
Abstract. Repair of 8-oxo-7,8-dihydroguanine (8-oxoG) is
inefficient in human cells due to the poor catalytic properties of
hOGG1, the major DNA glycosylase involved in the removal
of this oxidized base. The S3 ribosomal/repair protein from
Drosophila melanogaster (dS3) is endowed with a potent 
8-oxoG glycolytic activity coupled with · ‚, ‰-AP lyase. In vitro
repair experiments have shown that pure GST-tagged dS3 can
stimulate a >40-fold increase in the rate of 8-oxoG repair by
human cell extracts. In this study, we expressed dS3 fused to
the Enhanced Green Fluorescent Protein (EGFP) in T24
human bladder cells in order to accelerate the repair of 8-oxoG
in vivo. Limiting dilution and Fluorescence-Activated Cell
Sorting (FACS) were used in an effort to isolate cells with
elevated EGFP-dS3 expression; however, the cells that were
isolated invariably had severe growth impairment. Curiously,
EGFP-dS3 expression was slightly increased after recovering
cells from liquid nitrogen, but it was not possible under those
conditions to achieve a significant acceleration of 8-oxoG
repair. The data confirm and extend our previous results
obtained with Chinese hamster CHO cells and indicate that
elevated expression of dS3 may be toxic to at least some types
of mammalian cells, thus limiting its use in vivo as a protective
factor against oxidative DNA damage. 

Oxidative DNA damage occurs continuously as a

consequence of normal cellular metabolism and can also

be produced by exogenous agents such as UV or ionizing

radiation. Oxidative damage has been implicated in a

number of tumor pathologies, as well as in neurological,

endocrine and cardiovascular diseases [reviewed in (1)].

Those links have been strengthened recently by the

correlation of mutation in the oxidative-damage repair

gene hMYH with some forms of colorectal cancer (2). 

8-Oxo-7,8-dihydroguanine (8-OxoG), which mispairs with

A during DNA replication at a frequency of 16-17% (3), is

one of the major oxidized lesions in mammalian cells,

forming at a rate of ~1000 lesions/cell/day (4). In

comparison with the repair of other frequently occurring

endogenous lesions, such as uracil, abasic (AP) sites, or a

number of other oxidized bases, 8-oxoG is repaired poorly

in human cells (5,6), which may exacerbate the hazard

posed by this lesion. The slowness of 8-oxoG repair in

comparison to the repair of other endogenous lesions is a

consequence of the poor catalytic properties of hOGG1,

the major DNA glycosylase for 8-oxoG in human cells (7-9).

The threat to genome integrity posed by 8-oxoG could be

reduced in human cells by the heterologous expression of

8-oxoG glycolytic activities having catalytic rates faster

than that of hOGG1. 

The Drosophila S3 (dS3) ribosomal protein possesses a

vigorous 8-oxoG glycosylase function which results in AP

sites, coupled with ‚,‰-elimination AP lyase activities (10).

The glycosylase function also is active on guanine

derivatives other than 8-oxoG, such as 2,6-diamino-4-

hydroxy-5-formamidopyrimidine (FapyG) (11). Although

80% identical to its Drosophila homologue and shorter by

only two amino acids, the human S3 protein shows only

marginal 8-oxoG glycosylase activity (12). dS3 may

represent a suitable candidate for increasing the 8-oxoG

repair potential of human cells. We recently reported that

pure GST-tagged dS3 significantly accelerates the in vitro
repair of 8-oxoG performed by human and mouse cell

extracts (13). In order to study whether 8-oxoG repair can

be accelerated by dS3 in intact cells as well, we transfected

the T24 human bladder carcinoma cell line with a

mammalian expression vector containing dS3 cDNA fused

to the Enhanced Green Fluorescent Protein (EGFP). 
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Materials and Methods

Cell culture. The T24 fibroblast cell line was derived from a bladder

carcinoma of an 81-year-old woman. It was purchased from the

American Type Culture Collection (Rockville, MD, USA), and

cultured in RPMI 1640 medium containing 10% fetal calf serum.

"T6" cells are T24 cells transfected with the pEGFP-C1 vector

(vector only) and expressing the EGFP protein. "TS12.5" cells refer

to T24 cells transfected with the pEGFP-C1-dS3 vector and

expressing (poorly) the fusion protein EGFP-dS3. T6 and TS12.5

cells were grown in the same medium used to maintain T24 cells,

but supplemented with 800 Ìg/ml geneticin (G418).

