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The llterature covering the relevant aspects of the
photochemistry of nucleic acids and the biologiocal effects
of ulira violet light radiation on cells is reviewed,

The DNA repair processes which have heen shown to occur

in micro-organisms and mammpalian cellg are discussede. The
gun~sensitive conditions, xeroderma pigmentosum and

actinic keratosis are described and compared. The defective
DHA repair synthesis in cells from patients with xeroderma
pigmentosum and the possible role of DA repair defects

in carcinogenesis are discussed.

Human peripheral blood lymphocytes were isolated and used,
in preference to skin fibroblasts, to study ultra violet
light-induced DNA repair in patients with different sun-
sengitive conditions. The choice of lymphocytes for the

study of DNA repair is explained.

Conditions for the study of ultra violet light-induced DNA
repalr in human lymphocytes by two different methods, were
established. One method used autoradiographic analysis to
follow ultra violet lighit-induced DNA repair synthesis in
the non S-phase cells. The other measured the ultra violet
light-induced incorporation of [3}1] - thymidine into TNA

of lymphocyte cultures in the presence of hydroxyurea, which
blocks DNA replication in the small but significant fraction

ofwcells in the lymphocyte cultures.
e olfvidl'rla
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Resulls obtained by these two methods show that the rate of
ultra violet light-induced DNA repair in lymphocytes derived
from actinic keratosis patients is only 50% of that in

lymphocytes from age-matched normal individuals after 4 hours
(by which time the repair of DHA in normal lymphocyies is

complete).

Actinic keratosis is a condition of elderly people (aged 50
years or over), so the effect of subject age on INA repair
was studled. It was shown that the rate of ulitra violet
light~induced DNA repair in normal subjects does not vary

signifiocantly in the age range 17 - T7 years.

The time course experiments indicated that, while the ultra
violet light-induced DNA repair in normal lymphocytes

iz complete after 4 hours, that in actinic keratosis
lymphocytes is not. Subsequently, it was shown that, given
twice the time (8 hours), lymphocytes derived from actinic
keratosis patients complete the same amount of repair as

that furnished by lymphocytes derived from normal subjects.

It was shown that DNA synthesis, in the presence of
hydroxyurea, following ultra violet light-irvradiation of
human lymphocyte cultures; is mostly due to DNA repair
synthesis and not to some form of ultre violet light-induced

DHA replication.
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It was shown that the observed difference between DNA
repair, measured by the incorporation of [?ﬁ] - thymidine
in lymphocytes from actinic keratosis patients and normal
subjects is not due to differences in [?H] - thymidine

uptake or to different thymidine nucleotide pool sizes.

A novel method was developed to study DNA repair in
lymphocytes, based on following the recovery of
phytohaemagglutinin~-stimulated DNA replication after
inhivition by ultra violet light. This method, unlike those
previously used to assess DNA repair, measures the extent of
successfud repair (in that it allows the continuation of INA
replication). The results obtained by this ﬁethod confirmed
that ultra violet light~induced INA repair in lymphocytes
derived from actinic keratosis patients is about 50% that

of lymphocytes derived from age-matched normal individuals.

Preliminary experiments have shown that lymphocytes
derived from patients with lupus erythematosus algo have
a reduced rate of ultra violet light-=induced INA repair,
but that lymphocytes derived from patients with either
melanoma or basal cell carcinoma have normal levels of

repair.

The coneclusions which have emerged from this study regarding
the defective DNA repair in lymphocytes from patients with

actinic keratosis are discussed. The possibility that



defective DNA repair is a common basis for both actinic
keratosis and xeroderma pigmentosum is considered.

The unlikely contribution of photoreactivation and post-
replication repair mechanisms to the DNA repair measured
in this work is discussed. The weacons in favour of
actinic keratosis being genelically determined are

congidered.,
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The abbreviations recommended by the Blochemical Journal

Instructions to authors (wevised, 1976) were used with the

following additionsg-

AK Actinic Keratogis

A5 dcide~soluble

BCC Basal cell carcinoma
Brdﬂfd bHehromodeoxyuridine
Drira 5 Dbromouracil

BEH Balenced salt solution
dlad S-finorodeoxyuridine

LE Lupus erythematosus

[ HMelanoms,

BL liormal

Cli=-urea Hydroxyurea

FEe rhosphate buffered saline
PHa Fhytohaemowglutinin

Pro 2y 5 diphenyloxazole
PYRY Pyrimidine dimexr

GBS Sodiuwn dodecyl sulphate
TCa richloroacetic acid
UsVo Ultra violet

pAs Aeroderma plamentosan
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1.1 Biological effects of Ultra Yiolet (u.v.) BHadiation

The firet observation of u.v. effects on living systems was
mede by Downes and Idunt (1877), who reported that bacteria weve
inactivated by light. Gates (1928) found that the velative
effectiveness of killing bacteria by different wavelenglhs paralleled
the absorption spectrun of nucleic acids. 4 decade later, the
similarity between the action spectrum for uw.v. aulogenesis and the
abgorption spectrum of deoxyribonucleic acid (IHA) was reported by
fwmons and Hollaender (1939) and by Knepp et al (1939).

The relationship between the development of bhumen skin cancer
and weve. radiation is dewvived from clinical impresgions and the
epidemiology of the condition (#lum 19593 Urbach gt al 1966)s an
undergtandingg of the carcinogenic potentlal of u.v. radistion comes
from studies on labowvatory animals (Rolfo 19%4; Lpstein 197C; immetd
113Ye  Divect evidence implicating u.ve radiation with neoplustic
transformation hos been presented by Hart and jetlow (1975) and
Heu et al (L975) .

Although most of the stwiies of blological effects of Wweve
radiation have used ue.ve light of specific vavelengths (i.e. experiments
using germicidal lamps with principal output of 254 nm), there is
evidence that similar effects can be produced by redistion of lenpger
wvavelengths ineluding those found in sunliyzhi (Ham 196 ).

It was estimeted by Hatm(1969) that the average germicidal
acitivity of sunlight which is essentially due te wavelengths near
300 nm on a clear day between 9 a.m. and 12 a.me, 1s equivalent to
Oul Join™ “omir™ of 254 rm weve rudiation. “his was later confirmed
by Trosko et al (1970) who demonstrated that normal exposure to

natural swrlight whioch contains no detectable wavelengths shorter than



290 nm at sea level, can glive risge 1o a significant formution of
thywine dimers in huwan cells grown in vilro, Thymine dimers being
the main photoproduct of w.v. irradisted Dia (sec seotion 1.343) and
are directly involved with neoplastic trensformation (Hart and Setlow

1975).

leBel Tha ds the most sensitive tarset for ultra violet radiation

By viktue of the high extinction coefficients of its conglituent
Lasie in the v.ve region, its wmportance fo the duplicaiion ol the cell,
and its gensitivity to chauge in terms of precision ol function, .HA is
the most sensiltive teygetl for the damaping «ffecte of w.ve photons on
colle, ldbonucleic acid (BMA) may be similarly sensitive to some types
of photochenical damage, but the wesult is not as drastic becauvse of
the multiplicity of identlcal RBla molecules which can be replaced using
the senetlic information of DHa. Vor similer reamons, and also beguuse
of the much smaller éxtinotion goafficiente, protein inactivation by

weVe light will not generzlly be :mportant in biological effects.

laZa?2 syidence showing that b Ja the biologically important

tariret for weve irradiation

(1) Action specirn

Gates (1930) showsd the rate of killing bacteria with w.ve light
is meximam at 260 nm., This seewms Lo be in feir agreement with the
nucleic acid absorption mpectuws {Hollaender and maons lo4il)e

The w.ve absorption spectirus of nuclelic wolds shows a well defined
peak at 259 nm. which is due o absorption by the chromophoric groups
of the purines and pyrimidines. The extent of the sbsomrption atv this
wavelength is dependent not oniy upon the pil and lonlc girength of the

goiuslan, but also upon the previous Freatment of the nucleic acid sumple.



e to the vardable watcr conterdt of nuclele acids, the extineiion
coelficients con not be based on the we.ght of tho macleic acid since
the "dry" weight hes little significance. Howaver, nuclieilc acids
cantain one phospliorus atom for every purine or pyrimidine molscule
which led Chargall and  asenhofl {17348) to suggest thet the absorption
of @ nucleic acid golution showld he expressad in terms of the
gxtinction per rrampme-atom ol ohwsphorus per litye.

Proteing exhiblt selective absorplion in the u.ve. rogion of the
spoctrwr with @ maximum of about 280 nm and a winimun of 250 nm.
lience the vev. absorption epectrum {for proteins does not codnelde with
the ueve k¥illing specira. Migurve 1 shows the relotive u.ve absorpilon
messured spoctrorhotometrically on sectiong of non-dividing interphsea
tissue oell from pammalian liver (ﬂuspur55m11950}.

{2) suelesr or {ytoplasmic irradiation of fHabrobracon ewns

By shiclding eithor the nucleus or the oytoplasm of eugs of the
wasy Habrobragon exposed 1o u.ve radiation, Von Boratel and olff (1955)
showed that damage to the macleus resulited in a moch greater reduction
in surpvival ag measured by hatohabilitya

The oge of the wasp fabrobrocon has ch.racterdstles that makes Lt
possible to ilrradiate the nucleus and oyhoplosm separately. PFertilisetion
of the ep: s nolt vequirved for normal development, unferbilized egrs
beceme haploid males. The nucleus of the newly laid eg, is in the
melotio metaphase and ip locatad at the enterior. 1t remains in this
position for 30 ming at BGOC vhile meionis ilg completed. 'The nucleus
then migrates towards the ceontre of the egy for development to begin

(3) Ultre violet micrcbeam irrvadiation of tlssue cells

Heve micro irradiztion can zlso be used to perturb or destroy
different organelles or parts of a living mammalian cell, leaving the

remainder relatively wnoaffectsd (Zirkle 19573 Smith 19643 Noreno et @l 196

porey
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Fige Le

The weve abgorption spectra for

(a) nuecleic acids (b) nucleolus (c¢) protein,
in & non~dividing interphase tissue cell from
ramnallon livers Data obfained from

Caspergson (1950).
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In this way a microbesm can boe used to study the effwects produced in
a restricted ares of the nucleus and the unirradiated part of the sane
nucleus remains as a control.

Foreno {1971) partially irrediated nuclei of humen (K3#) cells
with a % nm diamster microbeaw of w.ve light (279 nm). KB cells were
oviginated from the oullure of a biopsy material from pooriy ifferentiated
epidermold carcinoma, developed by a man nemed KB. & dose of approwimately
106 J.m‘”E did not produce any morphologlceal changes that could be
discerned by electron microscopy, but it did inhibit mitosia for at
leust 24 he Vwhen the same cells were incubated with itritiated thymidine
Q?H] - @) for 3 h, the rad:cautograms shoved the nucleoside was
incorporated into the irradliated zons. The swime dose of irradistion
applied to cells normally ondergoing Dii synthesls (- ~ phasea), gave
rise to the appearance of label throughout the nuclel of these cells.
However, over 40 of these cells showed o reduced ingorporatlion of
[?H] w G within the ilrradiated spot, as compared with the non irradiated
part of the nuclous.

(4) The sensitizinzg effect of bromouracil

ella or bacteriophage in whiech bromourscil (srlra) is substituted
for thymine in the D4 awve considerably more sensitive to u.ve. killing
{(Greer and Yemenhoff 1957: itabl et al 1961}  Graer (1960) showed that
thymine requirving . Coll lﬁt“anﬂ e Loli Bthwhich contain BriUrs in their
DA instead of thymine have o markoed incrsape in thely sengitivity to
ueVe radiation. The sffect was proportional to the extent of incorporation
of Brllra under definsd growth conditions and for a given medium. There
was az high aug a 20,000 fold dmeresse in survival as comparea to
irradinted bacteria grown in the abgence of the analogue. There wes no
incrensce in w.ve sounsitivity in orgenisms grown in the prescnce of

fluorourscil (Mra). sHince ra is incorporated into {Na and not into



utia (Cheudhuri gt al 1958) and SrUra is incorporated into DA (funn and
Smith 1954), it follows that DNA rather than T4 wust be the mope
impordant target for the lethal effects of u.v. radiation.

The differenpe between the w.ve. absorpilon of thim.ne and that of
BrUre way be responsible for the sensitization effvct of the analogue.
smith (1964) reported that Mrlra containing Dia exhibited o much
greater sensitivity to we.v. inducod cross linking with proteins.

(5) UV, inwctivation of Haemophilus transforinine jia

setlow and Setlow (1962) have shown thut the in vitro rate of
inactivation of Haemophilus trausforming D¥A by w.v. irradiation
corralates with the appesrance of thymine dimers in the acid siluble
fraction. "Thymine dimers being the main photoproduct of u.v. irradiated

R4 (see seotlon 1e3.3).

le3cl Photochemiatry of the nucleic acids

vhile the damaging effects of w.v. radiation on living orpgenisms
have long been known at the biological level, it is only recently that
the phetochenical bawgﬁ for many of these effecls bave been e¢lucidated.

The corvelation betwesn the survival of u.ve irradiated cells and
the production of certain types of identifiable photochemical damage in
their Wa, has gained impetus gince the dizcovery by Dzukers and lerends
(1960) that irvrediation of thymine in frozen aqueous solution gives rise
bo a cyclobutane dimeric product.

imring the last 15 years, the study of the photochemistry of
micleio acids and thelyr conastituente has become a very active avea of
resgarch. There are numerous reviews by various authors dealing with
this subject (Smith 19643 Burr 19683 Setlow 19683 Banawalt 19683 Swith

and Harawait 19695 Horm et al 1971).



le3ad cffect 0f neve radiation on rucleic acid consbitbuents

The components of nucleic acids are purines, pyramidines and
pugar phosphates. Since sugar phosphates do not absorb u.v. above
220 run to any signifiecant level, they are wmaffected Ly bicloplealiy
elffective wavelengths of uweve radiation. Prom guantum yleld
conplderations, the purine bases arve 1u times less genpitive to u.v.
than pyrimidine bases (Smiih and lanawalk 1564975,

Hence a major fractlon of the lethal and mutmgenie effects of
U.Ve Tadlation on biological aystems lhag been atiributed to photo-
chemical transformations of pyrimidine resldues {(Moléren and . hugar

1964). Lepending on the irrsdiation conditions and the environment

during lrradilstion, pyrimidine bases fomm differcent products (Smith 1967),

le3e3  I'wrimidine dimers

The chain of inferences relating pyrimidine dimers to blologlcal
lesions depends nob only on the identificatlion ol such dimers in
Wevae Irradiated Dhay, Dut also on the demonsiration that the dimers and
not some other photochemical event, are responsible for the observed
bilological effecte.

rhymine dimers have been identified a. the principal product
resulting from the u.ve irvadiation of thymine in frozen asgueous
seolutions by molecular weicht determinations, x-ray Jdlffraction,
nfre red absorpiion spectroscopy and solecular masnebic resonance
techniques (leukers and Dorends 19607,

Fhotedimerization of o numbor ol ,B —unsaturated keto derivatives
has beon observed (Cohen are. .ohnit 1964). Thysine and uracil exist
predovinantly in the keto form (Jordon 19955 Puson 1957; Miles 1961).
"his is becaw e bthe kueto tautomer has the lowest enermy (bason 1998).

Ao expected, the wevs ilrradiatlon of thywine ance uracil in squeous



soelution and in the precence of « suitable photosensitizer produces
dimers in excellent yield (Lamola 1869). since cytosine lacks the
&, B unsaturated koto apoup of thymine and wuracil 1t has been
sugrestod (Cang 1901) that the small amowits of urecil dimers formed
vlien cytosine is irraciated in [rozen solutlorn (lmith 196%; “acker 1963}
migsht be due te the deaminotion of oytosine prior to dimerication.
lowever, according to Creenstock and John (1968) cytosine does nol form
dimers by idirect or acetone sensitized irvadiation, although Varghese

oo
({glgg)h&s shown that cytosine dimer.zes in poor yield when irraciated
in golution et a wevelength sreater than 249C nw in the presence of
acetonc,

formation o. cyclobutune type dimers Lrom the addition of two

pyrlmidine residues at the 5~ (06 double bhondu, is the most extonsively
studies photochemical resction {Lmith 19Gd; ..etlow 1968; Johns 197L1).
Jonnings et al (1v70) have isoluated the four possiblo isomevs of the
thyudne cimers (Fig. 2), previously postulated by ullf and Fracnkel {1961)
Froum acetons-sensllized wev, lrradiated thymine. These are the Cis-.yn,
‘Cﬁsuanti)fransmLyn ane Trange—anti. The predominant fovm isolated from

irradiated 144 1s the ClS-iyn isomer.

3

The different isomers of a pavticular dimer are usually identified

»

on the basis ol thely infra red absorption spectra, chromatographio

mobilities ans stability in acidle and alkaline solutions (Heinblum and
John 19663 Varghese 1971).  tyclobuiane pyrimidine dimers show only end
abaorytion in the 260 ni weva vegion (Fi:.3 )y but are convertsd to the

mononers, thus regaining the 260 nsm absorptlon band alter irradiation

at 254 nm or shorlter weavelengihs in aqueous solutiorn, an: are often

identified on the tasis of this property.



Meae 2 The four possible isomeric struciures of the
(cyclobutane type) thymine dimer, predicted

by Wulff and PFraenkel (1961).
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Fige 3 Ultre violet absoxption specira of cyclobutane-

thymine dimer (&) in aqueous solutions
(b) after exposure to 254 am radiatior.

Tate is given by Varghese (1972b)
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The formmlion of eyclobutane pyrimidine dimers is a photochemically

reversable reaction (Uetlow 1968) as indicated in “quation 1.

1&}
By pY == 7Y DY
=~
,E‘,?— es e o (l)

where ¥Y Y are the adjacent pyrinidine residues

nann sren e

vy I is the cyclobutans pyrimidine dimer

K} i the wvate congtant fox the forward reaction
K., is the rate congtant for tha reverse reaction
o

Kl and K2 are proportional to the intensity of the incident light,
the absorption coefficient and the quantum delds. The sbsovplion
coalficient and the gquantum yield are desfined as the probabllity of
an incident quantum being absorbed and the probability thal an
absorbed quantum produces a chemical chanye (“etlow 19¢6), 'The
absorption coefiiclent, quantun yiele and therelore the steady state
concentration of dimers depend wyon pi and tempersture (usee Fig.4.}.
Formation of dimers is favoured in irraciated frozen solutilons, since
in this case the molecules are held close together In the form of
80ldd ageregates (vang 1961). This resulis in o higher probability of
an absorbed photon fermlng s dimer (quantum yield for the formation
of thymine dimer in fromen solution is between 1 snd 2). In dilute
liquid solution, by contrast, where the molscules arc much farthoer
apart, the quantun yield for dimer fommetion ls wero while that fowr

s

litting dimers 1s between C.95 and 1 (Letlow 1961}.

G

1]
saturation of the (5« C6 double bond of pyrimidines leads to

cliaracteristic changes in their abmorption speotra (see Mig. 4 ).



Pige 4  The absorption specira of thymidine, thymine dimer,
cytidine and dihydrocytidine, given by Setlow {1966).
a and b ghow the effect of pHl on the absorption

curves of thymidine and thymine dimex,
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Pige. 4 shows that pyrimidine dimers absorb uw.v. light at much
shorter wavelengths than do thelr corvesponding monomers. Hence the
steady state concentration of ithe dimers is wavelength depend..nt.

Phus drradiation with long wavelengths of usve 1ight {eegs 260 pm)

favours the formation of dilmers resulting in a decrease in abgorbance,
vhereas short wavelengths {(eege 230 nm) will split some of the dimewvs
and cause o subsequent incresse in the absorbance (Letlow 1966, 1968).

Kot long after the identification of thydine dimex as the
irrvadiation product of frozen sclublon of thymine, it was shown that
the same product can be isolated from acid hydrolyvzates of Wevs
irradiated A (Beukers et al 1960; vacker et al 1960). Varghese and
vang (1967) isolated the dimeric product from calf thymus Hia and
identified it as the Cis-.yn isomer. According to Ben-lur and
Ben-ighai (1968}, & second isomer of thymine dimer is formed 2s a
minor preoduct from irradiated denatured Li. ‘msed on chromatographic
mobllities,; it has beesn sug esled thal the mincr dimer is the Trans~syn
isomer. Lo evidense for the formation of the other two isomers of
thymine dimer n IivA has been reported.

Cytosine~cytosine and cytosine-thymine dimers arve formed in
native XA (Setlow and Carvier 196G). These dimers undergo easy
deamination, lorming uracil-uracil and uracil-thymine dimcers vespectively.

Yroducts formed in the NA of w.v. irradisted bacterie appear to
comprise 50, thymipe-thymine, 40, thynine-cytogine and 10,. cytosine-
cytosine (in the form of thymine-uracil and urecil-uracil respectively)

dimers. The yield of pyrimidine dimers in bacterial KA is epproximately
- -1

[

7 )
. ICI-I . . =g o
2.0 x 10 7 dimers per thywlne reaidue per 0,1 J.m™,gec at 2%4 nn

(: etlow 196T; Howardeilan.ters 1968).
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Pyriwldine dimers induced by Ueve Light are normally formed
between adjacent pyrimidine mesidues in the same sirand. Inter-
strand dimers can not be formed in natbtive N4, s:nce their base
palring contradicts the complementarity of purine~-pyrimidine base
pairing suggested by ‘wison and Crick (1953); also the individual
pyrimidine residues in sach strand are held {firmly in thein
confirmations by hydrogen bonding and bass stacking. However,
interstrand dimers may be formed in ueve drvradiated N4 which is
purtially denatured (Marmur and Crossman 1961).

fue o the hellelty of the double stranded DA, the formation
of a pyrimidine dimer in the same strand wlll necessarily be
accompanled by some strain on the oyelobutane ring. ‘'The least
strain is needed in the formation of Cis~iyn dimex.

1t iw now clear (see Section 1.3.3) that w.v. induced pyrimidine
dimers and in particwlar thymwine dimers, are the main cause of the
lathal effects of W.v. ivradiation, and Hart and Setlow (1979) have
rovently produced direct evidence that w.ve induced pyrimidine dimers

in DA can result in neoplasiic transformatlon.

Lle%e4 Fhotolwdration of Fyrimidines

There bhaw recently been an lnoresse in lonteresnt of phetolydrates
of pyrimidines, which ave formed by water addition weross the 9 U6
double bond.

