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Introduction

Translational medicine is an increasingly important field designed
to bridge the gap between basic science and clinical care. Academic
institutions, industry, and other health organizations commit billions
of dollars annually for the development of translational medicine
programs and initiatives. In 2006, the National Institutes of Health
(NIH) launched the Clinical and Translational Science Award (CTSA)
program with the goal of establishing 60 centers of translational
research at academic institutes across the country [1]. These efforts are
aimed at integrating knowledge gained through basic science research
and clinical practice to provide effective and novel strategies for the
diagnosis, prevention, and treatment of common diseases.

The human genome project draft sequence, published in 2001,
revolutionized the scope and capabilities of translational medicine by
enabling researchers to study the entire structure and function of the
human genome [2]. This project eventually led to the development of
new technologies such as high-throughput techniques and new fields
like genomics, proteomics, and metabolomics. Taken together, these
advances ushered in a new era of genome-based studies that may
elucidate the molecular mechanisms behind diseases such as cancer.
In addition, they introduced the possibility of providing personalized
medical care that draws upon an individual’s genetic information to
optimize patient management.

In this article we will focus on Pancreatic Ductal Adenocarcinoma
(PDAC) and how genomic information may revolutionize PDAC
management. We will discuss how advances in translational medicine
may be utilized to accuratelypredict patient survival and design
effective and personalized therapies for PDAC patients.

Pancreatic Ductal Adenocarcinoma (PDAC)

PDAC, the fourth leading cause of cancer deaths in the United
States, is a highly aggressive disease with a 5-year survival rate below
5% [3]. Early diagnosis of PDAC is difficult owing to a lack of effective
biomarkers, vague clinical symptoms, and the highly invasive nature
of PDAC tumors. By the time most patients are diagnosed, the disease
has advanced to late stage. Surgical resection, the only known curative
treatment, is therefore an option for only 10-20% of PDAC patients
[4]. Moreover, PDAC is notoriously unresponsive to conventional
chemotherapy and radiotherapy.With a mortality rate that nearly
equals the incidence rate, it is clear that significant progress needs
to be made in both understanding the biology and improving the
management of this deadly disease.

Gene Profiling Studies

Gene profiling studies utilizing DNA microarray techniques
have helped identify differentially expressed genes in PDAC. In a
study by Iacobuzio-Donahue et al. [5] over 400 genes were found to
be differentially expressed in PDAC, while ina comparison of gene
profiling studies, more than 200 genes were repeatedly identified as
being over-expressed in four or more studies [6]. Additionally, Jones
etal. [7] found 541 genes to be over-expressed over ten-fold compared
to healthy controls. The genes identified by Jones et al. were associated
with 12 common molecular pathways including K-Ras, TGF-p,Wnt/

notch, integrin and hedgehog signaling. However, the specific genes
were found to vary significantly between individuals, reflecting the
highly complex nature of this disease [7]. These findings suggest that
personalized therapies targeting appropriate deregulated genes in each
individual may be critically important for improving the management
of PDAC.

The differentiation of PDAC from chronic pancreatitis by gene
profiling can be difficult due to similar gene involvement; however,
ANXA2 and IGFBP-2 were reported to be expressed at higher levels
in PDAC compared to chronic pancreatitis [8]. Gene profiling studies
have also been used to identify tumors that are more likely to be
responsive to chemotherapy. For example, GSTT1, TOP2A, CASP3
and ABCC2 were found to be differentially expressed in gemcitabine-
sensitive PDAC [9].

Genome Wide Association Studies (GWAS)

Genome Wide Association Studies (GWAS) have been used
to investigate how Single Nucleotide Polymorphisms (SNPs) are
associated with disease traits. Several recent studies have found
associations between specific SNPs and increased risk of PDAC.
In a PanScan study, SNPs on chromosomes 9q34, 13q22, 1q32, and
5p15 were associated with increased risk for PDAC [10,11]. The 9q34
SNP, found on the first intron of the ABO gene, may explain studies
that show people with group O blood type having a higher risk of
pancreatic cancer. In a study of the Japanese population, SNPs mapped
to chromosomes 6p26, 12pl1, and 7136 were also associated with
increased risk for PDAC. In a separate study, SNPs mapped to APC
(rs2431238) and NIN (rs10145182) werealso associated with a higher
risk of pancreatic cancer [12,13].

