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X-Ray Sensitivity of Fifty-three Human Diploid Fibroblast Cell Strains
from Patients with Characterized Genetic Disorders'
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ABSTRACT

The in vitro response of 53 human diploid fibroblast strains
to X-irradiation was studied using a clonogenic survival assay.
The strains, derived from patients with a variety of character
ized clinical conditions, most with a genetic component, ranged
in D0(a measure of the slope of the survival curve) from 43 to
168 rads. The mean D0's of six strains from normal individuals
was 140 to 152 rads, with an overall range, based on the
extremes of their standard errors, of 128 to 164 nads. Three
quarters of the strains studied fell within this range. Strains
identified as sensitive came from patients with ataxia telangiec
tasia, progenia, the two genetic forms of retinoblastoma, and
partial tnisomy of chromosome 13. No marked radiosensitivity
was found among strains derived from patients with a number
of other conditions associated with a predisposition to malig
nancy.

INTRODUCTION

Individuals with the rare autosomal recessive disease XP3
are photosensitive and frequently develop malignant skin tu
mors as a result of exposure to sunlight. Their somatic cells
have been shown to be highly sensitive in vitro to UV, and a
defect in the repair of UV-induced damage at the molecular
level has been demonstrated (3, 14). This observation, along
with reports of in vitro sensitivity to UV in cell strains derived
from patients with both Bloom's and Cockayne's syndromes
(7, 17), has stimulated intense interest in a number of genetic
diseases as models for the study of the role of DNA repair
processes in mutagenesis and tumonigenesis.

More recently, it has been demonstrated that a second rare
autosomal recessive disease, AT, may be an X-ray analog of
XP. Patients with AT show an adverse reaction to radiotherapy,
and experiments performed in vitro with fibroblasts derived
from AT patients have shown that all cell strains examined to
date show a marked sensitivity to killing by X-rays (14â€”16, 19,
22). Of additional interest is the observation that fibroblast
strains and lymphocytes from AT heterozygotes show a degree
of radiosensitivity intermediate between the homozygotes and
normal controls (2, 16).

Fibroblasts from a patient with D deletion netinoblastoma
have also been reported to be radiosensitive in vitro, although
the magnitude of radiosensitivity was not as great as that
reported for AT cell strains (21). This observation has recently
been extended to a group of patients with hereditary or spo
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radic retinoblastoma (23). Fibroblasts from the former group,
bearing the autosomal dominant form of the disease, were
found to be more sensitive to X-irradiation than cell strains
from patients with the sporadic form. The sporadic retinoblas
toma cell strains, in turn, were indistinguishable in their nadi
osensitivity from normal controls. This observation is of partic
ular interest since patients with hereditary retinoblastoma, as
determined by bilateral involvement and/or a known family
history of the disease, subsequently develop second tumors at
sites distant from the orbit as well as within the irradiated field
following radiotherapy (9, 11).

The interest in measuring the in vitro X-ray sensitivity of
fibroblasts from patients with various genetic diseases as a
model for investigating DNA repair has made the establishment
of controlled base-line data on in vitro X-ray survival parameters
of human diploid fibroblasts essential. The range of normal has
been determined in many investigations for a large number of
different types of animal cells both in vivo and in vitro. There
are, however, relatively little reported data on the X-ray survival
characteristics of human diploid cells. Recent improvements
and standardizations in cell culture techniques have resulted
in reasonable cloning efficiencies for most human diploid fibro
blasts, along with the application of the colony formation assay
for the determination of the radiosensitivity of a wide variety of
cell strains. Establishment of base-line data on X-ray sensitivity
is important in the identification of sensitive lines whether
normal on malignant.

In this communication, we report on the in vitro radiobiolog
ical survival parameters of diploid fibroblast cell strains derived
from patients with a variety of clinical syndromes associated
with photosensitivity or X-ray sensitivity in vivo, a high mci
dence of spontaneous on radiation-induced neoplasia, preco
cious aging, chromosomal instability, or a characterized ge
netic anomaly. A parallel study done in a different laboratory
by Arlett and Hancourt (1) accompanies this report. Included
are strains from patients with the 3 forms of retinoblastoma,
Fanconi's anemia, adenomatosis of the colon and rectum,
progenia, several tnisomies, and AT. Survival data from cell
strains derived from 9 clinically normal individuals are also
included in tabular or graphic form.

