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Assembly and Function of Centrosome and Primary Cilium in Mammals
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Abstract  Centrosomes are duplicated only once during cell division and distributed to daughter cells. They
start to assemble primary cilia when cells exit the cell cycle. This article summarizes the dynamic assembly mecha-
nisms of centrosomes and primary cilia in the mammalian cell cycle. These include centriole structural changes and

duplication, centrosome formation of spindle poles, and primary cilia assembly and disassembly. This article also
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elaborates on the roles of centrosomes as microtubule organizing centers and their functions in stem cell asymmet-
ric division. Moreover, it discusses the functions of primary cilia as signaling centers. This article then takes tumors
and ciliopathies as examples to illustrate the association of centrosomes and primary cilia with diseases. In the

future, it is essential to further study and understand the basic biological mechanisms of centrosomes and primary

cilia, as well as their physiological and pathological functions.
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A: schematics of the centrosome structure. It shows the mother centriole and its distal and subdistal appendages, the daughter centriole, the pericentrio-

Mother centriole

Daughter centriole

(B)

lar material, the centriolar satellites and the microtubules. B: the transition between the centrosome and the primary cilium. When the cell exits the cell
cycle, the primary cilium usually starts to assemble, and as the cell enters the cell cycle, the primary cilium gradually disassembles and is completely
depolymerized before entering the M phase. C: centrosome dynamics during cell cycle. During G, phase, the mother centriole and the daughter cen-
triole are slightly separated; two parent centrioles duplicate in S phase, forming two centrosomes; in G, phase or early M phase, the parental daughter
centriole acquires distal and subdistal appendages, forming two mature centrosomes; in M phase, mitosis occurs, and the centrosomes form two spindle
poles, ensuring the equal distribution of chromosomes to two daughter cells.
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Fig.1 Dynamic assembly of centrosomes and primary cilia
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BB R bR, BRI R, 1 X(TZ) M dlde . 31k, IFTR G W 4 S5 3 20 B 5630 DA S VIR 22 HOSE A, T Rab8 48 16 55 LA 14T T 1R 14
SEA, BT AT BIEANTE RS, TR MBI D48 B: s er BB ag e, RhrbrOokid i iz s M I8 45 W 107 14 e 2 UL, T 5 T2 A
ez, C:WIRAT BN L AIEE . BUE 1) Aurora ARIPLK LI G SIHDACG /- S 100 & Lkfk, o PCa®/CaM. HEF1. Pifo. Trichoplein®% A
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A intracellular cilogenesis. The intracellular pathway starts with the recruitment and docking of PCVs (preciliary vesicles) to the distal appendages of
the mother centriole, followed by the formation of CVs (ciliary vesicles). Then, the cap of the mother centriole is removed, the basal body is formed,
and the TZ (transition zone) is also assembled. Next, IFT complexes are continuously recruited to the ciliary base to allow axoneme extension, and
Rab8 is recruited to promote ciliary membrane extension. Finally, the ciliary membrane and the plasma membrane fuse, forming a depressed ciliary
pocket. B: extracellular cilogenesis. The mother centriole migrates and anchors to the plasma membrane through its distal appendages, and then an axo-
neme is formed. C: cilium disassembly. Activated Aurora A and PLK1 kinases cause HDAC6-mediated microtubule deacetylation, in which multiple
factors such as Ca*'/CaM, HEF1, Pifo and Trichoplein activate Aurora A; PLK1 and NEK2 kinases can respectively activate the kinesin KIF2A and
KIF24-mediated microtubule depolymerization; LPA (lysophosphatidic acid) in serum may induce ciliary disassembly through its ciliary receptor; cili-
ary protein removal can be achieved by ectocytosis or ciliary excision.
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Fig.2 Assembly and disassembly of primary cilia
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The functions of the centrosome and the primary cilium are diverse. This article summarizes the function of the centrosome as a MTOC (microtubule
organizing center) and focuses on the role of the centrosome in asymmetric division of specific stem cells. The primary cilium is a signaling center, and
its dysregulation causes various ciliopathies. Centrosome overduplication leads to tumorigenesis, while the primary cilium may either inhibit or promote
tumorigenesis. Cilia-mediated signaling includes Hedgehog, calcium, WNT (wingless-type), Notch, GPCR (G-protein coupled receptor), RTK (recep-
tor tyrosine kinase), TGF-B/BMP (transforming growth factor-B/bone morphogenetic protein), cAMP, etc. Ciliopathies include PKD (polycystic kidney
disease), BBS, NPHP (nephronophthisis), MKS (Meckel syndrome), OFD (oral-facial-digital syndrome), JS (Joubert syndrome), etc.

E3 AR ERNIIEE

Fig.3 Functions of centrosomes and primary cilia
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Hh ligand releases the inhibition of PTCH1 on SMO, thereby inducing SMO to translocate to the cilium, and then causing Gli activator (GliA) to initi-
ate Hh gene expression. Conversely, in the absence of Hh ligand, Gli repressor (GliR) is produced to shut down Hh signal. See text for details.
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Fig.4 Primary cilia control Hedgehog signaling
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