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BIOE 476: Tissue Engineering, Fall 2019 

Homework 1- due Tuesday, September 17th (in class) 

Part 1 

- Read the following article:  Loffredo et al. Growth differentiation factor 11 is a 
circulating factor that reverses age-related cardiac hypertrophy, Cell (2013), and answer 
the following questions.  For some questions, you may need to look into referenced 
papers or outside material for additional information. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3677132/ 

 
 

a) (3 points)  What cell type expresses the cell surface protein CD45 (CD45.1 or CD45.2)?  
The authors utilized CD45.1/CD45.2 expression to determine what? 

 

(1 point) Blood cells express CD45.1 or CD45.2 (based on genetic background of mouse). 

 

(2 points)  The authors used CD45.1 and CD45.2 to determine the degree of cross-circulation 
between parabiotic mice.  Specifically, the presence of CD45.1 blood cells in the blood or spleen 
of CD45.2 mice and CD45.2 blood cells in CD45.1 mice confirmed that cross-circulation had 
been achieved. 

 

b) (7 points)  Answer these questions related to the effects observed following the 
generation of heterochronic (young-old) parabiotic mice.   
 

(1) (1 point) Overall, parabiosis with young mice reduces what age-related heart issue in 
old mice?   

 
(2) (2 points) What 2 specific physiological measurements were altered (improved) in old 
mice following parabiosis with young mice?  
 
(3) (1 point) Parabiosis suggests that an important factor involved in the aging process is 
present where in the body? 
 
(4) (1 point) For heterochronic parabiosis, what effect was observed in the young mice 
for these same parameters (question b part 2)? 
 
(5) (2 points)  The difference between the effects observed in the young mice and old 
mice provides a key clue into a predominant mechanism behind this aging response.  
Specifically, it provides some insight into whether aging results in the accumulation or 
reduction of an important factor.  Which is it and why?    
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3677132/
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(1) (1 point)  Age-related cardiac hypertrophy 
 

(2) (2 points)  Heart weight/tibia length and cardiomyocyte cross-sectional area. 
 

(3) (1 point) In the blood (circulation). 
 

(4) (1 point)  No significant effect. 
 

(5) (2 points)  Reduction.  Aging results in the reduction of a ‘positive’ factor, and 
not the accumulation of a ‘negative’ factor.  In heterochronic parabiosis, old mice 
are improved, but young mice are not affected significantly. 

 

c) (4 points)  In these experiments, the authors used the following control conditions, (1) 
isochronic parabiosis (both Y-IP and O-IP), and (2) sham parabiosis.  For each of these 
types of controls, briefly describe what they are and what they demonstrate. 
 
 

(1) (2 points)  Isochronic parabiosis was the parabiotic joining of two young mice (Y-
IP) or two old mice (O-IP).  These demonstrate that the procedure of parabiosis 
does not cause the changes in cardiac physiology that were observed. 

 
(2) (2 points)  Sham parabiosis was the physical joining of mice without integrating 

the skin of the mice and no cross-circulation.  This demonstrates that behavioral 
changes due to the joining are not the cause of the changes observed. 
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Part 2 

- Read the following article:  Lazar et al. Cardiomyocyte renewal in the human heart: 
insights from the fallout, Eur Heart J (2017), and answer the following questions.  For 
some questions, you may need to look into referenced papers or outside material for 
additional information. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5837331/ 

 

d) (2 points)  As the article states, 14C dating has been used extensively to date biological 
samples, but this technique does not generally allow for a temporal resolution of 1-2 
years. What past events, mentioned in this article, have enabled the very high temporal 
resolution used to analyze cell turnover in human tissues such as the heart? 
 
(2 points) Above-ground nuclear bomb tests during the cold war (1950s-1960s) led to 
greatly increased atmospheric 14C. 
 
 

e) (2 points)  Is it possible to use the 14C method to date a single cell within a tissue such as 
a human heart? Why or why not? 

 

(1 point) No. 
 
(1 point) 14C levels are still not high enough, and consequently, not all proliferating cells 
are labeled. 
 
 

f) (3 points)  What is polyploidy? Why does it need to be accounted for? 

 

(1 point) Polyploidy is a state in which a cell has greater than 2N genomic DNA. 
 
(2 point) A cell could replicate its DNA as part of becoming polyploid, which could lead 
to an uptake of 14C. If the polyploid state was not accounted for, this incorporation of 14C 
could be incorrectly interpreted as DNA replication associated with cell proliferation. 

 

g) (2 points)  According to the studies summarized in this article, rank (greatest to least) the 
3 major cell types of the human heart according to turnover rate throughout life. 

 

(2 points) Greatest to least: Endothelial cells, Mesenchymal cells, Cardiomyocytes 
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5837331/
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h) (2 points)  Based on the 14C technique, if an individual lived to be 80 years old, 
approximately, what fraction of cardiomyocytes in the heart would be present from the 
time of birth? At what age range does the majority of the cell turnover occur? 

 

(1 point) Approximately 60-65%. 
 
(1 point) Majority of turnover happens in the first 10 years of life. 

 

i) (2 points)  Are cardiac stem cells established as the main source of new cardiomyocytes 
in the adult heart? What other cell type could be a potential source of new 
cardiomyocytes? 
 
 
(1 point) No- some contribution may come from cardiac stem cells, but the main source is 
not well established. 
 
(1 point) Pre-existing cardiomyocytes that duplicate, possibly through a process of 
dedifferentiation. 
 
 
 

 


