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Secreted protein acidic and rich in cysteine enhances
the chemosensitivity of pancreatic cancer cells to gemcitabine
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Abstract It has been previously shown that the simultaneous
exposure of colon cancer cells MIP to irinotecan and secreted
protein acidic and rich in cysteine (SPARC) enhances antican-
cer activity. However, whether there is same effect of SPARC
in pancreatic cancer remains largely unknown. Therefore in
this study, we aimed to investigate the role of SPARC played
in the sensitivity of pancreatic cancer to gemcitabine. We first
treated MIAPaCa2 and MIAPaCa2/SPARC69 cells with dif-
ferent concentrations of gemcitabine (2, 5, 10, and 20 μM) for
24, 48, and 72 h and selected the appropriated concentration
for further study. Then we analyzed cell viability, cell cycle,
and apoptosis and the levels of apoptosis-related proteins by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide, fluorescence-activated cell sorting and Western blot
were used, respectively. In this study, we found that
gemcitabine inhibited the proliferation of pancreatic cancer
cells in a time- and dose-dependent manner. Overexpression
of SPARC increased the inhibiting effect of gemcitabine on
pancreatic cancer cells. The colony size of MIAPaCa2/
SPARC69 was much smaller than that of MIAPaCa2/V.

There was a G0/G1 arrest with significant increase of apopto-
sis after gemcitabine treatment in MIAPaCa2/SPARC69 cells.
Furthermore, our results demonstrated that overexpression of
SPARC markedly increased the levels of pro-apoptotic pro-
teins in gemcitabine-treated pancreatic cancer cells. The
SPARC can enhance the chemosensitivity of pancreatic can-
cer cells to gemcitabine via regulating the expression of
apoptosis-related proteins. These results have shown that the
SPARC/ gemcitabine combination treatment may be a poten-
tially useful therapeutic option for individuals diagnosed with
pancreatic cancer

Keywords Pancreatic cancer . SPARC . Gemcitabine .

Chemosensitivity

Background

Pancreatic cancer is the eighth leading cause of cancer death in
the world and the fourth leading cause of cancer death in USA
[1]. Pancreatic cancer is classified into adenocarcinoma and
neuroendocrine tumors based on the cell type it arises from.
Adenocarcinoma is the most common type and accounts for
95 % of pancreatic cancers. The 5-year overall survival rate is
under 5 % for all pancreatic cancer patients with combined
stages, much lower than that for all other cancers [2].

Pancreatic cancer has the characteristics of occult symp-
tom, strong invasive potential, and hard to be diagnosed at
early stage. The vast majority of patients with pancreatic can-
cer are diagnosed at advanced stage. Only 10 to 15 % of
pancreatic cancer patients are diagnosed early enough for sur-
gical resection of cancer tissue [2]. Chemotherapy with
gemcitabine becomes the standard treatment for retractable
pancreatic cancers [3]. Unfortunately, most pancreatic cancers
are not sensitive to chemotherapy and quickly become drug
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resistant after several rounds of chemotherapy, causing the
survival rate having not been significantly improved.
Therefore, increasing drug sensitivity of pancreatic cancer
would be a viable strategy for treating advanced stage pancre-
atic cancers.

Secreted protein acidic and rich in cysteine (SPARC)
expressed by pancreatic cancer stromal fibroblasts but not that
by cancer cells is associated with poor prognosis [4].
Compared with pancreatic cancer cells, normal pancreatic
stellate cells (PSCs) expressed high levels of SPARC, and
knockdown SPARC in pancreatic ductal adenocarcinoma
cells resulted in increased cell proliferation, transwell migra-
tion, and xenograft growth [5]. The lack of or depressed ex-
pression of SPARC in pancreatic cancer may be due to abnor-
mal DNAmethylation in the promoter region of SPARC gene
[6, 7]. Pancreatic cancer cells could stimulate SPARC expres-
sion in fibroblasts from noncancerous pancreatic tissue
in vitro [7]. Pancreatic tumors grew much faster in SPARC-
null mice than in wild-type mice with decreased extracellular
matrix deposition [8]. SPARC was found overexpressed in
ovarian cancers with high stage, low differentiation, and
lymph node metastasis. Knockdown SPARC expression in
SKOV3-S1 and HO8910PM with shRNA significantly sup-
pressed their proliferation, induced apoptosis, and inhibited
invasion [9]. These data indicate that SPARC serves as a tu-
mor suppressor in pancreatic cancers and some other types of
cancer.

