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a  b  s  t  r  a  c  t

In order  to  find  a novel  photosensitizer  to be used  in  photodynamic  therapy  for  cancer  treatment,  we
have  previously  showed  that  the  cationic  zinc(II)  phthalocyanine  named  Pc13,  the  sulfur-linked  dye
2,9(10),16(17),23(24)-tetrakis[(2-trimethylammonium)  ethylsulfanyl]phthalocyaninatozinc(II)  tetraio-
dide, exerts  a selective  phototoxic  effect  on human  nasopharynx  KB  carcinoma  cells  and  induces  an
apoptotic  response  characterized  by  an  increase  in the  activity  of  caspase-3.  Since  the  activation  of an
apoptotic  pathway  by  chemotherapeutic  agents  contributes  to  the  elimination  of  malignant  cells,  in this
study  we  investigated  the molecular  mechanisms  underlying  the  antitumor  action  of  Pc13.  We  found  that
after  light  exposure,  Pc13  induced  the production  of  reactive  oxygen  species  (ROS),  which  are  mediating
the  resultant  cytotoxic  action  on  KB  cells.  ROS  led to an  early  permeabilization  of  lysosomal  membranes  as
demonstrated  by  the  reduction  of lysosome  fluorescence  with  acridine  orange  and  the release  of  lysoso-
mal  proteases  to cytosol.  Treatment  with  antioxidants  inhibited  ROS  generation,  preserved  the  integrity
of  lysosomal  membrane  and  increased  cell  proliferation  in a concentration-dependent  manner.  Lysosome
disruption  was  followed  by  mitochondrial  depolarization,  cytosolic  release  of  cytochrome  C  and  caspases
activation.  Although  no  change  in the  total  amount  of Bax was  observed,  the translocation  of  Bax  from
cytosol  to  mitochondria,  the  cleavage  of  the  pro-apoptotic  protein  Bid,  together  with  the  decrease  of

the  anti-apoptotic  proteins  Bcl-XL and  Bcl-2 indicated  the  involvement  of Bcl-2  family  proteins  in  the
induction  of the  mitochondrial  pathway.  It  was  also  demonstrated  that cathepsin  D, but  not  caspase-8,
contributed  to Bid cleavage.  In  conclusion,  Pc13-induced  cell  photodamage  is triggered  by ROS  genera-
tion  and  activation  of  the  mitochondrial  apoptotic  pathway  through  the  release  of lysosomal  proteases.
In  addition,  our results  also  indicated  that  Pc13  induced  a  caspase-dependent  apoptotic  response,  being

9 and
activation  of  caspase-8,  -

. Introduction

Photodynamic therapy (PDT) is an emerging method of cancer
reatment based on the combination of visible light, a non-toxic
hotosensitizer and molecular oxygen (Henderson and Dougherty,

992; Sharman et al., 1999; Allison et al., 2010). Suitable light
xcitation of the sensitizer preferentially localized within the neo-
lastic cells results in the induction of an oxidative damage by

Abbreviations: Ac-DEVD-AMC, Ac-Asp-Glu-Val-Asp 7-amino-4-methylcou-
arin; Ac-LEHD-AMC, Ac-Leu-Glu-His-Asp 7-amino-4-methylcoumarin; DCFH-DA,

′ ,7′-dichlorfluorescein diacetate; DiOC6(3), 3,3′-dihexyloxacarbocyanine iodide;
DT, photodynamic therapy; Pc, phthalocyanine; PI, propidium iodide; ROS, reac-
ive  oxygen species; Z-IETD-AFC, Z-Ile-Glu-Thr-Asp 7-amido-4-trifluoromethyl
oumarin; Z-VAD-FMK, Z-Val-Ala-Asp(O-Me) fluoromethylketone.
∗ Corresponding author. Tel.: +54 11 4964 8290; fax: +54 11 4962 5457.

E-mail addresses: rvroguin@qb.ffyb.uba.ar, rvroguin@gmail.com (L.P. Roguin).

357-2725/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.biocel.2013.08.012
 -3  the  result  of a  post-mitochondrial  event.
© 2013 Elsevier Ltd. All rights reserved.

production of cytotoxic reactive oxygen species (ROS). The for-
mation of ROS triggers the biochemical and molecular events
that finally lead to the destruction of cancer cells (Henderson
and Dougherty, 1992; Sharman et al., 1999; Allison et al., 2010).
Phthalocyanines (Pcs) are a new generation of photosensitizers
which possess a strong light absorption at approximately 670 nm,
a region where light penetration into tissues is optimal. Con-
sequently, phthalocyanines have been considered as appropriate
candidates for PDT applications (Taquet et al., 2007; Calzavara-
Pinton et al., 2007). In this sense, different studies have assessed
the photodynamic efficiency of various zinc (Margaron et al., 1996),
aluminum (Paquette et al., 1991; Boyle et al., 1992; Allen et al.,
2002), and silicon phthalocyanines (Colussi et al., 1999) as anti-
tumor agents. In particular, the silicon phthalocyanine named

Pc4 induced an apoptotic response after PDT and has been eval-
uated in a phase I clinical trial for the treatment of cutaneous
malignancies, such as cutaneous T-cell lymphoma (Miller et al.,
2007).

dx.doi.org/10.1016/j.biocel.2013.08.012
http://www.sciencedirect.com/science/journal/13572725
http://www.elsevier.com/locate/biocel
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biocel.2013.08.012&domain=pdf
mailto:rvroguin@qb.ffyb.uba.ar
mailto:rvroguin@gmail.com
dx.doi.org/10.1016/j.biocel.2013.08.012
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Although several Pcs can be effective photosensitizers, many of
hem lose their phototoxic ability in aqueous solution due to the
ormation of inactive aggregates (Li et al., 2008). In order to improve
he amphiphilic properties, we have previously synthesized a group
f isosteric water-soluble cationic zinc(II) phthalocyanines and
emonstrated that one of them, the sulfur-linked phthalocyanine
amed 2,9(10),16(17),23(24)-tetrakis[(2-trimethylammonium)
thylsulfanyl]phthalocyaninatozinc(II) tetraiodide (Pc13), was  the
ost active sensitizer leading to human nasopharynx KB carci-

oma cell death (Marino et al., 2010). This compound, localized
referentially within lysosomes, induced an apoptotic response
haracterized by chromatin condensation, an increase in the
ctivity of caspase-3 and the cleavage of the caspase-3 substrate
oly-ADP-ribose-polymerase (PARP) (Marino et al., 2010).

