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Cellulose Nanofibers for Application in Regenerative Medicine
~ Fabrication of Engineered Tissues by Cell Culture in Thixotropic Gel ~

E; %E Problems (a) Structure
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@ Engineered tissues are useful in regenerative medicine and drug evaluation. (b) AFM image by DKS CoLtd

@ 3D cell culture is promising for fabricating engineered tissues. (B—THRmERH

@ Proper shaping of culture scaffold material, that is superior in cell retention
and orientation control, is necessary.

BREEE  Solutions Fig.1. TEMPO-oxidized Cellulose NanoFiber (CNF)

BIVA—RF/ 7748~ (CNF) OF IV EERRIEMRICER (Fig.1) el
YAV OFRETINA ATRAM-BORKE T 71 N—ROF IV EER (Fig.2,3) c,g:;;,\“ 3 k 0
B0 | of
WEU)CNFO-”I‘:%HHEE@JE b3Di’E§bTEj§7§?ﬁﬁ‘\*’ﬂﬂ§ﬁ‘-ﬂﬁ’é1’E§3 (Fig.2 4) Sheath: / Length: cm~m
Alginate gel

@ Cellulose nanofiber (CNF) hydrogel is used for cell culture scaffold (Fig. 1).
Engineered Skeletal Muscle

@ Prepare coaxial two-layer long fibrous gel with microfluidic device (Fig. 2,3). Myotubes g
@ Cells are embedded in the CNF gel of the core layer and 3D cultured to fabricate ?r':frﬁr:;%itlzgts = e
long muscle and vascular tissues (Fig. 2,4). &
- =
{Biit¥ Advantages Engineered Blood Vessel
CNFIIEMHEETEFES LS < HRFREGEICENS (Fig.4) Vascular TN

endothelial cells

FEY MOE—c&D. CNFIEF/\A RAITOMERICHE LS L%0
ERREICS LT B, RBOT 71 N—ADRFHES (Fig3)  Fio Gelfiberscaffold for fabricating

engineered tissues.
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@ CNF is plant-derived, highly biocompatible and superior in cell retention ability (Fig.4).

@ Due to thixotropic property, CNF flows during pressurization in the device and gels
at pressure relief after ejection, so it is easy to shape the scaffold into fibers (Fig.3).

@ The CNF molecules themselves are aligned by pressure to orient the cells and induce N T
engineered tissue formation efficiently. Fig.3. Microfluidic device for producing

gel fiber scaffold.
22—y FHIE Targets
BHRESR : CNFISQ/N1 ABEADILK
BEERER | BRAOBEEBERER
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@ Paper industry: Expansion of the CNF market to the biotech field.

(a)_ N_Iuscle (b) Blood vessel

@ Maedicinal industry: Production of regenerative tissues for therapy. Fi 4. Microscopic images showing engineered tissues

@ Drug industry: Utilization of model tissues for drug evaluation. (a) Myotubes. (b) Blood vessel.
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An innovative technology for plant size enhancement and control:
Artificial control of the cytoplasmic streaming
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@ Improvement of photosynthesis is focused primarily (T¥¥2) [
for plant biomass enhancement.
@ Positive effects on plant growth is often inhibited by local accumulation of 777V
the photosynthetic products. EERMIAD VO EBETEFEA

Development of High-Speed Type Myosin
@ Stable and universal technology for Plant enhancement is expected. . gn=p ype Ty

= VY IVEZIADUXI (Thefastest)
BRRFERX Solutions Chara Myosin XI b

. ) ; @ L *
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-E 3t i X . N Z i = S
&Y HEDHEEANEX T H 2 REEERBOESRILDH M BERSA X (Wild type) q
REBERETIE—I—IVINVEI A UXID . WildtypeMyosinXI '
E—Y—EEYRBEY ¥ IV EI AV UXICER >
@7 BEBIAIUXI (High-speed type)
@ Cytoplasmic streaming, the common transport system in the plant, E;_h-speed type Myosgi'n XI Y
was accelerated artificially. - -
@ Myosin XI motor domain was genetically exchanged by that of ﬁ;“ —Q tran;:{:_j:]\ >
Chara myosin XI, which is the fastest motor protein. -
=R C & BIEY KRB

