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Antioxidants and cancer:
a debate on prevention, progression, hormesis,
and cruciferous vegetables §
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Antioxidants should maintain cellular health. That
is why millions of people consume supplements
containing vitamin E, B-carotene, or a host of phy-
tochemicals every day. But now two new studies
suggest, adding to a growing body of research, that
antioxidant supplements actually could have a
harmful effect for the prevention of cancer.

The first study [1], carried out in mice, shows that
some antioxidants may so modify malignant
melanoma cells — the most aggressive types of skin
cancer — to promote their dissemination to different
parts of the body. Such a progression makes the
disease even deadlier. As described by the Authors,
administration of N-acetylcysteine (NAC) increases
lymph node metastases without having an impact
on the number and size of primary tumors. Simi-
larly, NAC and a soluble vitamin E analog (Trolox)
markedly increased the migration and invasive
properties of human malignant melanoma cells
without affecting their proliferation. Both antioxi-
dants increased the ratio between reduced and ox-
idized glutathione in melanoma cells and in lymph
node metastases, and the increased migration relied
on new glutathione synthesis. Moreover, both NAC
and Trolox increased the activation of a protein,
called RHOA, which normally helps cells to spread
all over the body, and blocking downstream RHOA
signaling abolished antioxidant-induced migration.
These results suggest that antioxidants, along with
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the glutathione system, play a previously unappre-
ciated role in malignant melanoma progression.
Of course, mice are not humans, but these results
deserve to be taken into consideration.

The second study [2] presents the results of a dou-
ble-blind randomized, placebo-controlled trial con-
cerning the clinical activity of a dietary supplement
containing a combination of lycopene (35 mg), se-
lenium (585 pg), and 600 mg of green tea catechins
(GTCs) in men with multifocal high grade prostatic
intraepithelial neoplasia (mHGPIN) and/or atypical
small acinar proliferation (ASAP). In this study, per-
formed between 2009 and 2014, 60 patients with
primary mHGPIN and/or ASAP were enrolled and
treated daily for 6 months. At month 6, 53 men
underwent re-biopsy and 13 of them (24.5%) were
diagnosed with prostate cancer. Ten of the 13 be-
longed to the treated group and three to the
placebo group. The difference was not significant
but was close to significance (p=0.053). Even
though three additional prostate carcinomas were
found in the placebo group at follow-up (37
months), reducing further the very poor statistical
difference observed between the two groups, the
tendency shown by the results remains worrying.
According to the Authors’ conclusions, adminis-
tration of high doses of lycopene, selenium, and
GTCs in men harboring HGPIN and/or ASAP was
associated with a higher incidence of prostate can-
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cer at re-biopsy and therefore “the use of these sup-
plements should be avoided”.

We must, however, admit that even in the past the
role played by possible antioxidant therapies aimed
at preventing cancer has been disputed. Previous
research on the use of supplements with antioxi-
dants had led to the hypothesis of a cancer pro-
moting effect. In 1994 a large study [3] concluded
that massive daily doses of p-carotene increased
the risk of lung cancer in male smokers by 18%
and a clinical trial [4] carried out in 1996 was pre-
maturely stopped after researchers discovered that
high doses of p-carotene and vitamin A increased
the risk of lung cancer by 28% in smokers and
workers exposed to asbestos. More recently, a study
published in 2011 [5] involving more than 35,500
men over 50 years of age, found that high doses of
vitamin E led to an increase (17%) in the risk of
prostate cancer.

