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Abstract. Background: Exosomes, cell-derived vesicles
encompassing lipids, DNA, proteins coding genes and
noncoding RNAs (ncRNAs) are present in diverse body
fluids. They offer novel biomarker and drug therapy
potential for diverse diseases, including cancer. Materials
and Methods: Using gene ontology, exosomal genes
database and GeneCards metadata analysis tools, a
database of cancer-associated protein coding genes and
ncRNAs (n=2,777) was established. Variant analysis,
expression profiling and pathway mapping were used to
identify putative pancreatic cancer exosomal gene
candidates. Results: Five hundred and seventy-five protein-
coding genes, 26 RNA genes and one pseudogene directly
associated with pancreatic cancer were identified in the
study. Nine open reading frames (ORFs) encompassing
enzymes, apoptosis and transcriptional regulators, and
secreted factors and five cDNAs (enzymes) emerged from the
analysis. Among the ncRNA class, 26 microRNAs (miRs), one
pseudogene, one long noncoding RNA (LNC) and one
antisense gene were identified. Furthermore, 22 exosome-
associated protein-coding targets (a cytokine, enzymes,
membrane glycoproteins, receptors, and a transporter)
emerged as putative leads for pancreatic cancer therapy.
Seven of these protein-coding targets are FDA-approved and
the drugs-based on these could provide repurposing
opportunities for pancreatic cancer. Conclusion: The
database of exosomal genes established in this study
provides a framework for developing novel biomarkers and
drug therapy targets for pancreatic cancer.

This article is freely accessible online.

Correspondence to: Dr. Narayanan, Department of Biological
Sciences, Charles E. Schmidt College of Science, Florida Atlantic
University, Boca Raton, FL, U.S.A. Tel: +1 5612972247, Fax: +1
5612973859, e-mail: rnarayan@fau.edu

Key Words: Carcinoma, drug targets, gene ontology, open reading
frame, non-coding RNAs, secretome.

Pancreatic ductal adenocarcinoma is predicted to overtake
breast cancer and become the third leading cause of cancer-
related deaths in the United States (1). Pancreatic cancer has
a very poor prognosis in most patients and seriously lacks
effective therapies. Early diagnosis continues to be a
challenge in clinics due to advanced-stage presentation.
Metastasis and resistance to current chemotherapeutics further
contributes to the poor prognosis (2). Most therapies for
pancreatic cancer still revolve around the use of ineffective
cytotoxic drugs. Novel drug targets and early-stage
biomarkers are urgently needed for this untreatable cancer.

Exosomes are 40-150 nm extracellular vesicles (EVs)
released by all cell types (3, 4). Exosomes are highly
heterogeneous (5) and likely reflect the phenotype of the cell
that generate them. Similar to cells, exosomes are composed
of a lipid bi-layer and contain all known molecular
constituents of a cell, including proteins, microRNAs (miRs),
mRNA, and DNA (6-8). This lipid bi-layer offers high
stability in body fluids, making the exosomes highly attractive
targets for diagnostic markers (9). Exosomal secretion
involves either a constitutive release via the trans-Golgi
network or by an inducible release mechanism (10). While the
precise function of the exosomes is unclear, it is suggested
they may be involved in removal of cellular waste (11).

The levels of exosomes in cancer patients are higher than
the levels found in normal patients (12-14). This phenomenon
may be due to altered physiology in diseased organs. Tumor-
derived exosomes have ant- tumorigenic properties including
induction of apoptosis and enhancement of anti-tumor
immunity as well as pro-tumorigenic properties such as tumor
growth, angiogenesis and progression (14-16). The exosomal
proteins, nucleic acids and noncoding RNAs detectable in
diverse body fluids offer novel biomarker potential for cancer
(17-20). For early detection of pancreatic cancer, secreted
biomarkers could make a significant improvement over the
current options (6, 21).

