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ABSTRACT

The induction and fate of psoralen-photoinduced DNA interstrand
cross-links in the genome of Fanconi's anemia (FA) fibroblasts of com

plementation groups A and B, and of normal human fibroblasts, were
investigated by quantitative analysis of totally denatured DNA fragments
visualized by electron microscopy. 8-Methoxypsoralen (5 x 10~* M)

interstrand cross-links were induced as a function of the near ultraviolet
light dose. With time of postexposure incubation, a fraction of interstrand
cross-links disappeared in all cell lines. However, 24 h after treatment,
this removal was significantly lower in the two FA group A cell lines
examined (34-39%) than in the FA group B and normal cell lines (43-
53 and 47-57%, respectively). These data indicate that FA cells are at
least able to recognize and incise interstrand cross-links, as normal cells
do, although group A cells seem somewhat hampered in this process.
This is in accord with data obtained on the same cell lines using another
biochemical assay (D. Papadopoulo, D. Averbeck, and E. Moustacchi.
MutÃ¢t.Res., DNA Repair Rep., 184: 271-280, 1987). Since the fate of
cross-links in FA constituted a controversial matter, it is important to
stress that two different methodologies applied to genetically well defined
cell lines led to the same conclusions.

INTRODUCTION

ICL2 induced in cellular DNA by several compounds used in

the chemotherapy of cancer (mitomycin C, nitrogen mustard,
c/s-platinum, etc.) (1) and in the photochemotherapy of pso
riasis and mycosis fungoides (psoralens) cause cytotoxic, mu-
tagenic, and clastogenic effects (2). FA and other human dis
orders with a recessive pattern of inheritance are characterized
by chromosomal instability, cancer proneness, and hypersensi-
tivity to certain physical and/or chemical agents. In particular,
cells derived from FA patients demonstrate a high sensitivity
to the clastogenic and cytotoxic effects of DNA cross-linking
agents (3-14).

In order to follow the fate of ICL in FA cells in comparison
to normal ones, a variety of techniques have been used and led
to contradictory results. FA cells were found to be proficient in
the incision of ICL induced by MMC, nitrogen mustard, or 8-
MOP plus UVA as analyzed by alkaline sucrose gradients or
by separation of single and double stranded DNA on hydrox-
ylapatite following denaturation-renaturation (15-18). In con
trast, using the same methods or DNA denaturation-renatura
tion followed by Si nuclease digestion, a complete deficiency in
ICL incision was reported in FA cells treated with either MMC
(19, 20) or 8-MOP plus UVA (21), compared to normal cells.
Intermediate results were also reported. For instance, the inci-
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sion of ICL was retarded (19, 20) or there was a normal incision
of ICL at early passages of the cells but not at late passages
(17). More recently, two genetic complementation groups (A
and B) were distinguished by somatic hybridization in FA cell
lines (22). These two genetic groups differed phenotypically by
their response to a DNA cross-linking agent as measured by
DNA semiconservative synthesis (23, 24). Using alkaline elu-
tion, it was reported that FA cells from group A were able to
incise 8-MOP-photoinduced ICL but more slowly and less
efficiently than normal cells, whereas in group B cells, incision
approached the level of normal cells (25). Similarly, using
denaturation-renaturation gel electrophoresis, the repair of
MMC-induced DNA ICL in 28S rRNA gene was shown to be
clearly reduced in FA group A lymphoblastoid cells and less
reduced in FA group B lymphoblastoid cells, compared to
normal cells (26).

Unlike these methodologies, electron microscopy of the DNA
under complete denaturing conditions allows individual ICL to
be directly observed and counted. This approach combined with
the use of the photoaddition of psoralens was applied to the
study of chromatin structure, transcription, replication, and
recombination. More specifically, Cech et al. (27) have analyzed
ICL photoinduction in guinea pig epidermis by 8-MOP or
4,5',8-trimethylpsoralen given topically or p.o. A search for

ICL induction was also performed in skin biopsies from patients
with psoriasis photochemically treated with p.o. 8-MOP plus
UVA (28). Moreover, this procedure has been used to study
ICL removal in normal human lymphocytes (29). After pho-
toinduction of ICL by 4,5',8-trimethylpsoralen or 8-MOP, no

removal was detected by electron microscopy whereas ICL
incision was revealed by alkaline elution. These results were
puzzling and merited reexamination. On the other hand, the
controversial data concerning the fate of ICL in FA cells
compared to normal cells prompted us to undertake this elec
tron microscopic study.

