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Summary 

Background: We aimed to analyze the regulatory effects of
SIPA1 (signal-induced proliferation-associated protein 1)
on glioma progression and the dominant signaling path-
way. 
Methods: Differential level of SIPA1 in glioma and normal
tissues and cells was determined. Migratory, proliferative,
apoptotic and cell cycle progression changes in A172 cells
with overexpression or knockdown of SIPA1 were exam-
ined. Finally, protein levels of phosphorylated FAKs in
A172 cells intervened by SIPA1, and the FAK inhibitor PF-
562271 were detected. 
Results: SIPA1 was upregulated in glioma cases. Knock -
down of SIPA1 reduced migratory and proliferative rates of
glioma cells, increased apoptotic cell rate, and declined cell
ratio in the S phase. The knockdown of SIPA1 also down-
regulated cell cycle proteins. In addition, SIPA1 upregulat-
ed phosphorylated FAKs in A172 cells and thus boosted
malignant phenotypes of glioma. 
Conclusions: SIPA1 is upregulated in glioma that boosts
migratory and proliferative potentials of glioma cells by acti-
vating the phosphorylation of the FAK signaling pathway. 
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Kratak sadr`aj

Uvod: Cilj nam je bio da analiziramo regulatorne efekte
SIPA1 na progresiju glioma i dominantni signalni put.
Metode: Odre|en je diferencijalni nivo SIPA1 u gliomu i
normalnim tkivima i }elijama. Ispitivane su migratorne,
proliferativne, apoptoti~ke i promene u progresiji }elijskog
ciklusa u }elijama A172 sa prekomernom ekspresijom ili
obaranjem SIPA1. Kona~no, otkriveni su nivoi proteina
fosforilisanih FAK u }elijama A172 sa intervencijom SIPA1
i inhibitorom FAK PF-562271.
Rezultati: SIPA1 je uve}an u slu~ajevima glioma. Pad
SIPA1 je smanjio migracijsku i proliferativnu stopu }elija
glioma, pove}ao apoptoti~ku }elijsku stopu i smanjio
}elijski odnos u S fazi. Sni`avanjem SIPA1 tako|e su sni`eni
i proteini }elijskog ciklusa. SIPA1 je pove}ao fosforilisani
FAK u }elijama A172 i tako poja~ao maligne fenotipe
glioma.
Zaklju~ak: SIPA1 je pove}an kod glioma i poja~ava
migratorne i proliferativne potencijale }elija glioma
aktiviranjem fosforilacije signalnog puta FAK.

Klju~ne re~i: SIPA1, FAK, fosforilacija, gliom
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Introduction 

Gliomas are the leading malignant tumors of the
central nervous system that originate from glial cells of
the neuroectoderm. They represent 80% of primary
intracranial malignancies (1). The average survival
time of glioma is only 12–14 months (2). Currently,
surgery combined radiotherapy, chemotherapy and
biotherapy is preferred to glioma patients, although
they can only prolong the survival for months. The
prognosis of glioma is extremely poor (3). Clarification
of the pathogenesis of glioma and the involvement of
differentially expressed genes in glioma contributes to
the improvement of clinical outcomes (4).

SIPA1 (signal-induced proliferation-associated
protein 1) is a protein relevant to tumor invasiveness
and metastasis. It is located on human chromosome
11q13.3, containing a zinc finger at the C terminal
and a GTPase activator that is highly homologic with
Rap1GAP at the N terminal (5, 6). RapGAP protein
constitutes Rap1GAP and SIPA1 (7). As a specific
RapGAP protein, SIPA1 negatively regulates Rap1 by
converting it to the inactivate GDP-bound state, thus
translocating signals into nuclei that mediates gene
transcription (8). Rap1 is highly homologic with Ras,
sharing similar functions in regulating cell-cell con-
nection, secretion, and adhesion (9). In addition,
SIPA1 also participates in the mediation of cell clon-
ality, adhesion, and migration (10). This study aims to
explore the regulatory effects of SIPA1 on glioma and
the dominant signaling pathway. 

