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Abstract

Objective. Squamous cell carcinoma (SCCa) has increased
from 4% to 10% over 4 decades, stimulating interest in
developing novel agents that slow sun-damaged skin pro-
gression. This is the first study evaluating the naturally
occurring bioactive food compound curcumin on skin
cancer xenografts. Low bioavailability of curcumin has
slowed its transition to clinical trials. It is hypothesized
that curcumin has growth-inhibitory effects through the
MTOR pathway and chemopreventive potential in skin
SCCa where local application could bypass bioavailability
problems.

Study Design. A randomized experimental animal and labora-
tory study.

Setting. Louisiana State University Health Sciences Center,
Shreveport, Louisiana.

Subjects and Methods. SCID mice were pretreated with 0, 5,
or 15 mg of curcumin (n = 8 per group), 3 days prior to
injecting 106 SRB12-p9 skin SCCa cells in each flank, and
were gavaged daily thereafter. Tumor volumes were mea-
sured and tumors were harvested on day 24 when mice
were sacrificed. Immunohistochemical analysis of pS6
expression (n = 3 per group) and tumor volumes in the 3
groups were compared using 1-way analysis of variance and
pairwise comparisons were determined with the Tukey t
test if overall comparisons were significant.

Results. Tumor volume increased 2.3 times faster in control
mice compared with the group receiving 15 mg of curcumin
(P = .0003). A significant difference in average tumor
volumes was seen (P = .0012), especially with treatment of
15 mg of curcumin compared with control P = .0003).
Curcumin inhibited S6 phosphorylation (P = .0027), suggest-
ing inhibition of the MTOR pathway.

Conclusion. Curcumin appears to inhibit skin SCCa growth
and blocks tumor progression by inhibiting pS6 even when
gavage is used to deliver curcumin, indicating even more sig-
nificant effects in future experiments with local application.

Keywords

squamous cell carcinoma, skin, curcumin, MTOR, pS6,
chemoprevention
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C
utaneous squamous cell carcinoma (SCCa) is one of

the most common human malignancies and repre-

sents approximately 20% to 25% of nonmelanoma

skin cancers.1 Although exact incidence is difficult to deter-

mine, given that nonmelanoma skin cancer (NMSC) is not

frequently reported to cancer registries, estimated incidence

is between 1 and 2 million cases annually and has continued

to increase from 4% to 10% over the past several decades.2

Additionally, SCCa carries the highest mortality rate of all

skin cancers in adults over age 85 years.3 Approximately

70% of cases of SCCa of the skin are found in the head and

neck.2

Development of SCCa is multifactorial and is attributed

to both environmental and genetic risk factors. The cumula-

tive effect of chronic exposure to UV radiation remains the

most important etiologic factor in development of SCCa.

Similarly, the incidence of cutaneous SCCa increases with

advancing age and decreases with geographic distance from

the equator.2 Individuals may develop SCCa in chronic

inflammatory skin lesions, scars, burns, or ulcers, and

patients with systemic immunosuppression are at risk. Other
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known risk factors include chronic exposure to ionizing radi-

ation, arsenic exposure, and history of nonmelanoma skin

cancer. Patients with inherited disorders of the skin, including

xeroderma pigmentosum and oculocutaneous albinism, are at

increased risk for SCCa.4 Treatment of SCCa has focused on

local medical and surgical interventions, ranging from cryo-

therapy or 5-flurouracil (5-FU) topical treatments of precan-

cerous actinic keratoses5 to electrodessication, curettage, or

imiquimod therapy for smaller, more superficial lesions.6

However, surgical excision using Mohs micrographic surgery

or formal excision with margins is the most widely per-

formed and effective treatment modality used in practice.7

Although local excision of smaller cutaneous SCCa is per-

formed frequently with acceptable outcomes, patients with

multiple lesions or condemned skin, particularly in the head

and neck, pose a more difficult challenge. The frequency of

visits to the clinic or operating room to manage these lesions

often leads to untoward disfigurement and cost to the patient.

