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Abstract: Papillary carcinoma is the most common form of malignant thyroid tumor. At present, a subset of these tumors 
are poorly responsive to the current treatment. Gemcitabine is a pyrimidine analog active against different types of solid 
tumors, but its use is limited by its short half-life. To improve the therapeutic effectiveness of this drug, gemcitabine-
loaded unilamellar pegylated liposomes were prepared and investigated against two human papillary thyroid carcinoma 
cell lines, i.e. TPC-1 and B-CPAP cells. The pH gradient drug encapsulation followed by the membrane extrusion  
technique were used to achieve unilamellar liposomes characterized by a mean size of ~200 nm, a polydispersity index of 
0.02 and a zeta potential of -1.7 mV. The gemcitabine was released from liposomes following a biphasic profile. The 
liposomal encapsulated gemcitabine showed an increased cytotoxic activity compared to the free drug against both thyroid 
carcinoma cell lines, as a consequence of the better drug internalization favored by the vesicular device. These findings 
demonstrate the advantage of channeling gemcitabine by liposomes suggesting a promising role for such a pharmaceutical 
formulation in the treatment of refractory papillary thyroid carcinoma. 
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INTRODUCTION 

 Thyroid cancer is the most common neoplasm of the  
endocrine system, accounting for approximately 1% of all 
malignancies in Western countries [1], with an observed 
increasing incidence in the last decade [2, 3]. The papillary 
histotype is the most frequent form (about 70% of cases) and 
generally maintains a well differentiated phenotype, includ-
ing the ability to uptake the iodine after TSH stimulation [4, 
5]. Thus, the use of radioiodine allows a good prognosis 
even in the presence of recurrent and metastatic disease [5]. 
However, a subset of these tumors (about 30%), and their 
distant metastases, show a loss of differentiation markers, 
mainly the sodium/iodide symporter and the TSH receptor 
[6]. The inability to use the radioiodine make the prognosis 
of these tumors very poor, because of the low results ob-
tained with the current approaches based on combination of 
surgery, chemotherapy and external radiotherapy [7]. The 
effectiveness of the anticancer drugs currently adopted, in 
fact, is largely limited by their toxicity, so that novel thera-
peutic strategies, including novel drugs and/or a better ‘tar-
geted’ delivery to cancer cells, are under investigation [8]. 
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 Among the chemotherapeutics with low systemic toxic-
ity, gemcitabine (2I,2I-difluorodeoxycytidine) is a deoxy-
cytidine analog currently used as first-choice drug in pan-
creas metastatic cancer, non-small cell lung cancer and ovar-
ian, bladder, neck and head cancer [9]. It has been tested 
with promising results in preclinical studies against poorly 
differentiated human thyroid carcinoma cell lines [10, 11] 
and also in clinical trials in patients with anaplastic thyroid 
carcinoma with contrasting results [12, 13]. A major limit for 
the use of gemcitabine is represented by its rapid metabolic 
inactivation (deamination operated by deoxicytidine 
deaminase) responsible for its short half-life together with its 
low but still important systemic toxicity [14]. 

 In order to overcome these drawbacks and to increase 
gemcitabine activity, many approaches have been tried. 
Namely, the synthesis (Eli-Lilly patented) of saturated and 
monounsaturated C18 and C20 long chain 4-(N)-acylderi- 
vatives and 5I-esters of gemcitabine, elicited an increase of 
the drug cytotoxic activity [15, 16]. Another approach was 
based on the bio-conjugation of gemcitabine with poly 
(ethylene glycol) (PEG) and folic acid moieties. acting as 
polymeric drug carrier for the active targeting therapy of 
cancer disease over-expressing the folate receptor [17]. An-
other successful strategy to ameliorate the biopharmaceutical 
properties of the hydrophilic compound was the use of  
colloidal drug carriers and, particularly, of vesicular delivery 
systems, i.e. liposomes. 
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 Liposomal encapsulation of gemcitabine can provide 
protection against its rapid metabolic inactivation but low-
molecular-weight water-soluble drugs, just like gemcitabine, 
diffuse rapidly through phospholipid bilayers thus limiting 
the utility of this drug delivery system. To overcome this 
problem, gemcitabine was entrapped in liposomes by gener-
ating an acid gradient in the internal aqueous compartment 
that elicits the protonation of the drug, the formation of an 
poorly water-soluble salt and hence its retention within the 
carrier [11]. Furthermore, the pegylation of the liposome 
surface can contribute to reduce the gemcitabine diffusion, 
beside to provide blood long circulating feature following 
the i.v. administration of the liposome carrier. 

