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AbStraCt Animal Models of Bone Turnover

Cathepsin K (Cat K), a lysosomal cysteine protease with strong
collagenolytic activity, is expressed predominantly in osteoclasts,
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chondrocytes and synovial fibroblasts. Since Cat K is critically 3 month-old Cat K FAST Control OsteoSense
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selective near-infrared (NIR) fluorescent Cat K imaging agent in a
variety of in vivo preclinical applications. This agent was developed
based on a human Cat K-cleavable sequence, and it is optically
quenched in its native form but becomes highly fluorescent (EX/EM
675/693 nm) upon specific enzymatic cleavage. In arthritis and
osteoporosis, osteoclasts are well characterized for their role In
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valuable In pre-clinical research. Herein, we report the use of a 8 Days N 1 W 238 ] 1
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escalating bone turnover, leading to either immune-driven bone L imadin Vitariirh 900 Plasma Calcium Kidney Calcium
damage or non-inflammatory bone density decreases, respectively. o & 147 *
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BALB/c mice with moderately advanced anti-collagen antibody- P . Clinical score |« py ol . 20
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induced arthritis (CAIA) showed 4-fold increases in Cat K-associated B eni 1698
fluorescent signal in arthritic paws as compared to control paws, (kidneys) 10 - 25 -
with predominant distribution of signal within the ankle region. To . _ tal tocol lustrated for th diff ¢ rodent di g J
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dels of b | N th imal tibia- rat oct OVX d models; A. mouse antibody-induced arthritis, B. mouse vitamin D3- £
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vitamin D-induced bone loss in mice. Female rats were (3D) paw, knee, and kidney imaging was performed on the FMT 2500 24h 293 © :
ovariectomized, or sham-ovariectomized, at 3 months of age and after Cat K 680 FAST and/or OsteoSense 750 injection. 41 10
Imaged on days 1, 9, 16, and 27 with a 750 nm NIR bone-turnover | |
imaging agent (OsteoSense®) and the Cat K imaging agent by - p - - o
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apparent and quantifiable 3-fold increase in Cat K activity in the

proximal tibias of OVX rats as compared to those of controls. In A. Paw imaging and guantification
contrast, OsteoSense, which detects regions of both bone growth | |

and bone loss, showed no clear differences between groups. Both Paw Tomographic Imaging

SKH-1 mice were injected daily (3 days) with 0.06 ug of Vitamin D3, a
vitamin known to cause bone loss by increasing calcium mobilization and
reabsorption. A. Mice showed clear changes in the knees as detected by
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agents, however, detected 2-5-fold increased signal in the proximal AVIHTIHS both an increase in Cat K activity (Cat K FAST) and increased bone turnover
tibial regions of mice treated for 4 days with high-doses of vitamin (OsteoSense). A constitutively fluorescent, un-targeted control agent was
D, supported by the significantly increased plasma levels of calcium -235 used to confirm imaging specificity of Cat K FAST and OsteoSense. B. Soft

tissue calcification was detected in the kidneys by calcium microplate assay,
with higher levels than in plasma. Imaging with Cat K FAST and

In these mice. These two NIR agents also detected 5-8-fold
fluorescent increases within the kidneys of treated mice, correlating
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with both ex vivo imaging of kidneys, fluorescence microscopy of 170 OsteoSense confirmed biological alterations in the kidneys consistent with
kidney tissue sections, and assays for tissue calcium. Tissue calcification.

calcification in the aortas of apoE deficient mice on high fat diet for 105 : : -

25 weeks was also explored, showing significant increases in Cat K Cat K Imaglng In Atherosclerosis

agent fluorescence measured In living mice by non-invasive 40 |

fluorescence molecular tomography (FMT®) imaging. Prophylactic - A. Imaging results

treatment of these mice with ezetimibe blocked fluorescence

Increases In the aorta to the level of wild-type control mouse aortas, Clinical Score Paw Swelling Cat K Tomography
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Cat K FAST™ 680 characterization

A. Structure and physicochemical properties

B. Ouantification and ex vivo validation

B. 2D epifluorescence and ex vivo tissue assessment
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iInduced mice were determined on day 9 by FMT 2500 imaging, paw
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kel Dariblue soli Cat K FAST fluorescence from tomographic datasets. B. Tomographic ApoE-/- mice (The Jackson Labs) were maintained on high fat diet +/-
B. Enzyme activation imaging results were confirmed by in vivo and ex vivo 2D epifluorescence ?-0050/‘_’ (wt/wt) Ezetimibe (EZT). As negative controls, age-matched wild
- imaging. ype mice were maintained on normal chow. After 25 weeks, mice were
Injected IV with Cat K FAST and imaged tomographically by FMT 2500 to
EE 1222 quantify fluorescencehchanges in thhe aorta. A. I;IIuorescence (3D Images of
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g 1000y Quantification of heart region signal and corroboration of results with ex
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A. Cat K FAST Is composed of a cathepsin specific peptide flanked by two g :Z ﬁ
near-infrared (NIR) fluorochromes and a pharmacokinetic modifier (PKM) § 30 |
for optimal in vivo imaging. Upon cathepsin K cleavage of the substrate § 25
sequence, the agent becomes highly fluorescent. B. Cat K FAST was gjg Summary
incubated in the presence of a variety of activated cathepsins, MMPs, and T . We have developed a near infrared fluorescent cell Iabeling
other enzymes at optimal _pH and temperature_. Fluorescence was read at § 5 agent, Cat K FAST 680, that can specifically detect changes in
peak of activation (24h) using a fluorescence microplate reader and showed S T o . Cat K activity associated with osteoclast-mediated bone

good selectivity for cat K.
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resorption. The data highlights the utility of this agent in three

different models of bone resorption as well as in two models
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known to develop soft tissue calcification. Noninvasive
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- fluorescence tomograph b FMT 2500 allowed robust
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£ 2001 quantification of tissue changes In living animals. As bone
Cat JCEASE Cat K FAST + Inhibitor BSGatKeFEAST | Cat K FAST + Inhibitor . turnover is of critical importance in many diseases and

8 /; conditions, Cat K FAST provides an important imaging tool to

5 study bone biology in vivo.
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