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Abstract

Epidermal squamous cell carcinoma is an extremely common type of cancer. Early tumors can be 

successfully treated by surgery, but recurrent disease is aggressive and resistant to therapy. 

Cisplatin is often used as a treatment, but the outcome is rarely satisfactory. For this reason new 

strategies are required. Sulforaphane is a diet-derived cancer prevention agent that is effective in 

suppressing tumor growth in animal models of skin cancer. We monitored the efficacy of 

sulforaphane and cisplatin as a combined therapy for squamous cell carcinoma. Both agents 

suppress cell proliferation, growth of cancer stem cell spheroids, matrigel invasion and migration 

of SCC-13 and HaCaT cells and combination treatment is more efficient. In addition, SCC-13 cell 

derived cancer stem cells are more responsive to these agents than non-stem cancer cells. Both 

agents suppress tumor formation, but enhanced suppression is observed with combined treatment. 

Moreover, both agents reduce the number of tumor-resident cancer stem cells. SFN treatment of 

cultured cells or tumors increases apoptosis and p21Cip1 level, and both agents increase tumor 

apoptosis. We suggest that combined therapy with sulforaphane and cisplatin is efficient in 

suppressing tumor formation and may be a treatment option for advanced epidermal squamous cell 

carcinoma.
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Introduction

Epidermal squamous cell carcinoma is a leading cause of cancer that is routinely treated by 

surgical resection [1]. However, nearly 10% of these cancers recur as highly aggressive and 

invasive cancers that must be treated with chemotherapy [2,3]. Cisplatin, doxorubicin, 5-

fluorouracil and bleomycin have been used to treat this disease [2]; however, 

chemoresistance is an important problem [2,4]. Designing strategies to overcome 

chemotherapy resistance is an important goal. The clinical scenario suggests that a subset of 

tumor cells are unaffected by therapy and are able to initiate formation of a new tumor. 

Considering that tumors are complex “organs” comprising many tumor cell variants, it is 

plausible that therapy resistance is related to a subpopulation of less differentiated, 

multipotent, self-renewing and aggressive cancer stem cells [5,6]. Current therapies often 

target the highly proliferative tumor cells to reduce tumor bulk, but these agents do not 

always kill cancer stem cells [7–10].

Squamous cell carcinoma contains a population of cells that are able to self-renew [11–14]. 

Our recent studies confirm that a highly aggressive subpopulation of cancer cells, epidermal 

cancer stem cells (ECS cells), are present in tumors and epidermis-derived skin cancer cell 

lines [15–17]. Therapies targeting cancer stem cells, in combination with conventional 

chemotherapy agents, may improve skin cancer treatment and reduce cancer recurrence. We 

have shown that SFN, an important diet-derived candidate cancer prevention agent [18], 

induces loss of expression of proteins associated with cancer stem cell survival [19–21]. 

These studies suggest that SFN may be a useful co-therapy in conjunction with agents that 

kill bulk tumor cells. Moreover, SFN has minimal side effects when administered to patients 

or mice, and is highly soluble and bioavailable in vivo [22–24]. In the present study we 

examine the impact of co-treatment with SFN and cisplatin on tumor cells and show that 

these agents act together to suppress cell proliferation, stem cell spheroid formation, 

invasion, migration and tumor formation.

Materials and Methods

Antibodies and reagents

DMEM (11960-077), sodium pyruvate, (11360-070), L-Glutamine (25030-164), penicillin-

streptomycin solution (15140-122) and 0.25% trypsin-EDTA (25200-056) were purchased 

from Gibco (Grand Island, NY). Heat-inactivated fetal calf serum (FCS, F4135) was 

obtained from Sigma. Anti-β-actin (A5441) was purchased from Sigma (St. Louis, MO). 

Procaspase-9 (9502), procaspase-8 (9746) and procaspase-3 (9665) antibodies were from 

Cell Signaling (Danvers, MA) and the PARP antibody (556494) was from BD Pharmingen 

(San Diego, CA). Anti-p21Cip1 was obtained from Cell Signaling (2947, Danvers, MA). 

