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Summary

We explored the effect of chronically elevated circulating levels
of growth hormone (GH)/insulin-like-growth-factor-1 (IGF-1) on
mRNA expression of GH/IGF-1/insulin axis components and
p85alpha subunit of phosphoinositide-3-kinase (p85alpha) in
subcutaneous adipose tissue (SCAT) of patients with active
acromegaly and compared these findings with healthy control
subjects in order to find its possible relationships with insulin
resistance and body composition changes. Acromegaly group had
significantly decreased percentage of truncal and whole body fat
and increased homeostasis model assessment-insulin resistance
(HOMA-IR). In SCAT, patients with acromegaly had significantly
increased IGF-1 and IGF-binding protein-3 (IGFBP-3) expression
that both positively correlated with serum GH. P85alpha
expression in SCAT did not differ from control group. IGF-1 and
IGFBP-3 expression in SCAT were not independently associated
with percentage of truncal and whole body fat or with HOMA-IR
while IGFBP-3 expression in SCAT was an independent predictor
of insulin receptor as well as of p85alpha expression in SCAT.
Our data suggest that GH overproduction in acromegaly group
increases IGF-1 and IGFBP-3 expression in SCAT while it does
not affect SCAT p85alpha expression. Increased IGF-1 or
IGFBP-3 in SCAT of acromegaly group do not appear to
contribute to systemic differences in insulin sensitivity but may
have local regulatory effects in SCAT of patients with acromegaly.
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Introduction

Acromegaly is associated with an increased
prevalence of glucose metabolism disorders. Clinically
confirmed diabetes mellitus is observed in approximately
one quarter of all patients with acromegaly (Droste ef al.
2014). The degree of glucose intolerance has been
reported to correlate with serum GH levels, age, duration
of the disease and family history of diabetes (Resmini et
al.  2009).
associated diabetes

Importantly, patients with acromegaly-

display exponentially increased
mortality rates, since untreated acromegaly and increased
plasma insulin levels/insulin resistance in diabetes are
both associated with higher rate of cardiovascular
(Droste et al. 2014).

GH-induced insulin resistance, increased hepatic glucose

mortality and malignancies
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production and accentuated lipolysis contribute to the
presence of diabetes and impaired glucose tolerance in
acromegaly (Rodrigues et al. 2011). IGF-1 has rather
opposing effects on insulin sensitivity and lipolysis than
GH; however, in acromegaly, increased IGF-1 levels are
unable to counteract the negative metabolic actions of
GH excess (Resmini ef al. 2009).

We have previously shown that type 2 diabetes
and obesity are accompanied by differences not only in
serum concentrations but also in mRNA expression of
some GH/IGF-1/insulin axis components in subcutaneous
adipose tissue and we suggested that these differences
might contribute to allover metabolic and adipose tissue
metabolism disturbances in type 2 diabetes and to their
improvement after dietary intervention (Touskova et al.
2012).

Adipose tissue is the major target of growth
hormone action (Garten et al. 2012) and increased lipolysis
and reduced triglyceride accumulation together with
inhibited preadipocyte differentiation due to elevated GH
levels in acromegaly contribute to the reduction of adipose
tissue mass (Plockinger and Reuter 2008, Richelsen 1997).
GH may mediate its actions on adipose tissue via specific
GH receptors on both preadipocytes and mature
adipocytes, but some effects are mediated indirectly
through the GH-regulated secretion of IGF-1 (Richelsen
1997). Locally produced IGFBP-1-3 have been suggested
to play a protective role against obesity among other
mechanisms also via inhibiting the stimulatory effects of
IGF-1 on adipogenesis (Nguyen et al. 2015, Wheatcroft et
al. 2007, Ueda and Ashida 2012), and to also have specific
regulatory roles in glucose metabolism (Rajpathak et al.
2009, Claudio et al. 2010, Chan et al. 2005). Subcutaneous
adipose tissue appears to be an interesting target tissue in
terms of exploring GH effects, since several previous
studies demonstrated differences in the amount of
subcutanoues adipose tissue in accordance with differences
of GH action (Berryman et al. 2004, Lin et al. 2012,
Ibafiez et al. 2010).

Numerous studies showed several different
mechanisms by which GH affects insulin sensitivity in
adipose tissue, including interferences with insulin
signaling cascade (Castro et al. 2004, Smith et al. 1997).
Among others, an up-regulation of p85alpha regulatory
subunit of PI3K by GH has been considered as a potential
explanation for the insulin resistance in white adipose
tissue of mice with GH excess (del Rincon ef al. 2007).

To our knowledge, the local expression of

GH/IGF-1/insulin axis components in subcutaneous

adipose tissue of patients with acromegaly has been very
scarcely studied so far. In the current study, we
hypothesized that chronically elevated GH/IGF-1/insulin
serum levels in acromegalic patients might induce
differences in mRNA expression of GH/IGF-1/insulin
axis components in subcutaneous adipose tissue that may
in turn contribute to dysregulation of glucose metabolism
and reduction of adipose tissue mass. To this end, we
measured serum concentrations and mRNA expression of
of GH/IGF-1/insulin axis in
subcutaneous adipose tissue together with metabolic and

selected components

anthropometric parameters in acromegalic patients and
compared them with the findings in healthy age-matched
subjects. To gain further insight into the mechanism of
GH-induced insulin resistance in subcutaneous adipose
tissue in acromegaly we also explored the mRNA
expression of p85alpha regulatory subunit of PI3K.

