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Abstract

This study is to investigate the effect of a Farnesyl Transferase Inhibitor (FTI) R115777 on apoptosis of
mouse insulinoma pancreatic β cells. MTT assay was used to investigate the proliferative inhibition of in
vitro cultured mouse insulinoma pancreatic β cell lines by a FTI R115777. The morphological changes of
the cells were observed using a fluorescence microscope by staining with Hoechst 33258 and propidium
iodide after the treatment with FTI R115777. The apoptosis rate of R115777-treated beta-TC-6 cells was
detected by flow cytometry. The expressions of caspase-3 and caspase-9 of the R115777-treated beta-
TC-6 cells were assayed by spectrophotometry. In addition, the sub-cellular distribution of cytochrome c
and the expressions of Bax and Bcl-2 proteins were detected by Western blot. After the treatment with
FTI R115777, the proliferation of the mouse insulinoma pancreatic β cell lines was significantly
inhibited. Significant apoptosis was observed in the treated beta-TC-6 cells. The effect of R115777 on the
apoptosis of beta-TC-6 cells showed time- and dose-dependent manners. The expressions of caspase-3,
caspase-9 and Bax in the R115777-treated beta-TC-6 cells increased, while the expression of Bcl-2
decreased. The sub-cellular distribution of cytochrome-c changed, with reduced cytochrome-c in
mitochondria and increased cytochrome-c in cytoplasm. FTI R115777 can inhibit the proliferation of
mouse insulinoma pancreatic β cell lines, and might induce cell apoptosis through the mitochondrion-
mediated pathway. R115777 could be further studied as a potential antitumor drug.
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Introduction
Farnesyltransferase Inhibitors (FTIs) are a group of tested
molecular targeted anticancer drugs, whose target molecule is
Ras protein [1,2]. Ras is an important molecule in cell
signaling pathway. It is modified by farnesyl after translation in
order to bind to cell membranes and exert the signal
transduction function [3]. Farnesylation refers to the transfer of
farnesyl to protein mediated by farnesyl transferase. FTIs can
inhibit the Ras-ERK/MAPK signaling pathway, and thus
inhibit the proliferation of tumor cells [4,5]. They have been
widely studied in the molecular targeted treatment of cancer,
and some FTIs have entered Phase I or Phase II clinical study
[6,7].

Insulinoma is derived from pancreatic tumor β-cells [8]. Tumor
cells in insulinoma continuously secrete insulin, which is not
regulated by blood glucose concentration, and thus causes
hypoglycemia. Secretion of a large amount of insulin can cause
severe clinical consequences [9]. Due to the small volume of
insulinoma, it is difficult to be located and removed by surgery.

Therefore, development of non-surgical treatment is necessary
[10-13].

In this study, the inhibitory effect of a farnesyl transferase
inhibitor R115777 on the proliferation of insulinoma β cell
lines and the potential mechanisms were investigated. It was
found that R115777 could inhibit insulinoma β cell
proliferation and induce cell apoptosis through the
mitochondrial pathway. The results suggest that R115777 may
be a potential antitumor drug for the treatment of insulinoma.

Materials and Methods

Reagents
Dulbecco's Modified Eagle's medium (DMEM) was purchased
from Gibco Co. Ltd. (NE, USA), and supplemented with 4 mM
L-glutamate, 4.5 g/L glucose and 1.5 g/L NaHCO3 prior to use.
Fetal Bovine Serum (FBS) was purchased from Hangzhou
Sijiqing Biological Engineering Materials Co., Ltd.
(Hangzhou, China), and inactivated in 56°C water bath for 30
min prior to use. Farnesyl Transferase Inhibitor (FTI)
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R115777, Thiazolylblue Tetrazolium Bromide (MTT),
Dimethyl Sulfoxide (DMSO), and Propidium Iodide (PI) were
all purchased from Sigma Co. (MO, USA). Caspase
colorimetric assay kits were purchased from Nanjing
Biological Technology Co., Ltd. (Nanjing, China). All
antibodies were purchased from Santa Cruz Biotechnology,
Inc. (TX, USA).