Materials and Methods

Collection of glioma samples

Glioma samples (n=32) were surgically resect-
ed and collected. Glioma cases were pathologically
confirmed, and they did not have preoperative glioma
treatments. Normal brain tissue samples (n=24)
resected during craniocerebral decompression in
patients with brain traumas were collected as con-
trols. The Ethic Committee of The Central Hospital of
Jamusi City approved this study, and written informed
consent was obtained from each patient. 

Cell culture 

The GBM-derived T98G and A172 cell lines,
the grade III astrocytoma-derived U87 cell line and
astrocyte cell line NHA (American Type Culture
Collection (ATCC) (Manassas, VA, USA)) were culti-
vated in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco, Rockville, MD, USA) supplemented with 10%
fetal bovine serum (FBS) (Gibco, Rockville, MD, USA)
in an incubator containing 5% CO2 at 37 °C. Cell pas-
sage was conducted at 80% of confluence. 

Cell transfection 

Cells seeded in a 6-well plate were grown to
80% of confluence, followed by the transfection of
vectors constructed by GenePharma (Shanghai,
China) using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Transfection efficacy was exam-
ined by quantitative real-time polymerase chain reac-
tion (qRT-PCR) at 24 h. 

qRT-PCR

Cells were lysed in TRIzol (Invitrogen, Carlsbad,
CA, USA) for 5 min, followed by incubation in 200 mL
of chloroform. After 12,000×g centrifugation at 4 °C
for 5 min, the upper layer was collected and incubat-
ed with 500 mL of isopropanol. After 12,000×g cen-
trifugation at 4 °C for 10 min, the precipitant was
washed in 1 mL of 75% ethanol and diluted in 20 mL
of diethylpyrocarbonate (DEPC) water (Beyotime,
Shanghai, China). RNA concentration was measured
using NanoDrop 2000 (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Using the PrimeScript™RT
Master Mix, reversely transcribed complementary
deoxyribose nucleic acids (cDNAs) were further sub-
jected to qPCR. 

SIPA1-Forward: 5’-TGCAAGATGGTGGCAGTC-
CTC-3’; SIPA1-Reverse: 5’-CTGCCCGCCTCCGACAT-
GATC-3’; GAPDH-Forward: 5’-ACACCATGGG GAAG -
GTGAAG-3’; GAPDH-Reverse: 5’-GTGACCA GGC GC-
CCAATA-3’; Cyclin A2-Forward: 5’-CGCTGGCGGTA-
CTGAAGTC-3’; Cyclin A2-Reverse: 5’-GAGGAACG-
GTGACATGCTCAT-3’; Cyclin D1-Forward: 5’-GCT-
GCGAAGTGGAAACCATC-3’; Cyclin D1-Reverse:
5’-CCTCCTTCTGCACACATTTGAA-3’; Cyclin E1-
Forward: 5’-AAGGAGCGGGACACCATGA-3’; Cyclin
E1-Reverse: 5’-ACGGTCACGTTTGCCTTCC-3’. 

Transwell

Cell suspension (5×104/L) in serum-free medi-
um and medium containing 10% FBS were respec-
tively applied at the top and bottom of a Transwell
insert pre-coated with 200 mg/mL Matrigel. After 24-
h cell culture, cells migrated from the top to the bot-
tom were fixed in 70% ethanol for 30 min and dyed
in 0.2% crystal violet for 10 min, which were then
observed and counted. 

5-Ethynyl-2’- deoxyuridine (EdU)

Cell suspension (2×105/L) was seeded in a 96-
well plate and stained with EdU as recommended by
the commercial kit (Beyotime, Shanghai, China).
EdU-positive cells in 3 random fields per well were
captured for calculating using Image J software (NIH,
Bethesda, MD, USA). 
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Flow cytometry

After 5-min centrifugation at 1,000 r/min and
phosphate-buffered saline (PBS) washing twice, the
precipitant was induced with 5 mL of Annexin V/FITC
and 10 mL of Propidium Iodide (PI) in the dark for 15
min. Cell apoptosis was analyzed by detecting FL1
(488 nm wavelength) and FL2 gate (633 nm wave-
length). In addition, cell cycle distribution was ana-
lyzed using the CellQuestTMD Analysis Software (BD
Biosciences, Franklin Lakes, NJ, USA). 

