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Oral squamous cell carcinoma (OSCC) is the most common 
type of oral malignancy. Numerous therapies have been 
proposed for its cure. Research is continually being conducted 
to develop new forms of treatment as current therapies are 
associated with numerous side-effects. Luteolin, a common 
dietary flavonoid, has been demonstrated to possess strong 
anti-cancer activity against various human cancer cell lines. 
Nevertheless, research into luteolin-based anticancer activity 
against oral cancer remains scarce. Thus, the objective of this 
study was to assess the effect of luteolin as an anti-cancer agent. 
After treatment with luteolin, Ca9-22 and CAL-27 oral cancer 
cells showed condensed nuclei and enhanced apoptotic rate 
with evidence of mitochondria-mediated apoptosis. Epithelial- 
mesenchymal transition (EMT) is closely related to tumor 
migration and invasion. Luteolin suppressed cancer cell 
invasion and migration in the current study. Elevated 

expression of E-cadherin, an adherens junction protein, was 
evident in both cell lines after luteolin treatment. Luteolin also 
significantly inhibited transcription factors (i.e., N-cadherin, 
Slug, Snail, Twist, and ZEB-1) that regulated expression of 
tumor suppressors such as E-cadherin based on Western blot 
analysis and quantitative PCR. Thus, luteolin could induce 
mitochondrial apoptosis and inhibit cancer cell invasion and 
migration by suppressing EMT-induced transcription factors.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most common 

type of malignant tumor in the oral cavity [1]. It is caused 

by exposure to various types of carcinogen (i.e., chemical, 

physical, or microbial) and results in DNA mutation [2]. A 

combination of surgery, radiation therapy, and chemotherapy 

is commonly proposed as treatment for OSCC [3]. Research 

is continually being conducted into new forms of treatment as 

the current therapies are associated with low survival rates and 

adverse effects [4, 5].

Flavonoids are polyphenolic compounds that are found in 

various fruits, vegetables, and medicinal plants [6, 7]. Luteolin 

(3’,4’,5,7-tetrahydroxy flavone) is a common dietary flavonoid 
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that is present in grapefruit, oranges, parsley, celery, sweet bell 

peppers, and broccoli [8, 9]. It has been shown to have strong 

anti-cancer activity against different human cancer cell lines 

[10-12]. Its anticancer properties have been demonstrated to 

inhibit cell growth and metastasis-associated properties in A431 

cells [13], induce apoptosis in human myeloid leukemia [14], 

and cause G2/M phase cell cycle arrest in prostate cancer cells 

[15]. Tjioe et al. reported that luteolin impacts positively on 

DNA damage and suggested its use as an adjuvant reagent in 

oral cancer therapy [16]. However, research into luteolin-based 

anti-cancer activity against oral cancer remains scarce. 

Apoptosis is regulated by a number of genes and plays an 

important role in morphogenesis, homeostasis, and cancer 

regression [17]. It was suggested recently that apoptosis is 

influential in a number of diseases. Cancer appears to relate 

closely to cell death, in particular. Therefore, it is feasible to 

study the anti-cancer capacity of natural compounds in order 

to develop anti-cancer drugs with less side-effects than those 

associated with the current cancer treatment options [18]. 

Epithelial-mesenchymal transition (EMT) is a well-organized 

process that evolves into cancer metastasis [19]. A significant 

correlation has been identified between cancer metastasis and 

stem cell characteristics in research on EMT [20], the latter 

of which is characterized by the loss of epithelial properties 

and the procurement of mesenchymal properties [21]. Cancer 

cell proliferation is closely related to acquisition of the EMT 

phenotype, which equips the tumor cells with the ability to 

penetrate the surrounding tissue and the cancer cells to migrate 

from distant sites [22]. These EMT characteristics are associated 

with OSCC progression and the development of an oral 

epithelium [23]. 