Normal and FA cells were treated by the bifunctional furo-
coumarin 8-MOP and 365 nm radiation. The fate of induced
ICL was followed during different periods of repair through
electron microscopic observations and quantitative analysis.

The results show that about 50% of ICL are removed from
DNA of normal and FA group B cells in 24 h. In FA cells from
complementation group A, ICL are removed but with a reduced
efficiency.

MATERIALS AND METHODS

Cells and Culture Conditions. Normal human skin fibroblast cell line
1BR/3 was provided by Dr. C. Arlett, University of Sussex, Palmer
(United Kingdom). Fanconi's anemia skin fibroblast cell lines FA 71

and FA 150 from complementation group A were obtained from Dr.
R. Voss (Hadassah Hospital, Jerusalem, Israel); strain FA 145 from
complementation group B was supplied by Dr. M. Buchwald (Hospital
of Sick Children, Toronto, Ontario, Canada). Cells were grown in
Eagle's modified essential medium supplemented with 15% calf serum
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(Seromed, Berlin, Federal Republic of Germany) and 20 ng/ml genta-
micin at 37Â°Cin an atmosphere of 5% CO2:air. Cell passages were

from 15 to 25.
8-MOP Photoreaction. Experiments were performed with 8-MOP at

5 x IO"5 M diluted in phosphate-buffered saline. Cells monolayers (1-
2 x IO6cells) in 10-cm-diameter Petri dishes were incubated for 20 min
at 37Â°Cin the dark in the presence of the drug and exposed from above

to 365 nm radiation (referred to as UVA) from a HPW 125 Philips
lamp equipped with a Pyrex glass water filter. The dose rate was 10 J/
m2/s, as determined by a Black-Ray UV meter J221 (Ultraviolet Prod

ucts, San Gabriel, CA). After irradiation, the cells were washed three
times with phosphate-buffered saline and the growth medium was added
back to the cultures which were incubated at 37Â°Cin the dark until

lysed. DNA extraction was performed at time 0 immediately after
treatment or 8 or 24 h posttreatment incubation.

DNA Extraction and Restriction. Cells were lysed in culture dishes in
3 ml of 10 mM Tris (pH 8), 10 IHMEDTA, 10 mM NaCl, and 0.5%
sodium dodecyl sulfate. The samples were then treated with 50 Mg/m'
proteinase K (BDH Chemicals, Ltd., Poole, United Kingdom) for 12 h
at 37Â°C;extracted with phenol (0.1% hydroxyquinoline, saturated with

0.1 M Tris, pH 8), phenol-CHCl3:isoamyl alcohol (24:1), and
CHCl3:isoamyl alcohol; digested by RNase (100 Mg/ml; Sigma Chemi
cal Co., St. Louis, MO) for 3 h at 37Â°C;and extracted again as above.
DNA was precipitated by ethanol at â€”¿�20Â°Covernight, centrifuged at
20,000 x g for 20 min at 4Â°C,and resuspended in 10 mM Tris (pH 7)-

1 mM EDTA. Purified DNA was restricted with the enzyme Pvull [10
units/50 Â¿!gDNA in 6 mM Tris (pH 7.5)-6 mM MgCl2-60 mM NaCl-6
mM ft-mercaptoethanol-lOO Mg/ml bovine serum albumin (BRL)] in
order to produce fragments of suitable length for microscope observa
tions. The sequence specificity of Pvull is CAGJCTG. To choose
restriction conditions, undenatured DNA from normal 1BR/3 cells
incubated for various times with Pvull was spread, observed by electron
microscopy, and measured. For 20 min of restriction at 37Â°C,fragment

lengths mostly distributed from 1.5 to 30 kilobases (0.5 to 10 //in)
which were convenient sizes for electron microscopic analysis. The
effect of 20 min of treatment with Pvull was tested afterwards by gel
electrophoresis comparing unrestricted and restricted samples for each
new DNA preparation.

Electron Microscopy. The visualization of photoinduced psoralen
ICL was possible after total denaturation of DNA. Denaturation was
performed according to the formamide-glyoxal method (30, 31) modi
fied as follows. DNA (50 Mg/ml) was mixed with 60% formamide-100
mM glyoxal as fixative (to avoid further renaturation), 10 mM 4-(2-
hydroxyethyl)-l-piperazineethanesulfonic acid (pH 7), and 5 mM
EDTA. The preparation was heated at 62Â°Cfor 10 min and thereafter
kept at 4"C.

