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Nucleotide excision repair (NER)-deficient human cells
have been assigned so far to a genetic complementation
group by a somatic cell fusion assay and, more recently,
by microinjection of cloned DNA repair genes. We describe
a new technique, based on the host cell reactivation assay,
for the rapid determination of the complementation group
of NER-deficient xeroderma pigmentosum (XP),
Cockayne’s syndrome (CS) and photosensitive trichothiod-
ystrophy (TTD) human cells by cotransfection of a UV-
irradiated reporter plasmid with a second vector containing
a cloned repair gene. Expression of the reporter gene,
either chloramphenicol acetyltransferase (CAT) or luci-
ferase, reflects the DNA repair ability restored by the intro-
duction of the appropriate repair gene. All genetically
characterized XP, CS and TTD/XP-D cells tested failed to
express the UV-irradiated reporter gene, this reflecting
their NER defeciency whereas cotransfection with the
repair plasmid expressing a gene specific for the given
complementation group increased the enzyme activity to
the level reached by normal cells. Selective recovery of
both reporter enzyme activities was observed after cotrans-
fection with the XPC gene for the XP17VI cells and with
the XPA gene for both XP18VI and XP19VI cells. Using
this method, we assigned three new NER-deficient human
cells obtained from patients presenting clinical symptoms
described as classical XP to either XP group A (XP18VI
and XP19VI) and XP group C (XP17VI). Therefore, this
technique increases the range of methods now available to
determine the complementation group of new NER deficient
patients with the advantage, unlike the somatic cell fusion
assay or the microinjection procedure, of being simple,
rapid, and inexpensive.

Introduction

Xeroderma pigmentosum (XP*), Cockayne’s syndrome (CS)
and trichothiodystrophy (TTD) are genetic diseases associated
with specific defects in one of the major DNA repair pathways,

* Abbreviations: XP, xeroderma pigmatosum; CS, Cockayne’s syndrome;
TTD, trichothiodystrophy: NER, nucleotide excision repair; CAT, chlor-
amphenicol acetyltransferase; CoA, coenzyme A.
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nucleotide excison repair (NER) (1-6). These diseases present
heterogeneous clinical symptoms as well as cellular responses
to UV radiation. Each of these DNA repair deficiency diseases
are divided into numerous complementation groups, which
reflects the complexity of the nucleotide excision repair mech-
anism. Xeroderma pigmentosum 1s characterized by a high skin
sensitivity to sunlight exposure resulting in a high frequency of
cancer formation in the exposed area. Some XP patients also
present neurological abnormalities (6). Genetic analysis of
cells from XP individuals have shown seven complementation
groups (designated XP-A to G), each corresponding to a
specific gene defect in NER, plus one group (XP variant) with
a defect in the post-replicative repair process (6,7). CS is
characterized by mental and growth retardation 1n association
with photosensitivity (8). CS patients have been assigned to
two complementation groups (A and B). However, some CS
individuals also present clinical symptoms ot XP and they
belong to complementation group B, D or G (9-11). The
clinical hallmark of TTD is brittle hair linked to a reduced
sulfur and cystine content, with sun sensitivity found in ~50%
of all TTD cases described (12). Three complementation
oroups have recently been reported for the photosensitive TTD
patients: TTD-A, TTD/XP-B and TTD/XP-D, the two latter
having a NER deficiency genetically related to XP-B and XP-
D respectively (13—15). Although CS and TTD share a common
phenotype with XP (photosensitivity associated with NER
deficiency), they do not exhibit cancer predisposition (9).

Cells from new patients are usually assigned to a given
complementation group using the somatic cell fusion assay
which measures the level of unscheduled DNA synthesis
(UDS) in fused heterokaryons following UV irradiation (16).
Classical XP cells have an impaired UV-induced UDS, whereas
XP variant and CS cells are widely regarded as presenting
normal UDS levels. Complementation analysis in CS 1s there-
fore carried out by measuring the recovery of RNA synthesis
(RRS) instead of UDS (17). Functional complementation of
NER-deficient cells can also be determined by an in vitro cell-
free assay (18) or by microinjection of mRNA, proteins or
cloned repair cDNA followed by UDS (19). Although these
three techniques are reliable, they require multiple steps
and time consuming procedures (somatic cell fusion assay),
expensive equipment (microinjection), or complex protocols
to obtain proper cell extracts and DNA substrate preparations
(in vitro repair assay).

