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A. Personal Statement 

I have been interested in perusing translational research since the beginning of my career in Dr. Batra’s lab and 
have been involved in studying pathogenesis of pancreatic cancers by using xenograft/genetically engineered 
mouse models in order detect early detection makers, therapeutic targets and to test the therapeutic efficacy of 
plant derived and synthetic drugs. Because of my strong veterinary and animal science background, I have been 
involved in designing and generating genetically engineered mouse models (GEM) KrasG12D;Pdx1-Cre (KC), 
KrasG12D;Trp53R172H;Pdx1-Cre (KPC), KrasG12D;Trp53R172H;Ink4A/Arfflox/flox:Pdx1-Cre (KPIC) 
KrasG12D;SMAD4-/-;PdxCre (IPMNs) KrasG12D;Muc16-/-;Pdx1-Cre, KrasG12D;Trp53R172H;Muc16-/-;Pdx1-
Cre and xenograft models (subcutaneous and orthotopic implantation) for pancreatic cancer as Co-PI in Animal 
Core U54 (TMEN grant). In above models, we can perform live images to monitor pancreatic cancer initiation 
and its progression metastasis. During course of my studies, I have performed subcutaneous, intra-peritoneal, 
orthotopic implantation of pancreatic cancer cells and administered drugs via various routes. I am also involved 
in design and execution of experiments for isolation and characterization of primary tumor pancreatic cancer 
cells obtained from KC and KPC mouse models for pancreatic cancer. These cells were widely used by the PI’s 
of Tumor Microenvironment Network project (U54, UNMC)/outside UNMC to study the therapeutic potential of 
novel drugs for treatment of pancreatic cancer. Further, I am also involved to study the therapeutic potential of 
nanoparticle carrying Let-7b and GDC0449, Canertinib or Afatinib, Graviola extract, Guggulsterone, Docetaxel  
with GDC0449 in pancreatic cancer and prostate cancer. Further, I am also involved in understanding the role 
of radiosensitization by Zometa followed by radiation on pancreatic cancer cell lines to combat their growth, 
proliferation and motility. During my research training, I have gained extensive knowledge and experience in 
study of therapeutic potential of various synthetic and natural drugs in xenograft/GEM mouse models for 
pancreatic and prostate cancers. My involvement in Tumor Microenvironment Research Network project (TMEN) 
at UNMC has allowed me to design and generate various composite mouse strains to pinpoint co-operative 
action of other genetic event along with Kras, p53, Ink4A. Thus, I believe the necessary expertise I gained in the 
past will contribute to the success of the proposed studies. 

B. Positions and Honors 

Positions and Employment 
2006 - 2008 Post Doctoral Research Associate, Iowa State University, Ames, IA 

2008 - 2010 Postdoctoral Research Associate, University of Nebraska Medical Center, Omaha, NE 

2011 - 2014 Instructor, University of Nebraska Medical Center, Omaha, NE 

2014 -  Assistant Professor (Research), University of Nebraska Medical Centre, Omaha, NE 



Other Experience and Professional Memberships 
1999 -  life member, Indian Veterinary Council and Andhra Pradesh Veterinary council 

2001 -  life member, Veterinary Biotechnology Society 

2004 -  life member, Society for Conservation of Domestic Animal Biodiversity 

2011 -  Reviewer, PLOS One 

2011 -  Reviewer, International Journal of Biological Sciences 

2011 -  Reviewer, Genetic Testing and Molecular Biology 

2011 - 2012 Member, American Pancreas Association  

2012 -  Reviewer, Journal of Experimental and Clinical Cancer Research 

2012 -  Associate Editor , Journal of Gastroenterology and Hepatology Reports 

2013 -  Reviewer, Cancer 

2013 -  Reviewer, Molecular Cancer 

2014 -  Reviewer, Clinical Cancer Research 

2014 -  Reviewer, The International Journal of Biochemistry & Cell Biology 

Honors 
1999 Junior Research Fellow , Indian Council of Agricultural Research (ICAR), Government of India 

2002 Senior Research Fellowship , National Dairy Research Institute, ICAR, and India 

2004 National Eligibility Test, Indian Council of Agricultural Research (ICAR), Government of India 

2006 Best poster award , National Bureau of Animal Genetics Resources (NBAGR)  

2009 Outstanding Performance scholarship , University of Nebraska Medical Center 

2012 UNMC Silver U award, University of Nebraska Medical Center 

C. Contribution to Science 

1. I have generated Muc4 transgenic and Knockout mice as well as established multiple composite strains of 
genetically engineered mouse models of pancreatic cancer models to understand the pathogenesis of 
respective cancers and to identify early diagnostic markers and molecular targets using these models. The 
models I have generated are listed below. Pancreatic cancer Models: KC (K-RasG12D;Pdx1-Cre), KM4traC 
(K-RasG12D;tTA;TetO-MUC4;Pdx1-Cre), KM5ackoC (K-RasG12D;Muc5ac–/–;Pdx1-Cre), KPC (K-
RasG12D;TrpR172H;Pdx1-Cre), KPM4koC (K-RasG12D;TrpR172H;Muc4–/–;Pdx1-Cre), KPM16koC (K-
RasG12D;TrpR172H;Muc16–/–;Pdx1-Cre), KPCxkoC (K-RasG12D;TrpR172H;Cxcr2–/–;Pdx1-Cre), KSC (K-
RasG12D;Smad4fl/fl;Ptf1a-CreER) Pancreatitis Models: Cerulein induced experimental mouse model for acute 
pancreatitis and L-arginine-induced experimental acute pancreatitis 

a. Rachagani S, Torres MP, Kumar S, Haridas D, Baine M, Macha MA, Kaur S, Ponnusamy MP, Dey P, 
Seshacharyulu P, Johansson SL, Jain M, Wagner KU, Batra SK. Mucin (Muc) expression during 
pancreatic cancer progression in spontaneous mouse model: potential implications for diagnosis and 
therapy. J Hematol Oncol. 2012 Oct 26;5:68. PubMed PMID: 23102107; PubMed Central PMCID: 
PMC3511181.  

b. Torres MP, Rachagani S, Souchek JJ, Mallya K, Johansson SL, Batra SK. Novel pancreatic cancer cell 
lines derived from genetically engineered mouse models of spontaneous pancreatic adenocarcinoma: 
applications in diagnosis and therapy. PLoS One. 2013;8(11):e80580. PubMed PMID: 24278292; 
PubMed Central PMCID: PMC3835415.  

