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Lithium inhibits carcinoid cell growth in vitro

David Yu Greenblatt, Mary Ndiaye, Herbert Chen, Muthusamy Kunnimalaiyaan

Endocrine Surgery Research Laboratories, Department of Surgery, University of Wisconsin School of Medicine and
Public Health, and the University of Wisconsin Carbone Cancer Center, Madison, Wisconsin, USA.

Received April 14, 2010, accepted April 29, 2010, available online May 10, 2010

Abstract: Carcinoids are slow growing neuroendocrine tumors that often cause debilitating symptoms due to exces-
sive secretion of hormones such as serotonin. Surgery is the only potentially curative treatment, but many patients
have unresectable metastatic disease. Lithium is a non-competitive inhibitor of GSK-3 with an established safety
profile. The objective of this study was to investigate the effects of lithium on carcinoid cell growth in vitro. Lithium
treatment caused a dose-dependent reduction in carcinoid cancer cell (BON and H727) growth. Western blot analysis
revealed increased expression of cleaved poly (ADP-ribose) polymerase (PARP), indicating the induction of apoptosis.
Lithium treatment also suppressed cellular levels of serotonin and chromogranin A. In summary, lithium inactivates
GSK-3, induces apoptosis, and suppresses carcinoid cancer cell growth in vitro. The drug has been used clinically
since the 19t century to treat a variety of diseases including bipolar disorder, and its safety profile is well docu-
mented. Therefore, based on these findings, we have undertaken a clinical trial of lithium chloride in the treatment of

patients with unresectable carcinoid cancer.
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Introduction

Carcinoid tumors are neoplasms that arise from
the disseminated neuroendocrine (NE) cells of
the gastrointestinal (GI) tract, lungs, and other
organs. The incidence of carcinoid tumors in the
United States is estimated at 1.5 cases per
100,000 people, or approximately 2,500 new
cases of carcinoid tumors per year [1,2]. While
they are slow growing compared to adenocarci-
nomas, carcinoids frequently metastasize to the
liver, and can cause debilitating symptoms due
to tumor secretion of bioactive amines and pep-
tides such as serotonin. Surgery is the only po-
tentially curative treatment, but complete resec-
tion is often impossible due to widespread dis-
ease [3-5]. Other conventional cancer treat-
ments such as chemotherapy and radiation
therapy are generally not effective for carci-
noids. Therefore, there is a pressing need for
new therapeutic approaches for advanced carci-
noid disease.

An understanding of the molecular biology of

carcinoid tumor cells may lead to novel targeted
therapies for these malignancies. Several signal
transduction pathways have been implicated in
the growth and hormone production of carci-
noids. These include the Notch1-HES-ASCL1
pathway, Ras-Raf-MEK-MAPK pathway, PI3K-Akt
-MAPK pathway, and the glycogen synthase-3(3
(GSK-3B) pathway [6-10]. Strategies to target
these pathways in carcinoids have been de-
scribed [11]. Treatment of pheochromocytomas
and medullary thyroid cancer cells with lithium
chloride (LiCl) resulted in significant growth re-
duction. However, the effects of LiCl in carcinoid
cells are not known. Based on our earlier data
on other neuroendocrine tumors, we hypothe-
sized that LiCl treatment would inhibit growth of
carcinoid cells via inactivation of GSK-3. In this
study we demonstrate that treatment of Gl and
bronchopulmonary carcinoid tumor cells with
LiCl results in suppression of neuroendocrine
hormones and tumor markers such as serotonin
and chromogranin A. Importantly, treatment
also leads to inhibition of carcinoid cancer cell
growth in vitro. Finally, we show that the mecha-
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nism of growth inhibition is the induction of
apoptosis. These results suggest that LiCl has
potential as a new therapeutic approach for
advanced carcinoid tumor disease.