GWAS have also been utilized to assess the variable prognosis
of PDAC cases. Several studies found a number of SNPs that were
associated with differences in overall survival. The mapped SNPs
included genes EXO1,RAD54L XRCC1,ATM T-77C, EIF3510, MGMT,
MSH2, MSH3, MSH6, PMS2L3, and TP73 [14,15]. In cases of resectable
PDAC, SNPs mapped to genes MDM?2 and p27 reflected survival time
after treatment, while p73, p16, and MDM2 were associated with faster
tumor progression [16]. In addition, the RECQL A159C AA genotype
was associated with improved long-term survival in resectable PDAC
treated with neoadjuvant gemcitabine, with a frequency of the A allele
as 55% in Asian populations, 57% in Caucasian, and 90% in Yoruban
populations [17]. Several SNPs have also been associated with drug
effectiveness and toxicity. SNPs mapped to CDA ¢111T, dCK ¢-1205T,
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dCKA9846G, and hCNT3 A25G were associated with a higher risk of
neutropenia toxicity with gemcitabine treatment of resectable PDAC
[18]. Li et al. [19] also found that pancreatic cancer cell lines with lower
DNA methyltransferase I (DNMT1) expression levels were found to
be more sensitive to 5-aza-deoxycytidine (5-Aza-dC) treatment. Future
GWAS findings may identify other genetic risk factors for developing
PDAC and personalize strategies for PDAC treatment.

Pancreatic Cancer Genetics And Risk

Individuals with a family history of PDAC have a higher risk of being
diagnosed with PDAC, suggesting a genetic basis for PDAC incidence.
In fact, approximately 5-10% of pancreatic cancer cases are attributable
directly to heredity genes. Other known risk factors include tobacco
use, obesity, and diabetes. The increased risk may be explained by
genetic polymorphisms on genes such as GSTT1 or IGF1 that increase
susceptibility to pancreatic cancer in heavy smokers and diabetics,
respectively [20]. Mutations in p16, MMR, STK11, and BRCA2 may
also suggest a higher risk of developing PDAC. p16 mutations are
associated with Familial Atypical Multiple Mole Melanoma (FAMMM)
syndrome, which confers a 20 to 34-fold increasedrisk of PDAC [21].
MMR mutations associated with hereditary non-polyposis colon
cancer and STK11 mutations associated with Peutz-Jeghers polyposis
also correspond to increased risk of PDAC [22]. Similarly, BRCA2
mutations are associated with an increased risk of developing multiple
cancer types including pancreatic, breast, ovarian, and prostate cancer
[22]. Knowledge of genetic mutations associated with increased
susceptibility is vital for the prevention and early detection of disease
through genetic screening.

Targeted Therapy

Pancreatic cancer is unresponsive to many common chemotherapy
drugs. Gemcitabine, the standard of care, has demonstrated only a
modest increase of overall survival of pancreatic cancer patients. The
heterogeneity of gene profiles in pancreatic cancer may explain why
standard treatment strategies are insufficient to treat many PDAC
cases. Through identification of specific differentially expressed genes,
molecular targeting approaches may prove to be useful for personalized
treatment of this disease.

Ongoing clinical trials have been promising for the use of
Epidermal Growth Factor Receptor (EGFR) targeted therapies using
small-molecule inhibitors and antibody-based treatments [23].
Other potential therapeutic targets include K-Ras, VEGF, matrix
metalloproteinases, SHH, notch and Smad among other targets,
although early efforts have not been found to significantly affect clinical
outcomes. Pancreatic tumors with mutated BRAF genes may prove to be
sensitive to BRAF inhibitors such as vemurafenib, currently approved
for use in metastatic melanoma cases [24]. Other chemotherapeutic
drugs may be effective in treating small subsets of pancreatic tumors
based on the genetic profiles of individual tumors, with a promising
outlook on improved clinical outcomes for patients.The attenuation of
mutant genes such as K-Ras and Notch through RNA interference has
additionally been shown to decrease tumor growth in vivo, and may be
a promising new therapy [25,26].

