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ABSTRACT

T-lymphocytes from three normal human donors, irradiated with
broad-spectrum UV-B (peak emission, 312 nm), are 20-fold more sensitive

than fibroblasts from four normal donors in a clonogenic assay. We have
compared the formation of thymine cyclobutane dimers and pyrimidine-
(6-4)-pyrimidone photoproducts following irradiation by UV-C (254 nm)
and UV-B and studied killing at doses giving equal dimer formation. UV-B
killing of fibroblasts appears to be associated with dipyrimidine photo-
product formation, whereas UV-B killing of lymphocytes is mediated by
nondimer damage. Strand breakage following UV-B irradiation measured
using the "Comet" assay (single cell gel electrophoresis) reflects this non

dimer damage and has kinetics consistent with excisable damage. Lym
phocytes from three excision-deficient xeroderma pigmentosum donors
show reduced strand breakage and increased killing following UV-B irra

diation, compared with lymphocytes from normal donors. We therefore
suggest that UV-B kills human lymphocytes by excisable nondimer dam

age and that xeroderma pigmentosum lymphocytes are defective in its
repair. The putative nondimer damage does not appear to be associated
with radical attack, and the strand breakage is not a manifestation of
apoptosis. A I-ini n exposure of human lymphocytes in vitro to natural

sunlight is sufficient to produce damage measurable by the Comet assay.

INTRODUCTION

Dramatic increases in the incidence of nonmelanoma skin cancer
and melanoma have been recorded in recent years ( 1) and are believed
to be related in large part to increased elective exposure to sunlight.
Ozone depletion, first reported in the Antarctic and now in the North
ern hemisphere (2, 3), will also lead to increased ambient levels
of specific DNA-damaging wavelengths within the solar spectrum.
The solar spectrum is conveniently divided into 3 sectors: UV-A3

(315-400 nm); UV-B (280-315 nm); and UV-C (200-280 nm). Of
these only UV-A and UV-B are of environmental significance, since
UV-C is effectively absorbed in the earth's atmosphere (4). Action

spectra for DNA damage (5, 6), animal carcinogenicity experiments
(7), mammalian point mutation, and transformation assays (8, 9)
suggest that wavelengths within the UV-B region will be the most

effective in inducing skin cancer in humans. It is these wavelengths
that are attenuated by ozone.

Studies on the response of human cells to the damaging effects of
UV radiation have almost exclusively used skin-derived fibroblasts
and exposure to UV-C from germicidal lamps. The best-characterized
and probably most relevant lesions formed by UV-C are pyrimidine
dimers (10) and pyrimidine-(6-4)-pyrimidone photoproducts (II). Al
though both of these lesions are formed by UV-B, the yield is far

lower and wavelength dependent. The published (6) action spectra for
induction of the two classes of damage in cultured human fibroblasts
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are broadly similar for wavelengths in the 254â€”302nm range. The
action spectrum value for the 6-4 photoproduct is, however, less than
one-half that for dimer induction at 313 nm. These observations are

compatible with the conclusion that concomitant induction and pho
tolysis of 6-4 photoproducts occurs during irradiation with UV-B. The

photolysis product is believed to be the Dewar isomer (12). No com
plete inventory and quantification of UV-B photoproducts is available.

It is not known to what extent the effects of solar irradiation are
mediated by thymine glycols (13, 14), pyrimidine hydrates (14-16),
purine or purine-pyrimidine moieties (17), DNA single-strand breaks,
or DNA-to-protein cross-links (18), but all occur at frequencies much

lower than pyrimidine dimers. Even less is known about the response
of different human cell types to solar irradiation.

UV-B is a complete carcinogen, and part of its activity in the mouse

appears to involve an immunosuppressive effect (19). Failure of tumor
rejection is related to the preferential induction of suppressor T-cell
activity in UV-B-irradiated host animals (20). In humans, evidence

implicating immunosuppression is less direct, but increased cancer in
skin previously exposed to sunlight in immunosuppressed renal trans
plant patients (21) provides circumstantial evidence that similar pro
cesses might occur. Further support comes from studies showing an
impaired induction of contact hypersensitivity to dinitrochloroben-
zene in 35^40% of normal white adults following UV-B irradiation of

untanned skin (22). Moreover, 11 of 12 nonmelanoma skin cancer
patients showed the defective response (22).

