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EDITORIAL Regenerative Engineering  
The future of tissue regeneration lies in “regenerative engineering,” with biomaterials playing a key role.  



Regenerative Engineering



Regenerative Engineering

“The Convergence of advanced 
materials science,  stem cell science, 
physics and developmental biology

And clinical translation toward the 
regeneration of complex tissues, 

organs, or organ systems.”





Convergence

“The coming together of 

Insights and Approaches 

from 

Originally Distinct Fields”



Regenerative Engineering 

In Action



Inductive Materials



Candidate Materials

POLYMER (PLAGA)

Strength, formability, ease of use, 

biodegradable 

Limited osteoconductivity, 

osteogenicity and bioactivity

CERAMIC (CaP)

Bioactive, osteointegrative, 

osteoconductive

Brittle in failure, poor formability, 

slow degradation

POLYMER/CERAMIC COMPOSITE

Biodegradable, formable, osteoconductive,

osteointegrative material



Calcium Ion Release

- PLAGA scaffolds showed no calcium ion release

0

50

100

150

200

0 7 14 21

Ca
lc

iu
m

 R
el

ea
se

 (
ng

/m
g)

Time (Days)

Cumulative Calcium Release

PLGA

83/17 PLGA/HA

73/27 PLGA/HA

- High HA released more calcium ions as compared to Low HA



Secretion of Osteogenic Markers



PLAGA

Low HA

High HA

Unseeded 

Scaffolds

Seeded Scaffolds

In Vitro Mineralization



In Vivo Evaluation



Composite Eight Week Healing

Mag = 50X Mag = 120X



Surgery

Micro
MicroNano

Parietal bones
Posterior

Anterior

3.5 mm



In vivo 

Low Crystalline Hydroxyapatite

• Critical sized cranial defect in mice

– Rigorous

• Bilateral defects
• Micro  and Micro/Nano matrix in each animal



In vivo - Cell Matrix

• 106 donor BMSCs seeded onto each scaffold

• Transgenic mouse host and donor

– Topaz reports host collagen production

– Cyan reports donor collagen production



New Bone in red

Donor cells in blue

Host cell in green

Microsphere

Microsphere

Micro-Nano-Ceramic Stem Cell



Laurencin Soft tissue Regeneration highlighted by 

National Geographic Magazine. 



Bone Ligament/Tendon, Blood Vessel, Nerve

Skin

Cartilage

Regeneration of 

Musculoskeletal Tissues



The Work has resulted in singular honors in 
Medicine, Engineering, Science and 

Technology

Medicine Engineering Science



Walsh McDermott Medal
National Academy of Medicine





Simon Ramo Founders Award
National Academy of Engineering



“For fundamental, critical, and groundbreaking scientific advances 
in the engineering of tissues, guiding technology and science 

policy, and promoting diversity and excellence in science.”



Philip Hauge Abelson Prize

American Association for the 
Advancement of Science



“For signal contributions to the advancement 
of science in the United States.”
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10th Anniversary

Regenerative

Engineering

14 November 2022



The Regenerative 

Engineering Society

(The First Society Built 

Upon Convergence in 

Humans)



Cato T. Laurencin Regenerative Engineering 

Founder’s Award 
35



Convergence Approach towards Regeneration

Skin, fascia 

nerve, vascular 

tissue, tendon

ligaments, muscle

Cartilage

Bone



What’s Next: 

Limb Regeneration



In 2017, 57.7 million people were 

living with limb amputation due to 

traumatic causes worldwide. 

Leading causes falls (36.2%), road injuries (15.7%), 

other transportation injuries (11.2%), and mechanical 

forces (10.4%). 

*Global prevalence of traumatic non-fatal limb amputation

Prosthet Orthot Int 2021 Apr 1;45(2):105-114. 





Hartford 

Engineering 

A 

Limb





Convergence: Learning from 
Animals that Regenerate
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• Bottom Up Approach

– Tissues assembled from 

the cellular scale and up 

to produce fully intact 

tissue structures

• Blastema

Translational Challenges –Many, 

but must be part of the arsenal.





Non-operative Treatment

1 week post saw injury



Non-operative Treatment

8 weeks post saw injury



Regenerative Engineering: 

A New Therapeutic Strategy

•Regenerative Engineering
–Harnessing  the ‘Newt in Us’

Cato T. Laurencin MD. Ph.D.



“just because you do not see a regenerative response does not mean that 

regeneration cannot happen”

David Gardiner, Ph.D.

“We have made a “LIMB FROM 

SCRATCH” with PURFIED 

GROWTH FACTORS (FGSs and 

BMPs) combined with PURIFIED 

HSPG (heparan sulfate 

proteoglycan) from a mammal.”



Heparan Sulfate (HS) may Hold a Key to 
Control Pattern Formation

Heparan sulfate (HS) can bind to lots of morphogens and cytokines to mediate 
these signaling pathways e.g. FGFs, BMPs, Wnts, shh

HS is a glycosaminoglycan (GAG) chain located cell surface and extra cellular 
matrix (ECM)

HS can induce ectopic pattern formation in axolotl limb.

Some sulfotransferases are differentially expressed in blastema

This project focused on the presence of pattern forming cells in limb.

• Phan, A et al. Regeneration (2015)
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Various HS-related Genes Upregulation 
during Limb Regeneration

Chain elongation

C5 epimerase

Sulfotransferases

Editing enzymes

Core proteins

• Laurencin, C. T. et al. Regen. Eng. Transl. Med. (2020)

50



Identification of Pattern Forming HS-rich 
Cells in Axolotl Dermis

• HS-rich cells possessed multiple
branching cell processes

• These cells were arranged in a grid
and their multiple cellular processes
overlapped with processes.