Cell culture
Beta-TC-6 mouse insulinoma pancreatic β cell line, MIN6
insulinoma cell line, and RIN-m5F mouse beta insulinoma cell
line were purchased from Shanghai cell bank of Chinese
Academy of Sciences (Shanghai, China). The cells were
cultured in DMEM medium containing 15% FBS, 100 U/ml
penicillin and 100 μg/ml streptomycin at 37°C under a
humidified atmosphere containing 5% CO2. The cells were
passaged every 2 to 3 d, and all experiments were performed
with cells at logarithmic growth phase.

MTT assay
The cells were seeded in 96-well plates at a concentration of 3
× 104 cells/well in DMEM medium containing 10% FBS.
Culture medium was used as blank control. When cells reached
80% confluency, various concentrations of FTI R115777 (0.5
μmol/L, 1.5 μmol/L, 2.5 μmol/L and 3.5 μmol/L) were added
to the wells. Six repeats were set for each concentration, and
culture medium was added to the cells as negative control.
After 24 h incubation, MTT (final concentration was 0.5%)
was added to each well and continued to culture for 4 h. The
culture medium was then discarded, 150 μL DMSO was added
to each well and the plate was gently shaken for 30 min. The
absorption at 490 nm (OD490) was measured using a
microplate reader (Bio-RadLaboratories, Inc., CA, USA). The
inhibition rate of cell proliferation was calculated using the
following formula: Inhibition rate=(Mean OD negative
control- Mean OD FTI)/Mean OD negative control. The
inhibitory effects of the three cell lines were compared by
calculating the IC50 values.

Fluorescence microscope
The beta-TC-6 cells were seeded on a cover glass in a 6-well
plate at a concentration of 6 × 105 cells/well. After 24 h of
incubation, various concentrations (final concentrations were
1.5 μmol/L, 2.5 μmol/L and 3.5 μmol/L) of FTI R115777 were
added to the wells, and culture medium was used as the
negative control. After another 48 h incubation, the cells were
stained with Hoechst 33258 and PI. The stained cells were
observed using a fluorescence microscope (Olympus Co.,
Japan). The staining and morphological changes of the nucleus
and chromatin condensation were observed. Five random
views were chosen for each staining and 400 cells were
counted in each view. The apoptotic cells were recorded, and
the apoptosis index was calculated using the following
formula: Apoptosis index=(Number of apoptosis cells/Total
number of cells) × 100%.

Flow cytometry
The beta-TC-6 cells were cultured in a 6-well plate. When the
confluency reached 80%, the FTI R115777 (final
concentrations were 1.5 μmol/L, 2.5 μmol/L and 3.5 μmol/L)
was added to each well and continued to incubate for 24 and 48
h. At each time point, 106 cells were collected and centrifuged
at 1200 r/min for 6 min. The medium was discarded and the
pellet was washed with 3 ml PBS once. After centrifugation,
pre-cooled 70% alcohol were added to the cells and fixed them
at 4°C for 1 h. After removing the fixative solution by
centrifugation, 3 ml PBS was added to re-suspend the cells.
After filtration through 400-mesh nylon net, the cells were
centrifuged at 1000 r/min for 3 min, and the supernatant was
discarded. Then, 1 ml PI was added to the cells and stained in
the dark at 4°C for 30 min. The cells were detected by a flow
cytometer (CyFlow® Cube, SysmexPartec GmbH, Am
Flugplatz 13, 02828 Gorlitz, Germany) at an excitation
wavelength 488 nm and an emission wavelength over 630 nm.
The average of three measurements was used to calculate cell
apoptosis rate.

Spectrophotometry
The beta-TC-6 cells were treated with 2.5 μmol/L FTI
R115777 for 24 h, and then collected and washed with PBS
three times. The cell suspension (2 × 106 cells/L) was treated
with pre-cooled lysis buffer in an ice bath for 30 min. During
the treatment, the suspension was gently shaken 3 times for 10
s each. Then the cell suspension was centrifuged under 4°C at
12000 rpm for 15 min, and the supernatant was transferred to a
new centrifuge tube. The activities of caspase-3 and caspase-9
were determined according to the instruction of the
colorimetric kit. The absorption at 490 nm (OD490) was
measured.