c. Dey P, Rachagani S, Vaz AP, Ponnusamy MP, Batra SK. PD2/Paf1 depletion in pancreatic acinar cells 
promotes acinar-to-ductal metaplasia. Oncotarget. 2014 Jun 30;5(12):4480-91. PubMed PMID: 
24947474; PubMed Central PMCID: PMC4147339.  

d. Kumar S, Torres MP, Kaur S, Rachagani S, Joshi S, Johansson SL, Momi N, Baine MJ, Gilling CE, 
Smith LM, Wyatt TA, Jain M, Joshi SS, Batra SK. Smoking accelerates pancreatic cancer progression 
by promoting differentiation of MDSCs and inducing HB-EGF expression in macrophages. Oncogene. 
2015 Apr 16;34(16):2052-60. PubMed PMID: 24909166; PubMed Central PMCID: PMC4457293.  

http://www.ncbi.nlm.nih.gov/pubmed/23102107/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3511181/
http://www.ncbi.nlm.nih.gov/pubmed/24278292/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3835415/
http://www.ncbi.nlm.nih.gov/pubmed/24947474/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4147339/
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4457293/


2. Further, my research focused on to determine the role of miRNAs in pancreatic cancer pathogenesis to 
identify early detection markers and molecular targets. Recently we shown that expression of miR-216, miR-
217 and Let-7b progressively down regulated during the mouse PC progression. 

a. Rachagani S, Kumar S, Batra SK. MicroRNA in pancreatic cancer: pathological, diagnostic and 
therapeutic implications. Cancer Lett. 2010 Jun 1;292(1):8-16. PubMed PMID: 20004512; PubMed 
Central PMCID: PMC3229224.  

b. Rachagani S, Macha MA, Heimann N, Seshacharyulu P, Haridas D, Chugh S, Batra SK. Clinical 
implications of miRNAs in the pathogenesis, diagnosis and therapy of pancreatic cancer. Adv Drug Deliv 
Rev. 2015 Jan;81:16-33. PubMed PMID: 25453266; PubMed Central PMCID: PMC4465296. 

c. Rachagani S, Macha MA*, Menning MS*, Dey P, Pai P, Smith LM and Batra SK (2015). Global miRNA 
expression patterns during the mouse pancreatic cancer progression in KrasG12D transgenic animal 
model. Accepted in Oncotarget. (* equally contributed)  

d. Pai P, Rachagani S, Are C, Batra SK. Prospects of miRNA-based therapy for pancreatic cancer. Curr 
Drug Targets. 2013 Sep;14(10):1101-9. PubMed PMID: 23834151; PMCID: PMC3924540.  

e. Macha MA, Seshacharyulu P, Krishn SR, Pai P, Rachagani S, Jain M, Batra SK. MicroRNAs (miRNAs) 
as biomarker(s) for prognosis and diagnosis of gastrointestinal (GI) cancers. Curr Pharm Des. 
2014;20(33):5287-97. PubMed PMID: 24479799; PubMed Central PMCID: PMC4113605.  

3. My early publication provided experimental evidence supporting the potential role of the highly oncogenic 
KrasG12D allele in pancreatic cancer invasion and metastasis. This work also indicated that silencing of the 
oncogenic Kras allele results in down regulation of multiple signalling pathways that are involved in promoting 
cell proliferation, motility, invasion, anchorage dependent and independent growth, inhibiting apoptosis, 
breaking cell–cell contacts through regulation of expression of protease like MMP-9 leading to up regulation 
of E-cadherin expression. Further, another study we reported that MUC4 promotes invasion and metastasis 
by FGFR1 stabilization through the N-Cadherin upregulation. 

a. Rachagani S, Senapati S, Chakraborty S, Ponnusamy MP, Kumar S, Smith LM, Jain M, Batra SK. 
Activated KrasG¹²D is associated with invasion and metastasis of pancreatic cancer cells through 
inhibition of E-cadherin. Br J Cancer. 2011 Mar 15;104(6):1038-48. PubMed PMID: 21364589; PubMed 
Central PMCID: PMC3065271.  

b. Rachagani S, Macha MA, Ponnusamy MP, Haridas D, Kaur S, Jain M, Batra SK. MUC4 potentiates 
invasion and metastasis of pancreatic cancer cells through stabilization of fibroblast growth factor 
receptor 1. Carcinogenesis. 2012 Oct;33(10):1953-64. PubMed PMID: 22791819; PubMed Central 
PMCID: PMC3529557.  

4. Further, I involved in the evaluation of therapeutic potential of naturally plant derived compounds, miRNA 
mimics and small molecule inhibitors to inhibit the pancreatic cancer tumorigenesis and metastasis. 

a. Torres MP, Rachagani S, Purohit V, Pandey P, Joshi S, Moore ED, Johansson SL, Singh PK, Ganti AK, 
Batra SK. Graviola: a novel promising natural-derived drug that inhibits tumorigenicity and metastasis of 
pancreatic cancer cells in vitro and in vivo through altering cell metabolism. Cancer Lett. 2012 Oct 
1;323(1):29-40. PubMed PMID: 22475682; PubMed Central PMCID: PMC3371140.  

b. Macha MA, Rachagani S, Gupta S, Pai P, Ponnusamy MP, Batra SK, Jain M. Guggulsterone decreases 
proliferation and metastatic behavior of pancreatic cancer cells by modulating JAK/STAT and Src/FAK 
signaling. Cancer Lett. 2013 Dec 1;341(2):166-77. PubMed PMID: 23920124; PubMed Central PMCID: 
PMC3825785.  

c. Seshacharyulu P, Ponnusamy MP, Rachagani S, Lakshmanan I, Haridas D, Yan Y, Ganti AK, Batra SK. 
Targeting EGF-receptor(s) - STAT1 axis attenuates tumor growth and metastasis through 
downregulation of MUC4 mucin in human pancreatic cancer. Oncotarget. 2015 Mar 10;6(7):5164-81. 
PubMed PMID: 25686822; PubMed Central PMCID: PMC4467140.  

