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Effect of P. ginseng on the expression of c-Fos in the brain of Wistar
rats with testosterone induced benign prostatic hyperplasia
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Department of Basic Nursing Science, school of nursing, Kyungdong University, Wonju 26495, Korea

The lower urinary tract symptoms (LUTS) show in benign
prostatic hyperplasia (BPH). The three major micturition
centers in brain are pontine micturition center (PMC),
ventrolateral periaqueductal gray (vVIPAG), and medial
preopticnucleus (MPA) regions. Previous study showed
that c-Fos expression change was associated with LUTS. In
present study, the effect of P. ginseng on c-Fos expression in
PMC, vIPAG, and MPA regions in rat brain was tested. P
ginseng is the four year-old Korean ginseng. It was collected
at the department of medicinal crop research (Eumsung-
gun, Chungbuk, Korea) in September 2010. The four
groups (n = 6) are control group, BPH-induced group, BPH-
induced and P. ginseng-treated group, and BPH-induced
and finasteride-treated group. BPH in rats was induced
by testosterone. After 4 weeks, all animals were sacrificed
to evaluate c-Fos expression in PMC, vIPAG, and MPA
regions in rat brain. The c-Fos expression was evaluated in
the regions of rat brain by immunohistochemistry (IHC).
Present results showed that c-Fos expressions in PMC, vl-
PAG, and MPA regions in brain of rats in the BPH-induced
group were higher compared to c-fos expression of the con-
trol group. The increased c-Fos expression in three regions
(PMC, vIPAG, and MPA) were decreased by treatment with
P, ginseng (200 mg/kg). These results suggest that P. ginseng
has an inhibitory effect on the symptoms of BPH and is as-
sociated with regulation of c-Fos expression in the brain in a
testosterone induced BPH rat model.
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Introduction
The pathological causes of benign prostatic hyperplasia
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(BPH) include inflammatory and cellular proliferative
factors. Such signals may lead to hyperplasia of the stro-
mal and glandular tissues in the prostate gland [1-3]. The
prostate is located around the male urethra and beneath
the urinary bladder, therefore enlargement of the prostate
may cause obstructive symptoms in urinations, termed
lower urinary tract symptoms (LUTS), which are includ-
ing frequency, urgency, nocturia, voiding difficulty, and
dribbling [4]. However, the prostate is a male specific or-
gan, and its growth is affected by androgenic hormones,
such as testosterone and dihydrotestosterone [5-7], and
therefore, BPH and LUTS are common diseases that oc-
cur after middle-age [4].

Androgen-induced increased signal may include the c-
Fos [7-9]. Androgen may not directly induce c-Fos [7],
however, androgen receptor may regulate epidermal
growth factor (EGF) or insulin like growth factor 1 (IGF-
I) [10-12], which is closely related to c-Fos signal [13,
14]. The c-Fos may act as a regulator of cell proliferation,
differentiation, and transformation [15-17].

Moreover, c-Fos play a role in controlling neuronal ac-
tivity and survival. Interestingly, it has been suggested
that neurological factors cause LUTS [18]. And micturi-
tion is under the influence of diverse neurological cir-
cuits, because brain, spinal cord, and peripheral nervous
system and their neurotransmitters are involved in de-
velopment of urinatary control [19]. There are evidences
suggesting that c-fos is related to the control of micturi-
tion [20, 21]. A previous study reported that c-Fos ex-
pression is related to bladder reflex micturition [22].

Urinary center of central nervous system includes
pontine micturition center (PMC), periaqueductal gray
(PAG), and medial preopticnucleus (MPA) [19, 23, 24].
The c-Fos expression has been used as a marker of neuro-
nal activity [25], and c-Fos expression changes in stress
urinary incontinence has been reported [26]. These previ-
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ous studies suggest that LUTS may affect the expression
of c-Fos [26].

A previous study showed that the Panax ginseng C.A.
Mayer (P. ginseng) has a protective effect on enlargement
of the prostate in testosterone induced BPH rat model
[27]. However, PMC, vIPAG, and MPA regions in brain
were not investigated. Therefore, this study investigated
the effects of P. ginseng on c-Fos expression in the brain
in testosterone induced BPH rat model.

