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Liver Transplants

INTRODUCCION

10000- V;‘fﬁﬂ ~+ Liver Donors

5000-

 Retos actuales:

0

« Escasez de organos 1995 2000 2005 2010 2015 2020 2025
» Morbilidad y mortalidad en LEQ Year
* Rechazo

« Complicaciones de la inmunosupresion

» ;Puede la bioingenieria cambiar este paradigma?
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BIOINGENIERIA HEPAT

* Biologia, ingenieria y medicina
regenerativa

* Estudio, reparaciony
sustitucion del higado.

* Estrategias:
 Scaffolds:
* Impresion 3D
* Descelularizacion.
* Ingenieria genética
(Xenotrasplante)
* Terapias celulares

* Soporte artificial
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IMPRESION 3D

SCIENCE ADVANCES | RESEARCH ARTICLE

CELL BlOLOGY

Revitalizing liver function in mice with liver failure
through transplantation of 3D-bioprinted liver with
expanded primary hepatocytes

Bo Deng't, Yue Ma't, Jialyu Huang’t, Runbang He', Miaomiao Luo', Lina Mao', Enhua Zhang',
Yuanyuan Zhao', Xiaoli Wang', Qiangsong Wang', Mingchang Pang®, Yilel Mac®, Huayu Yang®®,
Lanxia Liu's, Pengyu Huang"

The utilization of three-dimensional [3D) bioprinting technology to create a transplantable bicartificial liver
emerges as a promising remedy for the scarcity of liver donors. This study outlines our strategy for constructing a
3D-bioprintad liver, using in vitro—expanded primary hepatocytes recognized for their safety and enhanced func-
tional robustness as hepatic cell sources for bicartificial liver construction. In addition, we have developed bicink
biomaterials with mechanical and rheclogical properties, as well as printing capabilities, tailored for 30 bioprint-
ing. Upon heterotopic transplantation into the mesentery of tyrosinemia or 90% hepatectomy mice, our 3D-
bioprintad liver effectively restored lost liver functions, consequently extending the life span of mice afflicted with
liver injuries. Notably, the inclusion of an artificial blood wessel in our 30-bioprinted liver allowed for biomolecule
axchange with host blood vessels, demonstrating, in principle, the rapid integration of the bicartificial liver into
the host vascular system. This model underscores the therapeutic potential of transplantation for the treatment of
liver failure diseases.
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RECELULARIZACION SCAFFOLDS

 Scaffold: esqueleto de tejido acelular

 Descelularizacion: Eliminar componentes
celulares manteniendo arquitectura y matriz.

* Recelularizacion: Reposicion de células
funcionales en el scaffold
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Shaheen et al

M No Treatment (n=4)
’ Immunosuppression (n=4)

500mg
0mg | '|. il Suol B ilovBhihoed, Bl s ol e
Day 0 1 3 7 10 15

CT Imaging and Serum Collection

Graft Implantation

No Treatment

+ Immuno-
suppression

25

% Graft Volume Perfused
3

o

0 5

30° CONGRESO

= SETH

No Treatment
Immunosuppression

10 15
Days Post Implantation

SOCIEDAD ESPANOLA
DE TRASPLANTE
HEPATICO

20

% Cytoxicity

20

Page 21

qee I LW
Native > ?

Liver S~
’-,

100 1 M I B E]
k=4
804 ° °
A ° &
60 -
v V-A ]
404 °® *a No Treatment
d Immunosuppression
20+ 8 B
0 +A A..

Pre-op 1 3 7 10 15

Days Post Implantation

HHS Public Access

Author manuscript
Nat Biomed Eng. Author manuscript; available in PMC 2020 April 16.

Fublished in final edited form as:
MNar Biomed Eng. 2020 April ; 4(4): 437-445. doi: 1001038541 551-019-0460-x.

Sustained perfusion of revascularized bioengineered livers
heterotopically transplanted into immunosuppressed pigs

Mohammed F. Shaheen'?, DongJin Joo'-3, Jeffrey J. Ross®, Brett D. Anderson®, Harvey 5.
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Transplantation of bioengineered liver capable of extended .

) ) o _ _ 60% hepatectomy
function in a preclinical liver failure model !