 In previous studies, we have demonstrated the effective-
ness of the gemcitabine-loaded pegylated unilamellar 
liposomes as anticancer agents against multiple myeloma 
[18], pancreatic cancer [19] and anaplastic thyroid carcinoma 
cell lines [11, 20]. In this work, the cytotoxic activity of 
gemcitabine-loaded unilamellar pegylated liposomes was 
evaluated against two human papillary thyroid carcinoma 
(PTC) cells lines (TPC-1 and B-CPAP) in comparison with 
the free drug. We found that the liposome encapsulation de-
termines a better uptake of the drug into the cell, resulting in 
a stronger and earlier cytotoxic effect.  

MATERIALS AND METHODS 

Chemicals and Biochemicals 

 Gemcitabine hydrochloride (HPLC purity >99%) was  
a gift of Eli-Lilly Italia S.p.A. (Sesto Fiorentino, Firenze, 
Italy) and it was used without further purification. 1,2-
dipalmitoyl-sn-glycero-3-phospocholine monohydrate (DPPC) 
and N-(carbonyl-methoxypolyethylene glycol-2000)-1,2-
distearoyl-sn-glycero-3-phosphoethanolamine (DSPE-MPEG 
2000) were purchased from Genzyme (Suffolk, UK). The 
following products were purchased from Sigma Chemicals 
Co. (St. Louis, MO, USA), cholesterol (Chol), amphotericin 
B solution (250 g/ml), Hoechst (500 μg/ml) and N-(fluorescein-
5-tiocarbamoyl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoe- 
thanolamine triethylammonium salt (fluorescein-DHPE). D-
MEM culture medium, fetal bovine serum (FBS), trypsin-
EDTA (1 ) solution, Glutamax I complex and penicillin-
streptomycin solution were obtained from GIBCO (Invitro-
gen Corporation, Giuliano Milanese (Mi), Italy). Double-
distilled pyrogen-free water was from Sifra S.p.A. (Verona, 
Italy). Sterile saline solution was a product of Fresenius Kabi 
Potenza S.r.l. (Verona, Italy). Human thyroid tumor cell 
lines TPC-1 and B-CPAP were provided by Prof. A. Fusco 
(University of Napoli). All other materials and solvents used 
in this investigation were of analytical grade (Carlo Erba, 
Milan, Italy). 

Preparation of Unilamellar Liposomes 

 Liposome composition was made up from DPPC:Chol: 
DSPE-mPEG2000 (6:3:1 molar ratio). The lipid mixture (40 
mg) was dissolved in a blend of chloroform/methanol (3:1 
v/v). Fluorescein-labeled liposomes were prepared by co-
dissolving fluorescein-DHPE (0.1 % molar) with the lipids. 
Organic solvents were evaporated off under a nitrogen 
stream using a Rotavapor® (Büchi R-210 Switzerland), 
thereby obtaining a thin layer phospholipid film along the 
walls of the pyrex glass tubes. Any trace of residual solvent 