Methods

Study subjects

Twelve acromegalic patients (AC group, 8 men
and 4 women, aged 49.6+£8.1 years) and twelve lean
healthy subjects (C group, 4 men and 8 women, aged
50.745.2 years) were included in the study. Acromegalic
patients were examined at the moment of establishing the
diagnosis of acromegaly, therefore they had no prior
treatment for acromegaly. The diagnostic criteria for
acromegaly were increased IGF-1 serum levels above the
upper limit of the normal range (according to age) and the
non-supresibility of GH serum levels below 0.4 ng/ml in
the oral glucose tolerance test. Exclusion criteria were
age <18 years old, malignancy, inflammatory disease,
type 1 diabetes, current treatment with glucocorticoids.
Five out of twelve acromegalic patients were on
antihypertensive treatment, three used oral antidiabetic
treatment and one was treated with insulin. The treatment
remained unchanged for at least three months prior to the
start of the study. Control subjects had no history of
acromegaly, obesity and/or diabetes mellitus, arterial
hypertension, or lipid metabolism disturbances and
received no medication. Blood tests confirmed normal
blood count, biochemical and hormonal parameters.

During the program all acromegalic patients
were hospitalized at the Third Department of Medicine,
General University Hospital in Prague. Written informed
consent was signed by all participants before the
beginning of the study. The study was approved by
Human Ethics Review Board, First Faculty of Medicine
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and General University Hospital, Prague, Czech Republic
and was performed in accordance with the guidelines
proposed in the Declaration of Helsinki.

Anthropometric examination, blood and adipose tissue
sampling

All participants included in the study were
examined only once. All subjects were measured and
weighted, and their BMI was calculated. Blood samples
for biochemical and hormonal parameters measurement
were taken after overnight fasting. Blood samples were
separated by centrifugation for 10 min at 1000 x g within
30 min from blood collection. Serum or plasma was
subsequently stored in aliquots at —80 °C until further
analysis.

Samples of subcutaneous adipose tissue for
mRNA

abdominal region with subcutaneous needle aspiration

expression analysis were obtained from
biopsy from all participants. Approximately 100 mg of
adipose tissue was collected to 1 ml of RNA stabilization
Reagent (RNAlater, Qiagen, Hilden, Germany) and
stored at —80 °C until further analysis.

The amount and percentage of whole body fat,
truncal body fat and lean body mass was assessed by body
composition measurement using Dual-Energy X-Ray

Absorptiometry (DEXA, Hologic Discovery, USA).

Hormonal and biochemical assays

Serum levels of total insulin-like growth factor-1
(IGF-1) were measured by IRMA kit (Immunotech,
Prague, Czech Republic). LOD (Limit of detection) and
LOQ (Limit of quantitation) were 12.0 ng/ml. Serum
IGFBP-1, IGFBP-2 and IGFBP-3 levels were measured
by ELISA kits (DiaSource ImmunoAssays S.A., Nivelles,
Belgium). LOD was 0.4 ng/ml for IGFBP-1, 0.2 ng/ml
for IGFBP-2 and 10 ng/ml for IGFBP-3. LOQ was
6.4ng/ml for IGFBP-1, 4.2ng/ml for IGFBP-2 and
10 ng/ml for IGFBP-3. Growth hormone (GH) levels
were measured by IRMA kits (Immunotech, Prague,
Czech Republic). LOD and LOQ were 0.10 mIU/I. Serum
C-reactive protein (CRP) levels were measured by high
sensitive ELISA (Bender Medsystems, Vienna, Austria)
with a LOD of 3 pg/ml and LOQ 1.5 ng/ml. The intra-
and interassay variabilities for all methods were less than
5.0 and 10.0 %, respectively.

Biochemical parameters (fasting insulin, fasting
blood glucose, HbAlc, total and HDL-cholesterol and
triglycerides) were measured in the Department of
Biochemistry of General University Hospital, Prague,

by standard laboratory methods. The value of
LDL-cholesterol was calculated according to Friedewald

formula.

Total RNA isolation from adipose tissue

Samples of subcutaneous adipose tissue were
homogenized on a MagNA Lyser Instrument using
MagNA Lyser Green Beads (Roche Diagnostics GmbH,
Germany). Total RNA from homogenized tissue was
extracted on MagNA Pure instrument using Magna Pure
Compact RNA Isolation kit (tissue) (Roche Diagnostics
GmbH, Germany). The integrity of the RNA was checked
by visualization of 18S and 28S ribosomal bands on
1% agarose gel with ethidium bromide. The RNA
concentration was determined from absorbance at 260 nm
on a NanoPhotometer (Implen, Munchen, Germany).

Determination of mRNA expression by quantitative
real-time PCR

Total RNA was used for reverse transcription to
synthesize the first strand cDNA. Reverse transcription
was performed using 0.25 pg of total RNA to synthesize
the first strand cDNA using the random primers as per
the instructions of the High-Capacity cDNA Reverse
Transcription Kits (Applied Biosystems, Foster City, CA,
USA).

Measurements of mRNA expression were
performed on an ABI PRISM 7500 instrument (Applied
Biosystems, Foster City, CA, USA) using TagMan®
Universal PCR Master Mix, NO AmpErase® UNG and
specific TagMan® Gene Expression Assays (Applied
Biosystems, Foster City, CA, USA). All PCRs for each
gene were amplified separately. Controls with no
template cDNA were performed with each assay and all
samples were run at least in duplicates. The increase in
fluorescence was measured in real time and threshold
cycle (Ct) values were obtained. To compensate for
variations in RNA amount and efficiency of reverse
transcription,  beta-2-microglobulin  was used as
endogenous reference and results were normalized to the
mean of these values. The formula 27 was used to
calculate relative gene expression.

Statistical analysis

Statistical analysis was performed on SigmaStat
software Version 3.0 and the graphs were created in
Sigma Plot software Version 8.0 (SPSS Inc., Chicago, IL,
USA). Prior to analysis, all continuous variables were
assessed for normality (Kolmogorov-Smirnov test).
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Anthropometric, biochemical and hormonal data are
expressed as mean + standard deviation (SD) or median
(interquartile range), according to the normality of data.
Comparisons of anthropometric, biochemical, hormonal
and other parameters among the two groups studied
(AC, C) were evaluated by Unpaired t-test or Mann-
Whitney Rank Sum test as appropriate.