A study of the pd and temperature depandencies of photohydration
of several pyvimildines (Burr et al 1972) as well as viscosity eflects
on thls resction {(Jummers wnd Burr 1:7#) huve led to the conclusion
that the reactive gtate is an execites siuglet slate of the neutral

speeies (p.rimidine molecules) and not a protonated excited specles,
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ap suggested earlier by the same authovs. The rute ol hydrogen
deunlerium exchange at the C5 position of uracil .erivatives in
acidic media is enhanced by Be.v. irradiation .s & result of watcr
addition atl the 5~ 6 double bond (Hensworth et al 1472). chattak
et al (197%2) bhave also reported thai u.v. irrvadiation of uracil
und geveral ol its dewivatives in "acid puddles® Lforned in frozen
sicidic agqueous soluticons leads Lo hich yields of' 0= hydroxy - 5,
& w dibydreouracil,. B

Yhe rate of photohydration of uracil residuss in poly (V) is
identical to that of Ui, while the photolydration of poly (0)
follovs biphasic kinetics (Lomant an. Fresco 197%z)., iuwe to stecking
of cytosine bases in poly (€), the initial rate of cytidine photo-
hydration iu decreased as compared to GEP. Phobtohydrote formation
induces a de~stacking which leads {o an increase in the photobydration
rate. Honwcomplementery uracil vesidues in poly (A,U) poly U double
helices are Mlly accessible to solvent molecules and have an
ungtacked conformation, an revealed by a phofohydration rate idenitical
o that of UMF (Lomant and Fresco 1973). Lomant and Fresco {(1972b}
have reviewsd these aspects of w.ve photoonemistry thatl can be used
‘o probe polyribonueleotide conformoilon.

Je¥e fnmetdvation and miscoding of weve dvradiaited 117 coliphage
single~stranded 234 have been asceribed to pyrimidine photohydrnte
formabion (flemsen ond Cerutti 1972, VUnatable coytidine photohydrates
gan be convert d to a gtable reduction product by sodium berohydride
breciment Mattern et al 1972). Cytidine photohydration ocours with
10 = 15 times lover efficiency than uvridine photohydration in <17 din.
Uridine photohydrates reprezent the main lethal lesions. Taking

advantare of the fact thet the R 17 coat proteln usvwelly lacks histidine,
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Hemgen and Cerutti (197%2) have shown that uridine photohydrates
can miscode as cytidine in an In vitro translation system.

The stability of cytidine photohydratos in ki is such
(half-life of 58 min in native _L.coli A ab pit 8.1 and 207¢) thut
they must be considered a: legions of possible bilologidcal luportance

(Vanderhoek and Cerutti 1973%).

LeBah Frovein - Uvhs cross Linkivg

smith {1.962) studied the effect of increasing doeces of u.ve.
on the amount of A essentislly free of protein that can be extracted
from bacteria (unirradiated controls as 100: ). 3Gy of the LA is
about 7 times more sensitive to the u.ve than the rvemeinder. The
anount of the free INe that is lost from the supernsatant in their assay
due to irradiation can be quantitatively accounted for in the deter -ent-
proteln precipltate. 4t 99 killing of H.coll /e, l.ge 180 4,;2,
ontly G.ly. of the thywine iv the IMa is converted to the thymine dimers
(vmith 1962), yet the samne dose renders 11,. of the UHA unexiractable.
However, ithe biological significance of protein- OKa oross linking is

not yet understood.

1e3e6 rhotochenical reactions of purines

It has been genevally asswned that purine buses play no role
in the bilological effects of uw.ve irvradiation. Howsver, recent
experinents heve demonstrated thal w.ve irradistion of ke in the
presence of alcohols such as 2 - propanol lead 4o hydroxy-allkylation
of purine bases at the C(8) posiltion, while pyrimidine dimer formation
is decveased {Ben-lshai et al 1973). Photochemical veactions of

nueleic acid constituents with 2 - propanol Initiatled by light of
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wavelength greater than 290 nm in the presence of di-t-butyl peroxide
are selective for purines (Leonov gt sl 1973).

Since the senwitivity of the purine bases toward u.ve. radiation
ig one~tenth that of the pyrimidine bases (see section 1.3.2)y by

the time a slgnificent purine damage has occurred,the cells would

have been insctivated by pyrimidine dansge.

ledeld The repair of radiztion damage

The firet indication that cells might have the capacity to
recover from radiation damore waws the obgervation that minor
wodifications in the handling of the cells, e.g. growth media,
temperature, etc., had a marked effoct upon the ultimate viability
of drraciaved cells. Thus Hollaender and Claus (1937) found that
higher survival levels ol weve ivradiatod funsal spores couls be
obtained i they were alloved to remain in wetoer or sell so.ulion
for a reriod of Time befove plating them on o nutrient agur,.
doberts and aldous (1949) extended these obgexvaitions by showing
that the shapes of the u.v. survival curves for .Uolil could
change dragtically simply by holding the irr.diated cells din
media devold of an energy source Loy various times before plating
on nutvient agar. ''his phenomenon, known as liquid holding rocovery,
has been shown o require intact uvr genes (Ganesan and ‘mith 1969),
that control the first step (Howard-Flandersgt al 1966} in excision
rapair (section l.do2).

The moet extensively studied yepair process ln micro orgsnisms

are: hotoreactivatilon, excislion repair and recombination repalr.
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lede? Photoreactivation

"Unless otherwlise specilied w.ve. implies the wavelength
region 220 - 300 mmY.
Photoreactivation can be defined in a broad sense as the
raduction in response to w.ve irradiation (&t wavelengths greator
than %10 nm) of a biologlesl system resuliing from a concomitant
or pogt-treatuwent with non-ionising radiation (Jagger and Stafford 1965).

Such an effect was described in the alga, Fucus furcatus by Whitaker

(1941) and was possibly seen even earlior (Prat 1936), but recognition
of photoreactivation as a general phenomenon stems from its rediscovery
by Kelner (1949) in bacteria and almost simultaneously by Dulbeceo {1949)
in bacteriophage. Hinee then, photloreactivation effects have been
shown to range very far through the biolegical world.

ngzyme-catalysed photorveactivation is the most important
and most thoroughly characteriscd repalr mschanism. Such mechaniem
rvequires light energy in the near u.v. and violet-blue spectral range
for its aotion (L.e. wovelengths ranging from about 310 - 480 nm).

Indications of the involvement of enmymatic processes in
photoreactivation were first obtained when ‘ulbecco {1950) observed
that photoreactivation of phapse occura only if the light is applied
to intrecellular phage, while the inactivating ueve radiation can be
applied to either the exiracellular or the intracellular phage. No
photoreactivation vas obsewrved when the phage alone, or the host cell
alone, ox when both Independently, were illuminated. This suggested
that, besides the light, a cellular factor is required. Investigation
of the photoreactivation kinetics in phage by Iulbacco (1950) and

Bowen (1953%) further indicated the ilnvolvement of e temperature-
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dependdnt dark resction, suspected to be enzymatic in nature.

ﬁeal evidencoe for the regulrement of am ongyme in the
photoreactivation process was provided by in vilro studies,
using mixtures of w.ve irradiated transfomming Dhi of Hacmophilug
influenzae and extracts of H.coli cells (Goodgal et al 1957;
Rupart et al 1958), If such uixtures vere exposed to photo-
resctivating light (wavelength preater than 310 nm), the u.ve
survival of transforming asctivity wae increased. sxposure of
the IMla alone, oxr the exiract alone, or both separately to photo-
reactivating light, did not incrsuse the transiorvming activity.

mloboration of thin in viitro photorveactivation system,
using yeast extractn (Rupert 1960, 1961, 1962) demonstirated the
exisntence of a photoreactivating enazyme in the r.(@li extract.

Photochenmical investigations showed thet cyclobutyl
pyrinddine dimers in wv.v. irradiated DFA ave the photo~repairable
lesionss 1In the prosence of photorescbivating engyme, the cyclo-
hutane pyrimidine dimers monomerize when wxposed 1o near Ueve OT
visible light illwmination (Rupert 19643 Cook 1967). The kinetics
of this enzymatic reaction have been investigated (larsm et al 1971).
The evidence produced by Williams gg.g%‘(l971) that a synthetie
decanucleotide (pT)4 pIpT (pT)4 in which a Cis-syn thymine dimer
residue hag been incorporated in the central posibtion, is & substrate
for the photoreactivating enzyme, clearly suggesats that thymine
Ciswsyn dimers in DNA are pubstrates lor the enugyme. Cyoelobutane
dimers of cytosine and uracil also function au substrates, though
they are monomerigzed at lower rates (Setlow and Carrier 1966).

Photoreactivation (restoration of the transforming ability of
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BeVa inactivated transforming DNA) witlh the yeast extroct system
follows the clussleal enmyme kinetics. The enayme is mechanically
bound to u.ve iveadiated DHA in the dark, but not Lo unirradiated
DNA, as Judged by the abllity of lryradiated K« to protect the

engyme against inascotivation by heat and heavy metals (Hupert 1962).
The absorption spectrum of the purified engyme, which is different
from the action specirwa for the in viiro photoreactivation, indicates
the lack of chromophorse. This might mean that either the chromogphore
wan destroyed during purdfleation, or the chromophore coours as a
consequence of the complexing of engyme and WA (Setlow 19673 Smith
and Hanawalkl969).

Pxperiments with weve inactivated transforming DA have confirmed
that photoreoctivation invelves monomerisation of dimers, by showing
that engmymatic photorenciivation overlaps that produced by short
wavelength reversal (see Section 1.3.%). loreover, the rate of
reactivation of the twansforming ability was found to be decreased
in the presence of certein irradiated polynucleotides, which compete
with irradiated transforming N4 for the photoreactivating ensyme.

This coupetition was eliminated by prior illunination of theo irradiated

polymers in the presence of emzyme extracts (Setlow 1967; Setlow 1968).
ihotoreactivating ensymes have been found in a wide variety of

orgenisms, such as bocberis, mowds, sea urchin, fish, chick embryos

(Setlow 1968) and plants (Trosko and Mansur 1969). 'They have also

been recently isolated and characterized from human lewcocytes

(sutherlaend 1974) end from cultured humen fibroblasts (Sutherland ot al

1975) s
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The demonstration that human cells possess photoreactivating
enzyme implies that a direct test by photorsactivation may be made
of the role of pyrimidine dimers in the induction of abnormal cell

growthe

1.4.3 fExecision repair

A1l cells, both bacterial and eucaryotic, appear to have
enzype systems which can recognise distoritions caused by u.v.
radiation in the DHA double helix snd respond by excising them and
synthesising a replacemnent stretch of DNA. The degree of resistance
t0 weve radiation depends upon the repair efficiency of that
parﬁiculér organiem. Only the enzymes of Qﬂééli and Micrococcus
have been characterized in any detail. Micrococcus is especially
efficient in removing thymine dimers from DNA and can tolerate

¥

large doses of u.ve irvradiations H. b;i on the other hand offers

~

[

the advantage that a large number of mutant bacteria have been
isolated which lack the ability ( or have reduced ability) to
overcome irradiation damage so that their properties can be compared
with more resistant strains.

Many genetic loci which are concerned with determing the

! .
PR

degree of sensitivity of B.€oli to radiation and mutation have been
mapped and identified in both I{l2 and B strains (Witkin 19673
Hanowalt 1968) .

Fhages which do not genetically specify their own repair
systems make use of thoge of their baclerial hosts and the ability
of bacteria to repair damaged phage DNA can be used as an asgsay for
the host correction systems. Bacteria which lose the ability to

repair damage to the DNiA of infecting phages are described as hcr;
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(host cell reactivation). Mutants of the her phenotype show a 10 to 20
fold increase in sensitivity to both the lethal and mutbagenic effects
of v.v.e irradiation.

There is a high correlation between the survival of colony
forming ability in uw.v. lrradiated cells and their ability to sustain
plague formation when the cells are used as hosts for irradiated
phages (Lewin 1974). A second mutant phenotype, originally characterized
by its sensitivity to uwe.v. light, because the cells can not repair
damage in their own genomes are described as EXE' It is now clear that
uvr and her describe the same genotypes.

The uvr system is responsible for removal of thymine dimers from
DNA by a mechaniem which involves excision of a strelch of the single
strand of DNA containing the dimer and its replacement by synthegis of
a new strand. INoward-Flanders et al (1966) reported that mutation in any
one of three unlinked loci, uvr &, b, ¢, causes inability to remove
thymine dimers from DNA by this mechanism. This type of repair mechanism

is known as dark repair, DNA repair, replication or excision repair.

The general features of the excislon repair may be summarised

as follows (see Fig. 5)3

Lla Pyrimidine dimers are recognized by an endonuclease (absent in
uvre mitants ), which introduces a single-strand break near the
site of the damage.

2. Pyrimidine dimers and adjacent nucleotides of the damaged strand
are excised by an exonuclease.

3a The excised region is repaired by a polymerase (absent in Pol A
mutants), which uses the intact strand as template.

4 The intrastrand gap is closed by a ligase (absent in dlig mutants).



Fge 5  Sechematie representation of the excislion repalr
process, originally proposed by loward-Flanders

and Boyce (19¢6)

~r——————  Opriginal strand

-
et wepsired strand
T—T thynine dimer



T 3
\L Endonuclease

R —

AN
& :
‘L Ixonuclease

I N

3 5. 3'

l DNA polymerase

T

3\ 5! £ 4
\L Polynucleotide ligase

L] s




inzymes which are associated with the incision agpect of the

' .
[ -

excision repair have been isolated from both I.coli (Braws st al 197%)

and Jidorococcus luteus (Keplan gt al 1969). These enzymes are called

Correndonucleasss. Correndonucleases are defined as endonuecleasos
whose spscificlity eventually leads to corrvceticnal mechanisme ond
which is limited to a LA whose structure is modified such that its
nitrogenous bases are no longer complementing, are remwoved from the
Dkay oY have interacted or can interact with bases in the same strand
{intrastrand dimers) or have interacted with bases on the opposite
girands (intersirand dimers, crosslinks) (Gromam&p 197%). 'The

7
Eg

correndonucleases ilsolated from M. luteus and 1l.Coli have been shown

to act specifically on the strand damaged by pyrimidine dimers
(vadman 1976). 'The use of correndomicleases for identifying pyrimidine
dimers hags provided a fairly sensitive and specific tool for meassuring
the wemoval of pyrimidine dimers in vivo (Ganesan 1974 ).

The removal of the damaged nucleotides from DA can proceed
by two alternzte and perhaps interdepen&ént routes (Grossman 1975).
In addition to 1ts polymerieing properties, E;Egli pelymerase I has
associated exonuclease activities which are capable of two sorts of

rd e

repair processes. & 5—>3 associated double~strand-specific
exonuclease lg capable of removing pyrimidine dimers in its path
concomitant with polymerisation. Purthernore, when non-complementary
nuclectidesare incorrectly inserted during polymerisation, the 5—a-é
gingle-gtrand-specific exonuclease is capable of digesting in a
direction opposite of that of polymerization te¢ the point of the
first stable hydrogen bond (Brutlag and Kornberg 1972¢ huzycska et al

4

1972). Hamilton et al (1974) rule out the associaled 3— 5 exonuclease



activity in the excision process. However, the §—a»9 exonucleolyiic
activity of DA polymerase I enzymes sultably assume the excision
role in this repalr pathway. The ability of this 5\4?3\exonuclease
activity to hydrolyse ﬂcnxterminal phogphodiester bonds, by-poassing
photoproducts, renders this activity sultable for mepair of this
typee. lost of the evidence, obtainsd from studies on ielutous
and ﬁygggi correndonucleases, ls that the Phq;phmﬁestew'bond
ineised is no more than one nucleotide away from the pyrimidine
dimer (Kushner et al 1971), therefore, the 52‘*3\exonucleolytic
activity is capable of circumventing such damage during polymerization.
The extent of pyrimldine removal depends on the relative rates of
excision and polymerization whieh provide 3! hydroxyl forming
appropriately juxtapossd for ligase action to the 5' ftermini
degtined for removal durlng the nick-transiation process
(Comzavelli gt al 1969).

finally the possible participation of polynuoleotide ligase
in the early steps in the execipion pathway is sugmented by its
involvement in the final steps ol the preparation of fwlly active
IHae. ‘The specificlty of this enzyme requires a 5%'--phosphoryl
group next to a Juxtaposed 3'-hydroxyl grouwp, for end-to-end Jolning
(Sga?amella et al 19?0). farthermore, Dia containing non complementary
nucleotides at its 3'-end ls alwo & suitable substrate for the ligase
(Tsiapalis and harang 1970). Conformational changes associated with
gome pyrimidine dimer containing regions are obviously not too
extrems for this enzyme to function. The ligese, therefore may assume,

in addition to sealing the final phosphodiester bond, a level of

control ot earlier sieps in the excleion repair process.
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The importance of execision wepalr mechanism is manifested
in the enhanced survival of w.v. irvadiated resistant staing of
gpﬁé;g, as compared to the exclsion defective mutants. Thus
experiments conducted by Uetlow and Carvier (1964) and Hoyece and
Howanrd-landers (1954)9 hava shown that althoush vev. light
induces the same amount of thymine dimers in both resistant and
sensitive cell types, the disappeavance of dimers from the acid
insoluble fraction and their sppearence in the acld soluble is
observed only in the resigtont sirain but not in the uve mutants.

fvidence for the presence of non semi-conscrvative mode of
replication, referred to as repair replication,; h«s been presented
by Pettijohn and H&yawalt {(1964)e Uuve irradiated bacteria vere
allowed to grow.in thoe presence of {the more dense Y« bromouracil
(xUra) instead of thymine. Caesium chloride density gradient
centrifugation of {the WA isolated from these cells showed that
Brira was incorporated into very short segments along the DA
strands, at regions other then the unormal replicating fork, since
the incorporated MUra can not be separated from NEA by either
denaturing or ghamringo Honawalt and Pettijohn (1965) have shown
that repair replication is operatlve in Egg# strains of g,éé;;
after exposure to u.ve light, but absent in the uw.v. sensitive
gyééli By, muatant.

By measuring the post lrradiation incorporation of exogenous

EBHJ - thymidine into unreplicated MNA, containing heavy isotopes,
Billen gt al (1967) obtalned data indicating the replacement by
repair of about Y0 nucleotides per dimer. However, the specific
activity of the exogsnously derived labelled thymidine might have

been underestimated due to the dilution of label in the intracellular
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I precursor povls.

The existence of non-conservative repalr replication in
mamnallan eells, in response to w.ve irradiation or treatment
with nitrogen mustard, has been dewonstrated in mapy animal
cells including lels cells (Cleaver and Painter 1968) and in
chinsse hamster cells (Cleaver 1970a). among mamwmelian cells,
only rodent cells appear 1o have a reduced repair activity of
this type (Painter and Cleaver 1970).

Keroderms Pigmentosum (XP) is o human skin dismessc which
follows an autosomal recessive patiern of inheritance (see
section 1.5). In each known case, exposure bo sunlight cavnves
o variety of phenotypic changes in skin cells, depending in
geverity upon the paviicular form of the disease. Pilbroblasts
derived from the skin of normal people can excise thymine dimexrs
from their w.v. irradiated DNA, while cells from the skin of
patients with XP do so at very much less than the normal rate
(setlow g al 1969).

Fev enzymes which may pariticipate in exoision repalr have
been isolated from mammalian cells. Durt and Brent (1971) found
& 0 Mese in Hela cells which gpecifically degrades the DRA of
VeVe irvadiated &?ééii: Lindakl (1971) detected an enzyme
activity in rabbit liver cell nuclel which can liborate dimers
in oligormcleotide form from irradiated B. subtilis DHA.

Fiogt of the eucaryotlc repair activities which have been
noted appear to correspond « albeil only approximately - to the
uve excision repalr systenm ofigﬂégiga he patbehes inserted

appeasr to be shorter than those of bacterisl systems. Fdenbers
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and Haqﬁwalt (1972) found that they are confined to some 30
ragleotides in lenythe

The posd weve irradiation, non semi-conservative L4
asynthesis (A repair synihesin) can be referved to as "unscheduled"
oA synthesis or repalw replication,depending on the technique
uwsed to demonstrate it. Hvidence in favour of both terms
describing the same biochemical phenomenon, hes begen presented
(Painter and Cleaver 19693 Cleaver 1969a).

The incorporation of[?ﬁ} = thymidine into cell nuclel which
are not in the normal synthetic phase (& phase) following u.v.
irradiation, is veferrod to as "unscheduled™ DRA gynthesis
(njordjevic and Tolmach 1967). This type of DHA synthesis can be
demonatrated elther by auvtoradiography or by messurement of total
PH] - thymidine incorporation under certain conditions (see Methods
gections 2.1.5 & 2.1.6).

Another method to demonstrote repair replication iz based on
the incorporation of & heavy label such as 5« bromodecxyuridine
(Brdved) into IRA (Pettljolm end Nanwwalf 19043 Hanawalt and Cooper
1971)s After exposure o u.ve light cells are allowed to grow in
a medium containing[?ﬂ] « BrdUrd an anslogue of thymidine which ie
denger. fThe normal semi-conservative replication of DNA results
in the formation of labelled "hybrid" density DRA, with a "light"
rarental and a "heavy" dauphter strand. In repalir replication on
the other hand, only short regions of the WA are exciscd and
veplaced by label-containing nucleotides and no denpity shift is
expected. These two different modes of LNA replication can be

resolved on a (sCl denslty sradlent.
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txedslon repair deficlent matants of ggggig,oan synthesize
DA after weva. Ilrradistion and the newly synthesized styrands arve
of melecular weights inversely proportional o the u.v. dosge
(Bupp and Howard~ilanders 19683 Snith 1969). If these cells are
incubated long enough after ivradiation these defects in the newly
synthesized DEA disappesr. The disappearsnce of these defects hasg
been attributed to a post replication repair process, nlso referred
to as "recombinational repalr".

!

