Mutation Research, 217 (1989) 83-92 7 83
DNA Repair b A Lo

. X - e 4% 3 “ ’t;
Elsevier e‘q* & : Y 4

: '4 M ;1?“{:*
MTR 06318 \\m—/

The cloned human DNA excision repair gene ERCC-1 fails to correct
xeroderma pigmentosum complementation groups A through I

M. van Duin, G. Vredeveldt, L.V. Mayne "*, H. Odijk, W. Vermeulen, B. Klein ?,
G. Weeda °, J.H.J. Hoeijmakers, D. Bootsma and A. Westerveld

Department of Cell Biology and Genetics, Erasmus University Rotterdam, P.O. Box 1738, 3000 DR Rotterdam (The Netherlands),
" MRC Cell Mutation Unit, University of Sussex, Falmer, Brighton BN1 9RR (U.K.) and
° Department of Medical Biochemistry, University of Leiden, 2333 AL Leiden (The Netherlands)

(Received 15 July 1988)
(Revision received 29 August 1988)
(Accepted 30 August 1988)

Keywords: DNA excision repair; ERCC-/ gene; Xeroderma pigmentosum:; Transfection; UV-sensitive CHO mutants

Summary

The human DNA excision repair gene ERCC-/ complements the ultraviolet light (UV) and mitomycin
C (MMC) sensitivity of CHO mutants of complementation group 1. We have investigated whether
ERCC-1 1s the mutated gene 1n cell lines from xeroderma pigmentosum (XP) complementation groups A
through I by analyzing the endogenous gene in XP cells and by introduction of the gene followed by repair
assays. Our studies show that ERCC-/ 1s not deleted or grossly rearranged in representative cell lines of 9
XP groups. Furthermore, Northern blot analysis revealed correct transcription of ERCC-/ in all groups.
The cloned human ERCC-/ gene was introduced into immortalized XP cells by DNA transfection (groups
A, C, D, E and F). The presence of the integrated transfected sequences was verified on Southern blots
and by selection for 2 dominant marker genes that flank the ERCC-] gene on the transfected cos43-34
DNA. ERCC-I failed to confer a normal UV survival and UV-induced unscheduled DNA synthesis
(UDS) to transfected populations. In the case of the remaining XP complementation groups (B, G, H and
[), nuclear microinjection was used to introduce an ERCC-/ cDNA construct driven by an SV40 promoter
into primary fibroblasts. Coinjection of the SV40 large T gene and analysis of 1ts expression served as a
control for the injection. The ERCC-/ cDNA failed to induce increased levels of UDS 1n the microinjected
fibroblasts. We infer from these experiments that ERCC-/ 1s not the mutated gene in the 9 XP
complementation groups examined. From a similar type of experiments we conclude that ERCC-/ 1s not
the defective gene in UV-sensitive Cockayne’s syndrome cells.

Cell fusion experiments have so far identified 7
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ted gene transfer experiments aimed at the i1sola-
tion of complementing human DNA repair genes.
This has resulted in the cloning of human ERCC-/
and ERCC-2 genes (Westerveld et al., 1984; Van
Duin et al.. 1986: Weber et al., 1988). ERCC(C-/
and ERCC-2 specifically correct the mutant phe-
notype of CHO group 1 * and group 2 * mutants
respectively, indicating that both genes are the
human homologues of the mutated loci i1n the
corresponding CHO complementation groups
(Van Duin et al., 1988a; Weber et al., 1988). In
addition to an enhanced sensitivity to UV, CHO
group 1 mutants display an extreme sensitivity to
MMC and other bifunctional alkylating agents
(Hoy et al., 1985). A defective incision step of the
excision of DNA damage 1s thought to underlie
the phenotype of CHO group 1 mutants (Thomp-
son et al., 1982). The cloned ERC(C-/ gene cor-
rects the impaired excision repair of both UV- and
MMC-induced DNA adducts (Westerveld et al..
1984). Furthermore, cross-sensitivities of group 1
mutants to other chemical agents are corrected by
the cloned gene (Zdzienicka et al., 1987).

