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Purpose: Tongue cancer is an extremely aggressive disease and is characterized by a poor 

prognosis. It is a complex disease to treat and current therapies have produced mediocre results 

with many side effects. Some facts suggest that natural essences can support traditional cancer 

therapy by carrying out a synergistic function with chemotherapy. Therefore, we evaluated the 

antitumor effects of genistein on tongue carcinoma cells.

Methods: Genistein 20, 50 and 100 µM were used for 24, 48 and 72 hours on 3 tongue 

carcinoma cell lines. xCELLigence system was used to evaluate the effects on cell adhesion, 

proliferation and to calculate IC
50

 values. Both MTT assay and Trypan blue assay were used to 

evaluate alterations in cell viability, scratch assay for cell migration and Western blot analysis 

for expression of some proteins.

Results: Cell adhesion was inhibited especially between 20 and 50 µM of genistein treatment. 

Proliferation was reduced by 50% for treatments with 20 µM at 24 hours, with 20 or 50 µM at 

48 and 50 µM at 72 hours (P,0.0001). Viability tests confirmed a proportional reduction in 

concentration of genistein and duration of treatments. Even cell migration was reduced  signifi-

cantly (P,0.001). Genistein down-regulates vitronectin, OCT4 and survivin.

Conclusion: This in vitro study clarifies the anti-tumor effect of genistein on tongue carcinoma. 

In vivo studies are needed to confirm these data and develop a suitable delivery system that is 

capable of acting directly on tumor.

Keywords: genistein, tongue cancer, xCELLgence system, cell adhesion, cell proliferation

Introduction
Tongue cancer is the most common tumor of oral squamous cell carcinoma (OSCC). 

Survival rates at 5 years since diagnosis appears stable, despite new treatments.1–3 In 

addition, the side effects have not been completely eliminated.

This has led to a growing interest in researching new molecules with selective 

effects against cancer cells without causing any damage to healthy cells and tissues.

Genistein (4′,5,7-trihydroxyisoflavone) is an isoflavone, found in soybeans and 

all its derivatives such as flour, sauces, oil, milk and cheese.4 It is also found in other 

legumes such as lentils, beans, peas, chickpeas and whole grains such as wheat, rice, 

barley, rye and oats.

It has potent anti-cancer properties, including the inhibition of tyrosine kinase 

proteins and inhibition of cell cycle at G2/M phase; it is also able to promote apoptosis 

by activation of caspase-9 and -3.5–7

Recently, clinical trials have confirmed the chemopreventive effects of genistein 

on many types of cancers.8–17

Many studies have been conducted on breast cancer demonstrating that 

genistein modulates oxidative stress, acting on estrogen receptor (ER)α/ERβ ratio,18 
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down-regulates the activity of epidermal growth factor recep-

tor (EGFR) and human epidermal growth factor receptor 

(HER)-2/neu modulating the expression levels of nuclear 

factor (NF)-kB19 and it inhibits protein phosphatase (PP2A), 

inducing growth reduction and apoptosis.20

However, genistein has a poor bioavailability in nature. 

It can be found as β-glucoside, which is hydrolized, in the 

small intestine, in the form of aglycones,21–23 its active phar-

macological part.

During digestion, due to the action of microflora, the 

genistein is transformed in various metabolites. In this phase, 

the absorption efficiency is often reduced because the intestinal 

flora can degrade aglycones and produce aromatic acids.

It is known, however, that the glycosidic form can also 

be transported intact into the cell through a carrier and then 

hydrolyzed by cytosolic β-glucosidases.24–26

Shehata et al have fabricated self-emulsifying phospho-

lipid pre-concentrates using some bioactive surfactants and 

they have demonstrated that they can be good nanocarriers for 

genistein, thereby overcoming its poor oral bioavailability.27

Meanwhile, Gavin et al studied a nanomocoadhesive 

system using lipid-based nanocarriers containing genistein, 

named nanoemulsions, and achieved excellent results in 

patients with oral cancer.28

This study suggests that in situ application of genistein in 

tumors could help in overcoming obstacles associated with its 

poor bioavailability. This may be simpler for oral cancer since 

they are present in an anatomical site of easier access.

