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Summary

Treatment of Snell dwarf mice with high concentrations of human growth hormone from pituitaries as
well as of bacterial origin, significantly increased the frequencies of chromosomal aberrations in bone-mar-
row cells, as measured by the micronucleus test. In vitro treatment of Chinese hamster ovary (CHO) cells
with the two types of hormone likewise induced structural chromosomal aberrations.

The successful production of human growth
hormone by bacterial systems (Goeddel et al.,
1979; Stebbing et al., 1981) has largely increased
the possibilities for its therapeutic application.
Hormones influencing cell proliferation, such as
somatotropic hormone and thyroxine, have shown
positive chromosome-breaking effects (Duca-
Marinescu and Simionescu, 1973; Duca-Marinescu
and Negoescu, 1973; Judin and Antipenko, 1972).
Recently we reported on the effects of growth
hormone, insulin, testosterone and thyroxine on
the induction of micronuclei (MN) in bone-mar-
row cells of dwarf mice (van Buul and van Buul-
Offers, 1982). The present communication deals
with a comparison of the clastogenic effects of
human growth hormone of pituitary (hGH) or
bacterial (bhGH) origin in dwarf mice in vivo, and
in in vitro cell cultures of Chinese hamster ovary
(CHO) cells.

Materials and methods

Human growth hormone (hGH) derived from
cadaver pituitary glands (2 U/mg) lot Nos.

0027-5107,/84/803.00 © 1984 Elsevier Science Publishers B.V.

DqP107 and 80511, and bacterially synthesized
N-terminal methionyl hGH (bhGH) (2 U/mg) lot
Nos. 81651 and 82412 were a kind gift from AB
Kabi (Stockholm, Sweden).

Snell dwarf mice were bred and kept under
standardized laboratory conditions as described
elsewhere (van Buul-Offers and Van den Brande,
1978). Groups were composed of 5 males and 5
females, and data were pooled. Animals were
treated with 150 mU hGH and bhGH by daily
subcutaneous injections for 4 weeks (for details see
van Buul-Offers and Van den Brande, 1984). At
the end of the experiment, all animals were killed
2 h after the last injection by decapitation under
ether anaesthesia. The femurs were removed and
bone-marrow smears were made, according to the
technique of Lederbur and Schmidt (1973). For
each femur, 1000 polychromatic erythrocytes
(PCE) were analysed for the presence of micro-
nuclei (MN), indicative of chromosomal breakage
or non-disjunction.

BrdU prelabeled (for 12 h) or unlabeled cells
from an established Chinese hamster ovary cell
line (CHO) were produced as described by
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TABLE 1

FREQUENCIES OF MN IN BONE MARROW CELLS OF
HORMONE TREATED DWARF MICE.

Treatment  Dose per day =~ Number of MN per 1000
polychromatic erythrocytes
(Mean + SEM)

0.9% NaCl - 22405

hGH 150 mU 43+07°

bhGH 150 mU 53+£0.7%

* Significantly different from controls (Student’s -test p <
0.05).

Natarajan and van Kesteren-van Leeuwen (1977)
and treated for 18 h with different concentrations
of hGH and bhGH. Chromosomal preparations
were made using an air-dry technique following 1
h colcemid (0.00014%) treatment.

Staining and differentiation of sister chromatids
were performed according to Natarajan and van
Kesteren-van Leeuwen (1977).

Results

The results of the bone-marrow analysis are
represented in Table 1; they indicate an increase
in the frequency of micronucleated PCEs for both
types of human growth hormone. Tables 2 and 3
summarize the results of the in vitro hormone
treatments. From these it can be seen that BrdU
incorporation sensitizes the system, and that in

TABLE 2

hormone-treated as well as in untreated cells,
higher frequencies of chromosomal aberrations are
observed, compared to unlabeled cells. In all ex-
periments both hGH and bhGH cause a signifi-
cant increase in aberrations, but no clear dose-ef-
fect relationship seems to be present. However,
our protocol of continuous treatment for 18 h
coupled with a low and variable frequency of
first-division cells and the use of a single sampling
time is not particularly suitable for dose-response
analysis.

The frequencies of sister-chromatid exchanges
(SCEs) were not affected by hormone treatment
(Table 2). As can be judged from the frequencies
of cells in their first mitosis (M, cells) after BrdU
and hormone treatment, both hormones induce
delay of the normal progression of cells through
the cell cycle (Table 2), indicating some toxic
effects.

