
Cucurmosin induces the apoptosis of human

pancreatic cancer CFPAC-1 cells by inactivating

the PDGFR-b signalling pathway

Jieming Xie1,#, Congfei Wang2,#, Baoming Zhang2, Aiqin Yang1,

Qiang Yin2, Heguang Huang2, Minghuang Chen3

1
Department of Pharmacology, Fujian Medical University, Fuzhou 350004, Fujian, China

2
Department of General Surgery, Union Hospital, Fujian Medical University, Fuzhou 350001, Fujian, China

3
State Structural Chemistry Key Laboratory of Fujian Institute of Research on Structure of Matter, Chinese

Academy of Sciences, Fuzhou 350002, Fujian, China

Correspondence: Jieming Xie, e-mail: xiejm1@sina.com; Heguang Huang, e-mail: hhuang2@aliyun.com

Abstract:

Background: Pancreatic cancer treatment is limited and effective drugs are needed. We investigated cucurmosin (CUS)-induced

apoptosis in cystic fibrosis pancreatic adenocarcinoma cells (CFPAC-1) and a possible mechanism of action to evaluate the clinical

application potential of this new Type I ribosome-inactivating protein.

Methods: We analyzed the growth inhibition and apoptosis of CFPAC-1 cells via methylthiazol tetrazolium assay and

fluorescence-activated cell sorting. Western blot was used to analyze the protein levels of caspase 3, bcl-2, caspase 9, platelet-

derived growth factor receptor (PDGFR)-b, PI3K, Akt, p-Akt, the mammalian target of rapamycin (mTOR), p-mTOR, P70S6K-a,

p-P70S6K-a, 4E-BP1, p-4E-BP1 and p-Bad after CUS intervention. The mRNA expression of PDGFR-b was analyzed using re-

verse transcription polymerase chain reaction.

Results: CUS inhibited the proliferation of pancreatic cancer cells. The induction of apoptosis depended on the CUS dose and incu-

bation time. The drug inhibited all of the examined proteins in the PI3K/Akt/mTOR signalling pathway and induced the active

fragments of caspase 3 and caspase 9. CUS downregulated PDGFR-b expression but no significant change was observed at the

mRNA level.

Conclusion: CUS strongly inhibits the growth of CFPAC-1 by inducing cell apoptosis. CUS downregulated the expression of

PDGFR-b at the protein level and induced the apoptosis of CFPAC-1 through the PI3K/Akt/mTOR signalling pathway.
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Introduction

Pancreatic cancer constitutes 6% of all cancers in the

United States of America and is the fifth most com-

mon cancer in the world [12]. However, the prognosis

for pancreatic adenocarcinoma remains poor [8]. Pa-

tients frequently present distant metastases that are of-

ten occult during diagnosis. The five year survival

rate of all patients diagnosed with pancreatic cancer is

5.6% [18]. In the metastatic setting, gemcitabine and

erlotinib treatment results in a median overall survival

of 6 months [15]. The combination of 5-fluorouracil,

leucovorin, irinotecan and oxaliplatin, otherwise

known as FOLFIRINOX, was recently proven to be

superior to the gemcitabine-erlotinib regimen but is

significantly toxic [13]. Thus, considering the short-

age of effective compounds, the development and

testing of novel agents remains necessary.

Ribosome-inactivating proteins (RIPs) are RNA

N-glycosidases that inactivate ribosomes by cleaving

the single N-C glycosidic bond between adenine and

ribose at A4324 in the 28S rRNA, irreversibly inacti-

vating the ribosomes for protein synthesis [1, 19].

Based on gene and mature protein structures, RIPs

can be classified into three types. Type I RIPs are

single-chain proteins with a molecular weight of ap-

proximately 30 kDa. These RIPs are potent inhibitors

of protein synthesis in the cell-free system but rela-

tively non-toxic to intact cells. Type II RIPs are

double-chain proteins that consist of an A chain (cata-

lytic subunit) corresponding to Type I RIPs and a B

chain corresponding to lectin, which are linked by

a disulfide bond. The B chain binds to the galactosyl-

terminated receptors on the target cell surface, facili-

tating the entry of the A chain into the cytoplasm of

the cell. Some Type II RIPs are more potent toxins

than Type I RIPs because they can easily enter cells.

Type III RIPs are jasmonate-induced proteins consist-

ing of an N-terminal domain similar to other Type I

RIPs and an unrelated C-terminal domain of unknown

function [10]. Most RIPs are glycoproteins with vary-

ing amounts and types of sugars [9].