Alexa Fluor 594-conjugated goat anti-rat IgG (A11007), Alexa Fluor 488-conjugated goat 

anti-mouse IgG (A21121) and Alexa Fluor 594-conjugated goat anti-rabbit IgG (A11012) 

secondary antibodies were obtained from Invitrogen and used at 1:500 dilution. Peroxidase 

conjugated anti-mouse IgG (NXA931) and anti-rabbit IgG (NA934V) were obtained from 

GE Healthcare (Buckinghamshire, UK) and used at a 1:5000 dilution. Sulphoraphane 

(S8044, SFN) was obtained from LKT Laboratories, Inc. (St. Paul, Minnesota) and stocks 

were prepared in dimethyl sulfoxide as in our previous report [25]. Cisplatin (100351) was 
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purchased from APP Pharmaceuticals, a division of Fresenius Kabi USA (Lake Zurich, IL), 

and stocks were prepared in Dulbecco’s phosphate buffered saline (21-031-CV, Corning 

Inc., Manassas, VA). BD Biocoat cell inserts (353097) and Matrigel (354234) were 

purchased from BD Biosciences. Statistical comparisons were made using the t-test.

Spheroid formation assay

SCC-13 and HaCaT cells were maintained in growth medium containing Dulbecco’s 

Modified Eagle’s Medium (DMEM, Invitrogen, Frederick, MD) supplemented with 4.5 

mg/ml D-glucose, 200 mM L-glutamine, 100 µg/ml sodium pyruvate, 100 U/ml penicillin, 

100 U/ml streptomycin and 5% fetal calf serum. For spheroid formation assay, 80% 

confluent cultures were harvested with trypsin and gently pipetted to form a single cell 

suspension. Trypsin was inactivated by addition of serum-containing medium and the cells 

were collected by centrifugation. The cells were resuspended in spheroid medium which is 

DMEM/F12 (1:1) (DMT-10-090-CV, Mediatech Inc, Manassa, VA) containing 2% B27 

serum-free supplement (17504-044, Invitrogen, Frederick, MD), 20 ng/ml EGF (E4269, 

Sigma, St. Louis), 0.4% bovine serum albumin (B4287, Sigma) and 4 µg/ml insulin (Sigma, 

St. Louis, MO, #19278), and plated at 40,000 cells per 9.5 cm2 well in six-well ultra-low 

attachment cluster dishes (#3471, Corning, Tewksbury, MA). For assay of SFN and cisplatin 

impact spheroids were permitted to grow for 8 d. SFN or cisplatin treatment was then 

initiated and spheroid number was monitor daily thereafter [15].

Immunoblot

For immunoblot, equivalent amounts of protein were electrophoresed on denaturing and 

reducing 8% polyacrylamide gels and transferred to nitrocellulose membrane. The 

membrane was blocked by 5% nonfat dry milk and then incubated with the appropriate 

primary (1:1000) and secondary antibody (1:5000). Secondary antibody binding was 

visualized using chemiluminescence detection technology.

Proliferation assay

SCC-13 cells were grown for one week as monolayers in spheroid media. Cells were 

harvested with 0.25% trypsin, resuspended in spheroid medium and grown as monolayer 

cultures. At 24 h after plating, treatment was initiated with SFN or cisplatin or appropriate 

vehicle. Cells were harvested at various times and cell number was counted using a Z1 

Coulter Particle Counter (Beckman Coulter).

