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Introduction

Methods

The study reveals that

• Prx1 expressing cells and progeny heavily populate the fracture

callus

• The absence of the primary cilium causes the callus to persist

in cartilaginous stage

• The absence of the primary cilium causes downregulation of

osteogenic markers and upregulation of chondrogenic markers

Our data importantly reveals that the lack of the primary cilium

causes the fracture callus to have a chondrogenic fate and is

unable to complete osteogenesis.

Collectively, this work provides evidence that the primary cilium is

essential for the fracture callus to complete bone repair and is thus

a promising new target for enhancing bone repair and bone

regeneration therapeutics.

Discussion

• A fracture, or a broken bone, is a condition that changes the contour of the bone.

• A fracture callus is when bony and cartilaginous material forms a connecting bridge across a

bone fracture during repair.

• Bone regeneration in the fracture site is dependent on revascularization of the injury site, secretion of

osteogenic and chondrogenic factors, and remodeling of the matrix[1].

• The periosteum contains osteochondral progenitors called Prx1- expressing cells which are known to

predominantly populate the fracture callus[2].

• Primary cilia are sensory organelles present on almost all mammalian cells[3].

• We used a tamoxifen-inducible Prx1-driven primary cilium knockout mouse model to determine the

role of the primary cilium in these Prx1 expressing cells found at the fracture callus.

We hypothesized that the primary cilium of Prx1 expressing cells direct the

chondrogenic or osteogenic fate of cells in the fracture callus thus facilitates fracture

healing.

Results

Figure 1: Prx1 expressing cell population resides in the fracture callus and is less abundant in the

cilium KO mouse.

(A) Long bone fracture callus of control mouse, Prx1+ cells (red) are abundant in the marrow, periosteum

and surrounding tissue. (B) Long bone fracture callus of cilium KO mouse, red fluorescent Prx1+ cell

population is restricted to surrounding tissue and is lacking through the fracture callus.
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Objectives

1. Identify Prx1 expressing cell population at fracture callus

2. Determine the role of the primary cilium during fracture healing

Figure 3: µCT analysis shows that the cilium KO mouse fracture callus is larger but less mineralized

compared to control mouse. (A) Fracture callus of control is significantly more mineralized than the cilium KO

mouse. (C) Fracture callus measurements show that cilium KO mouse has larger callus volume but reduced bone

volume, bone density and bone surface compared to control mouse.
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Figure 5: Lack of primary cilia causes altered expression of

chondrogenic and vascular markers during fracture

healing. (A) Cilium KO mouse has increased expression of

chondrogenic markers Col10a and Col2a. (B) Cilium KO mouse

has increased expression of vascular markers VEGF and

PECAM-1.
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Animals

Prx1CreER-GFP were bred with Rosa26tdTomato and Ift88fl/fl to generate Prx1CreER-

GFP;Rosa26tdTomato;Ift88fl/fl knockout mice and littermate controls. At 16 weeks of age, mice were

injected with 100 mg/kg tamoxifen for 5 consecutive days to induce red fluorescent protein labeling and

cilium deletion. 3 days later, mice were anesthetized and a diamond-coated saw was used to create a

clean cut in the mid-diaphysis of the femur. The cut femur sections were stabilized using a 27-gauge

syringe needle threaded through the marrow cavity and folded at the epiphyseal ends. Animals received

analgesia for 3 days post-surgery and were sacrificed at 14 days post-fracture (dpf).

Histology

Femurs were fixed overnight at 4°C in paraformaldehyde and decalcified in 15% EDTA for 4 weeks.

Cryosections were mounted with a nuclear stain to visualize labeled Prx1-expressing cells and their

progeny. Alcian blue/ Orange G staining was performed on paraffin sections to determine the presence

of cartilage and bone. Micrographs were collected using the ECHO Revolve Microscope at 2X

magnification.

µCT

Clean bone sections were scanned in 70% ethanol using a Scanco uCT35 at 10.4 μm isotropic

resolution and scan settings of 55 kV, 145 μA, and 300 ms integration time. Scanco software was used

to distinguish callus morphology and quantify bone parameters.

RTqPCR

The fracture callus was dissected at 7 dpf and RNA was obtained using RNAzol (Sigma). RNA was

converted to cDNA using HifiScript kit (CoWin Biosciences) and qPCR was performed using a StepOne

Plus machine (Applied Biosystems) with SYBR green probes (CoWin Biosciences). Target gene

amplification was normalized to GAPDH mRNA expression to account for individual cell activity.

Statistics

Data were analyzed using student t-test and α= 0.05. *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001.

Figure 4: Ift88 expression is reduced and thus primary cilia

formation is drastically reduced in the cilium KO callus. IFT88 is

essential for the cilium structure and stability. This indicates our

tamoxifen injections were effective at disrupting primary cilia in Prx1+

cells.

Figure 6: Lack of primary cilia causes decreased expression of osteogenic markers. (A) Important

osteogenic markers such as Osx, Osc are downregulated in the cilium KO mouse.
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Figure 2: Lack of primary cilia causes fracture callus of cilium KO mouse to persist in cartilaginous

state. (A),(B) Longitudinal section through fractured long bone of control (A) and cilium KO (B) mouse at 14

dpf. Cartilage is stained blue and bone is stained orange-red. (C) Fracture callus of control mouse shows less

cartilage. (D) Fracture callus of cilium KO mouse shows more cartilage.

A B

C D

Control

Control Cilium KO

Cilium KO

Cilium KO

Cilium KOControl

Cilium KO