The host cell reactivation assay uses plasmids containing a
reporter gene to monitor the DNA repair activity in NER-
deficient cells (20-25). We have developed a rapid comple-
mentation technique which uses expression vectors containing
a reporter gene, either luciferase or the chloramphenicol
acetyltransferase (CAT), in a cotransfection experiment with
a repair vector expressing a human DNA repair cDNA (XFA,
XPB, XPC, XPD, and CSB previously known as XPAC, ERCC3,
XPCC, ERCC2, and ERCC6 respectively, see 26 for new
nomenclature). We screened several genetically characterized
XP, CS and TTD/XP-D cells for the ability of the repair genes
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to reactivate the UV-irradiated pRSVCat and pRSVL reporter
plasmids. Cotransfection of the UV-treated reporter plasmids
with the repair vector specific for the given complementation
group increased the enzyme activity to near normal level
whereas cotransfection with the control vectors or other non-
specific repair genes resulted in a reduced reporter enzyme
activity in all NER-deficient cells tested. Theretore, recovery
of luciferase or CAT activity depends on the correction ability
of the specific DNA repair gene. Using this method, we
assigned three new XP patients to XP complementation group
A (XP18VI and XP19VI) and C (XP17VI). Confirmation of
these findings were obtained by the somatic cell fusion and

microinjection assays.

Materials and methods

Cells

Human primary diploid fibroblasts were obtained from skin biopsies of
patients. Cell transformation with SV40 or pLas-wt (SV40 large T antigen)
was performed as previously described (27). All normal and NER-deficient
cells used are listed in Table I including three new NER-deficient cells,
XP17VI, XPI8VI and XP19VI from genetically uncharacterized XP patients.
These three patients were clinically described as classical XP. All cells were
grown in MEM medium supplemented with 15% FCS and 1% antibiotics
(penicillin, streptomycin and fungizone).

Plasmids

Reporter plasmids. pPRSVCat contains the cDNA encoding CAT, and pRSVL,
contains the cDNA encoding luciferase, both of which are inserted between
the Rous Sarcoma virus long terminal repeat and the Simian virus 40
polyadenylation sequences.

Repair expression plasmids. pXPC3, containing the ¢cDNA for XPC, was
generously provided by R.Legerski, Department of Molecular Genetics, M.D.
Anderson Cancer Center; p2E-ER2, coding for XPD, was kindly provided by
C.A.Weber, Biomedical Science Division, Lawrence Livermore National
Laboratory; pSLME6 and pXPAC, containing the CSB and XPA repair gene,
respectively, were generously provided by C.Troelstra, Department of Cell
Biology and Genetics, Erasmus University, Rotterdam; and pCDER3.
expressing the XPB (ERCC3) gene, was kindly provided by G.Weeda,
Department of Cell Biology and Genetics, Erasmus University, Rotterdam.
These repair genes are either controlled by SV40 or CMV promoters. The
control plasmids used (pCDE, pSLM and pEBS7) correspond to the repair
expression plasmids without the repair gene. All plasmids were grown in
E.coli DH5Sa and purified by cesium chloride —ethidium bromide gradients.
More than 90% of the recovered DNA was in the supercoiled form I
conformation as determined by agarose gel electrophoresis. Plasmids were
stored at 4°C 1n sterile TE solution (Tris—HCI 10 mM, EDTA | mM, pH 8).

UV irradiation
Prior to transfection, reporter plasmids at a concentration of 1 pg/ul in TE
(10 mM Tris, | mM EDTA) were exposed to UV radiation at 254 nm from

a germicidal lamp, at a dose rate of 3.5 W/m?. UV doses used were either
500 or 1000 J/m? as indicated in each figure.

