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ntiproliferative and Overadditive Effects of Rapamycin and FTY720
n Pancreatic Cancer Cells In Vitro

. Shen, X. Wang, W. Xia, C. Wang, M. Cai, H. Xie, L. Zhou, and S. Zheng

ABSTRACT

Rapamycin inhibits the growth of several tumors including pancreatic carcinoma both in
vitro and in vivo. The antitumor effects of FTY720 were also shown recently. The present
study was performed to investigate the in vitro antiproliferative capacity of combined
treatment with rapamycin and FTY720 on pancreatic cacinoma cell lines.
Materials and Methods. The Panc-1 and AsPc-1 cell lines were employed as the
pancreatic carcinoma model in vitro. For monotreatment experiments, rapamycin was
added in increasing doses from 0.002 �mol/L to 200 �mol/L; FTY720 was used from 1
�mol/L to 15 �mol/L. For combined treatment, two concentrations of rapamycin were
combined with seven concentrations of FTY720; or two concentrations of FTY720 with five
concentrations of rapamycin. The antiproliferative capacity was assessed by the MTT assay.
Results. Rapamycin and FTY720 inhibited MTT incorporation into Panc-1 and AsPc-1
in dose-dependent fashion with or without serum stimulation. In coincubation experi-
ments, great susceptibility to rapamycin was seen when combined with 10 �mol/L FTY720.
An effective combination for AsPc-1 was 10 �mol/L FTY720 with 0.002 �mol/L rapamy-
cin, resulting in more than 50% inhibition of MTT incorporation, and for Panc-1, 10
�mol/L FTY720 with 0.002 �mol/L rapamycin and 10 �mol/L FTY720 with 20 �mol/L
rapamycin; the corresponding inhibition levels reached about 40% and 60%, respectively.
Conclusion. Rapamycin and FTY720 showed dose-dependent antiproliferative effects
on pancreatic carcinoma cell lines in vitro both alone and in combination. The combined
use of rapamycin and FTY720 showed additive and supra-additive antiproliferative effects
on pancreatic carcinoma cell lines. The susceptibility of pancreatic carcinoma cells to

rapamycin was significantly enhanced when combined with FTY720.
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ITH THE DEVELOPMENT of immunosuppressive
therapy, especially in the cyclosporine or tacrolimus

ra, many recipients have achieved long-term survivals after
rgan transplantation. But due to the lifelong immunosup-
ressive treatment and the resultant modification of the

mmune system, malignant tumors have become an increas-
ngly important issue in the long-term follow-up of trans-
lant recipients. After 10 years, up to 20% of graft recipi-
nts develop malignant tumors, reaching up to 40% after 20
ears. Thus, malignancies contribute substantially to the
orbidity and mortality of organ transplant patients.1

Malignancies develop in three ways: de novo occurrence
n recipients; recurrent malignancy in recipients; or trans-

ission of malignancy from the donors. Immunosuppres-
ants such as cyclosporine and tacrolimus may contribute to

he de novo development of cancer after organ transplan- 3
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ransplantation Proceedings, 40, 1727–1733 (2008)
ation.2 Skin cancers are the most common malignant
onditions in transplant recipients, followed by gynecolog-
cal tumors and lymphomas.3 Pancreatic carcinomas are
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1728 SHEN, WANG, XIA ET AL
requent gastrointestinal tumors with an exceptionally bad
rognosis. Their diagnosis is usually established at a pro-
ressive stage, necessitating adjuvant or neoadjuvant che-
otherapy, although some patients received radical resec-

ion, the prognosis is disappointing, with a mean survival
ime of only 17 months.4

FTY720 and rapamycin both possess immunosuppressive
s well as antiproliferative properties. Growth inhibition by
oth rapamycin and FTY720 has not only been demon-
trated for lymphocytes, but also for vascular cells and
umor cells.3,5,6

FTY720, produced by modification of a metabolite from
saria sinclairii, has been reported to induce apoptosis in
ymphocytes; induce apoptosis; and prevent tumor growth
nd metastasis of several types of cancers, including breast,
ladder, and liver cells.7–9 Our previous study first demon-
trated that FTY720 inhibited the growth, invasion, and
etastasis of pancreatic carcinoma cell lines.10