The balance between apoptotic and survival signals is impli-
ated in the physiological fate of a cell. However, whereas an
poptotic response should be effective for the elimination of tumor
ells, it could also be responsible for tissue damage. In this respect,
n excessive cell death has been found in human diseases charac-
erized by cellular organelle dysfunction and activation of oxidative
tress pathways produced by the accumulation of misfolded pro-
eins (Lawless et al., 2008). In order to evaluate the molecular

echanisms underlying the apoptotic response triggered by Pc13,
e inquired whether this lysosome-targeted photosensitizer could

nduce a lysosomal damage related to the activation of a mito-
hondrial apoptotic pathway. In this sense, it has been reported
hat those photosensitizers mainly accumulated in lysosomes are
ble to produce not only the disruption of these organelles upon
rradiation, but also the permeabilization of mitochondria mem-
rane (Reiners et al., 2002; Chiu et al., 2010; Liu et al., 2011). Based
n these findings, it has been shown that the release of lysosomal
roteases into the cytosol could represent an initial event that con-
ributes to mitochondrial injury and the execution of an apoptotic
rogram of cell death (Guicciardi et al., 2004; Chwieralski et al.,
006; Boya and Kroemer, 2008; Johansson et al., 2010).

In this study, we first showed that cell death induced by
c13 was mediated by the generation of ROS. We  then demon-
trated that, after photodynamic treatment, the oxidative response
licited the early permeabilization of lysosomal membranes and
he resulting release of lysosomal proteases, such as cathepsin D.
onsequently, a change in some pro-apoptotic Bcl-2 family proteins
as observed, followed by the loss of mitochondrial membrane
otential (��m), the liberation of cytochrome C and the activation
f caspases, which finally lead to cell death.

. Materials and methods

.1. Chemicals

Synthesis and purification of the sulfur-linked cationic
,9(10),16(17),23(24)-tetrakis[(2-trimethylammonium)ethylsul-
anyl]phthalocyaninatozinc(II) tetraiodide, named Pc13, has
een previously described (Marino et al., 2010). Pepstatin A,
onoclonal antibodies against cathepsin D, Bax, and polyclonal

nti-Bid, Bcl-2 and Bcl-XL antibodies were obtained from Santa
ruz Biotechnology (Santa Cruz, CA). Mouse monoclonal antibody
irected against cytochrome C was from BD Biosciences Pharmin-
en (San Diego, CA). Polyclonal antibodies against caspase-3,
leaved caspase-3, caspase-8, and monoclonal anti-caspase-9
ntibody were purchased from Cell Signaling Technology (Dan-
ers, MA). The secondary antibody anti-mouse IgG conjugated
ith Alexa Fluor and the fluorescent dye MitoTracker Green
M were obtained from Invitrogen (San Diego, CA). Caspase
ubstrates Ac-DEVD-AMC (caspase-3), Z-IETD-AFC (caspase-8)
nd Ac-LEHD-AMC (caspase-9) were obtained from Calbiochem
Billerica, MA). Acridine orange, ascorbic acid, leupeptin, the probe
istry & Cell Biology 45 (2013) 2553– 2562

2′,7′-dichlorfluorescein diacetate (DCFH-DA), the antioxidant
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox)
and the fluorescent dye 3,3′-dihexyloxacarbocyanine iodide
(DiOC6(3)) were from Sigma Chemical (St. Louis, MO). Caspase-8
inhibitor (Z-IETD-FMK) and the pan inhibitor Z-VAD-FMK were
from Santa Cruz Biotechnology (Santa Cruz, CA).

2.2. Cells and culture conditions

Human nasopharynx carcinoma KB cells (ATCC CCL-17) were
maintained in Minimum Essential Medium (MEM,  Gibco BRL)
containing 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 2 mM
l-glutamine, 50 U/mL penicillin, 50 mg/mL streptomycin, 1 mM
sodium pyruvate and 4 mM  sodium bicarbonate, in a humidified
atmosphere of 5% CO2 at 37 ◦C.

2.3. Photodynamic treatment

KB cells (5 × 103/well) were grown in MEM  supplemented with
10% FBS and incubated overnight at 37 ◦C until 70–80% of conflu-
ence. A 5 �M solution of phthalocyanine 13 was added in culture
medium containing 4% FBS. After incubating cells for 24 h, the com-
pound was removed and then complete fresh culture medium was
added and cells were exposed to a light dose required to obtain
approximately 50% of cell growth (1.4 J cm−2) with a 150 W halo-
gen lamp equipped with a 10 mm water-filter to maintain cells
cool and attenuate IR radiation. In addition, a cut-off filter was
employed to bar wavelengths shorter than 630 nm. In parallel,
cells irradiated in the absence of Pc13 were used as control. In
some experiments, cells were pre-incubated for 1 h before irra-
diation with different concentrations of antioxidants (trolox or
ascorbic acid), the caspase pan inhibitor Z-VAD-FMK, pepstatin A
or leupeptin. After light exposure, cells were incubated for an addi-
tional 24 h period and cell number was  evaluated by colorimetric
determination of hexosaminidase levels, an ubiquitous lysosomal
enzyme (Landegren, 1984). Briefly, cells were washed twice with
phosphate-buffered saline (PBS) and then incubated at 37 ◦C with
60 �L of 3.25 mM p-nitrophenol-N-acetyl-�-d-glucosaminide dis-
solved in 50 mM citrate buffer, pH 5, 0.25% Triton X-100. After
45 min, the color reaction was developed and enzyme activity was
blocked by adding 90 �L of 50 mM glycine buffer, pH 10.4, contain-
ing 5 mM EDTA. Absorbance values were measured at 405 nm in a
Biotrack II Microplate Reader (GE Healthcare, Piscataway, NY).

