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Abstract

Rationale: Rhinophototherapy has been shown to be effective in the treatment of allergic rhinitis. Considering that phototherapy with
ultraviolet light (UV) induces DNA damage, it is of outstanding importance to evaluate the damage and repair process in human nasal
mucosa.

Methods: We have investigated eight patients undergoing intranasal phototherapy using a modified Comet assay technique and by
staining nasal cytology samples for cyclobutane pyrimidine dimers (CPDs), which are UV specific photoproducts.

Results: Immediately after last treatment Comet assay of nasal cytology samples showed a significant increase in DNA damage com-
pared to baseline. Ten days after the last irradiation a significant decrease in DNA damage was observed compared to data obtained
immediately after finishing the treatment protocol. Difference between baseline and 10 days after last treatment was not statistically sig-
nificant. Two months after ending therapy, DNA damage detected by Comet assay in patients treated with intranasal phototherapy was
similar with that of healthy individuals. None of the samples collected before starting intranasal phototherapy stained positive for CPDs.
In all samples collected immediately after last treatment strong positive staining for CPDs was detected. The number of positive cells
significantly decreased 10 days after last treatment, but residual positive staining was present in all the examined samples. This finding
is consistent with data reported in skin samples after UV irradiation. Cytology samples examined two months after ending therapy con-
tained no CPD positive cells.

Conclusion: Our results suggest that UV damage induced by intranasal phototherapy is efficiently repaired in nasal mucosa.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Phototherapy is widely used for the treatment of several
immune-mediated skin diseases like atopic dermatitis and
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psoriasis [1]. In the last decade new applications have been
developed and ultraviolet (UV) light has been applied with
good results in the treatment of oral mucosal diseases, such
as lichen planus and graft versus host disease [2,3].
Recently, intranasal phototherapy with mixed UVA–
UVB–visible light (mUV/vis) has been reported to be suc-
cessful for the treatment of seasonal allergic rhinitis [4].

One of the main mechanisms of action of UV light is
induction of DNA damage in the irradiated cells. This
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mechanism is responsible in part for the biological effects of
UV light and consequently its therapeutic use. However,
DNA damage is also implicated in the mutagenic and car-
cinogenic potential of UV light. Knowledge of the muta-
genic risk of DNA photodamage has stimulated interest
to determine the wavelengths dependent distribution of dif-
ferent DNA photodamage types [5,6]. UV light is able to
cause DNA damage by direct mechanisms (absorption of
photons by the DNA) or by indirect mechanisms such as
generation of reactive oxygen species [6]. UVC (100–
280 nm) has been shown to induce direct DNA damage,
mirrored by the preponderant production of promutagenic
photoproducts, mainly cyclobutane pyrimidine dimers
(CPDs) and pyrimidine (6,4) pyrimidone photoproducts
(6-4 PPs). UVB (280–320 nm) radiation is also acting
mostly on DNA through direct excitation processes and
results in the formation of CPDs and to a lesser extent of
6-4 PPs. It has been reported that UVC and UVB induced
photodamage is more complex including also induction of
strand breaks and oxidative DNA modifications [6,7].
Until recently, the formation of single-strand breaks,
alkali-labile lesions and oxidative DNA modifications has
been considered to be the main mechanism of UVA
(320–400 nm) damage. Recent data showed that UVA
induces in bacteria, cultured cells and human skin the for-
mation of CPDs but not 6-4 PPs [8].

Cells possess repair mechanism in response to UV
induced DNA damage. The primary process that removes
DNA damage is the nucleotide excision repair (NER) path-
way. The removal of DNA base modifications via NER
requires DNA damage recognition, lesion demarcation,
dual asymmetrical incisions at the 5 0 and 3 0 sites flanking
the lesion, excision of nucleotides from the single-stranded
loop, containing the lesion, and gap-filling by DNA synthe-
sis and ligation [9]. Alternatively, highly damaged cells
undergo cell cycle arrest, activation of the caspase cascade
and finally apoptotic cell death [10].