Rapamycin targets the mammalian target of rapamycin
mTOR), leading to cell cycle arrest and inducing cell
poptosis. Its antitumor activity was recently demonstrated
n various tumors, including pancreatic carcinoma. Addi-
ionally, a recent study demonstrated supra-additive antitu-

ig 1. The proliferation of AsPc-1
ells could be dose-dependently

nhibited after treatment by rapa-
ycin alone (A) or FTY720 alone

B) for 24h with or without serum
timulation. The bivariate correla-
ion test: r � �0.822, P � .000 for
apamycin with FBS; r � �0.863,

� .000 for rapamycin without
BS; r � �0.883, P � .000 for
TY720 with FBS; r � �0.889, P �

000 for FTY720 without FBS. The
ne-way ANOVA test: *P � .05;

*P � .01; ***P � .001.
or effects when mycophenolate mofetil was combined
ith everolimus, a derivative of rapamycin.2

In the study presented here, we tested the in vitro
ntiproliferative capacity of rapamycin and FTY720 on
ancreatic tumor cell lines Panc-1 and AsPc-1 using an
TT [3-(4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium

romide] (Sigma, St. Louis, MØ, USA) assay.

ATERIALS AND METHODS
ell Lines

he pancreatic carcinoma cell lines of Panc-1 and AsPc-1 (Shang-
ai Institute of Cell Biology, Shanghai, China) were used as the in
itro model. The Panc-1 cells were routinely cultured in Dulbecco’s
odified Eagle’s medium (HyClone, Utah, USA) supplemented
ith 10% fetal bovine serum (FBS; JRH Biosciences, Kansas,
SA), 100 U/mL penicillin G and 100 U/mL streptomycin. The
sPc-1 cells were cultured in RPMI-1640 (HyClone) containing

0% of FBS, 100 U/mL penicillin G and 100 U/mL streptomycin.
hese two cell lines were cultured in 5% CO2 at 37°C. Subconfluent
onolayer cells of Panc-1 or AsPc-1 were detached from the

ulture dishes by trypsin treatment, then centrifuged at 90g for 5
inutes and resuspended in the fresh media. Cells were seeded at
density of 1.0�104 cells per well in a 96-well flat bottom plates
ith a final volume of 200 �L for cell proliferation assays.
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RAPAMYCIN AND FTY720 IN PANCREATIC CELLS 1729
eagents

he FTY720 was purchased from Cayman Chemical Company
Michigan, USA), the rapamycin, from BioSource International
nc (Camarillo, USA). Both rapamycin and FTY720 were dissolved
n dimethylsulfoxide (DMSO). For monotreatment experiments,
ells were treated with rapamycin in concentrations ranging from
.002 �mol/L to 200 �mol/L or with FTY720 ranging from 1
mol/L to 15 �mol/L either with or without FBS stimulation. For
oincubation experiments, the FBS-containing culture mediums
sed two concentrations of rapamycin (2 �mol/L and 20 �mol/L)
ombined with seven concentrations of FTY720 (1 �mol/L,
�mol/L, 5 �mol/L, 7 �mol/L, 10 �mol/L, 12 �mol/L, and 15
mol/L); or two concentrations of FTY720 (7 �mol/L and
0 �mol/L) with five concentrations of rapamycin (0.002 �mol/L,
.02 �mol/L, 0.2 �mol/L, 2 �mol/L, and 20 �mol/L). Cells in
ulture medium containing DMSO vehicle were regarded as the
ontrol group.

ell Proliferation

he antiproliferative capacity of the treatments was assessed by the
TT assay. The pancreatic carcinoma cell lines were treated with

apamycin or FTY720 at indicated concentrations for 24 hours,
hen the incubation medium was removed and 200 �L of fresh
edium containing MTT (2.5 mg dissolved in 50 �L of DMSO)

dded to each well. After incubation for 4 hours at 37°C, the
ulture containing MTT was removed, 200 �L of DMSO was added
o each well, and viable cells detected by measuring absorbance at
90 nm using MRX II absorbance reader (DYNEX Technologies,
hantilly, Virginia, USA). The cell viability was expressed as the
ercentage of absorbance in cells with FTY720 or rapamycin
reatment versus the control group.

tatistical Analysis

ll studies were performed three to six times, with results ex-
ressed as mean values � standard deviations. A one-way ANOVA
as used to compare the difference between the control group and
ach treated group; a bivariate correlation test was used to analyze
he correlation between reagent concentrations and cell prolifera-
ion levels. All statistical analysis was performed with SPSS11.5
oftware with P � .05 considered to be significant.

