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Colorectal cancer is the second most deadly cancer in the United States and 

there is an urgent need to develop effective preventive and therapeutic strate-

gies against it. The aim of our study was to investigate the antitumor effects 

of a nutrient mixture containing ascorbic acid, lysine, proline and green tea 

extract that has been previously demonstrated a strong anticancer activity in 

several cancer cell types. We studied the effect of NM on human colon cancer 

cell line HCA-7 in vitro by measuring cancer cell proliferation, invasion, and ex-

pression of pro-inflammatory COX-2 and COX-1 proteins. Human colon cancer 

cell line HCA-7 was cultured in RPMI medium supplemented with fetal bovine 

serum and antibiotics. After 24 h, the cells were treated with NM at 0, 50, 100, 

500 and 1000 μg/ml, in triplicate at each dose. Cell proliferation was evalu-

ated by MTT assay, invasion through Matrigel™, MMP secretion was evaluated 

by zymography, and COX-2 and COX-1 expression by Western blot. The results 

showed that NM significantly inhibited the growth of HCA-7 cells, by 61% at 

500 μg/ml and 82% at 1000 µg/ml. HCA-7 cell invasion through Matrigel™ was 

significantly reduced by 90% at NM dose 50 μg/ml, and the invasion was virtu-

ally completely blocked at 100 μg/ml NM. NM also inhibited COX-2 expression 

in a dose-dependent fashion, but had no effect on COX-1 expression. Conclu-

sions: our results suggest that NM has potent inhibitory effects on HCA-7 cell 

growth and expression of markers of inflammation of colon cancer, and can be 

used as a novel cancer treatment strategy.
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Introduction
Colorectal cancer is the second most deadly cancer in the 

United States. The American Cancer Society estimates 

that approximately 51,020 Americans will die from the dis-

ease in 2019.1 Colon cancer affects both men and women 

over age 50 with approximately the same frequency. In 

addition to the advanced age, there are other risk factors 

associated with colorectal cancer such as family history, 

inflammatory bowel disease, diets rich in saturated fat, 

lack of exercise and obesity. However, more than 75% of 

colorectal cancer cases occur in individuals without any 

specific predisposing factor. While colorectal cancer is 

treatable upon early detection, once the cancer metas-

tasizes to the lymph, liver, or other organs, the 5-year 

survival is less than 10%; most of these fatalities are as-

sociated with metastasis.2 Improved screening methods 

have been linked to the recent decline in incidence and 

mortality of colorectal cancer. 

Several plant-based phytochemicals are increasingly being 

used in cancer treatments due to their antitumor actions, 

including induction of apoptosis. Our earlier studies dem-

onstrated significant anticancer efficacy of the nutrient 

mixture (NM)—containing ascorbic acid, lysine, proline 

and green tea extract—by targeting multiple pathways in 

cancer progression and metastasis.3 In the current study, 

we investigated the antitumor potential of the nutrient 

mixture (NM) on human colon cancer cell line HCA-7 in 

vitro by measuring cell proliferation, Matrigel™ invasion, 

and the effect of NM on markers of inflammation: cyclo-

oxygenase COX-1 and COX-2 protein expression.

Materials and Methods
Cell culture and composition of NM 

Human colon cancer cell line HCA-7 was purchased from 

ATCC (American Type Culture Collection) (Rockville, MD). 

The cells were cultured in RPMI medium supplemented 

with 10% FBS and antibiotics (100 U/mL penicillin and 

100 µg/ml streptomycin) at 37°C in 5% carbon dioxide, 

95% oxygen in a humidified cell incubator. The media was 

changed every alternate day. Cells were plated in 24-well 

tissue culture plates at a density of 3 x 104 cells until con-

fluent. Then the cells were treated with NM at concentra-

tions of 0, 50, 100, 500, and 1000 µg/ml in triplicate. The 

composition of NM is indicated in Table 1. 