was eliminated by an overnight storage at room temperature 
in a Büchi T51 glass drying oven connected to a vacuum 
pump. A pH gradient encapsulation technique was used to 
increase liposome loading capacity [12]. Briefly, lipid films 
were hydrated with a 250 mM ammonium sulfate solution (1 
ml) and then submitted to ten cycles of freezing (liquid ni-
trogen) and thawing (water bath at 40°C), thus achieving a 
pH gradient, between the internal and external liposomal 
environments, with homogenously acid intra-liposomal 
aqueous compartments. Multilamellar vesicles were then 
submitted to extrusion through 800, 400 and 200 nm pore 
size two stacked polycarbonate filters (Costar, Corning In-
corporated, NY, USA), at 56°C (above the gel-liquid transi-
tion temperature of phospholipid mixtures), by using a stain-
less steel extrusion device (Lipex Biomembranes, Vancou-
ver, BC, Canada) and un-entrapped ammonium sulfate solu-
tion was removed by centrifugation. A Beckman Avanti 30 
centrifuge equipped with F1202 fixed angle rotor (Beckman 
Coulter, Fullerton, CA) at 14000  g at 4 °C for 1 h was used 
during the experimental procedure. Gemcitabine-loaded 
small unilamellar liposomes (Gem-L), were obtained by sus-
pending the extruded vesicles in an isotonic solution (1 ml) 
of gemcitabine hydrochloride (1 mM) and keeping at room 
temperature for 3 h. Gem-L were then submitted to purifica-
tion and physiochemical characterization. 

Physicochemical Characterization of Liposomes 

 Mean size and size distribution (polydispersity index) of 
unloaded liposomes and Gem-L were evaluated by dynamic 
light-scattering experiments. Zetasizer NanoZS (Malvern 
Instruments Ltd., Worchestershire, UK), a photo-correlation 
spectroscopy apparatus, was used for the dimensional analy-
sis. The instrument is equipped with a 4.5 mW He/Ne laser 
operating at 670 nm. Experiments were carried out at a scat-
tering angle of 173° and a third-order cumulant fitting auto-
correlation function was applied. A medium refractive index 
of 1.330, a medium viscosity of 1.0 mPa s and a dielectric 
constant of 80.4 were set as instrumental parameters for 
light-scattering experiments. Samples were suitably diluted 
with a filtered (Sartorius membrane filters 0.22 m) saline 
solution to avoid multiscattering phenomena and placed in a 
quartz cuvette. Experiments were carried out at room tem-
perature. Thirty measurements were carried out for each 
sample. Size and polydispersity index values of the various 
formulations are the mean of three different preparation 
batches ± standard deviation. 

Liposome Loading Capacity 

 The loading capacity of liposomes was determined by 
removing the un-entrapped gemcitabine by means of a 
Beckman Avanti™ 30 Centrifuge (20000  g for 1 h at 4°C). 
The gemcitabine contained in the supernatant was deter-
mined spectrophotometrically at max 268.8 nm using a 
Perkin Elmer Lambda 20 UV-Vis spectrophotometer 
equipped by a Perkin Elmer UV Win-Lab™ 2.8 acquisition 
software (Perkin-Elmer GmbH Uberlingen,Germany). The 
following gemcitabine calibration curve was used: 

y = 0.6958 10 3
+ 0.3971x           (1) 

where y is the absorbance at 268.8 nm and x is the drug con-
centration (μM), r2 value was 0.9993. 
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 Gemcitabine loading capacity was also evaluated by gel 
permeation chromatography. The instrument used was an 
Äkta Prime Plus (Amersham Biosciences, Uppsala, Sweden) 
equipped with a Sephadex G25 column (Amersham Bio-
sciences). Sterile saline solution, filtered through 0.22 m 
pore membranes, was used as eluent with a flux of 0.2 
ml/min. The amount of unloaded gemcitabine was deter-
mined by the AUC (area under the curve) of the GPC-
chromatogram (Fig. 1). Gemcitabine loading capacity ob-
tained with this method was quantified using an external 
standard curve according to the following equation: 

      AUC = 0.50112x + 0.0484          (2) 

where x is the drug concentration (μg/ml) and AUC the area 
under the curve (mAu  min). A linear concentration range 
between 0.1 and 10 μg/ml was carried out for the construc-
tion of the standard curve. A r2 value of 0.9996 was obtained 
by using GPC method. 

