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Abstract
Aims/hypothesis Hyperglycaemia can impair beta cell func-
tion after islet transplantation. Appropriate glucose-induced
insulin secretion is dependent on a unique expression
pattern of genes. Here we examined the effects of diabetes
on gene expression in transplanted islets.
Materials and methods Streptozotocin-induced diabetic or
control non-diabetic Lewis rats were transplanted under the
kidney capsule with an insufficient number (2,000) of
syngeneic islets to normalise blood glucose levels in
diabetic rats. Eighteen days after transplantation, islet
grafts were retrieved and RT-PCR used to assess expres-
sion of selected genes critical for beta cell function. Islet
grafts from diabetic rats transplanted with a sufficient
number of islets (3,000) to normalise hyperglycaemia
were used to assess the effects of correcting blood glucose
levels. Additionally, gene expression of transplanted islets
from non-diabetic rats was compared with freshly isolated
islets.

Results In islet grafts from diabetic rats, mRNA levels of
several transcription factors important for the maintenance
of beta cell differentiation were reduced (pancreatic and
duodenal homeobox 1 [Pdx1], neurogenic differentiation 1
[Neurod1], NK6 transcription factor related, locus 1
[Nkx6.1], paired box gene 6 [Pax6]), as were genes
implicated in beta cell function (Glut2 [also known as
solute carrier family 2 [facilitated glucose transporter],
member 2 [Slc2a2], glucokinase, insulin, islet amyloid
polypeptide [Iapp]). Conversely, mRNA levels of lactate
dehydrogenase, which is normally suppressed in beta cells,
were increased. The majority of the changes in gene
expression were normalised after correction of hyperglycae-
mia, indicating that the severe loss of beta cell differentiation
correlates with continuous exposure to diabetes. Even islet
grafts from non-diabetic rats showed a few alterations in beta
cell gene expression in comparison with fresh islets.
Conclusions/interpretation Chronic hyperglycaemia con-
tributes to the deterioration of beta cell differentiation after
islet transplantation.
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Introduction

A major defect in insulin secretory function is found in all
forms of diabetes and in recipients of islet transplants [1–4].
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The most striking defect is a selective loss of glucose-
induced insulin secretion (GIIS), whereas responses to
other secretory stimuli are less severely impaired [5–7].
Despite its fundamental importance to diabetes pathology,
the underlying mechanism(s) for the loss of GIIS remain(s)
unknown.

Recent progress in islet transplantation has demonstrated
sustained C-peptide production and successful insulin
independence in type 1 diabetic patients [8]. Large numbers
of islets are needed because of extensive islet cell death in
the peri-transplant period and functional impairment in part
due to islets residing in an abnormal environment [9–13].
With time, islet function is lost again, such that most
patients revert to the use of exogenous insulin within 2
years [14]. It is therefore essential to better understand islet
function in the post transplantation period.

Sustained hyperglycaemia has a detrimental impact on
the glycaemic outcome of islet transplantation and upon
preservation of the graft [5, 7, 10, 15–17]. The usual
outcome of islet transplantation in humans is glucose
intolerance and the deterioration of glycaemic control over
time [9, 12, 14], which may be due to the toxic effects of
hyperglycaemia upon islet function, a phenomenon called
glucotoxicity. We hypothesised that inadequate insulin
secretion in an islet graft is caused by a loss of the unique
expression pattern of genes responsible for maintaining
GIIS. In this study, we examined the effects of hyper-
glycaemia on beta cell differentiation in transplanted islets.
We also compared gene expression in islet grafts with that
in freshly isolated islets.

Materials and methods

Animals and induction of diabetes Male inbred Lewis rats
weighing 150 to 200 g were obtained from Taconic Farms
(Germantown, NY, USA) and used both as islet donors and
recipients. Animals were kept under conventional condi-
tions with free access to water and standard pelleted food.
All animal procedures were approved by the Joslin
Diabetes Center Animal Care Committee. Graft recipients
were either normal or diabetic rats. Rats were made diabetic
by a single intraperitoneal dose of streptozotocin (65 mg/kg
body weight, dissolved in citrate buffer pH 4.5; Sigma, St
Louis, MO, USA). Before transplantation, diabetes was
confirmed by the presence of hyperglycaemia (19.4 mmol/l)
for at least 1 week. Blood was collected from the tail tip of
rats to determine blood glucose levels measured with a
portable glucometer (Medisense Precision QID; Abbott
Laboratories, Bedford, MA, USA). To assess the effects of
continuous exposure to diabetes on beta cell differentiation
in transplanted islets, 2,000 islets (an insufficient number to
reverse hyperglycaemia) were transplanted under the kidney

capsule of normal or diabetic rats. To assess the effects of
reversing hyperglycaemia after islet transplantation, 3,000
islets were transplanted under the kidney capsule of diabetic
rats and compared with those of normal or diabetic rats
transplanted with 2,000 islets. To assess the effects of
transplantation alone, islet grafts from normal (non-diabetic)
rats were compared with freshly isolated islets. Rats were
weighed and bled for blood glucose levels on days 7, 14 and
18 after transplantation. Eighteen days after transplantation,
islet grafts were retrieved and prepared for analysis.