We isolated and purified cucurmosin (CUS) from

the sarcocarp of Cucurbita moschata (pumpkin). The

molecular weight of CUS is approximately 28 kDa.

CUS is a Type I RIP and possesses rRNA N-

glycosidase activity [2]. CUS significantly inhibits

the proliferation of cancer cells through the induction

of apoptosis [20, 22, 23]. This study was conducted to

investigate that CUS induces the apoptosis of human

cystic fibrosis pancreatic adenocarcinoma cells

(CFPAC-1) by downregulating platelet-derived growth

factor receptor (PDGFR)-b, and inactivates the down-

stream of PDGFR-b, namely PI3K/Akt/ mTOR sig-

naling pathway.

Materials and Methods

Cell culture and intervention drugs

CFPAC-1 was purchased from the Cell Bank of Type

Culture Collection of Chinese Academy of Sciences

(Shanghai, China). The cells were cultured in RPMI-

1640 medium (Invitrogen, Carlsbad, CA, USA) sup-

plemented with 10% fetal bovine serum (Gibco,

Carlsbad, CA, USA) and 1% penicillin and strepto-

mycin in a humidified cell culture incubator with 5%

CO2 at 37°C. The cells were passaged every 2 to 3

days to maintain logarithmic growth.

Methylthiazol tetrazolium (MTT) assay

CFPAC-1 cells in the logarithmic phase (8 × 103/well,

100 µl) were seeded on 96-well culture plates and in-

cubated for 24 h. The cells were treated with varying

concentrations of CUS (0, 0.03125, 0.0625, 0.125,

0.25, 0.5, 1 and 2 µmol/l). The cells were incubated

with CUS for 24, 48 or 72 h before addition of 20 µl

of MTT (5 g/l). The cells were then incubated for 4 h.

Dimethyl sulfoxide was added to solubilize the for-

mazan produced. Colorimetry was performed at

a wavelength of 570 nm using a Multiskan MK 3 mi-

croplate reader (Thermo Scientific, Boston, USA).

The results of parallel statistical analysis (SPSS 19.0)

were presented as the mean ± standard deviation

(SD). A dose/time-effect curve of CUS was con-

structed to calculate the half maximal inhibitory con-

centration (IC50). Each experiment was conducted in

triplicate.

Analysis of apoptosis via flow cytometry using

the annexin V/propidium iodide (PI) double-

staining method

CFPAC-1 cells were mock-treated or treated with

0.0625, 0.25 or 1.0 µmol/l of CUS for 72 h. Then, the

cells were harvested and washed thrice with PBS and

analyzed for apoptosis via flow cytometry (EPICS
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XL) using the Cell Cycle Detection Kit and Annexin

V-Fluorescein isothiocyanate Apoptosis Detection Kit

(KeyGEN, Nanjing, China) based on the manufactur-

er’s protocol.

DNA ploidy analysis via PI staining and flow

cytometry

The cells were harvested as mentioned earlier and

centrifuged for 10 min at 1,500 rpm. The cell pellets

were washed twice with ice-cold PBS. Approximately

50 µl of PBS was left in the tube, and the cells were

dispersed by flicking the tubes. The cells were fixed

by gently adding 70% ice-cold ethanol and incubating

at –20°C for 12 h. After washing the cells with PBS

twice to remove the stationary liquid, 100 µl of RNase

A was added to the tubes. The tubes were then placed

in a water bath at 37°C for 30 min. PI staining solu-

tion (400 µl) was added to the cells at 4°C whilst mix-

ing. After 30 min of incubation, red fluorescence was

recorded at an excitation wavelength of 488 nm via

flow cytometry and the proportion of the sub-G1 peak

was calculated.

Western blot

The CFPAC-1 cells were harvested and washed thrice

with PBS. Each sample was incubated with lysis

buffer (50 mmol/l Tris-HCl, pH 7.5; 0.15 mol/l NaCl;

1% Na-deoxycholate; 1 mmol/l ethylenediaminete-

traacetic acid; 1% TritonX-100; 0.1% sodium dodecyl

sulfate (SDS); 1 mmol/l phenylmethylsulfonyl fluo-

ride) for 15 min at 4°C and centrifuged at 12,000 × g

for 10 min. Protein concentrations were measured us-

ing bicinchoninic acid assay. The total proteins were

then treated with 5× buffer at 95°C for 5 min and frac-

tionated via SDS-polyacrylamide gel electrophoresis.