We present evidence to show that circulating human T-lympho
cytes are exquisitely hypersensitive to the DNA-damaging and
lethal effects of UV-B radiation, raising the possibility that UV-B

may make a contribution to immunosuppression via a direct effect on
extracapilliary T-lymphocytes. We use the "Comet" assay for strand

breakage (single cell gel electrophoresis) (23) as an indicator of ex
cision repair in order to investigate the damage responsible for this
hypersensitivity.

MATERIALS AND METHODS

Unless stated otherwise, all results are the mean of a minimum of two
independent experiments.

Cells. Skin-derived fibroblasts and T-lymphocytes, obtained following in

formed consent from normal or xeroderma pigmentosum (24) donors (Table I ),
were maintained and manipulated according to standard protocols (25, 26).
Fibroblast cultures were monitored routinely for the presence of Mycoplasma.
In the case of T-lymphocytes. irradiation of mononuclear cells was performed

before stimulation with a mitogen, and the cells are regarded as being in the G(1
phase of the cell cycle (26).

Cell Survival Experiments. The study of the clonal sensitivity to UV-C of
skin-derived fibroblasts has been practiced for many years in this and other

laboratories, and details have been published in full (27). The protocols for the
UV-C irradiation of T-lymphocytes have been reported in detail elsewhere (28)

but are relatively new. Briefly, fresh or thawed mononuclear cells were incu
bated at 37Â°Covernight at 10" cells/ml in RPMI 1640 (Gibco) plus 10% human

AB serum. The lymphocytes were exposed to UV-C at a concentration of 10'

cells/ml in RPMI 1640 without phenol red or serum to various fluences of
UV-C light. The cells were irradiated from above on bacteriological grade
5-cm plastic Petri dishes (Nunc) in 0.5-ml aliquots which take up a single drop

formation in the center of such dishes. Cells were then diluted to give a known
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Table I Characteristics of donors used in this study

Donor

Age at
Lymphocyte Fibroblast biopsy

donor culture (years) Sex Disease status

42
1593141021188]30910395yam1BR.348BR155BRIXPINE1"IXPIDUIIXP107LOI56464554334655373616M

â€¢¿�)

MFMMFM

JNormalF

1!
Xerodermapigmentosum\

> complementation groupDMJ

" Brackets indicate cells not used in this study; information for identification purposes

only.

number of cells per unit volume to compensate for plating efficiency and plated
out in Terasaki plates (Nunc) in a medium containing all the components
necessary for the donai growth of T-cells. The medium was supplemented with
human AB serum, phytohemagglutinin. and interleukin 2 (or lymphokine-

activated killer cell supernatant) plus a lymphoblastoid feeder cell layer as
previously specified (2X). The plates were incubated for 13-17 days in a 5%

CO::air humidified incubator. Identification of positive wells was by means of
a dissection microscope. Survival was computed using the P,, method (29).

For UV-B experiments with both fibroblasts and T-lymphocytes the proto

cols were identical, except that irradiation was through the bottom of the Petri

dishes.
Cornel Assay (Single Cell Gel Electrophoresis). Details of our minor

modification of the original protocol of Singh et al. (23) have been reported
elsewhere (30). Briefly, cells were embedded in soft agar on frosted micro
scope slides, which are then placed in a high-salt lysis mixture and transferred

to alkaline buffer, after which an electric current (20 V for 24 min) is applied.
Under these conditions the cell contents are lysed away, leaving behind the
nuclei. If the DNA contains a strand break (alkali-labile site) it streams out

toward the anode in the form of a comet tail. Undamaged DNA remains within
the nucleus. The mean overall length of 'comets' following treatment is a

convenient metric to determine. Slides were stained with ethidium bromide,
and the mean length of 50-1 (X)comets in 6 fields/dose point was determined

using an Optomax V image analyzer (Synoptics, Cambridge, England).
UV Sources. Two UV sources were used. Calibration and use of a genni-

cidal UV-C lamp have been described elsewhere (28). UV-B irradiation was

from a bank of four Westinghouse FS20 fluorescent sun lamps. Spectral power
distributions (Fig. I ) incident on samples were determined using a high-quality
spectral radiometer (model 742; Optronic, Orlando, FL). Comparative irradi-

ance at different distances was routinely estimated by an International Light IL
1350 radiometer with a SCS280 filter (Able Instruments. Reading. Kngland).

