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Hamurcu, Z., Demirras, H., AscioeLy, 0., DéxMEz-ArTUNTAS, H. and
Axtas, E. Micronucleus Evaluation wn Mitogen-Stimulated Lymphocytes of
PUVA Treated Patients. Tohoku J. Exp. Med., 2002, 198 (1), 11-21 —— PUVA
describes the treatment of patients with psoralens plus an exposure to a source of
UV light of 320-400 nm (UVA). Contradictory results have been reported on the
chromosomal damage of PUVA when assayed by sister chromatid exchange (SCE)
method. Micronucleus (MN) test is used to detect both clastogenic (breaking) and
aneugenic (abnormal segregation) effect of physical/chemical agents on the chro-
mosomes. No data have been found on the MN formation in the cells of PUVA
treated patients. Frequency of micronuclei in 72 hours cultivated/mitogen-
stimulated lymphocytes of patients have been evaluated at zero time and after 20,
40, 60 sessions of PUVA treatment. While the beginning MN frequency was
~0.22%, (n=23), it raised to ~0.32 (n=23), ~0.42 (n=14) and ~0.53% (n=10)
corresponding respectively to 20,40 and 60 sessions. These sessions correspond
reciprocally to 54+23, 172448, 300+ 61 joules/em? of UVA and 13, 26, 39 mg/kg
of 8-metoxypsoralen (8-MOP). While large interindividual variances were appar-
ent, highly significant differences have been observed between initial MN fre-
quency and after that of the 20, 40 and 60 sessions, (p=0.000, p =0.004, p =0.005,
reciprocally, Wilcoxon two-related samples test). The coefficient of correlation
between MN frequency and UVA doses starting from zero to 60 sessions of treat-
ment has been found as r=0.61. This indicates a significant relationship between
UVA doses and MN frequencies. However, MN inducibility and synergistic
property of 8MOP with UVA should be taken into account. Gradual MN
increase during different sessions of PUVA treatment shows that -once appeared-,
a part of MN at least persist in the cells of patients from a few days to a few weeks.
Smoking as a confounding factor seems to increase MN frequency (p=0.053,
Mann-Whitney U-test) in the beginning population, taken as the control popula-
tion. This is the first report on the kinetics of MN formation during different
sessions of PUVA treatment. Based on our results, we concluded that PUVA
treatment causes a detectable chromosome damaging effect on the relatively
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profound cells/tissues of its human users.

Therapists should be careful with its

use, especially on the patients who may be more susceptible to carcinogenesis (e.g.

immunosuppressed and/or elderly subjects).

iasis; vitiligo; alopecia areata.

© 2002 Tohoku University Medical Press

The term PUVA (Psoralens plus ultraviolet
A) describes a form of treatment, embracing
psoralens, a group of furocoumarin compounds
and exposure of the patients to a source of UV
light of 320-400 nm, used for several years as an
effective photochemotherapy of some human
skin disease such as psoriasis and vitiligo
(Baker and Wilkinson 1979; Parrish et al. 1982;
Knobler et al. 1988). This therapy is also used
for other disorders such as the generalised
cutaneous leukaemic cell infiltration (Takemori
et al. 1995), anaplastic cutaneous CD30+ T-cell
lymphoma (Wickenhauser et al. 1999), mycosis
fungoides (Takeoka et al. 2000), cutaneous
T-cell lymphoma and lymphomatoid papulosis
(Nevala et al. 2001).

PUVA treatment leads also to mutagenic
and a possible carcinogenic effect (Bredberg et
al. 1983; Filipe et al. 1997; Stern et al. 1998;
Cooke et al. 2001). The molecular mechanisms
of PUVA-dependent damage (Averbeck et al.
1990; Moller et al. 1995; Gasparro et al. 1997;
Cooke et al. 2001; Mor1 et al. 2001), its repair
(Averbeck et al. 1990; Mori et al. 2001) and UV
damage in general (Otrin et al. 1997) have been
investigated. Formation of UV photoproduct
(Pfeifer 1997) and in vitro photogenotoxicity
testing (Meunier et al. 2002) have been revi-
ewed.

Interestingly, no data have yet been publi-
shed on the in vivo induction of micronucleus in
the lymphocytes of PUVA treated patients.
Whereas micronucleus (MN) assay is currently
used to detect and quantify phototoxicity and
photogenotoxicity (Snyder and Cooper 1999).
Furthermore, MN test is recognized as the one
only being able to detect both clastogenic (brea-
king) and aneugenic (abnormal segregation)

PUVA; micronucleus; psor-

events (Krishna and Hayashi 2000; Meunier
2002). Moreover, photomicronucleus test has
been recommended for photochemical genotox-
icity assessment in the IWGTP workshop held
in Washington in 1999 (Gocke et al. 2000).

