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ABSTRACT 

Introduction: Pancreatic cancer is the fourth leading cause of cancer-related death 

among males and females in the United States. Sel-1-like (SEL1L) is a putative tumor 

suppressor gene that is downregulated in a significant proportion of human pancreatic 

ductal adenocarcinoma (PDAC). It was hypothesized that SEL1L expression could be 

down-modulated by somatic mutation, loss of heterozygosity (LOH), CpG island 

hypermethylation and/or aberrantly expressed microRNAs (miRNAs).  

Material and methods: In 42 PDAC tumors, the SEL1L coding region was amplified 

using reverse transcription polymerase chain reaction (RT-PCR), and analyzed by 

agarose gel electrophoresis and sequenced to search for mutations. Using fluorescent 

fragment analysis, two intragenic microsatellites in the SEL1L gene region were 

examined to detect LOH in a total of 73 pairs of PDAC tumors and normal-appearing 

adjacent tissues. Bisulfite DNA sequencing was performed to determine the 

methylation status of the SEL1L promoter in 41 PDAC tumors and 6 PDAC cell lines. 

Using real-time quantitative PCR, the expression levels of SEL1L mRNA and 7 

aberrantly upregulated miRNAs that potentially target SEL1L were assessed in 42 

PDAC tumor and normal pairs. Statistical methods were applied to evaluate the 
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correlation between SEL1L mRNA and the miRNAs. Further the interaction was 

determined by functional analysis using a molecular biological approach.  

Results: No mutations were detected in the SEL1L coding region. More than 50% of 

the samples displayed abnormally alternate or aberrant spliced transcripts of SEL1L. 

About 14.5% of the tumors displayed LOH at the CAR/CAL microsatellite locus and 

10.7% at the RepIN20 microsatellite locus. However, the presence of LOH did not 

show significant association with SEL1L downregulation. No methylation was 

observed in the SEL1L promoter. Statistical analysis showed that SEL1L mRNA 

expression levels significantly and inversely correlated with the expression of hsa-mir-

143, hsa-mir-155, and hsa-mir-223. Functional analysis indicated that hsa-mir-155 

acted as a suppressor of SEL1L in PL18 and MDAPanc3 PDAC cell lines.  

Discussion: Evidence from these studies suggested that SEL1L was possibly 

downregulated by aberrantly upregulated miRNAs in PDAC.  Future studies should be 

directed towards developing a better understanding of the mechanisms for generation 

of aberrant SEL1L transcripts, and further analysis of miRNAs that may downregulate 

SEL1L. 
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1 

BACKGROUND 

 

1. Pancreatic cancer 

The pancreas is an organ which has both endocrine and exocrine components. 

The endocrine component secretes hormones into the blood. Microscopically, the 

endocrine pancreas is made of cell clusters called islets of Langerhans which consist 

of five types of cells: alpha cells, beta cells, delta cells, PP cells and epsilon cells. 

Acinar cells of the exocrine pancreas produce and secret digestive enzymes and 

pancreatic juice (an alkaline fluid) into the small intestines through the exocrine ducts. 

Pancreatic cancer usually arises from the exocrine portion of pancreas [1]. 

In the United States, pancreatic cancer is the fourth leading cause of cancer-

related death among males and females. “The American Cancer Society's most recent 

estimates for pancreatic cancer in the United States for 2010 are: about 43,140 new 

cases (21,370 men and 21,770 women), and about 36,800 deaths (18,770 men and 

18,030 women). The lifetime risk for developing pancreatic cancer is about 1 in 71 

(1.41%), which is about the same for both men and women.” Tobacco smoking, 

family history of pancreatic cancer, personal history of pancreatitis, diabetes and 

obesity are all commonly recognized risk factors for this type of cancer [2]. Since the 

symptoms of pancreatic cancer are non-specific and varied, usually by the time it is 

diagnosed local or distant metastasis has already occurred. Prognosis for this disease is 

very poor with a median survival time of less than 6 months for all patients diagnosed 

with this disease, and the overall 5-year survival is only 6% [3]. The most common 
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form of pancreatic cancer is pancreatic ductal adenocarcinoma (PDAC), which 

accounts for >75% of all pancreatic tumors [4].  

Histologically, PDAC is an invasive malignant epithelial neoplasm with no 

predominant component of any of the other carcinoma types. The appearance and 

arrangement of the PDAC cells present a duct-like structure instead of the 

predominant acinar cell structure seen in normal pancreas. “The degree of gland (duct) 

formation can vary from well-formed glands, to partially formed glands, to focal 

intracellular mucin production by poorly oriented cells infiltrating singly, to solid 

sheets of neoplastic cells.” [5] Although PDAC has a ductal morphology, there is no 

formal proof demonstrating that it originates from the ductal compartment.  

Acinar-to-ductal metaplasia has been implicated in the generation of pancreatic 

cancer precursor lesions known as pancreatic intraepithelial neoplasia (PanIN) [6-8].
 

Metaplasia is defined as a predominant cell type in a tissue being replaced by another 

cell type. There is evidence for at least two pathways for development of acinar-to-

ductal metaplasia. In the first, abnormal acinar cells transdifferentiate to ductal cells 

and then proliferate. In the second, ductal cells proliferate and the abnormal acinar 

cells undergo apoptosis.  