Immunostaining of Cyclobutane Thymine Dimers and of 6-4 Photo-
products in UV-irradiated Human Fibroblasts and Mononuclear Cells.
After irradiation fibroblasts or mononuclear cells were fixed in 9 parts meth-
anol:l part acetic acid and spotted onto Teflon-coated slides. Slides were

prepared for immunostaining in a modification of the method of Ro/a et al.
(31) by treating with 0.1 N HC1 (10 min at 4Â°C),TBS (2-3 min), freshly

prepared 0.07 NNaOH in 70% ethanol (4 min), proteinase K ( I ug/ml in 20 m.\i
Tris-HCI; 2 HIMCaCN, pH 7.5; 10 min), and TBS supplemented with 1% fetal

calf serum (30 min). Separate slides were incubated with H3 antibody to
thymine dimers (32) or with 64-M2 antibody to 6-4 pholoproducts (33) in TBS
with 5% fetal calf serum and 0.05% Tween-20 for 60 min at 37Â°C;washed in

TBS/0.2'7r bovine serum albumin (pH 7.4); incubated with rabbit anti-mouse

immunoglobulin alkaline phosphatase conjugate reagent (45 min, room tem
perature): washed again; and treated with alkaline phosphatase mouse anti-

alkaline phosphatase reagent (45 min). Finally, slides were washed, and a
solution of Fast red substrate was applied for 20 min (34).

Analysis, using the same Optomax V system used for the Comet assay, was
performed by subtracting two images of the same field captured using succes
sively red and turquoise acetate fillers of similar transmittance. the brightness

of the resulting image representing the intensity of staining. Areas correspond
ing to cells were marked, and brightness was determined as an average arbi
trary grey scale value. The procedures for measuring images will be described
in more detail elsewhere. Calibration dose-response curves were obtained from
the UV-C and UV-B lamps, using both lymphocytes and fibroblasls and the

slopes fitted. For the thymine dimer assay the geometric mean of 17 UV-C
determinations of slope gave a value of 3.87 (se x/-^ 1.066) grey scale units/
Jm~2. The equivalent value from nine UV-B determinations was 0.0675
(se X/-H.187) grey scale units/Jm~:. This gave a conversion factor of

57.3 (with upper and lower 95% confidence intervals of 82.8 and 39.6, re
spectively), which we used to express UV-B doses as the equivalent dimer-
inducing dose of UV-C irradiation. A value of ~80 can be estimated from

inspection of the report of an earlier study using the same light source (6),
where both dimers and 6-4 photoproducts were assayed. The general equiva

lence of the two action spectra for wavelengths below 310 nm suggest that the
use of this value for both lesions can be justified. Unfortunately, in our study
nonspecific staining marred the estimates of 6-4 lesions; they were, neverthe

less, consistent with the conclusion of the dimer assay. We have elected to use
our value (see below) on the grounds of internal consistency. In fact, if we use
the value obtained from the earlier data (6) the effects we describe would be
enhanced.

RESULTS

UV-B and UV-C Survival of T-Lymphocytes and Fibroblasts.
T-lymphocytes from normal donors were shown to be approximately
20-fold more sensitive than fibroblasts to the lethal effects of UV-B
irradiation (Fig. 2A). Their differential hyperscnsitivity to UV-C irra

diation (Fig. 2B) was far smaller. In Fig. 2 (C and D) the same data
were replotted. with the UV-B dose reexpressed as that dose of UV-C

which would give the equivalent yield of thymine dimers (see
"Materials and Methods"). It can be seen that killing of fibroblasts

broadly corresponded with dimer induction (Fig. 2C). In contrast,
UV-B killing of T-lymphocytes occurred at far lower fluences than can

be accounted for by dimer induction (Fig. 2D). We found no evidence
for greater induction of thymine dimers by UV-B in lymphocytes.
Although the proportion of cytosine-containing dimers has been re

ported to be higher at 312 nm, thymine dimers are still commonest at
40-50% (35) of the total, compared to 50-60% with UV-C. The
results suggest that whereas UV-B killing of fibroblasts can be ac
counted for by dipyrimidine photoproduct formation, UV-B killing of
T-lymphocytes may occur by some different type of damage.

