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 INTRODUCTION

Sulindac is a Food and Drug Administration (FDA)-approved 

nonsteroidal anti-infl ammatory drug (NSAID) that has been 

prescribed for more than 20 years for the treatment of pain 

associated with infl ammation and stiffness due to arthritis and 

other infl ammatory conditions.1 Sulindac has also been shown to 

have clinically signifi cant anticancer effects. For over a decade, su-

lindac has been of interest as a clinical treatment for adenomatous 

colorectal polyps and colon cancer,2 especially in patients with fa-

milial adenomatous polyposis.3 Sulindac induces apoptosis of co-

lon cancer cells, although the mechanism is not fully understood.4 

Recent scientifi c studies suggest that malignant cells have a differ-

ent response to oxidative stress than do normal cells.5 It has been 

suggested that because cancer cells are more metabolically active, 

they produce higher levels of reactive oxygen species (ROS) and 

are more vulnerable to further oxidative stress by ROS-generating 

agents, such as peroxides.6 Recently, using colon cancer cells, it 

was reported that sulindac led to an enhancement of the antican-

cer activity of bortezomib, a proteasome inhibitor, by a mechanism 

involving oxidative stress and the generation of intracellular ROS.7 

Similarly, when sulindac was used in combination with an arsenic 

drug, a synergistic enhancement in the killing of lung cancer cells 

occurred.8 Furthermore, sulindac has been shown to signifi cantly 

potentiate the tumor growth inhibitor activity of doxorubicin in a 

human lung cancer xenograft model.9 

Actinic keratoses (AKs) are a precancerous condition of the skin 

that has the potential to become squamous cell cancer similar to 

adenomatous polyps of the colon that can lead to colon cancer if 

left untreated.10 In this article, the authors establish a role of in-

creased ROS in the mechanism of cancer killing by sulindac in 

the presence of peroxide. Furthermore, the authors present the 

results of a proof-of-concept clinical study that was designed to 

assess the tolerability and effi cacy of the combination of sulindac 

and hydrogen peroxide gels in subjects with AKs of the upper 

extremities.

 METHODS
Materials
Sulindac and peroxides were obtained from Sigma-Aldrich com-

pany (St. Louis, Mo). Sulindac and hydrogen peroxide were indi-

vidually formulated into topical gels containing deionized water, 

SD-40 alcohol, hydroxyethyl cellulose, xanthan gum, glycerin, 

Carbopol®, sodium citrate, and triethanolamine.
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Cells
A skin squamous cell carcinoma (SCC-25) cell line (ATCC #CRL-

1628) was maintained in Dulbecco’s MEM (Eagle) supplemented 

with 10% fetal bovine serum. The normal human epidermal ke-

ratinocytes (HEK) were derived from human neonatal foreskin 

(Dermatology clinic; University of Miami). The HEK cells were 

maintained in equal volumes of defi ned keratinocyte SFM with 

growth supplements (Gibco Cat # 10744-010) in combination with 

Medium-154 (Cascade Biologics Cat # 154-500) containing human 

keratinocyte growth supplements. 

Experimental Design
The cells were treated with sulindac (500 μM) for 24 hours prior 

to exposure to tert-butyl hydroperoxide (TBHP) or hydrogen per-

oxide for 2 hours. Because of its increased stability, TBHP was 

routinely used in the cell culture experiments. Cell suspensions 

containing sulindac, or the control with no sulindac, were plated 

in 96-well microtiter plates containing a total of 6 X 104 cells per 

well. The plates were incubated for 24 hours at 37°C in a 5% CO
2
 

incubator, washed and fresh culture medium containing the indi-

cated fi nal concentration of  TBHP (without sulindac) was added to 

the cells for 2 hours. 

Cell Viability Assay
Cell viability was determined by the CellTiter 96® Aqueous One 

Solution Cell Proliferation (MTS) Assay (Promega Corp, Madison, 

Wis). The amount of MTS that is metabolized was measured by 

absorbance at 490 nm using a colorimetric microtiter plate reader 

(SpectraMax® Plus384; Molecular Devices, Sunnyvale Calif.). Absor-

bance is directly proportional to the number of viable cells.

ROS Levels
Intracellular ROS levels were measured with a fl uorescent micro-

scope after using 2’, 7’-dichlorodihydrofl uorescein diacetate dye, 

(H
2
DCFDA): a membrane permeable dye that passively diffuses 

into cells and increased levels of ROS cleave the acetate groups 

resulting in emission of green fl uorescence (Invitrogen Corp., 

Carlsbad, Calif). The relative change in fl uorescence was deter-

mined by counting the number of fl uorescent cells in the treated 

group compared to the untreated control and adjusting for the 

percentage of viable cells.