Animal models have been used to study the process of acinar-to-ductal 

metaplasia. Guerra et al. selectively expressed K-RAS
G12V 

in mice embryonic cells of 

the acinar/centroacinar lineage and observed the formation of PanIN lesions and 

invasive PDAC [9]. Similarly, Habbe et al. reported that knockin of the K-RAS
G12D

 

allele in mature acinar cells of adult mice resulted in spontaneous induction of murine 

PanIN lesions of all histological grades [10].
 
By performing murine pancreatic 
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epithelial explants, Dr. Leach’s group showed spontaneous acinar-to-ductal metaplasia 

in response to EGFR signaling. The transdifferentiated cells simultaneously express 

both acinar and ductal markers [11]. 

In summary, all these models provided evidence that the genetic signature of 

pancreatic cancer involves genetic alterations in PanIN lesions that may induce acinar-

to-ductal cell transdifferentiation and further development into PDAC.  

 

2. Genetic alterations in the pathogenesis of PDAC 

Many allelic alterations have been seen in PDAC, including losses of 1p, 9p, 

12q, 17p, 18q and gain of 20q [12-18]. Several of these have been demonstrated to be 

involved in the progression of PDAC. The early genetic changes include the aberrant 

activation of the epidermal growth factor receptor (EGFR), erbB2 (HER2), v-Ki-ras2 

Kirsten rat sarcoma viral oncogene homolog (K-Ras), and the inactivation of Cyclin-

dependent kinase inhibitor 2A (CDKN2A/p16-INK4A) and alternative reading frames 

of the INK4A (ARF) tumor suppressor proteins [19-21]. Loss of two tumor 

suppressors, TP53 (p53) and BRCA2, frequently occur in the progression of the 

pancreatic intraepithelial neoplastic (PanIN) lesions. Loss of SMAD4/DPC4 function 

occurs at later stages [19, 20]. Overexpression of various components of Hedgehog 

(Hh) signaling including Shh and Ihh also have been seen in PanIN lesions as well as 

invasive PDAC [22-24]. An oncogenic serine/threonine kinase, AURKA, also showed 

overexpression in PDAC [25, 26]. The 9p21 region harbors the p16-INK4A gene; the 

17q13 region harbors the p53 gene; the SMAD4 gene is located on chromosome 18q21 

and AURKA maps to chromosome 20q13. Therefore, allelic loss or gain may explain 



 

 

4 

some of the gene expression alterations. Many signaling pathways can be affected by 

the above genetic abnormalities, such as the EGFR signaling pathway, the Ras 

signaling pathway, the transforming growth factor-beta (TGFβ) signaling pathway, as 

well as the Hedgehog (Hh) pathway and the Wnt–β-catenin cascades [27].  

However, all the above genetic alterations have also been observed in many 

other kinds of cancers, so unfortunately none of these serve as PDAC tumor specific 

biomarkers. 

 

3. SEL1L gene and PDAC 

Seven genes were identified in Dr. Killary’s laboratory, which were found to 

be differentially expressed in PDAC across three platforms. Products of these genes 

could serve as candidate biomarkers for PDAC [28]. One of the genes, SEL1L, has 

been shown to be abundantly expressed specifically in pancreatic tissues from healthy 

adult humans [29, 30]. Biunno et al. reported that SEL1L messenger RNA (mRNA) 

was not detected in 17% of PDAC tumors by reverse-transcription polymerase chain 

reaction (RT-PCR) [29]. Downmodulation or absence of SEL1L protein has been seen 

in 36% of human PDAC cases by immunohistochemistry. Immunohistochemical 

staining revealed that SEL1L protein is highly expressed in normal pancreatic acinar 

and islet cells, whereas it is not expressed in normal ductal cells [31]. Therefore, a 

question was raised that whether SEL1L downregulation was caused by the difference 

in cell types between normal pancreas and PDAC tumors. To answer this question, 

understanding the cellular origin of PDAC is a key. Acinar to ductal 
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transdifferentiation in some model systems suggests that acinar cells may be the cell of 

origin, and this may explain why SEL1L is expressed in some PDACs.  

SEL1L has been shown to modulate the expression of certain cancer-related 

proteins. In C. elegans, sel-1 has been identified as a negative regulator of the lin-

12/Notch family oncoproteins, lin-12 and glp-1. This is likely through its function in 

protein degradation [32, 33]. Overexpression of SEL1L in stably transfected PDAC 

cells and in nude mice caused a decrease in the aggressive behavior of the tumor cells, 

suggesting that SEL1L plays a tumor-suppressive role in the progression of PDAC 

[31]. Overexpression of SEL1L in PDAC cells also showed a significant increase in 

the expression level of the tumor suppressors Smad4, activin A, TIMP1, TIMP2, and 

PTEN, suggesting an interaction of SEL1L with the TGFβ and PTEN signaling 

pathways [31, 34].  

 

4. SEL1L gene and SEL1L protein                                                   

The homo sapiens SEL1L gene is located on chromosome 14q24.3-q31 with a 

length of 60967 base pairs (bp). It consists of 21 exons and the corresponding full 

length mRNA contains 6593 bp and the coding region is 2385 bp long. According to 

the gene annotations in the AceView database, National Center for Biotechnology 

Information (NCBI), the SEL1L gene produces 10 different transcripts that potentially 

encode 8 different isoforms [35].  