Micronuclei are formed by chromosomal
damage or spindle poison when cells divide.
Chromosomal fragments or entire chromosomes
with centromere (mediated by a spindle poison
appeared in the cell through a physical or chem-
ical mutagen) lag behind and are excluded from
the main nuclei in the daughter cells. These
fragments or whole chromosomes form their
own membranes and appear as Feulgen-specific
bodies termed micronuclei in the cell cytoplasm
(Rosin 1992). In the other experimental sys-
tem, MN formed after the action of a test agent
in polychromatic/ normochromatic erythrocyte
(when the main nucleus is extruded) is evaluat-
ed (Krishna and Hayashi 2000). Since MN are
formed in dividing cells, it is necessary to use
cytochalasin B if one want to evaluate only
newly formed MN in nucleated cells in a limited
time (e.g. 24 or 48 hours), just after the action of
a given genotoxin.

UV radiation may damage DNA in one of
the two ways: either directly, leading to lesions
such as cyclobutane pyrimidine dimmers,
pyrimidine-pyrimidone (6-4) photoproducts or
indirectly, via photosensitizers (e.g., 8-
methoxypsoralens [8-MOP]) that generate free
radical species that may ultimately produce
such oxidative lesion as 8-hydroxy-2'-
deoxyguanosine (8-OHdG) (Ahmed et al. 1999;
Cooke et al. 2001). 8-OHdG formation was
correlated with both UVA fluence and 8-OHdG
concentration (Liu et al. 1999).

Apoptotic degeneration of the epidermal
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cells after PUVA treatment has been reported
firstly by Hashimoto and Kumakiri (1979).
Subsequent studies established that PUVA
treatment induces apoptosis of infiltrating
inflammatory cells that are responsible for the
formation of psoriatic lesions (Enomoto et al.
1997; Coven et al. 1999; Laporte et al. 2000).
In fact PUVA was used as an effective therapy
via apoptosis for cutaneous diseases caused by
skin infiltration with normal or neoplastic
T-lymphocytes (Takemori et al. 1995; Johnson
et al. 1996; Yoo et al. 1996; Morita et al. 1997).

There are different methods to assess
genotoxicity of a given compound or a physical
agent. MN test is a more practical technique
compared with metaphase analysis and other
sophisticated methods (for a review see Tice et
al. 2000) if one simply wants to know whether
chromosome breakage or loss is being induced
(Heddle 1973; Fenech 1997). The MN test was
devised primarily for screening chemicals for in
vivo chromosome-breaking effect (Heddle 1973;
Schmid 1975). Because of its simplicity, sensi-
tivity and its ability to detect both clastogens
and aneuploidy-inducing agents, the MN test
has been widely used to measure genotoxicity
both in vivo and in vitro (for the recent evalua-
tion see Kirsch-Volders et al. [2000] and
Krishna and Hayashi [2000]). Another
cytological method to detect chromosomal dam-
age 1s sister chromatid exchange (SCE) and
using this method, contradictory results were
reported on the effect of PUVA: Mourelatos et
al. (1977) and Lambert et al. (1978) have report-
ed that PUVA do not induce SCE in
lymphocytes of treated patients.
Sardas et al. (1994) have reported the contrary
results. In the following we report dose
(UVA+8-MOP)-related increase in MN fre-
quency in lymphocytes of PUVA treated
patients.

However,

MATERIALS AND METHODS
Patients
23 patients between the age of 13 and 52

resistant to conventional treatment (14 female,
9 male) were selected for the PUVA treatment.
Nine of them were diagnosed as psoriasis, 8 as
vitiligo and 6 as alopesi areata. A question-
naire collecting information on the past medical
history, alcohol, drug and smoking habits, was
completed for each patient. Eight patients
after 20 sessions and 6 after 40 sessions have
abandoned the treatment. Because they have
not returned for the control, their remission
status have not been evaluated. 8-MOP 0.6-0.7
mg/kg was given orally at the beginning of each
session. Two hours later, UVA irradiation of
the body surface was followed by a cabin
Waldman UV 8001 K. At the beginning,
patients have received 0.5 joules (J) UVA/cm?.
This dose was increased regularly 0.5J after
each of 3 sessions of treatment. The treatment

_ was repeated 3-4 days a week until the mainte-

nance therapy was started. Maintenance ther-
apy was administered once or twice a week (7 J
or 14 J/cm?) for an average of 4 months or
more. If the erythema had appeared during
the treatment, the dose would have been de-
creased or not increased according the skin type
and the clinical state of the patient.