There are not many studies in literature on the effects 

of genistein on oral cancer, except for some that studied its 

capacity to inhibit tyrosine kinases,29 in combination with 

other isoflavones, such as quercetin30,31 and biochanin A.32 

Moreover, there are no studies that specifically investigate the 

effects of genistein on tongue squamous cell carcinoma.

For this reason, we evaluated in vitro anti-tumor action 

of genistein using 3 cell lines of OSCC; PE/CA-PJ15, 

PE/CA-PJ49 and HSC-3 cell lines.

Three concentrations of genistein have been used to 

assess adhesion, proliferation, migration, cell viability at 

3 time points, and we calculated the IC
50

 values.

In addition, we studied the expression of OCT4 and 

survivin, 2 important proteins responsible for promoting 

tumorigenesis, after treatment with 20, 50 and 100 µM of 

genistein at 24, 48 and 72 hours of treatment.

Materials and methods
cell culture and treatment
PE/CA-PJ15, PE/CA-PJ49, HSC-3 are cell lines of tongue 

carcinoma (European Collection of Cell Cultures, ECACC) 

maintained at standard conditions of temperature and 

atmosphere (37°C and 5% CO
2,
 respectively) for all tests 

used. We have used DMEM culture medium with 4,500 

mg/L glucose for PE/CA-PJ15 and PE/CA-PJ49 cells and 

Roswell Park Memorial Institute 1640 medium (RPMI 

1640) for HSC-3 cells (Life Technologies, Gibco, Grand 

Island, NY, USA). Both culture media were supplemented 

with 10% fetal bovine serum, L-glutamine (2 mM) and 

penicillin–streptomycin (100 U/mL) (Sigma Aldrich, Saint 

Louis, MO, USA). Genistein (Abcam, Cambridge, UK) was 

dissolved in dimethylsulfoxide (DMSO) at a stock concen-

tration of 5 mM and serial dilutions of 20, 50 and 100 µM 

of genistein were prepared. The cell lines were treated for 

24, 48 and 72 hours.

xcelligence real-time cell analyzers
PE/CA-PJ15, PE/CA-PJ49, HSC-3 cells were resuspended 

in culture medium and then seeded, in triplicate, inside 

an E-plate of xCELLigence RTCA DP system (ACEA 

Biosciences Inc., San Diego, CA, USA). Genistein at con-

centrations of 20, 50 and 100 µM were added to cells in 

adhesion phase and the cells were monitored for 24, 48 and 

72 hours. To evaluate its effects on cell adhesion, genistein 

was added to cells after their adhesion phase. Control cells 

were treated with equivalent volume of the vehicle of 

genistein; DMSO. The concentrations used were the same 

as indicated previously. Moreover, the same concentrations 

of genistein were added in the proliferation phase to evalu-

ate the effects of this nutraceutical on cellular proliferation. 

xCELLigence system measured the impedances parameter 

called “Cell Index (CI)” and hence we calculated also IC
50

 

values at 24, 48 and 72 hours. The measurement of the IC
50

 

values was performed by the instrument as described in the 

literature, with a high reliability.33,34 They were expressed as 

the mean (M) ± standard error of the mean (SEM) (n=3).

