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Anticancer effect of lysine, proline, arginine, ascorbic acid and
green tea extract on human renal adenocarcinoma line 786-0

M. WAHEED ROOMI, VADIM IVANOV, TATIANA KALINOVSKY,
ALEKSANDRA NIEDZWIECKI and MATTHIAS RATH

Matthias Rath Research Institute, Cancer Division, 1260 Memorex Drive, Santa Clara, CA 95050, USA

Received May 9, 2006; Accepted July 19, 2006

Abstract. Five-year survival is limited to 60% in renal cancer
patients at diagnosis. Due to the cancer's resistance to conven-
tional treatments and associated high morbidity, we investigated
the antimetastatic effects of a specific nutrient mixture (NM)
containing lysine, proline, arginine, ascorbic acid and green
tea extract on human renal adenocarcinoma cell line 786-0 by
measuring: cell proliferation, modulation of MMP-2 and -9
secretion, and cancer cell invasive potential. Human renal
cancer cell line 786-0 (ATCC) was grown in RPMI medium
in 24-well tissue culture plates. At near confluence, the cells
were treated with NM, dissolved in media, and tested at 0, 10,
50, 100, 500 and 1000 gg/ml in triplicate at each dose. Cells
were also treated with PMA 200 ng/ml to study enhanced
MMP-9 activity. Cell proliferation was evaluated by MTT
assay, MMP secretion by gelatinase zymography, and invasion
through Matrigel. Zymography demonstrated MMP-2 and
MMP-9 secretion by uninduced renal cancer cells with
enhanced MMP-9 induced by PMA (200 ng/ml) treatment.
NM inhibited the secretion of both MMPs in a dose-dependent
fashion with virtual total inhibition of MMP-2 at 500-pg/ml
concentration and MMP-9 at 100 g g/ml. The invasion of renal
cancer cells through Matrigel was totally inhibited (p=0.0001)
by NM at 1000 pg/ml concentration. Our results support a
potential role for the nutrient mixture tested in the treatment
of renal cell carcinoma, by inhibition of MMP-2 and MMP-9
secretion and invasion.

Introduction

The American Cancer Society estimates approximately
36,160 new cases of kidney cancer in 2005. Upon diagnosis,
renal cell carcinoma is localized to the kidney in 50% of the
cases, in another 25%, the cancer will have spread to nearby
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tissue, and in the remaining 25% will have metastasized to
distant sites; associated 5-year survival in these patient groups
is roughly 90, 60 and 9%, respectively (1). Late diagnosis is
largely due to diverse clinical manifestations mistaken as
symptoms of non-cancerous disease; symptoms may include
hematuria, fatigue, edema, fever and weight loss and generally
do not present in the early stages where conventional manage-
ment of the cancer is most effective (2.3).

Renal cell carcinoma (RCC) is erratic and unpredictable
even when diagnosed and treated early by nephrectomy, as
the neoplasm can appear to remain stable for years and then
metastasize to distant locations (4). This anomaly may be
epidemiological or may be due to the elimination of endostatin
and angiostatin levels that prevent angiogenesis from occurring
and the resulting proliferation of metastatic lesions to distant
locations such as the lupgs and lymph nodes (5). Traditional
therapeutic approacher{]to RCC such as surgery, radiation
therapy, chemotherapy and hormone therapy have largely
been unsuccessful at controlling the progression of cancer (6-8).
These methods do not address metastases and can promote
tumor progression by impairing the immune system. Treatment
methods focused on the regulation of tumor proliferation are
necessary to effectively control RCC.

Abnormal expression of the family of zinc-dependant
endopeptidases. known as matrix metalloproteinases (MMPs)
can trigger degradation of the extracellular matrix (ECM),
and underlying basal membranes that function as a barrier
against cell migration, ultimately leading to tumoral progres-
sion. The role of MMPs on the progression of various malig-
nancies has been reported in numerous studies (9-11). Further-
more, studies have found that MMP activity correlates with
the invasiveness of the cancer.

Urokinase-type (uPA) and tissue-type (tPA) plasminogen
activators that cleave plasminogen into active plasmin trigger
MMP activity. In identifying the destruction of the ECM as a
precondition for cancer cell invasion, growth and metastasis,
Rath and Pauling proposed intervention of plasmin-induced
proteolysis through such natural inhibitors, such as lysine and
its analogues (12). Our previous studies have shown significant
antitumoral activity of the nutrient combination (NM) tested
against a number of cancer cell lines by inhibiting growth of
the cancer cells, blocking tissue invasion and MMP secretion
in vitro (13-15) and in vivo (16-18).

In the current study, we investigated a specific nutrient
combination containing lysine, proline, arginine. ascorbic acid
and green tea extract on human renal adenocarcinoma cell