Western blot
Beta-TC-6 cells were treated with FTI R11577 (final
concentrations of 1.5 μmol/L, 2.5 μmol/L and 3.5 μmol/L) for
24 h and then collected to make single cell suspension. The
cells were washed with pre-cooled PBS 3 times and broken
with a homogenizer in an ice bath for 5 min. The solution was
centrifuged at 1500 r/min for 10 min. The supernatant was
collected and centrifuged at 10000 r/min for 30 min. At this
time, the supernatant was the cytoplasmic component free of
cell nuclei and mitochondria, and the precipitate was
mitochondria. The precipitate was re-suspended with
mitochondrial extraction buffer and vortexed for 10 s. The
protein content was determined by Coomassie blue. The
extracted proteins were separated by SDS-PAGE with a
loading of 40 μg protein. The proteins were then electronically
transferred onto a PVDF membrane and blocked with 5%
skimmed milk for 1 h. After washed with PBS 3 times, rabbit
anti-mouse anti-cytochrome c monoclonal antibody was added
and incubated at 4°C overnight. Then, the membrane was
washed with PBS for 3 times and incubated with HPR-labeled
goat anti-rabbit antibody for 1 h at room temperature. After
washing, coloring reagent was added to observe the bands.
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Mitochondrial protein Voltage-Dependent Anion Channels
(VDAC) and cytoplasmic protein β-actin were used as the
internal standards. The untreated beta-TC-6 cells were used as
the negative control.

To determine the expressions of Bax and Bcl-2, 2.5 μmol/
LR115777 treated beta-TC-6 cells were collected at 12, 24, 48
and 72 h. The total proteins were extracted after the cells were
lyzed by sonication. After determining the protein content by
Coomassie blue, the proteins were separated by SDS-PAGE.
The proteins were then electronically transferred onto a PVDF
membrane and blocked with 5% skimmed milk for 1 hour.
After washed 3 times, the membranes were incubated with
rabbit anti-mouse Bax and rabbit anti-mouse Bcl-2 antibodies,
respectively, at 4°C overnight. After washed for another 3
times, HPR-labeled goat anti-rabbit antibody was incubated for
1 h at room temperature. After washing, coloring reagent was
added to observe the bands. β-actin was used as the internal
standard, and the untreated beta-TC-6 cells were used as the
negative control.

Statistical analysis
The statistical analysis was performed with the statistical
software SPSS 17.0. The data was expressed as mean ±
Standard Deviation (SD). The t-test was used for comparisons
between two groups, while Analysis of Variance (ANOVA)
was used for comparison among multiple groups. A P<0.05
was considered as statistically significant.

Results

Effects of FTI R115777 on the proliferation of
insulinoma β cells
To determine the effect of FTI R115777 on the proliferation of
three insulinoma β cell lines (beta-TC-6, MIN6 and RIN-m5F),
MTT assay was performed. The results indicated that R115777
had obvious inhibition on the proliferation of these cells and
showed dose- and time-dependent manners (Table 1). And,
there was significant difference between treatment groups and
control group, between different doses, and between different
time points. The IC50 values of R115777 on these three cell
lines were calculated and showed no significant difference
(P>0.05) (Figure 1). These results indicate that R115777 is an
effective inhibitor on the proliferation of insulinoma β cells.

Effects of R115777 on the cell morphology and
apoptosis index
After treatment with R115777 for 48 h, the beta-TC-6 cells
were stained with Hoechst 33258 and PI. Under the
fluorescence microscope, it can be observed that cell nucleus
shrunk, with irregular shape and uneven dyeing, which are
typical morphological changes of apoptotic cells. On the
contrary, the cells in the control group had regular shapes and
large round nuclear (Figure 2). The apoptosis index was
calculated. As shown in Table 2, the apoptosis index in
R115777 group at each time point was significantly higher than

that in the control group (P<0.05). These results indicate that
R115777 can induce apoptosis of beta-TC-6 cells.

Figure 1. Comparison of the proliferation inhibitory effects of
R115777 on three cell lines as measure with IC50. beta-TC-6: mouse
insulinoma beta-TC-6 cells, MIN6: MIN6 insulinoma cells, RIN-m5F:
RIN-m5F mouse beta insulinoma cells. P>0.05.

Figure 2. Morphological changes of R115777-treated beta-TC-6
cells. The mouse insulinoma pancreatic β cells beta-TC-6 were either
untreated or treated with the 2.5 μmol/L FTI R115777 for 48 h and
stained with Hochest33528 or propidium iodide. The cell morphology
was observed under a fluorescence microscope. The morphological
changes of apoptosis were observed.

