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Use of Oral N-Acetylcysteine for Protection of Melanocytic Nevi
against UV-Induced Oxidative Stress: Towards a Novel
Paradigm for Melanoma Chemoprevention
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Scott R. Florell,1 Tong Liu,4 Kenneth M. Boucher,2,4 and Douglas Grossman1,2,4

Abstract

Purpose: Induction of oxidative stress has been implicated in UV-induced melanoma.
We sought to determine whether the antioxidant N-acetylcysteine (NAC) could be safely
administered to protect melanocytic nevi from the oxidative stress resulting from acute
UV exposure.
Experimental Design: Patients at increased risk for melanoma were recruited from a
screening clinic. Induction and detection of oxidative stress (reactive oxygen species
and glutathione depletion) was optimized in nevi following ex vivo UV irradiation. Nevi
were removed from patients before, and following, oral ingestion of a single (1,200 mg)
dose of NAC, and then these nevi were UV irradiated (4,000 J/m2).
Results: Oxidative stress was induced in nevi 24 to 48 hours following ex vivo UV irradiation. A single oral dose of NAC was well tolerated in all patients (n = 72). Basal levels
of reduced glutathione and the NAC metabolite cysteine were well correlated between
similar-appearing nevi from the same patient and were significantly increased in nevi
removed 3 hours after NAC ingestion compared with nevi removed before drug ingestion. In approximately half (9 of 19) of patients tested, UV-induced glutathione depletion
was attenuated in the postdrug (compared with predrug) nevus.
Conclusions: NAC can be safely administered to patients for the purpose of modulating
UV-induced oxidative stress in nevi. This study suggests the feasibility of patients taking NAC prophylactically before acute UV exposure, to prevent pro-oncogenic oxidative stress in nevi and ultimately reduce long-term melanoma risk. (Clin Cancer Res
2009;15(23):7434–40)

Melanoma is a potentially lethal form of skin cancer, which
unfortunately in recent years has seen a dramatic increase in
incidence that has not been matched by the development of
effective therapies for patients with advanced disease (1). Although melanoma may arise directly from isolated melanocytes, a significant fraction of melanomas develop from nevi
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(or moles; ref. 2), which represent congenital or acquired
clonal neoplasms of melanocytes (3). Nevi are far less prevalent on sun-protected skin and their development is related to
sun exposure (4), which also is the major environmental risk
factor for melanoma (5). Patients can reduce the potentially
harmful effects of UV by limiting sun exposure and/or using
sunscreen, although some studies suggest that sunscreen use
may increase melanoma risk (6), perhaps due to increased
sun exposure in sunscreen users (7). Although sunscreens
are designed to prevent sunburn, it is unclear whether they
protect against all possible carcinogenic effects of UV exposure. Given these considerations, and the fact that most patients do not apply sunscreens properly (8), reliance on
sunscreen alone may be inadequate and there is need for additional preventive strategies.
UV in sunlight is a potent inducer of reactive oxygen species
(ROS) in the skin (9), which may damage intracellular constituents and deplete vital reductants such as glutathione (GSH;
ref. 10). Sustained oxidative stress can cause oxidative DNA
lesions that may result in oncogenic mutations if not repaired
by the DNA glycosylase OGG1 before DNA replication (11).
There is a good deal of correlative evidence suggesting that
one link between UV radiation and melanoma may lie in
the generation of oxidative damage (12). Interestingly, endogenous antioxidants are reduced in melanocytes isolated from
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Translational Relevance
We show that the antioxidant N-acetylcysteine
can be safely administered to patients for the purpose of modulating UV-induced oxidative resp onses i n n evi. Thi s work esta bli shes the
feasibility of a future in vivo trial to test whether
N-acetylcysteine can be taken prophylactically before acute UV exposure to reduce procarcinogenic
oxidative stress in nevi and skin. For patients at increased risk for melanoma, this strategy of episodic
drug administration, targeting a known oncogenic
pathway, would be predicted to reduce their longterm risk if applied over many years and sun exposures. If successfully implemented, such a strategy
would obviate many of the pitfalls inherent in most
conventional chemoprevention approaches. In addition to nevi, this strategy may confer oxidative protection to isolated melanocytes from which
melanoma may also arise. Finally, this novel chemopreventive strategy may be useful for other cancers triggered by known environmental stimuli.

