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Abstract

Based on analysis of published data of incidence of melanoma, basal cell carcinoma and
squamous cell carcinoma from 2 large prospective cohort studies involving about 120,000
health workers in USA, excellent linear relationships between skin cancer incidence and Severe
Sunburn (SS) incidence suggesting their causal association were found. It is postulated that the
SS-caused UV radiation overwhelms the skin cell’s capacity to repair/remove DNA lesions
(about 70,000 non-cumulative lesions per day) and any of these un-repaired/un-removed
lesions can eventually become a pre-cancerous tumor or cancer after overcoming numerous
barriers of body’s repair/defense mechanisms. The above rationale for cancer etiology seems
consistent with the classical wound-to-tumor doctrine. Infection with Human Papillomavirus
will reduce the threshold for non-cumulative DNA lesions thereby facilitating cancer initiation.
The proposed SS theory may be generally applicable to people with different races, skin types,
hair colors and sunlight exposures. The proposed non-cumulative UV damage concept is
supported by published data showing parallel first-order aging kinetics of human skin being
exposed and un-exposed to sunlight in ordinary people. Solar UVA only plays a minor or
insignificant role in skin cancer and premature aging. Prevalence of SS is reviewed.
Controversies on skin cancer risks for indoor and outdoor workers such as airplane pilots and
crew, health workers, gardeners and truck drivers are discussed. Potential shortcomings of a
common practice of using highly unphysiological UV, UVA or UVB doses in animal, cell
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culture or human skin studies are discussed. Demonstration resembling the reversibility of
intrinsic skin aging using a plant deprived of and then replenished with water is presented. It is
hoped that this apparently provocative work may stimulate further discussions in the literature.
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Introduction

It was recently reported by Chiou that Severe Sunburn (SS) might be an overwhelming risk
factor for the three most common skin cancers, namely, melanoma, Basal Cell Carcinoma
(BCC) and Squamous Cell Carcinoma (SCC) in both males and females with predominantly
fair skin in two well-executed large prospective cohort studies involving about 120,000
subjects in the United States [1,2]. This is because virtually all of their occurrences (1065 cases
for melanoma, 16,546 cases for BCC and 2,164 cases for SCC) were associated with their prior
SSincidences during childhood and adolescence [1]. It was postulated that SS might even serve
as a general prerequisite for these cancers to develop [1]. The above suggestions/hypotheses
are different from a recent study, suggesting that there is no role of sunburn in skin cancer, no
role of ultraviolet (UV) B rays in the melanoma development and melanoma is mainly caused
by Human Papillomavirus (HPV)-mediated UVA radiation and BCC and SCC are caused
mainly by HPV-mediated (non-burning) UV radiation [3]. They are also different from the
main-stream views in the last one or two decades that chronic or cumulative sun exposure is
generally more important for incidences of BCC and SCC [1,3-6]. Also, compared with UVB,
the weaker UVA has been commonly considered to play a much more dominant role in cancer
development. This is because the solar UVA is much more abundant (95% or more) and can
penetrate more deeply into the skin tissue, namely, dermis, while UVB can only penetrate the
top epithelium [7,8]. The main purposes of this work are to expand on the last study to provide
additional evidence to support the hypothesis that SS is the trigger initiating cancer
development, to provide a new molecular insight on the SS theory and to comment on some
issues related to skin cancer incidence and etiology [1]. These issues include additional skin
cancer studies involving or not involving Human Papillomavirus (HPV), prevalence of SS,
animal and cell models used to support the human studies, cancer risks of indoor and outdoor
workers, as well as the role of UVA and HPV. Application of the present non-cumulative DNA
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lesion concept to skin aging theory and a demonstration resembling reversibility of intrinsic
skin aging using a plant deprived of and then replenished with water are presented.

Linear relationship between skin cancer incidence and SS incidence

Based on the reported data, the relationship between percent of cumulative incidence of each
cancer in both men and women and the number of mean SS incurred is shown in Fig. 1 [1,2].
The correlations are all very strong with correlation coefficients being all > 0.95. Statistically
speaking, this kind of relationship indicates a causative relationship, i.e., SS is the common
cause for all 3 cancers [3,9]. Furthermore, their 3 regression lines are virtually all parallel each
other and this may further suggest that their underlining key-step etiologies may be virtually
identical except occurring at different depths from the skin surface. In the present analysis the
number of mean SS incurred for SSs = or > 16 is assumed to be 18. This is justified because
use of 17 or 19 all results in similar correlations.
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Figure 1: Male and Female Cumulative incidence of cancer as a function of the mean
number of severe sunburns for each of 3 cancers in male and female studies based on data
reported in ref. 1 and ref. 2.

