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Abstracr. The purpose of the present investigation was (o
study the usefulness of oral treatment of psoriasis with
psoralens and longwave ultraviolet light and the possible
cytogenctic hazards of this therapy. 8-mcthoxypsoralen
(8-MOP) in doses between 15 and 60 mg orally followed
2 hours later by UVA irradiation of one side of the body
gave a healing of the irradiated side in 24 of 40 cases and an
improvment in another 11 cases while only one casc hcaled
on the side of body that was not irradiated. The most
common undesired side effect was pruritus on the irradiated
side of the body. The cytogenetic study showed that 8-MOP
and UVA trcatment of lymphocytes in vitro gives rise to
chromosomal aberrations. In a combined in vivo —in vitro
study where the lymphocytcs had been isolated from a
patient 2 hours after intake of 60-80 mg 8-MOP and then
irradiated with therapeutic UVA doses, a significant incrcasc
in chromosamal aberrations was found. When chromosome
analyses were made on the paticnts whilst the 8-MOP
trcatment was temporarily withdrawn and when the lympho-
cytes were not irradiated in vitro, no increased freguency
of chromosomal aberrations was found on comparison
with a group of psoriatic patients receiving dithranol therapy.
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The positive results of local treatment with psoralens
and longwave ultraviolet light (UVA) (7, 21, 22,
25, 26) made us interested in studying whether also
this antipsoriatic agent might be a potent inducer
of mitochondrial mutations in yeast in the same way
as are dithranol (9, 27), coal tar extracts (Swanbeck,
G. & Zetterberg, G.: Unpublished results), and
methotrexate (19). Upon finding that this was the
case (20), we commenced experimental treatment of
psoriatic patients with oral psoralens and UVA.
To administer a relatively inert substance systemi-
cally and then activate it in the skin by harmless
irradiation is a very interesting principle, which has
been favorably applied earlier in the treatment of

vitiligo with just oral psoralens plus UVA irradia-
tion (6, 11).

During the preparation of this paper a report
of successful treatment of psoriasis with oral
methoxalen and UVA was published by Parrish
et al. (16), but we have also found two carlicr reports
on this type of treatment (15, 23). Although it
seems possible that one day patients will be able to
sclf-administer this trcatment in their homes, there
are practical problems with regard to suitable light
sources. Another problem is the safety of the treat-
ment regarding the effect on the liver and chromo-
somes.

It seems highly probable that the treatment acts
by a direct effect on DNA. Psoralens react both in
vitro and in vivo with pyrimidine bases of DNA
under irradiation, producing monofunctional and
bifunctional additions or interstrand cross-links in
native DNA (5, 12, 13). An increased frequency
of chromosome aberrations in human lymphocytes
(18) and the induction of DNA repair synthesis in
human fibroblasts (2) have bcen reported after
8-methoxypsoralen (8-MOP) plus UVA treatment
in vitro. Against this background, it is important
that studies should be made on genetic effects in
connection with psoralen treatment of psoriasis
patients, especially when one considers that this
treatment does not provide a definite cure but only a
temporary removal of the skin lesions. Thus a
series of trcatments may be repeated several times.
It is also probable that a very large number of patients
will be able to usc this apparently convenient treat-
ment for a considerable length of time. In the
present paper we present our clinical experience of
treating psoriasis with psoralens and UVA and the
chromosome studies we have made so far.
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Fig. 1. Schematic picture of the irradiation treatment. Each
circle represents a 40 W, 120 ¢cm long black light tube.

MATERIAL AND METHODS

Clinical Study

Patients

Patients who have had psoriasis for several ycars and where
other therapeutic measures such as topical steroids and
anthralin had not given satisfactory results were selected
for this investigation. Onc patient had earlicr only used
cmollient cremes @nd sun lamp irradiation. Several patients
had earlier been treated with hydroxyurea and/or metho-
trexate. We did not regard photo sensitivity as an absolute
contra-indication for trecatment with psoralens and UVA
and included in the investigation 2 patients who reported
that their psoriasis was usually worse during the summer
period. Only patients who were healthy apart from having
psoriasis were included.

