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Abstract
Introduction Pancreatic ductal adenocarcinoma (PDAC) is
one of the most malignant tumors with a dismal prognosis.
Although our understanding of the carcinogenesis of the
disease increases continuously, no effective conservative
therapeutic strategies exist. Therefore, novel targets have to
be defined at the experimental level. Histone deacetylases
(HDACs), especially the class I isoenzymes HDAC1, 2,
and 3, are highly expressed in PDAC.
Conclusion This article summarizes the expression and
functions of HDAC isoenzymes in PDAC, with a special
focus on their promoter-specific mode of action. Although
we have gained some molecular insight into the HDAC
function in PDAC, less is known about the relevance of
histone acetyltransferases (HATs) in PDAC. As an example,
we will summarize function of the HAT p300, for which
promoter-specific functions were described recently. In-
creasing the molecular insights into the functions of the
acetylating and deacetylating machineries in PDAC are
important, since this will lead to novel rationally based
therapeutic strategies in the future.
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Introduction

Over the last decade, increased knowledge concerning the
molecular basis of pancreatic ductal adenocarcinoma (PDAC)
has accumulated. Therefore, a far better understanding of the
disease has evolved [1–4]. We now know that the proto-
oncogene Kras, which is mutated in the majority of human
PDACs [5], can initiate pancreatic carcinogenesis in genet-
ically engineered mouse models. Furthermore, these elegant
in vivo models are now used to develop new therapeutic
strategies, which will hopefully increase the survival of
patients suffering from this dismal disease [6, 7]. In addition
to the in vivo models, deep sequencing data demonstrate
genetic alterations in 12 core signaling pathways altered in
67% to 100% of PDACs [8]. However, PDAC-relevant
signaling pathways engaged by oncogenic Kras and other
mutated genes are still ill-defined.

Oncogenes, like Kras, activate signaling pathways, which
are ultimately integrated by transcription factors to change
the transcriptome and to finally drive carcinogenesis in the
pancreas. However, transcription factors are no soloists and
they work in stereo-specific nucleoprotein-complexes in
concert with co-regulators. These modify and epigenetically
remodel chromatin structures bridging transcription factors to
the basal transcriptional machinery. Therefore, co-regulators,
which promote (co-activator) or attenuate (co-repressors)
target gene transcription, confer a second level of specificity
of an oncogenic transcriptional response. Furthermore, co-
regulator complexes contain enzymatic activities, which can
be classified as posttranslational histone modifying enzymes,
like histone deacetylases (HDACs)/histone acetylases
(HATs) and DNA methylases/DNA demethylases, and the
family of ATP-dependent remodeling complexes, like the
SWI/SNF complex, which are responsible for the sliding of
the nucleosome needed for active transcription [9].
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The enzymatic activities of co-regulator complexes target
histones. This group of evolutionarily conserved proteins is
critically involved in chromatin condensation and building of
a second code, the histone code [9, 10]. The histone code is
encrypted by several posttranslational modifications of the
histones, like acetylation or methylation [10]. Transcription-
ally inactive, repressed chromatin (heterochromatin) is
compacted with predominant binding of hypoacetylated
histones, whereas transcriptional active chromatin (euchro-
matin) is characterized by the binding of hyperacetylated
histones and acetylation of histone H3 lysine 9 and lysine 14
is a mark for active genes. The central packaging unit of the
DNA is the nucleosome consisting out of two copies of
histones H2A, H2B, H3, and H4, and ~146 base pairs of
DNA wrapped around each histone core particle. The basal
transcriptional machinery inefficiently transcribes nucleoso-
mal DNA implicating that the nature of the DNA-
nucleosome interaction is highly dynamic and flexible to
assure highly accurate transcriptional regulation. Although the
sum of the posttranslational modifications of histones decides
whether DNA is condensed and transcriptional inactive or
open and transcriptional active, we will describe here
especially the deacetylation machinery, the HDACs, since
they are the most intensively studied enzymes within the group
of chromatinmodifiers in PDAC.Manymolecular functions of
HDACs in PDAC were elucidated by the use of HDAC
inhibitors (HDACI). Since this was summarized recently [11],
we will focus on the function of HDAC isoenzymes in the
context of transcriptional regulation in PDAC.

