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Cytotoxicological Effect of Tebufenozide, an Insect Growth
Regulator (IGR): Stimulation of Filamentous Actin Reorganization
and Enhancement of Hsp27 Expression in Drosophila K¢ Cells
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The cytotoxicological responses to insect growth regulator (IGR), using tebufenozide as ecdysteroid
mimic, were investigated in Drosophila Ke¢ cells. Treatment of Kc cells with tebufenozide showed
significant growth inhibition and striking morphological changes including aggregation and elongation
of the cells. In order to understand the cellular mechanism underlying the response of Drosophila cells
to tebufenozide, immunofluorescence microscopy was performed. We found that treatment of Kc cells
with tebufenozide enhanced the reorganization of f-actin and stimulated the expression of hsp27. These
data suggest a possible association of filamentous actin (f-actin) and hsp27 in the cytotoxicological
mechanisms of growth regulators in Drosophila cells.
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INTRODUCTION

As a class of powerful third-generation insecticides,
insect growth regulator (IGR), specifically induces pre-
mature and lethal molt in many invertebrates. Tebu-
fenozide, a class of IGR, was developed as a potent new
ecdysone agonist. However, only a few reports have demon-
strated the mechanisms of IGR specifically at the molecular
and cellular levels to understand the cytotoxic effect from
the points of cell biology and biochemistry.

Stress responses of cells universally conserved the com-
bination of gene expression, protein synthesis, and reorga-
nization of skeletal elements against environmental stress.
Therefore, the exposure of cells and organisms to various
environmental or pathophysiological stresses leads to the
synthesis of a number of stress proteins including heat
shock proteins (hsp) and filamentous actin (f-actin) (de Jong
et al, 1993; Genevidve et al, 2000).

Heat shock proteins usually control cell death or protect
damaged cells by minimization of protein aggregation for
ensuring proper folding and transport. The belief that hsps
protect the damage caused by stresses 1s supported by the
fact that hsp expression parallels exactly the development
and decay of thermotolerance (Li et al, 1991). The stress
response can also be induced by adverse environmental
situations, including exposure to heavy metals, oxidants,
amino acid analogue, tissue trauma and microbial infec-
tions (Ritossa, 1962; Ropp et al, 1983). Drosophila hsp27
of hsp groups also reportedly plays a protective role in
response to various stresses including free radicals (Mehlen
et al, 1996; Wang et al, 2004). Moreover, Drosophila hsp27

has been known as an important modulator in met-
amorphosis induced by ecdysteroid hormone (Chen et al,
2002). Furthermore, f-actin reorganization is also one of the
widely conserved cellular responses in eukaryotes against
environmental stresses. In addition to an element of stress
responses, f-actin formation has been shown to have a link
to metamorphosis induced by the ecdysteroid hormone
(Chen et al, 2004).

However, no report so far has been published on the roles
of hsp27 and f-actin in the cytotoxicological effect of
tebufenozide as an ecdysone agonist in the invertebrate
system. Thus, it might be important to investigate the roles
of f-actin and hsp27 in Drosophila Kc cells, in order to
understand the cellular responses in terms of IGR as an
insecticide.

METHODS

Cell culture and treatment

Drosophila Ke cells were cultured at 25°C in tissue culture
flasks with D-22 medium (Sigma, USA) supplemented with
10% heat-inactivated fetal bovine serum and 100 pg/ml
penicillin and streptomycin (Sigma, USA). Tebufenozide
(kindly provided by Dr. Yong-Man Yu, Kyungju Research
Institute, Kyungnong Inc., Korea) dissolved in dimethyl
sulfoxide (DMSO) was added directly to the culture flasks
3 days after subculture.
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ABBREVIATIONS: IGR, insect growth regulator; Hsp, heat
shock protein; F-actin, filamentous actin; DMSO, dimethyl sul-
foxide; MTT, 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide.
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Cell growth inhibition assay

The 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide (MTT) assay was performed for cell growth
inhibition assay. Briefly, cells were seeded in 96-well tissue
culture plates (Nunc Inc., USA), and were either untreated,
or tebufenozide was added to the medium at the concen-
trations indicated. Viable cells remaining after the incu-
bation time indicated were stained with yellow tetrazolium
MTT. MTT reagent, 100 1 of 2 mg/ml solution in PBS, was
added to the medium, and the plates were returned to the
incubator for four hours. Visible blue precipitate correlated
with cell density as viewed by a light microscope. Medium
was centrifuged for 5 minutes at 500 g, aspirated, and the
precipitate was then dissolved in 50 ¢l of DMSO per well.
Absorbance of individual wells was determined at 490 nm
by a microplate reader (Molecular Device Inc., USA).
Absorbance of wells that received the treatments was
expressed relative to that in untreated wells in the same
experiment, and percent survival was obtained.

