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Gemcitabine combined with gum mastic causes
potent growth inhibition and apoptosis of pancreatic
cancer cells
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Aim: To investigate the antiproliferative and apoptotic effects of gemcitabine combined with gum mastic and the underlying mechanisms in human pancreatic cancer cell lines.
Methods: Cell proliferation and apoptosis were examined using the methyl thiazolyl tetrazolium (MTT) assay and propidium iodine staining, respectively. The expression of Bcl-2, Bax, NF-κB p65 subunit, and IκBα protein was measured using Western blotting.
Results: Gemcitabine 0.01−100 µg/mL inhibited cell proliferation and induced apoptosis in both pancreatic cancer BxPC-3 and COLO
357 cells. Gum mastic 40 µg/mL significantly potentiated the antiproliferative and apoptotic effects of gemcitabine 10 µg/mL after
72-h treatment. When cells were treated with gemcitabine in combination with gum mastic, the IκBα level was increased, whereas
NF-κB activation was blocked; the expression of Bax protein was substantially increased, but Bcl-2 protein was down-regulated.
Conclusion: Gemcitabine combined with gum mastic causes potent apoptosis in pancreatic cancer cells. The combination may be an
effective therapeutic strategy for pancreatic cancer.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer death
worldwide, with a one-year survival rate of just 10%, and only
5% of patients survive beyond five years[1]. Even after curative
resection, the 5-year survival is only 10%–20%[2]. Conventional
chemotherapy and radiotherapy, either as single agents or
in combination, have limited effect on the overall survival of
patients with pancreatic cancer[3]. In the past decade, despite
the availability of several therapeutic agents, gemcitabine
(2’,2’-difluorodeoxycytidine) is still the first-line treatment of
locally advanced and metastatic pancreatic cancers[4–8]. Gemcitabine has been used as a single antitumor agent or in combination with other cytotoxic agents for solid tumors such as
ovarian, non-small cell lung, and pancreatic cancers[9–11]. However, the efficiency of gemcitabine is not satisfactory[12, 13], and
improving its antitumor cytotoxic effects has attracted great
interest in recent years.
Gum mastic, a natural resin obtained from the stem and
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leaves of Pistacia lentiscus trees, has been extensively used for
centuries in Mediterranean and Middle Eastern countries,
as both a dietary supplement and an herbal remedy. Medical trials show that gum mastic may have cytoprotective or
antacid effects on the gastrointestinal system. It has also been
reported to possess antioxidant[14] and antibacterial[15] activity.
Recently, it has been identified as an effective inhibitor of cell
proliferation and cell cycle progression in human prostate cancer cells[16, 17] and as an inducer of apoptosis in human HCT116
colon cancer cells[18].
In the present study, we investigated the in vitro antiproliferative and apoptotic effects and mechanisms of gemcitabine
combined with gum mastic in human pancreatic cell lines.