Although, skin diseases are successfully treated with
phototherapy and data from the literature support that
no significant increase in skin cancer risk is present in
patients treated for decades with UVB light, no data are
available regarding the effect of UV light on nasal mucosa.

In the present study we have evaluated the in vivo effect
of intranasal phototherapy, by assessing DNA damage and
repair in nasal mucosa.

2. Materials and methods

2.1. Intranasal phototherapy of ragweed allergic patients

The examinations were performed during the 2005 rag-
weed season in Szeged, Hungary in eight ragweed allergic
patients undergoing intranasal phototherapy. Positive skin
prick tests and/or an elevated level of ragweed-specific IgE
antibody confirmed the diagnosis. We excluded potential
subjects from the study if they had any significant nasal
structural abnormalities, or had had asthma, perennial rhini-
tis or upper or lower respiratory infection within 4 weeks
prior to the beginning of the study, or had used any of the fol-
lowing drugs: systemic corticosteroids within 4 weeks, topi-
cal corticosteroids within 2 weeks, membrane stabilizers
within 2 weeks, antihistamines within one week, nasal decon-
gestants within 3 days or immunotherapy 5 years prior to the
beginning of the study. The Human Investigation Review
Board of the University of Szeged had approved the proto-
col. All patients gave their written informed consent. All sub-
jects were symptomatic at the time of enrollment. Each
intranasal cavity was irradiated 3 times a week for 2 weeks,
using gradually increasing doses of mUV/vis. The irradia-
tions were performed with a broad band light source (Rhino-
light, Hungary, 180 mW, spectral composition 5% UVB,
25% UVA and 70% visible light). Nasal cytology samples
were collected with a disposable plastic curette (Rhino-
probe, ASI, Arlington, Texas) before starting therapy,
immediately after last treatment, 10 days and 2 months after
last treatment.

2.2. DNA damage detection with COMET assay

DNA strand breaks and alkali-labile sites were quanti-
fied by Comet Assay (single cell gel electrophoresis). As
the enzyme, ultraviolet DNA endonuclease (UVDE) from
Schizosacharomyces pombe participates in an alternative
excision repair pathway in which DNA is cut immediately
5 0 of CPDs or (6-4) photoproducts, this endonuclease can
be used for identification and measurement of UV induced
damage by these specific lesions in Comet Assay. The pro-
tocol was a modification of the previously described alka-
line Comet assay [11]. Seventy micro liter of 0.5% normal
agarose (Sigma-Aldrich, St. Louis, Mo, USA) in PBS was
spread on each fully frosted microscope slide, covered with
a coverslip, and kept at 4 �C to solidify until subsequent
use. Centrifuged cells were suspended in 70 ll of 0.5%
low melting agarose (Sigma-Aldrich, St. Louis, Mo,
USA) in PBS kept at 37 �C, and transferred onto the first
agarose layer from which the coverslip had been previously
removed. The slides were covered with coverslips again and
left at 4 �C for 5 min. The coverslips were removed and the
slides were then incubated in cold, freshly prepared lysis
buffer (2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris, pH
10, and 1% Triton X-l00 added fresh) for 1 h to remove
cellular proteins. This treatment leaves residual nuclei
embedded in the gel and makes the DNA susceptible to
lesion-specific endonuclease treatment.

After the lysis, the slides were washed three times for
5 min with 300 ll UVDE buffer (20 mM HEPES, 10 mM
MgCl2, 1 mM MnCl2, 100 mM NaCl, pH 6.5). The UVDE
enzyme (Trevigen, Gaithrsburg, MD, USA) was freshly
diluted (2500·) before use and 50 ll was used for each
slide; the untreated slides were covered with 50 ll buffer.
The slides were incubated for 1 h at 30 �C in a humidified
chamber.

