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Cutaneous squamous cell carcinoma (cSCC) is the 
second most common malignancy of the skin. Local 
cSCCs are treated surgically or by other locally destruc-
tive therapies. Some cSCC tumours arise from actinic 
keratoses (AKs), which are lesions of partial-thickness 
epidermal keratinocyte dysplasia. AKs are the most 
common precancerous skin lesions, affecting millions of 
people worldwide. When multiple and adjacent, AKs are 
termed “field cancerization” and are often treated with 
field therapy, such as topical fluorouracil, imiquimod, 
tirbanibulin, and physical modalities such as ablative 
laser, chemical peels, and photodynamic therapy. These 
therapies often cause inflammatory reactions including 
skin irritation, erythema, pain and discomfort, and 
peeling. Other side effects include blistering, scarring, 
and dyspigmentation (1). There is an unmet need for 
treatment of AKs with a reduced side effect profile, 
which may increase patient compliance with therapy. 
A better side effect profile may also reduce the effect 
on daily activities, and allow for treatment year-round 
with no need for “down time” from social and work-
related activities. 

Apart from their well-known lipid-lowering clinical 
use, statins have previously been shown to inhibit some 
types of cancer in vitro and in observational studies. 
Statins inhibit cancer cells in vitro in head and neck can-
cer (2) as well as small-cell lung cancer (3). In clinical 
studies, meta-analyses showed that statins reduce the risk 
of colorectal cancer (4) and prostate cancer (5). Statins 
are competitive inhibitors of 3-hydroxy-3-methylglu-
tarylcoenzyme A reductase (HMGCR), a rate-limiting 
enzyme in the mevalonate pathway, which is important 
for the biosynthesis of cholesterol and other products 
that are essential for regulation of gene expression, cell 
growth and differentiation, cytoskeleton assembly, and 
post-translational modification of proteins involved in 
intracellular signalling (6). Cancer cells may be more 
sensitive to lower levels of cholesterol than healthy cells 
(7). This anti-neoplastic effect may also be attributed to 
the role statins have in reducing cell production of isopre-
noids, which are intermediary products of the  mevalonate 
pathway. The mevalonate pathway begins with the con-
version of acetyl-CoA to mevalonate. Mevalonate is then 
converted to a series of isoprenoid lipid intermediates, 
including the 15-carbon farnesyl pyrophosphate (FPP) 
and 20-carbon geranylgeranyl pyrophosphate (GGPP). 

FPP and GGPP are prenyl moieties that are attached 
to proteins during prenylation. Prenylation is an es-
sential post-translational modification that attaches an 
isoprenoid to a protein, providing it with a hydrophobic 
C-terminal, allowing greater interaction with cell mem-
branes and the signalling proteins therein. This C terminal 
modification effects not only localization, but also has a 
role in protein–protein interactions and protein stability 
(8). Prenylation is key in the signalling activity of small 
GTPase proteins, such as the RAS, RHO, and RAC pro-
teins, which have a role in tumorigenesis, proliferation, 
and migration of cancer cells (7).

We have previously demonstrated efficacy of topical 
statin therapy in porokeratosis, a disease associated with 
mevalonate pathways mutations. Patients with poroke-
ratosis are at increased risk of developing cSCC, and 
topical statin therapy clears precancerous lesions and 
may reduce the risk of cSCC (9). There are no preclinical 
studies on statins in cSCC. We tested the in-vitro response 
of a cSCC cell line to statin exposure.

MATERIAL AND METHODS (see APPENDIX S1)

RESULTS

Statins inhibit cSCC cell growth through apoptosis
To evaluate the in-vitro effect of statins on cSCC cells, we 
incubated cells from a known cSCC cell line, A431, for 
72 h with increasing concentrations of either atorvastatin 
or simvastatin vs control (supplemented with Dulbecco 
modified Eagle’s medium [DMEM]). A consistent, dose-
dependent decrease in cell viability was observed with 
both atorvastatin and simvastatin when compared to 
control (Fig. 1 A–B). 

We examined the cell death underlying mechanism 
using annexin V flow cytometry apoptosis assay. Fluo-
rescence activated cell sorting (FACS) demonstrated a 
significant increase in apoptosis for all statin concentra-
tions tested (Fig. 1 C–D).