Islet isolation Islets were isolated from Lewis rats as
previously described [12]. Briefly, the pancreatic duct was
distended with 10 ml of M-199 medium (Gibco BRL,
Grand Island, NY, USA) containing 1.5 mg of collagenase
(type P; Boehringer Mannheim, Mannheim, Germany). The
pancreas was dissected and incubated in a stationary water
bath at 37°C. After digestion, the islets were separated on a
density gradient (Histopaque-1077; Sigma, St Louis, MO,
USA) and handpicked under a stereomicroscope. Islets were
cultured for 24 h in RPMI containing 11.1 mmol/l glucose
supplemented with 10% FCS, penicillin (100 U/ml) and
streptomycin (100 μg/ml) in standard humidified culture
conditions of 5% CO2 and 95% air at 37°C.

Transplantation Aliquots of either 2,000 or 3,000 islets
were aspirated into pipette tips connected to a 1 ml
Hamilton syringe (Hamilton Company, Reno, NV, USA)
and then transferred into P-50 polyethylene tubing. Islets
were transplanted under the kidney capsule of normal or
diabetic recipients as described previously [10]. Grafts were
retrieved 18 days after transplantation by excising the
portion of the kidney capsule with the graft adhering to it.
Using great care, the graft was then removed from the
capsule, cut into small fragments and suspended in RNA
isolation solution. To assess possible contamination of the
grafts with renal parenchymal tissue, expression of the
kidney-specific organic anion transporter, solute carrier
family 22 (organic anion transporter), member 6 (Slc22a6)
[18] was measured.

RNA extraction and synthesis of complementary DNA Total
RNA was extracted from islet grafts and freshly isolated
islets using Ultraspec RNA isolation reagent according to
manufacturer-suggested protocols (Biotecx Laboratories,
Houston, TX, USA). Following quantification by spectropho-
tometry, RNA (500 ng) was reverse-transcribed into comple-
mentary DNA (cDNA) in a final reaction solution of 25 μl
containing the following: 1× Superscript first-strand buffer
(50 mmol/l Tris–HCl, 75 mmol/l KCl and 3 mmol/l MgCl2;
Life Technologies, Grand Island, NY, USA), 40 U Rnasin
(Promega, Madison, WI, USA), 10 mmol/l dithiothreitol,
1 mmol/l dNTP, 50 ng of random hexamers and 200 U of
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Superscript II Rnase H− reverse transcriptase (Life Technol-
ogies). RT reactions were incubated for 10 min at 25°C, 60 min
at 42°C and 10 min at 95°C. Resultant cDNA products were
diluted with 50 μl H2O to a concentration corresponding to
10 ng of starting RNA per 1.5 μl and were stored at −20°C.

Semiquantitative radioactive multiplex polymerase chain
reaction Polymerase chain reactions (PCR) were carried
out in a volume of 25 μl consisting of 10 to 20 ng of
cDNA, 1× GeneAmp PCR Gold buffer (Applied Biosys-
tems, Foster City, CA, USA), 1 to 1.5 mmol/l MgCl2, 80 to
160 μmol/l dNTP, 100 to 400 nmol of oligonucleotide
primers (Sigma Genosys, St Louis, MO, USA), 46.25 kBq
of α-32P-labelled dCTP (111 TBq/mmol; New England
Nuclear, Boston, MA, USA) and 2.5 U of AmpliTaq Gold
DNA Polymerase (Applied Biosystems). For specific
concentrations of MgCl2, dNTP and oligonucleotide pri-
mers, along with multiplex PCR conditions for each gene
tested, see Electronic supplementary material (ESM)
Table 1. Reactions were performed in a 9700 Thermocycler
(Applied Biosystems), in which samples underwent a
10 min initial denaturing step, followed by the number of
cycles indicated (ESM Table 1) for durations of 1 min at
94°C, 1 min at the annealing temperature indicated in ESM
Table 1 and 1 min at 72°C. The final extension step was
10 min at 72°C. In each reaction, gene products of interest