As an initial step towards developing a comprehensive
knowledgebase of pancreatic cancer exosomes, a working
database of cancer-associated exosomal genes was generated
using bioinformatics approaches. From this database of cancer
exosomal genes, pancreatic cancer targets encompassing
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protein-coding genes, open reading frames (ORFs) and non-
coding RNAs, (ncRNAs) including antisense, pseudogenes,
long noncoding RNAs (LNC) and microRNAs (miRs) were
identified. Enrichment analysis involving somatic mutations,
mRNA expression, genome-wide association, protein
expression and pancreatic cancer pathways enabled the
identification of pancreatic cancer lead candidate genes.
Druggable classes of proteins including enzymes, membrane
glycoproteins, receptors, and transporters were identified.
Seven protein-coding genes from these leads are current target
for FDA approved drugs. The targets identified in the study
offer a strong rationale for novel biomarkers discovery for the
diagnosis and therapy of pancreatic cancer.

Materials and Methods

Knowledge databases. Disease and knowledge-oriented databases
MalaCards (22), DisGeNET (23), UCSC genome browser (24) and
European Bioinformatics Institute (http://www.ebi.ac.uk/) were used
to obtain general information. The Gene Ontology tool, QuickGO (25),
was used to classify exosome-associated genes. Exosome
encyclopedia, Exocarta (26), was used to develop an initial working
database of exosomal protein-coding genes, ncRNAs, secreted
products in diverse body fluids and individual cancer-related genes.
Comprehensive bioinformatics analysis of the database of exosomal
genes was performed using the GeneALaCart tool from the LifeMap
GeneCards Suite (27). The GeneAnalytics Gene Analysis tool (27) was
used to categorize results into lists of matched tissues, cells, diseases,
pathways, compounds and gene ontology (GO) terms to enhance gene
set interpretation. Associations between genes and diseases/phenotypes
based on shared pathways, interaction networks and paralogy relations
were inferred using the VarElect NGS Phenotyper of the GeneCards
Suite (27). VarElect utilizes the Deep LifeMap Knowledgebase to infer
direct, as well as indirect, links between genes and phenotypes.
Indirect association between genes and disease are based on shared
pathways and interaction networks analysis.

Other bioinformatics analyses. Protein expression of the candidate
genes was investigated using the Human Proteome Map (28) and
the Proteomics DB (29). Genome-wide association was verified
using the NCBI Phenome- Genome Integrator (PheGenl) (30) and
the Genome-Wide Association Studies Catalogue, GWAS (31).
Clinical variations were verified using the ClinVar database (32).
Protein motifs and domains were verified using the Prosite-Expasy
(33). The protein-related information was obtained from the
UniProtKB (34). Cancer-related databases COSMIC (35),
cBIOPortal (36), International Cancer Genome Consortium (ICGC)
(37) and Oncomine (38) were used to verify cancer relevance of
hits. The Human Genome Nomenclature Committee was used to
verify the gene symbols used in the database (39).
Uncharacterized ORF proteins were compared against the dark
matter ORF database previously described (40). Various ncRNA
databases MIRMine (http://guanlab.ccmb.med.umich.edu/mirmine/),
MIR Cancer (41), mir2Disease (42), MIRDB (43), MIRTarBase
(44), miRFocus (http://mirfocus.org), LNC2Cancer (45), IncRNA
and Disease (46), IncRNA DB (47) and StarBase (48) were used to
verify long noncoding RNAs (Lnc RNAs), long intergenic RNAs
(Linc RNAs), micro RNAs (miRs), pseudogenes and antisense
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RNAs. Pancreatic cancer expression was verified using the Array
express from European Bioinformatics Institute (49), pancreatic
cancer database (http://www.pancreaticcancerdatabase.org) and
Pancreatic expression database (50). Other bioinformatics tools used
in the study have been described earlier (51, 52).

MicroRNA nomenclature. A capitalized "miR-" refers to the mature
form of the miRNA, while the uncapitalized "mir-" refers to the pre-
miRNA and the pri-miRNA, and "MIR" refers to the gene that
encodes them (53).

Results

Identification of exosomal genes by gene ontology. Gene
ontology provides a valuable approach to identify a broad class
of genes based on functional query. An initial database of
exosome-associated genes was developed using the QuickGo
gene ontology annotation tool encompassing known protein-
coding genes and uncharacterized Open Reading Frames
(ORF). Classes of exosomal proteins (cytoplasmic, nuclear,
extracellular, secreted, assembly, biogenesis and regulators)
were categorized (Figure 1). In addition to 2,777 known
protein-coding genes, uncharacterized cDNAs (n=6), ORFS
(n=9) were identified. A majority of the exosomal proteins were
extracellular (2748/2777). This initial database of exosomal
proteins provided the framework for cancer target discovery.

