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Abstract: Porphysomes (PS) are liposome-like nano-
particles comprising pyropheophorbide-conjugated
phospholipids that have demonstrated potential as
multimodal theranostic agents for applications that
include phototherapies, targeted drug delivery and in vivo
fluorescence, photoacoustic, magnetic resonance or
positron emission imaging. Previous therapeutic appli-
cations focused primarily on photothermal therapy (PTT)
and suggested that PSs require target-triggered activation
for use as photodynamic therapy (PDT) sensitizers. Here,
athymic nude mice bearing subcutaneous A549 human
lung tumors were randomized into treatment and control
groups: PS-PDT at various doses, PS-only and no treat-
ment negative controls, as well as positive controls using
the clinical photosensitizer Photofrin. Animals were fol-
lowed for 30 days post-treatment. PS-PDT at all doses
demonstrated a significant tumor ablative effect, with the
greatest effect seen with 10 mg/kg PS at a drug-light in-
terval of 24 h. By comparison, negative controls (PS-only,
Photofrin-only, and no treatment) showed uncontrolled
tumor growth. PDT with Photofrin at 5 mg/kg and PS at
10 mg/kg demonstrated similar tumor growth suppression
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and complete tumor response rates (15 vs. 25%, p = 0.52).
Hence, porphysome nanoparticles are an effective PDT
agent and have the additional advantages of multimodal
diagnostic and therapeutic applications arising from their
intrinsic structure. Porphysomes may also be the first
single all-organic agent capable of concurrent PDT
and PTT.

Keywords: cancer; nanomedicine; nanoparticles; photo-
dynamic therapy; photofrin; porphysome.

1 Introduction

Porphysomes (PSs) are nanoparticles (~100 nm) composed
of pyropheophorbide-conjugated phospholipid (pyro-lipid)
subunits that self-assemble into liposome-like structures,
each containing ~80,000 porphyrin molecules [1]. They are
preferentially taken up and retained in solid tumors via the
enhanced permeability and retention (EPR) effect and sub-
sequently taken up by cancer cells and disrupted into pyro-
lipid subunits [1]. Previous studies have suggested that the
PSs can be exploited in both their structurally intact state
(i.e., as nanoparticles) and in their disrupted state (i.e., as
pyro-lipid subunits). In the former state, absorption of
light energy is dissipated through thermal conversion and
no significant fluorescence emission or photochemistry
occurs due to the tight packing of porphyrin molecules in
the porphyrin-lipid bilayer, resulting in a quenching of
>99% [1-7]. Upon disruption, the pyro-lipid subunits are
unquenched, enabling fluorescence and photochemical
reactions [2, 4, 7, 8. These previous studies suggest that the
conversion of PSs from their intact to their disrupted state is
time dependent, though the relative populations of intact
and disrupted PSs at any given time point are not well
characterized.

PSs in various formulations have been shown to be
effective multimodality agents for theranostic applications,
including in vivo photoacoustic imaging and photothermal
therapy (PTT) in the intact state, fluorescence imaging after
unquenching, and positron emission tomography via *Cu
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chelation or magnetic resonance imaging via Mn chelation
in either state [1-8]. Disrupted PSs have also been shown to
produce reactive oxygen species upon irradiation at the
main 671 nm pyro absorption wavelength, providing a
rationale for their use as photodynamic sensitizers [8]. PSs
conjugated to folate have been used to deliver target-
triggered PDT in different tumor models. Limited prior
studies of the untargeted PSs showed low PDT efficacy;
however, these studies were neither systematic nor opti-
mized [2, 8].

Since the activation wavelength for both PS-PTT and
PS-PDT is 671 nm, PS holds the potential to be the first single
agent, single wavelength, all-organic photosensitizer that
can accomplish both PTT and PDT using a dual population
of intact PSs in the extracellular matrix and disrupted PSs in
the intracellular space (Figure 1). It must first be established
that untargeted PSs can accomplish PDT. Hence, the
objectives of the present study were to test if PSs can be used
as a practical PDT agent, to determine the optimum treat-
ment conditions for this, and to compare PS-PDT to PDT
using Photofrin (PHO, Pinnacle Biologics, Bannockburn, IL,
USA), a long-established, clinically-approved, porphyrin-
based PDT agent [9-12].