EGFP-dS3 expression vector and cell transfection. dS3 cDNA was

cloned from a pcDNA3.1 vector and inserted into the pEGFP-C1

mammalian expression vector (BD Biosciences, San Diego, CA, USA)

using the Hind III and Apa I cloning sites. The dS3 cDNA cloned into

the multiple cloning site was expressed as a fusion to the C-terminus

of the fluorescent protein EGFP (excitation maximum = 488 nm;

emission maximum = 507 nm). The vector was sequenced to confirm

in-frame insertion and the absence of mutations. Expression of the

EGFP-dS3 fusion protein is stimulated by the cytomegalovirus (CMV)

enhancer-promoter. Vector-only plasmids were used as controls.

Transfection of vectors into T24 cells was performed with the

Effectene Reagent (Qiagen, Valencia, CA, USA), with minor

modifications to the manufacturer’s instructions. Briefly, 60,000 cells

were seeded into 60-mm dishes, and 1 Ìg of linearized vector DNA, 8

Ìl Enhancer and 25 Ìl Effectene Reagent were added. The cells were

allowed to take up the vectors for 24 h; then they were washed, plated

in 100-mm dishes and 100 Ìg/ml G418 was added immediately after

cell attachment. After 24 h of incubation, the G418 concentration was

increased to 800 Ìg/ml. Resistant clones were isolated and propagated

in 6-well dishes for analysis of dS3 expression .

Fluorescence analysis. Cell fluorescence was analyzed

microscopically using an inverted fluorescence microscope

equipped with a digital camera (C-4040Z, Olympus Optical, Nishi

Shinjuku, Tokio, Japan). The % fluorescent cells and the Mean

Fluorescence Intensity (MFI) of the cultures were determined by

flow cytometry analysis, as previously described (14). Briefly, cells

were harvested by trypsinization, washed twice, resuspended in a

physiological solution at a density of 106 cells/ml and analysed

using a FACSort cytofluorimeter (Becton Dickinson, San Josè, CA,

USA). Wild-type T24 cells and T6 cells transfected with the vector

without insert were used as negative and positive fluorescence

controls, respectively. The % fluorescent cells and the MFI of the

cell suspensions were calculated by Cellquest software. In selected

experiments, the most strongly fluorescent cells were isolated by

Fluorescence-Activated Cell Sorting (FACS), and the recovered

cells were cultured in the presence of antibiotics.

Immunodetection analysis. Cell extracts were prepared using the

procedure described by Biade et al. (15). Briefly, 20-40 x 106

exponentially growing cells were harvested by trypsinization,

washed three times with phosphate-buffered saline (PBS), and

resuspended in buffer I (10 mM Tris-HCl, pH 7.8, and 200 mM

KCl) at a density of 50 x 106 cells/ml. After the addition of an equal

volume of buffer II (10 mM Tris-HCl, pH 7.8, 200 mM KCl, 2 mM

EDTA, 40% glycerol, 0.2% Nonidet P-40, 2 mM dithiothreitol, 0.5

mM phenyl methyl sulfonyl fluoride, 10 Ìg/ml aprotinin, 5 Ìg/ml

leupeptin, 1 Ìg/ml pepstatin), the cell suspension was stirred for 

1 h at 4ÆC and centrifuged at 16,000 g for 10 min. The supernatant

was dispensed into aliquots and stored in liquid nitrogen.

Five to 10 Ìg of the protein extract were loaded onto a 12%

SDS-PAGE minigel and electrophoresed at 90 V for 10 min,

followed by 180 V for 1 h. The proteins were electroblotted onto

Hybond-C extra nitrocellulose membranes (Amersham

Biosciences, Milano, Italy) in the presence of 25 mM Tris, 192 mM

glycine, 20% methanol for 75 min at 110 V. The membranes were

stained with Ponceau Red to evaluate the blotting efficiency,

washed with distilled water, and blocked at 4ÆC overnight in PBS

containing 0.1% Tween + 5% dried skimmed milk. The
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Table I. Fluorescence parameters in clones expressing EGFP and EGFP-dS3 proteins.