Datamining the ExoCarta database. ExoCarta, a vesicle
encyclopedia (Compendium on extracellular vesicles) is a
powerful consolidated exosome database encompassing
datasets and links to other bioinformatics resources for protein
coding genes (mRNAs and proteins), ncRNAs and lipid
particles. The entire database (V5, July 2015) was downloaded
and filtering options were used to classify output of genes into
classes of coding and noncoding genes (Figure 2). In addition
to the protein-coding genes (1,028) and mRNAs (1,767) the
noncoding miRs (1,308) were the largest class of genes
obtained from the ExoCarta database (Figure 2). This database
was cross- verified with the QuickGo-based working database
of exosomal proteins and a consolidated database was
generated. The consolidated database provided the starting
point for target(s) discovery by additional datamining.

Exosomal secretome genes. Secreted proteins and noncoding
genes (ncRNAs) present in diverse body fluids offer a
biomarker potential for early diagnosis and pharmacogenomics.
Hence it was of interest to sub-classify the database of
exosomal genes into expression profile, based on detection in
the body fluids (Figure 3). Exosomal gene expression was seen
in amniotic fluids, ascites, milk, serum, saliva, semen etc.
Urinary secretome encompassed the largest number of
exosomal genes (n=1,505). These secreted exosomal proteins
and ncRNAs would provide the basis for biomarker discoveries
for diverse cancers.
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Figure 1. Exosomal landscape. The Gene Ontology tool QuickGo (EBI) was used to enrich exosomal proteins using various filters. The number of

genes for each of the classes of exosomes is shown.

Cancer profile of the exosomal genes. ldentification of
exosomal genes present in individual cancer types is an
attractive starting point for cancer-specific target discovery.
Individual cancer-related exosomal genes were identified
using the Exocarta tool and the cancer profile of the
exosomal genes was established (Figure 4). Exosomal genes
were present in diverse cancer types including sarcomas,
carcinomas and leukemia. The largest number of hits was
seen for colon (n=1,615), hepatocellular (n=1,138),
neuroblastoma (n=1,279), ovarian (n=2,032), prostate
(n=1,048) and squamous carcinoma (n=904). Rat pancreatic
cancer genes identified in the study were used to identify the
human homologues (n=165). The cancer type- related set of
exosomal genes provide an opportunity for cancer-specific
target discovery.

Pancreatic cancer exosomal targets. The GeneCards Meta
analysis tool was used to develop pancreatic cancer
exosomal genes. The output data was filtered for protein
coding genes, RNA genes and pseudogenes (Figure 5). The
pancreatic cancer genes were further subjected to variant
analysis using the VarElect tool and genes predicted to be
directly related were identified. The list of genes included
protein coding genes (n=575), ncRNAs (n=26) and
pseudogene (n=1). The coding genes included druggable
classes of proteins (adhesion molecules, enzymes, receptors,
transporters, channel proteins), growth factors, cytokines and
chemokines, oncogenes and tumor suppressor genes.
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LINE RNAs |3
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Figure 2. Exosomal proteins and non-coding genes. The ExoCarta
database was classified into indicated class of coding and noncoding
genes. The numbers indicate the number of genes for each class of genes.

Enrichment of pancreatic cancer-associated exosomal
protein coding genes. The pancreatic cancer associated list
of exosomal genes shown in Figure 5 was subjected to
additional enrichment analysis using the VarElect and
GeneAnalytic tool of the GeneCards Suite. Exosomal
protein-coding genes related to pancreatic cancer pathways,
tissue specific expression, secretome nature and somatic
mutations were identified (Figure 6). Twenty-two protein-

coding  targets  (cytokines, enzymes, membrane
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Figure 3. Exosomal secretome. The ExoCarta database was data mined and classified into gene expression pattern for body fluid types. The numbers

represent the hits for each body fluid type.
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Figure 4. Cancer exosomal genes. The ExoCarta database was mined and indicated cancer type-associated proteins and ncRNAs. The numbers
indicate the number of hits for each of the cancer types. Data for non-human species (basophilic leukemia, mammary adenocarcinoma and pancreatic
cancer) are included. The human homologues of the rat pancreatic cancer genes were inferred from the functional annotation tool, DAVID.

glycoproteins, receptors, transporter) were shared across
pancreatic cancer pathways, expression, somatic mutations
and were in the secretome. These 22 exosomal proteins offer
lead potential for drug discovery.