sise
L L)

pyro-lipid
intracellularly active for
PDT and fluorescence

\

oo
& =

o s 0
. Toe soa
S0y
» & ad@
) o 7 8% /

DE GRUYTER

2 Materials and methods
2.1 Cell culture and animal models

A549 human lung cancer cells (American Type Culture Collection,
Manassas, VA, USA) were cultured in F12K media supplemented with
fetal bovine serum at a final concentration of 10% and prepared for
injection in a 1:1 mixture of phosphate buffered saline and Matrigel
(Corning Inc., Corning, NY, USA). Female Hsd:athymic nude Foxni™
mice (Envigo, Indianapolis, IN, USA), aged 8-10 weeks, underwent
subcutaneous injection of 5 x 10° A549 cells in the right shoulder.
Tumor growth was monitored and, upon reaching 5 mm in the
maximum dimension, the mice were randomized into various treatment
and control groups. An a priori humane endpoint of 500 mm® maximum
tumor volume was set. All animal studies were conducted in compli-
ance with institutional guidelines (University Health Network, Toronto,
Canada).

2.2 Photosensitizer and light administration

Porphysomes were prepared according to previously published pro-
tocols [1]. Photofrin (PHO) was generously provided by Pinnacle Bi-
ologics (Bannockburn, IL). Following randomization, photosensitizer
was administered intravenously by bolus tail vein injection at an
appropriate drug-light interval (DLI) before light irradiation. PS was

heat generation
through PTT

porphysome
extracellularly active for PTT

ROS generation
through PDT

Figure 1: Schematic diagram of the distribution and activity of porphysome nanoparticles and dissociated pyro-lipid in the tumor. When
irradiated with 671 nm light, the intact porphysomes in the extracellular space respond photothermally (lower panel, right), while the
disrupted intracellular porphysomes (pyro-lipid) are unquenched and generate reactive oxygen species (ROS; e.g., '0,) for photodynamic

therapy (lower panel, left).
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administered in doses of 5, 7.5 or 10 mg (of pyropheophorbide-lipid)
per kg of animal body weight, and PHO was administered at 5 mg/kg of
animal body weight; each was diluted with phosphate-buffered saline
to a total volume of 250 pl per dose. Diode lasers at 671 and 630 nm
were used for PS and PHO activation, respectively (Figures S1 and S2).
Under general anesthesia (2-3% inhaled isoflurane) and with minimal
ambient lighting, the treatment light was delivered via an optical fiber
as a 10 mm diameter circular spot centered on the tumor. The energy
density was measured prior to each treatment using a calibrated power
meter (Thorlabs Inc., Newton, NJ, USA). A total light dose of 135 J/cm?
was delivered at 100 mW/cm? over 1350 s (22.5 min). Animals were
protected from scattered light using an opaque mask with a 10 mm
diameter hole.

2.3 Study metrics

Following treatment, the mice were followed for 30 days and the tumor
size was measured using calipers 3 times per week. Photographs of
tumors were taken, and the animals were weighed on each occasion.
Humane sacrifice by anesthetic overdose was carried out after 30 days
or if tumors reached 500 mm’ volume, whichever came first. Animals
were considered to have reached a “mortality” endpoint if they
required sacrifice because their tumor volume was >500 mm’>.

2.4 Study aims

The first aim of this study was to confirm that irradiation at 100 mW/cm?
and the highest planned PS dose (10 mg/kg) and 24 h drug-light interval
(DLI) did not produce significant thermal conversion. Hence, in 3 mice
the surface temperature of the tumor was measured with a thermal
camera (Mikron Infrared, Santa Clara, CA, USA), with an a priori
maximum endpoint of a 5 °C increase during irradiation. In separate
groups, the optimal PS dose and DLI were assessed: 5, 7.5 and 10 mg/kg
at 24 h; 10 mg/kg at 48 h; 10 mg/kg, no light; 5 mg/kg PHO, no light; and
no drug, no light; (n = 5 per group except n = 6 for 10 mg/kg, 24 h). For
head-to-head comparison of the optimized PS-PDT regimen and
PHO-PDT, separate groups were treated with either 10 mg/kg PS at 24 h
DLI (n = 20) or 5 mg/kg PHO at 24 h DLI (n = 20).
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2.5 Analysis

In each animal, the tumor volume post treatment was normalized to
the pre-treatment volume. Complete response was defined as the
absence of detectable tumor upon dissection at the end of the 30-day
follow-up period (i.e., cure). ANOVA was performed to assess for
differences in the relative tumor size between groups. Fisher’s exact
test was used to compare cure rates between groups. Log-rank
(Mantel-Cox) tests were conducted for comparison of survival curves.
Statistical analysis was performed using GraphPad Prism software;
p < 0.05 were considered significant.

