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Frequencies ofhprt~ mutations and bcl-2 translocations in
circulating human lymphocytes are correlated with United
Kingdom sunlight records

Graham Benthan®, Alison M.Wolfreys?, Yafei Liu?, In common with other laboratories (Robinsenal., 1994),
Gino Cortopass?, Michael H.L.Green?, Colin F.Arlett* we have found that the frequency of mutant T cells increases
and Jane Colé with age and is higher in smokers. On the other hand, no

Centre for Environmental Risk, School of Environmental Sciences, effects of oil exposure foIIowmg the Wre.Ck. of the tanigxaer
University of East Anglia, Norwich NR4 7TJ, UKSEAC Toxicology Unit, ~ (Cole et al, 1997) or occupational radiation exposure (Cole
Colworth, Unilever Research, Colworth House, Sharnbrook, Bedford MK44 et al,, 1995) were observed and a possible effect of radon
1LQ, UK, ?PE A%plied Biosystems, 850 Lincoln Centre Drive, Foster City, |evels in homes was not confirmed (Bridgetsal,, 1991; Cole

CA 94404, USA"VM: Department of Molecular Biosciences, 1311 Haring ot 5| 1996). For B cells théxcl-2 translocation frequency has
Hall, UC, Davis, CA 95616, USA antMRC Cell Mutation Unit, .

University of Sussex, Brighton BN1 9RR and School of Pharmacy and been ShOWﬂ to be elevated in heavy (B_H”_EIL, 1995) bu'f not
Biomolecular Sciences, University of Brighton, Brighton BN2 4GJ, UK light (Liu et al, 1997) smokers and is increased with age

Between 1983 and 1995 we have monitored human popula- (LU €t al, 1994). The frequencies of these two end-points of
tions for evidence of exposure to environmental mutagens, mutation and translocation were seen to be correlated (Liu

taking blood samples to measurehprt- mutant frequency etal, _1997)' L

in T cells and more recently bcl-2 t(14:18) translocation During our studies it has become apparent to us tipat
frequency in B cells. We have now analysed data from 785 Mmutant frequency is influenced by some additional factor,
assays on 448 blood samples from 308 normal subjects and r€lated to the date when the sample is obtained (€olal,

find that there is a highly significant statistical correlation ~ 1997). Our analysis of the data suggests that this factor
between hprt- mutant frequency and the sunlight record IS Sunlight. , _ ,

for the 3 weeks prior to taking the blood sample. We Sunlight is a complete carcinogen in the skin (IARC, 1992).
discuss the weaknesses in retrospective studies of this 'S action as an initiating agent can be attributed to its ability
nature and the possibility of spurious epidemiological ftomduce mutagenic lesions such as d|pyr|m|d|n§ photoproducts
correlations that may resuilt. More controlled experiments 1N DNA (Brashet al, 1991; Dumazt al, 1994; Zieglert al,

can be envisaged that would give a firmer basis to the 1994, Daya-Grosjearet al, 1995; Brash, 1997; The p53
statistical associations observechprt mutations in T cells ~ Database, 1998). Its promoting action is believed to arise from
show little evidence of a UV fingerprint, so that the its _abll|ty to modylate the immune response (Kripke, 1994;
correlation may be due to immunomodulation rather than Shimizu and Streilein, 1994). Exposure of the cellular compon-
mutation. We also find a correlation between the sunlight ~€nts of blood to sunlight will be low because of the screening
record and bcl-2 translocation. This translocation is found ~ ©ffects of the skin. Nevertheless, there are claims, based on
at a low frequency in the B cells of many normal subjects _ep|dem|olog|cal arguments, that su_nllght could account for the
and is the commonest translocation observed in non- inexorable increase in non-Hodgkin’s lymphoma in the UK

Hodgkin's lymphoma. Our results strengthen the case fora and Westerm Europe (Cartwriget al, 1994; Adamiet al,
link between sunlight and this increasingly common cancer.  1995; Bentham, 1996; Cliff and Mortimer, 1999), the season-

ality of diagnosis of acute lymphocytic leukemia (Badrinath
et al, 1997) and the association of latitude with type | diabetes
_ (Greenet al, 1993) or multiple sclerosis (McMichael and