Invasion assay

Matrigel was diluted in 0.01 M Tris-HCl/0.7% NaCl, filter sterilized and 0.1 ml was used to 

coat individual BD BioCoat inserts (Millicell-PCF, 0.4 µm, 12 mm, PIHP01250). Cells 

(25,000) were plated in 100 µl spheroid medium, supplemented with 2% FCS, in the upper 

chamber atop the matrigel. The lower chamber contained spheroid medium supplemented 

with 10% FCS. After 18 h, the membranes were harvested and excess cells were removed 

from the upper membrane surface. The membrane was fixed in 4% paraformaldehyde, 

stained with 1 µg/ml DAPI, and the underside of the membrane was photographed with an 

inverted fluorescent microscope and the number of cells counted.
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Migration assay

SCC-13 cells (2 × 106) were plated in 10 cm dishes and grown as monolayer cultures in 

spheroid medium until confluent. A 10 µl pipette tip was used to prepare uniform areas void 

of cells and the dishes were washed to remove the dislodged cells. Images were collected at 

0 – 24 h after the scratch using the 4 × objective, and the width of the opening was measured 

as a function of time as an index of cell migration potential.

Tumor xenograft growth assays

Cancer cells were trypsinized to prepare a single cell suspension and resuspended in 

phosphate buffered saline containing 30% Matrigel, and 100 µl of solution containing 

100,000 cells was injected subcutaneously into the two front flanks in NSG (NOD/scid/IL-2 

receptor gamma knockout) mice using a 26.5 gauge needle. Four mice were used per data 

point (two tumors per mouse). Cisplatin was dissolved in sterile phosphate buffered saline 

(PBS) for IP injection at 2 mg per kg body. Cisplatin treatment was initiated two days after 

tumor cell injection and repeated every two weeks [26]. SFN was dissolved in sterile water 

and delivered by oral gavage three times per week (M/W/F) at 20 µmoles/dose beginning 

two days after tumor cell injection. Tumor growth was monitored by measuring tumor 

diameter and calculating tumor volume [27] and tumors were harvested a 5 wks. Mice were 

euthanized and tumor samples were harvested to prepare extracts for immunoblot. These 

experiments were reviewed and approved by the University of Maryland Baltimore 

Institutional Animal Care and Use Committee.

Tumor-derived cell spheroid formation assay

Tumors were collected in 50 ml conical in 10 ml Keratinocyte serum-free medium (KSFM) 

containing 200 U/ml penicillin, 200 µg/ml streptomycin, 7.5 µg/ml gentamycin, and 0.25 

µg/ml of Fungizone (Gibco, G15290-08, Gaithersburg, MD), and incubated overnight at 4 C. 

The next day, the tumors were rinsed with Hank’s Balance Salt Solution (Ca++/Mg++-free) 

and mechanically dissociated before transferring to new 50 ml conical and incubating with 5 

ml of 0.25% Trypsin-EDTA for 10 min at 37 °C. Serum containing medium was added to 

inhibit trypsin, the samples were centrifuged for 5 min, and the supernatant was removed. 

The dissociated tumor cells were resuspended in spheroid medium and filtered through 40-

µm pore size cell strainer. The final cell suspensions were counted and 20,000 trypan blue-

positive viable cells were plated per well in a 6 well low-attachment plates in the absence of 

cisplatin or SFN. Spheroid formation was monitored from 0 – 8 d. A minimum of three 

tumors were tested per each treatment, and spheroid growth from each tumor was monitored 

in each of three individual wells.

Results

Enhanced sensitivity of ECS cells to cisplatin and SFN

ECS cells display increased spheroid formation, migration and invasion, and form large, 

highly vascularized and aggressive tumors as compared to non-stem cancer cells [15,28–31]. 

Since these cells drive tumor recurrence, metastasis and resistance to chemotherapy, they are 

Kerr et al. Page 4

Mol Carcinog. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



important therapy targets. We first compare the response of non-stem cancer cells and ECS 

cells to treatment with SFN and cisplatin.

Monolayer SCC-13 cultures are comprised largely of non-stem cancer cells [15]. Fig. 1A/B 

shows that SFN and cisplatin markedly suppress SCC-13 cell proliferation at concentrations 

of 10 µM and 5 µM, respectively. Growth of monolayer cells on ultra-low attachment plates 

selects for cells that grow as free-floating spheroids and display stem cell properties [15]. 

