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Yamaguchi University has developed an autologous bone marrow cell infusion (ABMJ) therapy, in
which autologous bone-marrow cells (BMCs) (bone-marrow mononuclear cells) are administered via
a peripheral vein as regenerative therapy for liver cirrhosis, and confirmed its safety and efficacy in
Japan and other countries. Its application is limited, however, to cases permitting the use of general
anesthesia necessary for collection of 400 mL of BM fluid. For patients with severe liver cirrhosis, a
less invasive therapy was therefore necessary. Basic research showed improvement in liver fibrosis
as an effect of mesenchymal stem cells (MSCs) cultured from BM fluid. In the present research, the
objective was therefore to obtain nonclinical proof of concept (POC) with small animals (mice) and
medium- to large-size animals (canine) models, and on this basis, develop a less invasive liver
regeneration therapy using cultured autologous BMCs for liver cirrhosis patients in which ABMs
therapy is not indicated.

In the Project for Practical Applications of Regenerative Medicine and the Highway Program for
Realization of Regenerative Medicine from 2011 to 2013, we therefore cultured MSCs from a small
amount of bone-marrow fluid obtained under local anesthesia and developed less-invasive liver
regeneration therapy comprising drip infusion of cultured human bone marrow MSCs (BM-MSCs) via
a peripheral vein. We confirmed liver fibrosis improvement by peripheral vein administration of the
BM-MSCs in an immunodeficient mouse liver cirrhosis model and in a canine liver fibrosis model,
and obtained nonclinical POC in immunodeficient mouse in vivo tumorigenicity testing and by single-
dose toxicity testing in the canine model. We received approval from the Minister of Health, Labour
and Welfare (MHLW) (0806 No. 8 issued by Health Policy Bureau, MHLW), in August 2014 for
performance of clinical research on the safety of the less-invasive method of liver regeneration using
autologous BM-MSCs cultured in a safety cabinet, and in February of the following year we began
the clinical study known as the Study to assess the Safety of a Less-invasive Liver Regeneration
Therapy Using Cultured Autologous Bone Marrow-derived Mesenchymal Stem Cells for

Decompensated Liver Cirrhotic Patient, as part of the MHLW Regenerative Medicine Realization
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Research program. Five cases were enrolled in the study and cell administration was performed for
four of the five by 31 March 2016.

In developing this therapy, known as the More Efficient Method of Less-invasive Liver
Regeneration using BM-MSCs, from 2014 to 2016 in the Project for Practical Applications of
Regenerative Medicine and the Highway Program for Realization of Regenerative Medicine, we first
established a canine liver fibrosis assessment model and used it to compare the therapeutic effects of
the different cells (non-cultured total BMCs vs. cultured BM-MSCs) and the different routes of
administration (peripheral vein vs hepatic artery). The results showed that the therapeutic effects
with BM-MSCs as with total BMCs and higher with hepatic artery administration than with
peripheral venous administration. No hepatic infarction or accelerated procoagulant activity was
found even in the single-dose toxicity test. We thus obtained nonclinical POC for BM-MSC hepatic
artery administration. We compiled the standard operating procedures for the Cell Processing Facility
complete with isolator at Yamaguchi University Hospital and performed cold runs that confirmed its
capability for culturing BM-MSCs in amounts sufficient to satisfy quality assessment criteria. Based
on all of these research results, the application for “the Study to assess the Safety of Cultured
Autologous BM-MSC Hepatic Artery Administration for Decompensated Liver Cirrhosis” was
approved on 23 March 2017 by the Yamaguchi University Certified Committee for Regenerative
Medicine.

Concurrently, we engaged in development of the underlying structure for implementation of the
clinical research. We established a method of long-term preservation of human BM-MSC by
cryopreservation using a mixture of CP-1 fluid and human serum albumin and a measurement system
using PCR based on Negative Tests for Mycoplasma (The Japanese Pharmacopoeia, Seventeenth
Edition), performed advance consultation with the PMDA, and discussed conformity with biologically
derived materials standards and ruminant derived materials standards and production process
impurities safety assessment.

We analyzed the internal biokinetics of cultured BM-MSCs and the mechanism of the liver fibrosis
improvement effect with the objective of increasing the efficiency of liver regeneration therapy with
BM-MSCs, used an in vivo imaging system to observe the internal biokinetics of BM-BSCs
administered via the mouse caudal vein or spleen, and confirmed the liver-specific distribution of
administered cells by splenic administration simulating the administration via the hepatic artery.

We performed in vitro examination of the cellular interaction between BM-MSCs and macrophages
to elucidate the hepatic cell-protection, anti-inflammatory, and macrophage matrix metalloproteinase
production-promoting effects of BM-MSC derived humoral factors (exosomes, microRNA, and
chemokines).

This project was performed through the collaboration of Yamaguchi University, the Foundation for

Biomedical Research and Innovation, and Niigata University.
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Cell transplantation as a non-invasive strategy for treating liver fibrosis. Matsumoto T,
Takami T, Sakaida I. Expert Review of Gastroenterology & Hepatology. 2016;10(5):639-48.

Status of and candidates for cell therapy in liver cirrhosis. Terai S, Tsuchiya A. Journal of
Gastroenterology. 2017;52(2):129-140.
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Hepatic arterial infusion of cultured autologous bone marrow mesenchymal stem cells has a
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Terai S, Tsuchiya A. Status of and candidates for cell therapy in liver cirrhosis: overcoming
the "point of no return" in advanced liver cirrhosis. J Gastroenterol. 2017 Feb;52(2):129-140.
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using mesenchymal stem cells in liver diseases and inflammatory bowel diseases.
Inflammation and Regeneration 2017 in press
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