Medication with psoralens

Initially, trimethylpsoralen (TMP), (Trisoralen™, Paul
Elder Co. Bryan, Ohio, USA) was given to 3} patients. 40
mg daily. Subsequently we only used 8-methoxypsoralen
(MOP) (Nco meladinine, The Memphis Chemical Co.
Cairo. Egypt). 15 mg tablets. The maximum doses given
were 30 mg to patients wetghing 35-55 kg, 45 mg to patients
weighing 55-75 kg and 60 mg to patients weighing more than
75 kg. When an irritating erythema, pruritus or nausea
occurred the dose was diminished by one tablet.

Radiation treatment

The irradiation was done with six 40 fluorescent black-
light tubes (Philips TL 40 W,08) with suitable reflectors.
The irradiation has a spectral maximum at 360 nm and
practically no radiation below 320 nm. The lamps were
arranged as shown in Fig. 1, with a distance of 40 cm be-
tween lamps and patient. Intensity at body surface has heen
estimated to be approximately 3 mWV/cm?. Theirradiationtime
was generally 30 minutes, giving a totaldose of about 5.4 J/cm?.
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Treaiment schedule

Between 2 and 2.5 hours after ingestion of the tablets, the
patients werc irradiated on either the ventral or dorsal side
of the body, which ever side had the more severe or extensive
psoriatic lesions. The other side was not irradiated before
the first side was completely healed but served as a control
with respect to placebo effeci or coincidental spoatancous
healing. The patients were treated S days weekly. The main-
tenance treatment on the treated side after healing was given
once a week or less frequently to begin with. If new lesions
appeared. the trcatment was given more frequently. The
control side was treated at the same time as the maintenance
trcatment of the first-treated side procceded. The so-called
control side served as a control only as long as the initial
ireatment of other side procesded. but not during the main-
tenance treatment. The rcsults of the subsequent treatment
of the contro! side are not reported here. In this way we
have tried 1o obtain information on how often maintenance
therapy was necessary.

Evaluation of clinical ¢ffect

We have regarded the treated side as healed when no lesion
could be palpated or no ervthema remained. W have re-
garded the treated side as improved if all lesions had definitely
become less elevated and less scaling. Hf th2 treated side of a
patiznt did not fulfil the criteria for either healing or im-
provement, the patient was classified ‘unchanged. or "worse’.
The scalp has not been included in this investigation as it
is difficult to trradiate.

Laboratory controls

All patients were checked weekly with regard 1o hemoglobin
concentration, white blood cell count, differential count,
thrombocyte count. transaminases. bilirubin, and altkaline
phosphatase determination in serum.

Cytogeneric Study

In vitro ¢ XNperinent

Peripheral leukocytes were obtained by cantrifugation from
freshly collected. heparinized venous blood from one healthy
suhject. The cells were washed in phosphate-buffered saline
(PBS. Flow Laboratories) and resuspended in Parker 199
(Flow Laboratories) supplemented with 259, foetal calf
serum, [25 pg/ml streptomycin and 125 1E'ml benzy! peni-
cillin. Subsequent work was donc in complete darkness
when possible. or otherwise in red darkroom illumination.
Each of § identical cultures in 30 ml Falcon plastic flasks
contained 8-MOP in a final concentration of 26.7 yig/ml
(A-C of Table 1V) or 0.1 ug/ml (D and E of Table 1V).
The drug was allowed to penetrate into the cells for 15-30
min, and the cultures were then irradiated with longwave
UV-light (365 nm, 5 mW/cm?) through the Falcon flasks.
which were found to transmit 100°% of the light. Exposure
was between 30 scc and 14 min, to vield a final dose range
between 0.15 and 4.2 Jicm? in the various cultures. After
irradiation the cells were transferred to centrifuge tubes and
washed 3 times, S min each. in PBS to remove unbound
8-MOP. Conventional lymphocyte cultures with phyto-
hemagglutinin (0.02 ml of PHA, Welicome, per ml culturc
medium) were sct up and run for 50 or 74 hours. Colchicine
(0.2 yeg/mDh was added 2 hours before harvesting. After
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hypotonic treatment (0.075 M KCI) and fixation (mcthanol/
acetic acid, 3:1) conventional preparations were made and
atr-dried. The slides were stained in Giemsa (5% in 0.01 M
phosphate buffer, pH 6.8) and scored for well spread mcta-
phases.