Novel therapeutic and diagnostic targets that may be of interest
in future studies include the zinc transporter, ZIP4, and pancreatic
and duodenal homeobox (PDX-1). ZIP4 was found to be greatly
overexpressed in over 50% of examined PDAC samples compared to
surrounding benign tissues. Elevated ZIP4 expression was associated
with increased intracellular zinc levels, proliferation, and tumor
growth [27]. The attenuation of ZIP4 expression byshort hairpin RNA

resulted in decreased pancreatic cell proliferation, migration, and
invasion as well as increased survival of nude mice with pancreatic
cancer xenografts, suggesting that ZIP4 targeted therapies may emerge
as a viable approach to pancreatic cancer treatment [28]. Additionally,
modulation of PDX-1 expression has been shown to inhibit tumor
growth in vitro and in vivo [29]. Overexpression of PDX-1 has been
associated with increased proliferation and invasion, so PDX-1 may
serve as a novel diagnostic biomarker and therapeutic target for PDAC.

MicroRNA Expression Profiling

A burgeoning area of interest in genomic profiling for PDAC
treatment is the deregulation of microRNAs (miRNAs) in PDAC
tumors. MiRNAs are small non-coding RNA molecules that are
involved in the post-transcriptional regulation of multiple essential
cellular processes such as proliferation, apoptosis, and development
[30]. Abnormal expression of miRNAs that target tumor suppressor
or oncogenes may be implicated in tumor development and disease
progression. MiRNA array and quantitative RT-PCR techniques have
identified miRNAs that were commonly over-expressed or down-
regulated in pancreatic cancer. In fact, miRNA expression profiling
effectively differentiated pancreatic cancer tissue from both normal
pancreatic tissue and pancreatitis tissue, suggesting that miRNAs are
novel and effective biomarkers for the early diagnosis of PDAC. A
number of miRNAs were found to be aberrantly expressed in PDAC,
including miR-21, miR-155, miR-221, miR-216, and miR-217, while
aberrant expression of miRNAs such as miR-21, miR-10b, and miR-
196a were associated with clinical outcomes [31]. In addition to genetic
profiles of miRNAs in tissue samples, current studies on miRNAs
found in serum samples suggest that the comprehensive diagnosis and
prognosis of PDAC may be possible utilizing this technique without
the need for more aggressive invasive procedures.

MiRNA-Based Therapies

Both tumor suppressor and oncogenic miRNAs have shown
promise as viable therapeutic targets for the treatment of PDAC.
Some downstream pathways of tumor suppressor miRNAs include
fibroblast growth factor 7 (FGF-7) [32], p53 [33], K-Ras [34], Wnt3a
[32], and PDK1/Akt [35]. These pathways may become over-expressed
in PDAC tumors due to decreased levels of associated regulatory
tumor suppressor miRNAs. When over-expressed, these pathways
may promote proliferation, survival, and invasion. To reverse this
effect, ectopic expression of tumor suppressor miRNAs, such as miR-
96, has been shown to inhibit deregulated target pathways, resulting in
decreased proliferation and invasion [34]. This therapy has also been
demonstrated in vivo. The re-expression of tumor suppressor miRNAs
such as let-7, miR-34a, and miR-143/145, which are typically down-
regulated in PDAC, resulted in decreased tumor growth in xenograft
mouse models [36,37].

Conversely, the silencing of oncogenic miRNAshas also been
shown to have therapeutic potential. Oncogenic miRNAs are typically
over-expressed in PDAC, thus repressing downstream targets
such as Ela-binding protein p300 (EP30) [38], DPC4/Smad4 [39],
retinoblastoma protein [40], Spry2 [41], and NF-kB repressing factor
[42]. Attenuation of miRNA levels through strategies such as gene
knockout and antisense silencing have been shown to inhibit tumor
progression as well as improve drug efficacy.