Exosomal ncRNAs in pancreatic cancer. The pancreatic

cancer-related ncRNAs identified in Figure 5 were further
subjected to variant analysis using the VarElect tool. Twenty-
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four miRs, one pseudogene, one LNC RNA and one antisense
gene were identified as directly related to pancreatic cancer.
Two miRs (mir206 and mir30A) were indirectly related to
pancreatic cancer (Table I). These IncRNAs and miRs were
subjected to comprehensive datamining using diverse ncRNA
and miR databases as indicated in the Materials and Methods
Section. Fifteen of these miRs target 19 pancreatic cancer
exosomal protein-coding genes identified in the study. The
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Figure 5. Identification of pancreatic cancer exosomal genes. The
GeneCards database was mined for all cancers and pancreatic cancer-
associated exosomal genes. The VarElect tool was used to identify
directly associated genes with pancreatic cancer. The number of hits for
the indicated class of genes is shown.

IncRNAs, H19 and HOTAIR, were up-regulated in pancreatic
cancers (Inc2cancer and IncRNA database). In addition,
fifteen MIRs (MIR100, MIR10b, MIR125B1, MIR145,
MIR155, MIR196A1, MIR200A, MIR200C, MIR203A,
MIR21, MIR210, MIR212, MIR221, MIR222 and MIR23B)
were up-regulated and four MIRs (MIR126, MIR141,
MIR373 and MIR375) were down-regulated in pancreatic
cancer. Among the miRs identified, four of the MIRs
(MIR21, MIR34a, MIR155, and MIR221) were also causally
linked to pancreatic cancer as shown by multiple databases
(miR2sdisease, pancreatic cancer expression database, and
miR cancer). Furthermore, eight of the ncRNAs (H19,
MIR126, MIR141, MIR200a, MIR200c, MIR203a, MIR210,
MIR34a, MIR373 and MIR375) were amplified or deleted in
over 10% of the pancreatic cancer patients analyzed, n=109
(cBioPortal).

The MIRs (MIR200a, MIR200c, MIR203a, MIR210, and
MIR34a) showed a correlation of gene amplification (as
measured by cBioportal) with an up-regulation of gene
expression in the pancreatic cancers (pancreatic cancer
expression database). Expression of the miRs was detected
in blood, saliva, semen, serum, sperm, and plasma. These
exosomal and secreted LncRNAs and the miRs offer the
potential to develop a panel of biomarkers for pancreatic
cancer diagnosis.
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Figure 6. Profiling of pancreatic cancer exosomal protein coding genes.
Using the VarElect and GeneAnalytics tool of the GeneCards Suite,
pancreatic cancer genes were enriched for mutations, expression,
pathways and secretome. The number of genes for each classifier is shown.

Novel pancreatic cancer ORF protein targets. QuickGo gene
ontology analysis identified (see Figure 1) six uncharacterized
cDNAs, two of which shared the same symbol and was
therefore considered a single gene, and nine ORFS.
Reasoning that these uncharacterized genes may offer a
potential for novel target discovery, these genes were
subjected to a comprehensive bioinformatics analysis (Table
II). The novel protein targets were classified into enzymes,
secretome, transcriptional regulator and transmembrane
proteins. Expression in diverse body fluids was detected for
the ORFs. Genetic association studies revealed an association
with asthma, cancer, diabetes, inflammation, obesity,
osteoporosis, bone density, metabolic syndrome X, chronic
kidney disease and substance-related disorders. Nine of the
uncharacterized proteins (Cllorf54, C160rf69, C170rf80,
C190rf18, Clorf123, C5orf46, C6orf120, EXOSC2 and
MARKS3) were up-regulated and three of the RNA-processing
enzymes (EXOSC8, EXOSC9 and EXOSC10) were down-
regulated in pancreatic cancer. Furthermore, eight of these
uncharacterized proteins (C170rf80, C190rf18, Clorf123,
C2orf16, C6orf120, EXOSC2, EXOSC10 and MARK3) were
found to be altered in more than 5% of the pancreatic cancer
patients (ICGC dataset). Transcriptome and proteome analysis
revealed that the ORFs (C19orf18, C160rf89, C2o0rf16,
C50rf46 and C6orf120) had expression in limited tissues and
were absent in the pancreas.