• We termed these cells as positional
information GRID (Groups that are
Regenerative, Interspersed and
Dendritic) cells

• Laurencin, C. T. et al. Regen. Eng. Transl. Med. (2020)
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The Distribution of GRID cells during 
Regeneration

• GRID cells were not evident at the early stage of blastema 
formation distal to the amputation plane.

• At later stage of blastema, GRID cells reappeared distal to 
the amputation plane, but not distal tip.

Early bud blastema Late bud blastema

amputation plane amputation plane 

• Laurencin, C. T. et al. Regen. Eng. Transl. Med. (2020)
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Abundance of Mammalian GRID Cells in 
Neonatal Mice Skin

Postnatal Day 1 (PN1) PN6 PN9 adult

• GRID cells were also identified in mouse limb skin.

• The abundance of GRID cells change ontogenetically.

• Laurencin, C. T. et al. Regen. Eng. Transl. Med. (2020)
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Summary

 The unique cell population was identified in both axolotls
and mice
The cells have stellate morphology with long projection and show

network (axolotl).

 The cells show ontogenetical decrease after birth (mice).

GRID cells are candidate for pattern forming cells.
 Further characterization (such as gene expression profile) will be

required.

 The investigation of mouse GRID cells during limb development
will provide further understanding.

 GRID cells hold a potential to provide positional
information and enhance regeneration in mammals.
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The Synthetic Artificial Stem Cell: 

A New Paradigm for Regenerative 
Engineering

SASC
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Stem Cells as Drivers for 
Regeneration

1. Multipotent Differentiation to Repair 
Injured Tissue
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Stem Cells as Drivers for 
Regeneration

2. Release of biological factors (The Secretome) to 
signal tissue repair

Can we channel 

these paracrine 

factors into a 

tailored and 

translatable 

regenerative 

technology?
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The Synthetic Artificial Stem Cell 
(SASC)

• Paracrine effect
• Tailored composition
• Controlled, targeted 

therapy

Looks like and acts like a stem cell.
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Osteoarthritis (OA) Treatment
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A Tailored Composition to Target OA:  
A Systematic look in the Literature

Insulin-Like Growth Factor 1 (IGF-1)

• Stimulates proteoglycan production

• Decrease Matrix Catabolism

Human Growth Hormone (HGH)

• Stimulates native stem cell proliferation

• Indirect anabolic effect by IGF-1 
signaling

Transforming Growth Factor β1 (TGF-β1)

• Stimulates ECM synthesis

• Decreases catabolic activity of IL-1 and 
MMPs

• Additive effect with IGF-1

Fibroblast Growth Factor 18 (FGF-18)

• Increases chondrocyte proliferation

• Selectively stimulates ECM in injured joints
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A Modular Approach to Formulate 
SASC

Dissolved 
Polymer
PLGA 85:15

Primary 
Emulsion

Secondary 
Emulsion

Solvent 
Evaporation

Load each factor into microsphere using double emulsion method

IGF-1 TGF-β1

HGH FGF-18

Blank 
(Saline)

Mix batches in equal weight %

0.01 µg growth factor / mg Polymer
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In Vivo Collagenase Induced OA Model

63
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After 9 Week Treatment
• ADSC and SASC recover modulus 

(p<0.001)
• Neither SASC nor ADSC recover to a fully 

healthy modulus (p<0.001)
• SASC and ADSC have similar modulus

* p<0.05
** p<0.01
*** p<0.001
**** p<0.0001

SASC Recovers
Tibia Young’s Modulus
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H e a lth y O A AD S C B la n k  M S S AS C
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* p<0.05
** p<0.01
*** p<0.001
**** p<0.0001

SASC Recovers Femur 
Young’s Modulus

After 9 Week Treatment
• ADSC and SASC recover modulus (p<0.001)
• Neither SASC nor ADSC recover to a fully healthy 

modulus (p<0.001 and p<0.05 respectively)
• ADSCs modulus higher than SASC (p<0.05) 
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SASC Cells Regenerate Knee Joint 
Cartilage

%𝐷𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
σ𝐷𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝐴𝑟𝑒𝑎𝑠

σ𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝐻𝑒𝑎𝑙𝑡ℎ𝑦 𝐴𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎
∗ 100

• Frontal Sections
• Staining on 4 articular surfaces 

(Medial and Lateral Surfaces of each 
bone) indicate healthy cartilage

• Arrows point to areas of degeneration.  
No staining

• Image analysis software (ImageJ) used 
to quantify Total articular surface area 
and degenerated surface area (area 
where no red staining visible)
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SASC Regenerates
Knee Joint Cartilage

After 9 Week Treatment
• ADSC and SASC similar to 

Healthy (p<0.01)
• OA and Blank have 

significant degeneration

n=5
* p<0.05
** p<0.01
*** p<0.001
**** p<0.0001
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Conclusions
• SASC has comparable anti-inflammatory and 

chondroprotective effects to ADSC

• SASC and ADSC recovered biomechanical properties to 
similar extent

• SASC successfully stopped OA mediated cartilage 
degeneration and regenerated the joint.

Synthetic Artificial Stem Cells (SASC):  A new 
dimension in stem cell therapy: the ability to tailor the 

paracrine response to a targeted tissue.
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Regenerative Engineering

A Convergence Discipline

Focused on Humans 

Throughout the World
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National Academy of 

Sciences and 

Technology of Senegal
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Thank      

You