Fuatations in the recombination system oflg.ééQQ, which
comprises three loel - rec B and reg { which are closely linked
and rec i which maps at o different location - cause an lncreased
pensitivity to both Weve and x-irradiation (Howard-ilanders

f(
et ol 1966). iutents of Becoli which are defective in

[y,

recomblnation fall into two clesses. The *reckless® mutants in
rec 4 suffer o deastic weduotion in recombination and arve vory
gengltive 0 w.ve irradialtion, which causes them to deprade an
abnorually large anmount of their FETOMED o The Ycautiousn"™ mutants

in rec B or rec { have reduced but deteoctadble reconbination,

Increased gensitivity 10 u.ve light, and a smaller extent of
breakdown of DNA after ivradiation which ig comparable in amount

to that of the wild type. This sugeests thét the product of the
rec B and rec ( genes may be a nucleasce which i responsible for
mich of the breakdown of DA after w.v. irradiation, whereas the
product of the rec 4 gene in some way limits the proocess, This

iden ism supported by the behaviour of the double mutants constructed

by Baxbour and Clawxk (197C)3 ree A roe B or rec A rec C ambant
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have lower levels of breakdown after u.ve. irradiation than tho:
exhibited by ree i mutonts or wild type cells.

A crucial difference between the uvr and reg systems is
that excision~repalr acts on dimers themgelves in the parental
strands of UhiA, whereas recombination repair acts on the gaps
left in daughter strands which are produced by replication of
unexcised dimers.

DEA molecules thai have been damaged in both gtrands at
the same point caunot be repeired by an excision mechanismy since
there is no intact complementory strand to serve as a template
for repair synthesis (Kelly et al 19693 Cole 1971). DHA molecules
that hove ouffered two-strend damege can, however, be repailred
through reconbibation with homologous molecules. The base
sequences needed to accurately yeconstrucet the molecule at sites
of two-gtrand damage sre available in the homolog and can be
brought into use through genetic exchanze.

¥z, 6 shows a schematic representation of the recombination
rapalr process supgwested by Howard-Plaendens (19?3}. It hasg heen
shount by Rupp and Howard-llanders (1968) that the IHA synihesized
at early times after uv.v. ilrradiation is of molecular weight
approximately equal to that of the NNA chains between the weve
induced pyrimidine dimers. This result suggests that the newly
syntheslzed TNA ohalns terminute at pyrimidine dimsrs in the
template DMA, and that new chains asve starled at initlation sites
further along the template strands. The resulting gaps opposite
pyrinidine dimers can be 500 « 1000 macleotides in length {Iyer and

Rupp 1971). The post replication gap £illing in u.v. ivradiated



Fige 6  Schematic representation of the posi-replication

repelr process proposed by lHoward-Flanders (1973).

a) a DUA duplex conlaining a thymine dimen

b) the duplex containing the dimer is replicated.
One newly synthesized sirvand is terminated at the
dimer and a nev strand is started abt an initiatlion
point beyond, leaving a pogl-rveplication gap.
The thymine dimer iz not subject to ihé aetion
of excision engymes vhile in a single-gtrand
region

-
¢) the strands at the posit-replication gap initidte
~ a genetic exehange with an intact portion of the

homologous sister duplex. One strand in the
sister duplex is cubt in rosponze to paiving,

and is joined in the configuration shown.

d) the post-replicabtion gap opposile the dimer is
£illed with the corrceet buse-pair seguence by a
change in the complementary hydrogen bonding

betveen sbraands, as shown.

e) the sister exchonge is completed by the strand
linking the twe duplexes being cut, so that both
duplexes can be repaired.

AN

f) after the post-replicabion gap is filled, the

thymine dimey will be excised and the strand

finally xepairved.

Cripinal strand

_______ Repalred strand

- T-T thymine dimen
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hacteria appenvs to involve sister atrand exchenges, and these

can be detwcted by means of heavy isotope density labels. When
cells are grown so that the INA ls o density hybrid with one

heavy and one light sirand, it is normally possible to extract

the A and to separate heavy and light atrands cleanly by
dengturing the A and centrlfuging it in a CaCl equilibrium
density gradient (Meselson and Stahl 19%8). If, however, the

ocells are exposed to low doses of w.ve light before the synthesis
of the light strands commences, single strands of intermediete
density are obiained. ‘These ocour al a yield of one intermediate
density molecule for every one to two pyrimidine dimers in the
replicated M4a and are presumably formed by sigster-sirand exchanges.
The conclusion derived from these experiments is that dimevs and
posi~replication gaps cause genetic exchanges with & high efficiency
(tapp et &l 1971).

Ancther type of two~gtrand damapge,; where post-replioalbion
repaiy may be & candidate is inter-strand owosa-~links. Blfunctional
alkylating agents, such as nitrogen and sulphuyr mustarxds and thelr
dewivatives, form diguaninyl produets in LA, of which one quarter
or morve are inter~strand cross-links (lawley et al 1969). Cross
links ave also produced by tis-platinum (II) diaminodichloride
(itoberts and Pascoe 1971).

In bacteris and animel cells, cross linked DHA is acted uvpon
by exciglon enzmymncs, relessing the oross-links so that strands can
separste when denatured (Kohnlggig$ 19653 Lavley and Brookes 1965;
Gole 1973). It is likely that excision enzymes make two cuts in

one strand at sach crogs-liuk, producing a gap in one ativand while



the bhalf-excised cross-link remains attached to the other
(Cole 19733 Boward-Flenders and Lin 1973). A half-excised
cross-link is analogous to a pyrimldine dimer and poste
replication gap, in that both structures involve a single-gtrand
gap that canﬂnﬁt be immediately repaired because of the damage
in the single~gstrand region. These two structures might cause
axchanges through a post replication repalr type of mechanism.
Although a process of post-wveplication repalr similor to
that in bacterdis appears to exist in mammalian cells, some
controverasial points heve avisen concerning the mechanism of
this process in mammalion oellse Thus, in wev. irradiated
chinese homster cellg, it was found that the percentuge of
thymine-ocontaining dimers in replicated and wareplicated DHA is
the seme (Meyn gt al 1974). In mouse fibroblast cells, in
which excigion oacurs very slowly, the synthepis of high-
moleculur welpht DHA ofter w.ve. irradiation can be detected
before the end of the first deubling time after lvreadiations
This implles thet synthesis of high wolecular weight DHA occurs
before there ls time for the pogstereplication gap filling to dbe
folloved by the next synthetic period (lehmann 1972). ‘this
suggests that repaired templates become available for synthesils
more rapldly than can be accounted for on the basis of the
model (Ilg. 6 ), derived from bacteris in which, after exposure
to weve light, replication is followed by recombination., High
mnoleculav-weight IMA should then be synthesized only after the
next synthetic period. The situation in animal cells is also

complicated by the need to avoid exitensive crossing-over leading
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to loss of heterozygosis during embryonic development. The
exploration of induced recombination and conversion in somaile
cells is huampercd by the lack of genetio marksra that can be
arranged so that recombinants and convertania can be selected
for.

The deployment of the posteyeplication process in the
repair of non‘dividing cells such as lymphocytes, ls difflculi
to envisage, since in most bilological systems genelle recombination
is agsocisted with ILNA replication. However, certain types of
bacteriophage are known where rocombinants can be formed by
cutting and jJjoining pre-existing DNA molecules without the
necegaity for replication, other than thai which may be needed
for repeir synthesis (lleselson 19643 HeMilin and Zusso 1972).

£33 mamealion cells gtudied so far are able to caryy ocut
post-replication repair, l.ee. they all eventually produce high
molecular weight daughter-strand A after usve irwadlation.
tHowever, {ibroblasts derivad from patients suffering from the
disease XP "vorient™ strain (section 1.5}, have abmormally low
rate of postereplication repair (Lehmann et al 1975), which isg

irhibited even further in the presence of Caffeine.
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LaB reroderme planentosuam

feroderms plamentoswn, first identified & century ago {Hobre
Kapusi 1874), is a rare genetic disorder which im generally
inherited as an autosomal recessive trait (leed et 2l 1969}, though
a partial incomplete sex-linked recegsive pattern huas also been
reported {anderson and Beg: 19503 Wl-Hefnawi el al 1962). The
digeasa effects both sexes equally, oceurs in all races and haw
been described in almost all parts of the world.

“he skin of the homozypotes is normal at blrth and changes
usually appesr Letween & months and 3 years of ape though occasionally
evidence of the disease does not ocecur until adult life. This delayed
appearance pay be due in part to opportunities for sun-exposure and
the degres of expression of the genetic defect.

Senentlally all the cutancouws changea induced in XP are
produced by sun exposure and thus the leailons ocour primarily on the
arveas receiving the greatest smount of solar radiation (Plave 1).

Thene leslong develop into tuwours, and the mest common tumours
which frequently occur esrly in the course of the diseuse are
keratocanthomes (Heed et sl 1909). mlignanoies of epidermal origin
(basal cell epitheliomas and squamoun cell carcinomas) are also
common. However, «ll varieties of cutsneous cancer may occur
including malignant melanomas (:)— Hefnawi et al 19625 Lynch gt al 1967).

There are two clinical formei both show the skin symptoms but
the rare fors identified by Ue sanctis and Cacchione {19%2) is usually
more severe and ls associated with neurological complications
(fecd et al 1965).

The wavelengthe yesponglble Lfor the changes in YXP appear to fall



Plate 1 Xeroderma pigmentosum in & 9 year old boy, showing
widespread keratoses with neoplastic change most

evident above the right eye and on nosc.

Courtesy of Tw. Rebe Mackie, Deparitment of lermatology,

vestorn Inflvmsery, Glasazow.
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in the sunburn spsctrum 290 - 320 nm (Lynch 1934). Thé minimal
erythems dose of these rays is genermlly nowaal (fdothman 1923).
However, u number of abnormal responsces hive hegn reported. ‘'These
include a delay in the appearsnce and/or a reduction in the size

of the peak of the erythemna response {Harienstein 1924), persisténce
ol the erytheme for abnormaliy long time {(Cripps et al 1971) and
chronic sun danage {urnberger 1958).

Gartler {19¢4; reported that fibroblasts culiured from tho
skin of petients with XP were abnormally sensitive to ueve lrvadiation,
Cleaver (1968) denmonstrated thatl repalln of uw.v. inducaed pyrimidine
dimers by the dark-repodir system was cefeclive in XU fibroblasts.
‘hese indings were confirmed subsequently by a number of studies

whilizing verious technigqu s ( atlow et

al 19693 Clesver 1970b;

dootana et al 197v; negan et al 1971}, the repulr .eficiency in XU

2t @l
Spina wmevae

[

patients is not confined bto Fibro.lant. culbures, bul .15 algso found
in non dividing cells sueh «u lyvimphocytes ( rark et al 197la}.
However, it has been shown by Robbin and Kraemer {1972z, 19724
thay while lymphocytes from pablients with XP show & lower level of
repaily compared to norwal lymphoeytes lmmediately alter weve lrradiution,
they continue to repalr beyond the time required for normal lymphooytles
to ecomplete their repair., The incorporation of [?i} thymidine
(o measure of repair) into irvadiated XP lymphocytes ceases only
when they have incorporated as much thywidine as the normal irradiated
Iymphocytes.

Until recently all of the cells from patients with characteristic
clinical cutaneous changses of XP have demonsirvated the dorke~repairp
enzyme defect. surk et al (1971a, 1971b) reported normal posteu.v.

repalr in lymphoeytes and in fibroblasts of a patient with severe
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clagsical *F. Subsequently, Cleaver (1972) noted normal repair
replicution in the fibroblastie of two other patients with apparent
chapacierisgtic A¥. These cells were not abnormally sensitive to

the killing effect of wwsve light, indicating that they did net have
a dafect in any agpeot of the exclision or any other pepulr system.
Thig forw of Xi i referred to as the "IP vapriant'. Although tha
excision repuir system appears to be normal (Robuins el al 1974),
low levels of photoreactivating enzyme (Subtherland and Oliver 1975)
and o defective post raplication repair (Lebmarnn ot al 197%) in

P wvardants have been reported. In addition, 41 hap been domonstrated
by taher et al (1976) that the frequeney of u.vs light indunced
mutations is higher in AP vardiant cells than in normel humen cells.
This fionding supports the somatic cell mutetion hypothesis on cuncer
firat put forward by Boveri (1929).

Apart {rom the X variant, there now exist five distinot
complementation groups in X patients whoge cells exhibit dolegtive
DA repair ranging [rom (2= 50%) that of normal cells (Kleijer
&b Bl 19753 de teerd-Kastelein et al 19733 Bootsma et al 1975).

o

Moreover, the abllity of X¥ cells to perform repalr replication
(neution le4.2) seems to vary with the severity of the disecase; for
Hootama ¢t ol (1970) showed that there is a correlation beiwesn the
overall ahility of the cells to perform repalr rveplication of w.v,
irradiated Dha and the clinicsel severity of the condition.

An early atbtempt to study ithe biochemical basle for the repainr
deficiency in XP celle led Cleaver (1%69b)to suigeest that an initial
gtaze in the excision repair iz defective. This was inferred aftex
it was found that ¥P fibroblasts can repair xw-ray damage (which causes

chain breakage, froifelder 1968) but not base damase (without chain
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breakage) caused by w.v. light (Setlow 1966). This is because the
repair of damage to DNA bases requires enzymatic scission of the
polynucleotide chain (Setlow et al 1969}, excision of damage and
repair replication (Hapwalt 1968), while the repair of strand breaks
does not require the initial enzymatic chain sciséion, but may involve
the later stages (Painter and Cleaver 1967). Setlow et al (1969)
demongtrated that the excision of uw.v. light induced pyrimidine
dimers from DNA of XP fibroblasts is markedly reduced. However,

when extracts of XP cells examined for dimer excising activity on
previously incised DMA with a dimer~specific endonuclease,purified
from bacterophage T4~ infected L.coli (Friedbery and King 1971),

no significant difference was found in the speclfic activity of
excision nuclease in any of the XP classes,compared with normal cells
(Cook et al 1975).

Since extracts of cells from normal individuals can carry out
DNA repair on chromatin from uw.v. irradiated XP cells, while XP
extracts cannot (Mortelmans et al 1976), it was concluded that repair
must be considered at the level of chromosome structure as well.

Host cell reactivation experiments conducted with XP fibroblasis
showed that these cells have little or no ablility to reaciivate u.ve.
damaged herpes or SV4O viruses (Rabson et al 19693 Aaronson and Lytle
1970). Studies on DHA repair synthesis in 5V transformed XP cell
strains indicated that the original defect can not be reotified by
the integration of SV4p genetic material (Bootsma et al 19703
Cleaver 197(c; Parrington et al 1971).

Since XI’ cells do not appear to lack the repair activity
completely, the different levels of repair activity found, may be

due to different mutations in the same gene. This can give rise to
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diflervent degress of impairmont of the endonucleaso regsponesible for
lesion recognition (Uleaver 1970b). :owever, there is strong evidence
showing that tvwo difvarent genes are involved in the basic defect

of de K&nntia«&gcchiune syndrome and the classical form of ¥Ir

(her Keloustian et al 1974). This conclusion was weached alier
observing norsal level of vepair replication in heterokaryons
containing puclei from cellis of both the de Sanctiuaéécohione gyndrome
and the classiocul form of X (e veerd-Kastelein et al 1972).

In addition vo the different complementation groups of Xi,
there sxist another disorder in which light produces skin alterations
resembling P, observed by Jung (1970). This condition haz been
roeferred to as "pimmented xorodermoid” and classified as a condition
between oxtensive solar keratosls and o nild form of Xle Although
epidermal cells from patients with pipmentaed xerodesmoid have a
normal level of repair replication alter cxposure 40 U.ve rvadialion,
even relatively low dosen of ueve light result in almost total
depression of the gemi-conservabive i synthesis In the pigmented

wzevodermolid basal cella.

1.6 sctinic ¥eratosis

sctinle kervatosis (4K) is a precalignant lesion of the
epidermig, ‘Atensive exposure of the skin to suanlight is generally
considerad as an lmportant factor in the etiology of the diseuse
(#inkus 1971).

The lesions asnpear as vough pigmented ralsed arveas on the
exposed parts of the skin {Plate 2). ‘They are seen at an earlier
age In paticnis who huve an outdoor occupation (ee.g. farmers, seameu)

and most strikingly in fair skinned psople who ecomigrated to the southern



Plate 2

Actinic keratosis in a 59 year old man with

keratoses on dorsum of both handsg.

Courtesy of Tire RoM. Mackie, Depavbtment of

Termatology, Western Infirmary, Glasgow.






hemisphere. The disecase effects both sexes and if left unireated
mey slowly progrews to squonmous gell caveinoma in 12 to 13- of the
affected individuals (Oreham and Helwig 1972). Hereditary frotors
or some other common predisposition to the development of cancer is
suggested by the occurirence of skin tuwwours and internal walignent
neoplasns in one or move members of the families in half the patients
with A (Ureham and Helwig 1972).

The demonsteation by Cleaver (1968) that {ibroblasts from
patients suffering from the pun-sensitive dimease X (see section 1.5)
are defective in A repair after exposure to w.ve light; opened the
posalbility that repalix deficlency nmay be involved more generally in
corelnogenesis, This suggestion was supported by the finding, that
a correlation exist betwesn the ovearall ability of X cells to perform
renalir roeplication of we.ve irradisted DA and the severity of the
divesse (Bootsma et al 1970). The argument is further strengthencd
by the demonstration thet neoplastic transglformation can result from
the preusence of thymine diners in cells irradiated with ueve light
(Haxt and Setlow 1975).

Although the progress of AX and that of XP are different,
similaritles exlist beitween the two disenses:

(1) Poth %P snd A¥ are sun-sensitive conditions which give rise
1o skin lesion

{#} "hese lesions develop into skin tumours, though with differing
rates of incidence. 'There is & high incidence at an early age in
the case of X¥ and a lower incidence usually among elderly people
(after the age of 50 years) in the case of al.

vhile ¥P is genebically determined, the genetioc basis of Al {(if any)

is not yet established.



In order to decide whether or not a deficlency in repeir is
the common biochemicanl banis of both disesves, a study of DNA
repair in cells from AK patients was underiaken and iy the subject
of this thesis.

A less extensive study of DHA repair in "melanom:s' and
"hagal cell carcinoms' for sunlight was included as it is recognlzed
that sunlight also plays o role in the seticlogy of these neoplastic
conditions (ulliott and Welton 19463 MeGovern 1952: Bellsario 19543
Lancaator 195%) and also becsuse o small percentage of AK patiente
develop such tumours (Graham and HGelwig 1972).

Uuscheduled s synthesis (section 1l.4.2 ) can be studied in
non-dividing eelles such as lymphocytes (.vans and Komman 19683
Lieberman et al 1971). VWhen etudying wepaiv the lymphocytes have a
distbinoet advanitage over the fibroblasts for the following reasons:-
(1) lymshooytes ars easily obtained from freshly drawa blood and

repair can be assayed within hours (C.f.fibroblansts cultures
derived from skin biopsios which toke months Lo establish).
(?2) seversl willion. lymphooytes sre used in each debtermination
and bthese Form a representative population wheress the few
cells which grow from a skin biopsy sre highly seleoted and

may not be representative samples.

s
A
~

Iymphocytes are generally aot dividing ( < 1. dividing cells)
aué do not synthesize DNA without prior stimulation (e.z. by
PiA).  after PHa stimlation ahout 80, of the cells synthesize
e which is o mecsure of the viability of the population.
Bence in the obsencs of DA stimulation the [Bﬁj - dT
incorporation due to wepair aftor deve dxvadistion forms a

high proportion of the total incorporation (.f.incorporation



en 36 s

in u.v. irradisted Iibroblacts vhere DNA replication

completely masks repaly synthesis).

The study of MNA repalr in cells derived from AK patients
may provide further understanding of the relstionship between

the ztate of DNA repair and carcinogenesis.
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2+1  Hethods

2elal Isolation of lymphocytes

Lymphocytes were isolated by o wodification of the method
described Dy Boyue (1968). ‘'fhe isolation procedure depends basically
on two physical properties, 9911 slze and cell density. Hepqﬁnsed
blood (200¢ unite heparin/lG ml of blood) was diluted 131 with isctonic
saline (see melerials section) to increase the relative osmolarity of
the suspending medium. The yelative osmolarxity of a selution iw
defined as the osmolar concentration of that solution relative to
the osmolar concentiration of bloed plasma. Increasing the osmolurity
of" the suspending medium causes the cells to lose water, hence their
denslty increases. fhis resulis in o more rapld sedimentation rate.

Yhe separation fluid (see materials section) contained
Fleoll 400 {8, w/v), whié% selectively aggresates erythrocytes
{#ichor 1963%), and sodium mebbizoate (52.8 w/v), which becavse of
its high density, preventy the complete sedimentation of lymphocytes
(Boyum 1964 ).

fhe diluted blood (in 4.0 ml lots) was layered gently on to
3a¢ wl lots of separation fluid in test tubes (11 x 100 mm) and
allowed to stand for 10 mins. The tubes vere then centrifuged at
400G g for 30 min  at 20%0.  “he exrythroeytes and pgranulocytes

e
ageregate and hence sediment through the seporation fluld and
collect as a firm pellet at the bottom of tube, while the lymphocytes
and platelets separated as bands near the interface (see Flate 3).
The lymphooyte bands were aspirated with o pasteur pipette and pooled.
Two drops of foebal calf scerum were adued and the suspension divided

into 2,5 ml aliquots in gradwated 19 ml centrifuge tubes. lach aliquot



Plate 3 The 5eparat10ﬁ.bf white blood ¢ells from
erythrooytes on a Wicoll sodiuvn metrizounte
gradient. Srythrocyten collect at the bottom
of the tube vhile white blood c2lls form a
layer at the interface, from which lymphocytes

can be isoloted (see methods sectlon 2.1.1)






was made up 1o 5.0 ml with phosphate buffered saline (PBs) pH T.2
(see materials section 2.2.4) and cemtrifuged at 150 g for 30 min
at 20°c. The supernatants which coantained most of the platelets
were discarded. The pelleted lymphocoytes wers resuspended in 1le- 2 ml
s per tube, pooled and centrifuged at 200 g for a further 10 min,
The supernatant was again digscarded and the pellet, which contained
93 - 99% lymphoeytes wag resuspended in 2.0 ml PBS and counted.

The yield of lymphocytes obhtained by this method ranged beitween
1.0 and 1.5 million cells/ml of Dblood, which compares well with that
(1 million cells/ml of blood) obtained by Cooper & Rubin (1965).

