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We have developed a 32P-postlabelling method for quantifying ultraviolet irradiation (UV)-
induced cyclobutane dimers and 6-4 photoproducts in human skin in situ. We review the 
application of the method in studies with human volunteers, demonstrating dose-response 
relationships over a wide range of administered doses, repair kinetics of UV-damaged DNA 
among healthy individuals and melanoma patients, and modulation by sunscreens, tan and 
constitutive pigmentation of damage induction. A notable finding is the wide interindividual 
variation in DNA damage immediately after irradiation and in its repair. Moreover, the protec-
tive effects of sunscreens against erythema and DNA damage also show wide interindividual 
variation. These results cannot be explained by variation in the experimental methods used. 
The worst-case scenario is that the differences between individuals are multiplicative, result-
ing in 10004old differences in sensitivity in the population, which would be likely to translate 
into differences in risk of skin cancer. 

Introduction 
Exposure to ultraviolet (UV) light has deleterious 
effects on human skin including sunburn, elas-
toses, cancer and wrinkling. Although only 1-2% 
of the intensity of the solar radiation reaching the 
Earth is UVB (280-320 nm), this is believed to be 
the main cause of the deleterious effects (Sayre, 
1992). Some 60% of the sun's energy reaching the 
Earth's surface is visible light (400-750 nm) and 
25% is infrared radiation, i.e., heat. UVA (320-400 
nm), accounting for some 15% of the solar energy 
reaching the Earth, also has deleterious effects but 
to a smaller extent than UVB. Thus 500-1000 
times higher doses of UVA than of UVB are 
required to cause skin reddening (erythema) 
(Augustin et al., 1997) and the evidence relating to 
skin cancer incriminates only UVB (English et al., 
1997; Tomatis et al., 1990). Solar energy, and to 
some extent the emission spectrum, depends on 
the solar altitude, relating to the time of the day 
and latitude. The energy in the UVA and UVB 
range is over four times higher at solar altitude 70 
than at 23' (Sayre, 1992). 

UVB causes specific types of DNA damage, 
known as photoproducts, including cyclobutane 
pyrimidine dimers (CPDs) and 6-4 photoproducts 
between two pyrimidines on the same DNA strand 
(Bykov & Hemminki, 1995). The quantification of 
specific photoproducts in human skin in situ poses 
many scientific and practical problems. A number 
of methods are available to measure UV-induced 
DNA damage, including assays for DNA strand-
breaks (Gao et al., 1994; Kasren et al., 1995), 
unscheduled DNA synthesis (UDS) (Mu & Sancar, 
1997), host-cell reactivation (Wei et al., 1993; 
Runger et al., 1997), immunological detection 
(Nakagawa et al., 1998) and 32P-postlabelling meth-
ods (Liuzzi et al., 1989). Each method has advan-
tages and disadvantages in terms of sensitivity, 
specificity and practicality. We have developed a 
32P-postlabelling method to determine UV-induced 
DNA damage in human skin in situ. One valuable 
feature of this method is that it can distinguish 
between the different dipyrimidine combinations 
of CPIJs and 6-4 photoproducts in a single analysis. 
Another is that a small amount of DNA (less than 
3 ig) is needed to analyse the photoproducts, 
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which is especially useful in molecular epidemio-
logical studies. Using this method, we have studied 
DNA photodamage and repair in general popula-
tion samples (Bykov et al., 1998a,b, 1999, 2000) 
and in people with skin disease (Xu et al., 2000a). 
Moreover, application of this method to determi-
nation of photoproducts in human urine is possi-
ble, as described below. 

