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The future of organ-oriented research and treatment
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Organ-oriented research platform is based on machine
perfusion (MP) technology providing continuous oxygen
and nutrient supply for harvested organs. It permits
in vivo and in vitro investigation and represents one of the
latest innovations in the quest for a model to explore either
physiological or pathological processes of the whole organ.
Recently, the ex vivo animal perfusion model has proven
to be an effective and reproducible translational research
platform (1). Preliminary clinical studies have demonstrated
MP’s a new promising platform that allows pre-transplant
ex vivo preservation, functional assessment, reconditioning
for donor grafts, bringing increasing graft utilization and
improving transplantation outcomes (2). With MP, we have
even successfully established an innovative technology called
ischemia-free organ transplantation platform and completed
human’s first case of ischemia-free liver transplantation (3).
Based on recent remarkable research results using MP in
solid organ transplantation, there has been growing interest
in and expectations for the application of MP technology
on organ level research beyond transplantation. We believe
through combining with advances in surgery, oncology,
pharmacology, immunology, metabolomics, gene and
(stem) cell therapy, the MP technology has great potential
and opportunity to establish an organ level research and
treatment platform for human medicine and diseases.

Multivisceral preservation system

The first step to establish organ-oriented research
platform is to overcome the challenge of ex vivo multi-
organ preservation. Our team successfully developed a
“multivisceral preservation system” (Life-X) based on MP
in 2016 (4). As is shown in Figure 1, Life-X can mimic the
circulatory system of human body to provide blood and
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nutrition to maintain the isolated organs (the liver and
kidney for example) in vitro in constant circulation. Our
newest study has proved the validity of Life-X in preserving
multiple organs in vitro with real-time, accurate function
evaluation and even repairing the damaged graft functions
from cold and warm ischemic injury (4).

With Life-X, the researchers can not only preserve and
cultivate the organs in vitro in the simulative condition
of homeostasis, but can also administer medications
and supplements to the target organs for research while
monitoring and evaluating organ functions at the same
time, which guaranteed a platform for single and multiple
organ level research. By combining with advances in relative
subjects, there will be tremendous therapeutic potential for
Life-X system to advance organ level study and its future
translation into establishing organ-oriented research and
treatment platform.

In vitro organ culture and accurate function
evaluation

The organ culture system will bring us the future of
accurate functional evaluation and precise intervention for
specific organs. The in vitro liver function evaluation during
MP has been successfully achieved in clinical practices (2).
An intestinal organ culture system has uncovered roles for
nervous system in microbe-immune crosstalk (5). In an
exciting study by Vrselja et 4l., the disembodied brains of
pigs could be even restored and maintained outside body
up to 4 h with real-time metabolism and neurological
function assessment under perfusion system, demonstrating
the possibility of the isolated, intact organ culture
in vitro following with accurate organ function study on
microcirculation and molecular/cellular activity (6).
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Figure 1 Schematic diagram of Multivisceral Repairing System (Life-X) and circuit. (A) Life-X device; (B) scheme of the Life-X circuit. The

perfusion system was composed of an organ chamber, a roller pump, an oxygenator, and a heat exchanger. All of these compartments were

connected by tubing. Infusion pumps were connected to ports along the tubing to infuse medications and supplements. Sampling ports are

present in both the afferent and efferent arms of the circuits perfusing the liver and kidney. The perfusion parameters, physiological status

and functional changes of the isolated organs were recorded in real-time.

Under the in vitro Life-X organ research platform,
perfusates formulation or medications could be changed
combined with metabolomics analysis to explore the precise
organ metabonomics. By achieving a comprehensive, real-
time and accurate assessment of organ function, it’s hopeful
to find out new biomarkers or even establish comprehensive
scoring systems for organ function evaluation or predicting
post-transplant outcomes (7). Moreover, the precise
mechanisms of organ function at cell/molecular level could
be further investigated by combining optical imaging
technology, providing us new methods for the disease
diagnosis and treatment (8).

Organ pharmacology and toxicology research
platform

Due to the complexity of human body, the current iz vitro
evaluation models and animal experiments are insufficient
to accurately reflect drug’s pharmic effects. Using organ-
oriented research platform, accurate pharmacology and
pharmacodynamic evaluation could be conducted on
specific isolated organs. Isolated organ perfusion (IOP)
has helped to illustrate the mechanism of physiologically-
based and pharmacokinetics-based hepatic clearance of
chemical-drug interactions between xenobiotics (9). Isolated
hepatic perfusion model has also turn out to possess stable
pharmacokinetic effects, limited toxicity and excellent response
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on chemotherapeutics study with unresectable liver metastasis.
This organ-oriented evaluation system, that is more practical
and drup-efficient, could effectively be used as a platform for
physiological research and drug development. Using human
discarded organs combined with IOP technique, the Life-X
system could be effectively used to establish organ level
research platform for drug pharmacodynamics and toxicity
study. This platform can better mimic the real response of
human body to drugs and chemicals while significantly reduce
the cost and time of toxicity assessment, making it the more
accurate toxicity evaluating methods and promising front field
of toxicity evaluation in the future.

