cancer 
will develop metastasis, which results in a high mortality 
of patients with colon cancer (2,3). Colon cancer is the fifth 
highest cause of cancer‑associated mortalities in China, and 
the morbidity continues to rapidly rise, with a 5‑year survival 
rate of 40‑60% (4). Therefore, it is important to further reveal 
the underlying mechanisms of colon cancer.

An increasing number of herbs have been used in 
medicines and cosmetics for centuries. Among them, wild 
chrysanthemum (Chrysanthemum indicum L.) has a range of 
biological activities. In China, wild chrysanthemum is used 
to cure numerous types of inflammatory diseases (5). Studies 
have documented that flavonoids are the active ingredients in 
wild chrysanthemum, including hispidulin, isorhoifolin and 
scutellarein (6‑8). Scutellarein, a flavone present in the peren-
nial herb Scutellaria baicalensis, is the aglycone of scutellarin 
with a free hydroxyl in 7 position, and exerts a higher bioavail-
ability compared with scutellarin  (9). A variety of studies 
have demonstrated that scutellarein may inhibit the viability 
of human lung cancer cells and fibrosarcoma cells (9‑11), in 
addition to serving an anti‑tumor function in human colon 
cancer (12,13). However, the underlying mechanisms of scutel-
larin, derived from the wild chrysanthemum, in the repression 
of colon cancer progression remain largely unknown.

Cluster of differentiation (CD) family proteins, including 
CD44, CD50 and CD74, are all members of the immuno-
globulin superfamily, and are associated with cancer cell 
migration and immune response  (14,15). Melanoma cell 
adhesion molecule (MCAM), also known as CD146, is a cell 
adhesion molecule and is involved in several cellular processes, 
including cell invasion, migration, immune response and 
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signal transduction (16). The increased expression of MCAM 
in the primary tumor types is associated with metastasis 
and prognosis in several cancer types  (16‑18). Mucosal 
addressin cell adhesion molecule 1 (Madcam1) is known as 
a type of adhesion molecule, which is involved in inflamma-
tory responses with no expression in the majority of normal 
tissues (19,20). Receptor for advanced glycation end products 
(RAGE) is a signal transduction receptor that is involved in 
multiple pathologic conditions, including carcinogenesis and 
inflammation relying on its diverse ligands (21,22). It is well 
acknowledged that RAGE expression is associated with multi-
farious cancer types, including colon cancer (23). These results 
suggest that all of the aforementioned proteins serve a function 
in carcinogenesis. However, whether scutellarein inhibits the 
development of colon cancer through modulating these oncop-
roteins (CD44, CD50, CD74, CD138, MCAM, CD151, CD166, 
CD206, RAGE and Madcam1) is not yet known.

Ubiquitylation is considered to be an important 
modification of nuclear and cytoplasmic proteins at the 
post‑translational level, as it is known that ubiquitylation 
serves an important function in cell apoptosis, cell cycle and 
DNA damage repair (24,25). A number of studies have demon-
strated that ubiquitylation is strongly associated with the 
initiation and progression of carcinogenesis (26,27). Notably, 
numerous ubiquitin‑associated proteins have been revealed 
as tumor suppressors/oncogenes and therapeutic targets in 
different tumor types (28,29). However, whether ubiquitylation 
is involved in scutellarein‑mediated colon cancer repression 
remains unknown.

The present study aimed to investigate the function of 
scutellarein in ubiquitylation, and to determine the expression 
of a number of ubiquitin‑associated proteins in the presence of 
scutellarein. In order to elucidate the functions of scutellarein 
for the potential treatment of colon cancer, the anticancer 
function of scutellarein from wild chrysanthemum in the 
development of colon cancer cells and its associated mecha-
nisms were examined.

Materials and methods

Extraction of scutellarein. A whole plant of wild chrysan-
themum was gathered from the wild, dried in the air and then 
ground, followed by extraction using 99.5% ethanol three times. 
Subsequently, the ethanol was removed and the extract was 
suspended in water and partitioned with petroleum ether and 
acetyl acetate. Under reduced pressure, the acetyl acetate was 
evaporated and obtained. This was handled with column chro-
matography on silica gel eluted with gradient dichloromethane 
and purified by Sephadex LH‑20 to obtain a yellow powder. The 
structure of the compound was determined using 1H and 13C 
nuclear magnetic resonance (NMR) spectra and electrospray 
ionization mass spectrometry analysis. The results revealed 
the peaks to be at m/z 287[M+H]+ and 285[M‑H]‑, demon-
strating that the molecular weight was 286 g/mol. On the other 
hand, two single peaks at δ 6.77 (1H, s) and 6.57 (1H, s) were 
observed on the 1H NMR spectrum. Furthermore, on the 13C 
NMR spectrum, 13 carbon signals were detected. The purity 
of the scutellarein was identified by using high performance 
liquid chromatography on an Agilent 1,100 high performance 
liquid chromatography system (Agilent Technologies, Inc.), 

and was determined to be 96.5%. The chromatographic column 
was Waters Xterra Rp‑C18 (3.0x100 mm; 3.5 µm), the mobile 
phase A was acetonitrile solution, and the mobile phase B was 
0.1% formic acid water. The gradient elution conditions were 
10‑20% A (0‑10 min), 20‑25% A (10‑30 min) and 25‑45% A 
(30‑60 min), and the volume flow rate was 0.4 ml/min with a 
column temperature of 20˚C and an injection volume of 5 µl. 
The UV detection wavelength was 275 nm, and the running 
time was 60 min.

Cell culture. Colon cell lines CL‑40, SW480 and T84 were 
all obtained from the American Type Culture Collection. T84 
cells were maintained in high glucose‑DMEM medium (Gibco; 
Thermo Fisher Scientific, Inc.) with the presence of 10% 
fetal bovine serum (FBS; Biological Industries) and 1% (v/v) 
penicillin‑streptomycin, while SW480 cells were cultured in 
DMEM/F‑12 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS and 1% penicillin‑streptomycin, 
and CL‑40 cells were incubated with RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS and 1% penicillin‑streptomycin. All cells were 
maintained in a humidified condition of 5% CO2 at 37˚C.

