











1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Wagner et al. Page 19

C: Implantation

Native lung

Figure 2. Representative images depicting decellularization, recellularization, and implantation
of decellularized lung scaffolds

A) Whole de-cellularized mouse heart-lung bloc. The trachea is cannulated with a 18 gauge
blunted needle. Reprinted with permission from Daly et al., Initial Binding and Re-
Cellularization of De-Cellularized Mouse Lung Scaffolds with Bone Marrow-Derived
Mesenchymal Stromal Cells Tissue Engineering Part A, Vol. 18, No. 1-2: 1-16, 2012 (39).
B) H and E, Masson’s Trichrome collagen, and Verhoeff’s Van Gieson staining of native
mouse lungs, de-cellularized whole mouse lungs, and approximately 1 mm thick slices of
mouse de-cellularized lungs. Original magnifications: 100 X. a = airway, bv = blood vessel.
Reprinted with permission from Daly et al., Initial Binding and Re-Cellularization of De-
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Cellularized Mouse Lung Scaffolds with Bone Marrow-Derived Mesenchymal Stromal
Cells Tissue Engineering Part A, Vol. 18, No. 1-2: 1-16, 2012 (39).

C) Transmission electron micrograph images of different regions of a representative de-
cellularized whole mouse lung are shown. Original magnifications A) 600X, B) 1,000X, C)
1,000 X, D) 3,000X. Reprinted with permission from Daly et al., Initial Binding and Re-
Cellularization of De-Cellularized Mouse Lung Scaffolds with Bone Marrow-Derived
Mesenchymal Stromal Cells Tissue Engineering Part A, Vol. 18, No. 1-2: 1-16, 2012 (39).
D) Histologic assessment of H and E stained whole mouse lungs de-cellularized using
different detergent-based protocols demonstrates significant differences in resulting
histologic architecture notably loss loss of detail and parenchymal structure when using
CHAPS. a = airway, bv = blood vessel, Original magnifications 100X. Reprinted with
permission from Wallis et al., Comparative assessment of detergent-based protocols for
mouse lung de-cellularization and re-cellularization. Tissue Eng Part C Methods 2012; 18:
420-432 (41).

E) Representative gross and histologic images of native and decellularized macaque lungs.
Reprinted with permission from Bonvillain et al., A nonhuman primate model of lung
regeneration: detergent-mediated decellularization and initial in vitro recellularization with
mesenchymal stem cells. Tissue Eng Part A 2012; 18: 2437-52 (38)—.

F) Intratracheally inoculated MSCs cultured up to one month in both basal MSC media and
in SAGM grow in parenchymal and airway regions of de-cellularized whole mouse lungs.
Representative photomicrographs depict MSCs in large airways (upper row) and in
parenchymal lung regions (lower row). Green arrows highlight cells growing in large
airways, and the asterisk in the upper left-hand image show the region magnified in the
upper right-hand image. Original mags are 100X, 400X, 400X and 200X. Reprinted with
permission from Daly et al., Initial Binding and Re-Cellularization of De-Cellularized
Mouse Lung Scaffolds with Bone Marrow-Derived Mesenchymal Stromal Cells Tissue
Engineering Part A, Vol. 18, No. 1-2: 1-16, 2012 (39).

G) Lung-derived MSCs (L-MSCs) inoculated into decellularized sheep lung scaffolds
express and grown for 2 weeks express a variety of ECM proteins (fibronectin is depicted)
that may help to remodel the scaffold. Reprinted with permission from Ingenito et al,.
Autologous lung-derived mesenchymal stem cell transplantation in experimental
emphysema. Cell Trans 2012; 21: 175-189 (75).

H) Mouse embryonic stem cells (ESCs) pre-differentiated in routine tissue culture to express
pro-surfactant protein C (pro-SPC, red stain) maintain pro-SPC expression after culture in
decellularized mouse lung scaffolds. Depcited are images of native mouse lung and
decllularized mouse lung 1 week after inoculation with SPC-expressing murine ESCs.
Original magnification 200X. Reprinted with permission from Jensen et al., A rapid lung de-
cellularization protocol supports embryonic stem cell differentiation in vitro and following
implantation. Tissue Eng Part C Methods 2012; 18: 632—-46 (40).

I) Tissue-engineered left lung was implanted into adult Fischer 344 rat recipient and
photographed ~30 minutes later. (B). X-ray image of rat showing the implanted engineered
left lung (white arrow) and the right native lung. (C) H and E stain of explanted lung. Red
blood cells perfusing septa are evident, and some red blood cells are present in airspaces.
Scale bar 50 um. Reprinted with permission from Petersen et al., Tissue-Engineered Lungs
for in Vivo Implantation. Science, 2010 329:538-541 (32).

J) Decellularized sheep lung lobe (white arrow) implanted into an adult sheep establishing
both airway and vascular anastomoses with appropriate inflation and vascular perfusion.
Hoffman, Finck, Weiss unpublished data.
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Table 2

Agents Commonly Used During De-Cellularization

Agent

Properties

Triton X-100

Nonionic detergent used to solubilize proteins;
mild non-denaturing detergent

Sodium Deoxycholate (SDC)

Water soluble ionic detergent used for disrupting
and dissociated protein interaction

Sodium Dodecyl Sulfate (SDS)

Anionic surfactant used for lysing cells and
unraveling proteins

3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate (CHAPS)

Non-denaturing zwitterionic detergent used to
solubilize proteins

Ethylenediaminetetracetic acid (EDTA)

Chelating agent that binds to calcium and
prevents joining of cadherins between cells,
preventing clumping of cells grown in liquid
suspension, and detaching adherent cells. Can
also be used to inhibit metalloproteinases.

Antibiotics Typically Penicillin, Streptomycin, and an anti
mycotic Amphotericin
Other DNAase, RNAase, and heparin

Respirology. Author manuscript; available in PMC 2013 August 01.
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