After the incubation the coverslips were removed, and
the slides were washed three times for 5 min with neutral-
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Fig. 1. DNA damage detected by conventional and UVDE modified
Comet assay in nasal cytology samples before starting intranasal
phototherapy, immediately after last treatment, 10 days and 2 months
after last treatment.
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ization buffer (0.4 M Tris-HCl, pH 7.5). After the neutral-
ization the slides were placed in a horizontal electrophore-
sis tank filled with fresh 4 �C electrophoresis buffer (0.3 M
NaOH, 1 mM EDTA, pH 13). The DNA was left to
unwind for 20 min before electrophoresis. Electrophoresis
was conducted for 20 min at 25 V and 300 mA in an ice-
cooled tank. After electrophoresis the slides were drained
and flooded with three changes of neutralization buffer at
4 �C. After neutralization 50 ll of 500 lg/ml ethidium–bro-
mide in PBS was dropped to the slides. The slides under
coverslips were visualized in a fluorescence microscope.

Observations were made at a final magnification of 400·
using a fluorescence microscope (Zeiss, Axioscope, Ger-
many) equipped with Axiocam Digital Camera using
Komet 5.0 video image analysis software (Kinetic Imaging
Ltd., Liverpool, UK). This software is designed to differen-
tiate comet head (nuclei) from tail (damaged DNA). The
percentage of DNA in the Comet tail is linearly related
to DNA break frequency, therefore, this parameter of
100 cells/slides was measured and the mean was calculated.
The mean of 100 cell percentage tail DNA was found to be
a valuable characteristic for a given slide. Results are
shown as mean ± std dev.

2.3. Nasal epithelial cell culture

Positive control experiments were conducted on second
passage nasal epithelial cell cultures, isolated from patients
undergoing mucosal resection of the concha nasi inferior.
Specimens were first washed in an isotonic solution supple-
mented with antibiotic–antimycotic solution (Sigma-
Aldrich, St. Louis, Mo, USA). The tissue was incubated
in 0.25% Trypsin-EDTA (Sigma-Aldrich, St. Louis, Mo,
USA) for 20 min at 37 �C. After incubation 10% fetal
bovine serum (Sigma-Aldrich, St. Louis, Mo, USA) was
added to neutralize protease activity, and epithelial cells
were detached by gentle agitation. The cell suspension
was filtered through a 100 lm nylon mesh (BD, Falcon)
and centrifuged at 1000 rpm for 10 min at 4 �C. Determina-
tion of cell concentration and percentage of viable cells was
carried out with trypan blue staining using a haemocytom-
eter. The cells were seeded on 25 cm2 tissue culture plastic
flasks in RPMI 1640 culture medium supplemented with
10% fetal bovine serum.

Nasal epithelial cells in second passage were harvested
by trypsinization and washed in PBS. Cell suspensions
were put in 500 ll PBS and irradiated with mUV/vis light
with the following doses: 225 mJ/cm2 and 450 mJ/cm2.
After irradiation cell suspensions were collected into
Eppendorf tubes and centrifuged at 200g for 4 min and
processed using both the conventional and the UVDE
modified Comet assay protocols.

2.4. CPD detection in nasal mucosa

Nasal cytology samples were stained with monoclonal
antibodies against CPDs (anti-thymine dimer, clone
KTM53, Kamiya, Seattle, WA, USA). Control samples
were included in each experiment using negative control
reagents that are routinely applied to histologic sections.
Immunostaining was performed using an immunoperoxi-
dase kit (mouse IgG Vectastain Elite ABC kit, Vector Lab-
oratories, Burlingame, CA, USA). 3,3 0-diaminobenzidine
(DAB) substrate, which results in a brown-colored precip-
itate, was used as chromogen. The samples were counter-
stained with haematoxylin.

2.5. Statistical analysis

The data between different time-points were analyzed
for statistical significance using the Dunnett test. To com-
pare the conventional Comet assay with the UVDE modi-
fied technique at the same time points paired t-test was
used. Value of p < 0.05 was considered to be statistically
significant for comparison between data sets.

