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Curcumin analogues exhibit enhanced growth suppressive
activity in human pancreatic cancer cells
Lauren Friedmana, Li Lina, Sarah Balla, Tanios Bekaii-Saabb,d, James Fuchsc,
Pui-Kai Lic, Chenglong Lic and Jiayuh Lina,d

Curcumin, a yellow pigment and the active component

of turmeric, has been shown to protect against

carcinogenesis and prevent tumor development in several

types of cancer. However, its low bioavailability and

potency prevent it from being effective in most

chemotherapeutic applications. One potential means of

circumventing this problem has been the creation of

synthetic curcumin analogues. We tested the efficacy of

two such analogues, known as FLLL11 and FLLL12, in

human pancreatic cancer cell lines. We compared the

impact of curcumin with FLLL11 and FLLL12 on cell viability

in five different pancreatic cancer cell lines. Although all

three compounds were capable of lowering viability in all

cell lines tested, FLLL11 and FLLL12 (IC50 values between

0.28–3.2 and 0.91–3.43 lmol/l, respectively) were

substantially more potent than curcumin (IC50 values

between 8.67 and 20.35 lmol/l). In addition, FLLL11 and

FLLL12 inhibited phosphorylation of signal transducer and

activator of transcription 3 and AKT, two cell signaling

pathways frequently found persistently active in many

forms of cancer. Furthermore, FLLL11 and FLLL12 were

found to be more effective than curcumin in inducing

apoptosis as evidenced by increased cleavage of PARP and

caspase-3 in pancreatic cancer cell lines. These results

indicate that the curcumin analogues, FLLL11 and FLLL12,

are more effective than curcumin in inhibiting cell viability

and inducing apoptosis, and may have translational

potential as chemopreventive or therapeutic agents for

pancreatic cancer. Anti-Cancer Drugs 20:444–449 �c 2009
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Introduction
Pancreatic cancer develops when cancerous cells form

in the tissues of the pancreas, a large organ that lies

horizontally behind the lower part of the stomach. Each

year approximately 32 000 individuals in the United

States are diagnosed with pancreatic cancer. According

to the American Cancer Society, there were an estimated

37 170 new cases and 33 370 deaths from pancreatic

cancer in the United States in 2007. Cancer of the

exocrine pancreas has a low cure rate and has an overall

survival rate of less than 4% [1]. The highest cure rate

occurs when the tumor is truly localized to the pancreas;

however, this stage of the disease accounts for less than

20% of cases. For those patients with localized disease

and small cancers ( < 2 cm) and with no lymph node

metastases or extension beyond the capsule of the

pancreas, complete surgical resection can yield actuarial

5-year survival rates of 18–24% [2]. For patients with

advanced cancers, the overall survival rate of all stages is

less than 1% at 5 years with most patients dying within 1

year [3,4]. Hence, there is an immediate need for better

treatment and prevention of pancreatic cancer. The

cellular mechanisms contributing to pancreatic cancer

are still not well understood, but involve a multistep

process of mutations of tumor suppressor genes such as

p53, retinoblastoma-1 genes [5] as well as signaling protein

dysregulation.

Curcumin is a bioactive component found in the rhizome

of the perennial herb Curcuma longa. A polyphenolic

compound with intense yellow coloring, curcumin has

been part of therapeutic preparations for centuries

because of its wide spectrum of beneficial activities and

its safety in relatively large doses [6]. Extensive research

has indicated that curcumin can influence multiple cell

signaling pathways and has anti-inflammatory, anti-

oxidant, chemopreventive, and chemotherapeutic proper-

ties in addition to many others [7]. The anticarcinogenic

properties of curcumin continue to be a subject of great

interest, and evidence that it can inhibit the initiation,

progression, and continued survival of cancerous cells

likewise continue to accumulate [7]. Curcumin has anti-

tumor effects against pancreatic cancer in mice tumor

models and inhibitory effects in pancreatic cancer cells

[8–12]. Despite these promising findings, curcumin is yet

to be approved as a chemotherapeutic agent. Testing in
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animal models and human clinical trials has revealed that

the bioavailability of curcumin is low, owing to its poor

absorption across the gut, limited tissue distribution,

rapid metabolism, and its subsequent elimination from

the body [13]. In light of these findings, numerous

strategies have been devised to address this limitation of

curcumin, including the design and synthesis of novel

structural analogues [14]. Two such compounds, termed

FLLL11 and FLLL12, were synthesized in our laboratories.

