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INTRODUCTION

Phototherapeutic modalities pose no significantly
increased risk of oxidative damage to DNA in dark
skinned individuals

Randa Youssef, Shereen Ossama, Heba Mohamed Mashaly, Maha Fathy,
Marwa Safwat, Olfat Shaker’, Medhat EI-Mofty

ABSTRACT

Background: 8-oxoguanine, a major product of DNA oxidation, is considered a key parameter
in measuring the carcinogenic effects of ultraviolet radiation. Objective: To assess and
compare the carcinogenic potential of different photo (chemo) therapeutic modalities in
photoresponsive skin diseases by measuring the levels of 8-oxoguanine in dark-skinned
individuals before and after photo (chemo) therapy. Methods: A prospective, randomized
controlled pilot study was conducted in 63 patients of skin types IlI-V with photo-responsive
dermatoses including vitiligo, psoriasis and mycosis fungoides. Patients were divided into
three groups; Group 1 (received narrowband ultraviolet-B), Group 2 (received psoralen plus
ultraviolet-A) and Group 3 (received broadband ultraviolet-A). Biopsies were taken before
and after phototherapy to measure 8-oxoguanine levels using enzyme-linked immunosorbent
assay. Biopsies were also taken from the sun-protected skin in 21 controls subjects who had
no dermatological disease. Results: Regardless of the disease, a significantly higher level
of 8-oxoguanine was found after treatment when compared to the pre-treatment baseline
levels; however, these levels were comparable to those in control subjects. A weakly
significant positive correlation was found between cumulative dose and 8-oxoguanine
levels following psoralen plus ultraviolet-A therapy. In controls, comparing the 8-oxoguanine
levels between skin types Il and IV showed significantly lower 8-oxoguanine in skin type V.
Conclusion: Therapeutic doses of ultraviolet radiation are relatively safe in dark skinned
patients; however, minimizing the cumulative dose of phototherapeutic modalities (particularly
psoralen plus ultraviolet-A) is recommended.
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The degree of carcinogenic potential of ultraviolet
rays can be predicted fairly accurately by both

The popularity of phototherapy is on the rise, being
an effective and relatively safe treatment option for
many skin diseases. However, significant concerns
exist regarding its carcinogenic potential.! Among the
different phototherapeutic modalities, psoralen plus
ultraviolet-A (PUVA) is the modality which has been
maximally linked with the development of melanoma
and non-melanoma skin cancer in white patients.?!
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patient-specific and phototherapeutic parameters.
Pre-existing actinic damage, age, personal habits,
previous or concomitant therapy and lifestyle
are all patient-specific factors that influence the
ultraviolet-induced carcinogenic risk; however, skin
phototype is the major determinant with phototypes
[-1IT having the most substantial risk.** The type of
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phototherapy, dose delivered, duration of ultraviolet
exposure, and number and frequency of sessions are
also critical predictors of the carcinogenic risk.!

DNA photoproducts play a major role in induction of
genotoxic effects by ultraviolet radiation. The DNA
photolesion, 8-oxo-dihydro-guanine (oxidized base
lesion) is produced by the action of reactive oxygen
species that are formed in response to ultraviolet-A
and ultraviolet-B. If this damaged DNA is not repaired
before cell division, the gene mutation may be passed
on to daughter cells.®

Despite several studies discussing ultraviolet-induced
cancer risk in general, it is important to appropriately
evaluate the carcinogenic potential of different types
of phototherapy among the darker skinned population
so as to accurately gauge the risk in this group.

Aim of study

The aim of this pilot study was to assess and compare
the carcinogenic potential of different photo (chemo)
therapeutic =~ modalities, = namely  narrowband
ultraviolet-B, low dose broadband ultraviolet-A
and psoralen plus ultraviolet-A in darker skinned
individuals (skin phototype III-V) with photoresponsive
dermatoses by measuring 8-oxoguanine levels before
and after photo (chemo) therapy.

METHODS

Study design
This was a prospective randomized controlled pilot
study.

