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SISTER CHROMATID EXCHANGES IN PHOTOCHEMOTHERAPY
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Sister chromatid exchanges (SCE), presently considered highly sensitive indicators for
chromosomal effects of potential mutagens and carcinogens in mammalian cells, were
studied in circulating white blood cells from patients with widespread psoriasis who were
being treated with 8-methoxy-psoralen and long-wavelength ultraviolet light (UVA) photo-
chemotherapy (PUVA). SCE counts of patients with psoriasis treated with PUVA neither
differed from SCE counts of those treated with topical dithranol and corticosteroids, nor from
SCE of nonpsoriatic, clinically healthy individuals. The duration of PUVA treatment (up to
2 years) and the total cumulative dose of UVA energy given to the patients also had no effect
on the number of SCE of circulating lymphocytes. However, the SCE counts of patients with
psoriatic arthropathy were higher than those of patients with psoriasis without joint
involvement or normal controls, irrespective of the type of treatment given. There was no
difference between SCE counts obtained before and after PUVA treatment sessions, but
when white blood cells removed from patients after treatment were reirradiated with UVA
in vitro there was a significant increase of SCE.

It is concluded that, whereas the principle of PUVA does induce an increased number of
SCE in human lymphocytes in vitro, the same principle, employed as a clinical form of
therapy, does not result in similar alterations in circulating lymphoeytes in vivo. This study
has therefore failed to detect harmful effects of PUVA on the genome of circulating

lymphoeytes in patients subjected to this treatment.

The interaction of 8-methoxypsoralen (8-MOP)
and long-wavelength ultraviolet light (UVA), as
employed therapeutically in photochemotherapy
(PUVA) of psoriasis |1-3] leads to the formation of
monofunctional and bifunctional, i.e., cross-link-
ing, psoralen-DNA photoadducts [4-8] which may
result in a decrease of DNA replication and cell
division within the epidermis [9-11]. Since approx-
imately 50% of the UVA energy at wavelengths
employed in PUVA penetrate into the superficial
dermis [12], and since it has been postulated re-
cently [13] that one of the targets of PUVA could
be the inflammatory infiltrate in the dermal pa-
pillae of psoriatic lesions, the blood cells circulat-
ing through the capillaries in the superficial der-
mis could also be affected by this treatment.
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8-MOP: 8-methoxypsoralen
SCE: sister chromatid exchanges
UVA: long-wavelength ultraviolet light

Some concerns have been expressed as to the
long-term biologic consequences of PUVA, partic-
ularly with regard to cytogenetic alterations or
possible oncogenic hazards [3]. 8-MOP and UVA
have been shown to be mutagenic in bacteria
[15,16] and to induce chromosomal damage in cells
in vitro [17,18]; also, in a combined in vivo and in
vitro study, lymphocytes collected from patients
treated with PUVA were found to exhibit an in-
creased rate of chromosomal aberrations when
they were reirradiated in vitro |19].

A more sensitive method to detect chromosomal
damage in vivo or in vitro is to count sister chro-
matid exchanges (SCE) which indicate DNA
break and repair events [20,21]. Using this
method, Carter et al |22] have shown that 8-MOP
plus UVA induce a significant, dose-dependent
increase of SCE in cultured human lymphocytes in
vitro. The present study was designed to deter-
mine whether this holds also for an in vivo situa-
tion and, specifically, whether (1) PUVA causes
an increase of SCE in circulating human lympho-
cytes in vivo, suggesting acute DNA damage to
these cells; (2) whether long-term PUVA treat-
ment alters the SCE rates of circulating lympho-
cytes in vivo, suggesting cumulative DNA dam-
age; (3) whether the SCE rates of circulating lym-
phocytes collected from patients after PUVA treat-
ment in vivo can be altered by additional in vitro
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irradiation; and (4) whether the SCE of lympho-
cytes from patients receiving PUVA differ from
those of patients subjected to conventional antipso-
riatic treatment with dithranol or topical cortico-
steroids.

MATERIALS AND METHODS

Patients

Nineteen patients were chosen for the study. Sixteen
of them had been treated with PUVA from 1 week to 26
months for severe, generalized psoriasis of the plaque
type and 1 for psoriatic erythroderma; 3 patients had
psoriatic arthropathy and 1 had ankylosing spondylitis.
One patient with generalized lichen planus and 1 with
vitiligo were also studied. Patients received 0.6 mg/kg
body weight 8-MOP orally; 2 hr later they were irradi-
ated with 0.5 to 8 J/cm® of UVA (peak 365 nm) according
to a treatment schedule, outlined previously [231.

