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ABSTRACT 

A majority of oral cancers is squamous cell carcinoma and tongue carcinomas comprise 30% of all oral cancers. Phyto-
chemicals, herbal and dietary antioxidants have been reported to prevent cancers. A nutrient mixture containing, ascor-
bic acid, lysine, proline and green tea extract, among other nutrients, has previously been shown to exhibit a broad 
spectrum chemo preventative and therapeutic anti-cancer properties in a number of cell lines. In a recent study, we 
found that the nutrient mixture significantly inhibited acetaminophen induced hepatic and renal toxicity, and it sup-
pressed carbon tetrachloride induced hepatic toxicity in ICR mice as well. This study was undertaken to determine if the 
nutrient mixture is useful in inhibiting various parameters of cancer progression on human tongue cancer cell line 
SC-255. SC-255 cells were grown in a Dulbecco’s Eagle medium and treated with the nutrient mixture at 0, 10, 50, 100, 
500 and 1000 µg/ml, in triplicate. The nutrient mixture exhibited 20% and 30% toxicity at 500 and 1000 µg/ml, respec-
tively. Zymography demonstrated the expression of MMP-2 and MMP-9; and PMA treatment further enhanced MMP-9 
activity. The nutrient mixture inhibited the secretion of MMP-2 and MMP-9 in a dose-dependent fashion with a total 
inhibition at 500 µg/ml. Matrigel invasion was significantly reduced by 40%, 80% and 100% at 100, 500 and 1000 
µg/ml, respectively. The nutrient mixture also inhibited cell migration and induced apoptosis in a dose response fashion. 
Thus, the nutrient mixture may have a potential in the tongue cancer treatment. 
 
Keywords: Oral Cancer; Nutrient Mixture; MMP; Apoptosis 

1. Introduction 

A vast majority of oral cancers is squamous cell carci-
noma of the tongue and tongue carcinomas comprise 
30% of all oral cancers. Men are at double the risk of 
developing oral cancer and dying from it as compared to 
women. Tobacco use and alcohol consumption have been 
identified as major risk factors of oral cancer in 75% of 
the cases [1-3]. Moreover, the recent rise in Human Pa- 
pilloma Virus (HPV) infections has also been identified 
as a risk factor in the malignant transformation of the 
oral mucosa [4-6]. Dietary factors like the chewing of 
areca (betel) nut [7], poor oral hygiene and malnutrition 
[8-10] have been associated with oral lesions with the 
potential for malignant transformation. 

According to the American Cancer Society’s 2013 es-
timates, cancer of the oral cavity and pharynx is expected 
to affect 36,000 individuals [11]. In the United States, the 

five-year survival rate of oral cancer is approximately 
60% for all stages, and 82.8% for local lesions. The sur-
vival rate decreases to 51.8% when cancer metastasizes 
to the surrounding organs. The survival rate drops to 
27.8% for metastatic cancer [12]. Early detection and 
recognition of oral premalignant lesions are effective 
methods in decreasing mortality and morbidity. Many 
signs of oral cancer are not present in their early devel-
opment stage [13], with many patients first displaying 
cancer once it has advanced [14]. Several histo-patho-
logical features such as perineural invasion, lymphocytic 
response, depth of invasion and distant spread negatively 
affect the prognosis of oral cancer. Local and distant me-
tastasis occurs through extra capsular extension of cancer 
cells. Invasion of the tumor capsule leading to distant 
metastasis is associated with a significant increase in 
mortality rates [15]. The treatment of tongue cancer is 
based on the stage of disease. Because extra capsular 
invasion is a marker for poor prognosis, these patients  *Corresponding author. 
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have to undergo toxic chemo and radiotherapy sessions 
[16]. Since these treatments are associated with poor 
outcome and severe toxicity, there is an urgent need to 
develop more efficient and less toxic methods. Interven-
tions targeting the molecular mechanism of extra capsu-
lar invasion, which prevent the local and distant spread 
of cancer cells, could influence the prognosis of oral can- 
cer.  

Focusing on common patho-mechanisms of cancer 
growth, invasion, and metastasis; Rath and Pauling [17] 
developed a new approach using micronutrients to con-
trol cancer by controlling invasive parameters of cancer 
progression (i.e. MMPs and enhancing the structural sta-
bility of the extracellular membrane). Utilizing the prin-
ciples of synergy, we formulated a nutrient mixture (NM) 
including lysine, proline, ascorbic acid and green tea 
extract, and others. The NM has shown a broad spectrum 
of anti-cancer effects, in vivo and in vitro, against a num- 
ber of cancer cell lines [18-21]. In the current study, we 
investigated the effect of the NM on toxicity, cell migra-
tion, invasion, MMP expression, apoptosis, and morpho- 
logy on human tongue cell line SC-255. We hypothe-
sized that the NM would significantly inhibit growth, 
MMP expression, invasion, and induce apoptosis of the 
SC-255 cancer cell line. 