Putative pancreatic cancer exosomal lead genes. The 575

exosomal genes directly related to pancreatic cancer
identified by variant analysis (Figure 5), were further
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Table 1. Pancreatic cancer exosomal ncRNAs.

ncRNAs Description Expression in body fluids miRFocus - Lead Protein-
(Symbols) (Exocarta) Coding Targets
H19 H19, Imprinted Maternally

Expressed Transcript
HOTAIR
HSP90AA2P
Class A Member 2, Pseudogene
MIR100 MicroRNA 100

MIR10B MicroRNA 10b
MIR125B1 MicroRNA 125b-1
MIR126* MicroRNA 126
MIR141%* MicroRNA 141

MIR145 MicroRNA 145

MIR1559 MicroRNA 155
MIR193B MicroRNA 193b
MIR196A1 MicroRNA 196a-1
MIR200A MicroRNA 200a
MIR200C MicroRNA 200c
MIR203A MicroRNA 203a
MIR206 MicroRNA 206
MIR219 MicroRNA 21
MIR210 MicroRNA 210
MIR212 MicroRNA 212
MIR2219 MicroRNA 221
MIR222 MicroRNA 222
MIR23B MicroRNA 23b
MIR29A MicroRNA 29a
MIR29C MicroRNA 29c¢
MIR30A MicroRNA 30a
MIR34AY MicroRNA 34a
MIR373% MicroRNA 373
MIR375* MicroRNA 375
MIRLET7A1 MicroRNA Let-7a-1

HOX Transcript Antisense RNA
Heat Shock Protein 90 Alpha Family

Blood, saliva, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma
Saliva, semen, sperm
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm
Blood, saliva, semen, serum, sperm
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm
Blood, saliva, semen, serum, sperm
Blood, saliva, semen, serum, sperm
Blood, saliva, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm
Blood, saliva, semen, serum, sperm, plasma
Blood, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma
Blood, semen, serum, plasma
Blood, saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma
Semen, sperm
Saliva, semen, serum, sperm, plasma
Blood, saliva, semen, serum, sperm, plasma

CASP7, IGFBP3, SMO

PTEN

MET, TBHS1
PTEN
CASP3

BIRCS, TNF
MET

FASLG, MMP2, MMP9, PTEN, TGFBI1

CASP3, PTEN

MET, PTEN, SRC
PTEN

THBS1, BAX, MET
MAP2K1, MET, MST1, RALB

CASP3, IGFBP3

CASP3, CASPS, THBS1

The exosomal ncRNAs identified in the study were analyzed using pancreatic cancer expression, mutations and ncRNA databases. Up-regulated
ncRNAs in pancreatic cancer are shown bolded. Over 10% of the patients showing gene amplifications or deletions are underlined. The miR targets
for the 22 protein coding genes were identified by miRFocus tool. *Down-regulated in pancreatic cancers, 9Causally linked.

enriched using filters encompassing somatic mutations,
pathways, secretome nature and expression in the pancreatic
juice. Twenty-two putative exosomal lead proteins emerged
from these studies. These proteins encompassed druggable
classes (enzymes, transporters and receptors), a cytokine,
tumor suppressor genes and proteins involved in apoptosis,
cell proliferation and differentiation, angiogenesis and genes
involved in nucleotide and protein binding (Table III).
Fifteen proteins ATP binding cassette subfamily B
member 1 (ABCB1), BCL2 associated X, apoptosis regulator
(BAX1), baculoviral TAP repeat containing 5 (BIRCS),
caspase 3, apoptosis-related cysteine protease (CASP3),
caspase 8, apoptosis-related cysteine protease (CASPS),
CD82 antigen (CD82), Fas ligand (FASLG), Insulin like
growth factor binding protein 3 (IGFBP3), MET proto-
oncogene, receptor tyrosine kinase (MET), matrix
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metallopeptidase 2 (MMP2), matrix metallopeptidase 9
(MMP9), smoothened, frizzled class receptor (SMO), SRC
proto-oncogene, non-receptor tyrosine kinase (SRC),
transforming growth factor beta 1 (TGFB1) and tumor
necrosis factor (TNF) were up-regulated in pancreatic cancer.
Some of the up-regulated proteins (BIRCS, FASLG, SMO
and TNF) were also found to be down-regulated in distinct
patient samples suggesting patient-specific variations.
Genetic association studies revealed that the proteins BIRCS,
FASLG, SMO and TNF had association with multiple
cancers including pancreatic neoplasm. These four proteins
also showed restricted expression in multiple tissues and
were absent in the normal pancreas. The ICGC dataset
analysis showed that the proteins ABCB1, MET, MMP2,
Phosphatase and Tensin Homolog (PTEN) and TGFBI1
harbored mutations in more than 10% of the pancreatic
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Table II. Pancreatic cancer exosomal uncharacterized proteins.