In this study, we compared the effects of FLLL11,

FLLL12, and curcumin in pancreatic cancer cells. We

showed that FLLL11 and FLLL12 are more potent

than curcumin in the inhibition of signal transducer and

activator of transcription 3 (STAT3) and AKT (or protein

kinase B) phosphorylation, suppression of cell viability,

and induction of apoptosis of human pancreatic cancer

cell lines.

Materials and methods
Cell culture

Human pancreatic cancer cell lines (PANC-1, BXPC-3,

MIA-PACA-2, ASPC-1, and HPAC), and normal human

bladder cells were obtained from the American Type

Culture Collection (ATCC; Manassas, Virginia, USA).

These pancreatic cancer cells were maintained in 10%

fetal bovine serum (Invitrogen, Carlsbad, California,

USA), Dulbecco’s modification of Eagle’s medium, 1X

with 4.5 g/l, L-glutamine, and sodium pyruvate (Mediatech)

with 1% penicillin/streptomycin. Immortalized but not

malignant human pancreatic duct epithelial cells were

provided by Dr Ming-Sound Tsao at the University

of Toronto and were maintained in CnT-07CF epi-

dermal keratinocyte medium (CELLnTEC Advanced Cell

Systems, Bern, Switzerland) supplemented with 100 U/ml

penicillin and 100 mg/ml streptomycin (Invitrogen Life

Technologies) and 0.07 mmol/l CaCl2 in addition to the

supplements provided by manufacturer. All cell lines

were cultured in cell culture incubators, which were set

at 371C and aired with 5% CO2.

Curcumin and curcumin analogues

Curcumin was obtained from Sigma-Aldrich Inc.,

(St. Louis, Missouri, USA). FLLL11 and FLLL12 were

prepared by acid-catalyzed condensation of acetone

with vanillin and 3,5-dimethoxy-4-hydroxybenzaldehyde,

respectively, according to known procedures [15,16].

FLLL11 was initially isolated as a natural product from

Curcuma domestica Val. (Zingiberaceae) [17] and later

Curcuma longa Linn [18]. FLLL12 is a synthetic analogue

of FLLL11 with an additional methoxy substituent at the

5-position of both aromatic rings [19]. The spectral data

of both of the synthesized compounds were identical to

those reported earlier. Both compounds were synthesized

in Dr Pui-Kai’s Laboratory and dissolved in dimethylsulfoxide

to a final stock concentration of 20 mmol/l. GO-Y030 was

provided by Dr Hiroyuki Shibata (Tohoku University,

Sendai, Japan).

MTT cell viability assay

PANC-1, BXPC-3, MIA-PACA-2, ASPC-1, HPAC pancreatic

cancer cells, HPDE, and normal human bladder cells were

seeded in 96-well plates (4000 cells/well) in triplicate in

Dulbecco’s Modification of Eagle’s Medium and 10%

fetal bovine serum. The next day, pancreatic cancer cells

were treated with 1.0–20 mmol/l of FLLL11 and FLLL12

as well as 2.5–20 mmol/l of curcumin (Sigma-Aldrich)

for 72 h. At the end of each time point, 25 ml of MTT

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide: #M5655, Sigma-Aldrich] was added to each well of

the plate and incubated for 3.5 h. After this, 100 ml

of N,N-dimethylformamide (#D4551, Sigma-Aldrich)

solubilization solution was added to each well. Plates

were left at room temperature overnight to allow

complete lysis of cells and read at 450 nm the next day.

