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The  aim  of  this  study  is  to investigate  antitumor  activity  of  all-trans  retinoic  acid  (RA)-incorporated  glycol
chitosan  (GC)  nanoparticles.  RA-incorporated  GC  nanoparticles  were  prepared  by  electrostatic  interac-
tion between  RA  and  amine  group  of GC.  RA-incorporated  GC  nanoparticles  have  spherical  shape  and  their
particle  size  was  317  ±  34.5  nm. They  were  simply  reconstituted  into  aqueous  solution  without  changes
of  intrinsic  properties.  RA-incorporated  GC  nanoparticles  were  evidently  inhibited  the  proliferation  of
HuCC-T1 cholangiocarcinoma  cells  at higher  than  20 �g/ml  of  RA  concentration  while  empty  GC  vegicles
ll-trans retinoic acid
lycol chitosan
anoparticles
holangiocarcinoma

nvasion

did  not  affect  to  the  viablity  of  tumor  cells.  Apoptosis  and  necrosis  analysis  of  tumor  cells  with  treatment
of  RA  or  RA-incorporated  GC  nanoparticles  also supported  these  results.  Invasion  test  using  Matrigel® also
showed  that  invasion  of  tumor  cells  was  significantly  inhibited  at higher  than  20  �g/ml  of  RA concentra-
tion.  Wound  healing  assay  also  showed  that  RA-incorporated  GC nanoparticles  were  inhibited  migration
of  tumor  cells  as similar  to  RA  itself.  Our  results  suggested  that  RA-incorporated  GC  nanoparticles  is a
promising  vehicles  for  RA  delivery  to HuCC-T1  cholangiocarcinoma  cells.
. Introduction

Cholangiocarcinoma (CC) is one of the most aggressive cancers
rising from biliary tract epithelia, and its global incidence has
ecently been shown to be increasing (Lim, 2003; Reddy and Patel,
006; Sandhu and Roberts, 2008; Singh and Patel, 2006). CC is char-
cterized by poor prognosis and difficulties in diagnosis (Reddy
nd Patel, 2006; Sandhu and Roberts, 2008). Curative treatment
ptions for CC are practically lacking and the median survival of
dvanced CC patients is <24 months (Sandhu and Roberts, 2008;
elzel et al., 2006). Even though one unique option for curative

reatment of CC may  be surgical resection, most of the diagnosed
atients are frequently identified at an advanced stage of CC,
hich is not amenable to surgery. Therefore, palliative therapies,

ncluding endoscopic stent placement, chemotherapy, radiation

herapy, and photodynamic therapy (PDT) are regarded as feasible
reatment options to lengthen patient survival time. Furthermore,
C is known to be resistant to traditional chemotherapy and
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radiotherapy (Blechacz and Gores, 2008; Sirica, 2005). The pro-
gression of CC is not only dependent on proliferation of the tumor
but also on invasion, metastasis, and spreading (Bhuiya et al., 1992;
Rosai, 1996). Because most chemotherapeutic options concentrate
on inhibiting cell proliferation, a more effective treatment option
is required for the physiological considerations of CC.

The retinoids and related compounds such as all-trans retinoic
acid (RA) are known to regulate cell behaviour and to play key roles
in determination of cell fate (Morris-Kay, 1992; Noll and Miller,
1994). Especially, RA is effective for the treatment of epithelial and
hematological malignancies such as breast cancer (Kalmekerian
et al., 1994), head and neck cancer (Giannini et al., 1997), ovarian
adenocarcinoma (Krupitza et al., 1995), human malignant gliomas
(Defer et al., 1997), and acute promyelocytic leukemia (APL)
(Huang et al., 1988). However, the clinical application of RA is
limited due to its side effects such as acute retinoid resistance,
hypertriglyceridermia, mucocutaneous dryness, headache, and
cancer relapse after a brief remission (Muindi et al., 1992), (Conley
et al., 1997; Frankel et al., 1992). Furthermore, drawbacks of
RA such as photosensitivity, local irritating reactions, and poor
aqueous solubility (0.1 �M at pH 7.3) were reported (Lehman et al.,
1988; Szuts and Harosi, 1991). These drawbacks of RA have led
to development of various formulations of RA such as RA-loaded