Materials and Methods

Preparation of the P. ginseng

P, ginseng is a four year-old Korean ginseng. It was col-
lected from the Department of Medicinal Crop Research
(Eumsung-gun, Chungbuk, Korea) in September 2010.
To obtain the water extract of ginseng, 100 g of ginseng
root was added to 600 mL of distilled water, and the mix-
ture was extracted by heating at 95°C. It was then filtered
through a muslin cloth and lyophilized. The resulting
powder (yield 32 g) was dissolved in distilled water and
sterilized by passing through a 0.22 uM filter sequentially
[27, 28].

Animals

In the present study, seven-week-old Wistar rats (Cen-
tral Lab Animal Inc, Korea) were used with an average
weight of 250 + 10 g. The animal room was maintained
at 22 + 2°C and relative humidity of 40~70%. Indoor
lighting consists of 12 periods of light and dark cycles.
All experiments were carried out in accordance with
procedures approved by the Animal Care Committee of
the Animal Center at Kyung Hee University and in ac-
cordance with guidelines of the Korean National Health
Institute of Health Animal Facility.

Induction of BPH and treatments

BPH was induced by subcutaneous injection of testos-
terone (20 mg/kg) for 4 weeks. Following sentinel re-
section, rats were divided into four groups (n = 6): (A)
control group; (B) BPH derived group subcutaneously
injected with testosterone; (C) P. ginseng group treated
with 200 mg/kg. (D) 1 mg/kg of the finasteride was orally
administered (Sigma-Aldrich, St Louis, MO, USA) as a
positive anti-BPH drug. All materials were administered
to the animals once a day for 4 weeks, and body weights
were measured weekly. After 4 weeks, all animals were
fasted overnight. Animals were sacrificed, and fresh
prostate was stored in formaldehyde solution for optical
microscopy. The remaining prostate was stored at -70°C
for later analysis.

Immunohistochemistry
Immunostaining was performed with 35 uM sections

of brain tissues. Peroxidase activity quenching was per-
formed with 3% H,O, in PBS for 10 min. The sections
were then washed with water and pre-blocked with nor-
mal goat or rabbit serum for at least 1 hour. In the pri-
mary antibody reaction step, slides were diluted 1: 200
overnight at 4°C and incubated with anti-c-Fos (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA). The
sections were then incubated with biotinylated secondary
antibody (1: 1000) for 1 hour. After the wash step with
PBS, streptavidin-HRP was applied. Finally, the sections
were rinsed with PBS and developed with a diaminoben-
zide dehydrochloride (DAB) substrate for 10 minutes. At
least three random fields per section were checked at X
100.

Statistical Analyses

All values were presented as mean = S.E. Significant dif-
ferences among groups were statistically analyzed using
one-way analysis of variance (ANOVA) and non-para-
metric post Tukey test. All p values were double-tailed,
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Fig. 1. Effect of P. ginseng on c-Fos expressions in MPA region
after the induction of BPH. Upper: Photomicrographs of c-Fos-
positive cells in the neuronal voiding centers. The sections
were stained for c-Fos immunoreactivity (brown). The scale bar
represents 150 pM. (A) Control group, (B) BPH-induced group,
(C) BPH-induced and P. ginseng-treated group, (D) BPH-induced
and finasteride-treated group. Lower: Number of c-Fos-positive
cells in each group. *represents P<0.05 compared to the control
group. #represents P<0.05 compared to the BPH-induced group.
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and significance was set at P<0.05. All statistical analysis
was performed using SPSS for Windows.

Results

Fig 1, 2, and 3 showed photomicrographs of c-Fos-pos-
itive cells in the neuronal voiding centers of the brain
(MPA, vIPAG, and PMC). In the MPA region, the num-
ber of c-Fos-positive cells was 42.00 £ 3.38/section in the
control group, 101.16 + 7.29/section in the BPH-induced
group, 67.58 + 5.15/section in the BPH-induced and P,
ginseng-treated group, and 80.25 £ 6.18/section in the
BPH-induced and finasteride-treated group. In the vIPAG
region, the number of c-Fos-positive cells was 58.50 +
5.57/section in the control group, 135.16 = 6.22/section
in the BPH-induced group,87.66 + 3.47/section in the
BPH-induced and P, ginseng-treated group, and 102.00 +
8.78/section in the BPH-induced and finasteride-treated

group.
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Fig. 2. Effect of P ginseng on c-Fos expressions in VIPAG
region after the induction of BPH. Upper: Photomicrographs of
c-Fos-positive cells in the neuronal voiding centers. The sections
were stained for c-Fos immunoreactivity (brown). The scale bar
represents 150 uM. (A) Control group, (B) BPH-induced group,
(C) BPH-induced and P. ginseng-treated group, (D) BPH-induced
and finasteride-treated group. Lower: Number of c-Fos-positive
cells in each group. *represents P<(0.05 compared to the control
group. #represents P<(0.05 compared to the BPH-induced group.