Patients

Sixty-three patients of both sexes and varying ages
with clinically and histopathologically proven vitiligo,
psoriasis and mycosis fungoides were randomly
selected from the dermatology outpatient clinic of
Kasr Al-Aini University Hospital, Cairo, Egypt. All the
patients had skin phototype III, IV or V and none of
them had received phototherapy before.

Topical and systemic therapies were discontinued
2 months prior to the initiation of phototherapy.

Inclusion criteria included patients older than
10 years diagnosed with photo-responsive dermatoses
including Stages Ia, Ib or Ila of mycosis fungoides,
psoriasis vulgaris affecting more than 30% of body
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surface area and patients with non-segmental vitiligo
affecting 30-60% of body surface area.

Pregnant or lactating women, patients with
photosensitive  disorders, arthropathic, pustular
or erythrodermic psoriasis and patients with any
absolute or relative contraindication to phototherapy
were excluded. In the control population, individuals
with habitual or occupational heavy sun exposure
were also excluded.

The patients were randomly divided into three groups.
Allocation concealment was done using opaque sealed
envelopes.

Each of the three groups included 21 patients (7 patients
with each disease). Group 1 received narrowband
ultraviolet-B, Group 2 received psoralen plus
ultraviolet-A and Group 3 received ultraviolet-A
phototherapy, in a dose of 10-5 J/cm?. Group 4 (control
group) included 21 healthy individuals having no
dermatological diseases.

Methodology

The study was approved by the institute’s research
ethical committee. Written informed consent was
obtained from each patient and control before
inclusion.

A detailed history was elicited from each patient with
special emphasis on sun exposure, any special habits
and relevant concomitant or previous medications.

All patients were subjected to a complete skin
examination and a panel of investigations according
to the guidelines for each disease and the line of
phototherapy used.

Phototherapy equipment and regimens

*  Narrowband ultraviolet-B was delivered by
UV100 Waldmann cabins, equipped with 16
ultraviolet-B lamps emitting a radiation of
310-315 nm with a peak at 311 nm. Initial
dosage and subsequent increments were
dependent on the minimal erythema dose!”

*  Psoralen plus ultraviolet-A and broadband
ultraviolet-A  were delivered by UV1000
Waldmann cabins, equipped with
26 ultraviolet-A lamps emitting a radiation
spectrum of 315400 nm with a peak of 365 nm
and emission power of 10 mw/cm?

Indian Journal of Dermatology, Venereology, and Leprology | November-December 2016 | Vol 82 | Issue 6 667



Youssef, et al.

e Psoralen plus ultraviolet-A treated patients
received 8-methoxy psoralen, 2 h before
sessions in a dose of 0.5-0.7 mg/kg. The
starting dose and subsequent increments were
dependent on the skin-type and the dermatoses.
For ultraviolet-A treated patients, the dose was
fixed at 10 J/cm? for mycosis fungoides and
psoriasis patients, and at 15 J/cm? for vitiligo
patients.[12

Treatment was continued until more than 80%
clearance of the lesions was achieved.

Skin biopsies

Two punchbiopsies of 5 mm each were taken underlocal
anesthesia from the the lesional sun-protected areas
in 63 patients one before initiation of phototherapy
and one after the last session. One biopsy was taken
from the sun-protected skin of each of the 21 control
participants.

Preparation of skin biopsies

The skin biopsy specimen was rinsed in ice-cold
phosphate buffered saline (pH 7.0) to remove excess
blood and was weighed before homogenization.
Each specimen was minced into small pieces and
homogenized in 300 wl phosphate-buffered saline
on ice. The resulting suspension was subjected to
ultrasonication to break the cell membranes. The
homogenate was centrifuged for 15 min at 1500 g and
the supernatant was separated for determination of
8-hydroxy-2’-deoxyguanosine by an enzyme-linked
immunosorbent assay kit.

