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Abstract

The “hallmarks” of pancreatic ductal adenocarcinoma (PDAC) include proliferative, invasive and 

metastatic tumor cells and an associated dense desmoplasia comprised of fibroblasts, pancreatic 

stellate cells, extracellular matrix and immune cells. The oncogenically-activated pancreatic 

epithelium and its associated stroma are obligatorily interdependent, with the resulting 

inflammatory and immune-suppressive microenvironment contributing greatly to the evolution and 

maintenance of PDAC. The peculiar pancreas-specific tumor phenotype is a consequence of 

oncogenes hacking the resident pancreas regenerative program, a tissue specific repair mechanism 

regulated by discrete super enhancer networks. Defined as genomic regions containing clusters of 

multiple enhancers, super enhancers play pivotal roles in cell/tissue specification, identity and 

maintenance. Hence, interfering with such super enhancer driven repair networks should exert a 

disproportionately disruptive effect on tumor versus normal pancreatic tissue. Novel drugs that 

directly or indirectly inhibit processes regulating epigenetic status and integrity, including those 

driven by histone deacetylases, histone methyltransferase and hydroxylases, DNA 

methyltransferases, various metabolic enzymes, and bromodomain and extra-terminal motif 

proteins (BETs) have shown the feasibility of disrupting super enhancer-dependent transcription in 

treating multiple tumor types, including PDAC. The idea that pancreatic adenocarcinomas rely on 

embedded super enhancer transcriptional mechanism suggests a vulnerability that can be 

potentially targeted as novel therapies for this intractable disease.

Introduction

Pancreatic cancer is a devastating neoplastic disease that is becoming increasingly common 

and is projected to surpass breast cancer as a cause of death in the next few years. In the 

USA alone, 53,670 people are diagnosed with pancreas cancer and 43,090 die each year 
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(118 people/day) (1). Worldwide, the disease claims >300,000 lives per year and has the 

worst 5-year survival of any cancer (7%) (1). As devastating as these statistics are, they do 

not encompass the considerable pain and suffering associated with pancreatic ductal 

adenocarcinoma (PDAC), the commonest form of pancreatic cancer. Despite intense efforts, 

progress in improving survival rates for patients with metastatic pancreatic cancer has been 

modest at best (2).

Like most adult solid tumors, PDACs are driven by mutations that disrupt the intra- and 

extracellular networks that normally restrain untoward growth, proliferation, survival and 

invasion. As might be expected of any pathology arising through random mutation, DNA 

sequence analysis of PDACs reveals them to comprise many, highly genetically diverse 

clonal clades (3–5). Such diversity, together with the well-known proclivities of pancreatic 

cancers to adapt, evolve and relapse in response to treatment, has occasioned a huge effort to 

catalog and categorize them – with the holy grail being effective personalized therapy 

designed around each tumor’s unique qualities. However, appearances can be misleading: 

this recent focus on the endless differences between individual pancreatic adenocarcinomas 

has overshadowed their even more remarkable uniformity – almost all PDACs share the 

same signature genetic lesions (activation of the KRas oncoprotein and inactivation of the 

p16INK4/CDKN2A, p53 and SMAD4/DPC4 tumor suppressors) and exhibit the same 

signature phenotypic features (metastasis, resistance to radio and chemotherapy, highly 

avascular, inflammatory and desmoplastic). Indeed, the phenotypic signatures of PDACs are 

so universal that arduous genomic maneuvers are needed just to discriminate between them. 

Of equal note, while some of the shared signature PDAC features are patently tumor cell-

autonomous, many relate to the histology and behavior of the accompanying (and 

genetically normal) stroma. This implies deep evolutionary canalization of the disease at the 

level of the entire neoplastic tissue - both tumor cells themselves and their associated stroma. 

Of course, this remarkable phenotypic idiosyncrasy is not restricted to pancreatic 

adenocarcinomas: indeed, the differential diagnosis of almost all individual types of solid 

cancer is based upon the molecular and phenotypic attributes that each type shares with 

other tumors of the same type, and which can differ profoundly in cancers arising in other 

tissues or cells of origin. It is quite the paradox: if tumor evolution is a mutational free-for-

all, why do cancers of a particular type end up looking so alike and so different from other 

cancer types?

The commonalities across pancreatic adenocarcinomas prompt some intriguing questions. 