In the PMC region, the number of c-Fos-positive cells
was 35.66 + 3.82/section in the control group, 82.33 +
4.69/section in the BPH-induced group, 66.00 + 5.11/
section in the BPH-induced and P. ginseng-treated group,
and 68.50 + 4.78/section in the BPH-induced and finas-
teride-treated group.

In summary, the c-Fos expression in the neuronal void-
ing centers (MPA, vIPAG, and PMC) was increased by
the induction of BPH (P<0.05) and P. ginseng treatment
significantly decreased the BPH-induced c-Fos expres-
sion in the neuronal voiding centers (MPA, VIPAG, and
PMC) (P<0.05).

Discussion

The results of this study showed that c-Fos expression in
PMC, MPA, and vIPAG regions of brain was increased in
the BPH group compared to those of the normal group,
whereas the increased c-Fos expression in PMC, MPA,
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Fig. 3. Effect of P. ginseng on c-Fos expressions in PMC region
after the induction of BPH. Upper: Photomicrographs of c-Fos-
positive cells in the neuronal voiding centers. The sections
were stained for c-Fos immunoreactivity (brown). The scale bar
represents 150 uM. (A) Control group, (B) BPH-induced group,
(C) BPH-induced and P. ginseng-treated group, (D) BPH-induced
and finasteride-treated group. Lower: Number of c-Fos-positive
cells in each group. *represents P<(0.05 compared to the control
group. #represents P<0.05 compared to the BPH-induced group.
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and vIPAG was significantly attenuated in finasteride-
treated. In P. ginseng-treated group, the c-Fos expression
was statistically significantly decreased similarly to the
group treated with the positive drug.

In recent study [27] of P. ginseng, they showed that ad-
ministration of P. ginseng in the testosterone induced
BPH rat model significantly prevent prostate enlarge-
ment. Their observation in the study revealed that de-
creased expression of alpha-1D adrenergic receptor
(Adrald), EGFR, and BCL2 correlate with the protective
effect of P. ginseng [27]. In addition to previous study,
results of this study suggest biologic evidences that P.
ginseng may have a protective effect on development
of LUTS, therefore supporting the claim that P. ginseng
helps ameliorate BPH symptoms.

The correlation of c-Fos expression and neuronal acti-
vation of central micturition centers in LUTS rat model
was reported by Cho et al [29]. They reported that altered
c-Fos expression is associated with neurogenic lower
urinary tract dysfunction caused by intracerebral hemor-
rhage. Additionally, another study by Chung et al. [20]
showed that c-Fos expressions in PMC, vIPAG, and MPA
were correlated with stress urinary incontinence.

These evidences are related to bladder activity and c-Fos
in brain [19, 22-25], however, they may partially support
our result, because LUTS in BPH are caused by bladder
outlet obstruction [30], and bladder obstruction is related
to spinal cord c-Fos expression [31]. It may suggest that
c-Fos is related to stress in bladder, which also occurs in
LUTS due to BPH.

Moreover, overactive bladder is associated with BPH in
approximately 40-75% of cases [32]. It is a very com-
mon symptom, and these two conditions share common
bladder storage problems [33, 34]. Thus, these previous
reports also support our observation that attenuated ex-
pression of c-Fos in P. ginseng treated BPH group may
represent the decreased severity of LUTS in rats with
BPH.