Materials and methods

Cell culture
Human pancreatic cell lines BxPC-3 and COLO 357 (American
Type Culture Collection, Manassas, VA, USA) were grown in
RPMI-1640 and DMEM, respectively, and supplemented with
10% heat-inactivated fetal bovine serum (FBS) at 37 °C with
5% CO2. Cells were passaged twice weekly to ensure exponential growth.
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Cell proliferation assay
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assays were performed to evaluate cell growth and viability of cells after treatment with gemcitabine (Lilly, France)
and/or gum mastic (Sigma, St Louis, MO, USA, No G0878).
Cells were seeded (BxPC-3, 1×104 cells/well; COLO 357, 5×104
cells/well) in 96-well plates in RPMI-1640 with 10% FBS for
72 h at 37 °C with 5% CO2. MTT (Sigma Chemicals) reagent (5
mg/mL) was added at the time of evaluation of cell growth,
and incubation was continued for an additional 4 h. The reaction was terminated with 150 μL dimethylsulfoxide (DMSO,
Sigma Chemicals) per well. Absorbance values were determined using an ELISA reader (Model 680, Bio-Rad) at 490 nm.
Analysis of cell apoptosis by flow cytometry
Cells were seeded (4×105 cells per well) in 6-well plates in
RPMI-1640 medium for 24 h. The medium was removed
and cells were washed with PBS, and then gemcitabine (10
µg/mL) and/or gum mastic (40 µg/mL) was added. After 48
h, cells were trypsinized and fixed overnight in 70% ice-cold
ethanol at 4 °C. Before flow cytometric analysis, the fixed cells
were centrifuged, washed twice with PBS, and resuspended
in PI staining solution containing 5 μg/mL PI and 250 μg/mL
RNase A (Sigma Chemicals). Using a FACSCalibur flow
cytometer (FCM-500, Beckman Coulter), cell cycle analysis
was performed on 10 000 cells for each sample. Quantitation
of cell cycle distribution was performed using CellQuest software.
Western blot analysis
The cellular lysates were separated by 10% SDS-PAGE and
electro-transferred onto nitrocellulose membranes. After
being blocked with 5% non-fat milk in TBST (20 mmol/L Tris,
150 mmol/L NaCl, 0.2% Tween-20, pH 7.6), the membranes
were incubated with specific anti-NF-κB p65, anti-Bcl-2, antiBax, anti-IκBα or anti-β-actin (Santa Cruz) antibodies at room
temperature for 2 h, and subsequently with 1:4000 horseradish
peroxidase (HRP)-conjugated second antibody (Santa Cruz)
for 1 h. Immunoreactive bands were visualized using an
enhanced chemiluminescence kit (ECL, Santa Cruz Biotechnology Inc, USA). β-actin was used to normalize the quantity of
protein on the blot.
Statistical analysis
Each experiment was performed at least three times. Data
were shown as the mean±SD where applicable, and differences were evaluated using Student’s t-tests. The probability
of P<0.05 was considered to be statistically significant.

Results

The effect of gemcitabine and gum mastic on cell proliferation
To detect the effect of gemcitabine and gum mastic on cell
growth, human pancreatic cancer cell lines BxPC-3 and COLO
357 were treated with graded concentrations of gemcitabine
(0.01−100 µg/mL) or gum mastic (10−50 µg/mL) for 72 h. As
shown in Figure 1A, cell proliferation was inhibited by either
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gemcitabine or gum mastic treatment in a dose-dependent
manner. Overall, 10 µg/mL of gemcitabine or 40 µg/mL of