R115777 induces beta-TC-6 cell apoptosis
After treating the cells with different concentrations (1.5
μmol/L, 2.5 μmol/L and 3.5 μmol/L) of FTI R115777 for
different time (24 h, 48 h and 72 h), the cells were stained with
PI and analysed using a flow cytometer. The results found that
there was significant difference between the FTI R115777
treated groups and the control group (P<0.01). The cell
apoptosis rate increased with the drug concentration and
treatment time, and there were statistical significance (P<0.05)
(Table 3). These results indicate that R115777 increases the
apoptosis rate of beta-TC-6 cells in a concentration and time
dependent manner.
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R115777 effect on the distribution of cytochrome c in
the beta-TC-6 cells
To determine if R115777 induces cell apoptosis by enhancing
the permeability of mitochondrial membrane and the release of
cytochrome c, Western blot was performed. As shown in
Figures 3A and 3B, there was cytochrome c in the
mitochondria of the control group, while it was barely detected
in the cytoplasm. After treatment with 2.5 μmol/L R115777 for
24 h, the level of cytochrome c in the mitochondria declined
and showed significantly difference from the control group. On
the contrary, the cytochrome c level in the cytosol significantly
increased. These results indicate that R115777 may induce the
release of cytochrome c from mitochondria to promote cell
apoptosis.

Figure 3. The sub-cellular distribution of cytochrome c in R115777-
treated beta-TC-6 cells. After treated with 2.5 μmol/L FTI R115777
for 24 h, the beta-TC-6 cells were lyzed and the cytochrome c in
cytoplasm and mitochondria were detected by Western blot.
Mitochondrial protein Voltage-Dependent Anion Channels (VDAC)
and cytoplasmic protein β-actin were used as the internal controls.
(A) Representative Western blot results. (B) Quantitative Western blot
results. Compared with control, *P<0.05.

R115777 effect on the expressions of caspase-3 and
caspase-9 in the beta-TC-6 cells
To determine the expressions of caspase-3 and caspase-9 in the
R115777-treated beta-TC-6 cells, the cells were lysed and the
enzyme activities were tested by spectrophotometry. After
treatment with 2.5 μmol/L R115777, the expression of
caspase-3 in the drug-treated cells was about 2.35 folds of that
in the control group, and the expression of caspase-9 in the
drug-treated cells was about 1.57 folds of that in the control

group (P<0.05) (Figure 4). These results indicate that
caspase-3 and caspase-9 are activated after the beta-TC-6 cells
were treated with R115777.

Figure 4. The expressions of (A) caspase-3 and (B) caspase-9 in 2.5
μmol/L R115777-treated beta-TC-6 cells. After treated with 2.5μmol/L
FTI R115777 for 24 h, the beta-TC-6 cells were lyzed and the
activities of caspase-3 and caspase-9 were determined using
colorimetric kits. Obvious increase of the activities of caspase-3 and
caspase-9 were found after treatment with R115777. *P<0.01 vs.
blank; **P<0.01 vs. control.

Figure 5. The expressions of Bax and Bcl-2 in the beta-TC-6 cells
after treatment with R115777. After treatment with FTI R115777, the
cells were lyzed and the expressions of Bax and Bcl-2 proteins were
determined by Western blot. β-actin was used as the internal control.
(A) Representative Western blot results. (B) Quantitative Western blot
results. Compared with 0 h, *P<0.05. Compared with 24 h, #P<0.05.
Compared with 48 h, &P<0.05.

R115777 effect on the expressions of Bax and Bcl-2 in
the beta-TC-6 cells
To determine the expression levels of Bax and Bcl-2, Western
blot was performed. After treatment with 2.5 μmol/L R115777
for different time, the expression of Bax protein increased
compared to the control group, while the expression of Bcl-2
decreased (Figures 5A and 5B). Both Bax and Bcl-2
expressions showed obvious time-dependent changes. These
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results indicate that R115777 may increase Bax expression and
decrease Bcl-2 expression to promote cell apoptosis.

Table 1. The inhibitory rates of farnesyl transferase inhibitor R115777 on mouse insulinoma cell lines beta-TC-6, MIN6 and RIN-m5F.