Introduction Hall, 1997). Such effects could arise through sunlight-induced
Since the early 1980s we have been monitoring blood sampleglease by skin cells of soluble cytokines such as interleukin-
from members of the UK population for evidence of exposureb (IL-6) (Devoset al, 1994; Petit-Fiee et al, 1998), which
to mutagenic agents in the environment. We have measuretlould then act indirectly on haemopoietic tissues.
the frequency of mutations at the X-linkdgprt locus in T The UK is particularly suitable for the detection of short-
cells (Coleet al, 1988, 1997). Patients with the serious sex-term effects of sunlight, because in addition to seasonal
linked recessive disease Lesch—Nyhan syndrome (Lesch aweriation, the vagaries of the climate lead to substantial
Nyhan, 1964) carry mutations in this gene, but carriers showariation from week to week and between successive years in
no obvious adverse effects and a small proportion of mutarthe amount of the highly damaging UVB (280-315 nm)
T cells can be found in all adults we have tested. More recentigomponent of sunlight reaching ground level. This allows the
we have also determined the frequency of B cells carrying theffects of sunlight to be distinguished from non-specific
bcl-21(14:18) translocation (Liet al,, 1994, 1997; Coletal,  seasonal effects. Furthermore, people wear fewer clothes and
1996). This translocation leads to overexpression of the antispend more time out of doors in fine weather (Diffey, 1998).
apoptotic oncogenécl-2 in B cells and is the characteristic Regulation of body temperature leads to increased blood flow
chromosomal alteration of the commonest form of non-Hodgthrough the skin, so that fine weather can lead to a potent
kin's lymphoma (Jaffet al,, 1992), follicular B cell ymphoma. multiplier effect on exposure to UVB. Molleet al. (1998)
The translocation, however, is also found at a low frequencyave presented evidence of possible sun-associated seasonal
in B cells from the majority of adult donors (Liet al, 1997).  variation in strand breakage in lymphocytes from blood
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samples. In the present paper we present evidence that variatithyg logarithm of mutant frequency was used in the analysis (Robiesah,
in UVB exposure may affect the frequency of mutations an 994). If solar UVB radiation does act as a mutagen on circulating lymphocytes,

i | ti L lating blood cells. O b ti prt” mutant frequency would be expected to be higher in the summer, when
ransiocations in circulating blood cells. Qur observations mayjyg |evels are greatest. However, a number of other possible influences,