HDACs—Dual Regulators of Transcription

Phylogenetic analyses and sequence homology leads to a
classification of HDACs into class I to IV enzymes (Fig. 1).
HDACs 1, 2, 3, and 8 with homology to the yeast Rpd3
homologues represent class I and the yeast Hda1 homologues

enzymes HDAC 4, 5, 6, 7, 9, and 10 represent class II
HDACs. The class IV enzyme HDAC11 shares homologies
with class I as well with class II HDACs. Whereas class I, II,
and IV enzymes use zinc-dependent catalysis, the class III
deacetylases (SIRT1-7), homologues of the yeast SIR2
enzyme, use NAD+ as co-factor [12, 13] (Fig. 1). SIRT
specific functions in PDAC are unknown so far.

HDACs deacetylate the ε-amino group of lysines located at
the N-terminal tail of histones, leading to a repressive
chromatin formation (heterochromatin) and the suppression of
gene expression (Fig. 2a). In contrast, HATs counteract histone
deacetylation, which generates an open chromatin structure
(euchromatin), enabling transcription factors to activate their
target genes (Fig. 2b). In addition to histones, HDACs as well
as HATs have been found to acetylate a growing number of
non-histone substrates. These proteins are often transcription
factors, like p53, NFκB, or signal transducers and activators
of transcription (STATs) [14, 15]. Therefore, changes in the
transcriptome mediated by the deacetylation machinery can be
due to alteration in transcription factor activity or the histone
code [11]. Since HDACs are involved in the control of cancer
cell proliferation, apoptosis, differentiation, migration, and
angiogenesis in cancer [16], they represent attractive thera-
peutic targets [17], and rational HDACI-based combination
therapies are currently tested in pre-clinical and clinical
settings for the treatment of PDAC [11].

HDAC Expression in PDAC

As in other gastrointestinal cancers, PDAC is characterized by
overexpression of class I HDACs, especially HDAC1, 2, and
3. Fifty-six percent of PDACs show positive immunohisto-
chemical staining for HDAC1, and the coexpression of
HDAC1 and HIF1α was found to remarkably correlate with
poor prognosis [18]. In a recent study with 54 PDAC patients,
high HDAC1 expression was significantly correlated with the

Fig. 1 HDACs. HDACs are
classified with respect to their
homology in the catalytic do-
main into class I (HDAC1, 2, 3,
and 8), class II (HDAC4, 5, 6, 7,
9, and 10), and class IV
(HDAC11) enzymes. Class II is
subdivided depending onto the
presence of one (class IIa) or
two (class IIb) catalytic
domains. The NAD+-dependent
sirtuin protein deacetylases,
SIRT1-7, represent class III and
are not illustrated. aa amino
acids
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proliferative activity, degree of tumor differentiation, higher
TNM staging, and survival [19]. In tissue microarrays, we
detected overexpression of HDAC2 especially in moderately
differentiated (G2) and undifferentiated (G3) PDACs [20].
These findings were recently confirmed in a cohort of 81
patients with PDAC [21]. In addition, this study demonstrat-
ed a strong nuclear immunoreactivity of HDAC3 in 79% of
PDACs [21]. This is mirrored in the murine KrasG12D-
dependent model of PDAC, were we observed high
expression of HDAC1, 2, and 3 (unpublished data).
Furthermore, increased expression of HDAC7 was recently
demonstrated in 11 well to moderately differentiated PDACs
[22]. These expression data together with the observation that
HDACI reduce proliferation and induce apoptosis in pre-
clinical models of PDAC [11] points to an important
functions of HDACs in the carcinogenesis of PDAC.
However, HDAC specific functions at the level of transcrip-
tional control are ill-defined and we will focus now on
examples where such data exist.