3 Results

In the first experiment, the maximum increase in tumor
surface temperature recorded at any time during treatment
(n =3) was 1.8 °C. All PS-PDT treated tumors demonstrated
at least partial response, with growth curves that were
significantly different from the untreated groups: Figure 2.
The strongest response was observed in the group treated
with 10 mg/kg PS at 24 h DLI; followed by 7.5 mg/kg at 24 h,
5 mg/kg at 24 h and 10 mg/kg at 48 h. Tumor size was
the smallest at 10-15 d post treatment, at which time the
distinction between the treatment groups was most
evident; tumor regrowth was evident thereafter. Figure 3
compares the tumor responses at each PS dose with follow-
up to 12 days to illustrate more clearly the differences
between groups.

Complete tumor response was achieved in 4/6 cases
(67%) with 10 mg/kg PS at 24 h and in 1/5 cases (20%) with
7.5 or 5 mg/kg PS at 24 h. Neither the 10 mg/kg, 48 h DLI
treatment group nor any of the control groups achieved
complete tumor response in any animals (Figure 4). The
only group that achieved 100% survival to 30 days post

Post-Treatment Day

—e— Porphysome-PDT (10 mg/kg, 24h DLI)
Porphysome-PDT (5 mg/kg, 24h DLI)

Porphysome - No light (10 mg/kg) —©— No drug - No light

—=—  Porphysome-PDT (7.5 mg/kg, 24h DLI)
—&- Porphysome-PDT (10 mg/kg 48h DLI)

Figure 2: Relative tumor volume across the
treatment and control groups in the 30 d
post-PDT follow-up period. (n =5 for all
groups; except n = 6 for the PS 10 mg/kg,
24 h DLI group). Mean +1S.D. with halfbars
shown for clarity.
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Post-Treatment Day

—&— Porphysome-PDT (10 mg/kg, 24h DLI)
Porphysome-PDT (5 mg/kg, 24h DLI)

treatment was for PS-PDT at 10 mg/kg and 24 h DLI. All
other groups had at least one mortality in the follow-up
period (due to uncontrolled tumor growth, requiring sac-
rifice): 1/5 cases for 7.5 and mg/kg and 24 h DLI; 3/5 cases
for 10 mg/kg and 48 h DLI group; 3/5 cases for the PS, no
light; and no treatment groups; and 5/5 cases for the PHO,
no light group. The corresponding Kaplan—-Meier survival
plots are shown in Figure 5.

PS-PDT and PHO-PDT resulted in similar treatment
outcomes in terms of delayed tumor growth control
(Figure 6), complete tumor response and survival. No an-
imals had to be sacrificed due to tumor size in either group.
Complete tumor response was achieved in 5/20 (25%) of
PS-PDT treated animals and in 3/20 (15%) of PHO-PDT
treated animals (Figure 7). This difference was not statis-
tically significant (p = 0.52).

Clinically, the area around the tumor became mark-
edly edematous in the first 24—-48 h after treatment, which
was accompanied by mild lethargy in both the PS-PDT and

—#—  Porphysome-PDT (7.5 mg/kg, 24h DLI)
—B&— Porphysome-PDT (10 mg/kg 48h DLI)

Figure 3: Relative tumorvolume across dose-
finding groups with 12 days of follow-up.
Mean + 1 S.D. with half bars shown for
clarity.

PHO-PDT groups. These symptoms resolved spontane-
ously by day 3 post-PDT. Visually, treated tumors respon-
ded similarly in both the PS-PDT and PHO-PDT groups,
with eschar formation in the first 3-5 days post-treatment,
followed by gradual regression of the eschar and healing of
the skin between 15- and 30-days following treatment. The
visual response to treatment is shown in the representative
photograph series seen in Figure 8.