d. Kumar V, Mondal G, Slavik P, Rachagani S, Batra SK, Mahato RI. Codelivery of small molecule 
hedgehog inhibitor and miRNA for treating pancreatic cancer. Mol Pharm. 2015 Apr 6;12(4):1289-98. 
PubMed PMID: 25679326.  
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5. In addition to the contributions described above, I am also involved with a team of lab members to 
experimentally demonstrate role of MUC4 and Human Ecdysoneless (hEcd) in pancreatic cancer invasion 
and metastasis, MIC1 role in prostate cancer. 

a. Senapati S, Rachagani S, Chaudhary K, Johansson SL, Singh RK, Batra SK. Overexpression of 
macrophage inhibitory cytokine-1 induces metastasis of human prostate cancer cells through the FAK-
RhoA signaling pathway. Oncogene. 2010 Mar 4;29(9):1293-302. PubMed PMID: 19946339; PubMed 
Central PMCID: PMC2896817.  

b. Dey P, Rachagani S, Chakraborty S, Singh PK, Zhao X, Gurumurthy CB, Anderson JM, Lele S, 
Hollingsworth MA, Band V, Batra SK. Overexpression of ecdysoneless in pancreatic cancer and its role 
in oncogenesis by regulating glycolysis. Clin Cancer Res. 2012 Nov 15;18(22):6188-98. PubMed PMID: 
22977192; PubMed Central PMCID: PMC3551465.  

c. Kaur S, Sharma N, Krishn SR, Lakshmanan I, Rachagani S, Baine MJ, Smith LM, Lele SM, Sasson AR, 
Guha S, Mallya K, Anderson JM, Hollingsworth MA, Batra SK. MUC4-mediated regulation of acute phase 
protein lipocalin 2 through HER2/AKT/NF-κB signaling in pancreatic cancer. Clin Cancer Res. 2014 Feb 
1;20(3):688-700. PubMed PMID: 24240113; PubMed Central PMCID: PMC3946494.  

d. Kumar S, Das S, Rachagani S, Kaur S, Joshi S, Johansson SL, Ponnusamy MP, Jain M, Batra SK. 
NCOA3-mediated upregulation of mucin expression via transcriptional and post-translational changes 
during the development of pancreatic cancer. Oncogene. 2014 Dec 22;PubMed PMID: 25531332; 
PubMed Central PMCID: PMC4476953.  

Total list of publications: http://www.ncbi.nlm.nih.gov/pubmed/?term=Rachagani+S 

D. Research Support:   ACTIVE 

5U54CA163120-04 (Batra)     09/26/2011 - 07/31/2016  2.40 calendar 
DHHS/NIH/NCI     $521,998 
Pancreatic Tumor Microenvironment Network (TMEN) 
Specific aims of this network grant are focused on investigating in vivo and in vitro interactions of cell surface 
proteins (MUC4 and N-cadherin) with secreted cytokines in pancreatic tumors. Four projects and two Cores 
are being supported by this TMEN program. 
 
2P50CA127297-06A1 (Hollingsworth)   09/23/2014 - 08/31/2019  1.32 calendar 
DHHS/NIH/NCI     $1,436,545 
SPORE in Pancreatic Cancer 
Focus is on translational studies that address basic and clinical issues of importance to improving outcome of 
patients with pancreatic cancer. 
 
1R01CA183459-01A1 (Batra)    09/19/2014 - 08/31/2019  2.40 calendar 
DHHS/NIH/NCI     $207,586 
Targeting Mucin and EGFR Axis in Pancreatic Cancer 
The overall objective of the proposed study is to test and develop a novel combination therapy against lethal 
pancreatic cancer by combining the canertinib (CI 1033) and cytotoxic agent gemcitabine. 
 
1R01GM113166-01A1 (Mahato)    07/01/2015 - 06/30/2020  1.80 calendar 
DHHS/NIH/NIGMS     $300,000 
Polymeric Nanomedicines of Hedgehog Inhibitor and miRNA for Treating Pancreatic Cancer 
 
1R01CA195586A1 (Batra)    07/17/2015 - 06/30/2020  1.20 calendar 
DHHS/NIH/NCI      $350,000 
Targeted Radiation Therapy for Pancreatic Cancer 
 
R21CA198292 (MacDonald)    07/01/2015 - 06/30/2017  1.08 calendar 
DHHS/NIH/NCI     $125,000 
IGF-II-Based Approach to Therapy for Pancreatic Cancer 
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PHS 398/2590 Other Support 
Rachagani, Satyanarayana 
ACTIVE 
5U54CA163120-04 (Batra)     09/26/2011 - 07/31/2016  2.40 calendar 
DHHS/NIH/NCI     $521,998 
Pancreatic Tumor Microenvironment Network (TMEN) 
Specific aims of this network grant are focused on investigating in vivo and in vitro interactions of cell surface 
proteins (MUC4 and N-cadherin) with secreted cytokines in pancreatic tumors. Four projects and two Cores 
are being supported by this TMEN program. 
 
2P50CA127297-06A1 (Hollingsworth)   09/23/2014 - 08/31/2019  1.32 calendar 
DHHS/NIH/NCI     $1,436,545 
SPORE in Pancreatic Cancer 
Focus is on translational studies that address basic and clinical issues of importance to improving outcome of 
patients with pancreatic cancer. 
 
1R01CA183459-01A1 (Batra)    09/19/2014 - 08/31/2019  2.40 calendar 
DHHS/NIH/NCI     $207,586 
Targeting Mucin and EGFR Axis in Pancreatic Cancer 
The overall objective of the proposed study is to test and develop a novel combination therapy against lethal 
pancreatic cancer by combining the canertinib (CI 1033) and cytotoxic agent gemcitabine. 
 