microsphers (Choi et al., 2001; Giordano et al., 1993), liposomes
(Estey et al., 1999), solid lipid nanoparticles (Lim and Kim, 2002),
and polymeric micelles (Jeong et al., 2006). Especially, posi-
tively charged polymers, i.e. nanoparticles based on ion-complex

dx.doi.org/10.1016/j.ijpharm.2011.10.057
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:nanomed@naver.com
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cells to stain necrotic cells under dark conditions. Then, the cells
K.-D. Chung et al. / International Jour

ormation between RA and polymers, are feasible carriers for RA
ecause RA is an acidic compound. Thünemann et al. (Thünemann
nd Beyermann, 2000; Thünemann et al., 2000) reported the
ormation of RA-incorporated nanoparticle complexes with pos-
tively charged macromolecules such as polyethyleneimine (PEI)
nd poly(ethylene oxide)-b-poly(l-lysine).

The aim of this study was to test the antitumor activity of RA
r RA-incorporated GC nanoparticles against HuCC-T1 human CC
ells. Furthermore, retinoids are known to have anti-proliferation,
nti-migration, and anti-invasive activity against human malig-
ant gliomas (Bouterfa et al., 2000; Rotan, 1991), suggesting that
etinoids are suitable anticancer agents to inhibit progression of
umors. Antitumor activity of RA or RA-incorporated nanoparticles
ere rarely investigated against cholangiocarcinoma. Therefore,
e investigated the anti-proliferation, anti-migration, and anti-

nvasion effects of RA and RA-incorporared nanoparticles on
uCC-T1 human CC cells.

. Materials and methods

.1. Materials

GC, RA, dimethylformamide (DMF), and dialysis membranes
MWCO  = 12,000 g/mol) were purchased from Sigma Chem. Co. Ltd.
St. Louis, MO,  USA). Dimethylsulfoxide (DMSO) was purchased
rom Sigma Chem. Co. Ltd. as a cell culture grade.

.2. Preparation of RA-incorporated GC nanoparticles

RA-incorporated GC nanoparticles were prepared as previously
eported (Jeong et al., 2006). Briefly, 5 mg  of RA was  dissolved in

 mL  of DMF, and 40 mg  of GC was dissolved in 10 mL  of deionized
ater. RA/DMF solution (1 mL)  was slowly dropped into aque-

us GC solution for 10 min  and additionally stirred for 20 min
nder darkend conditions. Then, solvent was removed by dialy-
is against deionized water for 1 day using a dialysis membrane
MWCO  = 12,000 g/mol). The dialyzed solution was lyophilized and
nalyzed.

To measure drug contents and loading efficiency, the volume
f the dialyzed solution was adjusted to 20 mL by adding deion-
zed water, and then 100 �L of this solution was  diluted with
.9 mL  of DMSO. Empty GC vehicles were prepared similar to RA-

ncorporated GC nanoparticles, but in the absence of RA. Empty
ehicles of GC were used as a blank test. The drug contents
ere measured using a UV spectrophotometer (UV-1200, Shi-
adzu Co. Ltd., Kyoto, Japan) at 365 nm.  Drug contents = [amount

f RA in the nanoparticles/weight of nanoparticles] × 100. Load-
ng efficiency = [residual amount of RA in the nanoparticles/feeding
mount of RA] × 100.

.3. Characterization of RA-incorporated GC nanoparticles

The morphology of RA-incorporated GC nanoparticles was
bserved using a field emission scanning electron microscope (FE-
EM, Hitachi-S4700). One drop of RA-incorporated GC nanoparticle
olution was placed onto a cover glass and dried at room tempera-
ure. Nanoparticles were coated with gold using an ion coater and
bserved at 20 kV.

Particle size was analyzed by Nano-ZS (Malvern, Worcester-
hire, UK). A sample solution prepared via the dialysis method was
sed to determine particle size (concentration: 0.1 wt%).
.4. Cell culture

Human CC cells (HuCCT-1) were purchased from the Health
cience Research Resources Bank (Osaka, Japan). Cells were
 Pharmaceutics 422 (2012) 454– 461 455

maintained in RPMI 1640 medium supplemented with 10% fetal
bovine serum at 37 ◦C in a humidified atmosphere with 5% CO2.