The associations between serum and mRNA
expression of GH/IGF-1/insulin axis components and
p85alpha in SCAT and other variables in a combined
group of AC subjects and age-matched controls were
estimated by Spearman’s rank order correlation. Further
backward stepwise regression analysis calculations were
performed to show the independent relationships of
GH/IGF-1/insulin axis components, p85alpha in SCAT
and other biochemical or anthropometric characteristics.
Only the parameters with significant correlation from
Spearman correlation test (p<<0.05) were used for these
analyses. In all statistical tests p values <0.05 were
considered statistically significant.

Results

Anthropometric, metabolic and hormonal characteristics

characteristics of the study subjects (AC and C groups)
are summarized in Table 1. BMI and percentage of
lean body mass were significantly increased in AC
group compared with C group, while percentage of
whole body fat and truncal fat were decreased in AC
group relative to C group. Serum levels of GH, total
IGF-1 and IGFBP-3, fasting glucose, insulin, HbAlc,
HOMA-IR and
increased in AC group compared with C group. On the
contrary, IGFBP-1, IGFBP-2, HDL and CRP serum
levels were decreased in acromegalic patients. Total

triglycerides were significantly

and LDL cholesterol did not significantly differ from
control group.

mRNA expression of GH/IGF-1/insulin axis components
and p85alpha in subcutaneous adipose tissue

The summary of mRNA expressions of
GH/IGF-1/insulin axis components and p85alpha in
subcutaneous adipose tissue of AC and C group is
IGF-1 and IGFBP-3 mRNA
subcutaneous adipose

shown in Figure 1.

expression in tissue were
significantly increased in patients with acromegaly
compared with control group. GH-R, IGF-1R, IGF-2,

IGF-2R, IGFBP-2, INS-R, p85alpha mRNA expression

of study subjects did not significantly differ from control group. IGFBP-1
Anthropometric, metabolic and hormonal  was not detected in adipose tissue.
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Fig. 1. GH/IGF-1/insulin axis components and p85alpha mRNA expression differences in SCAT of AC group (n=12) relative to control
group (n=12). The mean relative mRNA expressions for the parameters of acromegalic group are expressed as relative ratio to the
mean mRNA expression of control group that is taken as 1.0 (line-Control group) for every gene separately. Statistical significance is
from Unpaired t-test or Mann-Whitney Rank Sum test as appropriate. P value <0.05 indicated statistical significance. Values were
adjusted for sex in both AC and C group and for the presence of diabetes in AC group. GH-R, growth hormone receptor; IGF-1, insulin-
like growth factor-1; IGF-2, insulin-like growth factor-2; IGFBP, insulin-like growth factor binding protein; IGF-1R, insulin-like growth
factor-1 receptor; IGF-2R, insulin-like growth factor-2 receptor; INS-R, insulin receptor; p85, p85alpha subunit of phoshoinositide-3-

kinase.
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Table 1. Clinical, anthropometric, metabolic and hormonal characteristics of the study groups.

Control group AC group P-value
No. of subjects 12 12 NA
Sex (male/female) 4/8 8/4 NA
Age (vears) 50.7+5.2 49.6 + 8.1 0.701
Body mass index (kg/m’) 23.5(22.0-25.2) 31.0 (28.5-33.5) <0.001
Whole body fat (%) 29.3+5.1 21.4+5.7 0.021
Truncal fat (%) 27.7+4.9 203+ 5.1 0.019
Lean body mass (%) 69.0+£5.1 77.1+£6.2 0.023
Fasting blood glucose (mmol/l) 4.97+037 6.06 £ 0.85 <0.001
Fasting insulin (mIU/]) 19.2+6.8 453 +25.1 0.006
HbAlc (% IFCC) 3.72+£0.84 4.70+0.76 0.014
HOMA-IR index 1.88 (1.35-2.81) 10.01 (8.03-13.69) 0.006
Triglycerides (mmol/l) 1.17+0.41 2.02+0.76 0.004
Total cholesterol (mmol/l) 525+0.72 4.73 +0.81 0.107
LDL cholesterol (mmol/l) 3.30+0.72 2.77+0.74 0.087
HDL cholesterol (mmol/l) 1.42+0.31 1.04 £0.22 0.009
CRP (mg/l) 0.49 (0.23-2.00) 0.09 (0.07-0.22) 0.004
GH (mlU/l) 1.5 (0.6-2.3) 61.1 (9.7-96.1) 0.003
Total IGF-1 (ug/l) 137 (127-154) 1028 (655-1429) <0.001
IGFBP-1 (ug/l) 6.53 (2.64-10.03) 0.12 (0.05-0.49) <0.001
IGFBP-2 (ug/l) 293 (232-332) 141 (89-163) 0.006
IGFBP-3 (mg/l) 2.97+0.58 6.89 +1.27 <0.001

Normally distributed data are shown as mean + SD, non-parametric data as median (interquartile range). Statistical significance is from
Unpaired t-test or Mann-Whitney Rank Sum test as appropriate. P value <0.05 indicated statistical significance. Values were adjusted
for sex in both AC and C group and for the presence of diabetes in AC group. AC, acromegalic group; C, control group; CRP, C-reactive
protein; GH, growth hormone; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment —
insulin resistance; IFCC, International Federation of Clinical Chemistry; IGF-1, insulin-like growth factor-1; IGFBP, insulin-like growth
factor binding protein; LDL, low-density lipoprotein; NA, not applicable.

Relationships of IGF-1 and IGFBP-3 mRNA expression
in SCAT with other parameters

The relationships between IGF-1 and IGFBP-3
mRNA expression in SCAT (the only significantly
increased parameters in SCAT in AC group compared to
C group) with the other studied parameters were explored
using Spearman correlation test. The significant
in Table 2. Backward
stepwise regression analysis was performed in order to
explore the independent predictors of IGF-1 and IGFBP-3

mRNA expression in SCAT. The significant relationships

associations are summarized

are summarized in Table 3. In addition, we explored
whether these two parameters might be independent
predictors of selected metabolic (HOMA-IR, INS-R,
in SCAT) and body
composition parameters (the percentage of truncal and

p85alpha  mRNA expression

whole body fat). The significant relationships are

summarized in Table4. The parameters used as

independent variables for these selected metabolic and
body composition parameters were the parameters with
significant correlation in Spearman correlation test (data
not reported).