These findings have puzzled many researchers be-
cause it is widely believed that antioxidants should
decrease the risk of cancer by neutralizing free rad-
icals that damage cells and cause cancer. Which
assumptions might explain this apparent paradox?
A first hypothesis could be that antioxidants, taken
in high enough doses, could protect from free rad-
icals but favor the spread of tumor cells. Indeed
some data suggest that antioxidants may be as use-
tul to cancer cells as they are to normal cells. In
the study performed in mice, for instance, the Au-
thors decided to study melanoma both because the
incidence rates are increasing and because it is
known that this cancer could be sensitive to the
effects of free radicals. So the scientists administered
the antioxidant NAC in mice that had been genet-
ically engineered to be susceptible to melanoma.
The dose per kilogram of weight given to the mice
was similar to the amount people generally con-
sume with supplements. Although the treated mice
did not develop more skin cancers than mice not
ted antioxidants, they were disproportionately af-
tected by double lymph node cancer, a clear sign
of cancer spread (metastasis). When the researchers
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added the NAC or a form of vitamin E to human
melanoma cells in culture, there was confirmation
of the fact that antioxidants improved the ability
of cells to move and invade neighboring tissues.
Could it be that antioxidants strengthen the pro-
tection of cancer cells? In the metastatic tumor
cells of treated mice, the Authors found higher lev-
els of glutathione than in untreated mice. The
treated mice also had a higher ratio between glu-
tathione and glutathione disulfide, the latter being
the transformed molecule after it has neutralized
free radicals [1]. These results suggest that when
the body consumes an excess of antioxidants, its
tumor cells have more antioxidants than they
themselves have produced. The cancer cells could
store the surplus, improving their ability to protect
themselves. This idea is also supported by a study
[6] showing that some genes that drive cancer
growth activate other genes that produce intrinsic
antioxidants.

Antioxidant supplementation may help cancer cells
in other ways also. The recent research performed
in mice has concluded that glutathione affects the
activity of RHOA, which helps cancer cells to
spread. Indeed the Authors confirmed that the sur-
plus glutathione in treated mice caused an increase
in the levels of RHOA in metastatic cells [1]. In a
recent study on lung cancer [7], the Authors also
found that in lung cancer cells antioxidant supple-
ments caused the decommissioning of a well-
known tumor suppressor gene called pS3. It is be-
lieved that its inactivation is critical for promoting
the metastatic process. Another work [8] has shown
that antioxidants help the cells of breast cancer to
survive when detached from the extracellular ma-
trix, the network of protein surrounding the cells.
These molecular studies could clarify the results of
the large human studies that have investigated the
involvement of antioxidants in prostate cancer de-
velopment [2]. Is it possible that antioxidant sup-
plements, rather than triggering cancer, could ac-
celerate the progression of pre-existing undiagnosed
tumors, making the subsequent discovery of the
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disease likely? In other words, is it possible that
antioxidants could prevent DNA damage and
thereby prevent the onset of cancer, but once the
cancer has started, could facilitate the malignant
behavior of cancer cells?

A second explanation could be that we mess things
up when we classify as ‘antioxidants’ very different
types of molecules which surely have many others
properties. We all agree that NAC, vitamin E, sele-
nium, curcumin, and GTC are ‘antioxidants’, but
they are also something else. And could it be that
this ‘something else’ is responsible for the cancer
promoting effects observed sometimes? This would
mean that the fact that it is simply an antioxidant
is not the real ‘problem’ of a substance. Being an
antioxidant could be a simple epiphenomenon and
the observed cancer promoting effects could be due
to still unknown properties of some of the mole-
cules that we simply call ‘antioxidants’. This would
also mean that some, or even most, of the ‘antiox-
idants’ do not have any cancer promoting effect at
all. Needless to say, the scientific literature also re-
ports totally opposite results, where for instance
antioxidant therapies prevent, or should prevent,
cancer [9-11].

There is a third hypothesis based on a very impor-
tant topic. Too often it is believed that ‘antioxidiz-
ing’ is always a good thing. This could be untrue.
If, as already said, some studies examining high-
dose vitamin E have shown some tumor promoting
effects and not a reduction, physical activity and
sport (which oppositely generate many free radi-
cals) or crucifers (whose isothiocyanates are surely
pro-oxidants) protect against cancers and cardio-
vascular accidents [12-19].

It must be remembered that the body produces its
own antioxidants (glutathione, catalase, peroxi-
dase, etc.), but if we replace them with excessive
exogenous supplementation, the body reduces its
own production. This is an adaptive negative feed-
back response. For instance, the relationship be-
tween physical exercise and oxidative stress is ex-
tremely complex, and depends on the mode,