3. Results

3.1. Kinetics of DNA damage detected by Comet assay in
patients undergoing intranasal phototherapy

Comet assay was performed on nasal cytology samples
of eight allergic rhinitis patients before starting the treat-
ment protocol, immediately after last irradiation and 10
days after last treatment. Four of the eight patients
returned for the 2 month follow-up visit when nasal cytol-
ogy samples were collected.

DNA damage was significantly higher in nasal cytology
samples collected immediately after completing the 2 weeks
treatment regimen than before starting therapy (p = 0.02 in
conventional Comet assay and p = 0.002 in UVDE modi-
fied assay) (Fig. 1). DNA damage assessed by the UVDE
modified method (49.42 ± 7.97%) was compared with that
obtained by the conventional Comet assay (48.48 ± 8.08%)
in samples collected immediately after last treatment. A
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Fig. 2. DNA damage detected by conventional and UVDE modified
Comet assay in cultured nasal epithelial cells exposed to UV light.
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slight, but not significant increase was detected in all
patients with the UVDE modified technique compared to
the conventional Comet assay (p = 0.7). In positive control
experiments in which nasal epithelial cell cultures were
used, a significant increase (p < 0.05) of UVDE detected
DNA damage was observed compared to data obtained
by conventional Comet assay (Fig. 2). DNA damage
of control, non-irradiated nasal epithelial cells was low
and no difference was detected between conventional and
UVDE modified Comet assay (5.26 ± 1.82% and 6.07 ±
1.43%, respectively).

Ten days after the last intranasal treatment a significant
decrease in DNA damage was observed compared to data
obtained immediately after finishing the treatment protocol
with the UVDE modified Comet assay method (p = 0.003)
(Fig. 1) and a slight, statistically not significant (p = 0.057)
decrease was observed using the conventional Comet assay
technique (Fig. 1). No significant difference in DNA dam-
age detected by UVDE modified and conventional Comet
assay was observed (p = 0.52) at this time-point. The differ-
ence between baseline (before treatment) and 10 days after
last treatment was not statistically significant (p > 0.05 for
both Comet techniques).

Four of these patients were also examined off-season, at
the 2 month follow-up. All patients were symptom-free
when the samples were collected. The DNA damage
detected by both Comet techniques was significantly
decreased compared to that detected 10 days after last
treatment (p = 0.04 in conventional Comet assay and
Fig. 3. Detection of CPDs in nasal cytology samples before starting intranasal
last treatment.
p = 0.04 in UVDE modified assay) and was similar to pre-
viously reported data from healthy individuals (Fig. 1).

3.2. Kinetics of CPD detection in nasal mucosa of patients

undergoing intranasal phototherapy

Nasal cytology samples of the 8 patients undergoing rhi-
nophototherapy were stained for CPDs before starting
therapy, immediately after last irradiation and 10 days
after the last treatment. None of the samples collected
before starting intranasal phototherapy stained positive
for CPDs. In all samples collected immediately after last
treatment strong positive staining for CPDs was detected.
The number of positive cells decreased significantly 10 days
after last treatment, but scattered residual positive cells
were present in all examined samples. Cytology samples
of 4 patients treated during the season with rhinophoto-
therapy which were examined off-season (two months fol-
low-up) showed no positive CPD staining (Fig. 3).

4. Discussion

Although, UV light has been previously successfully
applied for the treatment of diseases of the oral and nasal
mucosa, no data exist regarding DNA damage and repair
of oral and/or nasal mucosal epithelial cells. Fornace
et al have reported that bronchial fibroblasts and epithelial
cells show similar DNA damage and repair as human skin
fibroblasts, suggesting that DNA repair mechanism are
equally efficient in all cell types [12]. The study conducted
in allergic rhinitis patients undergoing intranasal photo-
therapy is the first assessing UV induced DNA damage in
nasal epithelium.

