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Loss of a primary cilium in PDAC
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Most cells in the human body possess a primary cilium, which is
singularly expressed at the cell surface.1 This tiny organelle serves
as a cellular “antenna” for the perception of its surrounding
extracellular environment. The signaling pathways that transmit
through the cilium play indispensable roles in proper develop-
ment and homeostatic maintenance of the human body. Primary
cilium and mitotic spindle share a common structural origin
where they arise from, the centriole. However, their expression is
incompatible in that the cilium is generally assembled in inter-
phase cells, while the spindles are formed during mitosis. There-
fore, the cilium, or the lack thereof has close correlations with
cell cycle progression. Defects associated with the cilium lead to
a wide spectrum of genetic diseases, collectively recognized as cil-
iopathies. Primary cilium is also implicated in cancer develop-
ment, since loss of cilia is commonly observed in a large number
of tumor types. Thus far, it is not clear whether the loss of pri-
mary cilia plays a direct role in cancer progression or a mere
consequence of transformation and remains a subject of keen
debate. Nevertheless, the biological events, such as cell cycle pro-
gression, Hedgehog (Hh), canonical and non-canonical Wnt,
and Notch signaling to name a few that are regulated by or proc-
essed at the primary cilium make it plausible to consider that the
integrity of the cilium is associated with tumor formation.

Pancreatic ductal adenocarcinoma (PDAC), which
accounts for 90% of pancreatic tumor cases, is one of the
most lethal type of cancer, and activating Kras mutation is
nearly universal (> 90%) in PDAC. The exocrine pancreas,
which produces digestive enzymes, is anatomically com-
posed of duct, centroacinar, and acinar cells. PDAC has
long been thought to originate from duct cells, although
recent evidences show that PDAC mainly arise from acinar
cells.2 The acinar cells gain metaplastic ductal characteristics
(acinar-to-ductal metaplasia: ADM), followed by conversion
of ADM to pancreatic intraepithelial neoplasia (PanIN) that
finally progress to PDAC. As is the case with many cancers,
primary cilia are absent from the majority of human PanIN
and PDAC lesions.3 Despite the lack of primary cilia in aci-
nar cells, ADM cells assemble the organelle, indicating that
PanIN and following PDAC developments are accompanied
with loss of primary cilia.

It has been previously shown that blocking the oncogenic
Kras signaling by administration of PI3K- or MEK-inhibitor
restores primary cilia in pancreatic cancer cells3, suggesting
that activated Kras signaling directly contributes to prevent
ciliogenesis in PDAC cells. Moreover, in a recent study,
HDAC2, which belongs to the histone deacetylase family,
was identified as a suppressor of primary cilia formation in
PDAC cells.4 Compromising HDAC2 function by pharma-
cological intervention or siRNA-mediated gene silencing
results in the “re-”ciliation of several pancreatic cancer cells.
Of note, HDAC1, which is an isoform of HDAC2 with sim-
ilarities in both structure and function, was found irrelevant
to cilia formation in these cells. Since HDAC2 is unable to
associate with centrioles and primary cilia owing to its
localization at the nucleus, HDAC2 was hypothesized to
control the expression of gene(s) that promote(s) decilia-
tion. Indeed, HDAC2 positively regulates the expression of
Aurora A kinase (AURKA), which facilitates the disassem-
bly of primary cilia in that the expression and subsequent
kinase activity of AURKA was compromised by ablation of
HDAC2. Although Kras enhances the transcription of
AURKA probably through the Kras-MAPK pathway-depen-
dent activation of the ETS2 transcription factor, combined
depletion of HDAC2 and Kras leads to a higher increase in
ciliation than singularly ablating the genes. This implies
that HDAC2 exerts its effect on AURKA expression, inde-
pendent of Kras. Furthermore, silencing of HDAC2 or Kras
increases cells in quiescence due to ciliation, suggesting that
HDAC2 and Kras could promote proliferation by suppres-
sion of primary cilia formation. Taken together, these find-
ings allow us to propose that HDAC2 causes loss of
primary cilia via controlling AURKA transcription in a
Kras-independent manner, thus leading to proliferation in
PDAC cells (Fig. 1).

AURKA phosphorylates HDAC6, which allows it to deace-
tylate microtubules of ciliary axoneme, resulting in the disas-
sembly of primary cilia in non-transformed cells.5 However,
inhibition or ablation of HDAC6 was inefficacious against cilia-
tion in pancreatic cancer cells.4 Given that AURKA is overex-
pressed in multiple cancers including PDAC, aberrant
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activation of AURKA might phosphorylate unexpected targets
to execute deciliation, and it will be interesting to identify the
downstream components of AURKA in PDAC cells.

As loss of primary cilia in normal pancreatic duct cells
up-regulates Hh signaling and excess Hh signaling is a
hallmark of pancreatic ductal adenocarcinoma6, it is
tempting to speculate that deciliation contributes to tumor
progression by enhancing Hh signaling. However, recent
evidences suggest that activation of the Hh signaling in
adjacent stroma cells, but not PDAC cells, is required for
tumor progression; that is, Hh secreted from PDAC cells
exerts paracrine effect on the stroma to activate the Hh
signaling pathway.7 Therefore, impact of deciliation in
PDAC cells is unclear at present. Future works will be
needed to elucidate whether and how loss of primary cilia
in PDAC cells affects primary cilium-mediated signaling

and/or cell cycle progression, thereby practically accelerat-
ing the onset and growth of PDAC in vivo.
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Figure 1. HDAC2 and Kras positively control AURKA transcription. AURKA induces
loss of primary cilia through unidentified downstream protein(s) in PDAC cells.
Deciliation could promote proliferation and/or compromised signaling in PDAC
cells.
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