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Abstract. 
There is striking evidence that heat shock protein 70 (Hsp70) negatively regulates α-synuclein aggregation, which plays a significant role in the formation and progression of Parkinson disease (PD). However, how the Hsp70 in neurons fails to prevent or even reverse α-synuclein aggregation and toxicity in PD  still remains to be determined. In the present study, we constructed an α-synuclein-overexpressed human neuroblastoma cell line, SH-SY5Y-Syn, in which the blockage of Hsp70 promoted α-synuclein aggregation. And we also found that miR-16-1 downregulated Hsp70 and promoted α-synuclein aggregation in the SH-SY5Y-Syn cells. This study revealed a novel regulatory mechanism of Hsp70 expression, which might contribute to the PD development.
 

1. Introduction
Parkinson disease (PD) is the second most common neurodegenerative disorder after Alzheimer disease [1], prominent characteristics of which include the degeneration of dopaminergic cells within the substantia nigra pars compacta (SNpc) [2] and the aberrant intracellular protein aggregation including, but not limited to, α-synuclein [3, 4]. Although how α-synuclein induces cytotoxicity still remains to be determined, there is striking evidence that α-synuclein plays a significant role in the formation and progression of PD [5, 6].
α-Synuclein is abundantly expressed in the nervous system [7], during neuronal development [8], and modulated in conditions that alter plasticity or confer injury [8, 9]. And the key role in PD of the aberrant α-synuclein aggregation has been underlined by the nontoxicity of the nonaggregated α-synuclein [10] and by the assistance of overexpressing molecular chaperones, such as heat shock proteins (HSPs) in refolding of aggregated α-synuclein [11]. Therefore, the function defect of HSPs is believed to play a key role in the aberrant α-synuclein aggregation of PD [11, 12]. Hsp70 is the most studied molecular chaperone, linking to PD and α-synuclein aggregation. Studies have demonstrated the negative regulatory role of Hsp70 in α-synuclein aggregation in PD and in α-synuclein-induced toxicity in cells [12, 13]. Obviously, despite being the prominent defense mechanism, the Hsp70 system in neurons fails to halt, prevent, or even reverse α-synuclein misfolding and toxicity in PD.
MicroRNAs (miRNAs) are endogenous noncoding RNAs (18–22 nt) that regulate gene expression [14] in diverse cell processes in mammals [15]. Recently, miRNAs have been suggested to play important roles in brain functions [16]. Some specifically expressed or enriched miRNAs in the brain have been confirmed to associate with memory, neuronal differentiation, and synaptic plasticity [17]. And the role of miRNAs in neurodegeneration has also been suggested in several reports [18–20]. Furthermore, there are miRNAs being reported to play a role in the α-synuclein aggregation in PD [21, 22]. Here, we show that miR-16-1 promotes the aberrant α-synuclein accumulation via targeting heat shock protein 70 in human neuroblastoma cell line SH-SY5Y.
2. Materials and Methods
2.1. Reagents, Cell Culture, and Treatment
MAL3-101, an allosteric Hsp70 modulator, inhibiting Hsp70 ATPase activity [23] was purchased from the A Chemtek Inc. (Worcester, MA, USA). SH-SY5Y (human neuroblastoma cell line) was purchased from ATCC. Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Invitrogen, Carlsbad, CA, USA) containing 10% FBS (Invitrogen, Carlsbad, CA, USA) or maintained in DMEM supplemented with 2% FBS. To generate an α-synuclein overexpressed cell line, the wild α-synuclein coding sequence was amplified and cloned into the pcDNA3.1(+) vector. And SH-SY5Y cells were transfected with the α-Syn-pcDNA3.1(+) or control pcDNA3.1(+) vectors and were selected in the presence of 1.5 mg/mL G418. The 20 or 40 nM Hsp70 siRNA (Sangon, Shanghai, China) was transfected with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) into the SH-SY5Y cells to abrogate the Hsp70 expression. The miR-16-1 mimics or miRNA control (GenePharma, Shanghai, China) with 25 or 50 nM was also transfected with Lipofectamine 2000.
