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Abstract

We examined the effect of broad spectrum UVA (320-380 nm) and
UvB (290-320 nm) radiation on the induction of apoptosis In the rat 6
fibroblast cell line (R6). UVA, but not UVB, Induces apoptosis In this cell
line. The morphological changes and DNA ladders associated with apop
tosis occurred within the first 4 h after UVA Irradiation, a phenomenon
referred to as â€œimmediateâ€•apoptosis. From previous studies, It is known
that Bcl-2 inhibits most types of apoptotic cell death. Overexpression of
mouse Bcl-2 in the R6 flbroblasts Inhibited the UVA.induced immediate
apoptosis. The induction of the heme oxygenase 1 (HO-i) gene by UVA is
a general response to oxidative stress. As a marker of oxklative stress, we
monitored the effect of Bcl-2 overexpression on the level of HO-i mRNA
accumulation after UVA irradiation The results showed that the overex
pression of Bcl-2 in the R6 fibroblasts strongly reduces the level of HO-i
Inductionfrom 123- to 4.9-fold. We propose that Bcl-2 expression inhibits
UVA-induced immediate apoptosis via an antioxidant pathway, suppress
lug either the generation or effects of specific UVA-mediated reactive
oxygen species.

Introduction

PCD,3 also known as apoptosis, is a morphologically distinct form
of cell death characterized by cell shrinkage, chromatin condensation,
and cell surface blebbing that splits into apoptotic bodies (1). One
hallmark of apoptosis is the rapid cleavage of DNA by an unidentified
endonuclease(2), whichoccursinitiallyat nuclease-sensitivesites(3,
4). This is followed by intemucleosomal DNA cleavage, resulting in
oligonucleosome chains of 180â€”200bp multiples. The latter phase is
visible in agarose gels as a DNA ladder (5).

The bcl-2 gene was initially discovered as a gene associated with a
frequent translocation breakpoint in certain B-cell leukemias and was
later found to suppress PCD (6) and, therefore, be involved in its
regulation. The mechanism of the antiapoptotic action of Bcl-2 is still
unknown.It has been shown,however,that the expressionof Bcl-2
protein decreases lipid peroxidationand prevents the induction of
apoptosis by a variety of oxidative stresses, including ionizing radi
ation, heat shock, exogenous hydrogen peroxide, or inhibition of
glutathione synthesis (6â€”8).These findings suggest that Bcl-2 has
antioxidant properties and inhibits PCD by suppressing the formation
or effects of ROS (8, 9). Furthermore, Bcl-2 is localized in organelles
known to participate in redox reactions, including those involved in
the formation of ROS (10â€”14), supporting the hypothesis of an
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antioxidant function for Bcl-2. An argument against this hypothesis is
that the expression of Bcl-2 prevents apoptotic cell death under
hypoxia, where ROS involvement is unlikely. Furthermore, neither
ROS scavengers nor inhibitors of ROS scavengers affect cell death
under these conditions,regardlessof the expressionof Bcl-2.These
observations suggest that Bcl-2 exerts an anti-cell death function by a
mechanismother than the modulationof ROS (15, 16).

Godar et al. (17) and Godar and Lucas (18) investigated cell death
mechanisms with different waveband regions of UV (i.e., UVA,
340â€”380 nm; UVB, 290â€”320 am; and UVC 200â€”290 nm) on
L5178Y-R murine lymphoma cells. They have found that equitoxic
fluences (90% reproductive death) of all waveband regions of UV
radiation cause apoptosis. However, UVA induced immediate (0â€”4h)
and delayed apoptosis, whereas UVB or UVC induced only delayed
apoptosis (>20 h). Because UV radiation induces apoptosis and
generates ROS (19), we investigated whether the expression of Bcl-2
will protect the cells against both the oxidizing UVA component of
the sunlight and the primarily direct-acting, DNA-damaging UVB
component of sunlight. R6 fibroblasts, transfected either with mouse
bcl-2 (R6-Bcl-2) or control vector (R6-MCV), were used to compare
the effects of irradiation on the induction of apoptosis in control cells
(R6-MCV)versus Bcl-2-expressingcells (R6-Bcl-2)with different
doses of UVA (320â€”380nm) and UVB (290â€”320nm) radiation. The
involvement of ROS in UV-induced apoptosis in both cell lines was
monitored by using the expression of the HO-i gene as a marker of
oxidative stress (20, 21).