MTT analysis. MTT analysis was performed to investigate the 
half maximal inhibitory concentration (IC50) of scutellarein 
in colon cancer cells and cell viability. SW480 and T84 cells 
(3,000 cells/well) were cultured in 96‑well plates for 24 h 
following adherence, and were then exposed to scutellarein at 
a gradient concentration for 36 h. Subsequently, 10 µl MTT 
solution (Beyotime Institute of Biotechnology) were added 
per well and the cells were incubated for another 4 h at 37˚C. 
DMSO was used to dissolve the purple formazan. Then, the 
optical density (OD) values were measured at 570 nm, and 
the IC50 value was calculated. In addition, cell viability was 
also detected using MTT. Cells were cultured in 96‑well 
plates, and underwent different treatments, including scutel-
larein, scutellarein+RAGE overexpression (OE‑RAGE), 
scutellarein+RAGE short hairpin RNA (sh‑RAGE), OE‑CDC4, 
OE‑CDC4+OE‑RAGE, following adherence. Following incu-
bation at 37˚C for 1, 2, 3, 4 and 5 days, the cells were treated 
with MTT solution for 4 h, and the OD values were measured 
at 570 nm.

Western blot analysis. The colon cancer SW480 and T84 
cells were seeded into 6‑well plates and cultured for 12 h 
until adherence. Then, cells underwent different treatments 
(scutellarein, scutellarein+OE‑RAGE, scutellarein+sh‑RAGE, 
OE‑CDC4 and OE‑CDC4+OE‑RAGE) for 48 h, and then 
the cells were gathered. The total protein was isolated using 
RIPAIII (Beijing Solarbio Science & Technology Co., Ltd.) 
and centrifuged at 12,000 x g at 4˚C for 20 min. Proteins 
from supernatants were quantified using bicinchoninic acid 
analysis (EMD Millipore) and boiled with 1x loading buffer. 
A total of 20 mg protein was separated using 10% SDS‑PAGE, 
and was subsequently transferred onto polyvinylidene fluo-
ride membranes (EMD Millipore). The membranes were 
immersed into 5% non‑fat milk for 1 h at room temperature 
to block, following by being washed with TBS with 0.1% 
(v/v) Tween‑20 a total of 3 times. Then, the membranes were 
incubated with primary antibodies at 4˚C overnight. Next 
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day, the membranes were incubated with the corresponding 
horseradish peroxidase (HRP)‑conjugated anti‑mouse (cat. 
no. 7076) or anti‑rabbit (cat. no. 7074) secondary antibody 
(1:10,000 dilution; Cell Signaling Technology, Inc.) at room 
temperature for 2 h. Subsequently, the complexes were tested 
using the electrochemical luminescence of horseradish 
peroxidase substrate (EMD Millipore) and analyzed using 
ImageJ software (version 1.48; National Institutes of Health). 
The primary antibodies were as follows: Anti‑CD44 (1:1,000; 
cat. no. #3578), anti‑ring finger and CHY zinc finger domain 
containing 1 (RCHY1; 1:1,000; cat. no. #5754), anti‑cleaved 
caspase3 (1:1,000; cat. no. #9661), anti‑caspase3 (1:1,000; cat. 
no. #9662), anti‑cleaved caspase7 (1:1,000; cat. no. #9492), 
anti‑caspase7 (1:1,000, no. #9491), anti‑phosphorylated (p‑)
p65 (1:1,000; cat. no. #3033), anti‑p65 (1:1,000; cat no. #8242) 
and anti‑protein kinase C (PKC; 1:1,000; cat. no.  #2056) 
antibodies were all obtained from Cell Signaling Technology, 
Inc. Anti‑RAGE (1:1,000; cat. no. sc365154), anti‑cell divi-
sion control protein 4 (CDC4; 1:1,000; cat. no.  sc293423), 
anti‑CD50 (1:1,000; cat. no. sc71307), anti‑CD74 (1:1,000; 
cat. no. sc166047), anti‑CD138 (1:1,000; cat. no. sc390791), 
anti‑CD151 (1:1,000; cat. no. sc271216), anti‑CD166 (1:1,000; 
cat. no.  sc74558), anti‑CD206 (1:1,000; cat. no.  sc70586), 
anti‑MCAM (1:1,000; cat. no.  sc376762), anti‑Madcam1 
(1:1,000; cat. no.  sc374398), anti‑Cbl proto‑oncogene 
(CBL; 1:1,000; cat. no. sc1651), anti‑Ubiquitin (1:1,000; cat. 
no. sc166553), anti‑SMAD specific ubiquitin protein ligase 1 
(Smurf1; 1:1,000; cat. no. sc100616), anti‑MDM2 proto‑onco-
gene (MDM2; 1:1,000; cat. no.  sc5304) and anti‑GAPDH 
(1:1,000; cat. no. sc47724) were all purchased from Santa Cruz 
Biotechnology, Inc., and anti‑vascular endothelial growth 
factor (VEGF; 1:1,000; cat. no.  ab46154) was purchased 
from Abcam. The corresponding secondary antibodies were 
obtained from OriGene Technologies, Inc.

Cycloheximide (CHX) analysis. The colon cancer SW480 and 
T84 cells were routinely cultured and underwent different 
treatments. Then, the cells were treated with CHX (100 µg/ml) 
for 1, 2, 4, 8 and 24 h at 37˚C, following which the total protein 
was extracted.