Experimental Protocol

Three 10-ml blood samples were collected from each
patient with light-protected syringes which contained a
drop of a 5% heparin solution. The A samples were
collected exactly 2 hr after the ingestion of 8-MOP and
before UVA irradiation, i.e., at the time of the esti-
mated peak concentrations of 8-MOP in the plasma
[1,3]. The B and C samples were collected immediately
after the completion of UVA irradiation. All samples
were delivered into centrifuge tubes containing 0.5 ml
of a 1% phytohemagglutinin solution (Welcome) and
processed as described previously [22]. C samples were
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irradiated at a distance of 30 cm with a Westinghouse
black light source delivering 2.5 mW/em® at 365 nm for
7 min, whereas A and B samples were not irradiated
and were kept in the dark. All samples (A, B, C) were
cultured at 37°C for 24 hr; after addition of 0.3 ml of a 5-
bromodeoxyuridine solution (6 pg/ml), cultures contin-
ued for 48 hr, 5 pg of colchicine being incorporated into
the medium for the last 2 hr of culture time. After
hypotonic treatment and fixation with methanol:glacial
acetic acid (3:1), chromosome spreads were prepared
[24] and stained with Hoechst 33258 and Giemsa [21].
SCE were evaluated in 50 cells of each preparation;
exchanges at centromeres were not counted. A statisti-
cal analysis of SCE counts was performed by a ¢-test for
two means. All preparatory steps had been performed
under safe-light conditions or in the dark.

Controls

Seven patients with moderate to severe psoriasis, 2 of
whom also had psoriatic arthropathy, served as the
control group 1. Five of these patients had been treated
for more than 1 week, twice daily, with 0.1 to 4%
dithranol in petrolatum. Two patients had been treated
with topical fluorinated corticosteroids. Twelve clini-
cally healthy volunteers, aged 22 to 56, served as con-
trol group I (nonpsoriatic controls). Blood samples of
control groups I and II were processed as were the A and
B samples of the PUVA patients.

RESULTS

The results obtained from counting SCE in
white blood cells of patients treated with PUVA

TasBLe 1. Sister chromatid exchanges in patients treated with PUVA

Total cumulative

Sister chromatid ekchanges“

Patient ° PUVA 2 ;

code e Age months Jk;r\lfaill:;tlérg: % Sample A Sample B Sample C
FE/36 M 36 26 1147.5 14.3 = 4.6 13.8 = 4.5 n.d.
HA/34 M 63 17 429.2 13.2 = 4.3 13.2 = 4.8 222 = 3.8
GM/35 M 217 17 898.0 14.1 = 3.4 n.d. n.d.
VH/3 M 32 14 968.1 193 *:5.2 17.3 = 45 267 = 1.2
HR/19 1§ 36 13 B61.1 15:2 = 5.1 15.3 = 5.7 19.7 = 8.5
RK/31" M 37 12 986.6 17.2 = 6.5 17.8 = 6.0 25,1 + 1.6
Vd/27 M 63 8 443.4 13.2 = 3.2 13.0 = 3.7 213 =53
ZH/28" F 55 4 255.0 13.5 = 5.6 12.2 £ 5.6 19.3 =:5.1
WH/9 F 47 4 100.7 n.d. 11.8 = 4.4 17.0 = 5.8
MF/10 M 27 2 146.0 15.7 = 5.4 14.3 = 4.3 17.1 = 6.3
HE/138 T 36 2 76.7 17.6 = 6.6 17.0:= 5.7 20.5 = 5.8
BC/20 E 30 2 127.3 n.d. 12.8 = 4.3 n.d.
KK/21 F 28 2 141.6 15.6 = 4.5 13.1 = 4.8 18.9 = 4.4
WW/6 M 25 1.5 68.6 n.d. 13.9 = 5.4 23.2 = 5.5
FD/7 F 35 1.3 137.9 14.6 = 5.6 11.9 = 4.7 19.0 = 6.0
HJ/17 F 28 0.5 19.0 n.d. 15.6 = 6.0 21.3 = 5.0
MH/29 M 47 0.3 13.0 18.5 = 5.5 17.5 = 6.0 229 = b.7
GMAY F 41 0.25 12.0 n.d. 18.4 = 6.3 21.9 = 6.9
WH/16 F 32 0.25 14.8 n.d. 116+ 3.6 n.d.

“ Mean frequency per cell (x = SD) (n = 50). Sample A: Before irradiation in vivo. Sample B: After irradiation in
vivo. Sample C: After irradiation in vivo and subsequently in vitro. Statistical analysis (¢-test for two means): A >
B, p < 0.1 (not significant); A < C, p < 0.01 (significant); B < C, p << 0.01 thighly significant).