Components of NM Weight (mg)

Vitamin C (as ascorbic acid, Mg and Ca ascorbate and ascorbyl palmitate) 700 μM

l-Lysine 1000

l-Proline 750

l-Arginine 500

N-Acetyl cysteine 200

Standardized green tea extract EGCG (epigallocatechin gallate) (80% polyphenol) 1000

Selenium 30

Copper 2

Manganese 1

Table1. Nutrient Composition of Nutrient Mixture (NM)
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MTT cytotoxic assay 
Cell viability was determined using MTT assay. The as-

say is a colorimetric assay based on the ability of the vi-

able cells to reduce soluble yellow tetrazolium salts to 

blue formazine crystals. After incubation of the cells with 

NM for 24 hours, 50µL of MTT reagent in media (0.5mg/

ml) was added to each well, and further incubated for 

2 hours at 37°C. The solution was carefully aspirated 

and the blue formazine precipitate was dissolved in 1 ml 

DMSO and the absorbance (OD) was measured on a mi-

croplate reader at a wavelength of 570 nm in a BioSpec 

1601 Shimadzu spectrometer. The percentage of inhibi-

tion was calculated.

Gelatinase zymography 

Gelatinase zymography was performed in 10% Novex 

Pre-Cast SDS Polyacrylamide Gel (Invitrogen Corporation) 

in the presence of 0.1% gelatin under non-reducing con-

ditions. Culture media (20 µl) were mixed with sample 

buffer and loaded for SDS-PAGE with tris-glycine SDS buf-

fer, as suggested by the manufacturer (Novex). Samples 

were not boiled before electrophoresis. Following elec-

trophoresis, the gels were washed twice in 2.5% Triton 

X-100 for 30 minutes at room temperature to remove the 

SDS. The gels were then incubated at 37°C overnight in 

a substrate buffer containing 50mM Tris-HCl and 10mM 

CaCl2 at pH 8.0, stained with 0.5% Coomassie Blue R250 in 

50% methanol and 10% glacial acetic acid for 30 minutes 

and then destained. Upon renaturation of the enzyme, 

the gelatinases digested the gelatin in the gel, producing 

clear bands against an intensely stained background. Pro-

tein standards were run concurrently, and approximate 

molecular weights were determined by plotting the rela-

tive mobilities of known proteins.

H&E Staining
The HCA-7 colon cancer cells were cultured in 24-well 

plates and were treated with NM in test concentrations 

at 0, 50, 100, 500 and 1000 µg/ml, respectively. After 24-

hour incubation, the cells were washed with phosphate-

buffered saline (PBS), fixed with methanol, and then 

stained with hematoxylin and eosin (H&E), and images 

were captured by microscope.

Matrigel™ invasion
Invasion studies were conducted using Matrigel™ (Becton 

Dickinson) inserts in 24-well plates. HCA-7 cells were sus-

pended in the medium and supplemented with NM, and 

seeded on the insert in the well. Thus, both the medium 

on the insert and in the well contained the same supple-

ments. The plates with the inserts were then incubated in 

a culture incubator equilibrated with 95% air and 5% CO2 

for 24 hours. After incubation, the media from the wells 

was withdrawn. The cells on the upper surface of the in-

serts were gently scrubbed away with cotton swabs. The 

cells that had penetrated the Matrigel™ membrane and 

migrated onto the lower surface of the Matrigel™ were 

stained with hematoxylin and eosin and visually counted 

under the microscope.

COX activity 

COX-1 and COX-2 proteins were determined by Western 

blot analysis using polyclonal antibodies against COX-1 

and -2 (Santa Cruz Biotechnology, Inc, Santa Cruz, CA). 

