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Abstract

Approximate numbers of type 1 diabetes mellitus (type-1 DM) patients are 100 thousands in Japan.
Among them, several hundred persons require transplantation of pancreas islets due to unstable
concentration of blood glucose. In NCGM, Shimoda, a collaborator of the current project, recently
initiated transplantation of pancreas islets, but it is a serious problem that numbers of donors are strictly
limited. It would be necessary to establish a method, by which a benefit of islet transplantation can be
offered to many type-1 DM patients.

Islets of pancreas comprise 1~2% of cells derived from pancreas tissues, and other 90% of cells are
discarded durintg preparation for pancreas islet transplantation, because they are non-endocrine cells.
Notably, however, these non-endocrine cells contain non-endocrine pancreatic endothelial cells
(NEPEC), which have been shown to be competent for both proliferation and differentiation to
pancreatic B cells: Shimoda reported that overexpression of NeuroD1 in NEPEC induced differentiation
to endocrine cells. Moreover, it has been reported that simultaneous expression of exogenous Nrg3, Maf
and Pdx1 differentiated pancreatic exocrine cells to endocrine cells (Zhao Q et al. In vivo reprogramming
of adult pancreatic exocrine cells to beta-cells. Nature 455: 627, 2008). Additionally, transduction of
several types of miRNAs in human mesenchymal stem cells (hnMSC) or iPS cells generated cells like
pancreatic 3 cells. These observations suggest that manipulation of transcriptional factors is an elegant
approach to prepare and expand pancreatic 3 cells.

Ishizaka, a principle investigator, identified an amino acid sequence that possessed an activity as a
cell penetrating peptide (CPP) and named it nuclear trafficking peptide (NTP). Here, we tried to establish
a system, by which it is possible to differentiate hMSC to pancreatic 3 cells. Of note, we here use
recombinant proteins of artificial transcription factors (ATFs) that are tagged with NTP. NTP is a pat of
a viral protein of HIV-1, and was proved to have following functional properties:

a. NTP has a more potent trafficking activity, compared to tat and R11 (a peptide composed of eleven
arginines), which are well-known CPPs.

b. NTP is free of cytotoxic effects, whereas tat is toxic to cells.

c. NTP-tagged protein, when added to the culture medium, is quickly incorporated to cells, and
intracellular content of NTP-tagged protein showed a maximum within several hours, then is quickly
decreased.

Based on these findings, Ishizaka has been trying to establish a reliable system, which is applicable
to synthetic biology that includes trans-differentiation. A preliminary experiment revealed that treatment



of mouse embryonic fibroblasts with four NTP-tagged transcriptional factors of Oct3/4, Sox2, KIf4
and Myc generated iPS-like cells, strongly suggesting that the NTP system is a versatile system useful
for cell manipulations.

It is clear that a cellular manipulation by recombinant proteins is much safer than gene transduction,
because gene delivery can irreversibly change cell property due to integration of exogenous gene in the
genome. Moreover, target cells are possibly transformed, when exogenous gene is integrated into the
critical locus of the genome. Although dramatic clinical effects were obtained by the gene therapy done
on patients of congenital severe immunodeficiency, leukemia was unfortunately emerged in several

patients who received the gene therapy. In Japan, it would be hard to apply gene therapy to clinical fields.

At moment, a research is ongoing to establish a differentiation-inducing system to pancreatic 3 cells
fromiPS cells. The current study is a trial to establish a next-generation method for novel transplantation
of manipulated islets (Figure 1). Here, we investigated whether our system is applicable to rat cells.
NTP-tagged ATFs were prepared and applied to both hMSCs and a rat epithelial cell line (WB1-F344) .

Methods : Design and preparation of ATFs (Ishizaka and Shimoda)
Structures of ATFs : ATFs were designed and constructed by Dr. Sakuma of Hiroshima University, a

collaborator. ATF is composed of two domains: DNA binding module and transcription module. Platina
TALE (pTALE), which was invented by Dr. Sakuma, was proved to bind target sequences with a high
affinity. VP64, VPR and core domain of p300 were used as transcription module: VP64 has 4 copies of
VP16, a transcriptional domain of Herpes Simplex virus. VPR is a fused protein of VP64, p65 and Rta
(replication and transcription activator). Preliminary experiments indicated that modes of functions of
each ATF differ depending a combination of pTALE and effector molecule used as a transcription
module. This was because we separately checked an activity of each combination of pTALE and
transcription module

Notably, insulin production in response to glucose concentration is one of the most important
functions of pancreatic 3 cells. It has been reported that miR-375 is negatively involved in a final step
of differentiation of pancreatic p cells. Additionally, suppression of mMIRNA-9 upregulates
responsiveness to glucose (Figure 2). Taking these reports into account, we used repressor molecules
that included SID and Krab (SID, mSin interaction domain; Krab, Kruppel-associated box),

Expression of NTP-ATF and purification : NTP-ATFs were expressed by an wheat germ extract, a

quick system of protein expression. To simply purify expressed proteins, pTALE-based ATF is
expressed as a chimeric protein with glutathione S transferase (GST). Briefly, mMRNA was synthesized
using SP6 RNA polymerase, and purified mMRNA was mixed with a wheat germ extract. After overnight
incubation at 26 °C, proteins were purified with a glutathione-conjugated beads. Because pTALE-
based ATF may function better than a chimeric protein with GST, a recognition amino acid sequence
(Glu-Asn-Leu-Tyr-Phe-GIn/Gly, [/] : incision site ) was inserted in the region between GST and
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NTP. It was confirmed that NTP-tagged TEV works well within the cells when added to the culture
medium.

Results :

ATFs for expressing rat Pdx1, Pax4 and Maf were constructed and treated to WB1-F344 cells. Then,
expression of endogenous Pdx1 and Maf mRNA expression was examined. Unfortunately, however, no
increase of MRNA expression was detected. We also examined human versions of ATFs, but they did
not activate expression of endogenous gene expression, implying it necessary to construct other pTALE-
based ATFs that target different nucleotide sequence.

Discussion :

Recent progress of regenerative medicine reveals that a transcriptional network of transcriptional factors
maintains a phenotype of each cell, and replacement of the transcriptional network with other set of
transcriptional factors changes cells with different phenotype (Figure 3 and 4) . By such a direct
reprogramming approach, it would be possible to make any cells of interest, for example, cardiac muscle
cells or neuronal cells from fibroblasts. However, these remarkable progresses of trans-differentiation
were achieved by gene transduction system, and it is not easily apply to clinical fields. If we can
manipulate differentiation status of cells by a protein-based approach, benefit of cell therapy can be
offered to patients. We propose that the NTP-tagged ATF systme is the most promissing approach for
cell manipulation by recombinat proteins.
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Target organs Cell origins Species Factors
Muscles Fibroblasts m MyoD
Cardiomyocytes m Gatad, Mef2c, Tbhx5, Hand2
Neurons m Ascll, Brn2, Mytll

h Ascll, Brn2, MytlL, NeuroD
Hepatocytes m, h HNF3y, HNF1la, HNF4a
Endothelial cells m Oct4, Sox2, Kfl4, c-Myc

(4-day partial reprogramming)
\ h EVT2, FLII, ERGI
B-cells Pancreatic m Ngn3, Pdx1, MafA
(Exocrine)

Keraini S et al. Stem Cells Cloning 7:19-29, 2014.
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