Principle of the experiment

8-hydroxy-2’-deoxyguanosine enzyme-linked
immunosorbent assay kit uses a quantitative
sandwich enzyme immunoassay technique and
is supplied by blue gene Biotech (Shanghai,
China). According to the manual of instructions
provided with the kit, the microtiter plate has been
pre-coated with an 8-hydroxy-2’-deoxyguanosine
monoclonal  antibody. When  standards or
supernatant of samples are added to the microtiter
plate  wells,  8-hydroxy-2’-deoxyguanosine  if
present, will combine to the antibody precoated
wells. A standardized preparation of horseradish
peroxidase-conjugated polyclonal antibody, specificfor
8-hydroxy-2’-deoxyguanosine is added to the previous
wells to “sandwich” the 8-hydroxy-2’-deoxyguanosine
immobilized on the plate. After the recommended
incubation, the wells are thoroughly washed to
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remove the unbound components. Then, substrate
solutions are added to wells. The enzyme (horseradish
peroxidase) and substrate are allowed to react.
Wells that contain 8-hydroxy-2’-deoxyguanosine
and enzyme-conjugated antibody will change color.
The enzyme-substrate reaction is terminated by
the addition of sulfuric acid (stop solution) and the
optical density is measured spectrophotometrically at
a wavelength of 450 nm. A standard curve is plotted
relating the optical density to the concentration
of standards. The 8-hydroxy-2’-deoxyguanosine
concentration in each sample is determined from the
standard curve plotted.

RESULTS
Summary of the patients’ data is represented in Table 1.

To ensure that the diseases have no influence
on the levels of 8-oxoguanine either before or
after phototherapy, comparison of 8-oxoguanine
levels before and after phototherapy in different
diseases (regardless of the type of phototherapy)
versus 8-oxoguanine level in controls was
done and it showed no statistically significant
difference (P > 0.05) [Table 2].

A strongly significant positive correlation (P < 0.001)
was found between 8-oxoguanine level in patients

before and after treatment by narrowband
ultraviolet-B, psoralen plus ultraviolet-A and
ultraviolet-A (r = 0.833, 0.724 and 0.803)

respectively, indicating that the pre-treatment
baseline 8-oxoguanine level in each patient showed a
relatively constant rise after receiving any of the three
aforementioned phototherapies. However, this rise
was not significant, when compared to controls; there
was no statistically significant difference (P: 0.08) on
comparing 8-oxoguanine levels in patients before
and after treatment by narrowband ultraviolet-B,
psoralen plus ultraviolet-A and ultraviolet-A versus
8-oxoguanine level in controls.

Post-treatment 8-oxoguanine levels were statistically
significantly higherthan pre-treatmentlevelsin patients
treated with the three lines of phototherapy (regardless
of the disease) or in patients with different diseases
(P = <0.001, =0.018, respectively) [Table 3].

Only for psoralen plus ultraviolet-A treated patients,
a weakly significant positive correlation (P = 0.038,
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Table 1: Summary of patient data in the four groups

Data Group 1 (NBUVB) Group 2 (PUVA) Group 3 (UVA) Group 4 (controls)
Number 21 21 21 21
Age (meantSD) 32.29+15.81 42.57+15.89 35.29+£16.15 34.86+13.27
Sex, n (%)

Women 13 (61.9) 11 (562.4) 12 (57.1) 10 (47.6)

Men 8 (31.1) 10 (47.6) 9 (42.9) 11 (52.4)
Skin type, n (%)

I 4 (19) 10 (47.6) 7 (33.3) 6 (28.6)

v 15 (71.4) 10 (47.6) 12 (57.1) 14 (66.7)

\Y 2 (9.5) 1(4.8) 2 (9.5) 1(4.8)

Cumulative dose (joules) (mean+SD) 164.05+£132.25

288.49+334.18 869.76+£392.46

SD: Standard deviation, UVA: Ultraviolet light A, NBUVB: Narrowband ultraviolet B, PUVA: Psoralen plus ultraviolet A

Table 2: Comparison of 8-oxoguanine levels before and after phototherapy in different diseases versus 8-oxoguanine level in

controls
Disease Number MeanzSD Controls P
8-oxoG before 8-oxoG after
MF 21 7.3652+1.49 8.5743+1.80 7.9143+1.72 Before: 0.514
Psoriasis 21 7.4514+1.17 8.8529+1.73 After: 0.251
Vitiligo 21 7.3500+1.08 8.6886+1.01

