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Excision Repair Defect in Rothmund Thomson Syndrome
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Rothmund Thomson syndrome is a rare autosomal recessive
skin disorder. The main clinical feature is poikiloderma
appearing in early childhood associated with skeletal abnorm-
alities. Early occurrence of malignancies is another relevant
feature. Here we describe the clinical features of 2 patients
with Rothmund Thomson syndrome who were investigated
for the in vitro DNA repair capacities of blood cells following
UVC radiation exposure. DNA excision repair, assessed with
unscheduled DNA synthesis following UVC exposure, was
decreased in both patients. Such a defect might explain the
patients’sensitivity to sunlight and the relatively high risk of
cancer associated with this syndrome. Key words: Rothmund
Thomson Syndrome; DNA excision repair.
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Rothmund Thomson syndrome (RTS) is a rare autosomal,
recessive dermatosis characterized by poikiloderma (telangiec-
tasia, pigmentary changes and cutaneous atrophy) associated
with multisystem disorders, the most afflicting being skeletal
and ocular abnormalities (1). Manifestations of photo-
sensitivity, including erythema and bullous eruption after
exposure to sunlight, are seen in about 30% of patients (2).
However, phototesting is rarely reported and the available data
are inconsistent (3). Early occurrence of skin malignancies is
another relevant feature of the syndrome (3). Photosensitivity
and the high risk of cancer might be related to reduced DNA-
repair capacity, which has been demonstrated in a few patients
(4, 5). We describe here 2 patients with RTS displaying a signifi-
cant DNA excision repair defect, one of whom has been
partially described previously (6).

PATIENTS AND METHODS

Clinical findings for both patients are summarized in Table 1. For
case 1, the results of phototesting procedures were normal. Phototests
were performed with a xenon solar simulator emitting wavelengths
from 290 to 670 nm (Dermolum® Miiller Electronik, Germany) and
a UVA lamp emitting wavelengths from 330 to 440 nm (UVA SUN
3000®, Mutzhas Comp., Germany). The emission (mW/cm?) was
measured by a calibrated thermopile. MED (707 mJ/cm?) determined
24 h after exposure with increasing doses of solar simulator light
(increment 1,414, from 250 to 4,000 mJ) was within the normal range
for our laboratory. Repeated exposures using UVB selected from the
solar simulator with a WG 345 nm cut-off filter, every 48 h up to 10
MED, induced a mild erythema at 96 h corresponding to a normal
reaction for the dose received. The delayed reaction was normal,
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showing only a slight pigmentation. Repeated exposures to UVA
(20 J/cm?) every 48h up to 60 J/cm? did not induce erythema. For
case 2, the results of phototesting showed a normal ranged MED
according to the values of our laboratory for skin type V. Repeated
exposures using a xenon solar simulator for 3 consecutive days induced
only a slight erythema on involved forearm skin as well as non-involved
skin on the back. No delayed reaction was noticed up to 2 weeks later.
Immunological data revealed a mild deficiency of cell-mediated
immunity, with a negative PPD skin test, a CD4 count of 330/mm?
and a low CD4/CDS ratio of 0.66. The karyotype obtained for
stimulated peripheral blood lymphocytes was also normal.
Quantification of DNA excision repair was carried out with an
unscheduled DNA synthesis assay (UDS) following 254 nm UV
irradiation, and quantitative autoradiography as previously described
(7, 9). Cells were irradiated with a 254 nm UV lamp (Bioblock,
Strasbourg, France). UV emission was measured with a VLX254 radio-
meter (Bioblock, Strasbourg, France). The cells from a previously
described PIBIDS patient (8) belonging to the XP-D complementation
group were included in the experiments and processed in parallel.
Autoradiographies were performed with the Kodak NTB2 liquid
nuclear emulsion (Eastman Kodak, Rochester, USA). Background
values (I1) for both patient and control were accounted for the number
of autoradiographic grains averaged from 50 random unirradiated cells
both from the patient and the normal control. The label values (12),

Table 1. Clinical features of patients with Rothmund Thomson
syndrome

Case 1 (French Caucasian) Case 2 (Tunisian)

17 years old 16 years old

Male Female

Parents are first cousins Parents are first cousins

Poikilodermy of the face Poikilodermy of the face

Keratoses on the hands Hyperkeratotic lesions of the

knees and elbows

Atrophy of the epidermis with
dermal melanin deposits

Sun sensitivity (easy burning)
“café au lait” spots on the trunk
arms and legs

Short stature

Delayed sexual development

Short stature

Absence of pubic and axillary
hair

Bird-like appearance of the face

Absence of thumb and radius

Opposite clinodactyly of the
fore finger

Curved ulnar bone

Bilateral hypoplasia of the
patella

Genu valgum

Micrognathism
Spindle-shaped nose

Bilateral cataract
Pathological fractures of ribs and  Spontaneous fracture of the
shinbone tibia
Bone fragility
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were obtained from an average count of 50 random UV irradiated cells
from both patient and control. Specific excision repair labels are equal
to I2 minus I1. These values obtained from the patients were compared
with the values from the normal control, the latter being taken as the
100% reference level. Statistical differences between patient and
control was evaluated with the unpaired Student’s #-test.