SPARC has been shown to express in nearly 68 % of pan-
creatic cancer patients [10]. It is involved in cancer onset,
progression, reduction of tumor cell adhesion, degradation
of the extracellular matrix (extracellular matrix, ECM), and
tumor angiogenesis. SPARC can arrest cells at G1 phase
[11] and induce apoptosis of tumor cells. Overexpression of
SPARC increases the sensitivity of colon cancer to chemother-
apy [12]. By using techniques including Western blot, colony
formation assay, and flow cytometry, we demonstrated that
SPARC could improve the therapeutic effects of gemcitabine
on pancreatic cancer.

Material and methods

Cell culture

The cells used in this experiment were obtained from the
American Type Culture Collection (Manassas, VA, USA)
and cultured in Dulbecco’s modified Eagle’s medium
(Invitrogen, Carlsbad, CA, USA) or RPMI1640 (Invitrogen),
supplemented with 10 % fetal bovine serum (FBS; PAA
Laboratories, Pasching, Austria), 10 U/ml penicillin, and
10 U/ml streptomycin, at 37 °C in a humidified atmosphere
containing 5 % CO2.

Forced expression of SPARC in MIAPaCa2 cells

A modified lentivirus-based FG12 vector with a CMV pro-
moter to introduce SPARC gene (NM003118.3) was
expressed in MIA PaCa2 cells. After infection, the cells were
sorted by fluorescence-activated cell sorting (FACS) to collect
GFP-positive cells. The cells transfected with empty vector
were used as control (MIA PaCa2/V). Cells were counted
and seeded at the same initial density into 96-well plates.
Gemcitabine were added into wells at the concentration of 2,
5, 10, and 20 μM. Each treatment was performed in triplicate.

MTT experiment

After cells were treated with gemcitabine (Lilly France) at
specified concentration (10 μM) for 24, 48, and 72 h,
10 μg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was added and incubated for 4 h
protected from light. The MTT-treated cells were solved with
150 μl of DMSO (Invitrogen, Shanghai, China) and measured
at 570 nm/630 nm. The rate of growth inhibition was calcu-
lated by 1−ODtreatment/ODcontrol. The experiment was inde-
pendently performed three times with four replicates each
time.

Adhesion-dependent colony formation test

The MIAPaCa2, MIAPaCa2/V, and MIAPaCa2/SPARC69
cells were plated onto six-well plates for 24 h prior to drug
treatment. Then, cells were incubated with 10 μM of
gemcitabine for 24 h while same volume of vehicle was added
into parallel wells as control. After 48 h, colonies were stained
with Coomassie blue and the ones greater than 50 cells were
counted. All experiments were repeated three times.

Cell cycle analysis

Cells were collected and washed twice with PBS, centrifuged
at 500×g for 5 min, fixed with 70% ethanol at 4 °C for 30 min
followed by 1× washing with PBS. After digested with
50 μg/ml of RNase at 37 °C for 1 h, cells were stained with
100 μg/ml of propidium iodide (PI, Sigma, St Louis, MO) in
dark for 60 min. Cell cycle distribution was analyzed on a BD
LSRFortessa with ModFit program (BD Science, Shanghai,
China).

Cell apoptosis analysis

Apoptosis was analyzed with an apoptosis detection kit from
Sigma (St. Louis, MO) according to manufacturer’s instruc-
tion. Briefly, cells were washed twice with ice-cold PBS and
resuspended in binding buffer to a cell density of 1×106/ml.
Staining solution containing Annexin V/FITC was added to
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the cell suspension and incubated in the dark for 15 min and
continued incubation for another 5 min more after the addition
of PI. Cells were analyzed on a BD LSRFortessa with ModFit
program (BD Science, Shanghai, China).