Materials and Methods

All biochemicalswerefromSigmaChemicalCo. (Poole, UnitedKingdom),
except where indicated.

Construction of R6 Embryo Fibroblasts Overexpressing Bcl-2. CsC1-
purified pMV12 plasmids in the sense orientation alone or carrying full-length
wild-type mouse bcl-2 cDNA (10 @g)were transfected into subconfluent *2
cells with 25 i.@gof Lipofectin (Life Technologies, Inc., Paisley, Scotland) to
producerecombinantmurineMoloneyretroviruses.After 48 h, the culture
medium containing viruses was collected, filtered, and stored at â€”70Â°C.
Five X 10@R6 cells (subconfluent) were infected with the virus-containing
medium in the presence of 8 p@g/mlPolybrene. Forty-eight h later, the cells
were trypsinized and replated into medium containing 400 @tg/mlof hygro
mycin B (Calbiochem, San Diego, CA). Resistant clones of R6 cells were
picked by ring isolation after 2 weeks of selection. Clones and mixed cell
populationswere expanded and analyzed for Bcl-2 expression by Western
blots using the a-mouse Bcl-2 antibody (results not shown). A vector control
cell line (referred as R6-MCV) and a cell line overexpressing Bcl-2 (referred
as R6-Bcl-2) were used for additional studies.

Cell Culture. Monolayers of the transfected rat fibroblast cell lines (R6-
MCV and R6-Bcl-2) were grown in 10-cm dishes for 3 days to reach 80%
confluence at 37Â°C/5%CO2in DMEM (Life Technologies, Inc.) supplemented
with 10% FCS (Seromed, Germany) and 50 IU/mg/ml penicillin/streptomycin.

The fibroblastswere trypsinizedfor dilutiononce a week.
Uv Irradiation. ForUVAirradiation,fibroblastswereirradiatedwith 100,

250, 300, and 500 kJ/m2 ofbroad spectrum UVA light using a UVASUN 3000
lamp (Mutzhas, Germany). For the UVB irradiation, cells were irradiated with
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1, 2.5, 4, and 5 kJ/m2 provided by a set of six UVB lamps (TLO1; Philips,
Amsterdam, Holland). Irradiations were performed at 25Â°C.The UV fluences
were measuredusing an 1L1700 radiometer(InternationalLight, Newbury,
MA). Prior to irradiation, medium was removed and retained, and the fibro
blasts were covered with Ca2@/Mg@(0.01% each) enriched PBS (Oxoid,
Basingstoke, United Kingdom). After irradiation, the original media were

added back to the fibroblasts and incubated at 37Â°C/5%CO2. Control fibro
blasts were treated in the same manner, except that they were not irradiated.

Clone-Forming Ability Assay. The transfectedfibroblastswere grown to
80% confluence in 10-cm plates as described above. After UV irradiation
(UVA or UVB), cells were immediately trypsinized, electronically counted (Al
cell counter 134; Analysis Instrument, Stockholm, Sweden), and diluted with
fresh media to 400 and 1600 cells in 10-cm plates (at least three per condition
and dilution) and incubated for 2 weeks at 37Â°C,5% CO2. Cells were then
stained with crystal-violet in 1% methanol, and the colonies were counted. The
fraction of surviving cells was determined relative to the sham-exposed values,
which were normalized to 100%. The plating efficiency of the sham-exposed
population of the two strains was 65 Â±7% using these conditions.