MTT assay and Trypan blue exclusion test
Vybrant® MTT Cell Proliferation Assay Kit (Thermo Fisher 

Scientific, Waltham, MA, USA) was used to evaluate cell 

viability of PE/CA-PJ15, PE/CA-PJ49, and HSC-3 cells 

after treatments with genistein. We seeded 5×104 cells in 

a total volume of 250 µL/well in a 96-well plate with 20, 

50 and 100 µM of genistein for 24, 48 and 72 hours. Then, 

100 µL of fresh culture medium and 10 µL of 12 mM MTT 

stock solution were added to each well after we had incu-

bated the cells for 4 hours at 37°C. To each well, SDS-HCl 

solution (10 mL of 0.01 M HCl to 1 gm of SDS) was added 

for an incubation period of 12 hours in a humidified cham-

ber at 37°C. The absorbance was read at 570 nm using the 
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Multiskan™ GO Microplate Spectrophotometer (Thermo 

Fisher Scientific).

While PE/CA-PJ15, PE/CA-PJ49, HSC-3 cells were 

treated with genistein at the same concentrations and time 

points, Trypan blue exclusion method was used to validate the 

cell viability results obtained with MTT assay. A suspension 

of each cell line was mixed with 0.4% Trypan blue solution 

and, after 10 minutes, cells were counted automatically with 

JuLI™ FL (NanoEntek, Pleasanton, CA, USA).

scratch assay
A monolayer of each cell line was scraped with a p200 pipette 

tip and then washed twice with Dulbecco’s phosphate buff-

ered saline 1X (Life Technologies, Gibco) in order to remove 

debris. Then, cells were treated with the IC
50

 dose of genistein 

at 24 hours. Untreated cells were used as control. Initially, we 

acquired the first image (T0) and then the subsequent ones 

after 1 hour (T1), 2 hours (T2), 3 hours (T3), 5 hours (T4), 6 

hours (T5) and 24 hours (T6) after treatment. ImageJ software 

(National Institutes of Health, Bethesda, MD, USA) was used 

to calculate the size of wound and analyze all the acquired 

images. GraphPad Prism 7 (GraphPad Software, Inc., CA, 

USA) software was used for statistical evaluation.

Western blotting analysis
After treatments with genistein at the same concentrations 

and time points previously used, cells were lysated to obtain 

proteins. They were measured and, then, separated by 15% 

SDS polyacrylamide gel electrophoresis and transferred to 

a nitrocellulose membrane (Bio-Rad, Hercules, CA, USA). 

Bovine serum albumin (BSA) 5% was used for 1 hour as 

blocking solution.

Membranes were incubated with vitronectin (1:150; BD 

Biosciences), OCT4 (1:700; Novus Biologicals, Littleton, 

CO, USA), survivin (1:1,000; Cell Signaling Technology 

Inc., Danvers, MA, USA), and β-actin (1:5,000; Sigma 

Aldrich), overnight at 4°C.

Then, peroxidase-conjugated secondary antibody was 

used (1:2,500; Santa Cruz Biotechnology, Dallas, TX, USA). 

Signals were acquired with enhanced chemiluminescence 

kit (ClarityTM Western ECL Substrate, Bio-Rad). UVP 

ChemiDoc-It®TS2 Imaging System (Analytik Jena AG, Jena, 

Germany) was used.

statistical analysis
GraphPad Prism 7 software was used for Student’s t-test and 

one-way analysis of variance (ANOVA) and all data were 

expressed as the M ± SEM;17 a P-values ,0.05, P,0.01, 

P,0.001 were accepted as statistically significant.

Results
effects of genistein on cell adhesion
PE/CA-PJ15, PE/CA-PJ49 and HSC-3 cell lines were treated 

with 20, 50 and 100 µM of genistein during cell adhesion 

phase. Through xCELLigence system, we monitored adhe-

sion kinetics in real time of the treated cells, using untreated 

cells as control. After 24, 48 and 72 hours, the CI values were 

taken and adhesion curves were analyzed. Data obtained 

show clear effects of genistein on all cells used even at 

24 hours after the treatment.

The CI values showed that the adhesion of HSC-3 

treated with 20 µM of genistein appears to have reduced 

by 50% compared with the same untreated cells (Figure 

1A and B). This reduction is evident at all time points 

considered, while, the values of CI of HSC-3 treated with 

100 µM of genistein after 48 and 72 hours are negative 

(Figure 1A and B).

