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 Pancreatic cancer is an abhorrent malignancy with limited diagnostics and 

response to drug therapy. It is believed that noncoding RNAs (ncRNAs) will further the 

understanding behind the mechanisms of pancreatic cancer development and progression, 

providing a novel approach for drug development and biomarker discovery. Therefore, a 

database of pancreatic cancer ncRNAs was established using bioinformatics and text 

mining approaches. These ncRNAs were characterized for RNA expression, copy number 

variation, disease association, single nucleotide polymorphisms, secretome analysis, and 

identification of protein targets. Exosomal proteins and ncRNA identified through this 

study provide the basis for noninvasive diagnostic potential. Additionally, a secreted 

microRNA, MIR3620, emerged from this study as a potential prognostic and diagnostic 

biomarker for pancreatic cancer.  By analyzing MIR3620 and its protein targets, a 

mechanism of regulation for these genes in contributing to the progression and 

development of pancreatic cancer was established. 
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SPECIFIC AIMS

 

Aim 1: To establish a database of noncoding RNAs related to pancreatic cancer. 

 A working database of pancreatic cancer-related genes will first be established 

using bioinformatics approaches. This database of genes will be enriched for noncoding 

RNAs (ncRNAs), including microRNA (MIRs), antisense genes, long noncoding RNA 

(lncRNA), and long intergenic noncoding RNA (lincRNA). The database of ncRNAs 

developed will provide the basis for pancreatic cancer-specific gene discovery. 

Aim 2: To establish pancreatic cancer association of the ncRNAs. 

  From the working database, the pancreatic cancer- associated ncRNAs will be 

identified using cancer genome analysis tools. The ncRNA hits will be chosen based on 

statistical relevance (>10% of patient’s samples). These ncRNA hits will be text-mined to 

enrich for previously uncharacterized novel targets. The ncRNA hits obtained will be 

examined for secreted nature (secretome analysis) to facilitate the identification of a non-

invasive diagnostic biomarker for pancreatic cancer. 

Aim 3: To characterize a lead ncRNA target for pancreatic cancer diagnosis.  

Putative lead ncRNA targets will be identified using differential expression in 

tumor vs. normal tissues and body fluid expression profile. One of these putative leads 

will be chosen (expression specificity, GWAS, co-occurrence, statistical significance and 

pancreatic cancer pathway/interactome analysis) for additional bioinformatics 

characterization. The corresponding protein targets regulated by the ncRNA will be 

identified using ncRNA-targets identification tools. These protein targets will be 
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subjected to additional cancer genome analysis and pathway/interactome mapping to 

establish ncRNA function and pancreatic cancer therapeutic and/or diagnostic targets. 
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CHAPTER 1: BACKGROUND AND SIGNIFICANCE

Pancreatic Cancer 

 

I. Types of pancreatic cancer 

 There are two categories of pancreatic cancer, exocrine tumors and endocrine 

tumors. Pancreatic adenocarcinoma is the most common type of exocrine tumor. 

Pancreatic adenocarcinoma usually forms in the pancreatic duct where it is referred to as 

pancreatic ductal adenocarcinoma (PDAC). It comprises 95% of pancreatic cancers (1). 

Occasionally, pancreatic adenocarcinoma can develop from the acinar cells of the 

pancreas and is termed acinar cell carcinoma. There are several other types of exocrine 

cancers such as adenosquamous carcinoma, squamous cell carcinoma, signet ring cell 

carcinoma, undifferentiated carcinoma, and undifferentiated carcinoma with giant cells 

(2). 

 In addition to exocrine tumors, the pancreas may also develop neuroendocrine 

tumors (NETs). NETs comprise no more than 5% of all pancreatic cancers and develop 

from the islet cells of the pancreas (3). NETs are usually diagnosed by higher than normal 

levels of hormones in the blood. These types of tumors are termed functioning NETs. 

Functioning NETs include gastrinomas, insulinomas, glucagonomas, somatostatinomas, 

VIPomas (vasoactive intestinal peptide), and tumors involving pancreatic polypeptide, 

termed PPomas (4). The most common NETs are insulinomas and gastrinomas. In 
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general, patients diagnosed with a NET have a significantly better prognosis than patients 

diagnosed with PDAC or other exocrine tumor (5). 

II. Facts and statistics 

Pancreatic ductal adenocarcinoma is a lethal malignancy characterized by poor 

prognosis, aggressive metastasis, and a lack of effective treatments. The American 

Cancer Society: Cancer Facts & Figures 2017 projected that approximately 53,670 

Americans were diagnosed with pancreatic cancer last year. Within one year of this 

diagnosis, a predicted 43,090 will die from this disease (2). Additionally, the average life 

expectancy of a patient diagnosed with pancreatic cancer is three to six months. The five-

year survival rate for PDAC is only 5% (6). By 2030, PDAC is expected to overtake 

colorectal cancer as the second leading cause of cancer-related deaths (7).  

Pancreatic cancer risk factors include cigarette smoking, age (nearly 66% of 

patients are at least 65 years old), genetics, pancreatitis, type II diabetes, obesity, and 

family history. Risk factors related to family history are typically due to inherited 

diseases such as hereditary breast and ovarian cancer syndrome, familial atypical multiple 

mole melanoma syndrome, familial pancreatitis, Lynch syndrome, Peutz-Jeghers 

syndrome, and Vonn-Hippel-Lindau syndrome (8). 

III. Current diagnostics 

Pancreatic cancer’s poor prognosis is due to several factors: it is highly aggressive 

and drug-resistant, has no distinctive symptoms, and displays a lack of reliable early 

diagnostics (9). Current methods used to diagnose PDAC include various imaging scans 

(magnetic resonance imaging, computed tomography, ultrasound, 

cholangiopancreatography) as well as two tumor markers, carbohydrate antigen 19-9 
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(CA19-9) and carcinoembryonic antigen (CEA). CA19-9 is the most common blood test 

for pancreatic cancer diagnosis; however, it is also detectable in other cancers and 

nonmalignant ailments such as pancreatitis, cirrhosis, and pseudocysts (10). When CA19-

9 is combined with other markers, such as CEA and CYFRA21-1 (a non-small cell lung 

carcinoma biomarker), or CA242, sensitivity and specificity for pancreatic cancer 

increases (10).  Even if these biomarker panels become common diagnostics, PDAC still 

remains difficult to diagnose early due to lack of overt symptoms. The most common 

symptoms suffered by PDAC patients are digestive and flu-like in nature. These 

symptoms may not be specific enough for a patient to seek medical counsel, or for a 

clinician to attempt an early diagnosis. By the time of diagnosis, 45%-55% of patients 

will have metastatic pancreatic cancer, where the tumor has infiltrated arteries, veins, and 

possibly organs (11). Innocuous symptoms and aggressive spread make development of 

early, cost-effective diagnostic biomarkers imperative for PDAC patients.  

IV. Status of current therapeutics 

The preferred treatment for PDAC is chemotherapy with gemcitabine in addition 

to or in lieu of resection. While resection followed by therapy is the only known curative 

for patients, most patients will relapse within one year of surgery (9). Efforts to improve 

overall survival involve the use of gemcitabine in combination with other 

chemotherapeutics as adjuvant therapy (9). Common chemotherapeutics used in 

conjunction with gemcitabine include cisplatin, paclitaxel, capecitabine, epirubicin, or 

FOLFIRINOX (folinic acid, fluorouracil, irinotecan, oxaliplatin) (9). Even with 

treatment, the overall survival for patients is approximately one year for chemotherapy 

alone and about 2.5 years for resection plus therapy (9). 
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The ineffectiveness of current treatments to provide long-lasting and complete 

remission has led to intense research in examining and identifying possible molecular 

targets for therapy. Ruxolitinib and capecitabine combination therapy has shown promise 

inhibiting JAK/STAT pathway and entered phase III clinical trials as of 2015 (12). 

Federal drug administration (FDA) approved the use of erlotinib and gemcitabine 

combination therapy to target EGFR (epidermal growth factor receptor) in 2007 (13). 

Gefitinib and gemcitabine also showed potential in targeting EGFR in a phase II trial that 

began in 2008 (14). Another promising drug combination involves targeting hyaluronic 

acid (a component of tumor stroma) with drug name PEGPH20, gemcitabine, and 

abraxane (nab-paclitaxel) and is a currently ongoing study (15).  

Other treatment studies include testing various types of immunotherapy. One of 

the most promising studies involves CD40 protein, which improves T-cell immune 

responses and induces cancer regression (9). Other immunotherapies include vaccines, 

monoclonal antibodies, and adoptive cell transfer, which involves using patient’s own T-

cells, modifying them, and reintroducing them to the patient (9). Despite various 

treatment experiments, overall survival is only increased by a few months, with no long-

term curative for most patients. 

V. Genetics of pancreatic cancer 

Abnormal cellular growth and division characterize transformation from healthy 

cell to neoplasm. The accumulated mutations enable the acquisition of further traits 

contributing to cancer progression. These common aberrations include uncontrolled 

proliferation, evasion of growth suppressors, invasion and metastatic potential, 

immortality, induction of angiogenesis, and apoptotic resistance (16). 
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 Genes frequently mutated in pancreatic cancer include KRAS proto-onocogene 

(KRAS), cyclin-dependent kinase inhibitor 2 (CDKN2), mothers against decapentaplegic 

homolog 4 (SMAD4), breast cancer-associated 2 (BRCA2), mutL homolog 1 (MLH1), 

protease serine 1 (PRSS1), and TP53 (9). Common pathways perturbed by these gene 

mutations involve ErbB signaling, PI3K/Akt, JAK/STAT, TGF-β/Smad4 (17), p53, 

VEGF, Hedgehog, Notch (18), Wnt, and Ras/MAPK pathways (9, 19).  

In pancreatic cancer, activation of JAK/STAT by EGFR initiated ErbB signaling 

results in galvanizing PI3K/Akt, which in turn actuates the MAPK/ERK kinase pathway 

(9). PI3K/Akt and MAPK/ERK pathways modulate cell cycle, proliferation, invasion, 

and inhibition of apoptosis. An alternative to the activation of PI3K/Akt and MAPK/ERK 

in pancreatic cancer results from alteration to TGF-β/Smad4 signaling where TGF-β is 

overexpressed due to loss of SMAD4. Other pathways such as Hedgehog, Notch, and 

Wnt are typically active in embryonic development and deactivated in adult tissues (18). 

In cancer, these pathways are activated and contribute to proliferation, differentiation, 

growth, and invasion (18). 

Noncoding RNA 

 

I. Introduction 

The noncoding region of the genome was once thought extraneous and 

functionless. However, it is becoming increasingly apparent that the ncRNAs play a 

critical role in gene regulation. Noncoding RNAs (ncRNAs) have been identified as key 

molecules in nearly all disorders including alcoholism (20), dermatology (21), and autism 

spectrum disorder (22).  
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Long noncoding RNA (lncRNA) are segments of RNA, at least 200 nucleotides 

long, found within introns of a gene while long intergenic noncoding RNA (lincRNA) 

may span the introns of more than one gene (23). These genes may exhibit splicing and 

5’ capping, much like mRNA, and present in sense or antisense orientation (23-25). The 

lncRNA modifies expression by binding to its target gene and blocking or signaling 

transcription, modifying histones, altering methylation, and regulating miRs by 

sequestration (25-27). lncRNAs target very specific genes or gene families while miRs 

target hundreds of genes that may be unrelated (25, 27-29).  

MicroRNA were first identified in C. elegans in 1993 and linked to 

posttranscriptional regulation in larval development (30, 31).  By 2000, another miR, let-

7 was discovered. In 2001, lin-4 and let-7 were recognized as a new class of ncRNA that 

were found across species including Drosophila and humans (32-34). Through these 

model organisms, miRs were classified as sequences comprised of 22 nucleotides capable 

of moderating gene function.  

MicroRNAs have a distinct hairpin loop structure that is activated by Drosha 

(nucleus) and DICER (cytoplasm), before being loaded onto ribonucleoprotein (RNP) 

complex RISC, RNA-induced silencing complex (35). Once loaded onto the RISC 

complex, the 5’ UTR of the miR can bind either the 3’ or the 5’ UTR of mRNAs (35). If 

the miR binds the mRNA in partial complement, the result is repression of translation. If 

the miR binds the mRNA perfectly, the mRNA is cleaved and cannot be translated, as 

described in Figure 1 (35). 
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Figure 1: Mechanism and regulation of miRNA. The processing of miRNA from 

primary transcript to mature miR is shown (35). 

 

II. ncRNAs in cancer 

The role of miRs in cancer is well documented. They may promote oncogenesis 

(“oncomirs”) or act as tumor suppressormirs (28). Overexpressed oncomirs inhibit 

expression of tumor suppressor genes while decreased expression of tumor suppressor 

miRs result in overexpression of oncogenic targets (28). Likewise, lncRNAs play critical 

roles in known cancer processes including differentiation, regulation of cell cycle, 

proliferation, and apoptosis (25).  

There are many ncRNAs involved in cancer progression. Examples of well-

established ncRNA include miR-21, miR-221, miR-155, miR-10b, H19 (H19, Imprinted 

Maternally Expressed Untranslated MRNA), HOTAIR (HOX transcript antisense 

intergenic RNA), HOTTIP (HOXA transcript at the distal tip), and MALAT1/metastasis-

associated lung adenocarcinoma transcript 1 (9, 24). These up-regulated ncRNA are 
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responsible for moderating key genes in pancreatic cancer development, such as PTEN 

(phosphatase and tensin homolog), EGFR, and SMAD4 (24). Likewise, down-regulated 

noncoding RNAs are found in pancreatic cancer as well and promote its progression. 

Examples include miR-203, miR-146a, miR-143, miR-126, and miR-34a (9, 24). These 

down-regulated miR contribute to the increased expression of KRAS, AKT (AKT 

serine/threonine kinase), STAT3 (signal transducer and activator of transcription 3), and 

TP53 in pancreatic cancer (24). Additionally, ncRNA contribute to the resistance (miR-

21, miR-221, HOTTIP, and MALAT1) or sensitivity (miR-146a, miR-143, miR-205, and 

miR-34a) of chemotherapy (36, 37).  

While ncRNA are primarily located in the cell, they have been identified 

circulating in diverse body fluids as well and may provide early diagnostic and 

prognostic potential (24, 38). For example, the serum of pancreatic cancer patients 

contains elevated levels of miR-200a/b. These miRs have been proposed as potential 

markers of early diagnosis and therapeutic response (39). There are currently no FDA 

approved diagnostic miRs. However, the FDA approved a lncRNA, PCA3 (prostate 

cancer gene 3), for the diagnosis of prostate cancer in 2012 (40).  

III. ncRNA as therapeutic targets 

The therapeutic advantage of microRNAs has shown promising results. Strategies 

targeting miRs for cancer therapy focus on disrupting the role of oncomiRs and restoring 

the function of suppressormiRs (35). Inhibitors of miRNA consist of anti-microRNA 

antisense oligodeoxyribonucleotides (AMOs), locked nucleic acid anti-miRs (LNA anti-

miRs), antagomirs, miRNA sponges, and small-molecule inhibitors of miRNAs, 

otherwise known as SMIRs (35). Likewise, miRNA restoration drugs include small 
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molecules, miRNA mimics, and miRNA expression vectors (35).  Figure 2 shows some 

commonly used miR therapeutics and delivery methods. 

Anti-miRs are derivatives of AMOs, with each type incorporating modifications 

to their structure. For example, LNA anti-miRs contain an extra methylene bridge 

between the 2’-O atom and the 4’-C atom. This modification provides metabolic and 

thermal stability (35). Antagomirs are designed with cholesterol in their structure for 

stability and protection from degradation (35). Both have proven effective in preclinical 

trials with a LNA, antimiR-122, having completed phases I and II trials for hepatitis C 

virus (35, 41). Other anti-miRs currently undergoing phase I trials are antimiR-103/107 

for the treatment of type 2 diabetes and antimiR-155 for targeted therapy against 

cutaneous T cell lymphoma (41). The remaining methods of miRNA inhibition, miR 

sponges and SMIRs, are also undergoing preclinical studies. Sponges and SMIRs exert 

their effects by sequestering target miRNA (sponges) or, in the case of SMIRs, inhibiting 

the maturation of the miR or blocking interaction with its target (35). Use of small 

molecules to restore miR function is possible as well by inducing miR expression rather 

than inhibiting it. Meanwhile, miR mimics are designed as double stranded miR-like 

molecules that can interact with RISC and exert affects similar to the miR they were 

designed to mimic. MicroRNA mimics are currently in phase I clinical trials for 

scleroderma (miR-29 mimic), mesothelioma and non-small cell lung carcinoma (miR-16 

mimic), and miR-34 mimics for several solid tumors such as prostate, lung, and liver 

(41).  
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Secretome 

 

I. Background 

   The secretome comprises all organic and inorganic substances released by cells, 

tissues, organs, and organisms (42). Examples include circulating tumor cells, cell-free 

nucleic acids, and exosomes (which may also contain cell-free nucleic acids). Circulating 

tumor cells (CTCs) are cells that develop from the primary tumor and can be isolated 

from blood, with some studies having been successful in using CTCs as diagnostics for 

pancreatic cancer (43). The secretome in the scope of this proposal, however, refers 

solely to exosomes. 

Exosomes are 40-150 nm extracellular vesicles with a lipid bilayer membrane. 

They may contain any or all molecular components of a cell including DNA, RNA, 

lipids, and protein (44). The lipid bilayer surrounding this cargo bestows stability to the 

exosome, allowing it to evade degradation in various body fluids (45). Figure 2 shows the 

basic structure of an exosome. The physical appearance of this membrane is specific to 

the cell type of origin (44). All cell types shed exosomes, but cancer cells appear to 

release nearly double the number of exosomes compared to healthy cells though the 

reasons for this remains unclear (44). Because of their stability in body fluids and their 

identifiable origins, exosomes may provide a novel diagnostic for pancreatic cancer (46).  
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Figure 2: General composition of an exosome. Exosome structure is comprised of a 

lipid bilayer with membrane proteins. An exosome’s contents may consist of lipids, 

proteins, RNA, and DNA (47). 

 

 Exosome formation is complex and may proceed independent of, or in 

conjunction with, endosomal sorting complexes required for transport (ESCRT). ESCRT-

dependent exosome formation relies on ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III 

(47). ESCRT-0 first sorts selected proteins for ubiquitination. The ESCRT-I and tumor 

susceptibility gene 101 (TSG101) form a complex with the ubiquitinated proteins to 

activate ESCRT-II. Activation of ESCRT-II induces budding and formation of a multi-

vesicular body (MVB) around the proteins. ESCRT-II also recruits enzymes to remove 

the ubiquitin from sequestered MVB proteins and sorts them into ILVs, also known as 

intraluminal vesicles (47). Once sorted into ILVs, ESCRT-III complex pinches the 

cellular membrane (48). This results in ESCRT-III disassembly by vacuolar protein 

sorting-associated protein 4 (VPS4), and the cellular release of the exosome (47). 
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ESCRT-independent formation of exosomes involves lipids and heat shock proteins to 

induce membrane folding and formation of ILVs, while tetraspanins sort the exosome 

cargo (47).  

II. Exosomes as mediators of cell function and diagnostics 

 A remarkable attribute of exosomes is their potential to elicit alteration in target 

cell function. For example, exosomes displaying MHC II molecules were isolated from B 

cells and observed activating T lymphocytes in a 1996 in vivo study (49). The exosomes 

from a breast cancer cell line, when exposed to normal breast tissue, encouraged cell 

proliferation and survival as well as a loss in tumor suppressors of the normal cells (47). 

This suggests the possibility for tumor-derived exosomes to circulate and promote 

metastasis (45). 

 Isolation of exosomes from body fluids such as blood, serum, saliva, or urine 

could provide a novel and minimally invasive diagnostic for various diseases including 

cancer (44). Pancreatic cancer-derived exosomes frequently possess oncogenes such as 

KRAS and EGFR (45, 50). Exosomes may also contain RNA. An example of these 

exosomal RNA includes miR-21 and miR-141, found in the serum of esophageal 

squamous cell carcinoma and prostate cancer patients, respectively (44). Certain 

exosomal surface proteins, such as glypican-1 (GPC1) in PDAC, are expressed at higher 

levels in a pancreatic cancer patient versus a healthy patient (50). A diagnostic panel 

identifying specific exosomal surface proteins and exosomal ncRNA may provide a very 

effective method for the diagnosis of PDAC and other cancers. 
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Bioinformatics 

 

I. The Human Genome Project 

 

 The Human Genome Project (HGP) was an international undertaking that 

included the United States, the United Kingdom, Japan, France, and China.  The HGP 

launched in 1990 with the goal of sequencing the entire genome by 2005. By 2001, the 

entire human genome had been sequenced. The initial phases of the project involved the 

sequencing of portions of human and mouse genomes as well as the entire genomes of 

yeast and C. elegans (51, 52). From this initial series of experiments, the International 

Human Genome Sequencing Consortium established a two-prong approach to sequencing 

the entirety of the human genome (52, 53). Phase I was called the “shotgun phase” which 

involved the fragmentation of chromosomes into DNA fragments of 500 base pairs or 

less, with redundant overlap of sequences (53). Using fluorescent in situ hybridization 

(FISH), gel electrophoresis, and the DNA fingerprint (overlapping, redundant sequences 

of each clone), contigs were generated that encompassed all human chromosomes and 

kept in bacterial artificial chromosome (BAC) libraries (52, 53). These BAC clones were 

then sequenced and analyzed for overlap. The clones also contributed significantly to 

identification of single nucleotide polymorphisms (SNPs). Phase II focus involved 

sequencing the gaps and resolving ambiguous areas of DNA sequences (52, 54).  

 Initially, the scientific community expected the genome to contain nearly 40,000 

proteins and make up the vast majority of the genome. By project completion, it was 

established the genome coded for approximately 20,000 proteins and researchers realized 

that the majority of functional sequences were non-protein coding (51). Sequencing also 
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became more efficient as fluorescent detection of di-deoxy nucleotides and general 

automation became more widespread (51-54). 

The entire human genome had originally taken 13 years and $3 billion to 

sequence but now takes less than three days and less than $1000 (55, 56). As sequencing 

has become more cost effective and efficient, a greater number of projects focusing on 

sequencing the genomes of individuals with cancer, developmental disorders, rare 

diseases, and neurological disorders has begun (56). The data collected through these 

experiments can measure in petabytes of disk space. With such a considerable amount of 

information, big data analytics approaches are set to transform the landscape of 

diagnostic and druggable target discoveries (57). Additionally, as sequencing becomes 

more affordable, it is likely that patients will have their genomes sequenced by their 

physicians prior to medical assessment (58).  

By spurring on the development of more efficient and economical sequencing 

techniques, the completion of the Human Genome Project has made possible a new type 

of genome-based medicine. The data collected by HGP as well as the many projects that 

have started in the last decade enables genomics-based, personalized medicine. Once 

sequencing becomes commonplace for the patient, physicians will be able to educate 

their patients of potential disease-risks as well as predict patient response to any given 

drug therapy (56, 58). As sequencing technology improves, it is likely that personalized 

medicine will become the norm within the decade (58). 

II. Bioinformatics and Cancer Gene Discovery from the Laboratory 

 With the completion of the HGP in 2000, and the start of a new project, 

ENCODE, it was realized that much of the noncoding region was transcribed (59). This 
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observation suggested that the noncoding region might have an unknown, but important 

function. The massive amount of data generated from these two projects required 

organization into gene databases, the most well-known of which are the National Center 

for Biotechnology Information (NCBI) and European Bioinformatics Institute (EBI). 

These databases have aided in bioinformatics analysis for rapid detection of novel gene 

functions and identification of novel cancer genes for diagnosis and therapy.  

The Cancer Genome Anatomy Project, or CGAP (60), is a NIH library of 

expressed sequence tags (ESTs) of normal, precancerous, and cancerous tissues. Its 

purpose is to facilitate identification of cancer-related genes based on expression analysis. 

In 2000, the Narayanan laboratory used the Digital Differential Display (DDD) tool by 

CGAP and identified 20 novel colon cancer ESTs. To establish proof of concept for the 

validity of DDD analysis, the laboratory conducted RT-PCR analysis of colon cancer 

tissue to determine if any of the novel sequences were specifically expressed in the 

tumor. Their analysis concluded that two of the 20 novel sequences were differentially 

expressed in the tumor, as DDD had predicted (61). 

The bioinformatics CGAP tool also enabled Narayanan laboratory to identify a 

new association for a Down’s syndrome associated gene, single minded 2 (SIM2) in 2002 

(62). CGAP analysis and follow up RT-PCR using colon and pancreatic cancer cell lines 

and tumor tissues identified a SIM2 variation, SIM2-s (SIM2 short form), as specific to 

the tumor but not normal tissue. To further establish the benefit of bioinformatics 

discoveries, SIM2-s was analyzed for therapeutic potential using antisense technology to 

inhibit its expression (63, 64). In pancreatic and colon cancer cell line as well as in a 

colon cancer xenograft mouse model, inhibition of SIM-2s by antisense technology 
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resulted in dose-dependent inhibition of tumor cell growth and activation of apoptosis 

(63, 64).  

Bioinformatics has been used extensively by Narayanan laboratory not only to 

identify novel sequences and gene functions, but also to characterize novel open reading 

frames (ORFs). In 2013, the laboratory generated a database of ORFs. The goal was to 

identify novel cancer biomarkers within these uncharacterized protein-coding regions. 

C1orf87 and CXorf66 emerged as two novel proteins for further analysis. They were 

subjected to extensive bioinformatics analysis using various cancer, proteomics and 

expression-based tools. These tools included microarray-based databases such as 

ArrayExpress (65) and Oncomine (66) while Human Protein Atlas (67), Human Protein 

Reference Database (HPRD) (68), and MOPED—Model Organism Protein Expression 

Database (69) were used to determine protein expression. To predict motifs and domains, 

the laboratory utilized proteomics tools such as ExPASy (70), PredictProtein (71), 

InterProScan (72), PFAM (73) and the MESSA meta-analysis server (74). Using these 

tools, the laboratory characterized the domain and expression of C1orf87. The gene was 

associated with high specificity for liver, breast, and lung tumors. The laboratory 

identified a calcium-binding EF-Hand domain, and thus C1orf87 was named as 

Carcinoma Related EF-Hand (CREF). Likewise, the laboratory identified, characterized, 

and named another open reading frame, CXorf66, Secreted Glycoprotein in Chromosome 

X/SGPX (75, 76). 

In 2015, identification of novel pancreatic cancer genes for therapy and diagnosis 

was established using phenome-genome studies. Using the NCBI Phenome-Genome 

Integrator— PheGenI (77), 226 genes with associations to pancreatic neoplasms were 
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identified. Of these 226 genes, 25 were uncharacterized ORFs. These ORFs were further 

analyzed using genome wide association databases such as ICGC/International Cancer 

Genome Consortium (78) and the Catalogue of Somatic Mutations in Cancer, COSMIC 

(79) as well as protein and mRNA expression tools. Six putative leads were identified, 

C1orf94, C7orf8, C7orf10, C20orf4, FAM19A5, and KIAA1217. By using diverse 

protein analysis tools, these ORFs were characterized as secreted (C20orf45/GNAS and 

FAM19A5, a chemokine), protein binding (C1orf94 and C7orf8/CTTNB2), CoA 

transferase enzyme (C7orf10/SUGCT), and skeletal development/actin binding 

(KIAA1217), all of which may have druggable potential (80). These results provide a 

framework for bioinformatics mining of the human genome to aid in the discovery of 

novel pancreatic cancer ncRNA targets. 

Significance 

 

 Bioinformatics has proven valuable in identifying novel functions of both 

characterized and uncharacterized proteins for therapy and diagnosis. With the 

completion of the human genome, vast regions of DNA have been identified as 

noncoding but transcriptionally active and have therefore become areas for novel 

discoveries. The ncRNAs from the noncoding regions of the human genome promises to 

provide novel molecular entities for diagnosis and therapeutic intervention of numerous 

diseases, including cancer. Many ncRNAs are currently in different stages of clinical 

trials as cancer therapeutics. One ncRNA is already an FDA approved diagnostic marker 

for prostate cancer. The proposed research may help identify novel ncRNAs to meet a 

major unmet demand for the diagnosis and treatment of pancreatic cancer. 
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CHAPTER 2: MATERIALS AND METHODS 

1. Knowledgebases 

 

Non-coding RNA database generation was initialized using meta databases 

Disease Gene Network (81), GeneCards (82), and NCBI gene (83). The pancreatic 

cancer exosomal database was generated using exosome encyclopedia, ExoCarta 

(84), and gene ontology tool, Quick GO (85). General information for the lead 

ncRNA and exosomal genes were conducted using University of California Santa 

Cruz (UCSC) Genome Browser (86) and European Bioinformatics Institute, EBI (87).  

The functional annotation tool, DAVID, was used to identify human 

homologs of rat pancreatic cancer associated proteins (88, 89). Characterization and 

protein function for open reading frames were conducted using tools provided 

through ExPASy, a resource portal provided by the Swiss Institute of Bioinformatics 

(70). The UniProt Knowledgebase, UniProtKB, was used to gather further 

information on exosomal protein-coding genes as well as proteins targeted by the lead 

microRNA (90). Additional information regarding the lead miR and its protein targets 

was conducted using PubMed and Google-based text-mining. Gene symbol 

verification was conducted using the HUGO Gene Nomenclature Committee’s 

(HGNC) database of approved gene symbols (91). Supplementary background 

information was collected using the Online Mendelian Inheritance in Man (OMIM) 

catalog of human genes and genetic disorders (92). Identification of established 
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therapeutics for, as well as druggability of, proteins identified in this study was 

conducted using the canSAR (93) and DrugBank (94) databases. 

Disease Gene Network (DisGeNET) contains approximately 561,000 gene-

disease associations curated from genome wide association studies catalogues, 

animals models, and scientific literature. GeneCards is an integrative database 

containing annotations from nearly 125 online repositories. The GeneCards Suite 

contains a collection of analytical tools such as GeneALaCart, GeneAnalytics, 

MalaCards (95), and VarElect (96), which were used for preliminary 

characterizations of the ncRNA and exosomal databases. GeneALaCart is a batch 

analysis tool that provides a comprehensive selection of annotation options. 

GeneAnalytics provides expression-based analysis for disease vs normal tissues and 

cells. MalaCards is an integrated database containing human maladies and their 

annotations. VarElect identifies direct or indirect associations between genes and 

phenotypes. Direct association is determined by genome wide association while 

indirect association is characterized by interactomes and pathways. 

2. ncRNA Analysis 

 

Additional collection of ncRNA for database generation was conducted via the 

Pancreatic Cancer Database (97), Lnc2Cancer (98), miR2disease (99), and miRCancer 

(100). The Pancreatic Cancer Database identifies an extensive list of miRNAs pertaining 

to the molecular alterations in pancreatic cancer tissues and cell lines. Lnc2Cancer is a 

database with experimentally supported links between lncRNA and cancer progression 

and development. MiR2Disease provides similar data linking microRNA to various 

disease types, including cancer. MiRCancer contains a comprehensive collection of 
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microRNAs and their associations with cancers extracted from the published literature. 

Additionally, these three databases provide expression analysis data. Further expression 

profiling of the ncRNA was conducted using miRMine (101), a collection of expression 

profiles from different publicly available miRNA-seq datasets, and lncRNAdb (102), a 

reference database for functional lncRNA.  