Most of the cells plated in spheroid growth conditions survival less than 12 h, and only 

0.15% have the potential to survive and form spheroids [15]. Fig. 1C/D shows that SFN and 

cisplatin suppress SCC-13 spheroid formation at concentrations of 0.5 µM and 0.05 µM, 

respectively. Thus, SFN and cisplatin are more effective at suppressing spheroid number 

than monolayer growth. In addition, combined treatment with 0.5 µM SFN and 0.5 µM 

cisplatin produces a more dramatic reduction in spheroid number than treatment with each 

individual agent (Fig. 1E/F).

Impact of SFN and cisplatin on ECS cell invasion and migration

ECS cell invasion and migration, are enhanced in ECS cells as compared to non-stem cancer 

cells [15,17]. We therefore next monitored the impact of cisplatin and SFN on ECS cell 

invasion and migration. Cells (25,000) were plated in a Transwell chamber atop a matrigel-

coated membrane and then treated with 0.5 µM SFN, 0.5 µM cisplatin or both agents. After 

18 h, the membrane was stained to detect cells that had invaded through the matrigel to the 

lower chamber. Fig. 1G shows that SFN and cisplatin reduce cell invasion, and that 

combined treatment further reduces invasion. We repeated this experiment using higher 

concentrations of each agent. Fig. 1H/I shows that 5 µM SFN and 1 µM cisplatin produce a 

more substantial reduction in matrigel invasion. However, the combination treatment is more 

efficient. To study cell migration, ECS cells were seeded at confluent density in monolayer 

culture, wounds were created by scraping with a pipette tip and wound closure was 

monitored from 0 to 24 h. As shown in Fig. 1J, cisplatin and SFN treatment reduce wound 

closure as does combined treatment.

Impact of SFN and cisplatin on tumor formation

We next examined the impact of cisplatin and SFN on tumor formation. SCC-13 cell-derived 

ECS cells were injected at 100,000 per each front flank in NSG mice and treatment was 

initiated with cisplatin, SFN or the combination. Fig. 2A/B shows that cisplatin and SFN 

reduce tumor size and the combination produces a more substantial reduction. Mouse body 

weight increases slightly from 20 to 23 g in all groups except for the combination treatment 

where body weight remains stable (Fig. 2C). Examination of tumor cell death markers 

reveals that cleavage of procaspase-3 and -9 and PARP is increased in both SFN and 

cisplatin treated cells (Fig. 2D). Procaspase-8 cleavage, in contrast, is not markedly changed. 

In addition, p21Cip1 levels are increased in SFN but not cisplatin treated groups.

To assess the cancer stem cell status of the tumor cells following cisplatin-, SFN- and 

combination-treatment, tumor cells were harvested, dissociated and monitored for ability to 

form spheroids in the absence of drug treatment. The number of spheroids formed in this 

assay is an index of the number of cancer stem-like cells in the tumor [32–34]. Equal 
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numbers of tumor-derived single cells were plated on ultralow attachment plates and 

spheroid formation was monitored. Fig. 2E shows that cells from non-treated tumors 

produce a significant number of spheroids and that this number is equally reduced by SFN, 

cisplatin and combination treatment. These findings suggest that both agents reduce the 

number of cells displaying stem cell-like biological behavior.

Impact of cisplatin and SFN on HaCaT cells

To assess whether SFN and cisplatin produce similar responses in other cell lines, we 

examined the impact of these agents on HaCaT cells. HaCaT cells are an immmortalized, 

but non-tumorigenic epidermis-derived cell line [35]. A substantial reduction in HaCaT cells 

survival was observed following treatment with 5 to 10 µM of SFN or cisplatin (Fig. 3A/B). 