Linear relationship between mean cancer incidence rate and mean SS number

Based on the reported data, the relationships between mean incidence rate of each cancer and
mean number of SS incurred for both men and women are shown in Fig. 2 [1,2]. Again, the
correlation coefficients are generally very high also indicating a causative relationship.
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Mean # of Severe Sunburns
Cancer (Female) 3 8 13 18
Melanoma 0.77 0.82 0.92 1.53
Basel Cell Carcinoma 1.31 1.46 2.02 2.14
Squamous Cell Carcinoma 16.1 19.2 21.2 25.1

Figure 2: Male and Female Mean incidence rate in % of 3 skin cancers with different mean
number of severe sunburns in male and female studies based on data reported in ref. 2.

Support of the SS theory from other human studies: HPV-mediated skin cancers

The present SS theory for melanoma is consistent with results from previous extensive meta-
analyses showing a proportional relationship between incidences of intensive intermittent sun
exposure or sunburn and the incidence of melanoma [9,10]. It is consistent with studies
showing positive association (not linear association) of blistering or painful sunburn with
melanoma, BCC and SCC [4,11]. Positive associations of SS with BCC and/or SCC have also
been reported [12-15].

It is now well recognized that HPVs may be involved in skin cancer initiation by reducing the
host’s repair mechanisms and act as a facilitator or cofactor with UV irradiation in a hit-and-
run manner [3,16-18]. A review of the literature clearly indicates that sunburn or perhaps SS
was predominantly associated with the HPV-mediated SCC [19-27]. These studies are
consistent with the classical wound -related tumor theory that tumor is a wound that does not
heal [16,28]. Although the nature of UV irradiation was not explicitly mentioned in an
extensive review, it apparently referred to wounds like blistering or swollen sunburn that is
consistent with the present SS theory [16]. It is to be noted that to date case reports regarding
HPV-mediated melanoma or BCC incidents appear very limited and its potential clinical
significance may remain to be explored [29]. The above UV-wound concept has been proven
in mouse models and use of UVA rays alone could not induce papillomatosis in mice [16,30].
Although the participants in these 2 nation-wide cohort studies were largely fair-skinned
whites, there were also some non-white participants (probably about 20%) [2]. Thus, the
proposed SS theory may be applicable to general populations with different skin types, races,
latitudes, hair colors, eye colors, health status, social behaviors and UV fluxes. Obviously, it
cannot be applied to acratic melanoma. It is well known that Caucasian whites living in
Australia with UV Index of 10-14 in the summer and in Norway with UV Index of only up to
5 in their summer (per Google search) have very high incidences of skin cancers. Asians living
in Singapore where UV Index peak is about 11 in summer have very low incidence of skin
cancers. The above cancer data may be simply related to their SS data.
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Prevalence of SS

Studies on the prevalence of SS in the general population appear quite limited. A very
preliminary literature search revealed 4 interesting reports. It was reported that in Western
Australia there were 321 kids admitted to hospitals for serious sunburn treatment in 2021 and
this number was almost double than that 6 years ago [31]. A 2003 survey of 56 sunburned
beachgoers in Galveston, Texas, USA showed that 68% of respondents had painful or blistering
sunburn and the resulting loss of work and treatment might cost more than $10 million [32]. A
2017 report showed that in Florida, USA 37% of its population had red or panful sunburn in
the last 12 months [33]. In a national survey in USA, incidences of sunburns and sunscreen use
were found to increase by 30.5% and 51% between 1986 and 1996, respectively [34]. As
discussed above, numerous studies related to HPV-mediated SCC incidences were also
associated with SS or sunburn injury.