Hisanobu Higashil, Hiroshi Yagi', Kohei Kuroda!, Kazuki Tajima'2, Hideaki Kojima'!, Kotaro
Nishi', Toshinori Morisaku'!, Kazuya Hirukawal, Kazumasa Fukuda', Kentaro Matsubara’,

Minoru Kitago!, Masahiro Shinoda', Hideaki Obara'!, Shungo Adachi®, Kumiko Nishimura®, (E) {
Tohru Natsume?, Masatoshi Tomi*, Alejandro Soto-Gutierrez®57 Yuko Kitagawa' : D 4 " Abdomgil
1Department of Surgery, Keio University School of Medicine, Shinjuku, Tokyo, Japan . " ; wal

ZDepartment of Small Animal Internal Medicine, Kitasato University School of Veterinary
Medicine, Towada, Aomori, Japan

IMolecular Profiling Research Center for Drug Discovery, National Institute of Advanced Industrial ]

Science and Technology, Koto, Tokyo, Japan
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Article
Gene-modified pig-to-human liver
OPEN ACCESS
hittps:fdoi.org/101038/541586-025-087981  Kai-Shan Tao™, Zhao-Xu Yang*™, Xuan Zhang'*, Hong-Tao Zhang"", Shu-Giang Yue', Editad ks
PRSP T— YanrLing Yang', Wen-Jie Song’, De-Sheng Wang', Zheng-Cai Liv', Hai-Min Li', Yang Chen', jr——
eck Rui Ding', Shi-Ren Sun’, Ming Yu’, Ji-Peng Li*, Wei-¥un Duan®, Zhe Wang®, Jing-Wen Wang', Pubn Linkorsiy, Uniied Sisfos
Accepted: 18 February 2025 Jia-Yun Liu®, Min-Wen Zheng”, Xi-ling Zhang™*, Wen Yin'", Wei-lun Qin", Dong-Mei Bian", -
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Current Barriers to Clinical Liver
Xenotransplantation

Arthur A. Gross-hNajafi !, Kevin Lopez ™, Abdulkadir isidan ™, Yufin Park ",
Wenjun 2, ™, Ping L', Sezal Yiimaz™', Sami Akbufut®™ and Burcin Ekser !

! Transplant Diisian, Dapariment of Sucery, Mdana Linvarsity School of fdeaiing, Incnapcds, I, Lned Siafas,
“ Dapariment af Surpery and L Transnind nsiiuna, o Lekensly Facuiy of Madone, AMakna, Tudky

Praclinical trials of pig-to-nonhuman primate liver xenotransplantation have recenthy
achisved longer survival times. Howaver, life-threatening thrombocytopenia and
coagulation dysregulation confinus to imit precinical ver xenograft sundval times to
less than one maonth despite varous genatic modifications in pigs and intensive
pharmacological support. Transfusion of human coagulation factors and comples
immunosuppressive regimers have resulted in substantial improvements in recipient
survival. The fu  TABLE 1 | Geraticaly-engrsarsd pig-lo-ronbuman pimats ber seroiransplantation.

dhysragulation r

Weasr Camitic Modifications R ciphont L] Ph g Fapienin Burvival Referance
von Wilsbrand _
increased O-i 2000 hCDES Babcan  Oriholocpe 2 Oy CsACs 96, 152 h {1E|
Parcing lver 5i 2006 hCOSS.COSIHT Babcan  Orfctopic 5 Oy Csh Cs Dackoamab 13, 18, 47l
. ) Rivsdmab: MMF 0.3,
in an asialoghy 24h
raspectively. b aoqn gmeo Babcan  Crihotopic Cs MWF ATG Tacrdlimus 3,144 h 1o
incompatible | 2010 GTHO.MCDME Babcan  Orfociogic 5 Cs MWF ATS Tacolinus 3, 20 24, 1]
constitutive act 96,120 h
factor pathwa 2310 GTHO.NCDHE Babcan  Orhciogic 3 CyF Cs MMF Tacmbmus 144, 194, 1]
168 h
thrambemodull aoyp Gmog Babcan  Onfoiopic 2 Cs ATG Taorokmus GV AZ4 144, 1]
leading to a by amisCO BA LoCD2h o nass| 216h
hay mitigate | 2012 MGH ME. GTHD Babcan  Onfoiopic 3 Ca ATG Tacrolms CVF AZ4 BLE
lysregniion anfkCONEA LocDoh days
2014 MEH ME. GTHD Babcan  Helrolopc 3 Cs ATG Taorolmus GVF 6 3, 15 =]
weratransplant days
Kaywords: lver yan 2015 WE M, GTHD Thean  Helrolopc 3 Cs MWF ATG Taooimes CVF - 2.5, 14 =]
monkicsy ami-C0 54 sabdan milioninizas days
2016 MEH ME. GTHD Babcan  Orhotopic 6 Cs ATG Taordimus OVFRPCC 1,8 4,4, =]
& 7 dys
INTRODUC i ok crun Babcan  Orhotopic 1 Cs ATG Taordimus OVFRPCC 25 days =]
End Balatacspt
e PR 0N oogr MBH ME. GTHD Babcon  Orthotopic 4 Cs ATG Tacroimes OVF RPCC 256, B, Pl
d! Ilull‘]!r treatm amiCodomak 20 dhrys
='“=“HE“' "-:3‘ D GTHO, CMAH-KD, BAGALNTZ:KD, FEAV.KD, hCOME, hODS5.  Phasus  Helrolopls 1 ATG ant CO4OmakR fEons  Dou, personal
Inayitable reality hGOES, FTHED, KTFPL hCO3a, hAZM, HLA-E, homM7-Ta manksy communication

