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Abstract

Broccoli sprout extract containing sulforaphane (BSE-
SFN) has been shown to inhibit ultraviolet radiation–
induced damage and tumor progression in skin. This study
evaluated the toxicity and potential effects of oral BSE-SFN
at three dosages. Seventeen patients who each had at least 2
atypical nevi and a prior history of melanoma were ran-
domly allocated to 50, 100, or 200 mmol oral BSE-SFN
daily for 28 days. Atypical nevi were photographed on days
1 and 28, and plasma and nevus samples were taken on
days 1, 2, and 28. Endpoints assessed were safety, plasma
and skin sulforaphane levels, gross and histologic changes,
IHC for phospho-STAT3(Y705), Ki-67, Bcl-2,HMOX1, and
TUNEL, plasma cytokine levels, and tissue proteomics. All
17 patients completed 28 days with no dose-limiting

toxicities. Plasma sulforaphane levels pooled for days 1,
2, and 28 showed median postadministration increases
of 120 ng/mL for 50 mmol, 206 ng/mL for 100 mmol, and
655 ng/mL for 200 mmol. Median skin sulforaphane levels
on day 28were 0.0, 3.1, and 34.1 ng/g for 50, 100, and 200
mmol, respectively. Plasma levels of proinflammatory cyto-
kines decreased from day 1 to 28. The tumor suppressor
decorin was increased from day 1 to 28. Oral BSE-SFN is
well tolerated at daily doses up to 200 mmol and achieves
dose-dependent levels in plasma and skin. A larger efficacy
evaluation of 200 mmol daily for longer intervals is now
reasonable to better characterize clinical and biological
effects of BSE-SFN as chemoprevention for melanoma.
Cancer Prev Res; 11(7); 1–10. �2018 AACR.

Introduction
Despite public health efforts to promote ultraviolet radi-

ation avoidance and sun-protective behaviors, the annual
incidence of melanoma continues to rise faster than that of
any other of the sevenmost common cancers. Melanoma is
currently the sixth most frequently diagnosed cancer in the
United States (1), and although it comprisesonly4%of skin
cancer cases, it is responsible for 80% of skin cancer–related
deaths (2). An important risk factor for melanoma is the
presence of atypical (formerly known as dysplastic) nevi,
which are pigmented lesions that, although benign, share
several clinical features with melanoma, such as larger size
(usually�6mm), border irregularity, and color variegation
(3, 4). Atypical nevi can be sporadic or associated with
familial syndromes, such as the familial atypical multiple-
mole melanoma (FAMMM) syndrome (4, 5).
Although most atypical nevi do not progress to mela-

noma, having multiple atypical nevi is associated with a
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significantly increased risk of melanoma, with FAMMM
syndrome conferring a lifetime risk between 28% and
69% (6, 7). In addition, patients with atypical nevi and
a prior history of melanoma have an approximately 8-fold
increased risk of developing newmelanoma (8). For high-
risk patients such as these, ultraviolet radiation–protective
measures alone are insufficient as a preventive strategy,
and risk-modifying therapies such as chemoprevention
are reasonable to develop. Chemoprevention as applied
to melanoma may use natural or synthetic agents to
delay, reverse, or suppress premalignant lesions from pro-
gressing to invasive cancer and can include primary pre-
vention for high-risk individuals without a history of
melanoma or secondary or tertiary prevention in those
with premalignant lesions or cured malignancies, respec-
tively (9). Although many candidate agents, including
lipid-lowering statins andfibrates, retinoids, NSAIDs, cyto-
kines and IFNs, and vitamin E have shown promise in
laboratory and early population studies, most have not
been studied in randomized controlled trials, and their use
as chemopreventive agents is not currently supported by
the available data (10, 11).
Epidemiologic studies have demonstrated an inverse