Group Concentration (μmol/L) beta-TC-6 MIN6 RIN-m5F

24 h 48 h 24 h 48 h 24 h 48 h

Control (n=6) 0 0 0 0 0 0 0

R115777 0.5 0.192a 0.248a,c 0.211a 0.252a,c 0.219a 0.256a,c

1.5 0.486a,b 0.510a,b,c 0.453a,b 0.494a,b,c 0.472a,b 0.513a,b,c

2.5 0.567a,b 0.632a,b,c 0.547a,b 0.596a,b,c 0.569a,b 0.643a,b,c

3.5 0.663a,b 0.726a,b,c 0.652a,b 0.699a,b,c 0.651a,b 0.702a,b,c

Note: aCompared to the control, P<0.01; bCompared to the previous concentration, P<0.01; cComparison to 24 h, P<0.05.

Table 2. The apoptosis index of beta-TC-6 treated with R115777
determined using a fluorescence microscope.

Group Conc. (μmol/L) Apoptosis index (%)

24 h 48 h 72 h

Control group 0 1.93 ± 1.04 2.36 ± 1.72 2.79 ± 2.13

R115777 group
(n=5)

1.5 4.73 ± 2.15a 5.18 ± 2.02a 7.53 ± 2.20b

2.5 7.20 ± 2.44b 7.98 ± 2.35b 9.76 ± 2.47b

3.5 9.54 ± 2.62b 10.18 ± 2.77b 10. 47 ± 2.39b

Note: aCompared to the control group, P<0.05; bCompared to the previous
concentration, P<0.05.

Table 3. The apoptosis rate of beta-TC-6 treated with R115777 determined by flow cytometry.

Group Concentration (μmol/L) Apoptosis rate (%)

24 h 48 h 72 h

Control group 0 3.52 ± 1.43 4.07 ± 1.52 4.36 ± 1.70

(n=3)     

R115777 group (n=3) 1.5 6.79 ± 1.53c 9.83 ± 1.97b,c 11.49 ± 2.06b,c

2.5 13.37 ± 2.17a,c 15.86 ± 2.38a,b,c 16.35 ± 3.02a,b,c

3.5 15.66 ± 2.39a,c 17.57 ± 2.78a,b,c 19.63 ± 3.11a,b,c

Note: aCompared to the previous concentration, P<0.05; bCompared to the previous time point, P<0.05; cComparison between the R115777 and control groups, P<0.01.

Discussion
Insulinoma, also known as islet β-cell tumor, is one of the most
common islet tumors, accounting for 70-75% of islet cell
tumors [8]. Insulinoma is characterized by recurrent fasting
hypoglycemia, which is a common cause of organic
hypoglycemia [9]. About 83% of insulinoma is benign
pancreatic β cell tumor, about 7% is β-cell hyperplasia, and
less than 10% is malignant. Approximately 91.4% of
insulinoma is solitary. The tumor is generally small and 82% of
them have a tumor diameter of 1-2.5 cm [11,12]. Although the
tumor is small, the unregulated insulin secretion can cause
severe clinical consequences, such as hypoglycemia [9].
Insulin is secreted by islet β cells via “membrane fusion” and
“kiss-and-run” modes [14,15]. Under normal circumstances,
insulin secretion is regulated by negative feedback of blood
glucose concentration. When blood glucose level decreases,
the secretion of insulin is inhibited. When blood glucose

concentration declines to 1.94 mmol/L, the secretion of insulin
almost completely stops. However, in insulinoma, such
physiological feedback mechanism is completely lost. The
tumor cells continuously secrete insulin and are not regulated
by blood glucose concentration, resulting in hypoglycemia
[16]. The metabolic activity of human brain cells only relies on
glucose, but not glycogen, to provide energy, therefore,
repeated hypoglycemia can cause serious damage to the central
nervous system. Since insulinoma generally has a small tumor
volume, it is difficult for clinical diagnosis, which further leads
to the difficulties of surgical resection. Therefore, it is
necessary to develop non-surgical method for the treatment of
insulinoma [10-13].