Briefly, HCA-7 cells were grown, challenged with NM dis-

solved in media at 0, 50, 100, 500, and 1000 µg/ml and 

incubated for 24 hours. The cells were then lysed for 30 

min in ice-cold radioimmunoprecipitation (RIPA) buffer 

(50 mM Tris-HCl, pH 7.5, 10% Triton X-100, 1.0% Na-de-

oxycholate, 150 mM NaCl, 2 mM EDTA) (Teknova) with 

1mM activated orthovanadate, and 1x Complete Mini 

Protease Inhibitor Cocktail tablet (Roche). Clarified cell 

lysates were denatured and equal proteins loaded and 

fractionated by SDS-polyacrylamide gel electrophoresis. 

After electrophoresis, the proteins were transferred to 

nitrocellulose membrane. The membranes were then 

incubated with the respective antibodies and developed 

by the enhanced chemiluminescence system (ECL, Amer-

sham Pharmacia Biotech). 
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Statistical analysis
The results were expressed as means ± SD, as indicated 

in the results. Data was analyzed by independent sample 

t-test. 

Results
Cell proliferation 

As shown in figure 1, the NM displayed significant inhibi-

tory effect on growth of HCA-7 colon cancer cells in vitro 

in a dose-dependent manner, starting from NM concen-

trations of 100 µg/ml (25% inhibition) and reaching 82% 

inhibition of cell growth at 1000 µg/ml. 

MMP Expression by Zymography 

Gelatinase Zymography study did not show any bands 

indicating the secretion of MMP-2 or MMP-9 (Figure 

not shown). 

Cell Morphology by H&E staining and apoptosis 
Morphology of the cells cultured for 24 hours in the 

presence of NM was evaluated by H&E staining and 
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Figure 1: Effect of NM on cell proliferation of HCA-7 colon cancer cells: MTT assay (*significance=0.01)
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microscopy. H&E staining of HCA-7 cells exposed to the 

experimental concentrations of NM showed dose-de-

pendent morphology changes with increasing concen-

trations of NM doses, with mild changes seen at 50 µg/

ml, to significant apoptotic changes observed at 1000 

µg/ml. (Figure 2A-2E) These include shrinking of the cy-

toplasm, darkly stained nuclei and intensely acidophilic 

cytoplasm— all of which suggest that cells are undergo-

ing apoptosis. 

2A-Control 

2C- NM 100 µg/ml	

2E 1000 µg/ml 

2B- NM 50 µg/ml

2D- 500 µg/ml

Figure 2: Morphology of HCA-7 cells exposed to different 

NM concentrations
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Matrigel™ invasion 
NM significantly inhibited the Matrigel™ invasion of 

HCA-7 colon cancer cells. Ninety percent inhibition was 

seen at 50 µg/ml, and virtually 100% inhibition of cell 

migration was seen at 100µg/ml, as shown in figure 3A. 

Figures 3B-3D present the photomicrographs of HCA-7 

Matrigel™ invasion under microscope. 

COX-1 and COX-2 expression
NM showed significant inhibitory effect on COX-2 ex-

pression by HCA-7 colon cancer cells. The COX-2 ex-

pression at 50 and 100 µg/ml was comparable to that 

of control, however it decreased gradually with higher 

NM doses up to 1000 µg/ml. (Figure 4A). The results on 

Figure 4B show that NM at tested concentrations did 

not affect the expression of COX-1. 
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Figure 3A: Effect of NM on invasion HAC-7 colon cancer cells through Matrigel™

Figure 3B-3D: Photomicrographs of HCA-7 Matrigel™ Invasion
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4A- Activity of COX-2 4B- Activity of COX-1

Figure 4: Effect of NM on HCA-7 cells COX-2 and COX-1 enzymatic expression (Legend: 1 – control; 2-6 – NM 50, 100, 250, 500, 

1000 µg/ml) 