ESULTS

or AsPc-1 cells, rapamycin and FTY720 showed dose-
ependent inhibition of MTT incorporation with or without
BS stimulation (Fig 1). For rapamycin monotreatment
nder FBS stimulation, the inhibition levels by 2 �mol/L
nd 20 �mol/L rapamycin were about 15% and 30%,
espectively. Stronger inhibition was observed without FBS
timulation, namely 30% and 60%, respectively (Fig 1A).

Fig 2. For coincubation experi-
ments in AsPc-1, 7�M (A) and
10�M (B) FTY720 were combined
with five indicated concentrations
of rapamycin. Additive and supra-
additive anti-proliferation effects
were observed, the susceptibility
of AsPc-1 to rapamycin was signif-
icantly enhanced when combined
with FTY720. The one-way ANOVA

test: ***P � .001.
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1730 SHEN, WANG, XIA ET AL
or FTY720 monotreatment, the inhibition level of 7
mol/L and 10 �mol/L FTY720 with FBS stimulation were
bout 15% and 20%, respectively; and were both about
5% without FBS stimulation (Fig 1B).
For coincubation experiments in AsPc-1 cells, 7 �mol/L

nd 10 �mol/L FTY720 were combined with five concen-
rations of rapamycin (Fig 2), and 2 �mol/L and 20 �mol/L
apamycin with seven concentrations of FTY720 (Fig 3).
nterestingly, additive and supra-additive antiproliferative
ffects were observed; an effective combination was 10
mol/L FTY720 with 0.002 �mol/L rapamycin, yielding
ore than 50% inhibition level (Fig 2B), which was greater

han the levels of 20 �mol/L rapamycin and 12 �mol/L
TY720 used in monotreatment. Importantly, great suscep-

ibility to rapamycin was observed when combined with 10
mol/L FTY720, allowing the rapamycin concentration to
e more than 100 times reduced.
For Panc-1 cells, rapamycin and FTY720 also produces

ose-dependent inhibition of MTT incorporation with or
ithout FBS stimulation (Fig 4). For rapamycin monotreat-
ent in the condition of FBS stimulation, inhibition levels

f 2 �mol/L and 20 �mol/L rapamycin were about 10% and
0%, respectively; stronger inhibition was observed without
BS stimulation, namely, 15% and 30%, respectively (Fig

ig 3. For coincubation experi-
ents in AsPc-1, 2�M (A) and

0�M (B) rapamycin were com-
ined with seven indicated con-
entrations of FTY720. Additive
nd supra-additive anti-proliferation
ffects were observed. The one-
ay ANOVA test: *P � .05; **P �

01; ***P � .001.
A). In monotreatment, the inhibition levels of 7 �mol/L w
nd 10 �mol/L FTY720 with FBS stimulation were only
bout 6% and 10%, respectively; and 5% and 15%, respec-
ively, without FBS stimulation (Fig 4B).

Similar to AsPc-1 cells, 2 �mol/L and 20 �mol/L rapa-
ycin were combined with seven concentrations of FTY720

Fig 5), and 7 �mol/L, and 10 �mol/L, FTY720 were
ombined with five concentrations of rapamycin (Fig 6).
dditive and supra-additive antiproliferative effects were
bserved with Panc-1 cells. The effective combinations were
0 �mol/L FTY720 plus 0.002 �mol/L rapamycin and 10
mol/L FTY720 plus 20 �mol/L rapamycin, the corre-

ponding inhibition levels reached about 40% and 60%,
espectively (Fig 6), more than the monotreatment effects
f 20 �mol/L rapamycin and 12 �mol/L FTY720. The
usceptibility of Panc-1 to rapamycin was also significantly
nhanced more than 10-fold when combined with 10
mol/L FTY720.