Use of sunscreen during intense intermittent sun exposure has been postulated as a major
reason for causing exponential increase of sunburn (including SS) and skin cancer in the last
few decades worldwide [6]. Virtually unavoidable missing application of sunscreen has been
postulated as the major culprit [35]. In this regard there were 2 studies showing all vacationers
at subtropical beaches in Spain developed sunburn although they all used broad-spectrum
sunscreens [36,37]. In an elegant study a mean 20% of simulated sun-exposed skin from
subjects wearing a sunbathing suit was found to have missed the application [38]. Until
recently, it has been commonly accepted that “sunburn is a “sunburn” no matter whether it is
very mild or very severe and they are all regarded as a biomarker for skin cancer (per DM
Holman) [1,6,39]. Because of this, it is not surprising to have large discrepancy on sunburn
data reported from different studies for the same population. Such a view may need to be
modified in future studies.

Non-cumulative, non-burning solar-light damage vs overwhelming solar-light damage:
Role of SS as a cancer trigger

It has been estimated that each person has about 13 trillion cells in the body and each sun-
exposed cell is subjected to 70,000 DNA lesions or damages per day and about 75% of the
lesions are caused by the intrinsic metabolic factor and about 25% by extrinsic (mainly solar
rays) factor [41,42]. Interestingly, strong sunlight can induce about 100,000 DNA lesions per
exposed cell per hour [41]. The lesion products include cyclobutene pyrimidine-dimer (CPD),
pyrimidine (6-4) pyrimidine photoproducts (6-4 PPs) and 8-oxy-7,8-dihydro-2-
deoxyguanosine (8-0x0-dG). Most of the DNA lesions are rapidly repaired or removed in hours
or few days by our body’s extremely efficient repair mechanisms such as base excision
pathway, nucleotide excision pathway and apoptosis, it seems unimaginable how these
instantaneous reactions proceed molecularly! [5,40-44]. However, when the repair capacity is
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overwhelmed, each un-repaired lesion has a potential to become a mutagen that has a potential
to eventually develop into a pre-cancerous tumor or a cancer after overcoming many other
huddles [40-42]. Since most people do not develop skin tumor or cancer in their lifetime, one
may then conclude that these virtually unlimited number of non-cumulative lesions or damages
are eventually all completely repaired or removed and practically cause no special harm to the
body. Hence, it seems reasonable to hypothesize that probably only the SS, not mild erythema
(mild skin reddening) and chronic non-burning sun exposure, can overwhelm the
repair/removal capacity and cause subsequent DNA mutation that may have the potential to
eventually become a pre-cancerous tumor (e.g., actinic keratosis being a known precancerous
tumor for SCC) or cancer. Conversely, one may also reason that practically all DNA damages
caused by non-burning sunlight that includes UVA, UVB and visible rays are non-cumulative
and not particularly harmful as commonly assumed (i.e., solar radiation damage is cumulative)
in the last century. In this regard, it seems that one may need caution in jumping into a definitive
conclusion on clinical implications simply based on results obtained from a short-term study
of non-cumulative UV/solar-ray damages. It should be noted that a person with a strong
immune system could have 16 or more SS and the chance of successfully developing a
melanoma, BCC and SCC could be only about 2%, 25% and 5%, respectively, clearly
demonstrating our body’s extremely efficient defense/repair capability [1]. On the other hand,
a person with a weak immune system such as one with organ transplant may easily develop a
skin cancer after only one SS episode. Obviously, one eventually needs to develop the first
cancerous stem cell in order to multiply into a cancer and the process for such development is
extremely complicated involving numerous huddles or barriers and remains to be explored
[5,45]. Regarding the role of HPV in cancer initiation, one may have two hypotheses:

1. It can decrease the threshold for non-cumulative UV DNA lesions thereby making it easier
to incur SS
Sunburn, not necessary SS, is sufficient to facilitate cancer initiation. However, a mild
erythema is probably not enough to help initiate the process. The above non-cumulative
damage assumption cannot be applied to the eyes due to its known high sensitivity to UV
rays

Apparent misconceptions of UVB rays in skin penetration and UVA rays in cancer
development