MATERIALS AND METHODS

Diploid fibroblast strains derived from foneskins, conjunctival
biopsies, or punch biopsies of the skin were obtained from cell
banks or other laboratories or were established in this labora
tory. Sources of the cell strains are given in the tables. More
than one-half of the strains used were karyotyped here on at
the Institute for Medical Research, Camden, N. J., and their
diploid chromosome number was confirmed.

Cultures were maintained at 37Â°in an atmosphere of 95%
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In Vitro X-Ray Sensitivity of Human Diploid Fibroblasts

air-5% CO2. Growth medium consisted of Eagle's minimal
essential medium with Earle's salts (Gibco F-i 5), supple
mented with 15% fetal calf serum (Microbiological Associates,
Walker, Md.), D-glucose (900 mg/liter), sodium pyruvate (0.66
mg/liter), and chlortetmacycline (50 @zg/ml;Lederle Labomato
nes, Pearl River, N. V.). Three lots of serum were used in the
courseof theseexperiments.Serumwasselectedon the basis
of reproducibility of growth rate, cloning efficiency, and re
sponse to radiation from lot to lot. Cells from each strain were
studied at similar passage levels, usually the 4th to 25th mean
population doubling, whenever possible.

For survival experiments, exponentially growing cells were
detached with 0.25% trypsin in calcium-free and magnesium
free Earle'sbalancedsaltssolutionand seededat appropriate
numbers into triplicate i 0-cm-diameter Falcon tissue culture
dishes containing i 0 ml of culture medium. Feeder layers were
not used, and the density of cells in these experiments never
exceeded 4 X i 04/dish. Dishes were irradiated i 8 hr later
(multiplicity = i ) at room temperature and ambient atmosphere
with a 220 KVp General Electric Miximan unit operated at 15
ma and yielding a dose mateof 80 rads/min as determined by
a Victomeen ionization chamber. The half-value layer of the
beam was 0.5 mm of copper. At least 4 doses, ranging from
50 to 900 rads, were used per experiment. Following irradia
tion, the dishes were returned to the incubator, the medium
was changed every 5 to 7 days, and the colonies were fixed
and stained after 12 to 2i days. Satellite colony formation was
not observed under these conditions. Experiments were scored
under a dissecting microscope with colonies composed of 50
or more cells considered as survivors. Cloning efficiencies
ranged from 0.4 to 44.0%. The calculated survival curve pa
rameters were the D0 in nads (inverse of the slope of the
straight-line portion of the survival curve) and ii (the y axis
intercept, indicative of the magnitude of the shoulder region of
the survival curve). They were derived from a least-squares
linear regression analysis of points above 100 rads (except for
the AT strains where the 50-madsurvival data was included)
from the number of experiments indicated Â±S.E. Survival
curves consistently showed a small but reproducible shoulder
(n = @l.0 to i .7); only D0values are therefore presented.

RESULTS

Tables i to 5 show the results of X-ray survival experiments
performed on 53 human diploid fibmoblast strains. The D0's
range from 43 (for a strain from a patient with AT) to 168 (for
a strain from a patient with unilateral, sporadic metinoblastoma).
In addition, a number of strains, including those from a member
of a cancer-prone family with retinoblastoma, a patient bearing
a partial tnsomy of chromosome 13, and a progenoid patient,
were intermediate in their radiosensitivity. Chart 1 shows the
survival curves for these 5 strains.

The mangeof mean D0's for normal strains was 140 to 152,
a range much narrower than that reported by Arlett and Han
court (1). Shown as the shaded area in Chart 1 is the overall
mangeof normal as determined by the extremes of the standard
errors of the strains in Table i (Do 128 to 164 nads).Possible
sources of variation are examined in the discussion. Survival
data from 4 additional strains, all derived from the foreskins of
clinically normal 3-day-old infants at approximately the same
time and tested in parallel in a single experiment using only 3

K

DOSE (rods)

Chart 1. In vitro X-ray survival curves for: HL21, a sporadic unilateral ratino
blastoma strain (h); CRL1343, an AT strain (â€¢);AG1880, a familial cancer
syndrome-retinoblastoma strain (A); GM1663, a partial trisomy 13 strain (0); and
KH2, a progaroid strain @J).Shaded area is delineated by the extremes of the
standard errors of the 5 normal strains shown In Table 1.

doses, are plotted in Chart 2. The mean D0 was 150 nads.
Cloning efficiencies ranged from 8.3 to 44.0%. Of interest is
the observation that there is very little variation in nadiosensitiv
ity among these strains or between these strains and the other
normal strains shown in Table 1.