2. Materials and Methods 

2.1. Composition of the Nutrient Mixture 

The composition of the nutrient mixture includes the 
following: Vitamin C (as ascorbic acid and as Mg, Ca 
and palmitate ascorbate) 710 mg; L-lysine 1000 mg; L- 
Proline 750 mg; L-Arginine 500 mg; N-Acetyl Cysteine 
200 mg; Standardized Green Tea Extract (80% polyphe-
nol) 1000 mg; Selenium 30 µg; Copper 2 mg; and Man-
ganese 1 mg. 

2.2. Cell Line and Culture 

Tongue cancer cell line SC-255 from American Type 
Culture Collection (ATCC, Rockville, MD) was grown 
in modified Dulbecco’s Eagle medium supplemented 
with 10% fetal bovine serum, 100 U/ml penicillin and 
100 µg/ml streptomycin (Gibco BRL, Long Island, NY) 
in 24-well tissue culture plates (Costar, Cambridge, MA). 
Cells were incubated with 1 ml of media at 37˚C in a 
tissue culture incubator equilibrated with 95% air and 5% 
CO2. At near-confluence, the wells were treated with the 
NM, dissolved in the media and tested with the nutrient 
mixture at the following doses (in triplicate): 0, 10, 50, 
100, 500 and 1000 µg/ml. Cells were also treated with 
PMA (100 ng/ml) to induce MMP-9 secretion. The plates 
were then returned to the incubator. 

2.3. MTT Assay 

Cell toxicity was evaluated by MTT assay, a colorimetric 

assay based on the ability of viable cells to reduce a solu- 
ble yellow tetrazolium salt [3-(4,5-dimethylthiazol-2-yl) 
2,5-diphenyl tetrazilium bromide] (MTT) to a blue for-
mazan crystal by mitochondrial succinate dehydrogenase 
activity of viable cells. This test is a good index of mito-
chondrial activity and thus of cell viability. After a 
24-hour incubation period with different doses of the NM, 
cells were washed with phosphate buffered saline (PBS) 
and 500 µl of MTT (Sigma#M-21280.5 mg/ml in media 
was added. After the addition of MTT, plates were cov-
ered and returned to the 37˚C incubator for 2 hours (op-
timal time for formazan product formation). Following 
incubation, the supernatant was carefully removed from 
the wells, the formazan product was dissolved in 1 ml of 
DMSO, and absorbance was measured at 570 nm in a 
Bio-Spec 1601 Shimadzu spectrometer. The OD570 of 
the DMSO solution in each well was considered to be 
proportional to the number of cells. The OD of the con-
trol (treatment without supplement) was considered 
100%. 

2.4. Gelatinase Zymography Enzyme Activity 
Assay 

Gelatinase zymography was performed in a 10% Novex 
Pre-Case SDS Polyacrylamide Gel (Invitrogen Corpora-
tion) in the presence of 0.1% gelatin under non-reducing 
conditions. Culture media (20 ml) was mixed with a sam- 
ple buffer and loaded for SDS Polyacrylamide Gel Elec-
trophoresis (SDS-PAGE) with a tris glycine SDS buffer 
per Novex, the manufacturer. Samples were not boiled 
before electrophoresis. Following electrophoresis, the 
gels were washed twice in a 2.5% Triton X-100 for 30 
minutes at room temperature to remove SDS. The gels 
were then incubated at 37˚C overnight in substrate buffer, 
containing 50 mM Tris-HCl and 10 mM CaCl2, at pH 8.0 
and stained with 0.5% Coomassie Blue R250 in a 50% 
methanol and a 10% glacial acetic acid for 30 minutes; 
then de-stained. Upon renaturation of the enzyme, the ge- 
latinases digested the gelatin in the gel, producing clear 
bands against an intensely stained background. Protein 
standards were run concurrently and approximate mo-
lecular weights were determined by plotting the relative 
mobilities of known proteins. Gelatinase zymograms were 
scanned using a CanoScan 9950F Canon scanner at 1200 
dpi. The intensity of the bands was evaluated using Silk 
Scientific Corporation’s pixel-based densitometer pro-
gram (Un-Scan-It, v5.1, 32-bit) at a resolution of 1 Scan- 
ner Unit (1/100 dpi) and expressed as a percentage of con- 
trol.  

2.5. Matrigel Invasion Assay 

Invasion studies were conducted using Matrigel (Becton 
Dickinson) inserts in 24-well plates. Suspended in me-
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dium, the SC-255 cells were supplemented with the NM 
and seeded on the insert in the well. Thus, both the me-
dium on the insert and in the well contained the same 
supplements. The plates with the inserts were then incu-
bated in a culture incubator equilibrated with 95% room 
air and 5% CO2 for 24 hours. After incubation, the media 
from the wells was drawn. The cells on the upper surface 
of the inserts were gently scrubbed away with cotton 
swabs. The cells that had penetrated the Matrigel mem-
brane and migrated onto the lower surface of the Ma-
trigel were stained with Hematoxylin & Eosin (H&E) 
and visually counted under the microscope.  