2.5. Proliferation inhibition assay

Growth inhibition was determined by the MTT  assay. Aliquots
containing 3 × 103 cells were seeded into each well of a 96-well
plate and incubated overnight in a 5% CO2 incubator at 37 ◦C. Then,
RA dissolved in DMSO was diluted with RIMI 1640 (10% FBS) and
added to each well. RA-incorporated GC nanoparticles prepared as
described above were filtered using a 0.8 �m syringe filter, diluted
with RIMI 1640 (10% FBS), and used to treat the tumor cells. Treat-
ment with RIMI 1640 (10% FBS) with 0.1% (v/v) DMSO was used for
a control. The cells were incubated for an additional 24 h or 48 h at
37 ◦C in a 5% CO2 incubator. Subsequently, 25 �L of MTT  (3 mg/mL
in PBS) was added to each well, and cells were incubated for an
additional 4 h. Then, 100 �L of SDS–HCl solution (SDS 10% w/v,
0.01 M HCl) was added to each well and incubated for an additional
12 h in 37 ◦C, in a 5% CO2 incubator. The absorbance was then mea-
sured at a wavelength of 570 nm using an Infinite M200 pro reader
(Tecan Austria GmbH, Salzburg, Austria). All experiments were con-
ducted in triplicate. The viable cells were expressed as a percent
of control. Results are calculated as the mean ± SD of 3 different
experiments.

2.6. Cytotoxicity assay

To determine cytotoxicity test against tumor cells, 3 × 104 cells
per well were seeded in 96-well plate and incubated overnight in a
5% CO2 incubator at 37 ◦C. Then, the medium was  exchanged with
fresh serum-free medium and incubated 12 h in a 5% CO2 incubator
at 37 ◦C. RA dissolved in DMSO was  diluted with fresh serum-free
medium and added to each well. RA-incorporated GC nanoparti-
cles were also diluted with fresh serum-free medium used to treat
tumor cells. Serum-free RIMI 1640 with 0.1% (v/v) DMSO was used
as a control treatment. The cells were incubated for an additional
24 h–72 h at 37 ◦C in a 5% CO2 incubator. Subsequently, 25 �L of
MTT  (3 mg/mL  in PBS) was added to each well, and cells were incu-
bated for an additional 4 h. Then, 100 �L of SDS–HCl solution (SDS
10% w/v, 0.01 M HCl) was added to each well and incubated for
an additional 12 h at 37 ◦C, in a 5% CO2 incubator. The absorbance
was  then measured at a wavelength of 570 nm using an Infinite
M200 pro reader (Tecan, Switzerland). All experiments were con-
ducted in triplicate. The viable cells were expressed as a percent
of control. Results are calculated as the mean ± SD of 3 different
experiments.

2.7. Flow cytometric analysis

Flow cytometric analysis was performed as previously described
(Kim et al., 2011) Two propidium iodide reagents (P4170, Sigma)
and FITC-annexin V (sc-4252 FITC, Santa Cruz, CA, 95060, USA)
were used to identify apoptosis and necrosis of HuCC-T1 cells,
respectively. Cells were treated with various concentrations of
RA or RA-incorporated GC nanoparticles for 24 h. Then, the cells
were collected and washed with PBS. The collected pellets were
resuspended with binding buffer (10 mM HEPES pH 7.4, 150 mM
NaCl, 5 mM KCl, 1 mM MgCl2, and 1.8 mM CaCl2) containing FITC-
annexin V (1 �g/mL) and further incubated for 30 min. Ten minutes
prior to termination of incubation, PI (10 �g/mL) was  added to the
were immediately analyzed with a FACScan flow cytometer (Becton
Dickenson Biosciences, San Jose, CA, USA) equipped with an excita-
tion laser line at 488 nm.  The PI was  collected through a 575 ± 15 nm
band pass filter.
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ig. 1. Schematic illustration of RA-incorporated GC nanoparticles based on ion-
omplex formation.