 The amount of drug encapsulated is expressed both as 
encapsulation yield (EY) and encapsulation capacity (EC). 
EY values were calculated using the following equation: 
                  

(3) 

 
where Dt is the total amount of the drug used for liposome 
preparation and Du is the amount of un-entrapped drug. 
Whereas, EC values were calculated using the following 
equation: 

              (4) 

 
where [De] is the concentration of the encapsulated drug, 
[Da] is the concentration of the drug added during liposome 
preparation and [L] is the total concentration of lipids used 
for liposome preparation [21]. Concentrations are expressed 
as moles/ l. 

Cell Lines 

 TPC-1 and B-CPAP cell lines (from human papillary 
thyroid cancer) were grown as previously described [22]. 
Briefly, the cells were cultured in plastic culture dishes (100 
mm  20 mm) at 37 °C in a humidified atmosphere with 5% 
(v/v) CO2 using D-MEM culture medium supplemented with 
10% FBS, 100 U/ml penicillin, 100 g/ml streptomycin and 
Glutamax I complex. The culture medium was changed 
every 48 h and cells were detached by trypsin (2 ml) when 
reaching a ~70% confluence and harvested in a centrifuge 
tube, using a Megafuge 1.0 Centrifuge (Haraeus Sepatech 
Centrifuge) at 1200 rpm for 10 min at room temperature. 
The cell pellet was suspended in culture medium and seeded 
into different culture plates in order to carry out both in vitro 
viability and mortality assays, which were independent each 
other. 

Evaluation of the In Vitro Antitumor Activity 

 TPC-1 and B-CPAP cells were used for cell viability and 
mortality assay. The two cellular lines were cultured for at 
most 10 passages and all experiments were performed using 
cells at passage 5 in the exponential growth phase. 

 TPC-1 and B-CPAP cell viability was evaluated by 
MTT-test which is based on the determination of amount of 
the colored formazan crystals formed during the biological 
test and proportionally related to the number of viable cells. 
The cells were plated in 96-well culture dishes (5  103 
cells/0.2 ml) and incubated for 24 h at 37 °C to promote their 
adhesion to the plate. The culture medium was then re-
moved, replaced with fresh one containing the different for-
mulations (free or liposomal gemcitabine at a drug concen-
tration of 0.01, 0.1, 1 and 10 μM) and incubated for 24, 48  
or 72 h. Every plate had 8 wells with untreated cells as the 
control and 8 wells with cells treated with empty pegylated 
liposomes as the blank. After treatment, 10 μl of MTT (5 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Schematic representation and typical gel permeation chromatogram of a gemcitabine-loaded unilamellar pegylated liposomes (blue 
chromatogram) and a simple aqueous drug solution (red chromatogram) at the same concentration used for the liposome preparation. 
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mg/ml dissolved in PBS solution) were added to each well 
and incubated for 3 h. Supernatants were removed and 200 
μl of a dimethyl sulfoxide/ethanol solution (1:1 v/v) were 
added to dissolve the colored formazan crystals. Plates were 
then gently shaken at 230 rpm (IKA® KS 130 Control, IKA® 
WERKE GMBH & Co, Staufen, Germany) for 20 min. Ab-
sorbance of various samples was measured with an ELISA 
microplate reader (Labsystems mod. Multiskan MS, Mid-
land, ON, Canada) at 570 nm in absorbance and 670 nm in 
emission. The percentage of cell viability was calculated 
according to the following equation: 

              (5) 
 
where AbsT is the absorbance of treated cells and AbsC the 
absorbance of control (untreated) cells. Cell viability values 
were the average of six different experiments ± standard 
deviation. 

 TPC-1 and B-CPAP cell mortality was assessed using the 
trypan blue dye exclusion assay. After treatment with the 
aforesaid formulations, cells, previously seeded in 12-well 
culture dishes (1.5  104 cells/ml), were detached using 
Trypsin/EDTA solution (2 ml) and then centrifuged at 1200 
rpm for 10 min (Megafuge 1.0, Heraeus Sepatech) at 22°C. 
Supernatants were discarded and cell pellets were re-
suspended in 200 l of a trypan blue buffer. The number of 
dead cells was determined by a hematocytometer chamber 
using an optical microscope (Labophot-2, Nikon, Japan). 
Dead cell were colored blue. The cellular mortality was cal-
culated according to the following equation: 

 

              (6) 

where Nt is the total number of treated cells, Nd is the num-
ber of dead treated cells colored in blue, Nc is the total num-
ber of control cells and Ndc is the number of dead control 
cells colored blue. Cell mortality values were the average of 
six different experiments ± standard deviation. 