For decades UVA has been commonly accepted as the main cause for skin cancer and
premature skin aging. This notion is apparently partly prompted by a notion that the weaker
but more abundant (up to 95%) UVA can penetrate deeper into the dermis layer of skin to
inflict more damage, while the more damaging UVB can only penetrate into epidermis layer
[6,7]. However, this statement is not entirely correct. For example, when erythema or severe
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sunburn (painful, peeling, swollen or blistering) occurs, the damage caused mainly by UVB is
clearly in the dermis [46]. Another example is that a melanoma fish model for UVA reported
earlier in 1989 that was found later in 2010 to be non-reproducible has been often mistakenly
cited to this date as a key reference in highly cited articles to support the involvement of UVA
in cancer etiology in the last 3 decades [47-49]. As to be discussed later, apparently the use of
extremely physiologically unrealistic doses of UVA to show its ability to cause skin cancer has
also greatly contributed to the formation of current consensus. Interestingly, contrary to our
common belief, radiation by UVA and visible light (320-500 nm) has been shown to decrease
the formation of melanotic tumors from UVB radiation in opossums, this is however, consistent
with the view that chronic exposure to solar light is protective against melanoma in humans
[9,50]. It is also consistent with that exposure to non-burning sunlight could increase survival
rate of melanoma patients [51].

Evidence showing non-cumulative damage in aging due to oxidative stress in general
public

Oxidative stress, a sign of cellular lesions or damages that involve DNA, has been commonly
accepted as the major reason for causing aging in our body [53,54]. This would then lead to a
conclusion that body aging is an accelerating process [52-54]. This is, however, inconsistent
with data that the aging kinetics of human hearts represented by the cardiac index, a proposed
aging marker for the whole body, did not show an accelerating pattern during several decades
of life span [54]. Instead, it followed a first order Kinetics as reproduced in Fig. 3 [54]. Also,
contrary to the expectation, the aging kinetics of superficial microcapillary densities in humans
over several decades of life span were found to follow the first order kinetics indicating a lack
of accelerating process as reproduced in Fig. 4 [54]. Furthermore, plots of aging kinetics from
superficial capillaries exposed or unexposed to sunlight were virtually parallel each other (Fig.
4) also clearly indicating a lack of any significant photoaging effect [54]. It is well accepted
that exposure to UV light and visible light will result in increased degradation of skin collagen
and decreased synthesis of collagen in the skin and this should theoretically result in an
accelerated aging [52-55]. This apparently also did not happen as shown in Fig. 5 [54].
Furthermore, total collagen contents of skin exposed or not exposed to sunlight from different
parts of the body of the same person were practically the same suggesting insignificant or minor
effect from sun exposure [54]. The above phenomena may be rationalized by the fact that
invisible non-burning solar ray damage at the molecular level in the skin may be eventually
completely repaired by our body and is practically non-cumulative and non-harmful to skin
aging as discussed above in skin cancer etiology. For visible solar ray damages such as
erythema or even SS, they could be visibly healed in days or in weeks with no or only minimum
intervention due to our body’s extremely sophisticated healing power [54]. One simple
convincing example to counter the current photoaging theory that sunlight may account for up
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to 80% to 90% of total skin aging may be the following [52,54]: Old Muslim women who wear
clothing to cover the whole body except the eyes when staying outdoors during daytime can
also develop deep wrinkles, age spots and sagging skin. Other shortcomings of the conventional
aging theories and new proposed aging theories have been discussed in detail [6,54]. It may be
of interest to note that contrary to the classical concept, aging of skin and stem cells may be
quite reversible depending mainly on the availability of nutrients [54,56,57]. Fig. 6 illustrates
how a plant‘s “health” is rapidly reversible simply by hydration and dehydration. In this study
a small plant was first deprived of water in a room at about 25°C with a LED grow light. After
68 hours the plant totally withered (‘simulating’ deep wrinkle formation in humans due to lack
of adequate hydration or nutrients). After adding water, the plant fully recovered 8 hours later.
In the above study no UV radiation was involved. It is hypothesized that chronic wind blowing
or heat application from any source can cause severe dehydration of skin that may also result
in deep wrinkle formation. Wrinkle is formed due to a body’s defense mechanism in order to
reduce the effective surface area to minimize water loss [54]. It is known that a person with
severe malnutrition could have sagging skin and deep wrinkles without any prolonged exposure
to UV rays.
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Figure 3: Cardiac index in humans as a function of age plotted on a semi-logarithmic scale.
Reproduced from referenc54.
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Figure 4: Semi-logarithmic plots of mean capillary density versus mean age of five female
groups at three sites: volar forearm (@) representing the non-photo-exposed site; the back of
hand (O) and forehead ('¥) representing photo-exposed sites. Reproduced from reference 54.
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Figure 5: Relationship between mean skin collagen content per unit skin surface area and
mean age in 70 males. Top graph based on individual data. Bottom graph based on mean data
for every 5 years in age. Reproduced from reference 54.
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Figure 6: Plant Rejuvenation after water and nutrition.