Cotransfection technique and cell extract preparation

One to 2% 10 fibroblasts seeded in a 6-well plate were cotransfected with 1
to 5 pg of reporter plasmids, pRSVCat or pRSVL, with 1 to 5 pg of either
the repair plasmid containing one of the repair genes (XPA, XPB, XPC,
XPD and CSB) or the control plasmid (pSLM, pEBS7 and pCDE) by the
calcium—phosphate coprecipitation technique, as previously described (28).
The amount of DNA 1s determined for each cell line and is that producing
the maximum of the enzyme activity 12-24 h after transfection. Cells were
incubated with precipitated DNA for 5 to 16 h at 37°C and submitted to a
15% glycerol shock, then washed three times with PBS before adding fresh
medium. For the CAT assay, cells were harvested 48 h after transfection,
which corresponds to higher level activity of the enzyme, then washed in
PBS and resuspended in 250 mM Tris—HCI, pH 7.8. Cell extracts were
prepared by three freeze-thaw cycles. Cell debris were removed by centrifuga-
tion (15 min>xX12 000 rpm, 4°C). Cell extracts were further heated 10 min at
65°C and recentrifuged before CAT analysis. For the luciferase assay, cells
were harvested 24 h after transfection which corresponds to the maximum of
expression level, which is constant for most cells between 12 and 24 h. Cell
extracts were prepared according to the Promega Luciferase Assay System.
96 or 24-well plates were used in which 0.5-2x 10 cells/well were transfected
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with 0.3—1 pg of pRSVL DNA. Cell lysis was done directly in the plate
allowing a minimum of steps in this procedure.

CAT and luciferase assay

CAT activity was measured using a non-chromatographic assay as described
by Sleigh (29). Briefly, proteins (5 pg) were incubated at 37°C with the
reaction mixture (1.6 mM of chloramphenicol, 90 uM of acetyl CoA and 2.5
nCi of ['*CJacetyl CoA) for 30 to 60 min depending on the cell line used.
The labeled reaction was extracted with ethyl acetate and counted by lquid
scintillation. CAT activity was quantified by the amount of ['*CJacetyl groups
transfered from labeled coenzyme A to unlabeled chloramphenicol. CAT
activity ranged from 10 to 80 pmol/mg of protein per minute. The luciferase
assay was performed according to the Promega Luciferase Assay System by
mixing the cell extracts (10 pl) with the reaction buffer (50 ul of 20 mM
tricine, 1.07 mM MgCO; 2.57 mM MgSQOy, 0.1 mM EDTA, 33.3 mM DTT,
0.27 mM CoA, 0.47 mM luciferine, 0.53 mM ATP at pH 7.8). Luciferase
activities were normalized in each sample for protein amount quantified by
the Bradford technique (30). When multi-well plates are used, the luciferase
activity can be measured in a three step procedure involving (1) cell lysis
performed directly in the well, (ii) luciferase activity measurement and (111)
protein quantification. Relative reporter gene activity 1s expressed as the
percent of activity in cells transfected with the UV-irradiated over the
unirradiated plasmid. In these conditions of transfection and enzyme assay,
low variation levels of the expression of reporter genes in independent

transfection experiments were obtained, with standard error means (SEM)
<15 %.

Somatic cell fusion assay and microinjection assay

Three days prior to the fusion assay, fibroblasts were labeled with latex beads
(0.75 um or 2 um). Cell fusion was performed using polyethylene glycol.
UDS was assayed as previously described (14, 19). Forty-eight hours after
usion, cells were UV irradiated at 20 J/m* and incubated with *H-thymidine
‘or 3 h. The number of grains per nucleus was established by counting
autoradiographic grains above nuclei. Microinjection of repair genes in XP
cells was performed as previously described (19). Repair activity was
determined after UV radiation at 15 J/m?, *H-thymidine labeling (10 puCi/ml
with specific activity of 50 Ci/mmol) and autoradiography.