A similar reduction in spheroid formation was observed following treatment with either 

agent (Fig. 3C/D). In addition, treatment of HaCaT cells with 5 µM SFN or 1 µM cisplatin 

reduced spheroid formation and combination treatment produced an additional reduction 

(Fig. 3E). We next monitored the impact on cell invasion and migration. Fig. 3F/G shows 

that both agents suppress matrigel invasion and that combined treatment further suppresses 

invasion. Fig. 3G shows that each agent suppresses HaCaT cell migration.

Impact of SFN and cisplatin on apoptosis and ECS cell survival markers

Fig. 2D shows that SFN or cisplatin treatment activates procaspase 9, procaspase 3, and 

PARP cleavage and that this is associated with increased apoptosis in ECS cell-derived 

tumors. We next determined whether a similar pattern of caspase cleavage was observed in 

SFN- and cisplatin-treated cultured ECS cells. Cells were grown as spheroids for 5 d and 

then treated with SFN or cisplatin for 72 h before extracts were prepared for immunoblot. 

Fig. 4A shows that a SFN treatment of SCC-13 ECS cells leads to reduced procaspase-9, 

procaspase-3 and PARP level, and increased p21Cip1 and that treating with higher 

concentrations of these agents leads to appearance of procaspase and PARP cleavage 

products (Fig. 4B). A similar pattern of change is observed in HaCaT cells treated with low 

versus high levels of cisplatin and SFN (Fig. 4C/D). It is interesting that p21Cip1 level is 

markedly increased by SFN treated cells, but not in cisplatin or combination-treated cells 

(Fig. 4A/B/C/D). These finding are consistent with the changes observed in SFN and 

cisplatin treated tumors.

Discussion

Cisplatin, SFN and skin cancer

Epidermal squamous cell carcinoma can be successfully treated by surgical excision, but this 

is not effective for high grade (grade 4) tumors [1]. In fact, 55% of grade 4 disease is not 

cured by Moh’s surgery and requires cytotoxic systemic chemotherapy. Cisplatin is a DNA 

intercalating agent that is frequently used to treat recurrent epidermal squamous cell 

carcinoma [1] and combination therapy, for example with cisplatin and 5-fluorouracil, is also 

an option [1]. However, these approaches are not satisfactory and so additional treatment 

options are needed.
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SFN is an important cancer prevention/therapy agent derived from cruciferous vegetables 

(broccoli, etc.) [18,36,37]. SFN was selected for the present studies because it has efficacy 

against skin cancer in several model systems [36,36,38], has high bioavailability in vivo [22] 

and is known to protect against skin cancer induction [23,36,38]. Moreover, it can be 

detected at bioactive levels in blood and tissues of broccoli-fed patients confirming that 

biologically relevant levels can be achieved [23].

Impact of SFN and cisplatin on epidermis-derived cell lines

Dose response studies reported herein indicate that SFN and cisplatin, at 10 µM and 5 µM, 

respectively, suppress growth of monolayer SCC-13 cell cultures, which we previously 

showed are comprised of greater than 99% non-stem cancer cells [15],. In contrast, we show 

that ECS cell spheroid formation is suppressed at SFN and cisplatin at lower concentrations 

of 0.5 µM and 0.005 µM, respectively. Spheroids, are highly enriched in ECS cells (15%) 

and display cancer stem cell-associated features including enhanced ability to invade 

matrigel, migrate and undergo EMT [15,17,29,30]. They also form rapidly growing, highly 

aggressive, invasive and vascularized tumors compared to non-stem cancer cells [15,29]. 

Moreover, further studies reveal that combination treatment more effectively reduces 

spheroid formation and matrigel invasion, showing that ECS cells are more sensitive to 

combination treatment. In addition, combination treatment, with higher levels of each agent 

(5 µM SFN, 1 µM cisplatin), produces more efficient suppression of invasion when 

compared to either agent alone. Although we do not understand the mechanism, it is 

interesting that SFN is more efficient at suppressing SCC-13 cell migration compared to 

cisplatin.