DNA Extraction. After 4 or 24 h postirradiationtime (for time course
experiments,the incubationtimeswerefrom2 to 24 h), approximately4 X 106
cells were lysedfor 1 h in lysisbuffer [100m@iNaCl, 10mt@iIns (pH 8.0),
25 mi.iEDTA,0.5% SDS,and 0.4 mg/mIproteinaseK] at 50Â°C.The lysate
was extracted with salt-saturated phenol:chloroform:isoamyl alcohol (25:24:
1). The RNA was digested for 1 h with 5 @g/m1RNase at 37Â°C,followed by
the phenol/chloroformextractionprocedure.Six to 9 @gof DNA (measured
with a Uvikon 930 spectrophotometer; Kontron, Basel, Switzerland) were
loaded on a 2% agarose gel supplemented with 0.05 pg/ad ethidium bromide.
The DNA was visualized under a UV lamp (Bioblock Scientific, Paris,
France).

Apoptag Kit. The percentages ofapoptotic cells were determined using the
â€œOncorApoptag Plus in Situ Apoptosis Detection Kit Fluoresceinâ€•(Appli
gene, Basel, Switzerland)accordingto the manufacturer'sinstructions.The
slides were observed under a fluorescence microscope (Axiovert 25; Zeiss,
Jena,Germany).The results were scored by countingapoptoticcells (green)
and viable cells (red) randomly in various fields. For each condition, 550 to
2000 cells were counted. As a negative control, some reactions were performed
without the terminal deoxynucleotidyl transferase enzyme.

Northern Analysis. Total RNA was isolated by the guanidinium thiocya
nate-phenol-chloroform method (22) 30 mm, I, 2, 3, 4, and 6 h after irradiation

with equitoxic fluences of both UVA (100 Id/rn2)and UVB (1 kS/rn2)sources.
Fifteen@ of RNA was then electrophoresed in a 3-(N-morpholino)-propane
sulfonic acid/formaldehyde [MOPS/HCHO] 1.3%agarose gel (23), transferred
onto a ZetaProbenylon membrane(Bio-Rad,Munich,Germany),andhybrid
ized either with the 32P-labeled745-bp PstI fragment ofthe mouse bcl-2 cDNA
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and the 32P-labeled 1000-bp EcoRl fragment of the human heme oxygenase
cDNA clone 2110 (21) or with the 32P-labeledPsi! l300-bp fragmentof rat
GAPDH cDNA used as an internal standard. The RNA signals on the screen

were scanned with a Phosphorlmager and quantified with the software Image
Quant 3.3. (Molecular Dynamics, Sunnyvale, CA). The ratio of HO-1/GAPDH
andbcl-2/GAPDHdeterminedtheconcentrationofHO-1 andbcl-2 transcripts.

Results

Expression of Bcl-2 Modulates the Fraction of Cells Surviving
after UVA but not UVB Irradiation. UVA and UVB irradiations
inactivate fibroblast cells in a fluence-dependent manner. To investi
gate whether the expression of Bcl-2 protects the cells against these
lethaleffects,we examinedthe fractionof survivalof a population2
weeks after UVA and UVB treatment. For UVA irradiation (Fig. 1A),
almost complete survival of both strains was seen in low fluence range
(<100 kJ/m2), but the survival curves diverged at higher fluences,
such that Bcl-2-expressing cells (R6-Bcl-2) showed a higher survival
comparedwithcontrols(R6-MCV).R6-Bcl-2cells weresignificantly
protected from the lethal effects of UVA irradiation at the fluences of
250 and 300 kJ/m2, when compared to R6-MCV cells. However, at
high fluences (500 kJ/m2), the percentage of survival was quite low in
both strains.The rather large errors may reflectdifferencesin resist
ance of the cells, due to variations in confluence at the moment of
irradiation(between80 and 95%).

