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Squamous Cell Carcinoma:  
A Growing Problem 

In our ageing yet active population, 
skin cancers such as squamous 
cell carcinoma and associated 
precancerous lesions are becoming 
increasingly common, and the need for 
new therapeutic strategies becomes 
more pressing by the day. Squamous 
cell carcinoma in situ is a common 
pre-cancerous skin condition that can 
progress to the more serious disease of 
cutaneous squamous cell carcinoma. 
Although the former is frequently seen 
by dermatologists, our understanding of 
the biological mechanisms behind the 
condition remains incomplete. 

Understanding human skin cancer 
development requires scientific studies 
that elucidate the molecular pathways 
leading to pre-cancerous lesion 
formation and subsequent tumour 
development and disease progression. 
As such, laboratory mice have proven 
to be invaluable resources as models in 
this work. Currently, Dr John T. Seykora 
and his team from the University of 

Philadelphia are leading the scientific 
effort through their experiments on 
genetically engineered murine models 
and in-depth characterisation of human 
samples. 

Dr Seykora has observed the clinical 
and molecular factors relating to skin 
cancers to define the progression 
from unremarkable epidermis to in 
situ lesions to cutaneous squamous 
cell carcinoma by utilising a variety of 
experimental approaches. Furthermore, 
insights gained from computer 
modelling of these lesions have 
identified multiple targets for treating 
pre-cancerous lesions. 

The Development of Cancer

As is the case with other cancers, 
cutaneous squamous cell carcinomas 
exhibit a high rate of DNA mutations. 
The mechanisms that lead to this high 
frequency of DNA mutations likely result 
from tumour-suppressor proteins and 
proto-oncogenes being damaged via 
exposure to ultraviolet (UV) light. The 
UV-induced DNA mutations responsible 

for producing the in situ lesions in 
human skin were demonstrated in a 
2021 study by Dr Seykora’s group on 
human skin specimens. 

Since these initial observations of 
ultraviolet-induced protein mutations, 
other studies have confirmed the 
presence of mutations in significant 
numbers of squamous cell carcinoma 
patients. Previous studies by other 
researchers had presented a high 
prevalence of anti-cancer mutations 
in sun-exposed skin in comparison 
to non–sun-exposed skin, setting the 
stage for Dr Seykora’s own studies in 
this field. Consistent with these findings, 
Dr Seykora’s team found that 60% of 
patients displaying pre-cancerous 
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Every year, approximately 700,000 new diagnoses of squamous cell 
carcinoma, a type of skin cancer, are reported to dermatologists 
in the USA alone, constituting the second most common form of 
cancer. Treating pre-cancerous skin cells with a therapeutic topical 
cream could significantly reduce the number of harmful cells, 
potentially inhibiting the growth of squamous cell carcinoma.  
Dr John T. Seykora and his team from the University of Philadelphia 
have been researching the biology of skin squamous cell carcinoma 
and related precursor lesions to identify new therapeutic targets 
that could be treated using topical approaches with exciting results. 
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‘These innovations represent a promising and much-needed alternative to today’s 
topical therapies, one that directly targets the biological mechanisms driving the 

tumour’s growth…’

squamous cell carcinoma in situ had 
similar anti-cancer protein mutations, 
indicating that the loss in these useful 
proteins in skin cells occurs before full 
cancer can develop.

Although laboratory mice are a strong, 
versatile model for studying skin cancer 
development, the key differences in skin 
structure between mice and humans 
limit any direct correlations between 
mice-based skin cancer studies and 
human disease. Additionally, there are 
major differences in both biochemical 
and genetic factors. Therefore, the 
correlation of observations made 
in mice models with those present 
in human skin tissue is vital for 
demonstrating relevance to human 
disease. 

Multiple epidemiologic and basic 
research studies, including a 2019 study 
by Dr Seykora and his research team, 
have shown that cutaneous squamous 
cell carcinoma can also come about 
via chronic exposure to a systemic 
anti-fungal agent called Voriconazole, 
especially if the patient’s skin has been 
extensively exposed to UV radiation. 

These observations suggest that 
Voriconazole promotes some sort 
of biochemical reaction in skin cells 
that makes them more vulnerable to 
UV irradiation, ultimately leading to 
cancerous tumour formation. Since 
these antifungal treatments have been 
found to produce cutaneous squamous 
cell carcinomas in UV-exposed skin, 
these compounds likely promote 
additional DNA and cellular damage 
provided by UV radiation to accelerate 
the formation of tumours. The 
mechanism responsible for this process, 
however, was unclear until Dr Seykora’s 
group showed that Voriconazole directly 
inhibits the enzyme catalase which is 
a key detoxifying protein in cells that 
limits UV-induced damage and DNA 
mutations. 

