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Topics for Lecture 4	



•  Module 3 so far!
•  Standards in tissue engineering(+)!

–  review and introduction!
– writing exercise!
– discussion!
– modern context!

!
!
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Lecture 3 review	


•  How does the M3D3 viability assay work?!
•  What are three general engineering 

principles that might help make biology 
more “engineerable”?!

!

From D. Endy, Nature 438:449!

40-50 % CV à 17 % CV!

J.R Kelly et al., J Biol Eng 3:4 (2009)!
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Module progress: week 1	



•  Day 1: culture design!
–  What did you test?!

•  Day 2: culture initiation!
–  Cells receiving fresh media every day!
–  Half of volume exchanged, half kept!
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Module progress: week 2	


•  Day 3: viability/cytotoxicity testing!
•  Groups generally found !

–  many live cells!
–  MSCs fared more poorly(?)!
–  mostly round!
–  not much clustering!
–  some beads fell apart!

•  What conditions killed cells?!
•  Other interesting findings?!
•  How could we improve the assay?! Image from T/R Org/Red!
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Data standards: what and why?	


•  Brooksbank & Quackenbush, OMICS, 10:94 (2006)!
•  High-throughput methods are data-rich!
•  Standards for collection and/or sharing!
•  Reasons!

–  shared language (human and computer)!
–  compare experiments across labs!
–  ask questions about others’ data!
–  avoid reinventing the wheel (save t, $)!
–  integrate information across levels!

•  Examples!
–  MIAME for microarrays!
–  Gene Ontology (protein functions)!

•  Who drives standards?!
–  scientists, funding agencies, journals, industry!

www.geneontology.org!
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How valued are TE standards?	



� 24 int’l leaders in TE 
listed high-priority areas!

� 1/3 named standards!

!
!

•  2007 US govt. strategic plan!
–  standards listed as part of “implementation strategy”!

P.C. Johnson et al., Tissue 
Eng 13:2827 (2007)!

•  2007 strategic plan for TE clinical success by 2021!

4. Cell sourcing/characterization.!

7 (tie). Standardized models.!

•  Analysis!
� progress so far!
� concept dominance!
� standards 7th of 14!

!
!
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How useful are TE standards?	


•  See 2005 editorial by A. Russell !

– proposes need for standards !
–  in data collection and sharing!

•  Choose and respond to a student excerpt (~10’)!
•  Pros/cons/etc… ? !
!

Can we standardize this TE construct?!
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Beyond TE standards: targeted support 
and  improving communication	



•  P.C. Johnson et al., Tissue Eng A 17:1+2 (2011)!
•  Survey of all interested parties in a TE society, from 

academia to early and established companies!
•  What are greatest hurdles to TE commercialization?!

Broadest view/
awareness!
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Building a TE industry	



A. Jaklenec et al., Tissue Eng B 18:3 (2012)!

Sales approaching spending*!

2-fold increase in jobs since 2007!
!
Predict 5-10 years for stem cell 
and cell/biomaterial combination 
products to really enter market.!

Bone/cartilage leads sales!

* stem cell banking included!
2007! 2011!

$3.5B!
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Existing TE products (mostly US+EU)	



M. Lewandowska-Szumiel & I. Kalaszczynska, J Mater Sci: Mater Med 24(2013)!

Most scaffolds not 
(yet?) synthetic!

Skin!

Cartilage!

Bone!
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Challenges in orthopedics and beyond	



•  C. H. Evans, Tissue Eng B 17:6 (2011)!
•  Only three orthopedic technologies with clinical trials!!
•  Huge publication:product ratio!
•  Translational research doesn’t advance careers (incentives)!
•  Perfect as the enemy of the good!

!“At what point is it best to stop !
!tweaking and move forward to !
!the next phase of development?”!

OTOH: Medtronic Inc said it agreed to pay 
$85 million to settle… [accused] of making 
misleading statements concerning Infuse 
(Reuters) 	
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Lecture 4: The state of TE*	


•  Strategies besides standardization may take 

precedence in some BE fields.!

•  TE has few products to market, but continues 
to grow. Challenges remain.!

•  Your thoughts here! !

(* not our last word on this topic)!

Next time: transcript + protein assays, imaging.!
Note: Being sold but also still in trials.!