HaCaT cells are immortalized epidermis-derived cells that do not form tumors [39]. 

Although these cells do not form tumors, we have previously shown that they are capable of 

spheroid formation [16,17]. Treatment of HaCaT monolayer or spheroid cells with SFN or 

cisplatin (0 – 10 µM) produced a dose-dependent reduction in cell number. HaCaT-derived 

ECS cells are slightly more sensitive to these agents than non-stem cancer (monolayer) cells. 

In addition, combined cisplatin and SFN combined treatment further suppress HaCaT cell 

spheroid formation and matrigel invasion compared to either agent alone.

We have shown that SFN induces apoptosis and increases p21Cip1 level in epidermal cancer 

cells [19,40]. We confirm this finding in the present study and further show that ECS cells 

are more responsive than non-stem cancer cells. Moreover, the increased sensitivity to SFN 

is associated with increased procaspase-9, procaspase-3 and PARP cleavage and increased 

p21Cip1 level. The finding that SFN treatment increases p21Cip1 level and G2/M arrest is 

consistent with observations in prostate cancer [41,42], epidermal squamous cell carcinoma 

[19] and keratinocytes [25]. Cisplatin, in contrast, did not impact p21Cip1 level, but did 

inhibit the SFN-dependent increase in p21Cip1. It is not clear why cisplatin treatment inhibits 

the SFN-dependent increase in p21Cip1, as cisplatin has been reported to increase p21Cip1 in 

cancer cells [43]. However, it is possible that cisplatin may permit these cells to escape 

G2/M arrest leading to premature entry into mitosis and death [43]. In this context, the cells 

would not arrest in G2/M and p21Cip1 accumulation would not be observed.
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Impact of SFN and cisplatin on tumor formation

Tumor xenograft studies show that cisplatin and SFN reduce tumor formation. Cisplatin (2 

mg/kg) and SFN (25 µmole/dose) markedly reduce tumor formation in the SCC-13 cell 

xenograft model, and combined treatment further reduces tumor size. Biochemical analysis 

of the tumors shows that each agent induces procaspase-9 and procaspase-3 cleavage 

(apoptosis). The level of cleaved PARP is similar in all groups, except in the SFN alone 

group where overall PARP and cleaved PARP levels are increased. p21Cip1 level is increased 

in SFN-treated tumors and co-treatment with cisplatin antagonizes this increase. This pattern 

of regulation of p21Cip1 by SFN and cisplatin is similar to that observed in cultured cells, 

and suggests that the SFN induction of p21Cip1 level may be partially antagonized by 

cisplatin.

We also monitored the impact of SFN and cisplatin treatment on tumor stem cell properties 

of the tumor cells. We harvested untreated, SFN, cisplatin, and combination treated tumors, 

dissociated the cells, and examined the ability of the cells to form spheroids in culture in the 

absence of treatment. This strategy measures the stem cell potential of the tumor-derived 

cells [32–34]. These studies show that both cisplatin and SFN reduce spheroid number 

suggesting that these agents deplete the ECS cell population in the tumor. This is in contrast 

to some studies which suggest that treatment with agents like cisplatin can positively enrich 

for cancer stem cells [32–34]. However, it should be noted that in many studies cisplatin 

selection of cancer stem cells required serial passage of the cancer cells in mice under 

continuous drug selective pressure [32–34].

SFN is a promising candidate agent to consider for co-therapy. It has efficacy against skin 

cancer in several model systems [36,36,38], is highly bioavailable in vivo [22], can protect 

against skin cancer induction and has no known side effects [23,36,38]. Our findings suggest 

that SFN/cisplatin combination may be a useful therapy in squamous cell carcinoma.
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Fig. 1. Impact of SFN and cisplatin on cell function
A/B SCC-13 cells, growing in monolayer culture in spheroid medium, were treated as 

indicated and cell number was determined at the indicated times. C/D/E/F SCC-13 cell-

derived eight day pre-formed spheroids were treated with cisplatin or SFN for 0 – 3 d and 

spheroid number per dish was determined. G/H/I SCC-13 cells were seeded atop a layer of 

matrigel in a BD BioCoat chamber in the presence of the indicated agents and matrigel 

invaded cells were imaged and counted at 18 h. J Confluent monolayers of SCC-13 cells 

were uniformly wounded with a pipette tip and wound closure was monitored from 0 – 24 h. 