argan. Inarder b

from one species  ATG, an-Sanocya b AZA, sesifiondng: BAGALNTE, Hata- 1,4 Arsty Calkoros amemndvansfinzs 2 CIAH, Cytalm mononhasaha-N-acapneraring sod hydvedes, O3,
sdeal argan dope  codaResdky Cad, cyoheoads; S, crslehoseiamed; BT, pakar st Aokt &, famendad, WD, huia rerhvesnds comgdios Soneendong; LoCdh, o mtl-
e COE QAN MO ME, Missachusers Ganea' HOsiiel mion feicy MU, mpooteiofie molt, PERY, Do andtgenous i WE ME, Wi Sacshen

AR S

X@SETHepatico



Journal Pre-proof

Genetically engineered pig-to-human liver xenotransplantation 3D reconstruction Arterial Phase Portal Venous Phase Delayed Phase 3D reconstructior

Wenjie Zhang, Qingxiang Xu, Kaixiang Xu, Runqgiu Jiang, Shouyu Wang, Meijuan
Zheng, Nian Liu, Deling Jiao, Zhangding Wang, Jian Ge, Xianfu Lu, Guogiang Li, Fan
Huang, Lei Liu, Yin Yin, Yang Liu, Jianxiong Guo, Kai Liu, Hong-Jiang Wei, Beicheng

Sun
PII: 50168-8278(25)02497-3
DOI: https://doi.org/10.1016/j.jhep.2025.08.044

Reference: JHEPAT 10284

To appearin:  Journal of Hepatology

Received Date: 19 July 2025
Revised Date: 25 August 2025

Accepted Date: 31 August 2025 Figure 6
A 1.6 s o scob-4 -
Highlights 12 il
B 2 I\
. . . . . . . Eos - Zao0 |
1 First successful auxiliary porcine liver xenotransplantation from a 10-gene edited pig 2 ?%"‘“5%«7; & ?\ ) \8? 9\
04 ¢ q o 1@ & Ay
to a living recipient, distinct from prior brain-dead recipient cases. i P wﬁ}«a g™
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2_Porcine albumin and coagulation factors were bioactive, sustaining hepatic metabolic c Days Days
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function without allergic reactions or other adverse effects. 2000
) o ) 1500 ]
3. Early postoperative course showed no hyperacute or acute rejection, supporting the ; '.;,—0._%,' %
2 '
effectiveness of donor gene editing and immunosuppression. 500 ?"
4 Xenotransplantation-associated  thrombotic microangiopathy (xTMA) was b7 .7 5 5

~—— MNave

successfully controlled by graft removal, followed by eculizumab and plasma exchange.

5 Establishes auxiliary liver xenotransplantation as a life-saving bridge for unresectable
liver cancer or liver failure, and provides a clinical paradigm for future liver
xenotransplantation trials.



TERAPIAS CELULARES / GENICAS
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Biofabrication of Autologous Human Hepatocytes for Transplantation:

How Do We Get There?

Nandini Agarwal *4 Branimir Popovic.t Nicole . Mantuced,
Micolas A. Fraunhoffer, {£§ and Alejundro Soto-Gutiernez t

*Schonl of Bioscience and Technobogy, Vellare Institube of Technology. Vellone,
{ Departmend of Pathelogy, Undversity «f Piltshurgh School of Medicine, Pitlsburgh,
1 Facultad de Ciencias de la Salud, Carrera de Medicina, Universsdad Maimans
Crudad Aulinoma de Buenes Aires. Buemais Aires, Argentina
§Conszjo Naciomal de Investigaciones Ciemtificas y Técnicas (CONICET), Ciudiml Autdooma de B

Diirected differentiation of hepatocytes fusm induced pluripetent stem cells (iPSCs) halds p
malerial for treating some | discaders. The unlimited availability of perfectly differeniza
hepatocytes will dramalscally F ale cell therapies. While syslems te manufacture large q
demived cells have been developed, we have been unable o generate amd maintain stable
liver cells ex vivo. This short review highlights impomant challenges aml pessible soluticns b
of hepatocyle biofubrication for cellular thera Loy tread liver discases. Successhul cell i
require aplimizing the best cell function. svercoming limitations ko cell numbers and safety,
ber of viher challenges. Colluboration among sceentists, clnicians. and indusiry is critical fo
autpdogous stem cell-based therapies w treat liver diseases.