At the N terminus of the SEL1L protein, there is an XXRR-like ER 

(endoplasmic reticulum) membrane retention signal, and a proline, glutamic acid, 

serine, and threonine peptide (PEST) sequence which is known to target proteins for 
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rapid degradation. The SEL1L protein also contains a fibronectin type II domain 

which is a collagen-binding domain, three SEL-1-like sequence clusters in tandem 

which are predicted to function in protein-protein interaction, one highly conserved 

Hrd3-like motif which also has predicted function in protein binding, one 

transmembrane domain, and one proline-rich tail which may bring proteins together. 

Hrd3 is a protein of the ER membrane that plays a central role in ER associated 

protein degradation (ERAD). The Hrd3 protein motif is shared with several other 

proteins [36, 37]. From the protein structure, SEL1L is predicted to be an ER 

membrane protein with functions of protein-protein interaction and protein 

degradation. It has been reported that the region of SEL1L spanning amino acids 659 

to 794 containing the Hrd3-like motif, the transmembrane domain and the proline-rich 

tail is required for tumor growth inhibition [38]. 

 

5. SEL1L and UPR/ERAD pathway 

The human homolog of SEL1L has been recognized as a component of the 

“unfolded protein response/endoplasmic
 
reticulum associated protein degradation 

(UPR/ERAD) pathway” [36, 39, 40]. The pancreas is an organ that produces many 

important proteins, such as insulin, glucagon and digestive enzymes [1]. Endoplasmic
 

reticulum is an organelle found in all eukaryotic cells which functions in protein 

translation, folding, export and secretion [41]. Therefore, the ER is a critical organelle 

for synthesis and secretion of the many proteins made in the pancreas.  

Certain pharmacological or physiological conditions such as hypoxia, redox or 

glucose starvation, may lead to an accumulation of unfolded or misfolded proteins in 
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the lumen of the ER and cause ER stress. The UPR/ERAD pathway is triggered in 

response to the stress and induces the activation of several additional signaling 

pathways to promote long-term stress adaptation or apoptotic cell death [42].  

Figure 1 shows a simplified version of the URP/ERAD pathway. The primary 

function of this pathway is to maintain ER homeostasis and produce cell survival after 

stress. When this pathway is activated, the ER chaperone glucose-regulated protein 78 

(GRP78), the serine/threonine kinase Akt, the nuclear factor NF-κB, and the anti-

apoptosis factor Bcl-2/xL are induced [43-49]. Consequently, cell proliferation and 

angiogenesis are promoted. Simultaneously, the E3 ubiquitin-protein ligase HMG-

CoA reductase degradation protein 1 (HRD1) and SEL1L are also induced by the ER 

stress. SEL1L interacts with and stabilizes HRD1, and also recognizes misfolded 

proteins and transfers them into the cytosol for degradation [37-39]. On the other 

hand, when the accumulated unfolded proteins exceed a threshold above which the ER 

stress can no longer be controlled, the cell becomes committed to apoptosis through 

another part of the UPR pathway. Gadd153/CHOP is the dominant ER chaperone that 

is induced [50].
 
Caspase-4, a caspase responding only to ER stress and not to other 

signals, is activated [51].
 
When SEL1L expression was knocked down in mouse 

pancreatic β-cells, a decrease in cell growth was observed.  This may be through 

activation of the apoptosis pathway described above [52].           
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Figure 1. Unfolded protein response/endoplasmic
 
reticulum associated protein 

degradation (UPR/ERAD) pathway. Green: survival pathway; pink: apoptosis 

pathway. 
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6. The goals of this study 

So far neither mutations nor genomic alterations have been reported for SEL1L 

which is a putative tumor suppressor in PDAC. The goals of this study were to 

investigate the molecular mechanisms of SEL1L downregulation, and to better 

understand the role of SEL1L in the pathogenesis of PDAC. I hypothesized that 

SEL1L expression could be down-modulated by somatic mutation, loss of 

heterozygosity (LOH), CpG island hypermethylation and/or aberrantly expressed 

microRNAs (miRNAs). Results from this study provide a better understanding of the 

abnormalities of the SEL1L gene in PDAC, which may lead to the discovery of PDAC 

tumor specific biomarkers or the development of new prevention and treatment 

strategies for this dismal disease. 
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Chapter 1 

 

SEL1L Gene Mutation Study 
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1.1 Introduction 

Due to genetic instability, cancer cells often carry somatic mutations in either 

tumor suppressor genes or oncogenes. Somatic mutations occurring at the splice sites 

or exonic splicing enhancers may cause aberrant transcription, and may lead to the 

translation of aberrant proteins. Mutations occurring at the coding region of a gene 

may also produce aberrant proteins, which may influence the function of the gene. 

Mutations in some predominant cancer-related genes have been frequently reported in 

PDAC tumors. For example, Kras mutations are some of the earliest events in the 

tumorigenesis of PDAC, which have been detected in 90% of PDACs with most of the 

mutations occurring at codon 12, 13, and 61; loss of the p53 gene often occurs later in 

the development of pancreatic neoplasia, generally by missense alterations of the 

DNA-binding domain in more than 50% of PDACs [18-20].  

So far, only one study of SEL1L gene alterations in PDAC has been conducted. 