Western blot

The MIA PaCa2, MIA PaCa2/V, and MIAPaCa2/SPARC69
cells were inoculated in six-well plate and incubated with
gemcitabine (10 μM) for 24 h. The cells were washed and
lyzed in 100 μl of RIPA buffer (1 % NP-40, 0.1 % SDS,
50 mM Tris–HCl pH 7.4, 150 mM NaCl, 0.5 % sodium
deoxycholate, 1 mM EDTA). Total protein was extract-
ed by collecting the supernatant after centrifugation at
10,000×g for 30 min at 4 °C. The proteins were re-
solved on 10 % polyacrylamide gels and transferred
onto nitrocellulose membranes. Membranes were
blocked at room temperature in 5 % fat-free milk in
TBST (50 mM Tris pH 7.6, 50 mM NaCl, 0.05 %
Tween-20) for 1 h before incubated with antibodies
against Bcl-2, caspase 2, caspase 8, or cleaved PARP
(BD Bioscience, Shanghai, China) overnight at 4 °C.
The membranes were washed three times with TBST
and incubated with appropriate HRP-conjugated second-
ary antibody at room temperature for 1 h. The immu-
noreactive protein bands were visualized using an ECL
kit (Pierce, Rockford, IL, USA).

Statistical analysis

The data were expressed as mean±standard deviation. SPSS
16.0 statistical software was used for data analysis of variance

(ANOVA) or independent sample t test; P<0.05 was consid-
ered statistically significant.

Results

Overexpression of SPARC enhanced the inhibition
of pancreatic cancer cell proliferation by gemcitabine

To evaluate the cytotoxicity of gemcitabine on MIAPaCa2
and overexpression of SPARC carcinoma cells (MIA PaCa2/
SPARC69), we initially treatedMIAPaCa2 with various doses
of gemcitabine at different time points and evaluated cellular
proliferation using the MTT assay. Gemcitabine inhibited
MIAPaCa2 pancreatic cancer cells proliferation in a time-
and dose-dependent manner. Its IC50 values at 24, 48, and
72 h were 40.1±2.5, 15.0±0.5, and 6.57±0.1 μM, respective-
ly (Fig. 1). Figure 2a demonstrates that SPARC enhances the
inhibition effect of gemcitabine on cell MIA PaCa2 prolifera-
tion in a time-dependent manner. For MIAPaCa2/SPARC69
cells, the IC50 at 24, 48, and 72 h were 24.3±1.5, 7.70±0.3,
and 4.8±0.2 μM, respectively (Fig. 2a).

Since gemcitabine at a concentration of 20 μM showed
significant toxicity, we therefore used 10 μM of gemcitabine
in the experiments where we used in combination with
SPARC (MIAPaCa2/SPARC69). After treating MIA PaCa2,
MIA PaCa2/V, and MIA PaCa2/SPARC69 cells for 24, 48,
and 72 h, MTT showed that the inhibition rate of MIAPaCa2/
SPARC69 cells by gemcitabine was significantly higher com-
pared to that of MIAPaCa2 and MIAPaCa2/V cells at each
time point (Fig. 2b).

The inhibition of SPARC and gemcitabine on pancreatic
cancer was also test with adhesion-dependent colony

Fig. 1 Dose- and time-dependent
inhibition effect of gemcitabine
on pancreatic cancer MIAPaCa2
cells. MIAPaCa2 cells were
treated with 0 to 20 μM of
gemcitabine for 24, 48, and 72 h.
Cell proliferation inhibition was
determined by MTT assay.
Results were normalized against
vehicle control and initial plating
density. Experiments were done
in triplicate wells per condition,
and values (means±S.E.M.) were
representative of three
independent experiments

Tumor Biol. (2016) 37:2267–2273 2269



formation assay. The treatment with gemcitabine resulted in
significantly less colonies of MIAPaCa2/SPARC69 cells than
those of MIAPaCa2 and MIAPaCa2/V cells (Fig. 3).

Compared with the untreated groups, the number of colony
ofMIAPaCa2,MIAPaCa2/V, andMIAPaCa2/SPARC69 cells
decreased 25, 30, and 50 %, respectively (Fig. 3).