Formation of UV-induced photoproducts is 
believed to be a crucial event initiating photocar-
cinogenesis in human skin. However, three evolu-
tionary mechanisms protect against such DNA 
damage, namely, constitutive pigmentation, DNA 
repair and tanning. Humans have also invented 
protective strategies against 11V, such as sun-
screens, protective glasses, shading, clothes and 
hats. Thus UV exposures and the induced effects 
vary widely across the population. Melanoma and 
squamous cell carcinoma of the skin are the most 
rapidly increasing types of cancer in Sweden and in 
many other countries with fair-skinned popula-
tions, probably because of changing habits of sun-
bathing and exposure to UV (English et al., 1997; 
Center for Epidemiology, 1998). Several lines of 
evidence suggest that constitutional factors such 
as skin type, level and type of pigmentation, age, 
tanning ability and DNA repair capacity partly 
explain the interindividual differences in sensitivity 
to photocarcinogenesis (Young et al., 1996; 
Lock-Andersen et al., 1997; Rosso et al., 1998; 
Bykov et al., 2000). An extreme example of host 
susceptibility is xeroderma pigmentosum, a pleio-
tropic disease in which deficient nucleotide exci-
sion repair results in extreme sensitivity to UV and 
a 1000-fold increase in the incidence of skin cancer 
(Kraemer et al., 1994; Kraemer, 1997). Even in the 
general population, photoproduct induction and 
repair vary substantially among individuals 
(Freeman, 1988; Bykov et cil., 1998b, 1999). Eluci-
dation of the mechanisms underlying interindi-
vidual differences in photodamage and its repair 
will be a key to understanding photocarcinogenesis. 

UV-induced DNA damage provides a valuable 
example in terms of the validation and utilization 
of biomarkers, for several reasons: (1) the doses can 
be well controlled and it is ethically acceptable to 
expose normal humans to doses of about 200-400 
J!m that inflict a minimal erythemal response 
(MED) in a fair-skinned population; (2) DV radia-
tion induces specific types of DNA damage leading  

to specific tandem CC to U mutations, also found 
in defined genes from skin tumours (Harris, 1996); 
(3) UV radiation is an established cause of human 
cancer; (4) target tissue is available for experimen-
tal studies; (5) the human target tissue is amenable 
to chemopreventive trials; and (6) an individual 
DNA repair test can be based on the measurement 
of removal rates of UV-induced DNA damage. In 
this chapter we review examples of many of these 
applications. 

Methods 
12P-Postlabelling of skin samples 
Most of the study subjects were healthy volunteers. 
However, in two studies cutaneous malignant 
melanoma patients and healthy controls were 
used. No significant differences in DNA damage 
and repair between the two groups were found, 
thus justifying the pooling of the study popula-
tions (Xu etal., 2000a, b). The UV sources used and 
the doses administered have been described in the 
cited papers. When solar-simulating radiation was 
used, the spectral curves mimicked closely the 
spectrum of solar radiation at the Earth's surface 
(summer, noontime, Helsinki latitude). Biopsies 
were taken from buttock skin (usually 4 mm 
diameter) and were immediately put into ice, 
frozen and stored at -20 °C to await DNA isolation. 
DNA extraction from epidermis was performed 
using a chloroform-isoamyl alcohol method after 
separation of epidermis from dermis with a blunt 
scalpel. 

The 31Ppostlabelling  method is based on enzy-
matic digestion of DNA to nucleoside-3'-phos-
phates and 5'-labelling of adducts with 32P of high 
specific activity from [7-32P]ATP using T4 polynu-
cleotide kinase (Bykov & Hemminki, 1995). One 
distinct difference in the method for analysing 
photoproducts compared with other adduct mea-
surements using 32P-postlabelling is that the pho-
toproducts were assayed as trinucleotides with an 
unmodified nucleotide on the 5'-side. The nucleo-
tide at the 5-side of each photoproduct can be any 
one of the four types of nucleotide. The labelled 
products were detected with a Beckman 32P radio-
isotope detector and identified by coelution with 
external standards (Bykov et al., 1999). The level of 
photoproducts was expressed per 106  nucleotides. 

In what follows, T=C and T=T designate CPDs, 
and T-C and T-T designate 6-4 photoproducts. 
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32P-Posflabelling of urine samples 

Approach: Our search for photoproducts is based 
on the assumption that cyclobutane thymidine 
dimers (T=T) released by DNA repair are not 
degraded further and are excreted in urine as a 
dimer. This was tested by incubating cyclobutane 
thymidine dimer with S9  mix enzymes 
(homogenate from rat liver) at 37C. After 24 
hours, the amounts of unmodified cyclobutane 
thymidine dimers in the reaction mixture were 
unchanged, suggesting that the hypothesis was 
correct, but validation in vivo is required. 

