Chromosomal Breakage in a Rare and Probably Genetically

Determined Syndrome of Man

Abstract. 4 high frequency of chromosomal breakage and rearrangement has
been found in cultured blood cells from six of seven individuals with a rare
syndrome characterized by congenital telangiectatic erythema and stunted growth.
Only 19 instances of this apparently genetically determined disorder are known,
and malignant neoplasia has developed in three.

Bloom (I) first described a clinical
syndrome characterized by low birth
weight, stunted growth, and a sun-
sensitive telangiectatic skin disorder re-
sembling the erythema and facial
butterfly lesion of lupus erythematosus.
Only 19 individuals with this syn-
drome are known (2). Of 13 families
from which information is available,
nine are of Jewish ancestry. Of the
16 families involved, three have af-
fected siblings, and in five there is
parental consanguinity; taken together,
these findings point to a recessive mode
of inheritance.
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The nucleated cells from the venous
blood of seven of the 19 individuals
were cultured for 3 days in the pres-
ence of phytohemagglutinin (3). The
chromosomal complement in all seven
subjects appeared normal, but in six
there was an unusually high frequency
(4 to 27 percent) of cells with bro-
ken, often rearranged,
(Fig. 1). Simple chromatid breaks were
not increased in frequency. Isochro-
matid breaks and associated displaced
acentric fragments and sister chro-
matid reunions were common, as was
transverse breakage at the centremere
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Fig. 1. Six cells from three individuals, showing chromosomal breakage and rear-
rangement. (a) Transverse breakage near centromere; (b) sister chromatid reunions;
(c) dicentric chromosome; (d) dicentric chromosomes and an acentric piece; (e)

and (f) quadriradial configurations.
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chromosomes.

which produced two separated telocen-
tric chromosomes. Another very char-
acteristic aberration, present in cul-
tured cells from each of the six
individuals with increased breakage,
was the equal and symmetrical quad-
riradial configuration, described previ-
ously (4). Quadriradial configurations
were present in as many as 5 percent
of the dividing cells, suggesting a high
rate of somatic crossing-over if the be-
havior of chromosomes in vitro re-
flects their activity in vivo. More com-
plex abnormal rearrangements, includ-
ing triradials, asymmetrical quadrira-
dials, and dicentrics were not uncom-
mon. Such chromosomal aberrations
have been extremely infrequent in cells
from other cultures prepared in our
laborateries, except for those from one
patient. This was a child (5) with
congenital anomalies of the radius,
hands, hip, heart, and kidneys and
an abnermal bone marrow suggestive
of the earlier stages of Fanconi’s
anemia, another genetically determined
disorder. Because the high frequency
of chromosomal breakage does not
seem attributable to any of the usual
causes—that is,. the action of irradia-
tion, viruses, or certain chemicals—it
seems plausible to assume, for the pres-
ent, that it is associated with the
genetic abnermality. Furthermore, it is
possibly related to the apparent in-
crease in frequency of malignant neo-
plasia in persons with this syndrome.
Two of those described in the original
report (I) have died of acute leu-
kemia, one at age 13, the other at 25
(6), and in another individual de-
scribed by Lewis (7), a malignant solid
tumor has recently developed at age
32,

This brief report is presented now,
first to demonstrate that an increased
tendency to chromosomal breakage
may be part of a genetically deter-
mined disorder, and second, so that
it may encourage the reporting of
other patients with such a condition,
the study of whom might contribute
to an understanding of mechanisms of
malignant neoplasia.
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Mutagenic Effects of
Hydroxylamine in vivo

Abstract. Hydroxylamine can induce
any one of the four types of transition
mutations in bacteriophage S13 if the
mutagen is added directly to agar plates
seeded with phage and bacterial indica-
tors. The phage can also be mutated
by treating the host cell with hydrox-
ylamine before infecting it with phage.
These effects of hydroxylamine in vivo
contrast with the mutagenic effect in

- vitro, which seems to be exclusively on
cytosine.

Hydroxylamine has a highly specific
mutagenic effect on bacteriophage
treated in vitro. From a study of the
induction of forward and reverse muta-
tions, it has been inferred that in the
single-stranded DNA of phage S13,
only one of the four bases is altered
in mutations induced by treatment of
the free phage with hydroxylamine (/).
By comparing that inference with data
on the chemical reactivity of hydroxyla-
mine (2, 3), it was concluded that it is
cytosine that is altered, being replaced
after replication by thymine. This re-
sult is consistent with mutation experi-
ments on double-stranded DNA (2, 4),
although in double-stranded DNA the
mutagenic effect cannot be restricted to
cytosine, but must ultimately involve
both members of the guanine-cytosine
base pair. In S13, it was concluded that
the mutagenic specificity of hydroxyla-
mine for cytosine was at least 500 times
greater than for adenine, guanine, or
thymine, in sharp contrast with the
effects of two other frequently used
mutagens, nitrous acid and the alkylat-
ing agent, ethyl methanesulfonate, each
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of which appeared to mutate all four
bases (/).