Colony formation assay. Colon cancer SW480 and T84 cells 
(1,000 cells/dish) were seeded in 3.5 cm dishes and cultured 
in a humidified environment with 5% CO2 at 37˚C for 24 h. 
Then, different concentrations of scutellarein (10, 20, 40, 60 
and 80 µM) were added into each dish and the cells were 
incubated with scutellarein at 37˚C for 15 days. Cells treated 
with DMSO were used as the negative control. Subsequent 
to the incubation at 37˚C for 15 days, the cells were washed 
with phosphate buffered saline (PBS) 3 times, following by 
staining with 1 ml crystal violet solution for 10 min at room 
temperature. The cells were then washed with PBS prior to the 
colonies being counted.

Reverse transcription‑quantitative PCR (RT‑qPCR). Colon 
cancer SW480 and T84 cells with different treatments were 
obtained and mRNA was extracted using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocols. Subsequently, reverse transcription 
(42˚C for 30 min followed by 85˚C for 5 min) was performed 

using EasyScript Reverse Transcriptase (Beijing Transgen 
Biotech Co., Ltd.) followed by qPCR on a DA7600 Real‑time 
Nucleic Acid Amplification Fluorescence Detection System 
(Bio‑Rad Laboratories, Inc.) in a 25 µl volume system using the 
TransStart Green qPCR SuperMix (Beijing Transgen Biotech 
Co., Ltd.). The thermocycling conditions were as follows: 
Initial denaturation for 3 min at 95˚C, followed by 35 cycles 
of denaturation at 95˚C for 10 sec and annealing/extension at 
55˚C for 30 sec.

The primers were obtained from Sangon Biotech Co., Ltd. 
Melting‑curve analysis was conducted to recognize the reac-
tion specificity. All experiments were performed in triplicate 
and the data were analyzed using the 2‑ΔΔCq method  (30). 
Primers of RAGE, CDC4 and β‑catenin were as follows: 
RAGE forward, 5'‑GGG​GTA​CCA​AGG​AAG​CAG​GTA​GGC​
AGC​C‑3' and reverse, 5'‑CCG​CTC​GAA​TCC​ATT​CCT​GTT​
CAT​CTG​C‑3'; CDC4 forward, 5'‑GTG​GGA​CAT​ACA​GGT​
GGA‑3' and reverse, 5'‑CAA​CGC​ACA​GTG​GAA​CTA‑3'; 
β‑actin forward, 5'‑CAT​GTA​CGT​TGCT​ATC​CAG​GC‑3' and 
reverse, 5'‑CTC​CTT​AAT​GTC​ACG​CAC​GAT‑3'.

Immunoprecipitation (IP). An IP assay was performed using 
protein G plus A‑agarose beads as established, with CDC4 or 
RAGE antibodies obtained from Santa Cruz Biotechnology, 
Inc. In brief, SW480 and T84 cells were first rinsed with cold 
PBS and lysed in IP lysis buffer (Thermo Fisher Scientific, 
Inc.); the total proteins were obtained after being centrifuged at 
20,000 x g for 30 min at 4˚C and served as the ‘Input’ sample. 
Then, the cell lysate containing 200 µg protein was incubated 
with Dynabeads® protein G (Thermo Fisher Scientific, Inc.) for 
1 h at room temperature, and incubated with 2 µg of antibody 
against RAGE (cat. no. sc365154; Santa Cruz Biotechnology, 
Inc.) or IgG (cat. no. 5946, Cell Signaling Technology, Inc.; 
negative control) overnight at 4˚C, followed by incubation with 
Dynabeads® protein G for another 1 h at room temperature to 
form the immune complex. Then, the protein samples were 
loaded onto gels for western blot analysis.

Cell transfection. T84 and SW480 cells (3x105 cells/well) were 
seeded into 6‑well plates and cultured with antibiotic‑free 
standard growth medium for 24 h until the confluence reached 
60‑80%. Subsequently, the cells were infected with the 
following lentivirus vectors using 7 µg/ml polybrene (Hanbio 
Biotechnology Co., Ltd.), including RAGE shRNA lentivirus 
vector (cat. no.  sc‑36374‑SH; Santa Cruz Biotechnology, 
Inc.), CDC4 shRNA lentivirus vector (sh‑CDC4; cat. 
no.  sc‑37547‑SH; Santa Cruz Biotechnology, Inc.) and the 
control shRNA plasmid‑A (sh‑NC; cat. no. sc‑108060; Santa 
Cruz Biotechnology, Inc.). In addition, the RAGE clustered 
regularly interspaced short palindromic repeats (CRISPR) 
Activation Plasmid (cat. no.  sc‑400284‑ACT; Santa Cruz 
Biotechnology, Inc.), and CDC4 CRISPR Activation Plasmid 
(cat. no.  sc‑401257‑ACT; Santa Cruz Biotechnology, Inc.) 
were used to upregulate the expression of RAGE (OE‑RAGE) 
and CDC4 (OE‑CDC4) in colon cancer, and were transfected 
into cells using Lipo3000 (cat. no.  L3000008; Thermo 
Fisher Scientific, Inc.) at 37˚C for 48 h, in addition to the 
Control CRISPR/dCas9 Activation Plasmid (OE‑NC; cat. 
no. sc‑437275; Santa Cruz Biotechnology, Inc.). Subsequent to 
48 h cell infection/transfection, the mRNA and protein samples 
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were extracted from the cells and submitted to RT‑qPCR and 
western blot analysis.

Flow cytometry. T84 and SW480 cells were seeded into 6‑well 
plates and cultured for 24 h. Following different treatments, 
the cells were gathered into individual centrifuge tubes and 
suspended in Annexin‑binding buffer. Subsequently, the cells 
were incubated with Annexin V‑fluorescein isothiocyanate and 
propidium iodide solution (BD Biosciences) at room tempera-
ture in the shade for 15 min, according to the manufacturer's 
instructions. The apoptotic percentages of all samples were 
analyzed using flow cytometry (BD Biosciences). Cell apop-
totic rates were analyzed using FlowJo v.10 (FlowJo, LLC).