Identification of lead miRNA targets was conducted using several target 

prediction tools such as miRDB (103), miRFocus (104), miRTarBase (105), and starBase 

(106). MiRDB is a database for miRNA target prediction and functional annotations. 

MiRFocus is a batch analysis tool enabling the identification of the protein targets of 

several miRNAs. MiRTarBase contains more than 360,000 miRNA-target interactions 

and is curated through literature analysis pertaining to functional studies of miRNA. 

StarBase provides protein target prediction for miRNA and lncRNA as well as interaction 

data between lncRNA and miRNA, miRNA and circRNA, miRNA and pseudogenes, 

miRNA and ceRNA, miRNA and mRNA, and protein-RNA interaction networks. 

3. Genome Wide Association Studies 

 

Genome wide association enrichment was conducted using cBioPortal cancer 

genomics database, with a minimum of 10% patient sampling affected by copy number 

alteration in the genes of interest (107). Mutational analysis was conducted via the 

International Cancer Genome Consortium (ICGC) data portal, which provides 

visualizations of mutational prevalence of a given gene in any cancer of interest (78).  

Additional mutational data was collected using COSMIC, the Catalogue of Somatic 

Mutations in Cancer (79). 
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Single nucleotide polymorphism (SNP) information was gathered using NCBI 

Clinical Variations, ClinVar (108), dbSNP (109), and phenome-genome integrator, 

PheGenI (77). ClinVar provides data pertaining to associations between genetic variation 

and human health. NCBI dbSNP is a catalogue of SNPs present in a gene of interest. 

NCBI PheGenI is a database consisting of SNPs and their resulting phenotype with 

relation to various diseases as well as potentially identify individuals who are at greater 

risk of developing disease.  

4. Transcriptome Analysis 

 

Expression specificity of the ncRNA and proteins with respect to pancreatic 

cancer was determined via several transcriptome analysis tools. The Cancer Genome 

Anatomy Project (CGAP) tool provides gene expression profiles for normal, 

precancerous, and cancerous cells (60). The Pancreas Expression Database contains 

differential expression data for 12,641 distinct genes and 33,092 copy number 

alterations in pancreatic normal, benign, precancerous, and malignant tissues, body 

fluids, cell lines and xenograft models (110). NCBI UniGene was also used to 

determine pancreatic cancer expression for the ncRNA and proteins. 

General expression analysis for the lead MIR3620 was conducted using 

additional databases. The database of small noncoding RNAs (DASHR) contains 

transcriptome analysis on 48,000 precursor and mature small noncoding (snc) RNA 

across 42 normal tissues and cell types in human (111). The dbDEMC (database of 

Differentially Expressed MiRNAs in human Cancers) tool, an integrated database 

that displays differentially expressed microRNAs in human cancers was utilized to 

verify miR expression in pancreatic tumors (112). The current version of the tool 
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contains 2224 differentially expressed miRNAs in 36 cancer types, curated from 436 

experiments. GeneVestigator contains 260,000 transcriptomic datasets and provided 

analysis regarding MIR3620 in various cell lines and patient samples (113). 

Harmonizome is a collection containing nearly 72 million associations between about 

300 thousand attributes and nearly 57 thousand genes from 114 datasets provided by 

66 resources (114). The intragenic microRNA database (miRIAD) provides both 

expression and microRNA information (115). Further expression analysis was 

conducted using Oncomine and Tissue Atlas (66). Oncomine contains 86,733 samples 

across 715 different cancer-specific datasets.  

NCBI Gene Expression Omnibus (GEO) profiles provided the basis for the 

model of regulation of MIR3620 (116). GEO provides transcriptomic data pertaining 

to various perturbations as well as disease conditions. Additionally, GEO provides 

matched tumor vs normal datasets for pancreatic cancer patients. The inverse 

relationship of protein targets and ncRNA was confirmed as well using NCBI GEO. 

5. Proteome Analysis 

 

Exosomal proteins as well as proteins targeted by the lead miRNA were analyzed 

through various proteome expression tools, Human Protein Atlas, 

https://www.proteinatlas.org/ (67), Human Proteome Map (117), and Proteomics DB 

(118).  Human Protein Atlas (HPA) proteome analysis is based on 26,009 antibodies 

targeting 17,000 unique proteins. The Human Proteome Map contains protein expression 

information on healthy tissues collected across 17 adult tissues, 6 primary hematopoietic 

cells, and 7 fetal tissues. Proteomics DB is a repository covering 15,721 proteins and 

11,353 isoforms. In addition, function of open reading frames were predicted using the 
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database of protein domains, families, and functional sites, ProSite (119), and Pfam (73). 

Prosite contains 1,797 protein documentation entries while Pfam contains a total of 

16,712 families and 604 clans. 

6. Interactome 

 

Prediction of interactome was conducted using miRNET (120), miRWalk 2.0 

(121), the RNA-protein Association and Interaction Networks, RAIN (122), and STRING 

(123). The miR-miR interactome analysis was performed using miRNet-network-based 

visual analysis of miRs, targets and function tool. This tool provides a wide array of 

options to build miRNA-target interaction networks. The miRwalk2.0, a comprehensive 

atlas of predicted and validated miR-target interaction tool was used to predict MIR3620 

binding sites (the -3p and -5p forms) for the miR targets using miRwalk algorithm from 

position one. 

RAIN interfaces with the STRING protein-protein interactome database to 

visualize ncRNA-RNA and ncRNA-protein interactions. MIR3620 (3p and 5p forms) 

were analyzed in conjunction with each form’s respective protein targets to develop a 

visualization of the predicted interactome. STRING, the functional protein association 

networks database, was used to further examine interactions between MIR3620’s protein 

targets. 

7. Pathway Analysis 

 

Pathways in which MIR3620 and its protein targets are implicated were predicted 

using the miRNA Pathway Dictionary Database, miRPathDB (124), the DIANA miRPath 

tool (125), and the Kyoto Encyclopedia of Genes and Genomes, KEGG, database (19). 

MiRPathDB contains datasets describing regulation of targets and pathways by miRs as 
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well as how specific the miR is to the regulation of that pathway. The database contains 

an extensive listing of miRNAs (2,599 human miRNAs) and different miRNA target sets 

(14,773 experimentally validated target genes as well as 19,281 predicted target genes). 

Additional data incorporating gene ontology, biological processes, molecular functions, 

cellular components, and cytogenic bands are also provided. Both miR-3620-3p and miR-

3620-5p were analyzed using miRPathDB. The DIANA database contains several tools 

for predicting ncRNA targets, interactions, ncRNA expression, and pathways. The KEGG 

pathway database encompasses manually drawn maps for metabolic and cellular 

processes as well as human diseases and drug development.  

8. Transcription Factor Analysis 

 

Transcription factors were predicted using UCSC genome browser, human 

assembly Dec. 2013 GRCh38/hg38. Identification of transcription factors using UCSC 

genome browser was conducted by adding the promoter and ORegAnno (open regulatory 

annotation database) tracks (126). Additional transcription factors were identified using 

the Champion ChiP Transcription Factor Search Portal tool from Qiagen (127). The most 

relevant transcription factors, as highlighted by the tool, were used for further analysis. 

The protein-coding gene, ADP-ribosylation factor 1 (ARF1), was used as the target gene 

for the prediction of MIR3620 transcription factors. Pancreatic cancer expression analysis 

of the predicted transcription factors for MIR3620 was conducted using CGAP, Human 

Protein Atlas, NCBI GEO, and Unigene tools. 
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CHAPTER 3: RESULTS

Experimental Design and Approach 

 

 

Figure 3: Noncoding RNA gene discovery. The flow chart shows the bioinformatics 

approaches proposed in the study leading to identification of a lead ncRNA with 

druggable and/or diagnostic potential. 
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Part I: Database generation 

1. Generation of the Pancreatic Cancer Specific ncRNA Database 

 

The purpose of specific aim one was to establish two databases: an ncRNA 

database and a pancreatic cancer secretome database. In order to establish an initial 

starting point for developing these two databases, the HUGO Gene Nomenclature 

Committee (HGNC) was accessed. A list of approved protein and ncRNA symbols was 

established by downloading the data from HGNC. HGNC currently recognizes 41,056 

genes in the human genome, of which 19,075 are protein-coding and 7,144 are noncoding 

RNAs (Figure 4). These 7,144 ncRNAs provided the rationale for further datamining to 

identify which were associated with pancreatic cancer. 

 

Figure 4: Landscape of ncRNA. HGNC was accessed for a list of total genes. The 

number of protein-coding and noncoding RNA genes are shown. The noncoding RNAs 

were broken into various classifications: lncRNA, microRNA, and other noncoding RNA 

not specified.  
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DisGeNET, GeneCards, and NCBI Gene provide a vast repository of gene-related 

information with which to develop the initial database. Hence, these three databases 

provided an attractive starting point for database generation. To identify all possible 

pancreatic cancer-related genes, the search parameters (pancreatic cancer, pancreas 

cancer, pancreatic neoplasm, pancreatic adenocarcinoma, acinar cell carcinomas or 

adenosquamous carcinomas, squamous cell carcinomas, signet ring cell carcinomas, 

undifferentiated carcinomas, carcinoma of the ampulla of Vater, islet cell tumors, 

Gastrinomas, Insulinomas, Glucagonomas, Somatostatinomas, VIPomas, pancreatic 

polypeptide cancer, Serous cystic neoplasms, Mucinous cystic neoplasms, Intraductal 

papillary mucinous neoplasms, Solid pseudopapillary neoplasm, and acinar cell 

carcinoma) were used for mining DisGeNET, GeneCards, and NCBI Gene for both 

ncRNA and proteins. Using this query, 1,532 genes from NCBI Gene, 2,071 from 

DisGeNET, and 5,625 genes from GeneCards were isolated. 

The data collected from these three databases was enriched for ncRNA by using 

Excel’s data filter option using the following parameters: MIR, antisense, long noncoding 

RNA, and lincRNA. To ensure the database of pancreatic cancer ncRNA was as 

comprehensive as possible, other ncRNA tools were mined for further additions. For 

these ncRNA databases, the query “pancreatic cancer” and “pancreatic ductal 

adenocarcinoma” were used. Lnc2cancer (N=31), miRcancer (N=66), mir2Disease 

(N=79), and the Pancreatic Cancer Expression Database (N=226) were mined for 

additional pancreatic cancer-related ncRNAs (Figure 5). All datasets were combined and 

duplicates as well as protein-coding genes were removed. From these experiments, the 

miR class (N=330) emerged as the major class of ncRNAs within the database (Figure 6).  
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Figure 5: Landscape of pancreatic cancer ncRNAs. Noncoding RNA databases 

(Lnc2cancer, MiRcancer and miR2Disease), knowledge databases (NCBI-Gene, 

GeneCards and DisGeNet) and gene expression database (Pancreatic cancer expression- 

John Hopkins) were datamined for pancreatic cancer-related ncRNAs.  The number of 

hits from each of the databases is shown. 

 

 
 

Figure 6: Sub-types of ncRNAs. The working database was mined to determine the 

number of each sub-type of ncRNA present. The number of RNA genes per sub-class is 

shown.  

  

226

190

79

66

31

Pancreatic Cancer Expression

Database: John Hopkins

NCBI Gene/GeneCards/DisGeNET

Composite List

miR2Disease

miRcancer

Lnc2cancer

microRNA

330

lincRNA

17

lncRNA

19

Antisense

15

Pseudogene

2



31 

Identifying the expression of ncRNAs in pancreatic cancer provides support for 

their roles in the progression and development of this tumor type. Hence, the expression 

profile for the ncRNAs from the working database in pancreatic cancer was investigated. 

Lnc2Cancer, miRCancer, and miR2Disease, in addition to identifying pancreatic cancer-

related ncRNAs, also provide expression information. The ncRNAs identified by these 

tools were therefore analyzed for their expression. Lnc2Cancer identified 19 up-regulated 

and 9 down-regulated lncRNA, lincRNA, and antisense. The miRCancer tool identified 

36 down-regulated, 26 up-regulated, and 4 genes that were up and down-regulated. When 

the 66 miRCancer hits were compared to miR2Disease data, seven (miR-10a, miR-155, 

miR-21, miR-221, miR-34a, miR-34b, and miR-34c) were considered causal to 

pancreatic cancer development and progression (Figure 7). These results provided the 

starting point for targets discovery using the ncRNA database. 

 

 

Figure 7: Expression analysis of ncRNA in pancreatic cancer. The Lnc2Cancer 

miRCancer, and miR2Disease tools were enriched for pancreatic cancer-related ncRNAs. 

The number of up- and down-regulated ncRNAs for each of the three databases is 

shown.  Causal or unspecified relationship to pancreatic cancer was inferred from the 

miR2Disease. 
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Expression data combined with approved gene symbols increases the probability 

of identifying a strong lead candidate. It was therefore necessary to determine if these 

ncRNAs were already registered with HGNC. The 15 antisense RNA, two pseudogenes 

(DEAD-Box helicase 6 pseudogene 1, DDX6P1; ribosomal protein L13a psuedogene 23, 

RPL13AP23), 17 lincRNA, and 19 lncRNA identified in the working database were 

compared against the HGNC catalog of approved symbols. All antisense RNA and 

pseudogene symbols were HGNC verified while 15 lincRNA and six lncRNA were 

approved by HGNC (Table 1, Table 2, and Table 3 respectively). The remaining genes in 

each sub-category were classified as cDNA or uncharacterized loci. 

To increase the probability of identifying viable novel leads for further analysis, 

the HGNC verified ncRNAs were explored for novelness. Novelty is defined as lacking 

characterization in the context of pancreatic cancer. Google and PubMed were utilized to 

establish novelty using the search terms “(ncRNA symbol) and pancreatic cancer” to 

eliminate candidates, and “(ncRNA symbol) and cancer” in order to establish cancer 

relevance and thus potential leads. Four of the antisense RNA genes and both 

pseudogenes were found to have pancreatic cancer associations: AFAP1 antisense RNA 1 

(AFAP1-AS1), DDX6P1, GLIS3 antisense RNA 1 (GLIS3-AS1), HOX transcript 

antisense RNA (HOTAIR), HOXA distal transcript antisense RNA (HOTTIP), and 

RPL13AP23 (table 1). Meanwhile, seven of the lincRNA (gastric cancer associated 

transcript 2—GACAT2, Long Intergenic Non-Protein Coding RNA, P53 Induced 

Transcript—LINC-PINT, Long Intergenic Non-Protein Coding RNA, Regulator Of 

Reprogramming—LINC-ROR, Cytoskeleton Regulator RNA—CYTOR, LINC00261, 

LINC00673, and lincRNA-ZNF532) were identified as having literature associations with 
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pancreatic cancer (Table 2). All lncRNA have previously been characterized in the 

context of pancreatic cancer (Table 3). Those ncRNAs which had been previously 

characterized as relevant to the progression and development of pancreatic cancer were 

eliminated as potential leads. 

The 330 miRNA were also examined for HGNC approved symbols. Of the 330 

miRNAs in the database, 327 were recognized by HGNC. All HGNC approved, 

potentially novel ncRNAs were enriched for putative target lead identification. This 

process is detailed in part II, section 2, ncRNA database analysis. 

 

Gene Symbol/Alias Description 
HGNC 

Approved 
PMID 

AFAP1-AS1 AFAP1 Antisense RNA 1 Yes 25925763 

AGAP2-AS1 AGAP2 Antisense RNA 1 Yes 
 

DDX6P1 DEAD-Box Helicase 6 Pseudogene 1 Yes 25755691 

GLIS3-AS1 GLIS3 Antisense RNA 1 Yes 28874676 

HOTAIR HOX Transcript Antisense RNA Yes 22614017 

HOTTIP HOXA Distal Transcript Antisense RNA Yes 25912306 

IGF2-AS IGF2 Antisense RNA Yes 
 

KCNQ1OT1 
KCNQ1 Opposite Strand/Antisense 

Transcript 1 (Non-Protein Coding) 
Yes 

 

MAP3K14-AS1 MAP3K14 Antisense RNA 1 Yes 
 

PAN3-AS1 PAN3 Antisense RNA 1 Yes 
 

PDX1-AS1/PLUT 
PDX1 Associated LncRNA, Upregulator Of 

Transcription 
Yes 

 

PPP3CB-AS1 PPP3CB Antisense RNA 1 (Head To Head) Yes 
 

RPL13AP23/ENST

00000480739 

ribosomal protein L13a pseudogene 23 

 

Yes 

 

25314054 

 

SLC22A18AS 
Solute Carrier Family 22 Member 18 

Antisense 
Yes 

 

TM4SF1-AS1 TM4SF1 Antisense RNA 1 Yes 
 

WRAP53 WD Repeat Containing Antisense To TP53 Yes 
 

ZNRF3-AS1 ZNRF3 Antisense RNA 1 Yes 
 

 

Table 1: Antisense RNA and Pseudogenes identified in the working database. 

Antisense RNA and pseudogenes identified through DisGeNET, GeneCards, NCBI gene, 

and lnc2cancer are shown. The symbol for each gene is provided, as is the alias if 

applicable. The description of each gene as well as whether each symbol is HGNC 

approved is provided. For genes that have association with pancreatic cancer in the 

literature, the PubMed ID (PMID) is given. 
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Gene Symbol/Alias Description 
HGNC 

Approved 
PMID 

AC012629.4/CTD-

2154B17.1 

Uncharacterized CTD-

2154B17.1/cDNA 
No 

 

HMlincRNA717/GACAT2 

Gastric Cancer Associated 

Transcript 2 (Non-Protein 

Coding) 

Yes 27338046 

LINC-PINT 

Long Intergenic Non-Protein 

Coding RNA, P53 Induced 

Transcript 

Yes 27708234 

LINC-ROR 

Long Intergenic Non-Protein 

Coding RNA, Regulator Of 

Reprogramming 

Yes 26898939 

LINC00152/CYTOR Cytoskeleton Regulator RNA Yes 25910082 

LINC00261 
Long Intergenic Non-Protein 

Coding RNA 261 
Yes 25910082 

LINC00328 
Long Intergenic Non-Protein 

Coding RNA 328 
Yes 

 

LINC00382 
Long Intergenic Non-Protein 

Coding RNA 382 
Yes 

 

LINC00395 
Long Intergenic Non-Protein 

Coding RNA 395 
Yes 

 

LINC00491 
Long Intergenic Non-Protein 

Coding RNA 491 
Yes 

 

LINC00673 
Long Intergenic Non-Protein 

Coding RNA 673 
Yes 27213290 

LINC00675/TMEM238L Transmembrane Protein 238 Like Yes 
 

LINC00867 
Long Intergenic Non-Protein 

Coding RNA 867 
Yes 

 

LINC00977 
Long Intergenic Non-Protein 

Coding RNA 977 
Yes 

 

LINC01114 
Long Intergenic Non-Protein 

Coding RNA 1114 
Yes 

 

LINC01194 
Long Intergenic Non-Protein 

Coding RNA 1194 
Yes 

 

lincRNA-ZNF532 RNA Gene No 25755691 

 

Table 2: lincRNA identified in the working database. The lincRNA identified through 

DisGeNET, GeneCards, NCBI gene, and lnc2cancer are shown. The symbol for each 

gene is provided, as is the alias if applicable. The description of each gene as well as 

whether each symbol is HGNC approved or not is provided. For genes that have 

association with pancreatic cancer in the literature, the PubMed ID (PMID) is given. 
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Gene 

Symbol/Alias 
Description 

HGNC 

Approved 
PMID 

AF075041 cDNA No 26045769 

AF339813 cDNA No 26045769 

AK022029 cDNA No 26045769 

AK022159 cDNA No 26045769 

AL389956 cDNA No 26045769 

BC008363 cDNA No 25200694 

BC023629 cDNA No 26045769 

CR619813 cDNA No 25755691 

GAS5 Growth Arrest Specific 5 (Non-Protein Coding) Yes 29225772 

H19 
H19, imprinted maternally expressed transcript 

(non-protein coding) 
Yes 24920070 

HULC 
Hepatocellular Carcinoma Up-Regulated Long Non-

Coding RNA 
Yes 25412939 

lncRNA-ATB lncRNA-Activated by TGF-beta No 26482611 

LOC105372753/A

P000221.1 
Uncharacterized LOC105372753 No 25755691 

LOC105377769/C

TC-338M12.5 
Uncharacterized LOC105377769 No 26482611 

LOC389641  Uncharacterized LOC389641 No 26708505 

MALAT1 
Metastasis Associated Lung Adenocarcinoma 

Transcript 1 (Non-Protein Coding) 
Yes 25481511 

MEG3 Maternally Expressed 3 (Non-Protein Coding) Yes 28874676 

PVT1 Pvt1 Oncogene (Non-Protein Coding) Yes 21316338 

RP11-58D2.1 cDNA No 25755691 

 

Table 3: lncRNA identified in the working database. The lncRNA identified through 

DisGeNET, GeneCards, NCBI gene, and lnc2cancer are shown. The symbol for each 

gene is provided, as is the alias if applicable. The description of each gene as well as 

whether each symbol is HGNC approved or not is specified. For genes that have 

association with pancreatic cancer in the literature, the PubMed ID (PMID) is given. 

 

  

2. Generation of the Secretome Database 

 

The protocols for the development of the secretome database have recently been 

described (128). 

Exosomes are shed by all cells, released into body fluids, and are known to 

contain disease-related genes (44, 129). Their presence in body fluids provides the basis 

for minimally invasive diagnostic markers. It was therefore of interest to develop a 

knowledgebase of pancreatic cancer exosomal genes. Initial knowledge of exosome-
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related genes was identified using disease-oriented databases such as MalaCards and 

DisGeNET. UCSC genome browser and EBI provided additional information, as outlined 

in materials and methods. QuickGO was used to establish association to exosomes based 

on gene ontology. ExoCarta provided the basis for an initial database of secreted genes 

encompassing proteins, ncRNAs, as well as classification by tumor type and body fluids. 

GeneALaCart was used for comprehensive bioinformatics analysis. The GeneAnalytics 

tool was used to further categorize results by matched tissue, cells, disease pathways, 

compounds and gene ontology to aid in gene set interpretation. The VarElect tool was 

utilized to determine the relationship between genotype and phenotype by direct or 

indirect associations. 

To develop the pancreatic cancer secretome database, the entirety of the ExoCarta 

database was downloaded and filtered for protein (n=1,028), mRNA (n=1,767), and 

ncRNA classifications of which the miR (n=1,308) was the largest sub-type (Figure 8). 

The initial database was further sub-classified by expression in various body fluids to 

facilitate potential biomarker discovery. Expression of the exosomal genes was observed 

in serum, saliva, plasma, milk, ascites, amniotic fluid and more (Figure 9). Most of the 

secreted genes were observed in urine (n=1,505).  
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Figure 8: Exosomal genes. The ExoCarta database was downloaded and filtered for 

proteins, mRNA, and sub-types of ncRNA. The number of genes per category is shown 

(128). 

 

 
 

Figure 9: Exosomal secretome. The genes identified by ExoCarta were classified by 

expression in body fluids. The number of genes in respective body fluids is shown (128). 

 

Because exosomes are released from all cell types, including cancer cells, the 

known genes encased in cancer-related exosomes were next investigated. Exosomal 

genes were characterized by cancer type using ExoCarta (Figure 10). The cancer types 

exhibiting the most number of exosomal genes were colon (n=1,615), hepatocellular 
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(n=1,138), neuroblastoma (n=1,279), ovarian (n=2,032), and prostate (n=1,048). 

Pancreatic cancer data for human (n=195) was inferred using DAVID functional 

analytics tool to identify the human homologs of the rat pancreatic cancer genes.  

 

Figure 10: Cancer-related exosomal genes. The ExoCarta database was mined for 

various cancer-type associated genes. The number of genes associated with a given 

cancer type is shown. Data includes non-human species (basophilic leukemia, mammary 

adenocarcinoma, and pancreatic cancer). Human homologs of the rat pancreatic cancer 

genes were inferred using the functional analytics tool, DAVID (128). 

 

Once exosomal genes were established, it was necessary to determine those genes 

which were closely associated with pancreatic cancer. The pancreatic cancer-relevant 

ncRNAs and proteins provide diagnostic biomarker potential. Using GeneCards 

GeneAnalytics tool, pancreatic cancer genes were identified and enriched for protein 

coding genes, RNA genes, and pseudogenes. These genes were further enriched for direct 
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relationship to pancreatic cancer using the GeneCards VarElect tool. This analysis 

identified 575 protein coding genes, 26 ncRNAs, and one pseudogene (Figure 11). 

 

Figure 11: Identification of pancreatic cancer exosomal genes. The GeneCards 

GeneAnalytics tool was used to identify all cancer and pancreatic cancer-associated 

exosomal genes. VarElect was used to determine exosomal genes directly associated with 

pancreatic cancer. The number of hits for pseudogenes, RNA genes, and protein coding 

genes is shown (128). 

 

Part II: Pancreatic cancer association of the ncRNAs and secretome 

1. Secretome Analysis 

 

The purpose of specific aim 2 was to enrich the secretome and ncRNA databases 

to establish a pancreatic cancer diagnostic fingerprint and identify a novel ncRNA for 

further characterization. This enrichment encompasses both known and novel protein-

coding genes as well as non-coding RNA. Creating an additional database encompassing 

the secreted proteins can aid in identifying which of the proteins targeted by the lead 

ncRNA are secreted. In addition, determining the most pancreatic cancer-relevant 
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proteins may also provide additional measures for biomarker discoveries. The secretome 

database was datamined for expression and mutational data.  

The 575 protein-coding genes identified in specific aim 1 were subjected to 

analysis by GeneAnalytics. These proteins were enriched for tissue specific expression, 

relationship to pancreatic cancer pathways, secretome nature, and somatic mutations 

(Figure 12). This analysis yielded 22 protein-coding targets that encompassed various 

druggable classes (enzymes, receptors, and transporters) as well as a cytokine. Other 

protein classes encompassed those relevant to apoptosis, differentiation, angiogenesis, 

cell proliferation, nucleotide and protein binding, as well as tumor suppressors (Table 4). 

Fifteen of these proteins were upregulated (ATP binding cassette subfamily B member 1, 

ABCB1; BCL2 associated X, apoptosis regulator, BAX1; baculoviral IAP repeat 

containing 5, BIRC5; caspase 3, apoptosis-related cysteine protease, CASP3; caspase 8, 

apoptosis-related cysteine protease, CASP8; CD82 antigen, CD82; Fas ligand , FASLG; 

Insulin like growth factor binding protein 3, IGFBP3; MET protooncogene, receptor 

tyrosine kinase, MET; matrix 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) while two proteins were downregulated (macrophage stimulating 1, MST1; 

protease serine 1, PRSS1). Additionally, four of the upregulated proteins (BIRC5, 

FASLG, SMO, and TNF) were also found to be downregulated. The proteins were further 

subjected to mutational analysis via ICGC to determine the prevalence of alterations in 

pancreatic cancer. Five of the proteins (ABCB1, MET, MMP2, PTEN, and TGFB1) were 

found to have mutations prevalent in greater than 10% of the population. In addition, 19 
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of the secreted proteins were targeted by the miRs identified in the exosomal analysis.  

 

 
 

Figure 12: Profiling of pancreatic cancer exosomal protein coding genes. Using the 

VarElect and GeneAnalytics tools of the GeneCards suite, pancreatic cancer genes were 

enriched for mutations, expression, pathways, and secretome. The number of proteins for 

each classifier is shown (128). 
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Gene Symbol Description 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 

BIRC5* Baculoviral IAP Repeat Containing 5 Apoptosis inhibitor miR-203a-3p 

CASP3* 
Caspase 3, Apoptosis-related cysteine 

protease 

Apoptosis regulator and B/T cell 
homeostasis, endopeptidase 

activity 

let-7a-5p, miR-196a-5p, 

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, endopeptidase 

activity 

let-7a-5p 

CD82* CD82 Antigen 
Tumor suppressor and 

costimulatory signalling  

FASLG* 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, 

survival and differentiation 
miR-34a-5p 

MET* 
MET proto-oncogene, receptor tyrosine 

kinase 

Protein tyrosine kinase activity, 

MAPK cascade, cell 
proliferation 

miR-23b-3p, miR-30a-5, 

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, negative regulation of 

apoptosis 

miR-21-5p 

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 

SMO* Smoothened, Frizzled Class Receptor G Protein-Coupled Receptor miR-125b-5p 

SRC* 
SRC Proto-Oncogene, Non-receptor 

tyrosine kinase 

Protein kinase activity, cell 

proliferation, protein binding 
miR-23b-3p 

TGFB1* Transforming Growth Factor Beta 1 
Growth factor receptor binding, 

cell migration 
miR-21-5p 

THBS1* Thrombospondin 1 

Angiogenesis, tumorogenesis, 

cell proliferation, cell migration, 

apoptosis, cell adhesion 

let-7a-5p, miR-30a-3p, 
miR-30a-5p, miR-155-5p 

TNF* Tumor Necrosis Factor 
Cell proliferation, 

differentiation, apoptosis 
miR-203a-3p 

 

Table 4: Pancreatic cancer exosomal protein-coding genes. The lead known protein-

coding genes are shown. Gene symbols, HGNC approved names and functional class is 

given. *Up-regulated in pancreatic cancer, #down-regulated in pancretic cancer 

(Pancreatic Expression database), ¶genetic 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 miRFocus. 
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 In addition to known and characterized proteins, the exosomal database 

generation identified nine ORFs and six cDNAs through QuickGO gene ontology tool.  

These novel proteins were classified as enzymes, secretome, regulators of transcription, 

and transmembrane proteins and thus may provide potential for novel therapy targets. 

These ORFs were subjected to bioinformatics analysis to determine their potential as both 

diagnostic and therapeutic targets for pancreatic cancer. Through this analysis, six of the 

ORFs (C11orf52, C11orf54, C16orf89, C1orf123, C2orf16, C5orf46) were found to have 

expression in diverse body fluids encompassing cerumen, cerebrospinal fluid, proximal 

fluid, milk, saliva, seminal plasma, and urine. Nine of these proteins (C11orf54, 

C16orf69, C17orf80, C19orf18, C1orf123, C5orf46, C6orf120, EXOSC2 and MARK3) 

were found to be upregulated in pancreatic cancer while three ((EXOSC8, EXOSC9 and 

EXOSC10) were downregulated. Additionally, through analysis using ICGC, eight of 

these uncharacterized proteins (C17orf80, C19orf18, C1orf123, C2orf16, C6orf120, 

EXOSC2, EXOSC10 and MARK3) exhibited alteration in greater than 5% of pancreatic 

cancer patients. Because many of these novel proteins are of a druggable class, it was 

also of interest to determine which of them were not usually present in the normal 

pancreas. Five novel proteins (C16orf89, C19or18, C1orf123, C2orf16, C6orf120) were 

determined to have restricted, or no expression, in normal pancreatic tissue (Table 5). 
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Uncharacterized 

proteins/cDNAs 

Gene 

Symbol 
Motifs/Function Secreted in 

Exosomal miR 

Targets 

(miRFocus) 

C11orf52 C11orf52 Extracellular exosome Urine, milk 
 

C11orf54 C11orf54* 
Ester hydrolase/protein, Zinc ion 

binding 

Cerumen, saliva, 

seminal plasma, urine 
hsa-miR-375 

C16orf89 C16orf89* 
Gonadotropin, beta chain/protein 

homodimerization activity 

Cerumen, Cerebrospinal 

fluid, proximal fluid, 

urine 
 

C17orf80 C17orf80* 
TM Domain/Cell migration-

inducing  

hsa-miR-125b-
5p, hsa-miR-

155-5p 

C19orf18 C19orf18* 
Signal peptide, Secreted  

Transmembrane   

C1orf123 C1orf123* 
Signal peptide, Secreted  

Transmembrane 
Milk 

 

C2orf16 C2orf16 

P-S-E-R-S-H-H-S repeats 
containing DNA pol viral N 

superfamily/Enzyme, 

transcriptional regulator 

Urine 
 

C5orf46 C5orf46* 
Skin and saliva secreted protein, 

extracellular exosome 
Saliva 

 

C6orf120 C6orf120* 

Signal peptide/May be involved in 

induction of apoptosis in CD4(+) 
T-cells, but not CD8(+) T-cells or 

hepatocytes. 