In this report we discuss the muta-
genic effect of hydroxylamine on SI3
when the treatment is in vivo—that is,
when the host cell is treated either dur-
ing or before infection. Under these
conditions, hydroxylamine causes the
mutation of all four bases almost in-
discriminately.

A set of reference mutations that in-
cludes all four types of transitions was
studied (Table 1). The base change for
each mutation was previously inferred
from the effects of a variety of chemical
mutagens (/, 5), and reasons have been
given (/) for the belief that each muta-
tion involves only the one particular
base change indicated. The mutants
have been described (/) except suHT9,
which is a hydroxylamine-induced mu-
tant that is able to infect both Esche-
richia coli C and Shigella dysenteriae
Y6R, but which can produce progeny
only in the Shigella strain. It is shown
in Table 1 that all the mutations were
induced when hydroxylamine was add-
ed directly to the overlay agar together
with the parental phage and bacterial
indicators. The identities of the mutants
were verified by picking at least three
mutant plaques of each type and re-
plating on hydroxylamine-free plates.
Of all the mutations shown in Table 1,
only A;1—>h+ can be induced in vitro;
therefore it is clear that hydroxylamine
is less specific in its mutagenic action
in vivo, regardless of what base changes
are assumed in Table 1.

The initial concentration of hydrox-
ylamine was 2 X 10—2M, but the rate
of diffusion into the 35 ml (approxi-
mately) of bottom-layer agar is not

known. The mutations must have oc-
curred within 1 hour after plating be-
cause mutant plaques were already
clearly visible after only 4 hours of
incubation at 37°C. The effect of
adding from 10 to 80 umole of hydrox-
ylamine was tested on the mutation
h;l——h*. The optimum amount of
hydroxylamine was between 40 and 60
pmole. Above 60 umole, the bacterial
lawn would not develop well.

The plates contained free phage, in-
fected cells, and uninfected cells, and
any of the three could have participated
in the mutagenic process. It seems that
a mutagenic effect can occur without a
direct interaction of the hydroxylamine
with the phage because we were able
to induce phage mutations by in-
fecting cells that had previously been
treated with hydroxylamine but which
had been separated from it by centrifu-
gation before infection. This is shown
in Fig. 1 for an experiment in which
the cells were both grown and treated
in broth. The hydroxylamine concen-
tration (2.5 X 10—2M) used for the
treatment was nearly the same as the
initial concentration in the overlay agar
in the plate experiments. We do not
know whether some hydroxylamine
might become bound to the cells and
thus not be removed by centrifugation.
We also do not know why there was a
large decrease in the number of mutants
after 30 minutes of the treatment.

The host, E. coli C, used in this ex-
periment is normally nonpermissive for
growth of the parent phage, suHT9.
Two other mutations, A*—>h;1 and
hH43——>h*, were also tested for in-
ducibility by prior treatment of E.
coli C with hydroxylamine, and in these

Table 1. Induction of the four types of transition mutations by addition of hydroxylamine (HA)
directly to the agar plates. The plates (/) were incubated at 37°C within 10 minutes after the
overlay agar containing phage and indicator bacteria were added. Hydroxylamine hydrochloride
(Fisher) was made up as a 1M solution in 0.2M sodium phosphate buffer, pH 6.0, and was
stored frozen at —10°C. Similar stored stocks were used in previous in vitro experiments (7).
Mixed bacterial indicators had to be used for the host-range mutants (/). The pH of the plates

was measured with pHydrion papers (Micro Essential Laboratory).

With E. coli C in the

overlay agar, the pH changed from 6.3 at the time the plates were seeded, to approximately
6.0 after 6 hours of incubation at 37°C, and to approximately 5.5 after overnight growth.

Mutation No. of mutant phage
Amount of  plaques appearing on a plate
Phage B N ) parental P N
ase change* hage plated mole
Parent Mutant phage b No HA I—?A'}'
AT — | G——n A 4 X 107 20 450
hil e—— Ryl A—— G 1 X 108 8 100
hl ——s h* C——T 1 X 10® 8 90
hH43 ——— h~ T—— C 1 X 108 1 110
hH76 ———> h* T—— C 1 X108 2 80
SuHTY9 ——> su* T—— C 1 X 10% 6 =300
suHT9 ——— su* T—— C 2 X 107 1 100

* The abbreviations are: G, guanine; A, adenine; C, cytosine; T, thymine.

overlay agar.

4 Added to 2.5 ml of
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