correlation between consumption of cruciferous vegeta-
bles and the risk of cancer at multiple organ sites (12–15).
This protective effect is attributed to organic isothiocya-
nates derived from glucosinolates found in cruciferous
vegetables. Sulforaphane is an isothiocyanate that has been
well studied for its anticancer properties, which have been
attributed to its effects onmultiple cellular targets involved
in the initiation (inhibition of drug metabolizing phase I
enzymes and induction of phase II enzymes), promotion
(induction of apoptosis and cell-cycle inhibition), and
progression (inhibition of angiogenesis and metastasis)
of cancer development (16–18). One such target, STAT3, is
known to be activated in the progression ofmelanoma and
other solid tumors (19–22), and its modulation by IFNa-
2b has been shown to play a central role in the neoadjuvant
antitumor effect of this therapy in metastatic melanoma
(23–25). Constitutive activation of STAT3 has also been
demonstrated in atypical nevi and correlates with the
degree of pathologic atypia observed (25).
Topical application of broccoli sprout extract containing

sulforaphane (BSE-SFN) has been shown to modulate
STAT3 activity in cancer cells, inhibit chemically induced
skin tumors and reduce ultraviolet radiation–induced skin
erythema in mice and humans (25–28). BSE-SFN has also
been shown to induce the transcription factor Nrf2, which
enhances the expression of cytoprotective enzymes such as
heme oxygenase 1 (HMOX1), GST, and NAD(P)H:qui-
none oxidoreductase 1 (28). Oral preparations of BSE-SFN
have the added advantage of systemic modulation of
precursor lesions, greater ease of administration, improved
patient adherence, and reduced overall costs. For patients
with large numbers of atypical nevi for whom topical

application would be impractical, oral preparations are a
more feasible alternative. This study used an oral formu-
lation of BSE-SFN developed by Talalay and colleagues
extracted from Brassica oleracea and analyzed for the con-
centration of isothiocyanates and glucosinolates using
previously described methods (29–31). This formulation,
administered as a gel capsule, contains 20 to 50 times the
glucosinolate precursors found in mature plants and has
been shown to be well tolerated by humans with no
adverse effects or drug interactions with doses up to 200
mmol (31, 32). In this study, we evaluate the feasibility of
oral BSE-SFN administration for patients at elevated risk
formelanomaat threedosages spanning the range reported
in the literature (31, 33–35), document the resulting
sulforaphane levels in plasma and, for the first time, in
skin, and report preliminary observations of its biological
impact upon atypical nevi.

Materials and Methods
Patient selection
Eligible patients had at least two clinically atypical nevi

�4mm in diameter and a previous diagnosis of cutaneous
melanoma. None had received any form of systemic anti-
neoplastic treatment for melanoma within a year prior to
day 1 of treatment in this study. Subjects were at least 12
years of age and did not have any known allergies to
cruciferous vegetables; all agreed to abstain from dietary
sources of glucosinolates and isothiocyanates beginning 3
days prior to the study and throughout the duration of the
active study (28 days). Participants were asked to keep a
food diary and to record instances of accidental ingestion
of these foods and were removed from the study if this
occurred more than 7 times. Patients with clinically sig-
nificant abnormalities on initial complete blood count or
completemetabolic panel or positive serumpregnancy test
were excluded.

Study design
The study population was randomly divided into three

dosage groups receiving 50, 100, and 200 mmol of oral
BSE-SFN once daily for 28 days. Randomization was strat-
ified by the number of atypical nevi on each patient to
ensure each arm contained a roughly equal number of
patients with various numbers of atypical nevi. Patients
were instructed to take eachdose at 10am�2hours prior to
consumption of other foods and fluids, and to fast after
midnight on days preceding skin biopsy. Prior to starting
treatment, 2 to 6 atypical nevi �4 mm in diameter were
photographed for each subject and ranked visually in
descending order of clinical features of atypia. Any nevi or
lesions suspicious for incipient melanoma were removed
and not intended for study. Excisional or large punch
biopsy of an atypical nevus and surrounding normal skin
was performed on days 1 and 28 at 2 hours � 30 minutes
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after administration of BSE-SFN. An additional biopsy was
done on day 2 for patients with �3 atypical nevi. Photo-
graphic documentation was obtained prior to each biopsy.
Blood samples were drawn on days 1, 2 (if biopsy was
done), and 28 before and 2 hours � 30 minutes after
administrationofBSE-SFN. Informedconsentwasobtained
from all study participants prior to enrollment. This study
was approved by the University of Pittsburgh Institutional
Review Board (protocol 10-114) and performed under
Investigational New Drug (IND) number 112691.