IGF-1 mRNA expression in SCAT was inversely
associated with percentage of truncal fat and positively
with percentage of LBM. IGF-1 in SCAT correlated
positively with serum GH, INS-R, GH-R, p85alpha and
IGFBP-3 mRNA expression in SCAT and inversely with
serum CRP levels (Table 2). IGF-1 mRNA expression in
SCAT could be independently predicted only from
IGFBP-3 mRNA expression in SCAT (Table 3).

IGFBP-3 mRNA expression in SCAT was
inversely associated with percentage of truncal fat, whole
body fat and positively with percentage of LBM.
IGFBP-3 mRNA expression in SCAT
positively with fasting blood glucose, insulin, HOMA-IR,
serum GH, mRNA expression of IGF-1, INS-R, GH-R,

correlated
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p85alpha in SCAT and was inversely associated with
serum CRP (Table 2). In Model 1 (including: fasting
glucose, fasting insulin, HOMA-IR, serum CRP, serum
GH, IGF-1 mRNA expression in SCAT as independent
variables), IGFBP-3 mRNA expression in SCAT could
be predicted from a linear combination of five

independent variables: fasting glucose, fasting insulin,

serum GH, serum CRP levels and IGF-1 mRNA
expression in SCAT (Table 3). In Model 2 (including:
percentage of truncal fat, whole body fat and LBM,
IGF-1 and p85alpha mRNA expression in SCAT as
independent variables), IGFBP-3 mRNA expression in
SCAT could be predicted only from IGF-1 mRNA
expression in SCAT (Table 3).

Table 2. The significant relationships of mMRNA expression of IGF-1 and IGFBP-3 in SCAT with anthropometric, metabolic parameters,
serum and SCAT GH/IGF-1/insulin axis components and p85alpha in combined population of acromegalic patients and normal-weight

healthy subjects.

SCAT (n=24)
IGF-1 IGFBP-3

R p R p
Truncal fat (%) -0.552 0.039 -0.574 0.031
Whole body fat (%) -0.446 0.105 -0.543 0.043
LBM (%) 0.615 0.024 0.613 0.019
Fasting blood glucose 0.292 0.174 0.453 0.030
Fasting insulin 0.332 0.162 0.511 0.021
HOMA-IR index 0.330 0.151 0.541 0.009
CRP -0.699 <0.001 -0.449 0.041
Serum GH 0.555 0.009 0.552 0.013
IGF-1in SCAT X X 0.837 <0.001
IGFBP-3 in SCAT 0.837 <0.001 X X
INS-R in SCAT 0.516 0.014 0.486 0.022
GH-R in SCAT 0.463 0.023 0.437 0.033
p83alpha in SCAT 0.841 <0.001 0.717 <0.001

Statistical significance is from Spearman correlation test. Statistical significance was assigned to p<0.05. CRP, C-reactive protein;
GH, growth hormone; GH-R, growth hormone receptor; HOMA-IR, homeostasis model assessment — insulin resistance; IGF-1,
insulin-like growth factor-1; IGFBP, insulin-like growth factor binding protein; INS-R, insulin receptor; LBM, lean body mass; p85alpha,
p85alpha subunit of phoshoinositide-3-kinase; SCAT, subcutaneous adipose tissue. The non-significant correlations are not reported.

Table 3. The independent predictors of IGF-1 and IGFBP-3 mRNA expression in SCAT.

Standardized .
Dependent Independent p ] AdjR?
coefficients beta

IGF-1in SCAT IGFBP-3 in SCAT 0.010 0.569 0.839
IGFBP-3 in SCAT Fasting glucose <0.001 0.0539
(Model 1) Fasting insulin 0.024 -6.18*10™

Serum GH 0.002 7.71%10°* 0.971

Serum CRP 0.016 0.0106

IGF-1in SCAT <0.001 0.568
IGFBP-3 in SCAT .

IGF-1in SCAT <0.001 0.541 0.833

(Model 2)

Statistical significance is from backward stepwise regression analysis. Statistical significance was assigned to p<0.05. CRP, C-reactive
protein; GH, growth hormone; IGF-1, insulin-like growth factor-1; IGFBP, insulin-like growth factor binding protein; SCAT, subcutaneous

adipose tissue. The non-significant correlations are not reported.
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Table 4. The independent predictors of selected metabolic and body composition parameters.

Dependent Independent Standardized AdjR?
coefficients beta
HOMA-IR Serum IGF-1 <0.001 0.0162 0.682
INS-R in SCAT IGFBP-3 in SCAT <0.001 0.109 0.809
HDL <0.001 0.0351
IGF-IR in SCAT 0.027 4.479
P85alpha in SCAT ~ IGFBP-3 in SCAT <0.001 0.166 0.981
IGFBP-2 in SCAT <0.001 3.144
INS-R in SCAT 0.013 0.318
GH-R in SCAT <0.001 -0.0451
LBM (%) 0.006 -9.72%10™
Truncal fat (%) HbAlc 0.009 -4.866 0.505
Whole body fat (%) HbAlc 0.011 -4.896 0.479

Statistical significance is from backward stepwise regression analysis. Statistical significance was assigned to p<0.05. GH, growth
hormone; GH-R, growth hormone receptor; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model
assessment — insulin resistance; IGF-1, insulin-like growth factor-1; IGFBP, insulin-like growth factor binding protein; IGF-1R, insulin-like
growth factor-1 receptor; INS-R, insulin receptor; LBM, lean body mass; p85alpha, p85alpha subunit of phoshoinositide-3-kinase; SCAT,
subcutaneous adipose tissue. The non-significant correlations are not reported.