Confocal Laser Scanning Microscopy (CLSM) 

 The interaction between papillary thyroid carcinoma cells 
and fluorescein-DHPE (0.1% molar ratio) labelled pegylated 
unilamellar liposomes (100 l for each well) was evaluated 
by CLSM. In particular, the cells were placed in 6-well cul-
ture plates (3  104 cells/ml) with culture medium. In each 
well a sterile glass slide was previously positioned. Plates 
were incubated for 24 h and then cells were treated with 
liposomes for 6 h. After incubation, each well was washed 
with PBS (3 times) to remove the excess of vesicles and cells 
were fixed on the sterile glass slides by using 1 ml of an 
ethanol solution (70% v/v). Each slide glass was washed 
again with PBS three times. Each well was treated with 1 ml 
of Hoechst solution (1/1000), incubated for 30 min and then 
washed three times with PBS (2 ml). Slide glasses were posi-
tioned on cover-glass by using a glycerol solution (70% v/v) 
to remove enclosed air and then were fixed by a transparent 
glue. The analysis was carried out using a Leika TCS SP2 
MP laser scanning confocal microscope at a exc = 496 nm 
and a em = 519 nm for fluorescein probe and at a exc = 405 
nm and a em = 460 nm for Hoechst probe. A scan resolution 
up to 4096  4096 pixels with an Ar/Kr laser beam of 75 

mW, equipped with a fluorescein analyzer filter, was used 
for experimental investigations. Samples were recorded by a 
macro developer software package having multi-dimensional 
series acquisition and direct-access digital control knobs. An 
immersion oil lens 100  was used. 

Statistical Analysis 

 Statistical analysis of the various experimental results 
was performed by using one-way ANOVA. A posteriori 
Bonferroni t-test was carried out to check the ANOVA test. 
A p value <0.05 was considered statistically significant. All 
the values are reported as the average ± standard deviation. 

RESULTS AND DISCUSSION 

Liposomal Characterization 

 The liposomal carrier can provide a passive drug target-
ing towards a large variety of solid tumors, which are charac-
terized by the presence of discontinuous structure, at the 
level of the endothelium of tumor capillaries, formed by the 
neoangiogenic process [23]. These fenestrations have diame-
ters ranging from 800 nm to 100 nm. Therefore an important 
parameter to be fulfilled for a suitable use of the liposomal 
carrier as an anticancer drug delivery system is a reduced 
mean size. 

 Thus, we first performed an extrusion through polycar-
bonate membranes obtaining the reduction of the liposome 
mean size from ~800 nm to ~100 nm and the transformation 
of the liposomal system from multilamellar to unilamellar 
(Table 1), using the protocol described by Berger and co-
workers [24]. The extrusion process also allowed the forma-
tion of liposome colloidal suspensions characterized by a 
homogeneous size distribution, as evidenced by a 0.02 
polydispersity index value (Table 1). The presence of gem-
citabine did not significantly influence the liposome mean 
size. Moreover, the analysis of the zeta potential (Table 1) 
showed the presence of a slight negative charge on the sur-
face of the small unilamellar liposomes. The zeta potential 
values were much lower (as absolute values) than those ex-
pected [25], due to the presence of PEG moieties along the 
liposome surface, which shield the polar head group of 
phospholipids and reduce the electrophoretic mobility of the 
colloidal vesicles. Also in this case, the presence of gemcit-
abine determined no significant effect on the liposome sur-
face charge. 