be relevant to epidemiological evidence for (Cartwrightl,  such as diet or exposure to infections, may also vary seasonally (Ames, 1983;
1994; Adamiet al, 1995; Bentham, 1996) and against (HartgeSimic and Bergtold, 1991; Ohshima and Bartsch, 1994) and may affect the
et al, 1996) a link between sunlight and non-Hodgkin's exposure of lymphocytes to reactive oxygen and nitrogen species. The pattern
lvmphoma of mutant frequency over the year may therefore represent the combined
ymp : effects of several factors. Any summer excesshpft™ mutant frequency
associated with UVB levels could be obscured by a winter excess associated
Materials and methods with the seasonal pattern of common infections or reduced antioxidant status
Measurement of hprtmutant frequency of the diet. To control for seasonal factors the monthly means for the whole
data set were subtracted from each observation ohjp mutant frequency.
The majority of the material analysed here has been reported in earlier studigﬁm”any’ the monthly means of UVB for 1983-1995 were subtracted from
(Cole et al, 1995, 1996, 1997; Litet al, 1997). To obtain an estimate of each UVB estimate. This allows the analysis to focus on whether when UVB
hprt”mutant frequency, a blood sample is taken following informed consent, thes unusually high or low for that month of the year there is also an unusually
mononuclear cell (MNC) fraction is isolated, cryopreserved and subsequentliiigh or low hprt- mutant frequency.
cultured under conditions allowing T cells to grow to form colonies. Mutations  The hprt data were analysed separately for the summer (April to September)
inactivating thehprt gene allow a cell to grow to form a colony in the and winter periods. In winter UVB levels (and hence variations in UVB
presence of the toxic purine analogue 6-thioguanine (Albeetiral, 1988; |evels) are minimal. Multiple regression analysis was used to examine the
Coleet al, 1988). Data orhprt- mutant frequemles were available from 785 relationship between adjusted Idgprt- mutant frequency and UVB level,
assays based on 448 samples from 308 subjects collected between May 198shtrolling for the other variables on which information was available, i.e.
and October 1995. Some of these assays were derived from data collectiebning efficiency, log age, sex and smoking status. UVB levels for individual
campaigns carried out for specific reasons in three areas of the countryyeeks and for cumulative periods up to 8 weeks before the date of the sample
Somerset (120 assays) (Caeal, 1996), Cumbria (83 assays) (Cade al, were tested. Data were also tested for a link with the UVB estimate for the
1995) and the Shetland Islands (164 assays) (€bie, 1997). However, the  day on which the assay to determine mutant frequency was undertaken.
majority (418 assays) came from sampling of individuals mainly from the Data onbcl-2 translocations were adjusted for seasonal factors in the same
Brighton area. The subjects included in the present analysis were normglay as described fdnprt-. An analysis was performed only for the summer
individuals, either from control groups for different studies or from test groupsperiod because we had few winter samples. Again, frequencies were log
where there was no evidence that hypothetical exposure to an environment@hnsformed, but after a constant of 0.5 had been added to each observation
mutagen had influenced mutant frequency. As well as datapsti mutant  to allow for 0 values. Multiple regression analysis was then used to analyse
frequency, information was available on the age, sex and smoking status @fssociation between logcl-2 translocation frequency and UVB, controlling
the subjects, on the cloning efficiency of T cells in the assay, on the dat¢or log age, sex and smoking status. Cloning efficiency is not relevant to the
when the blood sample was taken and on the date when the assay Wgg|-2 analysis and smoking was not significant, therefore, these terms were
performed. The dates were used to link the mutant frequencies with estimatefopped from the analysis. The marginally significant effects of log age and
of solar UVB. sex were retained.
Measurement of bcl-2 translocation frequency Copies of the complete data set are available from the corresponding author.
For estimation ofbcl-2 translocation frequencies, DNA was extracted at the Mutation spectra
MRC Cell Mutation Unit from the MNC fraction by conventional methods pata on mutation spectra for timprt gene were obtained from the MutaBase
(Sambrooket al, 1989) and either sent to the US Is_aboratow or (the majority) gofware Human HPRT Database, Release 6 (Carizlid, 1997), including
analysed at Sussex. A nested PCR approach gLial, 1994) was used t0  oqits for T cells from normal and xeroderma pigmentosum (XP) subjects.
detect thebcl-2 translocation in 2ug aliquots of these DNA samples. aqgitional data on lymphocytes from three XP subjects (46 mutants) were

Translocation frequency was estimated from the proportion of aliquots giving,yiaineq by A.M.W. and are not yet in the Database. Datgp&&mutation
no product and assuming thay DNA from the MNCs was equivalent to iy syin tumours (Brastet al, 1991; Dumazt al, 1994; Ziegleret al, 1994:

150 000 cells. Where possible, the percentage of B cells in the MNC fraCtiorbaya—Grosjeanet al, 1995; Brash, 1997) were obtained from The p53
was estimated by flow cytometry (Liat al, 1997) but where insufficient  patabase (1998). ' ' '

cells were available for this to be done, it was assumed to be 10%, a figure
based on the mean of our determinations on 43 normal adult blood samples.