The viability of the lymphocytes preparsd in this way from hoth
AK patients and normal individuale was tested by assaying their response
to phytohaemagrlutinin (Plia) stimulation using'zaﬁ} - 7 incorporation
(see wethods section 2.1l.7). The cells from both types of patients
show similar increases in Lﬁnj - A incorporation (®ig. 234), and
autoradiosraphic examination (see Plate 6 ) showed thet in bolh cases
nearly 8¢« of cells gynthesize Uha after 4¢ b incubation with Fia
{(#ige 238)e  “his value is very close to those reported by Cooper (1968)

and frey-Webistein et al (196%).

2ela? Lymphooyte culture

Iymphocytes were derived {rom the peripheral blood of patlients
with A¥ and ape-patcehed normel individuals, eand occasionally from
patients with other sun-sensitive conditions. The blood wan supplied
hy the Cepartment of Dermatology, Western Infirmary, Glasgows

Cells were counted in an "Improved lNeubauer’ haemocytometer.
Lymphooytes were distingulshed from red blood cells by their morphology
and by counting the cells before and alter treatment with 1. acetlc acild

which lyses the red cells but nol lymphocytes.
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Lymohocytes (3.0 x 100} were cultured in 5 mw dianeter
patri dishes (Fueleon) containing 4.0 ml sagle's medium (see
materials section} supplemented with 15 foetal calfl serum (E?Clﬁ).

ell cultures were maintained at 37°C in a husidified

inoubator fiushed with an stmosphere of 5 C0p in air.

Zolo’ Irradiation of cells with ulirae violet light

Lymphoeytes suspended in 1.0 ml FBS pH Te2 (3.0 x 106 cella/ml),
were ploaced in 5S¢ mm diameter plastic dishes, shaken gently to ensure
even distribution of cellg in the dish and then exposed to w.ve lizht.

. . - R
The inciuent(&ose of w.v, radiation source was adjusted to Q.H J.am 880,
The energy emission was detemmined with a potassium fevrioxalate
actinometer (methods section 2.1.4). Un.rradiated control suspensions
were prepared and treated similarly exceplb for irradiation. 2.0 mi
TUlB wag added to a1l the dishes and the cultures transferred to

the incubator,

2.104 Calibration of the ultra violet radiation source

The intensity of uw.v. light, emitied from a geemicidal lamp
which gave light predominantly at a wavelength of 254 nm, was
determined with o polassium ferrioxalste chemical actinonmeter
(Hatohard and Farker 1956).

The method depends on the vhotolysis of an acidified solution of
the ferrilc iron complex, potassiuvan ferrioxalate Kz F@(0204)5 SHo0
vhich resulie in the liberation of ferrous irom. ‘The amount of
ferrous iron formed depends on the uw.ve radiastion dose applied and
can be delermined by & colérimetric method. Potassium ferriox.late

ia chosen for the prepuration of actinometsr solution, because 1t
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forme & convenlent quentltative standerd, is reaudily preparcd by
mixing: 3 volumes of 1.5 M nsR. potassium oxalete with 1 volume of
1.5 ¥ n.He ferric chloride with vigorous stirring, has an accurately

known and reproducible composition and can be stored indelinitely.

hstimation Qf ferrous Iron

The actinometric procedure depsuds on the estimation of leprous
iron. Various volumes (O 0e%y LeOs sess 4eDy Be0) 4 x 10”4 11 ferrous
sulphate, freshly diluted with 0.1 » &2504 from & standard solution
of 0Os1 M ferrous sulphate in C.1 H 12ﬁ04, were added to a serles of

tubes. ‘The volumes were mase up o 10 ml with C.1 & H, 80 o each

4 ?
tube 2.0 ml 1, 10~ phepanthroline solution (0.1 w/v) and 5.0 ml
sctinometer bulffer solution (see materials section 2.2.4) were added.
The solutions were made up o 20 ml with water, mixed thowoughly,
#llovwed to stend for 30 mim . and theixr extinctions at 510 nm measured.
The callbration curve for the estimation of ferrous lron is shown

in Tige 1

General procedurs for actinomebry

18.C ml of photolyte {6 x 10“5 M poteasaium ferrioxalate in
el H ﬂ2504} were irradiated in a petri dish (50 mm in diameter) for
15 @%gm at & distance of 0.12% m from the wev. gource. Allquets of
the irradiated photolyte (see Table 1) were pipetted into & series of
tubes and 2,0 ml 1, 10 - phenanthyoline solution btogether with a volume

of actinomeiter buller sclution equal to halfl that of photolyte was

added an. the solutions mixed.



Calibration of ithe ultra violet radiation source

. e e o s
1’51& moles » 10 7 Pe uO4

Fnotolyte 43 i

() irradisted | Inirradiated Vep Par

Yhotolyte ¥hotolyte Aliguot  18.0ml

Gal 0138 0.062 0066 0,12 de32

1.G 0200 0065 0el35 Qa24 Aa32

1-5 (},26(’5_ U.OGB 00196 0034 4008

2o Oe334 0070 (4 264 Qe %696

2a% D400 0,074 (0e326 Ce56 4003

320 (el G078 0404 et8 408
Table 1

18 ml of 0.006 M potassiuam ferrioxalate in G.1 ¥ H

HO mm diametor
below the w.ve

photolyte wera

petri dish was irradiated for 15 min

BSOq in a

at 0,125 m

gource. Aliquets ranging bhetween 0,5 - 3.0 ml of

”

(expressed in moles Fet0, x 1()“(’)o [&E}is the difference in

extinotion measured «t 510 nm before and after lrradiation.

Ll

used for the determination of the releagsed Fe
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The solutions were made up to 20 wl with water, left standing
for 30 wir  irn the dark and their extinctions measured at 510 nme
The procedure was repeated with the same volumes of uwnirradisted
potassium ferrioxalate solution. The diffevence in extinction (A )
between the irradiated and unirrvadiated solutions wan converted into
moles ferrous salt formed wsing the calibration graph (ML . 7.

The quantity of ferrous salt formed in the total volume of
irradiated asolution was converted 1o a radiation dose using the

quenbum yleld given by Hatchard amd lerker (1956) end the relationg-

Mumber of ferrous ions formed
Hwnber of quants absorxrbed

Cuantun Yield =

The quantwa yield depends on the wavelength of radiation and was
estimated by Hetehard and Farker (1956) as 1.25 for 254 mme ‘The

nunber of guanta absorbed was converted to Joules using rinsteints

eguations-
- . nx
fnergy of 1 quanbum = xzﬁf““““y
in 1m
< - ! . N oo “27
Lhere h iz Plancksconstant = 5,62 » 10 ere t sec

¢ i the velocity of light = 2.9977 x= 101G Gt o seoml

Als the wavelength in (om) = 254 x 1omi G

cubstlituting these values

6,625 % 107°1 x 2.9977 x 10°°
250 x 10™7

thus 1 Quantum =

= T8} X lOﬂlo ergs

= T8 X 10”’ Joules (1 Joule = 107 erg)



Plee T Calibration curve for ¥ed0, determination

4
Two manples of F@SOA} in 10 ml .1 i 32304, 2e0 ml of

1, 10~ phenanthroline solution (0.1 w/v) and 5.Q wl actinometer

tulfer polution (sce wmaterivls ssetion 2,2,4 ) were added and the

volunes adjusted to 20 ml with water. aAfter 30 min  the extinction

of the scolutions was measured at 510 nm and the quantitien of Fe%04

in (woles pewr agsey) vere plotted against the corresponding

oxtinction mecsurcenents.



Extinction at 510 nm

1.40

1,20

1.00

0.8 1.2 1.6

Moles ferrous sulphate x 106

2.0



- 42 -

The mean value for the toital nuwber of moles of Fe$64
equivalent to the amount of ferrous ions liberated by the irradiation
of 18.0 ml of photolyte was caloulated from Table 1 to be

.
o e .
4 .15 x 10 moles e 40,

=
This corrvesponds to 1,50 joules/dlsh/15min
Fie 7
The surface arca of the petri dish (0,05 m dlameter) = 1,963 x 1077 u°
¢ o When the w.v. gourde was situated at a disbance of L.1l2% m above
the irradiated area, the energy emission under these conditlons was

- -
caloulatad 2o be C.8B8J.m .sec}

The height of the lamp wan adjusted to give the desired enengy

amission, ueing the following relatiouship:-

Ei - (Eé}g
iy h2

v i - 2
vhoere n

i

energy of smisaion of the uw.ve source in J,

« 800G

h

it

height of the u.v. source above the irradiated arss in n

When the lamp wes further calibrated with a new height of (.165 m fvom
the irradiated surface, the energy of emission was found to be

. ~& =1 . , ‘
CeBO5 Jom wsecs This value is almost ldentical to the one obitained

From the relution

hq 2
":1/“*2 = ('1"::}
£
2
< 8,88 (U125
Leeo == = (55585)
o

IRl

TR 4 -
s o Hy o= 0500 Jom . BeC 1



2eleb Sagtimation of INA repair by suboradiography

%fmphooyte cultures were labelled by adding Eﬁ] e 4
(5.Gfﬁ5i/m1, 18.5 Ei/mmole) immadiotely after irradiation and
incube ing the cultures at 3?00. for 4 he The labelled medium
was then transferred nto a marked graduated tube. The cells
gsticking te the bottom of the dish were scraped with & rubber
policemarn inteo 240 nl i containing a few drops of serum, and
combined with the proeviously wemoved mediume. The suspension was
centrifuged at 400 g for 10 min  at QOG and the supernatant
discarded. "The pellet was washed three times by suspending the
cells in 5.0 ml BB, centrifuging as before and discording the
washings. Llowly, while mixing with a mechanicael zhaker, (.5 1@l
Carnoy's flxative (2.2.4) wes added to the pellet dropwise to
Tix the labelled DA ana preserve the eellular morphology
(Craddook el al 1964). Aboutr 0.¢5 ml of a fixed suspension was
smgared on a dry cleab microscope sllide and left to dry. The
slides were then washed twice with ice-cold 5. TCA, once with
ice-cold dist:lled water and Tinally rinsed once with nethylated
spirit et room tempersture. In the darkroom fitiled with &
vratien LA safe light, slides were dipped in Ilfoxrd L4 emulsion,
allowed to dry for o few minutes and stored in a dari, airtight
box with silica zel as a dessicant. After eight days exposure,
the auvtoradiographs were developed with Kodalk L19b for % min
at 1800, fixed in Amfix for 4 min at room tenmperature and
stained for & min  at room temperature with Giemsa, freshly
diluted 1:2¢ (v/v) in water.

Gruins were counted over the lightly labelled muclei (always

more than 99.. of the cells), see figure: 11, 12 & 13,
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and the arithmetic mean and the standard deviation were ocaleunlatad
in each casa. The mean background srain count was estimated by
counting the graing over cell«freg regions of the same ared ag
thet of the cell nuecleus and substracted from the mean value in

gach experiment.

-2,
Zolob Moasurement of DEA repalr by \)H] ~ AT incorporation into

the acide-ingoluble material of w.ve irrvadiated lvmphocytes

in the presence of hydroxyuves (Qfl-urea)

The method is a modification of the technique described by
Svans and Nerman (1968). Lymphocyte cultures were labelled by
adding {?HJ o (B,Lpﬁﬁ/mi, 1805 Cifumole) immediately aiter
irradisticn. Oli-urea (final concentration 1.9 % l(:m5 +) war added
at the same time as the lebel to inhibit 1L, replicetion { leaver 196'a)
in the few (Cr.X ) dividing cells (Pond et al 199085 Prey-.eltstein
et ol 1969).  after incubating atb 57°C for 4 h, the cells were
havvented and washed by centriflugation as .egcribed in wmethous
section Ze1.5. They wore fixed in U.u ml farnoy's fizabive as before,
which allowed the simultaneoun analysis of repair by autorudiography.
A known volume {usually G.2 wl) of the ixed cell suspension was
filterad throush & Yhatman glacs fidre 2.5 om filter. The filter
was washed 4 times with 2.0 ml icewcola “wa {(w/v), rinsed with
2.0 wml methylated gpirit, transferred {to a scintillation vial
and allow d to dry for at least 2 h in a 60°C oven. The preciplate
was dissolved in 0.5 ml hyamine hydvoxide (10 min at 6¢°.) o
inersase the counting efficlency and allow the efliciency to be

egtimeted by the channels relio method. 5.0 ml toluene~based

sointillation {luid (meterisls section 2.2.4; was added to the



cooled scintillation vials and counted in o Fuclear Chicago
soCap/500 liquld seindillation spectromater.
The ueve stimulated (?H] ~ d7 incorporation (N4 repalr) was
calculated by substracting the incorporation (dpm) into unirradiatec

cells from the incorporation into irrvadiat=qd cells.

x
2olel Pgtdmation of DA repair by [)ﬁ} - 47 incornoretion into

agild-ingoluble matorial of lymphocytes stimuleted with

phytohaemogclutinin (Pla) and subseguently irrediated

with weve light

35 mm petri dishes containing 1.0 x 106 lymphocytes in 2.0 ml
SPCL5 medium containing 50 units PHA (see materials section 202,1)
vere incubated at 3700 for a minimum of 40 h. The cells were then
separated by centrifugation (400 g for 1¢ min) at ZOOC, The
supernatant media were removed from the pellets and kept separately.
Pellets wore resuspended in 1.0 @1 phosphate buffered saline (pi 7.2)
and placed in 50 e petrd dishes for irrediation. Half the cultures
wore irvadiated, as described in sectlon 2.1.% at 20 J.‘mm2 and the
origineal media supplemented with 1.0 ml fresh »TCLY were added backe.
The ocultures were again incubated at 370ﬂa Irradiated cultures and
the pame vusber of unirradiated control cultures were laboelled wiih
\'_311] m dl (0.5 MG /ml, 1865 Cifmmole) for 1.¢ h periods, =1 by i~2 i,
2% Ny 3A~d 11 after irrsdiation. After the 1 h labelling period, the
cultures were harvested, washed and fixed In Camoy'e [ixautive ag
deseribed in section 2.1.6. Samples were further processed for
auntoradiography and or the estimation of total incorporation (sece

methods sections 2ele’ & 20106)
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2.1.8 £l equilibrium density pradient centrifusation

Lymphocyte cultures (3 x 106 cells in 5.0 on dishes) weore
cultured and lrradisted with w.ve. light (20 J-ﬁz) as deseribed in
mathods geclion Z.1.35 and then incubated at §YOG for 4§ h in 4.C ml
media containing 6[5&] 5 e bromo - 2 deoxyuridine (PH] ~ Brdird,
IO/JCE/ml 2.2 Cijumola), 1.5 x 1072 1 Oit-uron and 107° ¥ 5« Fluoro -

o' deoxyuridine (PdUrd). he cells were then harvested, vashed and
lysed and the WNA was extracted by & modification of a method descrihed
by Cleaver {(1968).

Cells were harvested and washed 3 times with IS as described
in methods section 2.1.%. The pellet was then {trested with
%00 ml G.1y, (w/v) sodiunm dodecyl sulphate (0I8) in saline-citrate
buffen {(£.15 1 haCl, U.01% ¥ sodium citrate, pil 7.0). The cell lysetes
were subjecteda to 3 rapld fresse thaw cycles; lncubated with tiase - A
(50pMg/ml) for an hours then with pronase (500 pMg/ml) for o further
¢ hours at 5700 end Tinally deprotemised by shaking gently 3 times
with equal volumes of chloroforme- amyl alcohol (24 :1 v/v). After
centrifuging at 1000 & at room temperature for 10 min, the agqueous
layers were collected and made up to 3.5 ml with sallne-citrate buffex.
solid caesium chlorvide was added to a final concentration of 59.24 (xifv)
and the rvesulting solutions centrifuged at 37,000 ppm for 40 h in a
Beckman spinco 5507, angle rotor, at poom temperalure. after
centrifugations, the tubes were decapped and sla-drop fractions were
collected, wsing a peristal tle pump, into tubes containing 0.3 ml
distilled water,

The extinetion of each fruction was determined at 2060 mn using

a Ceedl o2 212 vardeble wavelength ue.ve. srectrophotometer. The {ractions
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were then mixed with 1¢;. ice~cold TCa (1 3 1) to give a Linal TCA con-
centration of 5 and filtered through glass fibre Lilter (Lhatman 2.5 cm
diameler) . washed 4 times with 1.0 wl cold %% TCh, once with 2.0 ml
methylated epirlt and placed in a scintillation vial. $he vials were
dried for at least 2 h at 6002. They were procesped for counting and

counted as deseribed in methods meolion Pel.b.

2olnt Aunalynis of the 4T nucleotlide pools in lymphocyties

Cultures of 3.0 x 106 lymphooytes suspended in 1 ml . .., were
Irrvadiated at 2u J.m»2. 340 nl JFC1H wap added containing [3H] w 4T (final
corieern Lra bion 5/WCi/m1, 21 Ci/maole) and Cileurves (1.5 x 1677 b final
concentration)e. Unlabelled 47 wae also added as required to produce d7
gpecilic activity diluted by a factor 2, 4 and d.  All culturess were
incubated at 57Gc for 4 he The ccells were harveslted and washed 4 times
With Heu ml Lee~cold . (see materials section 2.4 to rvomove all the
labelled nueleosides, The eftficienc,; of the wo shing procedure was checked
by counting a 1.0 ml sa ple of the supersatant 2 alter sach cell wash
in triton-toluene liquid seintillation fluid (sec materiols section 2.2.4).

To determine the specific acitivity of d7F nucleotide {acidwsoluble)
pools, the cells were washed twice (2 x 1.0 ml) with ice-cold %. TCa for
15 min and 5 min wegpectively. 'Phe two extracis for each culiure wvere
gombined., 1.0 nl aliquots of the acid-soluble extracts were adosd %o
seintillation viels econtaining 10 ml of triton-tolusne liquid scintillation
fluid ane counted,

.

“he incorporation of I?KJ - A7 into the acid-insoluble fraotion was
estimated by translerning the TCai-precipitate to a “hetwan »lass {ibre
Tilter (2.% om dlameter), washing at least 4 tlwes with lce-cold 5 7TCA and
then once with 2.0 ml methylated spirit. The filters were placed in

scintillation vials, ailoved to dry at 60°c for 2 h and counted as

deseribed in methods section Pelof.
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N

2e2 Malerialsg

2e2:1  Chewicals

amfix was obitained fvom May & Daker, lapenham, ingland.

Coesium Chlovide (Analar grade) was obtained ifvom Hopkin &

Willlams Lide, Chadwell Heath, sssem, ingland,

NePex and Gilemsa stain wore obtained Trow Georpe 1. Gurr Litd.,

Tondon.

2,5 = divhenyloxazole {(FI'C) and toluene were obtained from
kochi-bLight laboratories, Colabrool, iucks., :ngland.

Ficoll = 40¢ was obtained from Fharmaecia (G.8.) Lid., Paramount
House, London.

9= Fluorodeoxyuridine and Propase (ﬁ srade) were obtained from

tCalblochem, Los Anpeles, California, U.Sede
Hepoarin way obtained from Hvans Medical Llde, speke, Liverpool,
Fmaland.

Hvamine hydroxide (1 ¥ solution in mwthanol) wag obtalined from

Kueclear interprises Litd., Zdinburgh.
Hydroxyurea wis obtained from luiritional Biochemicals Corporation,
» R et A R T ol

Cleveland, Chio, U.S5.4.

Iliord L4 imclear research emulsion (in gel form, size i)

was obtained from Ilford Ltd., Ilfoxd, Essex, Bugland.
letol was obtained from Kodak Ltd., London

4

I nytohaemamelutinin (FH4) (reagent grade, bottle contains 5 nl

freene dried PHA, reconastiiuted in 5.0 ml water), was oblained from

wellCome Reagent Iide, Welllome Nesearch laboratories, DBuecks, tngland.



Fotagaium PFervioxalate HﬁFe (6204)5 BHQO wan prepared by
mixing % volumes of 1.9 ¥ potassium oxalate and L volume of 1.5H
forric chlorids as described by Hatchard ard Parker (31956). The
potasaiun ferrioxalate was recrystalized three times from warm
water and air dried in the darke.

Sodium Metrimostoe 3 - acetanido - 2, 4, Gv-triiodo—ﬁn-(§~=m@thy1&oeta—

mido) « bengole acld , moleenlar weight is 649.9, delilvered at a
s f 3 . 1y - Py 4 v 30 n -
conicentration of 32.8,. (w/v) and a density of 1l.00C g/ml at 207°C was

obtained from Hyegaosrd & Cos, ns, Dole, Norway.

~

2el0? Caell culture reasents

Amlno acids, vitaming and foetal calf gerum were obtained from

Blo=Cult Laboratoriew, Glasgow.

Penigillin and Jtreptomyein were obtalned {rom Glaxo Iaboratories

Lid., Greenford, Middlesex, Tngland.

2oled Hodiochemionls

Methyl -»['?HJ « thymidine and 6 --~[_5 HJ w = Urome - 2'deoxyuridine

were obtained from the Radiochemical Centre, aAmershaw, Hucks., ngland.
?

Ceaad Solutiong & buflens

actinometer buffer was prepared by wmixing 600 ml 1K sodium
acetate, 360 ml O.5P&m}%304 and 40 ml
water,

Antrix was prepared by dilubting stéck 1:5%

with water (v/v).

Carnoy's {:xative was preparved by mixineg glaclal acetio

acld ano absolute ethanol in the ratio 15



019h developer

farle's medivm

Giemaa ghain

Lymphooyte geparation fiuld

FPhosphate i fered

saline (¥nc)

Potassium ferrioxalate

saline-oltrate buffer

Toluene-based scintillation

fluid

Srlton-holuene seintillation

2e2a8 Cell culture medium
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conposition is shown In Mable 2
composition in shown in Table 4
contained 0,75 Glemesa In glycerole
methanol (1: 1 v/v)

contained 29%.4 ml sodium metrizoate made

up to 100 ml with 8% (w/v) FiColl 400

waz composed of solutions A, B and C
shown in Wable 3 in the ratio $:131

respectively.

was prepared by dissolving 2.947 ¢ of
Ky¥e (0204)3
100 ml O.bidﬁ2304 and making the solution

EHEO in 800 ml water, adding

up o 1.0 1 with wvater.
contained (.15 M HNall, C.015 K sodium

citrate, pi 7.0

contoined G.5 . 2,% dphenyloxasole (F10)

in d.is Holusme

consieted of PPO, 5 g/l and Bis HSH,

0.5 /1 in Triton X 100 : toluene (1 21)‘

(EF015) Haglevs medivm supplemented with 15w foetal caelf scrum.

