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Vitamin C’s essential role in DNA and histone demethylation and a
preclinical rationale for its therapeutic high-dose potential in renal

cell carcinoma
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Renal cell carcinoma (RCC) accounts for 2-3% of all
malignancies in adults and 85% of all cases of adult kidney
cancer (1). With an insidious disease course, nearly 25-30%
of patients will present with metastatic RCC (2). Otherwise,
30% of patients undergoing nephrectomy progress to
distant metastasis or local recurrence during follow-up (3).
It is important to be able to predict the risk of early RCC
recurrence (4,5). The last two decades have witnessed the
development of a number of targeted therapies including
tyrosine kinase inhibitors (TKIs) and mammalian target
of rapamycin (mTOR) inhibitors, but these advancements
have largely ignored first-line and subsequent therapies for
patients with metastatic RCC (6). It is clear that there is a
need for new therapy strategies in advanced RCC.

In the last issue of the Fournal of Clinical Investigation (7), the
authors, via Shenoy ez a/., analyzed 576 cases of primary
clear cell RCC (ccRCC), the most common cell type
in RCC. They also noted that samples with the loss of
5-hydroxymethylcytosine (ShmC) were strongly associated
with fulminant clinico-pathologic features and independent
adverse prognostic factor. Loss of ShmC could also predict
the reduced progression-free survival of non-metastatic
disease after resection. The study also provides a preclinical

rationale for exploring the therapeutic potential of ascorbic
acid (AA), especially in high doses, for ccRCC (7). In
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another study (8), the authors reported that ccRCC with
widespread aberrant cytosine methylation and loss of ShmC
was associated with recurrence. It is well-known that DNA
methylation at cytosine bases in the genome is tightly linked
to gene expression and modified cytosines, resulting in a
G/T mismatch, and has long been recognized as a hotspot
for mutations (9).

Shelar er al. noted that the reduced expression
of L-2-hydroxyglutarate (L-2-HG) dehydrogenase
(L2ZHGDH) in RCC cause the elevation of L-2-HG (10).
The authors simultaneously identified that elevations
of L-2-HG in RCC may mediate DNA and histone
demethylation in their study (10). In LZHGDH knockdown
model (6), the oncometabolite of L-2-HG accumulated
in the immortalized renal epithelial cells. Also, transfection
of wild type LZHGDH into LZHGDH deficient cancer cells
demonstrated a reduced migratory phenotype and growth
rate of the cancer cells (6). Otherwise, high L-2-HG tumors
demonstrated lower DNA levels of ShmC (11), and this
finding is consistent with L-2-HG-mediated inhibition
of ten eleven translocation (TET) enzymes to convert
S-methyleytosine (SmC) to ShmC (12). L2ZHGDH
reconstitution in RCC cells may decrease L-2-HG level
and promote ShmC accumulation (12). The TET enzymes

enhance oxidization of 5SmCs and promote locus-specific
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reversal of DNA methylation. TET genes, especially TET?2,
are frequently mutated in various cancers (11). As is known,
lower ShmC is related to a loss of TET activity and a
markedly lower level of ShmC is also noted in a variety
of human cancers (13-16). The loss of TET activity may
be as a result of down-regulation of TET gene expression,
inactivating mutations, or an insufficient supply of TET co-
factors, such as vitamin C. Appropriate vitamin C might
be important to the maintenance of normal ShmC levels.
More recent studies revealed that vitamin C addition
inspired DNA demethylation through enhanced TET
activity (17,18).

Vitamin C has various biologic effects in almost all
tissues of the body and enhances the activity of numerous
enzymes (19). Vitamin C deficiency has been suspected
to play a central role in carcinogenesis for more than
fifty years. In addition to this, several recent studies
have suggested that vitamin C in combination with
chemotherapy can enhance the effects of chemotherapy
and reduce the side effects (20), without affecting the
anti-cancer actions of the chemotherapy (21). These
studies also suggest an increased need for vitamin C in
cancer patients or individuals with epigenetic regulator
mutations (20). Interestingly, the reprograming cell
enriched with vitamin C presented diminished levels of
DNA cytosine methylation (18-21). Emerging functional
studies have made the prospective mechanisms of vitamin C
in varying cancer cells clear. The novel potential action of
vitamin C in cancer treatment is derived from the activation
of TET and Jumonji dioxygenases which remove the
methyl groups from DNA and histones (21-24), this process
is known as demethylation. Both pre-clinical and clinical
studies indicate that higher doses (>50 g/d) of intravenous
vitamin C, prescribed with more frequent dosing and with
the longer duration of over years rather than a few weeks or
months, exhibit enhanced efficacy and anti-cancer activity
(21,22); even lower doses (10 g/d) of intravenous vitamin C
can be sufficient for reducing symptoms of chemotherapy
side-effects and improving quality of life. In a study on
pre-leukemic clonal hematopoiesis, the investigators also
emphasized that adequate nutritional ascorbate might
compensate TET activity insufficiency (25).

Aberrant epigenetic regulation is a common finding in all
cancers and new drugs have been developed to improve the
catalytic activity of histone demethylases. We suppose that
the basic biologic functions of vitamin C, via the recovery
of methylation of DNA and histones, may have effects far
beyond treatment in ccRCC.
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