were amplified with an internal control gene (cyclophilin
A [Ppia], acidic ribosomal phosphoprotein P0 [Arbp],
α-tubulin [Tuba1], TATA box binding protein [Tbp] or
18S rRNA) to correct for experimental variations between
samples. Different control genes were used as required to
match the amount of expression of the various tested genes.
Specifically, Ppia was used for neurogenic differentiation 1
(Neurod1, also known as Beta2 in other species), pancreatic
and duodenal homeobox-1 (Pdx1), glucose transporter 2
(Glut2, also known as solute carrier family 2 [facilitated
glucose transporter], member 2 [Slc2a2]), islet amyloid
polypeptide (Iapp), glucagon and somatostatin; Arbp was
used for paired box gene 6 (Pax6), NK6 transcription factor
related, locus 1 (Nkx6.1) and the pore-forming subunit of the
ATP-sensitive K+ channel (potassium inwardly-rectifying
channel, subfamily J, member 11, Kcnj11; also known as
Kir6.2); Tuba1 was used for glucokinase; Tbp was used for
hexokinase-1, lactate dehydrogenase A (Ldha) and glucose-
6-phosphatase; and 18S rRNA was used for insulin.
Amplimers were separated on 6% polyacrylamide gels in
Tris–borate–EDTA buffer. The gel was dried and the amount
of α-32P-labelled dCTP incorporated into amplimers was
measured with a Storm 840 PhosphoImager and quantified
with ImageQuant software (Molecular Dynamics, Sunny-
vale, CA, USA). The average intensity of each product was
expressed relative to the internal control gene (ratio of
specific product:control gene). These ratios were then
expressed as a percentage of the ratio in control samples.
Control experiments were performed to adjust the PCR
conditions such that the number of cycles used was in the
exponential phase of amplification for all products and that
each PCR product in a multiplex reaction increased linearly
with the amount of starting material.

Immunohistochemistry At 18 days after implantation, grafts
were excised under anaesthesia, trimmed of extraneous
tissue and fixed in 4% (wt/vol.) paraformaldehyde. After
embedding in paraffin, 5 μm sections were stained for
insulin (guinea pig anti-human insulin, 1:200; Linco Re-
search, St Charles, MO, USA), GLUT2 (rabbit anti-rat
GLUT2, 1:400; Chemicon, Temecula, CA, USA) and
NKX6.1 (1:500; gift of P. Serup, Hagedorn, Gentofe,
Denmark). The secondary antibodies used for immunofluo-
rescence were: for insulin, Texas Red conjugated affinipure
donkey anti-guinea pig IgG (1:400; Jackson Immuno-
Research, West Grove, PA, USA); and for GLUT2 and
NKX6.1, donkey biotinylated anti-rabbit IgG (1:400; Jackson
ImmunoResearch) followed by streptavidin-conjugated FITC
(1:400; Jackson ImmunoResearch). Images of the grafts were
taken with a ×25 objective with the same settings in the
confocal mode of an LSM 410 microscope (Zeiss,
Thornwood, NY, USA). Composite pictures of the grafts
were composed in Adobe Photoshop.

Table 1 Comparison of islet-associated transcription factor and beta
cell function mRNA levels in islet grafts from normal and diabetic rats

Normal Diabetic

Characteristics
Body weight (g) 284±12 267±13
Blood glucose (mmol/l) 5.7±0.1 18.3±0.8***
Transcription factors
Neurod1 100±6 39±6***
Pdx1 100±29 39±4*
Pax6 100±25 28±6**
Nkx6.1 100±20 50±4*
Metabolism
Glut2 100±9 64±9*
Glucokinase 100±16 50±8*
Hexokinase-1 100±27 95±17
Ldha 100±22 260±49*
Glucose-6-phosphatase 100±34 452±203
Ion channel
Kcnj11 100±39 59±8
Hormones
Insulin 100±16 16±3***
Iapp 100±2 81±4**

Values are means±SEM determined from three to six experiments and
are expressed as a percentage of mRNA levels in islet grafts from
normal rats
*p<0.05 vs islet grafts from normal rats for each gene
**p<0.01 vs islet grafts from normal rats for each gene
***p<0.001 vs islet grafts from normal rats for each gene
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Statistical analysis All results are presented as means±
SEM. Statistical analyses were performed using unpaired
Student’s t test or one-way ANOVA with post hoc test of
Fisher’s protected least significant difference.

