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Abstract

Aims: Based on the poor prognosis associated with ovarian cancer and reported anticancer properties of spe-
cific nutrients, we investigated the effect of a nutrient mixture (NM) containing lysine, proline, arginine, ascor-
bic acid and epigallocatechin gallate on human ovarian cancer cells SK-OV-3 by measuring: cell proliferation,
modulation of matrix metalloproteinase (MMP)-2 and -9 expression, and cancer cell invasive potential.
Methods: Cell proliferation was evaluated by MTT assay, MMP activity by gelatinase zymography, and
invasion through Matrigel.

Results: Human ovarian cancer cell growth was not significantly affected by the NM. Zymography demon-
strated inhibition of MMP-2 secretion in a dose-dependent fashion with virtual total inhibition at 50 pg/mL
NM concentration. Invasion of human ovarian cancer cells through Matrigel decreased in a dose-dependent
fashion, with 90% inhibition at 500 pg/mL NM and 100% inhibition at 1000 pg/mL NM (P <0.0001).
Conclusion: The combination of lysine, proline, arginine, ascorbic acid and green tea extract tested inhibited
critical steps in cancer development and spread, such as MMP expression and invasion, indicating its potential

as a treatment modality against ovarian cancer.
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Introduction

Ovarian cancer is the seventh most common cancer
among women and is attributed with the greatest
number of female reproductive cancer-related deaths
in the USA, with approximately 22 220 new cases and
over 16 200 deaths estimated in 2005.’

Patient outcome is favorable in its early stages when
the cancer has not spread outside of the primary organ;
S5-year survival is 90-95%." However, because there
are no adequate means of early detection and ovarian

cancer is asymptomatic in its early stages, in 71% of
all diagnosed ovarian cancer cases metastasis has
occurred and the cases are in the advanced stages.”
Patient outcome greatly suffers once the cancer has
metastasized to distant sites; 5-year survival is limited
to 10%.'

The standards of treatment, including surgery, radi-
ation therapy, chemotherapy, combination therapies
and clinical trials have not addressed metastases, mak-
ing these approaches ineffective at improving survival
in the majority of diagnosed cases. Accordingly,
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mortality in ovarian cancer is approximately 65% of
the incidence rate, indicating the need for new treat-
ment approaches.!

Matrix metalloproteinases (MMPs) are a group of
zinc-dependent endopeptidases that participate in
normal tissue remodeling events, such as embryonic
development, angiogenesis and wound healing, but
are also associated with invasive and metastatic poten-
tial with aberrant increased expression. Degradation of
the extracellular matrix (ECM) through the proteolytic
cascade is key for tumor stromal invasion and sub-
sequent metastasis. While a number of proteolytic
enzymes are implicated in ECM degradation, MMPs,
especially MMP-2 and MMP-9, have been identified as
central to this process and to subsequent cancer pro-
gression.” The gelatinolytic activity of MMPs has also
been found to correlate with the aggressiveness of
tumor growth and invasiveness.’

Rath and Pauling® identified the destruction of the
ECM as a precondition for cancer cell invasion, growth
and metastasis and suggested interference through
natural inhibitors of plasmin-induced proteolysis, such
as lysine and its analogs. Previous studies have shown
significant anticancer activity of the nutrient combina-
tion of lysine, proline, arginine, ascorbic acid and green
tea extract against a number of cancer cell lines by
blocking cancer growth, tissue invasion and MMP
expression both in vitro’® and in vivo."* ™

In the current study, we investigated the nutrient
mixture (NM) of lysine, proline, arginine, ascorbic acid
and green tea extract on human ovarian cancer cells in
vitro, by measuring: cell proliferation, modulation of
MMP-2 and MMP-9 and invasive potential.

Materials and Methods

Cell culture

Human ovarian cancer cells SK-OV-3 obtained from
ATCC (American Type Culture Collection, Rockville,
MD, USA) were grown in McCoy medium, supple-
mented with 10% fetal bovine serum, penicillin
(100 U/mL) and streptomycin (100 mg/mL) in 24-well
tissue culture plates (Costar, Cambridge, MA, USA).
Cells were incubated with 1 mL of media at 37°C in a
tissue culture incubator equilibrated with 95% air and
5% CO,. At near confluence, the cells were treated with
the NM, dissolved in media and tested at 0, 10, 50, 100,
500 and 1000 pg/mL in triplicate at each dose. Cells
were also treated with phorbol 12-myristate 13-acetate
(PMA) 200 ng/mL. The plates were then returned to
the incubator. The cells were washed with phosphate
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buffered saline (PBS) and 500 pL. of MTT (#M-2128,
Sigma-Aldrich, St. Louis, MO, USA) 0.5 mg/mL in
media was added to each well. Cell proliferation was
evaluated 24 h following incubation with test reagents.
Culture media components were purchased from
Gibco (Grand Island, NY, USA).

MTT assay

Cell proliferation was evaluated by MTT assay. The
MTT assay is a colorimetric assay based on the ability
of viable cells to reduce a soluble yellow tetrzolium salt
[3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyl tetrazolium
bromide] (MTT) to a blue formazan crystal by mito-
chondrial succinate dehydrogenase activity of viable
cells. This test is a good index of mitochondrial activity
and thus of cell viability. After the addition of MTT
(0.5 mg/mL) the plates were covered and returned to
the 37°C incubator for 2 h, the optimal time for forma-
zan product formation. Following incubation, the
supernatant was carefully removed from the wells, the
formazan product was dissolved in 1 mL dimethylsul-
phoxide (DMSO), and absorbance was measured at
570 nm in a Bio Spec 1601, Shimadzu spectrometer
(Schimadzu Scientific Instruments, Columbia, MD,
USA). The ODsy of the DMSO solution in each well
was considered to be proportional to the number of
cells. The ODsy of the control (treatment without sup-
plement) was considered to be 100%.

Gelatinase zymography

MMP activity in conditioned media was determined
by gelatinase zymography. Gelatinase zymography
was performed in 10% Novex precast sodium dodecyl
sulfate (SDS)-polyacrylamide gel (Invitrogen, Carls-
bad, CA, USA) in the presence of 0.1% gelatin under
non-reduced conditions. Culture media (20 pL) mixed
with sample buffer was loaded and sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE) was performed with Tris glycine SDS buffer, as
described by the manufacturer (Novex). Samples were
not boiled before electrophoresis. Following electro-
phoresis, the gels were washed twice in 2.5% Triton X-
100 for 30 min at room temperature to remove SDS.
The gels were then incubated at 37°C overnight in sub-
strate buffer containing 50 mM Tris-HCl and 10 mM
CaCl, at pH 8.0 and stained with 0.5% Coomassie blue
R250 in 50% methanol and 10% glacial acetic acid for
30 min and destained. Protein standards were run con-
currently and approximate molecular weights were
determined by plotting the relative mobility of known
proteins.
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