ke BFEEFILIEY A XY
E'ﬂﬂ Advantages (a1 X+ZF) (77T\=7ITT1T'7A)
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@ Originality: the only technology for plant enhancement by artificial ' e e

acceleration of the transport. XA AT —H LA Y

. . . (HA)F) -
@ Universality: This technology can be applied to every plant, because RA

cytoplasmic is a common system conserved among algae to angiosperm.
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@ Enhancement of Bioenergy: Bioethanol or Biodiesel.

@ Enhancement of Feed and Food.

g
@ Enhancement of fine Plants: Chemicals or Chinese medicines. BEOEE - IEREER - NMATATRILE—DEE |
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Reproduction model device for cerebral aneurysm
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@ There is no prevention method of initiation and rupture of intracranial aneurysms.

@ Animal experiments for developing drugs fail to allow us to consider the effect
of hemodynamics.

@ Little techniques as a drug-discovery assistance, which evaluate the effect of hemodynamics.

BZRFER  Solutions HBIRE (2 _@fgammﬁﬁﬁ)
ntracranial aneurysm
O HENIREDREZ AN THIRT Sex vivokkilfDiEIL
MAEEFHZEASIERCLICLDIEEED STHEEADBEZER

MREEEICEL B MEDRITEGEZRRNICHER - 21

@ Establishment of a novel ex vivo technique of reproducing cerebral aneurysm.

@ Reproduce diseased state of the arteries from healthy by hemodynamic loading.

@ Reproduce degenerative change of arteries due to aberrant hemodynamics.

{B{iitf Advantages

O BYRBRICEBVWEREE EBRBHNAMADERICHDTES
BYRRICEBBVWIIRAETOEE T EHEENDERICHBTE S

@ A capability of visualizing and analyzing the progressive state of disease in
a time-lapse manner.

@ A capability of quantifying and controlling hemodynamics over animal experiments.

Z2—4% v FHIE Targets I

o BENIREZONERDERESTE Aneurysmal hemodynamics
RENBRIZ X500 L TE%HBE L THE D, ARIKBEDT /T MMEIEL
WEIREDAREAINICRES N TE D, ARIEREEISATOEY

@ Pharmaceutical market of vascular diseases such as intracranial aneurysms. BMETIRBR
@ Its prevalence reaches 5% of the people 50 years old or older. +
it
@ No medical therapy developed, and only surgical procedures available. —
0 LY
= Ii )
fELABEDORE RS 0
- EESERR
. o
g ;
Low Input High
(Controllability)
REREOBRETILRE LR OAIE M T
Reproduction device of aneurysm Positioning of the present technique
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Artificial blood vessel unit for fabrication of artificial organ
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@ For conducting drug evaluation test, three dimensional cellular tissue
similar to /n vivo & needed.

@ Vascular structures are required to create thick cellular tissue.

@ Creating a vascular structure with arbitral diameter inside of a tissue is
difficult.

| MERFR Solutions
FIUBRPNA ROAT IV EAVWTERBEZFR
MENEMRZEESELF I VRERAVWSZET
ATMERBEZER
ERUIATMERANERZTS

@ Luninal structure was fabricated by using titanium wire and hydrogel.

@ Artificial vascular structures are created by using vascular endothelial cells
adhered titanium wire.

@ Artificial vascular structures were perfused with culture medium.

| {Bfiiff Advantages
BRGFEEAVTICERICEROAS OIEMEIENTHE
RESEIS R 25 > Fe VB BT
R TIRE 3T HIRMPI BB (048

@ Vascular structure of arbitral diameter can be fabricated easily
without complicated method.

@ Narrow blood bessel which was difficult to create can be fabricated.

@ Culture medium can be supplied within the tissue because perfusion
can be performed.