Results

Changes in gene expression in islet grafts from diabetic
rats We tested the effects of continuous diabetes exposure
on beta cell differentiation in transplanted islets by
analysing renal subcapsular grafts of 2,000 syngeneic islets
from normal (non-diabetic) or streptozotocin-induced dia-
betic rats. Eighteen days after transplantation, body weights
of diabetic rats did not differ from those of normal rats,
whereas blood glucose levels were significantly increased
(Table 1). The expression of specialised islet-associated
transcription factors, islet hormones and beta cell metabolic
enzymes, as well as of other normally suppressed metabolic
enzymes was compared in islet grafts retrieved from normal
and diabetic rats. After normalisation of the gene of interest
to a control gene, mRNA levels in diabetic grafts were
quantitated as a percentage of normal grafts (Table 1). In
islet grafts from diabetic rats mRNA levels of Pdx1,
Neurod1 and Nkx6.1 were reduced to 40% to 50% of
normal and Pax6 was reduced further. Additionally, in islet
grafts from diabetic rats, Glut2 and glucokinase, the
enzyme responsible for the majority of beta cell glucose
phosphorylation, were reduced to 64% and 50% of normal,
respectively. Interestingly, Ldha and glucose-6-phospha-
tase, enzymes normally expressed at low levels in islets [19,
20], had significantly increased mRNA levels (Ldha) or a
tendency to be increased (glucose-6-phosphatase; NS) in
grafts from diabetic rats. However, hexokinase-1, which is
upregulated in islets of other models of diabetes [19], was
not altered in islet grafts from diabetic rats. The expression
of a gene encoding an ion channel important for glucose-
induced insulin release, Kcnj11, showed a tendency to have
decreased mRNA levels in grafts from diabetic rats. Insulin
was markedly downregulated with diabetes; mRNA levels
of only 16% of normal denote the most severely reduced
transcript of those tested (Table 1), while that of the other
beta cell hormone, Iapp, was only modestly reduced to 81%
of normal (Table 1). Thus, exposure of transplanted islets to
a prolonged period of diabetes is associated with a
widespread disruption of gene expression in the form of
decreased expression of a panel of genes that optimise GIIS
and induction of several genes that are normally suppressed.

Effect of reversing diabetes on changes in gene expression
in transplanted islets We tested the reversibility of the
changes in mRNA levels by analysing islet grafts from

diabetic rats transplanted with either a sufficient (3,000) or
an insufficient (2,000) number of islets to normalise
hyperglycaemia. Islets (2,000) transplanted into normal rats
were used as control. The time course changes in blood
glucose levels after transplantation are shown in Fig. 1.
Blood glucose levels were high in diabetic recipients on the
day of transplantation (Fig. 1). Blood glucose levels of the
rats transplanted with 3,000 islets gradually fell after
transplantation, but, in contrast, remained elevated in
diabetic rats receiving 2,000 islets. Although body weights
were slightly lower in diabetic and diabetic-normalised rats
than in normal rats, the rats in each group gained weight at
a similar rate over the study period (Fig. 2).

Eighteen days after transplantation, mRNA levels were
analysed in islet grafts retrieved from normal (2,000 islets),
diabetic (2,000 islets) and diabetic-normalised (3,000 islets)
rats. Strikingly, the normalisation of diabetes restored
several of the islet-associated transcription factors towards
the expression levels apparent in islet grafts from normal
rats. Thus Neurod1 (Fig. 3a), Pax6 (Fig. 3b) and Nkx6.1
(Fig. 3c) mRNA levels were reduced in diabetic rats, but
restored towards normal in diabetic-normalised rats. In
contrast, Pdx1 mRNA levels (Fig. 3d) remained decreased
in islet grafts from diabetic-normalised rats.

As shown in Fig. 4, the normalisation of diabetes at least
partially reversed the changes in expression of glucose
metabolism enzymes; reduced mRNA levels for Glut2
(Fig. 4a) and glucokinase (Fig. 4b) in islet grafts from
diabetic rats were partially restored in diabetic-normalised
rats. Downregulation of Glut2 has been previously identi-
fied in transplanted mouse islets [6] and other models of
diabetes [19, 21, 22]; here we show that exposure to
diabetes clearly contributes to its reduced expression in
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Fig. 1 Time-course changes in blood glucose levels after transplan-
tation. Blood glucose levels were measured on days 0, 7, 14 and 18
after transplantation. Normal rats were transplanted with 2,000 islets
(n=4, squares) and diabetic rats with either 2,000 islets (n=6, open
circles) or 3,000 islets (n=6, closed circles). Results are means±SEM.
*p<0.05, ***p<0.001 vs normal at the same time point
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transplanted rat islets. The mRNA levels of the K+ channel
subunit Kcnj11 were completely restored by reversing
diabetes (Fig. 4c). Furthermore, there was a tendency for
the increased mRNA levels of Ldha to be partially reversed
in diabetic-normalised rats (Fig. 4d). In contrast, glucose-6-
phosphatase mRNA levels were not reversed in islet grafts
from diabetic-normalised rats (Fig. 4e).