melanoma patients (13), and increased ROS in melanoma cell
lines was found to correlate with more aggressive behavior
(14). Increased ROS has been linked to activation of Akt in
melanoma cell invasion (15) and viability (16). Mutations
in the melanocortin-1 receptor, which regulates UV-induced
ROS production and metabolism in melanocytes (17, 18),
are associated with melanoma predisposition (19). In the Xiphophorus fish model, the UV action spectrum for melanindependent oxidant production is identical to that for melanoma
induction (20). In addition, mutation or loss of OGG1 has been
associated with melanoma progression (21, 22). Finally, we
recently reported that the antioxidant N-acetylcysteine (NAC)
delays tumor development in an animal model of UV-induced
melanoma (23).
NAC is a highly potent, orally bioavailable cell-permeable
antioxidant that is deacetylated to L-cysteine (Cys) and then
converted to GSH (24). It is commercially available, inexpensive,
Food and Drug Administration approved for acetaminophen
toxicity (25), and more recently has been used to preserve lung
function in patients with idiopathic pulmonary fibrosis (26) and
to prevent contrast medium–induced nephropathy in patients
undergoing angioplasty (27). Additionally, topically applied
NAC was reported to reduce UV-mediated GSH depletion and
ROS induction in human skin (28).
Here, we show that NAC can be safely administered to patients for the purpose of modulating acute UV-induced oxidative stress in nevi.

Materials and Methods
Patients. This study was approved by the Institutional Review
Board of the University of Utah. Patients were recruited from our pigmented lesion clinic, in which patients with history of numerous or
atypical nevi, and/or personal or family history of melanoma are regularly monitored. Seventy-two patients (ages 24-73 y, 57% males) were
given NAC as part of this study. Patients that were under age 18 y, critically ill or mentally handicapped, prisoners, pregnant, non-English
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speaking, or having history of asthma or allergic reaction to NAC were
excluded. All patients signed a consent form to participate. Patients
were not charged for nevus removal or histologic examination, and
each was compensated $100 following their completion of the study.
Nevus tissues. Nevi (usually >6 mm in diameter to provide sufficient tissue for analysis) that were not suspicious for melanoma were
selected. In cases where two nevi were removed from the same patient,
nevi were selected with similar morphologies (color, shape, size) and
from similar body location to control for history of sun exposure. Nevi
were removed by shave technique, and then a representative 1 mm central slice was incised and submitted for routine histologic analysis; thus,
the tissue section examined by the dermatopathologist (S.R.F.) was
comparable with that which is normally viewed in a bisected specimen
(Supplementary Fig. S1). We have shown previously that the diagnostic
information present in one section of nevus could be extrapolated to
the remainder of the specimen without adverse consequences from a
diagnostic or therapeutic perspective (29). The remaining nevus fragments were grossly macrodissected from normal surrounding skin
and either untreated or immediately UV irradiated (described below),
and then placed in six-well dishes containing DMEM (supplemented
with 10% FCS, glutamine, and antibiotics) and cultured at 37°C in a
humidified atmosphere containing 5% CO2. We found that neither UV
irradiation nor the culture system disturbs the nevus architecture—if the
central portion of the nevus later proved histologically suspicious for
melanoma and the dermatopathologist requested to examine the entire
nevus, then these tissue fragments were retrieved from culture, formalin
fixed and processed for histology, and not used for further study.