The phenotype of CHO group 1 mutants is
reminiscent of the rare human autosomal recessive
disorder xeroderma pigmentosum (XP). Patients
suffering from this trait are hypersensitive to
sunlight exposure and have an elevated risk for
skin tumor development (Kraemer, 1983). 9 XP
complementation groups have been 1dentified
(Fischer et al., 1985) that are all characterized by a
defective incision step of the DNA excision repair
pathway.

Interspecies complementation studies with
UV-sensitive human and rodent DNA repair
mutants, to determine whether they belong to
identical complementation groups are incomplete
and have not yet identified overlap. Stefanini et al.
(1985) recently reported transient complementa-
tion of the repair defect in heterokaryons of 6 XP
groups after fusion with UV-sensitive CHO12RO
cells. However, this CHO mutant has not been
assigned to any of the known CHO complementa-

* At the recent UCLA meeting on ‘Mechanisms and conse-
quences of DNA damage processing’ in Taos (January 1988)
It was decided to rename CHO complementation groups 1
and 2 to 2 and 1 respectively in order to match the number-
ing with the complementing ERCC genes.

tion groups. Thompson et al. (1985) have at-
tempted complementation analysis between 2
CHO groups (1 and 4) and XP fibroblasts based
on recovery of stable hybrid cells resistant to
DNA damage. The low frequency of hybrid for-
mation did not permit conclusions with respect to
all XP groups and crosses of both CHO groups
with XP-A, -C, -D, -F, and -G yielded only partial
complementation (Thompson et al., 1985). There-
fore, the question whether 1dentical genes are af-
fected in CHO and human repair mutants can
probably be more efficiently addressed when the
1solated genes are available.

The phenotypic similarity between CHO group
1 and human XP cells renders ERCC-/ a poten-
tial candidate gene which could account for one of
the genetic defects in this repair syndrome. In this
report we have investigated this possibility. We
conclude from our experiments that ERCC-/ can
most likely be excluded as the mutated gene in the
XP complementation groups examined.

Materials and methods

Cell lines and media

The cell lines used in the experiments are listed
in Table 1. The immortalized cells were cultured
in DMEM /F10 medium supplemented with fetal
calf serum (FCS) and antibiotics (penicillin,
streptomycin). Primary fibroblasts were cultured
in F10 medium with FCS and antibiotics. All cells
were grown as monolayers in a 37°C incubator.

DNA transfection and cloning efficiency of transfor-
mants

On cosmid 43-34 the ERCC-/ gene is flanked
by the selectable marker genes coding for
aminoglycosylphosphotransferase (agpr) and the
E. coli guaninephosphoribosyltransferase ( Ecogpt )
(see Fig. 3) which allow selection for G418 and
mycophenolic (MPA) resistance, respectively.
Cosmid 43-34 DNA was transfected as a calcium
phosphate precipitate into the different cell lines
as previously described (Westerveld et al., 1984).
1-2 days after transfection selection was started
by adding G418 to the medium. The concentra-
tion of G418 was dependent on the transfected
cell line and ranged from 400 pg/ml to 800 pg /ml
medium. After 10-14 days clones were counted




TABLE 1

CELL LINES USED IN THE DIFFERENT EXPERI-
MENTS OF THIS STUDY

Cell line *® Expts.  Ref./source

Hel a SN

XPI12RO-SV(A) SNT Veldhuizen (unpubl.)
XP20S-SV (A) T Takebe et al., 1974
XP12BE-SV (A) S Camden cell bank
XP11BE (B) SN M Kraemeret al., 1975

XP4PA-SV (C) S
XP8CA-SV (CO) N

Daya-Grosjean et al., 1987
Klein (unpubl.)

CW12 (C) i Wood et al., 1987
MH3XP (D) N Wood et al., 1987
XP1BR (D) > Kerjzer (unpubl.)