Animal experiments. The function of scutellarein in inhibiting 
tumor progression was assessed using a mouse model. A total of 
30 male BALB/c nude mice aged 5 weeks old (weight 18‑20 g) 
were obtained from Shanghai SLAC Laboratory Animal 
Co., Ltd. (Shanghai, China) and maintained under specific 
pathogen‑free conditions at 20‑26˚C with 55±5% humidity, a 
12 h light/dark cycle and ad libitum access to food and water. 
The experiment protocols were ethically approved by the 
Institutional Animal Care and Use Committee of the Affiliated 
Hospital of Southwest Medical University (Sichuan, China). 
The T84 cells (5x106 in 200 µl PBS) were tail‑vein injected 
into the mice to generate a colon cancer‑bearing model. Once 
the tumors had grown, the mice were randomly separated 
into 3 groups and intraperitoneally injected with scutellarein 
(0.5 µg/g body weight) and shRNA‑CDC4 (0.1 µg/g body 
weight). Mice treated with PBS alone were considered to be 
the control group. The animal health and behavior, in addition 
to the tumor sizes, were monitored every 3 days. A total of 
20 days later, the mice were euthanized by cervical disloca-
tion and the heads were broken and the tumor weight of each 
mouse was evaluated. Then, the tumors were removed from 
the mice and subjected to immunohistochemical staining with 
an anti‑Ki‑67 antibody (1:100 dilution; cat. no. 12202; Cell 
Signaling Technology, Inc.) and hematoxylin (100%, 3 min) 
and eosin (0.5%, 30 sec) staining at room temperature to assess 
the effect of scutellarein/CDC4 on the expression of Ki‑67 and 
pathological alteration. The diameter for the maximum tumor 
was 1.8 cm and all mice were euthanized at the end of the 
experiment.

For the immunohistochemical staining, tissue sections 
were deparaffinized and rehydrated with xylene (100%) and 
ethanol (100, 95, 80 and 70%). Subsequently, the antigens 
were retrieved using citrate antigen retrieval solution at 95˚C 
(Beyotime Institute of Biotechnology) and blocked with 
5% goat serum (AmyJet Scientific, Inc.) diluted in TBS + 0.5% 
Tween‑20 at room temperature. The sections were probed 
with the primary antibody against Ki‑67 (1:100 dilution; cat. 
no. 12202; Cell Signaling Technology, Inc.) at 4˚C overnight. 
Following the primary antibody incubation, sections were 
incubated with a HRP‑conjugated secondary antibody (1:500; 
cat. no. 8114; Cell Signaling Technology, Inc.) at room temper-
ature for 30 min, followed by incubation with the chromogen 
3,30‑diaminobenzidine tetrachloride (R&D Systems, Inc.) for 
2‑3 sec at room temperature. Cell nuclei were stained with 
1% Harris hematoxylin solution for 30 sec at room tempera-
ture. The protein expression of Ki‑67 was evaluated by two 

pathologists on the base of the positive staining proportion 
and the staining intensity, as previously described (31). The 
positive staining percentage was scored as 0 for ≤5%, 1 for 
6‑25%, 2 for 26‑50%, 3 for 51‑75% and 4 for >75%. Intensity 
was marked as follows: 0 represented no staining, 1 repre-
sented weak staining, 2 represented moderate staining and 3 
represented strong staining. The final score was obtained by 
multiplying the percentage score and intensity score.

Statistical analysis. The results are representative of inde-
pendent experiments, and the data were presented as the 
mean  ±  standard error of the mean. SPSS22.0 statistical 
software (IBM Corp.) was used to analyze the data between 
groups with different treatments using paired Student's t‑tests 
for 2 groups and one way analysis of variance followed by 
a Tukey's test for multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Scutellarein treatment induces cell apoptosis and inhibits cell 
viability in CL‑40, T84 and SW480 cells. First, the present 
study investigated the effect of scutellarein treatment on cell 
apoptosis and viability in colon cancer. The CL‑40, T84 and 
SW480 cells were exposed to gradient concentrations of scutel-
larein, and the cytotoxic activity of scutellarein was evaluated 
using an MTT assay. The IC50 values of scutellarein in CL‑40, 
T84 and SW480 cell lines were determined to be 40.9, 40 and 
39.6 µM, respectively (Fig. 1A, C and E). In addition, the ratios 
of cleaved caspase3/total caspase3 and cleaved/total caspase7 
were significantly increased when the cells were treated with 
scutellarein in a dose‑dependent manner (Fig. S1A‑C), in 
addition to the apoptosis rates detected using a flow cytometry 
assay in CL‑40, T84 and SW480 cell lines (Fig. 1B, D and 
F) compared with the control group (P<0.05). Furthermore, 
the function of scutellarein treatment in the clone formation 
ability of CL‑40, T84 and SW480 cells was examined using 
a colony formation assay. As presented in Fig. S1D, compared 
with the control group, the plates with scutellarein‑treated 
cells demonstrated fewer cell clones, and ≥40 µM scutellarein 
induced a significant inhibition in the clone formation ability 
in a dose‑dependent manner compared with the 0 µM group 
(P<0.05). These results illustrated that scutellarein treatment 
was able to efficiently inhibit colon cancer cell viability and 
induce cell apoptosis.