For UVB irradiation (Fig. 1B), both R6-MCV and R6-Bcl-2 strains
were resistant to fluences up to 1 kJ/m2. At higher doses, survival
decreased, but no significant difference in surviving fraction was
observed between Bcl-2-expressing and control cells.

Effect ofBcl-2 Expression on the Formation ofDNA Ladders as
a Marker of Apoptosis in the R6 Fibroblast Cell Line. The for
mationof DNAladderswasused in our experimentsas a biochemical
hallmark of apoptosis to determine whether UVA or UVB radiations

induce apoptosis in a fluence-dependent manner in R6-MCV and
R6-Bcl-2 cell lines. Moreover, we investigated whether the expression
of Bcl-2 protects the cells against the expected induction of PCD by
UV. A series of time course experiments were carried out using
differentfluencesof eitherUVAor UVBradiationsin bothR6-MCV
and R6-Bcl-2 strains. After 2, 4, 8, 16, and 24 h after irradiation, the
DNA of the cells was isolated, and the formation of ladders was
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Fig. I. Inactivation of clone-forming ability of
R6-MCV(MCV)and R6-Bcl-2(Bcl-2)fibroblasts
ataseriesofUVA(A. 364nm)andUVB(B. 313
nm) fluences. These results represent the mean of
three independent experiments in which three
plates per dilution and per fluence were counted.
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monitoredon agarosegels. Fig. 2 shows the summaryof the results
obtained from these series of experiments.

As early as 2 h after UVA irradiation (Fig. 2Aa), the first ladders
were visible at a fluence of 500 kJ/m2 in the R6-MCV but not in the
R6-Bcl-2 cell population. After 4 h, a characteristic DNA laddering
pattern was observed from 250 kJ/m2 of UVA (Fig. 2Ab) in the
control strains but not in Bcl-2-expressing cells. In certain experi
ments, even the lowest fluence of 100 U/rn2 showed a faint laddenng
patternin the controlR6-MCVcellsafter4 h UVAirradiation(results
not shown). The pattern of laddering did not change 8, 16, or 24 h
after irradiation, but the distance that DNA migrated into the gel
increased,indicatingthe degradationof nucleosomalmonomers(Fig.
2, Ac, Ad@and 2Ae) in R6-MCV cells. The maximum intensity of
DNA laddering occurred around 4 h after UVA exposure; therefore,

the phenomenon can be considered as immediate apoptosis. After
24 h, no UVA-induced delayed apoptosis was observed. The expres
sion of Bcl-2 prevented the formation of ladders in UVA-irradiated
cells, indicating that Bcl-2 exerts an antiapoptotic function during the
UVA-induced immediate apoptosis.

The results of experimentswith UVB were quite different. The
irradiation of both R6-MCV and R6-Bcl-2 with UVB wavelengths did
not revealany ladderingup to 24 h (Fig.2, Ba andBb),indicatingthe
absence of UVB-induced apoptosis in these cell lines. These results
differfromthoseof Godaret aL (17)and Godarand Lucas(18),who
observedapoptosis(delayed)20 h after UVB irradiationin a murine
lymphoma cell line.

The presence of ladders was also monitored with a more sensitive
radioactive method (24), which involves the end-labeling of the hy
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Fig.2. Detectionof DNAladdersin a 2%agarosegelafterirradiationof R6-MCVandR6-Bcl-2cellswithdifferentfluencesof UVA(A)andUVB(B)radiations.Thegenomic
DNAwasextracted2 (Aa),4 (Ab),8 (Ac),16(Ad),and24h (Ac)after100â€”500kJ/m2of UVAradiation.ForUVBirradiationusingfluencesbetweenI and4 Id/rn2,onlytheagarose
gelsof4 (Ba)and24h (Bb)afterirradiationsareshown.InLanesC, thenonirradiatedcontrolsandthenumbersrepresentthefluencelevelsof UVAandUVBradiationsused.Lane
123. the 123-bp ladder, usedas a molecularweight marker.
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Fig. 3. Percentage of apoptotic cells as determined by immunostaining (Apoptag kit) 4 and 24 h after irradiation of R6-MCV and R6-Bcl-2 fibroblasts with different fluences of
UVA (A) and UVB (B) radiations. MCV, R6-MCV cell line; Bcl-2, R6-Bcl-2 cell line. Between 550 and 2000 cells per fluence and per stain from three independent experiments were
counted. Bars, SE.