UV, ROS, and oxidative damage. Nevus fragments were placed on
saline-soaked gauze, dermal side down, and either untreated or UV
irradiated (4 J/m2/s) in a fan-cooled box containing unfiltered sun
lamps (FS20T12-UVB, National Biological Corp.) emitting wavelengths of 250 to 420 nm (72.6% UVB, 27.4% UVA, 0.01% UVC)
as previously described (23). Endogenous ROS were quantified by addition of 20 μmol/L 2′,7′-dichlorodihydrofluorescein diacetate (Invitrogen) at 37°C. After 30 min, tissue fragments were rinsed in PBS,
blotted dry, and then homogenized for ∼2 min in a disposable Eppendorf tube with plastic pestle (Fisher Scientific) containing 100 to
200 μL lysis buffer (2% SDS, 50 mmol/L Tris and 7.5% glycerol), with
more buffer used for larger fragments. After centrifugation, 2 μL supernatant were subjected to bicinchoninic acid reaction (Thermo Fisher
Scientific) to quantify protein content, and fluorimetric analysis of
30 μg cell lysate (brought to 50 μL with lysis buffer) were done in
triplicate using a CytoFluor II plate reader (Perseptive Biosystems)
with excitation and emission wavelengths set at 485 and 535 nm, respectively. Staining of formalin-fixed paraffin-embedded nevus sections for nuclei (with 4,6-diamidino-2-phenylindole) and apoptotic
cells (Tdt-mediated dUTP nick end labeling) was done as we have described previously (30).
Determination of thiols. Following ex vivo culture, nevus fragments
were rinsed in PBS, blotted dry, weighed, and then stored at -80°C. Tissue thiols were derivatized with monobromobimane and analyzed by
reverse-phase chromatography using a protocol modified from one described previously (31) and reagents obtained from Sigma Co. Nevus
samples were transferred to disposable Eppendorf tubes with plastic
pestles as above, and manually homogenized in ice-cold 200 mmol/L
methanesulfonic acid (6.7 μL per mg tissue) for 1 min. One volume
4 mol/L sodium methane sulfonate was added, gently mixed, and then
centrifuged (×15,000 g) for 10 min at 4°C. Fifty microliters of supernatant were transferred to a fresh tube, to which was added 150 μL of a
freshly prepared solution consisting of 200 mmol/L N-2-hydroxyethylpiperazine-N′-3-propanesulfonic acid/methane sulfonate, 5 mmol/L
diethylenetriaminepentaacetic acid, and 3 mmol/L monobromobimane. After incubation for 10 min at room temperature in the dark,
14 μL of 1.5 mol/L methanesulfonic acid was added, and aliquots were
stored at -80°C.
Samples were diluted 1:10 and subjected to reverse-phase chromatography using a Luna 5u C18 100A column (Phenomenex). To separate
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reduced GSH, Cys, and NAC from the matrix peaks, the following gradient program with 100% methanol (mobile phase B) and 0.25% acetic
acid (pH 3.5; mobile phase A) was used: 0 to 5 min, 15% B; 5 to 15 min,
15 to 23% B; 15 to 45 min, 23 to 42% B; 45 to 65 min, 42 to 65% B; 65
to 67 min, 65 to 100% B; 67 to 70 min, 100% B; and 70 to 85 min, 100
to 15% B. The column was equilibrated 20 min at 15% B between runs.
Fluorescent-labeled thiols were detected using a multiwavelength fluorescence detector (model 2475, Waters) set at excitation and emission
wavelengths of 360 and 475 nm, respectively.
Using this protocol, the thiols (NAC, GSH, and Cys) could easily be
resolved from one another, but GSH eluted near another peak in the
nevus matrix (Supplementary Fig. S2). Its identity was confirmed by
comparing the chromatograms of derivatized lysates to those of samples added to derivatized chemically pure NAC and GSH (Sigma),
which revealed a symmetrical increase in these thiol peaks (Supplementary Fig. S2). As a control, derivatization of a nevus lysate pretreated with iodacetamide (which alkylates thiol residues but is not
detectable by fluorescence analysis) reduced the thiol peaks by 94%
(data not shown). The stability of the derivatized thiols was determined at room temperature in the auto sampler. No significant
change was seen in the peak area values of the standards or thiols
in samples that were rerun 24 hours later.
N-acetylcysteine. NAC solution (NAC, 200 mg per mL solution,
American Regent) obtained from our hospital pharmacy was diluted
∼1:4 in tomato juice (to mask salty taste) immediately before use.