Scutellarein inhibits cell proliferation and promotes cell apop‑
tosis via reducing RAGE expression in T84 and SW480 cells. 
To reveal the mechanisms underlying scutellarein in colon 
cancer inhibition, the present study then investigated the effects 
of scutellarein on the expression of numerous oncoproteins, 
including CD44, CD50, CD74, CD138, MCAM, CD151, 
CD166, CD206, RAGE and Madcam1  (14,15). The results 
revealed that scutellarein treatment (40  µM) significantly 
inhibited the protein expression levels of RAGE compared with 
the control group (P<0.05) in T84 (Fig. 2A) and SW480 cells 
(Fig. 2B), with no significant influence in the protein expres-
sion levels of CD44, CD50, CD74, CD138, MCAM, CD151, 
CD166, CD206 and Madcam1 (P>0.05). However, scutellarein 
treatment exerted no significant effect on the mRNA levels of 
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RAGE compared with the control group (P>0.05; Fig. 2C). 
Furthermore, the present study revealed that the significantly 
increased expression of RAGE induced by OE‑RAGE trans-
fection was significantly reduced when T84 and SW480 cells 
were treated with scutellarein (40 µM; P<0.05; Fig. 2D). These 
results demonstrated that scutellarein treatment negatively 
regulated RAGE expression at the protein level.

To reveal the underlying mechanism of the scutellarein 
treatment‑induced reduction in the RAGE protein expression 
level, the present study then investigated the effect of scutel-
larein treatment on the protein stability and ubiquitination 
of RAGE. The CHX analysis demonstrated that scutellarein 
treatment significantly reduced the stability of RAGE protein 
in SW480 (P<0.05; Fig. 3A) and T84 cell lines compared with 
the control (P<0.05; Fig. 3B). In addition, scutellarein treat-
ment significantly enhanced the ubiquitination of the RAGE 
protein (Fig. 3C). These results revealed that scutellarein treat-
ment may reduce RAGE protein expression via enhancing its 
ubiquitination and impairing its stability.

The present study then investigated the effects of RAGE 
in scutellarein‑mediated cell proliferation repression and 
apoptosis promotion in T84 and SW480 cells. The expression 
levels of RAGE were significantly reduced when the cells were 
infected with shRNA targeting the RAGE gene at the mRNA 
and protein levels when compared with the sh‑NC group 
(P<0.05; Fig. 4A and B). As demonstrated in Fig. 4C and D, 
the overexpression of RAGE significantly blocked the function 
of scutellarein in promoting the expression levels of cleaved 
caspase3/7, while the knockdown of RAGE enhanced the 
function of scutellarein, with a statistically significant differ-
ence compared with the scutellarein‑treated group (P<0.05; 
Fig. 4C and D). Additionally, the proliferation of T84 and 
SW480 cells in the presence of scutellarein with or without 

RAGE overexpression or knockdown was also assessed. 
Compared with the control group, cell proliferation was signifi-
cantly repressed following scutellarein treatment, and RAGE 
overexpression significantly weakened this function while 
RAGE downregulation enhanced this function in SW480 and 
T84 cell lines (P<0.05; Fig. 4E and F). In addition, the present 
study detected the effect of the scutellarein/RAGE axis on the 
activation of signals which have been reported to be under the 
regulation of scutellarein, including nuclear factor‑κβ (32), 
PKC (33) and VEGF (34). The results revealed that scutel-
larein treatment significantly decreased the expression levels 
of p‑p65, PKC and VEGF compared with the control group 
(P<0.05), whereas the expression levels of p‑p65 and VEGF 
were neutralized when RAGE was overexpressed, while RAGE 
downregulation further decreased p‑p65 and VEGF expression 
levels compared with the scutellarein group (P<0.05; Fig. S2). 
However, the deregulation of RAGE exhibited no significant 
influence in PKC expression in SW480 and T84 cell lines 
(P>0.05; Fig. S2). These results demonstrated that scutella-
rein promoted colon cancer cell apoptosis and repressed cell 
viability via downregulating the expression of RAGE.

Scutellarein increases the combination of CDC4 and RAGE. 
To investigate the mechanism of the suppressant effects of 
scutellarein on RAGE levels, the present study detected the 
expression of a series of ubiquitination‑associated proteins, 
including CDC4, RCHY1, MDM2, CBL and Smurf1 in T84 
and SW480 cells using western blot analysis. It was revealed 
that only the expression levels of CDC4 were significantly 
increased in presence of scutellarein compared with the control 
(P<0.05), with no notable change in the expression levels of 
RCHY1, MDM2, CBL and Smurf1 (Fig. 5A and C). As CDC4 
was considered as one of the ubiquitin ligases, the increase 

Figure 1. Scutellarein treatment inhibited cell viability and promoted cell apoptosis in colon cancer cells (CL‑40, SW480 and T84). The cells were exposed to 
scutellarein (0, 20, 40, 60 and 80 µM) for 24 h, and then assays were performed. (A) Cytotoxic effect of scutellarein on CL‑40 cells were determined using an 
MTT assay, and the IC50 value was determined to be 40.9 µM. (B) Effect of scutellarein treatment on the apoptosis rate of CL‑40 cells was evaluated by using 
a flow cytometry assay. (C) Cell viability of SW480 cells was determined using an MTT assay, and the IC50 value was determined to be 40 µM. (D) SW480 
cell apoptosis was detected by using flow cytometry technology. (E) Cytotoxic effect of scutellarein on T84 cells was assessed using an MTT assay, and 
the IC50 value was determined to be 39.6 µM. (F) Cell apoptosis in T84 cells was measured using a flow cytometry assay. The data were represented as the 
mean ± standard error of the mean (n=3). *P<0.05, **P<0.01 vs. the control group. IC50, half maximal inhibitory concentration.
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of CDC4 may have induced the degradation of downstream 
molecules. IP was performed to investigate the combination 
of CDC4 and RAGE and the results revealed that scutellarein 
enhanced the direct or indirect combination of CDC4 and 
RAGE protein expression in SW480 cells (Fig. 5B) and T84 
cells (Fig. 5D). These results indicated that CDC4 may serve 
a function in the scutellarein‑mediated reduction of RAGE 
expression.