gum mastic produced maximal growth inhibition of 55.55%
(P<0.01) and 49.75% (P<0.01), respectively, in BxPC-3 cells.
Treatment of COLO 357 cells with these two agents was also
effective. Results from Figure 1A indicate that gum mastic,
a natural resin, can inhibit pancreatic cancer cells’ growth in
vitro. Subsequently, the effect of co-treatment with gemcitabine and gum mastic on cell proliferation using the MTT
assay was observed. Cells were cultured in the presence of
both 10 µg/mL of gemcitabine and 40 µg/mL of gum mastic
for 72 h. After co-treatment with these two agents, cell proliferation was inhibited to a much greater extent than with either
agent alone (P<0.01) or control (P<0.01, Figure 1B). These
results suggest that gemcitabine combined with gum mastic
induces potent growth inhibition.
The effect of gemcitabine and gum mastic on cell apoptosis
BxPC-3 and COLO 357 cells were treated with gemcitabine (10
µg/mL) and gum mastic (40 µg/mL) individually or in combination. Cell apoptosis was examined by Annexin V-PI doublelabeling and FACS analysis. As shown in Figure 2, in BxPC-3
cells, 30.40%±3.477% and 31.37%±1.662% of cells were apoptotic in the gum mastic group and gemcitabine groups, respectively. In COLO 357 cells, 29.45%±1.750% and 30.07%±1.358%
of cells were apoptotic in the two groups. Compared with
single-agent treatment, the combination of gemcitabine and
gum mastic resulted in apoptosis in a much higher percentage
(BxPC-3, 45.13%±4.005%, P<0.01; COLO 357, 38.87%±4.552%,
P<0.05). In contrast, in the control group, induction of apoptosis was not detected (BxPC-3, 5.067%±1.365%, P<0.01). The
above results suggest that gemcitabine and/or gum mastic
have inhibitory effects on cell apoptosis and growth inhibition,
and induction of apoptosis is not cell type specific.
NF-κB activation can be inhibited by combination use of
gemcitabine and gum mastic
Recent reports[19, 20] have revealed that, in pancreatic cancer
cells, gemcitabine can induce activation of NF-κB. The experiment was repeated and yielded the same results (Figure
3A–3B, lane 2). To detect whether the inhibitory effect of gum
mastic on BxPC-3 cell proliferation was caused by the inactivation of NF-κB, western blotting was performed to test the
changes in NF-κB p65 protein expression. As shown in Figure
3B (lane 3), gum mastic alone suppressed NF-κB expression.
Most importantly, co-treatment with gum mastic inhibited
gemcitabine-induced NF-κB activation (Figure 3B, lane 4). A
similar phenomenon was found in COLO 357 cells (Figure 3B).
The treatment of gemcitabine combined with gum mastic downregulated the expression of Bcl-2, increased the expression of
Bax, and prevented the degradation of IκBα
Because NF-κB has a central role in the regulation of the apoptotic pathway in pancreatic cancer, the expression of IκBα,
Bcl-2 (NF-κB downstream anti-apoptotic molecules) and Bax
(NF-κB downstream pro-apoptotic molecules) was detected.
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Figure 2. Effect of gemcitabine and gum mastic on cell apoptosis. BxPC3 (4×105 cells per well) and COLO 357 cells (3×105 cells per well) were
incubated with either gemcitabine (10 µg/mL) or gum mastic (40 µg/mL)
or in combination. After 48 h, cell apoptosis was examined by Annexin
V-PI double-labeling and FACS analysis. bP<0.05, cP<0.01 vs gemcitabine
or gum mastic alone.