Laboratory methods
Sample preparation.After biopsy, skin samples were imme-
diately immersed in saline andheld on ice. Specimenswere
evaluated and thendissectedby adesignatedpathologist or
dermatopathologist of the Melanoma Program of the
UPMC Hillman Cancer Center (Pittsburgh, PA). Part of
the atypical nevus was used to confirm the diagnosis, and
the remainder was immediately snap-frozen in liquid
nitrogen at �140�C, with the remaining nevus tissue used
in IHC and other molecular analyses and the surrounding
normal skin used to assess tissue sulforaphane levels.
Blood samples taken pre- and post–BSE-SFN administra-
tionwere collected in 6mLK2EDTA lavender top tubes (BD
Hemogard, 367863). Samples were centrifuged at 2,000�
g for 10 minutes at 4�C, and plasma was subsequently
stored at �80�C until analyzed.

Determination of sulforaphane levels in plasma and skin.
Sulforaphane levels in plasma were measured using a
liquid chromatographic-tandem mass spectrometric assay
based on previously publishedmethods (36). To 100 mL of
plasma sample, [D8]-sulforaphane (TorontoResearchChe-
micals, S699117) was added, followed by 500 mL of
methanol for protein precipitation. This method had a
dynamic range of 10 to 3,000 ng/mL for plasma. There was
a significant difference between freshly prepared quality
control samples relative to same quality controls processed
after being frozen at�80�C. Up to three freeze-thaw cycles
were tested and shown to result in appropriate assay
performance. To correct for this and allow analysis of the
clinical samples that were kept frozen until analyzed, all
standard calibrators were prepared the day prior to analysis
and stored at �80�C to be run along with frozen quality
control samples. On the basis of quality control samples at
10, 25, 250, and 2,500 ng/mL, the precision ranged from
2.0% to 7.2% and the accuracy ranged from �12.0%
to 11.6%. The normal skin portion of each skin biopsy
was homogenized with 4 parts (v/g) of PBS and analyzed
as described for plasma. Tissue sulforaphane concentra-
tions were adjusted to account for this dilution during
sample preparation.

IHC and other molecular methods. Snap-frozen nevus
tissues were embedded in optimal cutting temperature

compound then sectioned at 4 to 5 mm and fixed in
acetone. IHC staining of phospho-STAT3 (Y705; hereafter
referred to as pSTAT3), Ki-67 (proliferation marker), and
Bcl-2 (antiapoptotic marker) was performed as described
previously (36, 37). For biopsies with sufficient tissue,
staining for HMOX1 (downstream target of Nrf2) was also
performed. The sections were then counterstained with
hematoxylin and examined. Evidence of apoptosis in
nevus specimens was evaluated using the ApopTag Plus
Peroxidase In Situ Apoptosis Kit (Millipore, S7101), a
terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay. For each IHC stain, positive con-
trols were performed, but negative controls were not per-
formed as no unexpected findings were revealed, in
accordance with institutional protocols. Staining for
pSTAT3, Ki-67, Bcl-2, HMOX1, and TUNEL in nevic
melanocytes, keratinocytes, lymphocytes, and endothe-
lial cells was determined independently by a pathologist,
with day 1, 2, and 28 samples compared in a blinded
fashion. Staining for pSTAT3, Bcl-2, and TUNEL was
graded as very strong (4þ), strong or positive (3þ),
moderate or weakly positive (2þ), less or few positive
(1þ), or negative (0); Ki-67 and HMOX1 were graded as
positive (1þ) or weakly positive or negative (0).
Cytokine concentrations were measured in plasma on