Estimation of UVB levels prior to taking blood samples Results

We have made an indirect estimate of UVB levels at and before the time arhe outcome of a multiple regression analysis of bprt‘
which the blood samples were taken, using daily data from Meteorological

Office measurements (British Atmospheric Data Centre, 1997) of sunshingiata is displayed _m Ta_ble |. Analysis was p_erformed separat_ely
hours for the station nearest to the place where the blood sample was obtaind) Samples obtained n the summer or winter. Factors which
Since there are no long-run measurements of solar UVB radiation for the Ukwe have shown previously to influence estimateshpft

our study had to be based on estimates. Mo and Green (1974) give tables gjutant frequency, T cell cloning efficiency, log age and

erythemally weighted solar UVB under clear sky conditions for each monthsmokin habit (Robinsoret al 1994) were similar for
of the year by latitude, from which daily values were calculated by interpola- g ? ’

tion. The actual amount received at the surface will be less than this, isUmmer and winter. For the summer period there was a strong
particular because of variations in cloud cover. Mo and Green state that agorrelation between mutant frequency and estimated UVB
approximation of the effect of cloud cover on UVB flux is given by: levels in the 3 weeks prior to sampling & 0.001). Associ-
F=1-0056C ations with shorter and longer periods up to 8 weeks were
statistically significant, but weaker. Taking the exponents of
whereF is UVB flux as a proportion of clear sky values a@ds cloud cover  thga regression parameters, the results in Table | for the summer

in tenths. Cloud cover was estimated from daily data on sunshine hours by _ . ; —7no
subtracting the actual hours of sunshine from the maximum possible an'?ermd suggest thatprt™ mutant frequency increases by ~70%

using the relevant Meteorological Office measurements (British AtmospheridOr each doubling _Of age, is ~16% lower for females than
Data Centre, 1997). Combining the sunshine records with Mo and Green'snales, is ~36% higher for smokers than for non-smokers,
data on monthly UVB under clear sky conditions and using their approximationgecreases by ~1% for each 1% increase in cloning efficiency

for the effects of cloud cover generated an estimate of erythemally weighte ; ~-N10 ; ; ;
UVB (in daily J/n?) for each day of the study period. These daily estimates%nd increases by ~0.1% for each 1 J increase in daily average

were then averaged for weekly periods of up to 8 weeks preceding the datddVB- This suggests that the highest |e_Ve| of uvBe recqrdEd
of each sample. in the study (530 J/fmabove average) is associated with a

Statistical analysis 78% increase imprt- mutant frequency. Removing UVB from

The main analysis was based on data from T8 assays. The mutant the model produces a highly significant decrease in explanatory
frequency data are highly skewed and following the practice in earlier studiepower @ < 0.001) with the coefficient of determination falling
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0.6
Table I. Multiple regression analysis of factors influencingrt™ mutant ] A
frequency andcl-2 translocation frequency ..g 0.4F .
Predictor Coefficient  SE T P E - { 1
O 02 T
hprt-, summer (345 assays) & S |
Constant —2.2402 0.3116 7.19<0.001 o 3—
Log age 0.7638 0.0820 9.31 <0.001 2 o 001 * T
Sex -0.1783 0.0669 2.66  0.008 g+ ;
Smoking 0.3045 0.0843 3.61 <0.001 '] L |
Cloning efficiency (%)  —0.01083  0.00146  7.41<0.001 3. 02
3 weeks UVB 0.00108 0.000241 4.51<0.001 2
hprt", winter (419 assay$) 04 : ; i
Constant —2.1355 0.1846 11.57 <0.001
Log age 0.6947 0.0485 14.31 <0.001 - B
Se® 0.06105  0.06305 097 033 o l2f E
Smoking 0.3214 0.0627 5.12 <0.001 a8 | 3
Cloning efficiency (%) —-0.009358  0.001224  7.65<0.001 83 0.8
3 weeks UVB —-0.002617  0.002692 0.97 0.33 o 2 3 R
bcl-2, summer (95 assays) K} "E 04
Constant —4.272 2.046 2.09 0.040 o O i 1
Log age 1.2581 0.5526 228 0.025 g% 00
Se¥® -0.7514 0.3490 215  0.034 38 oab ]
3 weeks UVB 0.003119  0.0009858 3.16 0.002 E‘ e
c
8our cases with missing values. g 0.8
bSex is coded as a binary variable with femates. and males= 0. 12 . . i
¢Smoking is coded as a binary variable with smokiadl and non- ) <125 -125:125 125
smoking= 0. The multiple coefficients of determinatior?) for hprt- T
summerhprt” winter andbcl-2 were 0.333, 0.414 and 0.173. UVB deviation
dSeventeen cases with missing values. (Jm-2) equivalent
®Smoking habit and proportion of B cells were not significant and were
omitted as terms from thiecl-2 analysis. Fig. 1. (A) Adjusted loghprt™ mutant frequencies for blood samples