Statins inhibit cSCC from forming 3-dimensional 
structures
To determine whether statins inhibit the ability of cSCC 
cells to form 3-dimensional structures we incubated A431 
cells for 144 h with increasing doses of simvastatin and 
atorvastatin. During this time, we allowed the formation 
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of 3-dimensional spheroids of cells against the surface 
of a hanging drop (Appendix S1; Fig. S1). All treat-
ment groups showed statistically significant decrease 
in spheroid formation (Fig. 1E). Inhibition of spheroid 
creation reflects a reduced ability of cells to organize, 
orient, and travel.

DISCUSSION

In this cSCC model, statins increased apoptosis and 
inhibited growth of cells. Statins also inhibited 3-dimen-
sional organization of cells. In-vitro anti-tumour effects 

were previously shown in models of head and neck SCC 
(2). In cell lines from the oro- and nasopharynx, statins 
resulted in reduced proliferation, increased apoptosis, 
and accumulation of cells in the G0/G1 phase (2). A 
large German retrospective cohort showed a decrease 
in mortality in head and neck cancer patients who were 
under statin therapy (10). 

In a small-cell lung cancer cell line, statins were shown 
to induce oxidative stress accumulation and apoptosis to 
overcome treatment resistance through the geranylgera-
nyl diphosphate synthase 1 (GGPS1)–RAB7A–autop-
hagy axis (11). RAB7A is a small GTPase Ras-related 

Fig. 1. Statins inhibit cSCC cell growth in a dose-dependent manner through apoptosis and reduce 3D spatial organization. A431 cells 
(5000 cells/well) were incubated with increasing doses of (A) atorvastatin and (B) simvastatin. Cells incubated with statins showed decreased viability in 
a dose-dependent manner when measured with ELISA. Each experiment was performed in triplicate and repeated at least 3 times. Statistical analyses 
were performed with repeated measures ANOVA, which showed significance for atorvastatin (p = 0.00050) and simvastatin (p = 0.00000000001293). 
IC50 estimated values were 90µM for atorvastatin and 30µM for simvastatin. Annexin V FACS showed a dose-dependent increase in apoptosis for 
cSCC (C) cells exposed to statins (25,000 cells/well). When compared with control, there was (D) a significant increase in overall apoptosis for 20µM 
simvastatin (p = 0.0046), 40µM simvastatin (p = 0.0005), 80µM atorvastatin (p = 0.007), and 160µM atorvastatin (p = 0.001). All viable droplets were 
measured (n = 1,283). All treatment groups showed (E) a significant decrease in spheroid formation when compared with control. Statistical analyses 
were performed with a two-tailed t-test. **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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protein that has been shown to have an important role in 
the formation of the autophagosome (11). 

To our knowledge, there are no preclinical studies 
investigating statins in cSCC. Population-based studies 
show conflicting results: while early studies showed 
increased risk of non-melanoma skin cancer among 
statin users (12), subsequent studies, including recent 
meta-analysis, showed no such association (13). Im-
portantly, the first pass of statin metabolism by the liver 
decreases the bioavailability of statins in peripheral tis-
sues including the skin when administered orally (14). 
Topical application of statins allows bypassing of the 
first-pass effect and this  approach was applied success-
fully in treating porokeratosis, a group of keratinization 
disorders with increased risk of cSCC. Our group has 
shown that topical application of statins with or without 
cholesterol normalized the skin phenotype in patients 
with porokeratosis (9). This treatment may decrease the 
risk of developing cSCC in these patients. 

We did not have a healthy skin cell line comparator, 
which might have shed light on whether cSCC cells are 
more susceptible to statins than healthy skin. However, 
from our limited clinical experience with topical statins, 
patients do not complain of topical side effects such as 
erythema and irritation, and of 87 patients in a trial of 
topical lovastatin 2% for treatment of porokeratosis, 
only minor and infrequent adverse events were reported 
(15). Given statins’ anti-tumour effect in cSCC as well as 
other cancers, they may have a clinical role when applied 
topically, either alone or in combination with another 
therapy, especially in precancerous lesions such as AK.
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