Clone Time after % Fluorescent cells Mean Fluorescence Intensity ng EGFP/

thawing Ìg extract protein(2)

1st 2nd X 1st 2nd X 1st 2nd X

T24 Maint.(1) 0 0 0 5 4 4 0 0 0

24 hours 0 0 0 2 3 2 0 0 0

T6 Maint. 95 94 94 2044 2288 2166 3.9 11.2 7.5

24 hours 99 97 98 3119 3553 3336 8.3 15.9 12.1

TS12 Maint. 16 15 15 11 13 12

TS12.5 Maint. 37 43 40 52 51 51

24 hours 76 64 70 97 58 77

(1) “Maint.” (Maintenance) indicates cells cultured for periods ≥ 15 days after recovering from liquid nitrogen.
(2) As determined by immunodetection.



membranes then were incubated with Living Colors Aequorea
victoria Peptide Antibody (BD Biosciences; 1 Ìg/ml) for 90 min at

room temperature and subsequently with peroxidase-conjugated

goat anti-rabbit IgG (whole molecule; Sigma, St. Louis, MO, USA)

at a dilution of 1:12000 for 1 h at room temperature. Immune

complexes were visualized by the enhanced chemiluminescence

(ECLplus) system (Amersham Biosciences). Recombinant (r)

EGFP protein (BD Biosciences) was used as a quantitation control

in the same gel.

Repair of 8-oxodG. The kinetics of 8-oxodG repair were determined

by High Performance Liquid Chromatography/Electrochemical

Detection (HPLC/ED) according to established procedures

(16,17). Briefly, 5-10 x106 exponentially growing cells were treated

with 20 mM KBrO3 (18). The cells were treated in medium with

serum for 30 min at 37ÆC, then rinsed with PBS and incubated in

fresh medium. At timed intervals, the cells were harvested by

trypsination, rinsed with PBS and lysed. DNA was extracted,

enzymatically hydrolyzed and the 8-oxodG and deoxyguanosine

(dG) content determined by HPLC/ED. 

Results 

The T24 human bladder carcinoma cell line was chosen for

the experiments reported below because of its higher

proliferation capacity and transfection efficiency in

comparison with normal (untransformed) human fibroblasts.

Further, the use of immortal cells allows isolation of stably

transfected clones with unlimited lifespans, making it

possible to conduct long-term studies (e.g., on variations in

mutation rates). Flow cytometry analysis showed that

untransfected T24 cells have virtually no basal fluorescence,

i.e., the % fluorescent cells and the MFI were virtually null

(Table I; Figure 2, squares). Exponentially growing T24 cells

were transfected with the pEGFP-C1 vector or with the

pEGFP-C1-dS3 vector in parallel. Clones were screened

using an inverted microscope equipped with a fluorescent

mercury lamp (EGFP excitation maximum = 488 nm;
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Figure 1. Fluorescence of T6 and TS12.5 cells. Exponentially growing T6 (transfected with vector only – upper panels) and TS12.5 (transfected with
vector + dS3 insert – lower panels) cells were photographed with an inverted fluorescence microscope equipped with a digital camera. Maintenance
cultures (recovered from liquid nitrogen ≥ 15 days earlier) and cells recovered from liquid nitrogen 24 h earlier are shown in the left and right panels,
respectively. Cell confluency was ~90% in all pictures.



emission maximum=507 nm). Four to 5 clones transfected

with pEGFP-C1 emitted intense fluorescence and, among

them, the T6 clone was chosen as a positive control for

expression of EGFP. Flasks containing routinely maintained

T6 cells (cultured for >15 days after thawing) were

photographed with the inverted fluorescence microscope and

are shown in Figure 1 (top left panel). Flow cytometry

analysis showed that 94% of T6 cells were fluorescing, with

an average MFI of 2166 (Table I; Figure 2, solid triangle at

time after thawing = 0). These fluorescence parameters

were stable over >10 months of cell culture. 

Several TS (T24 with S3 insert) clones were isolated after

transfection with the pEGFP-C1-dS3 vector. This vector was

sequenced before use and had an in-frame insertion and an

absence of mutations for the dS3 cDNA. No significant

differences in the number of G418-resistant clones were

observed after transfection with the pEGFP-C1-dS3 or the

pEGFP-C1 vectors, indicating that the dS3 insert did not

affect the transfection efficiency. The MFI of the TS clones

was dramatically lower than in pEGFP-C1 transfected cells.