obtained following periods of low (84 assays, more than 125/dlmy

- - low th nall just VB level for th ri ver 184

to 0.293. There was no correlation for the winter data, Wherigsgysl _elszzats;ugﬁ% Zr?g #igh (7e7eassoay;12§ Jc}g%'a"’l‘)oevg)gga(”f
UVB levels are generally low. Because the range of UVByyg levels for the 3 weeks before samplingg)(Similar results fotbcl-2
values in winter is small, a trivial negative effect has beenranslocation: low UVB (41 assays), average UVB (22 assays), high UVB
magpnified to an apparently large effect when expressed pé82 assays). In each case values presented are means and 95% confidence
Jin¥, but with an even larger standard error. intervals.

In a study such as this it is important to assess whether any
alternative explanation of our results is plausible. An obvious  variance. Nevertheless, it can be seen from Table | that
environmental factor that might be confounded with sunlightthere is a significant associatioR & 0.002) betweerbcl-2
is ambient temperature. Information on daily maximum temper-  translocation frequency and UVB levels in the 3 weeks prior
atures is also available from the meteorological databas® sampling. To ensure that the apparent significance of the
(British Atmospheric Data Centre, 1997). As expected, sunlight ~ sunlight effect was real, a number of alternative analyses have
and temperature are highly correlated (Pearson coefficierteen performed. These include logistic regression)d@rtests
0.761 for the summer period). A correlation of mutant fre-  of low and high sunlight groups for the proportion of subjects
quency with temperature was indeed observed, but did nair assays without translocations. Each approach indicates a
provide as good a fit to the data as estimated UVB level and significant sunlight effect
when both temperature and UVB levels are included in the To give an indication of the size of the UVB effect on
model only the latter remains significant. We have also  mutation and translocation, we divided the summer data set
considered the possibility that weather might affect laboratorynto three groups based on mean daily UVB relative to normal
conditions and that the association might be with the date in the 3 weeks before sampltg5] —125 to+125,
when the experiment to determine mutant frequency was>+125 J/nf; 125 J/n? is equivalent to ~50% of a minimal
performed. This rarely coincided with the date of taking the  erythemal dose (IARC, 1992)]. Figure 1A shows that after
blood sample, and was often months or even years later. Theealjusting for the other factors in the regression model there
was no correlation of mutant frequency with the sunlight was a clear dose-response pattern withpnteamutant
record for the date when the assay was performed. frequency for the high UVB group (77 assays), being 1.59

The analysis was repeated with data obtained Hok2  times greater than for the low group (84 assays) and 1.35
translocation frequency but restricted to the summer periodimes greater than for the mid group (184 assays). This can
The analysis of this data set is less satisfactory for two reasons. be compared with the regression model estimate of an exces
Firstly, since this assay became available much later thaof 1.36-fold in frequency for smokers relative to non-smokers.
the hprt system, fewer samples were available for analysis. The dathde? translocations in Figure 1B also show a
Secondly, the distribution of the translocation frequencieslose-response pattern with values for the higher exposure
includes a substantial number of 0 values (kiual, 1997). group (32 assays) being 3.40 times greater than for the low
Because of the 0 values, a constant of 0.5 was added w@roup (41 assays) and 2.67 times those for the mid group (22
each value before transformation to logarithms, although this  assays). The 95% confidence inteh@!® {6tigure 1B),
procedure does not eliminate difficulties in the estimation ofhowever, are substantially wider than foprt (Figure 1A).
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3 oo T of UVB on the DNA damage induced in these cells can be
a ] assessed by comparing the mutation spectra in cells from the
2r 1 normal and XP subjects. As the latter are unable to repair
R W 1 UVB-induced DNA damage and have an elevated mutant
. frequency (Coleet al,, 1992), the XP cells should show an