In vivo studies

Venous blood was obtained and collected in light-sheltered,
heparinized test tubes from 8 of the patients recciving the
8-MOP -+ UVA therapy, 5 patients subjected to dithranol
treatment and 6 healthy non-psoriatic controls. Conventional
lymphocyte cultures with PHA were sct up as described
above and run in the dark for 72 hours. Colchicine (0.1
reg/ml) was added 2 hours before harvesting. Fixation and
preparation of cells were carried out as in the in vitro experi-
ment. The cultures were coded and subsequent chromosome
analyses were madc blind.

In the combined in vivo — in vitro studies, 40 ml of venous
blood was drawn from cach of 4 paticnts 2 hours after inges-
tion of 60-80 mg of 8-MOP. The plasma suspension of
lcukocytes was isolated after centrifugation of the blood.
and 5 ml aliquots were placed in 3 Falcon flasks. Two of the
flasks were exposed to UVA-light for 3.5 and 14 min,
respectively. The UV A-doses were chosen so as to facilitate
comparison with the doses given in the in vitro experiments
and with the estimated therapeutic dose (sce Discussion).
The third flask was not irradiated but served as dark control.
In a parallel experiment the plasma suspension of leukocytes
from a subjcct not receiving psoralen therapy was irradiated
to investigate the effect of UVA-light alone on the frequency
of chromosome aberrations. After irradiation the cells
were cultured for 72 hours as described above, and chromo-
some preparations were made as in the other studics.

Chromosome analysis and definitions of aberrations

Between 7 and 14 slides, depending on the number and
quality of mitotic cells, were prepared from cach culture.
With exception of the in vitro study, all slides were coded
and subsequent analysis was done blind. Suitable metaphascs
were sclected at random at low magnification, and the
detailed analysis was then carried out at higher magnifi-
cation.

The following definitions were adopted: a gap is an
achromatic lesion in an otherwise intact chromatid without
displacement of the distal segment. A break is stated only
when the distal segment is dislocated from the chromosome
axis. Isochromatid gaps and brcaks arc lesions which affect
both sister chromatids at the same level. A metaphase
containing an acentric fragment with or without a chromo-
some deletion was scored as onc brecak. Chromatid exchanges,
translocations, inversions, dicentrics and ring chromosomes
were each scored as onc aberration, although they should
be regarded as the result of several simultaneous breaks in
the same cell. Because of the greater difficultics involved in
the evaluation of gaps. only breaks and structural rcarrange-
ments were considered as true aberrations in the tabulation
of the results. In Tables 1V, V and VI, g’ stands for chromaltid
gap, g” for isochromatid gap. b’ for chromatid break andjor
single fragment, b” for isochromatid break and,or doublc
fragment. “Others” stands for chromatid exchanges, trans-
locations. inversions, dicentrics and ring chromosomes.
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RESULTS

Clinical Study

Three patients were treated with TMP, 40 mg,
S days weekly, for 3, 4, and 6 weeks respectively.
No erythema or effect on the psoriasis was noted.
For 2 of these patients the skin lesions healed in
3 weeks upon switching to 30-45 mg MOP daily
5 days a week. The third patient healed after S
weeks on the same trcatment.

Subsequently only 8-MOP was used in 40 paticnts
and the results are given in Tables | and Il with
regard to the therapeutic effect. The data given in
Table 1 refers to the UVA-irradiated side of the
paticnt. In only one case did the non-irradiated
side also heal—4 weeks after treatment of the
opposite side had started. Thus 23 of 40 patients
healed on onc side only. None of these patients
healed on the unirradiated side and 23 healed on the
irradiated side. The observed relative frequency of
the latter event is thus 23;40 - 0.575 with a 95%
confidence interval ranging from 0.42-0.73.