P (significant if<0.05). SD: Standard deviation, 8-oxoG: 8-Oxoguanine, MF Mycosis fungoides

Table 3: Comparison of 8-oxoguanine levels in patients before and after treatment by narrowband ultraviolet B, psoralen plus
ultraviolet A and ultraviolet light A

Modality disease  8-0xoG before (ng/ml) (meantSD) 95% CI 8-0x0G after (ng/ml) (meantSD) 95% ClI P
NBUVB 7.5371+1.37 6.9149-8.1594 8.8038+1.62 8.0670-9.5406  0.000
PUVA 7.3433+1.18 6.8066-7.8800 8.9481+1.48 8.2762-9.6200  0.000
UVA 7.2862+1.22 6.7296-7.8428 8.3638+1.52 7.6716-9.0560  0.000
P (significant if<0.05). SD: Standard deviation, 8-oxoG: 8-Oxoguanine, Cl: Confidence interval, UVA: Ultraviolet light A, NBUVB: Narrowband ultraviolet B,

PUVA: Psoralen plus ultraviolet A

r = 0.455) was found between cumulative dose and DISCUSSION

8-oxoguanine level after treatment, a finding that

shows that every patient receiving psoralen plus  Despite the excessive worldwide fear of
ultraviolet-A with a certain cumulative dose will have  photocarcinogenesis, the situation seems to be

an increase in 8-oxoguanine level although it is still
within the safe limit (compared with 8-oxoguanine
level in controls).

Age, extent of disease, the number of sessions
and duration of treatment did not correlate with
8-oxoguanine level in patients receiving narrowband
ultraviolet-B, psoralen plus ultraviolet-A and
ultraviolet-A.

There was no statistically significant difference
(P > 0.728) in 8-oxoguanine levels between different
skin types among study patients while a significantly
lower level of 8-oxoguanine was noted in controls
with skin type IV (P = 0.003) compared to those with
skin type III.
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quite different when it comes to the dark-skinned
population. The elaborate mechanisms behind how
ultraviolet radiation induces skin cancer is still a matter
of interest, but the four events that are proven to be
implicated include DNA damage with subsequent gene
mutation, disturbed apoptosis, immunosuppression
and inflammation.!"® On the other hand, the increased
susceptibility of the basal layers of epidermis (from
which most skin cancers arise) to ultraviolet-A induced
mutations is probably explained by the lower levels of
the DNA repair enzyme oxoguanine DNA glycosylase
1 in the basal cells.!"¥

Skin phototype is a cardinal effector in the potentiation

of or protection against photocarcinogenesis. The
fact that darker skinned groups show a lower
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incidence of cutaneous malignancies emphasizes
the photoprotective role of increased epidermal
melanin.!” The ability of the larger, more melanized
melanosomes in the epidermis of dark skin to
absorb and scatter more light energy than the
smaller, less melanized melanosomes of white skin,
coupled with decreased DNA damage and greater
ultraviolet-induced apoptosis suggest that pigmented
epidermis is an efficient ultraviolet filter and explains
why individuals with higher skin phototypes possess
a lower risk of photocarcinogenesis.!'%%

Our study revealed that the different skin phototypes
of participants had no influence on the levels of
8-oxoguanine either before or after treatment by any
of the phototherapeutic modalities, as proved by the
absence of a statistically significant difference when
comparing 8-oxoguanine levels in all participants.
However, when the same comparison was done in
the trunk and chest sun-protected skin, it showed
significantly lower levels of 8-oxoguanine in skin
type IV. We were not able to find other studies
addressing this issue.

In general, ultraviolet-A has been shown to be more
carcinogenic than ultraviolet-B being not only
immunosuppressive but also mutagenic for basal
keratinocytes. The fact that ultraviolet-A in contrast
to ultraviolet-B is only weakly absorbed by DNA
itself suggests that the indirect pathway involving
generation of reactive oxygen species is one way by
which ultraviolet-A induces DNA damage. %!

