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Abstract

Purpose To improve effect of liver disease treatment, tissue

engineering approach such as direct hepatocyte injection has

been investigated. Encapsulation, mixing cells and biomaterials

to enclose cells within a biomaterial capsule, is commonly

used to deliver cells into the body. Many kinds of biomaterials

including natural and artificial materials have been used. The

capsule must have biocompatibility and microstructure for

cell culture, survival and proliferation as well as cell function

and therapeutic effects. However, most biomaterials used

for encapsulation have low biocompatibility, insufficient

constituents and an unsuitable 3-dimensional structure. To

solve these problems, we performed encapsulation using a

decellularized liver scaffold (DCLS) with a native extracellular

matrix (ECM) and natural porous microstructure including

vasculature.

Methods DCLS was prepared with 0.1% sodium dodecyl

sulfate under agitation and 2 mm2 sized DCLS pieces were

sterilized with peracetic acid (25.6 µl/10 ml) for 24 hours.

Histological analysis showed that the DCLS had native

ECM, liver specific major architecture and blood vessel

structure but no cells. For cell encapsulation, hepG2 cells

were injected into DCLS pieces with a syringe and cultured

for 5 days.

Results The cells survived and formed a cell mass with a

liver ECM microstructure inside the DCLS capsules. The

encapsulation status was similar to capsules formed by current

encapsulation techniques. 

Conclusions DCLS can be used to make an encapsulation

cell delivery system.

Keywords Liver disease, Decellularization, Encapsulation,

Decellularized liver scaffold, Microstructure

INTRODUCTION

For end-stage liver disease, liver transplantation is the only

curative treatment. However donor organ shortage, high cost,

and immune reaction are major limitations. Thus, alternative

cell-based liver direct therapies are being investigated [1].

Direct cell injection such as encapsulation is a method to

deliver cells into tissues for the treatment or restoration of

diseased/damaged liver. Many kinds of biomaterials including

collagen, hyaluronic acid and peptides as well as anionic

polysaccharides from algae have been used as encapsulation

materials [2-5]. These materials should have various

characteristics including biocompatibility, biodegradation,

physical properties, mechanical stability, permeability, and

morphology [6, 7]. The encapsulation materials should

reside in tissues for a long time but induce a low degree of

inflammation [8].

A common method for encapsulation is a mixture of powder

or solution type biomaterials and cells [9-11]. Encapsulation

acts to immunoisolate the cells and allows cell transplantation

without immunosuppression, which is important for a safe

and widely applicable cell therapy [12-14]. In addition, the

capsules should allow the free diffusion of nutrients and

oxygen, as well as exchange of the therapeutic proteins.

Transplanted cell survival, proliferation, and function are

very important [15] and therefore, vascularization by cell

migration and specific biomaterial properties are required

[16-18]. The formation of uniform capsules with repeatability

and reproducibility is a challenge, because cell agglutination

can occur and empty beads are produced during encapsulation

process. Many approaches require a defined stability of the
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cell capsules, which has to be controlled by the material

properties [19].

Three-dimensional (3D) organ architecture and extracellular

matrix (ECM) constituents influence liver cell functions,

differentiation and tissue formation as well as diseased liver

treatment and reconstruction [20, 21]. The surface properties,

including ECM and growth factors (GFs), are important for

interactions between the host proteins and cells [22]. If the

capsule has an organ 3D structure, GF and ECM, a synergistic

effect for liver treatment can be obtained. However, some

encapsulation biomaterials do not have native ECM and

GFs, and most biomaterials are used as a powder or solution.

Therefore, the surface properties and organ 3D structural

effects are not available for this type of cell delivery system.

Moreover, it is impossible to form a native 3D structure with

the currently available tools. Therefore, biomaterials containing

ECM, GFs and a native 3D microstructure should be developed

for encapsulation.

A decellularized liver scaffold (DCLS) prepared from

native liver is an appropriate biomaterial for hepatocyte

encapsulation. Decellularization eliminates all cell types

from the organ but retains the native 3D organ structure

composed of ECM. DCLS has a micro 3D liver structure,

vasculature, native ECM, GFs and biocompatibility [23]. In

addition, the DCLS maintains glycosaminoglycan (GAG)

that has a role in cell adhesion and GFs preservation [24].

