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Diabetes mellitus (DM) is caused by insufficient insulin function [1]. Since the purpose of
regenerative medicine is to cure diseases or injuries by reconstructing lost forms and/or functions,
the goal of regenerative medicine in relation to diabetes is, therefore, to cure DM by regaining insulin
function in the body of DM patients. Loss of insulin function is usually caused by decreased insulin
sensitivity and relatively insufficient insulin secretion in type 2 DM (T2D) or absolute secretory defect
of insulin due to autoimmune destruction of insulin-secreting B-cells in type 1 DM (T1D). Therefore,
as Dr. Banting stated almost a century ago in a Nobel lecture [2], exogenous insulin administration is
not a cure for diabetes but a treatment for T1D patients. In that sense, transplantation of the pancreas
organ or isolated islets can cure DM by re-establishing insulin action. However, current
transplantation therapy for DM needs immunosuppression and human donors [3]. Regenerative
medicine should achieve similar effects without the necessities of immunosuppression and human
cadavers. Regenerative medicine may also prevent the autoimmunity and/or islet disfunction that
develops DM. Recent advances in regenerative medicine for diabetes are briefly summarized in this
very short review.

Considering therapies for endocrine and metabolic diseases, the site where a therapeutic device
is placed is not limited to the organ or tissue that causes the disease but anywhere in the body as long
as the device can access general circulation. Therefore, islets are usually transplanted to the liver via
portal vein, and pancreas is usually transplanted to the right lower abdomen with anastomoses to
the iliac artery and vein.

Insulin-producing (3-cells can be obtained by differentiating pluripotent and other stem cells [4-
6]. Xenogeneic islets can be obtained from pigs [7], and even human islet cells may be made in pigs
by blastocyst complementation technology, although the studies seem to stop at rodent models [8].
However, these cells need immunosuppression if they are transplanted without immune isolation,
unless the cells originated from a patient’s own cells. Therefore, immune isolation technology is
important to avoid immunosuppression.

Since 1980, when the first successful microencapsulation of the islet was reported [9], many
immune isolation methods such as chambers, blood perfusing methods, and encapsulation methods
have been reported as bioartificial pancreases [10]. Among them, microencapsulation has been the
most studied, and some bioartificial pancreases have been used for humans [11,12], but their efficacy
has been erratic due to the tight packing of the transplanted beads and/or fibrous capsule formation
around the beads due to foreign body reaction [12]. Effective control of foreign body reaction is really
important for long-term function of a transplanted bioartificial pancreas. For example, our long-term
(24 weeks) observation following intraperitoneal transplantation of macroencapsulated islets
embedded in polyvinyl alcohol hydrogel in rats showed a gradual increase in blood sugar, and the
retrieved device showed a thin but secure formation of fibrous membrane on the surface [13].
However, in the case of microencapsulation, it is not easy to control, since materials that should
become hydrogels via a non-cytotoxic change of the environment (usually ions or temperature) are
limited. In addition, microencapsulated islets cannot be fully retrievable. On the other hand, a

Biomedicines 2020, 8, 537; doi:10.3390/biomedicines8120537 www.mdpi.com/journal/biomedicines



Biomedicines 2020, 8, 537 2 of 3

macroencapsulation device can be fully retrievable and exchangeable, if necessary, and materials can
be selected and/or biologically manipulated.

A clinical trial of the macroencapsulated human islets using the BAir device that needs daily
oxygen injection has been reported [14]. The efficacy of the transplantation was minute due to the
fibrotic membrane formation around the device, although the device allowed islet survival.
Therefore, we proposed a highly porous EVOH (ethylene vinyl-alcohol co-polymer) bag with high
biocompatibility [15], in which immunoisolating hydrogel-embedding islets were packed. The
intraperitoneal transplantation of rat islets embedded in chitosan-gel and packed in an EVOH bag
successfully controlled mouse DM and the retrieved device showed minimal adhesion due to foreign
body reaction [15]. Very recently, co-encapsulation of hepatocyte growth factor (HGF) with islets
enabled primary (without pre-treatment) subcutaneous transplantation of a similar device [16].
However, in the long-term experiment, the retrieved device showed very little immunoisolating gel
in the EVOH bag. Therefore, now, we are seeking a more durable hydrogel in vivo. Progress in
immune isolation technologies will enable islet replacement therapy without immune suppression.

A recent clinical study suggested that cell-based therapy can cure the autoimmunity that causes
T1D [17], and B-cell function was maintained in patients with residual B-cell function but not in those
without it. The researchers used Stem Cell Educator (SCE) therapy, which used human allogeneic
cord blood-derived multipotent stem cells. In general, mesenchymal stem cells (MSCs) have
immunomodulatory function as well as differentiation potential, and may be useful treating DM and
hopefully curing T1D [18].

Regenerative medicine using living cells is being actively studied in the world and is creating
brilliant results, especially for diseases that have been previously untreatable. This is also true in DM
therapy, for which -cell replacement without immunosuppression and control of the autoimmunity
that causes T1D are getting closer to becoming a reality.
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