The cyclobutane thymidine dimer is not a good 
substrate for T4 polynucleotide kinase and, conse-
quently, cannot be labelled directly. As the parent 
dinucleotide TpT is easily labelled, we chose to 
convert the T=T dimer to TpT by UVC irradiation 
at 254 nm, using a Stratalinker UV Crosslinker 
2400 with lamps providing almost monochro-
matic 254 nm light. This lamp was used both to 
prepare the reference T=T dimer, and to convert it 
back to the parent compound TpT. The reversion 
of TT to TpT was not quantitative and was quan-
tified in each experiment. Typical yields were 50%. 

T=T purification: Urine samples were filtered 
through 0.22-11m filters and 1111  was injected onto 
an HPLC system with UV detection. Preliminary 
analysis showed that the retention time for the 
T=T dimer was about 16 minutes, so the fraction 
eluting between 15 and 17 minutes was collected, 
freeze-dried and redissolved in 40 111 distilled water. 
The mixture was then subjected to IJVC irradiation 
(10 kJ/m2) for conversion of the T=T dimer to the 
parent dinucleotide (TpT). TpT was labelled on the 
5'-side using a protocol described previously 
(Bykov et al., 1995). The labelled samples were 
then analysed using an HPLC system with 
radioisotope detection. 

I-/PLC analysis of TpT. UV-HPLC analyses were per-
formed on a Beckman instrument (model 126 
pump) operated with System Gold and coupled to 
a model 168 diode-array detector (Beckman 
Instruments, San Ramon, CA, USA). The urine 
samples were chromatographed on a 5 mm, 4.6 x 
250-mm reversed-phase C18 Luna column from 
Phenomenex (Genetec, Kungsbacka, Sweden). A 
precolumn filter was positioned before the col- 

umn. The column was eluted isocratically for 5 
minutes with 50 mM ammonium formate buffer 
(pH 4.6) and then with a gradient from O to 30% 
methanol over 45 minutes at a flow rate of 0.7 
mi/mm. The labelled samples were analysed with 
the same Beckman instrument as in the human 
skin work. However,, a different gradient was used: 
isocratic elution for 3 minutes with buffer (500 
mM ammonium formate, 20 mM orthophosphoric 
acid, pH 4.6), and then a gradient from O to 20% 
methanol over 30 minutes. The identification was 
based' on coelution with standard labelled thymi-
dine dimer. 

Results and discussion 
Analysis of UV photoproducts required a modifi-
cation of the postlabelling technique because it 
was found that cross-linked dinucleotides labelled 
very poorly (Bykov et al., 1995). In this modifica-
tion, a normal nucleotide was left on the 5'-side of 
the cross-linked dinucleotide, resulting in a 
number of labelled trinucleotides. This is at 
present the only way to label cross-linked prod-
ucts. Radioactivity was analysed by HPLC with 
assignment of radioactive products based on the 
standards used. This assay has been used to study 
dose—response relationships in humans. In skin 
biopsies from UV-irradiated skin, there was a linear 
relationship between dose from 50 to 400 J/m 
and adduct levels (Bykov et al., 1998a). The 
relationship was also linear between 150 and 2000 
J/m2  when a sunscreen was used to protect skin, 
reducing the level of adducts (Bykov et al., 1998b). 
The amount of photoproducts induced by an 
MED dose of solar-simulating UV radiation was 
about 1000 TT=T dimers per 108  normal 
nucleotides (Table 1). This amount is only a 
quarter of all T=T dimers because equal amounts of 
dimer would be expected to be formed at all 
dithymidine sites (ff1', AIT, CIT and GTT), with 
approximately equal levels at all TC sites. This is a 
remarkably high level of DNA damage compared 
with any other known human carcinogen, as 
shown in Table 1. For example, lung DNA from 
smokers contains methylation products and 
benzo[a]pyrene types of adduct at levels of only 
100 and 10 adducts per 108  normal nucleotides, 
respectively. This high level of UV damage in 
human DNA is probably the basis for UV-induced 
carcinogenesis and for the extreme sensitivity to 
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Adduct Tissue Level (per 108 bases) Comment 