Materials and methods
Cell culture

BON human pancreatic carcinoid tumor cells,
kindly provided by Drs. Mark Evers and Courtney
Townsend, Jr. (University of Texas, Galveston,
TX, USA), and H727 human bronchopulmonary
carcinoid cells (ATCC, Manassas, VA, USA) were
maintained as previously described [12;13].
Carcinoid cells were treated with varying con-
centration of LiCl (O to 30 mM).

Immunoblot analysis

After treatment with LiCl, carcinoid cell lysates
were prepared as previously described [12,13].
Total protein concentrations were quantified
with a bicinchoninic acid assay kit (Pierce, Rock-
ford, IL, USA). Denatured cellular extracts were
resolved by 10% SDS-PAGE, transferred to nitro-
cellulose membranes (Schleicher and Schuell,
Keene, NH, USA), blocked in milk, and incu-
bated with appropriate antibodies. The following
antibody dilutions were used: 1:1,000 for GSK-
3B, phospho-GSK-3B, poly (ADP-ribose) poly-
merase (PARP; Cell Signaling, Beverly, MA, USA),
chromogranin A (CgA; Zymed Laboratories, San
Francisco, CA, USA), and mammalian achaete-
scute homolog 1 (ASCL1; BD Pharmingen, San
Diego, CA, USA), and 1:10,000 for glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH; Tre-
vigen, Gaithersburg, MD, USA). Horseradish per-
oxidase conjugated goat anti-rabbit or goat anti-
mouse secondary antibodies (Pierce, Rockford,
IL, USA) were used depending on the source of
the primary antibody. For visualization of the
protein signal, Immunstar (Bio-Rad Laborato-
ries, Hercules, CA, USA) or SuperSignal West
Femto Kit (Pierce) were used for all im-
munoblots as described previously [9,10].

Cell proliferation assay

Cell proliferation was measured by the MTT
(thiazolyl blue tetrazolium bromide; Sigma-
Aldrich, St. Louis, MO, USA) rapid colorimetric
assay as previously described [13]. In brief,
cells were seeded in triplicate on 24-well plates
and incubated for 24 h under standard condi-
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tions to allow cell attachment. The cells were
then treated with various concentrations of LiCl
and incubated for up to 6 days. The MTT assay
was performed by replacing the standard me-
dium with 250 pL of serum-free medium con-
taining MTT (0.5 mg/mL) and incubated at 37°
C for 3 h. After incubation, 750 pL of dimethyl
sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO,
USA) was added to each well and mixed thor-
oughly. The plates were then measured at 540
nm using a spectrophotometer (uQuant, Bio-Tek
Instruments, Winooski, VT, USA).

Cell death detection ELISA

To confirm that carcinoid cell growth inhibition
after LiCl treatment is mediated by apoptosis, a
cell death detection ELISA kit (Roche, Indian-
apolis, IN, USA) was used for BON cells treated
with various concentrations of LiCl as indicated.
Total cellular extracts from the LiCl treated cells
were analyzed for the presence of mono- and
oligonucleosomes in the fractions as described
by the manufacturer’s protocol and the absorb-
ance was measured at 405 nm.

Serotonin ELISA

To measure the effect of LiCl treatment on carci-
noid cell production of serotonin, a hormone
implicated in the carcinoid syndrome, we used a
serotonin ELISA (Research Diagnostics Inc.,
Flanders, NJ) as described previously [7].

Statistical analysis

Analysis of variance (ANOVA) with Bonferroni
post hoc testing was performed using a statisti-
cal analysis software package (SPSS version
10.0, SPSS, Chicago, IL, USA). A p value of <
0.05 was considered statistically significant.

