
Semester Project
Introduction



Group Design Project
• Groups (6 students) will select a topic from the list given and write a

9-10 page paper that designs a tissue engineering approach and
experiments to test the approach.

• Presentation of approach in class (10%)

• Written paper (13%) will include the following 3 sections (3.0-3.3 
page each, 1.5 line spacing, 1 in margins):

Background & Significance
Innovation
Experimental Design
+ References (not counted in 9-10 pages)
+ Description of group member contributions



Presentations
• ~11 min presentation (~7-9 slides)

– Contribution from each group member
– 3 min questions/discussion
– Powerpoint format

– Title Slide
– Background and Significance (2 slides)
– Innovation (2 slides)
– Experimental Design (2 slides)
– Summary and Conclusion (1 slide)



Background & Significance

Provide background on the problem that you have
chosen to address

• Why is this an important problem to work on?  
Describe the clinical context, including the 
numbers of patients affected and the 
consequences of this problem.

• If you are addressing a basic science question, try 
to make the connection between the question 
that you are trying to answer and human disease.



Innovation
Review the current state-of-the-art techniques on your topic
and describe the approach that you will be experimenting
with as a solution to current limitations.

• What is the current state-of-the art?
• What new methods have been demonstrated in research

labs?
• What can currently be accomplished, and most importantly,

what is the limitation that you wish to address, and why?
• Why is your approach different and innovative in

comparison to previous attempts?
• What is it about your approach that makes you believe that

you might succeed where others have not?



Experimental Design
Describe the exact experiments that you plan to perform in
order to establish whether your proposal works or does not
work. It might make sense to make a table of the different
experimental conditions that you plan to try.

• Make proper use of experimental controls, and make sure 
that you can isolate the effect of one single experimental 
variable by using enough different conditions. 

• Consider the possible results that you might measure, and 
describe how different results would be interpreted. 

• Describe the number of replicates and repeats that you 
think are necessary to establish statistical significance.



Project Topics
• Skeletal Muscle Tissue Engineering
• Traumatic Brain Injury
• Spinal Cord Regeneration
• Engineered Tumor Environments
• Organ-on-a-Chip Models for Disease/Drug Toxicity
• Ligament Tissue Engineering
• Bioartificial Kidney
• Microscale Tissue Engineering
• Epimorphic Limb/Digit Regeneration
• Stimuli-Responsive Scaffolds
• Tissue Engineered Heart Patch
• Injectable Cartilage
• Artificial Cornea
• Facial Reconstruction
• Engineered Lymphatics



Skeletal Muscle Tissue Engineering
• Engineered skeletal muscle 

tissue would have broad 
applications for trauma and 
for muscle dysfunction 
(Duchenne muscular 
dystrophy).

• Pick a current tissue 
engineering approach and 
assess the current state-of-
the-art. 

• Identify a key limitation and 
design an experiment to test a 
method to improve current 
strategies or protocols.



Traumatic Brain Injury

• Treatments for traumatic brain 
injury (TBI) include 
medications, surgical 
procedures, and rehabilitation 
regimens. 

• Regenerative medicine (e.g. 
cell-based therapies) are 
relatively unexplored.

• Assess the state-of-the-art for 
inducing neural repair, through 
cell-based therapies or novel 
biomaterial/drug delivery 
approaches.

• Describe an experimental 
approach to test an 
improvement that would 
address current limitations.



Spinal Cord Regeneration
• Two methods of engineering 

improved regeneration following 
spinal cord injury include nerve 
guidance scaffolds and stem cell 
transplantation. 

• Pick one of these methods (or a 
different approach) and assess the 
current state-of-the-art. 

• Identify a key limitation of current 
approaches and design an 
experiment to test a method to 
improve current devices or 
protocols.



Engineered Tumor Environments
• The microenvironment of a tumor 

plays a large role in determining 
tumor growth, metastasis, and 
responsiveness to therapies.

• To better understand these 
processes and develop new 
interventions, in vitro tumor 
model systems are being explored.

• Pick a specific cancer and assess 
the current state-of-the-art of this 
approach, including weaknesses 
compared to in vivo. 

• Propose a tissue engineering-
based approach that could 
enhance the utility of an in vitro 
tumor model system.



Organ-on-a-Chip Models for 
Disease/Drug Toxicity

• To better understand disease and drug toxicity a 
range of tools have been applied to the 
fabrication of ‘organs-on-chips.’

• Pick an existing approach and describe the 
capabilities and limits of the current technology.

• Design an experiment to test an improvement 
that you propose.



Ligament Tissue Engineering
• Ligaments bind bone to 

bone and experience a 
unique range of 
biomechanical forces and 
injury mechanisms. 

• For ligament tissue 
engineering, describe the 
current state-of-the-art, 
and also identify a 
limitation that you wish 
to address. 

• Design an experiment to 
test the efficacy of the 
improvement that you 
propose.



Bioartificial Kidney

• A range of approaches have 
been proposed for the 
development of renal assist 
devices that incorporate 
living cells, and could 
provide improved 
functionality over current 
dialysis methods. 

• What are the currently 
available devices and what 
are their limitations? 