Uncharacterized Symbol Motifs/Function Secreted in Exosomal miR Targets

proteins/cDNAs (miRFocus)

Cllorf52 Cllorf52 Extracellular exosome Urine, milk

Cllorf54 Cllorf54* Ester hydrolase/protein, zinc ion binding Cerumen, saliva, seminal hsa-mir-375

plasma, urine
C160rf89 C160rf89* Gonadotropin, beta chain/protein Cerumen, cerebrospinal
homodimerization activity fluid, proximal fluid, urine

C170rf80 C170rf80* TM Domain/cell migration-inducing hsa-mir-125b-5p,
hsa-mir-155-5p

C19orf18 C190rf18* Signal peptide, secreted transmembrane

Clorf123 Clorf123%* Signal peptide, secreted transmembrane Milk

C2orf16 C2orf16 P-S-E-R-S-H-H-S repeats containing DNA pol viral Urine

N superfamily/enzyme, transcriptional regulator
C5orf46 C5Sorf46* Skin and saliva secreted protein, extracellular exosome Saliva
C6orf120 Céorf120* Signal peptide/may be involved in induction
of apoptosis in CD4(+) T-cells, but not Hepatocyte secretome
CDS8(+) T-cells or hepatocytes.

cDNA FLJ33193 EXOSC2* Exosome_RNA_bind1/Hydrolase hsa-mir-30a-3p,

fis, clone hsa-mir-155-5p

ADRGL2005838,

highly similar to

Exosome complex

exonuclease RRP4

(EC3.1.13.-)

DKFZp564C0482 EXO0SCs? ExoRNase_PH_dom1/Exosome RNA processing

c¢DNA FLJ55260, EXOSC9# ExoRNase_PH_dom1/RNA processing

highly similar to

Exosome complex

exonuclease RRP45

(EC3.1.13.-)

cDNA FLJ59618, EXOSC10# RNaseH-like_dom/3'-5' exonuclease hsa-mir-30a-5p, hsa-mir-

highly similar to 193b-3p, hsa-mir-222-3p

Exosome

component 10

Full-length cDNA MARK3* KA1/UBA (kinase-ubiquitin associated)

clone CSODEOO6YMO9
of Placenta of Homo
sapiens (human)

dom/microtubule cytoskeleton organization

The uncharacterized ORF proteins were characterized using the Dark matter ORF database. The cDNAs were analyzed using the UniProtKB
database. Approved symbols, protein motifs and function are shown. Disease association was inferred from DisGeNet, MalaCards, GWAS catalogue
and the NCBI PheGenl databases. *Up-regulated in pancreatic cancer, #*down-regulated in pancreatic cancer; over 5% of the patients showing gene

amplifications or deletions are underlined. Genes with restricted expression and lack of expression in normal pancreas are in bold.

cancer patients. Interestingly, nineteen of the twenty-two
pancreatic cancer exosomal proteins were also targets for the
exosomal miRs identified in the study.

Comparison of these 22 protein targets against the
DrugBank list of targets identified seven Federal Drug
Administration (FDA) approved targets for diverse cancers.
These targets include Mitogen-activated protein kinase
kinase 1.