2.2. RNA Isolation, Reverse Transcription, and RT-qPCR
Total cellular RNA was isolated with PureLink RNA Minikit (Invitrogen, Carlsbad, CA, USA), and miRNAs were isolated using mirVana miRNA Isolation Kit (Ambion, Austin, TX, USA) according to manuals. The expression of α-Syn and Hsp70 in mRNA level or of miR-16-1 was quantified by the real-time RT-PCR method with Takara One-Step RT-PCT kit (TaKaRa Bio Inc., Tokyo, Japan). mRNA samples were amplified using primer sets specific for the genes of interest on a Lightcycler 480 II (Roche, Diagnostics, GmbH, Germany). Relative quantification was determined using the ΔΔCt method using β-actin as reference gene [24].
2.3. Western Blot Analysis
Approximately 105 cells were lysed with the cytoplasmic protein extraction Kit (ZmTech Scientific Inc.) and quantified using Bradford Reagent (Bio-Rad, Hercules, CA, USA); protein samples were separated by a 12% gradient SDS-PAGE gel, transferred to PVDF membrane, and blocked in 5% skimmed milk. Rabbit polyclonal antibodies to α-Syn, Hsp70, or β-actin (1 : 300 to 1000) (Sigma-Aldrich, St. Louis, MO, USA) were used to quantify the molecular expression, with ECL detection systems (Pierce, Rockford, IL,USA).
2.4. Immunocytochemistry
Cells were cultured on polylysine-coated coverslips for 24 h followed by treatment with various reagents and/or transfection, after fixation in 4% paraformaldehyde, and permeabilized with 0.25% Triton X-100. After being blocked with 1% normal goat serum, 20 mg/mL BSA, and 0.25% Triton X-100 in PBS, cells were incubated firstly with primary antibodies for α-Syn (Sigma-Aldrich, St. Louis, MO, USA) and secondly with anti-rabbit Alexa Fluor 488-conjugated secondary antibody (Danvers) and were analyzed on a fluorescence microscope (Axiovert 200M, Zeiss, Germany). And the α-Syn aggregation dots were counted with Image J software.
2.5. Statistical Evaluation
For the analysis of α-Syn, Hsp70, and miR-16-1 expression and the analysis of α-Syn aggregation dots between two groups, statistical evaluations are presented as mean ± SE. Data were analyzed using the Student’s t-test, and a statistical significance was considered when 
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
.
3. Results
3.1. Construction of SH-SY5Y Cells Overexpressing α-Synuclein
Firstly, we established the SH-SY5Y cell line overexpressing α-synuclein, SH-SY5Y-Syn. A significantly higher level of α-synuclein mRNA was observed in the SH-SY5Y cells (t-test, 
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
) (Figure 1(a)). And the α-synuclein expression in protein level was also upregulated in the SH-SY5Y-Syn cells (t test, 
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
) (Figure 1(b)), revealing by western blot analysis, or immunofluorescence analysis (Figure 1(c)). Interestingly, the overexpressed α-synuclein did not aggregate in the SH-SY5Y-Syn cells; no aggregated dots were observed under fluorescence microscope (Figure 1(c)). Moreover, the cell line is expressing α-synuclein in a stabilized level within five passages (Figures 1(a), 1(b), and 1(d)).
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(d)
Figure 1: α-Synuclein is overexpressed in SH-SY5Y-Syn cells. (a) RT-qPCR analysis of α-synuclein overexpression in SH-SY5Y-Syn cell lines after serial passages, compared to β-actin. (b)–(d) Western blot (b) or immunofluorescence analysis ((c) and (d)) indicated α-synuclein overexpression in protein level in serially propagated SH-SY5Y-Syn stable cell line; results were normalized to β-actin. The GFP-positive cells overexpressed α-synuclein. Statistical significance was showed as 
	
		
			
				∗
				∗
			

			
				𝑃
				<
				0
				.
				0
				1
			

		
	
, ns: no significance.