HDAC Isoenzyme Function in PDAC

HDAC2 Controls the Gene Locus of the BH3-Only Protein
NOXA

A hallmark of cancer is the evasion of apoptosis, and PDAC is
no exception [23]. Apoptosis or programmed cell death is a

central regulator of normal tissue homeostasis, with the
apoptotic program being essential for the elimination of
redundant, damaged, or infected cells. Typically, two well-
characterized pathways initiate apoptosis. Both lead to the
activation of executioner caspases-3, -6, and -7. The extrinsic
pathway is triggered by death-receptors, like the CD95
receptor or tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) receptor. Activation by their corresponding
ligands results in the activation of the initiator caspase 8 via the
death-inducing signaling complex and subsequent activation of
effector caspases. The intrinsic or mitochondrial pathway of
apoptosis is regulated by pro- (e.g., BH3-only proteins like
NOXA, PUMA, BID, BIM) and anti-apoptotic members (e.g.,
MCL1 and BCLXL) of the BCL-2 protein family. BH3-only
proteins are sensors of various cellular stresses. These
molecules induce apoptosis by counteracting survival functions
of the BCL-2 members. These anti-apoptotic proteins prevent
cytochrome C efflux from mitochondria and subsequent
activation of the cell death initiator caspase-9 [24].

Apoptotic resistance translates into therapeutic resistance
and one mechanism is the imbalanced expression of pro- and
anti-apoptotic BCL2 family members favoring survival [23].
Using RNA interference we recently observed that depletion
of HDAC2, but not HDAC1, markedly increased the
sensitivity of PDAC cell towards the topoisomerase II
inhibitor etoposide [20] and UV-light (unpublished observa-
tion), both inducers of the DNA- Damage response pathway.
Transcriptome profiling after HDAC2 depletion in PDAC

Fig. 2 Acetylation and the chromatin. Simplified illustration of the
molecular action of HDACs and HATs. a Repressive transcription
factors (TF) recruit co-repressor complexes containing HDACs to a
gene-specific promoter, leading to the deacetylation of the ε-amino
group of lysines located at the N-terminal tail of histones. This process
contributes to a repressive chromatin formation (heterochromatin) and

the suppression of gene expression. b Activating transcription factors
(TF) recruit a co-activator complex containing HATs to a gene-specific
promoter. Acetylation (Ac) of the ε-amino group of lysines located at
the N-terminal tail of histones permits an open chromatin structure
(euchromatin) and gene transcription
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cells revealed upregulation of the death-inducing BH3-only
protein NOXA and we were able to demonstrate that NOXA
is essentially mediating HDAC2-dependent sensitization of
PDAC cells towards DNA-damage induced apoptosis [20].
NOXA was first identified as a phorbol ester-inducible and
p53-regulated gene that is involved in apoptosis upon
genotoxic stress and is known to lead to activation of the
mitochondrial apoptosis pathway via neutralizing anti- apo-
ptotic functions of the BCL2 family member MCL1 [25]. At
the molecular level, we observed in chromatin immunopre-
cipitation (ChIP) assays binding of HDAC2 together with
deacetylated histone H3 to the NOXA promoter. This suggests
that one function of HDAC2 in PDAC cells is to silence the
death-inducing NOXA gene, thereby allowing survival under
genotoxic stress, a condition that commonly occurs in cancer
cells. Upon depletion of HDAC2 we observed acetylation of
lysine 9 and lysine 14 in the N-terminal tail of histone H3 and
recruitment of RNA polymerase II to the NOXA promoter as a
correlate of an open chromatin and active transcription.
Subsequently, after the depletion of HDAC2 the NOXA
promoter can be easily targeted by a transcription factors
activated by the DNA-damage response pathway, leading to
an efficient transcriptional induction of the NOXA gene to
threshold levels needed to induce apoptosis [20]. Additionally,
HDAC2 counteracts apoptosis induced by TRAIL in PDAC
cells [26]. Therefore HDAC2 is an attractive therapeutic
target, especially when HDAC2-dependent sensitization
effects to other therapeutics and in other tumors are
considered (summarized in [27]). Of note, certain HDACI
not only target the catalytic activity of HDACs but equally the
stability of particularly HDAC2 [15, 20, 27–29]