Table 1. Formulation Parameters of Unloaded and Gemcit-

abine-Loaded Liposome Colloidal Suspensions Made 

up of DPPC/Chol/DSPE-MPEG2000 (6:3:1 Molar 

Ratio)
a
 

Parameter Empty SUV
c
 GEM-SUV

c
 

Mean size (nm) 207.4 ± 5.2 213.2 ± 6.4 

Polydispersity index 0.027 ± 0.011 0.025 ± 0.009 

Loading capacity (%)b - 93.3 ± 1.2 

aEach value is the average of five different experiments ± SD. 
bThe loading capacity is expressed as the percentage of the amount of gemcitabine used 
during liposome preparation that become entrapped. The obtained value is referred to 
the use of centrifugation method. 
cSUV indicates pegylated small unilamellar vesicles. 

Cell from Mortality (%) =
 

Cell from Viability
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 The loading capacity is a very important parameter for 
the evaluation of the potential therapeutic use of a drug de-
livery system. The presence of an aminic protonable group in 
the molecule of gemcitabine, allows to increase the liposo-
mal drug encapsulation following the generation of pH-
gradient inside liposomes. This method lead to an effective 
drug entrapment (Fig. 1) characterized by an EY value of 
94% and an EC value of 14 l/ mol. The EC value was 
much higher than that expected for unilamellar liposomes 
[26]. This finding may be due to two different factors: i) the 
precipitation of the drug molecule as sulfate salt (used for the 
generation of the acid pH gradient) in aqueous compartments 
of unilamellar liposomes and/or ii) the interaction of gemcit-
abine with the molecules of phospholipids [27]. Both factors 
can lead to an overestimation of the aqueous volume  
entrapped within unilamellar liposomes and hence of the 
liposomal gemcitabine encapsulation parameters (EY and EC 
values). 

In Vitro Antitumor Activity 

 The antitumor activity of the novel pharmaceutical prepa-
rations containing four different concentrations of gemcit-
abine (0.01, 0.1, 1 and 10 M) were compared with free drug 
against two different papillary thyroid carcinoma cell lines, 
TPC-1 and B-CPAP cells. The two cell lines are widely used 
as model of this type of cancer as they host the most frequent 
genetic alterations found in human PTC in vivo: RET/PTC 
rearrangement in TPC-1 and V600E BRAF mutation in 
BCPAP respectively, detected with mutual exclusion in 
about half of PTCs [28]. Such genetic alterations are related 
to a different clinical behaviour, more aggressive for the tu-
mors hosting the BRAF mutations [29]; thus suggesting that 
the two cell lines are the best preclinical in vitro model to 
test the effects of novel potential drugs in view of a targeted 
therapy. 

 As shown in Figs. (2) and (3), the free drug inhibited  
the cell proliferation, determining a significant increase of  
mortality, which was maximal after 72 h incubation and a  
drug concentration of 10 M. The responses were similar  
between the two cell lines investigated and comparable with  
those observed in other thyroid cell lines in previous reports  
[10, 11]. For both papillary thyroid carcinoma cell lines and  
in all experiments, we used as control untreated cells which  
showed a mortality rate always  1.5% and unchanged cell  
viability. Moreover, cells treated with unloaded liposomes  
showed similar values to controls (data not reported). 

 Interestingly, a different trend was observed after the 
encapsulation of the hydrophilic drug inside the vesicular 
carrier. In particular, gemcitabine-loaded liposomes exerted 
their effects at early incubation time and at lower dosage 
with respect to the free drug. In TPC-1 cells (Fig. 2), at a 
drug concentration of 1 M, after 48 h incubation, liposomal 
gemcitabine elicited a reduction of cell vitality of ~35% with 
respect to 20% of the free drug. At the same concentration 
and after 72 h treatment, gemcitabine-loaded liposomes  
provided also a significant improvement of the TPC-1 cell 
mortality (~60%) regarding to the free drug (~40%) (Fig. 2). 
A similar cytotoxic profile was observed in the B-CPAP 
cells (Fig. 3). In particular, after 24 and 48 h incubation, the  
colloidal devices caused a bland improvement of the anti- 