DCLS contains many pores (spaces left after the removal of

cells) with a size between 10–100 µm, which allows nutrient

and oxygen diffusion and is useful for cell culture and blood

vessel formation. Previous studies of artificial livers using

DCLS indicated that injected or perfused cells diffused into

the liver parenchymal region [25-27]. Therefore, cells can be

injected into the pores to form a cell mass within the DCLS.

This procedure is similar to encapsulation because the wall

structures of the DCLS surround the injected cells. Of note,

using this method there is no need for mechanical and

chemical processes for cell encapsulation and a two-step

process, encapsulation and cell injection, is sufficient.

We previously established a DCLS manufacturing method

with cultured cells and identified its characteristics [28]. In

this study, we used the encapsulation method of applying

pieces of DCLS for hepatic cell delivery. 

MATERIALS AND METHODS

Manufacture of DCLS pieces 

Adult Sprague–Dawley rats (weight, 170–250 g, Samtako

BIO Korea Co., Seoul, South Korea) were anesthetized by

intraperitoneal injection of ketamine (100 mg/kg) and xylazine

(10 mg/kg). After the induction of anesthesia, 200 U of

heparin (Chungwae Pharma Co., Seoul, South Korea) was

systemically administered. The portal vein was cannulated

using a 24 or 26-gauge cannula and the liver was perfused

with 30 mL of heparinized phosphate-buffered saline (PBS)

to clear blood from the liver. The inferior vena cava and

superior vena cava were severed and the liver was reperfused

with 70 mL of heparinized PBS to remove the remaining

blood. The liver was cut into small pieces and decellularized

with 0.1% sodium dodecyl sulfate (SDS) under agitation

system and then the decellularized liver was chopped into

2 mm2-sized pieces. The pieces were washed with 10% PBS

to remove residual SDS for 120 minutes and sterilized with

0.1% peracetic acid (PAA, 25.6 µl/10ml) for 24 hours. The

DCLS pieces were washed again with 10% PBS for 20 minutes

to flush out chemical residues before cell injection. Finally, a

total of 10 DCLS pieces were made and used for encapsulation.

All animal procedures were conducted in compliance with

the guidelines approved by our Institutional Animal Care and

Use Committee (Kangwon National University, South Korea).

Histological analysis for DCLS

Liver samples were collected and fixed in 10% neutral

buffered formalin for hematoxylin and eosin staining (H&E).

The decellularized liver samples were also stained for GAGs

using alcian blue and periodic acid–Schiff (PAS) stain, while

staining of collagen and elastin was performed by Verhoeff-

van Gieson (VVG) staining according to standard protocols.

Scanning electron microscopy (SEM)

Decellularized and native matrices were washed with distilled

water, fixed in cold 2.5% glutaraldehyde for 2 hr at 4°C,

washed twice in PBS, and dehydrated in an ascending series

of ethanol (30, 50, 70, 90, and 100%) for 20–30 min per

concentration at room temperature. Samples were transferred

to a critical-point dryer and dried with CO2. Then, samples

were gold sputtered and mounted for imaging on a scanning

electron microscope (Carl Zeiss, Germany).

HepG2 encapsulation and viability test

HepG2 cells were cultured and proliferated for a few days

and then collected with a minimal amount of culture media.

HepG2 cells (3×105) were injected into DCLS pieces with a

1 mm syringe.

The DCLS injected cells were cultured for 5 days and then

cell viability was evaluated using a two-color fluorescence

EthD-1/Calcein AM live/dead assay (Molecular Probes, UK).

Fig. 1. Preparation procedures.
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Briefly, 20 µL of the supplied 2 mM EthD-1 stock solution

was added to 10 mL of sterile, tissue culture–grade D-PBS

to make an approximate 4 µM EthD-1 solution. The reagent

was combined by transferring 5 µL of the supplied 4 mM

calcein AM stock solution to the 10 mL EthD-1 solution.