Fig. 2 SPARC enhances
inhibition effect of gemcitabine
on MIAPaCa2 cell proliferation
in a time-dependent manner.
MIAPaCa2/SPARC69 (a) cells
were treated with 0 to 20 μM of
gemcitabine for 24, 48, and 72 h
followed by MTT analysis. b
MIAPaCa2, MIAPaCa2/V, and
MIAPaCa2/SPARC69 cells were
treated with 10 μM gemcitabine
for 24, 48, and 72 h and analyzed
with MTT assay. The respective
untreated cells were used as
controls. Experiments were
repeated at least three times.
Results were presented as mean±
standard deviation. *P<0.05
compared with the control cells

Fig. 3 SPARC increased the
inhibition of gemcitabine on the
colony formation of MIAPaCa2
cells. a Representative
photographs of colonies of
MIAPaCa2, MIAPaCa2/V, and
MIAPaCa2/SPARC69 cells after
treated with 10 μM gemcitabine.
b Quantitative analysis of colony-
formation assay. Experiments
were repeated at least three
times.*P<0.05 compared with
the control cells
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SPARC overexpression increased G0/G1 arrest
of pancreatic cancer cells by gemcitabine

To study the effects of SPARC and gemcitabine on cell cycle
distribution, MIAPaCa2, MIAPaCa2/V, and MIAPaCa2/
SPARC69 cells were treated with gemcitabine (10 μM) for
48 h. Cellular DNA was stained with propidium iodide and
cell cycle distribution was studied by FACS analysis. As
shown in Fig. 4, the populations of MIAPaCa2, MIAPaCa2/
V, and MIAPaCa2/SPARC69 cells in the G0/G1 phase were
56, 55, and 68 % (P<0.01 vs. MIAPaCa2 or MIAPaCa2/V,
Fig. 4b), whereas cells in S phase were 33, 31, and 20 %,
respectively. The portions of cells in G2/M phase were similar
among three cell lines. A histogram representing this G0/G1
arrest is shown in Fig. 4a. These results indicate that SPARC
enhances the effect of gemcitabine on cell cycle distribution of
pancreatic carcinoma cells.

SPARC overexpression increased cellular apoptosis
induced by gemcitabine

To investigate if the observed sub-G1 peak was due to apo-
ptosis, the cells were stained with propidium iodide (which
binds late apoptotic cells) and Annexin V conjugated-FITC
(which only binds early apoptotic cells). In cells, MIAPaCa2/

SPARC69 for 48 h results in higher levels of apoptosis com-
pared with MIAPaCa2 or MIA PaCa2/V. As can be seen in
Fig. 5, the percentage of apoptotic cells induced by 10 μm of
gemcitabine was 22.40 and 19.85 % in control and MIA
PaCa2/V, respectively. Compared with control, the percentage
of apoptotic cells induced by gemcitabine in MIAPaCa2/
SPARC69 was significantly higher, up to 37.72 % (P<0.01
vs. control or), which indicates that SPARC enhances the
gemcitabine-induced apoptosis in MIA PaCa2 cells (Fig. 5).

SPARC increases apoptotic signals

In order to understand the mechanism involved in combined
activity of SPARC and gemcitabine on cell cycle distribution
and apoptosis, we investigated the combination effect of
SPARC and gemcitabine on the expression of proteins asso-
ciated with apoptosis and cell cycle. As previously shown,
there the expression of cyclinD1 remarkably decreased while
the expression of P53 and P27kip dramatically increased in
MIAPaCa2/SPARC69 (data not shown). After gemcitabine
treatment, the levels of caspase 2, caspase 9, and cleaved cas-
pase 8 proteins were significantly higher in MIAPaCa2/
SPARC69 cells than that in MIAPaCa2 and MIAPaCa2/V
cells (Fig. 6a). At the same time, there was no obvious change
in the expression of Bcl-2 protein (Fig. 6b).

Fig. 4 SPARC increased the
portion of cells at G0/G1 stage
after gemcitabine treatment. Cells
were treated with 10 μM
gemcitabine for 24 h. The cells
were stained with propidium
iodide and subjected to flow
cytometry for the analysis of the
percentage of cells in each group
cell cycle phase. a Histograms
showed number of cells per
channel. b The values indicated
the percentage of cells in the
indicated phases of the cell cycle.
Representative of at least three
independent experiments done in
triplicate wells per condition.
*P<0.05 compared with the
control cells
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Discussion

In SPARC-overexpressing MIAPaCa2/SPARC69 cells,
gemcitabine showed much stronger inhibition of cell growth
and triggered stronger apoptotic response partly due to G0/G1
arrest. MIAPaCa2/SPARC69 cells also had significantly less
and smaller colonies after gemcitabine treatment compared to
control MIAPaCa2 andMIAPaCa2/V cells. SPARC also mark-
edly increased gemcitabine-induced expression of pro-
apoptotic proteins in MIAPaCa2 cells, indicating that SPARC
enhanced the sensitivity of MIAPaCa2 cells to gemcitabine.