In this study Southern blotting was performed on 17 neoplastic cases, but no gross 

genomic alterations were observed [28]. The Southern blotting method uses probe 

hybridization to identify a restriction fragment of a gene. However, in this report the 

authors did not give the exact region that they examined, and apparently they did not 

examine the whole gene region of SEL1L. Their results might not give an accurate 

conclusion, and it is still important to determine if somatic mutations are present in the 

SEL1L gene. Therefore, I chose to examine SEL1L for mutation in PDAC samples. 
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1.2 Materials and Methods 

 

Materials  

PDAC tumors and the matched normal-appearing adjacent pancreatic tissue 

specimens were collected from surgical resections performed at The University of 

Texas M. D. Anderson Cancer Center (UTMDACC) before patients were treated with 

chemotherapy or radiotherapy. The identification of normal adjacent tissue was based 

on microscopical observations from the pathologist analyzing the tissue. All the 

tissues were stored in -80ºC freezers prior to RNA/DNA extraction. A total of 42 

tumor/normal pairs were examined in this study. A quality check of integrity with the 

2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA) indicated that the RNA 

samples did not display degradation.  

 

Extraction of RNA and DNA 

Total RNA was extracted using the miRNeasy Mini Kit according to the 

manufacturer’s instructions (Qiagen, Valencia, CA). DNA was extracted from the 

inter-phase and phenol phase after RNA isolation. The isolation procedures followed 

the TRIzol Reagent protocol (Invitrogen, Carlsbad, CA). DNA and RNA 

concentrations were measured with a NanoDrop spectrophotometer (Thermo 

Scientific, Wilmington, DE).  

 

Reverse transcription polymerase chain reaction (RT-PCR) and sequencing 
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The High Capacity cDNA Reverse Transcription Kits (Applied Biosystems, 

Foster City, CA) were used for complementary DNA (cDNA) synthesis. The 

conversion to cDNA started from 1ug of total RNA in a single 20µL reaction using 

random primers. To amplify the cDNA with high fidelity, three sets of primers were 

used for the entire coding region of SEL1L, and the RT-PCR products overlapped one 

another by about 100 bp. 

The SELmRNA-1 primer set generates a product of 934 bp which extends 

from SEL1L exon 1 to 7. SELmRNA-2 generates a 972 bp product which is from exon 

6 to 17. SELmRNA-3 amplifies exon 16 to 21 and the product size is 987 bp. 

Sequences and locations of the primers were shown in Figure 2. The reactions were 

carried out in a final volume of 30 uL of a mixture containing 2µL of cDNA, 10 pmol 

of each primer, deoxynucleotide triphosphates (dNTP, each at 0.25 mM), KCl (50 

mM), MgCl2 (1.5 mM), Tris-HCl (10 mM, pH 8.3), and 1 unit of AmpliTaq Gold 

DNA polymerase (Applied Biosystems). The same thermal cycling conditions were 

applied to all 3 reactions: denaturation at 95°C for 5 minutes for 1 cycle, followed by 

40 cycles at 95°C for 45 seconds, 56°C for 45 seconds, 72°C for 45 seconds, and then 

an extension of 72°C for 7 minutes. A 5 uL aliquot of the RT-PCR products was run 

through 1% agarose gel (Phenix Research Product, Candler, NC) using 100 bp DNA 

ladder as a molecular weight marker (Invitrogen). The remainder of the products were 

purified with QIAquick PCR Purification Kit (Qiagen), and then sequenced in the 

DNA Analysis Facility at UTMDACC using ABI PRISM 3730 DNA sequencers 

(Applied Biosystems).  
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Figure 2. Sequences and locations of the primers for SEL1L coding region 

mutation study. The rectangular boxes in figure B represent the exons in SEL1L 

cDNA. Translation start site and stop site were indicated. F1 and R1 indicate the 

locations of forward and reverse primers of SELmRNA-1; F2 and R2 are SELmRNA-

2; F3 and R3 are SELmRNA-3. 
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1.3 Results 

 

Altered SEL1L transcripts in PDAC tumors and paired normal-appearing adjacent 

tissues  

When reverse-transcribed mRNAs were amplified using the SELmRNA-1 

primer sets, agarose gel electrophoresis revealed that in addition to the predicted RT-

PCR products, some weaker products with smaller sizes were present. These smaller 

products were observed in both PDAC tumor tissues and normal-appearing adjacent 

tissues. This phenomenon was not observed when the cDNAs were amplified using 

the SELmRNA-2 and SELmRNA-3 primer sets. The representative results from 7 

tumor/normal pairs are shown in Figure 3. When the RT-PCR was repeated using the 

SELmRNA-1 primers, although additional products were observed again, different 

patterns of products were present. From the results of two independent RT-PCR 

amplifications, additional products were identified in more than half of the samples.  

Because most of the unexpected small products had much lower intensities, 

nucleotide sequence analysis usually displayed only the sequence of the 

predominating normal products. However, in a few of the samples one smaller product 

showed competitive intensity compared to the expected product. Sequencing 

chromatograms of these samples showed identifiable double peaks, so that the 

sequence of both products could be analyzed. Figure 4 shows such a chromatogram 

displaying the out of phased sequence indicating deletions.  
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Figure 3. Agarose gel electrophoresis of representative RT-PCR products of 

SEL1L coding region. M, marker. T, PDAC tumor. N, normal-appearing pancreatic 

tissue. Specimens from the same patient have the same number. Names of primer sets 

are noted at the right.  
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Figure 17. Expression of SEL1L after transfection of antagomirs against hsa-mir-

155 and hsa-mir-223 in BxPC3 cells. 

