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Regulation of the Drosophia Fascin by Raf Signaling
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Fascin, a cytoskeleton actin binding protein, functions in cell adhesion and cell migration. Fascin is
also known as a candidate biomarker for various cancers, however, regulatory mechanisms of fascin
expression remains little understood. In this study, we found an abnormal bristle phenotype, which
is similar to that of the Drosgphila fascin mutant, in Draf mutant flies. Hence, we investigated whether
fascin expression is regulated by Raf signaling. RT-PCR and Western blot analysis showed that Drasgpfila
fascin expression was down-regulated in Draf mutant flies and the level was increased in larvae express-
ing the oncogenic form of Draf (Draf*”) under the GAL4-UAS system. Immunostaining analysis showed
increased fascin in the hemocytes over-expressing Draf*™. Our results indicate that fascin expression
is regulated by Raf signaling and suggest that Raf signaling may play an important role in the actin
cytoskeleton-associated developmental process and tumor progression via regulation of fascin gene.
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Introduction

Distribution of actin cytoskeleton appears to be an im-
portant step in the development including tissue morpho-
genesis and progress of carcinogenesis [7,19]. The organ-
ization of actin-based structures is highly regulated by bind-
ing of Fascin [15]. Fascin is known as a 55kDa actin-binding
protein [15,17]. Fascin has been well-conserved in animal
evolution; homologues are present in Drosqphila, echino-
derms and the platyhelminth Schmidtea mediterranea [1]. In
vertebrate, three forms of fascin have been indentified:
Fascin-1, Fascin-2 and Fascin-3 [1,15]. All Fascins have a
highly conserved region consensus motif for phosphor-
ylation by protein kinase C (PKC) [2]. During embryo-
genesis, Fascin-1 is expressed in many motile cell pop-
ulations, principally in the developing nervous system and
in the mesoderm and its derivatives [9]. Fascin expression
is low or absent in the majority of normal adult epithelia
but up-regulation of the protein in all forms of human carci-
noma studied to date has been reported [11]. Because of
these facts, the actin-bundling protein fascin has emerged
as a very interesting candidate biomarker for various cancers
[11]. In Drosgphila, singed gene has been known to encode
Drosophila fascin [6,8]. Fascin mutant flies have the pheno-
types such as short, gnarled bristles and flaccid oocytes,
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leading to female sterility [18]. Fascin is expressed in migrat-
ing hemocytes [1], migratory border cells, posterior follicle
cells and nurse cells of the developing egg chamber, and
in the socket cells and main cells of hairs and bristle [§].
Although the results of several studies have shown that fas-
cin has an important role for developmental process and tu-
mor invasion, the regulatory mechanisms of fascin gene ex-
pression remains little explained.

The Ras-Raf-MEK-ERK/MAPK pathway is an evolu-
tionary conserved pathway in the control of many funda-
mental cellular process including cell proliferation, survival,
differentiation, apoptosis, motility and metabolism [14]. It
was reported that Ras might remodel actin cytoskeleton
through activation of ERK (extracellular-signal regulated
kinase) cascade [12]. The ERK cascade impacts on cell pro-
liferation and survival, and recent studies have demon-
strated a close link between organization of the actin cy-
toskeleton and activity of the ERK pathway. Growth fac-
tor-mediated activation of ERK is adhesion-dependent and
relies upon an intact cytoskeleton [12,13]. It was also re-
ported that Fascin protein levels are regulated by Ras de-
pendent growth factor signaling in mammary epithelial tu-
mor [10]. However, regulation of Fascin by Raf signaling
is unknown yet.

In this study, we found an abnormal bristle phenotype,
which is similar to those of Drosgphila fascin mutant, in Draf
mutant flies. Hence, we investigated whether Drasgphila fas-

cin expression is regulated by Raf signaling.



Materials and Methods

Fly stocks

Fly stocks were maintained at 25°C on standard food.
hsp0-GAL4  (hs-GAL4), cg-GAL4, UAS-Draf®, and s
strains were kindly supplied by the Bloomington Stock
Center. y Draf™ [16] flies were kindly provided from Dr.
Y. Nishida. Oregon-R was used as wild type.

Ectopic expression of Raf by heat shock induction

Females carrying homozygous /i-GAL4 on the third chro-
mosome were crossed with males carrying homozygous
UAS-Draf® on the third chromosome. The progeny third
larvae were heat-shocked at 37°C for 30 min and then in-
cubated at 25°C.

Reverse reaction
(RT-PCR)

The whole ovary mRNA or total mRNA from the in-

dividuals was isolated using Trizol Reagent (Molecular

transcription—polymerase chain

Research Center, USA) according to the protocol furnished
by manufacturer and the cDNAs were synthesized using
M-MLV-RT (Reverse transcriptase, Promega, USA). The
RT-PCR products were analysed on 2% agarose gels stained
with ethidium bromide. Oligonucleotide primers for PCR

were designed as follows.