Z2—75 v bHIE Targets

EUKKITF

Fluorescent particles

Conventional artificial blood vessels
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Fabricated luminal structure using titanium wire

MREMAERICFR U ATIIE

Fabricated artificial vascular

#HAE > — I (Cell sheet)

ERBEANDETRRER
Perfusion experiment into a luminal structure
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@ Drug evaluation model _ o i
. EsHlifa ipsHlAR ( EEEE RN TR by
@ Artificial organ, cyborg MBS —FI¥ sy zaESObR s
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Integration with biosensor system
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Biological Implant Material with Bone Seeking
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@ Biological implants for bone tissue, such as dental implants,
are widely used in medical filed.

@ Integration of bone tissue and implants needs a long time, BiERRE D DIEEM A DER
and sometimes they are not stable. Requirement for implants for bone tissue

@ Faster osseointegration while keeping reliability is required to improve QOL.
__BERFE  Solutions
IBHEM R OREIREZ T/ L AL THREZICHITHE
BEDOELDIRERT /BELNSLBT /BEDHSDLE
HAE 1< 6 [ R T RE AR S i Rl B 1l

@ Control surface morphology of implant in nanoscale.

BED IRTER G — L

/7 i L (72015 38)

@ Combination of large and small nanostructures which has different functionalities,
respectively.

@ Nanostructure formation process applicable for curved surfaces.

B{iit¥ Advantages
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@ Improve integration speed of bone tissue and implant. Improvement of osseointegration by the

proposed nanostructure
@ Faster and well-controlled osseointegration resulting

from the combined nanostructure.
@ Possible to impart the same effect on curved surfaces of our body.

Z—4y P Targets

> RIEL ATEAOEEFMICER ZXXBA Y TF h
AR LRICH1 3 BEEOREDH
A EIBHAHERT /A ADHE

@ Inflammation-less dental implant, which can use as same as
own teeth.

@ Treatment of bone diseases in aging society. _
. . . . RETZF/@BEZRAWIYTIV b
@ Exterior structure for implant medical devices. Dental implant with using the proposed nanostructure

I5% RAF, £T 182, EF 81, K @2 PREAFEFERRMTEL>5—
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Chemo-enzymatic amide synthesis

Strong Point

73 RIEAMBELRELTL RS2 ESLYE ® ® o
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@ Amide compounds are useful material for food, cosmetics, pharmaceuticals. Chemicaw

@ Chemical method requires multi-step reaction and generates a lot of waste. substrate

@ Enzymatic method limits the kinds of amide to synthesize. non-specificity ‘J
BERGEERBENATY Y RS ELERNG 7 S KSRGS N )kOH e 208

0 BRERE  EEBRC L 2EEON K BOEEL - nzymatic ,@f@?
0 E2RG : REBRRIGIC & 37 S REEATA activatio™ W am vg ARG

@ A novel chemo-enzymatic reaction for the amide synthesis.
O Enzymatic reaction: activation of the carboxyl group of the substrate.

O Chemical reaction: nucleophilic substitution reaction to be various amides.

{Bfiiff Advantages
RE - BREHNTFE, MOHGARBROARE,
—EBE R DT R AT HE
HILBKREDFE, Bk - EEORMLGRETERAEE
BEATHER 7 S R OEENRER ICIEM
@ Hybrid reaction produces amide compounds by one-pot reaction.
@ Reaction proceeds under mild condition without special equipment.

@ More amides can be synthesized compared to conventional method.

=4y PG Targets
7IREYRi | ERMA - EEmABRAE - (bHm
IRTFER : gt Rm - ERRER - R
RERAEE 7 S K : SREEEH Industrial Usage
@ Amide compounds for pharmaceuticals, prodrugs or chemicals. N f_& b, £z

@ Dipeptides for functional food, supplements or materials.

@ Fatty acid amides for surfactants.
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Natural compounds affecting cell differentiation

BHAREIBEEEOTDODNBREFEELE U TGEASNTWS D, ZOXRDMEHEE - DMLEEDREEI D
ERAANZZLBELIVCZDIARAMNTICKEZS L OBEEANEINTWS

@ Stem cells are attracting attention as the central existence of regenerative medicine.
However many problems still remain in the mechanism of regulation of differentiation and its cost.