Strains Showing Normal Radiosensitivity from Patients
with Various Clinical Disorders. Table 2 shows cell strains
derived from individuals with a variety of clinical syndromes in
which the mean D0 of the X-ray survival curves ranged from
126 to 159. Excluded from this table are several pmogemiaand
retinoblastoma strains which have been grouped together by
disease in Tables 4 and 5. Included are strains derived from
individuals with conditions associated with a predisposition to
malignancy, such as Fanconi's anemia, basal cell nevus syn
drome, adenomatosis of the colon and rectum, and XP, as well
as strains bearing a characterized genetic defect at the chmo
mosomal level (several tnisomies, a partial tnisomy, Lesch-Ny
han syndrome, ring 13, D deletion syndrome, and bilateral
ocular melanoma). None of these strains was significantly more
radiosensitive than the normal controls shown in Table 1.

X-Ray-sensitive Strains. Cell strains classified as sensitive
are tabulated in Table 3. Again, several pnogemiaand metinob
lastoma strains are excluded from this table and grouped by
disease in Tables 4 and 5. The X-ray-sensitive strains in Table
3 faIl into 2 distinct groups: those from individuals with AT and
those with netinoblastoma and/or a defect of chromosome i 3.
Strains from the nameautosomal recessive disease AT have
been extensively described in the literature, and a sizable
number of them are included in the accompanying report. Their
D0 values tend to cluster in the 40- to 50-madrange, making
them the most sensitive mammalian cell type in vitro examined
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Diploid cell strains from normalindividualsNo.

of exper Cloning eM
StrainSexAgeSourceimentsciancy (%)D0(rads)Li106M46yrH5PHa81.0-6.3149

Â±EX25M27
yrHSPH33.2-12.7140 Â±4BZWFM3
daysHSPH31 7.8â€”28.51 42 Â±14GM1381F9
mos.IMR30.6-1 .7148 Â±9AG1518M3daysIMR411.6â€”25.9152Â±12AG1522M3daysIMR411.9-44.0145

Â±3

R. R. Weichse!baum et a!.

Table 1

a HSPH, Laboratory of Radiobiology, Harvard School of Publich Health, Boston, Mass.; IMR, Institute for
Medical Research, Camden, N. J.

b Mean Â±SE.

96 Â±6) in their radiosensitivity. KH2 and KH3 are strains
derived from biopsies of the same individual with atypical
progemiataken 4 years apart. Cells from an earlier biopsy of
this same individual had a very abbreviated in vitro life span,
did not form colonies, and were found to be defective in single
strand break rejoining as determined by an alkaline sucrose
gradient technique (6). This defect was not detected in cells
from subsequent biopsies in this or in other laboratories. Two
other strains in this group, PRO1PV [also studied by Arlett and
Harcourt (1)] and AG991 , seem to be sensitive to killing by X
irradiation as well. On the basis of the clinical information
available to us, themeappears to be no clear relationship
between the clinical syndrome (atypical or classical progeria)
and radiosensitivity.

Hereditary and Sporadic Retinoblastoma Patients. TableS
shows the results of survival experiments performed on 8
sporadic and 7 hereditary retinoblastoma patient-derived cell
strains. Patients with the hereditary forms of the disease have
an elevated incidence of malignant second tumors, both spon
taneous and radiogenic. This is not observed in patients with
sporadic netinoblastoma. As reported previously (19) and ex
tended here with 3 additional strains, those from the hereditary
group, considered together, are significantly more sensitive (p
= 0.05)thanthosefromthesporadicgroup.It isof interest
that the D0's for the hereditary group mangefrom 132 rads for
AG1I 31 , just within the range of normal, down to 92 rads for
FRBW. The latter and AG1880, with a D@of 98 rads, are similar
in their radiosensitivity to AGI 142, the strain derived from a
metinoblastomapatient with a detectable deletion in chromo
some 13. The heterogeneity in response among hereditary
retinoblastoma strains is similar to that found among the pro
gemicstrains.