The resulting solution was vortexed to ensure thorough

mixing. One ml of final solution was added to the culture

dish and following incubation, images were captured within

30 min by microscopy.

Histological analysis for encapsulation

The DCLS pieces containing HepG2 cells were fixed in 10%

neutral buffered formalin for H&E staining. Then cell images

within DCLS pieces were obtained for microscopy.

RESULTS

Production of DCLS

All kinds of liver cells were removed from the rat liver

during the 0.1% SDS solution treatment, leaving empty

spaces surrounded a connective tissue network, producing a

completely decellularized liver scaffold. The appearance of

the DCLS was transparent and the internal vascular structure

could be observed (Figs. 2a and 2b) with a blood vessel

network of various diameters (Fig. 2c).

A comparison of H&E staining and SEM images of native

liver and DCLS indicated obvious differences before and

after decellularization. The native liver had many cells and

normal blood vessel structure including portal triads composed

of the portal vein, arteries and bile duct (Figs. 3a and 3c).

Fig. 3. H/E images of native and decellularized liver. (a and c)
Native liver structure has parenchymal region and blood vessels.
(a: portal triad and c: central vein, red arrows, X200) (b and d)
Decellularized liver has dispersed parenchymal structure and
blood vessels. (red arrows are blood vessels, X400)

Fig. 2. Decellularization process. (a) Decellularization process. Cells were come out from rat liver by 0.1% SDS solution and some parts
were begun to be transparent. (b) After finishing decellularization process, the completely transparent DCLS was made. (c) Complicated
vascular structure of DCLS was observed. (X40)

Fig. 4. SEM images of native and decellularized liver. (Red arrows are blood vessels, Bar = 100 um). (a) Native liver has dense and
definite structure and cells. (b and c) Decellularized liver scaffold has disarranged net structure, pores and blood vessels. (b: central vein
and c: portal triad)
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Portal triad structures were also identified by SEM (Fig. 4a).

The DCLS contained no liver cells but retained the micro

liver structure. The empty spaces and ECM structure of

DCLS indicated the scaffold porous structure (Figs. 3b and

3d). All the empty spaces were connected. Blood vessels had

thick walls and large ducts and were identified easily. The

SEM images of DCLS showed network structures of the

ECM and the plain faces of blood vessel walls and the portal

triad (Figs. 4b and 4c). The DCLS retained collagen, elastin,

and GAG, the main components of the native liver ECM.

Specific staining showed that elastin was only present on

blood vessel walls but that collagen and GAGs were present

throughout the whole DCLS structure (Figs. 5a and 5b).

HepG2 culture within DCLS pieces

Small DCLS pieces made from the whole DCLS maintained

the liver ECM structure including blood vessel structures

(Figs. 6a and 6b). HepG2 cells injected into the DCLS pieces

formed a cell mass within each DCLS piece. Each cell mass

was about 2 mm in diameter (Fig. 7a). A cell viability assay

indicated green fluorescence was present throughout the

whole DCLS piece and red fluorescence was not observed in

any cell mass; therefore, most of the injected HepG2 cells

had survived (Figs. 7b-7d). H&E staining showed that the

HepG2 cells formed a dense cell mass and that the ECM

structure including blood vessels was maintained between

the cells (Figs. 8a-8d). This indicated that cell injection formed

Fig. 5. ECM components of decellularized liver. (X400). DCLS has collagen and elastin (a, red arrows are blood vessels) and
glucosaminoglycan (GAG, b). These are main components of liver ECM.

Fig. 6. DCLS piece (X40). DCLS piece with microstructure, (a) under microscopy and (b) H/E staining (red arrow is blood vessel).

Fig. 7. HepG2 cells injection. The red doted circles are cell masses
(X40). (a) Optical image of HepG2 cells injection into DCLS piece.
(b-d: microscopy image) (b) Cell viability assay was applied on the
DCLS piece. (c) Alive cells showed green fluorescence but (d) dead
cells showed red fluorescence (red fluorescence was not detected).
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a cell mass that was mixed within the liver ECM structure,

which resembled common encapsulation structures.

