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Osteoarthritis (OA)

OA is a painful degenerative joint disease with no known cure
- Articular cartilage degradation

Arthritic knee joint
« Synovial inflammation ‘

Eroding
cartilage

Svracuse Universit 1. Bowles RD, LA Setton et al., Arthritis Rheumatology, 2014 2
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Clinical need for osteoarthritis (OA)

Socioeconomic burden?
- Cost approaches $200 billion annually in the US

Science
Increasing Prevalence?? o
- , The unstoppable rise of osteoarthritis: One billion
«  OAwill impact ~70M people in the US by 2030 to be affected by 2050

#VitalSigns

VitdlIsigns

www.cdc.gov/vitalsigns/hearingloss

Syracuse University 1. Zhao, Xiaohui, et al, Osteoarthritis and cartilage, 2019 3
2. Steinmetz JD, et al, Lancet Rheumatol, 2023
3.  Hootman JM, et al, Arthritis Rheumatol. 2016.
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Macrophage targeting for modulating inflammation

Human normal synovium Human OA synovium

Synovial macrophages contributes significantly to
the inflammatory cascade that drives OA pain and
progression 1
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Macrophage targeting intra-articular delivery
system for osteoarthritis therapy

@ Application
(\N/\("%“z Zoledronate (Zol) [ ]
. OHeH,0 Burst Release Apoptosis
N\/ PO;H,

® ©
9]

D
OQG

Oxidative Stress

« v Strong affinity for macrophage
« v Chondroprotective benefit
« «» Anti-inflammatory potential

« X Rapid joint clearance M

Macrophage Targeting

@I Inflammation
YNGVNONON

OA Joint

|

|

i

i

|

|

« X Toxic at elevated dose odulate \ i
Suppress i
|

|

|

|

i

i

............ J )_FR-B
M1 Polarization
CaZol NiM-FA OA Model ~ CD-86
CD-80

1. Rogers, T. L., & Holen, I., (J. Transl. Med). 2011

Syracuse University 2. Evans, C. H., Kraus, V. B., & Setfop.FA.24Nat RewRhaumaseR). 2019

5
Figures created in Biorender.com 3. GaO, J., Xia, Z., Mal‘y, H. B., Josep E, J., LUO, J. N., & JOShi, N., (TIPS). 2022



Synthesis of Nanoparticles in Microparticles(NiM)
by coaxial flow-phase separation technique

Drug Delivery and Translational Research
https://doi.org/10.1007/513346-025-01889-7

ORIGINAL ARTICLE J.)

PVA in Water
Coaxial
Needle L —, .

Dy

Bisphosphonates loaded nanoparticles in microparticles: a potential
macrophage targeting and repolarizing drug delivery system

-

Paul N. K. Sagoe'2 . Benjamin Zink? - Era Jain'*

PEG-PLGA in DCM

CaZol NiM = NP in MP 6.9 + 2.1 pm
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NiM-FA treated cells NiM-FA + free folic acid treat

Cell only- Untreated

(12550)

CaZol NiM-FA +
Free Folic Acid
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Coumarin-6 (FL1)

et. al., DDTR, 2025



Zol Release (%)

NiM-FA sustainably releases Zol allowing to minimize apoptosis
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LPS Activation
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LPS Activation .'
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PE - CD86

NiM-FA shows anti-inflammatory effect by
reprogramming macrophages from inflammatory state
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Force (N)

FR-B positive macrophages are present in the synovium
and lymph nodes of non-surgical mouse model of OA
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Targeted delivery of CaZol NiM-FA to FR-f8 positive macrophages
in non-surgical mouse model of OA
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PE-CD86

NiM-FA shows anti-inflammatory effect by reprogramming
macrophages in the synovium of PTOA mice from
inflammatory state
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Targeted delivery of NiM in a non-surgical mouse
model of OA alleviates pain and improves gait

Manual von Frey experiment
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Conclusions

NiM system fosters sustained delivery of Zol and macrophage targeting ability.
CaZol NiM shows anti-inflammatory and immunomodulatory characteristics.

CaZol NiM-FA allowed for continual improvement in gait and pain in mice
model of osteoarthritis.

Sustained release of Zol can eliminate the need for repeated injection.

CaZol NiM-FA can be used to repurpose Zoledronate an FDA approved drug for
osteoarthritis treatment.

Ongoing/Future Studies

- Investigate the therapeutic efficacy of NiM-FA in modifying disease outcome:

In larger animal model of PTOA.

Upon delivering Zol simultaneously or at a later timepoint after ACL rupture.

Syracuse University
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Synthesis of calcium zoledronate nanoparticle(CaZol NP)
by reverse emulsion technique
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Synthesis of Nanoparticles in Microparticles(NiM)
by coaxial flow-phase separation technique
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Zoledronate (Zol) for macrophage targeting in OA

Zol is a potent 3'9 Gen Bisphosphonate (BP)1!
- High affinity for macrophage 7 PO;H,

) o
_ —— . . N PO;H,
Low bioavailability and short synovial half-life

- Fast clearance from joint space Zoledronate (Zol)

Therapeutic efficacy requires high and repeated dose

. causes severe adverse effects: BRONJ
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Macrophage targeting intra-articular delivery
system for osteoarthritis therapy

CaZol NP improves Zol bioavailability

PEG-PLGA-Folate is FDA approved,
biocompatible, and biodegradable
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Loading Zol as NiM maintains desirable particle size and
promotes higher encapsulation efficiency

CaZol NiM PEG-PLGA MP-Zol
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Zol Release (%)

Extended Release Studies via ICP-OES

ICP-OES release studies-12 days
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NiM-FA shows anti-inflammatory effect by reprogramming
macrophages from pro-inflammatory state
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NiM-FA and IL-4 co-delivery fosters M1 macrophage
repolarization towards M2
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CaZol NP particle concentration

Te=1d
Name Mean Standard Deviation RSD  Minimum  Maximum
Total Number Concentration (particles/ml) 1.373E+13 2.153E+12 15.68 1.143E+13 1.572E+13
Particle Concentration Peak 1 (particles/ml) 1.373E+13 2.153E+12 15.68 1.143E+13 1.572E+13
Size Concentration Peak 1 8045 0 0 8045 8045
D10 (nm) 75.56 0 0 75.56 75.56 E
D 50 (nimy) 71.73 0 0 7773 7773 E
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