pothetical ladders by the Kienow polymerase. The results (not shown)
revealed DNA laddering in an R6-MCV cell line irradiated with UVA
fluences of 100 to 500 kJ/m2, but no traces of ladder formation were
seen either in the UVA-irradiated R6-Bcl-2 cells or in the UVB
irradiated R6-MCV and R6-Bcl-2 cells.

Detection of Apoptotic Cells in UVA- and UVB-irradiated R6
Fibroblast Strains by an Immunostaining Method. TheDNAfrag
mentation observed in many apoptotic cells can be detected by im
munostaining with the Apoptag kit. This kit marks the apoptotic cells
with green fluorescence (Fluorescein), because of their high DNA
fragmentation, and marks the nucleus of intact cells with red fluores
cence (propidium iodide), which binds nonspecifically to DNA. The
percentage of apoptotic cells compared to nonirradiated controls can
also be easily estimated. The R6-MCV and R6-Bcl-2 cells were
immunostained using the Apoptag kit, after 4 or 24 h irradiation time
with UVA and UVB fluences. The results are summarized in Fig. 3.

Fig. 3Aa shows the percentage of apoptotic cells in R6-MCV and
R6-Bcl-2 cells 4 h after irradiation with UVA fluences. These results
indicate that the percentage of apoptotic cells increases in a fluence
dependentmanner upon UVA irradiationof R6-MCVcells, where
after 4 h, the lowest (100 kJ/m2) and highest (500 kJ/m2) fluences
yield 12.5 and 96% apoptotic cells, respectively. This is not the case
for R6-Bcl-2 cells, where the fraction of apoptotic cells remains below
3%, 4 h after irradiation with UVA. This small fraction of apoptotic
cells in the R6-Bcl-2 line could reflect a resting rate of apoptosis
unresponsive to Bcl-2 expression in a minor fraction of the cell
population (Fig. 3Aa). Fig. 3Ab displays the percentage of apoptotic
cells 24 h after UVA irradiation in both cell lines. This percentage
decreases dramatically in R6-MCV cells, where at the lowest and
highest doses of UVA, only 3 and 7% of apoptotic cells were counted,
respectively. In the same experiment, the percentage of apoptotic cells
remains less than 1% for R6-Bcl-2 cells with all UVA fluences. These
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Fig. 4. Effect of Bcl-2 expression on HO-i induction in R6-MCV and R6-Bcl-2 cell populations after UVA (A) and UVB (B) irradiations. RNA extraction was perfonned at various
thne points after irradiations with 100 id/rn2 UVA and 1 kJ/m2 of UVB. Northern blots of the total cellular RNA were first probed for HO-I mRNA and then for bcl-2 and OAPDH
mRNA. HO-I, bcl-2, and GAPDH mRNA signals were quantified by Phosphorhuager laser scanning, where the GAPDH signal was used as an internal loading control. The HO-l
mRNA signal, normalized against GAPDH for differences in loading between samples, was expressed as a fold-increase above basal level and plotted as a function of time after UVA
and IJVB irradiations.

results clearly demonstrate that UVA induces only â€œimmediateâ€•ap
optosis (within 4 h) in control cells and that Bcl-2 expression protects
the cells against this phenomenon. The percentages of apoptotic cells
in control cells, 24 h after irradiation with UVA, are in agreement with
the DNA ladderingresults (Fig. 2Ae).These low fractionsprobably
display the staining of fragmented DNA in a few cells remaining from
the UVA-induced immediate apoptosis.