As shown in Fig. 5a, insulin mRNA levels were partially
reversed in islet grafts from diabetic-normalised rats,
strongly suggesting an influence of the diabetic environ-
ment on the marked downregulation of insulin in trans-
planted islets. Similarly, Iapp mRNA levels were reversed
in islet grafts from diabetic-normalised rats (Fig. 5b).
Glucagon (Fig. 5c) and somatostatin (Fig. 5d) mRNA
levels were not different in the grafts from normal, diabetic
and diabetic-normalised groups, suggesting that hyper-
glycaemia specifically altered gene expression of the beta
cell. Interestingly, Myc (myelocytomatosis viral oncogene
homologue [avian], also known as c-myc) mRNA abun-
dance, a molecular marker of altered beta cell proliferation
and/or apoptosis, was not different in the grafts from
normal, diabetic and diabetic-normalised groups (data not
shown). Furthermore, based on our previous studies [10],
we do not expect variations in cell death among the groups
at this time point, although this was not assessed in the
present study. The results of this study were not due to
variable contamination with kidney tissue in the excised
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transplanted islets. mRNA levels were compared by semiquantitative
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grafts. Expression of the kidney specific marker, Slc22a6,
was used to determine the percentage of kidney contami-
nation in each islet graft. Slc22a6 mRNA levels were low
and not significantly different among the groups (0.8±
0.4%, 1.3±0.5% and 1.3±0.6% kidney in islet grafts from
normal, diabetic and diabetic-normalised rats, respectively).

Sections of 18-day-old islet grafts from diabetic (Fig. 6a)
and diabetic-normalised (Fig. 6b) rats were stained for
insulin. Immunostaining for insulin was clearly more

intense in the beta cells of the graft retrieved after
restoration of normoglycaemia (Fig. 6b) than in the beta
cells that were continuously exposed to diabetes (Fig. 6a).
Similarly, immunostaining for GLUT2 was present in the
beta cells of the graft retrieved after restoration of
normoglycaemia (Fig. 7a,c), compared with minimal stain-
ing in the beta cells that were continuously exposed to
diabetes (Fig. 7b,d). In addition, typical nuclear NKX6.1
staining was visible in the beta cells of the graft retrieved
from diabetic-normalised rats (Fig. 8a), but was virtually
absent in beta cells of diabetic rats (Fig. 8b).

Comparison of islet-associated transcription factor and
beta cell function mRNA levels between fresh islets and islet
grafts RT-PCR analysis was performed to compare gene
expression between fresh isolated islets and 18-day-old islet
grafts retrieved from under the kidney capsule of normal
rats. Expression of specific genes was normalised to their
internal control gene and quantified as a percentage of those
from fresh islets (Table 2). In comparison with fresh islets,
islet grafts from normal rats exhibited markedly decreased
mRNA levels of the transcription factor Pax6 (p<0.05) and
a tendency for Neurod1 and Nkx6.1 to be reduced (NS). In
contrast, Pdx1 mRNA levels were not different between
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Fig. 5 Reversibility of changes in islet hormone mRNA levels in
transplanted islets. mRNA levels were compared as in Fig. 3 and are
shown for insulin (a), Iapp (b), glucagon (Gcg) (c) and somatostatin
(Sst) (d). After normalisation of the specific gene to a control gene,
mRNA levels are expressed as a percentage of islet grafts from normal
rats. Values are means±SEM. ***p<0.001 vs islet grafts from normal
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Fig. 6 Islet grafts show variable intensities of insulin immunostaining.
Grafts from rats exposed to continuous diabetes have partially
degranulated beta cells (a) as seen by the decreased intensity of the
insulin (Texas red) immunostaining, which is far weaker than that in
grafts after restoration of normoglycaemia (b). Magnification bar=
100 μm

Fig. 7 Islet grafts show variable intensities of GLUT2 immunostain-
ing. Immunostaining for GLUT2 (green) (a–d) is shown alone (c, d)
or with insulin (red) (a, b). Grafts retrieved after restoration of
normoglycaemia (a, c) show bright GLUT2 staining, typical of plasma
membranes. In comparison, GLUT2 staining was markedly dimin-
ished in grafts exposed to continuous diabetes (b, d). Magnification
bar=50 μm