HOMA-IR could be independently predicted
only from serum IGF-1 levels (Table 4). INS-R mRNA
expression in SCAT could be predicted from a linear
combination of three independent variables: IGFBP-3 in
SCAT, serum HDL and IGF-1R in SCAT (Table 4).
P85alpha mRNA expression in SCAT could be predicted
from a linear combination of five independent variables:
SCAT mRNA expression of IGFBP-3, IGFBP-2, INS-R,
GH-R and percentage of LBM (Table 4). HbAlc was
found to be the independent predictor of percentage of
truncal and whole body fat (Table 4).

IGF-1 and IGFBP-3 in SCAT were not found to
be among the independent predictors of HOMA-IR and
percentage of truncal and whole body fat, while IGFBP-3
in SCAT was found to be an independent predictor of
INS-R and p85alpha mRNA expression in SCAT. The
other non-significant relationships are not reported.

Discussion

The most important finding of our study is
significantly increased mRNA expression of IGF-1 and
IGFBP-3 in SCAT in patients with acromegaly relative to
healthy lean subjects (Fig. 1). Both IGF-1 and IGFBP-3
mRNA expression in SCAT positively correlated with
(Table 2)
stimulatory effect on

serum GH levels suggesting its direct
IGF-1 and IGFBP-3

production in subcutaneous fat. Previous studies have

local

reported adipose tissue production of IGF-1 in response
to GH stimulation in experimental conditions and in
healthy individuals (Vikman et al. 1991, Peter et al
1993, Wabitsch ef al. 1996, Jorgensen et al. 2006). Peter
et al. (1993) reported that IGFBPs, including IGFBP-3
mRNA expression, in rat white adipose tissue were all
regulated by GH. Other experimental studies showed
a stimulatory effect of GH on IGFBP-3 expression in the
liver, muscle and skin in GH deficient rats (Lemmey et
al. 1997), on serum IGFBP-3 (Wester et al. 1998) or on
its secretion from porcine adipose tissue (Chen et al.
1996) or human preadipocytes (Wabitsch et al. 2000).
IGF-1 and IGFBP-3 mRNA
expression was found also in SCAT of subjects with

Recently, increased
acromegaly (Hochberg et al. 2015). In our study, serum
GH was one of the independent predictors of IGFBP-3
mRNA expression in SCAT confirming its direct
regulatory role (Table 3).

Previous studies demonstrated stimulatory effect
of IGF-1 on skin (Lemmey et al. 1997) or liver (Gosteli-
Peter ef al. 1994) IGFBP-3 mRNA expression, but to our
best knowledge no such data exist to date for the presence
of this effect in adipose tissue. Importantly, in our study
IGF-1 mRNA expression in SCAT was an independent
predictor of IGFBP-3 mRNA expression in SCAT and
vice versa (Table3), suggesting their possible local
mutual regulatory interactions.

As expected, we found significantly decreased
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percentage of whole body as well as truncal fat and
increased percentage of lean body mass in acromegalic
patients compared to control group (Table 1), which is in
agreement with previous studies (Katznelson 2009).
Furthemore, we observed an inverse relationship of
IGFBP-3 expression in SCAT with percentage of truncal
and whole body fat and of IGF-1 expression in SCAT
with percentage of truncal fat (Table2), suggesting
a possible causal relationship. In previous studies, IGF-1
and IGFBP-3 expression have been shown to increase
during human preadipocyte differentiation (Baxter et al.
2009). While IGF-1 process and
adipogenesis (Peter et al. 1993, Chen et al. 1995)
IGFBP-3 has the opposite effects (Baxter et al. 2009,
Chan et al. 2009). In our previous study obese diabetic

stimulates  this

women had decreased IGFBP-3 mRNA expression in
subcutaneous fat (Touskova et al 2012). While the
concept of local regulatory role of IGF-1 and IGFBP-3 in
SCAT is tempting, we did not confirm IGF-1 or IGFBP-3
mRNA expression in SCAT as independent predictors of
percentage of truncal and whole body fat in a backward
stepwise regression analysis (Table 4), however this
concept certainly warrants further investigation.

To gain further insight into its possible regulatory
role in systemic metabolic changes in acromegaly we
explored the relationships between IGF-1 and IGFBP-3
mRNA expression in SCAT with selected markers of
glucose metabolism and insulin resistance (Table 2). In
previous studies, the IGF-1 expression in adipose tissue
transplants was shown to be associated with anti-
inflammatory and favorable metabolic effects in diabetic
mice (Gunawardana and Piston 2015). Both, IGF-1
(Kubota et al. 2008, Neacsu et al. 2013) and IGFBP-3
(Mohanraj et al. 2013) exerted anti-inflammatory effects
and insulin-sensitizing effects in adipocytes. On the other
hand, several studies indicated that IGFBP-3 may decrease
insulin sensitivity in adipocytes by various mechanisms
(Kim et al. 2007, Chan et al. 2005). In our current study
we did not find an independent association of IGF-1 or
IGFBP-3 in SCAT with HOMA-IR. Interestingly, IGFBP-
3 in SCAT was an independent predictor of INS-R as well
as of p85alpha mRNA expression in SCAT (Table 4),
suggesting possible local role of IGFBP-3 in the regulation
of insulin sensitivity in adipose tissue of AC.