MAPKI1 (metastatic melanoma, unresectable melanoma),
MET (Advanced renal cell carcinoma, progressive metastatic
medullary thyroid cancer), MMP2 (angiogenesis and

metastasis inhibitor), MMP9 (angiogenesis and metastasis
inhibitor), SMO (Locally advanced basal cell carcinoma,
metastatic basal cell carcinoma), SRC (Chronic myelogenous
leukemia) and TNF (multiple myeloma).

Discussion
Extracellular vesicular exosomes are becoming attractive
targets for diagnosis and therapy and may provide a basis for

drug delivery. Secretion of proteins and miRs in the exosomes
provides a framework for biomarkers development. The field
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Table III. Pancreatic cancer exosomal genes.

Symbol Gene name Function Exosomal mir targets
ABCB1* ATP binding cassette subfamily B member 1 ATPase/transporter
BAX* BCL2 associated X, apoptosis regulator Apoptosis regulator mir-30a-5p
BIRCSY Baculoviral IAP Repeat Containing 5 Apoptosis inhibitor mir-203a-3p
CASP3*  Caspase 3, apoptosis-related cysteine protease Apoptosis regulator and B/T cell let-7a-5p, mir-196a-5p,
homeostasis, endopeptidase activity mir-221-3p, mir-375
CASP7 Caspase 7, apoptosis-related cysteine protease Apoptosis regulator, endopeptidase activity mir-125b-5p
CASP8*  Caspase 8, apoptosis-related cysteine protease Apoptosis regulator, B/T cell activation, let-7a-5p
endopeptidase activity
CD82* CD82 Antigen Tumor suppressor and costimulatory signalling
FASLGY Fas ligand Cytokine let-7a-5p, mir-21-5p
IGFBP3*  Insulin like growth factor binding protein 3 Binding protein mir-125b-5p, mir-375
MAP2K1 Mitogen-activated protein kinase kinase 1 Mediates cell growth, adhesion, mir-34a-5p
survival and differentiation
MET* MET proto-oncogene, Protein tyrosine kinase activity, mir-23b-3p, mir-30a-5,
receptor tyrosine kinase MAPK cascade, cell proliferation mir-34a-5p, mir-155-5p, mir-206
MMP2* Matrix metallopeptidase 2 Angiogenesis, protein binding, endopeptidase activity mir-21-5p
MMP9* Matrix metallopeptidase 9 Endopeptidase activity, protein binding, mir-21-5p
negative regulation of apoptosis
MST1# Macrophage stimulating 1 Endopeptidase activity, protein binding mir-34a-5p
PRSS1# Protease serine 1 Endopepetidase
PTEN Phosphatase and Tensin Homolog Tumor suppressor mir-21-5p, mir-23b-3p,
mir-29a-3p, mir-141-3p,
mir-193b-3p, mir-221-3p
RALB RAS-like Proto-oncogene B GTP binding and GTPase activity, apoptotic process mir-34a-5p
SMOY Smoothened, Frizzled Class Receptor G Protein-Coupled Receptor mir-125b-5p
SRC* SRC proto-Oncogene, Non-receptor Protein kinase activity, cell proliferation, mir-23b-3p
tyrosine kinase protein binding
TGFB1* Transforming growth factor beta 1 Growth factor receptor binding, cell migration mir-21-5p
THBS1* Thrombospondin 1 Angiogenesis, tumorogenesis, cell proliferation, let-7a-5p, mir-30a-3p,
cell migration, apoptosis, cell adhesion mir-30a-5p, mir-155-5p
TNFY Tumor necrosis factor Cell proliferation, differentiation, apoptosis mir-203a-3p

The lead known protein-coding genes are shown. Gene symbols, HGNC approved names and functional class is shown. *Up-regulated in pancretic
cancer, #down-regulated in pancretic cancer (Pancreatic Expression database), Ygenetic association with neoplasms (DisGeNet). Genes with restricted
expression and lack of expression in normal pancreas are bolded. Targets showing mutations >10% of the patients analyzed by ICGC are underlined.

