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Evaluation of the effects of a cream 
containing liposomeencapsulated photo
lyase and SPF 100 sunscreen on facial 
actinic keratosis: clinical, dermoscopic,
and confocal microscopy based analysis 

Avaliação da ação de creme contendo fotolíase em lipossomas
e filtro solar FPS 100 na queratose actínica da face: estudo 
clínico, dermatoscópico e por microscopia confocal

ABS TRACT
Introduction:Chronic exposure to ultraviolet radiation is the primary cause of skin carcinomas. Actinic
keratosis is considered a precursor lesion. Topical application of photolyase showed effectiveness with the
removal of 40-45% of the dimers formed by ultraviolet radiation, contrasting with conventional pho-
toprotection for its ability to repair already damaged cellular DNA. Confocal microscopy is used for
the in vivo visualization of skin alterations. 
Objective:To evaluate the effects of the cream containing photolyase and SPF 100 sunscreen on facial
actinic damage and keratoses, using dermoscopy and confocal microscopy as evaluation parameters. 
Methods: Observational longitudinal clinical trial in 17 actinic keratosis lesions. Dermatoscopy and confocal
microscopy were carried out before applying the cream and 120 days after, with comparison of the images. 
Results: Of the 14 Grade I actinic keratoses, nine showed clinical and dermoscopic improvement,
three remained unchanged and one progressed to Grade II actinic keratosis. Confocal microscopy sho-
wed a reduction of scales and improvement in the epidermal architecture in the five Grade I actinic
keratoses. The three Grade II actinic keratoses analyzed did not show improvement. 
Conclusions: The application of photolyase in cream with sunscreen promotes photoprotection and
DNA repair. Confocal microscopy is a useful tool for monitoring the treatment of actinic keratoses. 
Keywords: keratosis, actinic; microscopy, confocal; dermoscopy.

RESU MO
Introdução: A exposição crônica à radiação ultra-violeta é a causa primária de carcinomas
de pele. A queratose actínica é considerada uma lesão precursora. A aplicação tópica da
fotolíase mostrou eficiência com remoção de 40-45% dos dímeros formados pela radiação
ultra-violeta, diferindo da fotoproteção convencional pela habilidade de reparar um dano
já estabelecido ao DNA celular. A microscopia confocal é um recurso para visualização in
vivo das alterações cutâneas. 
Objetivo: Avaliar a ação da aplicação de creme contendo fotolíase associado ao filtro solar
FPS 100 no dano actínico e queratoses actínicas na face utilizando a dermatoscopia e a
microscopia confocal como parâmetros de avaliação. 
Métodos: Ensaio clínico longitudinal observacional em 17 lesões de queratoses actínicas.
Foi realizada dermatoscopia e microscopia confocal antes da aplicação do creme e após 120
dias. As imagens foram comparadas. 
Resultados: Das 14 queratoses actínicas grau I, 9 apresentaram melhora clínica e derma-
toscópica, 3 permaneceram inalteradas e 1  evoluiu para queratose actínica grau II. A
microscopia confocal mostrou redução das escamas e melhora da arquitetura epidérmica
nas 5 queratoses actínicas grau I. As 3 queratoses actínicas grau II documentadas não apre-
sentaram melhora. 
Conclusões: A aplicação da fotolíase em creme com filtro promove fotoproteção e reparo
ao DNA. A microscopia confocal é uma arma útil no monitoramento do tratamento de
queratoses actínicas.
Palavras-chave: ceratose actínica; microscopia confocal; dermatoscopia.
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INTRODUCTION
Chronic exposure to ultraviolet radiation (UV) is the

primary cause of skin carcinomas, and actinic keratoses (AKs)
are considered a precursor lesion of squamous cell carcinoma
(SCC). AK is one of the most common dermatological diag-
noses and affects an estimated 58 million people in the United
States.1,2 In Australia it affects about 40-50% of individuals above
40 years of age due to the large proportion of individuals with
phototype I and II skin in the population. 3 It is estimated that
the relative risk of an individual carrying AK to develop SCC is
6-10%. 4