A. Relative quantities of hsa-mir-155, hsa-mir-223 and SEL1L mRNA determined by 

qPCR. Anta, samples transfected with antagomir(s); NC, samples transfected with 

negative control to antigomir; hr, hours after transfection. Sample numbers are noted 

at the left of each name. Red numbers indicate downregulation. B. SEL1L protein 

expression determined by Western blotting. Sample numbers are the same as those in 

panel A.  
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Figure 18. Expression of SEL1L after transfection of antagomirs against hsa-mir-

155 and hsa-mir-223 in Capan2 cells. 

A. Relative quantities of SEL1L mRNA determined by qPCR. Anta, samples 

transfected with antagomir(s); NC, samples transfected with negative control to 

antigomir; hr, hours after transfection. Sample numbers are noted at the left of each 

name. B. SEL1L protein expression determined by Western blotting. Sample numbers 

are the same as those in panel A.  
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Figure 19. Expression of SEL1L after transfection of antagomir against hsa-mir-

155 in PL18 cells. 

A. Relative quantities of SEL1L mRNA determined by qPCR. Anta, samples 

transfected with antagomir; NC, samples transfected with negative control to 

antigomir; hr, hours after transfection. Double, transfection twice of the antagomir and 

the time points were taken after the second transfection. Sample numbers are noted at 

the left of each name. Red numbers indicate downregulation. B. SEL1L protein 

expression determined by Western blotting. Sample numbers are the same as those in 

panel A.  

SEL1L 

GAPDH 
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SEL1L protein expression was downregulated after transfection of hsa-mir-155 

precursor in MDAPanc3 cells 

 Both MDAPanc3 and Miapaca2 cells have a very low expression level of hsa-

mir-155 and hsa-mir-223. The expression levels of these 2 miRNAs were assessed 

after the transfection of the miRNA precursors using qPCR. As shown in Figure 20, 

the expression level of the miRNA markedly increased after transfection of the 

precursor when compared to the negative control (> 1000 folds). The endogenous 

control RNU6B exhibited similar expression levels for all the samples indicating that 

there was a similar amount of the initial cDNA. 

 The qPCR results in Figure 21A revealed that the expression level of SEL1L 

mRNA did not change even though hsa-mir-155 and hsa-mir-223 were overexpressed. 

However, from the Western blotting results in Figure 21B and 21C, it was determined 

that when hsa-mir-155 was overexpressed in MDAPanc3 cells the SEL1L protein 

displayed decreased expression level. When hsa-mir-223 alone was overexpressed, no 

significant changes were observed in SEL1L protein expression. When the precursors 

were transfected into Miapaca2 cells, there were no detectable changes in SEL1L 

expression levels (Figure 22).  
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Figure 20. Representative qPCR amplification plot of miRNA expression after 

precursor transfection. 

An increase in fluorescence indicates the detection of accumulated PCR product. 

Quantitation of the amount of target is measured by cycle number. The higher the 

initial amount of target cDNA, the sooner accumulated product is detected in the PCR 

process, and the lower the cycle number. Curve 1, detection of miRNA in sample 

transfected with miRNA precursor; curve 2, detection of miRNA in sample transfected 

with negative control to the precursor; curve 3, detection of RNU6B in both samples. 

All measurements were duplicated. 
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Figure 21. Expression of SEL1L after transfection of hsa-mir-155 and hsa-mir-

223 precursors in MDAPanc3 cells. 

A. Relative quantities of SEL1L mRNA determined by qPCR. Pre, samples transfected 

with miRNA precursor; NC, samples transfected with negative control to miRNA 

precursors; hr, hours after transfection. B, C. SEL1L protein expression determined by 

Western blotting.  
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Figure 22. Expression of SEL1L after transfection of hsa-mir-155 and hsa-mir-

223 precursors in Miapaca2 cells. 

A. Relative quantities of SEL1L mRNA determined by qPCR. Pre, samples transfected 

with miRNA precursor; NC, samples transfected with negative control to miRNA 

precursors; hr, hours after transfection. B, C. SEL1L protein expression determined by 

Western blotting.  
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GAPDH 
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GAPDH 
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Sixteen proteins showed expression level changes after transfection of mir-155 

precursor in MDAPanc3 cells 

Reverse phase protein assay (RPPA) was applied to measure the transient 

response of the MDAPanc3 PDAC cells to the overexpression of hsa-mir-155. 

MDAPanc3 cells were transfected with hsa-mir-155 precursor or negative control and 

were collected after 48 hours and 72 hours, and then analyzed by RPPA. The 

expression levels of 12 proteins assessed were found to be downregulated and 4 were 

upregulated. Among these, 6 phosphorylation state-specific antibodies assessed 

phosphorylation at specific sites of target proteins.  The relative quantities of these 

proteins are listed in Table 6A. All other proteins that were analyzed by RPPA did not 

show expression alterations and are listed in Table 6B. Through a search of the 

microRNA.org resource, it was determined that only the kinase insert domain receptor 

(KDR), epidermal growth factor receptor (EGFR), and v-rel reticuloendotheliosis viral 

oncogene homolog A (RELA) genes in Table 6Ahad potential binding sites to hsa-mir-

155, therefore only these three genes would be expected to be downregulated by the 

overexpression of hsa-mir-155. This indicated that most of the protein expression 

changes were possibly induced through cellular networks instead of direct regulation 

by hsa-mir-155.  

