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EDITORIAL

HOX Genesin Pancreatic Development and Cancer

Sophie Gray*, Hardev S Pandha', Agnieszka Michael®, Gary Middleton?, Richard Morgan®

'Postgraduate Medical School, Faculty of Health Medical Sciences, University of Surrey;
Royal Surrey County Hospital NHS Trust. Guildfothited Kingdom

Summary
The HOX genes are a family of homeodomain-containing tdpison factors that determine cellular identityrithg development
and which are subsequently re-expressed in margstgpcancer. Some recent studies have showrHtbAtgenes may have key
roles both in pancreatic development and in adiskkabes of the pancreas, including cancer. Inrthiew we consider recent
advances in elucidating the roleld©X genes in these processes, how they may connégtdeselopmental events to subsequent
adult disease, and their potential both as diagnosrkers and therapeutic targets.

HOX Genes

The development and maintenance of cellular identit
is vital in both embryonic and adult tissues formal
organ function. Key to this is the establishment of
stable transcriptional states within the cell, agesss in
which transcription factors have a key role. Oneugr

of transcription factors of particular note in thegard

are the HOX genes, a family of homeodomain-
containing transcription factors that determindutat

and tissue identity by regulating specific transtoinal
programmes [1, 2, 3]. Mammals have B®X genes
split between four groups of linked genes on déffér
chromosomes, which are thought to have arisen rom
series of duplication events. These groups are krasv

A, B, C and D, and the genes within each group are
numbered from the 3' most member (1) to the 5’ most
member (13) [4]. Thus, for example the 3 most
member of theHOXA group is known asHOXAl
(Figure 1). Equivalently numbered genes in eaclugro
(e.g., HOXB4 and HOXD4) are referred to as
paralogues and are thought to have arisen from a
common ancestral gene as they represent the same
position within the ancestr&lOX cluster. Members of
each group often share enhancer regions and are co-
regulated, giving rise, in part, to coordinated penal

and spatial expression patterns in the developing
embryo whereby the 3' mostOX genes are expressed
earlier and more anteriorly than their more 5’
neighbours [5]. In this manner th#0X genes give rise
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to a pattern of overlapping expression domainsgalon
the anteroposterior axis that is key to defining th
identities of cells along it [5].

The HOX transcription factors have a relativelyited
specificity for binding to DNA, but this is enharcby

the binding of co-factors such as PBX and MEIS that
increase DNA binding specificity and also modify
transcriptional regulation [6, 7, 8]. These co-tast as
well as the HOX genes themselves, are highly
conserved between animal phyla. TH@&X genes also
show considerable similarities between each other,
especially paralogues and neighbouring members of
the same group [1, 2, 3]. This has resulted ingh hi
degree of functional redundancy, particular in ee$p

to early developmental events although later, more
organ specific development is generally dependerat o
smaller number oHOX genes [9, 10]. The expression
domains of HOX genes that are established during
development are generally preserved in the addlf, [1
and there are a number of examples where &tDX
expression is required for the continuation of eotr
cell identities. This is most apparent where cells
turning over quickly, for example in the prolifeat
and differentiation of blood cells [1] and in trenewal
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- no HOX gens at this position in the cluster
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- possible function in pancreatic development
- possible suppressor of metastasis

- expression increased in pancreatic cancer
- expression decreased in pancreatic cancer
- associated with poor pregnesis

Figure 1. The arrangement ¢1OX genes in the mammalian genc
and their potential roles in pancreatic developnagk cancer.
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of the endometrium [12]. The importance BIOX
genes in these processes indicates a role in the
promotion of cell proliferation and survival, indition

to maintaining cellular identity, and indeétDXB4 is
crucial for the continued proliferation of hematagiic
stem cells [1]. It is perhaps not surprising théatt
HOX genes are frequently deregulated in cancer, where
their primary function also seems to be in pronmptin
proliferation whilst preventing apoptosis [13, 115,

16, 17].