Clinical Study
The clinical study was approved by the institutional review board 

and informed consent was obtained from all subjects prior to 

enrollment. Patients were included if they had 3 clinically recog-

nizable AKs, greater than 4 mm in size, involving the upper ex-

tremities. This was an open, uncontrolled study using sulindac 

(1% or 5%) gel followed by the application of hydrogen peroxide 

(25%) gel directly to 2 AKs (1 AK served as an untreated control). 

The AKs were treated daily for a duration of 3 weeks and partici-

pants were seen for evaluation on week 0, week 1, week 2, week 

3, and week 6 to assess effi cacy and safety. At baseline and at 
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each follow-up visit, the treated AKs were photographed and 

measured. At the end of the study, skin biopsies of the treated 

AKs were performed and histopathology examination was done 

by a dermatopathologist. 

 RESULTS
Sulindac Causes Selective Killing of Skin Cancer 
Cells in the Presence of an Oxidizing Agent in Vitro
Initial experiments by the authors investigated the effect of sulin-

dac on the viability of skin squamous cell cancer (SCC) cells under 

conditions of oxidative stress caused by TBHP. The combination 

of sulindac and TBHP enhanced the killing of the skin cancer cells 

(Figure 1A). The decrease in viability of SCC cells treated with 

500μM sulindac was statistically signifi cant (P <.02) at concen-

trations of TBHP from 200μM to 600μM. In the presence of 200-

400μM TBHP, nearly 100% of the untreated SCC cells were viable 

in contrast to cells treated with sulindac alone, which had mark-

edly diminished viability (less than 10-30% viability). In contrast 

to the results seen with the SCC cells, normal HEK cells exhibited 

no enhanced sensitivity to killing by oxidative stress when treated 

with sulindac (Figure 1B). In fact, the data suggested that the nor-

mal HEK cells were mildly protected from oxidative damage after 

FIGURE 1. Effect of sulindac on A) squamous cell carcinoma (SCC) 
skin cells and B) normal human epidermal keratinocytes (HEK) skin  
cells exposed to varying concentrations of tert-butyl hydroperoxide 
(TBHP). Cells were incubated without sulindac ( ) or with 500 μM 
sulindac ( ) for 24 hours prior to the addition of TBHP for 2 hours. 

a.

b.
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treatment with sulindac at the lower concentrations of TBHP. Simi-

lar results were also obtained when TBHP was replaced with H
2
O

2
 

(600-1000μM, data not shown). 

Sulindac Increases the Levels of Intracellular ROS in 
Skin SCC Cells After Oxidative Stress 
The ROS levels were determined in SCC skin and normal HEK cells 

after treatment with sulindac and TBHP as described in methods. 

Figure 2 shows the results using skin SCC cells (Figures 2a-d) and 

normal skin HEK cells (Figures 2e-h). All panels contained similar 

cell densities and as described in the methods, the green fl uo-

rescence is an indication of ROS levels. Figure 2a shows the low 

levels of background fl uorescence of SCC cells not treated with 

either sulindac or TBHP. Figure 2b shows SCC cells treated with su-

lindac alone (500 μM) and Figure 2c shows SCC cells treated with 

TBHP alone (200 μM). In both cases there is very limited increase 

in fl uorescence in the SCC cells, which indicate that intracellular 

ROS levels in these cells remain low in the presence of either of 

these agents. In sharp contrast, SCC cells that were treated with 

the combination of sulindac followed by TBHP (Figure 2d) had 

very high levels of intracellular fl uorescence (400-500% increase) 

compared to the untreated controls. These data show that sulin-

dac combined with TBHP leads to markedly increased levels of 

intracellular ROS in SCC cells. 

Similar experiments were done using normal skin HEK cells. In 

contrast to results obtained with the SCC cells, normal skin HEK 

cells had slightly higher levels (50-100% increase) of intracellular 

fl uorescence in the presence of sulindac or TBHP alone (compare 

Figure 2b to Figure 2f and Figure 2c to Figure 2g). The most strik-

ing difference between SCC cells and normal HEK cells was ob-

served when cells were treated with the combination of sulindac 

followed by TBHP (compare Figure 2, panels d and h). With nor-

mal cells, (as seen in panel h) intracellular fl uorescence did not 

increase as compared to SCC cells where, as noted above, there 

was a very large increase in fl uorescence (Fiqure 2d).

Proof of Concept Clinical Study on Actinic Keratoses
In total, 9 patients were recruited into the study and 5 subjects who 

completed the study were deemed evaluable. From this group of 

patients, there were a total of 10 AKs that were treated with the 

combination of sulindac and hydrogen peroxide gels. Six of the 10 

AKs that received treatment had a measurable reduction in size or 

were not visible as shown by clinical photography. In addition, skin 

biopsies at the end of treatment revealed no residual involvement 

after histopathology examination of 5 of the 6 AKs that responded 

to the treatment. During treatment, all of the treated AKs exhib-

ited a very mild infl ammatory response that was characterized by 

the appearance of a vivid yellow-colored crust, the yellow color 

not involving the normal surrounding skin (Figure 3). Participants 

rated local tolerability as “good” throughout the study. One patient 

developed a mild papular skin eruption on her extremities that re-

solved after the discontinuation of the treatment. There were no 

other study-related adverse events.