Statistics. Statistical analysis was done using Prism 3.0 (Graphpad)
and R 2.8.0 (R Foundation for Statistical Computing) software. P values
of <0.05 were considered statistically significant.

Results
UV-induced oxidative responses in nevi. To avoid any potential risks of exposing patients to UV radiation, we developed an
ex vivo experimental system for evaluating UV-induced oxidative
stress in nevi. Following removal from the patient, nevi were
dissected into representative fragments (Supplementary
Fig. S1), which were either untreated or UV irradiated, and then
cultured in an incubator. Under our culturing conditions, nevi
remained viable for up to 72 hours (Fig. 1A). Following UV
irradiation at 4,000 J/m2, no inflammatory cells were present
at 6 hours, but by 24 hours, a marked inflammatory response
was evident (Fig. 1A). Interestingly, these inflammatory cells
must have arisen from blood and lymphatic vessels in the dermal component of the specimen. By 48 hours, cells with hyperchromatic and pyknotic nuclei could be seen (Fig. 1A), and the
presence of apoptotic cells could be detected by Tdt-mediated
dUTP nick end labeling staining (Supplementary Fig. S3). Despite these changes, tissue architecture in UV-irradiated nevi
was preserved for up to 48 hours, allowing sufficient time
either to obtain a histologic diagnosis on the originally submitted portion, or to submit the UV-irradiated tissue so this remainder of the lesion could also be examined. In this way,
we were able to initiate our studies of UV responses in nevi immediately following removal of the lesion. Following treatment
of nevi with 4,000 J/m2, ROS levels were slightly decreased at
24 hours but significantly elevated at 48 hours compared
with fragments from the same nevi that were not irradiated
(Fig. 1B). Under these same conditions, GSH content was significantly lower at both 24 and 48 hours compared with that measured in corresponding unirradiated nevus fragments (Fig. 1C).
We initially evaluated a range of UV doses (400-4,000 J/m2) for
the capacity to induce oxidative stress, but found that the highest
dose appeared to be optimal and that lower doses were not suf-
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ficient to induce detectable ROS accumulation and GSH depletion in this experimental system (data not shown). This UV dose
is not out of the range of physiologic relevance, as we determined that a single dose of 4,000 J/m2 is comparable with 4
to 5 hours of summertime sun exposure based on the average
UV index in Utah.5 Thus, we have developed a convenient system for assessing modulation of oxidative stress in human nevi
induced by UV exposure. Our intention was to use this ex vivo
system to evaluate NAC-mediated protection against acute UVinduced oxidative stress in nevi.
Safety of oral NAC and detection in nevi. In the course of
these studies, 72 patients were given a single oral dose of
NAC. The first two patients received 600 mg, and all 70 subsequent patients received 1,200 mg. Because the 600 mg dose was
well tolerated in the first two patients, the remaining patients
were given the higher dose of 1,200 mg to increase likelihood
of observing a pharmacologic effect. All patients were surveyed
by telephone following drug ingestion to assess potential side
effects such as nausea and itching (25), and no adverse reactions
were reported. In all cases, the drug was well tolerated, confirming the safety of single oral high-dose NAC administration.
We were unable, however, to detect significant levels of NAC
in nevi 1.5 to 24 hours following drug ingestion (data not
shown). This was likely due to its rapid metabolism and ease
of oxidation before analysis, and is consistent with a previous
study in mice in which NAC could not be detected in animals
given a comparable dose (32). Because NAC is metabolized to
Cys and incorporated into GSH (24), we reasoned that both
Cys and GSH may be informative surrogate markers for NAC
delivery to nevus tissues.
Internevus variability in oxidative biomarkers. We felt it was
important, in determining parameters for suitable drug delivery to nevi, to use a “predrug” nevus as a reference to control
for interpatient variability. We realized such an approach,
however, could be flawed if there were significant variation
between nevi in individual patients. Thus, our next step was
to assess internevus variability with respect to particular biomarkers that would be used to assess drug delivery (Cys,
GSH content). We measured basal Cys and GSH levels in pairs
of nevi from eight patients (Fig. 2A, left), and found that although content of these markers varied considerably between
nevi from patient to patient, there was very good correlation
of both Cys and GSH levels among similar-appearing nevi in
each patient (Fig. 2A, right).