Hepatocyte secretome 
 

cDNA FLJ33193 fis, clone 
ADRGL2005838, highly 

similar to Exosome 

complex exonuclease RRP4 
(EC 3.1.13.-) 

EXOSC2* Exosome_RNA_bind1/Hydrolase 
 

hsa-miR-30a-3p, 
hsa-miR-155-5p 

DKFZp564C0482 EXOSC8# 
ExoRNase_PH_dom1/Exosome 

RNA processing   

cDNA FLJ55260, highly 
similar to Exosome 

complex exonuclease 

RRP45 (EC 3.1.13.-) 

EXOSC9# 
ExoRNase_PH_dom1/RNA 

processing   

cDNA FLJ59618, highly 

similar to Exosome 
component 10 

EXOSC10# 
RNaseH-like_dom/3'-5' 

exonuclease  

hsa-miR-30a-5p, 

hsa-miR-193b-

3p, hsa-miR-

222-3p 

Full-length cDNA clone 

CS0DE006YM09 of 

Placenta of Homo sapiens 
(human) 

MARK3* 
KA1/UBA (kinase- Ubiquitin 
associated) dom/microtubule 

cytoskeleton organization 
  

 

Table 5: Pancreatic cancer exosomal uncharacterized proteins. 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 PheGenI databases. *Up-regulated in pancreatic cancer, #down-

regulated in pancreatic cancer; over 5% of the patients, determined by ICGC, showing 

gene amplifications or deletions are underlined. Genes with restricted expression and lack 

of expression in normal pancreas are in bold. 
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 To continue the analysis of the secretome database, the ncRNAs underwent 

enrichment using VarElect. This analysis yielded 24 miRNA, one pseudogene, one 

lncRNA and one antisense RNA gene directly associated with pancreatic cancer (Table 

6). Additional data-mining found that four MIRs (MIR126, MIR141, MIR373, and 

MIR375) were downregulated in pancreatic cancer. Fifteen of the miRs (MIR100, 

MIR10B, MIR145, MIR155, MIR196A1, MIR200A, MIR200C, MIR203A, MIR21, 

MIR210, MIR212, MIR221, MIR222, and MIR23B), one lncRNA (H19: H19 Imprinted 

Maternally Expressed Transcript), and one antisense RNA (HOTAIR: HOX Transcript 

Antisense RNA) were identified as upregulated in pancreatic cancer. Ten ncRNAs (H19, 

MIR126, MIR141, MIR200A, MIR200C, MIR203A, MIR210, MIR34A, MIR373, and 

MIR375) were described as showing gene amplifications or deletions in over 10% of 

patient population. Further, four MIRs (MIR155, MIR21, MIR221, and MIR34A) were 

found to be causally associated with pancreatic cancer. Fifteen of the MIRs targeted 19 of 

the proteins identified in the secretome database. To facilitate the identification of 

additional biomarkers, body fluid expression of the MIRs was also determined. 

Expression of MIRs was identified in blood, plasma, saliva, serum, and sperm. In 

addition, these MIRs were subjected to textmining analysis to determine novelness. None 

of these MIRs were considered novel. 
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Gene Symbol Description 
Expression in body fluids 

(Exocarta) 

miRFocus - 

Lead Protein-

Coding 

Targets 

H19 
H19, Imprinted Maternally 

Expressed Transcript   

HOTAIR HOX Transcript Antisense RNA 
  

HSP90AA2P 
Heat Shock Protein 90 Alpha Family 

Class A Member 2, Pseudogene   

MIR100 MicroRNA 100 Blood, saliva, serum, sperm, Plasma 
 

MIR10B MicroRNA 10b 
Blood, saliva,semen, serum, sperm, 

Plasma  

MIR125B1 MicroRNA 125b-1 Saliva, semen, sperm 
CASP7, IGFBP3, 

SMO 

MIR126★ MicroRNA 126 
Blood, saliva,semen, serum, sperm, 

Plasma  

MIR141★ MicroRNA 141 Blood, saliva,semen, serum, sperm PTEN 

MIR145 MicroRNA 145 Blood, saliva,semen, serum, sperm 
 

MIR155¶ MicroRNA 155 
Blood, saliva,semen, serum, sperm, 

Plasma 
MET, TBHS1 

MIR193B MicroRNA 193b Blood, saliva,semen, serum, sperm PTEN 

MIR196A1 MicroRNA 196a-1 
Blood, saliva,semen, serum, sperm, 

Plasma 
CASP3 

MIR200A MicroRNA 200a Blood, saliva,semen, serum, sperm 
 

MIR200C MicroRNA 200c Blood, saliva,semen, serum, sperm 
 

MIR203A MicroRNA 203a Blood, saliva,semen, serum, sperm BIRC5, TNF 

MIR206 MicroRNA 206 Blood, saliva, serum, sperm, Plasma MET 

MIR21¶ MicroRNA 21 
Blood, saliva,semen, serum, sperm, 

Plasma 

FASLG, MMP2, 
MMP9, PTEN, 

TGFB1 

MIR210 MicroRNA 210 Blood, saliva,semen, serum, sperm 
 

MIR212 MicroRNA 212 
Blood, saliva,semen, serum, sperm, 

Plasma  

MIR221¶ MicroRNA 221 Blood, semen, serum, sperm, Plasma CASP3, PTEN 

MIR222 MicroRNA 222 
Blood, saliva,semen, serum, sperm, 

Plasma  

MIR23B MicroRNA 23b 
Blood, saliva,semen, serum, sperm, 

Plasma 
MET, PTEN, SRC 

MIR29A MicroRNA 29a 
Blood, saliva,semen, serum, sperm, 

Plasma 
PTEN 

MIR29C MicroRNA 29c Blood, semen, serum, Plasma 
 

MIR30A MicroRNA 30a 
Blood, saliva,semen, serum, sperm, 

Plasma 
THBS1, BAX, 

MET 

MIR34A¶ MicroRNA 34a 
Blood, saliva,semen, serum, sperm, 

Plasma 

MAP2K1, MET, 

MST1, RALB 

MIR373★ MicroRNA 373 Semen, sperm 
 

MIR375★ MicroRNA 375 saliva,semen, serum, sperm, Plasma CASP3, IGFBP3 

MIRLET7A1 MicroRNA Let-7a-1 
Blood, saliva,semen, serum, sperm, 

Plasma 

CASP3, CASP8, 

THBS1 

 

Table 6: Characterization of pancreatic cancer exosomal ncRNAs. 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, ¶Causally linked (128). 
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2. ncRNA database analysis 

 

It was reasoned that genome wide association studies may offer a strong genetic 

linkage to pancreatic cancer and establish a clinical relevance in the context of diverse 

populations. Thus, the HGNC approved potentially novel ncRNA database (n=346) was 

functionally enriched using genome wide association. The cancer genome meta-analysis 

tool, cBioPortal, was used to analyze copy number variation (CNV) of the ncRNAs. To 

identify the most relevant pancreatic cancer ncRNA hits, an initial filter of greater than 

10% of patients exhibiting CNV was used (n=109). This resulted in the identification of 

72 ncRNAs, of which 63 were MIRs. The microRNA underwent the same textmining 

analysis outlined in section 1 for the other sub-classes of ncRNAs.  

The 63 MIR hits were further subjected to text mining using NCBI PubMed and a 

generic Google search in order to establish novelness. Novelty, as a parameter of this 

study, is determined by whether or not the ncRNA queried has known association with 

pancreatic cancer indicated by published literature. If the ncRNA has been associated 

with other cancers, but not pancreatic cancer, the gene was considered a novel pancreatic 

cancer target. This approach led to the identification of 40 novel ncRNAs which currently 

lack pancreatic cancer-related association evidence.  

To establish a premise for non-invasive or minimally invasive diagnostic 

biomarkers, the 40 ncRNAs were analyzed for secreted nature using the secretome 

database previously described. Seventeen exosomal ncRNAs were identified (Table 7). 

These 17 remaining genes were examined once more for CNV, with the parameter of 

greater than 15% of patients affected (n=109). Five miRNA (MIR93, MIR339, MIR589, 

MIR662, and MIR3620) were identified as most relevant to pancreatic cancer. These five 
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were further investigated for lead candidate potential. Figure 13 summarizes this 

enrichment process. 

 

Gene Symbol cBioPortal (n=109) 

MIR30B 12% affected, 12 amplified and 1 deleted 

MIR93 18% affected, 20 amplified 

MIR199A2 11% affected, 11 amplified and 1 deleted 

MIR339 17% affected, 18 amplified and 1 deleted 

MIR425 13% affected, 8 amplified and 6 deleted 

MIR517C 12% affected, 9 amplified and 4 deleted 

MIR522 12% affected, 9 amplified and 4 deleted 

MIR548B 12% affected, 2 amplified and 11 deleted 

MIR570 10% affected, 8 amplified and 3 deleted 

MIR589 17% affected, 18 amplified 

MIR590 10% affected, 11 amplified 

MIR662 20% affected, 19 amplified and 3 deleted 

MIR664a 11% affected, 11 amplified and 1 deleted 

MIR671 14% affected, 14 amplified and 1 deleted 

MIR1207 15% affected, 15 amplified and 1 deletion 

MIR1208 15% affected, 15 amplified and 1 deleted 

MIR3620 20% affected, 20 amplified and 2 deleted 

 

Table 7: Putative lead ncRNA with greater than 10% copy number alteration. The 

ncRNAs displaying greater than 10% of patients affected by copy number variation are 

indicated. The putative lead ncRNAs displaying highest percentage of patients affected is 

bolded. The number of patients displaying amplifications and deletions is provided 

(n=109). 
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Figure 13: ncRNA lead identification strategy.  

 

 

3. Identification of a pancreatic cancer diagnostic fingerprint  

The five secreted putative MIR leads provided the basis for a possible diagnostic 

and prognostic pancreatic cancer biomarker fingerprint. When examined together in 

cBioPortal, these five miRNA covered 46% of the patients (50/109) diagnosed with 

pancreatic cancer in the UTSW dataset. To expand the patient coverage to 100% of 

patient population, additional miRNAs were incorporated. These miRNAs encompassed 

well characterized as well as novel pancreatic cancer genes. After systematically adding 

and removing MIRs to the OncoPrint dataset to determine the widest patient coverage, 

three of the five putative leads remained as part of the dataset: MIR93, MIR339 and 

Most patient-relevant hits (cBioPortal) 

N=5 Putative miR Leads

Secretome (ExoCarta)

N=17

Text mining (PubMed, Google) for novel ncRNAs

N=40

GWAS- cBioPortal CNV 10% or greater

N=72

Pancreatic cancer ncRNA working database

N=383

Pancreatic cancer specific genes (total)

N=6,136
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MIR3620. Additional novel MIRs (MIR425, MIR522, MIR590, MIR664A, and 

MIR1208) contributed to the fingerprint. 

This biomarker fingerprint was comprised of nineteen secreted miRNAs 

(MIR27A, MIR31, MIR93, MIR96, MIR122, MIR130B, MIR133A1, MIR203A, 

MIR210, MIR330, MIR339, MIR425, MIR429, MIR522, MIR590, MIR664A, MIR1208, 

MIR3620, and MIR4457) encompassing both novel and well-characterized miRNAs and 

provided 90% patient coverage (n=98/109). Inclusion of Kirsten rat sarcoma viral proto-

oncogene (KRAS), the most prevalent mutation in pancreatic cancer patients (130), 

enhanced the MIR signature to 100% coverage of pancreatic cancer patients. Seven 

patients were however KRAS-null. Reasoning that these KRAS null patients could be 

identified by the MIR signature established in the study, additional datamining was 

undertaken. These KRAS-null patients were identified by a smaller subset of a 14 

miRNA-based fingerprint (MIR31, MIR93, MIR120, MIR133A1, MIR203A, MIR210, 

MIR330, MIR339, MIR425, MIR429, MIR522, MIR590, MIR3620, and MIR4457). 

These MIRs could provide the basis for a KRAS-null-based diagnostic for pancreatic 

cancer. 

In addition to determining KRAS-null patients, the MIR fingerprint was 

investigated in response to tumor staging. Using cBioPortal, the Tumor-Normal-

Metastasis (TNM) and nodal status tracks were selected. Figure 14 displays the MIR 

fingerprint in addition to TNM staging as well as the nodal status of each individual at 

diagnosis. It was also of interest to observe whether this potential biomarker was highly 

specific to pancreatic cancer or if other tumor types were relevant. Thus, the fingerprint 

was examined for cross-cancer alteration relevance using a stringency of 50% minimum. 
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While most relevant to pancreatic cancer, these miRNAs were also applicable to tumors 

of the breast, esophagus, peripheral nerve sheathe (neuroblastoma), ovaries, and the 

uterus (Figure 15).  

Genes are often expressed in a stage-specific manner in cancer and such a 

differential regulation plays a crucial role in the progression of the disease. Hence, it was 

of interest to compare the MIR fingerprint across different stages of pancreatic cancer 

progression.  The UTSW dataset from cBioPortal was datamined for variations of the 

MIR fingerprint in stages I through IV. Seven patients were diagnosed with stage I 

pancreatic cancer, according to the dataset. These patients exhibited alteration in fifteen 

MIRs (MIR27A, MIR31, MIR90, MIR96, MIR122, MIR130B, MIR203A, MIR210, 

MIR221, MIR330, MIR339, MIR425, MIR429, MIR3620, and MIR4457). Stage II 

patients (n=94) exhibited alterations in all 19 MIRs present in the fingerprint. 

Additionally, 11 MIRs (MIR31, MIR93, MIR96, MIR130, MIR133A1, MIR210, 

MIR429, MIR522, MIR590, and MIR1208) showed alterations in the six patients 

diagnosed with stage III pancreatic cancer. Patients diagnosed with stage IV (n=2) 

pancreatic cancer exhibited copy number variation in six of the MIRs (MIR27A, 

MIR203A, MIR210, MIR429, MIR664A, and MIR1208). Despite the small patient 

sample observed in stages I, III, and IV this data may provide the basis for monitoring 

pancreatic cancer progression in the patient. Table 8 summarizes the number of patients 

per stage and the MIRs exhibiting alteration in each stage. 
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Figure 14: Pancreatic cancer miRNA signature. Novel miRs from the database as well 

as published miRs from the literature were analyzed by cBioPortal for GWA studies 

(UTSW Nature Communications, 2015). Amplifications (red), deletions (blue), as well as 

mutations (green) are indicated. Tumor, normal, and metastasis staging (stage 1 yellow, 

stage 2 blue, stage 3 red, stage 4 green) and lymph node involvement (positive blue and 

negative red) is shown.  
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Figure 15: Cross-cancer alteration for MIR signature.  Cross-cancer alteration for the 

MIR fingerprint is shown. Stringency was set to minimum 50% alteration in the patient 

population. Amplifications (red), deletions (blue), and mutations (green) are indicated. 

MPNST is malignant peripheral nerve sheathe tumor and CCLE is cancer cell line 

encyclopedia. 
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Stage I (N=7) Stage II (N=94) Stage III (N=6) Stage IV (IV=2) 

MIR27A 

MIR31 

MIR93 

MIR96 

MIR122 

MIR130B 

MIR203a 

MIR210 

MIR330 

MIR339 

MIR425 

MIR429 

MIR3620 

MIR4457 
 

MIR27A 

MIR31 

MIR93 

MIR96 

MIR122 

MIR130B 

MIR133A1 

MIR203A 

MIR210 

MIR330 

MIR339 

MIR425 

MIR429 

MIR522 

MIR590 

MIR664A 

MIR1208 

MIR3620 

MIR4457 

MIR93 

MIR96 

MIR31 

MIR130B 

MIR133A1 

MIR210 

MIR330 

MIR429 

MIR522 

MIR590 

MIR1208 
 

MIR27A 

MIR203A 

MIR210 

MIR429 

MIR664A 

MIR1208 
 

 

Table 8: MIR alterations across pancreatic cancer stages. CBioPortal was accessed to 

identify number of patients diagnosed at pancreatic cancer stages I-IV. Stage, patient 

population per stage, and the MIRs altered in each patient sampling is indicated. Novel 

MIRs are bolded. 

 

Chronic pancreatitis increases the risks of developing pancreatic cancer (131). 

Biomarkers linking pancreatitis with pancreatic cancer may provide a means to identify 

pancreatitis patients at risk. Hence, the MIR fingerprint was analyzed in pancreatitis 

patient-derived datasets. The pancreas expression database (PED) was used to predict the 

RNA expression of the pancreatitis-associated MIRs. Eight MIRs (MIR31, MIR96, 

MIR130B, MIR210, MIR339, MIR429, MIR590, and MIR1208) were identified as 

downregulated in pancreatitis patients when compared to healthy pancreatic tissue. On 

the other hand, five MIRs (MIR31, MIR27A, MIR93, MIR130B, and MIR330) were 

upregulated in pancreatic cancer when compared to pancreatitis. Of those MIRs which 

exhibited differential expression in pancreatitis, six (MIR93, MIR339, MIR425, MIR590, 
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and MIR1208) were classified as novel by this work. Despite having no association with 

pancreatitis, one novel MIR (MIR3620) was identified as upregulated in intraductal 

papillary mucinous neoplasms (IPMNs). IPMNs are usually benign, but sometimes 

precancerous lesions, that may lead to pancreatic cancer (132). In addition, these MIRs 

were found in diverse body fluids of healthy and diseased individuals. Table 9 

summarizes these findings. 

In an attempt to develop a prognostic/response to therapy potential of the novel 

MIRs, additional datamining was performed with the fingerprint of KRAS null MIRs. 

Three novel MIRs (MIR339, MIR425, and MIR3620) were identified through further 

analysis with the cBioPortal dataset. As of the completion of this work, patients without 

alteration in these three MIRs show a significant increase in median survival (11 months) 

when compared to those patients with the alteration (P-value=7.381e-4). Figure 16 shows 

the prognostic significance for these three MIRs. 
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Gene 

Symbol 

Expression in 

Pancreatitis 

Expression in Pancreatic Ductal Adenocarcinoma 

(PDAC) 
Body Fluid 

MIR31 Down in pancreatitis Up in pancreatic cancer 
Plasma, saliva, 

urine 

MIR27A 
 

Up in pancreatic cancer compared to pancreatitis 
Blood, plasma, 

serum* 

MIR93 
 

Up in PDAC compared to pancreatitis; Up in PDAC 

compared to normal; Up in pancreatic intraepithelial 

neoplasms compared to normal pancreas 

Plasma, saliva, 

urine 

MIR96 Down in pancreatitis Up in pancreatic cancer 
Saliva 

MIR122 
 

Up in blood of PDAC patients 
Blood, saliva 

MIR130B Down in pancreatitis 
Up in blood of PDAC patients/up in PDAC compared to 

pancreatitis 

Blood, plasma, 

saliva 

MIR203A 
 

Down in PDAC compared to pancreatitis Saliva, urine* 

MIR210 Down in pancreatitis Up in pancreatic cancer 
Blood 

MIR330 
 

Up in PDAC compared to pancreatitis 
Blood, plasma 

MIR339 Down in pancreatitis Down in PDAC compared to pancreatitis 
Blood 

MIR425 
 

Down in PDAC compared to pancreatitis 
Plasma, saliva, 

urine 

MIR429 
 

Down in PDAC compared to pancreatitis 
Plasma, saliva, 

urine 

MIR522 
 

Down in blood of PDAC patients 
Blood, plasma, 

saliva, urine 

MIR590 
Down in blood of 

pancreatitis patients  

Blood, plasma, 

saliva, urine 

MIR664A 
 

Down in PDAC 
Blood, plasma, 

serum, urine* 

MIR1208 
Down in blood of 

pancreatitis patients  
Blood 

MIR3620 
 

Up in intraductal papillary mucinous neoplasm (IPMN) 
Blood, saliva, 

serum, urine* 

 

Table 9: MIR expression fingerprint for pancreatitis and pancreatic ductal 

adenocarcinoma. The MIR pancreatic cancer fingerprint was analyzed in the Pancreas 

Expression Database (PED) for expression in pancreatitis compared to PDAC. Up- or 

downregulation in pancreatitis and PDAC is given. Presence in body fluids of healthy 

patients is provided. * Denotes data from TissueAtlas from MIRPathDB tool. 
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Figure 16: Prognostic potential for novel precancerous, KRAS-null MIRs. The 

survival curve for patients with alteration in MIR339, MIR425, and MIR3620 (red) and 

patients without alteration of the MIRs (blue) is shown. Number of patients and median 

months survival is indicated. 

 

It was reasoned that the lead candidates must be 1) novel, 2) altered in a 

significant number of patients, 3) exhibit KRAS-null alterations and 4) show alteration in 

potentially precancerous conditions. Two MIRs fit these criteria: MIR93 and MIR3620. 

MIR93 exhibited relevance to pancreatic intraepithelial neoplasms (PanINs) while 

MIR3620 was altered in IPMNs, which are benign but potentially cancerous lesions. In 

addition, MIR3620 possessed the highest number of patient alteration (20%) compared to 

the MIR93 (18%) in genome wide association studies. Expression analysis using the 

Gene Expression Omnibus (GEO) from NCBI was used to analyze expression of the two 

potential leads. MIR3620 exhibited differences in expression between tumor and normal 
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matched sets while the differential expression of MIR93 was inconclusive. Hence, efforts 

were undertaken to perform an extensive bioinformatics analysis regarding MIR3620. 

 

Part III: Characterization of a pancreatic cancer ncRNA biomarker 

1.  MIR3620 - Background 

The purpose of specific aim 3 was to characterize a secreted novel MIR. 

MicroRNAs (miRNAs) are small, stem-loop RNA structures that when cleaved, range in 

size from 20 to 24 nucleotides and can alter post-trancriptional expression of target genes. 

“MIR” is the gene that encodes the primary and precursor miRNA. Once the precursor 

(or pre-miRNA) is cleaved, it becomes a mature RNA, or miR. Mature miRs may also 

originate from either arm of the pre-miRNA and are identified as 3p or 5p.  

 MIR3620 is located on chromosome 1q42.13 (Figure 17), in sense orientation, 

and encoded in the second intron of protein-coding gene ADP ribosylation factor 1, 

ARF1 (Figure 18). The length of MIR3620 is 78 base pairs and gives rise to two mature 

forms, miR-3620-3p and miR-3620-5p (Figure 19).  Figure 20 shows the functional 

sequence of MIR3620 

(5’-GTGAGGTGGGGGCCAGCAGGGAGTGGGCTGGGCTGGGCTGGGCCAAGG 

TACAAGGCCTCACCCTGCATCCCGCACCCAG-3’) and its stem loop structure. 

 

Figure 17: Cytogenic map of MIR3620. The location of MIR3620 on chromosome 1 is 

indicated by the red line. Image from GeneCards. 
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Figure 18: Location of MIR3620 within the ARF1 gene. MIR3620 is located in the 

second intron of ARF1. MIR3620’s location is indicated. Image from miRIAD. 

 

 

Figure 19: DNA template and transcript of miR-3620-3p and miR-3620-5p. Image 

provided by miRIAD. The red lettering indicates each arm’s seed sequences. 
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Figure 20: Stem-loop structure of MIR3620. Image provided by DASHR. 

The structure of miR-3620-5p forms what is called a G-quadruplex. The G-

quadruplex structure can develop in guanine-rich regions of DNA or RNA where the 

sequence consists of 5’-XGGGXGGGXGGGX-3’ (Figure 21). While the G-quadruplex 

structure can exist naturally, the miR was found to prefer binding to its target sequence 

(5’-CAGCCCA-3’) instead of folding into the G-quadruplex (133). Tan et al also 

identified that a Chinese herb, sanguinarine, can silence the G quadruplex of miR-3620-

5p.

 

Figure 21: Structure of a G-quadruplex. The figure was taken from Capra et al and 

shows the structure of a G-quadruplex. This structure occurs naturally and is the result of 

a guanine-rich sequence where the guanines form bonds with one another.  
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2. Genome Wide Association Study Analysis of MIR3620 in Cancer 

A. cBioPortal Analysis of MIR3620 

Preliminary investigations of the ncRNA hits revealed that MIR3620 was 

amplified in pancreatic tumors. MIR3620 data suggests the gene is upregulated in various 

tumors, including pancreatic cancer. Hypothesizing that MIR3620 upregulation in tumors 

is a direct consequence of gene amplification, cBioportal was used to examine copy 

number variation (CNV) in greater detail.  Figure 22 shows MIR3620 is amplified 

(shaded red) in most patient tumors while a smaller subset exhibited deletions (shaded 

blue). Interestingly, the highest CNV levels were seen in breast and pancreatic cancer 

patients (15-23%). The observed amplifications in diverse cancer types correlate with 

increased expression levels in breast, cervical, liver, lung, stomach cancers, pancreatic 

cancer, and melanomas (Table 10). These results support the premise that elevated 

MIR3620 gene expression is a consequence of gene amplification. 

 

Figure 22: Cross-cancer alteration for MIR3620. MIR3620 CNV analysis (alteration 

frequency) from cBioportal is shown. Cancer types and CNV results are indicated. 

Amplifications are red and deletions are blue. 
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Cancer Type Study 
Sample 

Size 

% of 

sample 

size 

Copy Number 

Alteration 
Expression 

Expression 

Source 

Breast cancer METABRIC 489/2051 24% Amplification Upregulated GeneVestigator 

Breast Invasive 

Carcinoma 

TCGA 2015 109/816 13.40% Amplification Upregulated GeneVestigator 

TCGA 

Provisional 
124/963 12.90% Amplification Upregulated GeneVestigator 

Cervical Cancer TCGA 5/191 2.60% 
Amplification: 3 

Deletions: 2 

High 

expression 
GeneVestigator 

Diffuse Large B-

Cell Lymphoma 
TCGA 3/48 6.30% 

Amplification: 1 

Deletion: 2 

Medium to 

high 
GeneVestigator 

Esophageal 

Carcinoma 
TCGA 5/184 2.70% Amplification 

Downregulat

ed 
GeneVestigator 

Liver Cancer TCGA 29/366 7.90% Amplification Upregulated GeneVestigator 

Lung 

Adenocarcinoma 
TCGA 14/230 6.10% Amplification Upregulated GeneVestigator 

Melanoma TCGA 8/287 2.80% Amplification 
High 

expression 
GeneVestigator 

Pancreatic 

Cancer 
UTSW 22/109 20.20% 

Amplification: 

20 

Deletion: 2 

Upregulated NCBI GEO 

Prostate Cancer TCGA 14/492 2.80% Deletion 
Minimal 

change 
GeneVestigator 

Stomach Cancer TCGA 9/265 3.40% Amplification Upregulated GeneVestigator 

 

Table 10: Copy number alteration and expression correlation of MIR3620 for 

diverse cancers. cBioPortal copy number variation and expression, inferred from NCBI 

GEO or GeneVestigator, are shown. Sample size and the number of patients affected for 

each cancer type are indicated. 

 

 MIR3620 was examined in greater depth using cBioPortal. According to the 

UTSW (Texas) study, MIR3620 was altered in 20% of patients. Twenty of those patients 

exhibited gene amplification, while two exhibited deletions. Using the clinical tracks data 

visualization option tumor-normal-metastasis (TNM) stage and nodal status were selected 

to further analyze the MIR. The majority of patients were identified as stage II by TNM 

standards. Seven patients were diagnosed with stage I, six patients were identified as 

stage III, and three patients exhibited stage IV pancreatic cancer. Most patients also 

exhibited nodal metastasis (Figure 23).   
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Figure 23: Pancreatic cancer OncoPrint of MIR3620. Copy number alteration for 

MIR3620 is shown. Red indicates amplification and blue indicates deletion. For nodal 

status track, blue indicates nodal metastasis while red indicates negative nodal metastasis. 

For tumor-normal-metastasis (TNM) staging track, yellow indicates stage I, blue 

indicates stage II, red indicates stage III, and green indicates stage IV. 

 

In pancreatic cancer the amplification seen in over 20% of patients may have 

clinical significance. Mining of the clinical track of the MIR3620 amplified samples, 

revealed a survival advantage (Figure 24). Overall survival as well as disease-free 

survival seems to be dependent on the amplification free status of the MIR3620 (4.7 fold 

difference). These results were statistically significant (Logrank p-value, 1.50e-7).  The 

number of control patients, however, was small. This raises a possibility that the 

MIR3620 might provide a biomarker for survival and response to therapy 

(pharmacogenomics). 
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Figure 24: Overall patient survival curve associated with MIR3620 alteration. The 

survival curve for MIR3620 is shown. The blue line indicates survival of patients without 

alteration to MIR3620. The red line indicates survival of patients with alteration to 

MIR3620. Logrank test P-value is also given.  

 

B. Global genomics data from International Cancer Genome Consortium (ICGC) 

 ICGC hosts cancer genome data encompassing various mutational studies from 

around the world. In order to establish putative biomarker potential for MIR3620, ICGC 

was mined for MIR3620-related mutational data. Relevant mutations were identified 

across 38 worldwide cancer genome projects encompassing 190 different mutations 

affecting 182 donors. The top ten cancers, in percent of patients affected, are shown 

(Figure 25).  Current data lists skin, liver, and breast as exhibiting the highest number of 
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mutations (Table 11). The top 10 mutations consist of single base substitutions and 

deletions or insertions of 200 base pairs (Table 12). 

 The presence of mutation of MIR3620 within pancreatic cancer encompasses 

three studies: Rare pancreatic tumors (PAEN-IT) and two pancreatic cancer studies 

(PACA-CA and PACA-AU). The PAEN-IT study indicates one patient mutation out of 

37 patients while PACA-CA and PACA-AU list seven out of 260 and three out 391 

patients, respectively. PAEN-IT study mutation is the insertion of less than or equal to 

200 bp in the plus strand, causing a downstream exon variant of ARF1 and a downstream 

variant of MIR3620. The mutations reported by PACA-CA encompass six single base 

substitutions and one deletion of less than or equal to 200 bp. These substitutions affect 

the upstream MIR3620 and the introns of ARF1. PACA-AU mutations involve only 

single base substitutions that affect downstream ARF1 and MIR3620 as well as ARF1 

introns (Table 13). At the time of this study, the functional impact of these mutations was 

currently unknown. 
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Figure 25: MIR3620 mutations across the top fifteen cancer types. ICGC projects 

comprising the top ten cancer types with MIR3620 mutations are shown. Tumor types 

and studies are indicated. Percent of affected patients is shown.  