In summary, P. ginseng, which has a protective effect
against BPH, may also have protective effect against
LUTS, because c-Fos expression was increased in mic-
turition centers of rats with BPH, and P. ginseng sig-
nificantly decreased the c-Fos expression. Therefore, the
present study suggests that P. ginseng could be used as an
effective treatment for BPH.
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Adverse effects of farnesyltransferase inhibitors on insulin actions

Sun-Ju Yi', Byung Hak Jhun, Kyunghwan Kim"™

'School of Biological Sciences, College of Natural Sciences, Chungbuk National University, Cheongju 28644, Korea
’Department of Cogno-Mechatronics Engineering, Pusan National University, Busan 46241, Korea

Ras activates a series of downstream effectors, in-
cluding the mitogen-activated protein kinase pathway
and the Rac/Rho pathway after insulin stimulation.
Mutations in Ras are found in approximately 30% of
all human cancers and are critical factors in tumor
initiation and maintenance. There are four Ras pro-
teins with 80-90% amino acid sequence homology with
major differences in the carboxyl termini. Ras pro-
teins undergo farnesylation on their carboxyl termini
catalyzed by the enzyme protein farnesyltransferase
(FTase), which facilitates localization of Ras proteins
to the inner surface of the plasma membrane. Because
inhibition of FTase would prevent Ras from process-
ing into its active form, FTase is viewed as a potential
therapeutic target. A variety of FTase inhibitors have
showed great potency against tumor cells in preclinical
studies. Although many farnesyltransferase inhibi-
tors have been developed, their adverse effects on the
mitogenic and metabolic actions of insulin are not
completely understood. Here we show that YH3096, a
farnesyltransferase inhibitor, inhibits insulin-mediated
DNA synthesis in HIRc-B cells without affecting c-Jun
expression and membrane ruffling in HIRc-B cells.
Moreover, YH3096 and its derivatives did not affect
insulin-induced glucose uptake in 3T3-L1 adipocytes.
Our results provide a laboratory evaluation of the ef-
fects of Ras inhibitors on insulin functions.

Key words: Ras, farnesyltransferase inhibitor, YH3096,
insulin, DNA synthesis

Introduction
Mutations in Ras were the first specific genetic altera-

*Corresponding author: Kyunghwan Kim

tions identified in human cancer [1]. Intensive studies
have reported that gain-of-function mutations in Ras are
found in approximately 30% of all human cancers. Ras
proteins are critical regulators that link diverse extra-
cellular stimuli, including peptide growth factors, cyto-
kines, and hormones, with a diverse range of biological
responses [2, 3]. Ras proteins cycle between guanosine-
5'-triphosphate (GTP)-bound active forms and guano-
sine diphosphate-bound inactive forms. This exchange
is mediated by guanine nucleotide exchange factors or
GTPase-activating proteins (GAPs) [4]. Ninety-eight
percent of Ras mutations occur at one of the amino acid
residues G12, G13, or Q61. The single amino acid sub-
stitution at 12, 13, or 61 creates mutant proteins that are
insensitive to GAP action [5], resulting in uncontrolled
cell proliferation.

The four Ras proteins—H-Ras, N-Ras, K-Ras 4A, and
K-Ras 4B—are localized to the cytoplasmic face of the
plasma membrane through a series of posttranslational
processing [6]. Farnesyl transferase catalyzes the addi-
tion of a C15 farnesyl isoprenoid lipid onto cysteine in
the Ras C-terminal CAAX motif (where C is cysteine,
A is an aliphatic compound, and X is typically methio-
nine or serine). Inhibition of farnesylation using farnesyl
transferase inhibitors (FTIs) disrupts the association with
the Ras membrane and aberrant Ras activity to transform
the cells [7, 8]. Although FTIs have been developed to
inhibit oncogenic Ras-transformed cells and suppress
the growth of carcinoma xenografts, their cytotoxicity
against normal cells has been controversial. For example,
manumycin, an analog of farnesyl diphosphate, inhibits
the proliferation of Chinese hamster ovary (CHO) cells
that express insulin receptors [9]. By contrast, James et
al. (1994) demonstrated that BZA-5B, another FTI, ap-

School of Biological Sciences, College of Natural Sciences, Chungbuk National University, Cheongju 28644, Korea
Tel: +82-43-261-2292, Fax: +82-43-260-2298, E-mail: kyungkim@cbnu.ac.kr

Byung Hak Jhun

Department of Cogno-Mechatronics Engineering, Pusan National University, Busan 46241, Korea
Tel: +82-55-350-5291, Fax: +82-55-350-5653, E-mail: bjhun@pusan.ac.kr



114 Sun-Ju Yi et al.

pears to be relatively nontoxic because it does not in-
hibit the proliferation of untransformed cells [10]. These
results are explained by a bypass mechanism through
which K-Ras and N-Ras can act as a substrate for ge-
ranylgeranyl transferase-1 in the presence of FTIs [11].