NAC delivery to nevus tissues. To investigate NAC delivery to
nevus tissues in these patients, we removed a nevus just before
drug ingestion and a second nevus either 1.5, 3, 6, or 24 hours
later (Fig. 2B, left). These time points were chosen given the reported half-life of NAC in humans of 5.6 hours (25). We analyzed predrug and “postdrug” nevi from a group of patients for
content of Cys and GSH, and found significant increases in
both of these thiols in postdrug nevi 3 hours after NAC ingestion. But by 6 hours, these biomarkers had returned to levels in
the predrug nevi (Fig. 2B, right). Thus, following a single dose of
1,200 mg NAC, we were able to detect increased levels of drug
metabolites (Cys, GSH) in nevus tissues.
NAC-mediated protection against UV-induced oxidative
stress. Having optimized the parameters for inducing oxidative
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Fig. 1. Inflammatory and oxidative
responses in human nevi following
ex vivo UV irradiation. A, fragments
from an individual nevus were
untreated or UV irradiated (4,000 J/m2),
then at the indicated time points,
formalin-fixed and paraffin-embedded
sections were stained with H&E
(original magnification, ×400).
Inflammatory cells are recognized by
their small size and dark nuclei.
B, fragments from individual nevi were
untreated or UV irradiated (4,000 J/m2),
then ROS levels in protein equivalent
lysates were measured by 2′,7′dichlorodihydrofluorescein diacetate
fluorescence either 24 h (n = 5 nevi) or
48 h (n = 7 nevi) later. For each nevus,
fluorescence value for the UV-treated
fragment was normalized to the
untreated fragment, which was set at 1.
*, P < 0.001 (two-tailed one sample
t test). C, fragments from individual
nevi were untreated or UV irradiated
(4,000 J/m2), then GSH content
(normalized to nevus weight) was
measured by chromatography coupled
with fluorescence detection either
24 h (n = 6 nevi) or 48 h (n = 4 nevi)
later. For each nevus, GSH content for
the UV-treated fragment was
normalized to the untreated fragment,
which was set at 100. *, P < 0.001;
**, P = 0.008 (two-tailed one
sample t tests).

stress (UV dose, incubation time) and delivering NAC to nevi
(drug dose, time), we used this experimental system to examine
whether oral NAC could confer protection against UV-induced
oxidative stress. Two similar-appearing nevi were removed from
patients, one immediately before and another 3 hours following
ingestion of 1,200 mg NAC (Fig. 3A). Fragments from each nevus were either untreated or UV irradiated (4,000 J/m2), then
incubated for 24 hours (n = 8 patients) or 48 hours (n = 11 patients). We chose to examine nevi both 24 and 48 hours following UV treatment because we had observed UV-induced GSH
depletion at both time points (Fig. 1C). At the end of the culture
period, GSH content was measured in each fragment, and percent UV-induced GSH depletion was determined for each nevus
(Fig. 3A). We found protection against UV-induced oxidative
stress (less GSH depletion) in ∼50% of patients (Fig. 3B).

Discussion
Our previous studies implicated UV-induced oxidative stress
as a causative oncogenic insult in an animal model of melanoma, and suggested that the antioxidant NAC may be useful
as a chemopreventive agent in human melanoma (23). Here,
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we describe an ex vivo system for studying UV-induced oxidative stress in human nevi, and have used this system to test
whether NAC orally administered to patients can protect their
nevi against UV-induced oxidative stress. We found in ∼50%
of patients that nevi removed 3 hours following a single
1,200-mg dose of NAC, compared with matched nevi removed just before drug ingestion, were less susceptible to
UV-induced GSH depletion. Our results show the potential
utility of NAC in protecting against procarcinogenic oxidative
stress induced by UV exposure, and further suggest and support a novel paradigm for melanoma chemoprevention, as
discussed below.
