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The photolyase family consists of flavoproteins with enzyme activity able to repair ultraviolet light radiation damage

by photoreactivation. DNA damage by the formation of a cyclobutane pyrimidine dimer (CPD) and a pyrimidine-

pyrimidone (6-4) photoproduct can lead to multiple affections such as cellular apoptosis and mutagenesis that can

evolve into skin cancer. The development of integrated applications to prevent the negative effects of prolonged

sunlight exposure, usually during outdoor activities, is imperative. 

UV  enzyme  photolyase

1. Current Photolyase Production

As stated previously in the manuscript, there are many organisms capable of producing photolyase to repair DNA

damage from UV exposure, and currently, the industry is focusing on the production of this enzyme to take

advantage of its properties to improve crops and its potential use in therapeutic products .

The current application of the photolyase enzyme is focused on the enhancement of UV resistance not only in

microorganisms, but also in other organisms and areas. An example of photolyase application is the use of it to

improve agriculture practices, which has been reported to improve plants. For example, in Japan, researchers

successfully modified African rice to overexpress the gene. Cyclobutane pyrimidine dimer (CPD) repaired enzyme

photolyase, demonstrating an increased UVB resistance compared to the rice plants without these modifications .

Similarly, there is open research about improving the UV irradiation resistance of fungal insecticides to improve

their pest control .

2. Sunscreen with Photolyase as an Ingredient

The use of products to protect the skin from the sun is something humankind has undertaken for centuries, from

the Egyptians’ use of different plant extracts to the sunscreens people know today, composed of a wide variety of

filters offering protection beyond UV radiation . In the last few decades, the use of sunscreens has been

promoted and advertised to prevent damage to the skin by UV radiation; thus, the sunscreen market is expected to

reach USD 24.4 billion by 2029 .
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Despite the proven advantages of regular sunscreen application (from reducing the effects of photoaging to

protecting against skin cancer) , there are some concerns about the systematic and regular use of sunscreens

and the effect on vitamin D synthesis, especially in older people; nonetheless, there is plenty of evidence that deny

those claims and assure that the usage of sunscreens does not affect levels of vitamin D . Another concern

with sunscreens is the skin absorption of the most used active ingredients, such as avobenzone and oxybenzone,

among others, resulting in high plasmatic levels . In addition to these health concerns, the damage these

organic ingredients cause to the environment has been studied . However, these findings prove the

importance and the need to further assess the products used in sunscreens, and to find active ingredients that can

offer the same benefits for all ages and skin types without a detrimental effect on human and environmental health

.

The use of the photolyase has been around for the last few decades, with the first patent in 1988 , and since

then it has been tested and proven that this enzyme can prevent and reverse sunlight-induced skin damage when

used as an active ingredient in traditional sunscreen formulations .

There are sunscreens containing DNA repair enzymes obtained from microalgae and labeled as “plankton extract”

available on the market. Some companies that offer this product are Isdin (Barcelona, Spain) with the product

Eryfotona  AK-NMSC, Kwizda Pharma GmbH (Vienna, Austria) with Ateia , and Pharma Cosmetics (Oradell, NJ,

USA), with a variety of products such as Neova Active , Neova Everyday , and Neova Silc Sheer  2.0. Many other

companies are also releasing new products containing photolyase . For a more in-depth listing of all the

products currently available on the market, researchers recommend consulting the Supplementary Material of the

review by Yarosh et al. .

3. Photoaging

Normal signs of aging are the appearance of fine lines, pigmentation, and wrinkles in the skin, all of which appear

over time and are generally attributed to getting older; however, there is evidence that multiple factors contribute to

accelerating the aging process, including lifestyle factors such as smoking, sleep, diet, the chronic use of drugs,

environmental factors such as contact with polluted air, exposure to visible and infrared light , and UV radiation,

with the last one accounting for up to 90% of visible changes on the skin .

Photoaging is a term that has been used since 1986  to reference the effect on the skin produced by chronic

exposure to UV radiation that causes damage to DNA  and leads to premature aging. All of these signs

overlap with natural signs of aging, such as wrinkles, thin and dry skin due to a loss of underlying fat, more fragile

skin, and pigmentation; however, the effects of photoaging go beyond these appearances with, depending on the

skin type, the formation of fine to coarse wrinkles, a leather-like appearance to the skin, and hyperpigmentation or

dyschromia. All of these signs are presented even when normal signs of aging have not appeared .

Given that photoaging only occurs in areas of the skin that have been exposed to the sun for a prolonged time, it is

recommended to avoid sun exposure and apply sunscreens that provide protection against UVA and UVB radiation
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and can even in some cases reverse damage . Listed below are some studies related to the use of

photolyase in clinical trials intended to assess the efficacy of this enzyme to mitigate the effects of photoaging.

Corinne Granger et al. conducted a study in which they tested, over 28 days, a tinted sunscreen containing

encapsulated photolyase on 30 women of ages ranging from 45 to 65 with slight-to-moderate photoaging signs .

The patients were evaluated on day zero and on the last day of use and signs of photoaging were analyzed and

evaluated. The results showed an improvement between 6 and 12% for each factor analyzed in the treated women

compared to the control.

Another study was conducted to prove the efficacy of using photolyase from the microalgae Anacystis nidulans to

prevent damage to DNA produced by UV radiation on the skin. This was performed by comparing the use of a

regular sunscreen with a sun protection factor (SPF) 50, and the same sunscreen supplemented with photolyase

.