Drosgphila fascin
5 - CGAGGATACGCTCTTTACGC - ¥
5 - CTCCAGCCACTCTTGCTCGT - 3
pd9
5 - GACAACAGAGTCGGTCGC - ¥
5 - GTTGTGCACCAGGAACIT - %

Western blot analysis

Protein extracts were isolated using PRO-PREP solution
(Intron Biotechnology, Korea). Proteins were separated on
10% polyacrylamide SDS gel electrophoresis and transfered
to PVDF membrane (Amersham, Sweden). The membrane
was rinsed in TBS-T solution (0.1% Tween-20 in TBS, pH
7.4) and incubated in blocking buffer (5-10% skim milk in
TBS-T) at room temperature for 1 hr. Then the membrane
was incubated with specific antibodies for Drasgphila Fascin
(1:50, sn7c, DHSB, USA), p44/p42 MAPK (ERK1/ERK?2,
1:2000, Cell Signaling, USA), Phospho-p44/p42 MAPK
(pERK1/pERK2, 1:1000, Cell Signaling) and o-tubulin
(1:5000, DHSB) at room temperature for 2 hr (or at 4°C O/N)
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and washed with TBS-T five times for every 10 min, fol-
lowed by incubating with secondary antibody (1:5000, goat
anti-mouse HRP, 1:5000, mouse anti-rabbit HRP, Santa Cruz,
USA) at room temperature for 1 hr. Protein labeled with an-
tibody was detected with West-One™ (Intron).

Hemocyte immunostaining

Hemocytes collected from larvae were fixed 4% paraf-
ormaldehyde for 20 min, and washed four times with PBS-T
(0.1% Tween-20 in PBS, pH 7.0). The samples were incubated
overnight with mouse anti-Fascin (1:20, sn7c, DHSB) in 1%
BSA PBS-T at 4°C. After washing four times with PBS-T, the
samples were incubated with Cy3- conjugated goat an-
ti-mouse IgG (1:400, Jackson ImmunoResearch, USA). DAPI
(Molecular Probe, USA) was used at 1 pg/ml. The sample
was mounted in Vectashield Mounting Medium (Vector
Laboratories, USA) and analyzed by a Karl Zeiss AxioPlan2

fluorescent microscope.

Scanning Electron Microscopy (SEM)
Adult flies were sputter-coated with platinum and ob-
served under a Hitachi S-3500N scanning electron micro-

scope.

Results and Discussion

In Drosgpfiila, wild type flies have long and straight bris-
tles (Fig. 1A). Interestingly, we found an abnormal bristle
phenotype in a Drasophila Raf (Draf) mutant, Draf™ (Fig.
1B), Dr: 10 gtrain was found to be associated with single
amino acid change within the putative Draf regulatory do-
main [16]. Draf™" flies have a rough eye phenotype and
die either during pupariation or during hatching [16]. The
spiral-like bristle phenotype of Draf™" (Fig. 1B) is similar
to a phenotype of Drosgplila fascin mutant strain (Fig. 1C)
[8]. From these facts, we investigated whether Drasqfila fas-
cin gene expression is regulated by Raf signaling pathway.
We first examined levels of fascin mRNA in Draf™" in-
dividuals using RT-PCR and Western blot analysis. As shown
in Fig. 2, expression of fasan mRNA was reduced in the third
instar larvae of Draf™" hypomorphic allele compared to
wild type (Fig. 2A). We also detected a significant reduction
of Fascin protein level in the third instar larvae of Draf™"
hypomorphic allele by Western blot analysis (Fig. 2B).

To confirm the role of Raf signaling in fascin gene ex-

pression, we assessed modulation of fascin gene expression
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Fig. 1. Abnormal bristle phenotypes in Drasgphila fascin and Raf
mutant flies. (A) Wild type. (B) Draf* " male hemi-lethal
flies. (C) Drosgphila fascin mutant (sn). Adult flies were
sputter-coated with platinum and observed under a
Hitachi S-3500N scanning electron microscope in the
low-vaccum mode. Scale Bar: 100 pm

(A) N B
s W3 " ( ) a X :\\“ H‘.}
P § o o
Ql\><'s>( *‘9& 9‘6 *\9‘
B —— — IR,
aintn | QU

Fig. 2. Decreased expression levels of Drasophila fascin in Drat™
larvae. (A) The levels of fasan mRNA in wild type and
Raf mutant via RT-PCR. Total RNA was prepared from
whole body of wild type and hypomorphic allele of
Draf™ third instar larvae. The loading control was 7p49.
(B) The levels of Fascin protein in wild type and Draf
mutant via Western blot. Total protein was prepared
from whole body of wild type and Draf " third instar
larvae. Ten pg of total protein samples were resolved by
SDS-PAGE and analyzed by Western blot with an-
ti-Fascin. The loading control was a-tubulin.