Excessive exposure to UV radiation can cause gene
mutations in the keratinocytes’ deoxyribonucleic acid (DNA).
The UV radiation energy absorption by the DNA of the epi-
dermal cells results in the production of cyclobutane-pyrimi-
dine dimers and pyrimidine-pyrimidone photoproducts, the ini-
tial event of the immunosuppression, mutation, and carcinogen-
esis process.5 Topical application of photolyase –an enzyme pres-
ent in virtually all living beings exposed to light with the excep-
tion of placental mammals – showed efficiency, with the removal
of 40-45% of dimers from the DNA of human skin irradiated
by UV. 6 Photolyase binds to cyclobutane-pyrimidine dimers
(CPDs) and the exposure of the photolyase-dimer complex to
radiation converts the dimerized pyrimidines to their original
structure, fighting the carcinogenesis process. 5-8 When coupled
with SPF 100 sunscreen, it enhances conventional photoprotec-
tion due to the potential for repairing the damage already estab-
lished in the cellular DNA.

The classification of AK based on clinical and dermo-
scopic criteria results in Grade I and Grade II AKs (Table 1),
with Grade II presenting the highest risk of progression into
SCC. 9 In some patients it is possible to observe multiple AK
lesions and in these cases, the concept of field cancerization can
be used. It is a body area containing subclinical and multifocal
pre-neoplastic abnormalities with genetic mutations that may
constitute the origin of new primary tumors and local recur-
rence. 10-12

In recent years, there has been increasing interest in the
development of non-invasive diagnostic tests aimed at detecting
not only clinically suspected AK lesions, but also detecting and
defining sub-clinical lesions, which must also be treated. 10,13 The
in vivo confocal microscopy is a resource for viewing cutaneous
changes “in vivo” and can also be used to monitor treatment. The
main diagnostic criteria of AK in confocal microscopy are: irreg-
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ular hyperkeratosis, pleomorphism, an epidermal nuclear
increase, and architectural derangement. 14-16

The present study was aimed at evaluating the effect of
applying a cream containing photolyase in liposomes, associated
with SPF 100 sunscreen in patients with actinic damage and AK
on the face, using dermoscopy and in vivo confocal microscopy
(CM) as the evaluation parameter.

METHODS
A longitudinal, observational clinical trial was carried

out at the Dermatology Department of the Faculdade de
Medicina do ABC.

Fourteen patients (8 men and 6 women, aged 45-65
years), with AK Grade I and Grade II, and other cutaneous signs
of chronic actinic damage on the face were prospectively studied.

Selected patients who agreed to participate in the study
were volunteers from the outpatient dermatology clinic. After a
detailed explanation of the study’s objectives, and how they were
expected to collaborate, in addition to the clarification of doubts,
the patients signed a consent term for the research, which aligned
with the ethical principles of good clinical practice.

The inclusion criteria were: age 45-85 years, ability to
understand the method to be used, agreement to participate in
the project, and the presence of AK Grade I or II (associated or
not with other cutaneous signs of chronic actinic damage).

The exclusion criteria were: inability to understand the
method to be used, pregnancy, lactation, neurological and psy-
chiatric diseases, photosensitizing disease, bearers of collagenoses
(such as lupus erythematosus), the use of photosensitizing or
immunosuppressants drugs, clinical suspicion of skin cancer, and
lesions on the face compatible with active infectious diseases.

After the selection of AK lesions per patient, the docu-
mentation was performed through clinical photography, optical
dermoscopy with polarized light dermoscope (Derm Lite
FOTO System, USA) and in vivo CM (Viva Scope 1500, Mavig
Viva Scope Systems, Munich, Germany).

The area evaluated through CM was 8 mm2, where half
of the analyzed area presented the AK partially or fully, and the
other half, the perilesional region.