Micronucler

Peripheral blood was obtained aseptically
from patients at zero time and after different
sessions of treatment. 0.3 ml whole blood was
added to 5 ml Ham’s F10 medium (Biological
Industry [Biol. Ind.]) enriched with 30%, fetal
calf serum (Biol. Ind.) 2%, v/v phytohemagg-
lutinin (PHA) (Biol. Ind.), 19, v/v penicillin-
streptomycin (Biol. Ind.) and 1%, heparin in
sterile plastic culture tubes.

Cells were harvested at the end of 72 hours,
treated with hypotonic solution 0.1 M KCl for
4-5 minutes and fixed in two changes of
methanol-acetic acid (3:1). Spreading on the
slide, drying and Giemsa staining were foll-
owed. For each individual 2400-6500 PHA-
stimulated cells with clearly apparent and
preserved cytoplasm were examined for the
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presence of the micronuclei. Small non-
stimulated cells were not scored. Slides were
scanned using 400X magnification and when
located, micronucleated cells were analysed
with 1000 x magnification. Cells with MN were
identified according to the criteria of Bush and

MecMillan (1993).

Statistical analysis

Statistical comparisons on mean values of
MN frequency before and after treatment were
done using Student’s t- and Wilcoxon tests.
Linear regression analysis was used to assess the
relationship between MN frequencies and UVA
(J/cm?) doses. Nonparametric Friedman and
Wilcoxon tests were used to evaluate micronu-
clei frequency in 8 patients who were submitted

to all of the PUVA sessions. The effect of
smoking on MN induction is tested by Mann-
Whitney U-test.

RESULTS

The Table 1 shows the means of MN fre-
quencies of the patients at zero time and after
20, 40 and 60 sessions of treatment. These ses-
sions correspond reciprocally to 54423, 172+
48, 300461 Joules of UVA and 13, 26, 39 mg/kg
of 8-MOP. Fig. 1 shows the dispersion of indi-
vidual MN frequencies (means) obtained after
different session of PUVA treatment. Large
interindividual variation concerning MN fre-
quency before and after each session of treat-
ment is apparent. However there was a highly
significant increase in means of MN frequencies

TaBLE 1. MN frequencies of the patients before and after 20, 40, 60 sessions of PUVA
treatment n comparison with their pre-treatment values. Statistical comparisons
of MN frequencies before and after treatment have been dome according to the

Wilcoxon test
20 session
. Cell scored MN scored MN/Cell (%)
Mean dos§.1u5s4 ﬁzlig'%{(:gm; flL8S_'1\I/}'OP (Mean+s.D.) (Mean+s.p.) (Mean + S.D?)
Before treatment* (n=23) 3563 603 7.52+3.39 0.22+0.11
After treatment (n=23) 3648 +951 11.26+4.04 0.32+0.11
p=0.000
40 session
Cell scored MN scored MN/Cell (%)
Mean dose: 172+48 J/cm?+s.D. (Mean-+s.0.) (Mean 5.0 (Mean-s..)
n+s.D. ea .D. .D.
Plus 26 mg/kg of 8-MOP - - -
Before treatment* (n=14) 3654 4697 7.42+3.27 0.21+0.10
After treatment (n=14) 34794489 14.644-5.71 0.4240.15
p=0.004
60 session
Cell scored MN scored MN/Cell (%)
Mean dose: 300461 J/cm?+s.D. (Mean—s..) (Mean-+5.0.) (Mean—+s..)
e .D. ean-+s.D. .D.
Plus 39 mg/kg of 8-MOP - - -
Before treatment*(n=10) 3522+ 670 8.30+3.59 0.24+0.12
After treatment (n=10) 3178 +291 17.0+£5.35 0.53+0.16
p=0.005

*These means represent the base line means found at the beginning within 23 individ-
They do not represent newly measured values.

uals at zero time without PUVA treatment.
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Fig. 1. Dose-related increase in micronuclel frequencies of 72 hours cultured lymphocytes from the
PUVA treated patients. Individual MN frequencies are indicated by O, A, + and ¢ correspond,
respectively to zero, 20, 40 and 60 sessions of UVA and the same signs indicate the corresponding
doses (0, 13,26 and 39 mg/kg) of 8-MOP (0, 0.00; A, 13.00; +, 26.00; and <, 39.00 mg/kg).