The TS12 clone was selected for further studies on EGFP-dS3

expression. After flow cytometry analysis, it produced stable

values of 15% fluorescent cells and an MFI = 12, slightly

higher than background values (Table I). Within the TS12

clonal population, some cells displayed stronger fluorescence

than others, and we decided to perform a sterile FACS in

order to enrich the cell population for fluorescence-expressing

cells. The resulting population (TS12.5) was cultured for 4

weeks for expansion and the stabilization of fluorescence

parameters, and then subjected to a new flow cytometric

analysis. Compared to TS12 cells, the expanded TS12.5 cells

displayed a moderate increase in the percent and intensity of

fluorescent cells (40% fluorescent cells and MFI = 51; Table

I; Figure 1, bottom left panel; Figure 2, solid circle at time

after thawing = 0). During the culturing of T6 and TS12.5

cells, we observed that freezing and thawing could influence

the level of fluorescence. Twenty-four h after recovery from

liquid nitrogen, the MFI for T6 cells increased to 3336, with a
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Figure 3. Levels of EGFP and EGFP-dS3 protein in T6 and TS12.5 cells.
Western blotting experiments were performed with 10 Ìg extract protein
prepared from maintenance T6 cells (lane 1), T6 cells recovered from
liquid nitrogen 24 h earlier (lane 2), maintenance TS12.5 cells (lane 3),
and TS12.5 cells recovered 24 h earlier (lane 4). The Aequorea victoria
Peptide Antibody (BD Biosciences) and a peroxidase-conjugated goat
anti-rabbit IgG (Sigma) were used as the primary and secondary
antibodies, respectively. As a quantitation standard, 150 ng of recombinant
pure EGFP protein (rEGFP) were run in lane 5. Molecular weight
markers were in lane 6. Total protein staining by Coomassie Blue is shown
in the upper panel (10 Ìg per track).

Figure 2. % fluorescent cells after recovery from liquid nitrogen (thawing).
Cells were thawed and the % fluorescent cells in the population
determined by flow cytometric analysis. (■■) T24 cells (untransfected). (▲)
T6 cells (transfected with vector only). (●) TS12.5 cells (transfected with
vector + dS3 insert). Values for maintenance cultures (cells thawed ≥ 15
days earlier) are indicated at time 0.



% fluorescent cells of 98% (Table I; Figure 1, top right panel;

Figure 2, solid triangles). At this time immunodetection

analysis performed with anti-EGFP peptide antibody showed

that expression of EGFP in T6 extracts prepared from thawed

cells had significantly increased in comparison to maintenance

T6 cell extracts (Figure 3, compare lane 2 with lane 1). The

use of known amounts of pure rEGFP protein run in the same

gel allowed us to quantify the amount of EGFP in T6 protein

extracts. The increased MFI observed by flow cytometry was

consistently accompanied by an increase in the amount of

EGFP protein from 7.5 ng/Ìg protein in maintenance T6 cell

extracts to 12.1 ng/Ìg protein in T6 extracts prepared from

cells thawed 24 h earlier (Table I). 

The fluorescence-enhancing effect of cell thawing also was

observed in TS12.5 cells. Twenty-four h after thawing, TS12.5

cells had a peak of 70% fluorescent cells and a MFI = 77

(Table I; Figure 1, bottom right panel; Figure 2, solid circles).

No increase was observed 72 h after thawing, at which time

the % fluorescent cells had returned to 46% (Figure 2, solid

circles), slightly higher than the basal level of 40%.

Immunodetection analysis showed that, while the EGFP-dS3

fusion protein was undetectable in TS12.5 cells maintained

under continuous culture, a faint band could be detected 24 h

after recovery from liquid nitrogen, thus confirming that an

increase in the expression of EGFP-fused protein occurred

at this point (Figure 3, compare lane 4 with lane 3). 
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Figure 4. Nuclear localization of EGFP-dS3. A single TS12.5 cell at 24 h after thawing was photographed under fluorescence (lower) and transmitted
light (upper). Fluorescence is confined to the nucleus.

Figure 5. Repair of 8-oxodG in T6 and TS12.5 cells. 5-10 x 106 exponentially growing cells were treated with 20 mM KBrO3. The cells were treated in
medium with serum for 30 min at 37ÆC, then rinsed with PBS, and incubated in fresh medium. At the indicated repair times, the cells were pelleted by
centrifugation and lysed. DNA was extracted and enzymatically hydrolyzed and the 8-oxodG and dG concentrations were determined by HPLC/ED.
Data are the means ± S.D. (▲) T6 cells. (●) TS12.5 cells. Left graph: 8-oxodG expressed as percent of amounts at time 0. Right graph: 8-oxodG
expressed as number of residues/106 dG.