HDAC3 and Proliferation—the SKP2 Connection

Aberrant activity of the transcription factor family NFκB is
linked to cancer development and resistance against chemo-
therapy in PDAC [30]. Investigating the molecular function
of this pathway, we observed that one of the NFκB-
activating kinases, IκB kinase α (IKKα), promoted G1- to
S-phase progression and proliferation of PDAC cells by
activating the transcription of the S-phase kinase associated
protein 2 (SKP2) gene [31]. The cell cycle is controlled by
the highly coordinated interplay between cyclin-dependent
kinases (CDKs) and cyclin-dependent kinase inhibitors
(CDKIs), like p16INK4a, p21Cip1, or p27Kip1. Unrestrained
proliferation of cancer cells is amongst others due to
aberrantly low expression of CDKIs. PDAC cells express
little p27Kip1, suggesting contribution of this pan-CDKI to
pancreatic carcinogenesis [32]. One main mechanism con-
trolling p27Kip1 expression affects its protein turnover. The
cyclinE/CDK2 complex phosphorylates p27Kip1 and tags the
protein for recognition by SKP2, an F-box protein that
functions as a receptor component of the SCF ubiquitin

ligase complex, resulting in p27Kip1 ubiquitination and
proteasomal degradation [33]. High levels of SKP2 expres-
sion were observed in PDAC specimens and this was
correlated with a worse patient outcome [34].

After depletion of IKKα with RNAi, we observed a
transcriptional downregulation of SKP2 in PDAC cells with
a loss of acetylated histone H3 and histone H4 bound to the
SKP2 gene promoter [31]. Concomitant with the binding of
deacetylated histones, a complex containing HDAC1 and
the co-repressor silencing mediator for retinoid and thyroid
receptors (SMRT) was recruited to the SKP2 promoter after
the interference with IKKα activity, arguing for the
contribution of this complex in silencing the SKP2 locus
after the depletion of IKKα in PDAC cells (Fig. 3). SMRT
builds a docking interface that is needed to tether
components of the repressive machinery, like HDACs, via
transcription factors to repressed genes [35]. More interest-
ingly, we observed binding of HDAC3 to the SKP2
promoter (Fig. 3) when the gene was activated. Hence, this
data suggest that HDAC3 is needed to maintain SKP2
promoter activity. To test this, we synchronized the
pancreatic cancer cell line MiaPaCa2 in the G0- (SKP2
transcription off) or early S-phase (SKP2 transcription on).
We observed recruitment of HDAC3 together with lysine 9
and lysine 14 acetylated histone H3 and RNA polymerase
II to the SKP2 promoter in early S-phase, pointing again to
an activating function of HDAC3 for SKP2 transcription
[36]. This demonstrates that binding of a HDAC to a
promoter and acetylation of histones is not exclusive at
specific promoters. Consistent with an activator function of
HDAC3 for the SKP2 gene in early S-phase, down-
regulation of HDAC3 in PDAC cells using RNA interfer-
ence results in impaired proliferation and transcriptional
inactivation of SKP2 [36]. Together, these data demonstrate
that transcription of SKP2 depends on HDAC3 activity.
However, the transcription factors regulated by HDAC3-
dependent deacetylation needed to activate SKP2 in early S-
phase in PDAC cells are not known presently. Furthermore,
acetylation-independent HDAC3-mediated mechanisms can
account for the molecular effects observed.

