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ABSTRACT
The bromodeoxyuridine photolysis assby of DHA damage in human cells

permits an estimate of both the number oﬂ repaired regions in the DHA aAd
J he "patch" size. The antinedp]astic

the size af the average repaired region

agent arabinofuranosyl cytosine {ara-C) #an also be employed to assay the
|

ragnitude of erair since this agent app?ars to block rejoining of s1ng]e—

strand incisions made in the DNA during Ehe initial step of repair. Thus,

the number of incisions can be accumulated. The ara-C effect is depend nt

on the presence of hydroxyurea. Both as&ays can be employed for the study
| |

Results comparing these assays are
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of physical or chamical DNA damages.

presented. |
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INTRODUCTION |

The broﬂodeoxyuridine‘(d&du) photelysis assay is a useful technique

for determining the magnitude of excision repair in cells and culture (1).

We deve]opedfthe technique sometime ago and have used it mainiy to study

human cells (2). It is an assay whichfis relatively rapid and gives information

both on the number of repaIred reg10ns;1n the DNA and an estimate of ﬁhe average

‘ﬁ?&édus Do

size of the repa1red reg1ons The tecqn1que can be used for studies of repair
after uTtravﬂo]et (Uv) or 1on1z1ng radiation and we have used it exte sively

to study repa1r induced by chen1ca1 carcinogens and mutagens after treatment
r

|

of human ce]ls with these agents (3). g '
We have recently dev=1oped another technique which employs the c]emotherapeutic

agent cytosine arabinoside (ara-C) to est1mate the magnitude of rep ir in human

cells {2). This assay is advantageOUS}b9cause it does not require a lowerfu]

source of monochrometic 313 nm light as is required for the dbrlU photm]ys1s

assay. We have used the ara-C tnchn1que to study the magnitude of . repalr among

the various ¢omp]ema. tion groups of xeroderma pigmentosum {XP) afte treatment

with UV radiétfcn The ara-C method 1L useful for studying the amountrof

excision rnp$1r gccurring in human ce1ps aftér treatment with chem1car carcinogans,

€.g., bonzo(a)pjrene dﬂr1vat1ves In kh1s communication we present data

1

|
comparing rnsu]ts of dBruU phot%]yszs ahd of ara-C experiments after ultraviolet
J

and chemical: damage to human ce]] DNA
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METHODS AND MATERIALS - | |
\

The details of the dBrU pnoto]ys1F assay havé been presented in several

publications (1-3). Fig. 1 §h%Ws rationale for the technique. The pL?nCIP]E

is simply to{permit the cells ko repalf dariaged DNA in medium conta1ﬁing dBrl,

which is incorporated ints thevepai regions. These regions tan thgh be
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ranolyzed with monochromatic 313 nm lighﬁ, becomming alkaline labile.
Tre c21ls are lysed on, and the DHA sedimented throuch alkeline sucrose
gradients. Thus, the number and size of repaired regions can be estimated.
The ara-C technique has also been described in detail in a recent
publication (4). This technique relys on the cells repairing their damaged
regions in cytosine arabinoside. Apparently, due to configurational
distortions that occur when an amount of cytosine arabinoside is incorporated
into the ONA, the repair-induced strand breaks remain open and thus one can
get a direct estimate of the number of repaired regions in the DNA. The
ara-C technique is depandent on hydroxyurea being in the medium. Apparently,
with the inhibition of ribonucleotide reductase by hydroxyurea, the pool of
deoxyritonucieotides available for repair is so small that sufficient ara-C

is incorporated tc keed the repair breaks open, permitting an estimate of the

rigure 2 shows the results of a typical dBrU photolysis assay with normal
human fibroblasts (5). The insult to the DNA in this case is 200 ergs/mm2 254 nm
Uv. In the left panel, No 313 nm was given and the two DNAs sedimented together.
In the right panel photolyzing dose of 313 nm was given. The dBrU~con£aining
DA shifted to the right. The magnitude of this shift provides an estimate of
tne number of repaired regions in theGDNA. If one gives increasing exposures
of 313 nm light to cells that have bekn damaged and subsequently incubated in dBrU,
one can estimate the number and the size of the repaired regions. In Fig. 3,
we compare human repair capacity with that of hamster, mouse anﬁ_xgwcellg (5).
The figure shows that human cell DNA{hnder these conditions is very sensitive

to the 313 nm light. Calculations fﬁom the kinetics of curves like these indicate

that the patch size is about 80 nuc]%otides per repaired region. The hamster

|
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has appreximately the same number of nucleotides in the average repaired
region but the numbers of these regions are much smaller. Mouse has an
even smaller number of repaired regions.