 DISCUSSION
These laboratory studies have revealed that the combination of su-

lindac and TBHP (or H
2
O

2
) signifi cantly enhances the killing of SCC 

cells. This effect occurs at concentrations of sulindac and TBHP that 

individually have little or no activity directed against cancer cells. 

Sulindac appears to render the cancer cells more sensitive to oxi-

dative stress, since when sulindac is combined with TBHP, an oxi-

dizing agent, the intracellular levels of ROS rise signifi cantly (4 to 5 

fold increase) and the cancer cells undergo death. Of importance, 

a similar effect on normal skin HEK cells was not observed. Mito-

chondrial dysfunction is probably playing a role in the mechanism 

for the selective killing of cancer cells. There appears to be a loss of 

the mitochondrial membrane potential in cultured cancer cells un-

der the experimental conditions described here (unpublished data) 

which may lead to apoptotic cell death.11 Although the increased 

levels of ROS appear to play an important role in the selective kill-

ing of the cancer cells, further studies need to be performed to de-

fi ne the precise mechanism of action. It is important to note that 

other nonsteroidal anti-infl ammatory drugs such as acetyl salicylic 

FIGURE 2. Intracellular reactive oxygen species 
(ROS) levels in squamous cell carcinoma (SCC) 
skin (a-d) and normal skin human epidermal 
keratinocytes (HEK) (e-h) cells. Untreated cells 
(a and e); cells treated with sulindac alone (b 
and f); cells treated with tert-butyl hydroperoxide  
(TBHP) alone (c and g); cells treated with sulin-
dac and TBHP (d and h). All panels contained 
similar cell densities and the green fl uorescence 
signal was generated and quantifi ed with a 
fl uorescent microscope.

FIGURE 3. A study patient with an actinic keratosis (AK) on the upper 
extremity treated with the combination of sulindac and hydrogen 
peroxide gels. a) Entry (no treatment), b) after 3 weeks (yellow crust), 
and c) after 6 weeks (no evidence of AK after skin biopsy).
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h.g.f.e.

a. b. c.
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acid, ibuprofen, and diclofenac had no anticancer activity under 

our conditions (unpublished data). This fi nding suggests that the 

anticancer activity is related to a unique structural feature of sulin-

dac and is not dependent on cyclo-oxygenase inhibition. Our re-

sults using normal HEK skin cells may be related to the fi nding that 

sulindac, given orally or applied topically, can protect mice against 

skin damage and genetic changes leading to cell transformation, 

resulting from UVB exposure.12

Given the laboratory fi ndings, a proof-of-concept clinical trial was 

initiated to determine if a topical formulation of sulindac in com-

bination with hydrogen peroxide could provide benefi t in patients 

with AKs. Since the medication was delivered directly to the AKs, 

it was hoped that effi cacy would result with a diminished capacity 

for adverse systemic effects. This effect was anticipated because 

the total daily topical dose of sulindac (15 mg or 30 mg) that was 

applied to the skin of each patient in the trial was at least 10-fold 

less than the daily recommended oral dose (300 mg) for treating 

arthritic conditions. Furthermore, the systemic absorption of topi-

cally administered sulindac was expected to be minimal since the 

skin contains a strong barrier that should prevent the penetration 

of substances such as sulindac. Hydrogen peroxide has been used 

as a medicinal product for over a century and its germicidal power 

is well known to be due to its oxidizing effect. Over-the-counter 

teeth bleaching products, such as Crest White Strips and Rem-

brandt Whitening gels, contain hydrogen peroxide concentrations 

ranging from 6% up to 36% and are available to consumers for 

home or professional use.

The results of this preliminary clinical trial suggest that the combi-

nation of sulindac and peroxide gels was well tolerated in patients 

with AKs involving the extremities. This is the fi rst clinical trial that 

has used this combination therapy for treating AKs. The results 

revealed that 60% of the treated AKs responded to therapy by ex-

hibiting a decrease in size or becoming not visible to the naked 

eye. In addition, 50% of the treated AKs showed no residual AK on 

histopathology specimens after skin biopsy at the end of the study. 

Furthermore, sulindac alone had no effect on two AKs that were 

treated during the trial (personal observation), suggesting that the 

combination is essential for a response. It is important to note that 

there were some limitations to the study, such as the lack of a pla-

cebo-controlled trial and the small numbers of patients that were 

deemed evaluable. Further studies are necessary to better defi ne 

the role of this therapy in patients with AKs and skin cancer.
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