A HDAC1/HDAC2 Complex Contributes to Epithelial
to Mesenchymal Transition and Controls the CDH1
Promoter

Although most patients suffering from PDAC present with
metastatic disease causing the vast majority of pancreatic
cancer deaths, molecular mechanisms driving the metastatic
cascade are ill-defined [32]. Metastasis is a highly organ-
specific process, which requires multiple steps and interac-
tions between tumor cells and the host. These include
detachment of tumor cells from the primary tumor, intra-
vasation into lymph and blood vessels, survival in the
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circulation, extravasation into target organs, and subsequent
proliferation and induction of angiogenesis [37]. One early
mechanism of metastasis is the change from highly differen-
tiated epithelial cell morphology to a mesenchymal pheno-
type [38]. This process is called epithelial to mesenchymal
transition (EMT). During EMT, an epithelial cell loses
polarity and intercellular adhesions and acquires a fibroblas-
toid phenotype. Furthermore, the transcriptome and proteome
profiles are changed, leading to expression of mesenchymal
markers such as Vimentin, N-cadherin, Snail, and Twist,
whereas epithelial markers, such as E-Cadherin, are lost [39].
Loss of the adherens junction protein E-cadherin, a single-
span transmembrane glycoprotein that maintains intercellular
contacts and cellular polarity in epithelial tissues, is a main
indicator of the epithelial/mesenchymal phenotype switch.
Reduced expression of E-cadherin is associated with tumor
invasiveness, metastatic dissemination, and poor prognosis
for cancer patients [40].

By serial in vivo passaging of parental pancreatic cancer
cells with low metastatic potential, we selected for cells with
highmetastatic potential. Interestingly, we observed in contrast
to the epithelial morphology of the parental cell line a clear
mesenchymal morphology in the in vivo passaged cell line
together with a mesenchymal transcriptome, arguing that EMT
contributes to metastasis [41]. Since EMTwas correlated with
downregulation of E-cadherin and dominant-negative E-
cadherin induces EMT and metastasis in vivo in the used
pancreatic cancer model, we investigated regulation of the
CDH1 (E-cadherin) gene in molecular detail. During EMT,
the CDH1 promoter can be repressed by the action of the
zinc-finger transcription factors Snail or Slug, the basic helix-
loop-helix factors E47 or Twist, or the two-handed zinc
factors ZEBl and ZEB2. In ChIP assays, we observed
recruitment of Snail together with HDAC1 and HDAC2 to

the proximal CDH1 promoter in the highly metastatic cell
line. Recruitment of the Snail/HDAC1/HDAC2 complex was
correlated with binding of deacetylated histone H4, arguing
that the repressor complex is active [41]. These experimental
findings seem to be relevant for the human disease, since
Snail and E-cadherin expression scores inversely correlate in
pancreatic cancer specimens [42]. Although a HDAC2/SIN3a
co-repressor complex functionally represses the TGF beta
receptor II (TGFB2R) gene in pancreatic cancer cells [43], we
were not able to demonstrate the recruitment of the SIN3a
scaffolding protein and co-repressor [44] to the CDH1
promoter in the mesenchymal pancreatic cancer cells inves-
tigated. To elucidate the mode of repression of the CDH1
gene, it will be important to determine repressor complex
composition in future experiments.

The TGF Beta Receptor II—a Tumor Suppressor Gene
Repressed by HDACs

Transforming growth factor beta (TGFβ)-induced signaling
controls several cellular processes, including proliferation,
differentiation, and apoptosis. Although this cytokine acts
tumor suppressive in early stages of epithelial carcinogenesis,
TGFβ promotes tumor progression in advanced stages, by
inducing tumor growth, EMT, invasion, evasion of immune
surveillance, and metastasis [45, 46]. TGFβ signals through
the serine–threonine receptor kinases type I (TGFBR1) and
type II (TGFBR2) and binding of TGFβ induces canonical
SMAD signaling. The activated TGFBR1 phosphorylates the
SSXS motif of the receptor-regulated SMADs (R-SMADs),
like SMAD2 and SMAD3. Phosphorylated R-SMADs bind to
their common partner SMAD (co-SMAD) SMAD4, translo-
cate into the nucleus, and control transcription of target genes
in concert with co-operating transcription factors [45, 46].