2.6. Cell Migration 

To study cell migration, a 2 mm wide single uninter-
rupted scratch test was made from the top to bottom of 
the culture plates of SC-255 cells grown to confluence. 
The culture plates were washed with PBS, incubated with 
the NM in the medium and tested with 0, 50, 100, 250, 
500 and 1000 µg/ml in triplicate at each dose for 24 
hours. The cells were washed with PBS, fixed and stained 
with H & E, and photomicrographs were taken. 

2.7. Morphology and Apoptosis  

The morphology of the cells cultured for 24 hours in test 
concentrations of the NM were evaluated by H & E 
staining, observed and photographed by microscopy.  

For apoptosis studies the SC-255 cells at near conflu-
ence were challenged with the NM dissolved in media at 
experimental doses and incubated for 24 hours. The cell 
culture was washed with PBS and treated with the cas-
pase reagent as specified per the manufacturer’s protocol 
(Molecular Probes Image-IT Live Green Poly Caspases 
Detection Kit 135104, Invitrogen). The cells were pho-
tographed under a fluorescent microscope and counted. 
Green colored cells represent viable cells, yellow and or- 
ange colored cells represent early apoptosis, and red col-
ored cells represent late apoptosis. 

2.8. Data Analysis  

The results were expressed as mean ± S.D. The test data 
was analyzed by an independent t-test. Significance was 
determined at p < 0.05.  

3. Results 

3.1. Cell Proliferation of SC-255 Cell Line 

Figure 1 shows the effect of the NM on proliferation at 
different doses. Doses of the NM ranging from 10 - 100 
µg/ml did not have a significant effect on the prolifera-
tion. Increasing doses of the NM however exhibited an 
increasing toxicity. Only 17% (p < 0.05), and 27% (p < 
0.05) of the viable cells were observed at 500 and 1000  
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Figure 1. The effect of NM on SC-255 cells toxicity. *The 
doses 500 and 1000 µg/ml significantly increase the toxicity 
(p < 0.05). 
 
µg/ml, respectively, as compared to the control group. 

3.2. Gelatinase Zymography 

Figure 2 shows the effect of the NM on the expression of 
both MMP-2 and MMP-9 production by the SC-255 cells. 
PMA treatment further induced the expressions of MMP- 
9 (Figure 2(b)). The NM inhibited both MMP-2 and 
MMP-9 expression in a dose-dependent manner with a 
total virtual inhibition at 500 µg/ml of NM. Figure 2(c) 
represents densitometry analysis of inhibition of MMP-2 
and MMP-9 secretion for untreated SC-255 cells. The 
MMP-2 analysis showed 18% inhibition at 100 µg/ml, 
95% and 98% at 500 and 1000 µg/ml NM. Linear regres-
sion analysis showed a linear trend of R2 = 0.80. Un-
treated SC-255 cells showed an inhibition of MMP-9 
expression of 15% at 50 µg/ml, 25% at 100 µg/ml, 98% 
and 99% at 500 and 1000 µg/ml of NM, respectively, 
with R2 = 0.83 (Figure 2(c)). For SC-255 cells treated 
with PMA, the MMP-2 inhibition was seen as follows: 
9% at 50 µg/ml, 7% at 100 µg/ml and 95% and 98% at 
500 and 1000 µg/ml concentration of NM, respectively. 
Regression was noted at R2 = 0.81. Finally, for the SC- 
255 cells treated with PMA, an equally strong inhibition 
of expression of MMP-9 was observed. MMP-9 expres-
sion was inhibited by 22% at 50 µg/ml of NM, 43% at 
100 µg/ml, while 98% and 99% at 500 and 1000 µg/ml, 
respectively, R2 = 0.91 (Figure 2(d)). 

3.3. Matrigel Invasion  

Figures 3(a)-(e) reveals a significant dose-dependent 
inhibition of SC-255 cell invasion through the Matrigel 
membrane. A 38% inhibition was observed at 50 µg/ml, 
40% at 100 µg/ml, 80% at 500 µg/ml, and 100% inhibi-
tion at 1000 µg/ml of the NM, respectively. Figure 3(f) 
is the analytical representation of Matrigel invasion. 