EMT-related changes generally occur in the early stages of 

the development of OSCC. The ability to identify the genes 

involved and their products is important in elucidating the 

transition process [24, 25]. EMT is often responsible for causing 

a reduction in the sensitivity of apoptotic-induced cancer and 

is known to be refractory to a variety of therapies, including 

chemotherapy and targeted drugs [26].

However, the molecular mechanisms by which luteolin 

affects apoptosis and EMT, and increases the invasiveness and 

metastatic potential of OSCC, remain unclear. Thus, the current 

study objective was to evaluate whether or not luteolin was 

capable of inducing apoptosis and suppressing EMT, and 

therefore of reducing motility in and the invasiveness of human 

OSCC cell lines.

Materials and Methods

Materials
Commercially obtained reagents, i.e., luteolin (3-[4,5- 

dimethylthiazol-2-yl]), 2, 5-diphenyl tetrazolium bromide 

(thiazolyl blue tetrazolium blue[MTT]), Hoechst 33342, 

propidium iodide, protease inhibitor, and RNase A, were 

obtained from Sigma-Aldrich (St Louis, USA). Fetal bovine 

serum (FBS) and Dulbecco’s Modified Eagle Medium (DMEM) 

were purchased from HyClone (Logan, USA). Penicillin- 

streptomycin was acquired from Gibco-BRL (Rockville, USA). 

Radioimmunoprecipitation assay (RIPA) buffer and antibodies 

(caspase-3, poly (ADP-ribose) polymerase[PARP], E-cadherin, 

Slug, and Snail were sourced from Cell Signaling Technology 

(Beverly, USA). N-cadherin, cytochrome c, and β-actin were 

obtained from Santa Cruz Biotechnology (Santa Cruz, USA). 

Mouse anti-rabbit immunoglobulin (Ig) G and rabbit anti-mouse 

IgG antibodies were purchased from Enzo Biochem 

(Farmingdale, USA). Rhodamin-phalloidin and MitoTracker® 

DeepRed were acquired from Thermo Fisher Scientific 

(Waltham, USA).

Cell culture and luteolin treatment
Human oral squamous carcinoma cell lines, Ca9-22 and 

CAL-27, were purchased from ATCC (Rockville, USA). The 

cells were maintained in DMEM supplemented with 10% 

FBS and 1% antibiotics at 37°C in 5% CO2. Luteolin (100 

mM) was dissolved in distilled water and kept frozen at 

-20°C until use. Prior to the luteolin treatment, the cells 

were grown to 80% confluence and then exposed to luteolin 

at different concentrations (0–100 μM) and time points (24–

72 hours). 

MTT assay
The cell viability of luteolin was assessed using an MTT 

assay. Ca9-22 and CAL-27 cell lines (1 × 104 cells/100 μl 

medium) were seeded in a 96-well culture plateand treated 

with different concentrations of luteolin (0–100 μM) for 24–

72 hours. Thereafter, the existing medium was removed and 

treated with 100 μl of MTT working solution (500 μg/mL) 

and incubated at 37°C for 4 hours. The MTT solution was 

then removed and 100 μl DMSO was added to each well. 

The absorbance of each well was measured using an ELISA 

reader (Tecan; Männedorf, Switzerland) at 620 nm. 
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Hoechst staining 
The Ca9-22 and CAL-27 cells (2 × 105 cells/chamber) were 

seeded in a 4-well Invitrogen® Lab-Tek II Chambered 

Coverglass (Thermo Fisher Scientific; Waltham, USA) and 

incubated overnight. The next day, both cell lines were treated 

with 50 and 100 μM of luteolin for 24 hours. The cells were 

washed with phosphate-buffered saline (PBS) and fixed in a 

4% paraformaldehyde solution for 10 minutes. After fixation, 

the cells were washed again and stained with 1 μg/ml Hoechst 

33342 for 10 minutes in the dark. Finally, the slides were 

mounted with 100% glycerol. Each sample was analyzed using 

fluorescence microscopy (Axioskop®) (CarlZeiss; Göttingen, 

Germany). 