r leThyl ( Long 100 Smoker 

7 Hdroxetiyl G Leukocyte 100 Sirroler 

Benzo[e]pjreoc G Lung IC Smoker 

Ben2IdI 'e-C Urothelium 3 Do workers 

FliP G Colon 3 Roasted meet 

Tamoxifcn DNA Endomtrium 03 Dose r.. 40 mg /d 

CIclolJJtaneTT Skin 1000 400 J/m2 0V radiation 

Modified from Bykov et al. U 998ai 

G = guanine, T=tliymne. 

solar UV-induced skin cancer in xeroderma pig-
mentosum. 

Induction of photoproducts by UV radiation 
Irradiation of previously unexposed skin 
(from buttock) with a defined dose of UV radiation 
(Xu et al., 2000b) generated high levels of 
photoproduct detected immediately after irradia-
tion. CPDs and 6-4 photoproducts were formed 
with different efficiency in human skin, the 
6-4 photoproduct levels being about one eighth of 
those of CPDs. In addition, the levels of 
photoproducts measured immediately after irradi-
ation showed wide interindividual differences. 
The levels of each type of photoproduct were 
correlated with each other and each type showed 
interindividualvariation approximately propor-
tionate to the absolute level. Figure 1(a) shows a 
15-fold difference in formation of YFC (one of the 
analysed CPDs) between individuals. Up to 30-fold 
interindividual differences have also been found in 
previous studies by our group (Bykov et al., 1998b, 
1999). The subjects in the present study 
were melanoma patients and matched healthy 
controls, but there was no difference between 
these groups (Xu et ai., 2000a). The level of 
interindividual variation is so large that DNA 
damage cannot be considered as a simple marker 
of dose. 

Factors modulating U V-induced photoproduct 
formation 
UV-induced DNA damage in skin includes forma-
tion of CPDs (TF=C and TTT) and 6-4 photo-
products (U-T and Yr-C). This is not a random 
process. A number of factors influence the forma-
tion of photoproducts, such as UV wavelength, 
DNA sequence context and chromosomal proteins 
(Black et ai., 1997; Pfeifer, 1997). We have studied 
the effects of host factors (e.g., age, skin type, gen-
der) on the formation of photoproducts (Xu et ai., 
2000b). In older subjects (~:50 years, mean 
62.5±9.1 years), the amount of each of the four 
types of photoproduct immediately after UV irra-
diation was higher than that in the younger age 
group (<50 years, mean 42.3±6.6 years) (Table 2). 
The difference in the level of TI=C reached statis-
tical significance at p<0.05. As to skin type, the 
CPD levels (Tf=C and U=T) were both notably 
higher in subjects with skin types I/Il than in those 
with skin types Ill/TV (TT=C was significantly 
higher, p<O.OS). However, no clear effect of skin 
type was found for 6-4 photoproducts (U-T and 
'IT-C). There was no significant difference between 
males and females (Table 2). 

Multivariate regression analysis showed that age 
had a systematic effect on the induction of all pho-
toproducts (0.07 >p ~:0,05, data not shown). One 
year of increased age appeared to cause an increase 
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Ultraviolet radiation-induced photoproducts in human skin DNA as biomarkers at damage and its repair 
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Figure 1. (a) TT=C levels at O h after UV irradiation. Bars indicate mean ± SD. 
(b) Individual kinetics of TT=C repair in DNA after UV irradiation. The bars show the amount of 
photoproduct (± SD) remaining in skin DNA 24 h after irradiation. Each point represents the percentage 
of unrepaired pyrimidine dimers at corresponding time after irradiation. 
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11C 11T 11-T - TT-C 