 

Project Site Tumour Type Tumour Subtype 
# donors 

affected 
Mutations 

Skin Cancer - AU Skin Skin cancer Melanoma 17/183 (9.29%) 20 

Liver Cancer - CN Liver Liver cancer 
Hepatocellular carcinoma 

HBV-associated 
22/315 (6.98%) 28 

Liver Cancer - RIKEN, 

JP 
Liver Liver cancer 

Hepatocellular carcinoma 

(Virus associated) 
17/258 (6.59%) 18 

Esophageal 

Adenocarcinoma - UK 
Esophagus Esophageal cancer 

Esophageal 

adenocarcinoma 
10/253 (3.95%) 10 

Ovarian Cancer - AU Ovary Ovarian cancer 
Serous 

cystadenocarcinoma 
3/93 (3.23%) 3 

Uterine Corpus 

Endometrial Carcinoma- 

TCGA, US 

Uterus Endometrial cancer 
Uterine corpus 
endometrial carcinoma 

8/250 (3.20%) 8 

Breast ER+ and HER2- 
Cancer - EU/UK 

Breast Breast cancer ER+ve, HER2-ve 18/569 (3.16%) 21 

Lung Cancer - KR Lung Lung cancer 
Adenocarcinoma, 

Squamous cell carcinoma 
2/66 (3.03%) 2 

Soft tissue cancer - 

Leiomyosarcoma 

Mesenchy

mal 
Soft Tissue cancer Leiomyosarcoma 2/67 (2.99%) 2 

Malignant Lymphoma - 

DE 
Blood 

Malignant 

Lymphoma 

Germinal center B-cell 

derived lymphomas 
7/241 (2.90%) 7 

 

Table 11: MIR3620 mutations across top ten cancer types. ICGC projects comprising 

top ten cancer types with MIR3620 mutations are shown. Tumor types and subtypes are 

indicated. Numbers of mutations and percent of patients affected are shown. 
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ID 
DNA 

change 
Type Consequences # Donors affected 

MU18297888 
chr1:g.228289

976A>G 

single base 

substitution 

Exon: C1orf35 
Downstream: ARF1 - MRPL55 - 

MIR3620 

Intron: C1orf35 

3 / 12,198 (0.02%) 
LICA-CN 2 / 315 (0.63%) 

COCA-CN 1 / 208 

(0.48%) 

MU94458 
chr1:g.228289

097TTC>- 

deletion of 

<=200bp 

Disruptive Inframe Deletion: C1orf35 

KK203K 

Exon: C1orf35 
Downstream: ARF1 - MIR3620 - 

C1orf35 

3 / 12,198 (0.02%) 

COAD-US 2 / 254 (0.79%) 
BTCA-JP 1 / 239 (0.42%) 

MU4631042 
chr1:g.228289
842->C 

insertion of 
<=200bp 

Frameshift: C1orf35 P158R 

Exon: C1orf35 
Downstream: ARF1 - MRPL55 - 

MIR3620 - C1orf35 

2 / 12,198 (0.02%) 

KIRP-US 1 / 165 (0.61%) 

BRCA-US 1 / 955 (0.10%) 

MU74033 
chr1:g.228289

843C>T 

single base 

substitution 

Synonymous: C1orf35 G157G 
Exon: C1orf35 

Downstream: ARF1 - MRPL55 - 

MIR3620 - C1orf35 

2 / 12,198 (0.02%) 

COAD-US 2 / 254 (0.79%) 

MU40731083 
chr1:g.228285
564C>T 

single base 
substitution 

Synonymous: ARF1 N132N 

Exon: ARF1 

Downstream: ARF1 - MIR3620 - 

C1orf35 
Intron: ARF1 

2 / 12,198 (0.02%) 

RECA-EU 1 / 95 (1.05%) 

ESCA-CN 1 / 228 (0.44%) 

MU65144591 
chr1:g.228289
689G>C 

single base 
substitution 

Exon: C1orf35 

Downstream: ARF1 - MRPL55 - 
MIR3620 - C1orf35 

Intron: C1orf35 

2 / 12,198 (0.02%) 

BRCA-UK 1 / 141 
(0.71%) 

BRCA-EU 1 / 569 (0.18%) 

MU82070813 
chr1:g.228284

991C>T 

single base 

substitution 

Exon: MIR3620 - ARF1 
Downstream: ARF1 - C1orf35 

Intron: ARF1 

2 / 12,198 (0.02%) 
COCA-CN 2 / 208 

(0.96%) 

MU64077394 
chr1:g.228288
472A>- 

deletion of 
<=200bp 

3 UTR: C1orf35 

Exon: C1orf35 
Downstream: ARF1 - MIR3620 - 

C1orf35 

2 / 12,198 (0.02%) 

BRCA-UK 1 / 141 
(0.71%) 

BRCA-EU 1 / 569 (0.18%) 

MU65884602 
chr1:g.228280

192G>A 

single base 

substitution 

Upstream: MIR3620 

Intron: ARF1 

2 / 12,198 (0.02%) 
BRCA-FR 1 / 72 (1.39%) 

BRCA-EU 1 / 569 (0.18%) 

MU57366416 
chr1:g.228283

473G>T 

single base 

substitution 

Upstream: MIR3620 

Downstream: C1orf35 
Intron: ARF1 

1 / 12,198 (0.01%) 

LUSC-KR 1 / 66 (1.52%) 

 

Table 12: Top 10 MIR3620 mutation types across ICGC datasets. Most common 

mutations across ICGC datasets is shown. Each mutation, it’s type, change in sequence, 

affects, number of patients affected, and the cancer type it belongs to are indicated.
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PAEN-IT (Enteropancreatic endocrine tumors and rare pancreatic exocrine tumors) 

Mutation ID DNA Change Type Consequences 

MU74807275 chr1:g.228286471->C 
Insertion of 

<=200 bp 

3 UTR: ARF1 

Exon: ARF1 

Downstream: ARF1 - MIR3620 - 

C1orf35 

PACA-CA (Pancreatic ductal adenocarcinoma) 

Mutation ID DNA Change Type Consequences 

MU69103416 chr1:g.228281771C>G 
single base 

substitution 

Upstream: MIR3620  

Intron: ARF1 

MU31935781 chr1:g.228287268C>T 
single base 

substitution 

Downstream: ARF1 - MIR3620 - 

C1orf35 

MU29815978 chr1:g.228284449A>G 
single base 

substitution 

Upstream: MIR3620 

Downstream: C1orf35 

Intron: ARF1 

MU30862596 chr1:g.228280286T>G 
single base 

substitution 

Upstream: MIR3620 

Intron: ARF1 

MU64577724 chr1:g.228287879CA>- 
deletion of 

<=200bp 

Downstream: ARF1 - MIR3620 - 

C1orf35 

MU31836309 chr1:g.228286273C>T 
single base 

substitution 

3 UTR: ARF1 

Downstream: ARF1 - MIR3620 - 

C1orf35 

Intron: ARF1 

MU30332033 chr1:g.228288086T>C 
single base 

substitution 

Downstream: ARF1 - MIR3620 - 

C1orf35 

PACA-AU  (Pancreatic ductal adenocarcinoma) 

Mutation ID DNA Change Type Consequences 

MU5418575 chr1:g.228285238G>C 
single base 

substitution 

Downstream: ARF1 - MIR3620 - 

C1orf35 

Intron: ARF1 

MU5418586 chr1:g.228285265G>A 
single base 

substitution 

Downstream: ARF1 - MIR3620 - 

C1orf35 

Intron: ARF1 

MU5418558 chr1:g.228283026C>A 
single base 

substitution 

Upstream: MIR3620  

Intron: ARF1 

 

Table 13: ICGC Mutation Studies of MIR3620 for Pancreatic Tumors. ICGC 

MIR3620 mutational datasets for pancreatic cancer are shown. The study, mutation ID, 

DNA alteration, the type of alteration, and the consequences of the alteration are 

presented. 

 

C. Single nucleotide polymorphisms 

 Single nucleotide polymorphisms (SNPs) are normal variations of a nucleotide in 

a given sequence of genetic code. These SNPs are responsible for not only general 

variations in phenome, but also susceptibility to drugs and diseases. 371 SNPs via NCBI 

PheGenI and NCBI dbSNP. Of these 371 identified SNPs, 73 were associated with data 
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collected from 1000 Genomes Project.  When MIR3620 was examined using NCBI 

Clinical Variation (ClinVar), 17 copy number variations were identified, of which 16 

were considered pathogenic and affected head and facial development as well as 

contributed to failure to thrive (data not shown). When the number of MIR3620 SNPs 

provided by each database (dnSNP, GeneCards, and PheGenI) were compared, all SNPs 

were common between the three databases with the exception of one SNP, rs7531973, 

provided by GeneCards (Figure 26).  

 

Figure 26: Cross-referenced SNP identification across dbSNP, GeneCards, and 

PheGenI. dbSNP, GeneCards, and PheGenI were cross-referenced for SNP IDs. The 

number of SNPs provided by each database, as well as the number of cross-referenced 

SNP IDs is shown. 

 

3. Co-amplified genes in the MIR3620 locus 

 MIR3620 is located at the chromosomal position 1q42.13. The amplification of 

the MIR3620 seen in diverse tumor types suggests a possibility that other genes located 

in the vicinity might also show amplification. This could exert a direct or indirect effect 
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on the regulatory effect of MIR3620. Hence, efforts were undertaken to identify the 

genes located on the same locus as MIR3620. The genes in locus 1q42.13 were 

downloaded from NCBI Gene. They were examined in cBioPortal to determine if these 

genes were also amplified in the same tumors as MIR3620. GeneCards was used to infer 

class and/or function of the proteins. 

 The analysis identified 118 genes for this locus. These genes included cytoskeletal 

proteins, enzymes, histones, ribosomal proteins, ncRNAs, and transcription factors. 

Twenty-eight of these genes showed significant gene amplification across multiple tumor 

types. Most significant co-amplification of these 28 genes was seen in breast, 

neuroendocrine, prostate tumors, pancreas, and ovarian tumors. Mutations, however, 

were the most prevalent type of alteration across all cancer types (Figure 27). 

 

Figure 27: Cross cancer alterations for 28 loci genes. The CNV analysis (alteration 

frequency) from the cBioPortal for the 28 loci genes across diverse cancers is shown. 

Cancer types, mutational status and CNV results are indicated. Green = mutation, 

deletion=blue, red=amplification, and grey=multiple alterations.  
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The co-amplified genes in pancreatic cancer are shown in Figure 28. These 28 

genes are altered in 28% of pancreatic cancer patients (30/109). A significant 

concordance was seen in the amplification of these multiple genes within the patients 

raising a potential for multi tumor biomarkers. The co-amplified genes included several 

cancer-associated proteins including ADP ribosylation factor 1 (ARF1), CDC42 binding 

protein kinase alpha (CDC42BPA), gap junctional protein gamma 2 (GJC2), guanylate 

cyclase (GUK1), histone clusters (HST3H2A, HIST3H2BB, HIST3H3), serine protease, 

MIR4662A, rho-related GTP-binding protein (RHOU) and wnt family members WNT3A 

and WNT9A. Expression analysis of these genes was conducted using the Cancer 

genome anatomy project (CGAP) database, NCBI Unigene, and Pancreas expression 

database. ARF1 and GUK2 were upregulated in bulk and microdissected pancreatic 

tissues, respectively, while GJC2 and WNT9A were downregulated in microdissected 

pancreatic cancer tissues.  NCBI phenome-genome integrator was accessed to identify 

expression quantitative trait loci (eQTL) of these genes. Nearly half were implicated in 

liver and lymphoblastoids. These 28 proteins regulate apoptosis, autophagy, cell cycle, 

channeling, DNA-repair, gap junction, signal transduction, nucleotide/protein binding, 

telomere stability and transport. These processes are integral to growth control and 

regulation. Table 14 summarizes these findings. 
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Figure 28: OncoPrint of co-amplified genes in pancreatic cancer. The co-amplified 

genes at the MIR3620 locus (N=28) were batch analyzed using cBioPortal. The gene 

symbols are shown.  Percent alterations are indicated. Red indicates amplification of the 

gene while blue indicates deletion of the gene. 
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Symbol Description Function/Class Expression eQTL 

ACTA1 
actin, alpha 1, skeletal 

muscle 

Structure of 
cytoskeleton, ATP and 

protein binding 

Up in bulk tissue  

ARF1 ADP ribosylation factor 1 

GTPase activity, 

nucleotide binding, 

protein binding 

Up in bulk tissue 
intraductal papillary 

mucinous neoplasm 

compared to normal 
pancreatic duct 

Liver 

C1orf35 
chromosome 1 open reading 

frame 35 

Protein binding, poly(A) 

RNA binding 

Down in pancreatic 

cancer 
Lymphoblastoid 

CDC42BPA 
CDC42 binding protein 

kinase alpha 

Enzyme; ATP binding, 

protein binding; 

serine/thronine kinase 
activity 

Up in pancreatic cancer  

DUSP5P1 
dual specificity phosphatase 

5 pseudogene 1 
Pseudogene   

GJC2 
gap junction protein gamma 

2 

Gap junction channel 
activity; cell-cell 

signaling 

Down in microdissected 

intrapeithelial neoplasia 
Liver 

GUK1 guanylate kinase 1 Enzyme; transferase 
Up in microdissected 

tissue 
Lymphoblastoid 

HIST3H2A histone cluster 3 H2A 

DDR; DNA binding, 

exosome, chromatin 

silencing, UV-damage 
excision repair 

Up in pancreatic cancer  

HIST3H2BB 
histone cluster 3 H2B family 

member b 
Nucleosome assembly Up in pancreatic cancer Liver 

HIST3H3 histone cluster 3 H3 

DDR; Double-strand 

break repair, telomere 

capping, nucleosome 
assembly 

Present in PDAC juice  

IBA57 
IBA57 homolog, iron-sulfur 

cluster assembly 

Enzyme; transferase 

activity, poly(A) RNA 

binding 

Down in pancreatic 
cancer 

 

JMJD4 jumonji domain containing 4 Protein binding Down in bulk 

Brain frontal 

cortex, 

lymphoblastoid 

MIR3620 microRNA 3620 Non protein coding   

MIR4666A microRNA 4666a Non protein coding   

MRPL55 
mitochondrial ribosomal 

protein L55 
Translation 

Down in pancreatic 

cancer 
Lymphoblastoid 

OBSCN 

obscurin, cytoskeletal 

calmodulin and titin-

interacting RhoGEF 

Enzyme; protein kinase 
activity,Rho guanyl 

nucleotide exchange 

factor activity, cell 
differentiation 

Hypermethylated 
(downregulated) in 

microdissected, bulk, and 

cell line; Upregulated in 
pancreatic cancer 

 

PRSS38 protease, serine 38 
Enzyme, hydrolase, 
peptidase activity 

Hypomethylated 

(upregulated) in 
microdissected, bulk, and 

cell line 

 

PSEN2 presenilin 2 

Enzyyme, 

endopeptidase activity, 
notch signaling 

pathway, response to 

hypoxia 

Down in bulk pancreatic 

intraepithelial neoplasia 

compared to normal 
pancreas 

Liver 

RHOU 
ras homolog family member 

U 

Cell cycle; G1/S 
transition, GTP, 

nucleotide binding 

Downregulated in 

pancreatic cancer 
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RNF187 ring finger protein 187 

Enzyme; regulation of 

cell proliferation, 

ubiqiuitin-protein 

transferase activity 

Up in xenograft 

pancreatic cancer tissue 

compared to xenograft 

pancreatic tissue 

Liver 

SNAP47 
synaptosome associated 

protein 47 

Protein binding, SNAP 

receptor activity, plays 
role in intracellular 

membrane fusion 

Hypermethylated 
(downregulated) in 

microdissected, bulk, and 

cell line; upregulated in 
pancreatic cancer 

Lymphoblastoid 

TRIM11 tripartite motif containing 11 

Enzyme; transcription 

factor binding, ligase 
activity, innate immune 

response 

Up in pancreatic cancer  

TRIM17 tripartite motif containing 17 

Enzyme; ubiquitin-

protein transferase 

activity, autophagy 

Hypermethylated 

(downregulated) in cell 

line 

 

URB2 
URB2 ribosome biogenesis 
2 homolog (S. cerevisiae) 

Ribosome biogenesis 
Upregulated in pancreatic 

cancer 
Lymphoblastoid 

WNT3A Wnt family member 3A 

Transcription co-
activator activity, in 

utero embryonic 

development, positive 
regulation of cytokine 

production 

Hypermethylated 
(downregulated) in cell 

line 

 

WNT9A Wnt family member 9A 

Cell cycle; Cell-cell 

signaling, mitotic cell 
checkpoint, negative 

regulation of cell 

proliferation, Wnt 
signaling pathway 

Hypermethylated 
(downregulated) in 

microdissected, bulk, and 

cell line 

 

ZNF678 zinc finger protein 678 Transcsription factor 
Upregulated in pancreatic 

cancer 
 

ZNF847P 
zinc finger protein 847, 

pseudogene 
Pseudogene   

 

Table 14: Characterization of co-amplified genes from the MIR3620 locus. The 

genes present in the chromosome locus 1q42.13 were downloaded from NCBI gene. 

Genes with amplification in >10% of pancreatic cancer patient samples (cBioPortal) are 

shown. Class and function inferred from GeneCards. The HGNC approved symbols, 

description of the genes, expression, and expression quantitative trait loci from phenome-

genome integrator are shown. 

 

The MIR3620 locus, 1q42.13, contained three other microRNAs (MIR4666A, 

MIR5008, and MIR6742). MIRDB was mined for protein targets shared between these 

MIRs and MIR3620 (Figure 29). The goal was to determine synergistic or antagonistic 

regulation of these specific proteins in pancreatic cancer. While all four did not share 

known cancer-related common genes, three of the MIRs did. MIR3620, MIR4666A, and 

MIR6742 targeted brain-derived neurotropic factor (BDNF) and EPH receptor A4 
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(EPHA4). MIR3620, MIR4666A, and MIR5008 shared ADP-ribosylation factor guanine 

nucleotide-exchange factor 2 (ARFGEF2).  

 

 

Figure 29: MIR3620 locus 1q42.13 microRNAs and their shared targets. The number 

of MIR protein targets was inferred using MIRDB. The number of targets for 3p (blue) 

and 5p arms (red), the number of protein targets shared between each miR and MIR3620 

(green), and the number of cancer-specific protein targets shared between each MIR and 

MIR3620 (purple) is shown. 

 

4. MIR3620 expression profiling 

A. NCBI gene expression omnibus analysis 

The NCBI Gene Expression Omnibus database (GEO) was datamined with the 

query "MIR3620 and pancreatic cancer and Homo sapiens". Among 6 diverse microarray 

data output related to pancreatic tumor and normal tissues, a Microarray dataset 

consisting of significant number of matched normal and tumor sample (N=16) was 

693
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65 66
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3p targets
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chosen for the expression-based datamining (GEO ID # 78843366). A significant 

upregulation of MIR3620 expression (1.4-3.6-fold) was detected in the matched 

pancreatic tumors corresponding to the normal tissues (Figure 30). Upregulation of 

MIR3620 expression was seen in 14/16 (87%) matched tumor and normal tissues.  On the 

other hand, in the same dataset, when all tumor and normal tissues were compared 

(matched and unmatched), a downregulation of MIR3620 expression was seen. Results 

from the use of matched set of pancreatic tumors and normal tissues were considered as 

reliable and hence was used as a baseline. The MIR3620 upregulation (1.0-1.4-fold) in 

the pancreatic tumors was also verified using data from five independent experiments 

(GEO ID #s 78843366, 78878955, 78899766, 78891607, 78835207).   These results 

established that the MIR3620 expression is upregulated in the pancreatic tumors. 

 

Figure 30: MIR3620 expression in pancreatic tumors. The gene expression dataset 

from the Gene Expression Omnibus (ID:78843366,  Expression profiling by array, count, 

52 samples, Reporter:GPL570, 200065_s_at (ID_REF), GDS4102, 375 (Gene ID), 

100500810 (Gene ID), AF052179) was datamined for MIR3620 expression.  Data from 

Matched tumor/normal tissues. Normalized expression levels) are shown (N=16). Rank 

order of the data output (>98%). 
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B. miRIAD, DASHR, and Harmonizome expression analysis 

 A google search with the query “hsa-miR-3620 expression” was conducted to 

identify expression patterns for MIR3620. Several publications and websites provided 

expression information for the miRNA. One database, miRIAD, showed that both mature 

forms of MIR3620, miR-3620-3p and miR-3620-5p, are expressed in the brain and 

correlate with increased expression of its host protein, ARF1. Additionally, miR-3620-5p 

showed expression in the testis and cerebellum (Figure 31).   

The database of small human noncoding RNA (DASHR) provided expression for 

pri-miR-3620 (MIR3620) and miR-3620-3p, but not miR-3620-5p.  Elevated levels of 

expression were observed in the macrophage, pancreatic beta cell, and pancreatic islet 

(Figure 32). Expression of the pri-miRNA is significantly higher in the pancreatic islet 

than in miR-3620-3p, with a reads per million of 1.47 in the pri-miRNA compared to 

0.87 in the mature miRNA (Table 15). Despite presence in the islet and beta cells, the 

primary and mature miRNA are absent from the pancreas. Harmonizome provided 

additional expression of MIR3620 at high levels in fallopian tubes and low levels in 

kidney, salivary gland, cervix, and bladder.  
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A. 

 

B. 

 

Figure 31: MIR3620 miRIAD expression. miRIAD provided expression analysis for 

MIR3620. Tissue expression (A) and correlation of expression for each arm of the miR 

with its host gene, ARF1 (B), is shown.  Light orange represents expression in the brain, 

orange signifies expression in cerebellum, green denotes expression in the heart, yellow 

represents expression in kidney, and blue signifies expression in the testis. 
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A. miR-3620      B. miR-3620-3p 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: DASHR expression for miR-3620 and miR-3620-3p.  DASHR was 

accessed to identify expression of MIR3620. The expression of various tissues for miR-

3620 (A) and miR-3620-3p (B) is shown. 

 

 miR-3620 miR-3620-3p 

Tissue 
Read 

Count 
RPM 

Read 

Count 
RPM 

Adipose 65.5 0.91 65.5 0.91 

Macrophage 78 8.78 78 8.78 

Pancreas 0 0 0 0 

Pancreatic beta cell 159.432 2.22 153 2.13 

Pancreatic islet cell 133.035 1.47 78 0.86 

 

Table 15: DASHR expression for miR-3620 and miR-3620-3p for select tissues. 

DASHR expression data was used to generate a table of select tissues. Read count, reads 

per million (RPM), and tissue type for each miR is shown. 
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C. Secreted nature of MIR3620 

 MIR3620 expression was detected in saliva, urine, blood, plasma, and serum. 

Both miR-3620-3p and miR-3620-5p were identified in the saliva of pancreatic cancer 

patients and the urine of ovarian cancer patients. The highest level of MIR3620 

expression was seen in the blood, plasma and serum for the mature miR-3620-3p (Figure 

33).  

 

Figure 33: MIR3620 expression in body fluids. Tissue Atlas from the MIRPathDB tool 

was used to analyze expression in body fluids. Blue (miR-3620-3p), red (miR-3620-5p), 

and raw expression levels are shown.  

 

D. Text-mining 

 The underlying premise for the choice of MIR3620 as a possible “novel” 

pancreatic cancer lead marker was because publications linking the ncRNA to pancreatic 

cancer were absent. Because PubMed does not contain all publications, a generic Google-

based search was performed. The query “miR-3620 and expression” as well as “miR-

3620 and cancer” were used. A myriad of publications containing microarray-based 

0.22 0.490.09

-0.30
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28.19

6.60

38.07

2.65

16.57
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Saliva of patient: normal pancreas Saliva of patient: pancreatic cancer
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expression data for miR-3620, miR-3620-3p, and miR-3620-5p were identified (Table 

16). The premature miRNA, miR-3620, was associated with 1) tumor size in thyroid 

adenocarcinoma (134) and with basal-like breast tumors (135); 2) experienced a two-fold 

increase in metformin-treated prostate cancer cells (136); 3) expressed a seven-fold 

increase in HIV-infected lymphoma cell line, SUPT1 (137); and 4) found to be reduced 

by two-fold in laryngeal squamous carcinoma stem cells treated with radiation (138). In 

pediatric central nervous system neoplasms, miR-3620 was found down-regulated and 

may be considered a tumor suppressor (139). 

 The mature miR-3620-3p was found up-regulated in four studies and down-

regulated in two studies. Patients with Balkan Endemic Nephropathy associated upper 

tract urothelial carcinomas displayed a 5-fold upregulation in the expression of miR-

3620-3p (140).  

 While miR-3620-3p was found to be up-regulated in most studies, miR-3620-5p 

was found down-regulated in the majority of studies examined. The miR-3620-5p was 

found down-regulated in the aqueous humor of glaucoma patients (141) and exhibited a 

50-fold down-regulation in temozolomide-treated glioma cell line, U87-MG (142), 

suggesting the possibilities for diagnostic and druggable markers. These authors proposed 

a tumor suppressor role for MIR3620. Table 16 shows additional expression data for the 

primary and mature miRNAs in response to different treatments and stimuli. 
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miR-3620 

Source/PMID Expression 

http://gdac.broadinstitute.org/runs/awg_thca__2

013_06_20/reports/cancer/THCA-

RiskCategory_Low/Correlate_Clinical_vs_miRs

eq/nozzle.html 

Relevant to tumor size in thyroid adenocarcinoma 

26878388 Associated with basal like breast tumors 

23621234 
Two-fold up-regulation in prostate cancer cells treated with 

metformin 

25717002 7 fold-change up-regulation in HIV-infected cell line, SUPT1 

24083697 
Two-fold reduction in radiation treated laryngeal squamous 

carcinoma stem cells 

25551588 
Down-regulated in pediatric CNS neoplasm, with a favorable 

prognosis, and suggestion of tumor suppressor 

miR-3620-3p 

28523296 
Up-regulated in aristolochic acid induced upper urinary tract 

urothelial carcinoma in response to mutated TP53 

28384108 
Up-regulated in the serum of children with autism spectrum 

disorder 

27780077 

Down-regulated in rectal mucosa of carcinoma tissue compared 

to normal in former, current, and non-smokers. Greatest 

difference seen in patients who never smoked 

27218105 
5-fold up-regulation in balkan endemic nephropathy associated 

upper tract urothelial carcinoma 

27635130 Down-regulated in Type 2 Diabetics with IBS 

26299203 
Up-regulated in the progression of hepatic fibrosis in patients 

with hepatitis B 

miR-3620-5p 

http://digitalcommons.library.tmc.edu/utgsbs_di

ssertations/444  

Expressed at high levels in mesenchymal stem cells; 

proliferation of glioma stem cell increased when miR-3620-5p 

was added 

27171002 Down-regulated in CD8 T cells in uncontrolled HIV 

http://www.ijcep.com/files/ijcep0025457.pdf Down-regulated in hepatocellular carcinoma 

26185541 
Massive down-regulation in temozolomide-treated glioma cell 

line, U87-MG 

27154715 Forms G-quadruplex structure and is silenced by sanguinarine 

24867291 Down-regulated in the aqueous humor of glaucoma patients 

25889836 
8 fold upregulation in enterovirus-71 infected 

rhabdomyosarcoma cells 

24418602 

Down-regulated by TNFa stimulated NF-kB; levels of 

expression increased in presence of p65 siRNA interference 

(p65 is subunit of NF-kB). 

 

Table 16: Text-mining data for the regulation of MIR3620 expression. Several text 

sources were identified using Google. The PubMed ID (PMID) and the website where the 

text was accessed is given. The expression of miR-3620, miR-3620-3p, and miR-3620-5p 

for each publication is shown. 
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E. Perturbations landscape of MIR3620 -Genevestigator 

I. Cancers 

 Genevestigator analysis of the microarray databases (83 perturbations-based 

datasets) revealed elevated levels of MIR3620 expression in a variety of cancer types 

(N=612). The tumor types included early-stage adenomas; carcinomas (breast, colon, 

endometrial, gastric, liver, renal and ovarian); leukemia and lymphomas; neuroendocrine; 

neurological (astrocytomas and gliomas); melanomas as well as in sarcomas.  

The upregulation of MIR3620 was seen in 1) adrenal gland tumors (3.8-fold), 2) 

gliomas (4.5-11.67-fold), 3) hepatocellular carcinomas (5-fold) and 4) esophageal 

squamous carcinomas (3.6-fold). Highest differences were seen in gliomas (>10-fold).  

On the other hand, significant downregulation was seen in the colon adenomas (7.5 fold).  

It is also downregulated in Estrogen resistant breast cancer cells (MCF-7-SC).  

Further datamining of the microarray database using the GeneVestigator tool 

revealed high levels of MIR3620 expression in a variety of tumors (n=612 studies) 

including tubular adenomas and carcinomas, neuroendocrine tumors, stromal cell 

sarcomas, papillary endometrial carcinomas, leukemia and lymphomas, melanomas, 

astrocytomas, renal cell carcinomas and pheochromocytomas.  

II. Other diseases 

 The MIR3620 upregulation was seen in activated-T-helper cells, stimulated 

monocytes (CD14+), infections (entereovirus, influenza virus, and Herpes simplex virus), 

and systemic onset of juvenile idiopathic arthritis.  It is downregulated in Enthesitis-

related arthritis, activated CD4+ T-regulatory cells, during kidney transplantation and in 

psoriasis upon inhibition of IL-17 receptor (Broadulmab).  These results suggest that in 
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addition to cancer, the MIR3620 is involved in inflammation, infections and in 

transplantations (Figure 34). 

 

Figure 34: Landscape of MIR3620 perturbations. Genevestigator tool was used to 

characterize the perturbations related to MIR3620. Hits with >3-fold changes are shown. 

Log2 ratio, p-values are shown. 
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III. Expression in normal tissues 

 The MIR3620 expression was seen in a wide variety of normal cells including 

breast, colon, hematopoietic tissues, liver, prostate and stomach (Figure 35).  Highest 

level of MIR3620 expression was detected in the colon polyp. Additional GeneVestigator 

analysis of the microarray dataset showed almost ubiquitous expression of MIR3620 in 

all tissues (data not shown). High leveles of MIR3620 expression was detected in various 

cell types including immunologic (normal and tumor-derived), hematopoitic, neurologic, 

reproductive and stromal cells. MIR3620 expression was also detected in the  

developmental tissues skin, bone marrow, amniotic fluid and the placenta. Analysis of the 

Human miRNA tissue atlas verified the wide spread expression of MIR3620 in diverse 

normal tissues.  

 

 
Figure 35: MIR3620 expression in normal tissues. Genevestigator microarray datasets 

were analyzed for MI3620 expression in normal tissues. Expression data from 14 

anatomical organs is shown. Level of expression is indicated (medium/high).  Number of 

samples analyzed is indicated. 
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IV. Pancreatic cancer cell lines 

 Further, in a variety of pancreatic cancer-derived cell lines the MIR3620 

expression was detected (Figure 36).  Commonly used pancreatic cancer cell lines, 

BxPC3, Capan -1, Capan-2 and Panc-1 had high levels of MIR3620 expression. 

