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125I—labelled triiodothyronine which binds to specific
nuclear receptors induce DNA strand breaks in Chinese
hamster cells. A large fraction of these breaks is left
unrepaired and seems to be double strand breaks. The ef-
ficiency of inducing such breaks is as high as after in-
corporation into DNA of [12°I-]iododeoxyuridine which is
known to be very radiotoxic.

INTRODUCTION

Triiodothyronine binds to a specific nuclear receptor - a nonhis-
tonprotein - which is bound to DNA (1,2,3). This complex seems to
be involved in the regulation of transcription of RNA (4). The num-
ber of receptors per cell varies from 17 in the testis to about
5.800 in the anterior pituitary (5). In young age the number of

nuclear T3 receptors per cell seems to be still higher (6).

It has been shown that 1251 incorporated into DNA as iododeoxy-
uridine is 3-20 times more toxic to the cells than 3H incorpo-
rated into DNA as measured by cell survival (7,8), production

of chromosome aberration (9,10) and induction of DNA strand breaks
(11,12). The high radiotoxicity of 1251 is expected to depend on
its decay process by electron capture which leads to a burst of

low-energy electrons with very short ranges (13).

The aim of the present work has been to study the induction of

DNA strand breaks in Chinese hamster cells after [12°I] T3 label-

Abbreviations: T3, triiodothyronine; PBS, phosphate buffer saline;
SDS, sodiumdodecyl sulphate
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MATERIALS AND METHODS

Yeast enolase was isolated using a modification of the method of Westhead
and McLain (12). The enzyme was deionized, concentrated and assayed for re-
sidual "conformational” metal ion as described (1,13). Protein concentrations
were calculated assuming the molecular weight is 93,300 and the extinction co-
efficient at 280 nm is 0.895 cm?/mg (1).

Solutions were prepared from deionized water (Continental Deionized Water
Service) and "Ultrapure" potassium chloride (Alfa Chemical Co.) or twice-
recrystallized tris or AR Reagent Grade chemicals, where these were available.
Plasticware was used whereever possible. 2-phosphoglycerate and phosphoenol-
pyruvate were obtained as the sodium salts from Calbiochem. The chromophoric
substrate analogues, 3-aminoenolpyruvate-2-phosphate (AEP) and D-tartronate
semialdehyde-2-phosphate (TSP) were synthesized as described by Hartman and
Wold (14) and Spring and Wold (15).

Absorbance readings were made using a Bausch and Lomb Spectronic 200
gpectrophotometer equipped with a digital readout. Measurements of pH were
made using a Corning Model 10 pH meter.

RESULTS

The inhibition of enclase by fluoride in the absence of Pi increases with
time. The time-courses of control and fluoride-inhibited substrate dehydrations
are shown in Figure 1. The lower half of the Figure shows the percent inhibition
as a function of time. These values were obtained from relative slopes of the
curves in the upper half of the Figure, taken at equivalent midpoint values of
OD230. This must be done because the rate of the control enolase reaction,

expressed as AOD 30/minute, decreases with time as the solution approaches

2
equilibrium. The inhibition by 10-20 mM fluoride increases rapidly, then remains
essentially constant. The final level of inhibition and the rate of attainment
of the final level are highly dependent on fluoride concentration. There is
also some dependence on Mg2+ concentration. The reverse reaction (not shown)
is affected more slowly, with 10 mM fluoride producing half of its maximum in-
hibition (80-90%) in 10 minutes. Control experiments have shown that incuba-
tion of the enzyme with any one or two of Mg2+, fluoride or substrate is not
sufficient for inhibition; all three must be present.

Use of extrapolated very early (0-10 seconds) reaction rates indicate that
fluoride is initially a weak (KI about 15 mM) inhibitor {(16), competitive with

substrate or product (not shown). If velocities of the forward and reverse

reactions are taken at times beyond one minute of reaction, the inhibition

appears to be more noncompetitive (16), as Wang and Himoe found (11).
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Figure 1. Induction of DNA strand breaks in CHO cells (A) and Ci:1
cells (B). [}251]T3 was added to the cells at zero time.

The dpm per cell was 0.4 for CHO cells and 0.7 for Cl:1
cells.

a certain incubation time is the most relevant value when compa-
ring the treatments. A t-test using paired groups on the N va-
lues show a significant increase in the number of DNA stra;g
breaks in [125T]T3 treated cells as compared with non-treated
cells (p < 0.0l1). We have also studied the effects in V79, HelLa
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and GH1 cells and found similar results (to be published else-

where) .

The dose rate was very low - 0.4 dpm per cell corresponds to
about 0.3 rad per minute to the cell nucleus, assuming all !?°T
decays occuring in the cell nucleus. Single strand breaks should
thus be rejoined very efficiently so it seems that there are
double strand breaks or more serious DNA damages which are left

unrepaired.

T3 is bound to a specific nuclear receptor (1,2,3). The 12°I de-
cays may thus be located very close to DNA. Decay of 1251 appears
to result in multiple breaks on each strand. For maximum effici-
ency the !?°I decay should be located no more than 15 to 20 A
from double helix (16). Our results indicate that the !?°I-decay
were within 60 nm from DNA where !25I decays are giving a high
LET~type radiation (13). They are probably even closer to DNA

since we observed such a high damaging efficiency.

In a previous work we have studied the induction of unrepairable

DNA strand breaks after !2°I labelling of DNA using iododeoxy-
uridine (11). Surprisingly for us, [!25I]T3 seems to be as effi-

cient as !?5I incorporated into DNA in inducing such breaks (table 2).
T3 is involved in the regulation of RNA synthesis (4) which may
change the DNA superstructure giving a more vulnerable DNA. The

vield of single strand breaks after irradiation seems to be much

larger in active chromatine than in inactive (17).

What are the implications of this findings? Future work will show
if a reevaluation of the radiation protection standards for iodine
isotopes is necessary. The critical organ may be some other than
the thyroid gland. Some cells of the anterior pituitary have a
high number of receptors (5000 to 6000 per cell). The number seems
to be still higher during growth. Based on the knowledge we have
today, we found it possible that the anterior pituitary may be

the critical organ in children resulting in a disturbed hormon
production. Another implication can be the use of {12511 T3 in the-

rapy of tumours with a high number of nuclear receptors for T3.
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