2.4. Determination of intracellular ROS production

The endogenous ROS content was evaluated from the oxidation
of the probe 2′,7′-dichlorfluorescein diacetate (DCFH-DA). After dif-
fusing into cells, DCFH-DA is first deacetylated by esterases and
then is oxidized by hydrogen peroxide or peroxides to produce the
fluorescent 2′,7′-dichlorfluorescein (DCF). KB cells were plated at a
density of 6 × 104 cells/well in 24-well microplates and incubated
overnight at 37 ◦C until 70–80% of confluence. Then, the culture
medium was  replaced by MEM  containing 4% FBS and 5 �M of Pc13.
After 24 h, the compound was removed, cells were pre-incubated
1 h at 37 ◦C in the absence or presence of 5 mM trolox or 10 mM
ascorbic acid, and irradiated with a light dose of 2.8 J cm−2. Cells
were then washed with PBS and treated in the presence of 10 �M
DCFH-DA at 37 ◦C for 20 min. Non-incorporated probe was elimi-
nated by washing the cells twice with PBS. Cells were solubilized
with Triton X-100 (0.1%, v/v) in PBS, and the fluorescence of DCF
was detected in a PerkinElmer LS55 Fluorometer (PerkinElmer Ltd.,

Beaconsfield, UK) using 488 nm excitation and 530 nm emission
wavelengths. After 10 min  of incubation with a final concentra-
tion of 50 �M propidium iodide (PI), DNA content was estimated
from the fluorescence intensity of DNA-PI complex at excitation
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nd emission wavelengths of 538 and 590 nm,  respectively. Results
ere expressed as the ratio between DCF and PI fluorescence.
lternatively, cells were grown in coverslips to examine the green
uorescence of DCF with a fluorescence Olympus BX50 microscope
ith the corresponding filter, at 470–490 nm excitation and 515 nm

mission wavelengths.
Alternatively, cells were solubilized with Triton X-100 (0.1%,

/v) in PBS, and the fluorescence of DCF was detected in a
erkinElmer LS55 Fluorometer (PerkinElmer Ltd., Beaconsfield, UK)
sing 488 nm excitation and 530 nm emission wavelengths. After
0 min  of incubation with a final concentration of 50 �M propid-

um iodide (PI), DNA content was estimated from the fluorescence
ntensity of DNA-PI complex at excitation and emission wave-
engths of 538 and 590 nm,  respectively. Results were expressed
s the ratio between DCF and PI fluorescence.

.5. Western blot assays

KB cells were incubated during 24 h with a 5 �M solution
f Pc13, then washed with PBS and exposed to a light dose of
.8 J cm−2. In some experiments, cells were pre-incubated for 1 h
ith 5 mM trolox or 20 �M caspase-8 inhibitor (Z-IETD-FMK), or

or 24 h with 100 �M pepstain A. After irradiation, suspensions con-
aining 1 × 106 cells were immediately lysed for 30 min at 4 ◦C in
0 �L of lysis buffer (0.5% Triton X-100, 1 �g/mL aprotinin, 1 �g/mL
rypsin inhibitor, 1 �g/mL leupeptin, 10 mM Na4P2O7, 10 mM NaF,

 mM Na3VO4, 1 mM EDTA, 1 mM PMSF, 150 mM NaCl, 50 mM  Tris,
H 7.4). Alternatively, irradiated cells were incubated for differ-

nt time-periods at 37 ◦C and then cell lysates were prepared.
lear supernatants were centrifuged at 17,000 × g for 10 min  at
◦C and protein concentration was determined using Bradford

eagent. Aliquots containing 50 �g of protein were resuspended

ig. 1. ROS production after irradiation of Pc13-treated cells. (A) KB cells plated on cov
.8  J cm−2. ROS formation immediately after irradiation was determined with 10 �M DCFH
as  also examined (lower panel). Magnification 400×, scale bar 50 �m.  (B) Cell growth af

f  different concentrations of antioxidants by the hexosaminidase method. *p < 0.005, **p <
ifferent from cells treated with Pc13 in the absence of antioxidants. (C) Quantitative ev

oaded  cells incubated in the absence or presence of 5 mM trolox or 10 mM ascorbic acid. 

etween DCF and PI fluorescence, represent the mean ± S.E.M. of three different experim
p < 0.05 significantly different from Pc13-treated cells (without antioxidants).
istry & Cell Biology 45 (2013) 2553– 2562 2555

in 0.063 M Tris/HCl, pH 6.8, 2% SDS, 10% glycerol, 0.05% bromophe-
nol blue, 5% 2-ME, submitted to SDS-PAGE and then transferred
onto nitrocellulose membranes (GE Healthcare, Piscataway, NY) for
1 h at 100 V in 25 mM Tris, 195 mM glycine, 20% methanol, pH 8.2.
After blocking with 10 mM Tris, 130 mM NaCl and 0.05% Tween
20, pH 7.4, TBS-T, containing 3% bovine serum albumin (BSA),
membranes were treated as the usual western blotting method.
The applied secondary antibodies anti-mouse IgG (horseradish
peroxidase-conjugated goat IgG) or anti-rabbit IgG (horseradish
peroxidase-conjugated goat IgG) were from Santa Cruz Biotech-
nology, CA, USA. Immunoreactive proteins were visualized using
the ECL detection system (Amersham Biosciences, Piscataway, NY)
according to the manufacturer’s instructions. For quantification of
band intensity, Western blots were scanned using a densitome-
ter (Gel Pro Analyzer 4.0). Equal protein loading was confirmed by
reprobing membranes either with polyclonal rabbit anti-actin anti-
body (Sigma–Aldrich, Inc., MO)  or monoclonal antibody to alpha
tubulin (Abcam, MA).