1R01GM113166-01A1 (Mahato)    07/01/2015 - 06/30/2020  1.80 calendar 
DHHS/NIH/NIGMS     $300,000 
Polymeric Nanomedicines of Hedgehog Inhibitor and miRNA for Treating Pancreatic Cancer 
 
1R01CA195586A1 (Batra)    07/17/2015 - 06/30/2020  1.20 calendar 
DHHS/NIH/NCI      $350,000 
Targeted Radiation Therapy for Pancreatic Cancer 
 
R21CA198292 (MacDonald)    07/01/2015 - 06/30/2017  1.08 calendar 
DHHS/NIH/NCI     $125,000 
IGF-II-Based Approach to Therapy for Pancreatic Cancer 
 
PENDING 
1 R21 CA196485-01 (Batra)    04/01/2015 – 03/31/2017  0.60 calendar 
University of Nebraska – Lincoln   $60,000 
High Specificity MicroRNA Microarray Analysis without PCR for Cancer Screening and Research 
 
(Kaur)        12/01/2015 - 11/30/2017  3.00 calendar 
DHHS/NIH/NCI     $125,000 
MUC5AC in Metastasis of Pancreatic Cancer 
  
(Kumar)       12/01/2015 - 11/30/2017  3.00 calendar 
DHHS/NIH/NCI     $125,000 
Tumor Microenvironment Derived CXCR3-Ligands in MUC4 Up-regulation during Pancreatic Cancer 
  
R01DK108194 (Batra)     12/01/2015 - 11/30/2020  2.40 calendar 
DHHS/NIH/NCI     $386,340 
Mediators in the Induction and Prediction of Acute Pancreatitis 
  
 
OVERLAP: None  

  
**As new grants are funded, FTE will be adjusted accordingly. 



Title: Diet induced miRNA alterations in pancreatic cancer pathogenesis 

 
Scientific abstract for proposed research project 
Obesity is a one of the major health concern and significantly associated with increased risk of developing various 
cancers including pancreatic cancer (PC) through inflammation and insulin resistance. Meta-analysis of large 
pooled set of PC patients have shown a positive correlation between the obesity and PC.  Further, high fat and 
caloric diet leads to obesity which ultimately exerts a tumor promoting effect in PC progression and metastasis. 
However, the obesity induced molecular mechanisms driving PC pathogenesis was poorly understood. Our 
preliminary data have shown that (i) altered expression of miRNAs in PC tissues and PC cells (unpublished). 
miRNAs are conserved across species and they are stable in serum, which makes miRNAs an excellent 
candidate for diagnostic/prognostic and therapeutic targets in PC. Therefore, the present study is aimed at 
investigating the diet induced alterations in the miRNA expression during PC initiation and their suitability as an 
early diagnostic markers and therapeutic targets. The central hypothesis of the proposal is that the obesity 
mediated alters global miRNA expression can leads to differential regulation of their downstream target 
genes and signaling pathway(s) thereby contributing to PC pathogenesis. We propose the following two 
specific aims. Aim 1: To investigate global expression profiles of miRNAs in the diet induced obesity during early 
stages of mouse PC in a murine PC model (KrasG12D;Pdx-1-Cre (KC)) of PC. Aim 2: To validate the top 10 
differentially expressed miRNAs/mRNAs identified by miRNA microarray/RNA Seq in the serum/plasma of 
murine and human PC samples. These experiments will elucidate the possible role of miRNAs as early diagnostic 
marker for obesity mediated PC pathogenesis.  Altogether, this study will provide a comprehensive 
knowledge about the role of altered miRNAs in obesity-mediated PC and their suitability as new 
molecular targets and diagnostic markers. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lay Abstract for proposed research project 

Pancreatic cancer (PC) is a deadly cancer with a five year survival rate of less than 6% and a median survival 
of 5-6 months. The high death rate and poor clinical outcome of PC is mainly due to late clinical symptoms, 
resistance to therapy and the early spread to local and distant organs. Obesity is a major health problem 
associated with increased risk of developing various cancers; including a positive correlation with pancreatic 
cancer (PC). Further, a high fat and caloric diet leads to obesity which exerts a PC tumor promotion mouse 
model. However, the obesity mediating mechanisms that result in PC are largely unknown. In addition, altered 
expressions of miRNAs in obese mice and humans, are known play an important role in the pathogenesis of 
obesity associated diseases. Our preliminary data show an altered expression of miRNAs in PC tissues and 
cells. miRNAs are conserved across species and are stable in serum, which makes miRNAs an excellent 
candidates for diagnostic markers and molecular targets. Therefore, the present study is aimed at investigating 
the diet induced alterations in the miRNA expression during PC initiation. The central hypothesis is that the 
obesity mediated altered miRNA expression can lead to differential regulation of their downstream target 
genes and signaling pathway(s) thereby contributing to PC pathogenesis. We propose the following two 
specific aims. Aim 1: To investigate global expression profiles of miRNAs in the diet induced obesity during early 
stages of PC in a murine model (KrasG12D;Pdx-1-Cre (KC)). Aim 2: To validate the top 10 differentially 
expressed miRNAs/mRNAs identified by miRNA microarray/RNA Seq in the serum/plasma of murine and human 
PC samples. These experiments will elucidate the possible role of miRNAs as early diagnostic markers and 
molecular targets for obesity mediated PC.   

 

 



A. Specific aims 

The overall objective of the proposal is to investigate the modulatory effects of diet-induced obesity on 
global microRNA expression profiles during the initial stages of pancreatic cancer (PC) and their 
suitability as an early diagnosis/prognosis marker and therapeutic targets. Obesity is a one of the major 
health problem worldwide and significantly associated with increased risk of developing chronic diseases like 
cardiovascular disease, metabolic syndrome and cancer. Epidemiological studies have revealed that obesity 
increases the risk of developing various cancers including PC through inflammation and insulin resistance (1). 
Recently, PanScan performed meta-analysis of large pooled set of PC patients have shown a positive correlation 
between the obesity and PC (2). Mounting evidences have also demonstrated that high fat and caloric diet leads 
to obesity which ultimately exerts a tumor promoting effect in PC (3) leading to PC progression and metastasis 
(4). Similarly, high fat diet significantly increased the PC tumorigenicity in a orthotopic model of mouse PC (5). 
However, the obesity induced molecular mechanisms driving PC pathogenesis is poorly understood. 

The microRNAs (miRNAs) are non-coding RNAs (6) that regulate gene expression at the post-transcriptional 
level (7-9) and plays an important roles in multiple physiological functions (10-12) and cancers (13, 14) including 
PC (15-21). Altered expressions of miRNAs have been reported to be implicated in the pathogenesis of several 
cancers (13, 15, 16, 22-27) by functioning either as tumor suppressors or oncomirs (11, 18, 28-37). In addition, 
altered expression of miRNAs have been reported in metabolic tissues from obese animals and human, these 
miRNAs plays an important role in the pathogenesis of obesity associated diseases (38). Therefore, there is an 
urgent need to understand the obesity induced miRNA alterations and their role in PC pathogenesis to identify 
early detection markers and molecular targets to combat this lethal disease. 