Results

Luciferase activity in NER-deficient SV40-transformed and
untransformed cell lines

Relative luciferase activity was measured in transformed and
untransformed cells transfected with pRSVL UV-urradiated at

Table 1. Cell lines used 1n this work

Phenotype Cell line® References/sources
Normal MRC5V 1 Brighton, UK
C5ROLas Rotterdam,

198VI (untransformed)® The Netherlands
Villejuif, France
Xeroderma pigmentosum

Group A XP12ROSV Rotterdam,
Group C XP4PALasP The Netherlands
Villejuif, France
Group D XP6BESV (GMO08207B) ATCC
XP17PV Pavia, Italy
(unstranformed)P
Unknown XP17VILas® Villejuif, France

XP17VI (unstranformed)®
XP18VI (unstranformed)®

XP18VILas® Villejuif, France
XP19VILas® Villejuif, France
Cockayne’s syndrome
Group B CSIANSV Brighton, UK
Trichothiodystrophy
TTD/XP-D TTDI1VILas® Villejuif, France
TTD2VILas® Villejuif, France
TTD8PV (untransformed) Pavia, Italy

“SV40-T antigen-transformed fibroblasts with the exception of the 5 indicated
untranstformed which are primary diploid fibtfoblasts.
®Cells obtained from skin biopsies established in our laboratory.



500 J/m? compared to unirradiated pRSVL in various NER-
deficient cells: XP12ROSV (XP-A), XP4PALas (XP-O),
XP6BESV (XP-D), CS1IANSV (CS-B), TTD2VILas and
TTDS8PV (both TTD/XP-D) and the uncharacterized XP17VI
or XP17VILas, XP18VI and XPI19VI and in normal MRC5V 1,
C5ROLas and 198VI cells (Figure 1). Relative activity was
significantly reduced in all NER-deficient cells with activity
ranging from 15 to 60% of normal cells. Results obtained 1n
untransformed cells show that the luciferase assay 1s sensitive
enough to monitor the repair activity directly in untransformed
cells. A specific decrease in enzyme activity can be observed
for each complementation group which corresponds to their
relative NER deficiency. For example, XP group A cells
(XP12ROSV) being the most UV-sensitive, as measured by
cloning efficiency or UDS (data not shown), show a relative
luciferase activity lower than the less sensitive XP-C, XP-D,
CS-B or TTD cells which display intermediate levels of
activity. The XP18VI and XPI9VI cells assigned here to
complementation group A, surprisingly, show higher relative
luciferase activity than the XP-A XPI2ROSV line. Each cell
line showed classical UV dose-dependent decrease in luciterase
activity, as previously observed in the host cell reactivation
assay of damaged plasmids using XP cells (20-25) and similar
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Fig. 1. Relative luciferase activity in NER-deficient cells. Relative luciferase
activity was measured after transfection of pRSVL UV-irradiated at 500
J/m* in SV40-transformed (A) and untransformed (B) cells. Normal (wild
type) : MRC5V1, C5ROLas, and 198VI, XP-A: XPI2ROSYV, XP-C:
XP4PALas, XP-D: XP6BESYV, XP17PV, CS-B: CS1ANSYV, TTD/XP-D:
TTD2VILas and TTD8PV, and the unknown XP cells untransformed
(XP17VI, XP19VI) or transformed (XP17VILas, XP18VILas or
XP19VILas). Bars represent the mean of two to three separate experiments
where each was done in triplicate with SEM, with the exception of
XP12ROSV, XP18VILas and XP19VILas in (A) and TTD8PV and XPI9VI

in (B) which are represented by one experiment.

New complementation assay in NER-deficient cells

time-course reactivation within 12—48 h post-transfection:
extremely low reactivation extent for XP12ROSV cells and

moderately low extent in XPI8VI and XPI9VI cells (not
shown).
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Fig. 2. Cotransfection assay in XP-D and TTD/XP-D cells. Relative CAT
(A) and luciferase (B) activity was measured in XP-D (XP6BESV) and
TTD/XP-D (TTDIVILas, TTD2VILas) cell lines and compared to wild type
MRCS5V1 cells. Reporter plasmids were UV-irradiated at 500 J/m? (A) or
1000 J/m* (B) and cotransfected with pCDE or pSLM (control), XPA, XPB,
XPC, XPD and CSB. In the CAT assay (A) each point represents the mean
of three separate experiments with SEM <15%. (B) Bars represent the
mean of triplicate determinations with SEM.
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Fig. 3. Cotransfection assay in CS-B cells. Relative luciferase activity was
measured 24 h after transfection of CS-B cells (CS1IANSV) with either
pSLM or pSLME6 (CSB) plasmids compared to repair-proficient MRC5VI
cells. The relative repair capacity was determined as the activity of
UV-irradiated reporter plasmids pRSVL at 500 J/m? compared to the
unirradiated one. Bars represent the mean of two separate experiments done
each in triplicate with SEM.
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Fig. 4. Cotransfection assay in XP-A cells. Relative CAT activity was
measured 48 h after cotransfection in XP-A cells (XPI2ROSV) and in the
new uncharacterized XP cells (untransformed XP18VI or transformed