(for the composition of Fagle's mediwn see Table 4 ).



Table 2

D19b developex

Naps0§.7ﬁ?0 144 g
Ha200§ 48 g
Khr 4 &
Hydroguinone B8 g1
Hetol Z2e2 ¥
Totol volunme 1 litre

Table 3

e e 2]

Yhogphate compound saline (PBS

Solution 4 in a total volume of 1 litre

MNall 10 g

Kel 025 @&
Nagﬁrﬂd Ledd &
I PO, 025 &

Solution B in a total volume of 1 litre

CaClz-Qﬁzﬁ 1.0 g

golution ¢ in e total volume of 1 litre

HC1 e 61,0 1.0 ¢



Table 4

T

~asele s mediun

NaCl 6.8 g
KCL Qud &
c.:-g.(':lzaélzzo 0.393 g
M50, 110 Ge2 &
HaH 21“0 4° 211 20 Geld ¢
ﬁaHCOj 2.2 &
Glucose 4o% &
I=arginine.lcl 0.042) &
Le~cyatine 0.0240 g
Leglutamnine 0.2920 &
ImHiptidine.HCL 0.0192 g
L-jgoleucine 0.052% &
Jelewoine 0.0525 g
Leleucine «HOL UaCT3L &
jemethiionine 0.0149 &
I~phenylalanine 00330 g
Lethreonine 0.0476 &
Letnypitophan 0.0082 g
L-tyrosine G.0362 &
jevaline 0.04069 &
Im=galoium pantothenate 0.002 ¢
Choline chloride Go0U02 &
¥olic acid 0.002 &
i=inositol G004 &
Hicotinanmide 0,002 g2
ryridoxal.Hil D002 g
Wiboflavin 0.0002 &
Thianine.ligl 0,002 g
Penicillin 100,000 units
Btreptonyein Qol @
thenol red 0,01 &

Total volume 1 litre
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3el Introduction

The principal methods used in the present project to
measure A repair afber uv.ve irvadiation of lymphocytes derived

from AK patients and age matched normal individuals wereg-
1) Autoradiography of cells after u.v. irradiation

The use of[3ﬂ] ~ dT incorporation and asuwtoradiography has
resulted in major advances in the study of DHA synthesis and the
related problems of cell proliferation (e.ze. Taylor et al 1957;
Rascrga and Melamud 19693 Dormer 1973). ‘This approneh has also
been wuged to atudy DHA repalr.

More than 99.. of peripheral lymphocytes are non~div.ding
cells (sce methods section 2.1.6) and do not incorporata[?ﬁ] - a7
when incubated with the labelled nucleoside in culture (see Plate 4).
However, lymphocytes which have heen irradiated with we.v. light
hagin to incorporate{?ﬁ] -~ AT ag DHA repalr commences. This
incorporation ean be detected and measured by counting grains over
cells nuclel after sutoradiography (see Plate 5). The few cells
in i~phase (which are only very rarely seen in autoradiography) can
be readily distinguished by their much greater grain denslty and
are not included in the repair assay.

Although this method is time consuming (i.z. autoradiographlc
exposure and grain counting), it is a well established and
unambiguous procedure for estimating DA repair. It has been
used succeusfully in the estimstion of LHA repalpsfibroblasts
(Cleaver 1968) and in human lymphocytes (ivans and Norman 19683

Frey-vettatein gt al 1969).
*



Plate 4

sutorudiograph of normal wnirradiated lymphocytes
incubated with [BHJ - 47 for 4 h at 3700. There
are easentially no grains over the cells muelei.

For experimental detsils see the legend to Ma. 9.






Plate § Autoradiograph of normal lymphoeytes exposed to
- ‘"? 3 b 3 T mn 4
540 Jamm 7 and ineubated with [h] - dT foxr 4 h
at 3?06. A1l ecells show o pecognizable grain
count. [or cxperimental details see the legend

to Fige 9






wﬁgm

2) Total incorporation of [jd] « dP into cells after w.v. lrradiation

[5n:l~ am is extensively incorporated into dividing wells in
culture during the . -phase of the cell cycle. I1If such cells are
irvradisted wilh weve Light before labelling, the relatively swall
Jncorporaiion of {jh_xm dT due to w,v. induced ‘LA repair is
completely masked by that due to replication. In lymphooyte culiures
however, only = few cellas (L1} are dividin - (sec methods seotion Z.1.6)
and hence the rate oi’[zail-w aT incor;oration nto replicauing s iu

»y laows  Leverthslens, even this low level of ula ayonthesis in
gredter than ana oversh dows Weve induoed ba rvepalir syithesis in
humon lymphocytes. iowever, 1 ko replication in the few cells in
cephaae is dnbib.ted by addin  SHeurco to the medium, then repair
syanihesis become: the predoninant cause of £§Hjxn dT Jreorporation
into Lhhe The Clleurea inbibit ~phore Ida synthes:s without
afrceting repalr (Cleaver 1469a). Under these cenditions the
difference in total incorporation of .] AT betwesn we.ve lrradiated
and unirreagiated lymphocytes can he uw ag & direct messure of
e Pepiire  This approwch had only been meriloned in one bricef
report {kobbins et al 1WTG) before the s.ort of this work but has

sobscquently been descrihed | Jambert et al 1:376a).
\ Sk

3} Hecovery of i verlication after u.v. irradiat on

then lymphocytes are treate: with iHa .ost of them (VL8O
are stimuwlatoed lioto w division oyele. 54 replication comrences
approximately 30 h alier .Y ftreatment and reaches a peak
18 h later (see “ig. 23). lL.v. irradiation of growing rells

danas s bh Lo4 ane conseguently inhibite replication
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(Cleaver 1967; Painter et al 1970). However, as the DNA damage
is repalved, TNi replication resumes (Nasmussen e al 1970). The
rate of recovery of LEA replication after u.ve lrradiation has
been used in this work as o novel approach for the study of Dha
repalr. The other two methods only measure the extent of repalr
synthesls and do not indicate the guality of the products. This
method however, depends on the quality of the repair precess in
that it maet be sufficiently accurate to allow the wecovery of

DUA replications.

The first part of the resulte section deals with establishing
the autoradiographic and total incorporation methods of estimating
MRA repalr in lymphocyies. Whis is followed by an examination of
the effect of patient age on MNA repalr whioch is imporitant in view
of the fact that AKX patients are usually elderly (see Introduction
Section 1.6). DHA repair activiiy is then examined in lymphocytes
derived from AK patiento and age-~matched normal individuals.

. Results are then presented which confirm that the uw.v. induced
EBI{XN 4T incorporation into lymphooytes in fthe presence of OH-urea
in due to DHA repair syntheais and not to some form of QeVee
atimulateq PEA replication and to show that differences in ueve-
in&uced[jﬂ] - 47 incorporation in the cell types used are not due
to differences in the specific activity of the cellular[?ﬁ:}m as'y
caused by different dT-nuoleotides pool sizes.

The next secllon presents a study of DNA repair in lymphocytes

from AK and normal patients over longer time courses. This l1s

followed by the results of the study of DEA repair in cells from
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2% patients and age~matched novmal subjects, based on the rate
of recovaeny of A replication after w.v. irrvadiation,
The last section is a preliminery investigation of the

state of weve induced LMa repaix in scme gounditions other than

e
=
a

=
°
3

Z
The usze of{fﬂj - G and auwloradlio-rephy to siudy

b gynithesis

The specificity of incorporation of & into INA and the
high autoradiograpnic wresolution of triitium provide a convenient
combinetion for the investigntion of LhA synthesis and associated
problems of cell proliferation.

hutorsdiographe (pee tlate ) of uwev. ivwadiated Lymphooytes,
labelled with [5H] - (' show mpecifie labelling of the cell nucleus
with no graing above the background over the cytoplasm. Incorporation
oi’[ﬁﬂ] w &7 dnto ks or fixetion of Eﬁﬁl'n rucleoside monos, dim,
or triphosfgate or other labelled subslances have been showm to
be insignificant by fimano ot al (195%), who reporited fthat all
detectable incorporation (measured by grain counting) wes removed
by LNase treawment ol mammelian cells, while KNase treatment had

no effect.

3¢5 Time course of LHA repair in human lvwphocytes

2 ;

The rate of [’H] ~ (7 incorporation into the weid insoluble
Iraction (ia) of wev, irradiated lymphooytes of both . .ctinic and
nompal ind.oviduals wvos measursd by the total incorpovation method
i the presence of Clleures {vee ilethods . eotion 2.1.6).

I 3
The initial weve dose chicsen to stimulate [ H] - g7 incorporation

o
into a4 wes 20 J.m ".  Thig dose hos been reiorvbed by various authors



(svans end Norman 19683 Cleaver 1969aj; Meneghini 1974) to give
rise to maximum or near maximum PHA repalr.

Mge & shows that vepainr appears to be complete in nornal
cells 4 h after irvediation. This perdod is comparable to that
(4«5 h) reported by Jvans and Sorman (1968) for humen lymphocytes
and is the same ag that reported by Menephini (1974) for opossum
1ymphooy bes.

Although the rate of repair In A lymphocytes is lower than
that for lymphocytes from age-matched normal individuala at 2l
the timesn exuwined (Fig. 8), it does nol appe.r to have reached
aunturation at the end of the fourth hour. UThis observation poses
the guestion, @s to whether the difference in vepalr activiily
between the lym hocytes of An patients and those of age-metched
nopvial individuals is due to a slower wv.te of repalir or to a
lower total capacibty lfor repair synthesis (e.g. shorbter inseried
piecen) of the formsr. This problem is examined in morve detall
later (ses «esults Cection 5.10).

Yhile other authors have arbiitzarily selescted L or 2 o
post-ivradiation period for the study of LA repair ({leaver 1968;
Lanboert et al 1976a),a 4 h period was chosen for the subsequent
assaye lor the following reasongie
1) meds is the wmeximum time period over which the xmate ol repair

¥4
{incorporation of [)ﬁ] - 4T per unli time) sppears to be
apyroximately constant for both norwal and 4K cells.
2)  Shorter incubation times would raesult in lower [5H] o A
incorporation into TNa and tnersfore reduce the acouracy of

the satimstions.



ige 8 Tine course of [BH} -~ 40 incorperation inte DNA of
v.v. lrradiated lymphocytes derived from AX patients
and age-matched normal individuals, measured by the
totel lncorporatlon method. Culﬁuréa of 5 x 106 cells
in a total volume of 400 ml medium (see methods
seotion 241.3), were incubated immediately after
) ; 4
irrvadistion (20 Jum °)} with [5H] ~ &7 (540 /ml,
1845 Ci/muole) and Ofl=urea (1.5 x 10~5M) for different
tines from O to 5 h at 5706. Aftber incubation, éhe
eultures were washed, fixed and assayoed for [éﬂ] ~ 4T
incorporation as described in methods section 2.1.06.
Fach point represents the nean of duplicate determinations
in different cultures and the bors represent the renges.
The counting efficiency was determined by the channels

ratio method.

QO fownal patients lymphooytes

@® ik patients lymphocytes
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Hed Ua.Ve dose response curves Ior DA repoir in human lymphocybes

The effect of w.ve dose on the rate of DEA vepalr was examined
in normal and AK lymphocytes using the autoradiographic method.
Pige 9 shows that the responge to incressing uw.v. dose of INA
repair in both types of lvmphooyite ig non-linear except nerhaps at
very lew doses, This result is similar to that presented by Cleaver &
Bootsma (197%) for normal humen fibroblasts wsing the game method
which shows the response approaching a platesu in a simllor way
at u.ve doges of about 20 - 25 .I.x]f""‘?.a Any slight differsnce in
UsVo dose required for repalr to reach saturation in Iibroblasts
compayed with lymphooyites could be due to the relatively snmaller
eytoplasmic HMA content of non-dividing lymphocyten as opposed to
the dividing fibroblasts {(Cooper and Hubin 1965)0 The higher
B4 content of the oell cytoplasn could provide a more effective

shield for the rucleus by absorbing more u.ve irradiation.

3+5  The gimilardiy of u.ve induced DHA zepair in human

lymphoeyvtes from normal individuals of different ages

Actinle Keratosis is a pre-neoplastlio condition whioh occurs
mostly in people over 5C years of age (CGrinspan and Abulafia 19953
ook 19563 Pinkus 1971), 50 it was inportant to asgsess the effect
age might have on the level of DNA wepalr in huwman lymphocytes.
Repadr was measured using the total incorporation method in the
presence of Ol-urea in lymphocytes of normal individuals between
17 =77 years of age. The results obitained (see #ig. 10) show that

there is no detectable change in IHA vepair over this age range.



&

Dose yeaponue curves of w.v. induced IHNA repair in
lymphocytes derived {from AK patlents and age-matched
normal individuals measured by auntoradicgraphy.
Cultures of 3 x 106 cells in & total volume of 4.0 ml
medium (see methods section 2.1.3) were treabed
immedintely after w.v. irvediation at dlffarent do
nging from O to 20 Jem =7, with [3H] - dy (Sf*Cl/wl,
18. 5IC1/mmolo) for 4 h at 37°C. The cultures were

waphed, fixed and processed for autoradiography as

described in methods section 2.1.5. The auntoradiographs

were exposed for 8 days. Sillver grains were counted
over tho nuclel of 150 « 200 cells {but not over the
very rare S-phase cells). ach point represents the
mean grain count/cell of duplicate determinations in
different cultures minus the mean value of that in
the corresponding uwnlrradiated cultures and the

bars represent the ranges. Lesg than 1% of the

cells wore in G-phuse.

@) Hormal lymphocytes

s - @ AX lymphooytes
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Flge 10 Variation of IEA repair with age, in lymphocyies
derived from normal individuals, measured by the
total incoxporation method. Culiuves of 3 x 106
cells in a total volume of 4.0 ml medium (see
methods sectlon 241.3) were incubated immediately
after irraciation (20 J.m"g) or mook irradiation
with [71) = ae {5 ACiful, 18.5Cijwmole) and
Ofl~-urea (1lo5 x lD”EM) at 37°0 for 4 h. After
incubation, culiures were washed, fixed and
anpayad for [BH) ~ 4% incorporation ag descrided
in methods section 2.1.6. Fach value was obtained
by subﬂracting‘from the depem for each irvadiated
culture, ths mean of d.pn~for duplicate unirradiated
controls of the same donore Points represent the
means of duplicute determinotions in diffevent
cultures and bars represcnt the ranges. The
counting efficiency was determined by the channels

ratio method,.
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Beb Autoradiographic comparison of u.v. induced DA repair

in lymphoeytes derived from AX patients and age-matched

normal individunls.

The lymphocyte aystem is idenl for the study of the neve-
stimilated IHA repair by esuteradiography. Thers are virtually no
replicétiﬂ@ cells, so partially we.v. inhibited Swphase cells
(Bootsma and lumphrey 1968) can not be confused with non S-phase
cells engaged in DHA repair. This can present a problem in the
interpretation of autoradicgraphs of uve.v. lrradiated fibroblast
cultures (Tapasarantopoulou 1976),

Unstimulated lymphocytes do wot phow any incorporvation of
label when incubated with[?ﬂ] - 4T and examined auvtoradiographically
(Plate 4),; while all the cells incorporate the labelled nuoleoside
after v.v. irradiation {Plate 5).

Table 5 shows the u.ve alimul.. ted WA repair synthesis
measured antoradiographically at 2 different u.v. doses in lymphocytes
derived from 4 AX patients and the same number of age~matched normal
ind:viduals. There are essentially no groins (i.c. < Ce2 grain/cell)
over the nuclei of unirradiated lymphocytes. The percentage of
cells in —phase never exceceded 15 and uwnder these conditions they
were readily digtinguished from other cells becuase they appeared
hlack and contained an uncountable number of grains. This is in
aoccord with results presented by other workers (Hond gt al 19983
wvans and Nomman 19683 prey--ctistein ot al 1969),

The pwrain counts over the w.v. stlmulated AKX and normal

lymphocytes fall into Poisonion distributions (see lgs 11 & 12).



Table 5

Teve induced INA repair in lymphooytes derived
from 4 AKX patients and the same number of aggs
matched normal individuwls, measured awsoradioe
graphically. Setting up the cultures, treabment
of the cells and analysis of the resulis were the
same as described in the legend to Flg. 9.
Unirradiated cultures were essentially free of
crains and the % Sephase cells wag < 1% in all
determinations. JFor each determination, the
stondard deviation and the standard ervor of

the mean were worlked oul.
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Iige 11 Histogran showing the numbers of grains over the
nuclel of lymphoocytes derived from an AX patieni.

The expervimental detalls are described in the legend

‘el

o

of M. 9.

fMige 12 Histogram showing the nusbers of graing over the
nuclei of lymphooytes derived from 2 normal individual.

Ior experimental detoila see Fig. 9.

Pige 13  Histogram showing the nunbers of gralns over the
nucled of mixed 1 : 1 population of lyuphooytes
derived Irom an AKX patlent and age-mstched normal

individual. For experimentel details see Fige 9.
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The reaulits presented in Table 5§ show thet the average
WeVe stimiloted DLA wepair syn{hesis in A lymphoeytes is 47.4%
and 48,74 thut of the normal lymphooytes at dosss of 5.0 and
) J.mmz respectively. “hese values of Ww.v. induced IDHA repair
for «k and normal Iymphocytes are vexry close to those obtained
earlier when exsmining the u.ve. dose responses for these c¢ell
types (Fige 9)a

The statistical significance of this difference was assessed
with the imll hypothesis and student's t- test procedures. 'The

volue of t was caleulated from the velation:~

% difference of the arithmetbic means
gtandard exwor of the difference of the means

’

The standard ervor of the difference of the means ip glven by

2 2
/ £, 8
emRurera o s where 5, and 3,, are the standard deviations from
V RRT T T e Iy and S, the r

%MEmmnfm:MQmmrmmml1wwhmyw1wmdwﬂmm,amiﬁ-mm:$
are the musber of cells counted from each population. + gives a
measure of the probability that the two populations are the paues
the lorger the values of t the smaller is the probablility that the
two populations are identical. Knowing the valve of 4 and the
number of independent obsermations (degrees of freedom), the
probability P that the agssmunpbtion made in the Xull hypothesis is
corract, can be oblained from gtatisticsl tebles. Table 6 i a
recongiruction of Table H with the values of t and P for each set
of determinations inserted. Since the probability in each case

is  (G.001, it can be said with 99,9 confidence that the ohserved

M4 repalr values for AKX and normal lymphocytes are different.



Table 6 U.ve induced DHA repain in lymphocytes derived
from 4 AK patients and the same number of ageé
matched normal individuals, uwessured autoradio-
graphically. Setting the culitures, treatment
of the cells and analysis of the resulis were
the same as described in the legend to Fige 9.
The values shown are the gross mesn grain per
cell in ivvadiated cultures recorded in Table §
minus the values of their corvesponding
unirvradiated controls. TFor each set of
determinations comprising 1 AKX and 1 normal
irvadisted at the sang Weve dose, the value
of t {sce text) was calculated and the prohability

of the two populations being the sams was ineedbed.
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In order to reduce any subjective Influence on the grain
counting over cells from different populations, and to ensure
that both populations of cells were treated under identical
conditions, outoradiographs of mixed AK and normal lymphocytes
irradiated and labelled as before were prepared and analysed.
fles 17 shows o histogram of the grain oounts of &« 11 1 mixtuve
of AK and normal lymphocoytes. Pwo pantially resolved peaks are
evident, which ave in similar positions tco the individual peaks
obtained from AK and normal lymphocytes analysed in seporate
cultures (see Figs 11 & 12).

The meana of the grain counts over all the cells in mixed
1:1 populations of AK andé normel lymphocytes in two experiments
are very close (173 compared to 17.63 18.8 compared to 18a7
respeotively) to the average values of the means for the two cell
types cultured sepavately (see Table 7).

The oconclusiona which can be drawn from the auvtoradiogvaphic
experiments so far desoribed arei-

1) Both AK and normal lymphocytes show clearly detectable and
easily measurable Reve induoedié{}m d? incoxrporation
(iece DNA repair).
3 . AP incorporation | .
2) f‘he rate cf[_H] ~ 41 incerporation arter u.ve irradiation into
lymphocytes is 48 4 4487 of that into normal lymphocytes.
This value represents the average of all experiments using
a 4 h incubation period withi?ﬂ] - ¥ at all ueve doses
used (2.5 ~ 20 J.mmz).
The simplest interpretation of this result is that the

different levels of[éﬂ] = dT incorporation into w.v. lrradisted



Table 7

Ueva induced DHA yepair in mixed 1 : 1 populations

of lymphocytes derdved from AK patients and age-

matched normal individuals, meassured autoradiographically.
Culbures of mixed 1 1 1 populationa of AK and normal

cells were set up as deseribed in methods section

Pele?, The treatment of cells and the analysis

of reasults were the seme as described in the legend

o Pig. Y. Unirvadiated qultures vere Troe of

sradns and were therefore not included in the table.

For each determination, the standard deviation and

the gtandard error of the mean were worked out.
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AKX lymphoecyitesn and similarly treated noxmal Ilyuphocytes is due
to different rates of LA repalr synthesis.

Yowevesr, 11 is possible that the difference in incorporation
rates 15 du@ to a difference in engymic activity (eeg. thymidine
kinases 1.C. 2.7.1.21) and a difference in the pool sizes of the
thymidine nucleotides and not to & real difference in the rates
of A repair. This alternative explanatlon represents a general
problem which must always be considered wvhen interpreting data
on the incorxporation of precursors Lo gompare macromolecular
synthesis in different cell types but one which has been overlooked
by previous workers studying DA repaire. This problem is examined

in more detall In Resulie Section 5.9.

37  Measurement of Dl repalr by the total incorporation method

Thymidine is veadily incorporated intce cells which are
synthesising DHA. It wes shown to be a specific precursor of IHA,
in rats (Reichard and ¥stborn 1951) end in chick embryos (Friedkin
et al 1956}, 7The small amount uf{?H] ~ 4T incorporated into the
oytoplasn of chick embryo fibroblasts, grown in vitro was shown to
be due to mitochondrial D4 (Meyer and Ris 19673 lieyer 1967).