Challenges and Future Work

While current findings in pancreatic cancer research are
promising, further work must be done to address several challenges
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before effective treatments can be developed. Despite high hopes,
novel targeted therapies under development often fail to improve
the prognosis of pancreatic cancer cases. The disappointing results
may be due to interactions between multiple important signaling
pathways and the interactions between the tumor cells and the
microenvironment. Overall, a more comprehensive approach targeting
multiple signaling pathways and cell types will likely be necessary to
overcome the challenge. Olive et al. [43] recently found that drug
resistance may also be due to poor vascularization of the PDAC tumor
tissue. The stromal tissue that surrounds the tumor promotes poor
perfusion of the tumor mass. IPI-926, a hedgehog inhibitor, was shown
to increase vascularization and delivery of gemcitabine to the tumor
cells; however, further work will be necessary to evaluate the effect in
preclinical and clinical trials.Another challenge we face is the ability to
effectively deliver therapies. New delivery methods are in various stages
of development, but they must be fully established before targeted
therapies can be translated into clinical care. Current non-toxic
targeted delivery methods include liposomes and nanoparticles, which
have been shown to successfully deliver small molecule inhibitors,
antibodies, antisense oligonucleotides, and oncolytic viruses in animal
models [44]. There is much to come in the future for pancreatic cancer
diagnosis and treatment. Personalized genomic information may
soon be utilized to develop targeted therapies, accurately diagnose
individuals, and improve clinical outcomes.

The development and optimization of new clinical practices will
be aided by open access journals such as Translational Medicine. The
journal, in additional to other journals of the OMICS Publishing
Group, will help distribute the most up-to-date findings in pancreatic
cancer and other critical scientific topics, and is aimed to translate
the new discoveries from bench to bed side. The open access format
will accelerate the dissemination of peer-reviewed publications in the
international scientific community and hasten the progress of clinically
applicable therapies from novel basic science discoveries through
the promotion of healthy scientific discourse and collaboration. The
OMICS Publishing Group includes over 200 Open Access journals,
accessible to all readers, as well as 20,000 editorial members, and a
rapid review and publication process to allow current findings to be
quickly shared with the scientific community.

References
1. http://commonfund.nih.gov/clinicalresearch/overview-translational.aspx

2. Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, et al. (2001) The sequence
of the human genome. Science 291: 1304-1351.

3. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. (2011) Global cancer
statistics. CA Cancer J Clin 61: 69-90.

4. Li D, Xie K, Wolff R, Abbruzzese JL (2004) Pancreatic cancer. Lancet 363:
1049-1057.

5. lacobuzio-Donahue CA, Maitra A, Olsen M, Lowe AW, van Heek NT, et
al. (2003) Exploration of global gene expression patterns in pancreatic
adenocarcinoma using cDNA microarrays. Am J Pathol 162: 1151-1162.

6. Harsha HC, Kandasamy K, Ranganathan P, Rani S, Ramabadran S, et al.
(2009) A compendium of potential biomarkers of pancreatic cancer. PLoS Med
6: €1000046.

7. Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, et al. (2008) Core signaling
pathways in human pancreatic cancers revealed by global genomic analyses.
Science 321: 1801-1806.

8. Chen R, Brentnall TA, Pan S, Cooke K, Moyes KW, et al. (2007) Quantitative
proteomics analysis reveals that proteins differentially expressed in chronic
pancreatitis are also frequently involved in pancreatic cancer. Mol Cell
Proteomics 6: 1331-1342.

9. Bai J, Sata N, Nagai H (2007) Gene expression analysis for predicting
gemcitabine sensitivity in pancreatic cancer patients. HPB (Oxford) 9: 150-155.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.

. Amundadottir L, Kraft P, Stoizenberg-Solomon RZ, Fuchs CS, Petersen GM, et

al. (2009) Genome-wide association study identified variants in the ABO locus
associated with susceptibility to pancreatic cancer. Nat Genet 41: 986-990.

. Petersen GM, Amundadottir L, Fuchs CS, Kraft P, Stolzenberg-Solomon RZ,

et al. (2010) A genome-wide association study identifies pancreatic cancer
susceptibility loci on chromosomes 13922.1, 1932.1 and 5p15.33. Nat Genet
42: 224-228.

. Low SK, Kuchiba A, Zembutsu H, Saito A, Takahashi A, et al. (2010) Genome-

wide association study of pancreatic cancer in Japanese population. PLoS One
5:e11824.