The patients were instructed to perform daily applica-
tion of the cream containing photolyase in liposomes and SPF
100 sunscreen (Eryfotona®-AK-NMSC, ISDIN Produtos
Farmacêuticos LTDA, São Paulo, Brazil) and follow the recom-

Grade 1 Actinic Keratosis Grade 2 Actinic Keratosis

Flat, rough, pink lesions, in areas of photodamage. Pink or erythematous papule or plaque, with scales and induration.

Red pigmentary pseudonetwork (strawberry pattern). Red star (starburst) pattern.

Lamellar scaling Dotted or glomerular vessels.

Opaque yellow desquamation.

Adaptado de Zalaudek e cols. 9

TABLE 1: Classification of actinic keratosis



Surg Cosmet Dermatol 2014;6(3):22631.

228          Rstom SA, Abdalla BMZ, Rezze GG, Paschoal FM

mendations in an explanatory leaflet. Patients were followed up
with every 30 days at dermatologic consultations. After 120
days, new clinical photographic, dermoscopic and in vivo CM
documentation was carried out.

The images obtained before and 120 days after the begin-
ning of the treatment were compared and the evaluation of the
response to the treatment in the AKs was carried out based on
the dermoscopic polarized light images and the in vivo CM.

Seventeen AK lesions (14 Grade I and 3 Grade II) were
documented with clinical and dermoscopic photographs before
and after 120 days’ use of the cream containing photolyase in
liposomes and SPF 100 sunscreen, with 8 of these lesions stud-
ied through in vivo CM.

RESULTS
From the 14 Grade I AK, 9 had clinical and dermoscopic

improvement, with reduction of erythema and desquamation
(Figure 1), 3 remained unchanged, and 1 lesion developed into
Grade II AK.

All 3 of the Grade II AK did not improve clinically or
dermoscopically after 120 days using the cream. (Figure 2)

In the CM examination of 8 lesions, 5 were Grade I AK
and 3 Grade II AK. All patients with Grade I AK had a reduction
in desquamation and improvement in the epidermal architec-
tural pattern in the examinations. The 3 patients with Grade II
AK did not present changes under the CM after 120 days’ use
of the medication. (Figures 1 and 2)

DISCUSSION
Risk factors that contribute to the development of non-

melanoma skin cancers are well known and mainly include race,
age, gender, chronic exposure to chemical and physical muta-
genic agents. (UV radiation), in addition to genetic factors.
Excessive exposure to UV radiation, especially type B ultraviolet
(UVB), is associated with an increased risk for developing skin
cancers, including basal cell carcinoma and SCC, as it can cause
gene mutations in the DNA of the keratinocytes. Failure to
repair these genetic alterations can lead to uncontrolled cell
growth and cancer formation. Furthermore, the UV radiation
has a significant effect on the cutaneous immune system, induc-
ing a state of local immunosuppression that prevents the rejec-
tion of tumors in formation.

Mutations that occur in the gene that encodes p53 pro-
tein – an important tumor suppressor gene – are directly related
to the development of skin cancer, with UV radiation being its
primary cause. High levels of p53 (evidenced by immunohisto-
chemistry) due to mutations and increased gene expression can
be considered as biological markers of actinic damage and field
cancerization. 10

Photolyase is an enzyme belonging into the family of
flavo-proteins and consists of 400 to 600 amino acids. It has an
essentially globular structure. This enzyme is present in prokary-
otic and certain eukaryotic organisms, including fish and marsu-
pials, however it is absent in humans and placental mammals.
These enzymes are produced by recombinant gene technology

and/or extraction from bacteria and algae, and are then encap-
sulated in multilamellar liposomes. Photosomes® are liposomes
containing biologically active photolyase, prepared from
Anacystisnidulans (unicellular algae) cultures. The liposomal
component comprises egg lipids, phosphatidylcholine, oleic
acid, and cholesterol. 5,17