" Arthropathic psoriasis.

* Patients treated with methotrexate before PUVA therapy.

“ Vitiligo.

* Ankylosing spondylitis.

! Generalized lichen planus.
n.d. = Not done.
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TasLE 1I. SCE" in patients with psoriasis treated with conventional therapy (control group I)
Pac(t:ieem Sex Age Total body area treated Type of treatment SCE counts
KM/8 M 45 75% Dithranel 29 16.2 = 6.2
HJ/12 M 35 40% Dithranel 0.1% 124 = 4.4
SF/13 M 72 25% Dithranol 4% 168 = 7.5
BF/24" M 67 50% Dithranol 1% 17.8 = 4.6
KdJ/25 M 62 Ta% Dithranal 0.5% 15.8 = 4.9
SD/32 M 12 100% Corticosteroids 15.0 = 3.1
SH/33 M 34 5% Corticosteroids 14,2 = 4.8

" Mean frequency per cell (x = SD) (n = 50).
" Psoriatic arthropathy.

Tasre III. SCE in healthy control persons (control

group 11

Pil(t)gém Sex Age SCE counts”
C1/37 P 35 14.9 =+ 6.2
C2/38 M 34 14.3 = 4.9
C3/39 M 26 11.6 = 3.6
C4/40 F 22 18.7#+ 3.7
Ch/41 F 54 14.7 = 5.2
C6/43 F 56 13.6 = 4.4
CT7/44 M 32 13.4 = 4.8
C8/45 M 29 10.7 = 2.4
C9/46 M 32 11.8 = 3.5
C10/47 F 56 121 = 34
C11/48 M 32 14.9 + 5.2

F 56 11.0 # 3.3

C12/49

“ Mean frequency per cell (x = SDJ (n = 50).

and in the two control groups are listed in Tables
I-IIT and can be summarized as follows: (1) In the
patients treated with PUVA, the SCE counts be-
fore (sample A) and after (sample B) the individ-
ual treatment sessions were within the same
range and, as shown in Table I, there was no
statistically significant difference between the two
samples (A > B, p < 0.1). (2) White blood cells
collected immediately after treatment and subse-
quently reirradiated in vitro demonstrated a
highly significant increase of SCE counts as com-
pared to cells not irradiated in vitro (sample B <
sample C, p << 0.01, Tab. I). The mean increase
after in vitro irradiation was 43.6% (+ 17.4%),
ranging from 19.0 to 68.2% (Tab. I). (3) The overall
duration of PUVA treatment and the total doses of
energy delivered to the patients during this treat-
ment (Tab. I} did not have any effect on the SCE
rates of white blood cells in vivo. Table IV com-
pares the mean SCE counts of patients treated less
than 1 year with those of patients treated for more
than 1 year. There is no significant difference
between the SCE in the two experimental groups.
(4) Some variation of the SCE counts was noted in
all samples (A, B, C) tested. In comparing patients
with widespread though uncomplicated psoriasis
and patients with joint involvement (Tab. I), a
higher rate of SCE was found in the patients with
arthropathy and in the patient with ankylosing
spondylitis (see below), A similarly high value

was recorded in a patient with severe, generalized
lichen planus (Tab. I). (5) Among the patients
treated with dithranol and corticosteroids (control
group ) the highest SCE counts were again re-
corded in a patient who had arthropathic pso-
riasis. A comparison of the mean SCE values of
this group of patients (Tab. II) and the patients
with psoriasis treated with PUVA (Tab. I) shows
no difference of statistical significance (control
group I = sample A of PUVA patients; control
group I > sample B of PUVA patients, p > 0.1 (not
significant)). (6) The SCE of nonpsoriatic, clini-
cally healthy individuals (Tab. III} were in the
same range as those of the PUVA-treated pa-
tients. However, when the arthropathic patients,
treated with PUVA or conventional therapy were
removed from their respective groups and grouped
together, a statistically significant difference
emerged between the SCE of this arthropathy
group and those of PUVA-treated patients and
healthy controls (Tab. V).

DISCUSSION

This study demonstrates that individual PUVA
exposures are not followed by an increase of SCE
rates in vivo, but that an increased frequency of
SCE is induced by an additional UVA exposure of
the same cell population in vitro. The latter exper-
iment supports previous in vitro observations [22]
that 8-MOP alone does not inerease SCE rates and
indicates that, in the experimental set-up of the
present study, sufficient amounts of the photosen-
sitizer were present in the blood samples tested to
lead to the expected changes when the cells were
reexposed to UVA in vitro. This may be taken to
suggest that, in vivo, insufficient UVA energy is
delivered to circulating white blood cells, either
because insufficient quanta of light reach the der-
mal cappillaries because the cells are not exposed
long enough to absorb sufficient light energy, or
because an insufficient number of susceptible lym-
phocytes is hit by UVA quanta to result in a
noticeable increase of SCE at the level of detection
attainable by the method employed.