In this work,; autorediographs of w.v. irradiated lymphooytes grown
in the presence of[éﬂ] = T showed the incorporation of label to be
nuclear (see Plate 5). Incorporation of[?H] e 47 into WHA wag
shown not to ocour (Feq and Pavan 19473 Amano et al 1959). he
incoxporation of[%i] « df' into cells grown jn vitro in the presence
of the label should therefore provide a direct measure of DNA

gynthesis.
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for the measurement of the total incorporation of
[ BH] - dT into lymphoeoytes grown in the presence of the labelled
nucleoside, a modification of the method described by leobbins
et al (1970) was used. Cells vhich have been incubated with
K?M}-w dl' in oulture, wvere washed, fixed an. trewted with Lloge
cold 5 TCA {w/v) as described in methods sectlon 2.1.6. The
trestment of cells with TUL causes the release of the nucleotides
vools into solution, while at the sane time precipitates the
Ia as part of the acld-insoluble fractiony which can he collected
on to s Whetlnan glass Pibre filter and assayed for [EH] R

incorporation as described in methods section Tel.He

3eTel sffect of ueve irvadiatlon on [?E] = 4T incorporation

inte lvmphocyles

2
svans and Korman (1368 ) showed that [fﬁ] = T ik ingorporated
into humun peripheral blood lymphocytes, alter w.v. lrradisiion,
by autoredio raphy. 'his experimental approach vas modified as

deseribed below to provide & simple and rapid assay for the study

of' DEA repaire The agiay has been used o sluwdy WA repalr in
lywmphocytes derived from AK palients and asgo~matched normal
individuals and in few cases from patients with melanoms oxr basal
cell carcinoms (see¢ Hesults Cection 3.12 ) .

tue to the presence of a very few dividing cells (<1.)
in peripheral blood lymphooyies (see Methods Usclion 2.1.6), the
ineubatlon of fresghly prepared lymphocytes with [5H] - 7 resulis
in a low rate of incorporation of the labelled nucleosides &
suall increase in s synthesis resulting from LEA repalr occurriag

after w.ve irradiation should therefore ba detectable above this



low bhackground of DA replication. The increase in‘? Z-I]n ar
inecorporation into wev. irradiated cells should be a measure of
DNA Tepair.

This approach can not he applied to dlviding cells such
as skin Cibroblasts, with which most of the early work on DHA
repair was carrvied out (Clesver 1968). This is due to the much
areater level of Dia rveplication (owed to the presence of greater
proportion of Hephase cells) which completely masks DNA repair
(rapasarantopoulu 1976).

Phe first attempt (Table 8) 4o measure wev. induced
Y?H] « A7 incorporation into INA of lymphocyites (by estimating
the total incorporation of label instead of using avntoradlographic
analysis), showed only small and inconsistent increases in
irradiated cells compaved to unirradisted controls and there was
ne reproducible difference between the responses of AX and normal
colls.

The small size of the increases in[%{)» 47 incorporation
alter weve irradiation appeared to be caused by the masking effects
of the small bul significant amount of S-phase INA synthesise
Yo overoome this problem, use was made of the xaport by Cleaver
(196%) that the drug {OH-urea) inhibiils tephuse INA replication
but not [HA repair. The reasons for lhls differential imhibition

are not clearly understood and are discussed later {sce Discussion).






able 8 U.v. induced Y?H] ~ dT inecorporation into
lynphooytes derived from AK patients and age=
matched normal individuale, meapured by the
total incorporation method in the absenée of

6 cells in a totai

OH~urea. Cultures of 3 x 10
volume of 4.0 ml medium (sce methods section 2.1e%),
were incubated immediately after irradiation

(0 - 20 J}nfz) with “H = aF (5/“éi/ml,

1845 Ek/mmole) at 3700 for 4 he After inoubation
the cultures were washedy fixed and assayed for

{?H] - (T incorporation as desaribed in methods
pection 2.1.6. ach value represents the mean

¢pi of duplicate determinations‘in different

9 cultures. The counting efficiency was determined

by the channels ratio method.
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¢ Total ﬁu mu - 37 incorporziion {cpm) per wwm cells irradiate
Blood type  * - ;
-2 -2 | L =z -
0 Jem 265 Jom b 1G.0 Tem 20 J.m
AKX 10 1810 . 1821 2015 1928
XL 10 1876 L 1809 2612 2083
} m
a1 . 1724 1685 m 1829 1851
) §
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| EL 11 1504 | 1920 % 2053 1988
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P Y iffect of u.v. irradiation on[BH} - AT Incorporation

into lymphoecytes in the presence of Oli-uresa

Ofl~ures was added to lymphocyte cultures to inhibit DEA
replication in the few Y-phase cells at & concentration (1.5:{10“3M)
similar to that used by Frey-viettstein et al (1969) and RobLins
and Kraemer (1972a), Under these conditiona it was possible to
nmeasure differences in[?H] = 47 Iingcorporation bhetween u.ve irradiated
and unirvradiated cells of the sawe type and to measure differences
in response between AKX and normal wwve irradiated lymphocytes
(sec Table 9).

The weve dose respouse for iK and normal lymphocytes was
algo determined by messuring the totnl inecorporaiion af[BH] w 47
into Oll-urea itreated lymvhocytes, irradlated nt different uev., doses
and incubated with the label for 4 h at 3700 aiter Iincubalion.

The w.v, induced DA repalr was ealculated by subiracting the
incowrporation of[BH] - 47 into unirradiated_cells from the
incorporation inio irrvadiasted cells. The repair at each u.ve dose
is higher in normel lymphocytes than in 2¥ lymphocytes (Fig. 14)

Flgs 14 also shows that the we.v, dope response curves
ebtained by the total incorporation method platean beiween
10 and 20 J.mma for both AX and noxuwal lymphocytes. However, the
DHA repoir caloulated as described above is probably less than the
true value especially at high w.v. doses due to the inhibition of
DA replication by u.ve light (Painter ¢t al 1970). Dia replication
oceurs in only a small percentage (<19%) of lymphooyles (mee Methods

Section 2.106) but even in the presence of OHeurea, the incorporation



Table 9

Usve induced DHA wepair in lymphocytes derived from
AK paticents and age-matched norvmal individuals,
measured by the total incorporation method in the
presence of OH-urea. QCulitures of 3 x 106 cells in

a total volume of 4.0 ml medium (see methods

section 2.1.3), were incubated immedilately after
srradiation (0 - 20 Jun™°) with [333;] - ar (5 mGiful,
1845 1 /meole) and OH-urea (1.5 x 10'3M) at 37°C

for 4 he. After incubatlon, the cultures were washed,
fixed and assayed for [531 - d1 incorporation as
deseribed in methods section 2.1.6. Fach value
represents the mean d pym of duplicate determinations
in different oultures and the braockets reprssent the
miniman values for INA repalr (eee text). The counting

efficiency was determined by the channels ratio method.
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Pigeld

Lose response ocurves of N.v. induced DHA repair in

iymphogytes derived from Al patients and;agenmatched

normal individvuals measured by the total incorporation

method. Cultures of 3 x 106 cells in a total volume

o' 4.0 ml medium (zee methods section 2.1.3%) were

sprodanging from 245 o 20 J.mﬁz or mock irradiated and
rangiincubated imeediately with ?};;]- ar (5 mCGifml, 18. 5Ci/umole)
inoutend Oi-urea (1.5 x_;lQ_'ffi)J at 3770 for 4. be Alter
and OH-urea (1.5 x 10”§H) at 2790 for 4 he 4lter
incubation, the cultures were washed, fixed and aspayod
for [3H]-»dT incorporation as described in

methods seotion 2.1.6. Fach value was obtained by
gubtracting {rom the d.pems for each irradiated

culture, tho mean of d.p.n. Loy duplicate univradiated
controls of the same donor. Poinbs represent the

means of duplicate determinations in differcont ocultures
for each dose and bars represent the ranges. The
counting efficiency was determined by the channels

ratio method.

O horaal lymphooytes

® AKX lymphoeytes
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in unirradisted cells is a significant proportion of that in

irradiated cells undergoing repair (e.z. 30 - 40;. of that at

10 J.mmg}. Hovever, {or the purpose of calculating b4 repair,

the inhibition of LNA replication (which is the same in both

cell types, fesults Sectlon 3.11) is ignored.

The most interesting features shown by these resulis

ArE -

1) The [?H] = df incorporation into unirradiated A and normal
lynphocytes is inhibifted to the sames extent by Ol-urea.

2} the [?ﬁ] -~ d7 incerporation incremses alter u.v. irradiation
and the dose regponse is very similar to thal obtained by
autoradiographic analysis (see Fige 9).

3} the difference in u.v. induwced [?N] - (T incorporation in the
presence of Cll-urea, betwaen sk ana normal Lymphoecyles is
independant of u.v. dose and is in a very good agsreement
with that obtained by autoradiopraphic analysis.

It should be noted thet the values for u.ve induced

%

[EH] - G0 incorporation shown in Table 9 are minimum valuss.

Uove irvadiation inhibits Dha veplication (Fainter et al 1970),

a0 the contribution of repliocstion to the fotal incorporution

of[?ﬁ] w 7 into lrraciated cells must be less than the incorporation

messured in unirradiated cells, However, as shown later, this
inhibition of DiiA replication is guantitatively similur in norvmal

and A¥ lyuphooytes (Results Hection 3.11) and can thus be ignored.
y
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In order to confivm that the reduced rate of u.v. induced
(3H3-~ df incorporation (DWA repair) found in the preliminary

experiments (sections 30% & 3.4) und to extend the autoradiographic
analysis (section 3.6} to show that it is & gencral characteristic
of the A condition, a larger number of AKX patients, covering
conditlons showing different desrees of severity (as diagnosed
by the clinician) neecd to be tesled, by the much casier and
faster total incorporation method.

Some difficulties were encountered during the course of
this work. although AK ie a condition known bo be common in the
West of Secotland, there were peviods vwhen cases were notl available
and the samples of blood colleocted on these occasions when patients
could be found varied in volume frowm 4 ml to the preferred sanple
size of 20 ml. Vhen an adequate sample was provided, the
estimationa (which were always carried out in duplicate) were
performed with two different radiation doses and the{%{]m ag
incorporation of the lymphocyites in the abgence of Ol-urea wos
also measured. Yhen the bloed sample was small (10 ml), the
estimations were only performed alt one radiation dose and when
the sample was very small (6 ml), the control with OHeurca was
omltbted (see Tables 10 & 11},

Tables 10 & 11 show resulis of an analysis of DHL vepair
in lymphoaytes derived from seventeen AK patisnbs and the same
number of age-matched normel individuala, irvradisted at 10 and
20 Jow"%. The reproducibility of the data obtained by this
method ie good end in all determinations tho weve induced[?n] ~ g7

incorporvation ie lower in AR lymphooytes than in normal lymphocytes.



Table 10

N

Eatimation of u.v. induced INA repair and the %
inhibitlon of N4 replication with (Qleursa in
lymphocytes derived from AK patients and age-matched
normal individuwals, by the total inggrporation method.
Cultures of 3 x.106 cells in a total volume of 4.0 ml
mediun (see methods section 2.1.3), were incubated
immediately after irradiation (10.0 J.ﬁ“g) or mock
irradiation with [?ﬁ] - ar (5 y«Ci/ml, 21 CGi/mmole)
and Oh~urea (1.5 x 10"3M) at 37°C for 4 h. For the
determination of % inhibition of DNA replication by
OHeurea, uvnirradiated cultuves were incubated in the
absence of the drug under exactly the same conditions.
After incubation, the cultures were washed, fixed

and assayad for (?ﬁ] « d7 incoxrporation as desoribed
in methods section 2.1.6. The counting efficiency was
determined by the chamnels ratio method. The Ueve
induced DMA vepair values vere obtained by subtracting
the mean d pm of duplicate unirradiated cultures from
the dpm of the corresponding irradiated culture. The
oy inhibition of IMHA replication by OH-urea was

caloulated as

mean dpm of duplicate )._(mean dem of duplicate
unirre.cultures + O urea

Ao tunirr. culdbures - G urea
10G =

)

(mean dpm of duplicate unirr. oultures - OH urea)

ND = HNot determined
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Table 11

Yatimation of u.v. induced WA repair and the
¢3 inhibition of INA replicotion with OH-urea in
lymphocytes derived from AK patients and agee
matolied normael individusls, by the total
incorporation method. The experimental details
and vorking out the resulis are the same as
described in the legend to table 10, except

Is

that cultures were irradiated ot 20 Jem ° instead

of 10 Jem .

¥D = Not determined
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incorporated inito incorporated per 1(0° cellsg
Blood 105 unirradgizted cells ; beiween irridiated (20 J.m—2)
type | in the presence of OH-urea and unirridiated cells from

Y. IHA replication
inhibited by (OB-urea

AN RS A et e v

: the same donor
] : w
1 | Luplicate 2 : lmplicate 1 !iuwplicate 2 m
‘ : _ j
ax 22 | 1448 L 1051 w 2380 L2673 w o3
L 22 | 1534 ¢ 1318 : 4650 . 4376 : I
25 P 124 : 2705 2623 M 79+

~3

FcN

«
GO

NL 25 1360 © 1410 ; 5850 5530

AK 24 0 1810 . 1560 W 2193 - 2086 m ReD
5L 24 1444 ! 1615 : 073 L 4893 ; Foll
s25 | 1486 1393 M 1686 768 ; 7645
¥L 25 1512 © 1218 “ 4720 4450 w 940

ny
O\ O
|-J
[AV W]
1~ A\
oW

3516 3483 m 86.0
5446 : 5573 : 8C.5

i o
)

w W : 2360 [ 2206 E.D
i 1503 . 1309 : 5436 P 5236 { 7340

NN
-3 -
[}
-
[
£

EL

ENIERTRY SO

1567 w 2730 L 2520 7540

AE 28 1834 :
6130 ] S48 ; 7846

KL 28 1712

g
o
N
AN

1913 | 6543 M

1348 m 1943 |

4740

K29 1322
EL 29 ¢ 1417

FECTVERNININCY . SRV

SEON

-

-t
4% e 1)

1N
iiell

2013 : 2116
5046 f 4950

mmwmwwwmw Mwwmm
FL30 . 1272 1 1317

mrrmesass sasneane g e




- 66 -

Mgs 15 & 16 show the same data in the foem of histograms
which show more clearly bthe range of variation in both the Ak
and normel cell types. Sxcept fox one value (Fig. 16) where
UeVe induced [?H] ~ d% incorporation in 4k is 63, that of
normal, the rest of the values for AY ecells all fall between
33 w» 52 of the corresponding values for the normal cells.
The veriation in the xate of ThA repalir for AKX patienta may
be due to the degres of severity of the condition as is found
with Xero eras Pigmentoswa (vee teohlion 1l.9).

It i reasonable to asswne, like other authors (Burk et al
1571as Robbins and Kraemar 1972a & by Lambert ot al 1976},
that the w.v. lnduced [?3] - 4" esbimated by the totzl incorporation
method, is a measure of s repair. Howevew, in thils woric the
assuwiption hus been tested and shown to be correct (see sesulis
Saotlon 5.8). Fuprthermore, the observed difference in [?H] T
incorporation between Al and normal lymphocoytes lg ool necessarily
coused by o difference in the rate of A repair. Once again,
(ne already diseussed in lesults Scction 3.6) differences in
the rete of 47 Incorporation into the nucleotide pools and the
pool sisen themselves may vary frowm one vell lype to another

, . . (5
and thus influence the rate of [:ﬁ] « 4T incorporation.



g, 15

l“i{»’;o 16

Histogram of the different values of u.v. induced
DHA repair presenled Iln table 10, showing the
differvence between AK patients and age-matohed
normal individuwals end also the range of varlation
in each cell type. "The experimental details are

giverr in the legend to table 10.

Higtogrem of the different values of weve induced
DA repaly presented in table 11, showing the
difference bebtwesn AK patients and age-maltohed
normal individuals and also the rahge of variation
in each cell type. The experimental detalils are

given in the legend to table 1l.

Repair in AK patienis

A Repair in normal pabients
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3.8 Charactoriaation of u.ve induced Uild synthesis as

Lia repair

The total incorporation of EBHTK« dT into Qi-urow treated
lymphocytes increases afber the cells have been ilrxradiated with
WeVe Lighte T4 seems very likely that this uweve Induced
incorporation represents WA repair syntheais but 14 could also
be due to some unusual form of induced replication (e.g. induction
of bacteriophuge weplicetion by w.v. lrradiation of lysogenic
bacteria, Lwoff et al 195G)s  However, LKA replication an: DIRA
repalr can be distinguished by following DEA synthesis with the
Jabelled thymidine analogue [?H]m bromodeoxyuridine ([?H]» Brdlird) .

In sguch experiments [?ﬁ} w BrdUrd is substituted for
[5H] = d? am a DNA precursor. The incorporation of 3wdlrd into
replicating HiiA leads to an increare in the buoyant density of the

newly synthesized NA. In INA undergolng repalr however, only

i
»

asmall gtretches on DRNA ere replaced by repalr synthesized and hence
very little or no change in buoyant density is obsorved (Clanawalt
et al 1971)e These two types of .24 synthesis can thervefore be
distinguished by density gradient cenirifugation.

CaCl densily groedient centydfugation profiles of
[éﬁ] « Prdird labelled IMA from unirradiated and irradiated
Oleures treated lymphecytes dorived from norsal individuals ave
shiown in Fige 17. The DHi from the wnirradiated lymphocytes forms
only one peak of radicactivity which ig observed in the hyvbrid
density reglone ‘The peak is clearly separated from the bulk
unlabelled Dia (see 260 nm exbinction profiles in Fig. 17a).

This result ils expected ani represents the resldusl A replicatlion



Plga 1T

Caepiws ohlovide density graflients centrifugoiion
profiles of LRA obiained with lymphocytos derived from
noranal subjects. Cultures of 3 x 106 cells in a total
volume of 440 ml medium (see methods section 2.1.3) were
irvadiated at 20 Junrz or mock irradiated esnd incubated
immediately with [P ~ Bravrd (L0mMGi/ml, 2.2 Ci/umole),
¥aUrd (10”6m) and Olurea (1.5 x 10“3m) at 37°C for 4 h.
After incubat;on, the content of two identiczl cultures
vas poolad, and cells were washed and suspponded in

540 ml 5% in naline-citxate buffer pH 7.0 (0.1% w/v).
A wos isoleted and coentrifuged as described in

methods pection 261.84 30 fractions were collected and
the radiozotivity and extinction at 260 wum for each
feaction were measured as desorihed in.m@thod$ section
Zele8e  The counting efficiéney was determined by the

channels ratio method.

A non’ irradisted cells

B irvadisted 20 Jn 2

z
O 1] « Braved (opm)
® Extinction at 260 nm

‘



\:BH] - dT - e pm)x 1072 .

18

14

—
O

1

Fraction

number

Extinction at 260 nm
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not inhibited by CH~urea in the smell percentage (<1%) of
cells in S-phago.

after ivrodiation of the lymphocytes with a dose of
20 Jou"? however, the labelled DNA forms two distinet peaks
(Iige 170}, the larger peak, which coincided exactly with the
bulk unlabelled DNA in the nowmal donsity region, represents
A repalr. The smaller peuk ig in the sesne position as that
ohgerved in unirradiated lymphocytes and represents IMA
replication.

The % inhibition of A replicatlon by w.v. light (20 JoméQ)
can be calculated from Pig. 17 by measuring the decrease in the
activity of the IHA in the hybrid denslty region due 40 weVe-
irradiotion. This value (26%) is reasonably cloose to the
w.Ves inhibition {299, see Fig. 27) of DNa replication in PHa

sbimulated lymphocytes {scee Resulis Section %411).

3.9 Determination of endosenous thvmidine nucleotider pool

»

gires and the tiune rates of DEA s mthesis in normal and

A% lvephocyton

Almost all reports on the w.ve stimulated incorporation of
[3H]«m d7 into mammelian cells, lwplicitly assume thet any apparent
difference in the uptake of Lahel found between 2 cell types is
necessarily due to a difference in thelr rate of DHA synthesise
Since the extent of dilution of[?ﬁ] - d7' nueleotides
dervived from uddvd[?ﬂ] - P depends on the relative rates ol
endogenous thymidine nucleotide syonthesis and the synthesis of

thymidine nucleotide from cxogenous thymidine in the mediuvm,
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E%i] « 47 incorporation intoe WA will depend on the relative
activities of the endogenous pathway (thymidylate synthetase),
and the exogenous pathway (thymidine transport and thymidine
kinase). If weve stimulated DA repair in two cell types is
compared, the authenticity of any apparent difference in the
rate of A synthesis may Le challenged, unless the endogenous
thymidine nucleotide pool sizes hove been phown to be similor
in each cell type.

In oxder to overcome this type of eriticlsm of the
conclusiong drawn in this gtudy of u.v. induced DRA repair in
lymphocytes derived from A¥ pationts and ageematched normal
individuals, the thymidine mucleotides pool sizes and the true
rates of (Fi synthesis for each cell fype were meapured, using
the method described by Adaes (1969). This determinatlon is
baged on the as.upptions that the rate of DA synthesis ls
independent of the exogenous AT concentration and the thymidine
nucleotide pool simes and that tbthe radicactiivity incorporated
into HA in a given tbtime depends only on the specific activity
of the [?ﬁ]:-ﬂTTP precursor. It is also aseumed that the
acid~soluble thymidine nuclesotide pools are mainly in the form
oi [%H]w-dTTP (Funch-retersen et al 1973).

From these assumptiona, the following equatlon was developed

by Adams (1969), thus

[3’11]«- aprr [Bi-i]« LA
[311} aree + Aree A (H) e (1)

vhere DNA(M) dis the maximum incorporation of radioactivity into
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Iiva {and a meusure of the true mate of IHA synthesis) which

would be found if the l—_')HJ w GUTP precurgor had the sawe specifioc
3 3 ¥ 33" " . ) - 2 —5 JORY 3

sotivity as [ﬂ -~ dT supplied in the medium fewo 1)~ d1PF  is

NS

very large relative to dTMP . L H]m- INg is the cbzerved

incorporation of [7il) - AT into DiA, and avt and [“1]e avrr

are the concentrations of the endogencusly derived and exosonously

derived thymidine triphosphate poola respectively.,
Rearrvanging equation (1), thus

1 4P 1 1

Py

= * X B -
[514] - THA DA () [5’}'{]., AP a(i)

1 1
when e { g plotted against --::jwwmwm s this equation
Ph]) - mma P#)- aree

represents o stealsht line of

are 1
slope = weemere— and intercept m wecsmme
Da(i) D)

*
Py measuring the incorporation of [”H] - d into aocid~soluble
nueleotide and acid-ingoluble (DNA) fractions of cells at various

@xogenous [:3 .HJ -~ 37 concentretions, the tiue rate of LA synthesie
1

can be oblained by extrapolalion bo —wmscwmmmesen = G yhen the d7197P
—j ) kR
(et E ST

pool would be entirely derived from the exopgenous [3 }ﬂ « dT and

a™r'e can be calculated.