Key words: Hepatocyte prdiferation; Liver regeneralion
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Fuy Functenst
Wepaticytes
Figure 1. Schematic i hof patocytes for Primary hey are
isolated from the patient and edited \\\llh (RI\I’R/T.M‘I u)umul the pathogenic gzlklmu allzulmn ex vivo, Then the edited pnm.u\
hepatocytes are sebect and multiplied i 2 “beoreactor” to be in patients. A cells are isolated

from the patsent and edited for pathogensc mutations using CRISPR/Cas9 ex vivo. The cells are then screened and reprogrammed o
produce induced pluripotent stem cells GPSCs) in vitro. These corrected iPSCs are differentiated to generate hepatocytes, which are
transplanted into a “bioresctor” to produce functional hepatocytes that can be used for transplantation in patients.

Original Artidle
Call Trasaplareation
Procurement and Evaluation of -
. Artiche revas gudshnes
Hepatocytes for Transplantation g o purinioss
From Neonatal Donors After w*wm'

Circulatory Death

Emil Bluhme"2"), Ewa Henckel'™, Roberto Gramignoli*,
Therese Kjellin®, Christina Harnrnarstedt' Greg Mowak'?, 2
Ahmad Karadagi' 22, Helene Johansson', Oysteln Jynge®,

Maria Séderstrém®, Bjorn Fischler'®, Stephen Strom®, Ewa Ellis’,
Boubou Hallberg'", and Carl Jorns'"

Abstract

Hepatocyte transplantation s a promising treatment for liver faillure and inborn metabalic lver diseases, but progress has
been harmpered by 3 searcity of avallable organs. Here, hepatocyves isolated from livers procured for a neenatal hepatocyte
donation pragram within 2 research setting were astessed for metabelie function and suitabilicy for cransplantation. Organ
donation was considered for infants who died in neonatal intensive eare in the Sveckholm region during 2015-2021. Inclusien
was d when a decision to di s life-sustaining wreatrment had been made and heparectamy performed after
declaration of death. Hepatoeyre isolation was performed by three-step collagenaze perfusion. Hepatoeyre viability, yleld,
and function were assessed using fresh and eryopreserved celle. Engraftment and maturation of eryopreserved neonatal
hepatocytes were adsessed by ransplantation inte an immunadeficient mouse medel and analyzis of the gene expression
of phaze |, phase |I, and liver-specific enzymes and proteins. Twelve livers were procured. Median warm lschemia tme
(VVIT) was 190 [incerquartile range (IQR): B0-210] minutes. Median viabilicy was 86% (IQR: T15%-91%). Median yield was
6.5 (IQR: 34-128) x10* viable hepatocyres/y. Transplantation inte immunedeficient mice resulted in good engraftment and
maturation of hepatseyte-specific proteins and enzymes. A neonatal ergan donation program including precerm barm infants
wiag found 1o be feasible. Heparoeyres jsolared from neanatal donors had good viability, function, and engraftrment despice
prolonged WIT. Therefore. neanatal livers should be considersd as a donor source for clinical hepatocyre transplantation,
even in cases with extended WIT.

Keywords
neanaal organ donatien, warm ischemia tme, FRGM mice

Introduction Progress in hepatocyte transplantation has been hampered
by access o good-quality donor tigsue, as most donor organs
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DESCELULARIZACION DE HIGADO

30 Pa 14-Jul-04

Baptista et al. Conf Proc IEEE Eng Med Biol Soc. 2009; Baptista et al. Hepatology, 2010.
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TOWARD WHOLE REVASCULARIZATION OF A BIOENGINEERED PIG LIVER

Toluidine Blue staining (Immobilize._d'heparin)
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RECELULARIZACION DE HIGADO

Células
vasculares

- >10° hepatocitos.
- 2,5% de masa hepatica funcionante

Baptista et al. Hepatology, 2010.
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VASCULARIZACION DE SCAFFOLDS HEPATICOS

@ pOECs
PUVEC-GFP pUVEC-TdTomato PUVEC-Unlabelled PorCIne Umb|||Ca| Co_rd blOOd leferentlal seedlng
y- P X outgrowth endothelial cells -

HA @=14mm

PV @=16mm

pPUVECs
Porcine umbilical vein
endothelial cells

>

Bile duct

pA-SMC:
Porcine aortic vascular
smooth muscle cells 4
‘ -+
pBM-MSC s

Porcine Bone marrow
mesenchymal stem cells lIJ
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SIEMBRA DE CELULAS VASCULARES
ENVENASY ARTERIAS

Central Vein

CD31/GFP/ RFP/

.....