Strand Break Formation following UV-B Irradiation. In order
to investigate the mechanism of UV-B killing of lymphocytes, we

have used the Comet assay to obtain an indication of strand breakage
following UV-B irradiation. In contrast to the survival experiments
above, in which only T-lymphocytes are assayed, mononuclear cells

270 290 310 330 350 370 390

Wavelength (nm)
Fig. 1. Spectral power distribution of the radiation from of the UV-B light source used

in this investigation, after transmission through a bacteriological grade Petri dish.
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0 200 400
UV-B dose (Jm-2)

600 2468
UV-C dose (Jm-2)

4 8 12 4 8
Dose (UV-C dimer-inducing equivalent Jm-2)

Fig. 2. A. survival of T-lymphocytes and fihrohlasts from normal human donors following UV-B Â¡rradialion.T-lymphocytes: â€¢¿�Donor 42: A. Donor 102; Â»,Donor 314. Primary
fibroblasts: O. IBR.3; A, 48BR; G. I55BR; O. 205BR (= Donor 102). B. survival of T-lymphocytes and iibrohlasts following UV-C irradiation. Symbols as for A: â€¢¿�Donor 159.
C. UV-B and UV-C killing of fibroblasts at equivalent dimer-inducing doses. â€¢¿�.A. â€¢¿�.Â», UV-B; O, A, D, 0, UV-C. â€¢¿�.O. 1BR.3; A. A, 48BR; â€¢¿�D. I55BR: Â», O. 205BR.
D. UV-B and UV-C killing of T-lymphocytes at equivalent dimer-inducing doses. â€¢¿�A.B. Â». UV-B; O. A, D, 0, UV-C. â€¢¿�O, Donor 42; A. A. Donor 102; Q Donor 159; Â»,
0. Donor 314. Dimer yield was determined as described in "Materials and Methods." and a reduction factor of 57.3 was applied to the UV-B fluences to obtain the UV-C dose which

would give the equivalent dinier yield.

including T- and B-lymphocytes and possibly some monocyte mac

rophage cells will he measured in these experiments. We have seen no
indication, however, that the classes of cells behave differently (30).
Dramatically enhanced strand breakage was observed in lymphocytes
compared to fibroblasts after a 1-h incubation following UV-B irra

diation (Fig. 3/4). More strand breakage also occurs in lymphocytes
than in fibroblasts after UV-C irradiation (30). but the yield of strand

breaks per dimer in lymphocytes is still substantially greater with
UV-B than with UV-C irradiation (Fig. 3fl). The simplest interpreta
tion is that UV-B killing of lymphocytes may be mediated by non-

dipyrimidine photoproduct damage, which is detectable through
strand break formation in the Comet assay.

Time Course of Strand Break Appearance following UV-B Ir

radiation. Agents such as ionizing radiation or hydrogen peroxide
induce strand breaks directly in the DNA via radical formation. With
these agents, breaks were detectable immediately after treatment in
the Comet assay, and the majority were repaired within 15 min,
confirming the observations of Singh et al. (23). In contrast, agents
such as UV-C do not induce appreciable numbers of strand breaks

directly. Transient breaks arise between the incision and rejoining
steps of excision repair. The frequency of such breaks tends to be
higher in lymphocytes than in other cell types because the unusually
low level of nucleoside pools hinders the rejoining step (36). Follow
ing UV-C irradiation of lymphocytes no breaks are present immedi

ately after irradiation: the frequency increases to a maximum about
l h after irradiation and then declines.

Fig. 4 shows that the kinetics of strand break appearance following
UV-B and UV-C irradiation at doses which achieve saturation levels

of Comet induction is virtually identical and totally different from the

UV-B dose (Jm-2 x I0c3)
0.5 1.0 1.5

Dose (UV-C equivalent Jm-2)

Fig. 3. A, strand breaks present l h after UV-B irradiation of fibroblasls and lympho

cytes as demonstrated by the Comet assay. Symbols as for Fig. 2A. B, strand breaks
present l h alter UV-B and UV-C irradiation of lymphocytes at equivalent dimer-inducing
doses. Symbols as for Fig. 21).