Effect of nutraceuticals on the expression patterns of miRNA has been extensively discussed (39) and later 
on, Zhang et al have reported that transfer of miRNAs horizontally from plant to human, for example, miR-168a 
enriched in the sera of Chinese individuals, who consumed rice containing abundant level of miR-168a (40). Our 
preliminary data and previous studies have shown that (i) altered expression of miRNAs in PC tissues and PC 
cells (unpublished)(41), (ii) In addition, a single miRNA can regulate several genes and miRNAs are conserved 
across species (42-47), and they are stable in serum (48), which makes miRNAs an excellent candidate for 
diagnostic/prognostic and therapeutic targets in PC. Therefore, the present study is aimed at investigating the 
diet induced alterations in the miRNA expression during PC initiation and progression and their suitability as an 
early diagnostic markers and therapeutic targets to combat obesity induced PC. The central hypothesis of the 
proposal is that the obesity mediated alters global miRNA expression could leads to differential 
regulation of their downstream target genes and signaling pathway(s) thereby contributing to PC 
pathogenesis. We propose the following two specific aims to test our hypothesis. 
Aim 1: To investigate global expression profiles of miRNAs in the diet induced obesity during early 
stages of mouse PC in a murine PC model (KrasG12D;Pdx-1-Cre (KC)) of PC. Our preliminary data on miRNA 
microarray studies showed a differential expression of miRNAs at 25 weeks of murine PC progression model 
(KrasG12D;Pdx-1- Cre) compared to controls mice. Based on this preliminary observation, we will extend our 
work to determine alteration in the miRNA expression profiles between the KC mice fed with high fat diet 
and control diet during the initial stages of mouse PC. The top differentially expressed miRNA (identified 
between two groups) will be further validated using TaqMan assay and in situ hybridization methods in the 
available PC tissues collected during murine PC progression (5, 9 15, 20, 30, 40, 50 weeks of age). The in situ 
hybridization results will helps us to identify and to evaluate the ratio of abundance of miRNAs in cancer cells as 
well as stromal cells which can be further used to identify the impact of miRNAs on obesity associated PC. 
Aim 2: To validate the differentially expressed miRNAs identified by miRNA microarray in the 
serum/plasma of murine and human PC samples. The high mortality rate among PC patients is due to its 
tendency for early metastasis, late presentation of the disease and poor response to therapy with a high rate of 
recurrence (19). Several studies have shown abnormal expression of miRNAs such as miR-21, let-7b, miR-100, 
miR-217 and miR-216 in PC and therefore could serve as suitable diagnostic biomarkers and potential molecular 
targets (20). In this aim, we will extend the study by analyzing the expression of few validated miRNAs (from Aim 
I) in serum/plasma collected during the progression of murine PC (KrasG12D;Pdx-1-Cre) at various weeks of age 
and human serum/plasma samples (various stages of PC and benign conditions). These experiments will 
elucidate the possible role of miRNAs as early diagnostic marker for obesity mediated PC pathogenesis.  
Impact: This study will also give us a comprehensive knowledge about the role of altered miRNAs in obesity-
mediated PC and their suitability as new molecular targets and diagnostic markers for PC patients suffering from 
advanced, highly metastasized, and therapy resistant lethal PC. The findings from the present study will lay the 
foundation for the submission of NIH RO1 proposal for detailed analysis of the obesity mediated miRNA 
alterations and their role in the pathology and diagnosis of the human pancreatic cancer. 



B. Background and significance 
Pancreatic cancer (PC) has an extremely poor prognosis with a five year survival rate of less than 6% (49) 

and a median survival of 5-6 months. High mortality of PC is due to late clinical presentation (50), early and 
aggressive local invasion, resistance to chemo-radio therapy (51). Obesity is a major health concern and 
significantly associated with increased risk of developing various cancers including pancreatic cancer (PC) 
through inflammation and insulin resistance (1). Previous studies have shown a positive correlation between the 
obesity and PC (1, 2, 52). Several studies have shown that high fat and caloric diet resulted in obesity, which 
ultimately exerts a tumor promoting effect in PC by increasing tumorogenecity and metastasis (2-5, 53). 
However, the obesity induced molecular mechanisms driving PC pathogenesis was poorly understood. In 
addition, altered expression of miRNAs have been reported in metabolic tissues from obese animals and human 
and plays an important role in the pathogenesis of various diseases (38) such as cancer by functioning either as 
tumor suppressors or oncomirs (11, 18, 28-37).  

Previous studies have shown that effect of various nutrient of diet like curcumin etc significant effect on 
expression patterns of miRNA (39). Further, miRNAs can also transferred horizontally from plant (diet) to human 
(40). Our preliminary data and previous studies have shown that (i) altered expression of miRNAs in PC tissues 
and PC cells (unpublished)(41), (ii) In addition, a single miRNA can regulate several genes and miRNAs are 
conserved across species (42-47) and they are stable in serum (48), which makes miRNAs an excellent 
candidates for diagnostic/prognostic and therapeutic targets in PC. Therefore, the present study is aimed at 
investigating the diet-induced 
alterations in the miRNA 
expression during PC 
initiation and progression and 
their suitability as an early 
diagnostic markers and 
therapeutic targets to combat 
obesity induced PC.  

Innovation: Unique feature 
of our proposal is the use of 
high fat and calorie to 
generate obesity in 
genetically engineered KC 
mouse model of PC to study 
the obesity mediated 
alteration in miRNA 
expression in order to identify 
early detection markers and 
molecular targets for PC. 
C. Preliminary data. 
Generation and characterization of mouse 
PC progression model. The We previously 
generated and characterized KC mouse model 
for PC (54), in which LSL-K-rasG12D mice was 
crossed with Pdx1-Cre to generate 
KrasG12D;Pdx1-Cre (KC) animals which would 
specifically express mutated KrasG12D allele in 
the pancreas. The F1 progeny positive for both 
Kras and Pdx1-Cre (KC) and their littermates 
positive for only Pdx1-Cre or LSL Kras were 
euthanized at 10, 25, 30, 40 and 50 weeks of 
age (15 mice/group/time-point). Examination 
of the H&E stained pancreas sections 
(revealed the presence of PanIN a lesions as 
early as 10 weeks of age that progressed to 
PDAC with metastasis involving intestine, liver, 