HOX Genesin Pancreas Development

The pancreas develops from endodermal cells in the
future midgut region of the embryo, and is dependan
on a number of inductive interactions between the
endoderm and other tissues. The best charactesfsed
these events is the development of the dorsal paticr
primordia which is initiated in the endoderm by
signalling from the overlying notochord through the
secreted proteins activin and FGF-2. These sigmas
not spatially restricted to the notochord adjadenthe
prepancreatic  endoderm  however, and the
responsiveness of endodermal cells is presumably
modified by pre-existing anteroposterior informatio

the endoderm. ThEOX genes are key determinates of
anteroposterior identity [2, 5, 18], and the expi@s
patterns ofHOX genes in the early endoderm suggests
that HOXA4, HOXA5 and HOXB4 provide the spatial
information needed to restrict the response toadggn
from the notochord [19]. Correspondingly, retinoic
acid, which regulateslOX expression through binding
to nuclear hormone receptors, is also known to fzave
key role in pancreatic development [20]. Furtherenor
retinoic acid is sufficient to drive embryonic steaill
differentiation towards functional insulin produgin
cells [21], andHOXA4, HOXA5, HOXB4 and HOXA1
(see below) are all activated directly by retinaimd
[22].

These early patterning events give rise to panicreat
progenitor cells which, in turn, are subdividedoint
exocrine and endocrine progenitors through the
presence or absence of Notch signalling, respegtive
In a number of early developmental processes Notch
signalling is dependent on HOX transcription fasfor
together with the PBX co-factor [18, 23, 24], witie
HOX1 paralogues HOXAL and HOXD1) mediating
key transcriptional changes [18, 24]. Likewld®XAl
expression is activated in pancreatic exocrines caild

is required for exocrine development, possibly by
modulating TGF-beta signalling from the foregut
mesoderm [25].

The endocrine progenitor cells are also definedhigy
expression of specific transcription factoPax-6 for
alpha-cells and gamma-cells (glucagon and pancreati
polypeptide secreting, respectively), amdx-4 for
beta-cells and delta-cells (insulin and somataostati
secreting, respectivelyPax transcription factors are
known to cross-regulatelOX target genes, at least in
part through direct interactions with the latte6]2and
also through the direct regulation of a numbeHGX
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genes includingdOXD4 [27]. Thus,HOX genes play a
number of key roles in pancreatic development from
the specification of early endodermal progenitolisce
through to the determination of specific cellular
subtypes within the maturing pancreas.

HOX Expression and Function in Pancreatic

Cancer

The deregulation oHOX genes in cancer is now well
established, although in general rather less iswkno
about their function [28]. For a number of maligoias,
including melanoma [14], myeloma [13], and ovarian
[15], renal [17], lung [16] and, indeed, pancreatic
cancer [29], it has been shown that H®X genes of
paralogue groups 1 through 9 can promote cell gakvi
by blocking apoptosis. In this respect many of ¢h28
HOX genes have a redundant or at least a highly
overlapping function [13, 17, 29]. Targeting thetian
apoptotic function of this group of genes has been
achieved by antagonising the interaction betweeXXHO
proteins and the PBX co-factor. This approach dtglo

a highly conserved hexapeptide motif on PBX that is
required for HOX binding [6, 7, 8]. The motif forms
part of peptides such as HXR9 that act as competiti
antagonists of HOX/PBX dimer formation can induce
apoptosis bothin vitro andin vivo, at least in part
through the greatly elevated expressiomkds [13, 17,
29]. Disrupting HOX/PBX dimer formation in the
pancreatic cancer derived cell line T3M4 also béock
cell proliferation [29], and reduces the expressibm
number of cancer-related target genes by at laast o
order of magnitude. These includEMPRSS3, a
transmembrane serine protease involved in tumour
invasion and metastasis that is frequently over
expressed in pancreatic cancer [30], and the S100
calcium binding protein P (S100P) which is involiad
regulating the cell cycle and cell proliferation1]3
Interestingly HOXB2 and HOXA10 are also down
regulated when HOX/PBX dimer formation is blocked,
indicating a possible auto-regulatory pathway farse
genes [29].