 

 

Figure 36: Expression profile of MIR3620 in pancreatic cancer cell lines. MIR3620 

expression in diverse pancreatic cancer-derived cell lines is shown. 
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5. MIR3620 targets mapping 

 The amplification and upregulation of MIR3620 in a wide variety of tumors, 

including pancreatic tumors, suggests that proteins regulated by MIR3620 may contribute 

to neoplastic progression. Protein targets of miR-3620-3p (n=233) and miR-3620-5p 

(n=402) were inferred using the ncRNA database, MIRDB. These targets encompassed a 

wide variety of proteins involved in cellular processes such as adhesion, invasion 

apoptosis, cell cycle, protein degradation, cytokines, growth factors, enzymes, oncogenes, 

receptors, transporters, and transcription factors. Most of the target proteins were unique 

to these two forms of MIR3620. Seven proteins, however, were common between these 

two forms: Calcium/calmodulin dependent protein kinase (CAMKK2), Forkhead Box N3 

(FOXN3), Homeobox A1 (HOXA1), uncharacterized protein KIAA0930 (KIA0930), SH3 

and multiple ankyrin repeat domains 2 (SHANK2), SUZ RNA binding domain 

containing 1 (SZRD1), and ubiquilin 4 (UBQLN4). 

The list of protein targets was subjected to analysis encompassing secretome, 

pancreatic cancer pathway, relevance to neoplastic growth, and expression profiling using 

PED (Figure 37). Fifty-three cancer-relevant proteins were identified as targets of miR-

3620-3p. Of these, 18 were downregulated and 19 were upregulated. Seventy miR-3620-

5p protein targets were identified as relevant to cancer. Twenty-one protein targets were 

downregulated and 28 were upregulated. Since MIR3620 was identified as upregulated 

(consequence of the gene amplification seen in tumors), it was reasoned that the target 

proteins that were downregulated in pancreatic cancer would exhibit repressed 

expression. Hence, understanding the role of the protein targets downregulated in 

pancreatic cancer should offer greater understanding of the mechanism of MIR3620. 
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Figure 37: hsa-miR-3620-3p and hsa-miR-3620-5p protein targets landscape. 

MIR3620 Protein targets were inferred from MIRDB and enriched for cancer relevance. 

Cancer-relevant protein targets were further enriched for secretome, integrated pancreatic 

cancer (PC) pathway, both secretome and integrated pancreatic cancer pathway, 

upregulated, and downregulated genes. Expression was inferred from Pancreas 

expression database. Red is miR-3620-3p and blue is miR-3620-3p. 

 

A. MIR3620 secreted protein targets 

The presence of both the MIR3620 and corresponding protein targets in the 

exosomal secretome might provide a signature of genes for pancreatic cancer diagnosis. 

Hence, efforts were undertaken to identify MIR3620 targets that were common between 

the integrated pancreatic cancer pathway and the exosomes database. Three MIR3620 

targets were identified as pancreatic cancer-specific secretome: CAMKK2, FOXN3, and 

protein kinase c, alpha (PRKCA).  

 These three genes were examined using exosome and proteomics expression 

databases to ascertain their secreted nature. ExoCarta, an encyclopedia of exosomal 
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genes, identified PRKCA as secreted in urine, while CAMKK2 and FOXN3 exosomes 

were isolated from mast cells and hepatocellular carcinoma cells, respectively. 

CAMKK2, FOXN3, and PRKCA were expressed in many tissues, including pancreas. 

While CAMKK2 and FOXN3 were upregulated in pancreatic tumor, PRKCA was 

downregulated. 

 Using proteomics DB, it was inferred that FOXN3 was identified in the proximal 

fluid of the coronary sinus. GeneCards was accessed as well for expression analysis and 

found that all three targets, and MIR3620, could be found in whole blood and bone 

marrow using microarray (Figure 38).  

 

A. MIR3620 

 

B. CAMKK2 

 

 

C. FOXN3 

 

 

D. PRKCA 

 

 

Figure 38: GeneCards expression of MIR3620 and its secreted protein targets in 

body fluids. Using the integrated pancreatic cancer pathways and the exosomal database, 

three secreted MIR3620 protein targets were identified. The microarray expression in 

bone marrow and whole blood for MIR3620 (A), CAMKK2 (B), FOXN3 (C), and 

PRKCA (D) is shown. 
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 Using NCBI GEO profiles, expression of MIR3620 and these protein targets were 

identified in saliva of pancreatic cancer patients versus healthy controls (Figure 39). 

MIR3620, consistent with overall expression, was upregulated in the saliva of most 

patients compared to individuals without pancreatic cancer. Consistent with increased 

expression of MIR3620, was also a decreased expression of CAMKK2 and PRKCA in 

saliva of pre-treatment pancreatic cancer patients. FOXN3, however, exhibited an 

increased level of expression in the saliva of patients versus the healthy control, 

suggesting that FOXN3 may be regulated by other means. The data provided from NCBI 

GEO and GeneCards microarray suggests the possibility of using blood and saliva for 

noninvasive diagnosis of pancreatic cancer. 
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A. MIR3620 

 

B. CAMKK2 

 

 

 

 

 

 

 

 

C. FOXN3 
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D. PRKCA 

 

Figure 39: NCBI GEO expression profiles for “Saliva of pre-treatment pancreatic 

cancer patients.” NCBI GEO was accessed to identify the expression of MIR3620 (A), 

CAMKK2 (B), FOXN3 (C), and PRKCA (D) in saliva of pancreatic cancer patients 

compared to healthy controls. The expression data was identified from the following 

datasets: MIR3620: Reporter: GPL570, 200065_s_at (ID_REF), GDS4100, 375 (Gene 

ID), 100500810 (Gene ID), AF052179; DataSet type: Expression profiling by array, 

count, 24 samples; ID: 78755807; CAMKK2: Reporter: GPL570, 207359_at (ID_REF), 

GDS4100, 10645 (Gene ID), NM_006549; DataSet type: Expression profiling by array, 

count, 24 samples; ID: 78762603); FOXN3: Reporter: GPL570, 205021_s_at (ID_REF), 

GDS4100, 1112 (Gene ID); DataSet type: Expression profiling by array, count, 24 

samples; ID: 78760269; PRKCA: (Reporter: GPL570, 1560074_at (ID_REF), GDS4100, 

5578 (Gene ID), AL119889; DataSet type: Expression profiling by array, count, 24 

samples; ID: 78750951). 
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B. MIR3620 protein targets 

 MIR3620 protein targets were inferred using MIRDB. These proteins underwent 

extensive bioinformatics analysis to predict their expression as well as determine their 

roles in apoptosis, cell cycle, cell adhesion, cytokines/chemokines, DNA damage and 

repair, growth factors, oncogenes, transcription factors, and tumor suppressors.  The 

protein targets identified as downregulated in pancreatic cancer were of interest in view 

of the fact that MIR3620 was amplified and upregulated in expression in most tumor 

types. This implies that downregulated targets are under direct regulation by MIR3620. In 

addition, upregulated targets were identified as well since they may suggest indirect 

regulation by MIR3620. Table 17 and Table 18 summarize the protein targets of miR-

3620-3p and miR-3620-5p, respectively.  

 

Gene 

Symbol 
Description Class Involvement 

ARFGEF2 

ADP-ribosylation factor guanine 

nucleotide-exchange factor 2 

(brefeldin A-inhibited) 

Transporter Cell adhesion 

ARHGAP31 
Rho GTPase activating protein 
31 

Regulation of GTPase 
activity 

Growth factor involvement 

ARHGEF7+ 
Rho guanine nucleotide 

exchange factor (GEF) 7 
Protein binding Growth factor involvement; Oncogene 

BMF Bcl2 modifying factor 
Apoptotic process, 
protein binding 

Pro-apoptosis; Growth factor involvement; 
Oncogene 

CAMKK2 
calcium/calmodulin-dependent 

protein kinase kinase 2, beta 
Enzyme Cell cycle  

CAPRIN1+ cell cycle associated protein 1 
RNA/Protein binding, 
cell differentiation 

Cell cycle; Growth factor involvement 

CDH16 cadherin 16, KSP-cadherin Cell adhesion Cell adhesion 

DUSP4 dual specificity phosphatase 4 Enzyme 
Cytokine/chemokines activity; Growth factor 

involvement; Oncogene 

E2F3 E2F transcription factor 3 Transcription factor 

Cell cycle; Growth factor involvement; 

Oncogene; Transcription; DNA damage and 

repair 

EPHA4 EPH receptor A4 Enzyme 
Cell adhesion; Cytokine/chemokine activity; 

Growth factor involvement 

FGFR3 
fibroblast growth factor receptor 

3 
Enzyme 

Cell adhesion; Growth factor involvement; 

Oncogene/Tumor suppressor 

FOSL2+ FOS-like antigen 2 Transcription factor 
Pro-apoptosis; Growth factor involvement; 
Transcription 

FOXN3 forkhead box N3 Transcription factor Cell cycle; Tumor suppressor; Transcription 

FOXO4 forkhead box O4 Transcription factor 

Pro-apoptosis; Cell cycle; Cytokine/chemokine 

activity; Growth factor involvement; Tumor 

suppressor; Transcription; DNA damage and 
repair 
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HES2 
hes family bHLH transcription 

factor 2 
Transcription factor Transcription 

HIC2 hypermethylated in cancer 2 Transcription factor Transcription 

HIF1AN 
hypoxia inducible factor 1, alpha 

subunit inhibitor 
Enzyme Growth factor involvement 

HOXA1 homeobox A1 Transcription factor Transcription 

IL6ST 
interleukin 6 signal transducer 
(gp130, oncostatin M receptor) 

Cytokine receptor 
activity 

Apoptosis; Growth factor involvement; 
Oncogene 

KLLN+ 
killin, p53-regulated DNA 

replication inhibitor 

DNA binding; 

apoptosis 

Pro-apoptosis; Cell cycle; Growth factor 

involvement; Tumor suppressor 

LIMK1 LIM domain kinase 1 ATP binding enzyme 
Cytokine/chemokine activity; Growth factor 
involvement; Oncogene 

MAFK 

v-maf avian musculoaponeurotic 

fibrosarcoma oncogene homolog 

K 

Transcription factor 
Cytokine/chemokine activity; Growth factor 
involvement; Oncogene; Transcription 

MAP3K3 
mitogen-activated protein kinase 

kinase kinase 3 

Nucleotide and protein 

binding enzyme 

Cytokine/chemokine activity; Growth factor 

involvement 

MICAL2 

microtubule associated 

monooxygenase, calponin and 

LIM domain containing 2 

Enzyme Anti-apoptotic; Cell adhesion 

MMP25+ matrix metallopeptidase 25 Enzyme 
Cytokine/chemokine activity; Growth factor 

involvement 

MSRB2 
methionine sulfoxide reductase 
B2 

Enzyme DNA damage and repair 

MYBL1+ 
v-myb avian myeloblastosis 

viral oncogene homolog-like 1 

DNA 

binding/transcriptional 
activator 

Cell cycle; Growth factor involvement; 

Transcription 

NUAK1 
NUAK family, SNF1-like 

kinase, 1 
Enzyme 

Cell adhesion; Growth factor involvement; 

Tumor suppressor; DNA damage and repair 

PCDH19 protocadherin 19 Cell adhesion Cell adhesion 

PDE4A+ 
phosphodiesterase 4A, cAMP-

specific 
Enzyme 

Pro-apoptosis; Cell adhesion; Growth factor 

involvement 

POU2F1 POU class 2 homeobox 1 Transcription factor 
Cell cycle; Cytokine/chemokine activity; 
Growth factor involvement; Transcription 

POU2F2 POU class 2 homeobox 2 Transcription factor 
Cytokine/chemokine activity; Growth factor 

involvement; Oncogene; Transcription 

PRKCA protein kinase C, alpha Enzyme Apoptosis; Cell adhesion; Oncogene 

RAP2A+ 
RAP2A, member of RAS 
oncogene family 

GTP binding protein 
Growth factor involvement; Oncogene/Tumor 
suppressor 

RASGRF1+ 
Ras protein-specific guanine 

nucleotide-releasing factor 1 

Cell proliferation, 

GTPase activity 
Cell cycle; Growth factor involvement 

RERG 
RAS-like, estrogen-regulated, 

growth inhibitor 

Negative regulation 
cell growth and 

proliferation; GTP 

binding 

Cell cycle; Growth factor involvement; Tumor 

suppressor 

RSPO3 R-spondin 3 
Angiogenesis, receptor 

binding 
Growth factor involvement 

SIM2 
single-minded family bHLH 

transcription factor 2 
Transcription factor 

Growth factor involvement; Tumor suppressor; 

Transcription 

SPOCK1 

sparc/osteonectin, cwcv and 

kazal-like domains proteoglycan 

(testican) 1 

Enzyme inhibitor, cell 

adhesion, regulation of 

cell growth 

Apoptosis; Cell adhesion; Growth factor 
involvement 

SRPK1 SRSF protein kinase 1 Enzyme Growth factor involvement; Tumor suppressor 

SYNGAP1 
synaptic Ras GTPase activating 
protein 1 

GTPASE activator Growth factor involvement 

THRB thyroid hormone receptor, beta Transcription factor 
Apoptosis; Cell cycle; Growth factor 

involvement; Growth factor; Transcription 

 

Table 17: Protein targets of miR-3620-3p. Protein targets expression was inferred using 

CGAP, Human Protein Atlas, NCBI GEO, PED, and Unigene. Upregulated targets are 

indicated by bolded text, downregulated targets are underlines, and targets which 

displayed both up and downregulation are denoted by a plus (+) sign. 
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Gene 

Symbol 
Gene Description Functional Class Involvement 

ACVRL1 activin A receptor type II-like 1 Enzyme 
Cell adhesion; Chemokine/cytokine 
activity; Growth factor involvement 

AQP1+ aquaporin 1 (Colton blood group) Transporter 
Pro-apoptosis; Cell adhesion; Growth 

factor involvement; Oncogene 

ARHGEF18 
Rho/Rac guanine nucleotide 
exchange factor (GEF) 18 

Enzyme Growth factor involvement 

ARL2BP 
ADP-ribosylation factor-like 2 

binding protein 
Transcription coactivator 

Growth factor involvement; 

Trancription 

ARNT2 
aryl-hydrocarbon receptor nuclear 
translocator 2 

Transcription factor 
Growth factor involvement; Tumor 
suppressor; Transcription 

BDNF brain-derived neurotrophic factor 
Cell-cell signaling; growth 

factor 

Apoptosis; Chemokine/cytokine 

activity; Growth factor involvement; 
Oncogene; DNA damage repair 

BRAT1+ 
BRCA1-associated ATM activator 

1 

Cell prolfieration, 

apoptotic process 
Apoptosis; Cell cycle 

CABLES1+ Cdk5 and Abl enzyme substrate 1 Cell cycle Cell cycle 

CAMKK2 
calcium/calmodulin-dependent 
protein kinase kinase 2, beta 

Enzyme Cell cycle 

CCNT1 cyclin T1 Transcription factor Chemokine/cytokine activity 

CDCA4 cell division cycle associated 4 Cell cycle Cell cycle; Growth factor involvement 

CENPP centromere protein P Cell cycle Cell cycle 

CEP41 centrosomal protein 41kDa Cell cycle Cell cycle 

CHD5 
chromodomain helicase DNA 
binding protein 5 

Transcription factor Tumor suppressor; Transcription 

CMKLR1 chemokine-like receptor 1 Receptor Chemokine/cytokine activity 

CNNM1 cyclin M1 Transporter 
 

COL1A1+ collagen, type I, alpha 1 Structure Pro-apoptosis 

CSF1+ 
colony stimulating factor 1 
(macrophage) 

Cytokine, regulates cell 
adhesion 

Cell adhesion; Chemokine/cytokine 
activity; Growth factor involvement 

CXXC4 CXXC finger protein 4 Regulates Wnt pathway Tumor suppressor 

FBXO10 F-box protein 10 Apoptotic process Pro-apoptosis 

FBXO45 F-box protein 45 DNA damage and repair DNA damage and repair 

FGF1 fibroblast growth factor 1 (acidic) 

Kinase activity, receptor 

binding, angiogenesis, 

growth factor 

Apoptosis; Chemokine/cytokine 

activity; Growth factor involvement; 

Oncogene 

FOXN3 forkhead box N3 
Transcription factor, cell 
cycle 

Cell cycle; Tumor suppressor; 
Transcription 

HOXA1 hmoeobox A1 Transcription factor Transcription 

HOXA11 homeobox A11 Transcription factor Transcription 

ICK+ intestinal cell (MAK-like) kinase Enzyme Cell cycle 

IL16+ interleukin 16 Cytokine 
Cell cycle; Chemokine/cytokine 
activity; Growth factor involvement 

IL22RA2 interleukin 22 receptor, alpha 2 Cytokine-mediator activity 
Chemokine/cytokine activity; Growth 

factor involvement 

IL36B interleukin 36, beta Cytokine Chemokine/cytokine activity 

LDOC1 
leucine zipper, down-regulated in 

cancer 1 
Protein binding 

Growth factor involvement; Tumor 

suppressor 

LZTS1+ 
leucine zipper, putative tumor 

suppressor 1 
Transcription factor 

Cell cycle; Growth factor involvement; 

Tumor suppressor; Transcription 

MECP2 
methyl CpG binding protein 2 (Rett 
syndrome) 

Transcriptional repressor 

Cell cycle; Chemokine/cytokine 

activity; Growth factor involement; 

Oncogene; Transcription 

MRAS muscle RAS oncogene homolog GTP binding 
Chemokine/cytokine activity; 
Oncogene 

NFIX 
nuclear factor I/X (CCAAT-

binding transcription factor) 
Transcription factor Transcription 

PAK3 
p21 protein (Cdc42/Rac)-activated 

kinase 3 
Enzyme Cell cycle 

PLAUR+ 
plasminogen activator, urokinase 

receptor 

Receptor and protein 

binding 

Apoptosis; Cytokine/chemokine; 

Growth factor involvement; Oncogene; 
DNA damage and repair 

PLCD3+ phospholipase C, delta 3 Enzyme Cell adhesion 
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PLD1 
phospholipase D1, 

phosphatidylcholine-specific 
Enzyme 

Chemokine/cytokine activity; Growth 

factor involvement; Oncogene 

PPARD 
peroxisome proliferator-activated 

receptor delta 
Transcription factor 

Cell cycle; Chemokine/cytokine 

activity; Transcription 

PPARGC1B 
peroxisome proliferator-activated 
receptor gamma, coactivator 1 beta 

Transcription regulator 
Growth factor involvement; 
Transcription 

PTPRF 
protein tyrosine phosphatase, 

receptor type, F 
Enzyme 

Cell adhesion; Growth factor 

involvement 

RREB1 
ras responsive element binding 
protein 1 

Transcription factor 
Cell adhesion; Oncogene/Tumor 
suppressor; Transcription 

RUNX2 runt-related transcription factor 2 Transcription factor 

Cell cycle; Chemokine/cytokine 

activity; Growth factor involvement; 

Oncogene; Transcription 

SFTPB surfactant protein B Enzyme activator Chemokine/cytokine activity 

SOCS7 suppressor of cytokine signaling 7 Protein kinase inhibitor Chemokine/cytokine activity 

TAB1 
TGF-beta activated kinase 

1/MAP3K7 binding protein 1 
Activation of MAPK 

Chemokine/cytokine activity; Growth 

factor involvement 

TAB2+ 
TGF-beta activated kinase 
1/MAP3K7 binding protein 2 

Activate MAPK 
Apoptosis; Chemokine/cytokine 
activity 

TGFA transforming growth factor, alpha 
Cell proliferation, growth 

factor 

Cell cycle; Cell adhesion; Growth 

factor involvement; Oncogene 

TGFBRAP1 
transforming growth factor, beta 
receptor associated protein 1 

Transcription regulator, 
transporter 

Growth factor involvement; 
Transcription 

TGM2 transglutaminase 2 Enzyme 

Cell adhesion; Growth factor 

involvement; Oncogene/Tumor 

suppressor 

TMBIM1 
transmembrane BAX inhibitor 

motif containing 1 

Apoptosis; death receptor 

binding 
Apoptosis 

VDR 
vitamin D (1,25- dihydroxyvitamin 

D3) receptor 
Transcription factor 

Apoptosis; Chemokine/cytokine 
activity; Growth factor involvement; 

Tumor suppressor; Transcription; DNA 

damage and repair 

WASF2 WAS protein family, member 2 Cadherin binding 
Cell adhesion; Growth factor 
involvement 

 

Table 18: Protein targets of miR-3620-5p. Protein targets expression was inferred using 

CGAP, Human Protein Atlas, NCBI GEO, PED, and Unigene. Upregulated targets are 

indicated by bolded text, downregulated targets are underlines, and targets which 

displayed both up and downregulation are denoted by a plus (+) sign. 
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C. Characterizing MIR3620 protein targets 

I. Apoptosis targets 

Defects in apoptotic pathways represent essential steps in the development and 

progression of cancer. These proteins may be pro-apoptotic or anti-apoptotic. In normal 

cells, diverse regulatory factors and tumor suppressor genes maintain a balance between 

the pro- and –anti-apoptotic genes.  Deregulation of either of these classes of proteins in a 

susceptible normal cell results in uncontrolled proliferation.     

 MIR3620 mediated growth advantage in tumor cells could be due to suppression 

of these pro-apoptotic genes. Hence, it was of interest to explore apoptosis-related 

targets. In total, 10 protein targets of miR-3620-3p (BMF, FOSL2, FOXO4, IL6ST, 

KLLN, MICAL2, PDE4A, PRKCA, SPOCK1, and THRB) and ten miR-3620-5p targets 

(AQP1, BDNF, BRAT1, COL1A1, FBXO10, FGF1, PLAUR, TAB2, TMBIM1, and 

VDR) were associated with apoptotic processes. Five 3p targets (BMF, FOSL2, FOXO4, 

KLLN, PDE4A) were identified as pro-apoptotic, while three were both pro-apoptotic 

and downregulated (BMF, FOXO4, and KLLN). The two miR-3620-5p pro-apoptotic 

targets (AQP1 and FBXO10) were also downregulated in pancreatic tumors. 

Additionally, the 3p targets, FOSL2 and PDE4A, were identified as pro-apoptotic but 

upregulated in pancreatic tumors while IL6ST, SPOCK1, and THRB were anti-apoptotic 

and downregulated in the same tumor samples (Table 19), suggesting a complex balance 

between pro- and anti-apoptotic genes in the tumor environment. 
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Gene 

Symbol 
Description Class Relevance PMID 

miR-3620-3p 

BMF Bcl2 modifying factor 
Apoptotic process, 

protein binding 

Also targeted by miR-221; 

proapoptotic 
19671867 

FOSL2 FOS-like antigen 2 Transcription factor Cell death 8954781 

FOXO4 Forkhead box O4 
Transcription factor, 

cell cycle 

Induces apoptosis via 

upregulation of BIM in clear 
cell renal carcinoma 

26780985 

IL6ST 
Interleukin 6 signal transducer 

(gp130, oncostatin M receptor) 

Cytokine receptor 

activity 

Positive regulation of cell 

proliferation, regulation of 

Notch signaling, confers anti-
apoptotic responses 

26215971 

KLLN 
Killin, p53-regulated DNA 

replication inhibitor 

DNA binding; 

apoptosis 

Directly promotes expression 

of TP53 and elevates 
apoptosis and cell cycle arrest 

23418309 

MICAL2 

microtubule associated 

monooxygenase, calponin and 

LIM domain containing 2 

Enzyme 
Knockdown reduces cell 
viability 

21822644 

PDE4A 
Phosphodiesterase 4A, cAMP-
specific 

Enzyme 

inhibition triggers luminal 

apoptosis and AKT 

dephosphorylation 

22830422 

PRKCA Protein kinase C, alpha Enzyme Apoptotic signaling pathway 10825394 

SPOCK1 

Sparc/osteonectin, cwcv and 
kazal-like domains proteoglycan 

(testican) 1 

Enzyme inhibitor, 

cell adhesion, 

regulation of cell 
growth 

Activates PI3K/Akt singaling 

to block apoptosis 
PMC4320842 

THRB Thyroid hormone receptor, beta Transcription factor 

Lack of thyroid hormone 

receptor beta enhances 
apoptosis 

20090848 

miR-3620-5p 

AQP1 
Aquaporin 1 (Colton blood 

group) 
Transporter 

Associated with apoptosis and 
higher survival in gastric 

cancer 

26866931 

BDNF 
Brain derived neurotrophic 

factor 
Growth factor Survival-associated protein 28363791 

BRAT1 
BRCA1-associated ATM 

activator 1 

Cell proliferation, 

apoptotic process 
Regulator of apoptosis 25657994 

COL1A1 Collagen type I alpha 1 chain Structure 

Apoptosis resistant at high 

levels, implies low levels are 
pro-apoptotic 

27390605 

FBXO10 F-box protein 10 Apoptotic process 
Binds BCL2 to initiate 

apoptosis 
23431138 

FGF1 Fibroblast growth factor 1 Growth factor 
Inhibits p53-induced 
apoptosis in PC12 cells 

26844696 

PLAUR 
Plasminogen activator, urokinase 

receptor 
Receptor Protects from apoptosis 27896223 

TAB2+ 
TGF-beta activated kinase 
1/MAP3K7 binding protein 2 

Signaling 
Prevents apoptosis in fetal 
liver 

12556483 

TMBIM1 
Transmembrane BAX inhibitor 

motif containing 1 

Apoptosis; death 

receptor binding 

Provides protection from Fas-

mediated cell death 
10535980 

VDR Vitamin D receptor Receptor Knockdown inhibited growth 28460457 

 

Table 19: Apoptosis-related targets of MIR3620. The apoptosis-related targets of miR-

3620-3p and miR-3620-5p are shown. Bold signifies upregulated genes, underlined 

indicates downregulated genes, and + indicates both as determined by GEO profiles. 

Symbol, description, class, relevance to apoptosis, and the PubMed ID (PMID) are 

shown. 
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II. Cell adhesion targets 

 Neoplastic growth is regulated at the level of cell adhesion.  Tumor cells have to 

escape from the primary site, invade the endothelial cells, and home at distal sites for 

metastasis. Cell adhesion molecules (CAMs) play a critical role in these processes. 

Hence, it was of interest to analyze the expression of the CAMs in pancreatic tumors in 

association with deregulated MIR3620 expression. To better understand the role 

MIR3620 plays in pancreatic cancer, its protein targets were analyzed using conditional 

formatting to highlight duplicates against a list of cell adhesion molecules obtained 

through NCBI. These genes were then checked via PubMed textmining. 

 Ten miR-3620-3p targets (ARFGEF7, CDH16, EPHA4, FGFR3, MICAL2, 

NUAK1, PCDH19, PDE4A, PRKCA, and SPOCK1) and 10 miR-3620-5p targets 

(ACVRL1, AQP1, CSF1, PLAUR, PLD1, PTPRF, RREB1, TGFA, TGM2, and WASF2) 

were identified as having relevance to CAMs. The miR-3620-3p targets, which were 

downregulated and corresponded to the upregulation of MIR3620 include ARFGEF7, 

CDH16, and PCDH19. While these three genes, when downregulated, seem to be 

associated with metastasis, the miR-3620-5p genes identified as downregulated (AQP1, 

CSF1, PLAUR, PLD1, and RREB1) appear to inhibit migration. Despite this, many of 

the MIR3620 targets are upregulated and their upregulation encourages metastasis, 

suggesting their role involves disrupting normal cell-cell adhesion (Table 20). 
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Gene Symbol Description Class Relevance PMID 

miR-3620-3p 

ARHGEF7 

ADP-ribosylation factor guanine 

nucleotide-exchange factor 2 

(brefeldin A-inhibited) 

Transporter Establishes contact inhibition 20154149 

CDH16 Cadherin 16 (exclusive to kidney) Cell adhesion 
Cadherins mediate Ca-dependent 
cellular recognition and adhesion 

9721215 

EPHA4 EPH receptor A4 Cell adhesion Promotes invasion of tumor cells 27323967 

FGFR3 
FIbroblast growth factor receptor 

3 
Enzyme 

Promotes invasion and 

proliferation in bladder cancer 
25223521 

MICAL2 

microtubule associated 

monooxygenase, calponin and 

LIM domain containing 2 

Enzyme Regulates EMT 26689989 

NUAK1 
NUAK family, SNF1-like kinase, 
1 

Enzyme Promotes invasion of cancer 23934065 

PCDH19 Protocadherin 19 Cell adhesion 
Complexes with NCAD during 

embryonic development 
22184198 

PDE4A Protein kinase C, alpha Enzyme Inhibitory affect on CAMs 
24616094 
25640159 

PRKCA 
Phosphodiesterase 4A, cAMP-

specific 
Enzyme 

Required for full adhesion and 

migration 

11909826 

23990668 

SPOCK1 

Sparc/osteonectin, cwcv and 

kazal-like domains proteoglycan 
(testican) 1 

Enzyme inhibitor, 
cell adhesion, 

regulation of cell 

growth 

Promotes metastasis 28103946 

miR-3620-5p 

ACVRL1 Activin A receptor type II-like 1 Enzyme Inhibits migration 12453878 

AQP1 Aquaporin 1 (Colton blood group) Transporter Knockdown inhibit cell migration 26176849 

CSF1 
Colony stimulating factor 1 

(macrophage) 

Cytokine, 
regulates cell 

adhesion 

Stimulates macrophages which 

stimulate migration 
27196773 

PLAUR 
Plasminogen activator, urokinase 
receptor 

Receptor and 
protein binding 

Knockdown decreases migration 

and invasion and increases 
cisplatin sensitivity through 

PI3K/Akt 

27602956 

PLD1 
Phospholipase D1, 
phosphatidylcholine-specific 

Enzyme Promotes invasion 20473892 

PTPRF 
Protein tyrosine phosphatase, 

receptor type, F 
Enzyme 

Interacts with DAPK to inhibit 

adhesion and migration 
17803936 

RREB1 
Ras responsive element binding 
protein 1 

Transcription 
factor 

Decreased levels inhibit migration 18394891 

TGFA 
Transforming growth factor, 

alpha 
Growth factor 

Increase migration and ICAM-1 

expression in osteosarcoma 
24685520 

TGM2 Transglutaminase 2 Enzyme 
Increased levels are associated 
with aggressive metastasis 

23673317 

WASF2+ WAS protein family, member 2 Cadherin binding 
Cadherin binding in cell-cell 

adhesion 
25468996 

 

Table 20: Targets of miR-3620-3p and miR-3620-5p involved in cell adhesion. The 

cell adhesion-related targets are shown. Bold signifies upregulated genes and underlined 

indicates downregulated genes, and + indicates both as determined by GEO profiles. 

Symbol, description, class, relevance to cell adhesion, and the PubMed ID (PMID) are 

shown. 

 

III. Cell cycle targets 

Neoplastic transformation of normal cells into cancer cells involves perturbations 

at the cell cycle mechanism, particularly interference with the checkpoints. The normal 
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cell progresses through different stages of cell cycle in a highly regulated manner 

involving the cyclins, the cyclin-dependent kinases and tumor suppressor genes. In 

cancer cells, such a coordinated regulation is often lost due to mutations, amplifications 

or deletions. This results in loss of growth control mechanisms leading to uncontrolled 

proliferation. Hence it was of interest to identify cell cycle-related genes among the 

targets of MIR3620. 