 
Figure 1: Mouse PC progression from 10-50 weeks of age. 1A-1D KC mice 10-50 weeks of 

age, Figure 1E-LSLKrasG12D and 1F-1H metastatic lesion 
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Figure 2. Validation of few differentially expressed miRNAs identified by 
microRNA microarray by TaqMan assays 
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and lung at 50 weeks of age (Figure 1A-1D, F, G, 
H), whereas no PanINs and PDAC were observed 
in LSL-Kras from 10-50 weeks of age (Figure 1E) 
(54). 
miRNA microarray. In order to identify the 
deregulated miRNAs during mouse PC 
progression, we analyzed the global miRNA 
expression in the pancreas of 25 week old (KC) and 
its age matched unfloxed littermates (LSL KrasG12D) 
by using affymetrix miRNA microarray. We chose 
25 week old mice as the base line, since at this time 
point mice only had developed PanIN I, II, III lesions 
but not PDAC, hence it represented the stage prior 
to the onset of PC. Differentially expressed miRNAs 
were identified using QC tool software. The miRNA 
microarray analysis revealed that miR-150 (p-value 
0.001), 494, 138, 148a, -193, -435, -29b, -483*, -
375, 216a&b (p-value 0.001), miR-217 (p-value 
0.001) and let-7b (p-value 0.001) were significantly 
down regulated, whereas, miR-146b (p-value 
0.001), 205 (p-value 0.001), 31, 192, 194, 379, 
431, 541, 199b and miR-21(p-value 0.001) were 
significantly upregulated in the KC animals 
compared to unfloxed KrasG12D controls. A majority 
of the miRNAs were downregulated when 
compared to the number of miRNAs that were 
upregulated in floxed KrasG12D animals.  
Selected panel of the differentially expressed 
miRNAs were validated by real time PCR using 
TaqMan assays and the results were consistent 
with the miRNA array data showing up-regulation 
of miR-21, miR-221, and miR-26a and down-
regulation of let-7b, miR-26b, miR-141, miR-96, 
miR483-3p, miR-216 and miR-217 in the floxed 
KrasG12D compared to unfloxed KrasG12D 

(Figure 2). The top differentially 
deregulated miRNAs were further analyzed 
at 10, 30, 40 and 50 weeks of mouse PC 
progression revealed that expression of Let-
7b, miR-100, miR-141, miR-216, miR-221, 
miR-26a, miR-483 and miR-217 significantly 
progressively down regulated from 10 to 50 
weeks of mouse PC progression, whereas 
expression of miR-146b, miR-150, miR-295, 
miR205, miR-21, miR-223 and miR-34c 
were progressively upregulated from 10 
weeks to 50 weeks of mouse PC (Figure 3A 
and B). 
  Further, the differentially expressed 
miRNAs that were identified from mouse 
miRNA array data was further analyzed in 
eight human PC tissues and their 
corresponding eight adjacent normal tissues 
revealed that the results of mouse data 
consistent with human data. Briefly, 
expression of miR-223, 146b, 205, 483-3p, 

Figure 3A. Down regulation of few of selected miRNAs during 
mouse PC progression  

Figure 3B. Figure 3A. Down regulation of few of selected miRNAs 
during mouse PC progression 
 

 
Figure 4. Expression patterns of miRNA in human pancreatic cancer tissue 
and adjacent normal tissue by Real-time PCR using TaqMan assays specific 
for individual miRNA. RNU6B was used as an internal control for 
normalization. Fold change was calculated by ∆∆Ct method 

0.01

0.1

1

10

100

M
e

a
n

 (
 
S

E
) 

fo
ld

 c
h

a
n

g
e

 i
n

 m
iR

N
A

 e
x
p

re
s
s

io
n Cancer adjacent normal (CAN)

Pancreatic cancer tissue



221, 195, 34c, 21, and 26a were significantly upregulated, whereas, expression of miR-216, Let-7b, 150 and 
miR-217 were down regulated in the human pancreatic cancer tissue compared to normal pancreas (Figure 4).  
We also collected serum samples at different stage of mouse PC progression (10, 15, 20, 30, 40 and 50 weeks) 
and will be used for miRNA isolation to determine the utility of miRNAs in early diagnosis of PC. Furthermore, 
we also analyzed few miRNAs which are deregulated in mouse miRNA microarray data in human PC cell lines 
as well as from the immortalized normal pancreatic ductal cell line (HPDE) and observed that mir-345, mir-96 
and let-7b were down regulated majority of PC cell lines compared to HPDE cell line (Data not shown). 
 In summary, the preliminary studies provided the following results: 1. there is a significant down regulation 
and up regulation of several miRNA in mouse PC progression from 10 to 50 weeks of age. 
2. in-silico analysis of these miRNAs revealed several important target genes such as Elk-1, c-myb, Rhoc, Rock2, 
Bcl2, Kras, Esr1, Etv6, Dek, β-catenin, fibronectin, galectin-3. PI3-kinase, Jak2 Pdk1, Pten, Tpm1, Pdcd4, 
Maspin, Itga1, Cdh11, Fut8, Cdkn1b, E2F1 and, Pdk1, which are known to play important role PC pathogenesis. 
3. Previous study have shown that feeding of KC mice with high in fats and calories diet leads to obesity and 
metabolic disturbances and increased pancreatic neoplasia, PanIN lesions and short survival   
Taken together, these results establish a potential link between obesity induced alteration in miRNAs expression 
leading to pancreatic cancer pathogenesis through regulation of their downstream target genes/signaling 
pathways. A clear understanding of the functional implications of these deregulated mRNAs in pancreatic cancer 
would greatly facilitate their suitability as early diagnostic markers and therapeutic targets. 
 