Time after irradiation (min)

Fig. 4. Time course of strand break appearance follow ing irradiation of lymphocytes as
demonstrated by the Cornel assay. In this experiment, cells were first embedded in agar
and then irradiated. UV-B fluence was determined through the slide. â€¢¿�.UV-B irradiation.
10 Jm--; D, -y-irradiation. 2 Gy: A, UV-C irradiation. 1.25 Jnr2.

kinetics following 7-irradiation. This suggests that the lesion respon

sible for the killing of lymphocytes is repaired hy excision.
Deficient Repair of UV-B Damage by XP Lymphocytes. Since

the lesion responsible for UV-B killing of lymphocytes appeared to be

excisable but not a dipyrimidine photoproduct, we next tried to de
termine whether lymphocytes from three XP donors might be defi
cient in its repair. All were complementation group D (28. 37) and
showed reduced excision repair in fibroblasts following UV-C dam

age. Because of the scarcity of the material, only single experiments
were feasible, and optimal doses were not chosen in all cases. Re
duced excision of damage would be expected to reveal itself as a
reduced frequency of strand breaks following UV-B irradiation (30).

Two of the three XPs show clear evidence of reduced incision fol
lowing UV-B irradiation of the lymphocytes. With XP1NE, the effect

on tail length was less dramatic. Our method for assessing the extent
of Comet induction is limited to measuring tail length, not tail moment
(38). We were able, however, to observe but not calibrate a marked
reduction in the density of the tail, suggesting a reduced capacity for
incision even in this cell line (Fig. 5-4).

Fig. 5B demonstrates that lymphocytes from all three XP donors
showed reduced survival following UV-B irradiation. When lethality
was compared to our previously published results for UV-C irradiation
of lymphocytes from the same three donors (28), UV-B again gave
5-10-fold more killing per dimer than UV-C. Thus XPs are deficient
in repair of the damage responsible for UV-B killing of lymphocytes.
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100 E?

10 'g

l .5

50 100 150
UV-B dose (Jm-2)

20 40 60
UV-B dose (Jm-2)

Fig. 5. A. strand breaks present 1 h after UV-B irradiation of lymphocytes from XP and
normal donors as demonstrated by the Comet assay. â€¢¿�XP1DU lymphocytes (one
experiment); A. XP1NE lymphocytes (one experiment); â€¢¿�XPI07LO lymphocytes
(2 experiments); 3. Donor 42; A. Donor 102; G. Donor 159; 0. Donor 314. B. survival
of XPT-lymphocytes following UV-B irradiation. Symbols as (or A. One experiment only

for each XP.

Radical Formation. There is contradictory evidence for a role of
radical formation in the induction of DNA damage by UV-B (13, 14);

however, a number of nondimer lesions appear to be associated with
radical damage. We have found no evidence that the yield of strand
breaks following UV-B irradiation could be modulated by pretreat
ment of lymphocytes with buthionine sulfoximine (2-50 UM)in order

to deplete cellular glutathione levels (39) or by incubating lympho
cytes during and following UV-B irradiation in the presence of dif
ferent levels (1-5% v/v) of the radical scavenger dimethyl sulfoxide .

Moreover, radical attack should lead to direct strand breakage, and
there is no evidence of a direct strand break component of damage in
Fig. 4.

Apoptosis. Lymphocytes are notoriously prone to apoptosis (pro
grammed cell death, "cell suicide") (40), and UV-B has been shown to

induce apoptosis in a leukemia line (41). The strand breakage which
we observe (a) is quite clearly reversible at lower doses (Fig. 4); (b)
occurs equally readily in calcium-free 4-(2-hydroxyethyl)-l-pipera-
zineethanesulfonic acid-buffered saline with or without EDTA (data

not shown): and (c) is drastically reduced by incubating the cells in the
presence of 100 UMnucleosides (36) (data not shown). Each of these
observations is inconsistent with the endonucleolytic cleavage char
acteristic of apoptosis (40).

Comet Induction by Sunlight. Mononuclear cells from normal
donor 42 were exposed to direct sunlight on four occasions in Brigh
ton, England, in late summer 1991. In Fig. 6 the measurements of
comet formation reveal that less than 1 min of exposure is sufficient
to produce detectable damage, and 5 min induces very extensive
damage.

DISCUSSION

We have shown that unstimulated human T-lymphocytes, in com

parison to fibroblasts, are extraordinarily and specifically hypersen
sitive to UV-B irradiation. This is not merely an observation with

laboratory UV sources; Fig. 6 shows that less than 1 min of exposure
to sunlight is sufficient to produce damage detectable by the Comet
assay.

