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ABSTRACT

We have used the technique of host cell reactivation of UV
irradiated herpes simplex virus type 1 as a measure of the
repair capacity of three Bloom's syndrome skin fibroblast
strains. At low multiplicity of infection (less than 6 x 1O@
plaque-forming unit/cell), reactivation of the virus by the
Bloom's syndrome strains was indistinguishable from that by
normal strains. Reactivation at higher multiplicities was meas
ured using an infectious centers assay. At 3 plaque-forming
units/cell, survival of UV-irnadiated herpes simplex virus was
higher in all cell strains as a result of the multiplicity reactivation
effect. This effect was, however, much smaller in one Bloom's
syndrome strain, GM1492, than in either the normal strains or
the other Bloom's syndrome fibroblasts. The defect in GM1492
was manifestonly at relativelyhigh multiplicitiesof infection.
Thus, at 0.01 plaque-forming unit/cell, the GM1492 strain
appeared normal, using the infectious centers assay. Clonal
survival of the UV-irradiated GM1492 fibroblasts was also
normal. Caffeine at 4 m@ihad little effect on either virus or cell
survival following UV irradiation.

The results indicate that the Bloom's syndrome strain
GM1492 may be deficient in one of the cellular functions
responsible for the multiplicity reactivation effect. These effects
include complementation and recombinational events. Alter
natively, the GM1492 strain may have a defective UV repair
system which becomes saturated at high levels of damage.

INTRODUCTION

Some human genetic disorders are associated with an ele
vated cancer incidence. An identification of the lesion at the
molecular level in such disorders might therefore increase our

understanding of the neoplastic process. In the case of xero
derma pigmentosum, the defect lies in the excision repair of
UV damage (6). Bloom's syndrome is another autosomal re
cessive genetic disorder, with limited sun sensitivity and an
elevated cancer incidence (12). It has been reported that
Bloom's syndrome fibroblast strains are abnormally sensitive
to the lethal effects of UV irradiation (13), but the only defect
that has been identified thus far in these cells is a retarded rate
of replication fork movement (13â€”15). The role of this lesion in
increased neoplasia and UV sensitivity is unclear. Thus far, no

defect in DNA repair has been demonstrated in Bloom's syn
drome fibroblasts (5, 13).

Host cell reactivation of irradiated mammalian viruses is one
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technique by which the repair capacity of mammalian cells can
be assessed. Repair-competent host cells at low infecting
multiplicities have been estimated to repair between 80 and
98% of the lethal DNA damage in UV-irradiated viruses (1 7).
The infecting multiplicity is the ratio of the number of PFU4of
the infecting virus to the number of cells in the culture to be
infected. This contrasts with repair-deficient xeroderma pig
mentosum cells which reactivate irradiated viruses poorly (1,
2,8,9, 11, 16, 18, 19).

We have tested 3 Bloom's syndrome skin fibroblast strains
for their ability to reactivate UV-irradiated HSV-l . One strain
(GM1492) behaveddifferentlyfrom the others, in that it dem
onstrated normal reactivation when infected at low multiplicity
but proved to be defective at a higher multiplicity of infection.
The other Bloom's syndrome cell strains demonstrated a nor
mal reactivation capacity at both infecting multiplicities.

METHODS

Cell Strains. Bloom's syndrome skin fibroblast strains
GM2520, GM2548, and GM1492 were obtained from the
Human Genetic Mutant Cell Repository, Camden, N. J. Two
normal human skin fibroblast strains, CRL 1116 and CAL
1126, and 2 classical excision-defective xeroderma pigmen
tosum fibroblast strains, XP12BE (CRL1223) genetic comple
mentation group A, and XP8BE (CAL 1158) complementation
group C, were obtained from the American Type Culture CoI
lection, Rockville, Md. Another normal skin fibroblast strain,
Lii 06, was derived from a skin biopsy of a 46-year-old male
and has been maintained in this laboratory since 1975 (20).
HEp-2 cells, which were used to propagate virus stocks and as
indicators in the infectious centers determination of virus sun
vival, were also obtained from the American Type Culture
Collection.