InTable | the numbers of patients who were healed
after 3, 5, 7 and 9 wceks trcatment are given. The
number of patients who, up till the end of the period
of the clinical trial, were not healed but improved is
also given. The paticnts in this group had been trcated
for 5 weeks or more which means that some of them
might have been healed when trcated for totally
7 or 9 weeks. Five patients did not respond positively
to the therapy. In this group are included those
patients who had to break off their treatment be-
cause of some undesirable side effect. Of these 5
patients, a 28-year-old woman interrupted the
treatment because of nausea. Two patients whose
psoriasis worsencd during the summer months also
deteriorated during this treatment and therefore
dropped out. One 42-year-old woman earlier taking

Table 1. Therapeutic results of the 8-MOP and UVA
treatment

Hecaled? Notim-

proved
3w Sw Tw 9w Improved® or worse  Total
5 15 20 24 11 5 40

@ Number of patients healed within the time period indicated
(cumulative figures).

® Improved but not completely healed after more than S
weeks' treatment.
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Fig. 2. The appcarance of oac of the patients before (a)
and zfter (b) treatment with 8-MOP and UVA.

hydroxyurea, which was suspended when the 8-MOP
treatment started, became worse; the 8-MOP
treatmenc was discontinued and hydroxyurea re-
instituted. The fifth patient was a 71-year-old woman
who failed to respond in any way to 60 mg §-MOP
plus UVA, showing neither eryvthema nor healing
of her lesions.

Table 1i indicates how often treatment had to be
given to the 17 patients who had been on mainte-
nance trcatment for more than 3 months. Nearly
half of this group could not be kept free of new
lesions with only one treatment per week.

All healed patients and most of the improved
patients werce very enthusiastic about this type of
treatment. The frequency of undesiratle side effects

Table 1. Maintenance treatment necessary 1o keep
new lesions from appearing®

1/week 4-5/week

“ Estimated during at least 3 months’ maintenance treat-
ment.
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is given in Table Ill. An intense pruritus was ex-
perienced by 7 patients who in the beginning of the
treatment got an intensc erythema on uninvolved
skin. In 6 patients the secrum transaminass activity
was transiently slightly increased. Three of these
patients admitted that they were taking alcohol
frequently. In 2 patients without lesions on the
buttocks, intensc erythema appeared at this site,
as also did a subsequent Koebner reaction which,
however, healed after continued treatment with a
lower §-MOP dose.

Chromosome Analyses

The frequencies of chromosome aberrations after
various combinations of 8-MOP and UVA exposure
was studied in vitro in order to establish a preliminary

Table 111, Undesirable side-effects

Koebner reaction after intensive erythema 2
Pruritus 7
Nausea l
Transientincrease in serum transaminase 6
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Table V. Chromosome aberrations in lymphocytes rreated with 8-MOP + UVA in vitro
Code and Treatment No. of different types Total
culture No. of No. of gaps® of aberrations? no. of Aberrant
time 8-MOP UV dose cells _ aberra- cells
(hours) (n1g/ml) (J;em?) analyscd g’ g” b’ b” Others tions b9
ASO 26.7 none 50 7 2 2 2
BS0 26.7 0.15 50 9 3 2 2 4
Cs0 26.7 0.6 " :
D50 0.1 1.05 50 S | 1 | 2
ESO 0.1 4.2 30 2 4 4 10
A74 26.7 non¢ 100 10 { I I
874 26.7 0.15 100 1S 3 18 7 6 21 25
C74 26.7 0.6 62 43 i3 52 16 10 78 66
D74 0.1 1.05 100 12 5 3 3 3
E74 0.1 4.2 100 17 4 14 S 3 22 19

% g’ stands for chromatid gap. g” for isochromatid gap. b' for chromatid break and/or single fragment. »” for isochromatid
brecak andjor double fragment. ‘Others’ stands for chromatid exchanges. translocations, inversions, dicentrics and ring
chromosomecs. Note that gaps are not considered as aberrations. For further details see Material and methods.