Measurement of apoptosis induction

Morphological features of apoptotic phase were assessed
with acridine orange/ethidium bromide staining. Condensed
chromatin or fragment (dots) nucleus shows clearly in green
as an indicator in apoptotic cells (Anne et al, 1995). Ac-
cording to these criteria, the evaluation of apoptotic phase
was performed with a fluorescence microscope (Leica,
Switzerland). After washing once with PBS, the treated
cells were stained with 4 xg/ml acridine orange and 4 ug/ml
ethidium bromide dissolved in PBS. Subsequently, apo-
ptotic bodies were visually scored, and the fraction was
determined as the percentage of cells.

Fluorescence microscopy
Ke cells were allowed to remain on a cover glass in

medium for 2 hours for better adherence of samples.
Subsequently, they were rinsed gently in PBS, fixed with
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3.7% formaldehyde in PBS for 30 minutes, and lysed with
1% Triton X-100 in PBS for 20 minutes. As blocking step,
they were submerged in PBS containing 1% BSA (bovine
serum albumin). In case of f-actin staining, they were
incubated with 0.167 mM TRITC-phalloidin (Sigma) in PBS
for 2 hours at room temperature. In case of detecting
expression of hsp27, they were incubated with monoclonal
anti-hsp27 (mouse anti-Drosophila hsp, diluted 1 : 100,
kindly provided by Dr. Robert Tanguay at Laval Universite,
Cananda) containing 0.1% BSA in PBS for 1 hour at room
temperature, and then incubated with FITC-goat anti-
mouse IgG (Fab specific, diluted 1:64, Sigma, USA)
containing 0.1% BSA in PBS for 30 minutes. The samples
were rinsed three times with PBS before examination. A
Leica phase contrast microscope with an epifluorescence
illuminator was used throughout the experiment. For
statistical analysis, Sigma Plot software (SPSS Inc., USA)
was employed.

RESULTS AND DISCUSSION

The cytotoxicity of tebufenozide, a ecdysteroid mimic, was
evaluated in Drosophila cell lines with MTT assay. As seen
in Fig. 1A, the significant sensitivity to tebufenozide was
observed, indicating the inhibitory effect of tebufenozide on
proliferation of Drosophila cells. The ICsy of tebufenozide
on Kc cells was determined to be 1.866x 1077 M, using
Softmax Software (Molecular Device Inc, USA), from dose
response curve. Indeed, tebufenozide has been reported to
be more potent IGR in the field than other natural
products. Interestingly, apoptosis was not observed in
tebufenozide-treated cells (Fig. 1B), implying that cytotoxic
mechanism might be through apoptosis-independent path-
ways, even though further investigations are in need.

It is clear that tebufenozide acts as an ecdysone agonist
in Drosophila Kec cells. Therefore, the assay -on: the
insecticide in vitro might be extended to other invertebrate
cell culture systems, using ecdysone as IGR. Indeed, tissue
culture techniques have been gaining the widespread use
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Fig. 1. Cytotoxic effect of tebufenozide on proliferation of Kec cells. (A) MTT assay showed significant
inhibitory effect on cell growth (p<0.01). (B) no significant effect on apoptosis induction has been observed
in tebufenozide-treated cells (p>0.05). Data points reflect mean of three independent experiments; bars,
SD. Statistical analyses (t-test) were conducted with SigmaPlot Software (SPSS Inc., USA).
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Fig. 2. Morphological alterations after treatment with tebufenozide. (A) Inverted micrographs of
Drosophila Ke cells, incubated for 48 hours after treatment with DMSO-treated control, showing
the roughly spherical shape as normal. (B) Incubated for 48 hours with 1x10 ® M tebufenozide,
showing the increase of clumping of the cells. (C) Incubated for 48 hours with 1x10 * M
tebufenozide, disaggregated with gentle pipetting, showing the spindle shape as morphological

change. Bar=50 zm.