Results

Lithium chloride inhibits the growth of carcinoid
cells

To determine the effects of LiCl on carcinoid cell
growth, two different carcinoid cell lines, BON
and H727, were utilized. BON Gl carcinoid cells
were initially treated with LiCl in concentrations
up to 50 mM for 2 and 4 days, and the MTT
assay was used to quantify cell proliferation. As
shown in Figure 1A, the half-maximal inhibitory
concentration (IC50) of LiCl in BON cells was
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Figure 1. Lithium inhibits growth of carcinoid cells.
BON and H727 carcinoid cells were treated with the
indicated concentrations of lithium chloride (LiCl) and
the MTT assay was performed to measure cell prolif-
eration. A. The half-maximal inhibitory concentration
(IC50) of LiCl in Gl carcinoid BON cells was deter-
mined in a 4-day experiment. The IC50 of LiCl for
BON was 25 mM at day 4. B. Concentrations of LiCl
up to the IC50 were then used to perform a 6-day
growth proliferation assay. There was a dose-
dependent reduction of cellular proliferation with LiCl.
C. Bronchopulmonary carcinoid H727 cells were
treated with similar concentrations of LiCl as indi-
cated. Like BON cells, H727 cells also showed growth
reduction in a dose-dependent manner.

determined to be approximately 25 mM at 4
days. Based on this finding, concentrations of
LiCl ranging from O to 20 mM were used to treat
BON and H727 cells for a 6-day proliferation
assay. Treatment of BON cells with LiCl resulted
in a dose-dependent inhibition of growth (Figure
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Figure 2. Lithium treatment leads to GSK-3B phos-
phorylation and suppression of neuroendocrine
tumor markers in carcinoid cells. Carcinoid cells
were treated with the indicated concentrations of
lithium chloride (LiCl) for 2 days and immunoblotting
was performed on whole cell lysates for phosphory-
lated GSK-3p, total GSK-3, and the neuroendocrine
markers chromogranin A (CgA) and serotonin. A. LiCl
treatment increased the level of phosphorylated
GSK-3B3, whereas total GSK-3B was relatively un-
changed in BON cells. GAPDH was used as a loading
control. B. Total cellular extracts from H727 cells
treated with LiCl were analyzed by Western blot for
the levels of phosphorylated GSK-33 and neuroen-
docrine markers. LiCl treatment led to an increase
in phosphorylated GSK-3p protein. Note that in con-
trol cells there was no detectable level of phosphory-
lated GSK-3pB. In contrast to this, regular active GSK
-3B was present at high levels in both control and
treated cells with no change in the levels in treated
cells. The increase in the levels of phosphorylated
GSK-3B was associated with a significant reduction
in CgA. GAPDH was used to confirm equal protein
loading. C. Serotonin levels were measured by ELISA
in LiCl-treated BON carcinoid cell lysates. Lithium
treatment dose-dependently reduced the levels of
serotonin in BON cells.

Am J Transl Res 2010;2(3):248-253



Lithium suppresses carcinoid tumor growth

1B). At a LiCl concentration of 10 mM, modest
growth inhibition was seen. However, at higher
doses such as 15 and 20 mM, the growth sup-
pression effect of LiCl was pronounced. Simi-
larly, H727 bronchopulmonary carcinoid cells
showed decreased cell viability in a dose-
dependent manner, with a maximal effect be-
tween 15 and 20 mM of LiCl treatment (Figure
1C). The differences in the rate of carcinoid tu-
mor cell growth seen with different concentra-
tions of LiCl treatment were statistically signifi-
cant (p <0.005).

Lithium chloride phosphorylates GSK-33 and
suppresses chromogranin A in carcinoid tumor
cells

We next confirmed that LiCl-mediated growth
inhibition in carcinoid cells is due to the inacti-
vation of GSK-3[3 by phosphorylation at the ser-
ine 9 residue. Western blot analysis on cell ex-
tracts from BON cells treated with increasing
concentrations of LiCl showed a small increase
in regular GSK-3B. However, a significant dose-
dependent increase in phosphorylated GSK-33
was seen after LiCl treatment (Figure 2A). No
phosphorylated GSK-33 was present in un-
treated control BON cells. Similarly, H727 cells
treated with LiCl also showed an increase in
phosphorylated GSK-3p3 in a dose-dependent
manner (Figure 2B).