Our study also shows that long-term PUVA
treatment (up to 26 months) does not result in an
increased frequency of SCE. The comparison of
SCE counts of patients treated for less than 1 year
and of those who had received photochemotherapy
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TaBLE IV. Mean SCE counts in relation to duration of PUVA treatment
Duration of PUVA therapy Mean JS';IC)T iz & Nutr;l:«;r;t:f' Ba- Sample A ngm‘;?;nﬁf Sample C
Less than 1 year (range 0.25 to 119.7 = 120.3 13 15.6 = 2.0 14.1 = 2.3 202 = 2.1
8 months)
Longer than 1 year (range 12 881.8 = 242.7 6 155 = 2.2 154 = 2.0 234 = 3.1
to 26 months)

* Mean frequency of SCE in the number of patients examined. There is no difference of SCE in the two groups of
patients compared (p < 0.01).

TaBLE V. Mean SCE counts in different patient groups and controls
Statistical analysis (¢-test for twomeans): Z > U, p< 0.005Z >V, p < 0.025,Z > W, p < 0.005; Z > X, p < 0.005;
Z>Y,p<0.005.

Code Patient groups and controls Nurﬁ?g;tgf pa- SCE counts”
U Normal subjects 12 13.1 = 1.5
A% Psoriasis, conventional therapy (including patients with arthro- 7 155+ 1.8

pathy)
w Psoriasis, conventional therapy, (excluding arthropathic patient) 6 5.1 =.1.8
X Psoriasis, PUVA (including patients with arthropathy) 17 144 = 2.1%
b4 Psoriasis, PUVA (excluding arthropathic patients) 13 134 = 1.3
Z Psoriasis with arthropathy (patients on PUVA or conventional 175 0.3

therapy

“ Mean frequency of SCE in patient group examined.
* Compiled from data of samples B.

for longer periods of time, fails to suggest a cumu-
lative effect of photochemotherapy on the lympho-
cyte population.

There was, however, an increase of SCE counts
in those patients who had psoriatic arthropathy,
and this appears to be in accord with a previous
study in which an increased frequency of chromo-
somal aberrations was reported for patients with
severe psoriasis [25]. The SCE rates in the pa-
tients with arthropathy were also independent of
the overall duration of PUVA therapy, indicating
that they were not related to this treatment. Two
of our patients (R.K./31 and H.E./11) had received
methotrexate, known to cause chromosomal
changes, prior to PUVA, but this regimen had
been discontinued 12 and 6 months, respectively
before SCE were evaluated. Whether the in-
creased SCE counts in patients with psoriatic ar-
thropathy reflect some unknown genetic anomaly,
or whether they are due to previous forms of ther-
apy other than PUVA, or whether they are due to
statistical scatter cannot be decided from our in-
vestigation.

The significance of SCE is, as yet, not fully
understood. SCE may be taken to express damage
of the genome and are, in fact, employed as a
eytologic means for the detection of possible onco-
genic potentials of chemical agents [26]. SCE may
also represent an expression of DNA repair [17]
and, since UVA-induced psoralen-DNA photoad-
ducts and cross links have been shown to be re-
paired in unicellular organisms [8,16] and mam-
malian cells [9,27,28], the increased SCE counts
observed in white blood cells treated with 8-MOP
and UVA in vitro [22] may reflect such an event.

Recent studies of xeroderma pigmentosum cells
treated with mutagens in vitro [29] have indicated
that SCE may be the result of different lesions
than are chromosome aberrations; it was also dem-
onstrated that, at least for these cells, SCE are
presently the most sensitive indicator for chromo-
somal effects of potential mutagens [29]. It is in
this context that the results of the present investi-
gation may acquire considerable relevance, partic-
ularly with regard to the safety of PUVA as a
clinical treatment. Whereas the principle of
PUVA is capable of inducing increased SCE rates
in lymphocytes in vitro [22], it is shown by our
present study that the same principle, applied as a
form of clinical therapy, need not necessarily re-
sult in similar alterations in circulating lympho-
cytes in vivo. Within the possible limitations of the
technique employed, our experiments have failed
to detect harmful effects of PUVA on the genome
of circulating lymphocytes, but this, of course,
does not exclude such effects on the genome of
other target tissues.

We wish to thank Dr. Peter Fritsch for the statistical
analysis.
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