.8. Matrigel assay

The invasion assay was performed using a transwell chamber
s previously reported (Jin et al., 2009). Polyethylene terephtha-
ate membranes (PET membrane, pore size: 8 �m)  (BD Falcon,
ranklin Lakes, NJ, USA) were coated with Matrigel® (Becton Dick-
on, Bedford, MA,  USA) diluted in serum-free RPMI 1640 medium
RPMI:ECM = 4:1) at 4 ◦C. HuCCT-1 cells were seeded at a density
f 2 × 104 cells in 100 �L of serum-free media in the upper com-
artment of a transwell chamber, and allowed to invade the PET
embrane and enter the lower chamber for 2 days. The lower

hamber was filled with RPMI medium supplemented with 10%
BS. Various concentrations of RA, RA-incorporated GC nanopar-
icles, or empty GC vehicles were added to the lower chamber.
hen, non-invaded cells on the upper surface of the membrane
ere removed, and the invaded cells on the lower surface of the
embrane were stained with a Hemacolor® Rapid staining Kit

Merck, Darmstadt, Germany). The invading cells were observed
ith an optical microscope (Micros Austria, Veit/Glan, Austria) and

he number of cells in 4 randomly selected microscopic fields per
embrane was counted.

.9. Wound healing assay

A wound healing assay of HuCC-T1 CC cells was performed using
 wound healing assay kit containing ibidi Culture-Inserts (ibidi
mbH, Germany). Aliquots containing 5 × 105 cells in RPMI 1640

supplemented with 10% FBS) media were seeded on 6 well plates
nd cells were exposed to RA or RA-incorporated GC nanoparti-
les (1 or 5 �g/mL of RA) at 37 ◦C and 5% CO2 for 24 h. After 24 h,
he cells were washed twice with PBS and harvested by trypsiniza-
ion. Then, 5 × 104 cells in serum free RPMI1640 were seeded into
ulture inserts following incubation for 24 h. The zone of wound
ealing and migrated cells was observed using light microscopy.
or migration of tumor cells, serum-free medium was used to avoid
roliferation-dependent migration of tumor cells.

. Results

.1. Characteristic of RA-incorporated GC nanoparticles
RA-incorporated nanoparticles were prepared by mixing of a
C aqueous solution and a RA organic solution. Nanoparticles were
reated via formation of an ion complex between the acid group
f RA and the amine group of GC, as shown in Fig. 1. To confirm
Fig. 2. Typical particle size distribution (a) and FE-SEM image (b) of RA-incorporated
GC nanoparticles. (a) Weight average particle size: 317 ± 34.5 nm. (b) Bar = 1 �m.

nanoparticle formation, particle size was  measured and morphol-
ogy was  observed using FE-SEM. As shown in Fig. 2(a), the particle
size of the RA-incorporated GC nanoparticles was  317 ± 34.5 nm,
and they displayed a narrow size distribution. Their morphology
was  a spherical shape with a 200–400 nm particle size. Even though
some aggregated particles with a bigger size were found, the size of
most nanoparticles was  similar to the particle size measurement.
Empty nanoparticles were prepared in a manner similar to prepa-
ration of drug-loaded particles (data not shown). However, particle
size could not be measured and no nano-sized particles were found
by FE-SEM observation. These results indicated that GC nanoparti-
cles were only created via ion complex formation between RA and
GC. Drug contents and loading efficiency were ∼9.5% (w/w) and
84% (w/w), respectively.

3.2. Cell cytotoxicity of RA-incorporated GC nanoparticles

HuCC-T1 CC cells were used to study the antitumor activity
of RA-incorporated GC nanoparticles against cholangiocarcinoma
cells. The antitumor activity of RA-incorporated GC nanoparticles
was  tested using a proliferation inhibition assay and cytotoxicity
assay. For the proliferation inhibition assay, a small number of cells
were seeded and exposed to RA or RA-incorporated GC nanopar-

ticles. As shown in Fig. 3(a)–(c), proliferation of tumor cells was
inhibited according to the increase of RA concentration and time
course. RA itself had a small inhibitory effect on the proliferation
of tumor cells until reaching a concentration of 20 �g/mL for 2
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Fig. 3. Growth inhibitory effect (A) and cytotoxicity (B) of RA or RA-inporated GC nanoparticles against HuCC-T1 human CC cells. For growth inhibition test, 3 × 103 tumor
cells  per well were seeded in 96 well plate and cells were exposed to RA or RA-incorporated GC nanoparticles for 1 day (a) and 2 day (b). For cytotoxicity test, 3 × 104