Scutellarein treatment inhibits cell proliferation and promotes 
cell apoptosis via CDC4‑mediated RAGE downregulation. 
To further study the function CDC4 served in the scutella-
rein‑mediated reduction of RAGE expression and colon cancer 
inhibition, the present study then performed CHX analysis to 
investigate the effect of CDC4 on the stability of RAGE. The 
results demonstrated that the overexpression of CDC4 signifi-

cantly accelerated the degradation of the RAGE protein in 
SW480 cells (Fig. 6A) and T84 cells (Fig. 6B) compared with 
the control (P<0.05). In addition, it was revealed that the over-
expression of CDC4 increased the expression of ubiquitinated 
RAGE compared with the control (Fig. 6C). Cell proliferation 
was significantly inhibited (P<0.05; Fig. 6D and E) while cell 
apoptosis (P<0.05; Fig. 6F) was significantly increased when 
CDC4 was overexpressed in SW480 and T84 cells compared 
with the control, whereas these effects were significantly 
abolished when RAGE was overexpressed at the same time 
(P<0.05). These results indicated that CDC4 promoted colon 
cancer cell apoptosis and inhibited cell proliferation via 
increasing the RAGE ubiquitination levels.

Furthermore, the present study investigated the function 
of CDC4 in scutellarein‑mediated proliferation inhibition and 
apoptosis promotion in colon cancer. The expression of CDC4 

Figure 2. Scutellarein treatment decreased RAGE protein levels in SW480 and T84 cells. Western blot analysis was performed to determine the effects of scutella-
rein on the expression of CD44, CD50, CD74, CD138, MCAM, CD151, CD166, CD206, RAGE and Madcam1 once the cells were treated with scutellarein (40 µM) 
in (A) SW480 cells and (B) T84 cells, and GAPDH was used as a loading control. (C) mRNA expression levels of RAGE were determined by using a reverse 
transcription‑quantitative PCR assay once the cells were treated with scutellarein (40 µM). (D) Western blot analysis was performed to investigate the expression 
of RAGE protein once cells were transfected with the OE‑RAGE plasmid together with scutellarein (40 µM) or not. The data demonstrated are representative 
of three independent experiments. n=3. *P<0.05 vs. the control group; #P<0.05 vs. the OE‑RAGE group. CD, cluster of differentiation; MCAM, melanoma cell 
adhesion molecule; RAGE, receptor for advanced glycation end products; Madcam1, mucosal addressin cell adhesion molecule 1; OE, overexpression.
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was significantly reduced when the cells were infected with 
sh‑CDC4 at the mRNA and protein levels compared with the 
negative control (P<0.05; Fig. 7A and B). Knockdown of CDC4 
significantly rescued the reduction of RAGE in SW480 and 
T84 cells mediated by scutellarein treatment (P<0.05; Fig. 7C). 
CHX analysis revealed that the overexpression of CDC4 
significantly enhanced the effect of scutellarein in reducing 
RAGE stability, while the knockdown of CDC4 significantly 
weakened the effect of scutellarein (P<0.05; Fig. 7D and E). 
Furthermore, it was revealed that the increased expression 
levels of cleaved caspase3/7 caused by scutellarein treatment 
were significantly reduced when CDC4 was downregulated 
(P<0.05; Fig. 7F and G). In addition, the knockdown of CDC4 
significantly rescued scutellarein‑mediated reductions in 

the expression levels of p‑p65 and VEGF (P<0.05), with no 
notable change in the expression of PKC (P>0.05; Fig. S3). 
These results demonstrated that the increased level of CDC4 
served a vital function in scutellarein‑mediated proliferation 
inhibition and apoptosis promotion in colon cancer.

Scutellarein suppresses the progression of colon cancer 
via increasing CDC4 expression in vivo. Next, the present 
study further investigated whether scutellarein inhibited the 
progression of colon cancer in vivo via upregulating CDC4 
expression. A colon cancer‑bearing mice model was estab-
lished by the injection of the colon cancer cell line T84. The 
solid tumor types were removed and weighed once the mice 
were sacrificed by cervical dislocation. In comparison with the 

Figure 3. Scutellarein treatment weakened the protein stability of RAGE and increased its ubiquitination. (A) SW480 and (B) T84 cells were exposed to 40 µM 
scutellarein for 24 h, and then the cells were treated with CHX (100 µg/ml) for 1, 2, 4, 8 or 24 h, followed by a western blot assay to detect the expression levels 
of RAGE. (C) An IP assay was used to detect the effect of scutellarein (40 µM) treatment on the ubiquitination of the RAGE protein. The data presented are 
representative of three independent experiments. *P<0.05 vs. the control group. RAGE, receptor for advanced glycation end products; CHX, cycloheximide; 
IP, immunoprecipitation; Ub, ubiquitin.
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control group, scutellarein treatment significantly reduced the 
tumor volume by nearly 50%, while the knockdown of CDC4 
significantly increased the tumor volume compared with the 
scutellarein alone treated group (P<0.05; Fig. 8A). In addition, 
the knockdown of CDC4 also significantly neutralized the 
functions of scutellarein treatment in reducing the expression 
levels of Ki‑67 compared with the control (P<0.05; Fig. 8B) 
and the alleviation in the histological change of tumor tissues 

(Fig. 8C). These results revealed that scutellarein suppressed 
the in vivo tumor formation of colon cancer via increasing 
CDC4 expression.