357 cells (data not shown).

Discussion

Figure 1. The inhibition of cell proliferation by either gemcitabin (0.01–100
µg/mL) or gum mastic (10–50 µg/mL) alone (A) or the combination (B).
The concentration of gemcitabine (10 µg/mL) and gum mastic (40 µg/mL)
used in Figure 1B is based on the result from Figure 1A. Results are
representative of 3 independent experiments. cP<0.01.

Western blotting showed that the expression of Bcl-2 was
significantly down-regulated in the combination group compared to treatment with an individual agent and control
(P<0.01), whereas Bax expression was substantially increased.
Translocation of NF-κB to the nucleus is normally regulated
by IкBα degradation. Western blot for IкBα was done as an
index of total inhibitor expression levels. When BxPC-3 cells
were treated with different concentrations of gemcitabine in
the presence or absence of gum mastic for 48 h, significant
dose-dependent increases in total IкBα expression levels were
observed (Figure 4). A similar effect was observed in COLO

Over the past decade, the core drug of treatment for locally
advanced and metastatic pancreatic cancer has remained gemcitabine[21]. However, its efficacy is often limited. To improve
its antitumor cytotoxic effect and to identify new treatments
for pancreatic cancer treatment, we investigated the effects of
gemcitabine in combination with a new agent, gum mastic,
on cell proliferation as well as apoptosis in human pancreatic
cancer cell lines and explored the mechanism contributing to
these effects.
The antitumor activity of a drug is associated with inhibition of tumor cell proliferation, promotion of cellular differentiation, and induction of apoptosis. Gum mastic is a natural
extract of Pistacia lentiscus trees, and its anticancer properties
are newly identified [16–18, 22]. In vitro, gum mastic has been
proven to inhibit growth of prostate cancer cells and induce
apoptosis of colon cancer cells. In this study, we evaluated the
effects of gum mastic in pancreatic cancer cells. We found that
gum mastic, in vitro, had antiproliferative and apoptotic effects
on human pancreatic cancer cells (BxPC-3). Most importantly,
gum mastic was synergistic when used with gemcitabine.
After simultaneous treatment with these two agents, cell proliferation was greatly suppressed and the rate of cell apoptosis
was significantly higher in comparison to cells treated with
either agent alone.
NF-κB pathways are key regulators of numerous cellular
events such as proliferation, differentiation, and apoptosis,
and they are also related to tumor development and progression. Because NF-κB has a central role in the regulation of
apoptotic pathways in pancreatic cancer, we evaluated the
effect of gemcitabine combined with gum mastic on expression of the NF-κB upstream molecule IκBα and downstream
molecules Bcl-2 and Bax. Mature NF-κB p65:p50 dimers are
trapped in the cytoplasm of unstimulated cells by interaction
Acta Pharmacologica Sinica
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Figure 3. NF-κB activation can be inhibited
by combined treatment with gemcitabine and
gum mastic. (A)Western blot analysis for NFκB in nuclear extracts of BxPC-3 cells treated
with 10 µg/mL gemcitabine at different
time points. (B) Western blot analysis for
NF-κB p65 subunit in nuclear extracts of
both BxPC-3 and COLO 357 cells after 48 h
treatment with cell medium (lane 1), gum
mastic (lane 2), gemcitabine (lane 3) or their
combination (lane 4). β-actin protein was
used as an internal control. Densitometric
measurement for NF-κB p65 protein levels
was normalized to internal control, respec
tively, and expressed as a relative value.

Figure 4. The treatment of gemcitabine combined with gum mastic
alters the expression of Bcl-2, Bax, and IκBα. The expression of Bcl-2,
Bax, and IκBα was analyzed by Western blot. BxPC-3 cells were treated
with cell medium, 40 µg/mL of gum mastic, 10 µg/mL of gemicitabine
or their combination for 48 h. β-actin was used as an internal control.
Densitometric measurement for these proteins levels was normalized to
internal control, respectively, and expressed as a relative value.
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with inhibitory proteins termed IκBα. IKK phosphorylates
IκBα proteins, thereby targeting them to rapid ubiquitindependent proteolysis that initiates NF-κB activation[23, 24]. The
activation of NF-κB leads to the expression of a large number
of target genes, among which are Bcl-2 family proteins. The
Bcl-2 family is very important in the regulation of apoptosis
and is composed of both pro-apoptotic and anti-apoptotic
members[25]. It is clear that Bcl-2 protects many cell lines from
induced apoptosis. Other proteins, such as Bcl-xL, have the
same anti-apoptotic function, but several molecules of the
same family, such as Bcl-xS and Bax-alpha, can trigger the
opposite effect. Bcl-2 can interact with other proteins[26–28]. For
example, Bax, which can exist as a homodimer, is also able to
form a heterodimer with Bcl-2. Overexpression of Bax in several cell lines counteracts the effect of Bcl-2[25–28].
Similarly, in BxPC-3 and COLO357 cell lines, inhibition of
NF-κB by gum mastic was associated with the increased apoptotic effect of gemcitabine. We found that when the cells were
treated with gemcitabine and gum mastic, NF-κB p65 expression was strongly suppressed whereas IκBα expression was
increased. The expression of Bcl-2 was significantly downregulated and Bax was up-regulated in the combination group
compared with individual agent treatment and untreated control. Thus, it can be speculated that the addition of gum mastic to gemcitabine increased the inhibition of the NF-κB signaling pathway on cell growth and apoptosis of BxPC-3 cells.
The increased IκBα expression could inhibit NF-κB expression
and activation, which induced cell apoptosis. The inhibition
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of the NF-κB pathway down-regulated anti-apoptotic Bcl-2
but up-regulated the expression of pro-apoptotic Bax.
Therefore, gemcitabine combined with gum mastic leads to
potent suppression of pancreatic cancer cell proliferation and
apoptosis. However, whether it is a common phenomenon
should be determined by testing more pancreatic cell lines
such as PANC-1[29, 30]. Our findings suggest that the combined
use of gemcitabine and gum mastic has potential clinical value
and may act as an effective therapeutic strategy for the clinical
management of pancreatic cancer.
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