Insulin controls many aspects of metabolism, growth,
and survival. The major insulin signaling pathways regu-
late metabolism and gene expression, with central roles
for phosphatidylinositol 3-kinase/protein kinase B and
Ras/Raf/MEK [12-15]. Ras protein plays a central role
in the insulin and insulin-like growth factor-1 signaling
pathways and is required for gene expression and DNA
synthesis [16]. Recently, we found that lonafarnib par-
tially inhibits DNA synthesis stimulated by insulin, but
not glucose uptake in 3T3-L1 adipocytes [17]. On the
contrary, manumycin suppresses the antiapoptotic action
of insulin in untransformed CHO cells [9]; therefore, it is
important to determine whether FTIs affect normal cel-
lular functions, such as insulin actions.

In this study, we investigated the effects of farnesyl
transferase inhibitor YH3096 and its derivatives YH3938
and YH3945 on the mitogenic and metabolic actions of
insulin. We demonstrated that YH3096 blocked farnesyl-
ation of H-Ras but did not affect processing of K-Ras and
N-Ras. YH3096 inhibited insulin-mediated DNA syn-
thesis but did not affect c-Jun expression or membrane
ruffling induced by insulin. In addition, YH3096 and its
derivatives did not block insulin-induced glucose uptake.

Materials and Methods

Materials

The farnesyl transferase inhibitors —YH3096, YH3938
and YH3945—were kindly provided by Yuhan Corpora-
tion (Seoul, South Korea). Cys-Ile-Ile-Met motif was uti-
lized as a template peptide for synthesis of YH3096 and
its derivatives [ 18]. Pan-Ras monoclonal antibodies were
purchased from Merck Millipore (Billerica, USA) and
anti-H-Ras antibody and anti-c-Jun antibody were from
BD biosciences (San Diego, USA). Methyl-[*H]-thymi-
dine, and 2-deoxy-D-1-[*H] glucose were obtained from
GE healthcare (Pittsburg, USA). TRITC-conjugated
phalloidin was purchased from Jackson Immunoresearch
Laboratories (West Grove, USA). All culture media were
from Gibco (Waltham, USA). All other reagents were
purchased from Sigma (St. Louis, USA).

Cell culture

HIRc-B cells, which are rat-1 fibroblasts overexpress-
ing the human insulin receptors, were maintained as pre-
viously described [16]. To investigate insulin actions,
HIRc-B cells were starved in DMEM supplemented with
4 mM L-glutamine and 100 unit/mL penicillin-100 pg/

mL streptomycin for 24 h. 3T3-L1 preadipocytes were
maintained as fibroblasts and differentiated as described
[19].

Immunoblot analysis

HIRc-B cells were grown in 12-well plates and treat-
ed with the indicated doses of YH3096 for 24 h. Cells
were washed and lysed, and cell lysates were analyzed
on 12.5% SDS-PAGE followed by immunoblotting with
anti-Ras antibodies.

DNA synthesis

HIRc-B cells were grown in 24-well plates and serum-
starved in the presence of dimethyl sulfoxide (DMSO) or
0.1, 0.5, 1 uM YH3096 for 24 h. Then cells were stimu-
lated with insulin of the indicated concentrations for 16
h and then pulsed with [*H]-thymidine, 0.5 pCi/mL, for
4 h at 37°C. The cells were washed, and the incorporated
thymidine was counted [20].

Membrane ruffling and c-Jun expression

To investigate the effect of YH3096 on membrane ruf-
fling [16], HIRc-B cells were grown on 12-mm glass
coverslips and incubated with serum-free DMEM in the
presence of YH3096 (0.5 or 1 uM) for 24 h. Then cells
were stimulated with insulin (100 ng/mL) for 10 min.
The cells were fixed, permeabilized, and incubated with
TRITC-conjugated phalloidin (0.1 mg/mL) for 1 h. Re-
sults were analyzed on the fluorescence microscopy. The
results represent the mean of at least three independent
experiments in which at least 300 cells were counted.
HIRc-B cells were grown on 12-well plates, and the me-
dium was replaced with serum-free DMEM in the pres-
ence of YH3096 for 24 h. Then cells were stimulated
with insulin (100 ng/mL) for 4 h and immunoblotted with
anti-c-Jun antibody.