Fig. 3. Effect of tebufenozide on cytoskeleton of Drosophila Kc cells,
showing significant alteration of f-actin pattern after the treatment
with tebufenozide. (A) Fluorescence staining of f-actin in Ke cells,
incubated with DMSO-treated control. (B) Incubated for 48 hours
with 1x107% M tebufenozide, showing significant increase of
intensive f-actin labeling in cells. Bar=10 xzm.

in the field of invertebrate endocrinology. Many of these
investigations have utilized organs or tissues in short term
cultures (Marks, 1980), and the majority of studies on
insect hormones at the cellular level have been performed
on cell lines derived from Diptera, particularly Drosophila.
In these cells, hormone treatment induces various bio-
chemical and cellular events, including elongation of cells,
increase of acetylcholinesterase and galactosidase activity,
cell clumping, and cessation of cell multiplication (Courgeon,
1972; Cherbas et al, 1977; Best-Belpomme et al, 1978).
Particularly, Kc cell line, originally derived from Drosophila
embryos (Echalier & Ohanessian, 1969), has been proved
to be an excellent model system for the study of ecdysone
on differentiation and morphogenesis (Cherbas et al, 1984)
as well as for the investigation of early events in genomic
regulation and protein synthesis (Cherbas et al, 1986;
Riddiford, 1993; Hock et al, 2000). Therefore, Drosophila
Kc cell lines might be one of the most useful tools not only
for screening insecticides, but also for biochemical and
physiological study of IGR (Nakagawa et al, 2002).

In the present study, dramatic morphological changes
were observed by a Leica inverted microscope 48 hours
after the treatment with 1x107° M tebufenozide: The
roughly spherical shape of Kec cells was changed into the
spindle shape after the treatment (Fig. 2). As one of steroid
molting hormones, tebufenozide is the mimic of 20-

Fig. 4. Effect of tebufenozide on the expression of hsp27 in Ke cells,
showing increase of hsp27 after treatment with tebufenozide
(arcows indicate). (A) Immunofluorescence staining of hsp27 in Ke
cells, incubated with DMSO-treated control for 4 hours as control.
(B) Incubated for 4 hours with 1x10 ® M tebufenozide, showing
significant increase of intensive hsp27 labeling in cells. Bar=10 xm.

hydroxyecdysone, which is the physiological inducer of
molting and metamorphosis in insects. In Drosophila Kc
cells which are known as one of eedysone-responsive
systems, the insecticide tebufenozide was shown to mimic
the action of 20-hydroxyecdysone by inducing morpho-
logical change and inhibiting cell proliferation.

In order to understand the mechanism of morphological
alteration in response to tebufenozide, the effect on dis-
tribution of filamentous actin (f-actin) was investigated,
using TRITC-phalloidine. As seen in Fig. 3, the increment
of f-actin distribution was shown in tebufenozide-treated Kc
cells. The result suggests that the major factor of mor-
phological change induced by the treatment of tebufenozide
might be stimulation of f-actin reorganization in Drosophila
Kc cells. In order to investigate the effect of tebufenozide
on hsp27 of Drosophila Kc cells, hsp27 was detected with
immunofluorescence microscopy. As seen in Fig. 4, the
induction of hsp27 was detected 4 hours after the treatment
of 1x107°% M tebufenozide. These data suggest that the
morphological change in Ke cells, induced by ecdysteroid
treatment, has significant relevance with actin filament
and hsp. These results are consistent with other reports
on mammalian cells freated with steroid hormones,
suggesting that the cellular pathways in response to steroid
hormones are conserved in eukaryotes.

In conclusion, as one of the cytotoxiclogical mechanisms
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of tebufenozide as a potent IGRs, we showed significant
growth inhibition accompanied with dramatic morpho-
logical alteration in Drosophila Kec cells. Futhermore, a
possible role of f-actin and hsp27 in response to the
treatment of tebufenozide was firstly suggested. The pres-
ent observation is expected to give an insight into
understanding the cytotoxicological effects of insecticide as
growth hormone regulator (IGR), although further studies
are needed,
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