MIR3620 targets were compared to the cell cycle-related genes list from NCBI 

Gene and the protein targets involved in cell cycle were identified. This cluster of 

MIR3620 cell cycle-related genes was then subjected to textmining via NCBI PubMed to 

verify cell cycle relevance.  Twelve miR-3620-3p targets (CAMKK2, CAPRIN1, E2F3, 

FOXN3, FOXO4, KLLN, MYBL1, POU2F1, PRKCA, RASGRF1, RERG, and THRB) 

and 14 miR-3620-5p targets (BRAT1. CABLES1, CAMKK2, CDCA4, CEP41, FOXN3, 

ICK, IL16, LZTS1, MECP2, PAK3, PPARD, RUNX2, and TGFA) were identified as 

having relevance to cell cycle.  

These cell cycle genes were examined using GEO pancreatic cancer expression 

profiling to establish relationship with MIR3620.  The GEO analysis indicated that six 

miR-3620-3p (CAPRIN1, FOXN3, FOXO4, KLLN, MYBL1, and THRB) and six miR-

3620-5p targets (FOXN3, ICK, MECP2, PAK3, PPARD, and RUNX2) were 

downregulated in pancreatic cancer. Two of the miR-3620-3p targets exhibited 

upregulation and downregulation in equal number of matched tumor vs normal GEO 

datasets, RASGRF1 and RERG.  In these tumors, four miR-3620-3p proteins (CAMKK2, 

E2F3, POU2F1, and PRKCA) and seven miR-3620-5p proteins (BRAT1, CABLES1, 

CDCA4, CEP41, IL16, LZTS1, and TGFA) were upregulated (Table 21). These results 
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support a complex model of deregulation of cell cycle associated genes induced by 

elevated levels of MIR3620 in cancer. 

 
Gene 

Symbol 
Description Class Relevance PMID 

miR-3620-3p 

CAMKK2 

Calcium/calmodulin-

dependent protein 

kinase kinase 2, beta 

Enzyme Can induce cell cycle arrest 27141100 

CAPRIN1 
Cell cycle associated 

protein 1 

RNA/protein 

binding, cell 

differentiation 

Causes cell cycle G1 arrest by 

targeting ccnd2 and c-Myc 
28211508 

E2F3 
E2F transcription factor 

3 
Transcription factor 

Reduces percentage of cells 

undergoing mitosis 
26512919 

FOXN3 Forkhead box N3 Transcription factor 
Mitotic G2 DNA damage 

checkpoint 
9154802 

FOXO4 Forkhead box O4 Transcription factor 
Blocks cell cycle progression at 

G1 
10783894 

KLLN 

Killin, p53-regulated 

DNA replication 

inhibitor 

Transcription factor 
Contributes to cell cycle arrest in 

breast cancer cells 
23418309 

MYBL1 

v-myb avian 

myeloblastosis viral 

oncogene homolog-like 

1 

DNA 

binding/transcriptio

nal activator 

Cell cycle sensor, arrests 

spermatogenesis in mice lacking 

MYBL1 

9285555 

POU2F1 
POU class 2 homeobox 

1 
Transcription factor 

Mediates cell cycle and in its 

absense proliferative cells 

progress through G1 cell cycle 

arrest 

20935455 

PRKCA Protein kinase C, alpha Enzyme 

Suppression induces G1 check 

point (implies upregulation allows 

for progression) 

12896972 

RASGRF1+ 

Ras protein-specific 

guanine nucleotide-

releasing factor 1 

Cell proliferation, 

GTPase activity 

Modulates cell cycle and is 

overexpressed in cancer cell lines 
28431339 

RERG+ 

RAS-like, estrogen-

regulated, growth 

inhibitor 

Negative regulation 

cell growth and 

proliferation; GTP 

binding 

Inhibits cell growth 11533059 

THRB 
Thyroid hormone 

receptor, beta 
Transcription factor 

Implicated in regulation of cell 

cycle of hematopoietic stem cells 
22560525 

miR-3620-5p 

BRAT1 
BRCA1-associated 

ATM activator 1 

Cell prolfieration, 

apoptotic process 
May be involved in cell growth 25070371 

CABLES1 
Cdk5 and Abl enzyme 

substrate 1 
Cell cycle Inhibits cell growth 28118639 

CAMKK2 

Calcium/calmodulin-

dependent protein 

kinase kinase 2, beta 

Enzyme Can induce cell cycle arrest 27141100 

CDCA4 
Cell division cycle 

associated 4 
Cell cycle 

Downregulation allows for cell 

cycle arrest at G1/G0 phase in 

melanoma cell line (suggests it 

promotes cell growth) 

27492455 

CEP41 
Centrosomal protein 

41kDa 
Cell cycle Centrosome protein 14654843 
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FOXN3 Forkhead box N3 Transcription factor 
Mitotic G2 DNA damage 

checkpoint 
9154802 

ICK 
Intestinal cell (MAK-

like) kinase 
Enzyme Supports G1 22356909 

IL16 Interleukin 16 Cytokine 

Knockdown reduces prolfierative 

activity and delays cell cycle 

progression to G2 

28512269 

LZTS1 
Leucine zipper, putative 

tumor suppressor 1 
Transcription factor 

Tumor suppressor, when absent, 

results in mitotic progression, 

improper chromosome separation, 

and increased incidence of cancer 

formation 

17873519 

MECP2 

Methyl CpG binding 

protein 2 (Rett 

syndrome) 

Transcriptional 

repressor 

Suppression results in reduced 

cell viability, cell cycle arrest in 

G0/G1 phase and inhibition of 

cell migration 

26648260 

PAK3 

p21 protein 

(Cdc42/Rac)-activated 

kinase 3 

Enzyme 

Acts downstream of Ngn3 to 

promote cell cycle exit during 

islet cell differentiation in 

developing pancreas 

24163148 

PPARD 

Peroxisome 

proliferator-activated 

receptor delta 

Transcription factor 
Represses ERK-dependent cell 

cycle signaling (spermatogenesis) 
26242735 

RUNX2 
Runt-related 

transcription factor 2 
Transcription factor 

Mediates cell cycle in 

osteosarcomas 
19739101 

TGFA 
Transforming growth 

factor, alpha 
Growth factor 

Inappropriate expression in 

growth arrest conributes to 

malignancy 

11973637 

 

Table 21: Cell cycle-related targets of miR-3620-3p and miR-3620-5p. The cell cycle-

related targets MIR3620 are shown. Bold signifies upregulated genes, underlined 

indicates downregulated genes, and + indicates both as determined by GEO profiles. 

Symbol, description, class, relevance to cell cycle, and the PubMed ID (PMID) are 

shown. 

 

IV. Chemokine and cytokine targets 

 Inflammation is highly regulated by complex interactions of signaling molecules 

in the form of chemokines, cytokines, growth factors, and chemokine/cytokine 

suppressors. Chemokines and cytokines act as chemical trails for immune cells to follow 

to sites of tissue damage. In healthy cells and tissues, the immune cells repair the tissue, 

clear out damaged cells, and then dissipate once the tissue is healed. However, in 

tumorigenesis, unchecked inflammation may cause damage to cells and DNA, and 

provide a welcoming microenvironment for neoplastic growth, often by recruiting 
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nurturing immune cells which release growth factors and inhibit normal immune 

response to tissue damage.   It was therefore of interest to identify the role MIR3620 and 

its targets play in the rampant inflammation contributing to tumor growth.  

 GeneCards provided the cluster of chemokine and cytokine-related genes. This 

cluster was analyzed using conditional formatting to identify the miR-3620-3p and miR-

3620-5p targets related to chemokines and cytokines. Eleven 3p targets (DUSP4, EPHA4, 

FOXO4, IL6ST, LIMK1, MAFK, MAP3K3, MMP25, PDE4A, POU2F1, and PRKCA) 

and twenty 5p targets (ACVRL1, BDNF, CCNT1, CMKLR1, CSF1, FGF1, IL16, 

IL22RA2, IL36B, MECP2, MRAS, PLAUR, PLD1, PPARD, RUNX2, SFTPPB, SOCS7, 

TAB1, TAB2, and VDR) emerged from this analysis. There were four miR-3620-3p 

targets (DUSP4, EPHA4, FOXO4, and IL6ST) identified as downregulated and two 

(MAP3K3 and MMP25) that showed up and downregulation in equal parts. Eleven miR-

3620-5p targets (CMKLR1, CSF1, IL22RA2, IL36B, MECP2, PLD1, PPARD, RUNX2, 

SFTPB, SOCS7, and TAB1) were downregulated in pancreatic tumors and two targets 

(MRAS and TAB2) were equally upregulated and downregulated in tumor vs normal 

matched datasets.  

 Upregulated targets of miR-3620-3p included LIMK1, MAFK, PDE4A, POU2F1, 

and PRKC and these are involved in suppression of immune response and regulation of 

pro-tumor chemokine/cytokine activity. The upregulated miR-3620-5p targets (ACVRL1, 

BDNF, CCNT1, FGF1, IL16, and PLAUR) are associated with pro-tumor 

chemokine/cytokine activity and growth factor secretion. One upregulated miR-3620-5p 

target, VDR, is associated with repression of epithelial-to-mesenchymal transition 
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(EMT). DUSP4 (3p target) and SOCS7 (5p target) were downregulated genes whose 

normal expression decreases chemokine and cytokine activity (Table 22 and Table 23).  

 

Gene 

Symbol 
Description Class Relevance PMID 

DUSP4 
Dual specificity 

phosphatase 4 
Enzyme 

It's loss increases expression 

of cancer stem cell 

cytokines 

23966295 

EPHA4 EPH receptor A4 Cell adhesion 

CSC-associated EPHA4 

activates Src and NFkB 

which induces CSC 

secretion of cytokines 

25266422 

FOXO4 Forkhead box O4 
Transcription 

factor 

Part of a transcriptional 

regulatory network which is 

linked to upstream cytokine 

signals 

17242183 

IL6ST 

Interleukin 6 signal 

transducer (gp130, 

oncostatin M 

receptor) 

Cytokine 

receptor activity 
Part of the IL6R complex 2261637 

LIMK1 LIM domain kinase 1 
ATP binding 

enzyme 

Inhibiting LIMK1 and p21 

decreases chemoresistant 

chemokines 

25359780 

MAFK 

v-maf avian 

musculoaponeurotic 

fibrosarcoma 

oncogene homolog K 

Transcription 

factor 

Suppresses T-cell 

proliferation and function 
11737266 

MAP3K3+ 

Mitogen-activated 

protein kinase kinase 

kinase 3 

Enzyme 

Regulates rapid activation 

of NFkB which contributes 

to inflammation 

14636585 

MMP25+ 
Matrix 

metallopeptidase 25 
Enzyme 

Regulates neutrophil and 

monocyte chemotaxis 
22367194 

PDE4A 
Phosphodiesterase 

4A, cAMP-specific 
Enzyme 

Controls cytokine-induced 

proliferation 
21520048 

POU2F1 
POU class 2 

homeobox 1 

Transcription 

factor 

Directs T-Helper 2 cytokine 

expression 
26840450 

PRKCA 
Protein kinase C, 

alpha 
Enzyme 

Necessary for proper 

expression of IL17A in 

TH17 cells 

23290522 

 

Table 22: miR-3620-3p protein targets involved in chemokine/cytokine activity. The 

chemokine/cytokine-related targets of miR-3620-3p are shown. Bold signifies 

upregulated genes and underlined indicates downregulated genes, and + indicates both as 

determined by GEO profiles Symbol, description, class, relevance to chemokine/cytokine 

activities, and the PubMed ID (PMID) are shown. 
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Gene 

Symbol 
Description Class Relevance PMID 

ACVRL1 
Activin A receptor 

type II-like 1 
Enzyme 

Interacts with IL37 to activate pro-

angiogenic responses 
28733640 

BDNF 
Brain derived 

neurotrophic factor 
Growth factor 

Reduced inflammation markers in brain, fat, 

and mammary tumors in mice 
2463745 

CCNT1 Cyclin T1 
Transcription 

factor 

With CDK9, when knocked out, reduces 

TNFa expression 
11730934 

CMKLR1 
Chemokine-like 

receptor 1 
Receptor 

It is the receptor for RARRES2,  a 

chemoattractant to recruit anticancer 

immune cells 

28114280 

CSF1 

Colony stimulating 

factor 1 

(macrophage) 

Cytokine, 

regulates cell 

adhesion 

Induces monocyte differentiation and 

homing 
2759977 

FGF1 
Fibroblast growth 

factor 1 
Growth factor 

Augments TGFB1-induced EMT in breast 

cancer cell line 
26334633 

IL16 Interleukin 16 Cytokine 
Important in secreting tumor-related 

cytokines 
27323152 

IL22RA2 
Interleukin 22 

receptor, alpha 2 

Cytokine-

mediator activity 

Helps regulate tumorigenesis in the colon 

by inhibiting IL22 
23075849 

IL36B Interleukin 36, beta Cytokine Plays role in skin diseases 24355486 

MECP2 

Methyl CpG 

binding protein 2 

(Rett syndrome) 

Transcriptional 

repressor 

Decreased expression increases TNFa and 

other inflammatory cytokine expression by 

enhancing NFkB 

26004152 

MRAS+ 
Muscle RAS 

oncogene homolog 
GTP binding May be regulated by cytokines 10477695 

PLAUR 

Plasminogen 

activator, 

urokinase receptor 

Receptor 

Initiaites a signaling pathway in monocytes 

that releases IL1B in pathogenic 

inflammatory diseases 

16902163 

PLD1 

Phospholipase D1, 

phosphatidylcholin

e-specific 

Enzyme 

Overexpression increases chemotaxis and 

chemokinesis toward IL8 and FMLP. When 

knocked out, leukocyte migration halted 

16873675 

PPARD 

Peroxisome 

proliferator-

activated receptor 

delta 

Transcription 

factor 

Lack of PPARD prevents macrophages 

from transitioning to M2 type, which causes 

inflammation 

18522830 

RUNX2 

Runt-related 

transcription factor 

2 

Transcription 

factor 

Amplifies IL11 and promotes cancer 

induced bone cancer 
25808168 

SFTPB 
Surfactant protein 

B 

Enzyme 

activator 
Repressed by macrophage activity 23590297 

SOCS7 

Suppressor of 

cytokine signaling 

7 

Protein kinase 

inhibitor 

Knockdown allows overexpression of 

cytokines and enhances cell migration 
25162020 

TAB1 

TGF-beta activated 

kinase 1/MAP3K7 

binding protein 1 

Activation of 

MAPK 

Involved in the release of IL6, IL8, and 

GM-CSF 
17052891 

TAB2+ 

TGF-beta activated 

kinase 1/MAP3K7 

binding protein 2 

Signaling 
Targeted by miR-23b to decrease 

expression of several cytokines 
22660635 

VDR 
VItamin D 

receptor 
Receptor Represses EMT caused by macrophages 24821711 

 

Table 23: miR-3620-5p protein targets involved in chemokine/cytokine activity. The 

chemokine/cytokine-related targets of miR-3620-5p are shown. Bold signifies 

upregulated genes and underlined indicates downregulated genes as determined by GEO 

profiles. Symbol, description, class, relevance to chemokine/cytokine activities, and the 

PubMed ID (PMID) are shown. 
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V. DNA damage and repair targets 

 Cancer progression is marked by increased mutation and chromosomal instability. 

The job of DNA damage and repair (DDR) genes is to minimize the frequency of 

mutated cells. DDR and cell cycle checkpoints work very closely together, consequently 

if the checkpoint fails and the DDR genes are incapacitated whether through mutation or 

deletion, proliferation of abhorrently mutated cells occurs. Chromosomal instability 

ensures evasion of immune responses, contributes to metastasis, and confers 

survivability. Hence, identification of DDR-related proteins targets was of great interest. 

  Analysis of GeneCards database yielded a repository of DDR-related genes with 

which to compare to MIR3620 protein targets. Four miR-3620-3p targets (E2F3, FOXO4, 

MSRB2, and NUAK1) and four miR-3620-5p targets (BDNF, FBXO45, PLAUR, and 

VDR), all of which are upregulated, were identified. Of the two forms of MIR3620, the 

3p arm targeted two genes (FOXO4 and MSRB2) that were identified by GEO as 

downregulated in pancreatic tumor (Table 24).  
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Table 24: DNA damage and repair targets of MIR3620. The DNA damage and repair 

(DDR)-related targets for miR-3620-3p and miR-3620-5p are shown. Bold signifies 

upregulated genes, underlined indicates downregulated genes, and + indicates both as 

determined by GEO profiles. Symbol, description, class, relevance to DDR activities, and 

the PubMed ID (PMID) are shown. 

Gene 

Symbol 
Description Class Relevance PMID 

miR-3620-3p 

E2F3 
E2F transcription 

factor 3 

Transcription 

factor 

May contribute to cellular 

response to DNA damage 
11821956 

FOXO4 Forkhead box O4 
Transcription 

factor 

Involved in cell cycle, apoptosis, 

DNA repair, stress resistance 

and metabolism 

15890021 

MSRB2 

Methionine 

sulfoxide reductase 

B2 

Enzyme 
May inhibit oxidative damage to 

DNA 
22713178 

NUAK1 
NUAK family, 

SNF1-like kinase, 1 
Enzyme 

Regulates DNA damage in 

response to UV 
25329316 

miR-3620-5p 

AQP1 
Aquaporin 1 (Colton 

blood group) 
Transporter 

Associated with apoptosis and 

higher survival in gastric cancer 
26866931 

BDNF 
Brain derived 

neurotrophic factor 
Growth factor Survival-associated protein 28363791 

BRAT1 
BRCA1-associated 

ATM activator 1 

Cell 

proliferation, 

apoptotic 

process 

Regulator of apoptosis 25657994 

COL1A1 
Collagen type I 

alpha 1 chain 
Structure 

Apoptosis resistant at high 

levels, implies low levels are 

pro-apoptotic 

27390605 

FBXO10 F-box protein 10 
Apoptotic 

process 
Binds BCL2 to initiate apoptosis 23431138 

FGF1 
Fibroblast growth 

factor 1 
Growth factor 

Inhibits p53-induced apoptosis 

in PC12 cells 
26844696 

PLAUR 

Plasminogen 

activator, urokinase 

receptor 

Receptor Protects from apoptosis 27896223 

TAB2+ 

TGF-beta activated 

kinase 1/MAP3K7 

binding protein 2 

Signaling Prevents apoptosis in fetal liver 12556483 

TMBIM1 

Transmembrane 

BAX inhibitor motif 

containing 1 

Apoptosis; 

death receptor 

binding 

Provides protection from Fas-

mediated cell death 
10535980 

VDR Vitamin D receptor Receptor Knockdown inhibited growth 28460457 
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VI. Growth factor targets 

 Growth factors contribute to development of healthy cells by signaling when to 

take up nutrients, when to stop taking up nutrients, and contribute to general growth and 

development of cells and tissues. Tumorigenesis greatly benefits from growth factor 

signaling as well. The progression from normal tissue to neoplasm to tumor is regulated 

by a combination of growth factors and other chemical signals. Thus, when growth factor 

expression runs rampant alongside deregulated cytokine and cell cycle activities, 

neoplastic transformation can progress. It was therefore of interest to identify any growth 

factors targeted by MIR3620. 

 There were 31 miR-3620-3p protein targets (ARHGAP31, ARHGEF7, BMF, 

CAPRIN1, DUSP4, E2F3, EPHA4, FGFR3, FOSL2, FOXO4, HIF1AN, IL6ST, KLLN, 

LIMK1, MAFK, MAP3K3, MMP25, MYBL1, NUAK1, PDE4A, POU2F1, POU2F2, 

RAP2A, RASGRF1, RERG, RSPO3, SIM2, SPOCK1, SRPK1, SYNGAP1, THRB) and 

24 miR-3620-5p targets (ACVRL1, AQP1, ARHGEF18, ARL2BP, ARNT2, BDNF, 

CDCA4, CSF1, FGF1, IL16, IL22RA2, LDOC1, LZTS1, MECP2, PLAUR, PLD1, 

PPARGC1B, PTPRF, RUNX2, TAB1, TGFA, TGFBRAP1, TGM2, VDR) identified as 

being growth factors, being involved in receiving growth factors, or directing growth 

factor expression and general cancer growth.  

Of the miR-3620-3p targets, 11 were downregulated (BMF, CAPRIN1, DUSP4, 

FGFR3, FOXO4, IL6ST, KLLN, MYBL1, POU2F2, RASGRF1, RSPO3, SYNGAP1, 

and THRB). Four of the miR-3620-3p targets directly interacted with transforming 

growth factor, beta (TGFB), to promote TGFB migration and tumorigenic growth 

(ARHGAP31, BMF, FOSL2, and MAFK). Interestingly, one miR-3620-3p target, 
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SPOCK1, was linked to supporting invasive pancreatic cancer growth (Table 25). Ten 

miR-3620-5p targets were downregulated (AQP1, ARNT2, CSF1, IL22RA2, LDOC1, 

MECP2, PLD1, RUNX2, TAB1, and TGFBRAP1). Two of these proteins (TAB1 and 

TGFBRAP1) have direct association with TGFB (Table 26).  

 
Gene 

Symbol 
Description Class Relevance PMID 

ARHGAP31+ 
Rho GTPase activating 
protein 31 

Regulation of GTPase 
activity 

Essential to mediate TGFB-induced 

cell motility and invasion; decreases 

proliferation of TGFB 

21042277 

ARHGEF7 
Rho guanine nucleotide 

exchange factor (GEF) 7 
Protein binding 

Promotes activation of growth 

factor-induced ROS production and 

Rac1 activation 

15121857 

BMF Bcl2 modifying factor 
Apoptotic process, 
protein binding 

May work with TGFB to inhibit 
growth 

20458184 

CAPRIN1 
Cell cycle associated 

protein 1 

RNA/Protein binding, 

cell differentiation 
Resists apoptosis in osteosarcomas 23528710 

DUSP4 
Dual specificity 

phosphatase 4 
Enzyme 

Enhances cell survival by increasing 

ERK1/2 signaling in response to 

growth factors. Overexpression of 
DUSP4 decreases cell viability 

23812841 

E2F3 
E2F transcription factor 
3 

Transcription factor 

Is targeted by miR-200c to suppress 

growth and metastasis in renal 

cancer cell lines 

28413473 

EPHA4 EPH receptor A4 Enzyme 

Decreased EPHA4 decreases IGF1 

expression and inhibited tumor 
growth 

26923183 

FGFR3 
Fibroblast growth factor 
receptor 3 

Enzyme Promote tumor growth 28459213 

FOSL2 FOS-like antigen 2 Transcription factor 
Facilitates TGFB1-induced 

migration 
25375657 

FOXO4 Forkhead box O4 Transcription factor 

miR-150 reduces expression of 

FOXO4, which promotes cervical 

cancer cell survival and  growth 

26715362 

HIF1AN 
Hypoxia inducible factor 

1, alpha subunit inhibitor 
Enzyme 

Silencing of HIF1AN decreases cell 

proliferation 
25907805 

IL6ST 

Interleukin 6 signal 

transducer (gp130, 

oncostatin M receptor) 

Cytokine receptor 
activity 

May modulate susceptibility for IL6 
trans-signaling 

27226573 

KLLN 
Killin, p53-regulated 
DNA replication 

inhibitor 

DNA binding; apoptosis 
Inhibits tumor cell proliferation and 
invasiveness by promoting the 

expression of TP53 

23386643 

LIMK1 LIM domain kinase 1 ATP binding enzyme 
Deletion results in interference of 
maturation and growth of mast cells 

26943578 

MAFK 

v-maf avian 

musculoaponeurotic 
fibrosarcoma oncogene 

homolog K 

Transcription factor 
Induced by TGFB and promotes 
tumorigenic growth 

28400538 

MAP3K3+ 
Mitogen-activated 
protein kinase kinase 

kinase 3 

Nucleotide and protein 

binding enzyme 

Is onocogenic in vitro and its 
decrease in expression decreased 

proliferation in lung cancer cell line 

26088427 

MMP25+ 
Matrix metallopeptidase 

25 
Enzyme 

Downregulates CD16, which is 

regulated by NK cell; inhibition of 

MMP25 could improve the 
antibody-dependent cell-meidated 

cytootoxicity of NK cells 

23851692 
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MYBL1 

v-myb avian 

myeloblastosis viral 

oncogene homolog-like 1 

DNA 

binding/transcriptional 

activator 

Forced overexpression of MYBL1 

led to reduced population of colon 

cancer stem cells and tumor growth 

28096468 

NUAK1 
NUAK family, SNF1-

like kinase, 1 
Enzyme 

Inhibition of NUAK1 inhibits 

proliferation, growth, and invasion 
of intrahepatic cholangiocarcinoma 

26255969 

PDE4A 
Phosphodiesterase 4A, 
cAMP-specific 

Enzyme 
Silencing of PDE4A reduced lung 
cell proliferation and colony 

formation 

22525277 

POU2F1 POU class 2 homeobox 1 Transcription factor 

Overexpression promotes cell 

growth and EMT in hepatocellular 
carcinomas 

28489585 

POU2F2 POU class 2 homeobox 2 Transcription factor 
Promotes growth and metastasis in 
gastric cancer 

26019213 

RAP2A 
RAP2A, member of RAS 

oncogene family 
GTP binding protein 

Enhances migration and invasion of 

cancer cells 
25728512 

RASGRF1 
Ras protein-specific 
guanine nucleotide-

releasing factor 1 

Cell proliferation, 

GTPase activity 

Promotes proliferation in alveolar 

rhabomyosarcomas 
22752028 

RERG+ 

RAS-like, estrogen-

regulated, growth 
inhibitor 

Negative regulation cell 

growth and 

proliferation; GTP 

binding 

Suppresses cell proliferation, 

migration and angiogenesis through 

ERK signaling in nasopharyngeal 

carcinoma 

28705219 

RSPO3 R-spondin 3 
Angiogenesis, receptor 

binding 

Functions in adult stem cell growth 

by targeting Wnt signaling 
25504990 

SIM2 

Single-minded family 
bHLH transcription 

factor 2 

Transcription factor 
Reduces proliferation in breast 

cancer cell lines 
16840439 

SPOCK1 

Sparc/osteonectin, cwcv 

and kazal-like domains 

proteoglycan (testican) 1 

Enzyme inhibitor, cell 

adhesion, regulation of 

cell growth 

Stromal SPOCK1 supports invasive 
pancreatic cancer growth 

28486750 

SRPK1 SRSF protein kinase 1 Enzyme 

Increased expression promotes 

growth and proliferation in non-
small cell lung cancer 

26666824 

SYNGAP1 
Synaptic Ras GTPase 
activating protein 1 

GTPASE activator 

Inhibition negatively regulates 

signaling proteins downstream of 

FGFR1 

16887332 

THRB 
Thyroid hormone 
receptor, beta 

Transcription factor 

Acts as tumor suppressor in thyroid 

cancer cell line in xenograft. It 

decreases VEGF expression as well 

23731250 

 

Table 25: Growth factor targets of miR-3620-3p. The growth factor-related targets of 

miR-3620-3p are shown. Bold signifies upregulated genes and underlined indicates 

downregulated genes, and + indicates both as determined by GEO profiles. Symbol, 

description, class, relevance to growth factor activity, and the PubMed ID (PMID) are 

shown. 
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Gene 

Symbol 
Description Class Relevance PMID 

ACVRL1 Activin A receptor type II-like 1 Enzyme 

Involved in formation of vessel 
network; inhiition of ACVRL1 and 

VEGF may inhibit angiogenically 

driven tumor progression 

24714770 

AQP1 Aquaporin 1 (Colton blood group) Transporter 
Promotes proliferation and 
migration of lung cancer cells in 

vitro 

26151179 

ARHGEF18 
Rho/Rac guanine nucleotide 

exchange factor (GEF) 18 
Enzyme 

Involved in the formation of lumen, 
and in conjunction wit hhepatocyte 

growth factor, form tubes 

26483385 

ARL2BP 
ADP-ribosylation factor-like 2 

binding protein 

Transcription 

coactivator 

Inhibits pancreatic cancer cell 

invasion by inactivating RAC1 
22745590 

ARNT2 
Aryl-hydrocarbon receptor nuclear 
translocator 2 

Transcription 
factor 

Downregulation promote tumor 
growth in hepatocellular carcinoma 

25611915 

BDNF Brain-derived neurotrophic factor 

Cell-cell 

signaling; growth 

factor 

Inhibits proliferation and induces 
apoptosis nin C6 glioma cells 

28640008 

CDCA4 Cell division cycle associated 4 Cell cycle 

Participates in the regulation of 

proliferation by targeting 

E2F/retinoblastoma pathway 

16984923 

CSF1 
Colony stimulating factor 1 

(macrophage) 

Cytokine, 
regulates cell 

adhesion 

Promotes progression of breast 

cancer 
25667468 

FGF1 Fibroblast growth factor 1 (acidic) 

Kinase activity, 
receptor binding, 

angiogenesis, 

growth factor 

Plays key role in proliferation and 

migration 
26334633 

IL16 Interleukin 16 Cytokine 
Regulates T cell growth and recruits 
pro-tumor macrophages 

23893766 

IL22RA2 Interleukin 22 receptor, alpha 2 
Cytokine-

mediator activity 

Plays crucial role in tumorigenesis 

and cell proliferation in colon 
23075849 

LDOC1 
Leucine zipper, down-regulated in 

cancer 1 
Protein binding 

Inhibits proliferation and promotes 

apoptosis by suppressing NFkB 
signaling 

26637328 

LZTS1 
Leucine zipper, putative tumor 

suppressor 1 

Transcription 

factor 

Inhibits cancer cell growth by 

targeting cell cycle 
11504921 

MECP2 
Methyl CpG binding protein 2 (Rett 

syndrome) 

Transcriptional 

repressor 
Promotes gastric cancer progression 28131747 

PLAUR 
Plasminogen activator, urokinase 

receptor 

Receptor and 

protein binding 

Expression of FOXM1 correlates 

with increase in PLAUR and 
invasion of colon cancer 

23136192 

PLD1 
Phospholipase D1, 

phosphatidylcholine-specific 
Enzyme Critical to cell growth 20188462 

PPARGC1B 
Peroxisome proliferator-activated 
receptor gamma, coactivator 1 beta 

Transcription 
regulator 

Inhibition by HIF1 promotes 
proliferation 

25242319 

PTPRF 
Protein tyrosine phosphatase, 
receptor type, F 

Enzyme 

miR-24 enhances invasion and 

metastasis by targeting PTPN9 and 

PTPRF 

23418360 

RUNX2 Runt-related transcription factor 2 
Transcription 

factor 

Promotes proliferation and 

metastasis 
23389849 

TAB1 
TGF-beta activated kinase 

1/MAP3K7 binding protein 1 

Activation of 

MAPK 

Mutations promote proliferation 

and alter TGFB 
18316610 

TGFA Transforming growth factor, alpha 
Cell proliferation, 
growth factor 

Inhibition by mir376c inhibits 

proliferation and invasion in 

osteosarcoma 

23631646 

TGFBRAP1 
Transforming growth factor, beta 

receptor associated protein 1 

Transcription 
regulator, 

transporter 

Targeting by mir181c inhibits 

TGFB signaling in glioblastomas 
26682928 

TGM2 Transglutaminase 2 Enzyme Involved with tumor growth 20033322 

VDR 
Vitamin D (1,25- dihydroxyvitamin 
D3) receptor 

Transcription 
factor 

Prevents breast cancer growth and 
progression 

27693451 
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Table 26: Growth factor targets of miR-3620-5p. The growth factor-related targets of 

miR-3620-5p are shown. Bold signifies upregulated genes and underlined indicates 

downregulated genes as determined by GEO profiles. Symbol, description, class, 

relevance to growth factor activity, and the PubMed ID (PMID) are shown. 