Having demonstrated that phosphorylation of
GSK-3B with LiCl is associated with growth inhi-
bition in carcinoid tumor cells, we then analyzed
its effect on cellular production of the neuroen-
docrine tumor marker chromogranin A (CgA).
CgA was reduced with increasing amounts of
phosphorylated GSK-3pB in both BON and H727
cells. However, H727 cells showed a more
marked reduction in CgA than BON cells.

Patients with carcinoid tumors frequently suffer
from the carcinoid syndrome, a constellation of
debilitating symptoms which include diarrhea,
wheezing, and flushing. The carcinoid syndrome
is caused by tumor overproduction of hormones
such as serotonin. We measured the levels of
serotonin in BON cells after treatment with LiCl.
As shown in Figure 3A, there was a significant
reduction in relative serotonin levels in cells
treated with LiCl.

LiCl treatment leads to apoptosis in carcinoid
cells
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Figure 3. Apoptosis-mediated carcinoid cell growth
inhibition by lithium treatment. A. To determine the
mechanism of growth inhibition, BON cells were
treated with LiCl and assayed for apoptosis, as
measured by cleavage of poly (ADP-ribose) poly-
merase (PARP). At 20 mM LiCl concentration, there
was a significant cleavage of PARP protein indicating
that the growth inhibition is mediated by apoptosis.
GAPDH was used as a protein loading control in all
Western blots. B. To further confirm that growth
inhibition is mediated by apoptosis, a cell death de-
tection ELISA was performed using LiCl treated BON
cell extracts. At 20mM LiCl concentration, there was
a marked increase in absorbance due to the in-
crease in mono- and oligonucelosomes in the cyto-
plasmic fraction of the cell lysates, indicating the
activation of apoptosis.

We were interested to determine if the reduc-
tion in cellular proliferation of lithium-treated
carcinoid cells was due to apoptosis. One of the
processes of apoptosis is carried out by activa-
tion of a cascade of proteolytic enzymes belong-
ing to the caspase family. Caspase-mediated
cleavage of proteins can result in activation of
nuclear poly (ADP-ribose) polymerase (PARP),
which plays an important role in both DNA syn-
thesis and repair, and is cleaved early in the
apoptotic process. We performed Western
analysis on cell extracts treated with LiCl for
protein expression of markers of apoptosis. As
shown in Figure 3B, 4-day treatment with 20
mM of LiCl led to PARP cleavage, indicating the
presence of apoptosis. To independently vali-
date the activation of the apoptotic process, we
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performed an apoptosis-detecting ELISA on cell
lysates after LiCl treatment. As shown in Figure
3C, there was clearly an increase in the absorb-
ance of the 20 mM LiCl treated lysates, indicat-
ing apoptosis. These results indicate that the
decrease in cellular proliferation of lithium-
treated carcinoid cells is mediated by apoptosis.

Discussion

The element lithium was isolated in the early
19t century. After the observation was made
that solutions of lithium dissolve uric acid crys-
tals, lithium salts were used to treat a variety of
diseases such as uremia, kidney stones, gout,
and rheumatism. In the 1870s, Carl Lange in
Denmark and William Hammond in New York
used lithium to treat patients with mania. In
1949 this treatment for mania was rediscov-
ered by the Australian psychiatrist John Cade.
After noting that guinea pigs became lethargic
when given lithium, Cade performed a trial of
lithium in patients with severe mania. Further
trials led to the approval in 1970 by the United
States Food and Drug Administration of lithium
for the treatment of mania, and today the drug
is widely used for this indication [14-17].

Inactivation of GSK-3B with specific inhibitors
has been shown to reduce tumor growth in sev-
eral malignancies including those of the pan-
creas [18, 19], prostate, [20] and colon [21].
GSK-3B is also known to interact with other im-
portant signal transduction pathways in cancer.
In two recent studies, Wang and colleagues re-
ported that GSK-3 inhibition in colon cancer
cells resulted in activation of ERK1/2 and in-
duction of COX-2 and IL-8 (20), and Dong et al.
showed that GSK-3p plays a key role in rapamy-
cin-mediated cell cycle regulation and chemo-
sensitivity in breast cancer cells [22]. We found
that raf-1 pathway activation in medullary thy-
roid cancer cells leads to GSK-33 phosphoryla-
tion and inhibition of cell growth [9]. In 1996,
Klein and Melton reported that lithium was a
potent inhibitor of GSK3B [23]. Therefore,
based on these observations, GSK-3[ inhibition
with lithium and similar drugs is an attractive
chemotherapeutic target.