The recurring nature of PDAC signature genetic lesions (3) implies the existence of common 

mechanistic bottlenecks peculiar to the evolution of all PDACs. If so, this could mean that 

all PDACs, despite their apparent diversity, are at heart driven by, maintained and built upon 

a limited platform of common oncogenic mechanisms. Could targeting this common 

platform form a therapeutic strategy for effectively treating all PDAC patients, without the 

need for expensive personalization? And what mechanisms could possibly be responsible for 

so tightly constraining the evolutionary trajectories and phenotypes (both tumor cells and 

stroma) of PDACs? Where does the peculiarly metastatic, avascular, drug resistant and 

desmoplastic phenotype of PDAC come from and why is it so distinct from other epithelial 

cancers driven by many of the same oncogenic mutations? And more generally, why do all 

epithelial cancers exhibit such distinctive, tissue-specific phenotypes?
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Super enhancers define tissue and tumor identity

The integrity of multicellular organisms relies on the consistent and robust specification of 

cell type and function during ontogeny and during regeneration after injury – somatic cells 

need to know “who” they are, “where” they are and “how” to behave. Critical to this is cell 

type-specific regulation of gene expression, which is strictly determined by the interplay of 

regulatory events at gene promoters, orientation-specific cis-acting elements lying 

immediately upstream of transcriptional start sites, and at gene-distal, orientation and 

position-independent regulatory elements called enhancers. Enhancers play critical roles in 

regulating precise spatial and temporal control of transcriptional programs in tissue- and 

cell-type specific manners (6, 7). Recently, studies have identified genomic regions, dubbed 

“super enhancers,” where higher order spatial re-organization of chromatin clusters multiple 

enhancer elements close to key genes that determine cell identity (Figure 1) (8, 9). The first 

super enhancers were identified bioinformatically based on data from chromatin 

immunoprecipitation and high throughput sequencing (“ChIP-Seq”) studies in mouse 

embryonic stem cells. Such enhancer clusters were found to map close to genes encoding 

“master” stem cell transcription factors such as Oct4, Sox2, and Nanog and were associated 

with high concentrations of the Mediator 1 (MED1) transcriptional co-activator complex-

binding (9). Since then, other super enhancers have been identified in multiple distinct cell 

types and tissues based on their signature histone modification marks, such as histone H3 

mono- and di-methyl lysine 4 (H3K4me1, H3K4me2) and histone H3 acetyl lysine 27 

(H3K27Ac), their corresponding open chromatin architecture, RNA Pol II loading that 

generates diagnostic bidirectional transcripts called eRNAs (10–13), and their associations 

with cell-type and lineage-specific transcription factors and co-activators. It is now clear that 

super enhancers play particularly pivotal roles in cell/tissue specification, identity and 

maintenance, while their peculiar dependency on distinctive transcriptional co-factors (e.g. 

BET bromodomain-containing proteins such as BRD4) (8, 9, 14, 15) may make them 

selectively vulnerable to pharmacological disruption. This is especially intriguing, given that 

a recent study of association between single nucleotide polymorphisms (SNPs) and a diverse 

range of phenotypic traits and disease, in multiple cell- and tissue-types, revealed that many 

trait-associated SNPs map to super enhancers. Consequently, super-enhancer disruption 

might have therapeutic uses in those diseases where aberrations in cell specification and 

identity are pivotal – notably immune dysfunction, developmental and metabolic disorders, 

ageing and degeneration, and cancer (8).

As in ontogeny, cell type specification and identity are crucially important also in the 

regeneration and repair of tissues damaged by injury or infection. Different tissues have very 

distinct architectures, functions and regenerative capacities and differing vulnerabilities to 

physical or chemical assaults, infection, inflammation and neoplasia. Hence, while the same 

core, cell-autonomous processes of cell proliferation, migration and apoptosis are probably 

shared by all cell types, the tightly choreographed dance between damaged epithelium and 

stroma needed to rebuild each must be tightly tailored to its unique structure and function. It 

is only logical to presume that such tissue-specific regenerative programs are also controlled 

by discrete meta-transcriptional super enhancer networks. Indeed, since tissue regeneration 

requires coordination of multiple epithelial and stromal cell types, each of the contributing 

lineages - epithelial, mesenchymal, endothelial, inflammatory and immune –presumably has 
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its own cell-intrinsic network of super enhancers, all of which are presumably coordinated 

by a web of reciprocal signaling between the epithelium and stroma.

