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24The recent exponential increase in the number of next generation sequencing studies provides a new source of
25data for the discovery of functional genomics based markers. The RNA-seq and small RNA-seq provide a new
26source for the discovery of differentially expressed SSRs (simple sequence repeats) as biomarkers in various dis-
27eases. In the present study, for the first time, we applied RNA-seq SSR to find new biomarkers for pancreatic can-
28cer (PC) diagnosis. Analysis of RNA-seq data revealed a significant alternation in the frequency of SSR motifs
29during cancer progression. In particular, RNA-seq SSR showed an increase in the frequencies of GCC/GGC and
30GCG/CGC motifs in PC samples compared to healthy pancreas. These findings were further confirmed using
31meta-analysis of EST–SSR data in 11 different cancers. Interestingly, the genes containing GCC/GGC and GCG/
32CGCmotifs in their sequences were involved inmany cancer-related biological processes, particularly regulation
33processes. The small RNA-seqdatawere alsomined for the conservedpatterns in SSR frequencies (sRNA-seq SSR)
34during cancer progression. Based on the results, we suggest the potential use of GCC/GGC and GCG/CGCmotifs as
35biomarkers in PC. Based on the findings of this study, it seems that RNA-seq SSR and sRNA-seq SSR could open a
36new paradigm in the diagnostic and even therapeutic strategies for PC along the other types of cancers.

37 © 2015 Elsevier B.V. All rights reserved.
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42 1. Introduction

43 Simple sequence repeats (SSRs) or microsatellites are tandem repeats
44 of 1–6 nucleotidemotifs in nucleic acid sequences (Ebrahimi et al., 2011).
45 These motifs are located on the non-coding regions as well as the coding
46 regions of genomes (Bakhtiarizadeh et al., 2011). Variation of SSRs that is
47 defined as microsatellite instability (MSI) has been observed in human
48 diseases including different cancers (Gonzalez-Zulueta et al., 1993; de la
49 Chapelle and Hampel, 2010; Bakhtiarizadeh et al., 2011). Our recent
50 investigation demonstrated that SSRs have differential expression pattern
51 between hematopoietic normal and cancer stem cells (Hosseinpour et al.,
52 2014).

53SSRs undergo quantitative and qualitative variations Q6due to muta-
54tions that add or subtract repeat units (Kashi andKing, 2006). Therefore,
55the influence of SSRs on gene regulation, transcription and protein func-
56tion can happen through the number of repeats or the sequences of
57repeats (Kashi and King, 2006). Microsatellites or SSR markers are in-
58formative and versatile biomarkers that can be used in many areas of
59research (Bakhtiarizadeh et al., 2011, 2012; Zalapa et al., 2012;
60Hajmansoor et al., 2013). One of the most important features of SSR
61markers is that they can detect multiple alleles per locus (Zalapa et al.,
622012). Expressed SSRs have opened a new vista in biomarker discovery
63as they can be functional and are present in transcriptomic level.
64High-throughput datasets including expressed sequence tags (ESTs)
65are valuable resources for SSR discovery, functional genomics and biodi-
66versity studies (Bakhtiarizadeh et al., 2011, 2013; Hosseinpour et al.,
672014). Our recent studies highlighted the potential use of EST–SSR
68approach to find biomarkers in lung-cancer and hematopoietic cancer
69stem cells (Bakhtiarizadeh et al., 2011; Hosseinpour et al., 2014). EST–
70SSRs can be used efficiently in cancer studies; however, traditionally de-
71velopment of EST libraries is difficult and costly, which limits its applica-
72tion in clinical diagnosis. Next generation sequencing (NGS) technologies,
73in contrast, allow the efficient identification of a large number of
74sequences at a fraction of the cost and effort offered by traditional
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75 approaches. Among NGS techniques, high-throughput RNA sequencing
76 (RNA-seq) is rapidly growing as a major quantitative transcriptome pro-
77 filing approach (Wang et al., 2009). Another type of NGS is high through-
78 put sequencing of small RNA (sRNA-seq) that is recently used as a
79 profiling approach for small non-coding RNAs (ncRNAs) (Fasold et al.,
80 2011).
81 We suggest that RNA-seq and sRNA-seq data can be used to investi-
82 gate the relationships between expressed SSRs and cancer, in order to
83 uncover the influence of such alteration on the development and pro-
84 gression of cancer. These insights can then be translated to clinical ben-
85 efits, including the development of reliable cancer biomarkers and
86 effective strategies for cancer prevention and therapy. Furthermore,
87 the rapid accumulation of transcriptomedata offers a unique opportuni-
88 ty to integrate and utilize these sources for cancer studies. Integrating
89 data from several studies, termed as meta-analysis, can also increase
90 the efficiency and reliability of the results.
91 Pancreatic cancer (PC) is one of themost lethal malignancies, where
92 no reliablemodality is available for the early detection of this disease (Yi
93 et al., 2013). The poor prognosis of PC is partly due to the late clinical
94 presentation and the lack of the effective early detection measures
95 (Wang et al., 2013). Due to the fact that most cancers show high degree
96 of instability (de la Chapelle and Hampel, 2010), finding more reliable
97 and stablemarkers for diagnosis of PC and other types of cancers is high-
98 ly desirable.
99 So far, there has been no report on the application of RNA-seq SSR or
100 sRNA-seq SSR, in cancer diagnosis. There is also no study on the integra-
101 tive analysis of SSRs using ESTs of different types of cancers. These types
102 of integrative analysis can rigorously increase generalizability and reli-
103 ability of findings. Here, for the first time, we have conducted RNA-seq
104 SSR and sRNA-seq SSR analyses to identify SSRs in peripheral blood
105 mononuclear cells (PBMCs). The results of RNA-seq SSR were further

106confirmed using the analysis of EST–SSRs in 11 different cancers. One
107of the main goals in this study was the identification of reliable bio-
108markers shared across a variety of cancers. Using SSR analysis, we iden-
109tified potential motifs for PC diagnosis as well as the other types of
110cancers.

1112. Material and methods

112In this study, we have developed a simple pipeline aiming to detect
113reliable biomarkers in cancer diagnosis. The overview of our workflow
114is illustrated in Fig. 1. In brief, the different types of datasetswere select-
115ed for SSR analysis, including RNA-seq and sRNA-seq data, EST libraries
116as well as microarray datasets. RNA-seq and sRNA-seq data were
117checked for quality and trimmed before SSR analysis, while EST libraries
118were directly used for SSR scanning. Then, to obtain differentially
119expressed (DE) SSRs, the number of SSRs was compared between
120cancerous and healthy libraries. To find target genes with DE SSRs, se-
121quences with specific altered SSRs were further extracted and annotat-
122ed. In the final step, Gene Ontology of target genes was performed. In
123the case of microarray data, the over- and down-expressed genes in
12411 cancers were obtained from our previous study (Alisoltani et al.,
1252014). After retrieval of sequences for over- and down-expressed
126genes, sequences were scanned for SSRs. Target genes with specific
127SSR motif were filtered and finally, the common altered genes across
128different cancers were selected. The details of each part of analysis are
129described below.

1302.1. Data collection

131Two sets of data includingRNA-seq and sRNA-seq data of blood sam-
132ple frompancreatic cancer (PC) patients were obtained from Short Read

Fig. 1.Workflow of SSR analysis across different cancers using RNA-seq and EST libraries as well as microarray datasets.
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