3.2. Blockage of Hsp70 by Chemicals Promotes α-Synuclein Aggregation in SH-SY5Y-Syn Cells
MAL3-101 was used to abrogate the molecular chaperone role of Hsp70. It was shown that the MAL3-101 treatment of 10 or 20 μM had no influence on the Hsp70 expression in both mRNA and protein levels (Figures 2(a) and 2(b)); however, it significantly caused α-synuclein aggregation in the SH-SY5Y-Syn cells (Figure 2(c) and Figure 2(d)). And the specific knockdown of Hsp70 by 20 or 40 μM siRNA-Hsp70 transfection (24 hours) led to a significant reduction of Hsp70 expression in both mRNA and protein levels (Figures 2(a) and 2(b)) (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
, or 
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
) and led to a significant high level of α-synuclein aggregation in the SH-SY5Y-Syn cells (Figures 2(c) and 2(d)). Taken together, the Hsp70 abrogation promoted α-synuclein aggregation in the SH-SY5Y-Syn cells.
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(c)
Figure 2: Blockage of Hsp70 by chemicals promotes α-synuclein aggregation in SH-SY5Y-Syn cells. (a) Relative Hsp70 expression to β-actin in mRNA level, in SH-SY5Y-Syn cells after MAL3-101 treatment or Hsp70 silence by siRNA, revealing by RT-qPCR. (b) Relative Hsp70 expression to β-actin in protein level, in SH-SY5Y-Syn cells after MAL3-101 treatment or Hsp70 silence by siRNA, revealing by western blot analysis. (c) Blockage of Hsp70 by chemicals or by RNAi technology promotes α-synuclein aggregation in SH-SY5Y-Syn cells. All results were got from triplicate independent experiments. 
	
		
			

				∗
			

			
				𝑃
				<
				0
				.
				0
				5
			

		
	
, 
	
		
			
				∗
				∗
			

			
				𝑃
				<
				0
				.
				0
				1
			

		
	
, ns: no significance.


3.3. miR-16-1 Targets the 3′ UTR of Hsp70 and Reduces Hsp70 Expression in Human Neuroblastoma SH-SY5Y Cell Line
To investigate the possible regulation of microRNAs in Hsp70 expression, we screened the candidate microRNAs targeting Hsp70 by PicTAR and miRanda, and miR-16-1 was on the top list, with three highly paired sites within the 3′ UTR of Hsp70 (Figure 3(a)). Then the miR-16-1 mimics were used to manipulate the miR-16-1 level in SH-SY5Y-Syn cells; Figure 3(b) indicated that the miR-16-1 mimics transfection with 25 or 50 nM significantly drove the miR-16-1 level (
	
		
			
				𝑃
				<
				0
				.
				0
				0
				1
			

		
	
). What is more, the Hsp70 expression in both mRNA and protein levels was downregulated by miR-16-1 (Figures 3(c)–3(e)).
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(e)
Figure 3: miR-16-1 targets the 3′ UTR of Hsp70 and reduces Hsp70 expression in human neuroblastoma SH-SY5Y-Syn cell line. (a) miR-16-1/3′ UTR of Hsp70 alignment by miRanda analysis. (b) The manipulation of miR-16-1 level in SH-SY5Y-Syn cells. Cells were transfected with 25 or 50 nM miR-16-1 mimics or miR control; 24 h later, the miR-16-1 level was examined by RT-qPCR. (c) and (d) Hsp70 expression was suppressed in mRNA level (c) or in protein level ((d) and (e)) in SH-SY5Y-Syn cells. All experiments were performed in triplicate. No significance, 
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, or 
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.


3.4. miR-16-1 Mimics Promoted α-Synuclein Aggregation in SH-SY5Y-Syn Cells
To further explore the regulatory role of miR-16-1 on the α-synuclein aggregation, by targeting Hsp70, we transfected SH-SY5Y-Syn cells with 50 nM of miR-16-1 mimics or miRNA control and determined their influence on the α-synuclein aggregation. Figures 4(a) and 4(b) indicated that neither 50 nM of miR-16-1 mimics nor 50 nM of miRNA control had influence on the α-synuclein expression in mRNA level or in protein level. However, the mimics significantly promoted α-synuclein aggregation in the SH-SY5Y-Syn cells (Figure 4(c)) (
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				5
			