2.6. Subcellular fractionation and immunodetection of cathepsin
D and cytochrome C

KB cells were incubated during 24 h with or without 5 �M Pc13,
then washed with PBS and exposed to a light dose of 2.8 J cm−2.
In some experiments, cells were pre-incubated 1 h at 37 ◦C in the
absence or presence of 5 mM trolox. After irradiation, cells were
incubated for different time-periods at 37 ◦C and then, for the detec-
tion of cathepsin D or cytochrome C, suspensions containing 2 × 106
cells were washed twice with sucrose buffer (250 mM sucrose,
20 mM HEPES, pH 7.5, 10 mM  KCl, 1.5 mM MgCl2, 1 mM EDTA, 1 mM
EGTA, 1 mM  DTT, 0.1 mM PMSF, 1 �g/mL aprotinin, 1 �g/mL leu-
peptin), resuspended in 20 �L of sucrose buffer and incubated on

erslips were incubated with 5 �M Pc13 and then irradiated with a light dose of
-DA and detected with a fluorescence microscope (upper panel). Cell morphology

ter photodynamic treatment with Pc13 was determined in the absence or presence
 0.001, significantly different from control (absence of Pc13); #p < 0.05 significantly

aluation of ROS levels was performed with a fluorometer after irradiation of Pc13-
DNA content was estimated after incubating with PI. Results, expressed as the ratio

ents. *p < 0.05, **p < 0.005, significantly different from control (absence of Pc13);
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ce for 15 min. Cells were then homogenized with a Dounce (40
trokes) and centrifuged at 1000 × g for 10 min  at 4 ◦C. The resulting
upernatant was subjected to 20,000 × g for 20 min  at 4 ◦C. Pellets
ontaining membrane fraction (lysosomal/mitochondrial fraction,

 �g of protein/lane) or supernatants (10 �g of protein/lane)
ere loaded onto a SDS-PAGE, transferred onto PVDF membranes

nd revealed with specific antibodies against cathepsin D or
ytochrome C. Quantification of band intensities was performed by
sing a densitometer (Gel Pro Analyzer 4.0). Actin was employed
s loading control of cytosolic fraction, whereas Coomassie Blue
taining of PVDF membranes was used to control protein load of
ysosomal/mitochondrial fraction (Welinder and Ekblad, 2011).

.7. Lysosomal stability assessment

KB cells were grown on coverslips and incubated in the presence
r absence of a 5 �M solution of Pc13 for 24 h at 37 ◦C in the dark.
fter photodynamic treatment with 2.8 J cm−2, cells were stained

ith acridine orange (5 �M,  30 min, 37 ◦C) to label lysosomes (Boya

t al., 2003) and then examined with a fluorescence Olympus BX50
icroscope with the corresponding filter, 470–490 nm excitation

nd 515 nm emission wavelengths.

ig. 2. Lysosomal membrane permeabilization induced by photodynamic treatment. (A) 

or  1 or 3 h and submitted to Western blot assays. Cathepsin D was  detected both in lysosom
s  control. (B) KB cells grown on coverslips were incubated in the presence or absence of
ells  were fixed, incubated with anti-cathepsin D antibody and revealed with a seconda
agnification 600×, scale bar 10 �m.  (C) Cells plated on coverslips were incubated with o

scorbic  acid as described in Section 2. After photodynamic treatment, lysosomes were
agnification 600×, scale bar 20 �m.  (D) Pc13-loaded cells were incubated in the absence

o  Western blot assays. Results from one representative experiment are shown in (A) and
rom  Pc13-treated cells with respect to non-treated cells, correspond to mean ± S.E.M. of t
f  Pc13); #p < 0.005 significantly different from Pc13-treated cells (without trolox).
istry & Cell Biology 45 (2013) 2553– 2562

2.8. Immunocytochemistry

KB cells grown on coverslips were incubated in the presence or
absence of 5 �M Pc13 for 24 h at 37 ◦C in the dark. After remov-
ing the compound with PBS, cells were stained with LysoTracker
Green (75 nM,  2 h) diluted in the culture medium without FBS. Then,
cells were exposed to a light dose of 2.8 J cm−2 and fixed for 5 min
at room temperature with 4% paraformaldehyde. Coverslips were
washed with PBS/0.25% Triton X-100 and then incubated with anti-
cathepsin D antibody for 24 h. This antibody was revealed with a
secondary antibody conjugated with Alexa Fluor 568. Alternatively,
Pc13-treated cells were stained with MitoTracker Green (100 nM,
45 min) diluted in the culture medium without FBS, then irradi-
ated and incubated for 1 h previous to fixation. Coverslips were
washed, incubated with anti-Bax antibody for 24 h, and then with a
secondary antibody conjugated with Alexa Fluor 568. Fluorescence
was then examined with a confocal microscopy Olympus FV 300.
Alexa Fluor 568 was  excited at 559 nm and its emission was mon-

itored at 675 nm,  and lysosomes or mitochondrias were excited
at 473 nm and green fluorescence was  detected at 545 nm.  Hoescht
33258 was employed to stain nuclei (excitation � 405 nm, emission
� 460 nm).

KB cells exposed to 5 �M Pc13 were irradiated (time 0 post-irradiation), incubated
al and cytosolic fractions as described in Section 2. Non-treated cells (−) were used

 5 �M Pc13 in the dark and then stained with LysoTracker Green. After irradiation,
ry antibody conjugated with Alexa Fluor 568. Nuclei were stained with Hoescht.
r without Pc13 and irradiated in the absence or presence of 5 mM trolox or 10 mM

 stained with 5 �M acridine orange and examined in a fluorescence microscope.
 or presence of 5 mM trolox and after irradiation cytosolic fractions were submitted

 (D). Densitometric analyses, expressed as the relationship of cytosolic cathepsin D
hree different experiments. *p < 0.001, significantly different from control (absence
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early event in the mechanism of action of Pc13. Consequently, a
decrease in the lysosomal amount of cathepsin D was also detected
(Fig. 2A). In addition, cathepsin D release was observed immedi-
ately after irradiation by confocal microscopy (Fig. 2B). Thus, the

Fig. 3. Effect of the inhibition of cathepsins on Pc13-induced cell death. (A) KB cells
treated or not with 5 �M Pc13 were pre-incubated 1 h before irradiation with dif-
ferent concentrations of pepstatin A. *p < 0.05, significantly different from control
(absence of Pc13); #p < 0.05 significantly different from cells treated with Pc13 in
the  absence of pepstatin A. (B) Cells exposed to 5 �M Pc13 were pre-treated 1 h
J. Marino et al. / The International Journal of B

.9. Evaluation of mitochondrial membrane potential

To measure ��m, KB cells pre-loaded with or without 5 �M
c13 for 24 h at 37 ◦C in the dark were treated with a light
ose of 2.8 J cm−2. After 60 min, cells were incubated with
0 nM of the potential-sensitive cationic lipophilic dye 3, 3′-
ihexyloxacarbocyanine iodide (DiOC6(3)) for 30 min  at 37 ◦C.
reen fluorescence for DiOC6(3) was measured by using a FACScan
ow cytometer (Becton Dickinson, CA, USA).