In the present study we report that LiCl treat-
ment leads to a dose-dependent inhibition of
proliferation in carcinoid cancer cells. Cell lys-
ates from LiCl treated carcinoids resulted in
induction of inactive, phosphorylated GSK-3f.
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The mechanism of Li-mediated growth suppres-
sion in carcinoid cells is induction of apoptosis.
This is in contrast to medullary thyroid cancer
cells, in which GSK-3B-related growth inhibition
is due to cell cycle arrest. It seems that inactiva-
tion of GSK-3B affects cellular proliferation in
many cancer cell lines but the mechanism of
action is cell type specific. In addition to inhibi-
tion of growth, lithium treatment also caused a
marked reduction in neuroendocrine tumor
markers and hormones such as CgA and sero-
tonin.

In summary, the present study extends our un-
derstanding of the importance of GSK signaling
in cancer and the potential of lithium as treat-
ment for neuroendocrine tumor disease. We
have demonstrated that lithium treatment in
gastrointestinal and bronchopulmonary carci-
noid tumor cells leads to suppression of the
neuroendocrine phenotype and inhibition of cell
proliferation in vitro. Lithium has been used for
decades in the treatment of mania, and its
safety profile is well established. Based on
these studies, a clinical trial of lithium for pa-
tients with carcinoid tumor disease is underway
at our institution.

Acknowledgements

This research was supported by grant P30
CA014520 from the National Cancer Institute,
a Research Scholars Grant from the American
Cancer Society (HC), National Institutes of
Health  grants  DK063015, DK064735,
DK066169, and CA109053 (HC), the George
H.A. Clowes, Jr., Memorial Research Career De-
velopment Award of the American College of
Surgeons (HC), a grant from the Vilas Founda-
tion (HC), the Robert Draper Technology Innova-
tion Award (MK), and research grants from the
Carcinoid Cancer Foundation (HC & MK).

Please address correspondence to: Muthusamy Kun-
nimalaiyaan, PhD, 3028 WIMR, 1111 Highland Ave-
nue, Madison, WI, 53705. Tel: (608) 263-1387, Fax:
(608) 263-7652. E-mail: kunni@surgery.wisc.edu

References

[1] Modlin IM, Kidd M, Latich |, Zikusoka MN,
Shapiro MD. Current status of gastrointestinal
carcinoids. Gastroenterology 2005; 128(6):1717
-1751.

[2] Modlin IM, Champaneria MC, Chan AK, Kidd M. A
three-decade analysis of 3,911 small intestinal
neuroendocrine tumors: the rapid pace of no

Am J Transl Res 2010;2(3):248-253



Lithium suppresses carcinoid tumor growth

progress. Am J Gastroenterol 2007; 102
(7):1464-1473.

[3] Lal A, Chen H. Treatment of advanced carcinoid
tumors. Curr Opin Oncol 2006; 18(1):9-15.

[4] Pinchot SN, Holen K, Sippel RS, Chen H. Carci-
noid tumors. Oncologist 2008; 13(12):1255-
1269.

[5] Sippel RS, Chen H. Carcinoid tumors. Surg Oncol
Clin N Am 2006; 15(3):463-478.

[6] Kunnimalaiyaan M, Yan S, Wong F, Zhang YW,
Chen H. Hairy Enhancer of Split-1 (HES-1), a
Notchl effector, inhibits the growth of carcinoid
tumor cells. Surgery 2005; 138(6):1137-1142.

[7]1 Kunnimalaiyaan M, Traeger K, Chen H. Conser-
vation of the Notchl signaling pathway in gastro-
intestinal carcinoid cells. Am J Physiol Gastro-
intest Liver Physiol 2005; 289(4):G636-G642.

