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of pancreas
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Location of human f cells in the islets of the pancreas
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MEIDEVA ENINEOA IVGOUAVAGIODRYOUV. GE QUENGH TOUIENINEOOU OAKYXAPOU
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DUBIOAGYIKEG TIHEG GaKXAPOU eival 80-120 mg/dl. -
AVESUOIEVERENITEOUROGRXUPOUNGIONIIERO0H Y OUVIGENGENO50 TG HETd o
OUPEKEBOGE TAKUTTAPA TOUVEPPOU OEV: IHOPOUV VA THY. AroCe0PHGOUY
clozrehyes)oelel
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NENVEKAAUGE0UY. 01 EVEPYEIOKEG AVAYKEG TOU OPYaVvIGHOU XPNGoIHOMOIouvTdl
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SOGAUIOUPIAL UNEPBOAIKN 0UPNON WOTE va anoBAnBouV CAKXApo Kal KETOVEG
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(O VAIOIENINEOD TOU OAKXAPOU GT0 aipa avefBaivel 6|sysip€Ta| N EKKPIGN IVGOUAIVAG
Tel § ,Uru,)r G0, AYKPEAG svspyonmouvml Kal mapayerai IVGoUAivn

rl l‘/JJJ/\i‘/I] GHEAEUBEPMVETAI OTO aipa

AU OIEVIOXUEITHY, MPOOANWH CAKXAPOU Mo Td KUTTAPA TOU CWHATOG

JGIGUK ,_'EXSTCII TV, uno)\omr] y)\UKoCn Kal TNV anoBnkeuel oayv YAUKOYOVO

JIONENITIEOD GUKXAPOU OTO dild HEIMVETAl 0TA PUCIOAOYIKA ENINEDA KAl MAEOV Oev
S UTIUPYElavayK clns)\suespwor]q |voou)\|vnq
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o 'ﬁ'—kurrapa OT0 naprsaq EVEPYOMOIOUVTAl KAl mapayouv YAukayovn

ZToxoq £IVAl TO GUKWTI

~ 16 YAUKOYOVO MOU EXEI CII'IOGI’]KEUTEI EKEl HETATPENETAI OE YAUKO(N
H YAUKO(n aneAeuUBepwVETal OTO dija

T0 ENINEOO 0AKXAPOU OTO Aia ENAVEPXETAl GTO (PUGIOAOYIKO
[TAE0V. OEV UNAPXEI avaykn aneAeuBepwonc YAUKayovng.
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E Jell Ulele ucKeun ([ 6UVOAO GUGK-EU(DV) HOU UNOKaBIoTa T AEImouUpyia Tou
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VIETIUENS 0 EFIIFI€50 OaKXApPoU 610 aijd, KaBopiCel Tnv MOGOTNTA IVOOUAIVAG
oY ,(_r)_.J.L dlKd| OIOXETEUEI TNV, ANAPAITATA NOGOTATA IVOOUAIVAG.

J‘/J._,)r} e TEXVI‘|TOU NAYKPEATOG :

- Jl O] npa Kamaypa®ne eNNeOOU 0AKXAPOU aiaTog

e -0 e'fnpa NAPOXNG - TPOPOOOTNONG HE IVGOUAIVN

... = v‘-“cuvéuammoq aAyopIBUOG ENINEOOU GAKYXAPOU — MOCOTNTAC MOU anaiTeiTal
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Control - Algorithm
 ———_—

Continuous
glucose monitor
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your body?
# Insulin in the blood
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2 Ve e JJ,J CEUN NAPOXNG |vcrou)\|vr]q, psyseouq OUVRBWGE UIKPOU 0G0 Ki EVA KIVATO
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4}:-:‘:-3_—"" AKpllea OT0 OIaypaANa napoxne IVOoUAivnc. -
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e Ba)m(opevoc; YAUKQIMIKOG EAEYXOC.
HEPIOPIZMOI:
- H ouoKeun NpEMel NAVTOTE va (PEPETAl.
- [1iIBavoTnTa PoAuvonc.