Western blot

After 30-min lysis of cells, and 15-min centrifu-
gation at 4 °C, 12,000 rpm, protein samples were
prepared for sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) (30 mg per lane) and
transfer on polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). After blocking
non-specific antigens on membranes, they were
induced with primary and secondary antibodies under
indicated conditions. Protein signals were detected
using Luminol substrate solution. 

Statistical analysis

Statistical Product and Service Solutions (SPSS)
22.0 (IBM, Armonk, NY, USA) was used for statistical
processing. Data were expressed as x⎯ ± s, and differ-
ences between groups were compared using the

independent t-test. A significant difference was set at
P<0.05. 

Results

Upregulation of SIPA1 in glioma 

Compared with normal brain tissues, mRNA and
protein levels of SIPA1 were remarkably upregulated
in glioma (Figure 1A, 1B). Meanwhile, SIPA1 was
more highly expressed in glioma cell lines than astro-
cytes (Figure 1C, 1D). A172 cells were used for the
following experiments since they expressed a relative-
ly high abundance of SIPA1 in the three tested glioma
cell lines. 

Knockdown of SIPA1 suppressed migratory and
proliferative potentials of glioma 

SIPA1 level was effectively suppressed by trans-
fection of si-SIPA1 in A172 cells (Figure 2A). After the
knockdown of SIPA1, the migratory cell number
(Figure 2B) and EdU-positive ratio (Figure 2C) were
markedly reduced. In addition, cell apoptosis was
stimulated by transfection of si-SIPA1 (Figure 2D).
Flow cytometry data showed that the knockdown of
SIPA1 in A172 cells arrested cell cycle progression in
the G1 phase, which was further supported by the
downregulation of cell cycle proteins Cyclin A2,
Cyclin D1 and Cyclin E1 in glioma cells with SIPA1
knockdown (Figure 2E, 2F). 

Figure 1 Upregulation of SIPA1 in glioma. (A) The mRNA level of SIPA1 in glioma and normal brain tissues; (B) The protein
level of SIPA1 in glioma and normal brain tissues; (C) The mRNA level of SIPA1 in glioma cell lines; (D) The protein level of SIPA1
in glioma cell lines; *P<0.05. 
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Figure 2 Knockdown of SIPA1 suppressed migratory and proliferative potentials of glioma. (A) Transfection efficacy of si-SIPA1
in A172 cells; (B) Migration in A172 cells with SIPA1 knockdown; (C) EdU-positive ratio in A172 cells with SIPA1 knockdown
(magnification = 40×); (D) Apoptosis in A172 cells with SIPA1 knockdown; (E) Cell cycle distribution in A172 cells with SIPA1
knockdown; (F) Relative levels of Cyclin A2, Cyclin D1 and Cyclin E1 in A172 cells with SIPA1 knockdown; *P<0.05. 

Figure 3 Overexpression of SIPA1 suppressed migratory and proliferative potentials of glioma. (A) Transfection efficacy of SIPA1
overexpression vector in A172 cells; (B) Migration in A172 cells with SIPA1 overexpression; (C) EdU-positive ratio in A172 cells
with SIPA1 overexpression (magnification = 40×); (D) Apoptosis in A172 cells with SIPA1 overexpression; (E) Cell cycle distribu-
tion in A172 cells with SIPA1 overexpression; (F) Relative levels of Cyclin A2, Cyclin D1 and Cyclin E1 in A172 cells with SIPA1
overexpression; *P<0.05. 



