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Dear Sir,

We refer to the article by Ullah et al. [1] published in your
issue 67 in January 2011.

The authors herein propose a putative molecular
mechanism involving copper that accounts for the prefer-
ential cytotoxicity of ascorbic acid against cancer cells.
They further argue that the results obtained by their work
would “explain the findings of Levine and coworkers [2]
toward the sensitivity of cancer cells and relative resistance
of normal cells against the cytotoxic action of ascorbic
acid.”

To our opinion, the article contains two important
aspects, which have not been communicated and inter-
preted correctly by the authors and thus could lead to
misinterpretation of the results.

The first and main problem we see is the cell line used as
a model system. For their study, the authors used freshly
isolated lymphocytes from one single, healthy, non-smok-
ing donor which were treated with different dosages of
vitamin C up to 100 pM. The detection of vitamin C DNA
breaking activity using the comet assay showed a clear
dose-related increase in strand breaks with increasing
vitamin C concentrations. The crucial misinterpretation in
this context is the authors’ conclusion that this would
explain the findings of Levine and coworkers [2—4] con-
cerning the selective cytotoxicity of vitamin C against
tumor cells and the concurrent relative resistance of healthy
cells against this treatment. In fact, because all experiments
of Ullah and coworkers were conducted with healthy and
not with tumor cells, the results definitely do not support
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the results of Levine and his group. In contrast, the result
that vitamin C kills healthy lymphocytes is rather contra-
dictory to the relative resistance of healthy cells against
vitamin C proposed by Levine and coworkers. Unfortu-
nately, the authors seem not to be aware of this
discrepancy.

The second aspect that has not been discussed suffi-
ciently is the relatively low concentration of vitamin C
(25 uM) needed to induce strand breaks in the lymphocytes
used. At first glance, this is really an interesting and
unexpected result. Conferred on the whole organism, this
would mean that every person with normal vitamin C
plasma levels (40-100 uM) should have damaged and
therefore inoperative lymphocytes. Actually, this cannot be
the case. Also, there are a couple of other publications
showing a DNA protective effect of vitamin C in lym-
phocytes [5—7]. Unfortunately, the authors did not even
mention this controversy.

A possible explanation for those apparently illogical
results can be found looking at some findings of Wilms and
coworkers published in 2007 [8]. Examining the potential
cytoprotective effect of vitamin C on hydrogen peroxide—
treated lymphocytes from 12 healthy volunteers, they
found contradictory results—in some individuals ascorbic
acid seemed to be protective, whereas in other subjects it
actually exacerbated the cytotoxic effects of hydrogen
peroxide. Execution of a genotype analysis for those 12
volunteers revealed a variance in a particular protein of the
glutathione-S-transferase-superfamily, namely GSSTI,
being the probable reason for the diverging susceptibility
of lymphocytes against ascorbic acid treatment. In lym-
phocytes of subjects with wild-type GSST1, ascorbic acid
incubation decreased oxidative DNA damage determined
by Comet assay, while in lymphocytes carrying the variant
GSST1 protein, the incubation led to a statistical significant

@ Springer



1674

Cancer Chemother Pharmacol (2012) 69:1673-1674

increase of DNA strand breaks. Regarding the worldwide
occurrence of this polymorphism at a percentage between
10 and 60% (European and Chinese population, respec-
tively) [9], there seems to be a high probability for the
lymphocyte donor of the study of Ullah and coworkers to
be a bearer of the variant GSST1 protein. In order to
exclude this polymorphism being the cause for the low
vitamin C concentrations needed for DNA damaging of the
examined lymphocytes, the authors should perform an
appropriate genotype analysis of the donor. Further, to
achieve reliable results concerning vitamin C DNA dam-
aging activity, lymphocytes from more than one single
donor should be examined.

Conflict of interest None.

References

1. Ullah MF, Khan HY, Zubair H, Shamim U, Hadi SM (2011) The
antioxidant ascorbic acid mobilizes nuclear copper leading to a
prooxidant breakage of cellular DNA: implications for chemo-
therapeutic action against cancer. Cancer Chemother Pharmacol
67:103-110

2. Chen Q, Espey MG, Sun AY, Pooput C, Kirk KL, Krishna MC,
Khosh DB, Drisko J, Levine M (2008) Pharmacologic doses of
ascorbate act as a prooxidant and decrease growth of aggressive

@ Springer

tumor xenografts in mice. Proc Natl Acad Sci USA
105:11105-11109

. Chen Q, Espey MG, Krishna MC, Mitchell JB, Corpe CP, Buettner

GR, Shacter E, Levine M (2005) Pharmacologic ascorbic acid
concentrations selectively kill cancer cells: action as a pro-drug to
deliver hydrogen peroxide to tissues. Proc Natl Acad Sci USA
102:13604-13609

. Chen Q, Espey MG, Sun AY, Lee JH, Krishna MC, Shacter E,

Choyke PL, Pooput C, Kirk KL, Buettner GR, Levine M (2007)
Ascorbate in pharmacologic concentrations selectively generates
ascorbate radical and hydrogen peroxide in extracellular fluid in
vivo. Proc Natl Acad Sci USA 104:8749-8754

. Noroozi M, Angerson WJ, Lean ME (1998) Effects of flavonoids

and vitamin C on oxidative DNA damage to human lymphocytes.
Am J Clin Nutr 67:1210-1218

. Gajecka M, Kujawski LM, Gawecki J, Szyfter K (1999) The

protective effect of vitamins C and E against B(a)P-induced
genotoxicity in human lymphocytes. J Environ Pathol Toxicol
Oncol 18:159-167

. Pitarque M, Creus A, Marcos R (2006) Analysis of glutathione and

vitamin C effects on the benzenetriol-induced DNA damage in
isolated human lymphocytes. ScientificWorldJournal 6:1191-1201

. Wilms LC, Claughton TA, de Kok TM, Kleinjans JC (2007)

GSTM1 and GSTT1 polymorphism influences protection against
induced oxidative DNA damage by quercetin and ascorbic acid in
human lymphocytes in vitro. Food Chem Toxicol 45:2592-2596

. Wormhoudt LW, Commandeur JN, Vermeulen NP (1999) Genetic

polymorphisms of human N-acetyltransferase, cytochrome P450,
glutathione-S-transferase, and epoxide hydrolase enzymes: rele-
vance to xenobiotic metabolism and toxicity. Crit Rev Toxicol
29:59-124



	Ascorbic acid and healthy lymphocytes: a way to explain anticancer activity?
	Conflict of interest
	References


