
Video Article

Decellularization and Recellularization of Whole Livers
Basak E. Uygun, Gavrielle  Price , Nima  Saeidi, Maria-Louisa Izamis, Tim Berendsen, Martin  Yarmush , Korkut  Uygun
Center for Engineering in Medicine, Massachusetts General Hospital, Harvard Medical School, Shriners Hospitals for Children

Correspondence to: Martin Yarmush at ireis@sbi.org, Korkut Uygun at kuygun@partners.org

URL: http://www.jove.com/details.php?id=2394
DOI: 10.3791/2394
Citation: Uygun B.E., Price  G., Saeidi N., Izamis M., Berendsen T., Yarmush  M., Uygun K. (2011). Decellularization and Recellularization of Whole Livers. JoVE. 48.
http://www.jove.com/details.php?id=2394, doi: 10.3791/2394

Abstract
The liver is a complex organ which requires constant perfusion for delivery of nutrients and oxygen and removal of waste in order to survive1.
Efforts to recreate or mimic the liver microstructure with grounds up approach using tissue engineering and microfabrication techniques have not
been successful so far due to this design challenge. In addition, synthetic biomaterials used to create scaffolds for liver tissue engineering
applications have been limited in inducing tissue regeneration and repair in large part due to the lack of specific cell binding motifs that would
induce the proper cell functions2. Decellularized native tissues such blood vessels3and skin4on the other hand have found many applications in
tissue engineering, and have provided a practical solution to some of the challenges. The advantage of decellularized native matrix is that it
retains, to an extent, the original composition, and the microstructure, hence enhancing cell attachment and reorganization5.

In this work we describe the methods to perform perfusion-decellularization of the liver, such that an intact liver bioscaffold that retains the
structure of major blood vessels is obtained. Further, we describe methods to recellularize these bioscaffolds with adult primary hepatocytes,
creating a liver graft that is functional in vitro, and has the vessel access necessary for transplantation in vivo.

Protocol

1. Liver Decellularization

2. Recellularization of Decellularized Liver Matrix

Page 1 of 4

Journal of Visualized Experiments www.jove.com

Copyright © 2011 Journal of Visualized Experiments

1. Harvest a rat liver with portal vein cannulation using and 18-gauge catheter. Leave the inferior and superior vena cava open. Keep the organ
hydrated in phosphate buffered saline (PBS) in a 10-cm petri dish.

2. Set up a perfusion system that consists of 8-liter reservoir, peristaltic pump and a bubble trap.
3. Fill the perfusion system with phosphate buffered saline and keep it running for 10 minutes. Fill PBS into a 10-cm petri dish and reduce the

flow rate of phosphate buffered saline to 1 mL/min.
4. Carefully transfer the harvested liver to the phosphate buffered saline filled 10-cm petri dish.
5. Continue with PBS perfusion overnight.
6. Start perfusion with 0.01% (w/v) sodium dodecyl sulfate (SDS) in distilled water for 5 minutes.
7. Perfuse with PBS for 1 hour.
8. Repeat steps 1.6 and 1.7 three more times increasing the SDS perfusion time to 10, 15 and 20 minutes at each time.
9. Continue perfusion with 0.01% (w/v) SDS for 24 hours.
10. Continue perfusion with 0.1% (w/v) SDS for 24 hours.
11. Perfuse with 0.2% (w/v) SDS for 3 hours.
12. Perfuse with 0.5% (w/v) SDS for 3 hours.
13. Perfuse with distilled water for 15 minutes.
14. Perfuse with 1% (w/v) Triton X-100 in distilled water for 30 minutes to remove any bound nucleic acids.
15. To wash the decellularized liver matrix (DLM), perfuse with PBS for 2 hours.
16. Optional: Resect all lobes except the median lobe.
17. Store the DLM in a clean and sealed Petri dish soaked in PBS at 4oC until ready to use (Figure 1).
18. To sterilize the DLM: 1) Flush the DLM with sterile PBS containing 0.1% (v/v) peracetic acid and 4% (v/v) ethanol and incubate for 3 hours at

4oC. 2) Wash with sterile PBS 2 times. 3) Wash with sterile PBS containing 2% penicillin-streptomycin, 10ug/ mL gentamicin, and 2.5 ug/ mL
amphotericin B. Store the decellularized liver in the same solution at 4oC until ready to use for recellularization experiments.

1. Set up a perfusion system that consists of a perfusion chamber, peristaltic pump and a bubble trap under sterile conditions. Fill the perfusion
system with 200 mL of culture medium, e.g., high glucose DMEM (Sigma), 10% fetal bovine serum (Hyclone,), 100 U mL-1 penicillin, and 100
μg mL-1 streptomycin (Invitrogen).

2. Place the decellularized liver matrix in the perfusion chamber and connect the DLM to the perfusion system through the portal vein cannula
while the pump is running at 5 mL/min to avoid formation of any air bubbles.