g P ! increased incidence of both transitions at dipyrimidine sites
A o° Al oo 4 ©° and tandem mutations, when compared with normal subjects
0. ] (Table II). However, there is only a slight but not statistically
significant increase in the incidence of transitions at dipyrimid-
ine sites in the XP subjects and no increase in the incidence
of tandem mutations. Thus, mutation spectra analysis offers
2r § little evidence of direct induction of mutants in T cells by
° . the UVB component of sunlight. However, it should be
3F ° . acknowledged that the solar exposure history of both normal
] and XP subjects whose mutants have been analysed in these
, L ) L L studies is not known.
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Fig. 2. Log hprt- mutant frequencies for individual assays for samples Although spurious epidemiological correlations are common-
obtained following periods of low() or high (A) daily UVB levels for the  place, the strength of the association that we have found,
3 week period before sampling. Values have been seasonally adjusted, by the length of the study and the size of the data set are
normalizing against the average mutant frequency _for blood samples for th"ﬁnusual. How likely is our result to be an artefact? One
month, so that values are distributed about log(1), i.e. 0. The observed L .
values are then plotted against expected values, which allow for the effect criticism could be that our use of log transfo'rm'ed frequen'C'eS
of cloning efficiency and for the age, sex, and smoking habit of the donor. could underestimate the true level of variation, especially

with the bcl-2 translocation. The alternative analyses which

we have attempted, however, confirm our conclusion. A
Figure 2 shows the observégrt- mutant frequencies, plotted more serious criticism arises from the way the data were
for individual assays, corresponding to periods of high sunlight, obtained. Samples were not obtained uniformly over the
plotted against expected values for the observed cloning2 year period, but when a specific study was undertaken,
efficiency for donors of that age and smoking status. It can be a large number of samples were obtained over a limited
seen that there is a complete overlap of values for sampldsme, so that specific periods of weather were over-
from the high and low sunlight groups. However, as would be represented. Nevertheless, a significant effect of sunlight
anticipated from the analysis in Table |, there is a cleawas still seen when over-represented periods were omitted
tendency for values for the high sunlight group to be found and when analysis was confined to samples from the Sussex
towards the upper part of the spread of observed results. Th@ea. Another point adding confidence to our conclusion is
plot is similar in appearance to that obtained for the effect of  that detailed analysis indicates that the effect of sunlight is
smoking in Sussex subjects (Robinsen al, 1994) and, cumulative.Hprt- mutant frequency is associated with UVB
indeed, the strength of the sunlight and smoking effects are levels 0-7 days (parameter estimate 0-0@aw@a1339),
similar (Table ). 8-14 days (parameter estimate 0.0006450.0001825) and

Sunlight is a carcinogen and will act as a DNA damaging 15-21 days (parameter estimate 0.060366001433)
agent and mutagen. The mutagenicity of the UVB componenbefore taking the blood sample, but the cumulative effect
of sunlight is revealed by the spectrum of mutations in the  for 0-21 days is nearly additive (parameter estimate
p53 gene found in both premalignant skin lesions and non0.001108 = 0.000241), despite the correlation that must
melanoma skin cancer. The major photoproducts induced by  exist between weather on one day and the next.
UVB and UVC irradiation are formed between adjacent Real or artefactual, the consequences of this analysis have
pyrimidines on the same DNA strand and §h&3 mutations important implications for study design in all types of popula-
found in skin cancers from normal subjects occur almostion monitoring. The possibility that sunlight, which is normally
exclusively at dipyrimidine sites (Brasét al, 1991; Dumaz not controlled for, may have a profound influence on the
et al, 1994; Ziegleret al,, 1994; Daya-Grosjeaat al, 1995;  outcome, counsels caution in ascribing effects to any particular
Brash, 1997; The p53 Database, 1998) (Table Il). In addition, component of the environment, either naturally occurring or
the CC-TT tandem mutation, an even more specific UV artificial. It is clearly important to consider sample size, in
fingerprint, is found at elevated frequency in these skin cancers. order to reduce the risk of confounding a test parameter with
In the DNA repair-deficient, sun-sensitive, cancer-prone syna chance environmental effect and to ensure that genuine effects
drome xeroderma pigmentosum (XP), cells are deficient in the  achieve high statistical significance. One major difficulty which
repair of UVB-induced DNA damage and the frequency ofalways applies is the retrospective nature of investigations
skin tumours is highly elevated (Kraemet al, 1987; Arlett such as ours. It is, however, difficult to envisage any rational
and Lehmann, 1996). Again, thEb3 genes in these tumours prospective study (such as on phototherapy patients or holiday-
show an elevated incidence of both mutations at dipyrimidine makers) which would be likely to achieve funding.
sites and tandem mutations. If the effect is real, what is the mechanism? While circulating
Data are available on mutation spectra for tpet gene in T cells may have some exposure to sunlight, this is unlikely