2122 Diabetologia (2007) 50:2117–2125



fresh islets and transplanted islets (Table 2). Of the glucose
metabolism enzymes tested, Glut2 and glucokinase had
significantly reduced mRNA levels or a tendency (NS) for
mRNA levels to be reduced respectively in islet grafts
compared with fresh islets. In contrast, Ldha mRNA levels
were slightly increased in islet grafts, although non-
significantly. Hexokinase-1 and glucose-6-phosphatase
mRNA levels were not different between fresh islets and
transplanted islets. mRNA levels of the K+ channel subunit
Kcnj11 were markedly reduced in islet grafts. Furthermore,
insulin (p=0.06) and Iapp mRNA levels were reduced in
islet grafts compared with freshly isolated islets. These data
show that in comparison with fresh islets, islets transplanted

into a normoglycaemic environment display a few signif-
icant alterations of beta cell gene expression. Interestingly,
both glucagon and somatostatin mRNA levels were
markedly reduced in normal grafts compared with fresh
islets (Table 2). These findings are consistent with data
showing that transplanted rat islets lose many of their non-
beta cells within 2 to 3 weeks post transplantation (King
et al., unpublished data).

Discussion

Using an islet transplantation model, we show that
exposure of beta cells to diabetes is associated with a
widespread disruption of gene expression in the form of
decreased expression of a panel of genes that optimise GIIS
and induction of several genes that are normally sup-
pressed. We also found that islets transplanted into a
normoglycaemic environment show some alterations in
the expression of genes involved in insulin secretion when
compared with fresh islets, whereas a marked deterioration
in graft beta cell differentiation was associated with chronic
exposure to hyperglycaemia. These data support the
hypothesis that hyperglycaemia in the post islet transplan-
tation period leads to a loss of the unique expression pattern
of genes responsible for maintaining GIIS, thus adversely
influencing transplant outcomes.

The disruption of beta cell gene expression in islet grafts
continuously exposed to hyperglycaemia can be correlated
with a loss of GIIS from the graft-bearing kidney [6, 7].
Furthermore, the restoration of beta cell gene expression in
islet grafts after normalisation of glucose levels correlates
with normal biphasic GIIS [6, 7]. In several animal models
of hyperglycaemia and type 2 diabetes, such as the db/db
mouse, Zucker diabetic fatty rat and partially pancreatec-
tomised (Px) rat, studies have found a similar phenomenon
of loss of differentiation associated with beta cell dysfunc-
tion [19, 21, 23, 24]. Common to these models is a
decreased expression of genes important for glucose-
stimulated insulin secretion, beta cell development and the
regulation of beta cell gene expression. mRNA levels of
several transcription factors important for the maintenance
of beta cell differentiation (Pdx1, Neurod1, Nkx6.1 and
Pax6) were reduced in transplanted islets in the present
study and in endogenous islets from rodent diabetes models
[19, 23, 24]. The decreased expression of these islet
transcription factors could contribute to the parallel down-
regulation of genes essential for GIIS, such as Glut2,
glucokinase, the K+ channel subunit Kcnj11 and insulin
[25–27]. Interestingly, in transplanted islets from diabetic
rats, insulin was more severely decreased than the other
genes tested (Table 1). This contrasts with findings in db/db

Fig. 8 NKX6.1 staining (green) is typically nuclear in beta cells of
the graft retrieved from diabetic-normalised rats (a) compared with an
absence of staining in beta cells from diabetic rats (b). Red, insulin
staining. Magnification bar=50 μm

Table 2 Comparison of islet-associated transcription factor and beta
cell function mRNA levels in fresh islets and islet grafts from normal
rats

Fresh islets Islet grafts

Transcription factors
Neurod1 100±28 68±4
Pdx1 100±17 110±37
Pax6 100±20 34±8*
Nkx6.1 100±18 66±21
Metabolism
Glut2 100±4 67±6**
Glucokinase 100±15 67±11
Hexokinase-1 100±21 97±26
Ldha 100±19 166±36
Glucose-6-phosphatase 100±42 124±42
Ion channel
Kcnj11 100±6 31±12**
Hormones
Insulin 100±11 62±10
Iapp 100±4 74±5*
Glucagon 100±15 18±8**
Somatostatin 100±23 18±6*

Values are means±SEM determined from three to four experiments
and are expressed as a percentage of mRNA levels in fresh islets
*p<0.05 vs isolated islets for each gene
**p<0.01 vs isolated islets for each gene
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mice [24] and Px rats [19, 23], in which insulin mRNA
levels were preserved or decreased to a lesser degree,
compared with expression changes of numerous glucose-
sensing genes and islet transcription factors.