3.4. Cell Migration  

NM reduced cell migration in a dose dependent manner  
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Figure 2. Effect of NM on MMP-2 and MMP-9 secretion by 
SC-255 cells. (a) Untreated SC-255 cells; (b) The cells trea- 
ted with PMA 100 ng/ml (Lane 1: markers; 2: control; 3 - 7: 
10, 50, 100, 500, 1000 µg/ml respectively); (c) Densitometry 
analysis of MMP-2 and MMP-9 secretion by untreated SC- 
255 cells; (d) Effect of PMA and the NM on relative activity 
of MMP-2, -9 on SC-255 cells. 
 
with a complete block of SC-255 cells at 250 µg/ml. 
Photomicrographs of the results of the scratch test are 
shown in Figures 4(a)-(e). 

3.5. Morphology (H & E staining) and Apoptosis  

H&E staining of the SC-255 cells exposed to experimen-
tal concentrations of the NM showed no change at the 50 
µg/ml and 100 µg/ml dose. It did however show changes 
at the 500 and 1000 µg/ml (Figures 5(a)-(e)). These 
changes include shrinking of the cytoplasm, a darkly 
stained nuclei and intensely acidophilic cytoplasm—all 
which suggest cells undergoing apoptosis. Analysis with 
live green caspase revealed a dose dependent increase in 
apoptosis of SC-255 cells (Figures 6(a)-(e)). Quantita-
tive analysis of these data (Figure 6(f)) revealed a 51% 
apoptotic cells starting at 50 µg/ml (31% early and 21% 
late stage apoptosis) followed by 71% at 100 µg/ml (33% 
early and 38% late stage), simultaneously significant  
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Figure 3. Effect of the NM on Matrigel invasion by SC-255 
cells; (a)-(e) Photomicrographs of the Matrigel invasion 
with increasing doses of NM: (a) Control; (b) NM 50 µg/ml; 
(c) 100 µg/ml; (d) 500 µg/ml; (e) 1000 µg/ml; (f) Analytical 
representation of the NM effect on inhibition of Matrigel in- 
vasion by SC-255 cells. 
 
decrease in live cells. The increase in late stage apo- 
ptotic cells continued as the NM dose increased (rea- 
ching 96% late stage apoptotic cells at 1000 µg/ml). 

4. Discussion 

In the present study, we investigated the effect of the NM 
on human malignant tongue cancer cell line SC-255. The  
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observed at 250 µg/ml. (a) Control; (b) NM 50 µg/ml; (c) 
NM 100 µg/ml; (d) NM 250 µg/ml; (e) NM 500 µg/ml; (f) 
NM 500 µg/ml. 
 
re
production, invasion, and cell migration in a dose-depen- 
dent fashion. In addition, the NM also induced apoptosis 
and caused morphological changes at higher concentra-
tions. 

Cancer prog
alignant cell to migrate beyond its capsule and to in-

duce neovascularization, thereby ensuring its survival 
and continued proliferation. A tumor size beyond 2 mm 
results in hypoxia and acidosis. To maintain its viability, 
tumor cells must secrete several growth factors to stimu-
late local blood vessel growth. Invasion of host tissue by 
cancer cells requires the alteration of cancer cell adhe-
sion, cell migration, and proteolytic degradation of ECM 
[22]. 

Sin
M, type IV collagenase, MMP-2 and MMP-9, plays a 

critical role in tumor invasion [22]. MMPs released by 
endothelial cells digest the local ECM and thus allow the 
proliferation of blood vessels. Patel, et al., [23] discov- 

 
(a)                         (b) 

 
(c)                         (d) 

 
(e) 

Figure 5. H & E staining of tongue carcinoma SC-255 cells 
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exposed to the NM showed slight morphological changes at 
higher concentrations. (a) Control; (b) NM 50 µg/ml; (c) 
NM 100 µg/ml; (d) NM 500 µg/ml; (e) NM 1000 µg/ml. 
 
e
to a significant degree in malignant tissue relative to sur-
rounding normal tissue and MMP-2 was correlated with 
lymphatic spread. Kawamata discovered increased activ-
ity of both pro-MMP-9 and MMP-2 as well as high 
MMP-2 activity in cancer cell nests within normal gin-
gival tissue. Furthermore, MMP-2 expression was corre-
lated with cancer invasion relative to non-invasive le-
sions [24]. Up regulation of MMP enzymes has been ob- 
served in invasive oral squamous cell carcinoma [25]. 
Kurahara, et al., determined that MMP-1, -2, -3 and 
MMP-9 are important determinants of lymph node me-
tastasis [26]. Furthermore, MMP-2 and MMP-9 expres-
sion in aggressive cancers is higher than in less aggres-
sive cancers as revealed in the rate of spinal invasion 
[27]. Thus, it is well known that MMPs are important in 
the metastatic processes of oral cancers and therefore 
offer a potential target in intervention.  

Our studies demonstrate a significa
MPs in tongue cancer cells SC-255 by use of the NM. 

Additionally, the NM also induced inhibition of cell mi-
gration and apoptosis in SC-255 cells. These data suggest 
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