Age (years) 	<50 4.22±2.94(15) b 5.94±3.58 (16) 049±033 (16) 0.63±0.46 (16) 

>50 6.56±3.74* (13) 7.08±3.97 (13) 0.55±0.38 (13) 0.66±0.42 (13) 

Skin type 	 I and II 6.11±3.13 	(1 D) 7.26±402 (16) 0.51±032 (16) 0.60±0.47 (16) 

II) and IV 4.38±3.76 (13) 5.46±3.24 (13) 0.54±0.40 (13) 0.59±0.40 (13) 

Gander 	 Female 5.01±3.50 (7) 6.43±168 (7) 0.58±0.28 (7) 0.51±0.36 (7) 

Male 5.40±3.56 (21) 6.46±3.84 (22) 0.51±0.37 (22) 0.68±0.45 (22) 

Students (lest, p<0.05. 

Expressed as mean ± SD 
h Number of subjects 

of about 0.11 TT=C, 0.07 TT=T, 0.01 TT—T and 
0.004 TT—C per 106  nucleotides. Skin types III and 
IV, analysed combined, protected against the 
induction of CPD5 (YF=T and TT=C) and of the 6-
4 photoproduct TT—T in skin compared with skin 
types I/Il, analysed combined, but the effect was 
not statistically significant. Thus age was the main 
host factor influencing the induction of photo-
products in the present study. A plausible explana-
tion may be the changes in skin structure with age-
ing. In normal skin, ageing alone causes marked 
changes in morphology, histology and physiology 
(Gilchrest, 1991). Among these age-associated 
changes, a decrease of some 10-20% in the num-
ber of enzymatically active melanocytes per unit 
surface area of the skin each decade can result in 
the reduction of the body's protective barrier 
against UV radiation (Gilchrest et al., 1979). Thus, 
considering photoproducts as biomarkers for the 
risk of skin cancer, the progressively greater UV-
induced DNA damage with advancing age may be 
associated with the steep age effect in incidence of 
squamous cell carcinoma of the skin. In Sweden, 
the incidence of this cancer is highest in the age 
groups over 85 years, exceeding that in the 60-64-
year age group by more than 10 times (Center for 
Epidemiology, 1998). 

Repair of photoproducts 
UV-induced DNA damage and many bulky DNA 
lesions are repaired by means of the nucleotide 
excision repair (NER) enzyme system, which 

involves about 30 different gene products 
(Lehmann, 1995). NER involves two sub-pathways, 
global genomic repair and transcription-coupled 
repair. Repair of photoproducts by NER also shows 
heterogeneity: photoproducts are not repaired 
with the same efficiency within all regions of the 
genome (Black et al., 1997; Pfeifer, 1997). In the 
present study, the global genomic repair of photo-
products displayed substantial interindividual dif-
ferences and sequence-dependence (Xu et al., 
2000b). Taking the CPD TT=C as an example, the 
percentage of repaired photoproducts at 24 h after 
irradiation varied from zero to about 82% among 
the study population. Figure 1(b) shows the 
amount of TT=C remaining in skin DNA of 26 indi-
viduals 24 h after IJY irradiation. The subjects were 
melanoma patients and matched healthy controls, 
but there was no difference between these groups 
(Xu et al., 2000a). It is clear that the rate of repair 
bears no relationship to the initial level of photo-
products. There was evidence of photoproduct-spe-
cific repair, with TT=C showing a faster rate of 
repair than TT=T: 46% and 80% of TTC was 
repaired within 24 h and 48 h after irradiation, 
respectively, compared with 25% and 54% for 
U=T. 