.10. Caspase activity assay

After incubating KB cells for 24 h with a 5 �M solution of Pc13,
ells were washed and then irradiated with a light dose of 2.8 J cm−2

s previously described. Cells were then incubated for different
ime-periods at 37 ◦C and 1 × 106 cells were lysed for 30 min  at 4 ◦C
n 50 �L of lysis buffer (10 mM HEPES, pH 7.4, 50 mM NaCl, 2 mM

gCl2, 5 mM EGTA, 1 mM PMSF, 2 �g/mL leupeptin, 2 �g/mL apro-
inin) followed by three cycles of rapid freezing and thawing. Cell
ysates were centrifuged at 17,000 × g for 15 min  and total protein
oncentration was determined using Bradford reagent. Aliquots
ontaining 100 �g of protein were diluted in assay buffer (20 mM
EPES, 132 mM NaCl, 6 mM KCl, 1 mM MgSO4, 1.2 mM K2HPO4, pH
.4, 20% glycerol, 5 mM  DTT), and incubated at 37 ◦C for 2 h with
0 �M of the corresponding fluorogenic substrate for caspase-3
Ac-DEVD-AMC), caspase-8 (Z-IETD-AFC) and caspase-9 (Ac-LEHD-
MC). Cleavage of the substrates was monitored by AMC  or AFC
elease in a SFM25 Konton Fluorometer at 355 or 400 nm excita-
ion and 460 or 505 nm emission wavelengths, respectively. Results
ere expressed as the change in fluorescence units (per �g of pro-

ein) in relation to control (non-treated cells). In some experiments,
ells pre-incubated for 24 h with 100 �M pepstatin A were irradi-
ted with a light dose of 1.4 J cm−2 and 3 h post-irradiation cell were
ysed as described above.

.11. Statistical analysis

The values are expressed as mean ± S.E.M. Statistical analysis
f the data was performed by using the Student’s t-test. p < 0.05
enotes a statistically significant difference.

. Results and discussion

.1. Photodynamic treatment with Pc13 induces ROS production
n KB cells

It has been previously reported that Pc13 is a photosensi-
izer potentially useful as a cytotoxic drug for photodynamic
herapy (PDT). Although this sulfur-linked cationic aliphatic
hthalocyanine showed, in homogeneous solution, a quan-
um yield of singlet oxygen production (��) similar to
hat obtained for the oxygen-linked cationic isosteric phthalo-
yanine 2,9(10),16(17),23(24)-tetrakis[(2-trimethylammonium)-
thoxy]phthalocyaninatozinc(II) tetraiodide (Pc11), Pc13 but not
c11 showed an effective phototoxic activity in KB tumor cells
Marino et al., 2010). In addition, no effect on cell proliferation was
bserved for Pc13 in the dark. In order to demonstrate intracel-
ular ROS generation, KB cells pre-loaded with Pc13 and exposed
o a light dose of 2.8 J cm−2 were treated with DCFH-DA, a probe
hich is oxidized by ROS to produce the green fluorescent dye DCF.
s shown in Fig. 1A, fluorescence microscopy revealed a marked

ncrease in DCF fluorescence immediately after cell irradiation

time 0 post-irradiation). Since the generation of cytotoxic species
ould be responsible for triggering the intracellular oxidative dam-

ge involved in cell destruction (Henderson and Dougherty, 1992;
harman et al., 1999; Allison et al., 2010), we then explored the
istry & Cell Biology 45 (2013) 2553– 2562 2557

effect of two  antioxidants on the growth inhibitory activity induced
by Pc13. When KB cells were treated with trolox or ascorbic acid,
cell proliferation increased in a concentration-dependent man-
ner, being the maximum effect obtained at final concentrations
between 5 and 10 mM of trolox or ascorbic acid (Fig. 1B). It was
also showed that both antioxidants partially inhibited the forma-
tion of ROS in irradiated Pc13-treated cells (Fig. 1C). Taken together,
these results indicate that ROS are mediating the phototoxic effect
triggered by Pc13 in KB cells.

3.2. Pc13 induces permeabilization of lysosomal membranes

The sequence of molecular events activated after ROS forma-
tion, which finally lead to KB cell death, was  next examined. It has
been reported that cellular photodamage begins in the organelle
that retains the photosensitizer (Oleinick et al., 2002; Chiu et al.,
2010). Thus, based on our previous results showing that Pc13
is a lysosome-targeted photosensitizer (Marino et al., 2010), we
decided to explore whether the phototoxic effect of Pc13 alters
lysosomal membranes. When the cytosolic release of the lysoso-
mal  enzyme cathepsin D (Hasilik, 1992) was studied at different
times after irradiation of Pc13-loaded cells, significant levels of
this protease were found at time 0 post-irradiation (Fig. 2A), indi-
cating that lysosomal membrane permeabilization would be an
before irradiation with 40 �M pepstatin A, 25 �M leupeptin or with a combination
of  both inhibitors. #p < 0.01, significantly different from cells treated with Pc13 in
the  absence of proteases inhibitors; §p < 0.05, §§p < 0.01, significantly different from
Pc13-treated cells preincubated with either pepstatin A or leupeptin. Cell growth
was determined by the hexosaminidase method.
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unctuate pattern of red fluorescence corresponding to cathepsin
 co-localized with the green fluorescence of the specific lysosome
robe in non-treated cells, whereas irradiated Pc13-loaded cells
howed a diffuse cathepsin staining (Fig. 2B). We  further studied

he effect of antioxidants on Pc13-induced lysosomal membrane
ermeabilization after staining lysosomes with the fluorescent dye
cridine orange. As shown in Fig. 2C, the phototoxic effect of Pc13

ig. 4. Levels of Bcl-2 family proteins and Bax translocation after photodynamic treatm
rradiation), incubated for different times post-irradiation and submitted to Western blo
00  �M pepstatin A, and immediately after irradiation, cell lysates were submitted to West
xperiment are shown (left panels). Densitometric analyses correspond to mean ± S.E.M
ifferent from control (absence of Pc13); #p < 0.05, significantly different from Pc13-treat