The two main types of DNA damage are the formation
of cyclobutane-pyrimidine dimers (CPDs) and pyrimidine-
pyrimidone photoproducts (6-4PPs). These photoproducts
interfere with the replication and cellular transcription process-
es, reducing the synthesis of RNA, decreasing the cell cycle’s
speed, and can result in apoptosis. The formation of dimers is of
crucial importance in the carcinogenesis process: they promote
mutations in tumor suppressor genes and contribute to cuta-
neous immunosuppression (allowing the disorganized growth of
the transformed cells). 5-8

Humans have a repair system (nucleotide excision repair
- NER), which functions as a defensive process to prevent
adverse events caused by UV radiation, protecting the genome
and removing lesions from the DNA. In addition to the NER,
some biological systems, except for those of placental mammals,

FIGURE 1: CLINICAL IMAGES (RED ARROWS) OF GRADE 1 AK BEFORE AND AFTER 120 DAYS’
USE OF CREAM CONTAINING PHOTOLYASE IN LIPOSOMES AND SPF 100 SUNSCREEN

(A AND B). DERMOSCOPIC COMPARISON OF THE GRADE 1 AK LESION: IT IS POSSIBLE TO

OBSERVE AN IMPROVEMENT OF SCALES AND ERYTHEMA (C AND D). COMPARISON UNDER

CM: IT IS POSSIBLE TO OBSERVE A REDUCTION OF SCALES AND AN IMPROVEMENT OF

EPIDERMAL ARCHITECTURE (E AND F).

A B

C D

E F
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use photolyase to effectively remove the cyclobutane-pyrimi-
dine dimers. Photolyase binds to cyclobutane-pyrimidine
dimers (CPDs), creating a photolyase-dimer complex, whose
exposure to radiation (300-500nm) converts the dimerized
pyrimidines into their original structure (monomeric form).
The process known as photoreactivation therefore involves two
critical steps: the binding of the enzyme with the dimers (CPDs)
– which is independent of light, and the catalysis process, which
starts using a photon of blue light as the substrate, resulting in
the repair of the CPDs. 5 Topical application of photolyase has
proven very efficient, with the removal of 40-45% of the
cyclobutane-pyrimidine dimers present in the UVB irradiated
human skin, immediately after photoreactivation. Furthermore,
it restored the expression of adhesion molecules (ICAM 1),
which play a key role in maintaining the immune response of
the skin following UVB radiation.

Another added benefit is that by reverting the CPDs,
photolyase prevents the saturation of the natural repair systems
and enhances the NER mechanism. 6

The application of exogenous photolyase differs from
the conventional photoprotection in its ability to repair an

already established damage to the cellular DNA. It represents an
innovative strategy that promotes conventional photoprotection
and DNA repair in the same product. Patients in the current
study had a significant improvement in the of AK Grade 1
lesions and in the photodamage after 120 days’ use of the med-
ication. The drug was proven to have worked directly in the field
cancerization, which is currently the subject of many studies as
it is a site that must be treated in order to prevent the formation
of new AKs and non-melanoma skin cancer.

Actinic keratosis is currently considered an incipient in
situ SCC that develops into a process that involves several steps,
where UV radiation leads to the formation of field canceriza-
tion and AK, culminating with the onset of SCC. 1,18-20 Squamous
Cell Carcinoma and AK are often contiguous lesions. In a study
evaluating over 1,000 SCCs located in areas exposed to the sun,
nearly 100% of the lesions had histological alterations consistent
with AKs on their periphery. 21,22 Thus, in addition to being a
precursor lesion of non-melanoma skin cancer, AK is also con-
sidered a marker of risk for the development of this group of
neoplasias. Due to this fact, it is increasingly important to devel-
op new technologies and products that also treat precancerous
lesions and increase the awareness of the population regarding
the use of sunscreen. The product in question has the advantage
of associating an SPF 100 sunscreen to a drug that can inhibit
some factors of carcinogenesis.