The graphical values are mean ± SEM, n = 3. The asterisks indicate a significant change 
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compared to control, p < 0.001. The double asterisks indicate a significant reduction 

compare to the single treatment groups, p < 0.005.
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Fig. 2. SFN and cisplatin impact on tumor formation by SCC-13 spheroid-derived cells
A/B/C SCC-13 spheroid cells were injected subcutaneously into immunocompromised NSG 

mice and at 48 h treatment was initiated with the indicated levels of SFN and cisplatin. 

Treatments were selected such that the individual treatments produce a partial reduction in 

tumor formation. Tumor size and morphology was monitored and tumor samples were 

harvested a 5 wk. Mouse weight was normal for the duration of the experiment in all 

treatment groups. The reduced weight gain in the cisplatin/SFN group was not significant 

different compared to the other treatment groups. D SFN and cisplatin treatment induces 

tumor cell apoptosis. Tumor extracts were prepared at 5 wk for immunoblot detection of the 
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indicated epitopes. E Tumors were harvested and cells were dispersed as single cell 

suspensions. Twenty thousand viable cells were seeded in spheroid growth conditions and 

the number of spheroids formed was monitored at 5 d. All graphical values are mean ± 

SEM, n = 5. The asterisks indicate a significant change compared to control, p < 0.001. The 

double asterisks indicate a significant reduction compare to the single treatment groups, p < 

0.005.
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Fig. 3. Impact of SFN and cisplatin on cell function
A/B HaCaT cells, growing in monolayer culture, were treated as indicated and cell number 

was determined at the indicated times. C/D/E HaCaT cell-derived eight day pre-formed 

spheroids were treated with cisplatin or SFN for 0 – 3 d and spheroid number per dish was 

determined. F/G HaCaT cells were seeded atop a layer of matrigel in a BD BioCoat 

chamber in the presence of the indicated agents and matrigel invaded cells were imaged and 

counted at 18 h. H Confluent monolayers of HaCaT cells were wounded with a pipette tip 

and wound closure was monitored rom 0 – 24 h. The graphical values are mean ± SEM, n = 
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3. The asterisks indicate a significant change compared to control, p < 0.001. The double 

asterisks indicate a significant reduction compare to the single treatment groups, p < 0.005.
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Fig. 4. Impact of SFN and cisplatin treatment on apoptosis in ECS cell enriched spheroid 
cultures
A/B/C/D SCC-13 or HaCaT cell spheroids were grown for 5 d and then treated with SFN 

and/or cisplatin for 72 h before preparation of extracts for immunoblot. Similar results were 

observed in each of three experiments. The asterisk denotes cleaved PARP.

Kerr et al. Page 18

Mol Carcinog. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Materials and Methods
	Antibodies and reagents
	Spheroid formation assay
	Immunoblot
	Proliferation assay
	Invasion assay
	Migration assay
	Tumor xenograft growth assays
	Tumor-derived cell spheroid formation assay

	Results
	Enhanced sensitivity of ECS cells to cisplatin and SFN
	Impact of SFN and cisplatin on ECS cell invasion and migration
	Impact of SFN and cisplatin on tumor formation
	Impact of cisplatin and SFN on HaCaT cells
	Impact of SFN and cisplatin on apoptosis and ECS cell survival markers

	Discussion
	Cisplatin, SFN and skin cancer
	Impact of SFN and cisplatin on epidermis-derived cell lines
	Impact of SFN and cisplatin on tumor formation

	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4