PE/CA-PJ15 cell adhesion was reduced by ~50%, fol-

lowing treatment with concentrations of genistein ranging 

between 50 and 100 µM, 24 and 48 hours after the treat-

ment. However, for longer treatments, such as 72 hours, 

even 50 µM of genistein caused a halving of cell adhesion, 

compared with the untreated control (Figure 1C and D).

Cell adhesion of the PE/CA-PJ49 showed a reduction 

of about 50% when treated with an intermediate concen-

tration between 20 and 50 µM of genistein, at all time 

points (Figure 1E and F). Furthermore, the values of CI of 

PE/CA-PJ49 treated with 100 µM of genistein were negative 

(Figure 1E and F).

To evaluate the effects of genistein on cell adhesion 

of tongue carcinoma cells, we also studied the expression 

levels of the vitronectin protein. It is a glycoprotein found 

mainly in the extracellular matrix and promotes cell adhe-

sion and spreading. From the Western blotting performed 

on protein lysates of the 3 cell types used, we noticed that 

the expression of vitronectin seems to have decreased as 

a result of treatments with increasing concentrations of 

genistein, especially those long-lasting. In fact, at 48 hours 

after treatment with 100 µM of genistein, vitronectin 

seems to be little expressed and almost unexpressed for 

treatments with 50 and 100 µM of genistein at 72 hours 

(Figure 2A and B).

Variation on cell proliferation and ic50 
determination
Genistein was added to all cancer cell lines in the cell pro-

liferation phase. All cells were monitored in real time and 

all cell index values were taken at 24, 48 and 72 hours. In 

addition, they were converted into percentage values and we 
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Figure 1 genistein inhibited adhesion of tongue cancer cells.
Notes: all cell lines were treated with 20, 50 and 100 µM of genistein. in the graphs, there is an initial phase of cell adhesion, followed by a plateau phase prior to a gradual 
period of proliferation. The adhesion of (A) hsc-3 cells, (C) Pe/ca-PJ15 cells and (E) Pe/ca-PJ49 cells is shown. Untreated cells were used as control (red curves). We 
monitored in real time the adhesion for 24, 48 and 72 hours after treatment and all cell index values of hsc-3 cells (B), Pe/ca-PJ15 cells (D) and Pe/ca-PJ49 cells (F). The 
results are the mean ci for 3 replicates ± sD. ****P,0.0001.

β

β

β

β

Figure 2 inhibition of vitronectin expression.
Notes: Western blotting shows the inhibition of vitronectin expression after genistein treatment. Vitronectin is especially down-regulated at 48 hours with 100 µM of 
genistein and at 72 hours with 50 and 100 µM of genistein (A). Also shown is significance degree of tests used **P,0.005 (B).
Abbreviation: ctrl, control.
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Figure 3 Variation in cell proliferation rate (%).
Notes: cell index (ci) values were measured and converted to percentage rate using untreated cells as control (100% adhesion). (A) This shows a 50% reduction of adhesion 
posttreatment with 20 µM genistein at 24 hours. (B) The same reduction is present for treatment between 20 and 50 µM of genistein at 48 hours, and for 50 µM of genistein 
at 72 hours (C). Also shown is significance degree of tests used (**P,0.005, ***P,0.001, ****P,0.0001).

used the ANOVA as the statistical test to evaluate the cell 

proliferation percentage.

We found a 50% significant reduction of cell proliferation 

for all cells treated with 20 µM of genistein after 24 hours of 

treatment (Figure 3A); while, the same reduction was found 

at 48 hours in a concentration range between 20 and 50 µM 

of genistein (Figure 3B). Instead, cell proliferation seems to 

be reduced by 50% compared to the control at 72 hours in all 

cells treated with 50 µM of genistein (Figure 3C). In all cell 

lines, 100 µM of genistein resulted in a reduction of about 

25% of proliferation at all time points considered. All the 

data were considered statistically significant for P,0.005, 

P,0.001, P,0.0001 (Figure 3A–C).