		
	
). Thus, we have identified the promotion of miR-16-1 to the α-synuclein aggregation in the SH-SY5Y-Syn cells, by targeting and inhibiting the Hsp70 expression.
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(c)
Figure 4: miR-16-1 mimics promoted α-synuclein aggregation in SH-SY5Y-Syn cells. (a) and (b) The transfection of miR-16-1 or miR con did not regulate the α-synuclein expression in mRNA level (a) or in protein level (b), revealing by RT-qPCR or western blot analysis. (c) miR-16-1 mimics transfection promoted α-synuclein aggregation in SH-SY5Y-Syn cells. All results were got from triplicate independent experiments. 
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 and ns: no significance.


4. Discussion
There is substantial evidence supporting a prominent role in PD-related cell death of amyloid-like aggregation of α-Syn [25, 26]. Molecular chaperones are responsible for maintaining protein homeostasis within the cell by assisting protein folding, degradation, and inhibiting protein aggregation [27]. Currently, there is substantial evidence supporting the involvement of dysregulated chaperones, especially Hsp70, in PD pathogenesis [28, 29]. The Hsp70 has been indicated to directly modulate the aggregation and cytotoxicity of α-Syn in PD. However, up to now, we have little known about the cause of the Hsp70 failure to maintain the α-Syn homeostasis and lead to the α-Syn aggregation.
Studies have indicated the important role of microRNAs in the PD development [30–32], such as microRNA-205 [30], mir-34b/c [31], miR-64 and miR-65, and let-7 family [32]. Moreover, several studies have identified the regulatory role of microRNAs in Hsp70 expression, such as miR-
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 and miR-711 [33], miRNA-1, miRNA-21, and miRNA-24 [34]. In the present study to investigate the possible regulation of microRNAs in Hsp70 expression and the following α-Syn aggregation, we screened the candidate microRNAs against Hsp70, and miR-16-1 was one of the screened target microRNAs, highly pairing sites within the 3′ UTR of Hsp70. The miR-16-1 mimics transfection in SH-SY5Y cell significantly reduced the Hsp70 expression in both mRNA and protein levels in the cell. Along with reported data, the present study has revealed the important regulation of microRNAs in Hsp70 expression.
To evaluate whether there was an influence of Hsp70 downregulation by miR-16-1 on the α-Syn aggregation, we firstly constructed an SH-SY5Y cell line overexpressing α-synuclein, SH-SY5Y-Syn, in which chemical inhibition of Hsp70 promoted α-Syn aggregation. Moreover, the miR-16-1 mimics transfection promoted a significant high level of α-synuclein aggregation in the SH-SY5Y-Syn cells, by targeting and inhibiting the Hsp70 expression, though it did not regulate the expression of α-synuclein in both mRNA and protein levels.
In summary, we firstly found that miR-16-1 could reduce Hsp70 expression in SH-SY5Y cell line and promote high level of α-synuclein aggregation in a α-synuclein overexpressed SH-SY5Y cell line.
Conflict of Interests
The authors declare that there is no conflict of interests.
Acknowledgment
The present study was supported by the Grant from Natural Science Foundation of China, Inner Mongolia (2011MS1102).
References
	L. Bertram and R. E. Tanzi, “The genetic epidemiology of neurodegenerative disease,” The Journal of Clinical Investigation, vol. 115, no. 6, pp. 1449–1457, 2005.