Target exosomal miRs were identified using the miR Focus.

of exosomes research is continuing to evolve rapidly. In the
last twenty years, the number of peer-reviewed publications
on exosomes has increased exponentially. The precise
function of the exosomes in normal cell physiology and in
pathogenesis of diseased phenotype is unclear. Accumulating
knowledgebases of exosomes in cancer (54), neurological
(55), metabolic and cardiac disease (56), immune function
(57) and virus infections (58) is beginning to provide a strong
rationale for intervention and therapy for diverse diseases.
Increasing results demonstrate the relevance of exosomal
proteins and miRs in the progression of pancreatic cancer
(59-61). In pancreatic ductal adenocarcinoma (PDAC)
patients, serum-derived exosomes possess significantly
higher glypican-1 (GPC1) in 100% cases when compared to
the exosomes from healthy donors (12). MET proto-
oncogene, receptor tyrosine kinase (MET) is implicated in
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chemoresistance in PDAC and offers a therapeutic target
(62). The PRSS1 gene intron mutations may be a common
perturbation in chronic pancreatitis of pancreatic cancer (63).

In PDAC, the involvement of different microRNAs
including miR-10a, miR-21, miR-34a miR-150, miR-155,
miR-203, miR-210, miR-212-3p let-7, miR-744, miR-1246
and others are documented in several studies (64). Exosomal
microRNA such as miR-212-3p, miR-203, miR-21 have been
shown to enhance invasion, modulate immune response and
drug resistance (65, 66).

In addition to miRs, long non-coding RNAs (IncRNA) were
also identified in the study. One of the IncRNAs, HOX
Transcript Antisense RNA (HOTAIR) has been shown to be
strongly up-regulated in the saliva of pancreatic cancer patients
(67). The H19, imprinted maternally expressed transcript (H19)
is involved in promotion of pancreatic cancer metastasis
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perhaps by involving epithelial-mesenchymal transition (68).
Polymorphisms in the HI9 gene is associated with risk for
bladder cancer development (69). The pseudogene, heat shock
protein 90 alpha family class A member 2, pseudogene
(HSP90AAZ2P) is significantly associated with perineural
invasion and may provide a biomarker (70).

The 22 lead candidate protein-coding genes identified in
this study include several druggable classes such as enzymes
(protease, metallopeptidases, kinases, GTPase and caspases);
receptor (Frizzled Class) and transporters (ATP binding
cassette). In addition, cytokines, growth and angiogenic
factors were also identified.

Seven of these targets (MAPK1, MET, MMP2, MMP9,
SMO, SRC and TNF) are FDA approved drug targets and the
drugs are already used in the clinic for diverse cancer therapy.
These drugs can be readily repurposed for pancreatic cancer
treatment. The other fifteen proteins identified in the study offer
new opportunities for cancer-related drug discovery efforts.

Nine exosomal ORF proteins and five cDNAs were
identified in the study. These novel uncharacterized genes
included enzymes (RNA processing exosomal enzymes),
transcriptional regulators and secreted molecules. The cancer
association of the Cl16orfl19 (Lung cancer, renal cell
carcinoma), C5orf46 (Renal cell carcinoma), EXOSC2
(Liver neoplasms) and MARK3 (brain stem astrocytic
neoplasm) provides additional tumor markers potential. The
C5orf46 skin and saliva secreted extracellular exosomal
protein may provide a noninvasive diagnostic potential (71).

The 22 exosomal protein-coding genes identified in the
study in turn were regulated by the exosomal miRs (Tables
I and III). This suggests a network of gene regulation for
these pancreatic cancer exosomal targets. Further
investigations with these genes might offer a potential for
development of multiple markers for diagnosis.

Pancreatic cancer diagnosis and therapy needs urgent
molecular targets. The poor prognosis of pancreatic cancer
due to advanced-stage presentation in most patients
necessitates the discovery of novel, reliable, and non-invasive
or minimally invasive biomarkers for early detection. The
database of pancreatic cancer-related secreted exosomal genes
and ncRNAs identified in this study could offer clinical
relevance in early detection, improved prognosis and
development of targeted therapies. The database of genes
developed in the study will be made available freely to
investigators as supplemental table upon request.

In summary, the results demonstrate the usefulness of
bioinformatics approaches to pancreatic cancer target
discovery. The database of pancreatic cancer exosomal
proteins and miRs established in the study provides a starting
point for discovery of novel diagnostics and therapeutics. A
panel of pancreatic cancer related biomarkers encompassing
the protein coding genes and ncRNAs can be tested for
clinical validation.
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