 �M of Pc13 for 24 h were stained with MitoTracker Green and kept in the dark or expos
ells  were incubated with anti-Bax antibody and revealed with a secondary antibody co
00×,  scale bar 10 �m.
istry & Cell Biology 45 (2013) 2553– 2562

led to a marked reduction of orange fluorescence at time 0 post-
irradiation. However, when KB cells were incubated in the presence
of either trolox or ascorbic acid, the decrease of acridine orange flu-
orescence was  almost undetectable. In accordance with this result,

we also showed that expression levels of cytosolic cathepsin D
significantly diminished in the presence of trolox, indicating that
ROS would be involved in the partial permeabilization of lysosomal

ent. (A) Lysates of KB cells exposed to 5 �M Pc13 were irradiated (time 0 post-
t assays. (B) KB cells treated or not with 5 �M Pc13 were pre-incubated 1 h with
ern blot. Non-treated cells (−) were used as control. Results form one representative
. of three different experiments (right panels). *p < 0.01, **p  < 0.005, significantly

ed cells (without pepstatin A). (C) KB cells incubated in the absence or presence of
ed to a 2.8 J cm−2 light dose and then incubated for an additional 1 h. After fixation,
njugated with Alexa Fluor 568. Nuclei were stained with Hoescht. Magnification
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embranes (Fig. 2D). In order to determine whether cathepsin D is
nvolved in the phototoxic action of Pc13, we also studied the effect
f an aspartic protease inhibitor, pepstatin A, on KB cell prolifera-
ion (Ollinger, 2000; Johansson et al., 2003). As shown in Fig. 3A, the
rowth inhibitory activity induced by Pc13 was partially reverted in
he presence of 40–60 �M concentrations of pepstatin A, suggesting
hat cathepsin D would be in part mediating Pc13 phototoxicity. In
ddition to cathepsin D, lysosomal permeabilization makes possi-
le the release of other proteases to the cytosol (Roberg et al., 1999;
ågedal et al., 2001). It has been reported that different lysosomal
nzymes seem to play a role in the regulation of the apoptotic cell
eath, being the response dependent on the type of cell and stim-
lus (Guicciardi et al., 2004; Tardy et al., 2006; Boya and Kroemer,

008; Johansson et al., 2010; Repnik et al., 2012). Among the wide
ariety of hydrolytic enzymes that can be released from lysosomes,
he well-characterized cathepsins comprise not only the aspartic
rotease cathepsin D, but also cysteine (B, C, H, L, S) and serine

ig. 5. Mitochondrial membrane permeabilization induced by Pc13. (A) After irradiation
hen  stained with 40 nM DiOC6(3) for 30 min. The decrease in ��m was  determined by 

epresentative Western blot assay of cytochrome C detected in mitochondrial and cytosol
ells  (−) were used as control. (C) Pc13-loaded cells were incubated in the absence or pr
o  Western blot. Densitometric analyses, expressed as the relationship of cytosolic cyto
o  mean ± S.E.M. of three different experiments. *p < 0.001, significantly different from c
without trolox).
istry & Cell Biology 45 (2013) 2553– 2562 2559

(A, G) proteases (Turk et al., 2002; Turk et al., 2012). The possible
contribution of other cathepsins to Pc13-induced cytotoxic action
was examined by using leupeptin, a cysteine and serine protease
inhibitor (Øverbye et al., 2011). When Pc13-loaded cells were incu-
bated with 25 �M leupeptin, a significant increase of cell viability
was observed after photodynamic treatment, suggesting that, in
addition to cathepsin D, other proteolytic enzymes are involved in
the cell death process triggered by Pc13 (Fig. 3B). A higher percent-
age of cell proliferation (corresponding to the effect of each indi-
vidual inhibitor on cell growth) was  also obtained when cells were
treated in the presence of both pepstatin A and leupeptin (Fig. 3B).

3.3. Pc13 modifies the balance of Bcl-2 family proteins and

induces the release of cytochrome C

We have formerly demonstrated that Pc13 induces an apop-
totic response mediated by activation of caspase-3 (Marino et al.,

 of KB cells pre-loaded with or without 5 �M Pc13, cells were incubated 1 h and
FACS analysis. *p < 0.005, significantly different from control (absence of Pc13). (B)
ic fractions obtained after irradiation of KB cells exposed to 5 �M Pc13. Non-treated
esence of 5 mM trolox and 3 h after irradiation cytosolic fractions were submitted
chrome C from Pc13-treated cells with respect to non-treated cells, correspond

ontrol (absence of Pc13); #p < 0.005 significantly different from Pc13-treated cells
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010). In order to elucidate the molecular pathways associated
ith apoptosis, we herein evaluated if the phototoxic effect of Pc13

nduced a change in the expression of some Bcl-2 family proteins. In
articular, it has been reported that cathepsin D and other lysoso-
al  proteases can be involved in Bid activation and the formation

f tBid, a truncated form engaged in the permeabilization of the
itochondrial outer membrane (Stoka et al., 2001; Reiners et al.,