. Couch FJ, Wang X, Bamlet WR, de Andrade M, Petersen GM, et al. (2010)

Association of mitotic regulation pathway polymorphisms with pancreatic
cancer risk and outcome. Cancer Epidemiol Biomarkers Prev 19: 251-257.

. Li D, Frazier M, Evans DB, Hess KR, Crane CH, et al. (2006) Single nucleotide

polymorphisms of RecQ1, RAD54L, and ATM genes are associated with
reduced survival of pancreatic cancer. J Clin Oncol 24: 1720-1728.

.Dong X, Li Y, Hess KR, Abbruzzese JL, Li D (2011) DNA mismatch repair gene

polymorphisms affect survival in pancreatic cancer. Oncologist 16: 61-70.

.Chen J, Li D, Killary AM, Sen S, Amos ClI, et al. (2009) Polymorphisms of p16,

p27, p73, and MDM2 modulate response and survival of pancreatic cancer
patients treated with preoperative chemoradiation. Ann Surg Oncol 16: 431-
439.

. Cotton RT, Li D, Scherer SE, Muzny DM, Hodges SE, et al. (2009) Single

nucleotide polymorphism in RECQL and survival in resectable pancreatic
adenocarcinoma. HPB (Oxford) 11: 435-444.

. Okazaki T, Javle M, Tanaka M, Abbruzzese JL, Li D (2010) Single nucleotide

polymorphisms of gemcitabine metabolic genes and pancreatic cancer survival
and drug toxicity. Clin Cancer Res 16: 320-329.

.Li A, Omura N, Hong SM, Goggins M (2010) Pancreatic cancer DNMT1

expression and sensitivity to DNMT1 inhibitors. Cancer Biol Ther 9.

LinY, Yagyu K, Egawa N, Ueno M, Mori M, et al. (2011) An overview of genetic
polymorphisms and pancreatic cancer risk in molecular epidemiologic studies.
J Epidemiol 21: 2-12.

de Snoo FA, Bishop DT, Bergman W, van Leeuwen |, van der Drift C, et al.
(2008) Increased risk of cancer other than melanoma in CDKN2A founder
mutation (p16-Leiden)-positive melanoma families. Clin Cancer Res 14: 7151-
7157.

Matthaios D, Zarogoulidis P, Balgouranidou |, Chatzaki E, Kakolyris S (2011)
Molecular pathogenesis of pancreatic cancer and clinical perspectives.
Oncology 81: 259-272.

Faller BA, Burtness B (2009) Treatment of pancreatic cancer with epidermal
growth factor receptor-targeted therapy. Biologics 3: 419-428.

Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P, et al. (2011)
Improved survival with vemurafenib in melanoma with BRAF V600E mutation.
N Engl J Med 364: 2507-2516.

Réjiba S, Wack S, Aprahamian M, Hajri A (2007) K-ras oncogene silencing
strategy reduces tumor growth and enhances gemcitabine chemotherapy
efficacy for pancreatic cancer treatment. Cancer Sci 98: 1128-1136.

Wang Z, Zhang Y, Li Y, Banerjee S, Liao J, et al. (2006) Down-regulation of
Notch-1 contributes to cell growth inhibition and apoptosis in pancreatic cancer
cells. Mol Cancer Ther 5: 483-493.

LiM, Zhang Y, Liu Z, Bharadwaj U, Wang H, et al. (2007) Aberrant expression of
zinc transporter ZIP4 (SLC39A4) significantly contributes to human pancreatic
cancer pathogenesis and progression. Proc Natl Acad Sci U S A 104: 18636-
18641.

Li M, Zhang Y, Bharadwaj U, Zhai QJ, Ahern CH, et al. (2009) Down-regulation
of ZIP4 by RNA interference inhibits pancreatic cancer growth and increases
the survival of nude mice with pancreatic cancer xenografts. Clin Cancer Res
15: 5993-6001.

Liu S, Ballian N, Belaguli NS, Patel S, Li M, et al. (2008) PDX-1 acts as a
potential molecular target for treatment of human pancreatic cancer. Pancreas
37:210-220.

Ambros V (2004) The functions of animal microRNAs. Nature 431: 350-355.