Indeed, because of its high prevalence and frequent need for

multiple surgical interventions, cutaneous SCCa has become

one of the most costly cancers in the United States.8

Given the increasing incidence and morbidity of cutane-

ous SCCa, research has shifted focus toward chemopreven-

tion of cutaneous malignancies, and multiple agents have

been investigated. Oral retinoids have been shown to inhibit

SCCa tumor growth in vitro and may prevent SCCa in some

patients at high risk for nonmelanoma skin cancer.9 Regular

use of nonsteroidal anti-inflammatory drugs, such as etodo-

lac and celecoxib, have been shown to decrease the risk of

actinic keratosis and SCCa formation in animal models;

however, case-control studies in the human population have

resulted in conflicting evidence.10 Black tea and green tea

are polyphenol substances that have been investigated for

their ability to inhibit ultraviolet B and chemically induced

carcinogenesis in skin, although human clinical trials are

limited.11 Numerous other naturally occurring chemopreven-

tive agents have been studied, including b-carotenes, lyco-

pene, genistein, selenium, myricetin, and ginger, in both

oral and topical preparations, with mixed results.12

More recently, curcumin, a naturally occurring polyphe-

nolic compound, has been investigated for its role as a

chemopreventive agent in a variety of cancers. Curcumin is

the active ingredient in turmeric, an orange-yellow spice

that has been used in ancient medicine dating back to

600 BC, and has been shown to have activity as an anti-

inflammatory, antibacterial, and antioxidant agent. It has been

used in a variety of disease processes involving nearly every

organ system, with benefits such as providing cardioprotective

effects and promoting digestive health.13 Curcumin has been

studied as an anticarcinogenic agent in the inhibition of pancre-

atic, colon, liver, hematologic, and oral cavity cancer13 and has

shown to be safe and nontoxic to humans at biologically effec-

tive doses in phase 1 clinical trials.14 Its molecular mechanism

of action in inhibiting tumor initiation, growth, and protein syn-

thesis has yet to be clearly defined; however, in vitro studies

have indicated its effect in AKT/MTOR intracellular signaling,

nuclear factor kB (NF-kB) activation, STAT phosphorylation,

and numerous transcription factors and protein kinases that are

upregulated in carcinogenesis.15 Despite promising data in the

laboratory setting, poor bioavailability of curcumin attributable

to poor absorption in the gut and rapid metabolism and elimi-

nation from the body has led researchers to question its clinical

efficacy as a potential anticarcinogenic agent.16

Curcumin has also been explored in the treatment of skin

cancer and other skin diseases. Limited in vitro and in vivo

mouse studies have shown that curcumin inhibits 12-O-

tetradecanoylphorbol-13-acetate (TPA)–induced expression of

proto-oncogene messenger RNAs, alters arachidonic acid

metabolism, and downregulates formation of transcription

factor AP-1 and NF-kB in skin tumorigenesis.17-19 AKT acti-

vation in intracellular signaling has been cited as one of the

most critical steps in mouse skin tumor initiation and progres-

sion.20 However, no data exist on curcumin’s effects on the

AKT/MTOR pathway in skin cancer. Therefore, we wanted

to determine whether curcumin has growth-inhibitory effects

on cutaneous SCCa using an in vivo murine model. We

hypothesized that oral application of curcumin would have an

inhibitory effect on tumor growth and that these effects could

possibly be mediated through the AKT/MTOR intracellular

signaling mechanisms in SCCa tumorigenesis.

Methods

Curcumin

Curcumin paste was prepared by suspending Curcumin (C3)

Complex (0, 5, or 15 mg) powder (Sabinsa Corp., East

Windsor, New Jersey) in 100 mL of corn oil for oral gavage

feeding. Doses administered were 5 mg/d and 15 mg/d.

Cell Lines and Xenografts

The human skin SCC cell line SRB12-p9 was derived by

single-cell cloning from SRB12 cells (a gift from Dr

Reuben Lotan, Department of Thoracic Head and Neck

Medical Oncology, University of Texas M.D. Anderson

Cancer Center) and cultured as described.21 This cell line

was chosen because of its sensitivity to curcumin as evi-

denced in cell culture studies.