002; Droga-Mazovec et al., 2008; Appelqvist et al., 2012). Based
n these findings, we decided to examine the expression levels of
ull-length Bid protein at different times after irradiation. In addi-
ion, we also determined the levels of the pro-apoptotic Bax protein
nd the anti-apoptotic proteins Bcl-2 and Bcl-XL. Results obtained
y Western blot assays showed that the amount of Bax remained
nchanged after irradiation of KB cells pre-loaded with Pc13, while

 significant decrease of full-length Bid was observed immediately

ost-irradiation (Fig. 4A). Furthermore, a reduction of the expres-
ion levels of the anti-apoptotic proteins Bcl-XL and Bcl-2 was
bserved 1 and 3 h after light exposure of Pc13-treated cell (Fig. 4A).
e  further showed that full-length Bid cleavage was  inhibited in

ig. 6. Involvement of caspases in Pc13-induced phototoxic effect. KB cells loaded with or
or  different time-periods. (A) Caspase activity was determined as indicated in Section 2.
−)  and represents the mean values ± S.E.M. of three different experiments. Statistical sig
*p  < 0.0001. (B) Western blot assays of procaspases or active fragments of caspase-3, -8 an
ere  pre-incubated 1 h before irradiation with different concentrations of Z-VAD-FMK. Ce
ifferent from control (absence of Pc13); #p < 0.05, ##p < 0.0001 significantly different f
ere  pre-incubated 1 h with 20 �M Z-IETD-FMK, and immediately after irradiation, ce

nalyses correspond to mean ± S.E.M. of three different experiments. *p < 0.001, significan
c13-loaded cells with 100 �M pepstatin A, cells were irradiated and caspase-8 activity w
ignificantly different from control (absence of Pc13); #p < 0.05, significantly different fro
istry & Cell Biology 45 (2013) 2553– 2562

the presence of pepstatin A, suggesting that cathepsin D, at least in
part, contributes to Bid activation (Fig. 4B). The involvement of lyso-
somal proteases-mediated Bid cleavage to apoptosis has also been
reported for other lysosome-targeted photosensitizers, such as the
N-aspartyl chlorine e6 (Reiners et al., 2002; Wan  et al., 2008) and
the silicon phthalocyanine photosensitizer Pc181 (Chiu et al., 2010).
Although these reports did emphasize the role of Bid as a media-
tor of a PDT-triggered apoptotic response, the lysosomal proteases
responsible for proteolytic Bid activation were not identified.

Taking into account that different studies have reported a
translocation of Bax from the cytosol to the mitochondria during
apoptosis (Wolter et al., 1997; Nechushtan et al., 2001; Hou and
Hsu, 2005), we inquired whether Pc13 could induce Bax move-
ment to mitochondria. Bax distribution was  evaluated by confocal
microscopy after incubating KB cells for 24 h with Pc13 in the dark

and staining first with MitoTracker Green and then with an anti-Bax
antibody. As shown in Fig. 4C (upper panel), a cytosolic punctuate
staining of Bax was detected, but Bax did not show a mitochondrial
localization in the dark since no overlapping of the red fluorescence

 without 5 �M of Pc13 were irradiated with a light dose of 2.8 J cm−2 and incubated
 Enzymatic activity is expressed as fold induction with respect to non-treated cells
nificance in comparison with the corresponding control is indicated by *p < 0.01 or
d -9. Results from one representative experiment are shown. (C) Pc13-treated cells
ll growth was determined by the hexosaminidase method. *p < 0.0001, significantly
rom cells treated with Pc13 in the absence of Z-VAD-FMK. (D) Pc13-treated cells
ll lysates were submitted to Western blot with anti-Bid antibody. Densitometric
tly different from the corresponding controls (absence of Pc13). (E) After incubating

as determined 3 h post-irradiation as indicated in Section 2. *p < 0.05, **p  < 0.005,
m cells treated with Pc13 in the absence of pepstatin A.
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with the decrease expression of anti-apoptotic proteins and the
translocation of Bax from cytosol to mitochondria contribute
to the activation of the mitochondrial pathway of apoptosis.
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rom Bax and the green signal from mitochondrias was  observed.
owever, when KB cells treated with Pc13 were irradiated and then

ncubated for an additional 1 h, yellow vesicles corresponding to the
verlay of Bax and the mitochondrial probe were visualized, indi-
ating Bax mitochondrial translocation after irradiation (Fig. 4C,
ower panel).

The activation of the mitochondrial pathway was  also explored
y determining the loss of the mitochondrial inner transmem-
rane potential (��m) by flow cytometry. As shown in Fig. 5A,

 significant decrease of ��m was evident 1 h after the photody-
amic action of Pc13, being the percentage of cells with reduced
iOC6(3) incorporation of 41 ± 3% versus 19 ± 5% corresponding

o control cells (non-treated cells). In addition, although cytosolic
ytochrome C was found at time 0 post-irradiation, maximal levels
ere obtained 3 h after irradiation, concurrently with a decrease of

he cytochrome C amount detected in the mitochondrial fraction
Fig. 5B). We further demonstrated that the release of cytochrome

 into the cytosol was completely inhibited in the presence of trolox
Fig. 5C), suggesting that ROS are upstream mediators of mitochon-
rial membrane permeabilization.

.4. Activation of caspase-dependent pathways mediates the
poptosis induced by Pc13

The interaction of death receptors, such as Fas, tumor necrosis
actor receptor or DR5, with their corresponding ligands in the
ell surface promotes the recruitment of the adaptor molecule
ADD (Fas-associated death domain protein) and procaspase-8,
orming the death-inducing signaling complex (DISC). Activation
f procaspase-8 at the DISC triggers the death receptor or extrinsic
athway (Hengartner, 2000; Kaufmann and Hengartner, 2001;
haudhari et al., 2006). When the mitochondrial pathway is
ediating an apoptotic cell death, the release of cytochrome C

rom the mitochondria leads to the activation of caspase-9 and
he formation of the apoptosome, a cytosolic death signaling
omplex (Kaufmann and Hengartner, 2001; Green and Reed,
998; Thornberry and Lazebnik, 1998; Grutter, 2000). In order to
valuate the dependence of caspase-8 and caspase-9 activation on
c13-mediated apoptosis, we measured the proteolytic activity of
oth initiator caspases together with the activity of the executioner
aspase-3. As shown in Fig. 6A, caspase-3 and -8 activation reached

 peak (3–3.5-fold increase) after 3 h of light exposure, and the
ame incubation time was required to detect a slight but significant
ncrement in caspase-9 activity (1.5-fold). Caspases activation was
lso confirmed by Western blot assays. Thus, a significant decrease
f full length caspase-3 was evident after 3 h of irradiation of
c13-loaded cells, although the active 17-kDa fragment was  early
etected at time 0 post-irradiation when an antibody against the
leaved caspase-3 was employed (Fig. 6B). In addition, lower levels
f procaspase 8 (55 kDa) were detected 1 h post-irradiation, while
leaved fragments of 35/37 kDa derived from caspase-9 (47 kDa)
ere evident 1 and 3 h after light treatment (Fig. 6B).