Cells that present DNA damage after UV irradiation
may follow different paths, depending on the extent of
the damage and the efficiency of repair mechanism: (1) they
repair the damage and assume normal function; (2) they
succumb to apoptosis and necrosis and are eliminated from
the tissue; or (3) they survive despite UV-induced photo-
damage is not repaired and may represent potential sources
for formation of mutations during further divisions. DNA
repair has a decisive influence on UV carcinogenesis, since
the amount of unrepaired lesions will depend on a compe-
tition between repair rate and the time available for DNA
repair within the cell cycle. The time needed for repair has
phototherapy, immediately after last treatment, 10 days and 2 months after
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been shown to be dependent on the irradiation dose and
consequently on the initial amount of damage [13,14].
Beside NER, apoptosis is considered to be a higher repair
mechanism at the cellular level as it removes unrepaired
DNA damage completely, by cell death. Although, the
amount of photospecific damage is crucial in determining
whether the cells undergo apoptosis or survive following
UV irradiation, other mechanism may also play a role.
Recent studies have suggested that different wavelengths
show different capacities of inducing apoptosis which is
not fully related to the amount of DNA damage. Takasawa
et al. have shown that UVB irradiation of HaCaT kerati-
nocytes activates death receptors on the cell surface which
is followed by direct activation of caspase 8 leading to
apoptosis. This alternative mechanism of apoptosis induc-
tion was not activated after UVC irradiation, suggesting
that this mechanism may be responsible for the observed
higher apoptosis rate induced by UVB light compared to
UVC, at doses which are equivalent in production of spe-
cific photoproducts [15]. Induction of apoptotic cell death,
especially of immune cells, is also one of the main mecha-
nisms by which phototherapy exert its therapeutic effects.
One of the pathways that results in cell cycle arrest and
apoptosis is the activation of p53, which functions as
‘‘the guardian of the genome’’. Activation of p53 is more
intense after UVB irradiation compared to UVA. There-
fore, it has been suggested that UVA induced DNA dam-
age, even at much lower level than after UVB irradiation,
have a higher chance to escape protective mechanisms
and to result in mutation. Kappes et al have suggested that
combination of UVA and UVB light (as it is in mUV/vis)
might have a protective role, since simultaneous induction
of DNA damage results either in activation of repair mech-
anisms and survival of a healthy cell or in additional acti-
vation of p53 and cellular death [16].

The DNA damage detected by Comet assay in the pres-
ent study can be attributed in part to strand brakes as the
direct effect of UV on DNA, but may represent also detec-
tion of apoptosis and necrosis not related to UV light. A
portion of the cells collected are undergoing apoptosis or
necrosis, which reflects in part physiologic apoptosis occur-
ring in human tissues related maintainance of normal
homeostasis and also cell death due to the procedure of col-
lecting cells and most important due to inflammation.
DNA repair mechanisms also induce new strand brakes
which are detected by Comet assay [17,18]. We have
observed that oxidative stress associated with the inflam-
matory process in the nasal mucosa of symptomatic aller-
gic rhinitis patients results in increased DNA damage
detected by Comet assay in nasal epithelial cells (Koreck,
unpublished data). Considering that at baseline and imme-
diately after last treatment most of the patients were still
symptomatic, Comet assay results reflect also DNA dam-
age caused by the disease itself. Comet assay is a technique
which allows the detection of DNA lesions with a complex
etiology and therefore is not detecting UV specific damage.
The addition of the UVDE enzyme increased the specificity
of the modified Comet assay in detecting the UV specific
damage attributed to photoproducts (CPDs and 6-4 PPs).
This was mirrored by the significantly increased damage
detected by the UVDE modified Comet assay technique
in cultured epithelial cells exposed to mUV/vis light. Cul-
tured cells exhibited a significantly lower baseline DNA
damage level of non-irradiated cells compared to DNA
damage of cells collected from allergic subjects with active
disease state. Although immediately after last treatment a
slight increase in DNA damage was observed in all subjects
with the UVDE technique compared to the classical Comet
assay, the difference was not significant. These results sug-
gest a limited contribution of UV specific DNA damage to
the overall cell damage of nasal mucosa in symptomatic
allergic rhinitis patients detected at this time-point with
the Comet assay technique. Ten days after last treatment
the DNA damage detected by the UVDE modified tech-
nique showed a significant decrease while the DNA dam-
age detected by the conventional method proved to be
not significant. However, when comparing DNA damage
results detected by the UVDE modified technique with
those obtained with the classic Comet assay, no significant
difference was detected. Although, these results suggest that
10 days after last treatment repair of UV specific photo-
products occurred they also highlight the limitations of
Comet assay (both techniques) in analyzing the superim-
posed DNA damage (specific to UV light) in an inflamed
nasal mucosa which is characterized by high baseline
DNA damage values characteristic to the disease itself.
Therefore, direct detection of UV specific photoproducts
by techniques such as immunostaining of tissue specimens
is of outstanding importance for evaluating DNA damage
and repair of nasal mucosa.