Cutaneous Squamous Cell Carcinoma Xenograft In
Vivo Study

Severe combined immunodeficiency (SCID) mice used in the

study were housed in a barrier facility, given a normal diet

ad libitum, and maintained as formally approved by

Louisiana State University Health Sciences Center

Institutional Animal Care and Use Committee in accordance

with US National Institutes of Health guidelines. Mice were

pretreated with either 0 mg of curcumin (corn oil) or 5-mg or

15-mg curcumin paste by oral gavage once daily for 3 days

prior to SCCa xenograft injection (n = 8 per group). Mice

were then shaved and injected subcutaneously with 1 3 106

SRB12-p9 cells suspended in sterile phosphate buffered

saline (day 0). All mice continued daily gavage with either

0 mg, 5 mg, or 15 mg of curcumin paste, and tumors were

measured daily using digital calipers. Tumor volume (mm3)
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was calculated using the following formula: 0.52 3 length2

3 width. Body weight was measured daily, and mice were

monitored for adverse effects from the experiment. Daily oral

gavage and tumor volume measurement continued through

day 24, at which time tumors were harvested.

Immunohistochemical Analysis of Molecular Markers
in Skin Squamous Cell Carcinoma

Tumors harvested on day 24 were embedded in paraffin, sec-

tioned, and stained with hematoxylin and eosin for confirma-

tion of SCCa presence by our study pathologist (F.A.). Tumors

(n = 3 per group) were then stained with Ki67, a marker of

cell-cycling cellular proliferation. Slides were read and scored

by the pathologist, who was blinded to the study. To examine

curcumin’s effects on cell proliferation, the number of prolifer-

ating cells was determined in tumor sections from control, 5-

mg, and 15-mg curcumin treatment groups stained with Ki67

antibody. The intense brown–stained Ki671 cells were

counted at 3200 magnification from 3 random high-power

fields per tumor section and averaged (n = 3 per group).

Western Blot Analysis of Tumors

Soluble proteins extracted from cell lines and tumor cells

were analyzed by Western blot, as previously described.22

Western blots were developed with a secondary anti-

rabbit antibody conjugated to horseradish peroxidase. Proteins

were detected using enhanced chemiluminescence (Amersham

Pharmacia Biotech, Piscataway, New Jersey) and analyzed

with ImageQuant TL7.0 (GE Healthcare) software (n = 3 per

group). The following antibodies were used: rabbit polyclonal

primary antibodies from Cell Signaling (Beverly, Masachu-

setts): S6 ribosomal protein (1:100), phospho-S6 ribosomal

protein (serine 235/236; 1:100), AKT (1:250), AKT (1:100),

phospho-AKT (Ser473; 1:250), and actin (1:3500).

Statistics

Tumor volumes and densitometry scans for Western blot analy-

sis of AKT, pAKT, S6, and pS6 expression in each of the 3

groups were compared using 1-way analysis of variance.

Pairwise comparisons were determined with Tukey t test if indi-

vidual comparisons were significant between treatment groups.

Results

Curcumin Inhibits Squamous Cell Carcinoma Tumor
Growth

After injection of SRB12-p9 SCCa cells into the flank of

each mouse, tumor size became large enough by day 7 to be

recorded by the digital calipers. Tumor volume for each

group (n = 8 per group) was averaged and recorded. A sig-

nificant difference in tumor growth rate was seen between

mice treated with 15 mg of curcumin compared with control

(Figure 1A). Tumor volume increased 2.3 times faster in

control mice compared with the 15-mg curcumin group.

Overall average tumor volume was significantly smaller in

the curcumin-treated group compared with the control group

(P = .0012), particularly in the mice treated with 15 mg of

curcumin compared with the control group (P = .0003).