DISCUSSION

Encapsulation is a mixing method that fills capsules with

cells and materials through chemical and mechanical processes.

Different to other encapsulation methods, cell encapsulation

using DCLS pieces in this study was very simple, requiring

only a chemical treatment step for decellularization, DCLS

chopping and cell injection. Reduced chemical treatment and

mechanical processes increases the viability and number of high

quality cells for cell delivery that is important for successful

encapsulation because the state of the encapsulated cells

might influence the capsule properties [29].

All liver cells were eliminated from the liver tissue after

decellularization, and empty spaces connected to each other

were formed. However, the native liver architecture including

blood vessels was maintained. The spaces left by the eliminated

cells resembled pores of a scaffold and were suitable for cell

injection. The natural 3D microstructure of DCLS aided cell

survival, growth, and proliferation. Pores sized between 20–

60 µm have an impact on vascularization and fibrotic tissue

formation and lead to improved hepatocyte engraftment and

sufficient oxygenation [30-32]. Thus, it might be possible to

induce cell migration from native liver through blood vessels

to the DCLS pieces. Previous studies have reported the

diffusion distance of oxygen and nutrients in vivo is less than

2 mm. Therefore, we produced DCLS pieces of 2 mm2 for

in vivo transplantation. However, if capillary networks are

present to deliver oxygen and nutrients, the diffusion distance

of oxygen and nutrients can be over 2 mm [33]. The connection

of blood vessels to the DCLS aids the survival of transplanted

cells and the treatment and restoration of the diseased liver.

Although a pathway for blood flow is not required, the results

of treatment will be better if blood vessel reconstruction within

DCLS pieces is obtained by through coculturing vascular

endothelial cells and smooth muscle cells.

The constituent of the encapsulation material is an important

factor because it influences cell survival, toxicity, and

therapeutic effects. DCLS capsules contained native ECM

including collagen, elastin and GAG, and some GFs [23].

These natural elements are highly biocompatible and can be

incorporated, dissolved and absorbed into the liver tissue.

Interactions between hepatocytes, non-parenchymal cells,

and ECM and GFs leads to the rapid restoration of liver mass

and regeneration, predominantly through the proliferation of

the adult hepatocyte population [34-41]. GAGs are also

important and form a bridge for cell attachment and GFs

reservation. 

Recent studies reported a decellularized material applied

as a powder to encourage tissue specific remodeling and to

enhance biocompatibility. Its ECM components and GFs

promoted cell penetration into scaffolds [42,43]. However, when

using a powder type of decellularized material additional

chemical and mechanical processes are required causing a

loss of bioactivity during manufacturing. Therefore, we used

a simple process and the DCLS structure to encapsulate cells.

A very high cell density was used to mimic the in vivo cell

Fig. 8. Cell mass inside of DCLS pieces. (a and c, X40) The injected HepG2 cells formed cell mass inside of DCLS piece. (b and d)
There are blood vessel structures (red arrows, X200) and ECM architecture.
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density and prevent numerous cell loss by large volumes of

culture media. The injected cells could traffic into the spaces

in the DCLS pieces and interacted with the ECM structure to

form a cell mass. Histology results showed the cell mass

mimicked encapsulation. Green fluorescence of the cell mass

by a cell viability assay showed that the encapsulation method,

cell density, and 2 mm2 sized-DCLS pieces were appropriate

for making capsules containing living cells. Although the

HepG2 cells were well mixed within the DCLS architecture

and encapsulated well, there is a need to innovate advanced

techniques to form a stable cell mass inside the DCLS

structure to diminish cell loss by leakage.

CONCLUSION

DCLS was shown to be useful for cell encapsulation as it

contained native ECM, blood vessels and a native 3D

microstructure. Hepatocyte encapsulation using DCLS

pieces was easily formed using a one-step chemical process

(decellularization) and cell injection culture. The injected

cells survived within the DCLS piece and formed a cell mass

mixed with the native liver ECM architecture. In conclusion,

DCLS might be a beneficial material for cell encapsulation.