• Design an experiment to 
test an improvement to the 
current methods that you 
propose.



Microscale Tissue Engineering
• A number of methods exist to engineer tissue constructs at the 

resolution of individual cells.  These methods have been used to study 
the effects of cell-cell contact, cell proximity, cytoskeletal mechanics, 
spatial patterning, ECM composition, etc. 

• Choose a specific biological question and describe the 
microengineering approaches that have been employed so far to study 
this question (i.e. relationship between cell shape and apoptosis). 

• Propose a modified experiment to provide additional insight or to 
examine the question from a different angle.



Epimorphic Limb/Digit Regeneration
• Many other organisms exhibit 

tremendous capacity for 
regeneration (limbs, tails, etc.). 

• For decades, researchers have 
speculated at the possibility of 
exploiting such principles to 
induce regeneration in humans. 

• Assess the current state-of-the-
art in understanding these 
processes, the differences vs. 
higher mammals, and potential 
avenues for application.

• Propose an engineering 
approach to improve current 
methods, to better understand 
a key mechanism and/or 
improve translation.



Stimuli-Responsive Scaffolds

• To add dynamic functionality to 
tissue engineered systems, 
stimuli-responsive scaffold 
system are actively being 
pursued.

• Pick either a self-actuated 
approach (e.g. cell or host 
tissue signal) or an external 
actuated approach (light, 
electrical) and assess current 
efforts and limitations

• Propose an alternative 
approach or improvement and 
design an experiment to test 
the capabilities.



Tissue Engineered Heart Patch
• Following a heart attack, a portion of 

the heart may be damaged from lack 
of oxygen, creating a weakened or 
dead patch that can deteriorate and 
lead to heart failure. 

• One proposed solution has been to 
create a tissue engineered patch of 
heart muscle that could be used to 
reinforce the damaged region. 

• Assess the current state-of-the-art of 
this approach, including weaknesses 
of current patch devices. 

• Design an experiment to identify an 
optimal design, or to test a proposed 
improvement.



Injectable Cartilage
• The goal here is to deliver 

chondrocytes in a material that can 
form an in situ gel to encapsulate 
and sustain the cells. 

• Since the material does not gel until 
it reaches the injury site, the 
solution can be injected into the 
joint area via minimally invasive 
surgical techniques. 

• Assess the current state-of-the-art.  
What works and what doesn’t 
work? 

• Identify a key shortcoming of a 
current system and design an 
experiment to optimize device 
design, or to test a proposed 
engineering improvement to the 
system.



Artificial Cornea
• Corneal transplant patients can 

have repeated donor rejection 
or are ineligible to receive 
human donor corneas due to 
conditions like sever ocular 
surface diseases. Current 
research has been exploring 
the possibility of using tissue 
engineered cornea as an 
alternative therapy. 

• What are the currently 
available devices and what are 
their limitations? 

• Design an experiment to test 
an improvement to the current 
methods that you propose.

Turner, NRC-CNRC



Facial Reconstruction
• Facial reconstruction involves supporting the growth of bone 

tissue, but also precisely controlling scaffold shape to the 
desired facial structure.

• You may have to use some form of 3D scaffold printing 
technology to form your scaffold. 

• Pick an existing approach and describe the capabilities and 
limits of the current technology.

• Design an experiment to test an improvement that you 
propose.

Sinn-Hanlon, Beckman, UIUC



Engineered Lymphatics
• The lymphatic system acts to drain interstitial fluid from tissues 

into the bloodstream, and plays a major role in maintaining 
interstitial pressures, immunity, and disease processes such as 
tumor metastasis.

• Assess the current status of tissue engineered lymphatic vessels, 
including distinct features compared to blood vessels. 

• Design an experiment to test an improvement to the current 
methods that you propose.



Dates

• Project Team and Topic Selection by (10/10)
Sign-up sheet

• Draft Summary (1 page, due 11/7) 
• Project Presentations (12/3, 12/5, 12/10- in class)

Order picked randomly
Peer feedback
**Presentation slides emailed to Prof. Underhill 
by 8am- day of presentation

• Paper Due (12/18, 5pm)



Midterm Exam #1
Things to Review

• Quizzes and Homeworks
(As specific examples, and topic areas of emphasis)

• In-class exercises
• Sample questions/problems from lectures
• Additional readings (paper, book chapters)



• Quizzes and Homeworks
(As specific examples, and topic areas of emphasis)

• In-class exercises
• Sample questions/problems from lectures
• Additional readings (paper, book chapters)

Topics Areas of Particular Emphasis:
• Cell sorting/tissue assembly and work of adhesion: how relative relationships guide 

sorting behavior, how this related to mammary cell sorting
• Characteristics of natural and synthetic biomaterial scaffolds
• Cell-cell and Cell-ECM adhesion (receptors and ligands)
• Strategies for tailoring hydrogel scaffolds (introducing ligands, degradability)
• Receptor binding kinetics: bound vs. total ligand plots plus Scatchard plot analysis
• Wound healing and major principles of tissue homeostasis
• Cell isolation methods (gradient separation, antibody-based)

Midterm Exam #1
Things to Review
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