Overexpression of SIPA1 boosted migratory and
proliferative potentials of glioma

We analyzed phenotype changes of A172 cells
overexpressing SIPA1 further (Figure 3A). Over -
expression of SIPA1 markedly enhanced migratory
and proliferative potentials of glioma cells (Figure 3B,
3C). In addition, the apoptosis rate was reduced in
A172 cells overexpressing SIPA1 (Figure 3D).
Besides, overexpression of SIPA1 remarkably pro-
longed the S phase and upregulated Cyclin A2, Cyclin
D1 and Cyclin E1 (Figure 3E, 3F). 

Overexpression of SIPA1 activated phosphoryla-
tion of FAK

Interestingly, overexpression of SIPA1 in A172
cells upregulated Phospho-FAK (Try397), Phospho-
FAK (Try576) and Phospho-FAK (Try925), which
were reversed by treatment of the FAK inhibitor PF-
562271 (Figure 4A). To further explore the involve-
ment of the phosphorylated FAK in SIPA1-induced
glioma progression, proliferative ability in glioma cells
overexpressing SIPA1 intervened by PF-562271 was

examined. As expected, the intervention of PF-
562271 reduced the EdU-positive rate, indicating
that the phosphorylation of FAK did participate in
glioma progression boosted by SIPA1 (Figure 4B). 

Discussion 

Glioma is a complicated malignant tumor. Its
pathogenesis remains largely unclear, and brain trau-
mas, nitrite food, occupational hazard and radiation
exposure may be potential risk factors of glioma.
Besides, immune factors are closely associated with
the development of glioma, involving Treg, CD3+T,
CD4+T and CD8+T cells (11). Therefore, differential-
ly expressed genes in gliomas have been well con-
cerned. They can be utilized as specific biomarkers
for guiding the screening, diagnosis and treatment,
and predicting the prognosis of glioma (12). The
development of targeted therapy based on these bio-
markers is a promising approach to improving glioma
patients’ poor prognosis (13, 14).

The cancer-associated role of SIPA1 differs in
human malignant tumors. Hunter et al. (15) first
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Figure 4 Overexpression of SIPA1 activated phosphorylation of FAK. A172 cells were transfected with negative control or SIPA1
overexpression vector, followed by either treatment of PF-562271 or not; (A) Protein levels of Phospho-FAK (Try397), Phospho-
FAK (Try576), Phospho-FAK (Try925) and FAK; (B) EdU-positive ratio in A172 cells (magnification = 40×); *P<0.05. 



J Med Biochem 2022; 41 (1) 113

References

1. Patil N, Kelly ME, Yeboa DN, Buerki RA, Cioffi G, Balaji
S, et al. Epidemiology of brainstem high-grade gliomas in
children and adolescents in the United States, 2000–
2017. Neuro Oncol 2021; 23: 990–8.

2. Stetson LC, Dazard JE, Barnholtz-Sloan JS. Protein
Markers Predict Survival in Glioma Patients. Mol Cell
Proteomics 2016; 15: 2356–65.

3. Ryskalin L, Biagioni F, Lenzi P, Frati A, Fornai F. mTOR
Modulates Intercellular Signals for Enlargement and
Infiltration in Glioblastoma Multiforme. Cancers (Basel)
2020; 12: 2486.

4. Kunadis E, Lakiotaki E, Korkolopoulou P, Piperi C.
Targeting post-translational histone modifying enzymes
in glioblastoma. Pharmacol Ther 2020: 107721.

5. Kurachi H, Wada Y, Tsukamoto N, Maeda M, Kubota H,
Hattori M, et al. Human SPA-1 gene product selectively
expressed in lymphoid tissues is a specific  GTPase-acti-
vating protein for Rap1 and Rap2. Segregate expression
profiles from a rap1GAP gene product. J Biol Chem
1997; 272: 28081–8.

6. Rubinfeld B, Crosier WJ, Albert I, Conroy L, Clark R,
McCormick F, et al. Localization of the rap1GAP catalytic
domain and sites of phosphorylation by mutational analy-
sis. Mol Cell Biol 1992; 12: 4634–42.