a number of human cell types (Cariebval, 1997), including in cells which give rise tdbcl-2 translocations, since these
results for T cells from normal and XP subjects. The influence events are generated in B cell precursors in the bone marrow.
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Table Il. Spontaneous/background mutation spectra from the human HPRT and p53 databases

Mutation type hprt p53
Primary T lymphocytes from  Primary T lymphocytes from  Mutations in skin cancers  Mutations in skin cancers
124 normal donofs 5 XP donors (groups A, C, F from normal donbrs from XP donor§
and V¢
Total 256 68 141 38
Base pair substitutioR 127 (50%) 39 (57%) 122 (86%) 29 (76%)
F/I/DP 113 (44%) 16 (24%) 7 (5%) 2 (5%)
Tandem 2 (2%) 2 (5%) 21 (17%) 18 (62%)
Other$ 16 (6%) 13 (19%) 12 (9%) 7 (18%)
Mutations at dipyrimidine sites (%) 67% 79% 91% 100%
No. of G-A or C-T (%) 53 of 125 (42%) 13 of 38 (34%) 81 of 122 (57%) 20 of 29 (69%)
No. of G or C mutations (%) 85 of 125 (68%) 23 of 38 (60%) 110 of 122 (90%) 24 of 29 (83%)

@Data from Carielloet al. (1997). Mutations from three of the subjects (46 mutants) were analysed by A.M.W. at the SEAC Toxicology Unit, Colworth,
Unilever Research and are not yet in the database.

bF/IID, frameshifts, insertions and deletions; others includes mutants with more than one mutation and those where the mutation has not been defined.
“The total number of mutations for base pair substitutions includes tandem mutations. Tandem mutations are excluded from theAor & GT (%) and

no. of G or C mutations unless the 2 bp substitutions comprising the tandem mutations are identical.

dData from the The p53 Database (1998).

Furthermore, expression d& novo hprt mutations in T cells major causes of death following organ transplantation and
takes ~7 days in mouse lymphoma (Cole and Arlett, 1984) oirmmunosuppression is non-Hodgkin’s lymphoma (Opelz and
hamster (Arlett, 1977) cells and almost certainly longer in Henderson, 1993), although these tumours have a large Epstein-
human lymphocytesn vivo. It is, therefore, necessary to Barr virus involvement (Hanto, 1995). Furthermore, a role for
consider an indirect mechanism for the significant UVB effects sunlight in the aetiology of non-Hodgkin’s lymphoma has been
we have described. We may be observing the equivalent cfuggested by some epidemiological studies (Cartwraglatl.,

the UVB systemic immunosuppressive effect in the mouse  1994; Adaali 1995; Bentham, 1996; Cliff and Mortimer,
(Kripke, 1990; Shimizu and Streilein, 1994). In humans1999), although this is controversial (Hartge al, 1996).

evidence of immunosuppression comes from the increased Perhaps because of the nature of the UK climate, our results
incidence of skin cancer in immunosuppressed transplardend support to the claims of a link and may provide some
patients (Liddingtonet al, 1989) and the demonstration of  clue as to a possible mechanism.

UVB-induced down-regulation of the key signalling molecule
ICAM-1 (Ahrens_et al, 1997). How then might s_olar-dlrected Acknowledgements
immunomodulation be responsible for perturbation oftipe~ ) _
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