HD?2 (D) S T Johnson et al., 1985
CW3 (E) NT Wood et al., 1987
XP2RO (E) S De Weerd-Kastelein et al., 1973
XP2YO-SV (F) NT Y agi and Takebe, 1983
XP2BI (G) M Keijzer et al., 1979
XP3BR (G) S Arlett, 1980
XP3BR-SV (G) NT Klein (unpubl.)
AXP2CS (H) SN M Moshell et al., 1983
XP3MA (I) S M Fischer et al., 1985
XP20MA (1) N Kerzer (unpubl.)

" The XP complementation group is given in parentheses.
® Southern analysis (S), Northern analysis (N), transfection (T)
and /or microinjection (M).

and either isolated or grown into mass popula-
tions (mp’s). In order to establish the cointegra-
tion of Ecogpt sequences in G418-resistant mp’s,
for each mp the cloning efficiency in medium with
or without G418 and/or mycophenolic acid
(MPA) was determined. For each cell line 3 inde-
pendent mp’s were tested in 3-fold. For XP3BR-
SVmp 2000 cells/dish were plated and for the
other tested lines 400-500 cells /dish were plated.
In Table 2 the average relative cloning efficiency
1S given.

Southern blotting

Using routine procedures (Maniatis et al., 1982)
genomic DNA from cell lines was digested with
restriction enzymes and after size fractionation on
agarose gels blotted to nitrocellulose filters which
were subsequently hybridized to *?P-labeled
probes.
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Northern blotting

Total RNA was isolated from cultured cells by
the LiCl/urea procedure (Auffray and Rougeon.
1980) and size fractionated in 1.2% agarose gels
containing formaldehyde. RNA was then trans-
ferred to nitrocellulose and hybridized in 50%
formamide to ERCC-/ probe EPv12 using stan-
dard procedures (Maniatis et al., 1982).

UV survival and unscheduled DNA synthesis (UDS)
The response of G418-resistant XP transfor-
mants to UV was measured by UV survival and

UV-induced UDS as reported previously (Van
Duin et al., 1988a).

Microinjection of ERCC-1 ¢cDNA into XP primary
fibroblasts

ERCC-1 ¢cDNA constructs pcDE (Van Duin et
al., 1986) and pSV3gpt (Mulligan and Berg, 1981)
were mixed in a 1:1 molar weight ratio (0.15
ng/pl, final concentration) and coinjected into
nucler of XP homopolykaryons using procedures
previously described (De Jonge et al., 1983). At 24
and 48 h post injection one part of the injected
cells was stained for the expression of SV40 large
I antigen encoded by pSV3gpt using a mono-
clonal antibody and an FITC-containing goat
anti-mouse conjugate. In order to determine the
effect on the repair potential the other half of the
injected cells was at 24 and 48 h post injection

TABLE 2

CLONING EFFICIENCY OF G418-RESISTANT cos43-34
TRANSFORMANTS (mp’s) IN NORMAL MEDIUM AND
MEDIUM SUPPLEMENTED WITH G418, MPA OR G418
AND MPA EXPRESSED AS PERCENTAGE OF SEEDED
CELLS WHICH FORMED COLONIES (see Materials and
methods)

Each experiment was carried out in 3-fold. The average values
for 3 independent mp’s are given.

Cell line ® Cloning efficiency (%) in different media
Normal +G418 +MPA + G418/
MPA
CW12mp (C) 35 34 28 27
HD2mp (D) 44 36 31 26
CW3mp (E) 27 24 25 20
XP3BR-SVmp (G) 5§ 5 0 0

* XP complementation group is given in parentheses.
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irradiated with UV (15 J/m?) and incubated for 2
h in medium containing [*H]thymidine. Subse-
quently, UV-induced DNA synthesis was de-
termined by autoradiography as described previ-
ously (Vermeulen et al., 1986).