Given the potent antioxidant capacity of NAC and our ability
to optimize its delivery to nevi in vivo, one might have expected
a higher rate of efficacy in our model system. There are several
variables, however, which we did not account for that may have
affected either UV-induced oxidative stress or NAC-mediated
protection. First, we do not have genotyping information on
our patients for melanocortin-1 receptor, which regulates both
UV-induced ROS production and metabolism in melanocytes
(17, 18). Although we attempted to control for the degree of
UV-induced oxidative stress by incorporating a predrug nevus
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from the same patient, it is possible that melanocortin-1 receptor polymorphisms in some patients may have resulted in a different spectrum and/or levels of ROS or antioxidant response
that may be more refractory to NAC protection. In addition,
we did not alter drug dosage based on patient weight, nor account for whether the drug was taken immediately before or
following eating, which may have affected drug efficacy. It is
also important to note that we assumed that optimal conditions for drug delivery to nevi were similarly optimal for restoration of depleted GSH. Although we may not have fully
optimized the experimental conditions, the fact that we did observe a protective effect in a number of patients does satisfy a
proof-of-principle that NAC may protect nevi against oxidative
stress if taken in advance of UV exposure.
According to recent United States–based epidemiologic
studies, melanoma is more common and increasing at a faster rate in men than in women (33). Although the basis for
these trends is unclear, we note that markers of systemic oxidative stress such as γ-glutamyltransferase (34) are increased
in males compared with females (35). Moreover, animal
studies revealed that females appear to be protected against
oxidative stress due to endogenous estrogens (36). Interestingly, we found that 3 of 10 (30%) nonresponders and 1
of 9 (11%) responders (Fig. 3B) were female, suggesting
the possibility that female sex may be a predictor of nonresponsiveness to NAC in our patients. However, the higher
rate of male responders (odds ratio, 3.2; 95% confidence interval, 0.20-202) was not statistically significant (P = 0.58).
We will be able to pursue this question further in a larger
future study (see below).

There are many obstacles associated with a conventional
chemoprevention approach for cancer, which usually involves
chronic drug administration (Fig. 3C). First, it is difficult to
maintain and monitor patient compliance for an extended period of time. In addition, there may be unpredictable toxicities
associated with chronic ingestion of any agent. Even if informative biomarkers are available and assessed at intermediate
time points to monitor drug delivery and action, it is generally
not possible to assess clinical benefit until the end of the trial
(i.e., did the patients in the experimental/intervention group
develop less cancer?). Another potential problematic consideration is that the chemopreventive agent may not be administered in conjunction with the specific oncogenic stimulus,
which for many cancers is unknown (Fig. 3C). For melanoma,
the long latency time and low (annual) risk of tumor development are such that large numbers of patients would need to
be treated and monitored for many years to determine whether a
given preventive agent is effective. Finally, a combination of
these factors may yield unanticipated adverse (or paradoxical)
results as observed in various prevention trials of antioxidants
(37). For example, patients who took β-carotene and retinol
for 2 years exhibited an increased risk (relative risk, 1.38) of
lung cancer (38), and a French study recently reported that
mixed antioxidant supplementation over 7 years was associated with increased risk (hazard ratio, 1.68) of skin cancer in
women (39).
Several agents targeting oxidative stress have been considered for melanoma chemoprevention (40). These include epigallocatechin-3-gallate (EGCG), a polyphenol antioxidant
present in green and black teas, which decreases inflammation

Fig. 2. Internevus correlation
of oxidative biomarkers, and
NAC-mediated oxidative modulation in
nevi. A, two similar-appearing nevi
were removed from individual patients
(n = 8), and Cys and GSH content
(normalized to nevus weight) was
determined (left). For each patient,
values for Cys (left plot, ○) and GSH
(right plot, ) are expressed as a single
data point reflecting each pair of nevi
(nevus A, abscissa; nevus B, ordinate).