tumor effect of the active compound (  10%) with respect to 
the free form at low drug concentrations (0.01 and 0.1 M), 
while at a higher dosage (1 and 10 M) the difference  
of mortality was more appreciable. Moreover, after 72 h  
incubation, the variation in terms of reduction of cell vitality 
between them become more marked. For example, at a  
drug concentration of 1 M, liposomal formulation induced 
a cell mortality of about 50% with respect to the 30% caused 
by the free form; while, at the concentration 10 M,  
the difference was increased (80% vs 45%, respectively) 
(Fig. 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Dose-dependent cytotoxic effect of free gemcitabine 
( , ) or gemcitabine-loaded pegylated unilamellar liposomes 
( , ) against TPC-1 human papillary thyroid cancer cells as a 
function of the exposition time. Drug cytotoxic effect is expressed 
both as cell viability (filled symbols, MTT test) and cell mortality 
(hollow symbols, trypan bleu dye exclusion assay). Error bars, if 
not shown, are within symbols. Results are presented as the mean 
of six different experiments ± standard deviation. *, ANOVA statis-
tical analysis showed p values <0.005. 
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Evaluation of carrier/cell interaction 

 Experimental investigations were also performed to 
evaluate if the improved cytotoxic effect of the liposomal 
gemcitabine formulation with respect to the conventional 
drug saline solution was related to a greater cellular inter-
nalization of this active compound mediated by the liposo-
mal carrier. This hypothesis was tested by confocal laser 
scanning microscopy experiments. B-CPAP cells were incu-
bated for 6 h with fluorescein-labeled liposomes and their 
interaction rate was evaluated. Hoechst probe was used to 
evidence the cellular nuclei (Fig. 4 panel A) while untreated 
cells were detected in transmission mode because their  

intrinsic fluorescence was too low at the wavelengths used 
for marker detection (Fig. 4 panel C). After 6 h incubation 
the liposomal vesicular carriers were disseminated in all cel-
lular compartments (Fig. 4 panel B). In particular, it was 
interesting to note the presence of colloidal devices at the 
level of both cellular membranes and cytoplasm, as a conse-
quence of the direct interaction of liposomal carriers and the 
cells. As schematically shown in Fig. (5), this phenomenon 
may be related to the ability of liposomes to be internalized 
after fusion or/and occurring of an endocytotic mechanism. 
In any case, both processes allow the improvement of drug 
concentration inside the cells that is responsible of their 
death, while free gemcitabine needs of nucleoside transport-
ers, resulting in a lower and less efficient intake [30-32]. 
Similar results were observed in TPC-1 cells (data not 
shown). 

CONCLUSIONS 

 Finally, our findings clearly demonstrate that the encap-
sulation of gemcitabine in pegylated unilamellar liposomes 
improves the cytotoxic effect of the drug on different papil-
lary thyroid carcinoma cells with respect to the free form, 
suggesting a more effective drug uptake inside them. These 
observations confirm the validity of liposomes, and in par-
ticular the unilamellar formulations as carriers for anticancer 
drugs, as further demonstrated by reports exploiting in vivo 
experimental models [33-36]. Further studies, using 
xenograft models of thyroid cancer, will provide additional 
information to test the liposomal-encapsulated gemcitabine 
in clinical trials of patients with recurrent and metastatic 
PTC refractory to the current treatments. 
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Fig. (4). CLSM micrographs of B-CPAP cells treated with fluo-
rescein-labelled pegylated unilamellar liposomes after 6 h incuba-
tion. Panel A: Hoechst filter; panel B: FITC filter; panel C: trans-
mission mode; panel D: overlay. Bar = 30 m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Dose-dependent cytotoxic effect of free gemcitabine 
( , ) or gemcitabine-loaded pegylated unilamellar liposomes 
( , ) against B-CPAP human papillary thyroid cancer cells as a 
function of the exposition time. Drug cytotoxic effect is expressed 
both as cell viability (filled symbols, MTT test) and cell mortality 
(hollow symbols, trypan bleu dye exclusion assay). Error bars, if 
not shown, are within symbols. Results are presented as the mean 
of six different experiments ± standard deviation. *, ANOVA statis-
tical analysis showed p values <0.005. 
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Fig. (5). Schematic representation of the possible interaction of fluorescein-labeled gemcitabine-loaded pegylated unilamellar liposomes with 
human papillary thyroid cancer cells. 
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