In acromegaly, the increased insulin resistance is
paradoxically often present despite the decreased amount
of adipose tissue. For all the studies documenting
different
resistance in adipose tissue (Castro et al. 2004, Smith et

local mechanisms of GH-induced insulin

al. 1997), some experimental studies suggested that
GH action in adipose tissue is not crucial in deterioration
of the overall insulin resistance (List et al 2013,
Johansen et al. 2005). In our study, increased HOMA-IR
was not significantly associated with the decreased
percentage of whole body or truncal fat. These findings
may support the hypothesis that in acromegaly, adipose
tissue may not be the main site contributing to the whole
body insulin resistance and point to the liver or the
skeletal muscle as other important contributors.
Numerous previous experimental studies have
suggested an important role of GH excess in the
stimulation of p85alpha regulatory subunit of PI3K tissue
expression and subsequent development of GH-induced
insulin resistance (del Rincon et al. 2007, de Castro
Barbosa et al. 2009, Barbour et al. 2005). On the other
hand, an attenuation of p85alpha expression has been
proposed as one of the mechanisms for the treatment of
type 2 diabetes (Mauvais-Jarvis et al. 2002). Insulin has
been shown as another important regulator of
p85alpha regulatory subunit. Insulin resistant conditions
were previously associated with contrasting results
showing increased (Adochio et al. 2009, Cornier et al.
2006) but also decreased (Anai et al. 1998) p85alpha
tissue (liver, muscle) expression and also with blunted
stimulatory effect of acute hyperinsulinemia on p85alpha
tissue expression (Lefai et al 2001). In our study,
elevated serum GH/insulin levels in patients with
mRNA

expression in subcutaneous adipose tissue where its

acromegaly failed to increase p85alpha
mRNA expression was comparable to that of the control
group (Fig. 1), which confirms the result of the recent
study on patients with acromegaly (Hochberg et al.
2015). No significant relationships were found between
serum GH/IGF-1/insulin and p85alpha in SCAT or
between p85alpha in SCAT and metabolic parameters
(HOMA-IR, fasting blood glucose, insulin, HbAlc)
arguing against an involvement of p85alpha regulatory
subunit in SCAT in mediating the metabolic effects of
systemic GH excess in acromegaly. P85alpha was
positively associated with INS-R mRNA expression in
SCAT, suggesting a possible parallel regulation of their
expressions.

The limitations of our study include the
relatively low number of study subjects and the cross-
sectional design of the study. We are aware that the
correlations found in our study do not necessarily
establish a causal connection and that the mRNA

expression differences in subcutaneous adipose tissue
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might be secondary to insulin resistance. In addition, for
the assessment of insulin resistance we have only
HOMA-IR and did not
hyperinsulinemic euglycemic clamp that would be more

measured perform
precise for the whole body insulin sensitivity evaluation.

In conclusion, in our study we found increased
IGF-1 and IGFBP-3 mRNA expression in subcutaneous
adipose tissue of patients with acromegaly. None of these
factors independently predicted the changes in body
composition or systemic insulin sensitivity. Nevertheless,
their local effect on adipogenesis and insulin sensitivity
in subcutaneous adipose tissue could be present and
further investigation of this possibility is needed. On the
contrary, our data do not support an up-regulation of
p85alpha subunit of PI3K expression as a mechanism of
GH-induced insulin resistance in subcutaneous adipose
tissue of acromegalic patients.

Conflict of Interest
There is no conflict of interest.

References

Acknowledgements
Supported by RVO-VFN 64165.

Abbreviations

AC, acromegaly group; C, group; CRP,
C-reactive  protein, DEXA, dual-energy X-ray
absorbtiometry; GH, growth hormone; GH-R, growth
HDL, high-density
HOMA-IR, homeostasis model assessment — insulin

control

hormone receptor; lipoprotein;
resistance; IFCC, International Federation of Clinical
Chemistry; IGF-1, insulin-like growth factor-1; IGF-2,
insulin-like growth factor-2; IGFBP-1-3, insulin-like
growth factor binding protein-1-3; IGF-1R, insulin-like
growth factor-1 receptor; IGF-2R, insulin-like growth
factor-2 receptor; INS-R, insulin receptor; LBM, lean
body mass; LDL, low-density lipoprotein; p85alpha,
p85alpha subunit of phosphoinositide-3-kinase; PI3K,
phosphoinositide-3-kinase; qRT-PCR, quantitative real-
time PCR; SCAT, subcutaneous adipose tissue.

ADOCHIO RL, LEITNER JW, GRAY K, DRAZNIN B, CORNIER MA: Early responses of insulin signaling to high-
carbohydrate and high-fat overfeeding. Nutr Metab (Lond) 6: 37, 2009.

ANAI M, FUNAKI M, OGIHARA T, TERASAKI J, INUKAI K, KATAGIRI H, FUKUSHIMA Y, YAZAKI Y,
KIKUCHI M, OKA Y, ASANO T: Altered expression levels and impaired steps in the pathway to
phosphatidylinositol 3-kinase activation via insulin receptor substrates 1 and 2 in Zucker fatty rats. Diabetes

47:13-23,1998.

BARBOUR LA, MIZANOOR RAHMAN S, GUREVICH I, LEITNER JW, FISCHER SJ, ROPER MD, KNOTTS TA,
VO Y, MCCURDY CE, YAKAR S, LEROITH D, KAHN CR, CANTLEY LC, FRIEDMAN JE, DRAZNIN
B: Increased P85alpha is a potent negative regulator of skeletal muscle insulin signaling and induces in vivo
insulin resistance associated with growth hormone excess. J Biol Chem 280: 37489-37494, 2005.

BAXTER RC, TWIGG SM: Actions of IGF binding proteins and related proteins in adipose tissue. Trends Endocrinol

Metab 20: 499-505, 2009.

BERRYMAN DE, LIST EO, COSCHIGANO KT, BEHAR K, KIM JK, KOPCHICK JJ: Comparing adiposity profiles
in three mouse models with altered GH signaling. Growth Horm IGF Res 14: 309-318, 2004.

CASTRO FC, DELGADO EF, BEZERRA RM, LANNA DP: Effects of growth hormone on insulin signal transduction
in rat adipose tissue maintained in vitro. Endocr Res 30: 225-238, 2004.

CHAN SS, TWIGG SM, FIRTH SM, BAXTER RC: Insulin-like growth factor binding protein-3 leads to insulin
resistance in adipocytes. J Clin Endocrinol Metab 90: 6588-6595, 2005.