Undenatured or denatured DNA was spread as described by Davis
et al. (32) onto the basic protein film formed by cytochrome c. DNA
was spread from a hyperphase containing 50% formamide, 80 mM Tris
(pH 8), 10 mM EDTA, 0.07 mg/ml cytochrome c, and 0.5 Mg/ml DNA
onto a hypophase of 10% formamide-10 mM Tris (pH 8)-1 mM EDTA.

The spread DNA was picked up onto parlodion-coated copper grids
and rotary shadowed with platinum (with 5% carbon, 7 degree angle).

The grids were examined in a transmission electron microscope,
either in a Zeiss 902 in darkfield mode obtained by an electron energy
loss spectrometer (AÂ£= 30-70 eV; accelerating voltage, 80 kV) (Institut
Gustave Roussy, Villejuif, France) or in a Siemens Elmiskop 1 in
brightfield (accelerating voltage, 60 kV) (Institut Curie, Paris, France).

Length Measurements. Linear measurements of DNA fragments
were performed on 10-fold enlargements of negatives (randomly chosen
areas on electron microscope grids were photographed at X4000-5000)
obtained by means of an optical profile projector (Leitz), using a
computer (IBM PC AT)-assisted digitizer (ACT-11-1; Altek, Silver
Spring, MD, at the Institut Gustave Roussy; Benson 6440, Benson-
Schlumberger France, at the Institut Curie) and our own laboratory
software. To calibrate length measurements, DNA markers were added
to the hyperphase: the circular single-stranded DNA from bacterio-
phage fd (6408 nucleotides) and the circular double-stranded DNA
from either bacteriophage PM2 (10107 base pairs) or bacteriophage
0X174 RFII (5386 base pairs). Lengths were expressed in pm and when

necessary converted into nucleotides.
Chemicals. 8-MOP was purchased from Sigma. A stock solution at

5 x IO"3 M was prepared in dimethyl sulfoxide and kept frozen at
-20Â°C.

Formamide (E. Merck, Darmstadt, Federal Republic of Germany)
was purified by recrystallization at 0Â°Cbefore use; a stock was kept at
4'C.

Glyoxal trimer (BDH) was prepared as a 2 M stock solution in
distilled water at 90Â°Cin the dark and kept at 4Â°Cin the dark as
aliquots. Aliquots were warmed to 62Â°Cjust before use.

Cytochrome c from Sigma was prepared as a 1-mg/ml stock solution
in distilled water, sterilized by filtration, and kept at 4 ( as aliquots.

RESULTS

Treatment of cells with 8-MOP plus UVA results in the
induction of a mixture of monoadducts and interstrand diad-
ducts in DNA. Pvull partial restriction of these molecules
brings about the formation of DNA fragments of various size
bearing or not bearing ICL (Fig. IA). After formamide dena
turation, the strands which do not contain ICL are completely
separated, whereas those with ICL are separated up to the
points where opposite bases are linked (Fig. IB). Thus, ICL
can be directly visualized at the molecular level by electron
microscopy. According to the model shown in Fig. 1, a popu
lation of single-stranded DNA and a population of strand pairs
with 1 or more ICL are observed.

Electron micrographs (Fig. 2) demonstrated that cross-linked
structures were composed of two linear single strands associated
at one or more crosspoints, dividing them in sets of equal sized
arms. However, some of the cross-linked forms contained one
or more arms shorter than predicted. This may be due to
mechanical breaks, nicks introduced during the denaturation
step or, for samples collected at time 8 or 24 h after 8-MOP
photoaddition, to the incision step of the repair process. During
the spreading procedure, nonspecific strand overlapping may
also occur. Consequently, in bubbles between neighboring gen
uine ICL, each half of the bubble had to be equal to the other
within Â±5%and the nonspecific background value obtained
from untreated control was subtracted for each cell line from
the ICL determination (3-10%).