day 1 pretreatment and on day 28 posttreatment in dupli-
cate using the Cytokine Human 30-Plex Panel for Luminex
Platform (Invitrogen, LHC6003). Concentrations were
determined with the kit standard curves per the manu-
facturer's instructions, and concentrations below the lower
limit of quantification (LLQ) were taken to equal zero.
The UPMC Hillman Cancer Center Immunologic Moni-
toring and Cellular Products Laboratory participates in
Luminex external proficiency panels to ensure optimal
data quality. Pairs of nevus tissue from 6 patients on
days 1 and 28 were used for proteomic analysis by two-
dimensional gel electrophoresis followed by matrix-
assisted laser desorption/ionization—time-of-flight mass
spectrometry as described by us previously (38). Details
of tissue processing, CyDye labeling, two-dimensional
gel electrophoresis, image scan and data analysis, spot
picking and trypsin digestion, andmass spectrometry were
the same as described previously (38).

Assessment of gross morphologic response. Paired photo-
graphs of atypical nevi for each subject at baseline and on
day 28 were evaluated using digital image analysis for
changes in ABCD features including size parameters (i.e.,
area, perimeter, diameter), shape asymmetry, border irreg-
ularity, and color asymmetry. Amillimeter-scaled rulerwas
included in each photograph for scale. The borders of the
nevi were defined using supervised segmentation and used
to compute size parameters. Color asymmetrywas assessed
by comparing the change of the mean color saturation
across the four quadrants of the nevi, defined by the major
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and minor axes. Shape asymmetry was assessed by calcu-
lating the ratio of pixels outside the symmetric compo-
nents of the nevi to those pixels within the symmetric
components of the nevi (i.e., portions that completely
overlap when the nevus is folded across the major and
minor axes). Border irregularity was computed as the ratio
of the area of the nevus shape to the area of a convex hull
that best fits the nevus shape. A demonstration of these
techniques is included in Fig. 3.

Assessment of histologic response. A portion of each biopsy
of an atypical nevus and adjacent normal skin was stained
with hematoxylin and eosin and submitted for histologic
examination. Biopsy samples from days 1 and 28 were
evaluated by a dermatopathologist for features of cytologic
atypia (graded as absent,mild,moderate, or severe) and for
tumor-infiltrating lymphocytes (graded as absent, moder-
ate, or brisk).

Statistical analysis and adverse event reporting
Endpoints of interest for this study were sulforaphane

concentrations in plasma and skin; gross and histologic
changes in atypical nevi; pSTAT3, Ki-67, Bcl-2, and
HMOX1 expression and TUNEL as determined by IHC;
plasma cytokine levels; and protein expression as deter-
mined by proteomic analysis. Anymeasurements found to
be below the LLQ were taken to equal zero. For numerical
data, descriptive statistics were used to summarize the
distribution of each endpoint of interest at each time point
and, if appropriate, at each dose level. The pre- and post-
treatment difference in the values for a specific measure-
ment of two nevi from the same patient was used to
measure the treatment effect. Statistical significance was
determined using the Student t test for proteomic analysis
and Wilcoxon signed rank test for all other analyses. All
adverse events were tabulated using the NCI common
terminology criteria for adverse events.

Results
Patient characteristics
The study enrolled 17 patients from September 2012 to

August 2015. Relevant patient characteristics are listed
in Table 1. All of the patients completed 28 days at 50,
100, or 200 mmol dosages of BSE-SFN. Twelve patients
were female and 5 were male; the median age was 47
(range, 22–66). All patientswereofCaucasiandescent. Five

patients had 2 atypical nevi and 12 had�3 atypical nevi on
initial evaluation. Prior melanoma history included mel-
anoma in situ in 2 patients, stage I disease in 11 patients,
stage II in 1 patient, stage III in 2 patients, and unstageable
disease in 1 patient. No patients were removed from the
study for excessive consumption of glucosinolate or iso-
thiocyanate-containing foods.