For an accurate evaluation of the UV specific DNA
damage, CPD staining was performed. Absorption of UV
radiation by adjacent pyrimidine bases in DNA induces
primary CPDs and 6-4 PPs [19]. Several studies performed
in mouse, fish, monkey and human skin showed that 6-4
PPs are repaired more rapidly than CPDs [20–23]. Studies
performed in human skin showed that 7 days after irradia-
tion, CPDs are still detected in the epidermis and dermis,
meanwhile 6-4 PPs are almost completely removed from
the tissue 6 h after irradiation, with no positive staining
at day 7 [24]. Moreover, studies performed in mice and
humans suggested that after chronic UVB irradiation of
the skin, CPD retaining cells persist for longer time, and
they can be detected even after 60 days from the last irra-
diation [25]. Based on the long half life of CPDs and their
persistence in the tissue they are considered the most
important photoproducts for mutagenesis. Our results
showed that CPDs can be detected in nasal mucosa sam-
ples immediately after irradiation and residual staining
was present 10 days after last irradiation. These results
are in concordance with previously published data in the
skin. Samples taken 2 months after the last irradiation
showed no residual damage in nasal mucosal samples, sug-
gesting that after intranasal phototherapy no long-term
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residual CPDs remain in nasal cells. Collection of nasal epi-
thelial cells using Rhinoprobes is a very convenient and
easy technique and have been previously used to asses the
effect of air pollution on DNA damage of nasal mucosa
[26,27]. However, for a complete evaluation of the safety
of phototherapy in airway diseases the results reported here
should be replicated in future studies by staining for CPDs
in biopsy specimens of the nasal mucosa exposed to UV
light with special emphasis on DNA damage and repair
of the basal cell layer. UV light-induced carcinogen effect
is linked to the cumulative doses of UV light (usually
requiring many years). Development of skin cancers has
always been a concern when applying long-time photother-
apy in dermatological patients. Therefore, several prospec-
tive and retrospective studies regarding association of
phototherapy with increased risk for skin cancer have been
conducted in psoriasis, atopic dermatitis and vitiligo
patients. Recently, Lee at al performed a complex study
based on extensive literature search (MEDLINE between
1966 and 2002) to asses the risk of skin cancer associated
with UVB phototherapy [28]. No significant increase in
the risk of developing skin cancer was found. They stated
that evidence suggest that UVB phototherapy remains a
very safe treatment modality. Since skin and mucosa are
characterized by differences in structure and cell turn-over
rate we have compared in a separate study the ability of
these tissues to repair UV specific photoproducts (CPDs
and 6-4 PPs). We found that skin and airway mucosa exhi-
bit similar kinetics in repairing UV induced DNA damage
(manuscript in preparation). Cumulative doses in rhino-
phototherapy are much lower compared to that used in
skin phototherapy which suggests that the safety profile
of mucosal phototherapy is similar to that of skin.

In this pilot study we have shown for the first time that
nasal mucosa exposed to UV light possess the capacity to
repair DNA damage which suggests that the multistep pro-
cess of carcinogenesis has not been triggered. However
more studies are needed in the future to characterize UV
specific DNA damage and repair of the nasal mucosa.

References

[1] I. Hamzavi, H. Lui, Using light in dermatology: an update on lasers,
ultraviolet phototherapy, and photodynamic therapy, Dermatol.
Clin. 23 (2005) 199–207.