Table 1 shows data from ara-C experiments with normal and XP cells
following UV radiation. This technique permits gn estimate of the number
of DNA single-strand breaks per 108 daltons. Alkaline sucrose gradients
profiles demonstrated weight-average molecular weights smaller (24.33 x ]06 daltons)
than those of control cells (240.37 x 10° daltons). The number of incised
regions equals the number of single-strand breaks (7.39) and carrelates well
vith our results from d3rU photolysis experiments. The ara-C-induced repair
inhibition is hydroxyurea dependent. Experiments performed without hydroxyurea
yieldad only (0.30 breaks/108 daltons or 4.1% of the inhibition observed with
hydroxyurea. 1In cells from excision-defective XP complementation groups,

in the numbar of strand-breaks were observed (0.22, 1.09, 0.55, 0.58
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complementaticn group, the number of strand-breaks {0.40) indicated highly
defective excision of dimers similar to results with Group A XP cells.

One exiracrdinary Tinding of these experiments was that the XP variant
(6) (the form of xeroderma pigmentosum having a normal excision repair but
defective postreplication repair) showed a unusual number of single-strand
breaks compared to normal cells in this assay. For presently unknown reasons,
it appears that the XP variant makes considerably more repair incisions in
the DNA than normal cells.

We have also performed cesium chloride density sedimentation analysis
of the inhibitory effect of ara-C on repair replication in normal skin
fibroblasts. Results of these experiments are shown in Fig. 4. The details
of the experiment are presen&ed in the figure legend. Ara-C (10 uM) caused a

significant reduction in repair synthesis in cells exposed to 20 J/m2 of UV
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radiaticn and allowed to repair for 18-20 hr (Fig. 4AR). Incorporation
of 3H—ara-C was demonstrated (Fig. 18 fractions 13-16) during the repair
period.

Figure 5 shows the effect of deoxycytidine (dCyd) on the repair
inhibition caused by ara-C. While repair inhibition at lower doses of UV
(n5 J/mz) could readily be reversed by simply removing the ara-C from the
madium, at higher UY doses (10-20 J/m2) reversal was incomplete, e.g., only
42% after 15 ar following a UV dose of 20 J/mz. If ara-C was: removed after
two hours and cells were incubated in medium containing 100 uM dCyd, the
inhibition was reversed at all UV doses by 85% in three hours and >95% in 15 hr.

Figure 6 shows a direct ;dmparison of the dBrU photolysis assay and the
ara-C arrest method when the insult to the human cellular DNA is a chemical
carcinogen which induces "long-patch" or UV-1ike repair - benzo{a)pyrene
biol-exnoxide. Findings with benzo(a)pyrene and it's metabolites with regard

ave bsen published in detail elsewhere (7, 8). In Fig. 6,
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the numszr of single-strand breaks detected by each assay can be determined and

ngle
axpresssZ as the reciprocal of the weight-average molecular weight (1/Mw).

The magnitude of repair can then be expressed by A 1/Mw = (1/Mw)dBrU - (1/Mw)dt
in the case of dBrU photolysis or A 1/Mw = (1/Mw)ara~c - (1/Mw)contro1 in the
case of ara-C arrest. For data in Fig. 6 indicate good agreement in the
results from these two types of assays..

In summary, we have presented results of DNA repair assays in human cells
using either ara-C arrest or dBrU to estimate the extent of repair. The ara-C
arrest is applicable not only to studies of radiation-induced damage to DNA but
also to DNA damage-induced by a variety of chemical mutagens and carcinogens.
Quantitatively similar results are obtained with either assay. WUe believe

the ara-C arrest technique colild be a rapid, inexpensive screening test for

DNA-damaging, environmental carcinogens.
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FIGURE _LEGENDS

Fig. 1. Rationale of the dBrlU photolysis assay (5).

Fig. 2. dBrU photolysis assay of excision repair in norimal human

ibrobfasts after ultraviolet irradiation (5).

Fig. 3. Sensitivity to 313 nm photolysis of various mammalian cell
DNAs after UV irradiation and incubation in dBrU (5).

Fig. 4. Cesium chloride density sedimentation analysis of the effect
of ara~C on repair replication in normal human skin fibroblasts (4).