Sulforaphane levels in plasma and skin
Median plasma sulforaphane levels on days 1, 2, and 28

for the 50, 100, and 200 mmol groups pre- and post–BSE-
SFN administration are depicted in Fig. 1A. At baseline
prior to BSE-SFN administration, plasma sulforaphane
levels were undetectable in all but one patient. After
pooling data from days 1, 2, and 28 for each dosage group,
themedian posttreatment increase in plasma sulforaphane
concentration was 120 (range, �182–208), 206 (range,
89–420), and 656 (range, 396–1,305) ng/mL for the 50,
100, and 200 mmol groups, respectively (Supplementary
Table S1).
Median skin sulforaphane levels on days 1, 2, and 28 for

the 50, 100, and 200 mmol groups post–BSE-SFN admin-
istration are depicted in Fig. 1B. All but one skin sample
yielded initial sulforaphane levels that were below our
assay's LLQ (10 ng/g). Of these, one sample from day 1,
seven from day 2, and nine from day 28 produced distinct
peaks on mass spectrometry that fell within the assay's
dynamic range after adjusting for sample dilution. Median
posttreatment tissue sulforaphane levels on day 28 were
0.0 ng/g (range, 0.0–21.8) for 50 mmol, 3.1 ng/g (range,
0.0–18.9) for 100 mmol, and 34.1 ng/g (range, 0.0–63.6)
for 200 mmol (Supplementary Table S2). Three samples
at day 28, one from each dose group, produced sulfo-
raphane peaks that still fell below our LLQ even after
adjusting for sample dilution. For the purposes of data
tabulation, levels below LLQ were taken to equal zero.
Both plasma and skin sulforaphane levels demonstrated
a dose–response relationship.

IHC and molecular response
No consistent alterations in IHC staining were observed

from day 1 to 28, with results analyzed both for the study
group as a whole and stratified by dosage (Fig. 2). pSTAT3
was strongly expressed in endothelial cells at baseline and
on day 28 in all dosage groups; however, nevic expression
of pSTAT3 was not observed in the majority of samples.

Table 1. Relevant patient characteristics by dosage group

BSE-SFN dosage group
50 mmol (n ¼ 6) 100 mmol (n ¼ 6) 200 mmol (n ¼ 5)

Sex (female) 3 (50%) 4 (67%) 5 (100%)
Age (median) 46 yrs. 51 yrs. 44 yrs.
Race (Caucasian) 6 (100%) 6 (100%) 5 (100%)
Prior melanoma history, by stage MIS (1) MIS (1) Stage I (4)

Stage I (4) Stage I (3) Stage III (1)
Stage II (2) Stage III (1) unstageable (1)

Abbreviation: MIS, melanoma in situ.
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Ki-67 was expressed at baseline and on day 28 in kerati-
nocytes but only rarely in nevic melanocytes. Bcl-2 was
expressed most prominently in nevi but occasionally in
other cell types, including lymphocytes. HMOX1 was

negative in nevic melanocytes in all 11 of the paired
samples in which it was examined. TUNEL assay was
occasionally positive in nevus, normal epidermis, and
endothelial cells.

Figure 1.

A, Posttreatment increase in plasma sulforaphane concentration, stratified by dose group. B, Day 28 posttreatment skin sulforaphane concentration, stratified
by dose group. Data are presented in box plots.

Figure 2.