Controversies on risks of different professions in skin cancers

In recent decades there have been numerous often controversial reports on risks of cancer in
different professions. Some of them will be briefly reviewed below. Airplane pilots and crews
are often reported to have more incidences of melanoma than the general public and this has
been mainly attributed to their exposure to more damaging UVA rays through windows that
can block most UVB but not UVA [3,58]. However, such notion has been questioned as it
could not rule out other social/economic factors [59]. Indeed, these more affluent pilots and
crews might have better opportunities to fly (probably at no cost to them as part of their
employment benefits) to more sunny places to enjoy sunbathing and incur sunburn after work
hours [60,61]. Such a likely scenario is consistent with the present SS theory. Also, in a
complete reversal, outdoor workers such as fishermen and gardeners in Sweden were recently
found to have had less BCC incidences than indoor workers such as physicians and lawyers
[62]. This finding clearly contradicts the current consensus that BCC is mainly caused by
cumulative UV exposure. Since the outdoor workers spent 3 to 10 times longer times than the
indoor workers, it seems impossible for them to spend more times in the sun during the non-
office hours and weekends to offset their indoor work hours [3]. The most likely reason for this
phenomenon to occur is that these more affluent indoor workers could spend more times for
intermittent sun exposure resulting in more SS as being postulated in melanoma examples
above. Also, there were many studies reporting potential asymmetric distribution of skin cancer
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of car or truck drivers with sun-faced side developing more incidences of cancer [63-66]. This
phenomenon has been mainly attributed to chronic exposure to UVA rays. However, it is quite
possible that drivers might open the side window to enjoy the sunlight and breezy wind while
driving in the hot summer; obviously this kind of driving habit may result in sunburn on that
side of face and neck. The above brief review may suggest that for any person or profession
incurrence of SS is probably the most impotent factor to influence the chance of getting a skin
cancer and efforts to avoid or minimize SS should be the key to prevent sin cancer [1].

Potential shortcomings of extremely high UV doses used in animal and culture cell studies

Body surface area concept has been successfully employed in the past many decades to
determine interspecies dosage used in pharmacokinetic and pharmacodynamic studies [67,68].
In studying the effect of sunlight on skin cancer development, one could use dosage range
(joule/m?) encountered in the real world during chronic sunlight exposure or acute intermittent
exposure. A limited review of the literature reveals that extremely high UV doses have been
commonly employed in studies in humans, animals and cell cultures. In humans one Standard
Erythemal Dose (SED) for UVB is 100 J/m? and one minimum UVA erythemal dose (MED)
for skin type 1 is 20 J/cm? [69,70]. Since UVA in solar light is weak the actual dose received
is known to be only a small fraction of the MED; for the present discussion it is assumed to be
5-fold less. Based on the above doses one can estimate the following number of folds used in
reported studies: 50-fold of UVA in human skin, 162-fold of UVA and 76-fold of UVB in
human cells, 45-fold of UVB in mice, 6-fold of UVA in opossums about 5-fold of UVA in
mice [71-75]. Thus, one may need caution in extrapolating the results to human use especially
for etiological studies. For the last two studies, the UVA doses used were similar to the one
that will cause sunburn or SS in humans [74,75]. Therefore, these studies support the
observation that tanning from tanning salons may increase melanoma incidence due to their
use of very high doses of UVA causing sunburn or perhaps SS in earlier years [76]. Since no
UVA in our solar light can cause sunburn, this study may not support the hypothesis that UVA
causes skin cancers in general public as commonly assumed [3,5,74,75]. Use of burning
erythemal UVB doses to promote melanoma development in animal models has been reviewed
[6,49]. It was stated that prolonged UV was not a factor in melanoma genesis [49].
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