 

VII. Oncogenes and tumor suppressor targets 

 Mutations in oncogenes and tumor suppressors are crucial steps in cancer 

development. A proto-oncogene is a gene with a specific key function, that when 

perturbed, becomes an oncogene and contributes directly to cancer formation. A tumor 

suppressor gene, on the other hand, is often involved in ensuring proper function of a cell 

and when it is deactivated, whether through mutations or deletions, allows a cell to grow 

and proliferate uncontrollably. When enough mutations in proto-oncogenes and tumor 

suppressors accumulate, cancer development is inevitable. Because the loss of tumor 

suppressor function and activation of oncogenes is a keystone of cancer development, 

identifying how MIR3620 and which of its targets functions in this process was crucial. 

 GeneCards catalog of oncogenes and tumor suppressors were downloaded and 

compared using Excel’s conditional formatting, highlight duplicates options to identify 

relevant miR-3620-3p and miR-3620-5p targets. Twelve miR-3620-3p oncogene targets 

(ARHGEF7, BMF, DUSP4, E2F3, FGFR3, IL6ST, LIMK1, MAFK, POU2F2, PRKCA, 

RAP2A, and THRB) and ten tumor suppressor targets (FGFR3, FOXN3, FOXO4, 

KLLN, NUAK1, PRKCA, RAP2A, RERG, SIM2, and SRPK1) were identified. 

Oncogenes that were targeted by miR-3620-3p and downregulated in response to the 

increased expression of MIR3620 include BMF, DUSP4, FGFR3, IL6ST, POU2F2, and 

THRB, while downregulated miR-3620-3p tumor suppressors encompassed FGFR3, 

FOXN3, FOXO4, and KLLN. It is interesting to note that even though DUSP4 appears 
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downregulated in the GEO expression analysis, it’s overexpression leads to enhanced 

proliferation (Table 27).  

Oncogenes 

Gene 

Symbol 
Description Class Relevance PMID 

ARHGEF7 
Rho GTPase 

activating protein 31 

Regulation of GTPase 

activity 

Knockdown prevented 

glioblastoma tumor formation 
24458840 

BMF Bcl2 modifying factor 
Apoptotic process, 

protein binding 

Suppression enhances cell 

survival 
26181206 

DUSP4 
Dual specificity 

phosphatase 4 
Enzyme Enhances cell proliferation 22965873 

E2F3 
E2F transcription 

factor 3 
Transcription factor 

Amplification and 

overexpression associated 

with invasive tumor growth 

15122326 

FGFR3 
Fibroblast growth 

factor receptor 3 
Enzyme 

Mutant FGFR3 alters cell-cell 

and cell-matrix adhesion in 

early bladder cancer 

25223521 

IL6ST 

Interleukin 6 signal 

transducer (gp130, 

oncostatin M 

receptor) 

Cytokine receptor 

activity 

Activation linked to tumor 

progression 
24213527 

LIMK1 LIM domain kinase 1 ATP binding enzyme 
Enhances cell migration and 

invasion 
25975262 

MAFK 

v-maf avian 

musculoaponeurotic 

fibrosarcoma 

oncogene homolog K 

Transcription factor 

Wnt-induced MAFK 

expression promotes 

osteosarcoma cell 

proliferation 

26214410 

POU2F2 
POU class 2 

homeobox 2 
Transcription factor 

Promotes gastric cancer 

metastasis 
26019213 

PRKCA 
Protein kinase C, 

alpha 
Enzyme Promote metastasis 24738865 

RAP2A 
RAP2A, member of 

RAS oncogene family 
GTP binding protein 

Enhances migration and 

metastasis 
25728512 

THRB 
Thyroid hormone 

receptor, beta 
Transcription factor Promotes thyroid cancer 25246276 

Tumor Suppressors 

FGFR3 
Fibroblast growth 

factor receptor 3 
Enzyme 

Limits tumor growth in cells 

of epithelial origin 
23902722 

FOXN3 Forkhead box N3 Transcription factor 

Inhibits cell proliferation by 

downregulating E2F3 in 

hepatocellular carcinoma cells 

27259277 

FOXO4 Forkhead box O4 Transcription factor 

Suppresses metastasis by 

counteracting PI3K/Akt signal 

pathway in prostate cancer 

24983969 

KLLN 

Killin, p53-regulated 

DNA replication 

inhibitor 

DNA binding; apoptosis 

Inhibits tumor growth by 

suppressing androgen 

receptors and induces 

apoptosis in prostate cancer 

23386643 

NUAK1 
NUAK family, 

SNF1-like kinase, 1 
Enzyme 

Directly interacts with p53 to 

regulate proliferation 
21317932 

PRKCA 
Protein kinase C, 

alpha 
Enzyme 

Exhibits tumor suppressor 

ability in lung cancer 
23604119 

RAP2A 
RAP2A, member of 

RAS oncogene family 
GTP binding protein 

Overexpression inhibits 

glioma progression 
24293123 
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RERG+ 

RAS-like, estrogen-

regulated, growth 

inhibitor 

Negative regulation cell 

growth and 

proliferation; GTP 

binding 

Regulated by estrogen and 

inhibits cell growth and 

division in breast tissue 

16757349 

SIM2 

Single-minded family 

bHLH transcription 

factor 2 

Transcription factor 

Suppresses breast tumor 

development by targeting 

MMP3 

16840439 

SRPK1 
SRSF protein kinase 

1 
Enzyme 

Functions as both oncogene 

and tumor suppressor 
24813709 

 

Table 27: Oncogene and tumor suppressor targets of miR-3620-3p. Oncogenes and 

tumor suppressors targeted by miR-3620-3p are shown. Bold signifies upregulated genes 

and underlined indicates downregulated genes as determined by GEO profiles. The plus 

(+) sign indicates equal parts up and downregulation. Symbol, description, class, 

relevance to oncogene and tumor suppressor activities, and the PubMed ID (PMID) are 

shown. 

 

Upon examination of the miR-3620-5p targets, 11 oncogenes (AQP1, BDNF, 

FGF1, MECP2, MRAS, PLAUR, PLD1, RREB1, RUNX2, TGFA, and TGM2) and nine 

tumor suppressor genes (ARNT2, CHD5, CXXC4, FOXN3, LDOC1, LZTS1, RREB1, 

TGM2, and VDR) were identified.  Five oncogenes (AQP1, MECP2, PLD1, RREB1, and 

RUNX2) and six tumor suppressor genes (ARNT2, CHD5, CXXC4, FOXN3, LDOC1, 

and RREB1) were downregulated in GEO analyses. Interestingly, two of these protein 

targets, RREB1 and LDOC1, have direct association with pancreatic cancer. RREB1 

regulates zinc transporters in healthy pancreas, but in PDAC, the transporter ceases 

activity and prevents zinc from entering the cell, thereby minimizing cytotoxicity, while 

LDOC1 inhibits NFkB, thereby allowing the death of PDAC cells (Table 28).  

 
Oncogenes 

Name Description Class Relevance PMID 

AQP1 
Aquaporin 1 (Colton 

blood group) 
Transporter Deletion reduces tumor growth 24334548 

BDNF 
Brain-derived 

neurotrophic factor 

Cell-cell signaling; 

growth factor 

Promotes tumor growth and 

metastasis in non small cell lung 

carcinoma 

27498977 

FGF1 
Fibroblast growth 

factor 1 (acidic) 

Kinase activity, receptor 

binding, angiogenesis, 

growth factor 

Inhibits p53 16091747 
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MECP2 

Methyl CpG binding 

protein 2 (Rett 

syndrome) 

Transcriptional repressor Frequently amplified oncogene 26546296 

MRAS+ 
Muscle RAS 

oncogene homolog 
GTP binding Drives type IV gastric cancer 27891760 

PLAUR 

Plasminogen 

activator, urokinase 

receptor 

Receptor and protein 

binding 

Controls cell proliferation and 

the transforming activity of 

some oncogenes 

16878153 

PLD1 

Phospholipase D1, 

phosphatidylcholine-

specific 

Enzyme 

Overexpression suppresses 

taxotere-induced cell death in 

stomach cancer cells 

18190795 

RREB1 

Ras responsive 

element binding 

protein 1 

Transcription factor 

Regulates zinc transporter, 

which is downregulated in 

PDAC and enables proliferation 

and progression by minimizing 

cytotoxic accumulation of zinc.  

25050557 

RUNX2 
Runt-related 

transcription factor 2 
Transcription factor 

Stimulates expression of an 

estrogen producing enzyme 

which stimulates proliferation 

26404249 

TGFA 
Transforming 

growth factor, alpha 

Cell proliferation, growth 

factor 
Encourages proliferation 27207663 

TGM2 Transglutaminase 2 Enzyme Silencing reverses EMT 26622499 

Tumor Suppressors 

ARNT2 

Aryl-hydrocarbon 

receptor nuclear 

translocator 2 

Transcription factor 
Potential tumor suppressor in 

non-small cell lung cancer 
25613063 

CHD5 

Chromodomain 

helicase DNA 

binding protein 5 

Transcription factor 

Tumor suppressor that controls 

proliferation, apoptosis, and 

senescence 

17289567 

CXXC4 
CXXC finger 

protein 4 
Regulates Wnt pathway 

Inactivates mitogen activated 

protein kinase signaling 
25064842 

FOXN3 Forkhead box N3 
Transcription factor, cell 

cycle 

Inhibits proliferation by 

downregulating E2F5 
27259277 

LDOC1 

Leucine zipper, 

down-regulated in 

cancer 1 

Protein binding 

Inhibits NFkB activation and 

sensitizes pancreatic cancer cells 

to apoptosis 

12712434 

LZTS1 

Leucine zipper, 

putative tumor 

suppressor 1 

Transcription factor 
Suppresses colon cancer cells by 

inhibiting Akt-mTOR signaling 
25667121 

RREB1 

Ras responsive 

element binding 

protein 1 

Transcription factor 
Silencing suppresses p53 

transcription 
19558368 

TGM2 Transglutaminase 2 Enzyme 

Contributes to TP53-induced 

autophagy to prevent oncogenic 

transformation 

26956429 

VDR 

Vitamin D (1,25- 

dihydroxyvitamin 

D3) receptor 

Transcription factor 

Tumor suppressor in skin and 

other tissues via cross-talk 

between vitamin D and p53 

24917821 

 

Table 28: Oncogene and tumor suppressor targets of miR-3620-5p. Oncogenes and 

tumor suppressors targeted by miR-3620-5p are shown. Bold signifies upregulated genes 

and underlined indicates downregulated genes, and + indicates both as determined by 

GEO profiles. Symbol, description, class, relevance to oncogene and tumor suppressor 

activities, and the PubMed ID (PMID) are shown. 
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VIII. Transcription factor targets 

 Transcription factors are important for gene regulation. Growth factors and 

hormones, or their absence, signal kinase cascades which often end in transcription 

activation that can result in cellular growth and proliferation or in cell death by apoptosis. 

They are regulators of development. If the wrong transcription factor at the wrong time is 

activated, it can contribute to the beginnings of neoplastic growth and continue 

contributing to the development and progression of tumors. Thus, identification of 

MIR3620 transcription factor targets was of great of interest. 

 MIR3620 targeted transcription factors were identified using functional gene 

ontology (GO). Through simple enrichment using Excel’s filter data option, 13 

transcription factors targeted by miR-3620-3p (E2F3, FOSL2, FOXN3, FOXO4, HES3, 

HIC2, HOXA1, MAFK, MYBL1, POU2F1, POU2F2, SIM2, and THRB) and 15 

transcription factors targeted by miR-3620-5p (ARL2BP, ARNT2, CCNT1, CHD5, 

FOXN3, HOXA1, HOXA11, LZTS1, MECP2, NFIX, PPARD, PPARGC1B, RREB1, 

RUNX2, and VDR) were identified. All eight of the downregulated miR-3620-3p targets 

(FOXN3, FOXO4, HES2, HIC2, MYBL1, POU2F2, and THRB) were associated with 

anti-tumor affects in healthy cells. Likewise, the upregulated targets (E2F3, FOSL2, 

MAFK, POU2F1, and SIM2) were shown to contribute to advancement of cancer (Table 

29). Meanwhile, there were eight downregulated miR-3620-5p targets (ARNT2, CHD5, 

FOXN3, HOXA1, MECP2, PPARD, RREB1, an RUNX2), of which the downregulation 

of five of them, ARNT2, CHD5, FOXN3, HOXA1, and RREB1, were inversely 

associated with growth and proliferation of tumors (Table 30). The upregulated miR-
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3620-5p targets (ARL2BP, CCNT1, HOXA11, LZTS1, NFIX, PPARGC1B, and VDR)  

appear to contribute to inhibition of tumor growth, with the exception of CCNT1. 

 
Gene 

Symbol 
Description Class Relevance PMID 

E2F3 E2F transcription factor 3 Transcription factor 

Is targeted by miR-200c to 

suppress growth and 

metastasis in renal cancer cell 

lines 

28413473 

FOSL2 FOS-like antigen 2 Transcription factor 

Inhibition by miR-597 inhibits 

breast cancer cell 

proliferation, migration, and 

invasion 

28393251 

FOXN3 Forkhead box N3 Transcription factor 
Inhibits proliferation by 

downregulating E2F5 
27259277 

FOXO4 Forkhead box O4 Transcription factor 

Suppresses metastasis by 

counteracting PI3K/Akt signal 

pathway in prostate cancer 

24983969 

HES2 
Hes family bHLH 

transcription factor 2 
Transcription factor 

Involved in the NOTCH 

pathway 
17611704 

HIC2 
Hypermethylated in 

cancer 2 
Transcription factor 

Knockdown promotes 

chemoresistance in bladder 

cancer 

25444900 

HOXA1 Homeobox A1 Transcription factor 
Inhibition promotes pancreatic 

cancer invasiveness 
22407312 

MAFK 

v-maf avian 

musculoaponeurotic 

fibrosarcoma oncogene 

homolog K 

Transcription factor 

Wnt-induced MAFK 

expression promotes 

osteosarcoma cell 

proliferation 

26214410 

MYBL1 

v-myb avian 

myeloblastosis viral 

oncogene homolog-like 1 

DNA 

binding/transcriptional 

activator 

Overexpression leads to 

decrease in colon cancer stem 

cells 

28096468 

POU2F1 POU class 2 homeobox 1 Transcription factor 

Overexpression promotes cell 

growth and EMT in 

hepatocellular carcinomas 

28489585 

POU2F2 POU class 2 homeobox 2 Transcription factor 
Promotes growth and 

metastasis in gastric cancer 
26019213 

SIM2 

Single-minded family 

bHLH transcription 

factor 2 

Transcription factor 

Inhibition of SIM2-s is 

associated with inhibition of 

growth and induction of cell 

death in pancreatic cancer 

14550949 

THRB 
Thyroid hormone 

receptor, beta 
Transcription factor 

Acts as tumor suppressor in 

thyroid cancer cell line in 

xenograft. It decreases VEGF 

expression as well 

23731250 

 

Table 29: Transcription factor targets of miR-3620-3p. Transcription factors targeted 

by miR-3620-3p are shown. Bold signifies upregulated genes and underlined indicates 

downregulated genes as determined by GEO profiles. Symbol, description, class, effect in 

cancer, and the PubMed ID (PMID) are shown. 
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Gene 

Symbol 
Gene Description Class Relevance PMID 

ARL2BP 

ADP-ribosylation 

factor-like 2 binding 

protein 

Transcription 

factor 

Inhibits pancreatic cancer cell 

invasion by inactivating RAC1 
22745590 

ARNT2 

Aryl-hydrocarbon 

receptor nuclear 

translocator 2 

Transcription 

factor 

Downregulation promote tumor 

growth in hepatocellular carcinoma 
25611915 

CCNT1 Cyclin T1 
Transcription 

factor 

In conjunction with CDK9, 

promotes invasion and metastasis 
15528190 

CHD5 
Chromodomain helicase 

DNA binding protein 5 

Transcription 

factor 

Tumor suppressor that controls 

proliferation, apoptosis, and 

senescence 

17289567 

FOXN3 Forkhead box N3 
Transcription 

factor 

Inhibits proliferation by 

downregulating E2F5 
27259277 

HOXA1 Homeobox A1 
Transcription 

factor 

Inhibition promotes pancreatic 

cancer invasiveness 
22407312 

HOXA11 homeobox A11 
Transcription 

factor 

Increased levels of expression are 

associated with positive prognosis 

in glioblastoma 

27456940 

LZTS1 
Leucine zipper, putative 

tumor suppressor 1 

Transcription 

factor 

Suppresses colon cancer cells by 

inhibiting Akt-mTOR signaling 
25667121 

MECP2 

Methyl CpG binding 

protein 2 (Rett 

syndrome) 

Transcriptional 

repressor 

Promotes gastric cancer progression 

by inhibiting transcription of 

FOXF1 and MYOD1 

28131747 

NFIX 

Nuclear factor I/X 

(CCAAT-binding 

transcription factor) 

Transcription 

factor 

Decreased expression of NFIX is 

associated with proliferation, 

migration, and invasion in 

esophageal squamous cell 

carcinoma 

26653554 

PPARD 

Peroxisome 

proliferator-activated 

receptor delta 

Transcription 

factor 
Necessary for metastasis 28097239 

PPARGC1B 

Peroxisome 

proliferator-activated 

receptor gamma, 

coactivator 1 beta 

Transcription 

regulator 

Inhibition by HIF1 promotes 

proliferation 
25242319 

RREB1 
Ras responsive element 

binding protein 1 

Transcription 

factor 

Regulates zinc transporter, which is 

downregulated in PDAC and 

enables proliferation and 

progression by minimizing 

cytotoxic accumulation of zinc 

25050557 

RUNX2 
Runt-related 

transcription factor 2 

Transcription 

factor 

Stimulates expression of an 

estrogen producing enzyme which 

stimulates proliferation 

26404249 

VDR 

vitamin D (1,25- 

dihydroxyvitamin D3) 

receptor 

Transcription 

factor 

Tumor suppressor in skin and other 

tissues via cross-talk between 

vitamin D and p53 

24917821 

 

Table 30: Transcription factor targets of miR-3620-5p. Transcription factors targeted 

by miR-3620-5p are shown. Bold signifies upregulated genes and underlined indicates 

downregulated genes as determined by GEO profiles. Symbol, description, class, effect in 

cancer, and the PubMed ID (PMID) are shown. 
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6. Pathway mapping 

 Upon miRPathDB investigation of MIR3620, it was inferred that the two forms of 

MIR3620 are involved in separate pathways. MirPathDB predicted involvement of miR-

3620-3p in 94 different pathways. Some of these pathways included extracellular matrix 

organization, focal adhesion, growth factor binding (PDGF signaling), insulin signaling, 

microRNAs in cancer, and protein digestion and absorption. Additionally, miR-3620-5p 

was implicated in 91 pathways. These pathways encompassed ErbB signaling, growth 

factor signaling (EGF/R, TGFB, VEGF), pancreatic cancer, and RAS signaling. Further 

cancer-specific pathways identified through DIANA encompassed bladder cancer, mucin 

type O-glycan biosynthesis, non-small cell lung carcinoma, p53 signaling, proteasome, 

protein digestion and absorption, and renin-angiotensin system (Figure 40). 
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Figure 40: Cancer-relevant pathways. The figure shows cancer-related pathways for 

MIR3620. Pathways were inferred using DIANA mirPath tool as well as the miRPathDB 

tool. 

 

7. MIR3620 interactome analysis 

A. MIR3620 interaction with protein targets 

Regulation of protein targets by miRNA may be indirect or direct. Indirect 

association may suggest a more complex regulatory network involving other MIR3620 

target proteins altering the expression of the targets identified in the interactome and 

would likely show an increase in expression. On the other hand, direct regulation of a 
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protein would involve the direct targeting of a mRNA transcript and should therefore 

result in the decrease of the protein’s production and therefore the downregulation of the 

protein’s overall expression. Hence, it was of interest to examine the interactomes of 

miR-3620-5p and miR-3620-3p, first individually, and secondly in combination with 

their predicted protein targets to derive a hint of MIR3620’s interactions. 

 Using the RAIN tool, miR-3620-5p was analyzed alongside its previously 

predicted protein targets. This provided an extensive network which showed many of the 

targets interacting with one another. When miR-3620-5p was singularly analyzed, 

however, RAIN predicted six protein targets 1) ARNT2; 2) protein phosphatase, 

Mg2+/Mn2+ dependent 1H (PPM1H); 3) transgelin (TAGLN); 4) tight junction 

associated protein 1 (TJAP1); 5) TOX high mobility group box family member 2 

(TOX2); and 6) zinc finger protein 609, ZNF609 (Figure 41). Of these six, ARNT2 was 

previously identified as a protein target.  

 These six predicted protein targets underwent extensive analysis to determine 

their expression in pancreatic ductal adenocarcinoma as well as their mutational 

frequency. Five of the six predicted proteins (ARNT2, PPM1H, TAGLN, TJAP1, and 

ZNF609) were identified as upregulated in PDAC, and were therefore considered indirect 

targets of miR-3620-5p. However, one predicted target, TOX2, was identified as 

downregulated in PDAC, suggesting a direct regulatory relationship between TOX2 and 

miR-3620-5p. Subsequent mutational analysis conducted using ICGC identified two of 

the targets (TAGLN and TOX2) as displaying high impact mutations associated with 

PDAC. The TAGLN mutation consisted of a single base substitution resulting in a 

missense mutation (MU69103746). Upon ICGC analysis, TOX2 was identified as having 
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two high impact mutations associated with PDAC, a single base substitution which 

results in a stop codon (MU64492172), and a deletion which results in a frameshift 

(MU4307972). While all putative protein targets were identified as amplified using the 

cBioPortal tool, three proteins (TAGLN, TJAP1, and TOX1) were identified as amplified 

in over 5% of the patient sampling. 

 
Figure 41: miR-3620-5p and RAIN-predicted protein interactions. The miR-3620-5p 

was analyzed in the RAIN tool. The red node is miR-3620-5p. The white nodes indicate 

second level interactors. The orange lines denote predicted interactions. 

 

 The same analysis was conducted for miR-3620-3p and its previously predicted 

protein targets. The interactome predicted between miR-3620-3p and its targets displayed 

a complex network of inter-protein interactions. This analysis also confirmed target 

interactions between miR-3620-3p and five previously determined protein targets (E2F3, 

HES2, KLLN, RAP2A, and SYNGAP1).  

The miR-3620-3p was examined using RAIN without its targets as well. This 

singular analysis yielded ten predicted interactions, of which two are uncharacterized 

putative proteins (Figure 42). Of these ten proteins 1) Eva-1 homolog A, regulator of 



124 

programmed cell death (EVA1A); 2) ENSG00000268218.1; 3) ENSG00000224870; 4) 

myosin light chain 4 (MYL4); 5) RAP2A, member of RAS oncogene family (RAP2A); 

6) signal sequence receptor subunit 3 (SSR3); 7) synaptic Ras GTPase activating protein 

1 (SYNGAP1); 8) transmembrane protein 161B (TMEM161B); 9) tetratricopeptide 

repeat domain 1 (TTC1); and 10) ubiquitin specific peptidase 46 (USP46), two (RAP2A 

and SYNGAP1) were previously predicted by MIRDB and thoroughly analyzed in the 

previous sections.  

 Three of these putative protein targets (MYL4, SSR3, and SYNGAP1) were 

identified as downregulated in expression suggesting they may be under direct regulation 

by miR-3620-3p. Two were determined to be upregulated (TMEM161B and TTC1) and 

three were inconclusive, displaying a combination of up and downregulation (EVA1A, 

RAP2A, and USP46). Mutational analysis was conducted on these eight putative targets 

and identified one as harboring a high impact mutation in PDAC, MYL4. This mutation 

was a single base substitution resulting in a missense mutation (MU1684353). Upon 

cBioPortal investigation of these putative proteins, three exhibited alteration in greater 

than 5% of the patient population (MYL4, SYNGAP1, and TMEM161B). 
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Figure 42: miR-3620-3p and RAIN-predicted protein interactions. The miR-3620-3p 

was analyzed in RAIN. The red node is miR-3620-3p. The white nodes indicate second 

level interactors. The orange lines denote predicted interactions. Magenta lines are 

associated with experimental evidence, light green lines denote textmining evidence, and 

black lines signify co-expression. 

 

B. MIR3620 interactions with transcription factors 

 To understand MIR3620’s role in the progression and development of pancreatic 

cancer, it is of interest to identify the transcription factors which are likely involved in 

transcribing the microRNA. It was therefore necessary to identify the roles of putative 

transcription factors in the regulation of MIR3620. This MIR resides in the second intron 
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of ARF1. ARF1 was therefore used for the UCSC genome browser analysis and the 

Champion ChiP transcription factor search portal. 

 Transcription factor binding sites identified in UCSC genome browser and 

residing in the promoter region provided the basis for prediction of transcriptional 

regulation of MIR3620. Through this analysis, 14 potential transcription factors were 

identified 1) CCAAT/enhancer binding protein (C/EBP), alpha (CEBPA); 2) 

CCAAT/enhancer binding protein (C/EBP), beta (CEBPB); 3) FBJ murine osteosarcoma 

viral oncogene homolog (FOS); 4) E2F transcription factor 4, p107/p130-binding (E2F4); 

5) E74-like factor 1 (ets domain transcription factor), ELF1; 6) v-ets erythroblastosis 

virus E26 oncogene homolog 1 (avian), ETS1; 7) V-maf avian musculoaponeurotic 

fibrosarcoma oncogene homolog F (MAFF); 8) Nuclear respiratory factor 1 (NRF1); 9) 

retinoblastoma 1 (RB1); 10) retinoblastoma-like 1, p107 (RBL1); 11) SWI/SNF related, 

matrix associated, actin dependent regulator of chromatin, subfamily a, member 4 

(SMARCA4); 12) Sp1 transcription factor (SP1); 13) Signal transducer and activator of 

transcription 1, 91kDa (STAT1); and 14) transcription factor AP-2 gamma (activating 

enhancer binding protein 2 gamma), TFAP2C. The Champion tool was used to identify 

additional transcription factors and only those which the tool classified as relevant were 

considered. These transcription factors were activating transcription factor 2 (ATF2) and 

FOS. These 15 transcription factors underwent expression analysis using CGAP, HPA, 

NCBI GEO, and Unigene to determine which transcription factors were the most likely 

regulators of MIR3620.  

 Nine transcription factors (CEBPB, E2F4, ELF1, ETS1, MAFF, RB1, 

SMARCA4, SP1, and STAT1) were identified as upregulated in pancreatic cancer. Two 
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transcription factors (RBL2 and TFAP2C) expressed both up and downregulation in 

pancreatic cancer. The nine transcription factors identified as upregulated may however 

contribute to direct regulation of MIR3620 given that the microRNA is upregulated as 

well in pancreatic cancer.  

 Additional analysis was conducted to identify the transcription factor binding sites 

closest to MIR3620 (Figure 43). This analysis identified four transcription factors—

Forkead box A1 (FOXA1); MAFF; v-maf musculoaponeurotic fibrosarcoma oncogene 

homolog K (MAFK); and tripartite motif containing 28 (TRIM28). Of these four, three 

were upregulated, FOXA1, MAFF, and TRIM28. 

   

 

Figure 43: Most relevant transcription factor binding sites for MIR3620. UCSC 

Genome Browser was used to identify potential transcription factor binding sites using 

the ORegAnno and ENCODE tracks. OREG0837435 corresponds to transcription factor 

MAFF while OREG0911415 corresponds to transcription factor MAFK.  
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C. MIR3620 interactions with other miRs  

The activity of MIR3620 in gene regulation in the pancreatic adenocarcinomas 

(PDAC) may be exerted at the level of interactions with other miRs that are co-regulated 

(repressed). Reasoning that an understanding of a miR-miR interactome network would 

provide a strong hint of the regulation of MIR3620 in PDAC, a detailed interactome 

analysis of MIR3620 was undertaken to identify other miRs that are targets for MIR3620.  

Using the miRwalk2.0, MIR3620 binding sites for the miR targets were predicted.  

Forty Homo sapiens miRs were predicted to harbor MIR3620 binding sites by this 

approach. Co-regulated expression analysis using dbDEMC showed that 17% of these 

miRs (7/40) were downregulated in pancreatic adenocarcinomas with a concordant 

upregulation of MIR3620. Twenty-five percent of the miRs (10/40) were upregulated in 

the same pancreatic tumor datasets.  

The miR-3620-5p was associated with downregulation of two miRs (hsa-miR-

4783-5p and miR-7977). On the other hand, the miR-3620-3p was associated with 

downregulation of five distinct miRs (miR-6741-5p, miR-675-5p, miR-6132, miR-648 

miR-6736-5p).  

The coordinate downregulation of these seven miRs together with the 

upregulation of the MIR3620 could be a consequence of a direct or an indirect effect. To 

address this issue, these seven miRs were subjected to miR-miR interactome analysis 

using miRNet. 

 Among the seven miRs that were co-regulated with miR-3620-5p and miR-3620-

3p, five miRs (miR-6132, miR-674-5p, miR-648, miR-7977 and miR-6736-5p) were 

identified as directly regulated nearest neighbors (Figure 44). Four key protein targets 
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involved in the direct regulation of these five miRs by miR-3620-3p were identified as 1) 

Cytoplasmic Linker Associated Protein 1 (CLASP1), 2) Chromosome 6 open Reading 

Frame 89 (C1orf89), 3) Tyrosine 3-Monooxygenase/Tryptophan 5-Monooxygenase 

Activation Protein Eta (YAHAWH) and 4) DSN1 Homolog, MIS12 Kinetochore 

Complex Component (DSN1) (Figure 45).  

The miR-3620-5p directly regulated target proteins included Beta-1,4-

Galactosyltransferase 7 (B4GALT7) and Lymphocyte Transmembrane Adaptor 1 

(LAX1).  

  Driver genes (shown in blue in panel B) were found to be implicated in cancer-

related pathways including cell cycle, p53 signaling, PI3K-Akt signaling and microRNAs 

in cancer (YWHAH, DSN, CLASP1).  Among the four key target proteins, the targets 

C6orf89 and DHODH were downregulated and the YWHAH, CLASP1, LAX1 and 

B4GALT7 proteins were found to be upregulated in pancreatic tumors as is evident from 

the PED and by Human protein atlas. 
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Figure 44: MIR3620 interactome with co-regulated miRs in Pancreatic 

adenocarcinomas. The seven miRs downregulated along with the driver miR-3620-5p 

and miR-3620-3p were analyzed using the miRNet interactome tool. MicroRNAs are 

indicated in light blue squares.  MIR3620 (5p- and -3p) is shown as purple nodes. The 

miR IDs inferred from miRbase (ID V15+). Number of nodes 1,017 (miRs=9 and 

targets=1,008). Each red node represents a protein coding gene target of the respective 

miR. 
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Figure 45: MIR3620 nearest neighbor analysis. Direct targets of miR-3620-5p and 

miR-3620-3p are shown in blue, miR-3620-5p and miR-3620-3p are denoted by purple. 