Distinct tissue-specific regenerative programs, each with their own bespoke interaction 

between epithelial-stromal interactions tailored to the rebuilding of that tissue look 

suspiciously similar to tissue-specific tumor phenotypes, each with their own signature 

epithelial-stromal interactions. Moreover, the same tissue-specific signature features are 

frequently shared by pathologies involving chronic tissue injury and regeneration and 

tumors, pancreatitis and PDAC being an excellent example where the similarity is so marked 

as to frequently complicate unambiguous diagnosis (16). Normal repair after injury is driven 

by spatially and temporally regulated mitogenic signals and attenuates when those signals 

subside. Cancers, by contrast, are driven by relentless activating mutations in those same 

mitogenic processes and truly are wounds that never heal (17).

Our data are most consistent with the notion that driver oncogenic mutations, rather than 

themselves specifying the phenotypes of each distinct cancer, instead all hack into the 

resident, pre-configured, super enhancer regenerative program of the target tissue. This idea 

fits well with a number of puzzling observations. First, if tumor phenotypes are principally a 

property of the tissue being hacked rather than of the diverse drivers that do the hacking, it 

makes sense that distinct cancer types, although arising by random mutation, share the same 

signature features. The obligatory intertwining of the mechanisms underpinning 

tumorigenesis with those mediating inflammation and immunity also explains why there is 

such remarkable overlap, in both form and function, between wounds and tumors in any 

tissue type. The dependence of tumor phenotypes on tissue of origin rather driver oncogenes 

also explains how the same, restricted set of recurring oncogenic hubs – such as Ras, Myc, 

p53, E2F/Rb/CDKN2, TGFβ, NF-κB – can be associated with so many diverse cancer 

phenotypes. However, the most profound implication of the hacking concept is that the 

evolutionary trajectories of cancers, including which and when specific oncogenic mutations 

confer a selective clonal advantage, are deeply constrained by the inherent properties of each 

target tissue. Understanding these constraints, and how and why they are imposed, could 

reveal all sorts of novel potential vulnerabilities in cancers, not least that it suggests that 

cancers might be unusually sensitive to perturbation of the regenerative super enhancer 

networks that drive and maintain them.

The origins of the peculiar pancreas cancer phenotype

A window into the innate regenerative program of normal pancreas is provided by the 

histopathology of chronic pancreatitis, a persistent injury/regeneration/re-injury pathology of 

diverse etiologies that affects 7-10/100,000 patients a year (18). Macroscopically, the 

affected organ displays characteristic irregular contours with atrophied ductal epithelium, 

abundant and poorly vascularized fibrosis heavily infiltrated with activated, α-smooth 

muscle actin (α-SMA) positive stellate cells, macrophages, various other inflammatory cells 

and nerve vestiges, as well as sporadic areas of cyst and necrosis (16). Critical in the 

establishment of this signature phenotype are the pancreatic stellate cells which, in direct 

response to pancreatic injury, rapidly trans-differentiate into highly proliferative and 

migratory α-SMA-positive myofibroblastic phenotype. These secrete abundant ECM, 
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cytokines and growth factors necessary to rebuild damaged pancreas (19, 20), notably Sonic 

Hedgehog (21, 22). Activated stellate cells also trigger extensive fibrosis, a component of 

the prototypical pancreas regenerative program that presumably evolved to isolate the 

damaged region and its payload of digestive enzymes and protect the remaining pancreatic 

and other nearby tissues.

Although the discrete regenerative component of chronic pancreatitis is somewhat confused 

by the superposition of repeated re-injury, it nonetheless clearly shares such provocative 

similarities with its oncogenically hacked sibling, pancreatic ductal adenocarcinoma, that 

disentangling which is which is often diagnostically challenging (16). The hallmarks of late 

stage, aggressive PDAC are its proliferative, invasive and metastatic tumor cells – directly 

driven by their signature oncogenic mutations – but also its associated (and genetically 

normal) dense desmoplasia, which forms the bulk of the tumor mass and comprises 

fibroblasts, pancreatic stellate cells, extracellular matrix and an assortment of other cell 

types including macrophages and neutrophils, immune suppressive cells such as myeloid-

derived suppressor cells and Tregs, and residual nerve fibers. Overall, the tumors are 

generally hypovascular and hypoxic (20). A collateral consequence of this localized 

inflammatory signaling storm is the marked elevation in the plasma of PDAC patients of 

diverse inflammatory markers such as IL-6, IL-8, IL-10 and the IL-1 receptor-antagonist 