Li W, Lebrun DG, Li M (2011) The expression and functions of microRNAs in
pancreatic adenocarcinoma and hepatocellular carcinoma. Chin J Cancer 30:
540-550.

Transl Med
ISSN: 2161-1025 TM, an open access journal

Volume 2 « Issue 2 + 1000e111


http://commonfund.nih.gov/clinicalresearch/overview-translational.aspx
http://www.ncbi.nlm.nih.gov/pubmed/11181995
http://www.ncbi.nlm.nih.gov/pubmed/11181995
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://www.ncbi.nlm.nih.gov/pubmed/15051286
http://www.ncbi.nlm.nih.gov/pubmed/15051286
http://www.ncbi.nlm.nih.gov/pubmed/12651607
http://www.ncbi.nlm.nih.gov/pubmed/12651607
http://www.ncbi.nlm.nih.gov/pubmed/12651607
http://www.ncbi.nlm.nih.gov/pubmed/19360088
http://www.ncbi.nlm.nih.gov/pubmed/19360088
http://www.ncbi.nlm.nih.gov/pubmed/19360088
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/17496331
http://www.ncbi.nlm.nih.gov/pubmed/17496331
http://www.ncbi.nlm.nih.gov/pubmed/17496331
http://www.ncbi.nlm.nih.gov/pubmed/17496331
http://www.ncbi.nlm.nih.gov/pubmed/18333132
http://www.ncbi.nlm.nih.gov/pubmed/18333132
http://www.ncbi.nlm.nih.gov/pubmed/19648918
http://www.ncbi.nlm.nih.gov/pubmed/19648918
http://www.ncbi.nlm.nih.gov/pubmed/19648918
http://www.ncbi.nlm.nih.gov/pubmed/20101243
http://www.ncbi.nlm.nih.gov/pubmed/20101243
http://www.ncbi.nlm.nih.gov/pubmed/20101243
http://www.ncbi.nlm.nih.gov/pubmed/20101243
http://www.ncbi.nlm.nih.gov/pubmed/20686608
http://www.ncbi.nlm.nih.gov/pubmed/20686608
http://www.ncbi.nlm.nih.gov/pubmed/20686608
http://www.ncbi.nlm.nih.gov/pubmed/20056645
http://www.ncbi.nlm.nih.gov/pubmed/20056645
http://www.ncbi.nlm.nih.gov/pubmed/20056645
http://www.ncbi.nlm.nih.gov/pubmed/16520463
http://www.ncbi.nlm.nih.gov/pubmed/16520463
http://www.ncbi.nlm.nih.gov/pubmed/16520463
http://www.ncbi.nlm.nih.gov/pubmed/21212431
http://www.ncbi.nlm.nih.gov/pubmed/21212431
http://www.ncbi.nlm.nih.gov/pubmed/19020940
http://www.ncbi.nlm.nih.gov/pubmed/19020940
http://www.ncbi.nlm.nih.gov/pubmed/19020940
http://www.ncbi.nlm.nih.gov/pubmed/19020940
http://www.ncbi.nlm.nih.gov/pubmed/19768149
http://www.ncbi.nlm.nih.gov/pubmed/19768149
http://www.ncbi.nlm.nih.gov/pubmed/19768149
http://www.ncbi.nlm.nih.gov/pubmed/20028759
http://www.ncbi.nlm.nih.gov/pubmed/20028759
http://www.ncbi.nlm.nih.gov/pubmed/20028759
http://www.ncbi.nlm.nih.gov/pubmed/20234167
http://www.ncbi.nlm.nih.gov/pubmed/20234167
http://www.ncbi.nlm.nih.gov/pubmed/21071884
http://www.ncbi.nlm.nih.gov/pubmed/21071884
http://www.ncbi.nlm.nih.gov/pubmed/21071884
http://www.ncbi.nlm.nih.gov/pubmed/18981015
http://www.ncbi.nlm.nih.gov/pubmed/18981015
http://www.ncbi.nlm.nih.gov/pubmed/18981015
http://www.ncbi.nlm.nih.gov/pubmed/18981015
http://www.ncbi.nlm.nih.gov/pubmed/22116519
http://www.ncbi.nlm.nih.gov/pubmed/22116519
http://www.ncbi.nlm.nih.gov/pubmed/22116519
http://www.ncbi.nlm.nih.gov/pubmed/19774209
http://www.ncbi.nlm.nih.gov/pubmed/19774209
http://www.ncbi.nlm.nih.gov/pubmed/21639808
http://www.ncbi.nlm.nih.gov/pubmed/21639808
http://www.ncbi.nlm.nih.gov/pubmed/21639808
http://www.ncbi.nlm.nih.gov/pubmed/17489984
http://www.ncbi.nlm.nih.gov/pubmed/17489984
http://www.ncbi.nlm.nih.gov/pubmed/17489984
http://www.ncbi.nlm.nih.gov/pubmed/16546962
http://www.ncbi.nlm.nih.gov/pubmed/16546962
http://www.ncbi.nlm.nih.gov/pubmed/16546962
http://www.ncbi.nlm.nih.gov/pubmed/18003899
http://www.ncbi.nlm.nih.gov/pubmed/18003899
http://www.ncbi.nlm.nih.gov/pubmed/18003899
http://www.ncbi.nlm.nih.gov/pubmed/18003899
http://www.ncbi.nlm.nih.gov/pubmed/19755388
http://www.ncbi.nlm.nih.gov/pubmed/19755388
http://www.ncbi.nlm.nih.gov/pubmed/19755388
http://www.ncbi.nlm.nih.gov/pubmed/19755388
http://www.ncbi.nlm.nih.gov/pubmed/18665085
http://www.ncbi.nlm.nih.gov/pubmed/18665085
http://www.ncbi.nlm.nih.gov/pubmed/18665085
http://www.ncbi.nlm.nih.gov/pubmed/15372042
http://www.ncbi.nlm.nih.gov/pubmed/21801602
http://www.ncbi.nlm.nih.gov/pubmed/21801602
http://www.ncbi.nlm.nih.gov/pubmed/21801602