Representative skin biopsy specimens with IHC staining for pSTAT3, Ki-67, Bcl-2, and TUNEL showing varying degrees of positivity in nevic melanocytes,
with positive controls. pSTAT3, Bcl-2, and TUNELwere graded as 0þ (negative), 1þ (less or few positive), 2þ (moderate or weakly positive), 3þ (strong or positive),
or 4þ (very strong); Ki-67 was graded as 0þ (negative) or 1þ positive. IHC for heme oxygenase not shown. � , No specimens demonstrated 4þ pSTAT3
staining or 2þ Bcl-2 staining. Images were obtained at 10� objective magnification using a Leica microscope.
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Statistically significant decreases in the proinflammatory
cytokines IP-10 (CXCL10),MCP-1 (CCL-2),MIG(CXCL9),
and MIP-1b (CCL-4) were observed between days 1 and
28 (Table 2). All four of these cytokines serve as chemoat-
tractants for immune cells, including monocytes, T cells,
and natural killer cells. In addition, IFNg , which induces
the secretion of IP-10 and MIG, was decreased in day
28 samples, and this decrease approached statistical sig-
nificance. The cytokine results were not correlated with
BSE-SFN dosage due to limited sample size. Of 92 proteins
identified with proteomic analysis, 14 distinct proteins,
including, notably, the tumor suppressor decorin, were
found to have significant changes in average expression in
day 28 nevi as compared with day 1 nevi, defined as an
average ratio �1.5 and P � 0.10 (Table 3).

Gross morphologic response
The digital image analysis for ABCD features demonstrat-

edmeasurable changes frombaseline to day28.Onaverage,
the nevi increased slightly in size (i.e., diameter, perimeter,
and area), although some individual nevi decreased in size.
Thisoverall increase in sizewas generally less pronounced in
the higher BSE-SFN dosage groups and an apparent trend

toward reduced enlargement in sizewith increased BSE-SFN
dose was observed, with themost notable effect observed in
the 200 mmol dose group. This trend, however, did not
achieve statistical significance.Noobvious trends in changes
in color asymmetry, shape asymmetry, and border irregu-
larity were observed. Representative examples of nevi with
observed gross changes are depicted in Fig. 3.

Histologic response
In 6 nevus pairs, an increase in cytologic atypia was

observed from days 1 to 28. A decrease in cytologic atypia
was observed in 2 pairs. Tumor-infiltrating lymphocytes
decreased in 2 pairs and increased in 2pairs. Five pairswere
unable to be evaluated because of inadequate tissue stain-
ing. Overall, no consistent changes in cytologic atypia and
tumor-infiltrating lymphocytes were noted between day 1
and 28 specimens.

Safety assessment
No dose-limiting toxicities of BSE-SFN were observed.

Grade 2 nausea occurred in one patient in the 200 mmol
dosage group. No other adverse events were reported.

Discussion
In this study, we show that oral BSE-SFN is well tolerated

at three doses ranging from 50 to 200 mmol daily and
achieves dose-dependent concentrations in plasma and
skin. Tissue levels of sulforaphane achieved with the 200
mmol dose are equivalent to those on the lower end of the
dose–response curve in previous studies (27, 39) but
nevertheless were significantly lower than our correspond-
ing plasma levels. Previous research has shown that sul-
foraphane tissue concentrations after oral administration
differ depending on the end organ (40). The lower con-
centrations of sulforaphane in skin relative to those in
plasma may reflect the relatively poor perfusion of skin
compared with other organs (41, 42) and may require
increaseddosage ormore frequent dosing to achievehigher
sustained tissue levels.
IHC analysis was limited in this pilot study due to small

sample size and short treatment duration. In addition,
because many of the nevus biopsies were of small size and
tissue sampling for diagnosis andmeasuring sulforaphane
levels took precedence, the remaining tissue was occasion-
ally less than optimal for subsequent IHC analyses. How-
ever, alterations in plasma levels of select inflammatory
cytokines and in tissue levels of the tumor suppressor
decorin provide preliminary evidence for the biochemical
activity of oral sulforaphane in the cutaneous nevi of
patients with a history of melanoma.
Although the gross changes in nevi observed in this study

are encouraging, it is worth noting that appreciable
changes in the gross appearance of nevi in one month are
unusual, and other factors such as interval sun exposure
and variation in angle or lighting during photographymay