Cell Culture Conditions. Cell cultures were grown in Dul
becco's modified Eagle's minimal essential medium (GIBCO F-
I 1) supplemented with fetal bovine serum (10% v/v; Microbi
ological Associates, Walkersville, Md.), penicillin (50 units/mI),
and streptomycin sulfate (50 sg/ml; Grand Island Biological
Co., Grand Island, N. V.). Stock cultures were serially passaged
1:2 once per week and fed on the third day following transfer.
Cells were grown in an atmosphere of 5% CO2:95% air and
saturated with water at 37Â°.

Cell Survival Experiments. Appropriatenumbersof cells (1
to 40 X 1O@,depending on dose) were seeded into 10-cm Petni
dishes in triplicate, together with 5 x 10@feeder cells. The
feeder cells were obtained by trypsinizing exponentially grow
ing stocks of normal fibroblast strain AG 1518, suspending the
cells in complete medium, and irradiating them with I 0 kilorads

4 The abbreviations used are: PFU, plaque-forming units; H5V-1 , herpes

simplex virus type 1; EBSS, Earie's balanced salt solution.
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from a soco source. Approximately 18 hr after plating, the
dishes were rinsed once with EBSS and then irradiated, un
covered and dry, with a battery of 5 General Electric G8T5
254-nm germicidal lamps. Following irradiation, fresh medium
was added to the dishes, and they were returned to the incu
baton for I 4 to 21 days. The medium was changed on the
seventh day. Colonies were fixed and stained with 0.5% meth
ylene blue and counted. Colonies of 50 cells or more were
scored as survivors. Plating efficiencies ranged from 1.3 to
12%. Radiosensitivity was independent of the plating effi
ciency. In some cases, survival was measured using cells
plated in the absence of feeder cells if the plating efficiency of
the cell strain under test was sufficiently high.

In experiments to measure the influence of caffeine on sun
vival, the medium was supplemented with 2 m@caffeine (Sigma
Chemical Co., St. Louis, Mo.) for the colony formation period
after UV irradiation.

Growth of Virus and Determination of Survival after UV
Irradiation. HSV-1 strain MP was obtainedfrom the American
Type Culture Collection. Stock virus suspensions were pre
pared from infected HEp-2 cells as described previously (19).

For UV irradiation, the stock virus suspension was diluted
10-fold in EBSS, and 3-mI aliquots were exposed in 60-mm
Petri dishes to a bank of five 254-nm germicidal lamps. Survival
of UV-irradiated virus in the different fibroblast strains was
determined by either a direct plaque assay or by measuring
surviving infectious centers. The direct plaque assay has been
described previously (19).

In preparation for the infectious centers assay, fibroblasts
were seeded into each of the 96 wells of a Falcon microculture
plate and grown to confluency. The number of cells per well
was estimated by counting the entire population from 3 of the
wells. Stock irradiated virus was diluted in EBSS to yield the
desired infecting multiplicity in a volume of 0.01 to 0.03 ml.
The multiplicity was based on the titer of nonirradiated virus.
The fibroblast monolayers were inoculated with the diluted
virus, which was allowed to adsorb for 90 mm at 37Â°.The
inoculum was then aspirated, and the monolayers of infected
cells were overlaid with 0.25 ml of EBSS containing 0.1 6% (w/

U)

C

Chart 1. Survival of UV-irradiated H5V-1 MP determined by direct plaque
assay in human skin fibroblast strains. â€¢,CAL 1116; 0, CAL 1126; A GM1492.

v) pooled human immune serum globulin (Merck Sharpe &
Dohme, Merck & Co., West Point, Pa.) and incubated at 37Â°
for a further 20 mm. This treatment inactivates the unadsorbed
virus. The cells were then rinsed twice with calcium- and
magnesium-free EBSS and harvested in 0.1 ml of 0.25% (w/v)
trypsin. They were then diluted in assay medium [Dulbecco's
modified Eagle's minimal essential medium supplemented with
I % fetal bovine serum and 0.03% pooled human immune
serum globulin (19)], and a calculated number of cells in a total
volume of 3 ml was spread on confluent monolayers of HEp-2
cells in 60-mm tissue culture dishes. The dishes were incu
bated for 72 hr at 37Â°.The assay medium was then decanted,
and the cells were rinsed once with EBSS and stained with
crystal violet as described for the direct plaque assay (19). The
infectious centers were cOunted using a light box and a dis

secting microscope. When the effect of caffeine on virus sun
vival was being studied, caffeine was present at a concentration
of 4 mpi during the entire postinfection incubation period. The
difference in the plaquing efficiency of unirradiated herpes
from cell strain to cell strain was never greater than 2-fold.