Discussion

As is well known, colon cancer is one of the most malignant 
carcinoma types (35). Wild chrysanthemum is the flower head 

Figure 4. Effects of RAGE on scutellarein‑mediated apoptosis promotion and proliferation repression in SW480 and T84 cells. Knockdown efficiency of 
sh‑RAGE was detected using (A) reverse transcription‑quantitative PCR and (B) western blot assays in SW480 and T84 cells. Then, the SW480 and T84 
cells were treated with scutellarein, scutellarein+OE‑RAGE or scutellarein+sh‑RAGE. Relative protein levels of cleaved caspase3/7 and total caspase3/7 
in (C) SW480 and (D) T84 cells were determined by western blot analysis. Proliferation of (E) SW480 and (F) T84 cells was assessed using an MTT assay. 
n=3. *P<0.05 vs. the control group; #P<0.05 vs. the scutellarein group. RAGE, receptor for advanced glycation end products; sh‑, short hairpin RNA; OE, 
overexpression; NC, negative control.
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of Chrysanthemum indicum L., which may be obtained wildly 
in the majority of natural habitats in China (5,36). The present 
study was designed to investigate the effects and mechanism 

of scutellarein in the development of colon cancer. The present 
study demonstrated that scutellarin, derived from wild chry-
santhemum, notably inhibited the development of colon cancer 

Figure 6. Effects of CDC4/RAGE on the proliferation and apoptosis of SW480 and T84 cells. Following 24 h of cell transfection with OE‑NC or OE‑CDC4, 
(A) SW480 and (B) T84 cells were treated with CHX (100 µg/ml) for 1, 2, 4, 8 or 24 h, and then a western blot assay was performed to detect the protein 
levels of RAGE. (C) A western blot assay was performed to investigate the ubiquitination of RAGE subsequent to SW480 and T84 cells being transfected with 
OE‑CDC4 or OE‑NC. Cell proliferation of (D) SW480 and (E) T84 cells was detected using MTT analysis once the cells were transfected with OE‑CDC4, 
OE‑CDC4+OE‑PAGE or their negative control vector. (F) Effects of CDC4 and RAGE overexpression on the apoptosis of SW480 and T84 cells were analyzed 
using flow cytometry. n=3. *P<0.05 vs. control group; #P<0.05 vs. the OE‑CDC4 group. RAGE, receptor for advanced glycation end products; CDC4, cell 
division control protein 4; OE, overexpression; NC, negative control; CHX, cycloheximide.

Figure 5. Effects of scutellarein on the combination of CDC4 and RAGE proteins. (A) Western blot analysis was performed to investigate the effects of 
scutellarein (40 µM) on the expression of ubiquitin‑associated proteins, including CDC4, RCHY1, MDM2, CBL and Smurf1 in SW480 cells. (B) An IP assay 
was performed to detect the effects of scutellarein on the combination of CDC4 and RAGE in SW480 cells. (C) Representative data presenting the levels of 
ubiquitin‑associated proteins (CDC4, RCHY1, MDM2, CBL and Smurf1) in T84 cells treated with scutellarein. (D) An IP assay was used to assess the effects 
of scutellarein on the combination of CDC4 and RAGE proteins in T84 cells. n=3. *P<0.05 vs. the control group. RAGE, receptor for advanced glycation end 
products; CDC4, cell division control protein 4; IP, immunoprecipitation; RCHY1, ring finger and CHY zinc finger domain containing 1; MDM2, MDM2 
proto‑oncogene; CBL, Cbl proto‑oncogene; Smurf1, SMAD specific ubiquitin protein ligase 1.
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Figure 7. Scutellarein treatment decreased RAGE expression and induced cell apoptosis via increasing CDC4 expression. (A) Reverse transcription‑quanti-
tative PCR and (B) western blot assays were used to determine the knockdown efficiency of sh‑CDC4 in SW480 and T84 cells. *P<0.05 vs. the sh‑NC group. 
Next, SW480 and T84 cells were divided into three groups (control, scutellarein and scutellarein+sh‑CDC4), and then submitted to the following assays. 
(C) Expression of RAGE was detected using a western blot assay. Protein stability of RAGE was detected by using the CHX reagent together with a western 
blot assay in (D) SW480 and (E) T84 cells. Levels of cleaved caspase3/7 and total caspase3/7 were determined using a western blot assay in (F) SW480 and 
(G) T84 cells. *P<0.05 vs. the control group; #P<0.05 vs. the scutellarein group. RAGE, receptor for advanced glycation end products; CDC4, cell division 
control protein 4; sh‑, short hairpin RNA; NC, negative control; CHX, cycloheximide.
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in vitro and in vivo via CDC4‑mediated RAGE ubiquitination 
enhancement.

As early as 2005, Goh et al (13) reported that the chemi-
cally standardized extract from Scutellaria barbata induced 
a significant increase in the sub G1 phase and promoted cell 
apoptosis in colon cancer LoVo cells. Subsequently, a study by 
Wang et al (37) also demonstrated the anti‑tumor activity of 
scutellarein in colon cancer. Recently, Guo et al (12) demon-
strated that scutellarein identified from Scutellaria barbata 
significantly increased the apoptosis of colon cancer HCT116 
cells via increasing the production of intracellular reactive 
oxygen species. As CL‑40, T84 and SW480 cell lines are 
from different types of colon cancer, in that CL‑40 cells are 
derived from the colon adenocarcinoma, T84 cells are derived 
from the lung metastatic site and SW480 cells are derived 
from the primary site of colon cancer of Dukes' type B, they 
were selected for the present study to investigate the effects 
of scutellarein in the viability and apoptosis of colon cancer 
cells. Consistent with previous results (12,13,37), the present 
study also observed that scutellarein treatment significantly 
inhibited colony formation and cell proliferation and acceler-
ated cell apoptosis in colon cancer CL‑20, SW480 and T84 

cells (P<0.05). In addition, it was demonstrated that scutella-
rein significantly inhibited the in vivo tumor formation ability 
of T84 cells using colon cancer‑bearing mice (P<0.05). The 
present results further illustrate the inhibitory function of 
scutellarein in colon cancer progression.