Determination of apoptosis using flow cytometry
The Ca9-22 and CAL-27 cells were treated with luteolin (0 

μM, 50 μM, and 100 μM) for 24 hours. Thereafter, they were 

harvested, washed twice with PBS containing 1% bovine serum 

albumin (BSA), fixed in 70% (ice-cold) ethanol, and stored 

overnight at 4°C. The next day, the fixed cells were washed 

twice with PBS containing 1% BSA and re-suspended in a PBS 

containing 1 μg/ml propidium iodide and 50 μg/ml RNase A, 

and then incubated at 4°C for 30 minutes. The stained cells 

were measured with a Cytomics® FC500 Flow Cytometry 

System (Beckman Coulter; Indianapolis, USA). The data were 

analyzed using CXP® version 2.2.

Western blot analysis
The Ca9-22 and CAL-27 (2 × 106) cells were seeded in a 

100 mm culture dish and incubated overnight. Both cell lines 

were treated with various concentrations of luteolin (10–100 

μM) for 24 hours. Thereafter, the cells were harvested and 

centrifuged at 3000 rpm for five minutes. The cell pellets were 

lysed in RIPA buffer at 4°C for an hour. The total cell lysate 

(10 μg of protein) was loaded onto the 10% sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis and transferred onto 

a polyvinyl difluoride membrane. The membranes were blocked 

with 5% non-fat dry milk (a lyophilized blocking buffer) for 

an hour and incubated with the respective primary antibodies 

(1:1000) for an hour at room temperature, then washed twice 

with PBS. A secondary antibody (1:5000) was applied and 

washed in the same manner as the primary one. The protein 

bands were exposed to gel imaging using an Alphalmager® HP 

System (Alpha Innotech; Santa Clara, USA). Caspase-3, PARP, 

E-cadherin, N-cadherin, Slug, Snail, and β-actin were selected 

as the primary antibodies. Anti-rabbit and anti-mouse IgG 

antibodies were used as these secondary antibodies.

Invasion assay
The Ca9-22 and CAL-27 cell lines (2 × 105 cells) were plated 

in the top chamber with a Corning® Matrigel®-coated membrane 

(Corning Costar; Cambridge, USA) and treated with luteolin 

(0 μM and 25 μM). The upper transwell chamber was filled 

with a serum-free medium and the lower one with 800 μl of 

medium comprising 10% FBS for 48 hours at 37°C in 5% CO2. 

The cells were fixed in methanol, stained with hematoxylin and 

eosin for 30 minutes, and placed in a glycerol-based mounting 

medium. 

Scratch migration assay
The Ca9-22 and CAL-27 cell lines were plated in 6-well 

plates seeded at a density of 5 × 105cell seach. Following 

overnight incubation, each well under went a scratch procedure 

with a yellow tip. The cells were rinsed with PBS and treated 

with luteolin (0 μM and 25 μM) for 48 hours at 37°C in 5% 

CO2. The distance above the scratch area (the migration area) 

was determined using Image J® software.

Quantitative PCR 
The Ca9-22 and CAL-27 (2 × 106) cell lines were seeded 

in a 100 mm culture dish and incubated overnight. The cell 

lines were treated with luteolin (25 μM) for 24 hours. 

Quantitative PCR analysis was performed using an Applied 

Biosystems® 7500 Fast Real-Time PCR System (Applied 

Biosystems; Foster City, USA) using Sequence Detection 

System® software version 2.0.1, as described elsewhere [27]. 

The primer sequences for Twist and ZEB-1 were as follows: 

Twist, forward 5’-TCAAGAGGTCGTGCCAATCA-3’, reverse 

5’-TTGCAGGCCAGTTTGATCCC-3’; ZEB-1, forward 5’-GG 

ATCAGGTCGTCGGTCT-3’, reverse 5’-TTTGTAACGTTATT 

GCGCCG-3’; glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH), forward 5’-GAAGGTGAAGGTCGGAGT-3’ and 

reverse 5’-GAAGATGGTGATGGGATTTC-3’. The relative 

mRNA levels were normalized by using GAPDH.