Fig. 3 IKKα depletion leads to
recruitment of a HDAC1/SMRT
repressor complex to the SKP2
gene promoter in PDAC cells.
Transfection of IKKα siRNAs
(IKKα +89 and +129) and ChIP
assay were done as described
recently [31]. The figure
demonstrates the recruitment of
a HDAC1/SMRT containing
repressor complex to the SKP2
gene promoter after interference
with the mitogenic IKKα
pathway in the PDAC cell lines
MiaPaCa2 and DanG. HDAC3
is recruited to the SKP2 gene
promoter in random cycling,
proliferating PDAC cells and
disappears after depletion of
IKKα
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The TGFβ signaling pathway is inactivated in PDAC cells
by several mechanisms. Deletion of the tumor suppressor
SMAD4 is the most prominent example [5]. In addition to
SMAD4, approximately 50% of PDACs express no or low
amounts of the TGFB2R [47]. The tumor suppressor
function of this gene is best demonstrated in the murine
KrasG12D-dependent mouse model. Herein, the conditional
deletion of the Tgfb2r gene dramatically accelerates
KrasG12D-dependent carcinogenesis in the murine pancreas
[48]. The demonstration that the TGFB2R gene is affected at
the genetic level in only 9% of PDACs, points to the
contribution of the epigenetic machinery to the down-
regulation of the TGFB2R gene in PDAC [49]. Indeed,
upregulation of the TGFB2R gene was observed in PDAC
cells upon treatment with the HDAC inhibitor trichostatin A.
At the molecular level, it was shown that the zinc-finger
transcription factor Sp1 recruits HDAC1 to the TGFB2R
promoter, to repress the gene [50, 51]. In addition, KLF14,
belonging to the Sp/KLF family of transcription factors, was
shown to repress the TGFB2R gene by recruiting a SIN3a/
HDAC2 complex to the promoter [43].

HATs—Unclear Role in PDAC

Whereas clear expression and functional data demonstrate an
important role of HDACs in PDAC, the function of HATs is
unclear in the moment. HATs are crudely classified into two
different groups, type AHATs are nuclear and type BHATs are
cytoplasmic functioning to modify newly synthesized histones
before the assembly [14, 52]. Nuclear HATs, which acetylate
nuclear histones and chromatin-associated proteins, fall into
four main families, according to homology in the HAT
domain: the GNAT family with the first identified HAT, the
general control of amino acid synthesis protein 5 (GCN5),
and p300/CBP-associated factor (PCAF); the MYST family
named according to the founding members MOZ (monocytic
leukemia zinc-finger protein), YBF2 (yeast binding factor 2)/
SAS3 (something about silencing 3), SAS2, TIP60 (Tat
interactive protein-60); the p300/CREB binding protein
(CBP) family; and the Rtt109 (Regulator of Ty1 Transposi-
tion gene product 109) family [53]. In addition, several other
nuclear proteins, like the steroid receptor co-activators family
(like AIB1), the general transcription factor TAF250, or the
transcription factor ATF-2, possess HAT activities. HATs
counteract HDAC activities leading to an open transcription-
ally active chromatin (Fig. 2b). Furthermore, similar to
HDACs, HATs substrates are not exclusively histones, and
several transcription factors, e.g., p53, p73, E2F1, c-Jun, are
directly regulated and controlled by HATs [52]. Although a
clear link between HATs and cancer exists [54], HATs are
even less studied than HDACs in PDAC. Furthermore, the
existing data are conflicting with respect to the overall

assessment, which is best illustrated by considering data
available for p300.