by expression of the oncogenic form of Raf using GAL4-UAS
system [4,20]. We examined level of fascin mRNA in larvae
expressing the oncogenic form of Raf (Draf® under
hs-GAL4 by RT-PCR. The level of fasan mRNA of larvae
over-expressing Draf® was higher than that of control (Fig,
3A). And also, we checked Fascin protein level in these flies
by Western blot analysis. Raf signaling phosphorylates ERKs

A

\
o W oo

L
WS o A

W

Phospho-p44 ERK *i <«
pla RRIC ﬂ -

Fascin —

o-tubulin

Fig. 3. Increased mRNA and protein levels of Drasgphila fascin
in larvae over-expressing the oncogenic form of Raf. (A)
fascin mRNA level in the third instar larvae carrying
Bs-GAL4 and UAS-Draf®” after heat shock at 37°C for 30
min and incubated at 25°C for various time periods.
RT-PCR was performed to determine fasair mRNA levels.
The loading control was zp#9. (B) Fascin protein level in
the third instar larvae carrying As-GAZ4 and UAS-Draf*"
ERK acts downstream factor of Draf. Thirty pg of total
protein samples were loaded per lane for p44/p42 ERK
and phospho-p44/p42 ERK. Ten pg of total protein sam-
ples were resolved by SDS-PAGE and analyzed by
Western blot with anti-Fascin and anti-aTubulin. The
loading control was a-tubulin and p44 ERK. Total protein
was prepared from whole body of As-GAL44 or hs-GAL4/
UAS-Draf®™ third larvae after heat shock at 37°C for 30
min and incubated at 25°C for 24 hr.

[21]. To confirm over-expression of Draf*", we examined the
phosphorylation level of ERK. The phosphorylation level of
ERK in the extract from larvae over-expressing Draf®” was
higher than that of control (Fig. 3B). In this condition, Fascin
protein level was higher than that of control (Fig. 3B). These
results indicate that fascin expression is positively regulated
by Raf signaling and suggest that Raf signaling may play
important roles in actin cytoskeleton-associated devel-
opmental process and tumor progression via regulation of
fascin gene.

Drasgphila hemocyte could be a simple system to elucidate
the molecular mechanisms underlying Ras-induced neo-
plastic cell over-proliferation that results in a leukemia-like
phenotype [3]. It was reported that Drasgphila Fascin protein
is expressed in migrating hemocytes of embryos [1]. Here,
we assessed whether the Fascin expression in the hemocyte
is modulated by Raf activity. Since expression of Fascin in
the hemocyte at larval stage has not been reported yet, we
first examined whether Fascin is expressed in larval
hemocytes. We observed a weak expression of Fascin in the
cytoplasm of hemocyte under normal condition using an-
ti-Fascin antibody (Fig. 4A and C). As expected, the ex-

pression level of Fascin in the hemocytes over-expressing
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Fig. 4. Increased Drasgpfila Fascin expression in the hemocytes
over-expressing the oncogenic form of Raf under
f5-GAL4 and ¢g-GAL4 (A, B) Hemocytes isolated from
third instar larvae carrying /-GAL4 and UAS-Draf®™ af-
ter heat shock at 37°C for 30 min and incubated at 25°C
for 24 hr. (A) hs-GAL4#. (B) hs-GAL4UAS-Draf®™. (C,
D) Hemocytes isolated from third instar larvae carrying
¢g-GAL4, hemocyte specific, and UAS-Draf*™. (C)
cg-GAL4/#. (D) cg-GAL4UAS-Draf*”. Increased Fascin
expression in the cytoplasm of hemocytes over-expressing
Draf*” was detected (Arrow). Hemocyte immunostaining
was conducted as described in the Material and Method
section. Blue: DAPI (Nuclear). Red: Fascin

Draf* under hs-GAL4 was higher than that of control (Fig,
4B). To confirm the up-regulation of Fascin expression by
Raf in hemocytes, we conducted over-expression of Draf*™
in the hemocyte using ¢g-GAL4 which is a hemocyte specific
GAL4 [3]. Increased Fascin expression in the hemocytes
over-expressing Draf®” under cg-GAL4 was also detected
(Fig. 4D). These results indicate that Fascin expression is pos-
itively regulated by Raf signaling in the Drasgpfi/a hemocyte.
It was well known that Fascin contributes to cell protrusion
and is necessary for cell migration [15]. The over-expression
of an activated Raf construct resulted in a large increase in
the number of hemocytes [3]. In mammals, Fascin expression
is enhanced in dendritic cells during maturation [5]. It was
reported that Raf play a critical role in the differentiation
and survival of monocyte-derived immature dendritic cells
[22]. As a consequence, our data suggest that the regulation
of Fascin by Raf may be a critical process for blood cell pro-
liferation, differentiation, and migration.

In this study, we showed that Drosgpfiila fascin gene is
regulated by Raf signaling pathway. The regulatory mecha-
nism may play a critical role for cytoskeletal-associated de-

velopmental processes including hemocyte proliferation
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and migration.
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