From the growth curves obtained by treating cells with 

20, 50 and 100 µM of genistein, CI values were used to cal-

culate the value of IC
50

 at 24, 48 and 72 hours. In particular, 

it was found that at 24 hours, the IC
50

 value was approxi-

mately 46 µM for all cell lines used (Figure 4A–F); while 

for treatments at 48 hours, the average IC
50

 value of the 3 

cell lines used was approximately 40 µM (Figure 4A–F). 

However, there was a slight discrepancy between the lines 

for 72-hour treatments. In fact, for HSC-3 and PE/CA-PJ15 

the IC
50

 value seemed to be around 22 µM (Figure 4A–D). 

Only for PE/CA-PJ49, this value was around 46 µM. This 

was probably because this line showed a higher resistance to 

treatment with genistein than the other (Figure 4D and E).

effects of genistein on cell viability
For a better evaluation of genistein on cell viability, we used 

2 simple tests: the MTT assay and the Trypan blue assay. In 

both assays, we noticed that genistein changed cell viability 

even 24 hours after treatment.

In fact, we noticed a reduction of about 50% of cell 

viability in each treated cell line with concentrations between 

20 and 50 µM at 24, 48 and 72 hours (Figure 5A). Trypan blue 

assay confirmed almost all the data obtained with the MTT 
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Figure 4 ic50 values.
Notes: Dose-response curves are shown for hsc-3 cells (A), Pe/ca-PJ15 cells (C) and Pe/ca-PJ49 cells (E). in each graph, the yellow square with the numbers 1, 2 and 3 
indicates, respectively, ic50 values at 24, 48 and 72 hours. ic50 values are expressed as the mean (M) ± standard error of the mean (n=3) and they are shown as the average 
of all ic50 values of hsc-3 cells (B), Pe/ca-PJ15 cells (D), Pe/ca-PJ49 cells (F) at each time point. R2 of ic50 was 0.99.

assay (Figure 5B). All the data were considered statistically 

significant for P,0.001 and P,0.0001.

Determination of cell migration rate
To evaluate if genistein is able to reduce the migration of the 

tongue cancer cells, we used the Scratch assay. Tongue cells 

were treated with IC
50

 at 24 hours, previously calculated. The 

control had not undergone any treatment.

The treated cells migrated very little in the cut area 

(Figure 6A). The most significant effects were evident starting 

from T4 and, specifically, the wound of treated cells does not 

show any healing after 24 hours (Figure 6A).
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Figure 5 genistein reduces the viability of tongue cancer cells.
Notes: Trypan blue test (A) and MTT assay (B) show a proportional reduction in cell viability with increasing concentrations of genistein. experiments were performed at 
least 3 times and results are presented as the mean ± SD, and are statistically significant for ***P,0.001 and ****P,0.0001.
Abbreviation: ctrl, control.

Figure 6 effects of genistein on cell migration.
Notes: Significant increase of the gap size is more evident from T4 in tongue carcinoma cells compared to untreated control (Ctrl) (A). all experiments were performed at 
least 3 times and results are presented as the mean ± sD. *P,0.05, **P,0.01, ***P,0.001 (B).

The untreated control showed an increasing level of heal-

ing of the wound during the considered times total healing 

after 24 hours (Figure 6A).

Evaluations of the timing at T4, T5 and T6 were most sig-

nificant with P-value ,0.05, P,0.01, P,0.001 (Figure 6B).

effects of genistein on tumorigenesis
After treating cancer cells of the tongue with different concen-

trations of genistein, we evaluated the expression of OCT4 and 

survivin. OCT4 is a known protein because its overexpression 

promotes tumorigenesis in different types of cells. In tongue 
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β ββ

β β
Figure 7 genistein reduces tumorigenesis and promotes apoptosis.
Notes: Variation in level of expression of OcT4 and survivin. genistein inhibits survivin and OcT4 at all time points considered (A–C). The significance degree of tests 
used is **P,0.005, ***P,0.001, ****P,0.0001 (D–E).
Abbreviation: ctrl, control.

cancer cells, genistein appears to have an action on the expres-

sion of OCT4 only after high concentration treatments.