Table 2. Plasma cytokine levels on days 1 (pre–BSE-SFN administration) and 28
(post–BSE-SFN administration) with percent change (data pooled from all
dosage groups)

Median cytokine
concentration (pg/mL)

Percent change
in cytokine
concentration�Day 1 Day 28

EGF 26 19.5 �25.0
Exotaxin 22.5 18.5 �17.8
bFGF 29 23 �20.6
G-CSF 504.3 462 �8.4
GM-CSF 0 0 0.0
HGF 352 324 �8.0
IFNa 81 65 �19.8
IFNg 46.5 37.5 �19.4
IL18 34 28.5 �16.2
IL-1RA 162 139.5 �13.9
IL2 11.5 11 �4.3
IL2R 471.5 341.5 �47.6
IL4 0 0 0.0
IL5 13 7 �46.2
IL6 6 0 �100.0
IL7 0 0 0.0
IL8 14 0 �100.0
IL10 0 0 0.0
IL12 223 218 �2.2
IL13 22.5 20 �11.1
IL15 0 86 —

IL17 0 0 0.0
IP-10 22 21 �4.5�

MCP-1 231.5 211.5 �8.6�

MIG 113 84.5 �25.2�

MIP-1a 79.5 65 �18.2
MIP-1b 75 62 �17.3�

RANTES 3,766 3,266 �13.3
TNFa 10 6.5 �35.0
VEGF 0 0 0.0

NOTE: Cytokine levels were measured using the Cytokine Human 30-Plex Panel
for Luminex Platform.
� , Values that are statistically significant by the Wilcoxon signed rank test.
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have contributed to these perceived changes. The use of a
dermatoscopemayhelp to standardize lesion visualization
and will be considered for future studies. Another limita-
tion of this study was that different nevi were assessed on
days 1 and 28 to evaluate the histologic response. Serial
biopsy of a single nevus was not performed because of

concerns that repeated biopsy and the associated traumatic
changes would alter the immunologic milieu of the tissue.
Consequently, our assessment of the treatment effect
on histologic features such as cytologic atypia and
tumor-infiltrating lymphocytes may have been limited by
interlesional heterogeneity. Histopathologic analysis of

Table 3. Changes in nevus protein expression after oral administration of BSE-SFN in comparison with pretreatment

Day 28/day 0
Assigned ID Protein name P Av. ratio

22 Keratin, type II cytoskeletal 1 OS ¼ Homo sapiens GN ¼ KRT1 PE ¼ 1 SV ¼ 6 0.058 1.7
33 Fibrinogen gamma chain OS ¼ Homo sapiens GN ¼ FGG PE ¼ 1 SV ¼ 3 0.0071 1.5
34 Fibrinogen gamma chain OS ¼ Homo sapiens GN ¼ FGG PE ¼ 1 SV ¼ 3 0.013 1.7
35 Fibrinogen gamma chain OS ¼ Homo sapiens GN ¼ FGG PE ¼ 1 SV ¼ 3 0.0037 1.7
37 Vimentin OS ¼ Homo sapiens GN ¼ VIM PE ¼ 1 SV ¼ 4 0.034 1.8
41 Septin-2 OS ¼ Homo sapiens GN ¼ SEPT2 PE ¼ 1 SV ¼ 1 0.069 1.5
45 Alpha-enolase OS ¼ Homo sapiens GN ¼ ENO1 PE ¼ 1 SV ¼ 2 0.047 1.5
46 Decorin OS ¼ Homo sapiens GN ¼ DCN PE ¼ 1 SV ¼ 1 0.0051 1.6
53 Fibrinogen beta chain OS ¼ Homo sapiens GN ¼ FGB PE ¼ 1 SV ¼ 2 0.015 1.6
58 Decorin OS ¼ Homo sapiens GN ¼ DCN PE ¼ 1 SV ¼ 1 0.067 1.5
59 Delta-aminolevulinic acid dehydratase OS ¼ Homo sapiens GN ¼ ALAD PE ¼ 1 SV ¼ 1 0.0077 1.5
68 Carbonic anhydrase 1 OS ¼ Homo sapiens GN ¼ CA1 PE ¼ 1 SV ¼ 2 0.067 �1.7
69 Rho GDP-dissociation inhibitor 1 OS ¼ Homo sapiens GN ¼ ARHGDIA PE ¼ 1 SV ¼ 3 0.082 1.6
76 Phosphatidylethanolamine-binding protein 1 OS ¼ Homo sapiens GN ¼ PEBP1 PE ¼ 1 SV ¼ 3 0.091 1.7
78 Peroxiredoxin-2 OS ¼ Homo sapiens GN ¼ PRDX2 PE ¼ 1 SV ¼ 5 0.078 1.5
85 Galectin-7 OS ¼ Homo sapiens GN ¼ LGALS7 PE ¼ 1 SV ¼ 2 0.075 �1.8
87 Apolipoprotein C-III OS ¼ Homo sapiens GN ¼ APOC3 PE ¼ 1 SV ¼ 1 0.075 �1.6