IL-1ra. And just as in pancreatitis, the PDAC epithelium and stroma are obligatorily 

interdependent: oncogenically activated pancreatic cancer cells signal to stellate cells and 

recruit macrophages and immune suppressor cells; in turn, activated pancreatic stellate cells 

secrete a variety of factors that directly promote tumor cell proliferation and migration and 

suppress their apoptosis, while mounting evidence attests to the critical role played by the 

complex inflammatory and immune suppressive environment in evolution and maintenance 

of PDAC (23, 24). The jury may still be undecided as to whether the net effect of the dense 

PDAC desmoplasia is to promote or retard tumor growth and therapeutic sensitivity (25–30). 

However, its deeply embedded role in the regenerative programs of both normal and 

neoplastic pancreas is indisputable.

Ras and Myc oncogenes switch on regenerative super enhancer programs

The deep relevance of the Ras and Myc oncogenes to human cancers is incontestable. Ras 

proteins are generic, self-attenuating, apical GTPase switches that, in response to ligation of 

upstream receptors, engage a network of downstream signaling molecules that eventually 

elaborate out into a wide variety of transcriptional responses. Mutations that directly activate 

one of the three members of the Ras family (K, N and H-Ras) are causally implicated in 

some 25% of all human tumors, and as many as 90% of PDACs, while indirect activation of 

Ras signaling by mutations in upstream Ras effectors or downstream effectors is implicated 

in most of the rest (31). The three Myc proteins (Myc, NMyc and LMyc) are sequence-

specific bHLHZip DNA-binding transcription factors and over 7000 Myc binding sites have 

been identified in the mammalian genome implicating Myc as a prolific promoter of gene 

expression. In normal tissues, expression of the short-lived Myc protein is tightly and 

continuously dependent upon mitogenic or developmental signals. By contrast, Myc protein 

expression is deregulated, aberrantly persistent and/or over-expressed in almost all human 

cancers (32) including pancreatic adenocarcinoma (33).
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In normal cells, Ras and Myc act physiologically as common downstream effectors for the 

diverse mitogenic signaling pathways that drive proliferation of cells and regeneration of 

tissues. Oncogenic activation of Ras and Myc short-circuits the normal requirement for 

mitogenic signals, leading to the persistent engagement of tissue regenerative programs. 

Interestingly, deregulated Ras and Myc are each, alone, relatively weak oncogenes. 

However, when combined they potently synergize to drive tumorigenesis (34), albeit through 

a cooperative mechanism that is still not understood.

Perhaps most intriguingly, the oncogenic capacity of Ras+Myc is tissue-agnostic: in 

experimental mouse models Ras+Myc drives tumorigenesis in all tested tissues. However, 

the tumors they induce typically display the tissue-specific phenotypes of spontaneous 

cancers arising in those same tissues. Hence, the same basal oncogenic Ras+Myc 

combination switch can engage widely disparate, tissue-specific oncogenic phenotypes, 

consistent with the hypothesis that oncogenic mutations hack into resident tissue-specific 

regenerative programs. To explore the mechanism by which they do this, we made use of 

two existing tissue-specific cancer models driven by oncogenic KRasG12D – one in lung (35) 

and one in pancreas (36). Both exhibit slow and inefficient evolution of tumors but, upon co-

activation of a switchable Myc allele, they immediately progress to invasive carcinomas that 

exhibit the signature tumor and stromal characteristics of spontaneous tumors arising in each 

tissue type. Thus, Ras+Myc lung adenocarcinomas are highly invasive, angiogenic, 

inflammatory, heavily infiltrated with macrophages and with relatively little desmoplasia. By 

contrast, Ras+Myc-driven pancreatic adenocarcinomas are highly desmoplastic, invasive, 

avascular and hypoxic and heavily infiltrated with macrophages and neutrophils. Perhaps 

one of the most interesting features of these models is that although Myc is activated only in 

the epithelial compartment, tumors form within a few days that are complex interwoven 

neoplasms comprising both Myc-expressing epithelium and the coordinated recruitment, 

migration and proliferation of diverse, but tissue-specific, stromal elements. This concept is 

illustrated in Figure 2, which depicts the signature phenotype of PDAC as an aberrant 

consequence of an oncogenically hijacked regenerative response that evolved 

physiologically to integrate the individual regenerative super enhancer programs of each of 

the diverse epithelial, mesenchymal, endothelial and hematopoietic cells needed, together, to 

rebuild the peculiar structure and function of pancreatic tissue.