7. Minato N. Rap G protein signal in normal and disordered
lymphohematopoiesis. Exp Cell Res 2013; 319: 2323–8.

8. Ohba Y, Ikuta K, Ogura A, Matsuda J, Mochizuki N,
Nagashima K, et al. Requirement for C3G-dependent

identified that SIPA1 is located on the metastasis effi-
ciency modifier locus mtes1. SIPA1 SNP remarkably
influences the function of Rap GTPase. They demon-
strated that intervention of SIPA1 in nude mice
markedly alters the metastatic ability of cancer cells.
Minato et al. (16) suggested that SIPA1 prevents cell
adhesion to fibronectin by inhibiting Rap1GTP in
Hela cells. Through mediating the interaction
between SIPA1 and Rap1GTP, AF-6 inhibits integrin-
induced cell adhesion (17). The diasporin pathway
can regulate transcription of extracellular matrix
(ECM) genes, pTEN and Trp53, which is a tumor pro-
gression-associated pathway regulated by SIPA1 (18,
19). In hematological malignancies, SIPA1 acts as a
tumor-suppressor gene. SIPA1 knockout mice
showed T cell non-responsiveness before bone mar-
row dysfunction, which eventually leads to the devel-
opment of delayed myeloid leukemia (20). SIPA1 is
distributed in nuclei of breast cancer cell line MDA-
MB-231. By promoting the expression of integrin 1
by acting on its promoter, SIPA1 further activates the
phosphorylation of FAK, and thus regulates invasive-
ness and morphology of breast cancer cells through
the MMP9 signaling and F-actin, respectively (21). In
vivo overexpression of SIPA1 enhances tumorigenesis
of prostate cancer in SCID mice by inhibiting the
binding between collagen and fibronectin, thus inac-
tivating ECM-induced activation of Rap1. Meanwhile,
overexpression of SIPA1 downregulates Brd4, which
further attenuates the binding between prostate can-
cer cells and ECM (22). The regulatory effect of
SIPA1 on the migratory capacity of colorectal carcino-
ma (CRC) is quite the opposite of that in breast can-
cer and prostate cancer. A clinical trial involving 94
CRC patients revealed that the relative level of SIPA1
is negatively correlated to metastatic lymphatic rate.
Knockdown of SIPA1 markedly triggers the migratory
ability of CRC cells (23). In the present study, SIPA1
was highly expressed in glioma cases, which boosted
migratory and proliferative capacities of glioma cells
and inhibited cell apoptosis. 

FAK is overactivated or over-phosphorylated in
multiple types of cancer cells, leading to malignant
migration, proliferation, adhesion and EMT (24). In
addition to the kinase function, FAK also serves as a
scaffold for protein complexes that regulates cancer
development (25). Here, overexpression of SIPA1
upregulated Phospho-FAK (Try397), Phospho-FAK
(Try576) and Phospho-FAK (Try925), which were
reversed by treatment of the FAK inhibitor PF-
562271. The treatment of PF-56271 abolished the
boosted proliferative ability of glioma by overexpres-
sion of SIPA1. It is indicated that the phosphorylation
of FAK was involved in the glioma progression boost-
ed by SIPA1. 

There were limitations in the present study. First
of all, the sample size of glioma and normal brain tis-
sues was limited. Therefore, the clinical significance
of SIPA1 in glioma needs to be further validated in
more samples. Secondly, in vivo experiments are
lneeded to verify the tumorigenic role of SIPA1 in
glioma. 

Conclusion

SIPA1 is upregulated in glioma, which boosts
malignant progression of glioma by activating the
phosphorylation of the FAK signaling pathway. 

Financial Disclosure

The authors declared that this study had
received no financial support.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.



114 Du et al.: SIPA1 boosts malignant development of glioma 

Rap1 activation for cell adhesion and embryogenesis.
Embo J 2001; 20: 3333–41.

9. Lee MR, Jeon TJ. Cell migration: regulation of cytoskele-
ton by Rap1 in Dictyostelium discoideum. J Microbiol
2012; 50: 555–61.