The gel was transferred onto 0.22 micron polyvinyli-

dene fluoride membranes. The membranes were

blocked using 5% bovine serum albumin and incu-

bated with specific primary antibodies including

mouse monoclonal antibodies against human b-actin

(AA128-1, Beyotime Institute of Biotechnology,

China), anti-caspase 3 (No. ab13847, Abcam) and

anti-bcl-2 (No. ab7973, Abcam); rabbit polyclonal an-

tibodies against human PDGFR-b (No. BS3617,

BioWorld, MN, USA), Akt (No. BS1810, BioWorld),

p-Akt (No. BS4007, BioWorld), caspase 9 (No.

BS1388, BioWorld), p-mTOR (No. BS4706, Bio

World), mTOR (No. BS3611, BioWorld), P70S6k-a

(No. BS3634, BioWorld), p-P70S6k-a (No. BS4767,

BioWorld), 4E-BP1 (No. BS3612, BioWorld), p-4E-

BP1 (No. BS4747, BioWorld) and p-Bad (No. 4366,

Cell Signaling Technology, Boston, USA) as well as

rabbit monoclonal antibody against human PI3K (No.

4249, Cell Signaling Technology). After washing

thrice with Tris-buffered saline and Tween 20 (TBST)

for 5 min, the membranes were incubated for 1 h with

goat anti-mouse/rabbit IgG antibody labelled with

horseradish peroxidase (A0216/A0208, Beyotime In-

stitute of Biotechnology, China) and washed with

TBST. The membranes were then incubated with en-

hanced chemiluminescence (ECL) solution (Lu Long,

Xiamen, China) for 5 min. The membranes were ex-

posed, developed, rinsed and fixed, and images were

analyzed using Quantity One 4.62 gel image analysis

software.

Reverse transcription-polymerase chain

reaction (RT-PCR)

CFPAC-1 cells (2 × 106/well) were seeded in 100 mm

plates and incubated for 24 h. Then, the cells were

mock-treated or treated with 0.0625, 0.25 and 1 µmol/l

of CUS for 72 h. The cells were harvested and washed

thrice with PBS. The total RNA of each sample was

isolated using TRIzol reagent (Invitrogen) and puri-

fied using an RNeasy Mini Kit and RNase-free DNase

Set (Qiagen, Valencia, CA, USA) based on the manu-

facturer’s protocol. The total RNA (1 µg) of each

sample was subjected to first strand complementary

DNA (cDNA) synthesis using the TaqMan Reverse

Transcriptase Reagent Kit (Thermo Scientific, Bos-

ton, USA) in a total volume of 20 µl. RT was con-

ducted at 25°C for 5 min, followed by 42°C for

60 min and 70°C for 5 min. PCR was performed after

RT. The primers used for PDGFR-b were 5’-CGC-

AGCAGTGAGAAGCAAGC-3’ (forward) and 5’-TAG-

TCCACCAGGTCTCCGTAGC-3’ (reverse). For b-

actin, the primers used were 5’-TTCCTGGGCATG-

GAGTCCTGTGG-3’ (forward) and 5’-CGCCTA-

GAAGCATTTGCGGTGG-3’ (reverse). The PCR re-

action was performed in a total volume of 20 µl, in-

cluding 8 µl of cDNA mix for PDGFR or 1 µl cDNA

mix for b-actin. The PCR thermal profile was 94°C

for 5 min; 35 cycles of 94°C for 45 s, 60°C for 45 s

and 72°C for 90 s; 72°C for 5 min. Each sample was

tested in triplicate.
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Results

CUS significantly inhibited CFPAC-1 proliferation in

a time/dose-dependent manner (p < 0.05) (Fig. 1).

The IC50 of CUS for inhibiting these cancer cells at

24, 48 and 72 h were (1.74 ± 2.31), (0.77 ± 1.26),

(0.19 ± 0.71) µmol/l. Significant differences were ob-

served based on multiple comparison (p < 0.05).

We examined the CUS-induced apoptosis of

CFPAC-1 via flow cytometry. The apoptotic rates of

CFPAC-1 cells treated with 0, 0.0625, 0.25 and

1.0 µmol/l of CUS for 72 h were (0.36 ± 0.37), (19.26

± 1.49), (37.13 ± 2.07) and (55.64 ± 2.91)%, respec-

tively. The apoptotic rate increased when the drug

concentration increased (p < 0.05) (Tab. 1). Compared

with the control group, S phase cells gradually de-

creased and G0/G1 phase cells increased with increas-

ing drug concentration. The conversion of G0/G1

phase cells to S phase cells was also delayed (Tab. 1).