With respect to the hypothesis that Ras+Myc hack into each tissue’s resident regenerative 

program, our studies in pancreas are especially compelling since the signature features that 

Myc induces are not only signature features of invasive PDAC (37) but also of pancreatitis. 

It therefore seems likely that the distinct characteristics of PDAC are indeed determined by a 

latent program inherent to pancreatic epithelium – a program we guess is super enhancer-

dependent and that in normal pancreas is driven by damage-induced mitogenic signaling and 

by relentless oncogenic mutations in PDAC.

But how might oncogenes like Ras and Myc hack into this program? As well established 

previously (36), Ras alone drives only indolent and slowly evolving pancreatic intraepithelial 

neoplasia (PanINs), progressing rarely to overt PDAC only upon activation of secondary 

sporadic events. Activation of Myc alone has no discernible impact on pancreatic tissue, 

underscoring the requirement for Ras and Myc to cooperate in hacking each tissue’s 
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regenerative program. KRas activation appears to set up each tissue to be permissive for 

Myc to hack into each tissue’s resident regenerative program. One possibility, therefore, is 

that Ras signaling establishes the epigenetic configuration of latent pancreas regenerative 

super enhancer program and Myc is the switch that then engages and maintains it. Such a 

role as a super enhancer switch fits with emerging data that Myc can act as a direct 

modulator of the epigenome, presumably in addition to its role as a conventional sequence-

specific transcription factor. Early studies demonstrated that acute Myc activation triggers 

rapid global changes in chromatin, markedly increasing histone acetylation (H3 and H4) and 

methylation (H3K4me3) and enhancing DNA accessibility (38). Myc has since been shown 

to interact with multiple epigenetic modulators, including TRRAP (an adaptor that then 

recruits multiple histone acetylases (HATs) such as GCN5, TIP60, p300 and CBP that open 

chromatin for transcription (39, 40) and the ASHL2 subunit of the KMT2 histone methyl 

transferase that trimethylates lysine 4 of histone 3 (H3K4me3) and antagonizes the 

transcriptionally repressive methylation of H3K27me (41). Myc also promotes transcription 

at accessible genes by suppressing promoter pausing of RNA polymerase (42), in part by 

increasing accessibility of DNA to binding by the BET co-activators. This, in turn, recruits 

P-TEFb, whose component CDK9 activates RNA pol II by phosphorylating its C-terminal 

domain.

Intriguingly, the Myc gene is itself controlled by its own suite of super enhancers, perhaps 

reflecting the pivotal role that Myc plays as the generic master switch that engages the 

diverse regenerative sub-programs peculiar to each cell/tissue type. Intriguingly, Myc gene 

super enhancers come in various guises, depending on cell/tissue type or tumor origin. For 

example, in HCT116 colorectal cancer cells the Myc-associated super enhancer lies ~500kb 

upstream of the transcription start site, whereas it is located close to the transcription 

termination site in pancreatic adenocarcinoma cells, and ~1Mb downstream of the MYC 
gene in T cell acute lymphoblastic leukemia (8, 43, 44). Hence, there is no single, pre-

configured super enhancer format by which Myc is co-opted, which underscores the idea 

that super enhancers are not universally hardwired but assembled in a bespoke manner, when 

needed, according to cell and tissue type (Figure 3).

Curing pancreatic cancers by crashing super enhancers

Because Myc and Ras serve as convergent downstream effectors for the diverse upstream 

driver mutations that cause cancer, targeting them offers a therapeutic strategy, potentially 

synergizing with the current therapeutics and ongoing clinical trials discussed in this CCR 