The majority of the gene expression changes in islet
grafts from diabetic rats were completely, or at least
partially, prevented (or reversed) in transplanted islets from
rats in which diabetes was cured. The notable exception
was the expression of Pdx1, which remained largely
suppressed, a finding that could be due to effects of the
initial period of hyperglycaemia after transplantation. The
delay in normalisation of blood glucose levels may have
been due to the time required for vascularisation and
recovery from hypoxia and nutrient deprivation [28–30]. In
addition, minor residual hyperglycaemia at the time of graft
retrieval could have an influence; even minimal levels of
hyperglycaemia can have a dramatic impact on beta cell
gene expression in the long term [23].

The loss of function of an islet graft is a major obstacle to
the success of islet transplantation. We have shown that
transplanted islets display an alteration in normal expression
of several genes necessary for optimal GIIS. Some alter-
ations were even found in successful transplants, but they
were far more severe in grafts exposed to hyperglycaemia.
This deterioration in beta cell differentiation may be a major
factor in the impaired insulin secretion that accompanies
poor transplant outcomes. Thus, hyperglycaemia may
produce a dangerous spiral of deficient insulin secretion that
leads to even higher glucose levels that can then produce
even worse secretion and perhaps even accelerate beta cell
death. An understanding of these molecular events should
help us develop strategies that could improve transplant
outcomes, such as a more aggressive maintenance of
normoglycaemia in the peri-transplant period.

Acknowledgements This work was supported by grants from the
National Institutes of Health (DK50657, U19DK6125), the Juvenile
Diabetes Research Foundation and the Diabetes Research and Wellness
Foundation. Help was also provided by the Joslin Diabetes and
Endocrinology Research Center supported by the National Institutes
of Health (DK36836). D. R. Laybutt was a recipient of a Career
Development Award and a grant from the National Health and Medical
Research Council of Australia. Y. C. Hawkins was supported by the
Medical Scholars Program of the American Diabetes Association. Y. C.
Hawkins also received a Research Supplement for Underrepresented
Minorities for P01 DK53087 from the National Institutes of Health.

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.

References

1. Brunzell JD, Robertson RP, Lerner RL et al (1976) Relationships
between fasting plasma glucose levels and insulin secretion during
intravenous glucose tolerance tests. J Clin Endocrinol Metab
42:222–229

2. Porte D Jr (1991) Beta-cells in type II diabetes mellitus. Diabetes
40:166–180

3. McCulloch DK, Klaff LJ, Kahn SE et al (1990) Nonprogression
of subclinical beta-cell dysfunction among first-degree relatives of
IDDM patients. 5-yr follow-up of the Seattle Family Study.
Diabetes 39:549–556

4. Eisenbarth GS (1986) Type I diabetes mellitus. A chronic
autoimmune disease. N Engl J Med 314:1360–1368

5. Gray DW, Cranston D, McShane P, Sutton R, Morris PJ (1989)
The effect of hyperglycaemia on pancreatic islets transplanted into
rats beneath the kidney capsule. Diabetologia 32:663–667

6. Ogawa Y, Noma Y, Davalli AM et al (1995) Loss of glucose-
induced insulin secretion and GLUT2 expression in transplanted
beta-cells. Diabetes 44:75–79

7. Korsgren O, Jansson L, Sandler S, Andersson A (1990)
Hyperglycemia-induced B cell toxicity. The fate of pancreatic
islets transplanted into diabetic mice is dependent on their genetic
background. J Clin Invest 86:2161–2168

8. Shapiro AM, Lakey JR, Ryan EA et al (2000) Islet transplantation in
seven patients with type 1 diabetes mellitus using a glucocorticoid-
free immunosuppressive regimen. N Engl J Med 343:230–238

9. Alejandro R, Cutfield RG, Shienvold FL et al (1986) Natural
history of intrahepatic canine islet cell autografts. J Clin Invest
78:1339–1348

10. Davalli AM, Scaglia L, Zangen DH, Hollister J, Bonner-Weir S,
Weir GC (1996) Vulnerability of islets in the immediate
posttransplantation period. Dynamic changes in structure and
function. Diabetes 45:1161–1167