ACKNOWLEDGEMENTS 

This work was supported by a grant from the Next-Generation

BioGreen 21 program (No.PJ009627), Rural Development

Administration, Republic of Korea. This study was also

supported by iPET (Korea Institute of Planning and

Evaluation for Technology in Food, Agriculture, Forestry

and Fisheries), Ministry of Food, Agriculture, Forestry and

Fisheries (112008-5).

CONFLICT OF INTEREST STATEMENTS 

Jinn Hoon Ghim declares that he has no conflict of interest

in relation to the work in this article. Kamal Hany Hussein

declares that he has no conflict of interest in relation to the

work in this article. Park K-M declares that he has no

conflict of interest in relation to the work in this article.

Heung Myong Woo declares that he has no conflict of

interest in relation to the work in this article.

REFERENCES

[1] Elizabeth J. Cellular transplantation for liver diseases. Gastroenterol
Res. 2008; 1(1):8-13.

[2] Dixit V, Darvasi R, Arthur M, Brezina M, Lewin K, Gitnick G.
Restoration of liver function in gunn rats without
immunosuppression using transplanted microencapsulated
hepatocytes. Hepatology. 1990; 12(6):1342-9. 

[3] Zhao Y, Xu Y, Zhang B, Wu X, Xu F, Liang W, Du X, Li R. In
vivo generation of thick, vascularized hepatic tissue from collagen
hydrogel-based hepatic units. Tissue Eng Part C Methods. 2010;
16(4):653-9.

[4] Fan J, Shang Y, Yuan Y, Yang J. Preparation and characterization
of chitosan/galactosylated hyaluronic acid scaffolds for primary
hepatocytes culture. J Mater Sci Mater Med. 2010; 21(1):319-27.

[5] Semino CE, Merok JR, Crane GG, Panagiotakos G, Zhang S.
Functional differentiation of hepatocyte-like spheroid structures
from putative liver progenitor cells in three-dimensional peptide
scaffolds. Differentiation. 2003; 71(4-5):262-70.

[6] Li RH. Materials for immunoisolated cell transplantation. Adv
Drug Deliv Rev. 1998; 33(1-2):87-109.

[7] Rokstad AM, Lacík I, de Vos P, Strand BL. Advances in
biocompatibility and physico-chemical characterization of
microspheres for cell encapsulation. Adv Drug Deliv Rev. 2014;
67-68:111-30.

[8] Ratner BD. The biocompatibility manifesto: biocompatibility
for the twenty-first century. J Cardiovasc Transl Res. 2011;
4(5):523-7.

[9] Turner AE, Flynn LE. Design and characterization of tissue-
specific extracellular matrix-derived microcarriers. Tissue Eng
Part C Methods. 2012; 18(3):186-97. 

[10] Sgroi A, Mai G, Morel P, Baertschiger RM, Gonelle-Gispert C,
Serre-Beinier V, Buhler LH. Transplantation of encapsulated
hepatocytes during acute liver failure improves survival without
stimulating native liver regeneration. Cell Transplant. 2011;
20(11-12):1791-803. 

[11] Liu ZC, Chang TM. Intrasplenic transplantation of bioencapsulated
mesenchymal stem cells improves the recovery rates of 90%
partial hepatectomized rats. Stem Cells Int. 2012; 2012:697094.

[12] Zanin MP, Pettingill LN, Harvey AR, Emerich DF, Thanos CG,
Shepherd RK. The development of encapsulated cell technologies
as therapies for neurological and sensory diseases. J Control
Release. 2012; 160(1):3-13.

[13] Harm S, Stroble K, Hartmann J, Falkenhagen D. Alginate-
encapsulated human hepatoma C3A cells for use in a bioartificial
liver device - the hybrid-MDS. Int J Artif Organs. 2009;
32(11):769-78.

[14] Paul A, Chen G, Khan A, Rao VT, Shum-Tim D, Prakash S.
Genipin-cross-linked microencapsulated human adipose stem
cells augment transplant retention resulting in attenuation of
chronically infarcted rat heart fibrosis and cardiac dysfunction.
Cell Transplant. 2012; 21(12):2735-51.