The results from this research revealed that, for the 10 participants (5 males and 5 females, with ages ranging from

26 to 36 years old and Fitzpatrick skin type II), the formation of CPDs and apoptosis of the skin cells was reduced

by 93%, and 82%, respectively, with the use of the sunscreen containing photolyase compared with the control that

received only radiation.

Similarly, Emanuele et al.  compared a novel topical product containing a traditional sunscreen with SPF 50, a

mixture of DNA repair enzymes encapsulated in liposomes, one of them being photolyase, and an antioxidant

complex versus other topical products with similar characteristics. The study demonstrated the novel topical

products as the most effective in reducing the three parameters analyzed: the formation of CPD, 8-oxo-7,8-dihydro-

2′-deoxyguanosine (8OHdG), and protein carbonylation (PC). This was attributed to the synergistic effect of all the

components within the product.

4. Actinic Keratosis

Actinic keratosis (AK) is a skin disease that is characterized by squamous lesions that histologically show

keratinocyte neoplasms occurring on skin that has had long-term exposure to UV radiation . AK is typically

presented in people with light skin belonging to the Fitzpatrick skin types of I to III in areas of the skin on which they

experience solar exposure regularly, such as the head (especially in areas with hair loss), ears, neck, forearm, and

the dorsum of the hand . The lesions of AK can progress to keratinocyte carcinoma, the most common type of

skin cancer in the United States . Therefore, AK must be prevented or treated early to avoid further disease

progression. The method to prevent skin damage is to avoid sun exposure, but when the exposure is inevitable it is

recommended to use protective clothes and at least 2 mg per cm   of sunscreen in the exposed areas .

However, these measures are not enough once the skin damage is present and the use of active molecules

capable of stopping and even reversing this damage is essential .
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Some studies have been published with diverse findings. For example, the efficacy of photolyase in sunscreen and

a combination of topical antioxidants in the treatment of patients with AK were assessed in Brazil . A total of 80

patient forearms were tested using either regular sunscreen or sunscreen containing photolyase during the day

and the night. They either applied topical antioxidant or placebo cream to one forearm for 8 weeks. The

researchers found that all groups tested showed a significant improvement at the end of the study; however, there

were little to no significant differences between the groups using regular sunscreen and those with additional

photolyase. The authors attributed this to the short time period of the treatment.

Puig-Butillé et al.  evaluated the use of a film-forming medical device containing photolyase in liposomes on a

small group of patients from a wide range of ages, composed mainly of males that presented multiple AK and two

patients with xeroderma pigmentosum. The study was conducted for 4 weeks, and at the end of the study, all

groups showed an improvement in their condition. Notably, some showed total clearance on the assessed area

from lesions caused by UV radiations. With the same medical device with photolyase, Eibenschutz et al. 

analyzed the effect of the product with the enzyme compared to a regular sunscreen on 30 patients that underwent

photodynamic therapy (PDT) with a total of 225 AK lesions for 9 months. At the end of the treatment, it was shown

that the group treated with the film-forming medical device did better than the group treated with regular sunscreen.

PDT was not needed, nor was any other medical procedure, and no new AK lesions were observed.

A research study in 2015 compared the effects of sunscreen containing photolyase and traditional sunscreens in

28 patients during 6 months of treatment . The findings showed that both treatments reduced hyperkeratosis;

however, for the field cancerization and the levels of CPDs, the results showed a better performance in the group

that used the sunscreen containing photolyase than the group that used the traditional sunscreens.

5. Skin Cancer

Skin cancer remains a major global public health threat . As the human body naturally grows, cells are divided

when needed and die when they lose their normal function, or due to natural cell-aging. Cancer starts as a result of

an interference in the cycle of cell growth division and death. This condition is characterized by an overproduction

of cell division and the permanency of abnormal cells, instead of their death .

According to the American Cancer Society, there are five types of skin cancer: basal and squamous cell skin

cancer, melanoma skin cancer, Merkel cell skin cancer, lymphoma of the skin, and Kaposi sarcoma. The basal and

squamous cell skin cancers are mostly found on the body areas commonly exposed to the sun without protection,

such as the head, neck, and arms. These two types are the most common, and they start in the epidermis . In

early-stage cases, a skin excision is the treatment for squamous cell carcinoma (SCC) .

The precursor cell of SCC is AK, and for BCC it is hypothesized that its occurrence is related to interfollicular

epidermal basal keratinocytes with retained basal morphology from the follicular outer root sheath or sebaceous

gland-derived keratinocytes . Malignant melanoma is a serious form of skin cancer that begins in cells known as

melanocytes. While it is less common than SCC and BCC, melanoma is the most severe type of skin cancer due to
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its capacity to spread if it is not treated at an early stage . Merker cell, lymphoma, and Kaposi cancers are

less common types of skin cancer .

Field cancerization refers to the replacement of the normal cell population by a cancer-primed cell population that

may show no morphological change . Some studies have focused on this topic and the role of photolyase as a

potential treatment. A study with a topic product categorized as a medical device containing photolyase showed

positive results for treating cancerization areas with long-term use versus the use of commercially available

sunscreen, not only in terms of Baseline Severity Index (BSI) and total Clinical Score (TCS), but also by reducing

the occurrence of new AK lesions .

In 2016, Naverrete-Dechent et al.  showed that subjects with skin field cancerization showed a partial positive

response to the treatment with a photolyase-added sunscreen and at least a 50% reduction in their lesion number.

These findings are consistent with the work of Laino et al. , where 30 individuals with AK were treated with a

photolyase-added medical device, which improved their lesions.
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