Discussion

Analysis of bone-marrow cells from hGH and
bhGH treated Snell dwarf mice showed a signifi-
cant increase in the frequencies of PCEs with
micronuclei, suggesting chromosome breaking ef-
fects of both treatments. The discrepancy between
these results and those published previously, where
no effect of hGH was observed in the micro-
nucleus test (van Buul and van Buul-Offers, 1982),
might be due to the higher dose levels employed
here.

INDUCTION OF CHROMOSOMAL CHANGES BY hGH AND bhGH IN BrdU PRELABELED CHO CELLS?

Treatment Dose (mU/ml) % abnormal cells % aberrations Aberrations per 100 cells % M, cells SCEs/
b
Gaps Breaks Exchanges Double minutes cell

0 21 25 14 6 4 1 4 7.2
0.9% NaCl 20 26 17 6 3 0 11 8.7
hGH 3.6 21 25 14 6 3 2 7 8.6
36 24 45 17 16 3 9 9 8.0
360 33 60 25 18 7 11 19 9.6
bhGH 3.6 17 23 11 6 4 3 25 8.4
36 26 35 21 9 2 5 22 10.0
360 34 48 29 15 3 2 38 9.0

2 200 cells were analysed for each group from 2 independent Expts.

b 25 cells were analysed for each group from 1 Expt.
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INDUCTION OF CHROMOSOMAL ABERRATIONS BY hGH AND bhGH IN CHO CELLS?®

Treatment Dose (mU /ml) % abnormal cells % aberrations Aberrations per 100 cells
Gaps Breaks Exchanges Double minutes

0 - 7 7 4 2 1 0
0.9% NaCl - 6 6 1 1 2 1
hGH 36 5 5 0 5 0 0
36 19 27 7 9 0 11
360 13 15 3 10 2 0
bhGH 3.6 10 11 8 1 1 1
36 8 18 8 1 0 9
360 15 17 9 5 3 0

* 100 cells were analysed from 1 Expt.

The observed increase in the frequencies of
micronuclei has to be considered in the light of the
known insensitivity of dwarf mice to the induction
of chromosomal aberrations by clastogenic agents.
We have demonstrated earlier that treatment of
dwarf mice with X-rays or mitomycin C produced
only half as many micronuclei as observed in
normal mice. The observations of Bielschowsky
and Bielschowsky (1959, 1960, 1961) of a lower or
retarded tumor induction in dwarf mice by several
chemical carcinogens, point in the same direction,
and this could suggest that even higher numbers of
chromosomal aberrations would have been ob-
tained had normal mice been treated. On the other
hand, it should be kept in mind that the dwarf
mouse is a model for human panhypopituitarism,
and in man, one does not regularly treat normal
individuals with growth hormones.

Treatment of CHO cells in vitro with hGH and
bhGH increases the frequencies of structural chro-
mosomal abnormalities. Similar results have been
obtained for other hormones such as diethyl-
stilboestrol (DES) (Natarajan and van Kesteren-
van Leeuwen, 1977). However, it should be noted
that both positive and negative results are reported
for DES in the mouse bone-marrow micronucleus
test (Chrisman and Baumgarten, 1979; de Serres
and Ashby, 1981). Furthermore, DES and some of
its metabolites induced SCEs in human cultured
fibroblasts and human lymphocytes in vitro
(Rudinger et al., 1979; Hill and Wolff, 1982). This
contrasts with the results obtained with hGH and

bhGH. The observed increase in frequency of dou-
ble minutes may be of special interest (Tables 2
and 3). To date, this type of chromosomal aberra-
tion has frequently been observed in malignant
cells, and it has been suggested that it involves
amplification of genetic material significant in
tumor development (Levan et al., 1977). With re-
spect to the mechanism of chromosome aberration
produced by growth hormones, really nothing is
known. With our protocol, we have not been able
to determine whether these agents are acting in a
generalized or S-dependent manner.

Thus, we have demonstrated that human growth
hormone from pituitaries as well as of bacterial
origin exhibits clastogenic effects both in vivo and
in vitro, there being no difference between the two
types of hormone. The use of mutagenesis testing
for assessment of carcinogenic risks is still a matter
for debate, but there is growing evidence that
chromosome aberration tests give the best correla-
tion with carcinogenesis of chemicals (de Serres
and Ashby, 1981; ICPEMC, 1982; Radman et al.,
1982). Therefore, the results presented here suggest
the need for extra caution if larger groups of
patients are treated with bacterially synthesized
human growth hormone.
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