The data in Table 6A along with SEL1L protein expression data assessed by 

Western blotting were then uploaded to the IPA program. Through the use of IPA, 5 

canonical pathways were found to be significantly associated with this data set, 

including pancreatic adenocarcinoma signaling and PTEN signaling (Table 7A). The 

three top involved networks were generated through the use of IPA and are 
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summarized in Table 7B. SEL1L was shown to be associated with a network which 

functions in cell death, gene expression and organismal development. Another 

downregulated protein, ERCC1, was shown to be in the same network. 
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4.4 Discussion 

In this study, aberrantly upregulated miRNAs in PDAC were studied to 

determine if they are involved in the downregulation of SEL1L. The miRNA target 

prediction tools helped in the selection of the miRNAs that potentially target SEL1L. 

However, the pairing match between a miRNA and a gene is not the only factor that 

influences the ability of a miRNA to bind and repress a target gene. Other 

characteristics, such as the binding position in the UTR, the flanking sequences, and 

mRNA secondary structures, are also important factors in predicting whether a 

miRNA is likely to repress the expression of a target gene [105]. Therefore, statistical 

methods were used to assess the probability that these 7 miRNAs target and repress 

SEL1L gene expression.  

A significant correlation was observed between the expression of SEL1L 

mRNA and 3 of the 7 miRNAs that had potential binding sites for SEL1L. The 

expression of these 3 miRNAs (hsa-mir-143, hsa-mir-155, and hsa-mir-223) was 

found to be inversely associated with SEL1L mRNA expression in a high proportion 

of PDAC tumors, indicating that these miRNAs possibly repress the expression of 

SEL1L in some of the PDAC tumors. 

Other investigators have shown that multiple coexpressed miRNAs can target a 

single mRNA and work together to repress the gene expression [106-108]. Velu et al. 

have recently demonstrated that two miRNAs, miR-21 and miR-196b, work 

synergistically in Lin
- 
bone marrow cells to increase the blocking of granulopoiesis 

[105]. Similarly, the data presented here demonstrated that the overexpression of an 

increasing number of functional miRNAs in PDAC is associated with an increasing 
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repression of SEL1L mRNA expression. This statistical result suggests that the 3 

miRNAs may work cooperatively to regulate SEL1L expression.  

Although hsa-mir-143, hsa-mir-155 and hsa-mir-223 are located on different 

chromosomes, a significant pairwise correlation between their expression profiles was 

observed. These results suggest that the deregulation of the 3 miRNAs may be caused 

by the same mechanism, such as mutant transcription factors that can bind to (or fail to 

bind to) the putative regulatory motifs that all 3 miRNA genes have in common [109]. 

Discovering and understanding the common regulatory mechanisms involved could 

provide new insight into the molecular mechanisms underlying pancreatic 

tumorigenesis.    

A recent publication in Nature demonstrated that for miRNA regulatory 

interactions, more than 84% of the lowered protein production was associated with 

decreased mRNA levels [110]. The results indicated that destabilization of target 

mRNAs is the predominant impact of miRNAs on gene expression. In this study, the 

direct correlation between the expression of SEL1L mRNA and SEL1L protein also 

suggests that mRNA abundance is a key modulator for SEL1L protein expression in 

PDAC. For the small proportion of samples in which mRNA and protein expression 

were not correlated (20%), other mechanisms may be involved in regulation of SEL1L 

protein expression. Because many mechanisms affect protein levels at both the 

translational and the post-translational level, the disagreement in this small proportion 

of samples is not surprising [111].  

Correlation between two variables does not imply that one directly causes the 

other, but it suggests a possible avenue warranting further investigation. In this study, 
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the statistical analysis results provided the rationale for conducting further in vivo 

functional analysis to explore the role of specific miRNAs in the regulation of SEL1L 

expression. Luciferease reporter assays, miRNA inhibition and overexpression 

experiments were performed to determine the relationship between SEL1L expression 

and the miRNAs from different aspects. Luciferase reporter assays are a method to 

determine if a miRNA truly binds to a predicted binding site in a gene. Through either 

miRNA inhibition or overexpression, it can be determined whether a miRNA causes a 

change in expression levels of a target gene.  

It is hypothesized that in a cell line with high expression level of the miRNA, 

the reporter expression of vector containing the binding site would be repressed. In 

PL18 cells which have a relatively high expression level of hsa-mir-155, a significant 

decrease in luciferase expression was observed when comparing the experimental 

vector transfection to the results of empty vector transfection. There was no such 

decrease observed in MDAPanc3 cells which have a relatively low expression level of 

hsa-mir-155. These results suggest that hsa-mir-155 does bind to the predicted binding 

site in SEL1L gene. However, the possibility that this result reflected a difference 

between different cell lines cannot be ruled out.  

Although BxPC3 has a high expression level of both hsa-mir-155 and hsa-mir-

223, a decrease in luciferase expression was not detected when the cells were 

transfected with the experimental vector. This assay did not exhibit the expected result 

probably because of the low transfection efficiency in this cell line. 