Relationship between In Vitro Radiosensitivity and Cloning
Efficiency. We observed no consistent relationship between
cloning efficiency and D0 despite up to a 10-fold variation in
cloning efficiency within several strains. In AG 1142, a D
deletion metinoblastomastrain, the cloning efficiency over 6
experiments ranged from 0.7 to 6.5%, a difference of approx
imately 9-fold, and yet little variation was observed in the D0
(94 Â±5 mads).With respect to absolute D@,2 strains, AT 3BI
(AT)andCCL122 (Fanconi'sanemia)hadsimilar(low)cloning
efficiencies (0.8 to i .1% and 0.8 to 1.0%, respectively), but
the first was X-ray sensitive (D0 = 43 Â±1 mads)and the second
was normal (D0 = 148 Â±I 6 rads) in its response. AT5BI,
another AT strain, had a D0similar to AT 3B1(54 Â±4 rads) but
a 20-fold higher cloning efficiency (14.0 to 21 .3%). Strains
from normal individuals varied by as much as 90-fold from one
another in cloning efficiency (0.6 to 44.0%) and yet the D&s of

001

0.001
200 400 600

00sf(rods)
Chart 2. Composite in vitro X-ray survival curve for a single experiment

Involving 5 normal foreskin-derived diplold strains (AG1518 to AG1522) astab
lished in parallel. The mean D@,for the group is 150 Â±4 rads.

to date. The second group of radiosensitive cell strains are
from patients who bean either of the genetic forms of metinob
lastoma (the D deletion type on the hereditary type), or whose
cells bean a defect on the long arm of chromosome 13, a
chromosome closely related to the etiology of netinoblastoma
(13). Several other sensitive strains from patients with heredi
tary netinoblastoma are included in Table 5. Of interest is the
fact that the D0's for the metinoblastoma-chromosome 13-re
lated strains cluster around the 90 to 100 range, suggesting
an analogy to clustering of the AT strains. Sensitive strains
from 3 individuals with pmogeria, a disease associated with
clinical signs of premature aging or progeroid symptoms, are
included in Table 4 and fall in the same range.

Strains from Progeric or Progeroid Individuals. The Hutch
inson-Guilford progenia syndrome is a disease associated with
clinical signs of premature aging (5). Some patients have
progenic symptoms, but not all the manifestations of the class
ical Hutchinson-Guilfond progemiasyndrome. As shown in Table
4, strains from pnogeniapatients formed a heterogeneous group
ranging from normal ED0= 139 Â±9 (S.E.)] to sensitive (D0 =
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Diploid cell strains showing normal radiosensitivityNo.

of exper- Cloning eM
Strain Clinical class Sex Age Source Iments clancy (%) D@(rads)CCL54

Tnsomy 21 M 2 mos. ATCC8 2 9.8-1 3.0 143Â±CR11175
Basalcell navussyndrome M 48 yr ATCC 2 5.4-10.9 130 Â±6CCL1113
Lesch-Nyhandisaase M i2yr ATCC 2 6.3-16.4 139 Â±6CCL122
Fanconi'sanemia M 6yr ATCC 2 0.8-1.1 148 Â±16GM1492
Bloom'ssyndrome M IMR 3 3.1 -3.3 159 Â±4CCL1223
XP(A) F 7yr ATCC 3 7.9-23.0 159 Â±ii(XP12BE)Ocmel

Bilateral ocular melanoma F HSPH 4 2.4â€”5.7 140 Â±13VF#5
Adenomatosisof the colonand rectum F 31 yr L. KopelovichC 2 4.0-i 2.7 152 Â±5GM729
Ring I 3 syndrome M 14 yr IMR 3 1.3-4.0 i 36 Â±5GM84
Trisomy22 M 1 mo. IMR 3 5.2-9.0 135 Â±21GM27i9
Colobomaof the retina M 28 yr IMR 4 9.0-22.2 149 Â±110M250
Ddeletion syndrome F 15 mos. IMR 3 0.3-1.0 147 Â±6A01615
Wilm'stumor M 9yr IMR 2 9.6-12.3 150 Â±6GM1555
Partialtrisomy13 M i3 yr IMR 3 3.4-4.9 126 Â±9AG2718
D deletionretinoblastoma F 11 yr IMR 5 21 .8-44.0 139 Â±8

FA1BI Fanconi'sanemia M C. Anlettâ€• 3 i.5-3.0 160Â±a

ATCC. American Type Culture Collection, Rockvilla, Md.; IMR, Institute for Medical Research, Camden, N. J.; HSPH, Laboratory of Radiobiology,HarvardSct@,ooI
of Public Health, Boston, Mass.