Practically speaking, narrowband ultraviolet-B seems
to be a safe phototherapeutic modality for patients
with skin phototypes III-V. A retrospective Korean
study found no increase in the incidence of skin
cancer in 445 patients with various dermatoses treated
with narrowband ultraviolet-B in the period between
March 1998 and June 2009 when compared to a control
Korean population.’” On the contrary, in a study done
on mice by Kunisada et al., narrowband ultraviolet-B
was found to be more carcinogenic than broad band
ultraviolet-B due to the formation of cyclobutane
pyrimidine dimers.*%

In contrast to our results, many review articles have
described ultraviolet-A to be carcinogenic.**%! The
carcinogenic potential of ultraviolet-A was assessed in
some studies by the formation of ultraviolet-A-induced
DNA double-strand breaks (following a dose of
200 kJ/m? of ultraviolet-A) using the Comet assay

Carcinogenic potential of phototherapy

in human keratinocytes and primary human skin
fibroblasts or the formation of cyclobutane pyrimidine
dimers in fibroblasts, keratinocytes, and melanocytes
or by the activation of the p38c signaling pathway,
which is a mitogen-activated protein kinase involved
in ultraviolet-induced apoptosis, following a dose
of 60 kJ ultraviolet-A in mice.?** However, these
studies were done in vitro on cell cultures and did not
compare their results with normal skin with an average
exposure to ultraviolet radiation in therapeutic doses.

As far as the carcinogenic potential of psoralen
plus ultraviolet-A is concerned, this was assessed
in some studies by inducing mutations in the p53
tumor suppressor gene in yeasts incubated with
8-methoxypsoralen and ultraviolet-A irradiated in-vitro
by 5 or 10 kJ/m? (0.5-1 J/cm?).?l It was also assessed
on a human fibroblast cell culture that was irradiated
with 30 kJ/m? (3 J/cm?) ultraviolet-A via formation of
DNA monoadducts and interstrand crosslinks.?*

Parameters associated with increased risk of
carcinogenic potential could be related to patient
characteristics, underlying disease, phototherapy type,
ultraviolet dose or duration. Therefore, in vivo studies
defining risk parameters in different populations are
essential and are still lacking.

In our study, we did not find a significant difference
in 8-oxoguanine levels between controls and the
patients (of the three included dermatoses) before and
after treatment by the three modalities. Accordingly,
we concluded that different phototherapeutic
modalities do not seem to have significant
carcinogenic potential within the therapeutic dosesin
dark skinned individuals. This finding also suggests
that the type of disease is not a determinant in
causing increased ultraviolet-induced carcinogenic
potential. We could also find no correlation between
8-oxoguanine levels in the patients and their age,
disease extent, number of ultraviolet sessions and
duration of phototherapy.

The only finding which raised our concern was the
weakly significant positive correlation between the
cumulative doses of psoralen plus ultraviolet-A and
8-oxoguanine levels after treatment. We therefore
emphasize that the use of psoralen plus ultraviolet-A
should be coupled with caution as regards patient
selection and dose adjustment to minimize the
cumulative dose and the subsequent possible
carcinogenic risk.
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In contrast to our results, a study demonstrated
significantly increased 8-oxoguanine levels in
20 vitiligo patients, in comparison to 10 healthy
controls.? A literature review showed no studies
measuring the levels of 8-oxoguanine in mycosis
fungoides or psoriasis.

Finally, we conclude that although therapeutic
doses of ultraviolet radiation appear to pose no
increased risk of carcinogenesis in the darker
skinned population, the cumulative doses of all
phototherapeutic modalities, particularly that of
psoralen plus ultraviolet-A should be carefully kept
to a minimum. This can be achieved by introducing
individualized combinations or rotational therapeutic
strategies as early as possible instead of focusing on
phototherapy as a sole treatment option. Furthermore,
more effective phototherapy regimens should be
established that determine maximum number of
sessions for each disease, after which cessation
of phototherapy becomes necessary, regardless of
the response. Surely, longer studies with higher
cumulative doses will help in either confirming or
negating our findings.
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