Fig. 3B shows the results of Apoptag staining 4 (Fig. 3Ba) and 24 h
(Fig. 3Bb) after UVB irradiation of both R6-MCV and R6-Bcl-2 cells.
From these results, it is obvious that UVB does not induce either
immediate or delayed apoptosis in R6 control and R6 Bcl-2-express
ing cell lines. These results are also in agreement with the DNA
laddering experiments.

Effect of Bcl-2 Expression on HO-i mRNA Accumulation after
UVA and UVB Irradiation of R6-Bcl-2 Fibroblasts. It is known
that followingUVA-inducedoxidativestress,the HO-i gene is tran
scnptionallyactivatedin humanfibroblastcells (21, 25). Becausethe
HO-i gene can be considered as a marker of oxidative stress (25), its
induction by UVA was exploited to provide information about the

involvement of ROS in apoptosis and the role of Bcl-2 as an antiox
idant. For this purpose, R6-MCV and R6-Bcl-2 cells were irradiated
with a l00-kJ/m2 fluence of UVA (a fluence corresponding to
90 Â±5% survival; see above), and in a series of Northern blot
analyses, the levels of HO-l mRNA accumulation were measured in
both strains. We also carried out Northern blot analyses with an
equitoxic fluence of 1 kJ/m2 UVB (fluence corresponding to 87 Â±6%
survival) using the HO-l probe, although from the literature (26), we
did not expect to find a strong transcriptional activation of HO-i gene
by UVB irradiation. We also evaluated the level of bcl-2 mRNA
accumulation obtained after UVA and UVB radiations to check that
the bcl-2gene is not transcriptionallyactivatedas a result of irradia
tion. Fig. 4 show the results obtained from the Northern analyses.

In the R6-MCV cell line, the bcl-2 mRNA was neither constitu
lively expressed (Fig. 4, bcl-2 cDNA probe, Lanes i) nor induced by
UV (UVA and UVB). In Bcl-2-overexpressing cells, the bcl-2 mRNA
was constitutively overexpressed as expected (Fig. 4, bcl-2 cDNA
probe, Lanes 8), but as for the control cell line, no increase in bcl-2
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mRNA signal was observed after UVA or UVB treatments (Fig. 4,
bcl-2 cDNA probe, Lanes 9â€”i4).

The second hybridizations with the HO-I cDNA probe are shown
in Fig. 4 with equitoxic fluences of 100 and 1 kJ/m2 for UVA and
UVB, respectively. In R6-MCV cell line, the HO-i gene was induced
up to 12.5-fold over the control value, 3 h after irradiation with 100
kJ/m2 UVA. For the R6-Bcl-2 cell line, the same fluence of UVA
induced HO-l mRNA accumulation to a maximum of 4.9-fold over
the maximum peak control value. The HO-l mRNA signal in R6-
Bcl-2 was 2.5-fold lower than in R6-MCV cells. Higher fluences of
250 and 300 kJ/m2 UVA irradiation did not further modulate the level

of HO-l mRNA in the two cell lines (results not shown). In the case
of UVB irradiation (lkJ/m2), the HO-i induction was very low and in
the same order of magnitude (2-fold the control values) for both
strains (Fig. 4B, HO-i cDNA probe).

Discussion

Our goal in the present study was to investigate whether UV
radiation (both UVA and UVB) induces apoptosis in the R6 fibroblast
cell line and, if so, to determine whether the expression of Bcl-2
protects the cells against such apoptosis. We found that UVA induces
apoptosis in the R6-MCV cell line. Because this apoptotic induction
occurred within the first 4 h after UVA irradiation, we referred to the
phenomenon as â€œimmediateâ€•apoptosis, in agreement with previous
nomenclature (18). In the case of UVB radiation, we observed neither
immediate nor delayed apoptosis. The latter result is in contrast to
previous observations by Godar and co-workers (17), who showed
that UVB irradiation induces delayed apoptosis (>20 h after irradia
tion) in L5178Y-R murine lymphoma cells. The reason for this
discrepancy is not clear. One explanation would be the difference of
sensitivity that exists between both cell lines regarding the applied