Statistical analysis
Data analysis was performed using GraphPad Prism® version 

5.0. Statistical significance between the groups was determined 

using one-way analysis of variance and Dunnett’s multiple 

comparison test. A p-value of < 0.05 was considered to denote 
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statistical significance. All the data were reported as mean ± 
standard error of the mean.

Results

Evidence of apoptosis following luteolin treatment of 
OSCC 

Concentration- and time-dependent cell growth inhibition and 

cell viability of the Ca9-22 and CAL-27 cells was demonstrated 

following treatment with luteolin (0–100 μM). Survival of ≤ 

50% was associated with luteolin treatment of ≥ 50 μM (Figure 

1A). Nuclear condensation in the OSCC cells was evaluated. 

Condensed and fragmented nuclei were observed in the group 

treated with 50 μM and 100 μM of luteolin, compared to the 

typically round nuclei seen in the control group (Figure 1B). 

When the apoptosis ratio for both cell lines was compared 

Figure 1. Cell viability was suppressed and DNA fragmentation 
in the Ca9-22 and CAL-27 cell lines was induced following 
treatment with luteolin (0-100 μM). (A) Cell viability was 
determined using an MTT assay. Various concentrations of 
luteolin (0 μM, 10 μM, 25 μM, 50 μM, and 100 μM) were 
applied for 24–72 hours to treat both cell lines. (B) The nuclei of 
both cells were subject to hoechst staining and visualized by 
fluorescence microscope. Both cell lines were treated with 
luteolin (0 μM, 50 μM, and 100 μM) for 24 hours. The graph 
reflects the quantification of the condensed nuclei. (C) Flow 
cytometry was used to determine the apoptotic rate in both cell 
lines treated with luteolin (0 μM, 50 μM, and 100 μM) (*p< 0.05 
vs. untreated cells [Ca9-22] and #p< 0.05 vs. untreated cells 
[CAL-27]).

with that for the control group, the degree of apoptosis 

following treatment with luteolin was determined to be 8% and 

24% in the CA9-22 line at concentrations of 50 μM and 100 

μM, respectively; and 15% and 32% in the CAL-27 line at 

concentrations of 50 μM and 100 μM, respectively (Figure 1C). 

When cells are stimulated, triggering apoptosis, cytochrome 

c protein is released from the mitochondria into the cytosol 

[28]. Treatment with 50 μM of luteolin significantly increased 

the translocation and expression of cytochrome c into the 

cytosol, compared to that observed in the control group for both 

Ca9-22 and CAL-27 cell lines (Figure 2A and B). The 

association of PARP and caspase-3 with the mitochondrial- 

intrinsic pathway of apoptosis is well known [29]. PARP and 

caspase-3 expression was assessed using Western blot analysis. 

Figure 2. Luteolin induced apoptosis in the Ca9-22 and CAL-27 
cell lines by activating the mitochondria-mediated caspase 
pathway. (A and B) Cytochrome c was released from the 
mitochondria following treatment with luteolin (50 μM) and was 
visualized by confocal microscope. (C) Both the cell lines were 
treated with various concentration of luteolin (0 μM, 10 μM, 25 
μM, and 50 μM) for 24 hours. The expression of protein was then 
determined using Western blot analysis.
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PARP and caspase-3 were shown to be downregulated dose- 

dependently when the cells were treated with luteolin (0–100 

μM). Cleaved caspase-3 and cleaved PARP were strongly 

upregulated at concentrations of ≥100 μM luteolin in the 

Ca9-22 cell line and at a concentration of 50 μM in the CAL-27 

line (Figure 2C). These data suggest that there is evidence of 

apoptosis and the degradation of mitochondrial dysfunction 

following the treatment of OSCC with luteolin, leading to a 

decrease in caspase-3 and PARP levels.