	K. Wirdefeldt, H. Adami, P. Cole, D. Trichopoulos, and J. Mandel, “Epidemiology and etiology of Parkinson's disease: a review of the evidence,” European Journal of Epidemiology, vol. 26, no. 1, supplement, pp. S1–S58, 2011.
	M. C. Irizarry, W. Growdon, T. Gomez-Isla et al., “Nigral and cortical Lewy bodies and dystrophic nigral neurites in Parkinson's disease and cortical Lewy body disease contain α-synuclein immunoreactivity,” Journal of Neuropathology and Experimental Neurology, vol. 57, no. 4, pp. 334–337, 1998.
	M. G. Spillantini, R. A. Crowther, R. Jakes, M. Hasegawa, and M. Goedert, “α-Synuclein in filamentous inclusions of Lewy bodies from Parkinson's disease and dementia with Lewy bodies,” Proceedings of the National Academy of Sciences of the United States of America, vol. 95, no. 11, pp. 6469–6473, 1998.
	R. Krüger, W. Kuhn, T. Müller et al., “Ala30Pro mutation in the gene encoding α-synuclein in Parkinson's disease,” Nature Genetics, vol. 18, no. 2, pp. 106–108, 1998.
	M. Chartier-Harlin, J. Kachergus, C. Roumier et al., “α-synuclein locus duplication as a cause of familial Parkinson's disease,” The Lancet, vol. 364, no. 9440, pp. 1167–1169, 2004.
	P. J. Kahle, “α-Synucleinopathy models and human neuropathology: similarities and differences,” Acta Neuropathologica, vol. 115, no. 1, pp. 87–95, 2008.
	N. G. Kholodilov, M. Neystat, T. F. Oo et al., “Increased expression of rat synuclein in the substantia nigra pars compacta identified by mRNA differential display in a model of developmental target injury,” Journal of Neurochemistry, vol. 73, no. 6, pp. 2586–2599, 1999.
	J. M. George, H. Jin, W. S. Woods, and D. F. Clayton, “Characterization of a novel protein regulated during the critical period for song learning in the zebra finch,” Neuron, vol. 15, no. 2, pp. 361–372, 1995.
	M. Periquet, T. Fulga, L. Myllykangas, M. G. Schlossmacher, and M. B. Feany, “Aggregated α-synuclein mediates dopaminergic neurotoxicity in vivo,” Journal of Neuroscience, vol. 27, no. 12, pp. 3338–3346, 2007.
	P. K. Auluck, H. Y. E. Chan, J. Q. Trojanowski, V. M. Lee, and N. M. Bonini, “Chaperone suppression of α-synuclein toxicity in a Drosophila model for Parkinson's disease,” Science, vol. 295, no. 5556, pp. 865–868, 2002.
	J. Klucken, Y. Shin, E. Masliah, B. T. Hyman, and P. J. McLean, “Hsp70 reduces α-synuclein aggregation and toxicity,” The Journal of Biological Chemistry, vol. 279, no. 24, pp. 25497–25502, 2004.
	K. C. Luk, I. P. Mills, J. Q. Trojanowski, and V. M. Lee, “Interactions between Hsp70 and the hydrophobic core of α-synuclein inhibit fibril assembly,” Biochemistry, vol. 47, no. 47, pp. 12614–12625, 2008.
	V. Ambros, “MicroRNA pathways in flies and worms: growth, death, fat, stress, and timing,” Cell, vol. 113, no. 6, pp. 673–676, 2003.
	B. J. Reinhart, F. J. Slack, M. Basson et al., “The 21-nucleotide let-7 RNA regulates developmental timing in Caenorhabditis elegans,” Nature, vol. 403, no. 6772, pp. 901–906, 2000.
	K. S. Kosik, “The neuronal microRNA system,” Nature Reviews Neuroscience, vol. 7, no. 12, pp. 911–920, 2006.
	E. A. Miska, E. Alvarez-Saavedra, M. Townsend et al., “Microarray analysis of microRNA expression in the developing mammalian brain,” Genome Biology, vol. 5, no. 9, p. R68, 2004.
	S. S. Hébert, K. Horré, L. Nicolaï et al., “Loss of microRNA cluster miR-29a/b-1 in sporadic Alzheimer's disease correlates with increased BACE1/β-secretase expression,” Proceedings of the National Academy of Sciences of the United States of America, vol. 105, no. 17, pp. 6415–6420, 2008.