4 Discussion

The objectives of this study were to determine whether or
not porphysomes are effective PDT photosensitizers, to
optimize the PS-PDT treatment regimen, and to compare
PS-PDT directly with PHO-PDT. The results show that PSs
are comparable in efficacy to the established agent Pho-
tofrin. The optimized treatment regimen for PS-PDT, at
least in this pre-clinical tumor model, was an i.v. dose of

—
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Post-Treatment Day
—— Porphysome-PDT (10 mg/kg, 24h DLI)
Porphysome-PDT (5 mg/kg, 24h DLI)
—— Porphysome - No light (10 mg/kg)

Complete tumor response (%)
3]
(=]

30

——  Porphysome-PDT (7.5 mg/kg, 24h DLI)
—— Porphysome-PDT (10 mg/kg, 48h DLI)
—— No drug - No light

Figure 4: Complete tumor responses for
treatment and control groups.
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Figure 6: (a) Relative tumor volume for
10- porphysome-PDT (10 mg/kg, 24 h DLI,

n = 20) and Photofrin-PDT (5 mg/kg, 24 h
DLI, n = 20) with 30 d follow-up post PDT.

Relative tumour volume (fold)

57 Mean + 1 S.D. with half bars shown for
clarity. (b) Relative tumor volume for
0 porphysome-PDT, Photofrin-PDT,
0 10 20 30 porphysome-only (10 mg/kg, no light,

Post-Treatment Day n =5), and Photofrin-only (5 mg/kg, no

. light, n = 5) with 30 d follow-up post PDT.
—e— Porphysome-PDT (10 mg/kg, 24h DLI) —#— Photofrin-PDT (5 mg/kg, 24h DLI) Mean + 1S.D. with half bars shown for

—¥— Porphysome - No light (10 mg/kg) —— Photofrin - No light (5 mg/kg) clarity.
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Complete tumor response (%)

Figure7: Complete tumorresponses in porphysome-PDT (10 mg/kg,
24 h DLI, n = 20) and Photofrin-PDT (5 mg/kg, 24 h DLI, n = 20).

10 mg/kg, 24 h drug-light interval and a light dose of 135 J/
cm?(at 100 mW/cm?). Using this regimen, a tumor response
similar to that of PHO-PDT was achieved, and the rate of
complete tumor response approached significance. While

Porphysome
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the PS dose used, expressed in mg/kg, was twice that of
PHO (10 vs. 5), the molar doses were comparable, given the
molar masses of 1013 [1] and 605.7 g/mol [13], respectively
(9.87 x 107 mol/kg, vs. 8.25 x 107° mol/kg).

Prior to this study, the effectiveness of unmodified
porphysomes for PDT was uncertain. Previous studies had
suggested that specific tumor targeting and target-triggered
activation (e.g., using folic acid to target folate receptors [8])
were required. The high efficiency of PSs in the intact
(optically quenched) nanoparticulate state for photothermal
therapy (PTT) was well established in multiple tumor
models but it was thought that the concentration of
photodynamically-active disrupted pyro-lipids in the tumor
may be too low for effective PDT at drug and light doses that
would be clinically relevant [1-3, 5-7].

Our previous investigation by Jin et al. [2] investigating
the efficacy of PS for PTT did not demonstrate any photo-
dynamic effects; however, this study was not designed to
systematically evaluate the PDT potential of PS, and so
PDT treatment parameters were not optimized. The most

Photofrin

No treatment 10 mgikg, 24h DLI 5 mg/kg, 24h DLI

-

Day 0

Day §

Day 15

Day 30

Figure 8: Representative photographs of
animal tumors at four time-points (t =0,

t =5 days, t =15 days, and t = 30 days) in
untreated control (left), porphysome-PDT
(10 mg/kg, 24 h DLI, middle), and Photofrin-
PDT (5 mg/kg, 24 h DLI, right) groups.
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significant difference in treatment between our previous
study and the present one is the difference in total light
dose (the previous light dose used was 100 J/cm?, while the
current dose is 135 J/cm?). The present study, in combina-
tion with previous studies, suggests that PS-PDT is possible
at certain light doses, but not others.