Results

Analysis of the endogenous ERCC-1 gene in XP
To examine whether XP cells from all comple-
mentation groups harbor intact ERCC-/ gene
copies, the endogenous ERCC-/ gene was analyzed
by Southern blotting experiments. High molecular
weight DNA was 1solated from each of the cell
lines and after digestion with various restriction
endonucleases size fractionated on agarose gels
and transferred to nitrocellulose filters that were
subsequently hybridized to a **P-labeled ERCC-I
cDNA probe. DNA from Hela cells was used as
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Fig. 1. Southern blot analysis of Tagl-digested DNA of all 9
XP complementation groups (A-I). HeLa DNA served as a
control 1n this experiment. The blot was hybridized to ERCC-/
cDNA probe EPv12 which recognizes all 10 ERCC-/ exons.

The molecular weight of the hybndizing bands is indicated on
the nght.
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Fig. 2. Northern blot analysis of representative cell lines of all
9 XP complementation groups (A-I) and HelLa as a control.
Per lane 15-30 pg total RNA was loaded. The EPv12 probe
described 1in Fig. 1 was used for hybridization in 50% for-
mamide at 42°C. Molecular weight of hybridizing bands 1s
indicated on the left. In some lanes background labeling of
ribosomal RNA (28S) 1s visible due to longer exposure times of
the autoradiogram.

a control since the ERCC-/ gene was originally
1solated from this cell line (Westerveld et al.,
1984). The autoradiogram of a blot with Taql-di-
gested XP DNAs 1s shown in Fig. 1. All cell
strains examined showed hybridization patterns
similar to the Hela control. Similar results were
obtained with Pvull-digested DNAs (not shown).
Therefore, as far as can be detected by this method.
we conclude that ERCC-1 1s not deleted or grossly
rearranged 1n the representative cell strains of the
9 XP complementation groups examined.

To investigate the expression of the endogenous
ERCC-1 gene 1n XP cells, total RNA was i1solated
and analyzed by Northern blot experiments using
ERCC-1 cDNA as a probe. The autoradiogram of
this experiment 1s shown 1in Fig. 2. All 9 XP
groups examined produced a correct ERCC-I
transcript similar to that of HelLa cells.




O 10 20 30 40 50
[ T 1 T T T T | 1 T 1 Kb
' BH ’ B
° b i
L . i
<« — -
Eco-gpt e ERGGST - - agpt

Epsi2 4 A4
Fig. 3. Structure of cosmid 43-34. The position of the ERCC-1/
gene and Ecogpt and agpt dominant markers are shown in
black. The open parts of the left- and right-hand boxes are
pBR322 sequences. Only restriction sites are shown that are
relevant for the Southern blot analysis in Fig. 4. Details of

cosmid 43-34 have been described previously (Westerveld et
al., 1984; Van Duin et al., 1987).

I'ransfection of ERCC-1 into immortalized XP cells

The Southern and Northern blot experiments
presented above do not rule out the possibility
that the ERCC-/ gene is inactivated by point
mutations or other small alterations. Therefore,
the cloned functional ERCC-/ gene was examined
for 1ts ability to correct the repair defect in XP
cells. To that aim the cloned FERCC-I gene
located on cosmid 43-34 (cos43-34), was
transfected into established XP cells of 6 different
complementation groups (see Materials and meth-
ods). Before transfection cos43-34 DNA was lin-
earized with Clal which generates 50-kb molecules
in which the 5" and 3" ERCC-1/ ends are flanked
by the dominant marker genes Ecogpt and agpr at
a distance of approximately 10 and 4 kb of ge-
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nomic DNA respectively (see Fig. 3). The
transfected cells were selected in medium contain-
ing G418 and after 2 weeks mass populations
(mp’s) were generated which consisted of 20-200
independent transformants. In general, transfec-
tion efficiencies ranged from 10 % to 10 °. The
G418-resistant transformants were subsequently
examined for the presence of transfected ERCC-I
DNA. Since on cos43-34 ERCC-1 is flanked by
the agpt and Ecogpt markers, cross-resistance of
G418-resistant cells to mycophenolic acid (MPA).
provided by the Ecogpr gene, would be indicative
of the presence of ERCC-/ sequences. The pres-
ence of the Ecogpr marker was determined by
measuring the cloning efficiency of G418-resistant
cos43-34 transformants in medium containing
G418 and MPA. The results presented in Table 2
indicate that XP-C, -D and -E transformants had
integrated both bacterial markers with a high ef-
ficiency. No MPA-resistant XP-G transformants
were obtained. In an earlier report we showed that
most of the XP-A and XP-F transformants
(60-90%) had cointegrated Ecogpt sequences
which was confirmed by Southern blot analysis
(Hoeymakers et al., 1987). The results of Southern
blot analysis of the XP-C, -D and -E transfor-
mants are presented in Fig. 4. To discriminate
between cos43-34-derived ERCC-/ sequences and
the endogenous gene the DNAs were digested

