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Ultraviolet radiation (UV) from sunlight is a known carcinogen

synthesis consumes cysteine, which is an integral part of GSH, and

induced by UV are the UV-signature, cytosine to thymine transitions,

well characterized so far. Such adducts can alter cellular physiology

for skin cancers and skin is the largest human organ in direct
contact with sunlight’s UV. Majority of carcinogenic mutations

generated from the DNA adducts called Cyclobutane Pyrimidine
Dimers (CPDs) [1-3]. Skin has specialized cells called melanocytes
that produce melanin, a pigment known to be a potent shield

against UV exposure. Contradicting the photoprotective properties
of melanin, we discovered that melanin itself is oxidized by

combinatorial activity of Nitric Oxide Synthase (NOS) and NADPH

Oxidase (NOX). This oxidation produces Reactive Carbonyl Species
(RCS) in excited triplet state that generate CPDs in complete
absence of UV. The role of this pathway, which we named “melanin

chemiexcitation” [4] remains under-represented in melanoma
which is one of the deadliest of all skin cancer types.

UV exposure induces NOS and NOX activity in addition

to inducing skin pigmentation as a sunscreen. This pigment

is plausibly used as a raw material for ongoing melaninchemiexcitation. This “loop” explains some contradictory aspects
of melanoma biology. For example, why is melanin required
for melanomagenesis [5] and why is melanoma spontaneously

induced in an MC1R truncated, BRAFV600E mutated mouse models
[6]? Besides the oxidative DNA damage held responsible in both
the studies, we predict a predominant contribution from melanin-

chemiexcitation mediated generation of mutagenic/carcinogenic

CPDs. This is because we observed endogenous NOS and NOX
activity in melanocytes, leading to ~ 3 fold higher CPD generation

in dark (absence of UV) in case of the mice with golden fur (MC1R
variants) [4]. Further, recently we discovered genomic sites that

the non-cancerous nevi (moles) are rich in pheomelanin. RCS are

predicted to form adducts with DNA and proteins which are not
either through DNA damage/gene expression deregulation, or

through protein dysfunctions. Notably, the chemical scavengers of
carbonyl compounds are known to induce spontaneous apoptosis
in melanoma.

In conclusion, it is evident that melanin-chemiexcitation

pathway is a “non-classical” melanoma carcinogen. Contradictory

to “sun-shielding” properties” we propose that melanin is also a
central regulator of melanoma initiation and progression. We also

propose a unidirectional positive loop in melanoma where, NOS

and NOX mediated chemiexcitation generates carcinogenic CPDs,
carbonyls derive melanoma through DNA and protein adducts, and
NOS mediated promotion of melanin synthesis (not discussed here)
provide melanin as a raw material for melanin chemiexcitation.
Detailed

chemiexcitation is a major contributor of melanomagenic DNA
damage and melanomagenic mutations.

Carbonyl compounds have been detected in vivo and are

known to be highly reactive. After losing their triplet energy to
DNA and generating CPDs, the melanin-carbonyls produced by

melanin-chemiexcitation will still be highly reactive. Carbonyls are

known to deplete glutathione (GSH) [8,9] and we have observed
reduced GSH/GSSG ratios in response to UV exposure, specifically
in pigmented cells. Moreover, pheomelanin (golden pigment)

of

melanin-chemiexcitation,

melanin

carbonyls, and carbonyl adducts with DNA and proteins will

identify novel targets for new drugs against skin cancers including
melanoma.

Acknowledgement
This work was supported by Institutional startup fund from

Moffitt Cancer Center & Research Institute to Dr. Sanjay Premi.

Bibliography
1.

are ultrasensitive to CPD formation from direct UV exposure and
indirectly through melanin-chemiexcitation [7]. Thus, melanin-

investigation

2.

3.

4.

Krauthammer M., et al. “Exome sequencing identifies recurrent somatic RAC1 mutations in melanoma”. Nature Genetics
44.9 (2012): 1006-1014.
Hodis E., et al. “A landscape of driver mutations in melanoma”.
Cell 150.2 (2012): 251-263.

Brash DE. “UV signature mutations”. Photochemistry Photobiology 91.1 (2015): 15-26.

Premi S., et al. “Photochemistry. Chemiexcitation of melanin
derivatives induces DNA photoproducts long after UV exposure”. Science 347.6224 (2015): 842-847.

Citation: Sanjay Premi. “Carcinogenicity of “Photoprotective” Skin-Pigments”. Acta Scientific Cancer Biology 4.8 (2020): 10-11.

Carcinogenicity of “Photoprotective” Skin-Pigments

5.

6.

7.

8.

9.

Noonan FP., et al. “Melanoma induction by ultraviolet A but
not ultraviolet B radiation requires melanin pigment”. Nature
Communications 3 (2012): 884.

Mitra D., et al. “An ultraviolet-radiation-independent pathway
to melanoma carcinogenesis in the red hair/fair skin background”. Nature 491.7424 (2012): 449-453.
Premi S., et al. “Genomic sites hypersensitive to ultraviolet radiation”. Proceedings of the National Academy of Sciences of the
United States of America 116.48 (2019): 24196-24205.

Li W., et al. “Acute carbonyl stress induces occludin glycation
and brain microvascular endothelial barrier dysfunction: role
for glutathione-dependent metabolism of methylglyoxal”. Free
Radical Biology and Medicine 54 (2013): 51-61.

Okouchi M., et al. “Preservation of cellular glutathione status
and mitochondrial membrane potential by N-acetylcysteine
and insulin sensitizers prevent carbonyl stress-induced human brain endothelial cell apoptosis”. Current Neurovascular
Research 6.4 (2009): 267-278.

Assets from publication with us
•

Prompt Acknowledgement after receiving the article

•

Issue of Publication Certificate

•
•
•

Thorough Double blinded peer review
Rapid Publication

High visibility of your Published work

Website: https://www.actascientific.com/

Submit Article: https://www.actascientific.com/submission.php
Email us: editor@actascientific.com
Contact us: +91 9182824667

Citation: Sanjay Premi. “Carcinogenicity of “Photoprotective” Skin-Pigments”. Acta Scientific Cancer Biology 4.8 (2020): 10-11.

11