There was a significant difference in average tumor volumes

between control and treatment groups at 5 mg of curcumin

for only the early time points (days 0-16, F1,16 = 14.36, P =

.0016) when tumors were of smaller volumes. When repeat-

ed at a higher dose, there was a significant difference in

tumor volume between control and 15 mg of curcumin at

early time points (days 0-16, F1,16 = 12.64, P = .0032) and

late time points (days 17-24, F1,16 = 82.99, P \ .001). No

significant difference was noted between 5 mg and 15 mg

of curcumin at the early time points (days 0-16, F1,16 =

1.00, P = .33), although a significant difference in tumor

volumes was noted between 5 mg and 15 mg of curcumin at

the later time points (days 17-24, F1,16 = 19.33, P = .006).

Weights remained stable in both control and treated mice

that survived through tumor harvesting on day 24, suggest-

ing no toxicity from curcumin treatment. Upon tumor har-

vesting, control mice had markedly bulkier, irregular, and

invasive flank tumors, whereas curcumin-treated mice had

smaller and more well-confined tumors (Figure 1B).

Curcumin Inhibits S6 Phosphorylation

We evaluated MTOR pathway inhibition in skin SCCa.

Total levels of AKT and pAKT were unaffected (P = .41)

(Figure 2). Phosphorylated S6 is a well-accepted marker of

MTOR activity in clinical trials, and hence we sought to

determine whether pS6 was downregulated with curcumin.

Total S6 levels were unaffected (P = .04), whereas phos-

phorylated S6 expression was significantly decreased in

tumors from mice treated with 15 mg of curcumin compared

with control mice (P = .0027) (Figure 2).

S6 phosphorylation correlates with an increase in pro-

teins involved in cell cycle progression.23 Because curcumin

inhibited S6 phosphorylation, we wanted to determine cur-

cumin’s effects on cellular proliferation. We noted a dose-

dependent decrease in cellular proliferation as evidenced by

a marked decrease in Ki-67 expression in tumor specimens

from mice treated with curcumin compared with control

mice (F2,21 = 120.40, P \ .001, Figure 3).

Discussion

Despite aggressive attempts to educate the public about the

need to avoid prolonged UV radiation exposure and wear

sunblock and sun-protective clothing, the incidence of non-

melanoma skin cancer continues to rise.2 Given the increas-

ing morbidity and cost of these prevalent cancers, the

National Cancer Institute sponsored a large series of clinical

trials to explore potential chemopreventive agents against

a variety of common malignancies. With regard to nonmela-

noma skin cancer, the goal of chemoprevention is to inhibit

formation and progression of cutaneous malignancies after

exposure to UV radiation has already occurred.12 Oral reti-

noid therapy has been shown to be an effective chemopreven-

tive agent in patients at moderate to high risk for

nonmelanoma skin cancer. However, continued effectiveness

relies on chronic use of these agents, which has been associ-

ated with hepatoxicity, hyperlipidemia, acute pancreatitis,
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hair loss, and teratogenicity.12 More recently, research has

focused on phytochemical compounds such as polyphenols,

dietary flavonoids, and botanicals in chemoprevention of skin

cancer. These naturally occurring substances have been

shown to inhibit skin carcinogenesis through a variety of

mechanisms, including antioxidant activity, inhibition of tran-

scription factors in cellular signaling, and prevention of DNA

damage and mutagenesis. Polyphenols are plant-derived, non-

nutrient compounds with known antioxidant properties.