Citation: Satoh K, Li M (2012) Translational Medicine: Are we Ready for the Prime Time? Transl Med 2:e111. doi:10.4172/2161-1025.1000e111

Page 4 of 4

32.

33.

34.

35.

36.

37.

38.

Zhang XJ, Ye H, Zeng CW, He B, Zhang H, et al. (2010) Dysregulation of miR-
15a and miR-214 in human pancreatic cancer. J Hematol Oncol 3: 46.

Kent OA, Mullendore M, Wentzel EA, Lépez-Romero P, Tan AC, et al. (2009) A
resource for analysis of microRNA expression and function in pancreatic ductal
adenocarcinoma cells. Cancer Biol Ther 8: 2013-2024.

Yu S, Lu Z, Liu C, Meng Y, Ma Y, et al. (2010) miRNA-96 suppresses KRAS
and functions as a tumor suppressor gene in pancreatic cancer. Cancer Res
70: 6015-6025.

Bloomston M, Frankel WL, Petrocca F, Volinia S, Alder H, et al. (2007)
MicroRNA expression patterns to differentiate pancreatic adenocarcinoma
from normal pancreas and chronic pancreatitis. JAMA 297: 1901-1908.

Bao B, Ali S, Banerjee S, Wang Z, Logna F, et al. (2012) Curcumin analogue
CDF inhibits pancreatic tumor growth by switching on suppressor microRNAs
and attenuating EZH2 expression. Cancer Res 72: 335-345.

Pramanik D, Campbell NR, Karikari C, Chivukula R, Kent OA, et al. (2011)
Restitution of tumor suppressor microRNAs using a systemic nanovector
inhibits pancreatic cancer growth in mice. Mol Cancer Ther 10: 1470-1480.

Mees ST, Mardin WA, Wendel C, Baeumer N, Willscher E, et al. (2010) EP300-

39.

40.

41.

42.

43.

44,

-a miRNA-regulated metastasis suppressor gene in ductal adenocarcinomas of
the pancreas. Int J Cancer 126: 114-124.

Hao J, Zhang S, Zhou Y, Liu C, Hu X, et al. (2011) MicroRNA 421 suppresses
DPC4/Smad4 in pancreatic cancer. Biochem Biophys Res Commun 406: 552-
557.