The involvement of caspases in the phototoxic action of Pc13
as next examined by determining cell viability in the presence

f the pan inhibitor Z-VAD-FMK. As shown in Fig. 6C, the growth
nhibitory activity induced by Pc13 was partially reverted in the
resence of increasing concentrations of Z-VAD-FMK, indicating
hat caspases would be to some extent mediating Pc13 phototoxi-
ity.

Taking into account that Pc13 is mainly localized in lysosomes,
ctivation of caspase-8 mediated by death receptor pathway would
e unlikely. In fact, no change in the expression levels of Fas/Fas-L

nd TRAIL/DR5 were detected after Western blot assays of lysates
rom irradiated Pc13-loaded cells (data not shown). Nevertheless,
ince it has been reported that activation of caspase-8 could be
esponsible for Bid truncation (Li et al., 1998; Luo et al., 1998), we
istry & Cell Biology 45 (2013) 2553– 2562 2561

further examined if caspase-8 could contribute to Bid processing at
time 0 post-irradiation. In this respect, although caspase-8 acti-
vation was detected 1 h after irradiation (Fig. 6B), it is possible
to assume that a low level of caspase-8 activation (under detec-
tion limits) could be enough to produce an early Bid cleavage. As
shown in Fig. 6D, caspase-8 inhibitor Z-IETD-FMK did not modify
Bid expression levels, indicating that caspase-8 did not participate
in Bid truncation.

Since it has been reported that cathepsin D directly activates
caspase-8 in neutrophil apoptosis (Conus et al., 2008), we decided
to study the effect of a cathepsin D inhibitor on caspase-8 proteo-
lysis. When KB cells treated with Pc13 were pre-incubated with
pepstatin A, irradiated with a light dose of 1.4 J cm−2 and then
incubated for another 3 h, the increase of caspase-8 activity was
significantly inhibited, indicating that cathepsin D contributes, at
least partially, to caspase-8 activation (Fig. 6E). Although we did not
evaluate a direct effect of cathepsin D on caspase-8, this result indi-
cated that the lysosomal protease would be acting as an upstream
modulator of caspase-8 activation.

4. Conclusions

In this study, we explored the molecular mechanisms respon-
sible for the apoptotic response induced by the lysosome-targeted
cationic photosensitizer Pc13 in human nasopharynx KB carcinoma
cells (Fig. 7). Immediately after irradiation of KB cells pre-loaded
with Pc13, ROS formation triggers the sequence of events which
finally lead to cell death. Thus, the generation of ROS in the pri-
mary site of Pc13 accumulation early affects lysosomal membrane
permeabilization, leading to the release of lysosomal proteases to
cytosol. Subsequent cathepsin D-mediated Bid processing together
Fig. 7. Proposed model of Pc13-induced apoptosis in KB cells. The formation of ROS
in  the primary site of Pc13 accumulation leads to lysosomal membrane permeabil-
ization followed by the release of lysosomal proteases, alteration of Bcl-2 family
proteins and activation of a caspase-dependent pathway downstream mitochon-
drial injury.
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itochondrial membrane depolarization and release of
ytochrome C highlight the dysfunction of the mitochondria.
oth caspase-dependent and independent mechanisms of apop-
otic cell death have been described for other photosensitizers
ocalized mainly in lysosomes (Reiners et al., 2002; Vittar et al.,
010). Results herein obtained show that a caspase-dependent
athway activated downstream mitochondrial injury also con-
ributes to Pc13-induced apoptosis, although the involvement
f caspase-independent factors in the phototoxic effect of Pc13
annot be discarded.
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et  al. Apoptotic pathways: involvement of lysosomal proteases. Biol Chem
2002;383:1035–44.

Turk V, Stoka V, Vasiljeva O, Renko M,  Sun T, Turk B, et al. Cysteine cathepsins:
from structure, function and regulation to new frontiers. Biochim Biophys Acta
2012;1824:68–88.

Vittar NB, Awruch J, Azizuddin K, Rivarola V. Caspase-independent apoptosis,
in  human MCF-7c3 breast cancer cells, following photodynamic therapy,
with a novel water-soluble phthalocyanine. Int J Biochem Cell Biol 2010;42:
1123–31.

Wan  Q, Liu L, Xing D, Chen Q. Bid is required in NPe6-PDT-induced apoptosis. Pho-

tochem Photobiol 2008;84:250–7.

Welinder C, Ekblad L. Coomassie staining as loading control in Western blot analysis.
J  Proteome Res 2011;10:1416–9.

Wolter KG, Hsu YT, Smith CL, Nechushtan A, Xi XG, Youle RJ. Movement of Bax from
the  cytosol to mitochondria during apoptosis. J Cell Biol 1997;139:1281–92.

http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0165
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0170
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0175
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0180
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0185
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0190
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0195
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0200
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0205
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0210
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0215
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0220
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0225
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0230
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0235
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0240
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0245
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0250
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0255
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260
http://refhub.elsevier.com/S1357-2725(13)00280-X/sbref0260

	Lysosomal and mitochondrial permeabilization mediates zinc(II) cationic phthalocyanine phototoxicity
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Cells and culture conditions
	2.3 Photodynamic treatment
	2.4 Determination of intracellular ROS production
	2.5 Western blot assays
	2.6 Subcellular fractionation and immunodetection of cathepsin D and cytochrome C
	2.7 Lysosomal stability assessment
	2.8 Immunocytochemistry
	2.9 Evaluation of mitochondrial membrane potential
	2.10 Caspase activity assay
	2.11 Statistical analysis

	3 Results and discussion
	3.1 Photodynamic treatment with Pc13 induces ROS production in KB cells
	3.2 Pc13 induces permeabilization of lysosomal membranes
	3.3 Pc13 modifies the balance of Bcl-2 family proteins and induces the release of cytochrome C
	3.4 Activation of caspase-dependent pathways mediates the apoptosis induced by Pc13

	4 Conclusions
	Acknowledgments
	References