CHAN SS, SCHEDLICH LJ, TWIGG SM, BAXTER RC: Inhibition of adipocyte differentiation by insulin-like growth
factor-binding protein-3. Am J Physiol Endocrinol Metab 296: E654-E663, 2009.

CHEN NX, HAUSMAN GJ, WRIGHT JT: Influence of age and fetal hypophysectomy on porcine preadipocytes:
insulin-like growth factor-I (IGF-I) response, receptor binding and IGF binding proteins secretion. Growth Dev

Aging 59: 193-206, 1995.

CHEN NX, HAUSMAN GJ, WRIGHT JT: Hormonal regulation of insulin-like growth factor binding proteins and
insulin-like growth factor I (IGF-I) secretion in porcine stromal-vascular cultures. J Anim Sci 74: 2369-2375,

1996.



502 Touskova et al. Vol. 65

CLAUDIO M, BENJAMIM F, RICCARDO B, MASSIMILIANO C, FRANCESCO B, LUCIANO C: Adipocytes
IGFBP-2 expression in prepubertal obese children. Obesity (Silver Spring) 18: 2055-2057, 2010.

CORNIER MA, BESSESEN DH, GUREVICH I, LEITNER JW, DRAZNIN B: Nutritional upregulation of p85alpha
expression is an early molecular manifestation of insulin resistance. Diabetologia 49: 748-754, 2006.

DE CASTRO BARBOSA T, DE CARVALHO JE, POYARES LL, BORDIN S, MACHADO UF, NUNES MT:
Potential role of growth hormone in impairment of insulin signaling in skeletal muscle, adipose tissue, and
liver of rats chronically treated with arginine. Endocrinology 150: 2080-2086, 2009.

DEL RINCON JP, IIDA K, GAYLINN BD, McCURDY CE, LEITNER JW, BARBOUR LA, KOPCHICK 11J,
FRIEDMAN JE, DRAZNIN B, THORNER MO: Growth hormone regulation of p85alpha expression and
phosphoinositide 3-kinase activity in adipose tissue: mechanism for growth hormone-mediated insulin
resistance. Diabetes 56: 1638-1646, 2007.

DROSTE M, DOMBERG J, BUCHFELDER M, MANN K, SCHWANKE A, STALLA G, STRASBURGER CIJ:
Therapy of acromegalic patients exacerbated by concomitant type 2 diabetes requires higher pegvisomant
doses to normalise IGF1 levels. Eur J Endocrinol 171: 59-68, 2014.

GARTEN A, SCHUSTER S, KIESS W: The insulin-like growth factors in adipogenesis and obesity. Endocrinol Metab
Clin North Am 41: 283-295,2012.

GOSTELI-PETER MA, WINTERHALTER KH, SCHMID C, FROESCH ER, ZAPF J: Expression and regulation of
insulin-like growth factor-I (IGF-I) and IGF-binding protein messenger ribonucleic acid levels in tissues of
hypophysectomized rats infused with IGF-I and growth hormone. Endocrinology 135: 2558-2567, 1994.

GUNAWARDANA SC, PISTON DW: Insulin-independent reversal of type 1 diabetes in nonobese diabetic mice with
brown adipose tissue transplant. Am J Physiol Endocrinol Metab 308: E1043-E1055, 2015.

HOCHBERG I, TRAN QT, BARKAN AL, SALTIEL AR, CHANDLER WF, BRIDGES D: Gene expression signature
in adipose tissue of acromegaly patients. PLoS One 10: ¢0129359, 2015.

IBANEZ L, LOPEZ-BERMEJO A, DIAZ M, JARAMILLO A, MARIN S, DE ZEGHER F: Growth hormone therapy in
short children born small for gestational age: effects onabdominal fat partitioning and circulating follistatin and
high-molecular-weight adiponectin. J Clin Endocrinol Metab 95: 2234-2239, 2010.

JOHANSEN T, LAURINO C, BARRECA A, MALMLOF K: Reduction of adiposity with prolonged growth hormone
treatment in old obese rats: effects on glucose handling and early insulin signaling. Growth Horm IGF Res 15:
55-63, 2005.

JORGENSEN JO, JESSEN N, PEDERSEN SB, VESTERGAARD E, GORMSEN L, LUND SA, BILLESTRUP N:
GH receptor signaling in skeletal muscle and adipose tissue in human subjects following exposure to an
intravenous GH bolus. Am J Physiol Endocrinol Metab 291: E899-E905, 2006.

KATZNELSON L: Alterations in body composition in acromegaly. Pituitary 12: 136-142, 2009.

KIM HS, ALI O, SHIM M, LEE KW, VUGUIN P, MUZUMDAR R, BARZILAI N, COHEN P: Insulin-like growth
factor binding protein-3 induces insulin resistance in adipocytes in vitro and in rats in vivo. Pediatr Res 61:
159-164, 2007.

KUBOTA Y, UNOKI H, BUJO H, RIKIHISA N, UDAGAWA A, YOSHIMOTO S, ICHINOSE M, SAITO Y: Low-
dose GH supplementation reduces the TLR2 and TNF-alpha expressions in visceral fat. Biochem Biophys Res
Commun 368: 81-87, 2008.

LEFAI E, ROQUES M, VEGA N, LAVILLE M, VIDAL H: Expression of the splice variants of the p85alpha
regulatory subunit of phosphoinositide 3-kinase in muscle and adipose tissue of healthy subjects and type 2
diabetic patients. Biochem J 360: 117-126, 2001.

LEMMEY AB, GLASSFORD J, FLICK-SMITH HC, HOLLY JM, PELL JM: Differential regulation of tissue insulin-
like growth factor-binding protein (IGFBP)-3, IGF-I and IGF type 1 receptor mRNA levels, and serum IGF-I
and IGFBP concentrations by growth hormone and IGF-1. J Endocrinol 154: 319-328, 1997.