FTIs are a kind of anticancer reagents targeting tumor cell
signal transduction pathways [17,18]. They can inhibit the
farnesylation of many proteins including Ras to exert the
antitumor effect [1]. Several FTIs are under investigation or
development, of which R115777 (Zarnestra, Tipifarnib) has
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received more attention [19-21]. A few FTIs including
R115777 have entered clinical study (phases I-III) with certain
positive results in the treatment of leukemia and breast cancer,
and some of them are used in combination with other
therapeutic agents [22-28]. R115777 has been shown to inhibit
farnesyl transferase and therefore the kappa B-Ras peptide. It
has also been shown to increase apoptosis in some cancerous
cell lines [29,30].

Cell apoptosis is gene regulated programmed cell death. The
execution of cell apoptosis mainly depends on the activation of
caspase-3 and hydrolysis activation of a variety of proteases
and nucleases, while the initiation and regulation of cell
apoptosis are regulated by many factors, including Bak, Bax
and Bcl-2 in the Bcl-2 family, caspase-8 and caspase-9 in the
caspase family and survivin in the apoptosis inhibitor family
[31,32].

The initiation of cell apoptosis has two pathways, the intrinsic
and extrinsic pathways. The intrinsic apoptosis pathway is also
called mitochondrial pathway or cytochrome c mediated
pathway. Many studies have demonstrated that mitochondria
play important roles in cell apoptosis [33,34]. Although there is
no obvious morphological change for mitochondria, some
channels on mitochondrial membranes are open during the
process of cell apoptosis. Hence, cytochrome c and SMAC
(second mitochondria-derived activator of caspases) in
mitochondria will enter cytoplasm during apoptosis. The key
step of cell apoptosis is the release of cytochrome c, which can
bind to Apoptotic Protease Activating Factor-1 (Apaf-1) in
cytosol in the presence of dATP to make it form multimers.
The multimer then binds to caspase-9 to activate it and further
activate other caspases like caspase-3 to induce cell apoptosis.
In addition, mitochondria can release Apoptosis Inducing
Factors (AIFs), which are involved in the activation of
caspases [35,36]. Thus, the respective components of apoptotic
bodies present in different parts of normal cells. Pro-apoptotic
factors can induce the release of cytochrome c and formation
of apoptotic bodies. Obviously, the key question for the
molecular mechanism of apoptosis is the regulation of
cytochrome c release from mitochondria. Most apoptosis-
stimulating factors activate cell apoptosis through
mitochondria. Some researchers believe that receptor-mediated
apoptotic pathway also causes cytochrome c release from
mitochondria. For example, in Fas-responsive cells, type 1
cells containing enough caspase-8 can be activated by death
receptors and lead to cell apoptosis. In this type of cells, the
highly expressed Bcl-2 cannot inhibit Fas-induced cell
apoptosis. In type 2 cells like hepatocytes, Fas receptor
mediated caspase-8 activation cannot reach high levels.
Therefore, the cell apoptosis signal needs the mitochondrial
pathway to enlarge. Bid, a Bcl-2 family protein containing only
BH3 domain, is a messenger that can pass apoptotic signal
from caspase-8 to mitochondria [37-39].

In this study, it was found that R115777 could obviously
inhibit the proliferation and induce apoptosis of beta-TC-6. Its
inhibitory effects among three mouse β cell lines did not show
significant differences. The expressions of caspase-3,

caspase-9 and Bax in the R115777-treated beta-TC-6 cells
enhanced, while that of Bcl-2 reduced. Cytochrome c was
released from mitochondria to cytoplasm, suggesting the pro-
apoptotic mechanism of R115777 may be intrinsic or
mitochondrial pathway. Therefore, FTI R115777 may be used
as a potential molecular targeted antitumor drug targeting
tumor cell signal transduction pathway.

When using drugs to induce cell death, it must be taken into
consideration about the possibility that the sudden death of a
large amount of insulinoma cells in a patient might release too
much insulin and cause fatal hypoglycemia [40-46]. However,
this may not be a problem for R115777 therapy because it
induces tumor cell apoptosis and the apoptotic cells or
apoptotic bodies are engulfed by macrophages through
phagocytosis and the insulin inside the dead cells/bodies will
most possibly be degraded by the lysosomal enzymes of the
macrophages [47-50]. In addition, if the drug could be used
clinically, the patients should be administered with glucose or
other medications to prevent any possible hypoglycemia.
Moreover, animal experiments and clinical trials will be
performed to ensure the safety of R115777 in the treatment of
insulinoma [51].
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