 

8. Model for regulation of MIR3620  

The upregulation of MIR3620 gene expression in pancreatic tumors (and in vast 

majority of tumor-types) raises a biomarker and drug therapy potential.  The almost 

ubiquitous expression of the MIR3620 in normal tissues suggests an essential function. 

Perturbation of this function likely results in neoplastic growth. The precise role of the 

MIR3620 in the growth control of normal cells is not known. In order to develop a better 
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understanding of the mechanism of MIR3620-mediated growth regulation, efforts were 

undertaken to identify factors influencing the gene expression. 

NCBI Gene Expression Omnibus (GEO) provides an attractive array of gene 

expression –based datasets for understanding the role of MIR3620 in the progression of 

cancer. The query (mir3620 and homo sapiens and cancer) generated results from 629 

microarray-based studies. These studies were further filtered into cancer and other 

disease-related perturbations, genes and pathways (apoptosis, cell cycle, and MAPK 

activation; cell adhesion and Wnt/Beta Catenin signaling; cancer types, diseases and 

vectors; chemicals and chemotherapeutics; drug resistance; growth factors; hypoxia; 

steroid hormones; transcription factors).  

Further, when “pancreatic cancer” term was used as a restrictor, 23 GEO studies 

emerged. These 23 studies were analyzed individually to identify regulators of MIR3620 

in pancreatic cancer. Each perturbation was verified through publications, where 

possible, and the specific GEO datasets (Table 31). 

 

GEO Studies Expression PMID 
GEO 

Profile ID 

Apoptosis, Cell Cycle, and MAPK pathway 

BRCA1 depletion effect on HeLa cell line Upregulates 20103632 94828366 

ERK5 (MAPK) activation Upregulates 20551324 94763807 

G-1 phase (T98G cell line) Downregulates 17531812 81970766 

Mutant p53 and PIN-1 depletion Upregulates 21741598 77932145 

PTEN deletion Downregulates 17060456 32795845 

S-phase cell cycle of T98G glioblastoma cell line Upregulates 17531812 81970766 

Wilm's tumor 1-associating protein knockdown WTAP1 Upregulates 17088532 23521407 

Cell Adhesion and Wnt/Beta Catenin Signaling 

Beta catenin depletion Upregulates 19652203 61444566 

RhoDGIbeta depletion (cell line) Downregulates 18006811 42679845 

WTX overexpression on kidney cell line Downregulates 22285752 103596966 

Cancers, Diseases, and Vectors 

Cervical cancer tumorigenesis Downregulates 18506748 52143945 

Gliomas (growth-arrested cells, contact inhibition, cell line) Upregulates 15525513 8040045 

Kaposi's sarcoma associated herpesvirus protein K13 Upregulates 22624040 98171266 

Inflammatory bowel disease Downregulates 
17461471; 
17058067 

4247166 

Melanoma metastasis Upregulates 18505921 74490445 



133 

Pancreatic carcinoma Upregulates 19732725 78843366 

Prostate metastatic cells Downregulates 17640904 42694686 

Systemic lupus erythematosus patients and yellow fever vaccine 

immunized CD16-monocytes donor 
Upregulates 

24391825; 

19265543 
113437307 

Systemic onset juvenile idiopathic arthritis Upregulates 20576155 96180455 

Tumorigenic breast cancer cells Downregulates 17229949 36180866 

Type 2 diabetic pancreatic islets of Langerhans Downregulates 21127054 71208745 

Chemicals and Chemotherapeutics 

Anisomycin Downregulates 18241849 42176245 

Camptothecin Downregulates 15026349 7774245 

Deferasirox effect on leukemia cell line Upregulates 19298223 60841307 

Dioxin effect on breast cancer cell line Upregulates 17517823 39487145 

Docetaxel (sensitive)  Upregulates 15718313 2387424 

Lunasin effect on prostate epithelial cells Downregulates N/A 14057386 

Nucleoside analogue ARC Upregulates 19232100 107635766 

Paeoniflorin effect on lymphoma cell line Upregulates 17952766 45840045 

Rapamycin effect on a glucocorticoid-resistant T cell lymphoblastic cell 

line 
Downregulates 17010674 33826686 

Trans-retinoic acid Downregulates 24501203 112740366 

Trans-retinoic acid and Hydrocortisone on Na+/I- Symporter (breast cancer 

cell line) 
Downregulates 21989294 78247066 

Tremorgenic chemical harmane effect on astrocytes Upregulates N/A 44039207 

Drug Resistance 

Cisplatin resistance Upregulates 19505326 66868155 

Doxorubicin resistance Upregulates 20935265 78349945 

Methotrexate resistance Upregulates 17945194 50263886 

Vincristine resistance Downregulates 17726699 45193666 

Growth Factors 

Insulin-like growth factor (breast cancer cell line) Upregulates 18757322 58249486 

TGFB (pancreatic cancer cell line) Upregulates 20885998 79104555 

Hypoxia 

Hypoxia (breast cancer cell line) Downregulates 16565084 39922445 

Hypoxia effect on cultured aortic smooth muscle cells Downregulates 18055518 48962386 

Steroid Hormones 

Estrogen-starved breast cancer Downregulates 14610279 30248145 

Estradiol on endothelial cells, in vitro Downregulates 20011585 62008307 

Glucocorticoid effect on lens epithelial cells Upregulates 16319822 12930186 

Transcription Factors 

EGR1 expression in endothelial cells Upregulates 16818645 23488066 

GATA-3 Expression Upregulates 21892208 78158566 

XBP1 binding protein overexpression effect (breast cancer cell line) Upregulates 17660348 42592645 

ZNF217 overexpression (breast cancer cell line) Upregulates 22593193 106416455 

Other 

Episome and HPV16 on cervical keratinocytes Downregulates 16505361 20421907 

Hepatitis B surface antigen effect on hepatoma cell line Downregulates 17947518 30479466 

Hyperthermia Upregulates 18608577 53578545 

Intestinal epithelia response to probiotic E. Coli Nissle 1917 Upregulates 16351713 14752486 

Kidney transplantation response to sirolimus Downregulates 15476476 8823945 

Onconase M29 Cells Upregulates 20137089 67050666 

 

Table 31: Regulation of MIR3620 expression.  NCBI Gene Expression Omnibus was 

mined for regulators of MIR3620 expression. The expression data for MIR3620 

(upregulated or downregulated) is shown. PudMed ID and NCBI GEO profile IDs for 

each dataset are indicated. 
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CHAPTER 4: DISCUSSION

Despite ample research aiming to identify new therapies, pancreatic ductal 

adenocarcinoma (PDAC) remains nearly impossible to treat due to its aggressive 

metastases and chemoresistance. The American Cancer Society estimates that the 

survival rate for individuals diagnosed with stage I pancreatic cancer ranges from 12-

14%. The survival rate drops by about half with each consecutive stage of diagnosis, 

terminating with a 1% survival rate over 5 years for patients diagnosed with stage IV 

pancreatic cancer. Studies have thus aimed to determine the causes of PDAC’s pervasive 

spread and its therapeutic resistance. Several studies have focused on KRAS and have 

suggested that the duplication of mutant KRAS contributes to the aggressive metastasis 

of PDAC (143), confers chemoresistance, and interferes with the function of certain 

tumor suppressors (144). Another study suggested pancreatic cancer’s innate 

chemoresistance may be due to ncRNA activity (36). For example, miR-320a and miR-21 

target PDCD4, which results in its decreased expression, and leads to EMT and 

chemoresistance (145). It is also possible that pancreatic cancer stem cells may contribute 

to therapeutic resistance and rapid invasion (146).  

Pancreatic cancer is often undetectable until it has progressed to advanced stages 

due to a lack of obvious symptoms in the early stages (147). Current diagnostic tests for 

pancreatic cancer encompass various imaging scans and blood tests to detect CA19-9 and 

CEA. These are ineffective as early stage markers (148). Even in the rare case that a 

patient receives an early diagnosis and has resectable pancreatic cancer, the overall 
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survival is still poor. Only 20% of pancreatic cancer patients are diagnosed with 

resectable pancreatic cancer, but despite resection, overall survival remains dismal and is 

contingent on the success of adjuvant therapy (149). Typically, patients who receive 

adjuvant therapy are expected to live another two to three years (150). It is therefore 

necessary to identify more robust diagnostic markers which encompass identification of 

pre-pancreatic cancer conditions. 

Bioinformatics analysis is useful for decreasing the time and costs of preliminary 

data collection, thereby expediting the target discovery process (151, 152). One such tool, 

The Cancer Genome Atlas (TCGA), enables bioinformatics analysis resulting in the 

detection of potential prognostic targets based on mutations and mRNA expression (153). 

A recent study conducted by TCGA research network involved analyzing the molecular 

landscape of PDAC. This study examined 150 PDAC specimens and identified extensive 

somatic mutations in several proteins (KRAS, TP53, CDKN2A, SMAD4, RNF43, 

ARID1A, TGFBR2, GNAS, RREB1, and PBRM1). The study also revealed mutations in 

other RAS pathway driver proteins in the absence of mutant KRAS such as GNAS, 

BRAF, and CTNNB1. This type of analysis provides the potential for development of 

more efficacious PDAC treatments (154). Additionally, this study may aid in classifying 

patients by molecular subtype of PDAC and may contribute to development of precise 

treatment options. Thus, bioinformatics analysis is key to the continuing efforts of 

precision medicine. 

 To date, only two blood markers have been approved for diagnosing pancreatic 

cancer, CA19-9 and CEA, of which neither are effective for early diagnosis(148). 

Because of the lack of successful early protein-based diagnostics, studies have begun to 
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focus on identifying non-coding RNAs as a possibility for early detection. This is because 

the noncoding region of the genome plays an important role in regulating the 

transcription and translation of protein-coding genes. A benefit to ncRNA-based 

detection is that many ncRNAs are secreted into body fluids and therefore provide 

minimally invasive and non-invasive methods for detecting pancreatic cancer. In 

addition, the availability of secreted markers may provide effective monitoring of  patient 

response to therapy (128).   

Chromosomal instability is a hallmark of cancer and closely associated with 

therapeutic resistance and uncontrolled growth (155). The 1q42.13 chromosomal location 

of MIR3620 was analyzed with respect to identifying a potential hotspot of mutation for 

pancreatic cancer. Twenty-eight of the genes in this region appear altered in at least 10% 

of the pancreatic cancer patients (Figure 28). Pancreatic cancer hotspots may contribute 

to identifying if a patient is at greater risk for developing PDAC through genetic 

screening. Additionally, these genes could provide the basis for determining a therapeutic 

course. Frequently, amplification of a set of genes contributes to chemoresistance. For 

example, the data in this work shows MIR3620 is upregulated and implicated in the 

chemoresistance of cisplatin, doxorubicin, and methotrexate (Table 31). The other genes 

co-localized with MIR3620 are amplified as well, suggesting MIR3620 may not be 

affecting the progression of pancreatic cancer on its own, but in conjunction with these 

co-localized ncRNA and proteins. Work identifying these types of genetic hotspots across 

various cancer types is underway and may shed light on genetic factors driving cancer 

development and progression  (156). 
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Choosing to examine ncRNAs instead of proteins is not without risk. The 

functional roles of proteins provide tangible data and therefore facilitate ease of target 

discovery. This makes proteins a logical choice for research. Meanwhile, ncRNAs are an 

emerging field of research with comparatively minimal data and can therefore seem risky 

as a research topic. The issue that arises with bioinformatics analysis of ncRNAs is that 

informatics relies heavily on available data of which there is considerably less regarding 

ncRNAs then proteins. Additionally, ncRNAs provide an added layer of difficulty when 

analyzing their functions in a lab setting. Observing the function of a ncRNA relies 

heavily on whether a protein target was predicted accurately. For example, if analyzing 

predicted protein targets in a cell line, knockout of the ncRNA should result in increased 

expression of its protein target, thus confirming the function of the ncRNA. However, 

because of the nature of certain ncRNAs, for example miRs, a protein may have several 

miRs which target it and obtaining an accurate reading on the expression of the protein 

may prove difficult. By contrast, identifying protein function is directly observable. 

Despite these challenges, the non-coding region is an attractive area of study because it is 

an emerging field with exciting potential for novel target discovery. 

Recent studies have delved into ncRNA function in cancer development and 

found that they play a role in the regulation of genes, proteins, and epigenetics associated 

with cancer progression. For example, microRNA let-7 is known to bind KRAS. In 

pancreatic cancer, however, let-7 is downregulated and is therefore less efficient at 

regulating its target, KRAS (157). This may contribute to the aberrant KRAS expression 

observed in PDAC. Additional ncRNAs (miR-193b, miR-206, miR096, miR-143/145, 

miR-216/217, miR-126, and miR-3923) are known to regulate KRAS and exhibit higher 
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expression levels in normal pancreas but are often downregulated in pancreatic cancer 

(158). As a result, many have been proposed as diagnostic, prognostic, and therapeutic 

targets (158, 159). For example, a miR-34a mimic, MRX34, was recently in phase I 

clinical trials for treatment of solid tumors, including pancreatic adenocarcinomas. It was, 

however, withdrawn and terminated due to adverse immune-related events (160). 

Additionally, anti-miR-155 and miR-16 mimic were examined as potential miR-

therapeutics for various tumor types (161). 

Exosomal genes can be isolated from body fluids through either minimally 

invasive means such as a blood draw or from noninvasive collection of saliva, tears, and 

urine. The ease with which these body fluids are collected make cancer exosomal 

diagnostic biomarkers attractive targets. Additionally, exosomal circulation has been 

correlated with tumor burden. For example, glypican-1 (GPC1) can distinguish between 

chronic pancreatitis and pancreatic adenocarcinoma patients (129). Furthermore, an 

exosomal diagnostic for lung cancer, ExoDx Lung (ALK), was approved by the FDA and 

became available to the market in early 2016 (162). This test detects both exosomal RNA 

and circulating tumor DNA through liquid biopsy with greater sensitivity than previous 

tests. This suggests that an exosomal diagnostic biomarker for pancreatic cancer is both 

possible and attainable. 

The MIR diagnostic fingerprint proposed by this work encompasses 90% of the 

patient sample with alterations in 19 MIRs (MIR27A, MIR31, MIR93, MIR96, MIR122, 

MIR130B, MIR133A1, MIR203A, MIR210, MIR330, MIR339, MIR425, MIR429, 

MIR522, MIR590, MIR664A, MIR1208, MIR3620, and MIR4457). This fingerprint had 

also identified KRAS-null patients and provided differential expression between the miRs 
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for chronic pancreatitis and PDAC patients. Additionally, these miRs may show stage 

specificity though further experiments are necessary. Thus, with further analysis, this 

fingerprint may be able to distinguish chronic pancreatitis from PDAC, diagnose KRAS-

null patients, and provide stage-specific diagnostics through blood, saliva, or urine tests.  

As a proof of concept for the efficacy of a multigene diagnostic fingerprint, a 

recent study found that an exosomal miR signature was superior to GPC1 and CA19-9 in 

differentiating between PDAC and chronic pancreatitis (163). Thus, the biomarker 

identified in this work may have merit as a minimally invasive diagnostic with the 

potential for distinguishing between chronic pancreatitis and PDAC. In addition to a 

potential diagnostic, three of the novel MIRs present in the proposed biomarker 

(MIR339, MIR425, and MIR3620) may provide prognostic significance The survival 

curve shown in Figure 16 suggests that patients without alteration in these MIRs have a 

longer median survival time, and live approximately 11 months longer. This type of 

prognostic marker may potentially aid a physician in predicting patient survival time. 

Further experiments need to be conducted to determine the efficacy of these three novel 

MIRs as a prognostic biomarker. 

This work identified one potential novel MIR as both a diagnostic and a 

prognostic marker for pancreatic cancer. MIR3620 was overexpressed in intraductal 

papillary mucinous neoplasms (IPMNs) and pancreatic cancer as per GEO datasets. 

IPMNs are cystic lesions that may progress to carcinoma if left untreated and are thus 

potential predictors of pancreatic cancer development (132, 164, 165). In fact, one study 

found that cystic lesions were predictive of developing pancreatic cancer regardless of 

familial history (166). Currently, the only methods of identifying IPMNs rely on imaging 
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scans and biopsies (167). If MIR3620 is recognized in early precancerous lesions such as 

IPMNs, this may provide a more efficacious means of diagnosing, monitoring, and 

predicting a patient’s likelihood of developing pancreatic cancer.   

KRAS mutation is present in 95% of pancreatic cancer patients (168). This leaves 

5% of patients who lack the KRAS mutation. Likewise, MIR3620 was altered in 20% of 

pancreatic cancer patients, and thus the remaining 80% of patients could not be diagnosed 

through MIR3620 alone. This stresses the necessity for a multi-gene biomarker. The 

proposal of the 19-MIR-based fingerprint and inclusion of KRAS facilitates the 

development of a biomarker fingerprint, which identifies 100% of patients with 

pancreatic cancer. Thus, it is necessary that modern medicine diverges from a single 

biomarker and instead adopts the use of a biomarker fingerprint. This ensures patients 

who are not diagnosed by traditional means are still identified and are then able to seek 

necessary treatment.  

MIR3620 may also provide significant prognostic potential. Since MIR3620 was 

observed to be amplified and overexpressed in pancreatic cancer and upregulated in drug 

resistance, a patient may show better response to therapy when MIR3620 is not altered. 

The survival curve observed in Figure 24 shows patients who lack alteration in MIR3620 

have a median survival of nearly 15 months longer than patients with alteration in 

MIR3620. This type of analysis can aid a physician in determining which course of 

therapy to administer to a patient as well as monitoring the patient’s response to therapy. 

This has been done with breast cancer patients who overexpress HER2/NEU. The 20% of 

breast cancer patients exhibiting amplification in HER2/NEU often show a positive 

response to treatment with monoclonal antibody, Herceptin, in conjunction with 
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chemotherapy (169). Thus, if MIR3620 is recognized as an important biomarker for 

diagnosing and monitoring a specific cohort of pancreatic cancer patients, it has potential 

for clinical application. It’s potential for bedside use is further compounded by its 

presence in blood, plasma, saliva, and urine, which facilitates minimally invasive 

methods of diagnosis. This may provide an alternative to traditional means of diagnosing 

patients with pancreatic cancer as well as monitoring patient therapeutic response to 

pancreatic cancer treatment. 

Proteins were predicted to be under direct regulation of MIR3620 if they were 

downregulated. Experiments designed to knockdown and introduce MIR3620 are needed 

to test the expression of protein targets in vitro to establish proof of concept. Should any 

of these protein targets prove relevant to MIR3620 regulation and cancer progression, 

then those proteins could potentially provide new druggable targets. 

Six key target proteins (C6orf89, YWHAW, CLASP1, DSN1: miR-3620-3p 

targets and LAX1 and B4GALT7: miR-3620-5p targets) were identified by the miR 

interactome analysis and may open new avenues for druggableness. Distinct cell cycle-

related proteins were identified from these efforts. The CLASP1, a microtubulin tracking 

protein is involved in regulation of G2/M transition and microtubulin assembly (170).  

The upregulation of CLASP1 in pancreatic tumors raises the possibility of targeting this 

trafficking protein for drug discovery. Another target that emerged from the miR 

interactome analysis was the YWHAH protein. The product of this gene is a member of 

the 14-3-3 family of proteins. This family facilitates signal transduction by binding to 

proteins containing phosphoserine (171).  The YWHAH protein is involved in the 

regulation and control of cell cycle as well as inhibition of apoptosis by preventing the 
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initiation of p38 MAP kinase.  Small molecular weight peptide antagonist of YWHAH 

(KD ≈80 nM) is available. This compound competitively inhibits 14.3.3-ligand 

interactions without requiring phosphorylation. It is tempting to suggest this compound 

should be tested for bioactivity against pancreatic cancer xenografts.  

The DSN1 protein encodes a kinetochore protein that functions as part of the 

minichromosome instability-12 centromere complex (172). This gene is involved in 

mitotic phase of the cell cycle and involves Rho/GTPase pathway. Inhibitors of this 

protein function offer a novel drug therapy potential. Another protein target, LAX1, 

negatively regulates TCR (T-cell antigen receptor)-mediated signaling in T-cells and 

BCR (B-cell antigen receptor)-mediated signaling in B-cells (173). This protein may 

provide a basis for immunotherapy of pancreatic cancer. The B4GALT7 is a FDA 

approved drug target and nucleoside analogues such as Uridine-5'-Diphosphate might 

offer a drug therapy potential. 

The C6orf89 (Bombesin receptor-activated protein) is a single pass 

transmembrane Type II protein localized in the Golgi. This protein Exhibits histone 

deacetylase (HDAC) enhancer property (174).  The HDAC family of proteins is a FDA 

approved drug target and numerous compounds are in the clinical trials for diverse 

cancers (82). Drugs targeting the C6orf89 may provide a synergy with HDAC inhibitors 

for cancer therapy. In addition to the protein targets, MIR3620 binding sites were also 

identified in many Long Noncoding RNAs (over 15,000). Thus, it is reasonable to predict 

that the regulation of gene expression by MIR3620 is complex and is exerted at multiple 

levels. Future studies would address the role of MIR3620 in the regulation of the 

lncRNAs. 
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The transcription factor analysis identified nine upregulated transcription factors 

(CEBPB, E2F4, ELF1, ETS1, MAFF, RB1, SMARCA4, SP1, and STAT1) which could 

provide a deeper understanding into the complex regulation of MIR3620. Three of these 

transcription factors were associated with oncogenicity (ELF1, MAFF, and SP1). ELF1 

and survivin have been shown to promote angiogenesis, differentiation, and metastasis in 

non-small cell lung carcinoma (175). MAFF overexpression has been associated with 

bone metastasis in breast cancer patients (176). In pancreatic cancer, SP1 upregulates 

miR-19a, which targets a tumor suppressor protein, Ras homolog family B (RHOB). 

Decreasing expression of SP1 by Rh-endostatin was found to restore RHOB, which 

induced apoptosis and inhibited migration of the pancreatic cancer cells (177).  

While three of the transcription factors were identified as oncogenic, four are 

known tumor suppressors (E2F4, RB1, SMARCA4, and STAT1). E2F4, when 

complexed with RBL2, generally represses proliferation, however, when disrupted by 

miR-17-5p, is altered and promotes proliferation in pancreatic cancer (178). RB1 has 

been widely held as a tumor suppressor, though evidence supports its involvement in 

antiapoptotic processes, suggesting a much more complex role of the gene than 

previously thought (179). In pancreatic cancer, loss of SMARCA4 is generally seen, and 

its re-expression reduced cell growth in pancreatic cancer cell lines (180). Likewise, loss 

of STAT1, in conjunction with p21 (mediator of STAT1), in pancreatic cancer coincides 

with metastasis, suggesting a tumor suppressive role (181). The tumor suppressive roles 

of these transcription factors would suggest a downregulated expression in pancreatic 

cancer, rather than upregulated as this data suggests. The diversity of samples which each 

tool collects and reports expression on could cause this discrepancy. Further work should 
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focus on verifying the expression of these transcription factors in patient derived normal 

pancreas and pancreatic cancer samples rather than cell lines and xenografts. 

MIR3620 is relevant to pathways involved in the progression and development of 

various cancers. A recent study found miR-3620-5p, in conjunction with four other miRs 

(miR-3613-3p, miR-6881-3p, miR-6087 and miR-18a-3p), may be the main regulators of 

the p53 competing endogenous RNA network within hepatocellular carcinomas (182). 

TP53 is the most common mutation observed in all cancers and is frequently implicated 

in early tumorigenesis (183). Likewise, mutation of KRAS is considered one of the 

earliest drivers for pancreatic cancer development (143). It is possible, that involvement 

of miR-3620-5p in p53 and RAS signaling pathways suggests miR-3620-5p deregulation 

may be tied closely to the onset and development of pancreatic cancer. Additionally, the 

involvement of miR-3620-3p in the formation and degradation of extracellular matrix as 

well as focal adhesion may suggest its importance in metastasis.  

 It is well established that cancers evade growth inhibitory signals while keeping 

other growth factor receptors constitutively active to continue growth and proliferation 

(184). MIR3620 shows involvement in EGFR/ErbB, TGF, and VEGF signaling 

pathways. EGFR signaling is key to growth and proliferation of many cancers and is 

already a FDA target for several inhibitors (185). Early pancreatic cancer development 

requires silencing the tumor suppressive TGF signaling, while TGF in late pancreatic 

cancer stages may be reactivated to promote epithelial-to-mesenchymal transition (186). 

VEGF stimulates angiogenesis, which is necessary for tumor growth and metastasis, and 

like EGFR, there are currently FDA approved therapeutics inhibiting blood vessel 

formation (187).  When considered collectively, deregulation of MIR3620 may be 
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involved in the initiation as well as the progression and aggressive metastasis of 

pancreatic cancer. Therefore, targeting downstream players in MIR3620-mediated 

tumorigenesis may be beneficial. 

MIR3620 was also associated with specific cancer pathways, such as non-small 

cell lung carcinoma and bladder cancer. EGFR and KRAS are well established mutations 

in both pancreatic cancer and non-small cell lung carcinoma (188). EGFR is also a 

common mutation in bladder cancer (189). Future studies may provide insights into the 

role of MIR3620 in other cancer types. If MIR3620’s efficacy as a diagnostic is proven, it 

may provide the basis for a multi-tumor diagnostic biomarker. 

Many MIRs are causal to the progression of various cancers. Several studies and 

clinical trials are therefore underway for developing MIR-based therapeutics (161). MIRs 

target several proteins, of which some may be necessary for normal cellular processes. 

This poses a challenge due to the inherent lack of selectivity exhibited by MIRs (190). 

Because MIRs regulate various proteins, the specificity of drug targeting would be low, 

and may also cause systemic toxicity should the MIR drug target proteins in healthy cells. 

Because of these potential issues, this work focused on the diagnostic potential of 

MIR3620. 

MIR3620 expression is regulated in a bi-phasic manner at the cell cycle level 

(downregulated in G1 and activated in S-phase). It is dependent on intact tumor 

suppressor gene function (p53, WT1, WTAP and BRCA1). Drug resistance to standard 

chemotherapeutics (Cisplatin, Doxorubicin and Methotrexate), which induces apoptosis 

was found to be associated with an upregulation of MIR3620 expression. Interestingly, 

the Vinca alkaloid, Vincristine, a cell cycle-specific (M-phase) tubulin inhibitor caused 
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an upregulation of the MIR3620 gene expression. Further, Nucleoside analogue 

cytarabine (ara-C), a cancer-selective transcriptional inhibitor as well as a protein kinase 

C antagonist and Onconase—an anti-tumor ribonuclease—also caused an upregulation of 

MIR3620 expression.  

Activation of MIR3620 gene expression was also seen in response to growth 

factors (IGF, TGFB and TGFA), multiple transcription factors (EGR-1, GATA-3, XBP-1 

and ZNF-217), activation of ERK5 (MAPK) pathway, antibiotics anisomycin, a protein 

synthesis inhibitor and activator of stress kinases and MAPK, by beta catenin depletion or 

upon exposure to chemical carcinogen (Dioxin). 

 Physiological stimuli (cell differentiation, hormone, oxygen deprivation, heat and 

transplantation) were shown to influence MIR3620 gene expression.  For example, 

induction of differentiation by Trans-retinoic acid, estrogen deprivation, hypoxia, 

intestinal exposure to E. coli probiotic and renal transplantation caused a downregulation 

of MIR3620 expression. Whereas, hyperthermia and stress caused an upregulation of 

MIR3620 gene expression.  

MIR3620 expression was upregulated in a majority of cancer types. It was 

however, found to be downregulated in cervical cancer and metastatic prostate cells.  In 

Crohn’s Disease, ulcerative colitis, and pancreatic islets of Langerhans of type 2 diabetics 

its expression was downregulated. In autoimmune disorder, systemic lupus 

erythematosus and Kaposi's sarcoma-associated herpes virus protein K13 infected 

patients, an upregulation of MIR3620 expression was seen. These experiments identified 

key cellular events such as apoptosis, cell cycle, drug resistance, growth factors 

stimulation, hormone deprivation, stress and tumor suppressor genes as likely mediators 
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of regulation of MIR3620 gene expression. Based on these results, a model for the 

regulation of MIR3620 gene expression was developed (Figure 46).  

While a great deal of expression knowledge is available for MIR3620, its 

definitive role in the progression and development of neoplastic growth and tumor 

progression is limited. However, a recent study identified claudin 4 (CLDN4) as a target 

of miR-3620-3p. CLDN4 is known to contribute to proliferation, invasion, and EMT in 

gastric cancer (191). This would suggest a tumor suppressor function. Meanwhile, the 

work outlined in this thesis, when pathway analysis and the model is taken together, 

suggests that MIR3620 may be an oncomir and may contribute to the onset and eventual 

metastasis of pancreatic cancer. Alternatively, there may be a tissue-specific function, 

which determines if MIR3620 is an onocmir or a tumor suppressor miR. In vitro and in 

vivo experiments are necessary to establish the full breadth and understanding of 

MIR3620’s role in tumorigenesis.  
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Figure 46: Proposed model of MIR3620 regulation of expression. The model was 

derived from GEO profiles and textmining. The model suggests, from normal to 

cancerous cell, the response of MIR3620 expression given various perturbations. 

  

Critical issues 

1. Limitations of Gene expression datasets 

Gene expression omnibus (GEO) provides extensive microarray data, including cell lines, 

animal models and patient-derived tissue samples. Various microarray datasets are 

derived from unmatched pancreatic tumor and normal tissues. This may lead to 

inconsistency in the prediction of gene expression.  

- Use of GEO datasets from matched tumor and normal tissues from multiple 

PDAC patients provide a meaningful way to interpret gene expression differences 

in pancreatic cancer patients. 
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2. Limitations of a single biomarker. 

Due to individual genetic polymorphisms, use of a single diagnostic/prognostic 

biomarker may not be effective and reliable across a diverse population. 

- A fingerprint of multiple markers based on GWAS and gene expression data can 

help enhance reliability. 

3. Limitations of pancreatic cancer diagnosis and therapy 

Pancreatic cancer symptoms mimic other gastrointestinal disorders and hence are often 

late to diagnose. Consequently, therapy is ineffective.  

- Secreted biomarkers such as the MIRs can be used for noninvasive screening of 

high-risk individuals as well as to monitor patients undergoing therapy.  

 

Future directions 

 The 19 MIR + KRAS biomarker fingerprint established in the study offers clinical 

potential.  Additionally, the lead ncRNA, MIR3620 may provide a novel biomarker for 

diagnosis and prognosis of pancreatic carcinoma patients. Future experiments would 

revolve around 1) testing the specificity of the biomarker fingerprint from various body 

fluids, 2) determining the druggability of downstream targets of MIR3620 and 3) 

evaluating MIR3620 as an early diagnostic and prognostic marker for pancreatic cancer.  

Significance 

The noncoding regions of the genome hold valuable clues for diagnosis and 

therapy of diverse diseases. The pancreatic cancer with a high mortality rate urgently 

needs new molecular targets for early diagnosis and therapy. The presence of noncoding 

RNAs, in particular the microRNAs in various body fluids provides a strong rationale for 
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liquid biopsy for noninvasive diagnosis. The 19 MIR fingerprint plus KRAS and the lead 

MIR3620 identified in this study may provide a diagnostic and prognostic value for 

pancreatic cancer patients.  
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