13

ENNERIEXEINIIGIOECAIE! AUVGOUA NG n ntll



T
IEXNHTO MArKPEAS

AvTAiec IvoouAivng (eCwTepIKN
KAl ELPUTEUOIUN)

14



EXNHTO MAFKPEAS
| S—— 5 ’ - -

EMONIEYSZTMHANTAIA IN>0O INHZ
<

J']g!):x“J ED] rrr 30 GVEG RIVI{OEOV GOV T AOOEVH OVIG
BILRPIIKNEVU ) HEPIOPICEI TOV. KIVOUVO) [IOAUVGNG GTO OEPHIA

J MnJ,)J ‘je Xpn0I|JOFIOII’]9€I VEVIKA GaV. €U@UTEUGIUN avTAia
l'lCJ,)J,{J’] puaKcov

X AVIoH C

2 M"r' C 'AVIAIEG XPNOIMOMOIOUV. €UBOAA MOU KivouvTal HE
SRANEK: len evepyeld (my Minimed MIP 2001, Siemens Promedos
S

—
C—
-

e — _ o
¥ e

= H .|J€TCITOI'IIGI‘| TOU £lBOAOU EK)éUEI IVOOUAIVN aro Tn deapevn
ﬂ: ~ GToV Balapo kal peow evoc KaBeTnpa I'ICIpEXSTClI OTO WA

”, .- O kaBeTnpaAc eioeP)ETAl oTnyv MEPITOVIKN KOI)\OTI‘]TCI

e H)\EKT[JIKI’%EVEQYEICI anaiTeiTal yia Trn JETAKIVAON Tou UBOAOU,
= TNG BaABioac kal Twv I‘])\EKTpOVIK(DV rnou Xpl’]GILIOI'IOIOUVTCII

AANAEC avTAIEC Xpnoiponolouy pnxaviopo agpiou (ny Infusaid)
To agpio Nou ouUVNOWC XPNOILOMNOIEITAl EiVal TO (PPEOV.
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measuring

measuring

skin /
' 4

T
SENsor

sensor in the boby

advantages:
I small
I low cost
disadvantages:
I biocompatibility
I instable sensor

skin cell

ISF =1
~— catheter

sample taking with
extracorporal detection

advantages:

I biocompatibility

I stable performance
disadvantages:

I large

I expensive

é light

contact-free measurement
or probe at the skin surface

advantages:
I no pain

disadvantages:
I complex technology
I too many interferences

FIGURE: Various techniques for continuous glucose monitoring. ISF = interstitial fluid. (Source
of figure: R. Kotulla, F. Hoffmann-La Roche Ltd)
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2Y2ANHAMAANOIXTOY BPOXO

o — - - -~

JOICUETIIA AVeIXTOU BPOXOU nspg)\ap%éV‘sl TOV. AIGONTNPA GAKXAPOU KAl 01YIATAOG M

ONPNONGANOMEGICOUV. YIA TO XPOVO KAl TNVANOCOTN A IVEOUAIVAG MOV  napexevidl
O M ORI PEIECET ANV EREXEINV OGN | GIOBEOAGYIGEN I GIVEOL VAG TOUMIOTERGITOUN
rogg | i |

HNVEOUAVAIGPEXETAI IE 3O THV. UNOAGYIGBEICA GO TO IATPIKO MPOCWHIKO M TOV.
UEBEVIINIOOOTITA!

OIUVINEGEVITKABIGNOUY. TO [SAGIKO ENIMEDO MAPOXIG IVOOUAIVIG OTaV. ;\(ﬁEIC'ICETCII HE
PEBHNIPOYPUNIATICEVOUG PUBHOUG £YXUGNG MOU HMOPOUV. VA HeTABdAAovTal av
RPIVENAINANAPAITHTO

SENONTIGAOYIGIHIOG TG 000NG AnalTel CUVOETOUG UNOAOYIGHOUG

SR EGUYKPION IEIAPOXT] HEOW EVEONG N AVTAIA EXEI HEYAAUTEPN aKPIBEId

SR ONPNONG MMOPEI VA XPNOINONOIE GUYKEKPIMEVA  MPOPIA N va unoAoyilel T 600N HE

.-

&= BUGH HIa NPOCPATH PETPNON TOU ENINEDOU GAKXAPOU GTO GiHa Kal TV MosoTnTa

o —

— UdaTavBpaKwy: Mou MpocAapBAveTal

—
g - = e
—
I —
—
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A"AN OIXT GV’BPOXO

ERIOGIANTOT, TGKTsc; DOCEIC (BOAOUG): 0 Ud]ClpEXOVTClI HE TV, npoo)\mpn TPOMNG N

AVANERGUVEX G
{or|grr|
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Insulin Effect

-
-

APEXEIIVEOUAIV]

"JJ/IJ’"—'”JJJA-E]-"G”' 0 I’] o)
JJY:;Z‘/’I‘,JL)JI]“ j -OTO ClI|JCl P0G TO (PUO'IO)\OYIKO

o Heley/ice) .-j'jjfjg(]“ ~n EAAXIOTN CUYKEVIPWON MOU GRaITeiTal yia uyin karaoraon

NG GUGIAG MOU' fonBa ornv auénen TG

Bolus
Doses
f f ! 1
BKF LUNCH SUPPER BEDTIME

BKF

IE £Va BAGIKO PUBLIO JIE BAoT) TiG avaykegtou
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ISIDAGYIGHOG BwAOU!