In vitro diseased organ research platform

An additional advantage of Life-X system is the opportunity
to establish effective in vitro diseased organ models of
human disease using diseased liver, kidney and other
diseased organs after surgical resection, which will help to
investigate the mechanisms of disease and identify possible
treatments. As a proof of concept, a human discarded
liver was preserved iz vitro up to 86 hours using MP (10).
Considering the possibility of long time ex vivo organ
preservation, establishing an iz vitro diseased organ model
like liver cirrhosis, hepatocellular carcinoma or steatosis
hepatis using diseased livers from recipients becomes
possible. Boteon and colleagues successfully constructed a
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Figure 2 Schematic diagram of organ arterial and venous occlusion

and blood perfusion.

steatosis model using discarded steatotic livers, following
with successful manipulation of lipid metabolism by
defatting therapies during MP (11). Through setting up
diseased lung model using discarded lung infected by
hepatitis C virus (HCV), Galasso er 4/l. have explored out
a method for treatment of HCV-infected donor lungs
that prevents HCV transmission (12). These studies have
taken the first steps toward constructing iz vitro diseased
organ research platform and the corresponding results are
encouraging. Further studies are warranted to construct
reliable diseased organ models, including tumors, infectious
diseases (viral hepatitis, cirrhosis, etc.), chronic diseases
(chronic obstructive pulmonary disease) and metabolic
diseases [non-alcoholic fatty liver disease (NAFLD)].

Gene and stem-cell therapy research platform

Similar to medication therapy, gene therapy by
administering small interfering RNA (siRINA) or adenovirus
during MP is also a feasible, promising approach to
investigate or treat the targeted organs. Pilot studies of
adenoviral interleukin-10 gene transfection during MP were
reported with notable effects and improved posttransplant
outcomes. Breakthroughs on non-viral gene delivery
methods like nanoparticles, liposome, and oligonucleotide)
during MP have also been achieved. Recently, siRNA
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targeting liver was successfully transfected during MP
and proved to attenuate MHC-II expression in vascular
endothelial cells for 4-6 weeks after transplantation,
showing the potential of organ translational research and
transformational therapeutic applications (13). These
encouraging studies foreshadow the potential major impact
of gene therapy under MP based organ research platform. It
is equally true that under Life-X platform, gene interference
therapeutics targeting specific or multivisceral organs can
be achieved, making it an exciting frontier with promising
transformational potential to improve clinical outcomes.
The combination of stem-cell therapy and ex vivo organ
perfusion is a promising technique and has also become
a potential clinical reality for certain organ diseases.
Experimental researches and clinical trials testing the
administration of immune cells or mesenchymal stem
cells (MSCs) during MP have explored the therapeutic
potential of cell therapy. Immune modulation could be
performed by isolating liver and perfusing with nT-regs,
showing reduced host adaptive immune responses and
improved allograft survival (14). Transplanting MSCs
during MP have proved its ability to effectively reduce the
immune response and inflammation in donor graft during
I/R injury (15). By delivering the specific stem cells or cell
subsets, this promising technique may help to elucidate the
characteristics of specific immune cell subsets in organs and
finally discover the mechanisms of specific organ diseases.

Organ-oriented treatment platform

The development of most diseases is usually restricted to
one independent organ. Nowadays, there is still lack of
precise medical treatment for one targeted organ. Based
on Life-X, we propose a new concept of organ-oriented
treatment platform that integrates interventation technique,
radiology and medication treatment (Figure 2). Under the
guidance and surveillance of radiography, the input and
output vessels of the organ will be blocked by interventional
technique, while the blood circulation of the organ will
be maintained by Life-X. Thus, a certain organ can be
temporarily disconnected from human body while its blood
flow is temporally taken over by Life-X. Then the precise
drug administration for the isolated organ can be achieved.
Compared with traditional systemic treatment, organ-
oriented treatment provides the advantages that the drugs
can directly and continuously target on the lesion through
circulation in the isolated organ. Then it can increase the
drug concentration in the lesion, maximize the curative
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effect, and diminish the occurrence of systemic side-effects.
With the advantages of minimal invasion, accuracy, high
efficiency and limited toxicity, this platform may become the
preferred treatment method for certain diseases restricted
in one solid organ in the future.

Conclusions

The MP platform like Life-X system can maintain isolated
organs in vitro in functional homeostasis, promising to be a
major breakthrough for establishing effective organ-oriented
research and treatment platform, especially in translational
organ transplant research. These platforms have tremendous
potential and broad application prospects when combining
with other advances in surgery, pathology, pharmacy, oncology,
and bioengineering. Future pre-clinical studies are needed
to explore the validity and reliability of this organ-oriented
research and treatment platform based on MP technique.
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