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Fundamental challenge for Medical Devices: Fibrosis

Farra et al., STM 2012



Biomaterial-induced Innate Immune-driven Foreign Body Reaction
Note: updates in the model

Grainger, Nat. Biotech. 2013



Choice of  animal model is important: need to be careful
Fibrosis observations can be animal/strain-dependent



Synthesis to Evaluation: Material Development Workflow



Doloff et al., Nat Mater 
2017

Macrophage depletion/inhibition prevents fibrosis
B cells also involved



ImplantedMock

C
57

BL
/

6
C

D
6

8

CD11
b

N
H

P

Day 
0

Day 
28

H&
E

Masson’s 
Trichrome

M
oc

k
Im

pl
an

te
d

DAPI 
/

MΦ CD68 
/

αSMacti
n

Primate immune response mirrors that in C57BL/6 mice

Doloff et al., Nat Mater 
2017
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Drug Formulations for Long-term or Pulsatile release
Pharmacokinetics of  Extended Release

Avoid toxicity

Avoid drug resistance
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Improving long-term drug release kinetics

polyurethane (PU)
non-degradable

poly (L-lactic acid) (PLLA)
degradation time >2 years

Farah* & Doloff* et al. Nature Materials 2019

w/ Shady Farah



Use of  anti-fibrotic in multiple device platforms

4 WeeksCGMs:

MSDs:

PDMS
Carriers:

Farah* & Doloff* et al. Nature Materials 2019



Validated in Non-human primates

Farah* & Doloff* et al. Nature Materials 2019



Anti-fibrotic technologies (e.g., architecture, chemistry, 
and drug delivery) synergize in non-human primates



       Improving drug release kinetics & in vivo testing



Macrophage inhibition with crystals elongates normoglycemic 
cures with rat islets in diabetic STZ-C57BL/6 mice

Performed with various cells: primary rat, human, and iPS-derived.
Farah* & Doloff* et al. Nature Materials 2019



Issues with Cell graft loading Density & Origin

Confidential, unpublished



Issues with Cell graft Origin (cont.)
Allo primary NHP islets vs. Human stem-cell derived grafts

in transplanted cynomolgus monkeys

Confidential, In submission



- Tailor drug formulations and release for different applications:
Crystallized drug formulations with new functions

Bulk Release

Surface Release
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Optimize sizing/manufacturing:

Optimize scale-up for general use and in vivo studies:

Method of crystallization/release kinetics:

Lai*, Neshat*, et al. CMBE 2021



Crystal Stability and Tunability Characterization:
via In vitro release

Lai*, Neshat*, et al. CMBE 2021
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Anti-tumor efficacy
injection of Tumor cells w/ or w/o Drug as well as retrospective

Lai*, Neshat*, et al. CMBE 2021
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