MeantSE.C
Memorial 5loan Kettering Cancer Center, New York, N. Y.

M@ Cell Mutation Unit, University of Sussex, Brighton, England.

StrainClinical classSexAgeSourceNo.
of ax

penimantsCloning
effi

ciency (%)D0(rads)CRLi

343
AT3BIAT ATF M7

yr
4 yrATCCa C. AnlattC6 20.7-3.5 0.8-i .046

Â±
43 Â±iAT5BIATMl8yrC.Ariett2i4.0â€”2i.352Â±4AG1880hereditary

retinoblastoma,F37 yrIMR64.3-20.598 Â±6cancer-prone
familyAGi

142D deletionratinoblastomaF3 yrIMR60.7â€”6.594 Â±5GM85Partial
trisomy 13Mi 4 daysIMR41 .8-3.895 Â±4GM1663Partial
trisomy 13M14 daysIMR30.8-4.775 Â±8RbHi

BlMother of bilateralF23 yrC. Ariett51 0.8-20.095 Â±11retinoblastoma
patient

Diploidcell strains frompatients withprogeriaNo.

of expert- CloningefficiencyStrainSexAgeSourcements(%)D0
(rads)KH2Ml6yrHSpHa3i.5-2.3ii4Â±6@'KH3/AG17IOMl9yrHSPH/IMR24.2-7.696

Â±6EX442MGH28.7-19.3136Â±9AG991M4

yrIMR20.4-1 .81 i 7 Â±6AG1972Ml4yrIMR21.0-2.0i34
Â±i6A77

PRO1PVMi4ynHSPH C. Ariettc2 22.3â€”11.4 0.6-5.8139Â±9 i 18 Â±ii

In Vitro X-Ray Sensitivity of Human Dip!oid Fibrob!asts

Table 2

Table 3
Diploid cell strains showing sensitivity to X-rays

a ATCC. American Type Culture Collection, Rockville, Md.; IMR, Institute for Medical Research, Camden, N. J.

b Mean Â± S.E.
C MRC Cell Mutation Unit, University of Sussex, Brighton, England.

Table 4

a HSPH, Laboratory of Radlobiology, Harvard School of Public Health, Boston, Mass.; IMR, Institute for Medical

Research, Camden, N. J.; MGH, Clinical Genetics Unit, Massachusetts General Hospital, Boston, Mass.
b Mean Â±SE.
C MRC Call Mutation Unit, University of Sussex, Brighton, England.

the strains with the highest (AG I 522) and the lowest (GM
I 381) cloning efficiencies had similar D0's (145 Â±3 and I 48
Â±9 Fads,respectively). Indeed, an analysis of the results of all
experiments included in Tables 1 to 5 showed no systematic
relationship between cloning efficiency and X-ray sensitivity.

DISCUSSION

Before relevant comparisons can be made among strains
derivedfrom patientswith a varietyof clinical conditions, it is
important to determine the mangeof radiosensitivity for normal

diploid fibroblast strains. In the accompanying communication
(1), Arlett and Hancourt consider the mangeof â€˜â€˜normalâ€•to be
delineated by the mean D0's of those cell strains, regardless of
clinical diagnosis, not significantly different from either of the
2 reference strains IBR and 2B1.Their overall range of normal,
expressed as the extremes of the standard errors of the most
radionesistant and radiosensitive normal cell strains, is 90 to
207 nads (97 Â±7 nads for 525LAD to 180 Â±27 rads for
GM1492). Our mangeof normal determined through multiple
experiments with 6 cell strains derived from clinically normal
individuals is 128 to 164 rads, a far narrower mangethan that
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Diploid cell strains from patients with sporadic orhereditaryretinoblastomaNo.