We assessed the effects of some host factors that 
may influence the rate of repair of photoproducts 
(data not shown). Age (range 32-78 years) had no 
consistent significant effect on the repair rate of 
TT=C or YF=T up to 48 h after irradiation (Xu et al., 
2000b). No effect of skin type or gender on DNA 
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repair was found. In contrast, one early study 
showed an age-related decline in DNA repair 
capacity in human lymphocytes in vitro (Wei et al., 
1993). The discrepancy between the results could 
be due to factors such as methodological 
differences, repair capacities in situ vs in vitro, or 
differences between cell types. However, for repair 
of UV-induced DNA damage in human skin, only 
the present results are directly relevant. In all these 
studies, we measured the rate of removal of 
photoproducts, rather than direct repair. However, 
these photoproducts are chemically stable in DNA 
and require DNA repair for their removal. Cell 
replication would cause an increase in amounts of 
DNA and thus dilution of the photoproducts. 
We cannot rule out some minor effect of DNA 
replication, despite the short duration of the stud-
les (up to two days). 

Effect of sunscreen and tan 
We have applied the postlabelling method to assess 
the effects of sunscreens and tanning on UV- 

induced DNA damage in human skin in situ (Bykov 
et al., 1998b). Sunscreen was applied by 
one person, according to the manufacturer's 
instructions. While the protection against 
the erythemal response varied fivefold among nine 
subjects, protection against DNA damage differed 
by a factor of 10 and was independent of 
the erythemal response. On average, sunscreens 
protected against DNA damage in accordance with 
the sun-protection factor (SPF), but the degree 
of protection was highly individual. Figure 2 shows 
the individual SPF (ISPF) and the protection factor 
against DNA damage (PF/DNA damage); 
thus, for individual L, sunscreen provided an ISPF 
of 20 but the protection against DNA damage 
was only about 5. For individual C, the reverse 
was the case. Since the SPF is based on average 
erythemal response, it is no guarantee against 
individual DNA damage. It is likely that the 
main reason for the apparent interindividual 
difference is simply uneven spreading of the 
sunscreen. Figure 2 also shows that even 

L 	H 	E 	N 	C 	D 	G 	A 	F 

Volunteers 

Figure 2. Individual sunscreen protection factor (ISPF), based on erythemal response, and 
protection factor against DNA damage (PF/DNA damage) measured in nine subjects who received 
150 JIm2  of UVB. Data from Bykov of aI. (1 998b). 
The SPF of the sunscreen was 10. 
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protection against the erythemal response (ISPF) is 
highly individual. 

Tanning provides an endogenous 'sunscreen' 
with an SPF of 3 to 5 (Gilchrest et cl., 1999). These 
measurements are based on protection against ery-
thema, and fundamental data on how well tan-
fling protects genetic material appear to be lack-
ing. We have investigated the effects of tanning on 
DNA damage in situ, under conditions simulating 
the use of sunbeds (Hemminki et al., 1999; Bykov 
et al., 2000). We measured the protective effects of 
tanning by quantifying the levels of UV-induced 
photoproducts in skin of eight healthy, fair-
skinned Caucasians. Each subject was irradiated on 
a Z x 4-cm area of skin on the lower back with UVB 
radiation at a dose of 0.3 J/cm2  and on a second 
2x4-cm area at a dose of 0.6J/cm2. A punch biopsy 
was performed immediately after irradiation. An 
additional biopsy was performed on unirradiated 
skin and served as a background control. Tanning 
was induced by 10-13 sessions of UVA irradiation 
for three weeks. Tanning was observed by a clear 
change in skin colour towards brown and was mea- 

sured with a reflectometer adjusted to record 
melanin pigmentation. In the course of UVA treat-
ment, the instrumental readings indicated an 
increase in pigmentation of 38.8 ± 16.7 reflec-
tometer units (mean ± SD, n = 8). After the last UVA 
dose, the challenge with UVB was repeated, and 
three biopsy specimens were taken, as described 
above, except that the control biopsy was from 
tanned skin. The samples were coded for blind 
analysis. Photoprotection was defined as the dif-
ference in photoproduct levels before and after the 
UVA treatment. 