Fig. 4. Southern blot analysis of G418-resistant CW12 (XP-C), HD2 (XP-D) and CW3 (XP-E) cells that have been transfected with
cosd43-34. In panel A DNA of recipient (lanes A) and transfected cells (lanes B) were digested with Bglll and hybridized to probe 4A4
located 3" of ERCC-1 (see Fig. 3). Panel B shows HindIIl /Xhol double-digested DNA probed with ERCC-/ ¢cDNA probe EPs12

harboring the first 5 exons. On left and right side fragment sizes (kb) are indicated.
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with HindIII /Xhol and BglII which generates
cos43-34-specific ERCC-/ bands when hybridized
to 5" and 3" ERCC-1 probes, respectively (see also
Fig. 1). From a comparison between the signals of
the endogenous and transfected ERCC-/ gene it
can be inferred that all transformed mass popula-
tions had integrated multiple copies of ERCC-I
into their genome. The HD2 mass population has
integrated considerably more DNA than CW12
cells in which much more degradation of the
transfected DNA seems to have taken place (see
Fig. 4). In contrast, integrated agpr sequences but
not ERCC-/ DNA or Ecogpt dominant marker
could be detected in G418-resistant XP-G
transformants (not shown) which is in agreement
with the finding that these cells did not show
cross-resistance to MPA.

Response of XP cos43-34 transformants to DNA
damage

To test whether ERCC-1 restores normal DNA
repair characteristics in XP cells we determined

TABLE 3

UV-INDUCED UDS OF IMMORTALIZED XP CELL
LINES AND G418-RESISTANT MASS POPULATIONS

(mp)

Cell line ® UDS
Grains " % of HelLa ©

XPI12RO-SV (A) 542 13
XPI2RO-SVmp (A) S5+1 12
CW12 (C) 7+1 23
CWI12mp (C) 1+1 23
HD?2 (D) 16 + 1 47
HD2mp (D) 1541 43
CW3 (E) 26+ 1 88
CW3mp (E) 25+1 86
XP2YO-SV (F) 5+1 13
XP2YO-SVmp (F) 541 13

" XP complementation group is given in parentheses.

® Number of grains (+ SEM) per fixed square of non-S-phase
nuclei.

- Percentage of UDS of HeLa, which was determined in each
independent experiment.
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Fig. 5. UV survival plots of XP-C (CW12). XP-D (HD2) and XP-E (CW3) cells and cos43-34-transformed G418-resistant mass

populations. HeLa cells served as wild-type controls.



UV survival and UV-induced unscheduled DNA
synthesis (UDS) of the G418-resistant mass popu-
lations. UV survival plots are shown 1n Fig. 5 and
UDS data are summarized in Table 3. All
transformed XP cultures (XP-A and XP-F not
shown) harboring transfected ERCC-I DNA dis-
played mutant UV survival phenotypes. The UDS
levels of the transformants were comparable with
those found in the various mutant cell lines and
were in agreement with the survival data. With
respect to the relatively high UDS values of the
XP-E parental cells and transformants 1t should
be noted that the residual UDS level of primary
XP-E fibroblasts 1s up to 50% of that of repair-
proficient cells (De Weerd-Kastelein et al., 1973;
Fujiwara et al., 1985). Also HD2 and XP2YO-SV
(XP-D and -F respectively) cells display higher
UDS values than the original non-transformed
diploid XP fibroblast cultures (Johnson et al.,
1985; Yagi and Takebe, 1933).