RESULTS

Chart 1 shows the survival of UV-mrradmatedHSV-1 MP in 2
normal human skin fibroblast strains and in Bloom's syndrome
strain GM1492 fibroblasts as determined by direct plaque
assay. Similar results were obtained in 3 separate experiments.
Bloom's syndrome strain GM1492 consistently demonstrated
virus survival just slightly lower than that in the normal strains.
Chart 2 shows clonal survival of UV-irradiated strain GM1492
and normal strain Lii 06. A larger proportion of the Bloom's
syndrome cell population fell within the resistant component of
the survival curve than did the Lii 06 population. However, the
slopes of both sensitive and resistant components are similar
for the 2 cell strains. Strain GM1492, therefore, does not
demonstrate increased cellular sensitivity to the lethal action of
UV light.

Survival of UV-irradiated HSV-l MP was determined in the 3
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Chart 2. Clonogenic survival of Uv-lrradlated normal human skin fibroblasts
strain Ui 06 (x) and GM1492 (â€¢).UV-lrradiated cells were coplated with y
irradiated feeder cells.
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Bloom's syndrome skin fibroblast strains by use of the infec
tious centers assay. This assay was used instead of the direct
plaque assay in order to avoid growing large numbers of
fibroblasts. This factor was important because of the poor
growth characteristics of 2 of the Bloom's syndrome cell
strains. Chart 3 shows the results of experiments performed
with an infecting multiplicity of 3 PFU/ceII. The results showed
strain GM1492 to be less efficient at reactivating the UV
irradiated virus than were the 2 normal strains but less defective
than was the xeroderma pigmentosum strain, complementation
group C. The 2 other Bloom's syndrome strains tested were
indistinguishable from the normal fibroblasts. Since the infec
tious centers assay at an infecting multiplicity of 3 PFU/celI
apparently enhanced the manifestation of a defect in viral
reactivation in the GM1492 strain, the assay was repeated at
a lower multiplicity of infection (0.01 PFU/cell). This is closer
to the multiplicities of infection obtained in the direct plaque
assay. Chart 4 shows the results obtained in the same expeni
ment for strain GM1492 and a normal cell strain under both
low and high infecting multiplicity conditions. These data show
that survival of UV-irradiated HSV-1 MP is a function not only
of ultraviolet dose but also of the multiplicity of infection. In
addition, the magnitude of this multiplicity effect is much less
in Bloom's syndrome strain GM1492 than in the normal strain
tested.

Chart 5 shows the effect of caffeine on the survival of UV
irradiated HSV-l MP in a normal cell strain, the GM1492 strain,
and a classical excision-defective xeroderma pigmentosum cell
strain, complementation group A. In no case did the presence
of 4 m@icaffeine in the postinfection assay medium have a
significant effect on virus survival, determined at an infecting
multiplicity of 3 PFU/ceII. Chart 6 shows that caffeine at a
concentration of 2 mM also had little effect on the survival of
GM1492 fibroblastsafter exposure of the cells to UV irradia
tion.

DISCUSSION

-@ 50 KDO 50

uv Fluence(J/sqm)
Chart 3. Survival of UV-irradiated HSv-1 MP in human skin fibroblast cell

strains determined by infectious centers assay at an infecting multiplicity of 3
PFU/ceII. & CAL 1116; A, CAL 1126; x, GM2548; +, GM2520; U, GM1492;
C, XP8BE.
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Chart 4. Survival of UV-irradiated HSv-1 MP in a normal and a Bloom's
syndrome skin fibroblast cell strain determined by assaying infectious centers.
Experiments were accomplished with multiplicities of infection of 3 and 0.01
PFU/ceII. â€¢.CALl 116 multiplicity of infection, 3 PFU/cell; U, GM1492 multi
plicity of infection, 3 PFU/cell; 0, CALl 116 multiplicity of infection, 0.01 PFU/
cell; 0, GM1492 multiplicity of infection, 0.01 PFU/cell.
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Clinical symptoms of Bloom's syndrome include sun sensitiv

