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Abstract—4D printing is a new technology involving constructs 
that change their properties over time to form 3D configurations. 
Because of these constructs’ ability to keep cells viable, they 
provide a potential solution to the shortage of organ donors. To 
achieve the final goal of 4D printing a heart, a substrate layer 
has to fold up, pulling a hydrogel layer and attached cells with 
it. Poly(N-Isopropylacrylamide) (PNIPAm) was tested as a possi-
ble thermoresponsive substrate. In order to optimize the folding 
process, different thicknesses of hydrogels were tested with the 
PNIPAm. At 37ºC, PNIPAm contracted and folded upwards. The 
bending angle was found to correlate with the hydrogel layer 
thickness, suggesting that it has the flexibility to form any de-
sired angles. This research will allow for the creation of artificial 
hearts that can help with the current shortage of transplants.

I. INTRODUCTION
Heart disease is one of the leading causes of death worldwide. 

In the next 94 seconds, a person will have a heart attack, and in the 
next 84 seconds, a person will die of one. However, there are not 
enough organ donors to save everyone [1]. 4D bioprinting has the 
potential to help solve this; by using biopsied cells to form struc-
tures, bioprinting can potentially provide hearts for transplant [2].

4D bioprinting improves upon 3D printing by adding the di-
mension of time. Printed layers fold up into a 3D configuration 
over time [3]. The goal of the project is to use this technology to 
form a heart. In order to do this, the meridians of a sphere are 
traced and divided to form petal-like patterns. A specific material 
must be used to facilitate folding. One potential thermoresponsive 
polymer is Poly(N-Isopropylacrylamide) (PNIPAm). It is hypothe-
sized that PNIPAm will contract and pull on the hydrogel, causing 
both to bend at an angle that varies with the hydrogel thickness.

II . METHODS
In order to create the bilayer construct, a laser cutter was used 

to create a plastic mold with six rectangular holes. The first layer 
of PNIPAm was poured into the mold and cured with UV light, 
causing crosslinking, the formation of chemical bonds and linked 
polymer chains. The second layer was GelMA, a biocompatible 
hydrogel that can be used to culture cells. Crosslinking a second 
time with both UV light and calcium chloride formed an insoluble 
3D matrix. This process was repeated using 70 mm, 100 mm, and 
150 mm of GelMA. They were incubated at 37ºC, causing PNIPAm 
to contract and pull on the GelMA, resulting in bending. After 24 
hours, ImageJ was used to measure angles of bending.

Figure 1. PNIPAm (yellow) and GelMA (blue) in the bilayer construct 
before and after bending

TABLE 1. NIPAm BENDING

III . RESULTS & DISCUSSION
As the average GelMA layer thickness increased, the bending 

angle decreased. This is because increasing thickness provided 
more resistance to PNIPAm contraction.

Although future experiments should include a larger range of 
thickness to reinforce the trend, this experiment does suggest that 
PNIPAm is a viable material for 4D printing. Folding cardiomyo-
cyte-seeded scaffolds can form complex structures with high ac-
curacy, something that was not previously possible. This allows 
for the engineering of artificial hearts, an alternative treatment for 
heart disease that uses the patient’s own cells to replace damaged 
tissue.

IV. CONCLUSIONS
These results suggest that PNIPAm can be used as an effective 

thermoresponsive material with 4D printing. Printing a layer of 
PNIPAm and a layer of hydrogel creates a construct that can be 
folded up to form a primitive heart-shaped structure. By changing 
the thickness of the layers, the bending can be controlled. Although 
future work would be required to further evaluate the ability of 
PNIPAm to fold into a heart shape, this project shows the potential 
4D printing has for tissue engineering and mitigating heart disease.
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