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Osteoarthritis (OA)

 Unmet medical need—the initial stage of OA without any pain or uncomfortable feeling, and

difficult to detect from imaging examination. Currently, no disease modified OA drug, (DMOAD)
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Alternative therapy
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Current situation

How will the outcomes of the study resolve the issues?
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MSC for OA treatment
(intra-articular injection)

\\
Y Lateral Medial
a® [t ] o : : s { s
R Resides in the | 4
P gutter not in the T -
A ® (o artlcular JOInt meniscus '\\ meniscus
4 [" "} surface
’ {3
® Clinical trial

\ \ suggests up to
108 cells per
injection has
effect in
increasing joint
of ma ambadded MSCH space

2024/6/26



Will the study resolve underlying mechanism of the
biological problem?

The key products and technology background.

Fundamental problem Ta rg et. .
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Targeting delivery (materials, drug and
cells)

Target...Target...Target...

shutterstock.com « 224963794

Functional cells precisely home to the
disease target
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ldentification of OA-targeting peptides



Technology development

Explore the OA-targeting peptide

Clinical human cartilage tissue
(same patient)

v
Homogenize and centrifuge to

collect supernatant and pallet
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IHC analysis in the binding activities of selected
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Analyze the specificity

» IHC analysis in the binding specificity

Help C5-87 |C5-66
phage
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Intravital imaging of OA targeting



Intravital microscopic observation

To observe the peptides binding in the OA joint in vivo, an OA joint model was induced by enzyme injection in
rats, followed by rhodamine-labeled C5-24 peptides injection and 2-P microscopic observation.

2-P microscopy i‘
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Papain + Cysteine induction peptides injection .
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Gross picture of peptide injection in joint

C5-24 peptide inj. control femur C5-24 peptide inj. OA femur
s
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Intravital microscopy of C5-24 peptide injection

C5-24 peptide inj. control femur C5-24 peptide inj. OA femur

SHG shows intact collagen |l inter-structure. SHG shows disrupted collagen Il inter-structure.

GEANT Lab 26-Jun-24 14/




Intravital microscopy of scramble-peptide injection

Scr-peptide inj_control joint femur Scr-peptide inj OA joint femur
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Intravital Iimaging demonstrates the binding
capablllty of C5-24 peptides to OA cartilage

C5-24 peptide Scrambled peptide
CTR OA

Transversal 3D surface
composite image reconstruction

Fluorescence
depth in z-axis

2024/6/26 Nature Biomedical Engineering. 6 (10):1105-1117. 16



Overall fluorescent peptide binding intensity in each
slice (upper panel) and all groups (lower panel)

Fluorescent peptides binding area
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Nature Biomedical Engineering. 6 (10):1105-1117.
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Application in early OA diagnosis



OA-SPIO

« Superparamagnetic iron oxide (SPIO) surface modified with C5-24 peptide

* Micro-injected in the OA joint in rat model XPS (X-ray photoelectron spectroscopy)
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Application of C5-24 peptides in early OA diagnosis

MRI detecting OA through C5-24 peptide conjugated SPIO particle

gy e R,
MRI ]
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Papain and cysteine
induced mild OA (intra- —
articular inj.)

SD Rat OA model
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MR images of SP1O-conjugated C5-24 peptides
bound to OA cartilage in a Lanyu minipig model
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Quantification of Pig MR imaging

0 255
Count: 3114 Min: 34
Mean: 79.873 Max: 108
StdDev: 11.191 Mode: 80 (140)
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T1- and T2-weight gray-scale images, the cut-off value was set to 45 in the 0-255 gray-scaled value
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|dentification of binding proteins

GEANT_Lab 2024/6/26

23



|dentification of the binding protein of C5-24
peptides
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Workflow to validate the peptide docking

with the OA ECM protein

GEANT_Lab 2024/6/26

Retrieve Standard Sequence from Uniprot Database

Search Structures by Similarity

I
v L 4

Prepare Protein Remodeling

I |
v

Predict Binding Sites

Modeling
Workflow

Docking and Validation

Docking
Workflow
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Peptide docking to the particular OA
ECM protein

Pose13 Pose127

: Pose145
Pose127
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> ldentify potential docking poses with solid interaction bonding eg. H-, Van
der Waals forces, hydrophobic rx....etc. through 2-D and surface

modeling.
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Interactions of peptides with OA ECM

C5-24 docking L1385- C5-91 docking L1385-
S2285 pose 125 S2285 pose 68
DLQYWYPIWDTH DAYWHPVWVHDP

C5-24 Pose 125 C5-91 Pose 68
| ZDockScore |E_RDock _
C5-24 Pose 125 14.1 -11.9716
C5-91 Pose 68 16.16 -26.3188

» Peptide docking model showed particular interaction a.a. in peptide
sequence 2> WX,PX,W

GEANT_Lab 2024/6/26 Nature Biomedical Engineering. 6 (10):1105-1117.
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Interactions of peptides with OA ECM

C5-24 docking S2506- C5-91 docking S2506-
P2724 C-terminus pose 34 P2724 C-terminus pose 42
DLQYWYPIWDTH DAYWHPVWVHDP

C5-24 Pose 34 C5-91 Pose 42
C5-24 Pose 34 13.82 -11.0487

C5-91 Pose 42 15.88 -20.8773

GEANT_Lab 2024/6/26
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Expression of collagen Xl in rat normal
and OA ioints

Ctrl
25 25 pm 25 25 pm

Alexa 488 labeled Collagen XII

Normal and enzyme-induced OA knee joints were subjected to immunofluorescence for collagen XII.

Merged
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Peptide sequence selected by bio-panning of
human cartilage tissue and chondrocyte-secreted

protein

GEANT_Lab 2024/6/26

Table S1. Alignment of phage-displayed peptide sequences selected by biopanning of human cartilage

tissue and chondrocyte-secreted protein (grouping according to motifs similarity).

Phage clone Amino acid sequence Frequency
C5-3, C5-50, C5-84, C5-87 GDYVI NFIE 4/24
1 C5-37 TVGSFFVEWMMH 1724
C5-66 DIGGWEVEWSLA 1/24
) C5-22, C5-83, C5-92 GYF AYDSA 3/24
C5-43 YTV LTDSN 1/24
C5-42,C5-91 DA HPVWVHDP 2/24
3 CS5-24 DLQ YPIWDTH 1/24
C5-12 HVYQKPS Y 1/24
C5-21 TWHFVDFSADTH 1/24
4 E5-8, E5-48 YFTLDFTFDSW 2/24
C5-46 NQVYFHYFDLDF 1/24
5 E4-14, E5-24 SPWWLWKAHNEA 2/24
6 C5-38 EVFNHYIQYSTE 1/24
7 E4-1 LPGMELFWNVAN 1/24
8 E4-4 DTFVFGSSKWRA 1/24
9 E4-15 SNNMRAPVNEIY 1/24

C: Phage clones targeting human cartilage tissue lysates.

E: Phage clones targeting human cartilage tissue pieces.

Nature Biomedical Engineering. 6 (10):1105-1117.




Summary

* Confirmed the phage clones that specifically bind to OA cartilage rather
than synovium and meniscus.

. che:rl\\/}ification of the target binding protein of C5-24 peptide, ColXIl'in OA

* Modeling of cross-species homology of C5-24 peptide docking target.

* Collagen-binding peptides identified via phage display can be used to
enhance the homing of mesenchymal stem cells to osteoarthritic tissue,
its lubrication by hyaluronic acid, and its visualization via magnetic
resonance imaging (MRI), and its targeting-delivery of drug carrier.
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