tumor cells per well were seeded in 96 well plate and cells were exposed to RA or RA-incorporated GC nanoparticles for 1 day (c) and 2 day. Growth inhibitory effect (e)
and  cytotoxicity (f) of empty GC nanoparticles (C). RPMI1640 supplemented with 10% FBS were used for growth inhibition test and serum-free RPMI1640 were used for
cytotoxicity test.
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ig. 4. Flow cytometry analysis of HuCC-T1 human CC cells. Annexin V were used f
d)  RA-incorporated GC nanoparticles.

ays, as shown in Fig. 3(a) and (b), while the number of surviving

ells decreased in a dose dependent manner at day 3. As shown
n Fig. 3(a), RA-incorporated GC nanoparticles demonstrated an
nhibitory effect similar to that of RA alone. However, at days 2
Fig. 3(b)) and 3 (Fig. 3(c)), the number of viable tumor cells was
ptosis analysis and PI were used for necrosis analysis. (a) and (c) RA alone; (b) and

decreased in a dose dependent manner and the RA-incorporated

GC nanoparticles showed a slightly higher inhibitory effect against
tumor cells at a concentration <20 �g/mL.

In a cell cytotoxicity assay, RA and RA-incorporated GC nanopar-
ticles demonstrated dose-dependent toxic effects against HuCC-T1
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Fig. 5. The effect of RA or RA-incorporated GC nanoparticles on the invasiveness of
K.-D. Chung et al. / International Jour

ells, as shown in Fig. 3(d)–(f). The viability of tumor cells was
ecreased in a dose dependent manner until reaching a RA treat-
ent concentration of 50 �g/mL,while the number of viable cells

ollowing treatment with RA-incorporated GC nanoparticles was
ot significantly decreased at a concentration >10 �g/mL.

Empty GC nanoparticles did not demonstrate any significant
ffect on the viability of tumor cells, as shown in Fig. 3(g) and (h).
n the proliferation inhibition study (Fig. 3(g)), empty GC nanopar-
icles did not significantly inhibit the proliferation of tumor cells.
specially, proliferation of tumor cells was >95% at all GC concen-
ration ranges at day 1 of treatment, even though the growth index
f tumor cells was slightly decreased at day 2. In the cell cytotox-
city assay, empty GC nanoparticles did not significantly affect the
iability of tumor cells; i.e., >80% of tumor cells survived at any
oncentration of GC and at any time course. These results indicated
hat GC itself did not affect the proliferation of tumor cells.

Fig. 4 shows analyses of apoptosis and necrosis of HuCC-T1 cells
sing Annexin V FITC and PI. As shown in Fig. 4(a), the numbers of
poptotic and necrotic cells were not significantly increased until
eaching a of RA concentration of 10 �g/mL At RA concentrations
10 �g/mL, the numbers of both apoptotic and necrotic cells were
ignificantly increased in a dose-dependent manner. At RA con-
entrations <20 �g/mL, apoptosis was relatively dominant in the
ell cytotoxicity behaviour of RA. Otherwise, necrosis was  relatively
ominant with nanoparticle treatment. These results indicated that
he viability of tumor cells was gradually decreased at RA concen-
rations >10 �g/mL. Fig. 5 shows the invasive capacity of HuCC-T1
C cells according to treatment with RA or RA-incorporated GC
anoparticles. As shown in Fig. 5(a), the number of cells which
igrated through Matrigel® gradually decreased according to the

ncrease of RA concentration for both RA and RA-incorporated
anoparticles. Especially, invasiveness of tumor cells was  mostly

nhibited at an RA concentration of 50 �g/mL. Even though the
umber of invasive cells was slightly higher than that with RA treat-
ent at 50 �g/mL, RA-incorporated GC nanoparticles had at least an

qual anti-invasive capacity compared to RA alone. Empty nanopar-
icles did not affect the invasiveness of tumor cells, as shown in
ig. 5(b). These results indicated that RA and RA-incorporated GC
anoparticles have anti-invasive activity against HuCC-T1 CC cells.