11. Mattsson G, Jansson L, Nordin A, Andersson A, Carlsson PO
(2004) Evidence of functional impairment of syngeneically trans-
planted mouse pancreatic islets retrieved from the liver. Diabetes
53:948–954

12. Montana E, Bonner-Weir S, Weir GC (1993) Beta cell mass and
growth after syngeneic islet cell transplantation in normal and
streptozotocin diabetic C57BL/6 mice. J Clin Invest 91:780–787

13. Shi CL, Taljedal IB (1996) Dynamics of glucose-induced insulin
release from mouse islets transplanted under the kidney capsule.
Transplantation 62:1312–1318

14. Ryan EA, Paty BW, Senior PA et al (2005) Five-year follow-up
after clinical islet transplantation. Diabetes 54:2060–2069

15. Juang JH, Bonner-Weir S, Wu YJ, Weir GC (1994) Beneficial
influence of glycemic control upon the growth and function of
transplanted islets. Diabetes 43:1334–1339

16. Ar’Rajab A, Ahren B (1992) Prevention of hyperglycemia
improves the long-term result of islet transplantation in strepto-
zotocin-diabetic rats. Pancreas 7:435–442

17. Biarnes M, Montolio M, Nacher V, Raurell M, Soler J, Montanya E
(2002) Beta-cell death and mass in syngeneically transplanted
islets exposed to short- and long-term hyperglycemia. Diabetes
51:66–72

18. Lopez-Nieto CE, You G, Bush KT, Barros EJ, Beier DR, Nigam
SK (1997) Molecular cloning and characterization of NKT, a gene
product related to the organic cation transporter family that is
almost exclusively expressed in the kidney. J Biol Chem 272:
6471–6478

19. Jonas JC, Sharma A, Hasenkamp W et al (1999) Chronic
hyperglycemia triggers loss of pancreatic beta cell differentiation
in an animal model of diabetes. J Biol Chem 274:14112–14121

20. Laybutt DR, Sharma A, Sgroi DC, Gaudet J, Bonner-Weir S, Weir
GC (2002) Genetic regulation of metabolic pathways in beta-cells
disrupted by hyperglycemia. J Biol Chem 277:10912–10921

21. Tokuyama Y, Sturis J, DePaoli AM et al (1995) Evolution of beta-
cell dysfunction in the male Zucker diabetic fatty rat. Diabetes
44:1447–1457

22. Thorens B, Wu YJ, Leahy JL, Weir GC (1992) The loss of
GLUT2 expression by glucose-unresponsive beta cells of db/db

2124 Diabetologia (2007) 50:2117–2125



mice is reversible and is induced by the diabetic environment.
J Clin Invest 90:77–85

23. Laybutt DR, Glandt M, Xu G et al (2003) Critical reduction in
beta-cell mass results in two distinct outcomes over time.
Adaptation with impaired glucose tolerance or decompensated
diabetes. J Biol Chem 278:2997–3005

24. Kjorholt C, Akerfeldt MC, Biden TJ, Laybutt DR (2005) Chronic
hyperglycemia, independent of plasma lipid levels, is sufficient
for the loss of beta-cell differentiation and secretory function in
the db/db mouse model of diabetes. Diabetes 54:2755–2763

25. Huang HP, Tsai MJ (2000) Transcription factors involved in
pancreatic islet development. J Biomed Sci 7:27–34

26. Schwitzgebel VM, Scheel DW, Conners JR et al (2000)
Expression of neurogenin3 reveals an islet cell precursor
population in the pancreas. Development 127:3533–3542

27. Servitja JM, Ferrer J (2004) Transcriptional networks controlling
pancreatic development and beta cell function. Diabetologia
47:597–613

28. Menger MD, Jaeger S, Walter P, Feifel G, Hammersen F,
Messmer K (1989) Angiogenesis and hemodynamics of micro-
vasculature of transplanted islets of Langerhans. Diabetes 38
(Suppl 1):199–201

29. Vasir B, Reitz P, Xu G, Sharma A, Bonner-Weir S, Weir GC
(2000) Effects of diabetes and hypoxia on gene markers of
angiogenesis (HGF, cMET, uPA and uPAR, TGF-α, TGF-β,
bFGF and vimentin) in cultured and transplanted rat islets.
Diabetologia 43:763–772

30. Dionne KE, Colton CK, Yarmush ML (1993) Effect of hypoxia on
insulin secretion by isolated rat and canine islets of Langerhans.
Diabetes 42:12–21

Diabetologia (2007) 50:2117–2125 2125


	Influence of diabetes on the loss of beta cell differentiation after islet transplantation in rats
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