Cells were incubated for two hours in the presence of 10 M dBrU and
1 uM Félrd, then given a UY dose of 20 J/mz. Repair was allowed to take
piace for 13-20 hr in the presence of 2 mM hydroxyurea, 1 M FdUrd, and either
(A) 12.5 Ci/ml [SHId3vU (20 Ci/mmole) with or without ara-C or (B) 10 uM
d3ry and E3H}ara—c. Tha DNA was extracted and aralyzed on CsCl gradients.
(A) A4, no UY; 4, U¥ without ara-C; 0, UV 1 uM ara-C; 8, UV 10 uM ara-C, (B)
G, UV 1 M [3H]ara-C (15 Ci/mmole); 8, UV 10 .M [3H]ara—C (3 Ci/mmole).
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. 5. Effect of dCyd on DNA repair inhibition by ara~-C in UV-irradiated
human skin fibrobiasts (4). '

Cells labaled with [3H]dThd ware exposed to different doses of 254 nm
radiation followed by a two-hour repair period in the presence of 2 mM hydroxyurea
and 10 uM ara-C. The ara-C was removed, and repair was allowed to continue for
either three or 15 hr growth medium with hydroxyurea with or without 100 M dCyd.
M,'s of DNA were analysed on a]kaﬁine sucrose gradients. Experimental molecular
weight values were compared with ihose of unirradiated control cells labeled
with [14C]dThd. [l ara-C for two hours; a, ara-C + three hours in ﬁ-90/cs;

A, ara-C + 15 hr in E-90/cs; ®, ara-C + three hours in E-90/cs with dCyd;

1
0, ara-C + 15 hr in E-90/cs witH}dCyd.



FIGURE LEGEKDS (cont’d)

Fig. 6. PRepair of DNA damaged by 78, 8u-dihydroxy-9z, 10a-
epoxybenzo(a)pyrene (BP-diol-epoxide).

The DNA of human skin fibroblasts was labeled overnight with either
[3H]—thymidine (0) or []4C]—thymidine (9). Following labeling, all cultures
were treated with 1 uM BP-diol-epoxide for 60 min and allowed to undergo
repair for 20 hr. The following compounds were also present during exposure

and repair, depending upon the assay employed: ara-C inhibition assay - cells

labaled with 3H vere exposed to 10 pM ara-C and 2 mM hydroxyurea. Cells Tabeled

with ]46 served as controls without ara-C and hydroxyurea. Bromodeoxyuridine

{d3ri} photolysis assay - cells labeled with 34 received 100 pM dBrU, whereas

4 . 1 : . .
]‘C labalad cells received 100 yM thymidine. Following repair, cells vere
Farvested and exposad o 105 J/m2 of 313 nm radiation (dBrU assay only). DNA

roleculzr weight anziysis was performad using alkaline sucrose sedimentation.




TasvLe 1 .
Mecsurerient of DNA repair by 1:zans of inhibition by ara-C in roemel cnd XD velis Dllowing UV
irradiation

Cell cultures grown for 43 hr were then labslzd for 24 hr in E-90/cs containing [*H[dThd or ['*C]dThd. The
label was removed, and cultures were incubated in unlabeled medium for 2 hr. Cells were exposed t0'20 J/m" of
254-nm radiation and allowed to undergo repair for 18-20 hr in mediur containing 2 m» hydroxyurea and 10
u 2ra-C. Cultures labeled with [“C]dThd served as unirradiated controls. Control and experimental cultures
were suspended together in saline — 0.12% ethylenediaminetetraacetic acid, 2nd the cellular DNA was analvzed
on alkaline sucrose gradients (see METHODS). ' '

Cell line Description  XP complemen- DNA weight average mo- DNAsin-  Percent of
tation zroup  lecular weight (M. X 10° gle-strand  normal in-
' daltons . breaks/i0® cisfon
daltons®
without UV with UV
HSBP Normal —_ ) 240.37 2433 739 100.G0
human skin - 259.81° 187.75* 0.30° -~
fibroblasts —_ 272.48" 254.56° 6.05° —
SGL XP ? 252.65 167.91 040 ' 541
CRL 1223 _ v ‘ -
{Jay Tim) XP A 293.77 221.33 0.22 293
CRL 1195 - :
(PoCo) Xp B 281.27 110.93 : 1.09 1475
CRL 1153 ' ' ‘ ‘
{PeAr) xXp C 310.16 166.87 0.53 744
CRL 1157 . E
{CayWan} XPp D _303.59 161.63 038 - 785
RL 113%
< xp E 264.86 37.5¢ 4.57 Sl.B-iX
y {
XP XP-variant L 221.87 15.60 11.92 © 18130

© Number of DNA szrand breaks = [2(1/Muwun vor = 1/ Muiunehow v
® Cel's received no hydroxyurea during repair.
 Cells received no ars-C during repair.
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DNA SINGLE — STRAND BREAKS/
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PERCENTAGE OF RADIOAC

Repair of DNA Damaged by
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