ISCUSSION

n this study, rapamycin and FTY720 showed dose-dependent
ntiproliferative effects on Panc-1 and AsPc-1 pancreatic
arcinoma cell lines in vitro with or without FBS stimula-
ion. Importantly, supra-additive antiproliferative effects

ere observed with combined treatment of rapamycin and
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RAPAMYCIN AND FTY720 IN PANCREATIC CELLS 1731
TY720. The susceptibility of pancreatic carcinoma cells to
apamycin was significantly enhanced when combined with
TY720, leading to a 10- to 100-fold reduction in rapamy-
in concentration.

Rapamycin has shown potential for application for can-
er treatment.11,12 It inhibits the proliferation of various
umor cell lines in vitro.13 Human pancreatic tumors have
een reported to be sensitive to CCI-779 (a rapamycin ester
ormulated for intravenous use), and mTOR signaling
ppears to be required for pancreatic cancer cell prolifera-
ion.11 Antitumor efficacy of a rapamycin derivative has
een shown in one animal model of pancreatic cancer.14

ur study also demonstrated dose-dependent antiprolifera-
ive effects on pancreatic carcinoma cells.

Recently, some studies have reported FTY720 as a
ossible antitumor agent.7–9 Three recent in vivo studies
howed that FTY720 prevented tumor growth and metas-
ases of breast, bladder, and liver xenografts in nude
ice.7,8 Our previous study confirmed that FTY720 sup-

ressed the proliferation, organization, migration, and
nvasion of pancreatic carcinoma cells even at low concen-

rations. Additionally, FTY720 induced apoptosis of pan- t
reatic carcinoma cells, possibly via down-regulation of Akt
hosphorylation and Bcl-2 expression.10 In this study
TY720 also was demonstrated to inhibit the proliferation
f pancreatic carcinoma cells in a dose-dependent manner.
he combined use of rapamycin and FTY720 showed
dditive and supra-additive antiproliferative effects on pan-
reatic carcinoma cells. Importantly, the use of FTY720
ay significantly enhance the antiproliferative effects of

apamycin on pancreatic carcinoma cells.
A previous study recommended a whole-blood rapamycin

herapeutic window of 5 to 15 ng/mL (5.5 nmol/L to 16.4
mol/L) for patients at standard risk of rejection.15 Addi-
ionally, it was reported that the FTY720 plasma peak
oncentration of 2.8 ng/mL (8.15 nmol/L) would not induce
evere toxicity in renal transplantation recipients.16 Thus,
he concentration ranges of both rapamycin and FTY720 in
his study were markedly higher than those observed in
ivo, which may contribute to the observed difference. To
ate, the effects of the drug concentration ranges and
ombinations used in this experiment on normal epithelial
r endothelial cell lines or in animal models remain uncer-

Fig 4. The proliferation of Panc-1
cells could be dose-dependently
inhibited after treatment by rapa-
mycin alone (A) or FTY720 alone
(B) for 24h with or without serum
stimulation. P � .05. The bivariate
correlation test: r � �0.878, P �
.000 for rapamycin with FBS; r �
�0.801, P � .000 for rapamycin
without FBS; r � �0.785, P � .000
for FTY720 with FBS; r � �0.850,
P � .000 for FTY720 without FBS.
The one-way ANOVA test: *P �
.05; **P � .01; ***P � .001.
ain. We performed studies focused on the effects of
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1732 SHEN, WANG, XIA ET AL
TY720 in a nude mouse model of pancreatic cancer and
ound that FTY720 (10 mg/kg per day) did not cause severe
oxicity in nude mice. In addition, the safe ranges and
ombinations of FTY720 and rapamycin in normal epithe-
ial or endothelial cell lines, or animal models must be the
ocus of our next study.

In conclusion, the immunosuppressive drugs rapamycin
nd FTY720 show additional antitumor effects. We showed
n vitro antiproliferative capacities in pancreatic cancer cell
ines Panc-1 and AsPc-1, both when used as single sub-
tances and in combination. Additive and supra-additive
ntiproliferative effects were observed in combined treat-
ent. The susceptibility of pancreatic carcinoma cells to

apamycin was significantly enhanced when combined with
TY720.
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