The cotransfection of luciferase vectors and miRNA precursors in 293T cells 

also did not show the expected results. One explanation for this result is that hsa-mir-
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155 and hsa-mir-223 do not bind to the predicted binding sites. However, there are 

several possible reasons that may have caused a failure of this experiment. First, the 

miRNA precursors in this study do not contain a SV40 origin of replication; therefore, 

high transfection efficiency of the precusors would not be guaranteed, and it is 

possible that the plasmid and a precursor molecule were not transfected into the same 

cell. Second, after transfection a high rate of cell death was observed. The dead cells 

were removed after the PBS wash. The surviving cells examined by the luciferase 

assay may not be good representatives for the co-transfection. 

For the miRNA knockdown experiments, it is hypothesized that inhibiting hsa-

mir-155 and hsa-mir-223 would restore the expression of endogenous SEL1L. The 

qPCR results revealed that hsa-mir-155 was successfully downregulated by the 

antagomir, but the inhibition of hsa-mir-223 did not work for some unknown reason.  

A significant increase in SEL1L expression was not detected at either the 

mRNA level or the protein level in the 3 PDAC cell lines, even though hsa-mir-155 

was inhibited. Maybe hsa-mir-155 is not a modulator of SEL1L and this is the 

simplest explanation for these results. However, there are some other possibilities that 

should also be considered: (1) there is a delay of SEL1L expression change in 

response to the miRNA downregulation, and transient transfection may not reflect the 

delayed response; (2) the 2 to 4-fold reduction of hsa-mir-155 is not sufficient to cause 

a detectable change in SEL1L expression in these experiments; i.e. SEL1L expression 

might have been upregulated but it was not significant enough to be detected; (3) none 

of the 3 cell lines used in this study showed low expression of SEL1L and therefore, 

they may not serve as ideal models to use for examining regulation of SEL1L gene 
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expression. Another possibility is that more than one miRNA is required and this was 

not achieved under these experimental conditions. 

When either hsa-mir-155 or hsa-mir-223 was overexpressed, it was 

hypothesized that the SEL1L gene would be downregulated. A decrease in expression 

of SEL1L protein was observed when the precursor of hsa-mir-155 was transfected in 

MDAPanc3 cells, either alone or with hsa-mir-223. When the precursor of hsa-mir-

223 was transfected alone, a detectable downmodulation of SEL1L was not observed 

in either cell line. These results provided evidence that hsa-mir-155 is a suppressor of 

SEL1L, and hsa-mir-223 is not.  

Unlike in PDAC tumors, in the cells where SEL1L protein expression was 

decreased there was no corresponding mRNA decrease. Larsson et al. found that 

transcripts with high turnover rates are less affected by miRNA overexpression after 

transfection [112]. This may be the explanation for the results that SEL1L mRNA 

perhaps has a high turnover rate and the expression level of the mRNA was not 

significantly affected by the transient transfection of hsa-mir-155.  

MDAPanc3 cell line was established in my adviser (Dr. Frazier)’s laboratory, 

from a liver metastasis of PDAC [113], whereas Miapaca2 was derived from a grade 

G3 primary PDAC tumor [114]. Using Spectral Karyotyping, Sirivatanauksorn et al 

showed that these two cell lines had different cytogenetic aberrations [115]. Because 

of the different histological and genetic background, it is not a surprise that the results 

from these two cell lines are different. The interaction between hsa-mir-155 and 

SEL1L might be interrupted in Miapaca2 cells by unknown factors not found in 

MDAPanc3. Another possibility is that the interaction reflects an indirect interaction 
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in which the overexpressed hsa-mir-155 regulated SEL1L expression through certain 

signaling pathways in MDAPanc3 cells, and these pathways might be disrupted in 

Miapaca2 cells.  

In conclusion, the functional analysis revealed that in the tested PDAC cell 

lines hsa-mir-223 did not act as a suppressor of SEL1L; hsa-mir-155 acted as a 

suppressor of SEL1L but only under some cellular environments, which could be the 

specific genetic background of the cell lines. 

Hsa-miR-155 has been reported to be involved in various biological processes, 

such as haematopoiesis, inflammation and immunity. It plays an oncogenic role in the 

pathogenesis of numerous cancers, including leukemia, breast cancer, colon cancer, 

lung cancer, and PDAC [116, 117]. Dr. Sen’s group found elevated expression levels 

of hsa-mir-155 in the plasma of PDAC patients as compared with plasma from healthy 

controls, suggesting that this miRNA may serve as a blood-based biomarker for the 

detection of PDAC [118]. This miRNA has also been reported as a biomarker of early 

pancreatic neoplasia [119]. 