of ax Cloning affi
StrainSexAgeSourceperimantsciancy (%)D0(rads)Sporadic

HL21M1 yrMEEIa313.6â€”14.7168Â±RbMEM9
mos.HSPH31 2.8-34.21 67 Â±7RbCHF6
mos.HSPH32.8-9.2i64 Â±7HL23BM1
yrMEEI311.3-17.0144 Â±7AG1947M2yrIMR311.5â€”22.8142

Â±6AG1
946M1 8 mos.IMR35.5-21 .01 41 Â±7AG1979M2

yrIMR30.93-2.5135 Â±8HereditaryAG1131F9mos.IMR33.0-16.5132

Â±4AG1980/1408'F1
yrIMR62.0-12.9128 Â±iiAG1

879F1 1 yrIMR51 .4-8.01 28 Â±9AG1123F9mos.IMR31.2â€”12.4i2i
Â±4AG1880F37

yrIMR64.3-20.598 Â±6FRBWM9
mos.HSPH31 1.6-1 5.492 Â±5

R. R. WeiChse!baumet a!.

Table 5

a MEEI, MassachusettsEye and Ear Infirmary,Boston,Mass.;HSPH, Laboratoryof Radiobiology,HarvardSchool
of Public Health, Boston, Mass.; IMR, Institute for Medical Research, Camden, N. J.

b Mean Â± SE.
C Since first publishing these data (1 9), we have learned that AG1 980 and AG1 408 ware derived from biopsies of

the same patient taken about 1 year apart. Shown hare are the pooled data for both strains.

of Arlett and Harcourt (1). The discrepancy results in part from
their use of 2B1as a reference strain. This strain, with a mean
D0 of 124 rads, is more sensitive than all our normal strains
and is significantly more sensitive than their second reference
strain 1BR (mean D0 = 160 rads) and results in the inclusion
of many cell strains as normal which we would have considered
to be â€˜â€˜sensitive.â€˜â€W̃e suggest that this strain and normal strain
C62T0 (mean D0 = 101 rads) may possibly be from individuals
heterozygous for a disease associated with an increased X-ray
sensitivity. Recent estimates for the number of AT and Fan
coni's anemia heterozygotes in the population at large have
ranged as high as 2% (18).

In an earlier study, Weichselbaum et a!. (20) reported on the
in vitro radiosensitivity of several strains of diploid fibroblasts
derived from patients who demonstrated unusually sensitive
clinical responses to ionizing radiation during radiotherapy.
The D0for 2 of these strains was 101 and 108 rads. Because
the D0 for one of the normal strains included in the study was
112 rads, it was concluded that the cells from these 2 radio
sensitive patients were not abnormally sensitive to the lethal
effects of X-imradiation in vitro. Based on the results of the
current investigation, this conclusion may have been incorrect.
Unfortunately, these strains are no longer available for testing
under present conditions. There was significant variability in
the experimental results for each cell strain in the first study,
as well as an extrapolation number of less than unity for several
strains. Retrospectively, this variability probably resulted be
cause 3 different investigators performed these experiments at
different times under variable culture conditions. The results in
the present investigation were obtained by one individual under
constant conditions with large, carefully selected lots of serum.

The in vitro radiosensitivity of cell strains from patients with
AT and hereditary retinoblastoma is of considerable interest
since these patients as a group have a higher than expected
incidence of solid tumors, leukemia, and lymphoma. In an
earlier communication (23), we discussed the appropriateness
of retinoblastoma over AT as a model for in vivo mutagenesis,
tumonigenesis, and the issue of genetic susceptibility to cancer.
Among hereditary retinoblastoma patients, tumors are mesen
chymal in origin rather than primarily lymphoreticular as is the

case with AT, with no observed abnormalities of the immune
system. However, malignancy in AT may not be solely due to
immune perturbations, and the lymphoreticular system may
simply allow the expression of phenotypic neoplasia (8, 10).

The differences observed previously in this laboratory be
tween hereditary and sporadic retinoblastoma patients, as well
as the radiosensitivity of a cell strain from a patient with the D
deletion form of the disease, are confirmed by Amlett and
Harcourt(1).

Our data suggest no marked X-ray sensitivity among cell
strains representing a variety of diseases in which chromo
somal instability, increased incidence of neoplasia, on precan
cenous lesions are observed. This observation is for the most
part supported by Anlett and Harcourt (1). There are, however,
several cases of heterogeneity of radiosensitivity seen in both
laboratories among patients with a particular disease. Among
patients with progenia, for example, we have observed a range
of D0's from 96 to 140. It is possible that in a number of the
other diseases represented by single patients, the normal
observation was fortuitous. At the cell survival level, this het
erogeneity is analogous to the reported response of cell strains
derived from XP patients to UV (3).