® No mitosis found. See Resullts.

dose-response relationship. The results are shown
in Table IV and Fig. 3. Only a few 8-MOP + UVA
treated cells were in mitosis after 50 hours of culture
time. those cultures where analysis could be
carried out (B50, D50, ESO) there was no increase
the frequency of c¢hromosome aberrations,
compared with the control (A50). The low number
of mitoses is probably due 10 a delaying effect on
the DNA replication due to DNA damage caused
by the 8-MOP - UVA trecatment (3).

Cells not so scverely damaged may have escaped
the mitotic delay, and would thus dominate among
mitotic cells after 50 hours, while morc severcly
damaged cells would he delaved and not show up.
This may explain the relatively low number of
chromosome aterrations after 50 hours of culture
time compared with the aberration frequency after
the same trecatment in the 74 hour cultures. The
number of aberrant cells in cultures run for 74 hours
was considerably increased in all treated cultures,
compared with the control (A74). Therc was an
evident effect of increasing both 8-MOP concentra-
tion and UVA dose on the frequency of chromatid
breaks (Fig 3, Table 1V). However, aberrations
of the isochromatid or chromosome type were also
significantly increased. Between 3 and 16% of the
cells in cultures B74, C74, and E74 demonstrated
characteristic chromatid exchange configurations.

In the combined in vivo - in vitro experiment,
peripheral blood was obtained from 4 patients 2
hours after they had each taken 60~80 mg of 8-MOP
and from one healthy control who did not reccive

In

in

the drug. Irradiation was carried out in vitro and
the cells were cultured for 74 hours. The results
(Table V) indicate that the therapeutic
concentration of 8-MOP in peripheral lymphocytes
is high enough to produce an increased frequency
of chromosome aberrations after exposure to UVA-
doses of therapeutic magnitude. However, one
patient did not respond with increased aberration

in vivo
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Fig. 3. Frequency of cells with chromosome aberrations in
the in vitro experiment. [, 50 hours of culture time; EZ,
74 hours.
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Table V. Chromosome aberrations in the combined in vivo — in vitro study

No. of different tvpes Aberr- Statistical

No. of gaps of aberrations ations unal_vsisb
Sub- UV dose per
jects? (J;cm?) g g7 b’ b" Others 100 cells  »*# P
P9 0 4 | 1
P9 1.05 6 4 8 8 49.0 <0025
P9 4.2 1 | | 0
P10 0 3 | 1
P10 1.05 | | 0
P10 42 I I !
Pl 0 1 4 4
Pl 1.05 | 4 12 12 16.0 <0.05
Pl 4.2 1 4 9 9 6.3 0.2
[P2 0 2 | 2 D, 5
P12 1.05 1 4 4
P12 4.2 3 6 12 | 13 12.8 0.05
C7 0 5 5
C7 4.2 1 4 4

@ P= psoriasis patient under 8-MOP + UVA treatment, P9, P10 and PI! had reccived 60 mg of 8-MOP, and P12 80 mg.
C = healthy control who had received no 8-MOP. 100 cells were analysed from each subject-UV dose.
® Expected value is that of the unirradiated sample of the same patient (one degree of freedom).

frequency at any of the UVA-doses, and in the
other cases there did not scem to be any correlation
between the UVA-doses given and the frequency
of aberrations, The UVA-exposed lymphocytes
from the control (C7) did not show an increased
aberration frequency.

