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BIOE 476: Tissue Engineering, Fall 2019 

Homework 2- due Thursday, September 26th (in class) 

Part 1 

- Read the following article:  Miller et al. Rapid casting of patterned vascular networks for 
perfusable engineered three-dimensional tissues, Nature Materials (2012), and answer 
the following questions.  For some questions, you may need to look into referenced 
papers or outside material for additional information. 
http://www.nature.com/nmat/journal/v11/n9/full/nmat3357.html 
 
 

a) (3 points)  What are the design requirements for the sacrificial material? 
 
The material had to have sufficient mechanical stiffness to form a strong and stable 
structure. (1 point)  
 
It also needed to be dissolvable by a method that was quick and cell compatible. (1 point) 
 
Finally, it needed to be optically clear to be compatible with photo-initiated crosslinking. 
(1 point) 

 

b) (3 points)  Figure 1b demonstrates a significant reduction in the optical extinction of the 
carbohydrate glass for light with wavelengths > 350 nm.  This feature is important for 
one of the biomaterials that they combine with the glass in this demonstration.  Which 
biomaterial is this and why is this important? 
 
Polyethylene glycol (PEG).  (1 point) 
 
The PEG hydrogel was polymerized by photopolymerization, based on the exposure to 
long wavelength UV light (> 360) in the presence of photoinitiator.  The reduction in the 
extinction at these wavelengths demonstrates that the glass will not significantly inhibit 
the light exposure (the optically clear parameter above), which is used to polymerize the 
PEG gel.  (2 points) 
 

c) (2 points)  Based on their studies, what relative change in the extrusion nozzle travel 
speed would be required in order to reduce the filament diameter from 800 µm to 200 
µm?  (assuming no change in nozzle diameter or extrusion flow rate, i.e. no change in A) 
 
16-fold increase.  They demonstrate that the relationship is diameter = A/sqrt(speed).  So 
a 4-fold decrease in diameter would result from a 16-fold increase in speed. (2 points) 
 

http://www.nature.com/nmat/journal/v11/n9/full/nmat3357.html
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d) (3 points)  What does the following sentence mean? "As a measure of cellular function 
and activity, we examined expression of destabilized enhanced green fluorescent protein 
(dsEGFP) from a constitutively expressed lentiviral cassette inserted into HEK293T 
cells." 

  

The authors needed a live measurement of cellular viability. Using a lentiviral vector, 
they inserted the gene for destabilized enhanced green fluorescent protein into HEK 
cells. It is important that the protein is destabilized, meaning that it will break down 
quickly so that cells need to continue to produce the GFP protein in order to remain 
fluorescent. So, living and healthy cells will be transcribing and translating dsEGFP to 
produce fluorescent protein, producing a green color under fluorescent imaging. 
Unhealthy or dead cells will not be efficiently synthesizing protein and will grow dim.  (3 points) 
 

e) (4 points)  The authors used the HEK cells expressing dsEGFP to demonstrate the benefit 
of channels compared to a slab gel.  Briefly describe what experiment they performed 
and what benefit they demonstrated. 

 

They encapsulated HEK cells expressing dsEGFP in PEG hydrogels that were either 
complete gel slabs or gels with channels.  They performed fluorescence imaging of the 
gels to analyze dsEGFP expression in distinct regions.  The dsEGFP signal is indicative 
of cell viability.   (2 points) 

 

Gel slabs have significant fluorescence only on the outsides, suggesting that cell on the 
interior are not viable.  Gels with channels demonstrate additional fluorescence 
immediately around the channels.  These results demonstrate that the channels improve 
the viability of encapsulated cells.   (2 points) 
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Part 2 

- Read the following article:  Wu et al. Omnidirectional printing of 3D microvascular 
networks, Advanced Materials (2011), and answer the following questions.  For some 
questions, you may need to look into referenced papers or outside material for additional 
information. 
http://onlinelibrary.wiley.com/doi/10.1002/adma.201004625/full 
 
 

f) (2 points)  Pluronic F127 (also known as Poloxamer 407) is a triblock polymer. What are 
the segments and how are they arranged? 

 

A hydrophobic PPO segment and two hydrophilic PEG segments arranged in PEO-PPO-
PEO configuration.  (2 points) 

 

g) (3 points)  What is the critical micelle concentration (CMC)?  What happens above the 
CMC? 

 

The critical micelle concentration was approximately 21 w/w%. (1 point)   
 
Above this concentration a physical gel was formed.  (2 points) 

 

h) (3 points)  What is the critical micelle temperature (CMT)?  What happens below the 
CMT? 

 

The critical micelle temperature was approximately 10 °C.  (1 point) 
 
Below the CMT, the gel will become a fluid with a significant decrease in shear modulus.  
(2 points) 

 

i) (6 points)  The fugitive ink, fluid filler, and reservoir gel are all based on Pluronic F127.  
What are the differences in these components? 
 
Fugitive Ink:  The fugitive ink is the unmodified Pluronic F127, at a concentration of 
23%, which is above the CMC of 21% (2 points) 
 
Reservoir Gel:  The reservoir gel is diacrylate-functionalized Pluronic F127.  The optimal 
concentration of 25% was above the CMC for the functionalized Pluronic (which was 

http://onlinelibrary.wiley.com/doi/10.1002/adma.201004625/full
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approx. 23%).  The diacrylate functionalization allows for polymerization of reservoir 
gel.  (2 points) 
 
Fluid Filler:  The fluid filler is also diacrylate-functionalized Pluronic F127.  However, it 
is at a concentration below the CMC (23%).  This insures that the filler remains a fluid 
during the printing so that it fills into the spaces, but the acrylate functionalization allows 
it to be incorporated during the polymerization. (2 points) 

 

j) (3 points)  Using the 200 µm nozzle, what range of microchannel diameters could be 
formed?  How did they control the channel diameter? 
 
Diameters ranging from approximately 200 µm to 600 µm were achieved with this 
nozzle.  (1 point) 
 
The diameters could be adjusted by changing the applied pressure.  An increase in the 
pressure led to an increase in the microchannel diameter (2 points) 

 

k) (2 points)  How did they polymerize the overall microvascular structure? 

 

The structure was polymerized using a photopolymerization process.  Photoinitiator was 
present in the fluid filler and reservoir gel matrix.  After patterning, structures were 
exposed to 365nm UV light for 5 minutes. (2 points) 

 

l) (2 points)  How did they remove the ink? 

 

After polymerization, the temperature is reduced to below the CMT of the fugitive ink 
(<10 °C) in order to liquefy the ink.  The ink is removed from the channels with vacuum. 
(2 points) 

 

 

m) (3 points)  How did they test diffusion from the channels? 

 

A rhodamine-based dye (MW ~500) was loaded into a microchannel and allowed to diffuse into 
the matrix.  The distance of diffusion was evaluated with fluorescence microscopy.  Assuming 
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that fluorescence intensity is directly proportional to concentration, they calculated the diffusion 
constant by calculating spatial peak variance from time-course data. (3 points) 