In only one case, that of Fanconi's anemia strain FA1BI, do
our results differ significantly from those of Arlett and Hancourt
(1). Possible reasons for this difference are currently under
investigation. Shown in Table 6 are the 7 strains which were
examined by both laboratories. With the exception of FA1BI, a
remarkable degree of agreement exists between our labomato
nies in the determination of in vitro radiosensitivity, despite
significantly different methodologies. The differences in cloning
efficiencies between laboratories (significantly higher with the
feeder layer technique of Anlett and Harcourt), coupled with an
agreement with respect to the D0's of the strains involved,
further point out the lack of correlation between cloning effi
ciency and D0demonstrated by each of our laboratories.

We agree with Arlett and Hancourt (1) that no cell strain
studied to date seems defective in both UV and X-ray repair.
Deficiencies in either the UV or X-ray repair pathway seem, in
some cases, each to lead to the phenotypic expression of
malignancy. The determination of clonogenic survival in vitro
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Waichselbaum et al.Arlatt andHarcourt(1)Cloning

effi Cloning affi
StrainD0 (rads)ciency (%)Do (rads)ciancy(%)RbH1BI95

Â±haiO.8-20.092 Â±225-31AG114294
Â±50.7-6.589 Â±48PRO1PV1i8
Â±ii0.6-5.896 Â±411-35AT3BI43
Â±10.8-1.060 Â±102-41AT5BI52
Â±414.0â€”21.343 Â±140â€”54GMi492159Â±43.1-3.3180Â±273-25FA1BI160Â±i61.5-3.069Â±51-18a

MeanÂ± S.E.

!n Vitro X-Ray Sensitivity of Human Dip!oid Fibrob!asts

Table 6
Comparison of radiosensitivities and cloning efficiencies for 7 strains examined

in parallel by 2 laboratories

human cell strains. Cancer Ras., 40: 926â€”932,1980.
2. Chan, P. C., Lavin, M. F., Kidson, C., and Moss, D. Identification of AT

hetarozygotes: a cancer prone population. Nature (Lond.), 2 74: 484â€”486,
1978.

3. Cleaver, J. E., and Bootsma, D. Xeroderma pigmantosum: biochemical and
genetic characteristics. Annu. Rev. Genat., 9: 18â€”38,1975.

4. Cox, R., Hosking, G. P., and Wilson, J. Ataxia talangiectasia: The evaluation
of radiosensitivity in cultured skin fibroblasts as a diagnostic test. Arch. Dis.
Child., 53: 386â€”390, 1978.

5. Da Busk, F. L. The Hutchinson-Gilford progana syndrome. J. Pediatr., 80:
697â€”724,1972.

6. Epstein, J., Williams, J. R., and Little, J. B. Deficient DNA repair in human
progeroid cells. Proc. NatI. Acad. Sci. U. S. A., 70: 977â€”981, 1973.

7. Giannalli, F., Benson, P. F., Pawsey, S. A., and Polani, P. E. Ultraviolet light
sensitivity and delayed DNA chain maturation in Bloom's syndrome fibro
blasts. Nature (Lond.), 265: 466â€”469,1977.

8. Good, R. A. Relations between immunity and malignancy. Proc. NatI. Acad.
Sci.U.S.A.,69:1026-1032,1972.

9. Jensen, R. D., and Miller, R. W. Retinoblastoma: epidemiologic character
istics. N. EngI. J. Mad., 285: 307â€”311, 1971.

10. Kersy, J. H., Spector, B. D., and Good, R. Primary immunodeficiency
diseases and cancer: the immunodaficiancy-cancar registry. Int. J. Cancer,
12: 333â€”347,1973.

11. Kitchen, E. D., and Ellsworth, R. M. Plaiotropic affects of the gene for
ratinoblastoma. J. Med. Genat., 11: 244â€”246,1974.

12. Knudson, A. G. Mutation and cancer: statistical study of retinoblastoma.
Proc. NatI. Acad. Sci. U. S. A., 68: 820-823, 1971.