[15] Blasi P, Giovagnoli S, Schoubben A, Ricci M, Rossi C, Luca G,
Basta G, Calafiore R. Preparation and in vitro and in vivo
characterization of composite microcapsules for cell encapsulation.
Int J Pharm. 2006; 324(1):27-36. 

[16] Hammond JS, Gilbert TW, Howard D, Zaitoun A, Michalopoulos
G, Shakesheff KM, Beckingham IJ, Badylak SF. Scaffolds
containing growth factors and extracellular matrix induce
hepatocyte proliferation and cell migration in normal and
regenerating rat liver. J Hepatol. 2011; 54(2):279-87.

[17] Oe S, Fukunaka Y, Hirose T, Yamaoka Y, Tabata Y. A trial on
regeneration therapy of rat liver cirrhosis by controlled release
of hepatocyte growth factor. J Control Release. 2003; 88(2):193-
200.

[18] Davis MW, Vacanti JP. Toward development of an implantable
tissue engineered liver. Biomaterials. 1996; 17(3):365-72.

[19] Freimark D, Pino-Grace P, Pohl S, Weber C, Wallrapp C, Geigle
P, Pörtner R, Czermak P. Use of encapsulated stem cells to
overcome the bottleneck of cell availability for cell therapy



64 Biomed Eng Lett (2015) 5:58-64

approaches. Transfus Med Hemother. 2010; 37(2):66-73.
[20] Fiegel HC, Kaufmann PM, Bruns H, Kluth D, Horch RE,

Vacanti JP, Kneser U. Hepatic tissue engineering: from
transplantation to customized cell-based liver directed therapies
from the laboratory. J Cell Mol Med. 2008; 12(1):56-66.

[21] Ji R, Zhang N, You N, Li Q, Liu W, Jiang N, Liu J, Zhang H,
Wang D, Tao K, Dou K. The differentiation of MSCs into
functional hepatocyte-like cells in a liver biomatrix scaffold and
their transplantation into liver-fibrotic mice. Biomaterials. 2012;
33(35):8995-9008.

[22] de Vos P, Lazarjani HA, Poncelet D, Faas MM. Polymers in cell
encapsulation from an enveloped cell perspective. Adv Drug
Deliv Rev. 2014; 67-8:15-34. 

[23] Wang Y, Cui CB, Yamauchi M, Miguez P, Roach M, Malavarca
R, Costello MJ, Cardinale V, Wauthier E, Barbier C, Gerber DA,
Alvaro D, Reid LM. Lineage restriction of human hepatic stem
cells to mature fates is made efficient by tissue-specific
biomatrix scaffolds. Hepatology. 2011; 53(1):293-305.

[24] Sasisekharan R, Raman R, Prabhakar V. Glycomics approach to
structure-function relationships of glycosaminoglycans. Annu
Rev Biomed Eng. 2008; 8:181-231. 

[25] Uygun BE, Soto-Gutierrez A, Yagi H, Izamis ML, Guzzardi
MA, Shulman C, Milwid J, Kobayashi N, Tilles A, Berthiaume
F, Hertl M, Nahmias Y, Yarmush ML, Uygun K. Organ
reengineering through development of a transplantable
recellularized liver graft using decellularized liver matrix. Nat
Med. 2010; 16(7):814-20.

[26] Bao J, Shi Y, Sun H, Yin X, Yang R, Li L, Chen X, Bu H.
Construction of a portal implantable functional tissue-engineered
liver using perfusion-decellularized matrix and hepatocytes in
rats. Cell Transplant. 2011; 20(5):753-66.

[27] Shirakigawa N, Takei T, Ijima H. Base structure consisting of an
endothelialized vascular-tree network and hepatocytes for whole
liver engineering. J Biosci Bioeng. 2013; 116(6):740-5.