Although more complex explanations are possible, the simplest
interpretation of our results is that the lesion (or lesions) responsible
is not a dipyrimidine photoproduct. We conclude this from the differ
ential sensitivity of T-lymphocytes to UV-B and from comparison of

cell killing versus dimer yield. The kinetics of the Comet assay sug
gests that the putative lesion is nevertheless excisable. Killing and
comet formation in XP lymphocytes suggest that they are defective in
excision of the lesion. The reason why the lesion might cause killing
of lymphocytes but not fibroblasts is not straightforward and is under

active investigation. It may be relevant that UV-B has been shown to

exert its modulating effect on cytokine and intercellular adhesion
molecule 1 regulation via DNA damage (42^14). Our justification for
excluding pyrimidine-(6-4)-pyrimidone photoproducts is based on

less compelling evidence but is supported by the equivalence of
dimers and 6-4 photoproducts at wavelengths below 310 nm (6).

There is an array of potential lesions which may qualify as candi
dates, although there is some question as to whether any would occur
with sufficient yield. The photolysis photoproduct (12), the Dewar
isomer of 6-4 photoproducts, is a possible candidate lesion without

any direct evidence for its having a more potent biological effect than
the 6-4 product. The yield of thy mine glycols (45) which arise via the
action of hydroxyl radicals increases in the UV-B region (46). There

is, however, some uncertainty attached to this assertion (14). The lack
of effect of radical scavengers with the Comet assay would argue
against this lesion (or any others arising via radical damage). The
induction of cytosine hydrates (15) or diadenine photoproducts (47)
can be invoked from the use of sequencing techniques to show the
apparent incision of photoproducts ( 16) at nondipyrimidine sites. It is
possible that purine photoproducts may be induced maximally in the
wavelength region of 260-300 nm (16). Clearly early identification of
the "T-lymphocyte UV-B" lesion is a matter of some priority.

The widespread belief that lymphocytes are hypersensitive to all
types of DNA damage as a consequence of their predisposition to
apoptosis cannot be invoked as an explanation for lymphocyte hyper-
sensitivity in our system, since strand breakage is reversible and Ca2+

depletion, which should reduce apoptosis, was without effect in our
experiments.

The hypersensitivity of T-lymphocytes may be relevant to the role
of UV-B as an active constituent of solar carcinogenesis. Thus UV-B

can act as both an initiating agent (48) and as a promotor via its effects
on immunosuppression (19). With regard to immunosuppression our
results raise the possibility that in addition to those antigen-presenting

cells (Langerhans cells and keratinocytes) which are normally as
signed as responding to UV-B radiation, T-lymphocytes themselves
may be directly implicated. Although UV-B is attenuated by passage

into the living portion of the epidermis (49) the hypersensitivity of
extracapillary lymphocytes could render them susceptible to damage.
Under in vivo conditions any enhanced, but as yet undemonstrated,
hypersensitivity to UV-A might become more important, since these

longer wavelengths are able to penetrate the skin more efficiently than
UV-B and UV-A is present in the output of our lamps (see Fig. 1). The

Comet assay suggests that other classes of mononuclear cells may be

2468

Sunlight exposure (min)

Fig. 6. Strand breakage l h after exposure of lymphocytes from a normal donor to
sunlight. Results of 4 experiments on separate days on lymphocytes of Donor 42.
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similarly sensitive to UV-B strand break formation, but we have no
evidence yet of their sensitivity to UV-B killing.

An understanding of the basis of the specific UV-B hypersensitivity

of lymphocytes could be of considerable relevance to transplantation.
Graft versus host disease is abrogated by irradiation with UV-B (50).
Pretreatment of bone marrow with UV-B will purge the material of
functional circulating T-lymphocytes (51). Exposure of pretransplan-
tation donor-specific blood transfusÃ¢testo UV-B in animal studies has
been shown to promote the generation of donor specific T-suppressor
lymphocytes in the host due to the inactivation of la antigen-positive

cells (52, 53).
Thus the UV-B hypersensitivity of lymphocytes can be seen as

two-edged: on the one hand increased exposure as a consequence of

ozone depletion can be seen as contributing to an increased risk of
skin cancer. On the other hand this hypersensitivity may be exploited
in future transplantation technology (54), and diseases such as juve
nile diabetes and multiple sclerosis show an apparent inverse corre
lation with UV-B exposure (e.g., Ref. 55). Finally, our results empha

size the incomplete picture we will obtain if we do not extend our
studies of UV irradiation beyond UV-C and a limited range of cell

types.
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