Microsoft Excel was used to analyze the cell viability

data. The untreated cells were set at 100% and the cell

viability of curcumin-treated, FLLL11-treated, and

FLLL12-treated cells was determined relative to un-

treated cells. Results were presented as bar charts with

error bars. IC50 values were calculated using SigmaPlot

(Systat Software, Inc., San Jose, California, USA).

Western blot analysis

PANC-1, BXPC-3, MIA-PACA-2, HPAC pancreatic

cancer cells, and HPDE cells were treated with 5 and

10 mmol/l of FLLL11 and FLLL12, respectively, or 10

and 20 mmol/l of curcumin (Sigma-Aldrich) for 24–48 h.

For western blots, 50 mg of total protein from pancreatic

cancer cell lysates were subjected to SDS polyacryl-

amide gel electrophoresis and transferred to polyviny-

lidene fluoride membranes. Membranes were blotted with

phospho-specific STAT3 antibody [Tyrosine 705; #9131

Cell Signaling Tech., (Beverly, Massachusetts, USA)],

phospho-independent STAT3 antibody (#9132 Cell Sig-

naling Tech.), phospho-specific AKT antibody (Serine 473;

#9271S Cell Signaling Tech.), cleaved PARP antibody

(#9546 Cell Signaling Tech.), cleaved caspase-3 (#9661S

Cell Signaling Tech.), and GAPDH antibody (#MAB374

Chemicon International Inc., Temecula, California, USA).

Membranes were analyzed with enhanced chemilumines-

cence Plus reagents and scanned with the Storm

scanner (Amersham Pharmacia Biotech Inc., Piscataway,

New Jersey, USA).

Results
Curcumin analogues, FLLL11 and FLLL12, are more

potent than curcumin in inhibiting cell viability in

human pancreatic cancer cells

In this study, we examined the growth suppressive

activities of the structural analogues of curcumin,

FLLL11, and FLLL12 (Fig. 1), in five independent

human pancreatic cancer cell lines, PANC-1, BXPC-3,

MIA-PACA-2, ASPC-1, and HPAC. After 72 h of

treatments, FLLL11, FLLL12, and curcumin all showed

some inhibition of cell viability (Table 1). FLLL11 and
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FLLL12 exhibited greater inhibition than curcumin in

these five pancreatic cancer cell lines. IC50 values of

FLLL11 and FLLL12 in these five different human

pancreatic cancer cell lines were between 0.28–3.20 and

0.91–3.43 mmol/l, respectively (Table 1), which are

substantially more potent than curcumin (IC50 values

between 8.67 and 20.35 mmol/l). FLLL11 and FLLL12

showed certain inhibition of cell proliferation in immor-

talized HPDE cells, but they have less inhibitory effects

in normal human bladder cells with IC50 values as high

as 206.41 and 886.76 mmol/l, respectively (Table 1).

FLLL11 and FLLL12 are more potent than curcumin

in inducing STAT3 phosphorylation and apoptosis

in human pancreatic cancer cells

We further examined whether FLLL11 and FLLL12 could

inhibit STAT3 phosphorylation in PANC-1, BXPC-3, and

HPAC pancreatic cancer cell lines. These cell lines have

been shown to have elevated levels of STAT3 phosphory-

lation. Both FLLL11 and FLLL12 were able to inhibit

STAT3 phosphorylation (Tyr705) in these cell lines

(Fig. 2a–c). In addition, the inhibition of STAT3

phosphorylation seems to correlate with the induction

of apoptosis evidenced by increased levels of cleaved

caspase-3 (Fig. 2a–c) by FLLL11 and FLLL12 in these

three independent human pancreatic cancer cell lines.