D. Progress Report (for Renewal Applications only): Not applicable 

 
E. Research Design and Methods 
 
Aim 1: To investigate global expression profiles of miRNAs in the diet induced obesity during early 
stages of mouse PC in a murine PC model (KrasG12D;Pdx-1-Cre (KC)) of PC. 
Overview and Hypothesis. Previous study have shown that feeding of KC mice with high in fats and calories 
diet leads to obesity and metabolic disturbances and increased pancreatic neoplasia (4). Similarly, feeding of 
KrasG12D;ElaCreERT mice with high fat diet resulted in increased Kras activity, stroma, number of PanINs, 
pancreatic ductal adenocarcinoma (PDAC) and shorter survival compared to KrasG12D;ElaCreERT mice fed with 
low fat diet (53). In our preliminary study (unpublished), global miRNA expression profiling by miRNA microarray 
during PC development in KrasG12D;Pdx-1-Cre (KC) mouse models revealed a significant dysregulation of several 
miRNAs in KC mice during PC progression at 25 weeks of age compared to its contemporary littermate (normal) 
pancreas. However no studies have been done to determine obesity mediated miRNA alteration in mouse PC 
and their role in early diagnosis and moleculat targets. This aim proposes to test the working hypothesis that diet 
mediated obesity induced miRNA alterations may be one of the contributing factors for the PC pathogenesis and 
its aggressiveness. 
Feeding of high fat and caloric diet to induce obesity during mouse PC progression. In our previous 
studies we have generated and characterized KrasG12D;Pdx1-Cre (KC) mouse model (54) and readily available 
in Dr Batra breeding colony at UNMC (co-PI). After weaning, KC mice (genotype positive for both Kras and Pdx1-
Cre) randomly divided into two groups (15 mice/group), one KC group will fed with high fat, high calorie diet 
(HFCD) and other group will be fed with control diet for 20 weeks (Dyets, Inc., Pennsylvania) (55, 56). During 
experiment, animals will be provided with food and water adlibtum and to each mice will be weighted once a 
weekly. The progression of tumor will be monitored by live imaging by using Xenogen IVIS machine after intra-
peritoneal injection of leuciferin. At the end of experiment, animals will be euthanized and serum, entire pancreas 
and other organs with metastatic lesions will be collected, part of organs flash frozen for RNA isolation whereas 
other half will be stored in 10% buffered formalin for immunohistochemistry.  
Determination of metabolic panel in both experimental groups. We will measure levels of insulin, insulin-
like growth factor-1 (IGF-1), glucose, and leptin in serum using the MILLIPLEX MAP Mouse Endocrine Panel 
(Millipore, St. Charles, Missouri) in both groups before determination of miRNA expression in both group. 
Determination of diet induce miRNA alteration during mouse PC pathogenesis. GeneChip® miRNA Array 
(Cat. No: 901325) will be used to study the effect of high fat and high calorie diet on global miRNA expression 
profiles in KC mice compared to mice fed with control diet/low fat diet. Two micrograms of total RNA from KC 
mice fed with high fat diet and KC mice fed with low fat diet will be labeled with the FlashTag Biotin RNA Labeling 
Kit for Affymetrix GeneChip® miRNA arrays (Genisphere, Hatfield, PA, USA) and hybridized on Affymetrix 
GeneChip® miRNA arrays (Affymetrix, Santa Clara, CA, USA). Hybridization, washing, and scanning of the 
slides were done according to Affymetrix’s recommendations (Fluidics Protocol FS450_0003). Data was 



extracted from the images, quintile normalized, summarized (median polish) and log2-transformed with the 
miRNA QC tool software from Affymetrix. 
Validation of microRNA microarray results by TaqMan assays and in situ hybridization: The deregulated 
miRNAs identified by the miRNA microarray (top 10 miRNAs) will be validated by TaqMan assays (Ambion, 
Applied biosystems, USA) and in situ hybridization (Locked Nucleic Acid probes from EXIQON) in order to 
determine whether, particular miRNA will be expressed in cancer cell or stroma. Subsequently, based on the 
validation data, the stage specific expression patterns of miRNAs will be investigated during the course of murine 
pancreatic cancer progression by using KC mouse model (KrasG12D;Pdx-1-Cre). This consists of determination 
of expression of validated miRNAs (top differentially expressed miRNA at 25 weeks of age) in the double 
transgenic animals (KrasG12D;Pdx-1-Cre)  and their normal litter mates at 5, 10, 15, 20, 30, 40, 50 weeks of 
murine pancreatic cancer progression at RNA level by TaqMan assays. 
Next generation sequencing for transcriptome analysis: In addition to miRNA microarray, we will perform 
RNA seq on total RNA isolated from pancreas of KC mice fed with high fat and high calorie diet compared to 
mice fed with control diet/low fat diet, followed by fragmentation of total RNA using RNAse III. RNA fragments 
will be purified and concentrated using RiboMinusTM column which removes most of the ribosomal RNA prior 
to library construction. Yield and size distribution of fragmented RNA (~200bp) will be measured by spectroscopy 
and gel electrophoresis. The library will be prepared using an Illumina RNA-Seq library kit in which the 
fragmented RNA is hybridized and ligated to adaptors to create a population of adaptor-ligated sequences for 
reverse transcription. Following ligation, the RNA population will be reverse transcribed and the cDNA molecules 
purified and size selected using Agencourt AMPure XP beads to generate a size specific population of cDNA for 
amplification. Linear cDNA amplification will be performed using limiting cycle PCR and amplified DNA fragments 
will be purified. The population of cDNA fragments will be sequenced using HiSeq2500 and sequence reads will 
be generated. Initially, raw sequencing reads will be filtered using quality control tools such as FastQC 
(www.bioinformatics.babraham.ac.uk/projects/fastqc/) and FastX (http://hannonlab.cshl.edu/fastx_toolkit) 
toolkits. Short reads with low sequencing quality (Phred score < 20) will be removed or trimmed and reads will 
be aligned to the reference genome (build38). We will use the latest and standard best practices recommended 
for RNAseq analysis using the Tuxedo Suite protocol (57), which includes TopHat2  (58) for mapping RNAseq 
reads to a reference genome and identifying splice junctions between exons, Cufflinks2 (59) for assembling 
transcripts, estimating their abundances and differential gene expression analysis. We will also use the 
CummeRbund tool, an R package (http://compbio.mit.edu/cummeRbund) for further analyzing the output from 
Cufflinks2. All statistical and bioinformatic analyses will be performed by the bioinformatics group led by Dr. 
Juan Cui (UNL) a collaborator. Differentially expressed genes in two groups of KC mice fed with high fat and 
high calorie diet compared to mice fed with control diet/low fat diet,  will be grouped based on reads per kilo base 
of exon model per million mapped reads (RPKM) values as described (60). The expression of most novel genes 
which are differentially expressed between two groups will be identified and validated in the clinical samples by 
IHC analysis. We will extend our work to validate top differentially expressed mRNA transcripts (identified 
by RNA-seq) in the mouse PC tissues by real time PCR, WB and IHC analysis. This study will give us a 
deregulated transcriptome tissue sample, which may subsequently help in the identification of new molecular 
targets and diagnostic markers for PC to differentiate PC with and without obesity. 
Statistical analysis. For TaqMan assays: The mean fold change in the expression level of particular 
miRNA/mRNA will be calculated by using delta delta CT method. U6 snRNA will be used as an internal control 
for normalization purpose. Sections of the tumor specimen will be examined (by pathologist) after staining, and 
the region of tumor tissue containing the maximum malignant cells will be analyzed. Detailed IHC protocols are 
described in our studies (61, 62) and uniformity in scoring, each sample will be given a composite score based 
on intensity and extent of tissue staining as described (61, 62). The composite score will be obtained by 
multiplying the two values together.  
Expected results and pitfalls. We expect to identify the altered miRNA and mRNA expression profiles between 
the KC mice fed with high fat diet compared to control diet fed KC mice. This study will enable us to identify the 
novel miRNAs that will be useful as early biomarker and molecular targets for lethal PC. We do not foresee any 
problem in performing the proposed experiments. 
Aim 2: To validate the top 10 differentially expressed miRNAs/mRNAs identified by miRNA 
microarray/RNA Seq in the serum/plasma of murine and human PC samples  
Overview and Hypothesis. Several studies have shown the abnormal expression of miRNAs such as miR-21, 
let-7b, miR-100, miR-217 and miR-216 in PC and they could serve as suitable diagnostic biomarkers and 
potential molecular targets (63). Our miRNA microarray experiments revealed aberrant expression of several 
miRNAs during 25 weeks of murine PC progression. In order to determine obesity mediated miRNAs alterations 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://hannonlab.cshl.edu/fastx_toolkit