To investigate the underlying mechanism of scutella-
rein‑mediated repression in colon cancer, the present study 
investigated the effects of scutellarein treatment on the 
expression of numerous oncoproteins, including CD44, CD50, 
CD74, CD138, MCAM, CD151, CD166, CD206, RAGE and 
Madcam1. As CL‑40 and SW480 are primary cell lines of 
colon cancer, one was selected (SW480) together with T84 
(a metastasis cell line) for the subsequent experiments. The 
present results demonstrate that scutellarein treatment signifi-
cantly inhibited the expression of RAGE compared with the 
control (P<0.05), with no substantial influence in the expression 
levels of CD44, CD50, CD74, CD138, MCAM, CD151, CD166, 
CD206 and Madcam1. An increasing number of studies have 
demonstrated the importance of RAGE in the pathogenesis of 
multiple human disease types, including cancer (38‑41). The 
deregulation of RAGE is considered to be an important factor 
in tumorigenesis, and the increase of RAGE is associated 

Figure 8. Effects of scutellarein/CDC4 on the tumor growth in a mice xenograft model with a T84 cell injection. (A) Images of tumors removed from the mice 
treated with scutellarein and scutellarein+sh‑CDC4. Bar graph represents the relative weight of the solid tumor types. (B) Immunohistochemical staining 
was used to detect the expression of Ki‑67 in the tumor tissues derived from different groups. (C) Hematoxylin and eosin staining was used to assess the 
pathological alteration of the tumor tissues derived from different groups. Data are presented as the mean ± standard error of the mean. n=10. *P<0.05 vs. the 
control group; #P<0.05 vs. the scutellarein group. CDC4, cell division control protein 4; sh‑, short hairpin RNA.
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with a diverse range of malignancies (22,42). In the present 
study, the results demonstrated that scutellarein treatment 
significantly decreased the protein levels of RAGE, but not the 
mRNA levels, compared with the control (P<0.05). Thus, the 
present study investigated the effect of scutellarein on RAGE 
protein stability and ubiquitination, and the results revealed 
that scutellarein treatment decreased the protein stability of 
RAGE and enhanced its ubiquitination. Similarly, RAGE was 
also reported to be regulated by the ubiquitination‑degradation 
pathway by the ubiquitin E3 ligase subunit F‑box protein 
O10 (43). Furthermore, the present study observed that the 
overexpression of RAGE weakened while the knockdown 
of RAGE enhanced scutellarein functions in promoting cell 
apoptosis and inhibiting cell proliferation in colon cancer, 
suggesting that scutellarein inhibited colon cancer progression 
via downregulating RAGE.

Ubiquitination is a process in which ubiquitin alters 
and specifically modifies the target proteins with the help 
of a series of particular enzymes, including ubiquitin acti-
vating enzyme, ubiquitin conjugating enzyme and ubiquitin 
ligase  (44). An increasing number of studies have demon-
strated that ubiquitination is strongly implicated in the 
pathogenesis of carcinogenesis (45,46). In the present study, 
the underlying mechanism of the scutellarein‑mediated ubiq-
uitination of RAGE protein was examined. An increase in 
CDC4 expression was observed in the presence of scutellarein. 
CDC4/F‑box and WD repeat domain containing 7, located on 
the 4q, is considered to be a vital anti‑oncogene in various 
cancer types, in addition to a potential therapeutic target, 
with mutations observed in pancreatic, colorectal and ovarian 
tumor types (47). The results of the present study confirmed 
that CDC4 may combine with the RAGE protein and then 
induce its ubiquitination and the subsequent degradation. 
Furthermore, a significant decrease in cell proliferation and 

an increase in cell apoptosis rates were observed in SW480 
and T84 cells with CDC4 overexpression compared with the 
control (P<0.05), while this effect was impaired when RAGE 
was downregulated, suggesting that CDC4 inhibited colon 
cancer progression via decreasing the expression of RAGE. 
Furthermore, the present results also revealed the important 
function of CDC4 in scutellarein‑mediated increases in cell 
apoptosis and inhibition in cell proliferation and tumorigen-
esis in colon cancer.

However, there are a number of limitations to the present 
study. In the present study it was mainly revealed that scutel-
larein inhibited the expression of the oncoprotein RAGE via 
increasing CDC4‑mediated ubiquitination enhancement, 
which then inhibited cell proliferation and induced cell 
apoptosis. However, the present study did not investigate the 
molecular mechanism underlying the scutellarein‑mediated 
CDC4 upregulation. In addition, the results revealed that 
scutellarein inhibited cell proliferation and induced cell apop-
tosis in T84 and SW480 cells in a similar manner. However, 
T84 cells are derived from a lung metastatic site, while SW480 
cells are derived from a primary site of colon cancer of Dukes' 
type B, indicating that these are two different types of cells 
with different malignant behaviors. It was hypothesized that 
this may be induced by the same protein which is located at 
the upstream of CDC4, but this was not further investigated. 
These will be investigated in future studies through performing 
sequencing to determine the gene which is modulated by 
scutellarein in T84 and SW480 cell lines. Furthermore, the 
present study did not examine the effect of scutellarein on the 
function of CL‑40 cells due to the limitations in funding and 
time. The present study only examined the effects and under-
lying mechanisms of scutellarein, an active ingredient of wild 
chrysanthemum, on the progression of colon cancer. However, 
it is not clear whether chamomile and other chrysanthemums 

Figure 9. Schematic diagram of the anti‑tumor function of scutellarein in colon cancer. Scutellarein treatment reduced the expression of RAGE via the 
CDC4‑mediated ubiquitination degradation pathway, which then inhibited cell proliferation, tumorigenesis and induced cell apoptosis in colon cancer. RAGE, 
receptor for advanced glycation end products; CDC4, cell division control protein 4.
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have similar effects. In future studies, the effects of chamo-
mile and other chrysanthemums on colon cancer progression 
will be examined.

In conclusion, the present investigation revealed that 
scutellarein derived from wild chrysanthemum may effec-
tively suppress the proliferation and tumorigenesis and induce 
the apoptosis of colon cancer cells through downregulating 
RAGE expression mediated by CDC4 upregulation (Fig. 9). 
The present results may provide more useful information for 
the application of scutellarein in the treatment of colon cancer.
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