Rsq=0.3760.

after each session of PUVA treatment (20, 40
and 60 sessions) when compared to their pre-
treatment values (p =0.000, p =0.001, p=0.001
respectively by Student’s ¢-test and p=0.000,
p=0.004, p=0.005 by Wilcoxon test, Table 1).
The coefficient of correlation between MN fre-
quency and UVA doses starting from 20 session
to 60 session of treatment has been found as r=
0.48. The same coefficient, starting from zero
time to 60 session has been found as r=0.61.
This indicates an obvious relationship between
UVA doses and induced MN frequencies. In
other word, the means of the MN frequencies in
each session increase according to the UVA
doses. While the beginning MN frequency was
~0.229,, it was risen to ~0.32, ~0.42 and
~0.53%, corresponding respectively to 20, 40
and 60 sessions of treatment. However these
data should be interpreted with caution because
psoralens (here 8-MOP) alone may induce MN
and may act synergistically with UVA as it is
stated in the “discussion.”

The base-line value (0.224-0.11%,, mean+
s.p.) of MN frequency before the treatment of 23
patients is comparable with the previous
findings on the two different control popula-
tions: ([0.24+0.13%, Hamurcu et al. 2001]
and [0.24+0.209, Forni 1994]). The similar-
ity of this base-line value with those of the two
independent studies on the two independent
control populations and the regular MN fre-
quency increase during the different session of
PUVA treatment (Table 1 and Fig. 1) indicates
that our MN testing method is reproducible.
Falck et al. (1997) have reported lower base-line
MN frequencies in 5 non-smoking donors (41-
50 years old) both with and without cyto-
chalasin B in isolated lymphocytes: (~0.14%,
and ~0.17%, respectively). However their
cases number is insufficient to compare with our
result and to evaluate the effect of lymphocyte
purification on the MN content. It may be
more informative to compare the intersession
MN content of patients who were submitted to
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TaBLE 2. Micronucleus frequencies of 8 patients (BG, AK, EI, AU, GC, Z0O, YG, HA) who were exposed
to all of the 0, 20, 40, 60 sessions of PUVA treatment

Session Cell scored MN scored MN/Cell (%) 8MOP mg/kg+UVA (J/cm?)
08810 (Mean+s.p.) (Mean+s.p.) (Mean--s.p.) (Mean+s.p.)

Before treatment (n=8)  3639.88+ 699 7.25+3.20 0.204+-0.08

After 20 session (n=38) 3447.25+592 . 12.00+3.66 0.35+0.11 13+ 64.48+15.01
After 40 session {n=38) 3482.00+582 15.00+5.21 0.43+0.14 26+ 175.59+45.46
After 60 session (n=38) 3192.88+ 327 16.25+5.39 0.51+0.16 39+297.33+63.03

all sessions of the PUVA treatment. For this,
DISCUSSION

MN frequencies of 8 patients (AK, AU, BG, EI,
GC, HA, YG and ZO, Table2.) who were
exposed to all of the PUVA sessions have been
compared by nonparametric Friedman test.
Because an increase in the frequency of MN was
found significant by this test (p=0.003), the
comparison MN content of each session with
another session has been performed by Wilcox-
on two-related samples test. The results of the
analysis according to this test were found as the
following: Between O time and 20 sessions (p=
0.012), zero time and 40 sessions (p=0.017),
zero time and 60 sessions (p=0.012). However
MN frequency was not significantly different
between 20 and 40 sessions, 20 and 60 sessions,
40 and 60 sessions, (p>0.05).

No significant relationship was found
between age and MN frequency (p>0.05).
However our patients were composed mostly
from young individuals (mean value ~25 years
old) and except one patient who may be consid-
ered as middle-aged (52 H.A.), the elder patients
have been completely absent. When compared
at zero time between 23 patients (7 smokers
against 16 non smokers), smoking seems to
enhance MN frequencies to some extent (accord-
ing to Mann-Whitney U-test p=0.053, to Stu-
dent t-test, p<0.05). However the number of
cases may be considered few for the t-test.
Based on their statement, alcohol consumption
as a confounding factor has not been noted in
our patients.

This study demonstrates that treatment of
patients with PUVA results in an increase of
MN frequencies in lymphocytes in vivo. Simi-
larly, increased levels of SCE were observed by
Sardas et al. (1994) in lymphocytes of psoriatic
patients after PUVA treatment. However,
others reported that PUVA treatment of the
psoriatic patients does not change SCE level in
the lymphocytes (Mourelatos et al. 1977; Lam-
bert et al. 1978). Furthermore, Bredberg et al.
(1983) have found normal levels of SCE in
lymphocytes of psoriatic patients after 3-30
weeks of PUVA treatment. The same authors
have observed a small but statistically
significant increase of SCE if the duration of
PUVA treatment was longer (1-6 years). We
do not know why so contradictory results have
been reported with the same method with the
same cells (lymphocytes) on the same disorder
(psoriasis).