EMT pathway suppression and the inhibition of 
OSCC-related invasion and migration 

A migration and invasion assay, immunofluorescence, 

Western blot analysis, and quantitative PCR were performed 

to elucidate the suppression effect of EMT due to luteolin in 

the Ca9-22 and CAL-27 cell lines. Both cell lines were treated 

with luteolin (0 μM and 25 μM) for 48 hours when conducting 

the invasion and migration assays. A marked decrease in cell 

invasion was observed in these cells treated with luteolin (0 

μM and 25 μM) compared to the control group (Figure 3A). 

Cell migration was also inhibited by the luteolin treatment 

(Figure 3B). 

There is a close correlation between EMT and tumor 

migration and invasion [22]. EMT leads to the onset of 

metastasis by inducing the loss of cell adhesion, owing to the  

downregulation of the epithelial marker, E-cadherin, and 

Figure 3. Luteolin inhibited the migratory and invasive 
capability of the Ca9-22 and CAL-27 cells. Both cells were 
treated with luteolin (25 μM) for 48 hours. (A) Cell invasion in 
a transwell chamber as depicted on a slide. (B) Migration in a 
6-well plate (determined using a scratch migration assay) was 
visualized with light microscopy (*p< 0.05 and **p< 0.01 vs. 
untreated cells [Ca9-22] and #p< 0.05 and ## p< 0.01 vs. 
untreated cells [CAL-27]).

increased expression of the mesenchymal marker, N-cadherin 

[30]. Immunofluorescence was carried out to evaluate the effects 

of luteolin on E-cadherin, a marker for the adherens junction. 

E-cadherin was shown to be highly expressed in both the 

Ca9-22 and CAL-27 cell lines in the luteolin treatment group 

(25 μM for 24 hours), compared to the control group (Figure 

4A and B). Luteolin was demonstrated to significantly increase 

Figure 4. Luteolin treatment activated E-cadherin expression in 
the Ca9-22 and CAL-27 cells. Both cell lines were treated with 
luteolin (25 μM) for 24 hours and visualized by confocal 
microscope.

Figure 5. Luteolin treatment increased the expression of the 
epithelial marker, E-cadherin, and decreased the expression of the 
mesenchymal marker, N-cadherin, in the Ca9-22 and CAL27 cells. 
(A) Protein expression was determined using Western blot 
analysis. Both cell lines were treated with luteolin at various 
concentrations (0 μM, 10 μM, 25 μM, and 50 μM) for 24 hours. 
(B) The inhibitory capacity of E-cadherin transcription suppressor, 
i.e., Twist and ZEB-1, was investigated using real-time PCR. Both 
cell lines were treated with luteolin (0 μM and 25 μM) for 24 hours 
(*p< 0.05 vs. control cells [Ca9-22] and #p< 0.05 vs. control cells 
[CAL-27]).
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E-cadherin, and to decrease N-cadherin, Slug, and Snail levels 

dose-dependently, following Western blot analysis (Figure 5A). 

Several factors have been identified as transcription 

suppressors of E-cadherin, including Snail, Slug, Twist, and 

ZEB-1 [31]. Quantitative PCR was performed to further 

characterize the mRNA expression levels of EMT-related genes. 

Luteolin (25 μM) decreased the mRNA expression of Twist 

and ZEB-1 in the Ca9-22 and CAL-27 cell lines (Figure 5B). 

These results suggest that luteolin inhibits OSCC migration and 

invasion by increasing and decreasing the epithelial and 

mesenchymal markers, respectively.

Discussion

Low five-year survival is associated with OSCC, although 

it is less common worldwide than other tumors [32, 33]. It 

has been reported in many studies that natural plant compounds 

have biologically advantageous properties that can be used to 

counter various types of cancer [34-36]. Luteolin, a plant-derived 

flavonoid, exhibits anti-oxidative, anti-inflammatory, anti- 

allergic, and anti-cancer properties [37-39]. The biological 

mechanism of luteolin-induced apoptosis in OSCC cell lines 

has not been well researched nor elucidated. 