We further examined the effects of the inhibitor

CUS on the key components of the mTOR signalling

pathway. After incubation with 0, 0.0625, 0.25 and

1 µmol/l of CUS for 72 h, the PI3K, Akt, p-Akt,

mTOR, p-mTOR, P70S6K-a, p-P70S6K-a, 4E-BP1

and p-4E-BP1 protein levels in the treated cancer cells

decreased in a dose-dependent manner (Fig. 2). By

contrast, the levels of p-Bad as well as the active frag-

ments of caspase 3 and caspase 9 were increased by

CUS in a dose-dependent manner, consistent with the

induction of cell apoptosis (p < 0.05) (Fig. 2).

PDGFR protein levels obviously changed with

CUS treatment (Fig. 2). We further examined PDGFR

levels at the mRNA level via RT-PCR. No significant

difference was observed at the mRNA level with or

without CUS treatment in CFPAC-1 cells (Fig. 3).

Discussion

The prognosis of pancreatic cancer has remained un-

changed over the last 10 years. For patients with
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Fig. 1. Inhibitory effect of CUS on human
pancreatic cancer cells. CFPAC-1
cells were treated with various con-
centrations (0, 0.03125, 0.0625, 0.125,
0.25, 0.5, 1 and 2 µmol/l) of CUS for 24,
48 and 72 h. MTT assay was per-
formed. The data shown are the means
± SEM of 3 separate experiments

Tab. 1. Flow cytometric analysis of CUS-induced cell cycle arrest and apoptotic. CFPAC-1 cells were analyzed by flow cytometric after mock-
treated or with 0.0625, 0.25 and 1 µmol/l of CUS for 72 h. The percentages of total cells in the G0/G1 phase, S phase, G2/M phase and apop-
totic rate are shown as the means ± SEM of 3 separate experiments

Group (µmol/l)
Cell cycle/%

Apoptotic rate/%
G0/G1 S G2/M

Control 0 38.72 ± 1.46 50.81 ± 1.87 10.47 ± 2.15 0.36 ± 0.37

CUS 0.0625 45.13 ± 2.01* 46.26 ± 2.13 8.61 ± 2.28* 19.26 ± 1.49*

0.25 57.24 ± 2.34* 37.13 ± 3.37* 5.63 ± 3.02* 37.13 ± 2.07*

1 71.59 ± 2.87* 20.38 ± 2.91* 8.03 ± 2.89* 55.64 ± 2.91*

* Compared with control, p < 0.05



gemcitabine-refractory advanced pancreatic adeno-

carcinoma but in relatively good health condition, the

combination of oxaliplatin, irinotecan and gemcita-

bine has been recommended as second-line chemo-

therapy. Our group has focused on the effect of CUS

on pancreatic cancer cells with the aim of finding

a more effective new drug for pancreatic cancer treat-

ment. As a new Type I RIP, CUS displays N-glyco-

sidase activity in large mammalian ribosomal RNA.

CUS prevents the interaction between the elongation

factor and the ribosome, irreversibly impairing pro-

tein synthesis [4]. CUS possesses a variety of biologi-

cal activities such as anti-fertility, anti-virus and anti-

tumor.