RESULTS

Excision repair for patient 1 was investigated in lymphocytes
following a 10 J/m? 254 nm UV irradiation. Average silver
grain count, specific for excision repair (I2-11) was 31.3 for
normal cells, 3.7 for the repair defected (XP-D) cells and 17.9
for patient 1, respectively (Fig. 1). A significant difference
(p<0.0001) was noticed between patient 1 and control,
residual excision repair level of patient 1 was 57.1% of the
normal control levels. DNA excision repair of patient 2 was
first analysed in lymphocytes. Following a 10 J/m? 254 nm
UV irradiation, average silver grains count, specific for
excision repair was 18.4 for patient 2 and 30.2 for control cells,
(p=0.0081). The repair level was 60.9%. Similar results have
been obtained following a 30 J/m? UV irradiation with an
average count of 27.3 grains of specific excision repair label
per cell for patient 2 and 49.1 for control cells, (p <0.0001)
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Fig. 1. Distribution of the blood cell label following 10 J/m?> UV
irradiation of (4) a normal control, (B) a patient with Rothmund
Thomson syndrome (case 1) and (C) an XP-D patient. non-irradiated
cells are on the right. Standard errors are given in brackets.
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(Fig. 2). Repair level was 55.6%. For patient 2, additional
excision repair analyses were performed on skin fibroblasts.
The results were completely in agreement with those obtained
on blood cells, with 64% and 72% residual repair activities of
skin fibroblasts following a 30 J/m? 254 nm UV irradiation,
after 2 and 7 subcultures.

DISCUSSION

Patients with RTS present variable clinical features and the
syndrome appears quite heterogeneous (3) with a high
incidence of cutaneous and non-cutaneous malignancies (3,
10). Besides diseases clearly associated with a DNA repair
deficiency and/or abnormal sunlight sensitivity (11), the
existence of any impairment in DNA repair mechanisms in
RTS remains controversial (5, 12, 13, 14, 15). We describe here
2 unrelated RTS patients with DNA excision repair defects. To
our knowledge, only 2 other RTS patients with DNA repair
defects have been previously reported (4, 16). Our data provide
new evidence that a DNA excision repair defect may exist in
some cases of RTS. Chromosomal instability (12, 13),
increased sister chromatid exchange and chromosomal break-
age (14, 15) reported in RTS patients are in favour of an
impairment in DNA metabolism. It is tempting to associate
it with the high incidence of non-cutaneous malignancies, such
as osteosarcoma (17) and particularly with the early onset of
skin malignancies reported in RTS (3, 18). Moreover, DNA
repair investigations gave controversial results in RTS
patients with osteosarcoma (19, 20). In the patients described
here, no malignancy has occurred to this date; however, they
are still young. However, the older brother of patient 2, was
also affected with RTS, and died due to osteosarcoma of the
shinbone at 11 years of age. We did not have the opportunity
to test this patient. In diseases where a repair defect has been
clearly demonstrated, a genetic and a clinical heterogeneity
has been reported and the molecular defects lies in genes
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Fig. 2. Distribution of the blood cell label following 30 J/m? UV irra-
diation of (4) a normal control and (B) a patient with Rothmund
Thomson syndrome (case 2). Non-irradiated cells are on the right.
Standard errors are given in brackets.
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coding for proteins that interact with DNA (21) and those
involved in DNA metabolism (22, 23). These pathways could
be impaired in RTS and may involve nucleotide excision repair
in some cases of RTS. As previously reported for TTD, Cock-
ayne syndrome (CS), XP-F and some XP-B and G patients, an
excision repair defect does not always imply skin photo-
sensitivity and/or high risk of cancer (24-26). UDS and
quantitative autoradiography remain time-consuming repair
analyses. The alkaline comet assay has been proved to be an
easier repair test for the diagnosis of repair defects (27) and
would facilitate the investigation of most RTS patients.
Further investigations for other defects in the DNA meta-
bolism, such as transcription (28) or interactions between
other cellular repair mechanisms (29) remain promising.
Genetic complementation experiments may shed light on the
possibility of a relationship between RT and the previously
identified genetic defects of XP, CS and TTD.
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