XP18VILas and XP19VILas) with pSLM (control), pXPAC (XPA) or
pSLME6 (CSB) compared to repair proficient MRCS5V 1 cells. CAT activity
was determined in transfected cells with UV-irradiated pRSVCat at 500
J/m* in (A) or 1000 J/m? in (B). Bars represent the mean of triplicate
determinations with SEM <15%.

Complementation analysis of TTD/XP-D and XP-D cells

We measured luciferase and CAT activity in transformed XP-
D and TTD/XP-D cells after cotransfection of either pRSVCat
UV-irradiated at 500 J/m= or pRSVL UV-irradiated at 1000
J/m? with a repair vector (Figure 2). Cotransfection with the
vector p2E-ER2 expressing the XPD gene in XP-D (XP6BESV)
and TTD/XP-D (TTDI1VILas and TTD2VILas) cells resulted
IN an increase in enzyme activity to levels found in normal
MRC5V1 (wild type) cells, whereas no effect was observed
with the control vector pCDE (Figure 2A). Cotransfection of
the reporter vector pRSVL with other repair genes (XPA, XPB,

XPC and CSB) in XP-D and in TTD/XP-D cells showed no
reactivation effect by these genes, thus, clearly demonstrating

the specificity of the assay by the complementation of XPD
cDNA in both XP-D and TTD/XP-D cells (Figure 2B).The
reactivation extent in wild type (MRC5VISV or C5RILas)
cells ranges between 65-85% and it is not significantly affected
by any of plasmids used (not shown).

Complementation analysis of CS-B cells

Relative luciferase activity was measured in CS comple-
mentation group B cells (CSTIANSV) after cotransfection of
UV-irradiated pRSVL (500 J/m?) with the repair vector
PSLMESG expressing the CSB gene or the control pSLM vector
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Fig. 5. Complementation of XPI8VI cells by microinjection of XPA gene
and by the somatic cell tfusion assay. (A) pXPAC vector expressing the XPA
gene was microinjected into one of the nucler of homopolykaryons of
AXPI8VI cells. The injected cells exhibit a wild type level of UV-induced
UDS (dikaryon) compared to the non-injected surrounding cells showing a
low residual level of UDS. The heavily labeled cell typically represents
replicative DNA synthesis (S phase). (B) XP18VI fibroblasts were fused
with the XP11PV (XP-A), TTD8PV (XP-D) and GMO03021 (XP-G) cells.
Fused cells were UV-irradiated at 20 J/m> and UDS was measured by
autoradiography following *H-thymidine incorporation. Bars show the
number of grains per nucleus with SEM of dikaryons compared to wild type
C3PV cells. A is the XPI18VI cells, B the known XP-D, XP-G or XP-A
cells and A+ B, the tused heterokaryons.

(Figure 3). Recovery of the luciferase activity to near normal
levels was observed with pSLM6 expressing the CSB repair
gene whereas cotranstection with the control vector pSLM
resulted 1n a reduced luciferase activity. These results are in
agreement with previous results establishing the involvement
of ERCC6 /CSB in CS group B based on the use of micro-
injection or stably transfected CS1AN cells (31).