Focus section (2, 5, 45). Indeed, our own and others’ studies using switchable variants of 

oncogenic Myc and Ras in multiple tumor types (46–53) demonstrate that de-activation of 

either Myc or KRasG12D triggers rapid and profound regression in many diverse types of 

experimental tumors in mice, including PDAC (54–56). Importantly, in every instance, both 

epithelial and stromal compartments regress in tandem, underscoring their tight and 

continuous interdependency. Unfortunately, both Myc and Ras have proven intractable 

pharmacological targets, so our only recourse at present is to target them, and what they do, 

indirectly.
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However, if pancreatic cancers are indeed a consequence of oncogenes hacking the resident 

pancreas regenerative super enhancer network, interfering with such super enhancer 

networks should exert a disproportionately disruptive effect on tumor versus normal 

pancreatic tissue. To this end, a range of novel drugs have recently emerged that directly (57) 

or indirectly (58) inhibit processes regulating epigenetic status and integrity, including those 

driven by histone deacetylases, methylases and hydroxylases, DNA methyltransferases, 

various metabolic enzymes, and bromodomain and extra-terminal motif proteins (BETs) 

such as BRD4. BETs, in particular, appear especially important in the operation of super 

enhancers, whose high occupancy by BRD4 is critical for their recruitment of transcriptional 

co-factors to appropriately acetylated histones. Several BET inhibitors are currently in 

development but initial studies using the BRD2/4 inhibitor tool compound JQ1 have already 

shown the feasibility of disrupting super enhancer-dependent transcription of several 

oncogenes (59) including Myc (60–63) and in treating multiple tumor types, including 

PDAC (64–66). And given the intimate relationship between cancer and regeneration, it is 

no surprise that BET inhibition is also finding uses in the treatment of pathologies driven by 

aberrant inflammatory/regenerative programs (67–70). While reported side effects of BET 

inhibitors including neutropenia/thrombocytopenia may limit their clinical use as single 

agents, their therapeutic indices will likely be increased through combination treatments 

with traditional chemotherapies. For example, although histone deacetylase inhibitors cause 

hyponatremia, neutropenia, and anaemia, they are currently in Phase III trails for breast 

cancer in combination with exemestane, an aromatase inhibitor (71). An alternative, 

complementary strategy to disrupting super enhancers directly is to target the web of 

signaling molecules that integrate the regenerative super enhancer-driven sub-programs in 

each of the epithelial and stromal compartments that participate in the hacked repair 

program (Figure 4). Being extracellular, such tissue/tumor-specific organizing signals may 

not only present more tractable pharmacological targets but might also double as sensitive 

biomarkers for disease.

The radical idea that pancreatic adenocarcinomas, notwithstanding their extensive 

heterogeneity and tumor-stromal and immune complexities, all rely on the same, embedded 

super enhancer transcriptional mechanism is unorthodox. But it is also consistent with 

decades of observations and data. It is exciting because shared mechanism may expose 

shared vulnerability that could be exploited to build effective, durable and generally 

applicable novel treatments for this awful disease.
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Figure 1. A simplified view of typical enhancers versus super enhancers
Enhancers are orientation and position-independent cis-acting regulatory elements distally 

located from transcription start sites (TSS). Enhancers are typically bound by multiple 

transcription factors to regulate gene expression outcomes. Regions of chromatin 

incorporating multiple enhancers, defined by ChIP-Seq (e.g. H3K27Ac, Med1, BRD4) 

within 12.5 kb, are referred to as super enhancers. Super enhancers are typically an order of 

magnitude larger than typical enhancers in size, have higher transcription factor density and 

greater ability for transcriptional activation.
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Figure 2. Oncogenes driving pancreatic cancer hack the endogenous pancreas regenerative 
program
The regeneration of damaged pancreas requires the coordinated and interdependent activities 

of multiple cell lineages to rebuild the characteristic structure and function of the damaged 

tissue. We posit that cell-specific super enhancer networks are integrated into a carefully 

choreographed whole through continuous exchange of signals (shown much simplified). 

Both the super enhancer networks and the signals that integrate them offer novel targets for 

therapeutic intervention.
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Figure 3. Super enhancers can be altered in a cancer-type specific manner
The same gene can be regulated by cancer-type specific super enhancers in different cell 

types to promote malignancy. Transcriptional activation of oncogenic genes can be 

modulated by the activities of super enhancers, which can be gained as a consequence of 

extracellular signals, genomic rearrangements, as well as genomic locus and focal 

amplifications.
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Figure 4. Putative therapeutic interventions directly or indirectly target super enhancers and 
epigenetic networks in multiple cell lineages in pancreatic regenerative program
A range of novel drugs (shown in red) directly or indirectly disrupt super enhancers by 

targeting epigenetic modifiers that integrate the regenerative super enhancer-driven sub-

programs in each of the epithelial and stromal compartments that participate in the hacked 

repair program.
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