[2] S.W. Redding, N.S. Callander, C.W. Haveman, D.L. Leonard,
Treatment of oral chronic graft-versus-host disease with PUVA
therapy: case report and literature review, Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. Endod. 86 (1998) 183–187.

[3] M. Trehan, C.R. Taylor, Low-dose excimer 308-nm laser for the
treatment of oral lichen planus, Arch. Dermatol. 140 (2004) 415–420.

[4] A.I. Koreck, Z. Csoma, L. Bodai, F. Ignacz, A.S. Kenderessy, E.
Kadocsa, G. Szabo, Z. Bor, A. Erdei, B. Szony, B. Homey, A.
Dobozy, L. Kemeny, Rhinophototherapy: a new therapeutic tool for
the management of allergic rhinitis, J. Allergy Clin. Immunol. 115
(2005) 541–547.

[5] J. Cadet, E. Sage, T. Douki, Ultraviolet radiation-mediated damage
to cellular DNA, Mutat. Res. 571 (2005) 3–17.

[6] Z. Kuluncsics, D. Perdiz, E. Brulay, B. Muel, E. Sage, Wavelength
dependence of ultraviolet-induced DNA damage distribution:
involvement of direct or indirect mechanisms and possible artefacts,
J. Photochem. Photobiol. B 49 (1999) 71–80.

[7] C. Kielbassa, L. Roza, B. Epe, Wavelength dependence of oxidative
DNA damage induced by UV and visible light, Carcinogenesis 18
(1997) 811–816.

[8] S. Courdavault, C. Baudouin, M. Charveron, A. Favier, J. Cadet, T.
Douki, Larger yield of cyclobutane dimers than 8-oxo-7,8-dihydro-
guanine in the DNA of UVA-irradiated human skin cells, Mutat. Res.
556 (2004) 135–142.

[9] W.L. de Laat, N.G. Jaspers, J.H. Hoeijmakers, Molecular mechanism
of nucleotide excision repair, Genes Dev. 13 (1999) 768–785.

[10] C. Tuchinda, H.W. Lim, F.M. Strickland, E.A. Guzman, H.K.
Wong, Comparison of broadband UVB, narrowband UVB, broad-
band UVA and UVA1 on activation of apoptotic pathways in human
peripheral blood mononuclear cells, Photodermatol. Photoimmunol.
Photomed. 23 (2007) 2–9.

[11] N.P. Singh, M.T. McCoy, R.R. Tice, E.L. Schneider, A simple
technique for quantitation of low levels of DNA damage in individual
cells, Exp. Cell Res. 175 (1988) 184–191.

[12] A.J. Fornace Jr., J.F. Lechner, R.C. Grafstrom, C.C. Harris, DNA
repair in human bronchial epithelial cells, Carcinogenesis 3 (1982)
1373–1377.

[13] S. Courdavault, C. Baudouin, M. Charveron, B. Canguilhem, A.
Favier, J. Cadet, T. Douki, Repair of the three main types of
bipyrimidine DNA photoproducts in human keratinocytes exposed
to UVB and UVA radiations, DNA Repair (Amst) 4 (2005) 836–
844.

[14] R. Greinert, O. Boguhn, D. Harder, E.W. Breitbart, D.L. Mitchell, B.
Volkmer, The dose dependence of cyclobutane dimer induction and
repair in UVB-irradiated human keratinocytes, Photochem. Photo-
biol. 72 (2000) 701–708.

[15] R. Takasawa, H. Nakamura, T. Mori, S. Tanuma, Differential
apoptotic pathways in human keratinocyte HaCaT cells exposed to
UVB and UVC, Apoptosis 10 (2005) 1121–1130.

[16] U.P. Kappes, D. Luo, M. Potter, K. Schulmeister, T.M. Runger,
Short- and long-wave UV light (UVB and UVA) induce similar
mutations in human skin cells, J. Invest. Dermatol. 126 (2006) 667–
675.