intensity, and duration of exercise. Physical activity
leads to increased oxidative stress, but this increase
appears to be beneficial for health. This same stim-
ulus is in fact necessary to allow up-regulation of
endogenous antioxidant defenses, a phenomenon
known as hormesis. Supporting endogenous de-
tenses with additional oral antioxidant supplemen-
tation may be a suitable non-invasive tool for pre-
venting or reducing excessive oxidative stress
during acute and severe training. However, an ex-
cess of exogenous antioxidants may have detri-
mental effects on health and performance by block-
ing the hormetic process [20]. Similarly to physical
activity (and also caloric restriction, which is not
discussed here), isothiocyanates from cruciferous
vegetables act to promote a constant low level ox-
idative stress able to support the hormetic feedback
and therefore leading to an endogenous increase
in antioxidant defenses [21]. The pro-oxidant role
played by isothiocyanates activates Nrf2 (a tran-
scription nuclear factor), which along with the pro-
tein MAF binds DNA activating transcription of
the ARE (antioxidant response elements) proteins.
The up-regulation of the ARE system stimulates a
relevant increase in the cellular antioxidant de-
fenses [22].

How much were the antioxidant responses reduced
by 6 months of therapy with antioxidant supple-
mentation [2]? And once suspended, by much were
endogenous antioxidants reduced in the treated
subjects? Of course we do not have these or other
answers. However, from an evolutionary perspec-
tive we do know that we have developed “the feed-
backs”. In response to most of our actions healthy
eukaryotic cells respond in adaptive ways. If we
administer hormones to a healthy human body, it
responds by reducing its own production. Similarly,
if we administer meaningless excessive doses of an-
tioxidants, healthy cells tend to reduce antioxidant
endogenous production. On the contrary, we
should exploit the hormetic mechanisms stimulat-
ing new endogenous antioxidant responses. Indeed,
epidemiology suggests that a cruciferous vegetable-
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based diet is really protective in terms of cancer
[23], clinical trials with a cruciferous vegetable-
based therapy clearly show a protective effect [24],
and isothiocyanates administration triggers a strong
and effective anticancer/antioxidant response [25].
A lifelong diet based on cruciferous vegetables pres-
ents some problems (isothiocyanates are sulphur
compounds and not particularly liked; moreover
cooking destroys most of the myrosinase, the en-
zyme responsible for converting the inactive glu-
cosinolates into the active isothiocyanates [26,27])
but a prevention therapy based on the administra-
tion of cruciferous extracts, especially if character-
ized by the presence of all the different types of
protective isothiocyanates, could confer a real pro-
tective effect. There are more than 120 isothio-
cyanates which are classified as aliphatic, aryl, aril-
aliphatic, and indoles isothiocyanates and a
procedure taking into consideration their different
solvent solubility would provide a way to extract
them with good performance. A cruciferous veg-
etable-based, pro-oxidant supplement enriched
with the various type of isothiocyanates so to re-
semble as much as possible the molecular bouquet
of the corresponding vegetables, could be a possible
right choice.

In conclusion, recent papers seem to confirm what
has already been occasionally observed in the past:
antioxidant supplements intended to be cancer
protective appear to be cancer promoting. Conse-
quently in some cases, the results are worrying, es-
pecially with botanical supplements like GTC, al-
though the clear chemical characteristics of the
tested products along with their possible pharma-
cokinetic and/or pharmacodynamic properties are
not reported in the studies.

However, it could be simply that, just as cytotoxic
chemotherapy or radiotherapy used to halt cancer
can also provoke it, antioxidant therapy, intended
to antagonize free radicals and then cancer devel-
opment, could actually also help cancer cells to
survive.

Another issue to consider is the classification of a
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phytochemical as an antioxidant. Most of the time,
antioxidant properties are just one facet of a com-
plex biological profile. Therefore, the real mecha-
nism of the cancer promoting effects might be due
to another element of this profile which has noth-
ing to do with antioxidant activity. If so, we should
go deeper into the research to determine which
antioxidant molecules, apart from being antioxi-
dants, are also cancer promoting agents.

Last but not least, it could be that, to a large extent,
the role played by antioxidants is counter to the
protective role exerted by the hormetic mecha-
nisms. In this sense a protective effect could be ob-
tained by pro-oxidant molecules like isothio-
cyanates. Indeed, the scientific literature substan-
tially agrees in considering that the pro-oxidant
cruciferous vegetables, that behave as veritable “pro-
oxidant, hormesis-exploiting, cancer preventive,
herbal drugs”, have a relevant protective role.
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