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1. Introduction 4. Primary cilia incidence and length is 6. PC12 primary cilia are sensitive to hypoxia
Phaeochromocytomas are neuroendocrine tumours arising reduced in phaeochromocytoma A e T— T —

from adrenal medulla chromaffin cells. They are life threatening %0 21% O |

due to adrenaline and noradrenaline release and potential for ’

metastatic spread. Understanding of phaeochromocytoma
pathogenesis Is Incomplete with limited ability to predict

malignant potential. Additionally, once metastatic, response to
conventional therapies is disappointing.
Phaeochromocytomas are a common feature of the inherited

cancer syndrome von Hippel-Lindau disease, which Is caused _ -!!---!---
by loss of function of the VHL protein. As well as its canonical —
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function In degradation of the transcription factor hypoxia- E E | . N . =
Inducible factor, VHL iIs implicated In formation and \ : S a0 el B = 501 5,0
maintenance of primary cilia. These are organelles that et v £ 0. 5 5 515
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protrude from the cells, functioning In transduction of o Aol s . s 20 l 5
extracellular signals. This Is dependent on localisation of ' 25 Tissue - Primary culture 8 Tumour . 1 ol . 1 a0l :
signalling components to cilia, including proteins linked to Oxygen content {%) Oxygen content (%) Oxygen cartent {%) Oxygen content (%}
pathways that are dysregulated in tumorigenesis. Moreover,

cilia are believed to act as a checkpoint for cell division,
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A. Immunofluorescent detection of primary cilia in PC12 cells
I transferred to hypoxic conditions before and after ciliogenesis.
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becqqse they_ assemble from _the basal_ body, which iS_ a \ B & C. Quantification of cilia assembly in PC12 cells exposed to low
modified centriole and thus required for spindle pole formation - oxygen conditions.

at the end of interphase. Control _+ - VAL Gontrol _+ - VHL 1 2 D & E . Quantification of cilia disassembly in PC12 cells exposed to
In this study we test the hypothesis that primary cilia drenal - Tumours acrenal - Tumours aten low oxygen conditions.

structure is disrupted in phaeochromocytomas A. Immunofluorescent detection of primary cilia in cryo-sectioned
phaeochromocytoma and normal adjacent tissue. Scale bar = 10

Hm 7. Induction of pseudohypoxia by targeting
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2. What are primaryv cilia? B. Quantification of cilia incidence in phaeochromocytoma and . . ‘s
p ............................ ry ................................................... ﬁ ﬁﬁﬂmT nﬂrmal adjacent tissue_ SDHB resurts In prlmary CIIIa IOSS and
o\\ﬁ\“w I Wﬂ' /?}. C. Quantification of cilia length in phaeochromocytoma and normal Increased PC12 proliferation
K.\ )LMM LT ﬂ/" adjacent tissue. . __ o
{%\ K é"' D. Quantification of cilia incidence in primary cultures from -
.}':: ' i‘:, phaeochromocytoma and normal adjacent tissue in four patients.
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E ——— 5. Knockdown of the essential cilia protein 310l of
Eg :‘-=:' IFT88 results in cilia loss and increased A : o
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Trafficking to the cilia
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Structure: Primary cilia consist of a microtubule-based core
(the axoneme), which elongates from a basal body, and iIs
covered by the ciliary membrane. Cilia formation and
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maintenance is sensitive to the cellular microenvironment. Melonate (mb) ©o0 B T aketoglutarete (mb
Cell cycle: Primary cilia are dynamic structures that elongate C D ..

during stationary phase, with resorption occurring when the m Tial c 0l A. Immunnﬂugrespent detectin_n of primary cilia in PC12 cells

basal body is required to form the centriole during mitosis. R 5 os. 5 transtected with siRNAs targeting SDHB. |

Signa"ing: Pl‘imal‘y cilia are Signa”ing platfﬂrms involved in the . f_ & R # %Ej E 2‘3': B & C. Immunoblot and quant|f|cat|ﬂn of siIRNA-mediated SDHB
transduction of a range of extracellular stimuli. Cilia-mediated | ¢ £ 10. knockdown. o |

signalling pathway (e.g. hedgehog. Wnt and PDGFRa) are B-actin | "—— — — A N D. Quantification of cilia incidence in SDHB knockdown PC12 cells.

E. Quantification of cilia length in SDHB knockdown PC12 cells.
F. Quantification of cell number 48 hours after transfection with
sIRNAs targeting SDHB.

G. Quantification of cilia incidence in PC12 cells treated with the
SDH inhibitor malonate, which causes succinate to accumulate.
H. Quantification of cilia incidence in PC12 cells treated with the
SDH inhibitor malonate and a ketoglutarate which opposes the
Inhibitory action of succinate on HIF prolyl hydroxylases.

regulated by the control and compartmentalisation of pathway

components within the axoneme and ciliary membrane. F G
Cancer: Primary cilia are lost In a range of cancers. This
Includes clear cell renal cancer, which is associated with von
Hippel-Lindau disease. A functions of the VHL protein is to
maintain the primary cilium by stabilising microtubules.
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3. Phaeochromocytoma and pSEUdOhYPOXIa A. Immunofluorescent detection of primary cilia in PC12 cells

 Pseudohypoxia (HIF activation in the presence of oxygen) Is transfected with siRNAs targeting IFT88. 8. Conclusions

d carc_linal feature of Cluster_ 1 phaeochromocytomas B. Ki67 staining of PC12 cells transfected with siRNAs targeting Primary cilia loss is a feature of phaeochromocytomas
Mutations in VHL and succinate dehydrogenase (SDH) result IET88.

in pseudohypoxia and phaeochromocytoma development C & D. Immunoblot and quantification of SIRNA-mediated IFT88 Primary cilia loss in PC12 cells results in increased
VHL targets HIF for degradation by the proteasome - knockdown. cellular proliferation

mutations prevent this, resulting in HIF accumulation E. Quantification of cilia incidence in IFT88 knockdown cells. Primary cilia in PC12 cells are sensitive to hypoxia

SDH converts succinate to fumarate - mutations result In F. Quantification of cell number 48 hours after transfection with 1 £ SDH function in PC12 cell Its in cilia |
succinate accumulation thereby inhibiting prolyl hydroxylases siRNAs targeting IFT88. 0SS © unction In cells results In cilia 10ss

and preventing VHL binding and destroying HIF G. Quantification of cell proliferation by Ki67 staining. and increased cellular proliferation
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