EGFP and EGFP-dS3 proteins had different intracellular

localizations. The former conferred fluorescence to the entire

fibroblast (Figure 1, top panels), with a prevailing cytoplasmic

location. In contrast, the fluorescence emitted by EGFP-dS3

appeared as dots, being essentially confined to the nucleus

(Figure 1, bottom panels). This is shown in more detail in

Figure 4, where a single cell expressing elevated EGFP-dS3-

derived fluorescence was photographed with transmitted

light. Fluorescence presumably was confined to the nucleus

because dS3 contains a nuclear localization signal (19) that

directs the fusion protein to that compartment. Viewed with

transmitted light, highly-fluorescent TS12.5 cells often

appeared to have pycnotic nuclei, a feature typical of

apoptotic, non-proliferating cells. Transient transfection

experiments (not shown) indicated that those fluorescent

apoptotic cells were present 48 h after transfection with the

pEGFP-C1-dS3 vector, while at the same time point,

fluorescent cells transfected with the pEGFP-C1 vector were

viable, proliferating and significantly more numerous.

We investigated whether the limited EGFP-dS3 protein

expression observed in thawed TS12.5 cells caused a

detectable increase in 8-oxoG repair by HPLC/ED analysis

of genomic DNA of cells treated with KBrO3. This oxidizing

agent induces an excess of 8-oxoG modification in

comparison to other oxidized lesions (18). The basal level

of 8-oxodG (prior to KBrO3 treatment) in TS12.5 cells was

about twice that of T6 cells (9.9 vs 5.2 8-oxodG residues/106

dG). This suggests that the expression of dS3, even if

limited, causes some degree of oxidative stress in the cells.

Figure 5 shows the kinetics of removal of KBrO3-induced 8-

oxodG in T6 (triangles) and TS12.5 (circles) cells. The

amounts of 8-oxodG are expressed as percentage of values

at time 0 (left graph) or as absolute numbers of 8-oxodG

residues/106 dG (right graph). Cells were treated and

analysed for in vivo repair 24 h after thawing to exploit the

expression-enhancing effect described previously. The half-

lives for 8-oxodG were very similar in the two cell lines (37

and 35 min for T6 and TS12.5 cells, respectively), indicating

that no significant acceleration of 8-oxodG repair occurred

in TS12.5 cells as a consequence of their limited expression

of EGFP-dS3. The kinetics of repair of T6 and TS12.5 cells

were in close agreement with those previously reported by

Jaruga and Dizdaroglu (5) for human lymphoblast cells. 

Discussion

8-oxoG forms in human cells at a rate of ~1000

lesions/day/cellular genome (4) and mispairs with A in 16-

17% of replication events (3). These characteristics make 8-

oxoG an important promutagenic and procarcinogenic lesion

(1). The major repair enzyme for 8-oxoG in human cells is

hOGG1. Although some variations in the kinetic constants

for this enzyme have been reported, it is generally accepted

that hOGG1 is catalytically rather inefficient in comparison

to enzymes repairing other major endogenous lesions (7-9).

In vitro experiments have shown that a single 8-oxoG is

repaired by human cell extracts an average of 4-fold less

efficiently than a single U and 30-fold less efficiently than a

single AP site (6,20). An in vivo analysis of the repair of a

number of hydrogen peroxide-induced oxidized bases in

human cells has shown that the half-lives of purine-derived

lesions are greater than those of pyrimidine-derived lesions,

and that 8-oxoG has the second highest half-life, after 4,6-

diamino-5-formamidopyrimidine (FapyA) (5). Further,

knock-out mice for hOGG1 are reasonably healthy and have

only a slight increase in the spontaneous mutation rate,

indicating that the protective function of hOGG1 is modest

and that backup systems for 8-oxoG repair may exist (21).

Polymorphisms in hOGG1 do not appear to significantly

affect cellular 8-oxoG concentrations (22). Taken together,

these data indicate that the hOGG1-driven base excision

repair system in human cells is catalytically inefficient.

Notably, the repair systems for 8-oxoG, including hOGG1,

also repair FapyG, another abundant oxidized purine,

causing G→T transversion (7,23).