BRRFER  Solutions

ESH%Z B\ /zin vitrof@ @S EETIL
HEEY - Bmb S OFEMEMD DRR

@ In vitro neural differentiation model
using embryonic stem cell

@ Search for active compounds
from marine organisms and foods

{B{iit¥ Advantages

SRSREWMEYM ST —
MEERBEIS R EE

@ Unique library
@ Differentiation stage-specific activity

2=y bhiz

BEER
T
)

Targets

@ Regenerative medicine
@ Drug Discovery
@ Functional food

MR ¥—
BT L% - EDEEH

%7 ZAESHika%ZE AW /zin vitroiEMEETIL

In vitro neuronal differentiation model using
Mouse ES cells

Stage 1

Stage 2
EBDZHEHE

Stage 3
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Nakayama, T. et al., Neurosci. Res. 2003. Astrocyte
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A method of isolating reporter cells by a highly sensitive trap vector system

52 & Problems
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@ For evaluation of some drug activities or gene functions, sl
EBOSF e ik Negative
reporter cells are useful. -FERIRA selectiont
. . . MEFRR it
@ Reporter cells can be directly isolated by a trap method using -etc ::f;g:\;sntag
transposon vector systems. = =
@ However, conventional vector systems had low efficiency of isolating
reporter cells due to low expression of reporter genes. LiR—% — 1R DB

BRRFEX Solutions

LiR—y —HAZEREORR ZIBESE 5GAL4-UAS
DATLEEA

@ To highly express the fluorescent reporter protein in isolation,
GAL4-UAS system was employed.

{2iif¥ Advantages
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@ Our developed trap vector has over 100-fold sensitivity compared
to conventional vector systems.

@ New vector system isolates reporter cells dramatically improve HTA+TRE-c-Myc

H : after
isolation of reporter cells. Dox

£
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3 A== b £ S GFP
AP RIC T 1A Z P #E-H1(Ddx21) #H6(BIP)

RIBICINE T BEIEFORE
- luation of d —_— functi L R—% —Hlka o B g1
@ For evaluation of some drug activities or gene functions. £ ¢ BET(c-Myc) BB S

@ ldentification of genes responsive to any stimulations without £ 1 EH|(Thapsigargin) S

using microarray.
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Ear thermometer for heat iliness prevention
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@ Health risks associated with hot climate during labor and sports are FHIKERD LR EHEHORBE
increasing.
@ However, there are no effective bio-sensing devices to predict or judge 3 = »
such personal risk. B e @ 6
(WBGT) 1 : 7 : 9

@ We need to develop an accurate and simple device evaluating deep
AHECR S DA WA AR

body temperature for this purpose.
Y P purp EIBEHEHHPEFHICERTH %D
BRRFER  Solutions EADY 71352 TL N,

71 =LK COFRBBEBRAEZAEEE T DT /N1 A{ERL ADESEE () REREL

e e — e . _ DEE (B) LIIEKD, ERE
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ATH3.
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@ We have developed devices monitoring deep body temperature on fields.

1 7E—RBDEH

@ The device provides accurate data with less influence of sweating, BEEL Y
/s, o

consciousness level, and physical activity, etc.
@ Collecting continuous personal data with BLE and/or Wifi device.

Bluetooth:E& B 7 /N1 X
{24t Advantages (R )
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@ The ear-piece sensor detects tympanic temperature,
reflecting well deep body temperature (rectal temperature).

@ The device provides accuracy and repeatability,
verified by physiological experiments.

@ In the future, we will develop a system analyzing personal log
and mass data. &
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@ Work environment in extreme heat and needing protective clothes, etc. " s me W m m
@ Sports safety during activities in school. EfNTBRERITRIRULET—5 &, RRICHE

CERRE (RSHEER) o
@ Personal health development and indices for heat acclimation. LRI (RE#R) k& <HRALY
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