UVB fluence. Godar et a!. (17) used 75 JIm2 UVB fluence to induce
delayed apoptosis in L5178Y-R cells. This fluence, which corre
sponds to 10% survival in the clonogenicity assay of LY cells, is not
a lethal fluence for the R6 fibroblasts. On the other hand, it is known
that UVB radiation results in the formation of apoptotic keratinocytes
called sunburn cells (27). Recent mechanistic studies in this field
reveal evidence for the requirement of DNA damage (pynmidine
dimers; Ref. 28) and the induction ofp53 gene (29) for UVB-induced
sunburn cell formation (or apoptotic cells). Also, it appears that tumor
necrosis factor-a, which can be released from keratinocytes and is
known to cause apoptosis in particular cells, is partially involved in
the formation of UVB-induced sunburn keratinocytes (30). These
studies suggest the possibility that UVB-induced delayed apoptosis, in

contrast to UVA-induced immediate apoptosis, is cell type specific.
In additional experiments, we found that the expression of Bcl-2

inhibits UVA-induced immediate apoptosis even at high fluences (500
kJIm2), where the percentageof viability is less than 2%. Because
UVA exerts its biological effects via the induction of an oxidative
stress (25, 26, 31), the latter result suggested that Bcl-2, besides its
antiapoptotic function, possesses antioxidant properties, as suggested
previously (8, 9). To verify this hypothesis, we performed a series of
Northern analyses using HO-i gene activation as a marker of oxida

tive stress and found that the expression of Bcl-2 dramatically de
creases the level of HO-i induction following UVA but not UVB
irradiation. These results are in agreement with the known differences
between UVA and UVB wavelengths. UVA is weakly absorbed by

most of biomolecules but is oxidative in nature, generating active
oxygen intermediates via a variety of chromophores (25, 26, 31),
whereas UVB, although it does have an oxidative component, is
strongly absorbed at biologically relevant levels by critical macromol
ecules, including DNA. As a consequence, UVB is a very strong

DNA-damaging agent. The oxidative component of UVB is evident
only under conditions of compromised antioxidant activity (e.g., glu
tathione depletion; Ref. 32). This is not the case for UVA radiation,
which exerts biological effects primarily by oxidative pathways (33).
The dramatic stimulation of HO-i mRNA accumulation by UVA
radiation compared with the low levels of induction (2â€”3-fold)after
UVB treatment of cultured human fibroblasts (26) and R6-MCV
fibroblasts (Fig. 4) is entirely consistent with this concept. Further
more, UVA is a membrane-damaging agent and induces peroxidation
in membrane lipids of cultured human skin keratinocytes and fibro
blasts (34, 35). In three strains of munne lymphoma LY cells, both
immediate apoptosis and membrane permeability were increased by
UVA in a fluence-dependent manner (19). Moreover, the pretreatment
of LY cells with vitamin E (a lipophilic free radical scavenger)
reduced this effect, suggesting a possible role for free radical-induced
membrane damage in immediate apoptosis. Singlet oxygen (â€˜02)is
apparently involved in oxidative damage to membrane lipids in vitro
(36, 37) and in human skin fibroblasts (38) and appears to be the
primary effector molecule in UVA-induced transcription of the HO-i
gene in human fibroblasts (39). These findings, together with those of
the present study in which we have shown that Bcl-2 expression
prevents UVA-induced immediate apoptosis and decreases the level
of HO-i induction, suggest that Bcl-2 prevents the UVA-mediated
apoptosis via suppression of the formation or effects of ROS such as
â€˜02.Furthermore, the localization of Bcl-2 in the mitochondrial
membrane (13, 14) suggests that this may also be the site of the
UVA-generated ROS involved in HO-i activation and apoptosis.
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