[28] Hussein KH, Park KM, Teotia PK, Yang JW, Kim HM, Hong
SH, Yang SR, Park IC, Park SM, Woo HM. Fabrication of a
biodegradable xenoantigen-free rat liver scaffold for potential
drug screening applications. Transplant Proc. 2013; 45(8):3092-6.

[29] Rokstad AM, Strand B, Rian K, Steinkjer B, Kulseng B, Skjåk-
Braek G, Espevik T. Evaluation of different types of alginate
microcapsules as bioreactors for producing endostatin. Cell
Transplant. 2003; 12(4):351-64. 

[30] Kedem A, Perets A, Gamlieli-Bonshtein I, Dvir-Ginzberg M,
Mizrahi S, Cohen S. Vascular endothelial growth factor-
releasing scaffolds enhance vascularization and engraftment of
hepatocytes transplanted on liver lobes. Tissue Eng. 2005; 11(5-

6):715-22. 
[31] Madden LR, Mortisen DJ, Sussman EM, Dupras SK, Fugate

JA, Cuy JL, Hauch KD, Laflamme MA, Murry CE, Ratner BD.
Proangiogenic scaffolds as functional templates for cardiac tissue
engineering. Proc Natl Acad Sci USA. 2010; 107(34):15211-6.

[32] Bryers JD, Giachelli CM, Ratner BD. Engineering biomaterials
to integrate and heal: the biocompatibility paradigm shifts.
Biotechnol Bioeng. 2012; 109(8):1898-911.

[33] Griffith CK, Miller C, Sainson RC, Calvert JW, Jeon NL,
Hughes CC, George SC. Diffusion limits of an in vitro thick
prevascularized tissue. Tissue Eng. 2005; 11(1-2):257-66.

[34] Michalopoulos GK. Liver regeneration. J Cell Physiol. 2007;
213(2):286-300.

[35] Roos F, Ryan AM, Chamow SM, Bennett GL, Schwall RH.
Induction of liver growth in normal mice by infusion of hepatocyte
growth factor/scatter factor. Am J Physiol. 1995; 268(2 Pt 1):
G380-6.

[36] Webber E, Godowski PJ, Fausto N. In vivo response of
hepatocytes to growth factors requires an initial priming stimulus.
Hepatology. 1994; 19(2):489-97. 

[37] Ishii T, Sato M, Sudo K, Suzuki M, Nakai H, Hishida T, Niwa T,
Umezu K, Yuasa S. Hepatocyte growth factor stimulates liver
regeneration and elevates blood protein levels in normal and
partially hepatectomized rats. J Biochem. 1995; 117(5):1105-12.

[38] Liu ML, Mars WM, Zarnegar R, Michalopoulos GK. Collagenase
pretreatment and the mitogenic effects of hepatocyte growth
factor and transforming growth factor in adult liver. Hepatology.
1994; 19(6):1521-7.

[39] Fujiwara K, Nagoshi S, Ohno A, Hirata K, Ohta Y, Mochida S,
Tomiya T, Higashio K, Kurokawa K. Stimulation of liver growth
by exogenous human hepatocyte growth factor in norma and
partially hepatectomised rats. Hepatology. 1993; 18(6):1443-9.

[40] Patijn GA, Lieber A, Schowalter DB, Schwall R, Kay MA.
Hepatocte growth factor induces hepatocyte proliferation in
vivo and allows for efficient retro-viral mediated gene transfer
in mice. Hepatology. 1998; 28(3):707-16.

[41] Fausto N. Liver regeneration and repair: hepatocytes, progenitor
cells, and stem cells. Hepatology. 2004; 39(6):1477-87. 

[42] Sellaro TL, Ravindra AK, Stolz DB, Badylak SF. Maintenance
of hepatic sinusoidal endothelial cell phenotype in vitro using
organ-specific extracellular matrix scaffolds. Tissue Eng. 2007;
13(9):2301-10.

[43] Skardal A, Smith L, Bharadwaj S, Atala A, Soker S, Zhang Y.
Tissue specific synthetic ECM hydrogels for 3-D in vitro
maintenance of hepatocyte function. Biomaterials. 2012;
33(18):4565-75.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