Microinjection of ERCC-1 ¢DNA

XP complementation groups of which no 1m-
mortalized cell lines suitable for transfection are
available, were examined for ERCC-/ correction
by means of a microinjection assay. ERCC-/
cDNA construct pcDE (Van Duin et al., 1986),
harboring a functional ERCC-I cDNA driven by
the SV40 early promoter, was injected into nuclei
of XP homopolykaryons. After 24 and 48 h the
levels of UV-induced DNA synthesis in injected
compared to non-injected cells were measured. In
previous reports we have shown that fibroblasts of
the examined complementation groups can be cor-
rected by microinjection of crude extracts of re-
pair-proficient cells or heterologous XP cells. As a
positive internal control for the nuclear injection
pcDE was coinjected with pSV3gpt carrying a
functional SV40 large T antigen gene which 1s
under the same promoter and termination se-
quences as the ERCC-1 cDNA in pcDE. Large T
expression was determined by immunofluorescent
staining. It was found that 30-50% of 1njected
cells exhibited high-level expression of the injected
large T gene. It is therefore reasonable to assume
that the coinjected ERCC-I cDNA 1s correctly
expressed in approximately the same fraction of
cells. XP-B, -G, -H and -1 homopolykaryons were
subjected to this analysis, however, the introduc-

89

tion of the ERCC-1 cDNA did not have a signifi-
cant positive effect on UDS levels in any of these

complementation groups (data not shown).
Discussion

The human ERCC-I gene was 1solated by virtue
of its ability to complement the DNA repair de-
fect iIn CHO complementation group 1 cells. These
CHO cells are sensitive to UV and MMC, indicat-
ing a role for ERCC-1 in the excision repair of
UV- and MMC-induced DNA damage. We have
investigated the possibility that ERCC-/ 1s the
mutated gene in UV-sensitive XP cells of comple-
mentation groups A through I.

Cross-sensitivity to UV and MMC might be
used to identify the human counterpart of CHO
egroup 1 mutants. However, for many cell lines of
human DNA repair syndromes the response to
both agents is poorly documented and often
limited to specific complementation groups.
Fujiwara and coworkers have reported a normal
response of XP-A cells to MMC (Fujiwara et al.,
1977; Fujiwara, 1982) and also XP-C (Nagasawa
and Little, 1983) and XP-F were reported to have
wild-type repair of MMC-induced DNA damage
(Plooy et al., 1985). As far as we know for the
other complementation groups cross-sensitivity to
MMC i1s not reported 1n the literature.

The biochemistry of repair of UV-induced DNA
damage — primarily pyrimidine dimers — and
MMC-induced DNA cross-links 1s unknown. The
phenotype of CHO group 1 cells suggests that
ERCC-1 1is involved in a common (pre)incision
step of the removal of both types of DNA lesions.
On the other hand, it cannot be excluded that
ERCC-1 has a dual function and that different
mutations in ERCC-I/ can affect the response to
either UV or MMC. The ERCC-I protein was
found to have a ‘mosaic’ structure displaying ho-
mology to the yeast RADI/0 and parts of the E.
coli uvrA and worC repair proteins (Van Duin et
al.. 1986. 1988b: Doolittle et al., 1986; Hoerj-
makers et al., 1986). This could imply that during
evolution multiple repair functions have been
accommodated in the ERCC-I protein. Conse-
quently, it is possible that some mutations 1n the
ERCC-I gene might yield only a UV- and not a
MMC-sensitive phenotype.
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Southern and Northern blot analysis with
ERCC-1 probes did not give indications of altered
ERCC-1 genes 1n cell lines from all 9 XP comple-
mentation groups. These experiments, however, do
not exclude point mutations or minor deletions in
genomic ERCC-1 sequences and do not allow any
conclusion on the functionality of the ERCC-I
protein in the examined XP cells.