In the in vivo studies two groups of psoriasis
patients were investigated. One group comprised
5 patients on dithranol therapy, and the other group
comprised 8 patients receiving 8-MOP +UVA
treatment. Several patients in both groups had
previously received other types of therapy (sece

Table VI. Relecant dara from the medical history of the patients included in the cyrogenetic study {Tables V

and VII)
8-MOP trcatment
Earlier psoriasis therapy
Age at Daily Treatment
onsct of Meth- dose time
Casc Sex Age psoriasis Arsenic otrexate Dithranol Tar (mg) (weeks)
DI 3 55 33 - - -
D2 60 15 -
D3 3 39 22 —
D4 3 71 63 —
D5 Q 89 8l -
Pl 31 15 15-30 8
P2 24 13 + = = 45 17
P3 3 55 16 + 30 8
P4 e} 55 20 + 30 2
Ps 3 20 19 - 30 1
P6 3 54 41 30 1
P7 3 55 42 + 45-60 10
P8 Q 36 29 - - - 30 2
P9 3 38 25 + 30 4
P10 3 15 29 43 15
Pl Q 24 4 = = = 30 i
P12 3 55 16 20 17

Patients P3 and P12 are the same individual, who was represcnted in both the in vivo and the combined in vivo —in vitro
experiments. Patients P2, P3 and P8 had been treated with 40 mg of TMP for some weeks before the 8-MOP treatment.
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Table VII. Chromosome aberrations in controls and psoriasis patients

No. of different types

Statistical

No. of gaps of aberrations Aberr- analysisb
Sub- ations per ——
jects? s r'ad b’ b” @thers 100 cells 75 R
Cl 6 2 5 2 1 8 5.1 <%0.2
C2 3 2 2 1 I 4
C3 | 0
C4 5 2 2
Cs 3 5 1 6
(&) | 1 2
Mean 3,
DI 11 5 8 12 2 22 91.6 0.01
D2 2 10 3 2 5
D3 2 2 2 2 4
D4 9 2 3 3 6 12 18.9 0.05
D5 8 3 1 ! 2
Mcan 9.0
Pl 2 7 1 4 5
P2 t | 1 1 2
P3 4 6 6
P4 5 2 2 3 | 6
RS 8 1 4 2 6
P6 8 2 3 4 7
P7 3 4 6 8
P8 10 3 9 8 17 48.4 0.025
Mecean 7.1
% C= healthy controls. D - psoriasis patients under dithranol treatment, P= psoriasis patients under 8-MOP + UVA treatment.

100 cells were analysed from each subject.

o Expected values is the average of the control group (one degree of freedom).

Table VI). Blood specimens from the dithranol
patients were obtained just before their daily treat-

ment, and from the psoralen patients at least 24
hours after the previous 8-MOP + UVA treatment.

Patients of both groups had undergone therapy for
varying lengths of time before the chromosome
analyscs were undertaken (Table VI).

The control group comprised 6 apparently healthy
subjects among the clinical and laboratory staff.
Conventional PHA-stimulated lymphocyte cultures
were set up, and the mitotic cclls were analysed for
chromosome aberrations after 74 hours of culture.
The results are shown in Table VII. Four control
subjects demonstrated fewer than 59 aberrations
in 100 cells, which is in agreement with other series
of control analyses in this laboratory (8) and with
that of other studies (4). A higher aberration
frequency than expected was recorded in 2 control
cases (Cl, CS5). There were no incidents of viral
disease, drugs, or previous X-ray in the history of
these cases which might have explained the high

aberration frequency, and reinvestigation has been
initiated.

In the group of dithranol-treated psoriasis patients,
3 subjects demonstrated normal values, while in 2
cases (D1, D4) a much higher number of aberrations
was found. The 8-MOP +UVA treated patients
likewisc demonstrated heterogeneity. Onc casc (P2)
had a normal aberration frequency, for 6 cases
aberration frequencies slightly above normal values
were recorded, and in one additional case (P8)
the frequency of aberrations was increased. Thus
within all groups there was a considcrable hetero-
geneity with regard to the frequency of chromosomal
aberrations.

DiSCUSSION

Extensive psoriatic lesions are a physical and a great
social handicap to the patients. The treatment of
psoriasis Is usually either messy or unpleasant, as
in the case of coal tar and dithranol treatment, or
associated with undesired side-effects as in the case
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of local treatment with fluorinated steroids or
systemic use of cytostatic agents.

Trcatment with oral psoralens and UVA radia-
tion is a systemic therapy with local cffect. With
suitable UVA light sources this is an agreeable and
rather pleasant type of therapy that was very much
appreciated by the patients. The UVA-light source
used by us is commercially available and cheap.
It requires up to 30 minutes’ exposure time on each
side, which limits its usefulness. A stronger light
source has been used by Parrish et al. (16).