2-Deoxyglucose uptake in 3T3-L1 adipocytes

The differentiated 3T3-L1 adipocytes were incubated
with the indicated doses of YH3096 for 4 d, and then glu-
cose uptake was examined as previously reported [19].

Results and Discussion

Inhibitory effect of YH3096 on prenylation of Ras
in HIRc-B cells

The farnesyl transferase inhibitors —YH3096, YH3938
and YH3945—are developed by Yuhan Corporation
(Seoul, South Korea) by utilizing Ras CAAX motif as
a template peptide [18]. It was shown that YH3096 and
its derivatives blocked the cell growth by inhibiting
FTase, leading to G2/M enrichment in human tumor cells
harboring ras mutation [18]. To examine the effects of
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YH3096 on insulin actions, we used insulin-responsive
HIRc-B cells derived from normal rat-1 fibroblasts and
engineered to express 100,000 human insulin receptors
per cell [21]. Because all four Ras proteins are expressed
in HIRc-B cells and well-known substrates for FTase, we
first attempted to check the effect of YH3096 on Ras pre-
nylation in HIRc-B cells. To do this, HIRc-B cells were
treated with the indicated amounts of YH3096 for 24 h.
Because a prenylated Ras protein migrates faster on so-
dium dodecyl sulfate polyacrylamide gel electrophoresis
than its unprenylated counterpart, we performed an im-
munoblot using antibodies against pan-Ras and H-Ras to
differentiate the prenylated Ras protein from the unpre-
nylated form. As shown in Fig. 1, immunoblot analysis
with anti-Pan-Ras antibody showed that the endogenous
H-, K-, and N-Ras proteins in DMSO-treated HIRc-B
cells are normally prenylated. In contrast, treatment with
1.0 pM YH3096 rendered approximately 30% of endog-

YH3096 (M) 0 0001 001 01 10

/Unprenylated Ras
Blot: Pan-Ras s s Sl s S8 — Prenylated Ras

«Unprenylated Ras

Blot: H-Ras “~ Prenylated Ras

- ,__,-"Mww

Fig. 1. Effect of YH3096 on prenylation of endogenous Ras in
HIRc-B cells. HIRc-B cells were grown in 12-well plates and
treated with the indicated concentration of YH3096 for 24 h. Cells
were lysed with RIPA buffer, and total cell lysates were subjected
to SDS-PAGE followed by immunoblotting with anti-Pan Ras
antibody and anti-H-Ras antibody.

-~
100000{_g- .1
8oooo{ O 05
o 1

[3H]Thymidine Incorporation

T T T 1
0.1 1 10 100 1000
Insulin (ng/ml)

Fig. 2. Effect of YH3096 on DNA synthesis induced by insulin.
HIRc-B cells were grown in 24-well plates and starved with serum-
free DMEM in the presence or absence of YH3096 (0.1, 0.5, and
1.0 uM) for 24 h.The cells were then stimulated with the indicated
concentration of insulin for 16 h. [*H]-thymidine (0.5 pCi/mL)
was added to each well, and the cells were further incubated for
4 h. Cells were washed, lysed, and subjected to liquid scintillation
counting. The data represent mean = SD of three independent
observations.