Consequently, concurrent PTT and PDT may be
possible for the first time using a single all-organic agent
and the same light source for both modalities, varying only
the energy density between the PDT threshold defined here
(100 mW/cm? and the PTT threshold defined in previous
studies (1.18 W/cm?. Such a regimen is particularly
feasible given that the effective PS doses (5-10 mg/kg) and
DLI (24 h) are similar to those used in PS-PTT [14]. This
dual-modality approach is under active investigation to
identify the optimal PS doses and DLIs for each modality
and the most effective sequencing of treatments, which is
likely to depend on the specific clinical application and
tumor type. Thus, for example, one could potentially
exploit the immediate “tumor debulking” effect of PTT in
combination with the tumor selectivity of PDT at the tumor
periphery to give maximum anti-tumoral effect and safety.
Combined PDT-PTT may also yield synergistic tumor
ablation potential [12]. Previous attempts to create com-
bined PDT-PTT agents have relied on co-delivery of
different chromophores (e.g., polydopamine as a photo-
thermal conversion agent, and indocyanine green,
IR780, IR820 or other dyes as photodynamic sensitizers),
requiring a relatively complex nanoparticle formulation
[15, 16]. Such combinations also may or may not require
irradiation at different activation wavelengths; the
complexity of both the formulation of existing combined
PDT-PTT agents and the ultimate delivery of the photo-
therapy are barriers to translation of these agents that
could be overcome with porphysomes [17]. Certain inor-
ganic agents have also demonstrated both PDT and PTT
capabilities but have toxicity issues common to inorganic
nanoparticles that may limit clinical translation [18, 19]. A
critical step in the optimization of combined PS-PDT and
PS-PTT is the detailed quantitative determination of the
equilibrium dynamics between intact and disrupted PSs in
the tumor.

In conclusion, this study has extended the trans-
lational potential of the these uniquely multifunctional
nanoparticles by adding photodynamic therapy as a po-
tential modality without requiring targeting or other
modification of the nanoparticle structure or composition.
In addition, it is likely that skin photosensitivity reactions
that are a complicating factor in clinical PDT practice may
be significantly lower with porphysomes than with Pho-
tofrin and this is under active investigation.

K. Guidolin et al.: Porphysomes are effective photosensitizers for PDT —— 3167

Acknowledgments: This study was supported by Pinnacle
Biologics, with partial support from the Terry Fox Research
Institute, the Canadian Institutes of Health Research, the
Hold’em for Life Oncology Fellowship Program, the Uni-
versity of Toronto Surgeon-Scientist Training Program and
the Canada Research Chair Program.

Author contribution: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: This article is funded by University of
Toronto, Canadian Institutes of Health Research, Terry Fox
Research Institute and Pinnacle Biologics Inc.

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

[1] J. F. Lovell, C. S. Jin, E. Huynh, et al., “Porphysome nanovesicles
generated by porphyrin bilayers for use as multimodal
biophotonic contrast agents,” Nat. Mater., vol. 10, no. 4,
pp. 324-32, 2011.

[2] C.S.]Jin, ). F. Lovell, ). Chen, et al., “Ablation of hypoxic tumors
with dose-equivalent photothermal, but not photodynamic,
therapy using a nanostructured porphyrin assembly,” ACS Nano,
vol. 7, no. 3, pp. 2541-50, 2013.

[3] C.S.Jin, M. Overchuk, L. Cui, et al., “Nanoparticle-enabled
selective destruction of prostate tumor using MRI-guided focal
photothermal therapy,” Prostate, vol. 76, no. 13, pp. 1169-81,
2016.

[4] T.Kinoshita, H. Ujiie, ). Chen, et al., “Evaluation of novel imaging

devices for nanoparticle-mediated fluorescence-guided lung
tumor therapy,” Ann. Thorac. Surg., vol. 107, no. 6,
pp. 1613-1620, 2019.

[5] T.D.MacDonald, T. W. Liu, and G. Zheng, “An MRI-sensitive, non-

photobleachable porphysome photothermal agent,” Angew

Chem. Int. Ed. Engl., vol. 53, no. 27, pp. 6956-9, 2014.