It is importent that [5 Jﬂm dTP end d. P are of the same

order of marnitude otherwise the analysis does not glve useful

z
repsults.  The inoubation of wev. irradiated lymphocytes with [).uj e dT
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varyin., in concentration from 2.5 x 10" {which im the
concentration of the labelled thymidine in the absence of
cold thymidine) to 4.0 x lﬂmﬁﬁ, wag found Yo be suitable
(nee ™o 18 & 19). This range covers more than a tenfold
difference in the concentration of (?E] = (T

However, the lnocorporation of [?ﬁ] = 47 into the acide
goluble pocl (and hence [éH}m APTP ) increases with time watil
a steady state situation is resached when the rate of synthesis
is equal to the rate of incorporation into Lhi. In human
lymphoeoyta system this steady state is reached & h aiter the
addition of (?M] = 47 to the cells asz shown in Fig. 20.

incorporation of {?ﬁl - A into acid-goluble and acvide
ingsoluble fractions of %.0 % 106 Uave lrrvadiated lymphocytes
was measured after Ilnoubation with different exogenous
[3ﬁ] « 47 concentratlionus, in the presence of Ol-ures for 4 h
(ieeo under the conditions of the XA vepalr assay). “he
data are plotted asn Incorporation into ecid-insoluble (INA,
Fige. 13) or acidesoluble (nucleotide pool, Fig. 19) fractions
(ustimated as deseribed in methods section 3.1.9) azainst
exogenous [?H] - @1 concentration. The results plotted this
way, suggest that the rate of A synthesis is dilfferent in
A¥ and normal Llymphocytes but that the & - sucleotide. pool
sizen are similar because there is a constwnt ratio betveen
the values for incoxporation into LKA of the two cell types

while the incorporation Into the muclectlde poolas are very

W

gimilar at all the diftferent exogenous L H] « (T concentrations.



Fige 18 The effect of different concentrationsof [3H]w-dm on
the rate of incorporation of radioasctivity into DA of
Weve irradiated lymphooytes derived from AK paiienfs
and age-~mateched normal individuals. Cultures of
3 x 106 agolls in-a totel volume of 4.0 ml medium
(see methods seclion 241.3) were incubated immediaﬁelf
aftor ueve izradiation (20 J.m“g) with diﬁferant
concentration of [5H] - dif yarying from 2% % 10"7ﬂ
t0 4eU x 1:)?'63‘@ and Off~uvea (1.5 x 10”5;-3) at 37°
for 4 he Af%er incubation, The cultures were washed
and assayed fox [?H] - 7 incorporation inte MNA as
deseribed in methods soction 2.1.9. fThe efficiency
of counbing was determined by the chamnels ratio
method,

O hormal , @

Pige 19 The effect of diffurent concentrations of 1?5] - dT on
the. incorporation of radiocactivity into acid soluble
fracticns of weve irradiated lymphocytes devived from
M patients and age-matched nonmal individualg. .

Cultures of 3 x 106 cells were treated in exactly

the seme as described in Fiz. 18« After incubation,

the culiures were washed and sseayed forn [?H] -
incorporation into the acidesoluble fracitions as
tdescribed in methods section 2.1.%. The effiolency
of counting wag determined by the channels watio

method.

O Formal, ® i
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Time course of [fﬁ] -~ d7 incorporation into acid-
goluble pools of lymphocytes derived from a normal
£
gubjects Cultures of 3 x 10~ cells in a total
voiume of 4.0 ml medivm (wee methods section 2.143),
were incubated immediately after irvradistion
, F “2 TR .;5 K
(R0 Jom “) with “H = a7 (5 MG /ml, 21 Cifwmole)
3 M? .'

and Olf=urea (lo% x 10 )ﬁ) for different times f{rom
- J 4
¢ to 4 hoat 37 Ce  After inmcubation, the cultures

\ 3 . .
ere vashed and ascayed for X_H] ~ 1 incorporation
into the acidesoluble f{ractions as described in
mpthods section 24149 The efficiency of counting

was determined by the channels ratlo method.
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Figs 21 is o double reciprocal plot wsing the same
data of the radiowcetivity incorporated into INA against
that incorporated into the macleotide pool, from which
the true rate of N4 synthesis and the endogenous ATOP

for both aX and wnormal lymphocytes can bhe obtained.

“he straight lines mhown on the graph (¥ig. 21)
wore drawn through 2 points, the coowdinates of which
vere determined by caloulating the slope of the line
using the least square method fox best fite 411 4
points representing each strailght line were gilven equal

welghting,

S8ince ve are intercsited in comparing the rate of
DEA symnthesia end the endogenoug dPUP pool sizme between
A and nowmal lymphocytesn, no atbempt was made to work

out their respective absoluie values.

The two straight lines vhen extrapolated cut the
Yeaxis at diffewent pointe (Fig. 21) showing the true rate
of UsVe induced bHA repair synthesis in both eell types
(i1ece the mate of{?ﬂ3 « dft incorporation into DNA at an
infindtely high exogenaun[ﬁﬂ] « dT concentration, when
[?H}m dePr is very high comparved to d10P ) s different
in the two cell types. The rate in AKX lymphooytes from
this data is 52 of that in normal lymphocytes. In three

deterninations in different experiments with diffevent samples of



ketimation of endogenous pools of d0TP and ftrue
rates of LBA synthesis in lymphocytes derived from
SE patients and age-matched normal individvals.
Cultures of 3 x 106 cellé in & total volume of

440 ml mediun (nee methods section 2.1.3) wers
incubsted immediztely alfter lrradiation (26 J.mﬁe)
with [?H] ~ A% at concenbrations ranging from

“ o 7. e VN : w5
2e5 % 107 M 1o 460 % 107 1M and Ol-urca (LeH x 10 M)
atb 3700 for 4 he After incubation, the cultures
were washed and the incorporation of radiocactivity
into acid soluble (A%) ani into LHA wan messured

ag destribed in methode sectlion 2;1.9. Fach
sltraight line was deawn throusgh 2 polants, the
coordinaten of whioh were determined by caloulating
the slope of the line using the least aquare method.
he linen were exiended and their intercepts on
both the ¥ and X axis wers messured. 'The counting
efficiency was deternined by the chonnels patio
method.

Ordinate represents ymwkuﬁ"
1} mua

. i
Abgelsse represents o
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AKX and age-matobed control lymphocytes, the true rate of pNa
repair synthesis in AK cells was 4% 4+ B that in normal
celis.
These resullts substantiate the earllor conclusions which
auggested that the rate of Dha repalr in s lymphocyten is
4 that of normal lymphooyies and constitute good evidence
that the difierence in (?H] = d7 incorporution wepresents different

rates of . synthesis in the two cell types.

10 Apalysins of prolonged Dha repair in sK lymphocytos

B
R~
The preliminary experiments on the time course of LNA ropair

(see iige. 8) sugpested that vhile u.ve stimulated N4 repair in
normal lysphoeytes has reached o platean 4 b after irrudiation,
repair in a4 lymphooytes at this ftime i gtill in progress., ‘Mhis
ig interesting in view of the weports by Durk et al (197la) and
obbins and Fraemer {1972u & b) whioch demonsirated that P lymphocytes
have & decrvessed ruele of u.vs Induced [?H] « 1 incorporation
impediately alter irwvedistion but continue to incorporate the
label for a longer time than normal Lymphocytes.

Sinee A resemblez in some ways, the less severe forme of
Y oin that both ave preneoplastic conditions (Introduction

hY

sections 1.6 & 1.5} snd have reduced wveboes of . repair
(esults Scctions 360 4 3.7), it seenmed possible thet sk
lyaphoceyles although having a reduced rate of hha Tepalr, would
complete the repair process L given sulficient time.

figs 22 shows the results of a prolonged analysis of Dha

repair in AK lymphoeytes, using the tolal ircorporation method in



Flpre 22 Twe oourse of prolonged vevs. stimulated DNA repair
in lymphocytos derived from AK patients and agew
ratched normal individuals, meapured by the total
incorporaiion method. Culiures of 3 x 1.0{5 cells
in a toial volume of 4.0 ml mediunm (see methods
seotion 2.1.3) were irradiated ab 20 J Jim2 or mock
irradiated and incubated immedintely with {H] - i
(5 MG /ml, 18,5 Gifmaole) and OM-urea (1.9 % 1072 7))
at 37°¢ for aifferent periode from O o 21 .

After incubation, the eultures woeve washed, fixed

and sessayed fox [3' E} - dT Incorporation as described
in methods section 24146,  lach ;point. wap obtained

by subtracting the mean dpm of duplicate univradiated
controls fronm the mean dpm of “the cm‘z.-efspoﬁc{ing
irradiated cultures. The bare repregent the ranges
or reralr values, The counting efficiency was

determined by the chamnels ratio method.

O Horm]
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the presence of Oli-urea. The results clearly demongtrate thatl
following w.ve irradiation (20 J,mwz), A lymphoeytes eventually
incorporate nearly as much [éﬁ] - 4 as do normal lymphocytes.
The early part of the time cou{éﬁ] - df' as do normal lymphocyte
sume as bhat obtained earlier (see Fige 8) but while the normal
cells do not incorporale much more {%{)m d™ during the next 5 h
{incorporation increases by 1.. between | h and 9 h}, the
incorporation of label into AK cells continues to increase and
almogt doubles, almost resching the same level (9%.) as that into
the normal cells. At even later time (21 h after lrradiation)
the total ncorporation into iK cells ie as great as thot into
normal cells.

The results presented by Robbine anc Kreemer (1977 )showed
thet weve Ilrrwdlatad lymphocyles derived from patienta with X
(comuon form) require 19 h to perform as wuch INA repair as normal
lyumphocytes (Cofa 4K lymphooytes requirve about 9 h for the same
purpose). This s consistent with the slower rate of Diha repair
shown to occur (Robbins and Kraemer 1972a)in A Lymphooytes (less
than 7¢; thet of nowrmal lymphocytes alter 4 h incubstion, following
UeVa irrudiatian) ags compared to HU thaet of the normal found in

Ay lymphwoceytes at the end of the same 4 h period.
PRI of
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3211 UoVe induced DEA wepalr in PHA stimulated human

Aymphocytes

Vhen human peripheral blood lymphiocytes are incubated in
standard culture medis supplemented with 15 foetal calf sexrum,
the cells remain viable for several days. However, without the
addition of a stimulating agent (mitogen), fewer than 19 of +the
cells enter DA synthesls during a 72 h incubation pexiod
(Zpstein and stohlman 1964). If the mitogen P4, extracted from
the kidney bean (Phuseolus vulgarls), is added to the culture,

a series of changes ig inltisted. As o oonsequence Dha synthesis
starts about 30 h after addition of the PHA (see Fige 23) and
reaches a peak 18 h later.

Ueve ivradiation inhibite uiA replication (Clesver 1&67;
Painter et al 1970), probably because thymine dimers block the
progress of the growing points of newly synthesized daughter
gstrands {Painter 1.74). However, after vemoval of the dimers
probably by the joint activities of the pogt-replication repainr
and excision repair systens (see Introduction Sections l.4.3
and l.4ed), LHA veplication resumenm.

The estimation of lymphocytes with Pli and the dependence of
replication on repair have been combined to develop a new method
of assessing DNA repair.

Tynphocybes were treatsd with PHa and later, near the peak
of mitoren induced A synthesls (D&A replication), the cells were
irradiated with v.ve light to inhibit [?H] - a7 incorporation by

TO = 8005 Subseguent 1 b pulses of [?H] - A7 were vsed to fellow the
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Time course of [?R] ~ 4T incorporation into PHA
treated lynphocytes derived from AK patients end
age~-matched normal individualse. Setting up the
cultures and the amount of PHA added wers the same
as desoribed in the legend to ¥lg. 24. Culiures
were incubatoed with PHA for different times

(1~73 1) atb 57°C and received an hourly pulse of
&351] - ar (0.5 /4(0. /ml, 21 Ci Jfmmole) at the times
showne After incubation, the culiures were washed,
fixed and assayed for [?H] - d7 incorporation as
described in methods section 2.,1.6. The counting
efficiency was detormined by the channels ratio

mathode

Fstimation of the % cells ilncorporating [?ﬁ] - 4P
in the populations of lywphooytds deseribed in

ige 23A. Autoradiographs were prepsred from the
fixed suspensions of cells ag desgribed in methods
section 2.1.%. Hor each determination, belween
150~ 200 cells were counted and the number of cells
incorporating the label wae noted. The % of

labelled cells was then estimated.

@ AK patients lymphooytes

Q pormal patients lymphocytes
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Plate 6  Autoradiographs of normel lymphooytes incubated
uith A for 48 h at 573C, foliowed by 1 h pulse
A
with L’ﬁ] - T Fox expevimental detalls see the

legond So Mlg. 23
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recovery of IDNA synthesls.

Mige 24 shows ithe percentage inhibition of DHA synthesis
AG - 44 h alter PHA stinulation in lymphooytes devived from
theee AK patiente snd three age-matohed normal individuals

2

aftor w.ve irradiation (100 Jem = at 40 h alter VHA treatment).
he period of 40 h incubation of lymphocybes with PHu priox to
veve irradiation was chosen, because it gave the largest
difference in[?ﬁ]-a d? inconporation between irvadiated and
wnirradiated PHA stimulated lymphooytes (see Flge. 25). 4
period of 4 h seems to be sufficient time to allow the recovery
of DA replication in weve irradiated lympheooybes previously
incubated with PHA for 40 h (see ¥ige 26). It is clenr from
Fige 26 that the rvepair of DNA in normal lymphocytes ls almost
complete 4 h after irradiation, while that in AKX lymphocyles

is only 9% that of unirrediated lymphooytes. This rosuld
confivme the time course of INA repair for AK and normal
lymphocytes estoblished esrlier (see Fig. 8) and also confirms
the conclusion that the level of repair activity in AK cells

ip only half that in normal cells,

3012 DHA vepair in sun sensitive conditions othey than AX

At the gtart of this work it was decided %o examine one
light sensitive condition in detall rother than make an oxtensive
but less thorvough survey of many different conditions. However,
gome preliminavy datse on DNA repadr activity were oblained on
cells from patients with lupus cxythematosus (L.k.), basal cell

caroinoma (BeCeC.) and melenoma (14).



U.ve inhibition of Swphase TNA synthesis in PUA
stimulated lymphocytes devived from 3 8K patients and
the mame number of age-matched normal individuals.
Cultures of 106 cells in a fotal volume of 2.0 nl
mediwn {see methods section 2.143) were incubated

with PHA (50 units) at 37°C for 40 h. The culbures
wvere then removed from the incubator snd lymphooytes
isoluted as desoribed in methods pection Z.1.7.
Lymphooytes suspended in 1.0 ml PBS were placed in

50 mm petri dishes and irrvadiated at 100 Jun? op

mock irradiated. The original medium (?lOnﬂJ contalining
PHA wvas added back to eoch culbure together with 1.0 wl
of HIC1%. TUnilperediated cultures were treated in exsotly
the same way oxcept for ireadiation. All cultures

vere incubated at 5700 and vecelved an lourly pulse
of[?H] - dT (0.50 Ci/ml, 21 Gifimole) at the times
showne After incuvbation with the label, cultures wexe
waghed, fixed and assayed for [?5] - {1 incorporation
a5 described in methodn section 2.1.6s The datwm is
exprasseé as the percent reduction in the average

cpm ?ﬁ)ndTimmmmmmmlmmodmﬂﬂmhahmmuwmd
cultures as cempared to that of dupliecats wnirradiated
controls. ‘he counting efificiency was determined by

the channels ratio methode

@ AK patients lymphocytes

O Normal subjects lymphocytes
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Fige 25 Mime couwrge of [?ﬁ] o éT incorporation Into the acide
insoluble fractions of both uweve irvadiated and
unirvadisted PlA treated lymphocytes derived from
norimal individuals. Setting up the cultures, the
amcunt of PHA added and the irvadiation procedure
were the samne as described in the legend to ﬁig, 24,
Tmmediately after irradiation (100 J.m’2) or mock
ivradiation, cultures were incubated atb §7°G and

. 3 -
received an hourly pulse of (_ﬂ],w dr (0.5 MG/ 10l
Zﬂ,%ﬁ/mmole) at the times shown. After incubation
with the label, cultures vere washed, fixed and
aspayed for [?H] - A7 incorporation as described
in methods section Z.l.6. The counting efficiency

was detenmined by the chanmels ratio method.

£ {‘ : - — .-
®----® Unwradiated lym phocytts

_—
-

Dot

®—® Lradiated lymphocyes
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Fige 26

Time course of DNA repeir, measured as the Y recovery
in DNA replication inhibited by uweve light, in.FHA
gbtimulated lymphooytes derived from AK patient and
age-matehed normal individual . Sebting up the
cultures, PHA treatment of the cells and irradistion
procedure were the sume an described in the legend to
Fige 24. Dmmediately after irradietion (100 Jem= <)
or mock irwadiation, cultures were Incubated at
37% and received anm hourly pulse of [333 « AT

- c. :
(O.S/Jti/ml, 21 Gi/mmole) at the times shown. After
incubation with the label, cultures were washed, fixed
and assayed for [?H] - dT incoxporation as described
in methods section 2.l.64 The datum is expressed as
the avoraie [?H} ~ a7 (e pm) incorporated into
duplicate irradiated cultures compared te that
incorporated into unirradiated contfols fron the
same donore The counting efficiency was determined

by the chamncls ratio methods

A Hornmal lymphocytes

B AKX lymphocytes

O Unirradiated normal lyuphocyles
o Unirradisted AKX lymphoeyies

M Irradiated normal Lymphocytes

Trradiated AK lymphocytes

=
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It appears that cells from L.... patients have a similar
rate of DA repalyr to that in 4K cells. Thig has only been
ghown using the sutoradiographic method {see Table 12), but
the results agree with the report by Beighlie and Teplitsz (1975)
that Less cella show 50 repain deficiency oompared to normal
controles.

The cells from R.C.Co and M patients, (the genetics of
which have nol yet been studied) show a rate of LHa repair, very

similor to thel of agee-matched normal individuals (Table 12 & 13).



Table 12

Ueve induced LN repair in lymphocytes derived
from lupus erythematosus, basal cell careinoma
and age-matched normal individuals, measured
auntoradiographicallys The experimental details
and analysis of the results are the same as |
described in the legend to table 6. Thé 9% of

cella in S~phase was less than 1 in all culbures.
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Table 13 Ueve induced DNA repair in lymphocytes derived
from patients with basal cell carcinoma, melanons
and age~matched normal individuals, measured by
the total ihcorporation methode The experimental
detaile and vorking out the results arve the same

ap described in the legend to table 11.

.

BD = Not determined
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del  Ilethods for studying DEA repair

At the stact of thig project, the only established methods
for the study of u.ve. induced LNA wvepalr were autoradiography
(see methods scetion 2.1.5) and procedures based on the physical
separation of repaived Dia from replicated LDHA on a caesium
chloride esquilibeiuwn density gradient (see resulls section %.1.8).
The work in mammelian cells, has been postly carried oul in
groving cell populations in culture suc.. sz Tlbroblasts devived
from ghkin biopwles. Howaver, it is diflficult to quantitate the
sxtent of ue.ve Induces LHA Tepalir in dividing cells due to
inadaquate resolution of LEA replication and Wi, ropalr an lescribed
below. This problem can be overcome by using non-dividing cells
such as peripheral blood lymphoeytes. The praciical auvantoges
of lymphocytes over fibroblasts as a syostem for the stucy of
DA repalr in patlents with different clinical conditions were
indicated earlier (ses introduction section 1.6).

The method using caesium chlorlde gradienta is expoensive
and time conguming and is therefore unsultable for the routine
assay of U.ve induced DNA repair in ivvestigations of sun-sengitive
conditions or in clinical diagnosis. Adpo, it is difficult to
make the estimation quantitatively accurate since it depends on
the gquantitative igolation of s in each determination and on
the complet. resolution of the repaired and replicated ks in the
Csél gradient. Suon resolution is often ivadequate because of the
relatively large weount of replicotion (even after ue.v. irvradiation)

and, the small anount of repair synthesis.
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The examinatlion of IMNA repalr by autoradiography on the
other hand, offere the advantaze of loolking at the populations of
cells visually. 7Tiles makes 1t possible to deternine varistion
in pepair activity among the population (see Figs 11, 12 & 13).

Howaver, the distinction beitwoen uwe.ve indunced s repair in the
non S-phase celle and WA replication In these cells whose
Sephase repllcation is pardtially inhibited by weve ivradiotion
(Bootsma and Humphrey 1968) may be difficult at vexy high

2

weve doaes (220 Jon ) as reportec by Cleaver (1967) and
wpotein et al (1960, This problem ils ageln eliminated whon
non-dividing cell populations are used for the sbudy of INA
repair, There are other disadvantizpges associuted with the

antoradiographic method, the first of which applies specifically

to its use with lym hocyies.

1) fThere is difficulty in obtaining a fixed cell population free

of cell clumping (see Plete 7). This problem which has been
encountered by other workers (Frey-"ettatein et al 196v), is

caunced by the fixation procsdure and inovitably leads to overlapping
of ceills on the slides. In such preparations, graing are counted
over nuclal of cells lying apart ss therve ls no evidence to suwsest
that the agpregsted cells are different (in relation to their NA
repair activity) frow the single cells. Indeed the graing counted
over those ceells in cluaps which can be count:l are Indisgtinguishable
from thoge over the single cells. lowevor, for photosraphic record
{(FMate H), fields of diepsrsed cells ave not very suitable beoasuse

they contain too fevw exanples.