Complementation analysis of XP-A cells

XP-A cells and two cultures of uncharacterized XP cells were
analysed with the new complementation assay. These new XP
patients presented clinical features of XP including neuro-
degeneration, dwarfism and deafness. Detailed clinical descrip-
tion of these patients will be published elsewhere. Both cells
(XP18VI and XPI19VI) presented a severely reduced UDS
following UV 1rradiation, <10% of normal cells at doses
ranging from 5 to 15 J/m*. These cells also presented a
UV-survival curve similar to XP group A cells with a D, of
| J/m* compared to 10 J/m? for normal MRC5V1 cells (data
not shown). These preliminary results indicated the possibility
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Fig. 6. Cotransfection assay in XP-C cells. Relative CAT (A) and luciferase
(B) activity was measured after transfection of the reporter plasmids
UV-irradiated at 500 J/m* in XP-C (XP4PALas) and the unknown XP cell
line (XP17VILas) compared to the unirradiated one. In both CAT and
luciferase assay XP17VILas was cotransfected with pEBS7 (control),
pXPC3 (XPC) and only in B with p2E-E2 (XPD); XP4PALas was
cotransfected also with pEBS7 and pXPC3 compared to normal MRC5V ]
cells. In (A) bars represent the mean of at least two separate experiments
with SEM. In

(B) bars represent the mean of triplicate determinations with SEM. In both

(A) and (B) the SEM of wild type MRC5V 1 cells being 1% 1s too low to
appear in the graphics.

that both these patients belonged to XP complementation group
A. We thus measured the DNA repair capacity of these
uncharacterized cells in relation to the known XP-A cells
(XP12ROSV), using the rapid complementation assay (Figure
4). The recovery of CAT activity in XP-A cells was observed
after cotransfection with pXPAC vector expressing the XPA
gene in XPI2ROSV as well as in the uncharacterized
XP18VILas and XPI19VILas cells (Figure 4A and 4B)
compared to the control vector pSLM or the XPC, XPD or
CSB genes either at 500 J/m? (Figure 4A) or at 1000 J/m-
(Figure 4B). Significant reactivation by the XPA gene was
also observed with the luciferase assay (data not shown).
Confirmation of these results was obtained using classical
complementation analysis, either the somatic cell fusion assay
or the microinjection of the XPA cDNA (Figure 5). Micro-
injection of the pXPAC plasmid expressing the XPA gene into
XP18VI fibroblast showed wild type levels of UDS when

New complementation assay in NER-deficient cells

compared to the non-injected surrounding cells (Figure 5A).
Fusion of the XP18VI cells with XP-A, XP-D and XP-G are
shown 1n Figure 5B. Complementation was observed with the
XP-D and XP-G cells but not with the XP-A cells. Also, the
somatic cell fusion assay gave similar results for the XP19VI
cells showing no complementation with the XP-A cells (data
not shown). These results clearly demonstrate the specific
complementation effect of the XPA repair gene 1n both the
XP18VI and XPI9VI cells, allowing these new XP patients
to be attributed to the XP complementation group A.

Complementation analysis of XP-C cells

We have analysed CAT and luciferase activity in a third
uncharacterized XP cell line (XP17VI) and compared 1t to the
known XP group C cells XP4PALas. This new XP patient
presented clinical and biochemical features related to classical
XP and, unlike the XPI8VI or XP19VI, this patient did not

present neurodegenerations. Cells presented a reduced UDS
after UV 1rradiation, <15 % that of normal cells at doses
ranging from 5 to 15 J/m?. The new XP cells presented a
UV-survival curve similar to XP group C cells with a D of
5.5 J/m* and 4.5 J/m- for the XP-C cells XP4PASV compared
to 10 J/m? for normal MRC5V1 cells (data not shown).
Microinjection of XPA, XPD and XPB cDNA failed to correct
the repair deficiency (data not shown). These preliminary
results indicated the possibility that these cells belonged to
XP complementation group C. Therefore, we determined
the DNA repair capacity of XP17VILas transtormed cells
compared to the known XP group C XP4PALas cells using
the new complementation assay (Figure 6). In both cells,
cotransfection of the UV-irradiated pRSVL or pRSVCat with
the XPC expression vector (pXPC3) resulted in restoration
of the reporter enzyme activity to normal levels whereas
cotranstection with the control vector pEBS7 or the XPD
expression vector pE-ER2 resulted in a reduced enzyme activity
similar to that found with the UV-irradiated reporter vector
alone. These results clearly demonstrate the specificity of this
complementation assay and suggest that the new XP patient
belongs to the XP complementation group C. Confirmation of
these results was obtained by somatic cell fusion assay (data
not shown).