[8] Kunnimalaiyaan M, Chen H. The Raf-1 pathway:
a molecular target for treatment of select neuro-
endocrine tumors? Anticancer Drugs 2006; 17
(2):139-142.

[9] Kunnimalaiyaan M, Vaccaro AM, Ndiaye MA,
Chen H. Inactivation of glycogen synthase kinase
-3beta, a downstream target of the raf-1 path-
way, is associated with growth suppression in
medullary thyroid cancer cells. Mol Cancer Ther
2007; 6(3):1151-1158.

[10] Kunnimalaiyaan M, Ndiaye M, Chen H. Neu-
roendocrine tumor cell growth inhibition by
ZM336372 through alterations in multiple sig-
naling pathways. Surgery 2007; 142(6):959-
964.

[11] Pinchot SN, Pitt SC, Sippel RS, Kunnimalaiyaan
M, Chen H. Novel targets for the treatment and
palliation of gastrointestinal neuroendocrine
tumors. Curr Opin Investig Drugs 2008; 9(6):576
-582.

[12] Sippel RS, Carpenter JE, Kunnimalaiyaan M,
Lagerholm S, Chen H. Raf-1 activation sup-
presses neuroendocrine marker and hormone
levels in human gastrointestinal carcinoid cells.
Am J Physiol Gastrointest Liver Physiol 2003;
285(2):G245-G254.

[13]Van Gompel JJ, Kunnimalaiyaan M, Holen K,
Chen H. ZM336372, a Raf-1 activator, sup-
presses growth and neuroendocrine hormone
levels in carcinoid tumor cells. Mol Cancer Ther
2005; 4(6):910-917.

253

[14] Cade JF. Lithium salts in the treatment of psy-
chotic excitement. Med J Aust 1949; 2(10):349-
352.

[15] Cade JF. Recent advances in the use of lithium.
Aust N Z J Psychiatry 1971; 5(1):3-4.

[16] Cade JF. Lithium-when, why and how? Med J
Aust 1975; 1(22):684-686.

[17] McIntyre RS, Mancini DA, Parikh S, Kennedy SH.
Lithium revisited. Can J Psychiatry 2001; 46
(4):322-327.

[18] Ougolkov AV, Fernandez-Zapico ME, Savoy DN,
Urrutia RA, Billadeau DD. Glycogen synthase
kinase-3beta participates in nuclear factor kap-
paB-mediated gene transcription and cell sur-
vival in pancreatic cancer cells. Cancer Res
2005; 65(6):2076-2081.

[19] Ougolkov AV, Fernandez-Zapico ME, Bilim VN,
Smyrk TC, Chari ST, Billadeau DD. Aberrant nu-
clear accumulation of glycogen synthase kinase-
3beta in human pancreatic cancer: association
with kinase activity and tumor dedifferentiation.
Clin Cancer Res 2006; 12(17):5074-5081.

[20] Mazor M, Kawano Y, Zhu H, Waxman J, Kypta
RM. Inhibition of glycogen synthase kinase-3
represses androgen receptor activity and pros-
tate cancer cell growth. Oncogene 2004; 23
(47):7882-7892.

[21] Shakoori A, Mai W, Miyashita K, Yasumoto K,
Takahashi Y, Ooi A et al. Inhibition of GSK-3beta
activity attenuates proliferation of human colon
cancer cells in rodents. Cancer Sci 2007.

[22] Dong J, Peng J, Zhang H, Mondesire WH, Jian W,
Mills GB et al. Role of glycogen synthase kinase
3beta in rapamycin-mediated cell cycle regula-
tion and chemosensitivity. Cancer Res 2005; 65
(5):1961-1972.

[23] Klein PS, Melton DA. A molecular mechanism for
the effect of lithium on development. Proc Natl
Acad Sci U S A 1996; 93(16):8455-8459.

Am J Transl Res 2010;2(3):248-253




<<
  /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