New non-invasive technologies that have aided in the
diagnosis of these skin lesions are: dermoscopy examination and,
more recently, the in vivo CM examination. These examinations
are important not only to detect clinically suspicious lesions of
AKs or SCCs, but also to detect and define subclinical field can-
cerization lesions and for following upon the proposed treat-
ment.

Regarding the dermoscopy examination, there are few
studies on the characteristics of this test in AK lesions. The more
frequently described characteristic in the initial AK lesion is the
red pigmentary pseudo-network pattern (“strawberry vascular
pattern”). 23 As the lesion progresses into intraepithelial carcino-
ma, it develops a pattern called “red starburst”, besides present-
ing diffuse yellow opaque scales. As the lesion gradually trans-
forms into SCC, it increases neovascularization, developing
grouped dotted or glomerular vessels, and finally linear and
irregular vessels. In addition, the scales gradually become thicker
and the presence of ulceration is common. 9 In the present study
it was possible to analyze these patterns. The patients with a
presence of a red pigmentary pseudo-network pattern and the
presence of lamellar scaling showed an improvement in the der-
moscopy examination after 120 days’ use of medication. The
patients with Grade 2 AK, with a “red starburst” pattern did not
show such significant improvement in dermoscopy after taking
the drug for only 120 days.

The in vivo CM emerged as a potential resource for
studying epidermal cutaneous alterations, due to the fact that it
allows the in vivo non-invasive visualization of the superficial
layers of the skin, through images produced by different light
reflection indices of the cutaneous structures, with a microscop-

A B

C D

E F
FIGURE 2: Clinical images (red arrows) of Grade 2 AK before and after 120

days’ use of cream containing photolyase in liposomes and SPF 100 
sunscreen (A and B). Dermoscopic comparison of Grade 2 AK lesion:

unchanged red starry pattern (starburst) (C and D). Comparison under
CM: permanence of scales and of the epidermal architectural 

derangement (E and F).
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ic resolution similar to that of conventional histology. 14,24,25 In
this manner, CM can also be used for the diagnosis of AK with
a sensitivity and specificity of 98%. 13 It can currently be consid-
ered a non-invasive method for the diagnosis and monitoring of
AK and field cancerization. 13

The CM findings of AK lesions include irregular hyper-
keratosis with parakeratosis, architectural derangement, and
enlargement of the nuclei of epidermal cells with pleomor-
phism. The architectural derangement pattern does not involve
the total thickness of the epidermis in AK cases. The AK images
can also have thick refractory bands in the dermis, correspon-
ding to solar elastosis. 14, 15, 26-28

The major limitation of CM is the limited depth that the
wavelength of the device reaches in the skin, preventing the pre-
cise visualization of the dermoepidermal junction in hyperker-
atotic lesions. Ulrich et al. 26 reported an estimated sensitivity of
97.7% of the examination after having studied 44 cases of AK
through CM. Therefore, CM can be a useful diagnostic tool in

the management and follow-up of patients with low skin pho-
totypes and a history of intense exposure to the sun, allowing
the early diagnosis of AK. 26 Its use was also described in the
monitoring of the therapeutic response after photodynamic
therapy, demonstrating progressive normalization of the epider-
mal architecture in the cases treated successfully, paving the way
for its use in monitoring and evaluation of the therapeutic
response of other treatment modalities for AK. 29 In the present
study, the CM examination was proven to be an important com-
plementary diagnostic test for monitoring AK lesions and per-
ilesional areas of field cancerization.

CONCLUSION
The topical application of the cream containing pho-

tolyase in liposomes and SPF 100 sunscreen is an innovative
strategy. It provides photoprotection and repair of DNA through
a single product, leading to the improvement of Grade I AK and
of field cancerization, from the clinical, dermoscopic, and CM
perspectives. ●
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