Pancreatic cancer is an occult, invasive, and hard to diagnose
malignancy with a 5-year survival rate of about 5 %. In recent
years, the incidence of pancreatic cancer showed an upward
trend, in which 85 % of the patients were diagnosed at late
stages and lost the opportunity for radical surgery. Among all

available chemotherapeutics, gemcitabine has become one of
the first-line drugs in pancreatic cancer chemotherapy [13] due
to its safety and excellent response rate. Unfortunately, pancre-
atic cancers in general are insensitive to chemotherapy reagents
and easy to obtain resistance. Overall survival rate of pancreatic
cancer patients has not been significantly improved over the
years. Therefore, it is imperative to find ways to increase the
chemosensitivity of pancreatic cancer.

Previous studies showed that SPARC could activate apopto-
tic pathway to accelerate tumor regression [14, 15]. Cellular
apoptosis could be activated by both endogenous signaling
pathway and exogenous signaling pathway [14, 15]. Most che-
motherapy drugs induced cellular apoptosis through activation
of endogenous signaling pathway [14]; however, more evi-
dences suggested that exogenous apoptotic signaling pathway
was also involved in chemotherapy-induced cell death.

Fig. 5 SPARC enhanced
gemcitabine-induced apoptosis in
pancreatic cancer cells. Cells were
treated with 10 μM gemcitabine
and stained with Annexin
V-FITC/propidium iodide before
flow cytometric analysis for the
analysis of the proportion of
apoptotic cells. a The apoptosis
rate of each group cells. bGraphic
presentation of data obtained
from Annexin V and propidium
iodide staining assay. The values
represented means and SE.
Representative of at least three
independent experiments done in
triplicate wells per condition.
*P<0.05 compared with the
control cells

Fig. 6 SPARC elevated the levels of pro-apoptotic proteins in
gemcitabine-treated pancreatic cancer cells. a The levels of caspase 2,
caspase 9, caspase 8 and cleaved PARP were significantly higher in
MIAPaCa2/SPARC69 cells than those in MIAPaCa2 or MIAPaCa2/V

cells after treatment with gemcitabine. b The level of Bcl-2 protein was
no obvious change among MIAPaCa2/SPARC69, MIAPaCa2, and
MIAPaCa2/V cells
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Evidence was found that SPARC could activate caspase 8-
dependent signaling pathway to effectively increase apoptosis
[16]. In Chan et al. experiments [17], their result showed that
combined treatment with irinotecan, SPARC could enhance the
chemosensitizing effects in CRCs through cell senescence,
whether SPARC was endogenous or exogenous. These results
implied that the expression level of SPARC in the malignant
tumor might be an index of chemosensitivity to chemotherapy
in some type of tumor.

In order to illuminate how SPARC increased gemcitabine-
induced cell cycle arrest and apoptosis in MIAPaCa2 cells, we
examined the levels of proteins critical for apoptosis signal
pathways, such as caspase family proteins and substrate. The
results showed that gemcitabine caused significant increase of
caspase 2, caspase 8, caspase 9, and caspase 3 substrate
cleaved PARP level in cells overexpressing SPARC. There
was no obvious change in the expression of Bcl-2 protein.
Chan et al. [17] demonstrated that the effect of SPARC pro-
moted the cell senescence was p53 and p16INK4A dependent,
which coincided with our previous works [18]. This result
implies that there may be the same mechanism involved in
the SPARC enhancing the chemosensitivity of pancreatic can-
cer cells to gemcitabine. These results clearly demonstrated
that expression of SPARC in MIAPaCa2 cells enhances
gemcitabine-induced cell cycle arrest and apoptosis.

In conclusion, SPARC sensitized pancreatic cancer cell line
MIAPaCa2 to the treatment of gemcitabine. When treated with
gemcitabine, SPARC-overexpressing MIAPaCa2 cells had
higher inhibition and apoptotic rates in accompanying with
G0/G1 arrest and elevated levels of caspases and cleaved PARP.
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