Discussion
In the present study we investigated the effects of NM on 

human colon cancer cell line HCA- 7. The results suggest 

that NM is effective in inhibiting the Matrigel™ invasion, 

cell proliferation and expression of inflammatory cyclo-

oxygenase-2 (COX) enzymes in a dose-dependent fash-

ion. In addition, NM also caused morphological changes, 

indicating cell apoptosis. HCA-7 colon cancer cells did not 

express MMP-2 or -9. These findings correlate with our 

previous studies which showed that zymography assay 

does not indicate the secretion of these MMP enzymes 

by HCA-7 cells.4 

Invasion of cell basement membrane and extra cellu-

lar matrix (ECM) are the key steps in tumor progression 

and metastasis. The ECM invasion by cancer cells can be 

modulated by increased stability and strength of the con-

nective tissue, secondary to the activity of the nutrients 

provided in NM. It is well known that ascorbic acid—a 

component of NM—is essential for the synthesis and hy-

droxylation of collagen fibers. Ascorbic acid (vitamin C) 

is not produced in the human body and low levels have 

been reported in cancer patients.5-7 The inhibitory effects 

of the individual nutrients composing NM in various as-

pects of cancer have been shown in both clinical and 

experimental studies. As such, ascorbic acid has been 

shown to have cytotoxic and antimetastatic effects on 

various malignant cell lines.8-10 Green tea extract is a po-

tent anticancer agent and its inhibitory effects have been 

demonstrated in some human cancers. However, indi-

vidual nutrients are not as effective as synergetic com-

binations, as we have shown in previous studies which 

demonstrated that anticancer effect of a combination of 

ascorbic acid, proline, lysine, and EGCG was greater than 

that of its individual components in several cancer cell 

lines. We have also demonstrated that the NM conferred 

superior anticancer effects compared to equimolar con-

centration of EGCG found in NM.11 

Cyclooxygenase-2 (COX-2) is an enzyme overexpressed 

at sites of inflammation and in several epithelial can-

cers. COX-2-derived prostaglandins are involved in a 

variety of pathologic processes, including colorectal 

cancer. The study by Eberhart et al. linked increased ex-

pression of COX-2 to carcinogenesis.12 In addition to in-

flammation, a critical process in facilitating cancer cells 

growth and progression is angiogenesis. It has been 

shown that COX-2 is an important mediator of inflam-

mation, angiogenesis and tumor growth. Modulation of 

COX-2 enzymes has been a promising field investigated 

by many research groups for prevention and treatment 

for colorectal cancer. 

Early-stage colon cancer is generally treated with sur-

gery, however—depending on the extent of excision 

of the tumor and surrounding tissues—the post-oper-
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ative effects could be diarrhea, constipation, bleeding, 

infection, and sometimes a patient will require a per-

manent colostomy. Treatment of advanced colon can-

cer involves both chemotherapy and radiation therapy. 

Both of these approaches are associated with severe 

side effects. These treatment methods have not only 

been ineffective in providing a cure, but involve an in-

discriminate attack on all cells, causing cellular damage 

and destruction of the body’s connective tissue, facilitat-

ing cancer metastasis. Clearly, there is a need for safe 

and effective therapeutic approaches that can be used 

to control the process of cancer metastasis as well as to 

prevent colon cancer.1, 2 Many studies confirm a direct 

correlation between COX-2 and colorectal cancer, indi-

cating that inhibition of COX-2 is an effective pathway 

in preventing colon cancer.13, 14 However, some COX-2 

inhibitors such as NSAIDs, have their own serious side 

effects and increased likelihood of bleeding tendencies. 

In our study we have shown that NM can inhibit COX-2 

expression in a dose-dependent fashion, along with in-

hibition of cancer cell growth and invasion. Our previous 

studies in various cancer cell lines have demonstrated 

that NM also has a potent anti-angiogenic activity. 15 Ear-

lier we demonstrated that NM applied even at high con-

centrations is non-toxic.16 Although efforts continue to 

explore novel uses of NSAIDs and other COX-2 inhibitors 

for colorectal cancer, our study indicates a wide potential 

of NM as a safe and effective option in colon cancer.
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