Fig. 6 shows migration of HuCC-T1 CC cells using a wound heal-
ng assay. As shown in Fig. 6(a), migration of tumor cells was
nhibited by treatment with RA or RA-incorporated GC nanopar-
icles, while tumor cells migrated and filled the wounds at when
reated with control and empty nanoparticles (0 �g/mL of RA or NP
n Fig. 6). The migration of tumor cells was not significantly inhib-
ted at 1 or 5 �g/mL RA concentrations when using either RA itself
r RA-incorporated GC nanoparticles. However, migration of tumor
ells was inhibited by treatment with RA-incorporated GC nanopar-
icles at 10 �g/mL. These results indicated that RA-incorporated
anoparticles were an effective treament to inhibit migration of
uCC-T1 CC cells.

. Discussion

Nanoparticles are believed to be a promising vehicle to target
ancer cells (Bharali et al., 2009; Jain, 2005; Sinha et al., 2006).
anoparticles based on chitosan have been extensively investi-
ated for cancer chemotherapy and imaging (Jeong et al., 2006;
im et al., 2010; Wang et al., 2011). Superior biocompatibility,

ack of cytotoxicity, and biologically active properties (Kim et al.,
010; Wang et al., 2011) are frequently cited as advantages of chi-
osan as a biomedical material and drug carrier (Wang et al., 2011).

urthermore, chitosan is regarded as an ideal vehicle for tumor tar-
eting and gene delivery because the amine group of chitosan can
e used as a reactive group for chemical modification, drug conju-
ation and ion complex formation with anionic drugs (Jeong et al.,
HuCC-T1 human CC cells. Matrigel assay was  used to test invasive capacity of tumor
cells. (a) RA or RA-incorporated GC nanoparticles (NP); (b) empty GC nanoparticles.

2006; Kim et al., 2010; Wang et al., 2011; Yoo et al., 2005). Jeong
et al. (2006) reported that methoxy poly(ethylene glycol)(PEG)-
grafted chitosan was used to make polyion complex micelles.
The principle idea of nanoparticle formation between RA and
positively charged macromolecules was  derived from reports by
Thünemann and Beyermann (Thünemann and Beyermann, 2000;
Thünemann et al., 2000). They prepared nanocomplexes using
RA and polyethyleneimine or PEG-b-poly(l-lysine) copolymer. We
prepared RA-incorporated GC nanoparticles by simple mixing of
an RA organic solution with a GC aqueous solution, followed by
removal of organic solvent by dialysis. Even though the parti-
cle size of RA-incorporated GC nanoparticles was larger than we
expected, they had spherical shapes with a size <500 nm.  Especially,
lyophilized nanoparticles were easily reconstituted into aqueous
solution in spite of the absence of cryoprotectants. The size of
reconstituted nanoparticles was  not significantly changed (data not
shown). In the absence of RA, GC itself did not formed nanoparticles.

CC is a malignant tumor arising from the epithelium of the

bile ducts (Lim, 2003). CC is normally classified into 3 groups;
i.e., mass-forming, periductal-infiltrating, and intraductal-growing
types (Lim, 2003). Intrinsic properties of cholangiocarcinoma are



460 K.-D. Chung et al. / International Journal of

F
H

b
c
p
i
h
s
w
w
2
s
s
S
a
o
o
a

i
c
t
R
n
C

ig. 6. The effect of RA or RA-incorporated GC nanoparticles on the migration of
uCC-T1 human CC cells.

roadly described as follows: (1) glandular structures growing in
ellular nests; (2) tendency for spreading between the hepatocyte
lates, along the duct walls, and adjacent to nerves; (3) perineural

nvasion (Bhuiya et al., 1992; Lim, 2003; Rosai, 1996). Especially,
igher than 80% of reported case is known to have perineural inva-
ion (Bhuiya et al., 1992; Lim, 2003). Perineural invasion in CC,
hich is a common path for CC metastasis, is highly correlated
ith postoperative recurrence and poor prognosis (Shen et al.,

010). Furthermore, it often appears early stage of tumor progres-
ion. Because of most CC patients cannot be effectively treated by
urgery, a palliative therapeutic strategy is required to treat CC.
ince CC is known to be resistant to traditional chemotherapeutic
gents (Blechacz and Gores, 2008; Sirica, 2005), novel treatment
ption should be considered in the chemotherapy based on physi-
logical properties of CC such as proliferation, invasion, metastasis,
nd spreading (Bhuiya et al., 1992; Rosai, 1996).