Green tea and grape seed extracts have shown some promis-

ing results in mouse models, but no human clinical trials

have been performed showing chemopreventive effects in

skin cancer. Flavonoids, such as silymarin, genistein, and

pomegranate, have shown efficacy in murine models as topi-

cal agents; however, data are limited.12

Curcumin, another polyphenolic compound, has been

explored in the treatment of skin cancer and diseases such

as psoriasis, scleroderma, and chronic wounds. Curcumin

has been shown to lessen wound healing time, provide anti-

oxidant protection, and improve collagen deposition.13

Cheng et al14 demonstrated in a phase 1 clinical trial that

therapeutic doses of curcumin (up to 8000 mg/d) were safe

and nontoxic to humans, and those investigators reviewed

its chemopreventive effects in skin, liver, intestinal, and

stomach carcinogenesis models. Subsequently, curcumin has

been studied as a possible chemopreventive agent in mela-

noma and nonmelanoma skin cancer. Huang et al17 first

experimented with curcumin’s inhibition of skin cancer

induced by TPA in the mouse model and concluded that

topically applied curcumin inhibited both TPA-induced

tumor growth and arachidonic acid–induced inflammation

in murine skin.17,19 Limtrakul et al18 further explored the

anticarcinogenic effect of curcumin on DMBA-induced skin

cancers in Swiss albino mice by the addition of curcumin to

the diet and concluded that curcumin-treated mice devel-

oped fewer tumors and had decreased tumor volume com-

pared with controls. These studies indicate that curcumin is

an effective inhibitor of mouse skin carcinogenesis but high-

light that curcumin’s mechanism of action is unclear.

Curcumin has been shown to inhibit NF-kB and induce apo-

ptosis in mouse melanoma cells in vitro, suggesting curcu-

min’s effect at an intracellular level.24 In recent years, the

AKT/MTOR pathway has been cited as essential in the initi-

ation and progression of skin tumorigenesis; however, no

data exist as to how curcumin might effect this pathway in

skin carcinogenesis.25

Figure 1. Curcumin activity in vivo. (A) Mice were pretreated
with the indicated dose of curcumin for 3 days prior to injection
with 1 3 106 SRB12-p9 skin tumor cells in each flank (day 0) and
continued receiving daily curcumin treatment (8 mice per group,
mean tumor volume 6 SEM, *P = .0003 vs control group). (B)
Representative tumors in control (– curcumin) and treatment
(1 curcumin) groups.

Figure 2. Curcumin inhibits pS6, a well-accepted downstream
target of MTOR intracellular signaling. Whole-cell lysates were sub-
jected to Western blot analysis with the indicated antibody and
quantified by densitometry. Actin was used as a loading control.
(A) Expression of pS6 was significantly decreased in the specimens
treated with 15 mg of curcumin (*P = .0027). (B) Mean relative
expression level of the indicated antibody at each dose (n = 3 per
group) 6 SD, *P = .0027).
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We sought to explore curcumin’s effect on tumor growth

and progression using cutaneous SCCa xenografts and

hypothesized that any inhibitory effects on growth would be

mediated by inhibition of biomarkers in the AKT/MTOR

intracellular signaling pathway. Our in vivo data demonstrat-

ed sensitivity of SCCa xenografts to curcumin and significant

inhibition of tumor growth. Although results appear dose-

dependent, even treatment with 5 mg of curcumin demon-

strated an inhibitory response, although not significant

(Figure 2). Immunohistochemical staining for Ki-67 showed

a significant decrease in expression, suggesting inhibition of

tumor progression in mice treated with curcumin. The

MTOR protein complex integrates signaling pathways that

are often dysregulated in cancer,26 making MTOR inhibition

an attractive antitumor target. MTOR activity phosphorylates

4EBP1 through EIF4E27 and regulates S6K1 that phosphory-

lates the 40S ribosomal protein S6. Our previous experience

with curcumin in HNSCC cell lines15 indicates that curcumin

inhibits the MTOR signaling pathway. Inducible S6 phos-

phorylation is a known downstream biomarker linked to

AKT/MTOR activation and cellular proliferation,28 and the

effects of curcumin on AKT have been shown to be dose-

dependent.15 Curcumin inhibited pS6 expression without

inducing feedback activation of pAKT in our study, suggest-

ing a possible effect of MTOR inhibition. This may be one

of the mechanisms of curcumin’s activity in skin SCCa.