Although these two methods (SCE and MN
assay) were used for the genotoxicity testing,
their mechanisms are different. In fact, the
mechanisms of SCE induction by mutagens are
not only related with the chromosome aberra-
tions but also related with the repair replication
(Thust et al. 1996), inhibitors of DNA synthesis
(Pinero et al. 1996), inhibitor of poly (ADP-
ribose) polymerase (Schwartz and Weichsel-
baum 1985; Catena et al. 1994), homologous
recombination (Sonoda et al. 1999). For
instance, it has been reported that X-ray does
not increase SCE in normal lymphocytes
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(Andriadze et al. 1987), it is known to be poor
inducer of SCEs (Darroudi and Natarajan 1987)
whereas X-ray is known as a powerful clastogen
and by consequence MN inducer (Catena et al.
1994; Odagiri et al. 1997; He et al. 2000).
Some chemicals have been implicated as terato-
gens and carcinogens but are negative as SCE
inducers (Liang et al. 1983).

It has been reported that PUVA leads to
chromosome breakage via the formation of
transferable clastogenic factors (CF) (Filipe et
al. 1997). According to these authors, super-
oxide generated via the interaction of psoralen
with UVA may contribute to CF formation in
addition to superoxide from inflammatory cells,
and this may contribute to photocarcinogenesis
by PUVA therapy. Moreover, psoralen alone
has been qualified as a well-known rodent car-
cinogen (Kevekordes et al. 2001). Psoralen
causes a significant increase in the number of
MN in human lymphocytes (Kevekordes et al.
2001). It has been argued that combination of
psoralen and UVA light were not simply addi-
tive but synergistic (Yurkow and Laskin 1991).

In the case of PUVA, DNA repair time of
human lymphoid cells has been found as 12
hours. (Kleinau et al. 1997). In this considera-
tion, and because our patients have received
maintenance PUVA therapy once or twice a
week, this means that their DNA repair has
been completed before the subsequent treat-
ment. Therefore we assume that regular
increase of MN observed by us during the
different session of PUVA treatment cannot be
attributable to incomplete DNA repair time
course. In the light of our experiments it is
plausible to admit that, once appeared, mi-
cronuclei do not disappear in the interval of the
two consecutive PUVA treatments and rather
they persists in the lymphocytes of the patients
from a few days to a few weeks. Another
investigation is needed to determine the precise
time in which MN frequency reach to its initial
level.

PUVA treatment i1s known to increase the

risk of non-melanoma skin tumors (Tamada et
al. 1997) such as squamous cell carcinoma
(Nataraj et al. 1997; Stern et al. 1998; Takeda
et al. 1998; Lindelof et al. 1999), basal cell
carcinoma (McKenna et al. 1996; Seidl et al.
2001) and in some extent of melanoma
(Lindelsf 1999). However, reports on the
haematopoietic cells malignancy after PUVA
therapy are sporadic (Hansen 1979; Freeman
and Warin 1985; Sheehan-Dare et al. 1989;
Kwong et al. 1997; Takeoka et al. 2000) and
some follow-up studies reported that compared
to the control population their incidences are
insignificant (Stern et al. 1997; Hannuksela-
Svahn et al. 2000). Why is there more risk of
skin malignancy after PUVA treatment compar-
ed to that of the haematopoietic cells like as
leukaemia and malignant lymphoma?

PUVA is known not only as a carcinogen
but also an immunosuppressor (Molin and
Larké 1997; Seidl et al. 2001). PUVA
therapy-induced immunosuppression may play
an important role in PUVA-related car-
cinogenesis (Weinstock et al. 1995). An in-
creased frequency of cutaneous neoplasms in
depigmented areas is a potential hazard, as the
photoprotective effect of melanin in these sites
is lacking (Buckley and Rogers 1996). PUVA
induced immunosuppression may play an
important role in PUVA related carcinogenesis
by affecting the extent and pathogenicity of
sunlamps/sunbeds (Armstrong and Kricker
1995), chronic sun exposure (Seidl et al. 2001)
and human papillomavirus infections
(Weinstock et al. 1995). It is plausible to
admit that the synergistic effect of UVA/psor-
alen, by consequence immunosuppression and
cellular damages during PUVA treatment are
higher in UVA irradiated sites than that of the
other parts of the body. As it was recommend
by Lindelof et al. (1999), patients should be
carefully selected for PUVA and rigorously
followed up. To conclude, as the residual
damage of the PUVA as MN in lymphocytes is
apparent, therapists should be careful with its
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use, particularly on the patients who may be

more sensitive to carcinogenesis.
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