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 Describe new mechanistic understanding of 
nociceptive sensitization through neuroimmune 
interactions

 Describe state-of-the-art understanding of the 
mechanisms of regenerative medicine 

 Present key pre-clinical evidence of regenerative 
medicine in pain management

Learning Objectives





State-of-the-Art, Mechanism-guided 

Pain Medicine

Cheng J, Huh Y, Ji RR. (2022). Mechanism-Based Treatment and 

Precision Medicine, Practical Management of  Pain, 6th Edition, 

(Benson et al. Eds), Mosby/Elsevier, Philadelphia, USA. 



Nociceptive sensitization through 

neuroimmune interactions

Buchheit T, Huh Y, Maixner W, Cheng J, Ji RR. Neuroimmune modulation of pain and 

Regenerative Pain Medicine. Journal of  Clinical Investigation. 2020;130(5):2164-2176.











Intraarticular injections

Radiofrequency ablation

Neuromodulation (PNS)
DMARDs: RA

Joint replacement





Mechanisms of Regenerative Medicine

Buchheit T, Huh Y, Maixner W, Cheng J, Ji RR. Neuroimmune modulation of pain and Regenerative 

Pain Medicine. Journal of  Clinical Investigation. 2020;130(5):2164-2176.

Cheng J, Huh Y, Ji RR. (2020). Mechanism-Based Treatment and Precision Medicine, Practical 

Management of  Pain, 6th Edition, (Benson et al. Eds), Mosby/Elsevier, Philadelphia, USA.







Mechanisms of stem cell therapy

1. MSCs replace, rescue, and/or repair injured 
cells and tissues by diverse mechanisms

2. Paracrine function, immunomodulatory and 
antiinflammatory  mechanisms

Spees JL, Lee RH, Gregory CA. Mechanisms of mesenchymal stem/stromal cell function. Stem Cell Res Ther. 2016;7:125.



Spees JL, Lee RH, Gregory CA.. Stem Cell Res Ther. 

2016;7:125.

VEGF, vascular endothelial growth factor; PDGF, 

platelet-derived growth factor; ANG1, angiopoietin-1; 

IL-11, interleukin-11; PGE2, prostaglandin E2; TSG-6, 

TNF-stimulated gene-6; SDF-1, stromal-derived factor-1; 

HGF, hepatocyte growth factor; IGF-1, insulin-like growth 

factor-1; IDO, indoleamine 2,3-dioxygenase



Toh WS, et al. Semin Cell Dev Biol. 2016 



Najar M, et al. Cytotherapy. 2016;18:160-71.



Pittenger MF, Discher DE, Péault BM, Phinney DG, Hare JM, Caplan AI. Mesenchymal stem cell perspective: cell biology to clinical progress. NPJ Regen Med. 2019;4:22. 



 Degenerative joint pain 

 Neuropathic pain 

 Opioid tolerance 

Preclinical Evidence for Stem Cell Therapy 

Buchheit T, Huh Y, Maixner W, Cheng J, Ji RR. Neuroimmune modulation of pain and Regenerative Pain Medicine. Journal of  Clinical 

Investigation. 2020;130(5):2164-2176.

Cheng J, Huh Y, Ji RR. (2020). Mechanism-Based Treatment and Precision Medicine, Practical Management of  Pain, 6th Edition, (Benson et 

al. Eds), Mosby/Elsevier, Philadelphia, USA.





Chen G, Park CK, Xie RG, Ji RR. Intrathecal bone marrow stromal cells inhibit neuropathic pain via TGF-β secretion. J Clin Invest. 2015;125(8):3226-40.



Chen G, Park CK, Xie RG, Ji RR. Intrathecal bone marrow stromal cells inhibit neuropathic pain via TGF-β secretion. J Clin Invest. 2015;125(8):3226-40.





Human AD- and UC-MSCs significantly improved mechanical pain 

threshold and weight distribution of the hind paws



AD- and UC-MSCs significantly suppresses the increase in 

ATF-3-positive neurons induced by PSNL in the DRG



AD- and UC-MSCs significantly suppress the PSNL-induced 

accumulation of macrophages in the DRG



UC-MSCs improved demyelination of the sciatic nerves



Opioid Tolerance 
 Opioids often lead to opioid tolerance (OT) and opioid-induced hyperalgesia 

(OIH).

 OT: the body adjusts to frequent opioid exposure and requires escalating 

doses to achieve the same effect.

 OIH: individuals taking opioids develop an increased sensitivity to noxious 

stimuli (hyperalgesia).

 OT and OIH limit the efficacy of opioid therapy, compromise safety, and 

often lead to drug overdose, abuse, and even death. Prescription Opioid 

overdose claimed >15,000 deaths in 2015 in the US (CDC).







MSC isolation and characterization

Osteogenesis

Oil red A Alizarin red O

Adipogenesis
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Daily MS injections Daily MS injections
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Development of OT



Opioid Tolerance



MSC-TP prevented OT



MSC-TP reversed OT



MSC-TP inhibited microglial and astrocyte activation

Iba1: Microglia GFAP: Astrocytes
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Summary

• Neuroimmune modulation is an active area of research that 

provides new insight into the mechanisms of pain and 

regenerative pain medicine.

• New treatments with biologics may reduce pain and modify 

disease process through neuroimmune modulation. 

• Regenerative medicine has shown promise and evidence in pain 

management. 

• MSC therapy is a current reality in many countries. 
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