during the progression of PC to develop suitable in diagnostic markers and therapeutic targets, the top 10 
differentially expressed miRNAs/mRNAs identified by miRNA microarray/RNA seq miRNAs will be investigated 
by TaqMan assay in serum/plasma samples from the mouse and human PC patients and their healthy controls. 
This aim proposes to test the hypothesis that the deregulated miRNAs may be one of the contributing molecules 
for PC and identify their potential role in the diagnosis of PC during early stage. 
Collection of serum/plasma samples during mouse PC progression. We already collected serum from 15 
KC mice and their age matched control animals during the mouse PC progression (5, 10 15, 20, 25, 30, 40, 50 
weeks of age) stored at -80oC.  
Collection of serum/plasma samples from human PC samples. Dr Batra’s lab already collected blood 
samples from PC patients after Informed, written consents were obtained from all patients and controls, available 
for this study. The blood samples were processed to isolate plasma/serum and immediately frozen at -70°C. 
Currently, we have 43 samples from chronic pancreatitis patients, 35 from Healthy controls, 70 samples from 
Early-stage Pancreatic Cancer/resectable PC patients (Stage I - II) and 63 from Late-stage Pancreatic 
Cancer/unresectable patients (Stage III - IV). 
Determination of expression profiles of miRNAs in mouse and human PC serum and plasma samples. In 
present proposal we will utilize above plasma samples for isolation of miRNA by mirVana Paris kit with little 
modification (Ambion, Austin, TX, USA). The expression of miRNA will be analyzed in serum by TaqMan assays 
(Applied Biosystem, New Jersey, USA). miR-15/16 will be used as an internal control because these miRNAs 
are abundantly expressed in blood and many solid tissues and has been shown to be stably expressed in tumor 
and normal specimens by several authors (48, 64). 
Expected results and pitfalls. We expect to identify miRNAs, which are significant upregulated in the 
plasma/serum samples from mouse and human PC patients compared to healthy controls. We do not foresee 
any problem in performing the proposed experiments as these experiments are done routinely in our laboratory. 
We anticipate that the differential expression of specific miRNA will help in the differential diagnosis i.e cancer 
to normal. This forced alteration of the miRNA profile during mouse pancreatic cancer progression will be utilized 
in the early diagnosis of pancreatic cancer. In future studies, these results will be used to validate the expression 
miRNAs in human plasma samples in order to identify miRNA based diagnostic markers for early detection of 
PC. 
F. Statement of Cancer Relevance. Pancreatic cancer (PC) is a lethal malignancy with an extremely poor 
prognosis and five year survival rate of less than 6% (65, 66). The PC is nearly uniform fatality because of the 
late diagnosis, early local invasion, high metastatic potential, resistance to chemotherapeutic agents (67) and 
radiation therapy. The most significant feature of PC is its early systemic dissemination to local/distant organs 
even before the primary tumor formation, this could be one of the many reasons for more than 80% of PC patients 
to have early metastatic disease at time of diagnosis leading to very dismal prognosis. Mounting evidences have 
also demonstrated that high fat and caloric diet leads to obesity which ultimately exerts a tumor promoting effect 
in PC by promoting PC progression and metastasis (4). High fat diet significantly increased the PC tumorigenesis 
in a orthotopic model of mouse PC (5). However, the obesity induced molecular mechanisms driving PC 
pathogenesis is completely unknown, whereas, altered expression of miRNAs in metabolic tissues of obese 
animals and human, these miRNAs play(s) an important role in the pathogenesis of obesity associated diseases 
(38). Therefore, there is an urgent need to understand the obesity induced miRNA alterations and their role in 
PC pathogenesis to identify early detection markers and molecular targets to combat this lethal disease. The 
proposed studies will establish novel diagnostic/prognostic markers and molecular targets to combat pancreatic 
cancer metastasis.  
Future Directions. The findings from the present study will lay the foundation for the submission of NIH 
RO1 proposal for detailed analysis of the obesity mediated miRNA alterations and their role in the pathology and 
diagnosis of the human pancreatic cancer. Based on the results from the mouse model, in the future, we will 
extrapolate these findings in human pancreatic cancer tissue and more number of plasma/serum samples for 
identification of early detection markers for PC. Further, we will also analyze these miRNAs in human pancreatic 
cancer cell lines to decipher the down-stream signaling pathways involved in the pancreatic cancer 
pathogenesis. This will provide novel targets for pancreatic cancer therapy. 
Timeline: Aim 1. 1-6 months feeding of KC mice with high fat diet and microRNA microarray, RNA Seq, 
validation of miRNA results with TaqMan assay and in situ hybridization. Aim 2: -6-10 months: Evaluation highly 
expression of miRNAs in mouse and human PC samples. Analyzing data and interpreting results, writing 
manuscripts (Last 2 months). 
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