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Bone marrow lesions are dysregulated therapeutic niches

Therapeutic challenges in bone diseases: 1 Key need:
1.Bone marrow-blood barrier limits drug entry Active delivery
2.Systemic drugs show insufficient lesion exposure +
3.Diseased bone marrow requires mlcroenwronmental control/ Local functional regulation
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Cell-drug conjugates integrate cellular functions with drugs
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Mol Ther. 2023 Nov 1;31(11):3146-3162.

* Limited efficacy in solid tumor
. Systemlc tOXICIty / off-target effects

s s /7 o
Nat Biomed Eng. 2024 Jul 1.

« Cell physiological functions }Active targeted
. Therapeutlc payloads delivery
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ATP as an endogenous trigger in pathological bone marrow

" Adenosine Triphosphate (ATP):

 Normal physiological ATP: 10-100 nM
« Pathological ATP: 100-500 pM
« Difference: 103-104 fold
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ATP aptamer:

« Short DNA/RNA sequence

« Easy to synthesize and modify
Fimour nigen * High affinity to ATP

cross-presentation

oro @t O Few  Swen =men @ o Enables ATP-triggered structural switching

s i > C =4 CD39 @ MDSC ) pr ™M (@) Jumour
O ATP CD4'Teell W CD73 ki P2YR T, cel
macrophage
Nat Rev Cancer. 2018 Oct;18(10):601-618.
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Neutrophil carriers need controlled interfaces and release

Neutrophils (NE) offer natural bone lesion trafficking | Remaining challenges

v Inflammatory chemotaxis
v" Endothelial adhesion and transmigration
v" Bone marrow homing
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Nat Nanotechnology. 2023 Jun;18(6):647-656. U ncontroned Ca rgo release
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ATP-gated TAC converts NE into lesion-responsive carriers

IFN-y
or :
O TGF-B ’ y .,
Pc:la:lization Surface Anchoring
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~ € — bone metastasis)
E ,' Pathological
Q o . Aggregation
< Bone Marrow
Irs
1. NE isolation and polarlzatlon
NE@TACP 2. TAC surface anchoring N2@TACH"
3. Bone marrow homing (Antibacterial
osteomyelitis)
4 ATP trlggered release and therapy
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TAC is efficiently anchored and retained on NE

2.1 nm '] Size C potential
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TAC with a diameter of ~17 nm
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TAC protects NE from shear stress

Peristaltic pump
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Cell suspension @ o ,

NE + Stress

—

NE@TAC + Stress

Schematic illustration of the

in vitro fluid shear stress (FSS)

simulation system TAC modification could protect NE
against circulation-induced damage
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TAC stabilize NE phenotypes under simulated circulation
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ATP triggered TAC release from NE@TAC
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NE@TAC homes to bone marrow lesions

Bone marrow homing
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Therapeutic application I: breast cancer bone metastasis
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N1@TACE°r activates antitumor immunity
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Therapeutic application ll: S. aureus -induced osteomyelitis
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N2@TAC " restored antibacterial immune activation
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