Plate 7

Autoradiograph of a clwmp of nermal lymphocytes

. @ ) . o I3, i
exposed 0 940 Jam T and incubsted with [:H]'m an
. ey .
for 4 h at 37 C. For expervimental details sve

the legerd to Tlg. 9
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2) ‘The method 1z moxe time conswning (10 days plus the time
required to count the grains over suflicient cells compared with

24 h required to complete the total incorpuration meihod.

In this work attempts were made to deviae an easy, fast,
reliable and inexpensive wethod for the estimation of wve.v. induced
oA repalr in human lymphocytes. One method, which f£ills these
criteria adequately, is the total incorporation method (see methods
soctlion 2.1.6)e It is an expensive modification of & technique
Tirgt described by lobbing et al (1970).

Most of the cells in a lymphocyte culture (wreparcd as
described in methods section 2.1.1) do not divide. However there
is o very small percenbtage of cells whieh ave in U-phese and
incorporate [?ﬂ] = 'y This incorporation into replicated !HA
ragles the incorporation of [Bﬁj « ' into the other 99 . nou-
dividing, w.ve. stlmulated lymphocybes, undergoing repair synthesis.
for thiso reason, Oie-urea is used in ths total incorporation method
%o inhibit WA replication.

Oueures inhiblits semi-congervative DHA synthesis in a
variety of cell types (Sinclair 196%; (relffer and Tolmach 1967
Cleavor 1969a), but not ueve induced [?H] - T incorperstion into
Nela cells (Cleaver 1969a) or humen lymphooytes (#vans and Norman
1968) during short exposures (5 L or less) of the cells to the
drug. However, it has been reroried (ﬁen»nur and Ben-ishai 1971)
thei extended exposurve of iHola cells to Od-urea interferes with
the wepalr of thelr w.v. damaged Lia. This Ianteriorence ls most
provably due to the action of QH~urea on the enzmyme ribonueleoslide

diphosphate reductage, which reduces vibonueleotides to
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deoxyribonucleotides (ﬁeuhardt 19673 Voore 1969). kither

the pre-existing pools, or the vesidual reduced rate of
deoxyribonucleotide. synthesis, or both must be adequete To

support normal levelw of DNA repair synthesis for 3 h, but inadequate
to allow continued rvepair or replication (where the rate of Tha
synthesis is much higher, approximately 100 fold, Cleaver 1970).
Hovever, results presented by Hobbins and Kraemer (1972a) in a

muach more extensive investigation showed that Oli-urea hois little

or no effect on LBA repair synthesis in lymphooyies derived from
normal individuals and XP patients even aftexr 3 he [Pven when the

final concentration of OH-urea was inerecused from L.25 x 1072

to 5.0 x 10»5M9 there was no decrease in the amount of prolonged

{up to 235 h) ueve inﬁucedi?ﬁ] « 47 incorporation into X lymuhocytes.
Furthermore, it was shown by the same auvthors that when (OH-urea

was added simultanecusly with the [?H] - d7 % h befove terminating

the experiment, vather than it being contimiously present from the

time of irradiation, incorporation of [?H] = 4T into normal lymphocytes
3t111 ceazed completely by the end of the 6th hour after irradiation,
vhile incorporation into XP continuved to the end of the 21st houw,
Hobbing and Kraemer (1972a) also estimated the u.v. induced LKA

repair autoradiographically in the absence of QHeures in lymphocytes
derived from X¥ patients and normal subjects. Under thege experimental
conditions,; repair wrg complete 1n the lymphocytes from normal patients
in the same time (& h), while that in lymphocytes derived from ¥P
patients took mueh longer (21 h)e It io not clear why the data of
Robbins and Kraemer (1972&) disagree with those of Ben-Hur and

Ben~Ishai (1971}, but resulis presented in this work have confirmed
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that time ocourse of DWA repair is unaffected by OH-uraea in normal
and AK lysmphocytes, Algo the difference in repalr activity between
normal anu AR coells is similar whan messured by antoradiography in
the absence of Oleures and by the total Incovporation method in

the presence of the drugs

The reason for the selective action of Oli-uresa in inhibiting
DA repllowtion, bubt not DA repailr, is nobt yebl fully understood.
llowever, 1t secms rceasonable to accept as & working hypothesis
that OH-urea reduces the rvate of deoxyribonucleotids synthesis to
such & level that it is unable to support the fast rate of Dha
replication, bul ecan sustain the nuch slower and smaller amount of
synthesis requived for PHA repalr. The anmount of thymwidine
incorporated into the A of 106 lymphoeyies as a repult of
teVe induced IDHA repadr synitheais, estimnted from ¥ig. 2l, is
Ge51 pmole/h in mommal lymphocytes and 0.27 pmole/h in AK
lymphooytes. ‘the cellular dTFP pool (which was shown to be the same
in both oell types, asee Fig. 21) is 0.65 pnmle/lﬂé oells. Such
g AP pool siwe chogen without slow replacement is therefore
adequate to maintain DA repair gynthesig for 1.25 h and 244 h in
normal and AR lymphoeyles vespectively.

The value of 0.065 pnml@/ﬂloé cells for the d7'0F pool size in
both AX and normal lysphocytes is in fairly good agresment with that
fourd in other cell types. Adams ef al (1971) reported that the
AT pool size in glatlonary mouse L cells ig 3 pnmle/lﬁe celln.
This value ig reasonably close to that obtained in lymphocytes, when
corrected, for the size differonce between the two cell types

(i.eo L cells are 3.4 times lavger than lymphocoytes), and alao the
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fact that there is an even smaller percentase (< 1i) of Swphasc
cells in lymphoeyte populations than that present in stationary
1. cells,

The agdvantages of the total incorporatlion method are:-

1) It le relatively fast (il.e. the results are available 24 h
after collecting the blood sampla.
2) The reproducibility of the method is very good (sece tables 9,

10 and 11)e

g

fSeveral assays can be performed slmultaneously.

W

e
—

The final results can not be influenced by subjective hias
(which is aluays a difficulty with auntoradiographic grain
counting). “The mathod has been applied in this work to the
examination of MA repair in o loarge nmumber of AKX patients
and age-matched normal subjeots. It has also been applied

to the preliminary‘inﬁastigaﬁion of u.v, inducoed LEA repain
in lupus erythematosus, melanoma and basal cell carcinona.
The method is quite puitable either for routine dlagnostic
use or for familial surveys aimed at establishing the genetic

bases of AK.

Another method which can e uped to estimate w.v. induced

TART &

ONA repadlr is a novel approach based on the following pyineivless—

1)  Lymphocytes wvhich are generally at rest in ;p can be induced
into a division oycle with the mitogern PPHA (Nowell 1960
FeIntyre & Ebaugh 1962).

2) Uev. ivradiation of dividing cells, inhibite their Sephuse DEA
replication (Cleaver 19673 Painter et al 1970 and see results

gection 3.11).
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3) After the damage caused by u.ve irradiation is repaired, DNA

replication resumes (Rasmussen et al 1970).

The stimulation of lymphocytes with PIIA leads 30 h later to
the incorporation of [3H3 = dT into INA. This incorporation is
maximal 48 h after the addition of PHA (see Iig. 23).

The inhibition of S—phase WA synthesis with u.v. 1light is
thought to be due to the introduction of thymine dimers or other
photoproducts (see introduction section 1.3.3), which block the
progress of the DNA polymerase (Painter 1974). However, after
the removal of the dimers probably by the joint action of excision
repair and postereplication repair mechanisms (see introduction
sections le4.3 & Lle4e4), DNA synthesis resumes and this resumption
can he taken ag an indirect measure of successful DNA repair.

One difficulty with this method is that stimulation with
PHA is particularly senaitive to slight changes in the pH of
the medium or in the temperature of incubation. Such variations
can cauge a delay in the time course of stimulation but with care,
they can be avoided., The period of 40 h incubation of lymphocytes
with PHA prior to u.v. irradiation, was found to provide the best
conditiong for the gtudy of DNA repair. This ig based on two

criterias~

1) The difference in [BH] ~ a7 incorporation into irradiated
and unirradiated, PHA treated human lymphocytes, is .
greatest after 40 h incubation with the mitogen, hence
greater percentage inhibition of DNA replication by u.v.

light can be achieved (see Fig. 25).



2) The rate of repair (incorporation of tﬁﬁ] -~ AT per wit time)
is fairly conatant over & 4 h period for both normal and A¥
cells (seo Mige. 26) which is in agreement with earliey results
(ree Fige 8)e

Under these conditions, w.v. induced DHA repain hus been
ptudied in Lymphooytes derived from AN patients and age-matched
normal pubjects and the resulis obibained by this method confirm
the earlier finding that the reite of u.ve induced IMA repair in
AKX lymphocybtes is about 500 that in normal lymphooytes (see Fige 24).
Like that estimated by the total Incorporation metheod, the repaix
in novmal lymphocytes measured by thls method is complete aiter
4 h, following u.v. irrvadiation (see Figs 264 & 8).

However, prolonged incubation (beyond 4 h) of PHA itreated
Lymphooytes, following weve iwradlation, mekes the analysis of
UoVe dInduced iNA repalr more difficult So interpret. This is
moat probably cue to the treatment cells received durlng the
irradiation procedure (see methods section 2.1.7). Thus,
lymphiocytes incubated ucinterruptedly with Pild, show a mesximang
incorporation of [BHJ w AT 2t 48 h (seo Fig. 2%41), while
ginilarly treated lymphooytes except for the interrupbion during
mocke-irradiation, show a mach reduced lavel of [EH] - 3
incorporation at approximately the same time (50 h) see Fig. 29,
1t is also evident frow Plg. 25 that weve irrvadiation of PHA
treated lymphooytes gives vise to a smalien percentage of
iphibition in A replleation alter 40 h, 9his may be due to
the greater resisltance of a population of cells whioh take longer

t0 enter S-phase after PHA ireatment. Such a population of cells
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may have different survival churacteristics as well as a different
response to PHA (fvens and Horman 1968). Alternatively, the DA
replicating laote in the S-phase may be G¢ wlch and hence loos
sensitive to thymnine dimer formation after weve irveadiation, ox
the Incresased amount of DHA may shield the remaining unrepliceted
sections from the damaging effects of uwev. light.

Howsver, dhe resulits obtained by this indlvect methou,
showing thal the initial rate of w.ve induced L repair in AK
lymphogytes averages 50 thet of normal lymphocybes, compare well
with thoge obtained by autoradiography (48e7% of normal) and by
the total incorporation method (45.% of normal). “his suggests
that the inhibition of IHA weplication ls dirvectly proportionsl
to the nmamber of thymine dimers formed by weve lrrvadiation,
agouming that thymine dimers ave the majox photoproduct of weve
irradiated mamsalian cells (sec introduction section leBe%)e

The w.ve. doss response curves for Inhibition of a4 replication
in PA stimalated lymphocytes derived from 4k patients and agew
matchod normal individuvals are very similar and appear to be
biphasic (Fige. 27). The first part of the ourve is similar to
the earlier dose regponse curves of repalr synthesis obtalned by
bolth the sutoradiographic amng the total incorporaiion methods

(see wsigs 9 & 10)e “The gimilarity of the curves at w.v. doses up

ne

to B0 Jem ° further suggests that inhibition of DRA weplication

la cavsed by the same types of photoproducts which give rise to
repaly synthesis, The other part of the curve, st hlgher u.ve. doses,
may be due to the Tormation of other photoproducts such as intevsgtrand

erosglinks (which are usually formed at high u.v. domes, Marmur and



Fige 27 Ueve dose response curves of IHA replication in PHA
treated lymphocytes derived from AK potients and
age-matched normal individuals. Setting up the
cultures, the amount of PHA added and the irmvadiation
procedure were the same as desoribed in the legend
10 Mige 24 Cultures were irradiated at different
doses ranging from O to 100 J.m"2 or mock irraé}?ﬁed
and incubated iwvmediately witzh [?H} g (G.S/wCi/ml,
iﬂ.&ﬁ/mmole) at 3?00 for 1 he After incubation with
the label, cultures were washed, fixed and assayed
fox [33) -~ dT incorporatlion as deseribed in methods
soction R.1l.0. The datum is cxpressed as the
percent reduction in tho averase [?H] « 4% (epm)
incorporated into duplicate lrradiated cultures
as compared to that of duplicate unlrradiated
controls from the same donor. The counbing
efficiency was determined by ihe channels ratio

maethoda

O Normal patient lymphocytes

® AK patient lymphocytes |
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Grossman 1961l). The repair of such damage may require a mechanism,
similur to that occurtﬁqgin bacteria (Cole 1973), which involves
sequential execlsion and strand exchanges between homologous

duplexes (aee introduction section 1.4.4)«

4,2 Eﬁﬂ - A7 inecorporation as a measurs of IHA synthesis

L

An important problem associated with comparative studies of

UeVo induced DHA repair, based on [?HJ « (7 incorporation which

3 been lgnored by previous authors, is the poseible efiects which
could be coused by different dTPP pool sizmes in different cell types.
Different pool sizes of endogenously synthesised APTP would, for
exanple, osuse different dilutions of the gpecillic activity of
X?H] o QTP derived from the exogenoug [ﬁﬁ] = 7. Ahis In turn
would give wise to o different extent of [?H] - 47 dncorporation
into DHA of the different cells, even though ithe rates of A
gynthenls were the same. In this study cirvoumgtantial evidence
from esarly experinents sugsestsd that the dT70 pool sizes are
similer in AY and normal lymphocytes. The rates of incorporation of
[?H] e 47 into 1HA shimulated lymphoeytes from AK patients and normal
individuals are very similar (see Fig. 23) and the inhibition of
incorporation by ue.v. light 1m the same in both cell types, while
the recovery rates (i.e. repair) ave diffevent (see Pig. 24).
However, the dTTP pool sises were determined for boeth cell types
and it was shown (Fig. 21) that, while the true vates of DA synthesis
in the two cell types are difflerent, the JTTP pool sizes are the

[AL
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Ae% Al ecells hove reduced DEA repalr asctivitly

Under the condltions used to compaere repair asctlvity by the
total incorporstlon method, the initlal yate of wev. induced LA
repadr in lymphoeytes derived from AK patients appescs, from the
work desceribed in this w»epoxrt, to be about 5G4 that of lymphocytes
dorived from age-matched normal subljects. Lventually, hovever,
the all cells complete a quantitatively similar amount of DRA
vepalr eyonthesis to thet fowsd in noxnal cells. These conclusions
are based on soveral different experimental approaches.

The finding that the extent of DEA repair, given gulficient
time, la similar in A cells to that in normal oells (wig. 22),
is analogous to that of Robbins and Kraemer (1972a), who showed
that XI lymphoeybes with reduced rate of D repair (2% . of normal)
measured over the firet 5 h, following weve ivradiation, eventually
complete noramal levels of »epair in 21 h. The mors greatly reduced
rate of rapair and the consequent longer time roquired to complaete
the repair in XP cells comparsd to AK cells is consistent with the
inereased clinical severity of the XF conditiona.

With the exoeption of one value (whore the rate of repair in
AK eells was found to be 63, that of the normal)}, the resulits from
all three methods used to examine DUA repadr are strikingly similar,.
Ghe rates of repalir in cells from A patients are ell in the raunge
40 = 50 that in cells [frowm wnornnl patients. Phis net only means
that the levels of repsir in the cells of different AK patients was
conaistent but also that the repalr Iln fthe cells of the age-matched

control subjects was equally consistent. It ig perhaps surprising
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that ell clinically diagnosed AKX proved to be AK on the basis of
the repair aspays and that no repair defilelent, pre-iAl patients
were discoversd. fThis must be partly due to the low frequency

of Al among the population;(<:1%ﬁ 20 that the probability of
gselecting a pre=AK subject in less than 50 normal subjeots is
analls Purthermore all the normal subjects were age-matched

and thereiore had had adequate opporitunity to develon AR sympioms
if they were so predisposed. "The absence of normel patients with
Jow wepalr or AKX patients with pormal wepair in this study confirms
the asccuracy of the clinlcal diagnosis. However, furbher work is
nesded to establish the variation of reduced repair in oif patients
lymphocytes, to determine il the pre-A¥ condition can be identified
by the repair assay amd also to show thatl reduced levelws of repair
ccour  in cells from AK patients skin, the primary site of thelr

diassane.

dod Is reduced ptld repair sotivity the common basis of XP and AK?

The first indication of the blochemical defect of XP was the
demongtration that ¥XP cells were abnormally sensitive to inhibition
of growth by ueve light (Gavrtler 1964). This was followed by the
discovery thaet XF cells resemble Bﬁ% baoteria in their reduced
levels of execision repall of w.ve damage b cause of defects ot
an eurly step of vepalr ({leaver 196U, &iﬁgb), teduced levels of
repalir were found in both the common forms of X' ang the raever
desarebis-Cacchione symdrome (Setlow et al 10693 Bootsma et al 1970},
The early observation of weve sensitivity by Gartler (1964) was later

confirmed by examinling u.ve. survival curves, which showed that the
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genetic defeot in AP ephanced the lethality of a given u.v.
dose by a factor of 4 -~ 10 (Goldstein 1971).

the repair deficlency in u.ve lrradiated XP cells has
been apsociated with the exireme gun-sensitivity and Increased
frequency of skin cancer, and regarced ag & possible facior
in the etiology of the disease (Cleaver 1948}, 'Thers is a
considerable variation in fhe reucsd repalr activity of ~ells
from different 3o patients (see introduction section 1.9)
which correlates with the clinical severity of the discage
(Bootema et al 1970),

The repulir deficlency in cells derived [wom AX patiente
strongly sugeests thaet AR, Like XTI is due fto & genetie delect.
Lidle the genetic basis of ¥ is known, s yet no familial
studies of the inheritance of A has been underitaken. The
toetal incorioration method (see methods section Z.1.6) counld
be successfully deployed for the study of the genetic busis
of A, by estlmating we.v. induced Dka wepalr in people disgnosed
ag AK patients and their relatives. Such a study should show
whether or not the repair seficlency is necesgarily due to a
genetic defect.

However, 1t seems likely that redused L4 repair in AK
cella is cauwwed by a gpenetic fector similur to that in XP
cellss  in bacteria (see intvoduction seotion l.de3), the
presence of a mabtation in any one of the three unlinked locli,

UL H, Wr B, uwvr $, reduces the ability of cells to exciwse

thymine dimeres from thelr u.ve irrvadiated Jha. Futatlons in

more than one of the locl reduces the level of DNA repair stlll



further (Howard-Ilanders 1975). By analogy, it is possible
that the very much lower levels of uweve Induced LA repair in
P (Bootsma gt al 1970), as compared to iK is due to a similaw
effret as that found in bacteria (i.e. it is possible that AK
in the result of a wutation in one locus (equivalenl to wve A,
B or C) and that two Ak homozysotes (as phenotypically normal
hg%ennygbten) may give rise to an KD progeny with muiations in
two loci ). A

The resulls presentsd in this report sugpest thal the
repaly deficiency in AK lymphocytes is due to a defective
excision repair mechanism., This conclusion ig based on the
fact thot, when A repeir wap gtudied in noredividing lywmphocytes,
the u.ve Irradizbed cells were only briefly (fow minutes) exposed
to low levels of photoreactivating light (i.c. laborstory
illumination) and for the rest of the 4 h period incubated in
the dark, whare photorsactivation cannol operate (see intwvoduction
geobion lede?)s Fig 8 shows the time course of u.vs induced 7.
repair in lymphocytes devived from AX patients and age~matched
normal individuals, where it can be ssgen that the repalnr proceeds
at an approximately constant rate during the 4 h incubation
period and it is these rates which are difforent in 4K and
normal cells.

However, this evidence does not rule out the particlpation
of & pogt~replicalion mechanism in the wrepair of u.v. induced
damere, bdub it is difficeult to envinage a role for such a

mechanisn in non-dividing cells (see introduction section 19454}.



It is possible that Mia of non~dividing cells contains repetitive
sagments which could allow a low level of repair actliviiy analogous
to postereplication repair. Mdowever, the resulis of w.v. induced
DRA repair, obbained in Pl stimulated lymphocytes of A and

normal patienis, vhere post-replicution repalr is most likely to
cccur, ahow the pame reducced rate of DNA repair in A¥ cells. It
would sesm reasonable therefore to ussume that both methods are
measuring the same repalr process i.e. exclelon repair.

The most likely cause of the decreased w.ve induced Hia
repair in cells derived from AR pationts is & deficlency ox
impairvment of activiiy of one of the enzymes involved in cxcision
repalir In these cells, because the exonueclease, the Dhi polymerase
and the ligame may be involved in other processes (e.g. recombination,
roplication). It iz further likely that tho deficilency lies in an
endormiclesse specific for u.v. damaged DA (c.f. the molecular

basis of XP).

deh Ila repair in conditions other than AR

fieduced levels of u.ve induced Iha repaly have been veported
for cells from patients with sun-pensiilve conditions such as,
photodermatoses (Horkay et al 197%), Franconi's anaemia (loon
et al 1974), Iupus exvythesatosus {  Beighlie and Teplitz 1975)
and Down's syndrome (Lambert et al 1976b). These conditions are
alzo associated with an increased inecidence of malignancy, which
further substantiates a relationship between defective DHA vepair

and cavcinogenesis.



- 93

In this work, preliminzyy investications also showsd that
lymphocytes derived from patients with lupua erythematosus have
reduced levels of w.ve induced DRA repair, as compared with
lymphocytes derived from normal patients (seec Table 12),
veficlency in repedy ifmplicatvea wilh genetle factors, has been
reported for cells derived from patients with lupus erythematosus
(Beighlie and Peplitz 1975). The resulls presented in Table 12
which agree well with those reported by Beishlie and Peplitz (1975)
lend further support for the hypothesis that deficlency in repair
is caused by genetic defects. The estimaition of weve induced A
vepair in melanoma and basal cell carcinoma showed thet cells
frow patients with these conditions have very similar levels of
repailr to that in normal cells (see Jable 12 & 13). This shows,
not unexpectedly, thai tumouwrs can arise from cauwses other than
NA repair deficiencye.

Not all forms of neoplasm sten from deficlency in DA repair,
for example, w.v. irradiated Hela oclls have been shown to have a
normal level of kA wepair (Cleaver and Painter 19686},

Farther work on cells from patients with sun-sensitive
conditions muy lead to a better wnderstanding of the role of

DEA repadr in skin carcinogenesis.
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