UV Fluence (J/sqm)
Chart 5. Effect of caffeine on the survival of UV-irradiated HSV-l MP in

normal, Bloom's syndrome, and xeroderma pigmentosum cell strains, determined
by infectious centers assay carried out with an infecting multiplicity of 3 PFU/
cell. Closed symbols, survival in the absence of caffeine; open symbols, survival
in the presence of 4 mM caffeine. â€¢,0, CAL 1116; â€¢,0, GM1492; A, L@,
xPl 2BE.

ity and an increased cancer incidence. For this reason, several
laboratories have tried to identify lesions at the molecular level,
concentrating particularly on the response to UV-induced dam
age. However, few abnormalities have been identified. Thus,
unscheduled DNA synthesis has been examined and found to
be normal in Bloom's syndrome fibroblasts (5). One group (13)
has reported that Bloom's syndrome cell strains are more
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limited capacity for repair of damaged viral DNA. According to
this hypothesis, this capacity is exceeded at high infecting
multiplicities in a manner similar to that found in bacterial
systems (3). We saw no effect of 4 m@caffeine on the host cell
reactivation of UV-irradiated herpes simplex virus and conclude
that the processes involved in multiplicity reactivation are caf
feine insensitive. This is in contrast to a report (10) of a
reduction in the host cell reactivation of UV-irradiated adeno
virus in both normal human fibroblasts and a xeroderma pig
mentosum variant strain exposed to caffeine. Caffeine also had
no effect on survival of the GM1492 fibroblasts after UV irra
diation. The repair systems critical for host survival are there
fore also caffeine insensitive.

Further studies are needed to distinguish between these
possibilities. Experiments to compare recombination of herpes
simplex virus in Bloom's syndrome and normal fibroblasts are
in progress. It is also not yet known if the deficiency observed
in the GM1492 fibroblasts is also found in other Bloom's
syndrome strains. It also remains to be seen if introducing
further changes in the infecting multiplicities will reveal defects
in multiplicity reactivation in the 2 Bloom's syndrome strains
that have thus far appeared normal.

The clinical signficance of these results is also of interest.
Although Bloom's syndrome patients demonstrate a limited sun
sensitivity, they express phenotypic neoplasia principally in the
hematopoietic cell renewal compartment, rather than in the

skin. This suggests that, unlike xeroderma pigmentosum pa
tients, defective repair of UV damage is of little consequence
in the neoplastic process. The critical lesion may instead be
the recombination effect postulated here.
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Chart 6. Effect of caffeine on the clonogenic survival of UV-irradiated Bloom's
syndrome fibroblast strain GM1492. x , survival in the presence of 2 mt.icaffeine;
U,survivalIntheabsenceofcaffeine.

sensitive to the lethal effects of UV irradiation. We did not find
this to be the case (Chart 2), however, indicating that increased
sensitivity to cell killing by UV is not a consistent finding in cell
strains from all Bloom's syndrome patients.

When a direct plaque assay was used, host cell reactivation
of UV-irradiated HSV-l was similar in both normal and Bloom's
syndrome fibroblasts. In these experiments, the infecting mul
tiplicities were never greater than 6 x 10@ PFU/cell. Addi
tional viral reactivation takes place when infecting multiplicites
are greater than 0.1 PFU/cell (7), since interaction between
the damaged viral genomes takes place when more than one
virus infects a host cell. Types of interactions include comple
mentation and recombinational events. Both could result in an
increased synthesis of viable virus particles. We observed this
multiplicity reactivation effect in both normal strain CAL 1126
and Bloom's syndrome strain GM1492. The magnitude of the
effect was, however, much smaller in the Bloom's syndrome
fibroblasts. Since there was no difference in the survival of UV
irradiated virus when normal or GM1492 fibroblasts were in
fected at low multiplicities, it is unlikely that there is any general
defect in the latter strain which interferes with the synthesis
and assembly of viral proteins. It therefore seems unlikely that
the lower multiplicity reactivation in GM1492 cells is the result
of reduced viral complementation. It seems more reasonable
to suppose that the GM1492 strain is unable to support effec
tive viral recombination. Recombination in the uninfected fibro
blasts may also be defective, which may be of serious conse
quence for the cells. For example, the high level of spontaneous
sister chromatid exchanges observed in Bloom's syndrome
patients (4) may be a reflection of an abnormal recombination
system.

An alternative explanation for the defect observed in the
GM1492 Bloom'ssyndromestrain is that the cells have only a
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