Portal Triad
Portal

Triad -
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GENERACION DE ESTRUCTURAS VASCULARES
(EC, SMCY MSC)
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GENERACION DE ESTRUCTURAS VASCULARES
(EC, SMCY MSC)

DAPI
CD31
MYOSIN

Confocal Zeiss LSM 880
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GENERACION DE ESTRUCTURAS VASCULARES
(EC, SMCY MSC)

Results

& Intima
DAPI
A
CD31 |
Emdothelium
MYOSIN o

Venous/Arterial wall
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LAS ESTRUCTURAS VASCULARES CREADAS SON CAPACES DE
CONTRAERSEY SECRETAR NOY PROSTACICLINAS.

Upon Carbachol Upon Bradikinin
Exposure Challenge
Vasoconstriction Vasodilation
[NO] m Day 14
| 0 i o T
= e N\\/\OJLNHZ — Carbachol [1mM] ; o
:E 60 — Carbachol [0,1mM] £
£ S
1 e
§ 40 %
2 g
£ 20- =
2
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Time (h) Wik chnigis Culture days

< Bradykinin inoculation
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Bank surgery | '
i / Abdominal Supra Hepatic Vena
| 5 y
| e
Scaffold a.
PV anastomosis , [
: A
| B
PV
15
declamp | Portal Vein
I (PV)
HA : i Spleen
anastomosis Renal Splenic
' Arteries
[
[
Whole scaffold 1 1
perfusion
[
[ \ .
\ Intestine
\ /

1. Porta-Caval Shunt

2. Graft s SVC-Native PV Anastomosis

3. Graft s PV-Native PV Anastomosis

4. Graft s Aorta-Native Right Kidney Artery
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MODELO PORCINO DE REGENERACION HEPATICA
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Trasplantes TXHR7 y TXHRS

After 14 days BR

HA @=14mm
PV @=16mm

After PV/HA anastomosis

o~ TXHR7
- TXHRS8
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HIGADOS DE BIOINGENIERIA TRASPLANTADOS EN CERDOS
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Caida de flujo a las dos semanas...
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HIGADOS DE BIOINGENIERIA TRASPLANTADOS EN CERDOS

- Necrosis
- Hemorragia
- Infiltrado inflamatorio (Rechazo)

- Persistencia de estructuras
vasculares
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TXHR17 (22/09/2025)
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HIGADOS DE BIOINGENIERIA TRASPLANTADOS EN CERDOS

TXHR13: Después de 32 dia “in vivo” (el punto final fue por una neumonia)
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Seguimos viendo signos de rechazo....

Native TXHR16 TXHR15 TXHR14 TXHR14 TXHR13 TXHR13 TXHR6
Control Native 90-Days Native 32-Days 15-Days

PYO €QO neo-1

PYO/€A0
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HIGADOS DE BIOINGENIERIA TRASPLANTADOS EN CERDOS

Small vessels Intermediate vessels Larger vessels

;'~{;IUL\_/CD73/DAPI “itg T /CD73/DAPI 31/ {fCD73/DAPI

{
o

g 200um

- Persistencia de estructuras
vasculares
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HiIGADOS DE BIOINGENIERIA TRASPLANTADOS EN CERDOS
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SHVC anastomosis

Tacrolimus
Micofenolato
Prednisona

Parenchyma PV anastomosis
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Ciclosporina 7mg/Kg cada 12 horas
(monitorizar en torno a 300ng/ml)
Micofenolato 500mg / 24h
Prednisona 2mg/Kg/24h
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DOS EN CERDOS
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HIGADOS DE BIOINGENIERIA TRASPLANTA
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RESUMENY PUNTOS CLAVE ACTUALES

* Control de la inmunosupresion y el rechazo.

* Generacion de una gran cantidad de progenitores
hepaticos y otras células.

* Manejo clinico del postoperatorio a largo plazo
(control de infecciones, alergias y medicacion)

* Mejora de los biorreactores para la maduracidn
hepatica.
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