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The Structure and Function of Primary Cilia and Their Research Progress

in Musculoskeletal System Diseases

LI Xinhua*
(Department of Orthopedics, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080, China)

Abstract Cilia are microtubules based hair-like organelles projecting from the surface of almost cells.
Cilia can be divided into primary cilia and motile cilia (muti cilia) depending on whether the cilia can move or not.
Motile cilia are often distributed in the epithelium of brain ventricles, the epithelium of the airway and the fallopian
tube tissue of the reproductive system. Primary cilia are distributed in most of the remaining tissues and organs,
such as renal tubular epithelial cells, various bone or cartilage cells, and intervertebral disc cells. Primary cilia are
considered to play important roles in mechano/mechanical-sensation, and many signaling transduction. The mus-
culoskeletal system consists of bones, cartilage, intervertebral disc, tendons, and ligaments, providing support, sta-
bility, and movement to the body. Musculoskeletal systems are exposed to various mechanical loads and function
as a major system for the mechanical transduction in our body. Therefore, it believed that cilia have a critical role

in function mantainence in musculoskeletal. Genes mutations that build up cilia can lead to loss of cilia, and cilia
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defects can cause numerous human diseases named ciliopathy, especially affected in musculoskeletal system. In
addition, primary cilia defects are found in many diseases such as osteoarthritis, intervertebral disc degeneration,
scoliosis and so on. Therefore, study the role of primary cilia in the tissues and organs physiological function main-
tenance in the musculoskeletal system and identify the role of primary cilia in musculoskeletal disorder is helpful
for the treatment of musculoskeletal system diseases. It was believed that primary cilia could be a potential target
for the treatment of musculoskeletal system diseases. In this manuscript, the research progress of primary cilia in
musculoskeletal system diseases were reviewed, and the latest progress, key points and difficulties on cilia and mus-

culoskeletal system diseases were highlighted. This review will provide theoretical reference for investigating the

pathogenesis of musculoskeletal disorder.
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Cilia

(OHh: §II¥8 5 4 ; @Ptchl: Patched; 3)Smo: Smoothened; @Sufu: A &% (1 4011]5); ®Gli: glioma-associated oncogene. —: ¥i&, L: #ifil;
(DHh: Hedgehog; @Ptch1: Patched; 3)Smo: Smoothened; @Sufu: suppressor of fused protein; ®Gli: glioma-associated oncogene. —: activation, L :

inhibition.

E1 Hedgehog(Hh)[E S BHEEVIRAEFHNESREE

Fig.1 The schematic diagram of Hh signaling transduction in primary cilium
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Table 1 The role of primary cilia in bone development

B e

Gene Function

Ifi20 Coll-CreERT:1ft20" and Osx-Cre;Ifi20"" mice exhibit reduced bone mass and strength

Deletion of [f#20 impairs osteoblast polarity!”!

1ft140 Osx-Cre;Ift140"" mice show dwarfish phenotypes (short bone length and reduced trabecular bone mass/mineralization)

1ft80 Majority of /fi80*'* mice died during embryonic stage, the survived mice in postnatal stages with multiple bone defects

[76]

[77]

Osx-Cre;1ft80"" mice show reduced bone mass with impaired osteoblast differentiation”™

Ift144  Ift144™" mouse have severe skeletal defects including polydactyly, short ribs, and short limbs!”!

Kif3a Osx-Cre;Kif3a™ mice display osteopenia phenotype with impaired osteoblast function!®”

Kif3a™™" mice show normal osteogenesis but impaired adipogenesis'*!)

Coll-Cre;Kif3a"" mice have normal bone development but reduced bone formation in response to a cyclic ulnar loading!®

Eve Eve” mice display short limbs and ribs with defective bone collar development

Pkd Pkd] null mice display abnormal skeletal phenotypes, including spinal bifida occulta and osteochondrodysplasia

[23]

[83]

Pkd ™™ B mice are embryonically lethal with a mineralized defect in calvaria and long bones!*)

Osx-Cre; Pkd1™™ " mice show reduced bone mineral density and impaired osteoblast differentiation!*
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Table 2 The role of primary cilia in cartilage development

HE[H Tihe

Gene Function

1120 Col2-cre; If20™ has normal limbs development, but Prx-cre; Ift20™ mouse shows four limbs development defects!®®!

1fi80 Deletion of ft80 in embryonic stage shows shortened cartilage and limbs at birth; deletion of If#80 in postnatal stage causes reduced

growth plate length!"”)

1188 Tg7370rpk mice have defects in appositional and endochondral growth with smaller growth plates and disorganized articular cartilage!®”!

Col2-Cre;Ift88" mice display thicker articular cartilage with reduced apoptosis in chondrocytes

[88]

Aggrecan-CreERT:Ifi88"" mice have a thinner articular cartilage thickness in middle of tibia at 33 week old™**

Bbs Bbs mutant mice (Bbs!, Bbs2 or Bbs6) display early onset of osteoarthritis with significantly reduced articular joint thickness and pro-

teoglycan content saturation'"!

Kif3a Col2a1-Cre;Kif3a™" mice show postnatal dwarfism with disorganized growth plate and altered chondrocyte orientation; deletion of

Kif3a inhibits cell proliferation but accelerates hypertrophic differentiation, leading to the premature close of growth plate

[24]

Eve Evel™ mice show advanced chondrocyte maturation in the growth plate and delayed bone collar formation'™”!

Evel™ mice show cranial base defects with impaired chondrocyte proliferation and hypertrophy!

[23]

Kif5b The deficiency of Kif5h in chondrocyte results in disorganized columnar structure in the growth plate of the long bone!*”)
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