In fact, Figure 7 shows a reduction in those cells that 

were treated with 50 and 100 µM of genistein for each time 

point considered.

Moreover, expression of survivin appears to be extremely 

reduced as a result of treatments with concentrations of 50 

and 100 µM at 24 hours (Figure 7A and E). This seems to be 

confirmed at all time points considered, and especially at a 

concentration of 100 µM, there is almost a complete inhibi-

tion (Figure 7A–E).

Discussion
Modern treatment protocols of OSCC did not lead to great 

results despite adoption of new surgical techniques and 

innovative chemotherapy formulations.

In recent years, the scientific community has been fasci-

nated by the remarkable properties that natural substances 

possess, especially by many features that make them anti-

cancer substances.

Genistein is an isoflavone isolated in 1899 from dyeing 

of genistra, characterized in 1926 and synthesized for the 

first time in 1928. It is well known to be present mainly in 

soybeans. It has a structure similar to estrogen and this char-

acteristic seems to play an important role to help improve 

menopause symptoms.35

Notable are also its anti-tumor effects, demonstrated 

especially in breast cancer20,36–38 and prostate cancer.39–41

Even for OSCC, there are studies on genistein action, 

but they investigate the inhibitory activity of the protein 

tyrosine kinase,29 its action on tumor angiogenesis42 and its 

chemopreventive effects when used with quercetin30,31 and 

biochanin A,32 which are other isoflavones.

Park et al have carried out an in vitro study on oral can-

cer cells, HSC-3 and KB, validating their results on nude 

mice. They demonstrated that genistein and cetuximab have 

a synergistic action in the inhibition of EGFR signaling 

pathway.43

In literature, there are no papers that demonstrate the 

effects of genistein, as the only treatment against tongue 

carcinoma, which is considered the most common oral cancer 

and the most aggressive of all oral cancers.

Therefore, we studied the effects of this isoflavone on 3 

lines of squamous cell carcinoma of the tongue; HSC 3, PE/

CA-PJ15 and PE/CA-PJ49 cell lines.

We treated the cells with 3 concentrations of genistein; 

20, 50 and 100 µM. The choice of concentrations was made 

by studying the literature data and, in particular, inspired by 

the work of Johnson et al. Even when the genistein was used 

with the biochanin A, the results on oral carcinoma cells were 

good. All in vitro assessments were made considering 3 time 

points; 24, 48 and 72 hours.
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In this paper, our goal was to show how genistein inhibits 

adhesion, proliferation, viability and migration of cancer 

cells of the tongue.

It is known that alterations in cell adhesion affect the 

ability of cells to move. In particular, cancer cells need to be 

able to move and migrate in order to spread, and cell adhesion 

plays an important role in regulating cell movements and the 

spread of metastases.44

Our data show that cell adhesion is decreased by almost 

50% at concentrations between 20 and 50 µM, at 24 hours, 

in almost all cell types used compared with untreated cells. 

This decrease was confirmed at other time points within the 

range of the concentrations used.

This showed that the adhesion of the tongue cancer cells 

is greatly compromised by treatment with genistein.

Kingsley et al have shown that the adhesion of cells of 

OSCC (CAL 27 and SCC25 cell lines) was clearly decreased 

when cells were treated with soy protein extract45 belonging 

to different isoflavones, including genistein.46

In addition, to confirm the strong action of genistein on 

adhesion, we also evaluated the expression of vitronectin, a 

well known adhesion protein. Western blotting analysis dem-

onstrates that the inhibition of the vitronectin after treatment 

with genistein is dose-dependent and is also down-regulated 

by treatment at 48 and 72 hours with high concentrations 

(50–100 µM).