Some denatured cross-linked fragments showed apparently
short double-stranded regions likely due to closely spaced ICL.
These clusters occurred infrequently in all cell lines. As the
smallest bubble visualized between two ICL contained 154
nucleotides, we estimate that the double-stranded regions con
tained more than one ICL per 150 nucleotides, according to
the report of Bohr and Lerche (33). On this basis, the number
of ICL according to the cluster size can be only approximated.
In addition, some branched single-stranded fragments with a Y
or a H structure were detected which may be related to breaks
on one strand at an ICL site or to replication intermediates
associated with ICL. They were present with the same low

Fig. I. Model of 8-MOP photoreacted double-stranded DNA showing mon
oadducts and ICL. Effect of total denaturation. I, damaged double-stranded DNA
is partially restricted with Pvu\\ type II restriction endonuclease (J) to generate
DNA fragments with blunt ends. In H. after total denaturation, fragments without
ICL are completely separated and appear as single strands of DNA. whereas
those with ICL are separated up to the ICL sites, allowing ICL quantitation.
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Fig. 2. Electron micrographs of cross-linked DNA in FA cells treated with 8-
MOP (5 X 10"' M) and UVA (6 kJ/m!). The DNA is prepared for electron

microscopy under totally denaturing conditions. These fragments contain differ
ent number of ICL: one ICL in A. B, C; two in D: four in E: and six in F. Some
non-cross-linked single strands of DNA are also present. The circular molecules
are bacteriophage fd single-stranded DNA. .4-f have the same final magnification.
Bar, 3000 nucleotides. Micrographs were taken with a Zeiss 902 electron micro
scope.

relative proportion in all cell lines whatever the incubation time
after 8-MOP photoreaction may be.

Cross-linked fragments were counted and classified as a
function of their ICL number. Their enumeration was continued
until 100 non-cross-linked single strands were observed in
parallel on the same zone of a grid. The ICL were then totalized.
Furthermore, the quantitation of ICL was established taking
into account the length of the fragments. This analysis was
done for DNA samples extracted from cells either immediately
after treatment (time 0) or after a posttreatment incubation (8
and 24 h).

Dose-Effect Relationship between UVA Radiation and ICL
Induction. The dose-effect relationship was studied in normal
and FA cell lines for an 8-MOP concentration of 5 x 10~5 M

and UVA doses ranging from 1.5 to 10 kJ/nr (Fig. 3). ICL
were induced proportionally to UVA doses. For doses below 3
kJ/m2, the determination of photoinduced ICL was difficult

because of the small difference with the random crossing back
ground of DNA fragments. All experiments reported below
were performed using a UVA dose of 6 kJ/m2.

ICL Removal in Normal and FA Cells. The distribution pat-
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Fig. 3. Dose-effect relationship between UVA radiation and ICL induction in
normal 1BR/3 and FA cell lines. Cells are treated with 8-MOP at a concentration
of 5 x 10~' M and different doses of UVA. ICL are quantitated on cross-linked
fragments concomitantly observed with 100 non-cross-linked fragments from
DNA extracted immediately after treatment. Values are expressed as mean Â±SE
(bars) calculated from results obtained with 2-4 individual experiments and 4
different spreading preparations of each DNA sample. â€¢¿�,normal 1BR/3 fibro-
blasts; cÂ£ . FA 145 group B fibroblasts; V, FA 150 group A fibroblasts; O, FA
71 group A fibroblasts.

terns of cross-linked fragments at different times after 8-MOP
photoaddition were shown in Fig. 4. Immediately after treat
ment (time 0), fragments with a high number of ICL were
encountered beside fragments bearing more frequently 1 or 2
ICL. No more than 7 ICL/fragment were observed. At 24 h
posttreatment incubation, the number of cross-linked fragments
decreased in all cell lines. Fragments with more than 4 ICL
generally disappeared. Fragments with 1 or 2 ICL persisted at
a slightly higher extent in FA cells than in normal cells. In
parallel, the total number of ICL decreased as a function of the
repair incubation time. The same results were obtained with
either confluent or rapidly growing cell cultures (data not
shown). Although the overall pattern of ICL distribution is very
similar in the different cell lines, it should be noticed that the
frequencies of cross-linked fragments appear to vary from one
cell line to another. For instance FA 71 group A cell line (Fig.
4D) apparently displays more ICL than the three other cell
lines shown in Fig. 4. DNA fragments were evidently hetero
geneous in size because of the partial restriction of DNA
molecules; moreover the degree of heterogeneity varied from
one experiment to another. Consequently, such distribution
patterns of cross-linked fragments cannot be considered as truly
representative of the absolute numbers of ICL. For that reason,
we have quantified ICL taking into account the DNA length.
For that purpose, on the enlargements of micrographs, all
entirely identifiable unlinked DNA single strands and cross-
linked DNA subfragments were numbered and their length was
measured, as described in "Materials and Methods." For each
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Fig. 4. Cross-linked fragment removal. Cross-linked fragments are represented
as a function of the number of ICL which linked two single strands of DNA. The
distribution of cross-linked fragments is analyzed at time 0 (â€¢)and at 24 h
posttreatment incubation (â€¢-â€¢).FA 150 (C), FA 71 (D) group A cells and FA
145 (fi) group B cells are compared to normal 1BR/3 cells (A). DNA from FA
71 cells was prepared in a different set of experiments.

cell line and at every experimental time, the total amount of
ICL was related to the total DNA length, measured on the
same enlargements, and expressed in nucleotides. Two different
experiments were analyzed. The ICL frequency per IO6nucleo

tides was calculated after subtraction of the nonspecific crossing
level of DNA strands from control cells.