[17] P.L. Olive, J.P. Banath, Sizing highly fragmented DNA in individual
apoptotic cells using the comet assay and a DNA crosslinking agent,
Exp. Cell Res. 221 (1995) 19–26.

[18] W.P. Patton, U. Chakravarthy, R.J. Davies, D.B. Archer, Comet
assay of UV-induced DNA damage in retinal pigment epithelial cells,
Invest. Ophthalmol. Vis. Sci. 40 (1999) 3268–3275.

[19] B.S. Rosenstein, D.L. Mitchell, Action spectra for the induction of
pyrimidine(6-4)pyrimidone photoproducts and cyclobutane pyrimi-
dine dimers in normal human skin fibroblasts, Photochem. Photobiol.
45 (1987) 775–780.

[20] D.L. Mitchell, J.T. Scoggins, D.C. Morizot, DNA repair in the
variable platyfish (Xiphophorus variatus) irradiated in vivo with
ultraviolet B light, Photochem. Photobiol. 58 (1993) 455–459.

[21] D.L. Mitchell, J.E. Cleaver, J.H. Epstein, Repair of pyrimidine(6-
4)pyrimidone photoproducts in mouse skin, J. Invest. Dermatol. 95
(1990) 55–59.

[22] T. Muramatsu, N. Kobayashi, H. Tada, M. Yamaji, T. Shirai, T.
Mori, T. Ohnishi, Induction and repair of UVB-induced cyclobutane
pyrimidine dimers and (6-4) photoproducts in organ-cultured normal
human skin, Arch. Dermatol. Res. 284 (1992) 232–237.

[23] X. Qin, S. Zhang, H. Oda, Y. Nakatsuru, S. Shimizu, Y. Yamazaki,
O. Nikaido, T. Ishikawa, Quantitative detection of ultraviolet light-
induced photoproducts in mouse skin by immunohistochemistry, Jpn.
J. Cancer Res. 86 (1995) 1041–1048.

[24] A.R. Young, C.A. Chadwick, G.I. Harrison, J.L. Hawk, O. Nikaido,
C.S. Potten, The in situ repair kinetics of epidermal thymine dimers
and 6-4 photoproducts in human skin types I and II, J. Invest.
Dermatol. 106 (1996) 1307–1313.

[25] D.L. Mitchell, B. Volkmer, E.W. Breitbart, M. Byrom, M.G. Lowery,
R. Greinert, Identification of a non-dividing subpopulation of



A. Koreck et al. / Journal of Photochemistry and Photobiology B: Biology 89 (2007) 163–169 169

ARTICLE IN PRESS
mouse and human epidermal cells exhibiting high levels of persis-
tent ultraviolet photodamage, J. Invest. Dermatol. 117 (2001) 590–
595.

[26] U. Gluck, J.O. Gebbers, The Comet Assay of Nasal Epithelial:
measurement of DNA damage for assessment of genotoxic air
pollution, The Laryngoscope 110 (2000) 123–125.
[27] L. Calderon-Garciduenas, N. Osnaya-Brizuela, L. Ramirez-Martinez,
A. Villarreal-Calderon, DNA strand breaks in human nasal respira-
tory epithelium are induced upon exposure to urban pollution,
Environ. Health Perspect. 104 (1996) 160–168.

[28] E. Lee, J. Koo, T. Berger, UVB phototherapy and skin cancer risk: a
review of the literature, Int. J. Dermatol. 44 (2005) 355–360.


	Effects of intranasal phototherapy on nasal mucosa in patients  with allergic rhinitis
	Introduction
	Materials and methods
	Intranasal phototherapy of ragweed allergic patients
	DNA damage detection with COMET assay
	Nasal epithelial cell culture
	CPD detection in nasal mucosa
	Statistical analysis

	Results
	Kinetics of DNA damage detected by Comet assay in patients undergoing intranasal phototherapy
	Kinetics of CPD detection in nasal mucosa of patients undergoing intranasal phototherapy

	Discussion
	References