Inhibitory effects of genistein are also confirmed by 

Skogseth et al. They demonstrate that genistein is able to 

reduce the adhesion of prostate cancer cells because it inhib-

its many adhesion proteins. This is probably because it is a 

strong inhibitor of tyrosine kinases.47

Even for Haier et al, genistein has strong cell adhesion 

inhibition capacity in colon carcinoma cells. Indeed, it also 

seems to inhibit the expression of vitronectin in HT-29 

cell lines.48

In our study, we also evaluated the effects of genistein 

on cell proliferation. Also, in this case, we obtained a strong 

reduction of proliferation with high significance (P,0.0001) 

for all tongue cancer cells treated with concentrations 

between 20 and 50 µM at all time points.

Davis et al showed that genistein also has anti-proliferative 

action on prostate tumor cells.49 Alhasan et al confirmed that 

genistein has a strong anti-proliferative effect in OSCC HN4 

cell line treated with 50 µM of genistein, even favoring an 

arrest of the cell cycle and promotion of apoptosis.50

In addition, we used the CI values obtained with the 

xCELLigence system to calculate the IC
50

 values of genistein 

at 24, 48 and 72 hours.

In all cell lines, on average, we found IC
50

 values of approxi-

mately 46 µM at 24 hours and approximately 40 µM at 48 hours. 

However, we obtained discordant IC
50

 values at 72 hours in each 

cell line used. This was probably because PE/CA-PJ49 cells are 

more aggressive than the other 2 cell lines used.

Johnson et al affirm that the IC
50

 value for the SCC15 and 

SCC25 cell lines, OSCC cells, is ~50 µM.32 The same IC
50

 

value was attributed to the breast cancer cells.51

In addition, we showed that tongue carcinoma cells’ 

viability decreased by 50% when treated with concentra-

tions between 20 and 50 µM of genistein, almost at all 

time points.

Alhasan et al have reported a significant reduction of 

the vitality and growth of OSCC cells after treatment with 

genistein.50 Ye et al also argued that genistein inhibits the 

viability and proliferation of cells of head and neck cancer 

by also inducing apoptosis.52

In our opinion, one of the most significant results, among 

those obtained, relates to cell migration. In fact, the treat-

ment of all cells with the IC
50

 value of genistein at 24 hours 

showed a very significant reduction of cell migration after 

24 hours; P,0.001. This shows that genistein can inhibit 

tongue carcinoma cells migration and so it can have a big 

effect on the inhibition of the metastasis processes.

This power of genistein seems to be confirmed for ovarian 

cancer53 and OSCC.42

Finally, we have shown that genistein is able to strongly 

inhibit, with treatment .50 µM, the expression of OCT4 

and survivin in tongue cancer cells, thus reducing the tum-

origenesis enough to be considered a good agent against this 

kind of tumor.

This inhibitory action of OCT4 expression seems to be 

also confirmed in embryonal carcinoma,54 while Tian et al 

have shown that genistein down-regulates the expression of 

survivin in H446 small-cell lung cancer cells.55

Conclusion
Genistein is a natural isoflavone whose effects have been 

studied fully in many neoplastic diseases.

However, its anti-tumor properties were evaluated, espe-

cially in combination with other isoflavones, against OSCC 

and there are no data in literature that make clear its effect, in 

particular on tongue carcinoma. There are several studies on the 

use of genistein for other cancers, very few on oral cancer and 

almost no specific study on tongue squamous cell carcinoma.

With this in vitro study, we can confirm that genistein 

acts on the tongue cancer cells by inhibiting efficaciously cell 

viability, proliferation, adhesion and migration.
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This shows that genistein has excellent anti-cancer prop-

erties that can be explored for this type of tumor.

However, in vivo studies are needed to further validate 

these results and develop a suitable delivery system that 

acts directly in situ to overcome the problems concerning 

the bioavailability.
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