The initial level of ICL induced after treatment varied from
13-17 or 13-21 ICL/106 nucleotides (Table 1) according to the

experiment. At 24 h posttreatment incubation ICL frequencies

decreased in all cell lines. The differences between ICL frequen
cies at time 24 h and time 0 were statistically significant as
determined by x2 test. ICL removal was determined to be, after

24 h of repair: (a) practically equal in normal and FA group B
cells (47-57 and 43-53%, respectively) and (Â¿>)slightly reduced
in FA group A cells (34-39%) (Table 1). At 8 h posttreatment
incubation, the level of ICL removal was around 50% that of
24 h. Differences of removal between FA group A cells and
normal cells, at 24 h, were statistically significative according
to the Mann-Whitney test (for a threshold a = 0.05).

DISCUSSION

The induction and fate of DNA ICL produced by treatment
with 8-MOP and UVA were quantitatively analyzed after elec
tron microscopic visualization of the denatured DNA molecules
from normal and FA fibroblasts.

The psoralen-photoreacted furan side (4',5'), but not the

pyrone side (3,4) monoadducts formed with thymine at its 5,6-
double bond are convertible into ICL upon absorption of a
second photon (34-37). The number of ICL may be approxi
mated from the overall number of adducts since (a) in normal
human cells, in vivo, one 8-MOP molecule is fixed per 8.1 x
IO5 base pairs/kJ/m2 UVA, and 8-MOP fixation is a linear
function of UVA dose up to 24 kJ/m2 (38) and (*) the ratio of

ICL to monoadducts is estimated to be in the range of 1:9 (39)
or 1:4 (1, 35, 36). Under our conditions, one might expect to
induce 16 to 37 ICL/106 nucleotides. Our experimental analysis

resulted in ICL frequencies in good agreement with these esti
mated values.

The photoinduction of ICL in the four cell strains was found
to range between 13 and 17 and 13 and 21 ICL/106 nucleotides

in the two experiments analyzed. In spite of the variability
encountered in the number of photoinduced ICL at time "zero,"

the rate of remaining ICL at 24 h was reproducibly constant
for the different cell lines in each experiment.

The fact that Pvull specific cleavage takes place between
opposite cytosines should not affect our analysis, inasmuch as
photoaddition of 8-MOP is primarily on thymines and only at
a low extent on cytosines (2%) (36, 40, 41). Moreover, the site
specific cleavage on cytosines may be inhibited by the presence

Table 1 DNA Â¡nterstrandcross-links induction and removal
ICL occurrence (mean of 4 to 6 measurements) expressed in relation to a length of 10* nucleotides is calculated from the ICL number corresponding to the

measured total length of non-cross-linked and cross-linked DNA strands. The ICL removal capabilities of the different cell lines are compared after 8 and 24 h
posttreatment incubation. The x2 test indicates the degree of confidence (/'I of the differences between ICL detected at time 24 h and at time 0, taking into account
the corresponding measured DNA lengths. The numbers of DNA strands measured in this analysis are: 478-1078 with a corresponding total length of 5.4-15 x 10'
nucleotides for r0. 'Â»i>.and controls; 218-550 with a corresponding total length of 3.8-6 x 10* nucleotides for t, h. The nonspecific crossing level of DNA strands
from control cells varies from 1.8 to 4/10' nucleotides. The calibration for single-stranded DNA is 3082.05 Â±42.69 (SD) nucleotides for 1 urn and that for double-

stranded DNA is 2817.89 Â±98.83 base pairs for 1 ^m.