Dotted lines, theoretical correlation
where data points should fall for pairs
of nevi with identical values. For
Cys measurements, correlation
coefficient (r) is 0.77 (95% confidence
interval, 0.14-0.95; P = 0.03). For GSH
measurements, correlation coefficient
(r) is 0.69 (95% confidence interval,
-0.03 to 0.94; P = 0.06). B, two
similar-appearing nevi were removed
from individual patients immediately
before, and either 1.5, 3, 6, or 24 h
(n = 5-6 at each time point) following
ingestion of 1,200 mg NAC (left).
Cys and GSH content (normalized to
nevus weight) were determined for
each nevus, and data expressed
as percent increase in postdrug versus
predrug nevus (right). *, P = 0.047;
**, P = 0.016 (Wilcoxon signed-rank
tests).
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Fig. 3. NAC-mediated protection against UV-induced oxidative stress suggests potential utility of novel paradigm for melanoma chemoprevention. A, two
similar-appearing nevi were removed from 19 patients immediately before and 3 h following ingestion of 1,200 mg NAC. Fragments of each nevus
were either untreated or UV irradiated (4,000 J/m2), then cultured for either 24 h (8 patients) or 48 h (11 patients). GSH content (normalized to nevus weight)
was determined for each nevus fragment. B, data expressed as percent UV-induced GSH depletion (UV treated versus untreated) in fragments of
predrug nevi (open columns) and postdrug nevi (filled columns) from each patient. For nevi cultured 24 h, there was protection (i.e., less GSH depletion) in
3 of 8 patients (left); for nevi cultured 48 h, there was protection in 6 of 11 patients. C, schematic illustrating proposed novel paradigm for melanoma
chemoprevention based on these pilot studies. Patients could take NAC in anticipation of sun exposure, to protect their nevi and other skin melanocytes from
UV-induced oxidative stress (bottom), and reduce their long-term risk of melanoma if applied over many years and sun exposures. This approach
would circumvent the major pitfalls of conventional chemoprevention (top) by timing drug administration with activation of a relevant oncogenic pathway,
and episodic drug ingestion would avoid potential deleterious effects that may be associated with chronic use of any drug.

and induces cell cycle arrest and apoptosis in vitro (41, 42).
Orally delivered EGCG has also been shown to inhibit tumor
promotion and metastasis in a mouse melanoma model (43).
Although these data for EGCG are encouraging, a prospective
cohort study in postmenopausal women found no association
between tea drinking and melanoma incidence (44). Other
proposed antioxidants for melanoma chemoprevention include vitamin E, β-carotene, lycopene, flavonoids, resveratrol,
and selenium, but as with EGCG, there is lack of compelling
data in humans (40). Moreover, the proposed use of these
agents would be subject to all the obstacles associated with
conventional chemoprevention regimens noted above.
The antioxidant NAC has not been formally tested as a chemopreventive agent in melanoma. Our data, however, suggest
that NAC may be useful—not in a conventional chemoprevention protocol, but rather as a chemopreventive agent in the
context of acute UV exposure. A chemoprevention strategy in
which NAC is taken episodically, rather than chronically, in
anticipation of sun exposure, would bypass most of the obstacles associated with conventional chemoprevention. We envision that patients with nevi, who are at increased risk for
melanoma (45), could take NAC as a prophylactic “sunburn
pill” in anticipation of sun exposure to protect their nevi
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against UV-induced oxidative stress (Fig. 3C). If successfully
implemented, this strategy would have a presumed benefit, because a reduction in pro-oncogenic oxidative stress in nevi
over the course of many UV exposures would be predicted
to decrease long-term (lifetime) melanoma risk. In addition,
there would be less oxidative damage over time in isolated
melanocytes, from which the majority of melanomas arise (2).
This study paves the way for a formal trial in which NACmediated protection could be assessed in the context of incident (in vivo) UV exposure, which would better represent the
setting in which most people acquire UV-induced oxidative
stress in their skin and nevi over time. Finally, we note that this
novel chemopreventive strategy may be useful for other cancers
triggered by known environmental stimuli.
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