Although our experience is limited to 3 treated
cases, we feel that systemic treatment of psoriasis
with TMP in combination with UVA irradiation
is of no vailue. When cvaluating the efficacy of the
treatment one has to take into account the great
variability in therapy resistance of the lcsions in
different patients. In the present study we have
deliberately chosen patients with rather severe
psoriasis and have for the first 5 weeks of treatment
irradiated only one side of the patient. The other
side has functioned as the control side. In only one
case did the untreated control side heal, whereas
the treated side healed completely in 24 of the 40
patients, which is highly significant, statistically.
In 34 of the 40 paticnts the treated side was better
than the control side. It is thus clearly shown that
this treatment has an antipsoriatic effect. No com-
parison with other types of trcatment has been
made in this study. Our impression is that this type
and effective. The
optimal interval between the trcatments needs to
be investigated further. Five treatments per week is
efficacious but three treatments might give a better
ratio between effect and side effects.

How often thc patient has to be treated after
hecaling in order to prevent new lesions from appear-
ing apparently varies very much {rom patient to
patient. Some patients definitely had to be treated
more than once a week to avoid new lesions, while
others only had to be treated once a week to avoid
relapse during our rather short observation period.
Many patients with less severe psoriasis may remain
healed for a long time without maintenance treat-
ment. In any case, the method seems to be technically
suitable for maintenance treatment.

A positive side-effect is the pigmentation which
on the uninvolved skin appears before the lesions
heal. The hypopigmentation seen when the lesions
disappear soon becomes pigmented and little
difference in pigmentation can be detected be-

of treatment is convenient
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twean earlier lesion and uninvolved skin. A nega-
tive side-effect is the frequently itching erythema
which appeared a few days after the first treatment.
This may be avoided by starting with a lower
dose of light or 8-MOP or both and then increasing
slowly. In 2 patients a Koebner reaction was pro-
voked, which healed during subsequent trecatment.

Among the 6 cases with pathological serum
transaminase values, 3 had temporarily taken alcohol
during the treatment period. In the other 3 cases
we cannot exclude that alcohol had been used during
the treatment period. Whether the slightly patho-
logical liver tests were duc to alcohol alone, or
alcohol in combination with 8-MOP, we do not
know. However, until we know more about this
problem, one should advisz the patients not to use
alcohol when on 8-MOP trcatment as it may
increase the risk of liver damage.

The most serious risk is probably to the skin,
where we have the combination of 8-MCP and
light which might cause damage to DNA (12, 13).
The RD-mutation inducing ability of 8-MOP and
UVA-light in yeast reported carlier is probably
not alarming. We know that most other anti-
psoriatic agents have such an effect without being
particularly harmful (9, 19, 20, 27). This type of
mutation is due to an effect on mitochondrial DNA
(1),

The main conclusion of the present in vitro and
combined in vivo - in vitro studies is that the treat-
ment of lymphocytes with &-MOP - UVA light in
therapcutic doses gives rise to a significantly in-
creased frequency of chromosome aberrations. The
type of chromosome aberration which may appear
after DNA damage depends on sevcral factors, viz.
the type of DNA lesion and the ccllular phase in
which the damage is introduced. the number of
replications which have passed until the cell is ana-
lysed, and the type of DNA repair process which is
induced by the damage. In the present in vitro
experiments, DNA damage was introduced in GO
phase, and all mitotic cclls after 74 hours of culture
time should be in their second round of division.
The different types of chromosome aberrations
which arise are therefore probably caused mainly
by the combined cffccts of various types of DNA
damage and cellular repair processes operating in
pre- and post-mitotic phases. Thus the high frequency
of chromatid aberrations and chromatid exchanges
observed after 74 hours of culture time, could reflect
persistent single strand lesions or single strand gaps
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arising during post-replication repair of interstrand
cross-links (10).