Results from data published by Segrelles et al25 and data

from our study highlight the role of the AKT/MTOR pathway

in skin carcinogenesis, however, no widely studied biomarker

exists. As described above, NF-kB and transcription factor

AP-1 have been investigated as potential targets for inhibition

of cellular growth and protein synthesis. However, a number

of intracellular signaling pathways exist that are specific to

carcinogenic cells and may prove to be useful biomarkers in

further studies in chemoprevention. The MEK/ERK pathway,

induced by Ras-Raf protein kinase activation, has been studied

in a variety of epidermal carcinogenesis models.29 Receptor

tyrosine kinases such as the epidermal growth factor receptor

(EGFR) are often overexpressed and activated in SCCa. The

EGFR is a key upstream activator of MAP kinase signaling

that activates both the B-Raf/MEK/ERK pathway and Stat3

signaling pathways.30 Retinoids are a potential chemopreven-

tive agent for skin SCCa through inhibition of EGFR signaling

at both early and late times during the chemical-induced skin

SCCa.30 However, side effects have precluded continuing clin-

ical trials, and a search for safer compounds continues.

Although curcumin appears to be a safe and promising

chemopreventive agent in skin carcinogenesis, many

researchers have questioned its use as a therapeutic agent

because of concerns over poor oral bioavailability.

Curcumin is rapidly degraded in the gut and metabolized

quickly, leading to low plasma levels and subsequently little

substance distributed to target tissues.18 Despite these con-

cerns, our data showed significant tumor inhibition using

oral curcumin, suggesting even more pronounced effects

with controlled-release oral, topical, or nanoparticle curcu-

min preparations. Furthermore, we pretreated mice with

daily oral curcumin administration and found a significant

difference in tumor growth between the curcumin-treated

group and control, even at early time points after placement

of SCCa xenografts (Figure 1). This may be applicable to

human studies in individuals with precancerous lesions and

may represent a chemopreventive window of opportunity.

This the first study to demonstrate curcumin’s inhibition

of cutaneous SCCa in SCID mice. Inhibition of S6 phos-

phorylation indicates the possible effects of curcumin on the

MTOR pathway, which has been shown to be activated in

skin carcinogenesis. It is worth noting that although this

study represents curcumin’s inhibition of tumor growth of

only a single very aggressive SCCa cell line in vivo, studies

showing statistically significant inhibitory effects of curcu-

min on tumor growth using several other SCCa cell lines in

vivo have been reported.15 Overall, these data may promote

future studies that explore local and controlled-release cur-

cumin formulas in vivo. The search for other robust biomar-

kers in skin carcinogenesis continues, and further

exploration of curcumin’s effect on a variety of known

intracellular signaling pathways is warranted.

Conclusion

As the incidence and associated morbidity of cutaneous SCCa

increase, a shift in treatment paradigm toward chemopreven-

tion has begun. Although a number of synthetic and naturally

occurring biologic agents have been investigated, curcumin

continues to demonstrate tumor inhibition both in vitro and in

vivo while remaining safe at biologically efficacious doses.

Figure 3. Curcumin inhibits cellular proliferation modulated by
the MTOR pathway in vivo. Immunohistochemical staining with
Ki67. (A) Representative brown nuclear staining of Ki67 expression
in xenograft tumors from mice (n = 8 mice per group) treated
with control (corn oil) and from mice treated with 5 mg or 15 mg
of curcumin (shown at 3200 magnification). (B) Cell proliferation
was quantified in tumor sections from the control group and the 5-
mg and 15-mg curcumin treatment groups stained with Ki67 anti-
body. The intense brown-stained Ki671 cells were counted at
3200 magnification from 3 random high-power fields per tumor
and averaged (n = 3 per group). Mean Ki67 expression 6 SD, *P \
.001 compared with control.
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The AKT/mTOR intracellular signaling mechanism appears to

be central in skin tumorigenesis, and novel agents that target

downstream moieties of this pathway may help prevent skin

cancer formation and progression. This is the first study that

demonstrates curcumin’s inhibition of SCCa tumor growth in

SCID mice resulting from inhibition of S6 phosphorylation.

Although the bioavailability of curcumin via oral administra-

tion has been questioned, our study shows efficacy with this

route, suggesting even more significant effects in future

experiments with local application.
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