In this study, using RPPA and IPA the evidence suggested that hsa-mir-155 

may impact the progression of PDAC not only through direct regulation of target 

genes, but also through a series of pathways and networks. Interestingly, several very 

important signaling pathways in PDAC were shown to be influenced by hsa-mir-155 

modulation in PDAC cell lines. Due to the limited number of validated antibodies in 

the RPPA experiment, not all genes that were affected by the upregulation of this 

miRNA could be detected. To validate the RPPA data, the variations of the protein 

expression need to be confirmed by Western blotting in future studies. 
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In conclusion, this study combined statistical analysis with biological 

approaches to determine the relationships between several miRNAs and the SEL1L 

gene. The finding that the expression of tumor suppressor SEL1L was repressed by the 

upregulation of hsa-mir-155 elucidated the mechanism for SEL1L downregulation in 

some PDAC cases. The findings provided evidence for using miRNAs as new 

approaches for the detection, prevention and treatment of this dismal disease.  
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SUMMARY AND FUTURE DIRECTIONS 

 

In this study, the aberrations of the putative tumor suppressor gene SEL1L in 

PDAC tumors were investigated. The goal was to determine the mechanism(s) of 

SEL1L downregulation. SEL1L downregulation was confirmed in a significant 

proportion of the tumors at both mRNA level and protein level. For the first time, 

abundant presence of variant splicing products of SEL1L were observed in PDAC, and 

for the first time LOH was detected in the SEL1L gene in 15.4% of the tumors. It was 

determined that mutations, LOH and promoter methylation are not the mechanisms of 

SEL1L downregulation. Data was generated demonstrating that overexpression of hsa-

mir-155 may cause SEL1L downregulation in some PDAC cases. It is possible that 

some other miRNAs that were not included in this study may target and repress SEL1L 

expression. No mutations were detected in the SEL1L coding region. As tumor 

suppressor genes generally follow the “two-hit hypothesis” [120], which implies that 

cancer is the result of accumulated mutations to a cell's DNA, although SEL1L has 

functions involving tumor suppression it cannot be identified as a classical tumor 

suppressor gene. 

The findings of the studies described in this thesis provide a better 

understanding of the abnormalities of the SEL1L gene in PDAC, which could lead to 

new approaches for the early detection, prevention and treatment of this dismal 

disease. Through these studies, besides having learned new techniques, I have 

expanded my knowledge and experience in problem solving, critical thinking and data 

analysis, as well as connecting laboratory findings to clinical information. However, 
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there are still many questions that remain as a result of my studies that lead to future 

studies.  

For the finding of variant splicing products of SEL1L, at this point it is not 

clear if these products are specifically associated with PDAC tumors since they were 

also observed in normal-appearing adjacent tissues. However, normal appearing tissue 

adjacent to the cancer in general is not normal even though the histological appearance 

may be normal. The “normal” tissues may display biomarkers that are found in the 

tumor due to underlying genetic events that they share with the tumor, but do not 

display all of the molecular features that the cancer has. This is called a field effect 

and has recently been reviewed by Chai and Brown [121]. As discussed in Chapter 1, 

to determine whether there are tumor-specific SEL1L transcripts in PDAC, further 

tests with microdissected tissues and deep sequencing are necessary. As mentioned 

above in Chapter 1, mis-splicing similar to what we have observed has been reported 

for other genes. So far, there is no reported explanation for this mis-splicing 

phenomenon. Future studies could examine several PDAC cell lines using RT-PCR 

and subcloning to see whether variant transcripts of SEL1L mRNA can be detected. 

This might allow us to determine if the variant transcripts arise clonally. If higher 

frequency of variant transcripts is observed in the PDAC cells than in the HPNE cells, 

DNA microarray could be performed to determine whether there are expression 

alterations in splicing machinery-related genes in the PDAC cells when compared to 

HPNE cells. If altered splicing machinery-related genes are identified, the next step 

would be to restore the normal expression of the gene and determine whether SEL1L 

splicing becomes normal.  
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In this study, it was determined that overexpression of hsa-mir-155 may be one 

of the factors that repress SEL1L expression, but it does not explain the abnormal 

expression of SEL1L in all of the PDAC samples. During the past several years, the 

miRNA databases have been expanding and many newly discovered miRNAs were 

not included in this study. Therefore it is possible that there are other miRNAs 

regulating SEL1L expression that we did not test. Also there are some other 

mechanisms of gene downregulation that were not studied. These should be 

investigated in the future, such as histone modification [122, 123] and pseudogene 

silencing [124-126].  

Another path of investigation of the SEL1L gene that might shed light on its 

role in pancreatic cancer is its association with other known signaling pathways. 

Overexpression of SEL1L in human PDAC cells increased the expression levels of 

Smad4, activin A, TIMP and PTEN, suggesting an interaction of SEL1L with the 

TGFβ and PTEN signaling pathways [30, 33]. The RPPA data presented in this thesis 

and IPA analysis indicate a possible interaction of SEL1L with the proteins in the “cell 

death, gene expression, organismal development” network. However, the RPPA 

results still need to be confirmed by Western analysis, and the most informative 

approach to pursue the elaboration of pathways that are influenced by SEL1L would 

be to develop a pancreas-specific knock-out mouse model. Using this kind of model, it 

would be possible to determine whether the mice develop pancreatic cancer, and 

whether the reported signaling pathways and networks are truly influenced. Some 

physiological conditions, such as glucose starvation or hypoxia, may need to be 

applied for the activation of the UPR/ERAD pathway. Since there are two distinct 
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directions of the UPR/ERAD pathway, the stimulation of this pathway should be 

quantitatively adjusted to control the amount of generated unfolded/misfolded 

proteins.  

Hopefully on the basis of the studies described in this thesis, future studies will 

build upon these findings in order to understand the pathogenesis of PDAC, and the 

further characterization of biomarkers for early detection and prevention of PDAC. 

This will put us one step closer to defeating this devastating disease. 
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