NOTE: Six pairs of nevus tissues from days 0 and 28 (3 from 50 mmol group, 2 from 100 mmol group, and 1 from 200 mmol group) were used for proteomics by two-
dimensional gel electrophoresis followedbyMALDI-TOF/TOF. Altered proteins in day28 specimens comparedwith day0 specimens are listed. The cut-off criteria for
selection were �1.5-fold difference and P value less than 0.10 by two-sided Student t test. Multiple spots for fibrinogen gamma chain and decorin suggest
posttranslational modification.
Abbreviations: GN, gene name; OS, organism name; PE, protein existence; SV, sequence version.

Figure 3.

Paired representative gross photographic images of nevi pre- and posttreatment demonstrating various gross changes, including increase in size but
decrease in color asymmetry (A), increase in shape asymmetry (B), increase in border irregularity (C), increase in color asymmetry (D), decrease in size (E), and
decrease in shape asymmetry and border irregularity (F). G, Demonstration of image analysis techniques used to delineate border (top left), diameter (top right),
major and minor axes (bottom left), and convex hull (bottom right).
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samples obtained through skin biopsy remains the gold
standard for the diagnosis of melanoma and other pig-
mented skin lesions. However, the prospect for gene
expression studies to assist in diagnosis is raised by a
recently reported two-gene molecular assay using nonin-
vasive adhesive patch biopsy (43), which circumvents
some of the limitations of serial biopsy and may merit
consideration for future studies of BSE-SFN and other
candidate chemopreventive agents.
The results of this pilot study support the potential

biological impact of BSE-SFN and its putative biological
mechanisms that are relevant for chemoprevention in
atypical nevi, and by extension, melanoma. Notably, this
is the first study of its kind to document the concentra-
tion of sulforaphane in skin after oral administration of
BSE-SFN and opens up an array of possible applications
for oral BSE-SFN as a chemoprotective agent not only for
melanoma but also for a variety of other skin-related
conditions. Because oral BSE-SFN has been shown to
have an excellent safety profile and to achieve dose-
dependent concentrations in plasma and skin, these
results argue for a larger phase II study of oral BSE-SFN
at 200 mmol daily over a longer treatment period, such as
3 to 6 months or longer. Considering the relatively low
tissue concentrations achieved at our maximum dosage
of 200 mmol, higher doses or more frequent dosing of
BSE-SFN are also reasonable to consider. In this context,
a preparation of stabilized sulforaphane 340 mmol daily
has recently been given to men with biochemical recur-
rence of prostate cancer after radical prostatectomy for 6
months without any adverse effects (35). Other future
considerations include a closer examination of pSTAT3
molecular markers, such as downstream products of the
Nrf2 transcription factor (e.g., heme oxygenase, GST) in
the study of the pharmacodynamics of oral BSE-SFN.
Further study to better evaluate the effects of this agent
upon the morphology, histopathology, and signaling
pathways of atypical nevi is now reasonable.
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