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Abstract. The gluathione (GSH) antioxidant system is the
principal protective mechanism of the cell and is a crucial factor
in the development of the immune response by the immune cells.
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concentrate represents an effective cysteine delivery system for
GSH replenishment during the immune response. Animal
experiments showed that the concentrates of whey protein also
exhibit anticancer activity. They do this via the GSH pathway,
the induction of pS3 protein in transformed cells and inhibition
of neoangiogenesis.

The recent interest in complementary medicine has brought
about the increasing use and sometimes the misuse of terms
such as "frec radicals” and "antioxidants”. A free radical can
be defined as any species that contains one or more unpaired
clectrons, an unpaired electron being one that is alone in an
orbital. Most biological molecules contain only paired
electrons. A radical might donate its unpaired clectron to
another molecule or it may take an clectron from another
molecule in order to pair. A feature of the reactions of free
radicals is the development of a chain reaction with damage
to adjacent biological structures. The majority of free radicals
originate in the final stage of cell respiration, in which
electrons flow from organic substrate to oxygen, yielding
energy. When mitochondria are functioning, an electron
passing through the respiratory chain may leak directly onto
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formation. Glutathione (L-gamma-glutamyl-L-cysteinylgly-
cine) can spontaneously, or with the help of peroxidase, easily
deliver the H necessary for the reduction of the radicals.
Figure 2 is an attempt to schematically illustrate the redox
system represented by GSH in the cells and by the albumin
cysteine in the plasma. In both cases, the active element is the
SH (thiol) group of cysteine which when performing its
antioxidant activity is oxidized to cystine or cysteine disulfide
(Figure 3). It is the ratio cysteine/cystine that defines the
redox state which is the major determinant of the optimal
function of the cell (Figure 3). Cysteine is the limiting factor
of GSH synthesis in the cell and of albumin in the plasma
where it is located in position 34. It is noteworthy that
nutritional intervention is often ineffective in raising the
albumin content of the plasma whereas NAC, an analog of
cysteine, can raise blood levels of albumin(1). The antioxidant
activity on cholesterol suggest that reduced plasma albumin is
far more than a mere expression of nutritional status.

Immune system. If we imagine that the cell in Figure 2 is a
Ilymphocyte, we can appreciate why studies in viro have
demonstrated that the oxygen-requiring antigen-driven clonal
expansion and antibody synthesis in the immune cells
dependsun Lh:l'rﬂpﬂ:ﬂylo reconstitute GSH in order to

ion of oxygen-derived
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This principle was verified by in vivo experiments where
animals fed cysteine-rich whey protein concentrate showed
enhanced immuncmspun: to T-dependent antigen (4-6) and
Fgue l This effect is abolished by administration of
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near the mitochondria in proximity to the source of oxidant
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which inhibits the synthesis of GSH,
hence demonstrating the role of GSH in the effect of this
protein on the immune system (7).

Dietary whey protein concentrates (WPC) and cancer. The
discovered immunoenhancing activity of WPC inspired the
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il colon in mice (8). The positive
results of this study were confirmed in rats (9) (Figure 5) and
extended to other types of malignancies such as mammary
wmors in female rats (10).
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Figure 1. Oxygen-derived radicals and buffer systems.

Mechanisms. The effect of a cysteine pro-drug such as NAC
on tumor development and carcinogenesis (Figure 6) strongly
suggest that WPC acts as a cysteine delivery system in
inhibiting tumor growth. In discussing the effects of WPC on
tumors, it is important to distinguish between the anti-tumor
effect and the anti-carcinogenesis effect. Our hypothesis is
that WPC may be important in both; it does this via its effect
on increasing GSH concentration in relevant tissues probably
by providing high levels of substrates for GSH synthesis that
could detoxify potential carcinogens or free radicals in
spontancous carcinogencsis. Table | by Parodi illustrates the
relationship between cysteine, GSH and experimental tumors
(11). Cysteine could also have an anti-tumor effect on low
volumes of tumor via stimulation of immunity through the
GSH pathway. The causative mle o[ cysume deficiency in
the develop of the i ions in cancer
patients is supported by the observation that an additional
source of cysteine can restore natural killer cell activity (13).
It is interesting to note that cancer patients show an
accelerated shift to more oxidized conditions (12). These data
suggest that during the progression of cancers, the antioxidant
buffer activity may progressively decline and this could well
be related to depletion of the thiol (SH) in the redox
equation.

Finally, cysteine itself may exert a direct antitumor effect in
rw different ways unrelated to GSH symhsn [um reeemly
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Figure 2. Cellular and plasma redox systern.
I
HS—CH;—?—COOH
H
Cysteine
| %
HOOC—?—CH:—S—S—CH;—(IE—COOH
NH, H
Cystine

Figure 3. The maost important sulfydryl compounds: the cysteine/cystine
redax couple.

antioxidants whose action is limited to scavenging radicals do
not seem to have this activity. This activity was found related
0 a 5 to 10- fold induction of pS3 protein and not to GSH

as NAC and OTZ scll ly induce p53-dk d
in transformed but not in normal cells. In contrast,
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a natural cysteine donor, such a whey
protein concentrate (WPC), could also inhibit tumors by
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