FLLL12 at 5 and 10mmol/l inhibited STAT3 phosphorylation

and induced increased levels of cleaved caspase-3 in

PANC-1 pancreatic cancer cells, whereas 5 and 10 mmol/l

of FLLL11 were less effective in inhibiting STAT3

phosphorylation and inducing increased levels of cleaved

caspase-3 (Fig. 2a). In BXPC-3 pancreatic cancer cells,

5 and 10 mmol/l of FLLL11 and FLLL12, respectively,

inhibited STAT3 phosphorylation and induced significant

levels of cleaved PARP, whereas 20 mmol/l of curcumin

was less effective in inhibiting STAT3 phosphorylation

and increasing cleaved caspase-3 (Fig. 2b). FLLL11 and

FLLL12 were both able to inhibit AKT phosphorylation

at a concentration of 10 mmol/l, whereas a concentrat-

ion of 20 mmol/l of curcumin was required to inhibit

AKT phosphorylation (Fig. 2b). Lastly, 10 mmol/l of both

FLLL11 and FLLL12 inhibited STAT3 phosphorylation

Fig. 1
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(a) The chemical structures of curcumin, FLLL11 and FLLL12. (b) Synthetic scheme of FLLL11 and FLLL12.

Table 1 IC50 (lmol/l) of FLLL11, FLLL12, and curcumin in human
pancreatic cancer cells and normal human cells

FLLL11 FLLL12 Curcumin

PANC-1 3.20 3.09 20.35
BXPC-3 0.28 1.31 8.67
MIA-PACA-2 2.52 3.43 11.16
ASPC-1 0.95 2.64 12.40
HPAC 0.50 0.91 15.99
HPDE 0.44 0.26 5.60
Bladder 206.41 886.76 > 1000

Pancreatic cancer cells or normal human cells were seeded in 96-well plates
(4000 cells/well) in triplicate. The next day, pancreatic cancer cells were treated
with FLLL11, FLLL12, and curcumin for 72 h. The cell viability was analyzed by
MTT assays. IC50 values were calculated using Sigma Plot from two to three
independent experiments with each dose of drug in triplicate well.
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and increased levels of cleaved caspase-3 in HPAC

pancreatic cancer cells, whereas 10 mmol/l of curcumin

was less potent (Fig. 2c). However, FLLL11 and

FLLL12 do not induce apoptosis in human pancreatic

duct epithelial cells as evidence by cleaved caspase-3

(Fig. 2d).

We also compared the effects of FLLL12 and FLLL11

with one of the most potent curcumin analogues,

GO-Y030 [19]. The results indicated that FLLL12 has

a similar efficacy as GO-Y030 in the inhibition of STAT3

phosphorylation and caspase-3 cleavage in PANC-1

pancreatic cancer cells (Fig. 3a). In HPAC pancreatic

cancer cells, GO-Y030 may be slightly more potent

(Fig. 3b). Both FLLL12 and GO-Y030 induced increased

levels of cleaved PARP and caspase-3 at similar levels in

MIA-PACA2, whereas FLLL11 was less potent (Fig. 3c).

Discussion
Some anticancer therapies currently in use are inade-

quate, not only in terms of their therapeutic efficacy, but

Fig. 2
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FLLL11 and FLLL12 inhibit STAT3 and/or AKT phosphorylation and
induce apoptosis in (a) PANC-1, (b) BXPC-3, and (c) HPAC pancreatic
cancer cell lines. However, FLLL11, FLLL12 do not increase cleaved
caspase-3 in (d) human pancreatic duct epithelial cells. Cells were
treated with 5–10mmol/l of FLLL11 and FLLL12 as well as 10 or
20mmol/l of curcumin for 24–48 h. Fifty micrograms of total protein
from cell lysates were subjected to SDS polyacrylamide gel
electrophoresis and transferred onto polyvinylidene fluoride
membranes. Membranes were blotted with phospho-specific STAT3
(Tyrosine 705), phospho-independent STAT3, phospho-specific AKT
antibody (Serine 473), cleaved PARP antibody, cleaved caspase-3
antibody, and GAPDH antibody. DMSO, dimethylsulfoxide.

Fig. 3
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pancreatic cancer cell lines. DMSO, dimethylsulfoxide.
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also because they have undesirable side effects.