The repair of 8-oxoG might be increased by supplying

human cells with heterologous 8-oxoG glycolytic activities

that act more efficiently than hOGG1. One such activity is

dS3. This protein removes 8-oxoG and FapyG from double-

stranded DNA and cleaves the resulting AP site with an

associated ‚, ‰-AP lyase (10,11). We have recently reported

that pure GST-tagged dS3 can enhance the 8-oxoG repair

performed by human cell extracts over 40-fold (13). We

wished to express dS3 protein in intact human cells and

examine whether 8-oxoG repair could be similarly increased

in vivo. Unfortunately, the results reported here indicate

that this is not possible for T24 cells. At least for this cell

line, dS3 expression appears to be toxic. Levels of EGFP-

dS3 expression in surviving T24 cells remained very low,

despite use of a strong CMV promoter and cycles of limiting

dilution and cell sorting. It remains unclear why significant

differences in protein expression occurred among cells from

a clonal population (Figure 1). It is possible that protein

expression is at least partially dependent upon the phase of

the cell cycle. This may also explain why the expression of

both EGFP and EGFP-dS3 was increased following

thawing, this phenomenon possibly being linked to the

resumption of cell proliferation . 

The low fluorescence in TS12.5 cells was not due to

denaturation of EGFP as a consequence of the dS3 fusion,

but mirrored the poor expression of the fusion protein, as

revealed by immunodetection analysis (Figure 3). EGFP-dS3

expression had no detectable effect on the cellular 8-oxoG

repair capacity. In this regard, it cannot be ruled out that the

EGFP moiety may affect the expression and/or the catalytic

activity of dS3, although EGFP alone was efficiently
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expressed in T6 cells, and the low level of the EGFP-dS3

fusion protein, rather than lack of dS3 catalytic activity, most

probably explained the absence of effects on 8-oxoG repair.

In previous experiments (24) we attempted to overexpress

dS3 in Chinese hamster CHO cells. Levels of dS3 expression

were also low in these cells, and no enhancement of 8-oxoG

repair was observed. In that study, however, we used an

expression vector that did not confer a Kozak consensus

sequence to dS3. The Kozak consensus sequence, a 5’

noncoding sequence that is important for protein translation

in mammalian cells (25,26), is missing in dS3 cDNA. 

In this present study, therefore, we constructed a new

expression vector with the dS3 cDNA fused to the COOH-

terminus of the EGFP protein. The latter contains a Kozak

consensus sequence downstream of its N-terminal end that

should have provided optimal conditions for translation of

the EGFP-dS3 fusion protein. A second advantage of the new

vector is that expression of the fusion protein can be detected

with an inverted fluorescence microscope or by flow

cytometry analysis. Further, in this study we used a human

cell line that is known to produce higher expression levels

driven by the CMV promoter than rodent cells. Despite these

adjustments to the experimental conditions, no improvement

in dS3 expression was obtained. Protein expression occurred

at detectable levels in 40% of TS12.5 cells, but the levels of

expression indicated by the MFI index and the

immunodetection analysis always remained very low. The few

rare cells that displayed elevated MFI frequently had pycnotic

nuclei and an appearance typical of apoptotic cells. Those

cells never proliferated. In contrast, TS12.5 cells with MFIs

of ~50 could be maintained in culture with no significant loss

of fluorescence over a period of several weeks. Thus, limited

expression of EGFP-dS3, detected by flow cytometric analysis

and even observed under the inverted fluorescence

microscope, was compatible with human cell survival.

However, this limited expression per se appeared to induce

an elevation of spontaneous oxidative stress, as witnessed by

a doubling in the basal concentration of 8-oxodG, without

producing a measurable increase in repair efficiency. 

In a previous study, Kelley and coworkers (27) observed

that dS3 expression protected Fanconi anemia (FA) cells of

complementation groups A and C against the genotoxic

effects of oxidative agents. The level of dS3 protein expression

in that study is not directly comparable to that reported here,

as gene expression was evaluated by Northern analysis and 8-

oxoG repair capacity was not measured. It is possible that FA

cells are more "permissive" to dS3 expression than are T24

cells and/or that FA genes are involved in the toxicity of dS3.

Also, dS3 expression may vary among different cell lines,

although we obtained similar results with T24 and CHO cells

(24). It is also possible that the protecting effect on FA cells

could derive by mechanisms other than acceleration of 8-oxoG

repair. Indeed, FA cells were protected from the genotoxicity

of both mitomycin C and H2O2, which induce a number of

different types of lesions. This suggests that a general

protective mechanism, rather than enhancement of 8-oxoG

glycolytic activity, was involved. The cell-specificity of dS3

expression requires further investigation.

In conclusion, although dS3 is a very active repair protein

for 8-oxoG repair in vitro, it could not be expressed in

human T24 cells at levels sufficient to achieve a significant

enhancement of 8-oxoG repair. Other heterologous repair

proteins [e.g., formamidopyrimidine DNA glycosylase (Fpg)

from E.coli] should be considered to improve the 8-oxoG

repair potential of human tissues.
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