In this study, we showed that CUS could arrest

CFPAC-1 cells in the G0/G1 phase. CUS inhibited

cancer cell growth and induced cell apoptosis in

a dose- and time-dependent manner. Apoptosis is an

active process that involves a series of protein activa-

tion, expression and regulation. Caspase and bcl-2

family proteins play important roles in apoptosis sig-

nal transduction [17, 21]. mTOR is an intracellular

serine/threonine protein kinase that plays a major role

in a variety of cellular signalling cascades. Previous

studies have shown that mTOR controls cell cycle

progression by blocking cells in the G0-G1 phase

through its cell growth effectors S6K1 and 4E-BP1 [5,

7]. To explore how CUS induces the apoptosis in

CFPAC-1 cells via the PDGFR-b pathway, the key

components of the PI3K/Akt/mTOR signalling path-

way were analyzed by western blot. We found that the

levels of mTOR, p-mTOR, P70S6K-a, p-P70S6K-a,

4E-BP1 and p-4E-BP1 decreased in a dose-dependent

manner. Furthermore, the cell cycle of CFPAC-1 cells

was arrested in the G0/G1 phase. CUS can inactivate

the activity of the mTOR signalling through the
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Fig. 2. CUS blocks the signal trans-
duction of the PI3K/Akt/mTOR signaling
pathway via down-regulating PDGFR.
CFPAC-1 cells were treated without
(control) or with various concentrations
of CUS for 72 h, and harvested. Total
protein fractions were extracted, sep-
arated on SDS-PAGE, and exposed to
specific antibodies using Western
blotting as described in Materials and
Methods. With increasing concentra-
tions of CUS, the protein expressions
of PDGFR, bcl-2, PI3K, p-Akt, P70 -
S6K-a, p-mTOR and 4E-BP1 were
gradually reduced. In contrast, p-Bad
and active fragments of Caspase 3
and Caspase 9 were increased. The
results shown are representatives of
3 independent experiments. Gray
scales shown on the right indicate
comparison with b-actin

Fig. 3. CUS does not affect PDGFR
gene transcription in pancreatic cancer
CFPAC-1 cells. Cells were treated
without (control) or with various con-
centrations of CUS for 72 h, and
harvested. Total-RNA was extracted.
RT-PCR detected the mRNA expres-
sion of PDGFR. With increasing con-
centrations of CUS, the mRNA expres-
sion of PDGFR was not altered. The
figures shown are representatives of
3 independent experiments



PI3K/Akt/mTOR signalling pathway. Cell cycle

blockage may occur through P70S6K-a and 4E-BP1

downregulation.

Many studies have demonstrated that self-suffi-

ciency in growth signals may be established in certain

cell types through autocrine growth stimulatory loops

involving PDGF signalling [6]. PDGFR-b is a PDGF

tyrosine kinase receptor that regulates cell prolifera-

tion and migration. PDGFR-b is implicated in the de-

velopment and growth of solid tumors principally

through the activation of endothelial cells [14, 16].

PDGFR-b signalling also plays an important role in

angiogenesis and the stabilization of newly formed

blood vessels. PDGFR-b expression has been re-

ported in mouse models of various cancers including

pancreatic cancer [11]. The widespread PDGFR-b ex-

pression in tumors suggests that the potential of

PDGFR-b as a drug target may extend well beyond its

anti-angiogenic agents. The introduction of clinically

important PDGFR inhibitors such as imatinib mesy-

late (previously ST1571, Glivec or Gleevec in the

Unites States) has drawn great attention to the use of

PDGF signalling pathways for therapeutic purposes.

In this study, we analyzed the PDGFR-b expres-

sion at the protein and mRNA levels using western

blot and RT-PCR, respectively. With the increasing

CUS concentration, PDGFR-b expression gradually

decreased at the protein level. These results show that

CUS downregulates the PDGFR-b expression in

CFPAC-1 cells and that PDGFR-b is an effective tar-

get for CUS. Pancreatic tumor samples reportedly ex-

hibit a significant increase in PDGFR-b at the mRNA

level compared with that of the normal pancreatic

samples [3]. To investigate whether or not CUS can

downregulate the PDGFR-b mRNA expression, RT-

PCR was performed. PDGFR-b mRNA expression

did not change after CFPAC-1 cells were treated with

various CUS doses for 72 h possibly because CUS

functions only as an RIP at the protein level.

PDGFR-b activation results in downstream signal-

ling transduction via the PI3K/Akt, Ras/MAPK,

PLC-g, Src kinase and Jak/Stat kinase pathways. PI3K

activation results in the phosphorylation of Akt/PKB.

Akt promotes cell survival by affecting numerous

downstream targets, including the inactivation of

pro-apoptotic proteins such as Bad and caspase-9. We

found that PI3K, Akt and p-Akt expressions are

downregulated by CUS but that p-Bad and cleaved

caspase-9 expressions are elevated, suggesting that

CUS can inactivate key components of the PI3K/Akt

signalling pathway through PDGFR-b inactivation.

In summary, CUS cannot selectively downregulate

PDGFR-b expression in pancreatic cancer cells be-

cause CUS downregulates many targets, such as the

epidermal growth factor receptor [24]. We preliminar-

ily investigated the mechanism of CUS-induced apop-

tosis and found that CUS induces the apoptosis of

pancreatic cancer cells by inactivating the PI3K/

Akt/mTOR signalling pathway. However, the specific

mechanisms leading to apoptosis remain unclear. Fur-

ther studies are needed to explore the great clinical

application potential of this novel small inhibitor for

cancer.
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