The aim of this study was to investigate the antitumor activ-
ty of nanoparticles incorporating RA in vitro. We  selected RA as a
hemotherapeutic agent because RA is known to inhibit prolifera-

ion, migration, and invasion of tumor cells (Bouterfa et al., 2000;
otan, 1991). As shown in Fig. 3(a)–(c), RA and RA-incorporated GC
anoparticles were effective for inhibiting proliferation of HuCC-T1
C cells. In the proliferation inhibition test, RA and RA-incorporated
 Pharmaceutics 422 (2012) 454– 461

GC nanoparticles at day 1 of treatment significantly inhibited pro-
liferation at RA concentrations >20 �g/mL, and the growth of tumor
cells was  inhibited in a dose dependent manner at 3 days of treat-
ment. The cytotoxicity study showed that the viability of tumor
cells was  decreased in a dose dependent manner until reach-
ing an RA concentration of 20 �g/mL, as shown in Fig. 3(d)–(f).
Results from apoptosis and necrosis assays of HuCC-T1 CC cells
are shown in Fig. 4, and correspond to the results in Fig. 3. As
shown in Fig. 5, the invasion of tumor cells was gradually decreased
according to the increase of RA concentration for both RA and RA-
incorporated GC nanoparticles, while empty GC vehicles did not
affect to the invasiveness of tumor cells. RA is known to have
strong anti-invasive effect against tumor cells (Adachi et al., 2001;
Papi et al., 2007; Rotan, 1991). Jeong et al. (2006) reported that
RA or RA-incorporated nanopartiocles have effectiveness in the
inhibition of migration of malignant glioblastoma cells. Our  results
also showed that RA-incorporated GC nanoparticles inhibited the
migration of tumor cells to a degree similar to RA itself (Fig. 6),
while empty GC vehicles did not significantly affect the migration
of tumor cells. Adachi et al. (2001) also reported that 3 types of
RA (all-trans retinoic acid, 13-cis retinoic acid, and 9-cis retinoic
acid) were effective for inhibiting invasion and migration of vari-
ous human colon cancer cells in vitro. Papi et al. (2007) reported that
invasion of the U87MG glioblastoma cell line and its related pro-
teins were decreased by treatment with RA. Furthermore, Hashida
group (Charoensit et al., 2010; Suzuki et al., 2006) demonstrated
that RA-incorporated cationic liposomes were efficiently inhibited
pulmonary metastasis of colon carcinoma cells. They also demon-
strated that RA-incorporated cationic liposomes have inhibitory
effect for the liver metastasis of colon carcinoma cells (Chansri et al.,
2006).

In our results, although RA-incorporated GC nanoparticles were
not superior to RA itself, they maintained the antitumor activity of
RA and properly inhibited proliferation, invasion, and migration of
HuCC-T1 CC cells.

5. Conclusion

We  prepared RA-incorporated GC nanoparticles and their
antitumor activity was studied using HuCC-T1 CC cells. RA-
incorporated GC nanoparticles had spherical shapes and a narrow
size distribution. RA-incorporated GC nanoparticles demonstrated
similar anti-proliferative effects against HuCC-T1 CC cells when
compared to RA alone, while empty GC vegicles did not affect the
viablity of tumor cells. Analysis of tumor cells for apoptosis and
necrosis after treatment with RA or RA-incorporated GC nanoparti-
cles also supported these results. An invasion test using Matrigel®

also showed that invasion of tumor cells was significantly inhib-
ited at RA concentrations >20 �g/mL. A wound healing assay also
showed that RA-incorporated GC nanoparticles inhibited migration
of tumor cells to a degree similar to RA itself. Our results suggested
that RA-incorporated GC nanoparticles are promising vehicles for
RA delivery to HuCC-T1 CC cells.
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