A recent study characterizing the metastatic behavior of
several orthotopic implanted PDAC cell lines revealed
upregulation of specific miRNAs, like miR-194, -200b, -
200c, and -429 in human PDAC cell lines with the highest
capacity to metastasize [55]. miRNAs are small non-coding
single-stranded RNAs, 18–23 nucleotides long, which bind
to the three untranslated region of target mRNAs with
perfect or near-perfect complementarity, resulting in degra-
dation or inhibition of the target mRNA [56]. In silico,
p300 was determined as a potential target of the upregu-
lated miRNAs. In line, the cell lines with the highest
metastatic capacity revealed the lowest p300 protein
expression levels, arguing for a direct involvement of
p300 in regulating metastasis [55]. Although only three
PDAC specimens were investigated, a very low p300
expression was observed [55]. This, together with the
observation of somatic p300 mutations in two out of 11
investigated PDAC cell lines [57] argue for a metastasis
suppressive role of p300 in the carcinogenesis of PDAC. In
contrast to this metastasis suppressive functions, growth-
promoting function of p300 were recently demonstrated. In
a very detailed molecular study, p300 was recently
demonstrated to be involved in the activation of the c-myc
promoter in PDAC cells [58]. The basic helix-loop-helix
leucine-zipper transcription factor c-myc dimerizes with
Max to bind to specific E-box sequences in genes directly
responsible for controlling cell growth and proliferation
[59]. In PDAC, high frequencies of c-myc overexpression
ranging from 43.5% to 70.2% of primary PDACs were
demonstrated [60, 61]. This high expression level in PDAC
is due to amplification of the c-myc gene [62], stabilization
of the c-myc protein by the phosphatidylinositol 3-kinase/
AKT/glycogen synthase kinase-3 signaling pathway [63],
and c-myc promoter activation by the nuclear factor of
activated T cells (NFAT) transcription factors [64]. Using
starvation release experiments, Dr. Ellenrieder’s group
detected activation of the calcineurin/NFAT signaling
pathway in PDAC cells [58]. This signaling pathway was
necessary to activate the c-myc promoter and to drive G1-
to S-phase progression. In ChIP experiments, a sequential
course of c-myc promoter activation during early G1-phase
of the cell cycle was figured out. NFAT was recruited to the
proximal c-myc promoter leading to binding of p300 and
consecutive acetylation of histones. Afterwards, the open c-myc
locus can be bound by the transcription factor ELK1, who
synergizes with NFAT to activate the promoter. Furthermore,
the function of p300 was proven at the genetic level. RNA
interference, targeting p300, led to a failure to acetylate
histones and to recruit ELK1 to the c-myc promoter [58]. Such
data propose that the HAT p300 mediates growth-promoting
functions in PDAC. Together, these data demonstrate that we
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need further studies, especially at the genetic level, to
investigate HAT functions in the carcinogenesis of PDAC.

Conclusion

Reversible acetylation is an important epigenetic transcrip-
tional control mechanism surely involved in the carcino-
genesis of PDAC. Loss of lysine 16 acetylation of histone
H4 [65] is a common marker of cancer and the acetylation
status of histones predicts outcome of certain cancers [66].
Although recent evidence also demonstrate in PDAC that
low levels of lysine 18 acetylated histone H3 was a
predictor of poor survival [67], the enzymes conducting
acetylation and deacetylation are underinvestigated in
PDAC. Therefore, we need further detailed molecular
analysis to determine the function of individual members
of the acetylating/deacetylating machinery at the expression
level and at the transcriptome level. Furthermore, various
signaling pathways and transcription factors relevant for
PDAC are controlled by acetylation. We need further
detailed analysis to decipher the signaling pathways
controlled by individual members of the acetylating/
deacetylating machinery. These increasing insights into
the actions of HDACs and HATs will ultimately generate
new ideas for rationally and molecularly based therapeutic
approaches for this dismal disease.
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