When 8-MOP is added to isolated human lympho-
cytes in vitro and the cells subsequently are irradiated
with UVA, chromosomal aberrations appear in
numbers that seem to be dose dependent both with
regard to the 8-MOP dose and the light dose. If
the lymphocytes are isolated from the blood of
patients who have taken 60-80 mg 8-MOP orally 2
hours earlier and the lymphocytes then are irradiated
in vitro with 1.05-4.2 Jjcm?* of UVA, a significant
increase in chromosomal aberrations is obtained
in three out of four cases. As this experiment is
done under conditions similar to the in vitro experi-
ment with regard to irradiation, we may infer that
the content of 8-MOP in the serum of a patient
2 hours after taking 60-80 mg of 8-MOP is some-
what less than 0.1 pgfml. This concentration in
vitro gives about the same number of chromosomal
aberrations as is obtained for the lymphocytes that
have been treated in vivo with 8-MOP and sub-
sequently in vitro irradiated. However, there was
great variation in the frequency of chromosome
aberrations between individuals, which may relate
to differences in metabolism of 8-MOP and sensi-
tivity to UVA-light. The combined in vivo -in
vitro approach could possibly be useful for estimating
the optimal, individual combination of 8-MOP
and UVA dose for clinical use.

The light dose used in this combined in vivo —in
vitro experiment was of the same order as the skin
is receiving in the treatment of the patients. How-
ever, when the patients are treated there is some
absorption of light in the horny layer and the spinous
layer of epidermis, which probably cannot give any
harmful genetic effects. It must also be pointed
out that the in vitro and the combined in vivo - in
vitro experiments have been done with the same
lamp, while the pat'ents were treated with another
type of lamp, which makes comparison somewhat
uncertain. It seems reasonable to infer from these
experiments, however, that the doses of 8-MOP
and UVA given to dividing epidermal or dermal
cells in the treatment of psoriatic patients are
probably close to those which are capable of causing
a significant increase in chromosomal aberrations.

The results of the in vivo study neither support
nor exclude the possibility that dithranol or 8-MOP

+ UVA therapy in vivo causes chromosome aberra-
tions in peripheral lymphocytes, espzcially so as an
increased frequency of chromosome aberrations

has been reported for lymphocytes of psoriasis
patients not receiving systemic treatment when
investigated (14). Moreover, therc arc conflicting
reports as to the cause and persistence of chromo-
some aberrations following treatment with metho-
trexate and other folic acid inhibitors (17, 24),
which have frequently been used also among the
psoriasis patients of this study. Thus it is unclear
whether the slightly increased mean aberration
frequency recorded in the psoriasis groups compared
with the control group is due to the disease itself,
to treatment, or to combinations of these factors.
There are no indications of a “‘dark™ effect on
chromosomes by 8-MOP, since the frequency of
aberrations in non-irradiated lymphocytes which
had been treated with 8-MOP in vivo was within
the normal range in all cases (P9-P12).

The 3 patients (D1, D4, P8) who demonstrated
a significantly increased frequency of aberrations
did not report any previous therapy or exposition
which could be taken to explain these results. Case
P8 is particularly interesting, since she had not
received antipsoriatic treatment before the 8-MOP
UVA treatment, yet she presents with a very high
aberration frequency. Therefore the possibility of
great individual spontancous
chromosome aberration frequencies among psoriasis
patients, as well as in the response to treatment with
regard to cytogenetic effects, should be considered.
In future analyses, patients will be investigated
before and after treatment for a proper evaluation
of the tentative effect of psoriasis therapy on the

frequency of chromosome aberrations.

variations in the

CONCLUSIONS

It is our opinion that orally administered 8-MOP
followed by UVA-irradiation gives a good anti-
psoriatic effect and a good cosmetic result. As yet,
we have found no serious side effects. Chromosome
aberrations were induced by the treatment in vitro
but whether the doses given clinically produce such
effects on epidermal or dermal cells could not be
decided with certainty. The large number of times
cach patient probably will be treated over the years
certainly demands a careful follow-up of the patients
on this therapy.
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