Research into the basic molecular 
mechanisms of skin cancers is the 
foundation for testing new therapies 
that are critical in combatting the 
disease. Back in 2002, Dr Seykora and 
his research team discovered that a 
novel cancer-preventing protein acts as 
a vital marker in understanding whether 
or not skin cells may be potentially 

predisposed to developing skin cancer. 
These studies identified a class of anti-
oncogenes that target activated tyrosine 
kinases for degradation; this protein 
was named Src Activating and Signaling 
Molecule (Srcasm). Srcasm levels are 
inversely proportional to the rate of cell 
proliferation in cSCC and in situ lesions 
and Src tyrosine kinases, the target 
of Srcasm, are therapeutic targets for 
cSCC and related precancerous lesions. 
Therefore, molecules that enhance 
Srcasm function also may represent a 
new class of therapeutic agents to treat 
these lesions. 

Future Potential Treatment Options 

Current treatments methods for in 
situ and cutaneous squamous cell 
carcinomas are limited and invasive. 
Surgery is often recommended to 
remove squamous cell carcinomas, 
particularly those classified as high 
risk. Surgical removal involves injecting 
a local anaesthetic and removing the 
tumour from the skin along with a clear 
‘safety margin’ to ensure that all of the 
cancer cells have been removed. 
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Moh’s surgery is a commonly used technique, involving the 
surgeon removing skin tissue layer by layer, mapping and 
freezing each layer, and examining the tissue for tumour cells 
under a microscope before proceeding to the next layer. This 
method is complicated and time-consuming but ensures that 
the entire tumour is removed with as little scarring as possible. 
Other options include radiation therapy, which takes a long 
time and can be painful, and other surgical approaches. A 
treatment method that does not cause pain or irritation, is non-
invasive as well as cost-effective, could prove hugely beneficial 
for patients suffering from this type of skin cancer.

Since cutaneous squamous cell carcinomas typically arise from 
less-developed squamous cell carcinomas in situ, effective 
treatment of these affected ‘precursor’ skin lesions could 
potentially decrease the number of fully-developed cancer 
patients. Current treatments for these precursor skin conditions 
include cryotherapy (freezing the skin) or minor surgery, which 
can lead to skin pigmentation and scarring – as well as not 
being cost-effective. Currently available topical therapies for 
this stage include Imiquimod and Fluorouracil creams. 

Fluorouracil and Imiquimod produce irritating, often painful 
inflammation, which discourages patients from completing 
the full course of treatment, although other topical treatment 
options are proven to have suboptimal pre-cancerous cell 
reduction rates or are very expensive for the patient or medical 
service provider. There remains a clear medical need for 
effective topical therapies that lack these serious and adverse 
side effects.

In 2008, Dr Seykora’s group published that Src-family tyrosine 
kinases are hyperactivated in human actinic keratosis, in situ 
carcinoma and squamous cell carcinoma. This study indicated 
that Src kinases are a therapeutic target for treating these 
lesions. Based on these studies, Dr Seykora’s group derived in 
vivo murine models of these lesions and tested the potential 
utility of topically applied kinase inhibitors to treat cutaneous 
squamous cell carcinomas and related precursor lesions. 

A recent study of the kinase inhibitor Dasatinib shows that 
topical application promoted shrinkage of cancerous tumours 

in a similar way to topical Fluorouracil cream, but caused less 
painful inflammation and produced no skin ulcers. Dasatinib 
was applied daily to experimental mice, and was found 
to cause 45% and 77% reduction of cutaneous squamous 
cell carcinoma cells after two to five weeks of treatment, 
respectively. 

Fluorouracil cream was also tested in this study and was found 
to induce a 70% regression in skin cancer cells after two weeks. 
However, it was found to cause skin ulcers in two out of the 15 
observed tumours, and seven of the eight mice in that group 
died. No ulcers or deaths were observed in the Dasatinib 
topical treatment group. Dr Seykora, when asked in a recent 
interview, stated that ‘Together, these data suggest that topical 
application of small-molecule kinase inhibitors may be useful 
for treating cutaneous squamous cell carcinoma and related 
precursor lesions.’ 

In parallel experiments that were also undertaken by Dr 
Seykora’s research team, another topical skin cancer treatment 
that works in a similar way to Dasatinib, known as Dactolisib, 
was found to reduce the size of cutaneous squamous 
cell carcinomas in comparison to the currently available 
treatments. 

Taken together, these results suggest that the topical 
application of new treatments targeting the proteins associated 
with cancer cell formation have the potential to treat cutaneous 
squamous cell carcinomas and other related skin conditions, 
and raise the possibility that topical treatments containing 
multiple cancer-associated protein (enzyme) inhibitors together 
could be more effective than utilising a single compound.

‘These innovations represent a promising and much-needed 
alternative to today’s topical therapies, one that directly targets 
the biological mechanisms driving the tumour’s growth,’ 
explains Dr Seykora, ‘with the number of cases of cutaneous 
squamous cell carcinoma steadily rising, it’s important we work 
to identify safer, more precise therapies to treat these cancers 
before they progress and spread. We believe topical kinase 
inhibitors are potential candidates that warrant further study.’
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