	Y. Lee, R. C. Samaco, J. R. Gatchel, C. Thaller, H. T. Orr, and H. Y. Zoghbi, “miR-19, miR-101 and miR-130 co-regulate ATXN1 levels to potentially modulate SCA1 pathogenesis,” Nature Neuroscience, vol. 11, no. 10, pp. 1137–1139, 2008.
	A. N. Packer, Y. Xing, S. Q. Harper, L. Jones, and B. L. Davidson, “The bifunctional microRNA miR-9/miR-9* regulates REST and CoREST and is downregulated in Huntington's disease,” Journal of Neuroscience, vol. 28, no. 53, pp. 14341–14346, 2008.
	J. Kim, K. Inoue, J. Ishii et al., “A microRNA feedback circuit in midbrain dopamine neurons,” Science, vol. 317, no. 5842, pp. 1220–1224, 2007.
	E. Junn, K.-W. Lee, B.S. Jeong, T. W. Chan, J.-Y. Im, and M. M. Mouradian, “Repression of α-synuclein expression and toxicity by microRNA-7,” Proceedings of the National Academy of Sciences of the United States of America, vol. 106, no. 31, pp. 13052–13057, 2009.
	S. W. Fewell, C. M. Smith, M. A. Lyon et al., “Small molecule modulators of endogenous and co-chaperone-stimulated Hsp70 ATPase activity,” The Journal of Biological Chemistry, vol. 279, no. 49, pp. 51131–51140, 2004.
	K. J. Livak and T. D. Schmittgen, “Analysis of relative gene expression data using real-time quantitative PCR and the 2-ΔΔCT method,” Methods, vol. 25, no. 4, pp. 402–408, 2001.
	A. Gupta, V. L. Dawson, and T. M. Dawson, “What causes cell death in Parkinson's disease?” Annals of Neurology, vol. 64, supplement 2, pp. S3–S15, 2008.
	K. A. Jellinger, “Basic mechanisms of neurodegeneration: a critical update,” Journal of Cellular and Molecular Medicine, vol. 14, no. 3, pp. 457–487, 2010.
	F. U. Hartl and M. Hayer-Hartl, “Converging concepts of protein folding in vitro and in vivo,” Nature Structural and Molecular Biology, vol. 16, no. 6, pp. 574–581, 2009.
	R. Bandopadhyay and J. de Belleroche, “Pathogenesis of Parkinson's disease: emerging role of molecular chaperones,” Trends in Molecular Medicine, vol. 16, no. 1, pp. 27–36, 2010.
	S. N. Witt, “Hsp70 molecular chaperons and Parkinson's disease,” Biopolymers, vol. 93, no. 3, pp. 218–228, 2010.
	H. J. Cho, G. Liu, S. M. Jin et al., “Microrna-205 regulates the expression of parkinson's disease-related leucine-rich repeat kinase 2 protein,” Human Molecular Genetics, vol. 22, no. 3, pp. 608–620, 2013.
	E. Miñones-Moyano, S. Porta, G. Escaramís et al., “MicroRNA profiling of Parkinson's disease brains identifies early downregulation of miR-34b/c which modulate mitochondrial function,” Human Molecular Genetics, vol. 20, no. 15, pp. 3067–3078, 2011.
	S. Asikainen, M. Rudgalvyte, L. Heikkinen et al., “Global microRNA expression profiling of Caenorhabditis elegans Parkinson's disease models,” Journal of Molecular Neuroscience, vol. 41, no. 1, pp. 210–218, 2010.
	M. Tranter, R. N. Helsley, W. R. Paulding et al., “Coordinated post-transcriptional regulation of Hsp70.3 gene expression by microRNA and alternative polyadenylation,” The Journal of Biological Chemistry, vol. 286, no. 34, pp. 29828–29837, 2011.
	C. Yin, F. N. Salloum, and R. C. Kukreja, “A novel role of microRNA in late preconditioning: upregulation of endothelial nitric oxide synthase and heat shock protein 70,” Circulation Research, vol. 104, no. 5, pp. 572–575, 2009.


OEBPS/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  





OEBPS/pageMap.xml
 
                                 
                                



OEBPS/Fonts/xits-italic.otf


OEBPS/Fonts/xits-bolditalic.otf


OEBPS/Fonts/xits-regular.otf


OEBPS/Fonts/xits-math.otf