13. Knudson, A. G., Meadows, A. T., Nichols, W. W., and Hill, R. Chromosomal
deletion and ratinoblastoma. N. EngI. J. Med. , 295: 1120â€”1123, 1976.

14. Kraamar, K. H. Progressive degenerative diseases associated with defective
DNA repair: xerodarma pigmentosum and ataxia talangiactasia. In: W. W.
Nichols and D. G. Murphy (ads.), DNA Repair Processes, pp. 37â€”71. New
York: Symposia Specialists, 1977.

15. Paterson, M. C., Smith, B. P., Knight, P. A., and Anderson, A. K. Ataxia
telangiectasia: an inherited human disease involving radiosensitivity, malig
nancy and defective DNA repair. In: A. Castallani (ed), Research in Photo
biology, pp. 207â€”218. New York: Plenum Publishing Corp., 1977.

16. Paterson, M. C., Smith, B. P., Smith, P. J., and Anderson, A. K. Radio
response of fibroblasts from ataxia talangiactasia hetarozygotes. Radiat.
Ras., 74: 539â€”540,1978.

17. Schmickal, R. D., Chu, E. H. Y., Trosko, J. E., and Chang, C. C. Cockayna
Syndromeâ€”CellularSensitivity to Ultraviolet Light. Pediatrics, 60: 135â€”
139, 1977.

18. Swift, M. Malignant Disease in Hatarozygous Carriers. NatI. Found. March
Dimes Birth Defects Orig. Artic. Sar., 12: 133â€”i44, 1976.

19. Taylor, A. M. R., Harndan, D. G., Arlatt, C. F., Harcourt, S. A., Lehman, A.
R., Stevens, S., and Bridges, B. A. Ataxia talangiectasia: a human mutation
with abnormal radiation sensitivity. Nature (Lon.), 258: 427â€”429,1978.

20. Weichsalbaum, R. R., Epstein, A. J., and Little, J. B. In vitro radiosensitivity
of human diploid fibroblasts derived from patients with unusual clinical
responses to radiation. Radiology, 12 1: 479â€”482,1976.

21 . Weichselbaum, R. R., Nova, J., and Little, J. B. Skin fibroblasts from a D
deletion type ratinoblastoma are abnormally X-ray sensitive. Nature (Lond.),
266: 726â€”729,1977.

22. Weichsalbaum, R. R., Nova, J., and Little, J. B. Deficient recovery from
potentially lethal radiation damage in ataxia talangiactasia and xarodarma
pigmentosum. Nature (Lond.), 271: 261â€”262,1978.

23. Waichsalbaum, R. R., Nova, J., and Little, J. B. X-Ray sensitivity of diploid
fibroblasts from patients with hereditary or sporadic retinoblastoma. Proc.
NatI. Acad. Sci. U. S. A., 75: 3962-3964, 1978.

seems to be a useful method for screening syndromes which
may involve a deficiency in DNA repair. Physicochemical in
vestigations, extensively used in the case of XP, have fallen
short when applied to X-ray-sensitive strains. Paterson (15)
has described 2 complementation groups among AT strains,
one of which is deficient in the repair of X-ray-induced lesions
sensitive to attack by an endonuclease purified from Micrococ
Cusluteus. Survival, however, does not appear to be dependent
on the involved molecular repair process, since strains from
both groups show the same hypersensitivity to the lethal effects
of X-rays.

It is of interest that one group has used the X-ray survival
curve method for confirming the diagnosis of patients with AT
(4). In another case, cell strains from clinically normal parents
of a patient with bilateral (and therefore hereditary) retinoblas
toma with no family history of netinoblastoma were shown by
Amlettand Harcourt (1) to be X-ray sensitive. In light of Knud
son's (12) hypothesis, this observation may represent the
introduction of a heritable mutation leading to a predisposition
to retinoblastoma and possibly to the second tumors associated
with this disease into a family lineage. Analysis of similar
families as well as â€˜â€˜cancer-prone'â€˜families may lead to a better
understanding of the genetics of susceptibility to cancer. In
vitro investigation of the spontaneous and induced mutation
matesin cells derived from such individuals, along with bio
chemical investigations on the nature of the repair deficiency
associated with radiosensitivity, may provide information rele
vant to the mechanisms for tumorigenesis in vivo.
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