LIN E, WEXLER TL, NACHTIGALL L, TRITOS N, SWEARINGEN B, HEMPHILL L, LOEFFLER J, BILLER BM,
KLIBANSKI A, MILLER KK: Effects of growth hormone deficiency on body composition and biomarkers of
cardiovascular risk after definitive therapy for acromegaly. Clin Endocrinol (Oxf) 77: 430-438, 2012.



2016 IGF-1 and IGFBP-3 in Acromegalic Adipose Tissue 503

LIST EO, BERRYMAN DE, FUNK K, GOSNEY ES, JARA A, KELDER B, WANG X, KUTZ L, TROIKE K,
LOZIER N, MIKULA V, LUBBERS ER, ZHANG H, VESEL C, JUNNILA RK, FRANK SJ, MASTERNAK
MM, BARTKE A, KOPCHICK JJ: The role of GH in adipose tissue: lessons from adipose-specific
GH receptor gene-disrupted mice. Mol Endocrinol 27: 524-535, 2013.

MAUVAIS-JARVIS F, UEKI K, FRUMAN DA, HIRSHMAN MF, SAKAMOTO K, GOODYEAR LJ, IANNACONE
M, ACCILI D, CANTLEY LC, KAHN CR: Reduced expression of the murine p85a subunit of
phosphoinositide 3-kinase improves insulin signaling and ameliorates diabetes J Clin Invest 109: 141-149,
2002.

MOHANRAIJ L, KIM HS, LI W, CAI Q, KIM KE, SHIN HJ, LEE YJ, LEE WJ, KIM JH, OH Y: IGFBP-3 inhibits
cytokine-induced insulin resistance and early manifestations of atherosclerosis. PLoS One 8: 55084, 2013.

NEACSU O, CLEVELAND K, XU H, TCHKONIA TT, KIRKLAND JL, BONEY CM: IGF-I attenuates FFA-induced
activation of JNK1 phosphorylation and TNFalpha expression in human subcutaneous preadipocytes. Obesity
(Silver Spring) 21: 1843-1849, 2013.

NGUYEN KH, YAO XH, ERICKSON AG, MISHRA S, NYOMBA BL: Glucose intolerance in aging male IGFBP-3
transgenic mice: differential effects of human IGFBP-3 and its mutant IGFBP-3 devoid of IGF binding ability.
Endocrinology 156: 462-474,2015.

PETER MA, WINTERHALTER KH, BONI-SCHNETZLER M, FROESCH ER, ZAPF J: Regulation of insulin-like
growth factor-I (IGF-I) and IGF-binding proteins by growth hormone in rat white adipose tissue.
Endocrinology 133: 2624-2631, 1993.

PLOCKINGER U, REUTER T: Pegvisomant increases intra-abdominal fat in patients with acromegaly: a pilot study.
FEur J Endocrinol 158: 467-471, 2008.

RAJPATHAK SN, GUNTER MIJ, WYLIE-ROSETT J, HO GY, KAPLAN RC, MUZUMDAR R, ROHAN TE,
STRICKLER HD: The role of insulin-like growth factor-I and its binding proteins in glucose homeostasis and
type 2 diabetes. Diabetes Metab Res Rev 25: 3-12, 2009.

RESMINI E, MINUTO F, COLAO A, FERONE D: Secondary diabetes associated with principal endocrinopathies:
the impact of new treatment modalities. Acta Diabetol 46: 85-95, 2009.

RICHELSEN B: Action of growth hormone in adipose tissue. Horm Res 48 (Suppl 5): 105-110, 1997.

RODRIGUES TC, COSTENARO F, FEDRIZZI D, OLIVEIRA MD, LIMA PB, BOSCHI V, CZEPIELEWSKI MA:
Diabetes mellitus in a cohort of patients with acromegaly. Arq Bras Endocrinol Metabol 55: 714-719, 2011.

SMITH TR, ELMENDOREF JS, DAVID TS, TURINSKY J: Growth hormone-induced insulin resistance: role of the
insulin receptor, IRS-1, GLUT-1, and GLUT-4. Am J Physiol 272: E1071-E1079, 1997.

TOUSKOVA V, TRACHTA P, KAVALKOVA P, DRAPALOVA J, HALUZIKOVA D, MRAZ M, LACINOVA Z,
MAREK J, HALUZIK M: Serum concentrations and tissue expression of components of insulin-like growth
factor-axis in females with type 2 diabetes mellitus and obesity: the influence of very-low-calorie diet. Mo/
Cell Endocrinol 25: 172-178, 2012.

UEDA M, ASHIDA H: Green tea prevents obesity by increasing expression of insulin-like growth factor binding
protein-1 in adipose tissue of high-fat diet-fed mice. J Agric Food Chem 60: 8917-8923, 2012.

VIKMAN K, ISGAARD J, EDEN S: Growth hormone regulation of insulin-like growth factor-I mRNA in rat adipose
tissue and isolated rat adipocytes. J Endocrinol 131: 139-145, 1991.

WABITSCH M, HEINZE E, HAUNER H, SHYMKO RM, TELLER WM, DE MEYTS P, ILONDO MM: Biological
effects of human growth hormone in rat adipocyte precursor cells and newly differentiated adipocytes in
primary culture. Metabolism 45: 34-42, 1996.

WABITSCH M, HEINZE E, DEBATIN KM, BLUM WF: IGF-I- and IGFBP-3-expression in cultured human
preadipocytes and adipocytes. Horm Metab Res 32: 555-559, 2000.

WESTER TJ, DAVIS TA, FIOROTTO ML, BURRIN DG: Exogenous growth hormone stimulates somatotropic axis
function and growth in neonatal pigs. Am J Physiol 274: E29-E37, 1998.

WHEATCROFT SB, KEARNEY MT, SHAH AM, EZZAT VA, MIELL JR, MODO M, WILLIAMS SC,
CAWTHORN WP, MEDINA-GOMEZ G, VIDAL-PUIG A, SETHI JK, CROSSEY PA: IGF-binding
protein-2 protects against the development of obesity and insulin resistance. Diabetes 56: 285-294, 2007.





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /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 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /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 true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /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

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