10. Raaijmakers JH, Bos JL. Specificity in Ras and Rap signal-
ing. J Biol Chem 2009; 284: 10995–9.

11. Dolecek TA, Propp JM, Stroup NE, Kruchko C. CBTRUS
statistical report: primary brain and central nervous sys-
tem tumors diagnosed in the United States in 2005-
2009. Neuro Oncol 2012; 14 Suppl 5: v1–49.

12. Diamandis P, Aldape KD. Insights From Molecular
Profiling of Adult Glioma. J Clin Oncol 2017; 35: 2386–
93.

13. Chekhonin IV, Chistiakov DA, Grinenko NF, Gurina OI.
Glioma Cell and Astrocyte Co-cultures As a Model to
Study Tumor-Tissue Interactions: A Review of Methods.
Cell Mol Neurobiol 2018; 38: 1179–95.

14. Freret ME, Gutmann DH. Insights into optic pathway
glioma vision loss from mouse models of neurofibro-
matosis type 1. J Neurosci Res 2019; 97: 45–56.

15. Park YG, Zhao X, Lesueur F, Lowy DR, Lancaster M,
Pharoah P, et al. Sipa1 is a candidate for underlying the
metastasis efficiency modifier locus Mtes1. Nat Genet
2005; 37: 1055–62.

16. Tsukamoto N, Hattori M, Yang H, Bos JL, Minato N.
Rap1 GTPase-activating protein SPA-1 negatively regu-
lates cell adhesion. J Biol Chem 1999; 274: 18463–9.

17. Su L, Hattori M, Moriyama M, Murata N, Harazaki M,
Kaibuchi K, et al. AF-6 controls integrin-mediated cell
adhesion by regulating Rap1 activation through the spe-
cific recruitment of Rap1GTP and SPA-1. J Biol Chem
2003; 278: 15232–8.

18. Crawford NP, Walker RC, Lukes L, Officewala JS, Williams
RW, Hunter KW. The Diasporin Pathway: a tumor pro-
gression-related transcriptional network that predicts
breast cancer survival. Clin Exp Metastasis 2008; 25:
357–69.

19. Farina A, Hattori M, Qin J, Nakatani Y, Minato N, Ozato
K. Bromodomain protein Brd4 binds to GTPase-activat-
ing SPA-1, modulating its activity and subcellular localiza-
tion. Mol Cell Biol 2004; 24: 9059–69.

20. Ishida D, Kometani K, Yang H, Kakugawa K, Masuda K,
Iwai K, et al. Myeloproliferative stem cell disorders by
deregulated Rap1 activation in SPA-1-deficient mice.
Cancer Cell 2003; 4: 55–65.

21. Zhang Y, Gong Y, Hu D, Zhu P, Wang N, Zhang Q, et al.
Nuclear SIPA1 activates integrin beta1 promoter and
promotes invasion of breast cancer cells. Oncogene
2015; 34: 1451–62.

22. Shimizu Y, Hamazaki Y, Hattori M, Doi K, Terada N,
Kobayashi T, et al. SPA-1 controls the invasion and
metastasis of human prostate cancer. Cancer Sci 2011;
102: 828–36.

23. Ji K, Ye L, Toms AM, Hargest R, Martin TA, Ruge F, et al.
Expression of signal-induced proliferation-associated
gene 1 (SIPA1), a RapGTPase-activating protein, is
increased in colorectal cancer and has diverse effects on
functions of colorectal cancer cells. Cancer Genomics
Proteomics 2012; 9: 321–7.

24. Zhang J, Hochwald SN. The role of FAK in tumor metab-
olism and therapy. Pharmacol Ther 2014; 142: 154–63.

25. Cance WG, Kurenova E, Marlowe T, Golubovskaya V.
Disrupting the scaffold to improve focal adhesion kinase-
targeted cancer therapeutics. Sci Signal 2013; 6: e10.

   Received: August 07, 2021
     Accepted: August 26, 2021



<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