C. M. MacLaughlin, L. Ding, C. Jin, et al., “Porphysome

nanoparticles for enhanced photothermal therapy in a patient-

derived orthotopic pancreas xenograft cancer model: a pilot

study,” J. Biomed. Opt., vol. 21, no. 8, p. 84002, 2016.

K. K. Ng, M. Takada, C. C. Jin, et al., “Self-sensing porphysomes

for fluorescence-guided photothermal therapy,” Bioconjugate

Chem., vol. 26, no. 2, pp. 345-51, 2015.

C.S.Jin, L. Cui, F. Wang, et al., “Targeting-triggered porphysome

nanostructure disruption for activatable photodynamic therapy,”

Adv. Healthcare Mater., vol. 3, no. 8, pp. 1240-9, 2014.

R. Baskaran, J. Lee, and S. G. Yang, “Clinical development of

photodynamic agents and therapeutic applications,” Biomater.

Res., vol. 22, p. 25, 2018.

[10] A. Gomes, M. Neves, and ). A. S. Cavaleiro, “Cancer,
photodynamic therapy and porphyrin-type derivatives,” An.
Acad. Bras. Cienc., vol. 90, no. 1 Suppl 2, pp. 993-1026, 2018.

[11] T.). Dougherty, C. ). Gomer, B. W. Henderson, et al.,
“Photodynamic therapy,” J. Natl. Cancer Inst., vol. 90, no. 12,
pp. 889-905, 1998.

[6

[7

[8

[9



3168 —— K. Guidolin et al.: Porphysomes are effective photosensitizers for PDT

[12]

[13]

[14]

[15]

[16]

X. Li, ). F. Lovell, J. Yoon, et al., “Clinical development and
potential of photothermal and photodynamic therapies for

cancer,” Nat. Rev. Clin. Oncol., vol. 17, no. 11, pp. 657-674, 2020.

PubChem Compound Summary for CID 137321858, Porfimer
Sodium, Bethesda, MD, National Center for Biotechnology
Information (NCBI) [database online], 2021.

C. S. Jin, J. F. Lovell, and G. Zheng, “One minute, sub-one-watt
photothermal tumor ablation using porphysomes, intrinsic

multifunctional nanovesicles,” JoVE, vol. 79, 2013, Art no. €50536.

X. Huang, J. Wu, M. He, et al., “Combined cancer chemo-
photodynamic and photothermal therapy based on ICG/PDA/
TPZ-Loaded nanoparticles,” Mol. Pharm., vol. 16, no. 5,

pp. 2172-2183, 2019.

Y. Xing, T. Ding, Z. Wang, et al., “Temporally controlled
photothermal/photodynamic and combined therapy for
overcoming multidrug resistance of cancer by polydopamine

[17]

[18]

[19]

DE GRUYTER

nanoclustered micelles,” ACS Appl. Mater. Interfaces, vol. 11, no.
15, pp. 13945-13953, 2019.

C. Gao, J. Jian, Z. Lin, et al., “Hypericin-loaded carbon nanohorn
hybrid for combined photodynamic and photothermal therapy
in vivo,” Langmuir, vol. 35, no. 25, pp. 8228-8237, 2019.

T. Yang, H. Ke, Q. Wang, et al., “Bifunctional tellurium nanodots
for photo-induced synergistic cancer therapy,” ACS Nano, vol. 11,
no. 10, pp. 10012-10024, 2017.

S. Wang, P. Huang, L. Nie, et al., “Single continuous wave laser
induced photodynamic/plasmonic photothermal therapy using
photosensitizer-functionalized gold nanostars,” Adv. Mater.,
vol. 25, no. 22, pp. 3055-61, 2013.

Supplementary Material: The online version of this article offers
supplementary material (https://doi.org/10.1515/nanoph-2021-0220).


https://doi.org/10.1515/nanoph-2021-0220

	Porphyrin-lipid nanovesicles (Porphysomes) are effective photosensitizers for photodynamic therapy
	1 Introduction
	2 Materials and methods
	2.1 Cell culture and animal models
	2.2 Photosensitizer and light administration
	2.3 Study metrics
	2.4 Study aims
	2.5 Analysis

	3 Results
	4 Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