In contrast, certain bioactive compounds known as

phytochemicals have been shown to exhibit growth

suppressive activity and chemopreventive properties

against various types of cancers [20]. Curcumin is one

of the most widely characterized of the phytochemicals

and is the active ingredient in the rhizome of the plant

turmeric (Curcuma longa Linn), and has both antioxidant

and anti-inflammatory properties [20–22]. Curcumin has

been shown to protect against carcinogenesis and prevent

tumor formation and development in several types of

cancer and also to suppress angiogenesis and metastasis

in a variety of animal tumor models [20,21,23–30]. In

particular, curcumin has shown inhibitory effects in

pancreatic cancer cells in vitro as well as in an orthotopic

pancreatic tumor model in vivo [8–12]. The growth

suppressive activity of curcumin, as well as its safety,

makes it an attractive choice for a chemotherapeutic

agent; however, because of its low bioavailablity it may

not be sufficient as an effective therapeutic agent in

pancreatic cancer. Therefore, more potent analogues of

curcumin need to be developed to find therapeutic

approaches for pancreatic cancer.

There are several curcumin analogues such as dimeth-

oxycurcumin, EF-24, and others that have been reported

earlier [31–34]. We tested two additional analogues

of curcumin, FLLL11 and FLLL12. Although the

monoketone scaffold present in FLLL11 and FLLL12

is frequently used in the synthesis of curcumin analogues,

the origin of the differences in activity between curcumin

and these monoketone analogues remains unclear.

FLLL11 possesses the same ring substitution pattern

as curcumin, 4-hydroxy-3-methoxy substituted aromatic

rings, and lacks only one of the carbonyls and the central

methylene carbon found in curcumin. Certainly, the

shorter tether length between the aromatic rings

(5 carbons vs. 7 carbons) and the lack of acidic

1,3-diketone protons may play a role, but little evidence

yet exists to substantiate these claims or clearly indicate

a difference in affected biological targets. We demon-

strated that FLLL11 and FLLL12 are more potent than

curcumin in inhibiting STAT3 and AKT phosphorylation.

The constitutive activation of STAT3 is frequently

detected in pancreatic cancer and may contribute to

angiogenesis, metastasis, increased survival, and growth

of pancreatic cancer cells and pancreatic tumors in mice

models in vivo [35–38]. The constitutively activated AKT

expression (phosphorylated AKT) is also a significant

prognostic indicator for pancreatic ductal adenocarcinoma

[39]. Activated AKT seems to play an important role in

proliferation, chemoresistance, and invasion of human

pancreatic cancer cells [40–44]. These results support

the suggestion that constitutive STAT3 and AKT signal-

ing seem to be two of the key oncogenic pathways in

pancreatic cancer and can serve as attractive therapeutic

targets for pancreatic carcinoma. Therefore, the inhibi-

tion of cell viability is most likely linked to the inhibition

of STAT3 and AKT pathways in these pancreatic cancer

cells. Although FLLL11 and FLLL12 are potent in

inhibiting pancreatic cancer cell viability, they have

less inhibitory effects in normal human bladder cells.

We observed that FLLL11 and FLLL12 have certain

inhibition of cell proliferation in immortalized HPDE

cells. However, we did not observe FLLL11 and FLLL12

induce cleaved caspase-3 in human pancreatic duct

epithelial cells (Fig. 3d). These results might be explained

by immortalized cells that may become sensitive to the

growth suppression by curcumin or its analogues such as

FLLL11 and FLLL12. However, HPDE cells are not so

malignant or oncogenic compared with other five pancreatic

cancer cell lines. Therefore, fewer survival or antiapoptotic

pathway(s) are activated in HPDE cells compared with

cancer cells. Hence, the treatments of FLLL11 and

FLLL12 in HPDE cells may not result in the induction

of apoptosis by the inhibition of survival or antiapoptotic

pathway(s).

In summary, our results showed for the first time that the

curcumin analogues, FLLL11 and FLLL12, are potent

agents in inhibiting STAT3 and AKT phosphorylation in

human pancreatic cancer cells and are more active than

curcumin in this inhibition. Our results also showed that

FLLL11 and FLLL12 are potent agents for inhibiting

cell viability and induce apoptosis in pancreatic cancer

cells. Therefore, FLLL11 and FLLL12 may have

translational potential as novel cancer therapeutics or

preventive agents for human pancreatic carcinoma.
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