3. Allow perfusion of the medium through the DLM for 30 minutes.
4. Isolate primary hepatocytes from an adult rat with at least 90% viability.
5. Stop the flow in the perfusion system and slowly inject 50 million hepatocytes (in 1-3 mL of culture medium) into perfusion system through the

bubble trap.
6. Start the flow at 10 mL/min and recirculate the medium for 10 minutes.
7. Repeat steps 2.5 and 2.6 until a total of 200 million cells are introduced into the DLM (Figure 2)6.
8. Once all the cells are perfused into the DLM, collect the perfusate into four 50-ml centrifuge tubes and centrifuge at 600 rpm for 10 minutes.

Discard the supernatants and collect the pellets into a single tube. Determine the number of cells and viability via trypan blue exclusion to
determine the seeding efficiency.
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3. In Vitro Culture of the Recellularized Liver Graft

4. Representative Results:

The complete decellularization of a rat liver takes about 72 hours using the described protocol. The resulting matrix retains 100% of the fibrillar
collagen, 50% of the glycosaminoglycans and only 5% of the DNA of the native liver (Table 1)6. The vascular structure of the matrix is preserved
as evidenced by corrosion casting and scanning electron microscopy analysis (Figure 4)6. The presence of the vascular microarchitecture within
the DLM facilitates its repopulation with cells with an efficiency of 96% and its subsequent perfusion for in vitro culture. The recellularized liver
graft may be cultured up to 10 days in vitro and displays proper liver functions as confirmed via albumin, urea and total bile acid secretion (Figure
5)6.

Figure 1. Decellularized liver matrix at the end of the decellularization process. (a) the whole liver (b) the median lobe after resection.

Figure 2. Schematic representation of the recellularization of the DLM.

Figure 3. Perfusion system setup for in vitro culture of the recellularized liver graft.
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1. Set up a perfusion system that consists of a perfusion chamber, peristaltic pump, oxygenator and a bubble trap under sterile conditions
(Figure 3). Fill the perfusion system with 50 mL of culture medium, e.g., Williams' E (Sigma), 5% fetal bovine serum (Hyclone,),0.5 U mL-1
insulin (Eli Lilly), 20 ng mL-1 EGF (Invitrogen), 14 ng mL-1 glucagon(Bedford Laboratories),7.5 μg mL-1 hydrocortisone (Pharmacia), 100 U mL
-1 penicillin, and 100 μg mL-1 streptomycin (Invitrogen).

2. Place the recellularized liver graft in the perfusion chamber and connect the DLM to the perfusion system through the portal vein cannula
while the pump is running at 5 mL/min to avoid formation of any air bubbles.

3. Aseptically close the perfusion chamber and seal tightly to avoid any leakage during culture.
4. Transfer the perfusion system to an incubator that is 37oC and has 10% CO2 and increase the perfusion flow rate to 15 mL/min.
5. Connect the oxygenator to a 95% O2 and 5% CO2 gas mixture tank and set the gas flow rate to 0.5 liters/min. This should achieve an oxygen

partial pressure of approximately 400 mmHg.
6. The culture may continue up to 10 days with daily changes of culture medium. The culture medium may be sampled daily for monitoring of

liver functions of the graft such as albumin, urea and total bile acid secretion. At the end of the culture period, the recellularized liver graft may
be sampled for molecular and histological analysis.
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Figure 4. The microvascular structure is retained in the decellularized liver matrix. Corrosion cast images of a) a normal liver b) a decellularized
liver, portal (red) and venous (blue) vasculature. Scanning electron microscopy images of the DLM c) a vessel, d) a section featuring bile duct-like
small vessels (arrows), Scale bars (a,b) 5 mm (c,d) 20 μm.

Figure 5. Liver specific functions of the recellularized liver graft during the in vitro perfusion culture. a) albumin secretion (p = 0.5249), b) urea
production (p = 0.5271) and c) total bile acid secretion (p = 0.0114). Statistical analysis of the difference between the experiment and the control
was done over the 10 d culture period by Friedman's test at a = 0.01. Error bars represent s.e.m. (n = 3).

Table 1. The biochemical composition of the decellularized liver matrix compared to the native liver.
aValues are represented as mean ± s.e.m.
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  Fresh livera Decellularized liver matrixa p-values % of fresh liver

  n = 4 n = 8

Collagen 0.07 ± 0.01 0.08 ± 0.03 0.56 114%

(mg per g liver)

Glycosaminoglycans 73.1 ± 6.7 34.2 ± 2.9 0.004 47%

(mg per g liver)

DNA 14.9 ± 5.6 0.44 ± 0.08 3.3 10-5 2.9%

(mg per g liver)
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Discussion
The perfusion decellularization method described here produces a whole liver scaffold that has the same gross structure and the vascular
microarchitecture of the native liver. The scaffold has an extracellular matrix composition similar to the native liver. The recellularization method
achieves repopulation of the scaffold with cells at high efficiency and the cells remain viable and functional during the in vitro culture period
tested. With the addition of nonparenchymal cells into the recellularized liver graft, we envision that the recellularized liver graft may be used as a
platform to study various liver functions such as drug metabolism, regeneration and development. Furthermore, the recellularized graft may find
clinical application, since it can potentially be transplanted through connection to the blood circulation of a recipient animal thanks to the presence
of vascular structure in the graft6.
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