Thus, the effects of luteolin on the viability of Ca9-22 and 

CAL-27 cells was investigated using an MTT assay in the 

current study. Luteolin was shown to produce a dose- and 

time-dependent reduction of tumor migration and invasion rate. 

In particular, the survival rate of the CAL-27 cells was seen 

to be lower than that of the Ca9-22 cells. This phenomenon 

was similar to the results obtained from the application of 

methanolic extracts of Cryptocarya concinna. Hance roots 

(MECCrt) to Ca9-22 and CAL-27 cell lines, where the relative 

survival rate of the Ca9-22 cells at indicated concentrations of 

MECCrt was higher than that for the CAL-27 cells. The 

apoptosis rate as lower for the former [40]. However, the 

difference between the cells was not and has still not been 

explained. Further research in this area is warranted. 

During apoptosis, cells exhibit specific morphological 

changes, such as chromatin condensation, cell volume 

reduction, and DNA fragmentation [41]. In the current study, 

morphological changes in the OSCC cells (including chromatin 

condensation and fragmentation) were observed when Hoechst 

33258 staining was used. The nuclei in the Ca9-22 and CAL27 

cells treated with luteolin were shown to be affected by 

morphological changes (i.e., condensation and fragmentation). 

Apoptosis, through the mitochondrial signaling pathway, plays 

an important role in regulating apoptosis in response to various 

stimuli [42]. When cells undergo apoptosis, mitochondrial outer 

membrane permeability increases, triggering the release of 

cytochrome c into the cytosol [43]. The released cytochrome 

c binds to the Apaf-1/caspase-9 apoptosome, which subsequently 

results in a cascade of caspase activation [44]. 

Caspase-3 is the primary executioner caspase. It cleaves to 

various intracellular substrates, destroying normal cell function 

and causing apoptosis. It is also known to cleave to PARP [45]. 

In the current study, the effect of luteolin-induced apoptosis 

on the mitochondrial signaling pathway was investigated. 

Luteolin was found to release cytochrome c from the 

mitochondria, which led to PARP cleavage by caspases in both 

the Ca9-22 and CAL-27 cell lines. These findings clearly 

suggest that luteolin induces apoptosis by activating the 

mitochondrial pathway and caspase cascades in OSCC cells.

EMT is an important determinant of migration within a tumor 

[46]. It is influential in tumor progression and is associated 

with significant changes, including the downregulation of 

E-cadherin and the translocation of β-catenin [47, 48]. Although 

several mechanisms affect E-cadherin loss in EMT, methylation 

and the transcriptional suppression of the E-cadherin promoter 

is predominant in most carcinomas [49]. 

Several factors have been described as transcription 

suppressors of the E-cadherin gene, including Snail, Slug, 

Twist, and ZEB-1, and when the cells undergo EMT, these 

transcription factors are upregulated in the process [31, 47, 50]. 

The inhibition of EMT by natural compounds has been explored 

in numerous studies and is thought to be achieved through the 

downregulation of ZEB-1, Slug, and Snail expression, as these 

are EMT-inducing transcription factors which slow migration 

and invasion in various cancer cells [51-53]. In the current 

study, luteolin significantly increased E-cadherin, and decreased 

cell migration, invasion, and the influence of EMT-inducing 

transcription factors, such as Snail, Slug, Twist, and ZEB-1, 

in both cell lines. 

Conclusion

The inhibitory effect of luteolin, achieved via the mitochondrial 

apoptosis pathway, was demonstrated in this study, confirming 

that it is able to inhibit cell invasion and migration through 
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the suppression of EMT-induced transcription factors. More 

research is needed, including animal experiments, but luteolin 

could be considered a possibility of novel cancer prevention agent.
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