Discussion

NER-deficient cells from XP, CS or TTD patients have usually
been attributed to a given complementation group, which
corresponds to a specific gene defect, by employing either
somatic cell fusion or microinjection of cloned repair genes.
Although these techniques are reliable, one of the drawbacks
is that they require complex procedures and/or specialized
equipment which make them time-consuming and difficult to
perform. Based on the technique reported by Henderson et al.
(25), we used a cotransfection assay of luciferase or CAT
reporter vector with a vector expressing one of the known
repair genes for rapid determination of the complementation
oroup of NER-deficient cells. The activity of the reporter gene
product is an indirect measurement of the DNA repair capacity.
UV irradiation of the reporter gene prior to transfection has
been shown to inactivate the expression in NER-deficient cells
as compared to normal cells, thus reflecting their reduced
repair capacity. Complementation of the repair activity to wild
type levels was obtained following cotransfection of the
reporter vector with the appropriate repair gene. The reactiva-
tion effect of the XPD gene in both transient and stable
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expression has been described in several XP-D and TTD cell
lines (31). XP-D and TTD/XP-D cells presented reporter
activity levels higher than the wild type MRC5VI1 cells
following the introduction of the XPD gene. This eftect could
result from the role of XPD in the transcription complex
BTF2/TFIIH (33) thus promoting the over-transcription of the
repaired pRSVL plasmid. On the other hand, the higher level
of reactivation of TTD1VILas and TTD2VILas over XP6BESV
cells (Figure 2A) could be due to higher expression efficiency
of pRSVCat plasmid. Different expression etficiency could
also explain the different level of reactivation in XP6BESV
cells transfected with pRSVCat and PRSVL plasmids 1rradiated
at 500 J/m? (Figures 1A and 2A, respectively), since, at this
dose, an average of 37% of molecules resulting without
UV-lesions in reporter genes. A possible transactivating effect
was also observed with the XPA gene, when cotranstected into
XP-D cells, giving increased reactivation levels (Figures 2B
and 4B), and XPC gene when cotransfected in XP-C cells
giving an increased reporter activity to levels higher than

normal cells (Figure 6). This could result from some possible
association to a transcription factor in a similar fashion as the
yeast homologue Rad4 (34). Also, the XP-C cells showed a
UV-dose dependent decrease in activity like cells from other
XP. This suggests that the transcription-repair coupled process,
which is still active in XP-C, is not sufficient to overcome the
transcription inhibition by UV-lesions. Another possibility 18
that this subpathway could be specific for a certain chromatin
structure and could take effect only when damage 1s induced
while transcription 1s in progress. This 1s not the case here since
our reporter vector 1s transfected following UV irradiation, thus
supporting the implication of the transcription complex 1n
preferential repair ( for review see 26). On the other hand.,
CS cells showed a higher residual luciferase activity when
cotranstected with a control vector, possibly reflecting their
lower UV sensitivity and/or their ability to pertorm global
genome repair. However, all results obtained with this comple-
mentation assay were gene specific for the complementation
group thus allowing the assignment of three new uncharacter-
1zed XP patients (XP17VI, XPI8VI and XP19VI). Relative
reporter gene activity recovered in these cells after cotrans-
fection with the repair vector expressing the XPA or the XPC
gene linked the NER defect in the XP18VI and the XPI9VI
cells to the XPA gene and the XP17VI cells to the XPC gene.
Confirmation of these results was observed by the somatic cell
fusion assay and microinjection of the repair gene, thus
allowing these patients to be attributed to XP complementation
groups A and C.

In conclusion, we here demonstrate that cotransfection of
the UV-irradiated pRSVL or pRSVCat with the appropriate
repair expression vector results in the complementation of the
NER defect in all XP, CS and TTD/XP-D cells analysed.
Furthermore, the high sensitivity of the luciferase assay allows
the use of small quantities of transformed or untransformed
cells and plasmids and can be monitored without the use of a
radioactive substrate.
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