Introduction of the cloned ERCC-/ gene by
DNA transfection is limited to immortalized cell
lines. The experiments with XP3BR-SV (XP-G)
cells show that even SV40-transformed lines are
not always suitable for efficient DNA transfer.
Although G418-resistant clones were obtained
after transfection of cos43-34, no cross-resistance
to MPA was found indicating that these cells had
integrated very small amounts of DNA, which was
confirmed by Southern blot analysis (not shown).
These results are in accordance with our earlier
observations that the quantity of integrated exoge-
nous DNA 1s cell line specific and that human
cells in general take up small amounts of DNA
compared to some rodent cell lines (Hoeijmakers
et al., 1987; Mayne et al., 1988a).

The ERCC-1 gene was successfully transfected
to XP-A, -C, -D, -E and -F cells whereas nuclear
microinjection was used to introduce the ERCC-1
cDNA 1n XP-B, -G, -H and -I fibroblasts. The
presence of transfected ERCC-I sequences was
confirmed by Southern blot analysis and double
selection on G418 and MPA. Simultaneous injec-
tion of plasmid pSV3gpt expressing SV40 large T
antigen indicated that in 30-50% of the injected
cells the introduced ERCC-I cDNA should be
properly expressed. ERCC-/ had no effect on UV
survival and UDS of mass populations of 20—200
independent G418-resistant transformants. Like-
wise 1n the transient microinjection assay ERCC-/
cDNA did not elevate UV-induced DNA repair
synthesis.

Although we have not demonstrated that the
transfected and microinjected ERCC-I gene is
correctly expressed into functional protein, we
believe that our negative results are significant.
Firstly, the ERCC-1 constructs used in the experi-
ments are able to correct the defect in CHO group
1 mutants with a very high efficiency (Westerveld
et al., 1984; Van Duin et al., 1986) indicating that
they encode functional ERCC-/ protein and are

correctly expressed when introduced into mam-
malian cells. Secondly, control experiments (i.e.

cross-resistance to MPA, Southern blot analysis of
the transfected human gene and coinjection with
plasmid pSV3gpt) verified that intact ERCC-I
coples were present in at least a detectable frac-
tion of the various XP cells into which ERCC-1
was introduced. Therefore, we anticipate that cor-
rection of any of the XP groups by ERCC-/ when
present would not have escaped our attention.
Hence, 1t 1s unlikely that mutations in the ERCC-]
gene will account for this complex human genetic
disorder. Thompson and coworkers (1985) have
reported that fusion of CHO group 1 cells, harbor-
ing a mutated ERCC-/ gene, with XP cells of
various complementation groups yields (partial)
correction of the mutual repair defect, strongly
suggesting that these XP groups are not defective
in ERCC-1. This is in agreement with our conclu-
s10n.

Cell lines from patients with Cockayne’s syn-
drome and Fanconi’s anemia display a cellular
hypersensitivity to UV and MMC, respectively
(Kraemer, 1983). Nothing is known about the
DNA repair defect in FA. For CS complementa-
tion groups A and B it has recently been demon-
strated that these cells are deficient in the prefer-
ential repair of active genes (Mayne et al., 1988b).
which explains their characteristic absence of RNA
synthesis recovery after UV exposure (Mayne and
Lehmann, 1982). Southern blot analysis indicated
normal ERCC-/ copies in all 3 CS complementa-
tion groups and both FA groups (not shown).
Furthermore, transfection of ERCC-1 to CS-A
and CS-B cells did not correct the defect in RNA
synthesis recovery and survival after UV irradia-
tion (not shown).

The experiments thusfar show that a defective
ERCC-I gene i1s most likely not represented in
patients from 9 XP excision-deficient complemen-
tation groups. This implies that at least 10 genes
(9 XP loct and ERCC-1) are involved in the
incision step of the excision repair mechanism,
further stressing the biochemical complexity of
this repair process. Furthermore, the fact that an
ERCC-1 defect 1s not found in XP and possibly
also not in CS and FA suggests that mutations in
the ERCC-] gene may be incompatible with life.
Alternatively, it is not excluded that patients with



a defect iIn ERCC-] exist but have not been
1identified yet.
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