enous Ras unprenylated. Subsequently, an immunoblot
using H-Ras antibody revealed that >95.0% H-Ras was
unprenylated by 1.0 uM of YH3096. Consistent with
previous reports [8], our results demonstrated that pre-
nylation of exclusively farnesylated H-Ras is completely
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Fig. 3. Effect of YH3096 on insulin-induced membrane ruffling
and c-Jun expression. (A) Serum-starved HIRc-Bcells were grown
on 12-mm glass coverslips and stimulated with or without insulin
(100 ng/mL) for 10 min. Cells were fixed and immunostained.
(B) HIRc-Beells as in (A) were incubated in serum-free DMEM
containing 0, 0.5 or 1 uM of YH3096 for 24 h. Then cells were
stimulated with insulin (100 ng/mL) for 10 min. Cells were fixed
and immunostained. Results are expressed as the percent of total
cells. Bars, the mean + SD of three independent experiments. (C)
HIRc-B cells were serum-starved for 24 h in serum-free DMEM
containing 1 uM of YH3096 and then stimulated with insulin
(100 ng/mL) for 4 h. Whole cell lysates were subjected to 10%
SDS-PAGE followed by immunoblotting with anti-c-Jun antibody
(upper panel). Data were quantitated by using Imagel software,
and the relative band intensity of three independent experiments
are presented as mean + SD (lower panel). Values from cells in the
absence of YH3096 and insulin treatment (Basal 0 h) are set to 1.
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inhibited by YH3096, but that K-Ras and N-Ras become
alternatively genranylgeranylated in the presence of
YH3096.

Effect of YH3096 on insulin-induced DNA synthe-
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Fig. 4. Effects of YH3096 and its derivatives on insulin-induced
2-Deoxyglucose uptake. 3T3-L1 preadipocytes were differentiated
in 12-well plates for 7 d. More than 90% of the cells were fully
differentiated into adipocytes. The indicated concentration of
YH3096 (A), YH3938 (B), or YH3945 (C) was further treated for
4 d. Then 3T3-L1 adipocytes were starved for 4 h, stimulated with
insulin (100 ng/mL) for 15 min and incubated with [*H]-2-DOG
(0.2 uCi/mL) for 15 min. The incorporation of [*H]-2-DOG was
determined. Bars, mean + SD of three independent experiments.

Knowing that Ras protein is important for insulin-in-
duced DNA synthesis [16], we next investigated the ef-
fects of YH3096 on DNA synthesis after insulin stimu-
lation. HIRc-B cells were starved in the presence or
absence of 0.1, 0.5, or 1.0 uM YH3096 for 24 h. We then
measured the amount of radiolabeled thymidine incorpo-
rated into the DNA in response to the increasing concen-
trations of insulin. As shown in Fig. 2, insulin treatment
stimulates DNA synthesis up to fivefold in a dose-depen-
dent manner; however, treatment with YH3096 gradually
inhibits insulin-induced DNA synthesis. This result sug-
gests that farnesylation of Ras protein is largely impli-
cated in DNA synthesis, although geranylgeranylation
of K-Ras and N-Ras might compensate for the loss of
farnesylated Ras function to a lesser extent.

Effect of YH3096 on insulin-mediated membrane
ruffling, c-Jun expression, and glucose uptake

To determine whether YH3096 affects other insulin ac-
tions, including membrane ruffling, c-Jun expression,
and glucose uptake, serum-starved HIRc-B cells were
treated with 0.5 or 1.0 uM YH3096 for 24 h and then
stimulated with 100 ng/mL insulin. We first determined
the effect of YH3096 on insulin-mediated membrane ruf-
fling. Insulin stimulation of HIRc-B cells rapidly induced
membrane ruffling (Fig. 3A), but treatment with YH3096
had no effect on it (Fig. 3B). Similarly, YH3096 had no
effect on insulin-mediated c-Jun expression (Fig. 3C).

To determine whether YH3096 modulates insulin-me-
diated glucose uptake, differentiated 3T3-L1 adipocytes
were treated with either 0.5 or 1.0 uM YH3096 for 4 d
and subjected to an assay of 2-deoxyglucose uptake. As
shown in Fig. 4A, insulin similarly increases glucose up-
take in both DMSO- and YH3096-treated 3T3-L1 adi-
pocytes. In addition, YH3096 derivatives YH3938 and
YH3945 had no effect on insulin- induced 2-deoxyglu-
cose uptake by insulin (Figs. 4B and 4C).

Interestingly, insulin’s metabolic pathway, unlike the
mitogenic pathway, was not affected by YH3096. These
results indicate that geranylgeranylation of K-Ras and N-
Ras proteins is mainly involved in membrane ruffling,
c-Jun expression, and glucose uptake. It will be impor-
tant to elucidate the differential functions of farnesylated
and geranylgeranylated Ras. Our study demonstrates that
YH3096 has an inhibitory effect on insulin-induced DNA
synthesis by blocking Ras farnesylation.
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