Park JK, Henry JC, Jiang J, Esau C, Gusev Y, et al. (2011) miR-132 and miR-
212 are increased in pancreatic cancer and target the retinoblastoma tumor
suppressor. Biochem Biophys Res Commun 406: 518-523.

MaY, YuS, Zhao W, Lu Z, Chen J (2010) miR-27a regulates the growth, colony
formation and migration of pancreatic cancer cells by targeting Sprouty2.
Cancer Lett 298: 150-158.

LuZ,LiY, Takwi A, Li B, Zhang J, et al. (2011) miR-301a as an NF-[°B activator
in pancreatic cancer cells. EMBO J 30: 57-67.

Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A, Mcintyre D, et al. (2009)
Inhibition of Hedgehog signaling enhances delivery of chemotherapy in a
mouse model of pancreatic cancer. Science 324: 1457-1461.

Yu X, Zhang Y, Chen C, Yao Q, Li M (2010) Targeted drug delivery in pancreatic
cancer. Biochim Biophys Acta 1805: 97-104.

Transl Med
ISSN: 2161-1025 TM, an open access journal

Volume 2 « Issue 2 + 1000e111


http://www.ncbi.nlm.nih.gov/pubmed/21106054
http://www.ncbi.nlm.nih.gov/pubmed/21106054
http://www.ncbi.nlm.nih.gov/pubmed/20037478
http://www.ncbi.nlm.nih.gov/pubmed/20037478
http://www.ncbi.nlm.nih.gov/pubmed/20037478
http://www.ncbi.nlm.nih.gov/pubmed/20610624
http://www.ncbi.nlm.nih.gov/pubmed/20610624
http://www.ncbi.nlm.nih.gov/pubmed/20610624
http://www.ncbi.nlm.nih.gov/pubmed/17473300
http://www.ncbi.nlm.nih.gov/pubmed/17473300
http://www.ncbi.nlm.nih.gov/pubmed/17473300
http://www.ncbi.nlm.nih.gov/pubmed/22108826
http://www.ncbi.nlm.nih.gov/pubmed/22108826
http://www.ncbi.nlm.nih.gov/pubmed/22108826
http://www.ncbi.nlm.nih.gov/pubmed/21622730
http://www.ncbi.nlm.nih.gov/pubmed/21622730
http://www.ncbi.nlm.nih.gov/pubmed/21622730
http://www.ncbi.nlm.nih.gov/pubmed/19569050
http://www.ncbi.nlm.nih.gov/pubmed/19569050
http://www.ncbi.nlm.nih.gov/pubmed/19569050
http://www.ncbi.nlm.nih.gov/pubmed/21352803
http://www.ncbi.nlm.nih.gov/pubmed/21352803
http://www.ncbi.nlm.nih.gov/pubmed/21352803
http://www.ncbi.nlm.nih.gov/pubmed/21329664
http://www.ncbi.nlm.nih.gov/pubmed/21329664
http://www.ncbi.nlm.nih.gov/pubmed/21329664
http://www.ncbi.nlm.nih.gov/pubmed/20638779
http://www.ncbi.nlm.nih.gov/pubmed/20638779
http://www.ncbi.nlm.nih.gov/pubmed/20638779
http://www.ncbi.nlm.nih.gov/pubmed/21113131
http://www.ncbi.nlm.nih.gov/pubmed/21113131
http://www.ncbi.nlm.nih.gov/pubmed/19460966
http://www.ncbi.nlm.nih.gov/pubmed/19460966
http://www.ncbi.nlm.nih.gov/pubmed/19460966
http://www.ncbi.nlm.nih.gov/pubmed/19853645
http://www.ncbi.nlm.nih.gov/pubmed/19853645

	Title
	Corresponding author
	Keywords
	Introduction
	Pancreatic Ductal Adenocarcinoma (PDAC) 
	Gene Profiling Studies 
	Genome Wide Association Studies (GWAS) 
	Pancreatic Cancer Genetics And Risk 
	Targeted Therapy 
	MicroRNA Expression Profiling 
	MiRNA-Based Therapies 
	Challenges and Future Work 
	References