In subjects who received 0.6 Jf cm2  of UVB, the 
levels of CPDs were slightly lower than those in 
untanned skin (Figure 3). The average tanning pro-
tection factor was only 1.19 ± 0.17 (mean ± SD). 
Since tanning acts like a low-level sunscreen to 
suppress the erythemal response without the 
unpredictable and limited protection against DNA 
damage afforded by a chemical sunscreen (Bykov et 
cl., 1998b), people who have acquired a tan may 
prolong sun exposure, resulting in DNA damage 
and increased risk of skin cancer. Tanning may 

35 
(I) 
(1) 

30- 
LIII CPD0.3J/cm2  
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6-4 photoproducts, 0.3 J/cm2  
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Figure 3. Induction of photoproducts in untanned and tanned skin 
Levels of UV-induced DNA damage, cyclobutane pyrimidine dimers (CPD) and 6-4 photoproducts are 

expressed per 106  nucleotides (mean ± SD, n = 8 subjects). From Hemminki et aI. (1999). 
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provide a false sense of security, leading to 
inadvertently lengthened recreational sun expo-
sure like that of the high-SPF sunscreen users 
studied by Autier et at. (1999). Natural pigmenta-
tion, even in the fair-skinned Scandinavians, pro-
vides better protection against UV-induced DNA 
damage than UVA-induced tanning (Bykov et a/., 
2000). Sun-induced tanning may also provide 
better protection against DNA damage than that 
induced by UVA. However, solar-simulated tan in 
skin types II and III afforded a protection factor of 
only 2 against erythemal response (Sheehan et al., 
1998). 

Urinaty photaprnducts 
The amount of CPDs that can theoretically be 
expected in urine was estimated using the follow-
ing assumptions: (1) a dose of 400 JIm2  of solar-
simulating radiation (1-2 MED, about 15-30 min 
sun in Stockholm area in summer) induces the for-
mation of 6 11=1 per 106  nucleotides in skin DNA, 
giving a total amount of dimer (AT=T, GT=1 CT=T 
and UT) of 24 T=T per 106  nucleotides; (2) the 
amount of DNA extracted from a skin biopsy is 10 
jig, correcting for yield; thus 1 m2  of skin will 
contain 800 mg or 60 nmol T=T; (3) 25% of T=T is 
removed from skin DNA in the first 24 hours after 
UV irradiation (Xu et al., 2000b); (4) all TT 

Skin cancer risk -10 - 104 fold 

30-told 	 10-fold 	 15-fold 
induction of 	protection by a sunscreen 	DNA repair 

photoproducts 	against DNA dmage 

lnterindividual variations 

Figure 4. A scheme of the interindividual variations observed in the studies cited. 
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removed from skin DNA ends up in urine (1 litre 
per 24 h). This calculation indicated that the level 
of T=T to be expected in urine is 15 fmol!i.t1. 

In chromatographic analyses of urine samples 
containing CPDs, the 32P-labelled TpT showed a 
retention time of about 27 minutes. The first 
analyses of human urine collected after sun expo-
sure showed TT levels of 2 to 20 fmol per il of 
urine. These amounts are consistent with the the-
oretical levels calculated above. If validated, this 
32P-postlabelling quantification of thymidine 
dimers in urine would provide a non-invasive 
method to assess the levels of photoproducts after 
whole-body exposure to 13V light, that would offer 
an easy alternative to skin biopsies. 

Conclusions 
A surprising finding in these studies has been the 
large interindividual variation in the immediate 
DNA damage after exposure to 13V andin its repair. 
Moreover, the protective effects of sunscreens 
against erythema and DNA damage also show wide 
interindividual variation. These results cannot be 
explained by variations in the experimental 
methods used. While the interindividual variation 
in the levels of immediate DNA damage can be 
30-fold, our coefficient of variation among 
repeated analyses of the same samples was only 
some 30% (Bykov et at., 2000). An interesting issue 
is the stability of individual response to UV 
radiation. So far we have limited data on this: there 
was a high correlation in the induced photoprod-
uct levels when the same individuals were tested 
three weeks apart (unpublished data). Figure 4 
illustrates the ranges of interindividual variations 
found in these relatively small studies. The worst-
case scenario would be that the various differences 
are multiplicative, resulting in 1000-fold 
differences in sensitivity between individuals. 
These would be likely to translate into differences 
in risk of skin cancer. 
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