Repair
CellsperiodNormal

human cells (lBR/3)/â€ž'Â«KFA

145 (group B) t,
bÂ»faiFA

150 (group A) /â€ž
(â€¢>FA

71 (group A) râ€ž
'IK'241,ICL/10'

nucleotides%Experiment

117

12.5014II13.20

10.40
8 (P <0.025)16

13.40
10.36 (P< 0.01)Experiment

221

NDÂ°9(/J<O.OOI)17

ND8(/'<0.001)16

ND10
(/><0.001)13

ND
8.60 (F < 0.05)Experiment

126.504721.50

4321

3916.25

35.25of

removalExperiment

2ND57ND

53ND37.50ND34â€¢

ND, not done.
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of psoralen photoadducts as reported for other restriction en-
donucleases (42, 43).

The results indicate that: (a) in all the cell lines studied ICL
removal at 8 h of repair was half that at 24 h; and (b) in the
two complementation group A cell lines studied, ICL incision
at 24 h is significantly at a lower level than in the one group B
cell line where it is just below that of normal human cells.

These results can be compared to those obtained on the same
cell lines using another methodological approach, i.e., the al
kaline elution (25, 44). The authors have applied to the cells a
lower 8-MOP concentration and UVA dose (10~6 M 8-MOP,
3.6 kJ/m2 UVA) and found that at 6 h posttreatment incubation

60% of the ICL were incised in normal 1BR/3 fibroblasts,
whereas there were only around 40% in group B FA 145 and
35% in group A FA 150 cells. From 6 to 24 h, the rate of
incision of residual ICL was reduced in all cell lines. At 24 h,
removal in FA 145 cells (group B) approached that of normal
cells, contrary to what was observed for FA 150 cells (group A)
where a more pronounced difference persisted. The rates of
ICL removal determined by electron microscopic analysis are
slower than those detected by alkaline elution. This is expected
considering that the absolute number of photoinduced DNA
lesions (in relation with doses used) is much greater in our
experimental conditions than in those of Papadopoulo et al.
(25). However, the differences in repair efficiency among the
different cell lines are consistent in the two assays. For an initial
level of about 12-18 ICL/106 base pairs, Kaye et al. (16)
estimated that the recovery of 8-MOP cross-linking was 40-
50% after 12 h of repair, with little additional removal by 24 h,
in normal cells as well as in FA CRL 1196 cells. Poll et al. (18)
observed that the recovery was of about one-half the cross-links
in 24-48 h of repair, with no significant difference detected
between the FA JaVo cell line and normal cells. It has been
demonstrated that FA CRL 1196 cells belong to the phenotyp-
ically characterized FA group B cells because of their capability
to recover a normal rate of DNA synthesis after moderate
treatment by 8-MOP plus UVA (24). No complementation
group has been yet attributed to JaVo cell line to our knowledge.
In addition, in transformed or malignant human cells, ICL
removal was also described to be efficient. Gruenert and Cleaver
(21) observed in SV40-transformed human fibroblasts a re
moval of about 66% in 11-15 h and 90% by 21-25 h for an
initial level of only 6 ICL/106 base pairs of DNA induced by 8-
MOP and UVA. Prager et al. (45) found in 4,5',8-trimethyl-

psoralen-treated human breast carcinoma cells a removal of
about 50% in 24 h for an initial frequency of 36 ICL/106 base

pairs of DNA (see Ref. 2 for review).
With regard to normal human cells, our results fit with data

obtained with other methods and on various cell lines as re
ported above. They are in contradiction with those of Bohr and
Nielsen (29) who reported that no ICL removal could be de
tected by electron microscopy in normal human lymphocytes
allowed to repair during 4 h after treatment by either 8-MOP
or 4,5',8-trimethylpsoralen whereas alkaline elution results in

dicated ICL removal. Besides the fact that we analyzed fibro
blasts as opposed to the lymphocytes used in Ref. 29, it may be
noticed that denatured DNA fragments from lymphocytes re
mained double stranded for at least 40% of their length, whereas
only rare clusters of double-stranded DNA, with a maximal
length of 600 nucleotides, were observed on denatured DNA
fragments from fibroblasts.

In conclusion, our results support the proposal that the major
defect in FA complementation group B cells does not lie in
their incapability to incise ICL. FA cells belonging to comple

mentation group A appear to be partially hampered in the
incision step of the repair process when compared to normal
cells. Since the FA defect seems to affect essential cellular
functions, it is likely that only mutations compatible with a
more or less normal development of the fetus are selected. None
of the methods used up to now in order to follow the fate of
ICL in FA cells tells us if the fidelity of this process is similar
to that taking place in normal cells. Other methodological
approaches combining the genetic and molecular analysis of
markers will be necessary to answer this question.
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