Other functions ofHOX genes in pancreatic cancer
may be more specific to particular members of the
HOX family. Although to date there is only very
limited data onHOX expression in normal pancreatic
tissue of both the developing and adult pancreas, i
would seem that generally these gend®©XAl [25],
HOXA4 [19], HOXA5 [19], andHOXB4 [19]) are not

up regulated in pancreatic cancer. Instead, dtf@x
genes are expressed, some of which have known
oncogenic functions. Most notable amongst these is
HOXB7 which has been shown to mediate epithelial to
mesenchymal transition in breast cancer cells titiou
the induction of bFGF [32], and to promote
proliferation in oral cancer [33] and progressiard a
metastasis in lung cancer [34lOXB7 is also over

expressed in pancreatic cancer, both in primary
pancreatic adenocarcinoma and in the pancreatic
adenocarcinoma cells lines AsPc-1, BxPC-3,

MiaPACA and PANCL1 [35]. Two neighbouring genes
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of the HOXB cluster, HOXB5 and HOXB6, are also
over-expressed in pancreatic cell lines as well as
resected infiltrating pancreatic cancer tissuehduigh

the significance of this finding is unknown, it is
noteworthy that forced over expression HOXB6 in
murine bone marrow is sufficient to immortalise a
population of myelomonocytic precursor cells leadin
to acute myeloid leukemia [36]. Also up regulated i
pancreatic cancer iHOXB2 [37], which was found to
be present in 38% of pancreatic tumout@XB2 was
shown to have prognostic value, as its expressson i
associated with nonresectable tumours, and when
presented in resected tumours it is associatedpeitin
survival. This finding may relate to the apparditity

of HOXB2 to promote metastasis in lung cancer, where
its expression is also associated with a poor msign
[38]. HOXB2 additionally promotes proliferation, as it
is bound by the tumour suppressor protein p205ighat
known to delay G2/M progression in dividing cells
[39].

Other HOX genes are strongly down-regulated in
pancreatic cancer. These incluB®©XD13, which is
originally involved in the determination of the it@nal
digestive and urogenital tractdOXD13 expression is
lower in tumour tissue compared to normal panateati
parenchyma [40], and the absence HOXD13
expression in tumours is associated with a sigamifily
poorer prognosis, the 12-month survival rate for
patients with HOXD13- tumours being 17.2% as
compared to 79.8% for patients witAlOXD13+
tumours. These findings imply thBtOXD13 functions

as a suppressor of metastasis, a characteristiedshg
two further HOX genes,HOXB1 and HOXB3 [41].
Specific knockdown of either of these genes is
sufficient to reduce the migration of pancreatioas
cellsin vitro and invasion and metastasis of pancreatic
cancer in vivo, using zebrafish embryo
xenotransplantation models. The same study also
showed thaHOXB1 andHOXB3 are suppressed by the
microRNA miR-10a, the expression of which is
significantly higher in metastatic pancreatic carjd4].
HOX gene deregulation is also associated with pre-
malignant pancreatic intraepithelial neoplasia (Ran
HOXB2 was found to be expressed in 15% of early
PanIN lesions [37], and as described above, is also
associated with the fully malignant state, it isrtfore
possible that expression fOXB2 in PanIN lesions
may predict the development of cancer but thieisty

be shown conclusively. Also up regulated in PargN i
HOXAS [42], which is of interest because other studies
have suggested that its function is closer to aotum
suppressor rather than an oncogene as it activlates
transcription of a number of key tumour suppressors
includingp53 [43].

Future Directions

Although relatively little is still known ofHOX
expression and function in pancreatic cancer as

compared to many other cancer types, it is already
clear thatHOX genes are of functional significance to
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the malignant phenotype. It is not therefore ssipg

to find that a number offOX genes have prognostic
value and may ultimately be of clinical relevand8,|
40]. More importantly stilHOX gene expression may
prove to have diagnostic value for pancreatic cance
The extremely poor survival rates for this disease
due in part to its predominantly late diagnosisgcsic
HOX genes expressed in, for example, circulating
tumour cells, could potentially detect the preseate
pancreatic cancer before the onset of symptoms.
Additionally, a similar approach might also be afue

in defining pancreatic cancer as a primary tumaur i
cases where the origin of metastasis is uncertain.

HOX genes are also potential therapeutic targets in
pancreatic cancer. To date the only successfukeglya
for blocking HOX gene function is through interfering
with the HOX/PBX interaction using a peptide mimic
(HXR9) of the conserved PBX binding domain in
HOX [13, 14, 15, 16, 17]. This is a novel strateégy
pancreatic cancer, and is worthy of investigatisnaa
possible therapeutic approach.
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