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What is Bioprinting?

Bioprinting/Biofabrication is a computer-aided, robotic 
layer by layer addition of living building blocks to form 3D 
functional human tissue constructs

ATBC



Future  of tissue and organ 
biofabrication will  depend upon first 
engineering a functional vascular tree

Break 4 cell 
barrier



BioPrinting Using “BioInk”

BioInk = aggregates of stem cells + hydrogel (morphogens)
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From Mironov, Markwald et al 2009 in Expert Opinion in Biological 
Therapy (in press)

BioInk BioInk

Stem cells + hydrogel



Vascular Tissue Spheroids Fusion

Malcolm Steinberg’s Differential Adhesion Hypothesis



Vascular Tissue Spheroids



Vascular tissue spheroids fusion



Rapidly Growing Family of Industrial Bioprinters



nScript Inc.(Sciperio), USA

Biofabrication Plant

2020?

ATBC



Road Map & Timeline

Building 
blocks=
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Fat Tissue Derived Stem Cells

Technology for isolating large scale
numbers of stem cell from adipose
tissue



Generation of induced pluripotent 
(iPS) cells 

ADULT HUMAN SKIN CELLS

EXPAND TO 10
7

Transfect 3 genes



Anatomical Imaging

Blueprint

CAD

Bioink

Bioprinter

Biopaper

MATUROGENS

Bioreactor

Biomonitoring

I. Pre-processing

II. Processing

III. Post-processing

Components of
Organ Printing
Technology

3 Steps in Bioprinting



SC Project: “Bioprinting of Vascular Tree”

Virtual and Physical Prototyping, 2009

‘Surface Evolver’, Ken Brakke

‘Blueprint’



MATUROGENS?

MATRICELLULAR PROTEINS ARE 
CANDIDATE MATUROGENS

Modular Proteins (multiple domains)
Bind ECM Proteins (e.g. collagen, elastin)
Activate intracellular kinase activity through 

integrin/filamin-A  binding 



C
D

44

H
AS

1/
2/

3

Cell proliferation, 
differentiation

CCN1
Periostin

FAK

Cytoskeleton activation, 
Cell motility

Cell survival, 
migration

R
ac

/C
D

C
42

Filamin A
p

Rhokinase

Feed back
loop

Apoptosis      

p53/ 
BAX

Hyper 
proliferation

MAPK/
Erk1/2

PI3K/
AKT

Cell membrane

Cytoplasm



Collagen Gel Contraction/Compaction Assay

50,000 stem  cells/ml entombed in    
neutral  collagen gel lattices 

infected with Pn αS or Ox 
virus

inhibitors of RhoK/Y27632
and PI3k/wortmanin added to medium

Analysis is based on changes in the  
diameter  of gels

Matricellular Proteins Can Promote Maturation 
by increasing collagen compaction



Periostin Enhances Collagen 
Compaction Mediated by PI-3 Kinase



periostin

Collagen fibrils



Can we do it??





25

Bioengineering corner of President Street & 
Jonathan Lucas Streets



RP

RP in TE



HUB



Education and 
Diversity Program

1.     The Annual Ernest Just 
Symposium: African-
Americans in Biomedical 
Sciences

2. Support Development 
Educational Outreach 
Programs 

3. Economic and business   
expertise

Program Director
Dr. Titus Reaves

Charleston born
Dr.  Ernest E. Just



“There is no such thing 
as a science fiction.

There is only 
science eventuality.”

Prof. Krummel 

Stanford University, CA, USA
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