> O /\_)Y.)f' '){ivr]q/ ueaTavepakwy moAAamAaciaderal e Ta ypapuapia

yder J‘J‘/J,).J Q) VAIOU IPOGAauBavovTal

2 g \/,)_J,J,JJr G‘UﬁCITCIVGpCIK(DV unoAoyiCovTal e BAcn TIC NPOCAAMBAVOUEVEC
TR J)r:r' :

J an 0)i(e v Tunonompsvsq OUOKEUEC MOU OIEUKOAUVOUV TOV. UNOAOYIGHO

= QHBTHC OIVEI Ta Ypapuapia uéaTavepava nou Ba karavaAwBoulyv Kkai n
= UOKEUI‘| URoAOYICel THV anaIToUPEVN MOGOTNTA IVOOUAIVNG

=—%- - Me 2 3aon TNV Mo npoocpaTn METPNON TOU EMINEOOU GAKXAPOU MPOTEIVEI TN
~ — BeATIOTR 000N GTO XProTN
- & O unohoyIGHOC Tou BwAoU YivETal TEAIKA Ano TOV XProOTH, YEYOVOC vV
OUVANEI MPOoBANUATIKO.
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HMA KAEIZTOY BPOXOY

ONOAGCYIOTNG s)\syxal TNV OGOTNAIVOOUAIVAG jlel] NAPEXETAl ANo [id
QJP;J- GVIAIG syxuonc; |voou)\|vr|c; BAGEl TWV. HETPNOEMY, MOU AGUBavevIal

GNBEVEVATIVIVOIGIGEITIPENAUKO U GRETGINOGT ENVENOIATT PETGINTWAUKGE]
ToU clft dToGHOU aoesvouq 0}3 oxséov KCIVOVIKCI ENMNEOT ava [aca omyun.

;é_‘-'—ﬂ':lpensl Va AEIToUpyel owoTa ouvz—:ch;, EMEION TUXOV OQAANATA PMOPEi va
-oénvnoouv 0€ goBapn unoyAukaipia n unepyAukaipia.

"’

_,--
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g ucose Device prispetiostiespiepimorsy
2. Continuous Glucose Monitor et oot
3. Computer-controlied Algorithm titise Lot
4. Insulin Pump ot
5. Patient Effect
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I fully automated glucose monitoring
and insulin delivery system

I no user acknowledgemet for insulin
using and adjustment

/4 §
|IIII ."IIIIIII.III'. IIII'
| AN computer
user

I semi-automated
I requires user acknowledgement
prior to insulin dosing

signal ¢

glucose sensor

compuyter

portable device pump unit




Artificial pancreas af a glance

i \ d D
1 CGM sensor 2 CGM receiver
Continuous glucose monitoring (CGM) CGM receiver displays the updated
sensor is inserted under the skin to readings as graphs and trends
continuously measure glucose minute-by-minute, and translates
concentrations in the patient’s cells the readings from USB to Bluetooth

niosk
puuanied

The CAD communicates with a body-
worn insulin pump that automatically
administers the correct insulin dose via
a cannula inserted under the skin

T~ FEED =

Insulin

Control algorithm

3 device (CAD)

Readings are sent to a control algorithm
device (CAD) - eg a smartphone, tablet or PC
- where an algorithm analyses them and

calculates the correct insulin dose, if required
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ONIONE) HAYKPEAG MHEP! CI|JCIV€I TECOEPA UEPN
JrJJ,)Jr I’]TCI VIa T AEImouUpyIa ToU.

Q) YrJ.J,)\ge [[EVAG aIo0nTNPag Kal MOHMoG TOU ERINEDOU
th@g.}c U [OU PETPA Ta enineda YAUKOCNG KABE
/ SO

METADIOE! TIC MANPOPOPIEG OE EVAV OEKTN MOU
..‘f‘ ﬁlpawCsl Ta EMINEDA Y UKoqu VId TOUG aoBEeVEIC.
%

‘@ AUToq OUVOEETAI [JE EvAV MIKPO UMOAOYIOTT) Mou
o Uno)\owCsl noon IVoouAivn XpelaleTal.

@ XTh OUVEXEID, Jeow Bluetooth, o pIKPOG UNOAOYIGTNG
AEEI OTNV. CIVT)\ICI IVOOUAIVNC va AneAEUBEPWOEI TNV
KaTtaAANAn MOCOTNTA IVOOUAIVNG OTOV aCGBEvr).
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TEXNHTO.MATKPEAZ =
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VMEIONEKTHMATA
A

2 0 FHo) UTe mpoq aioBnTNPag EI0ayeTal O HIa GAEBA Tou Adiou mou
Jer 3 'e nv KapoId.
= S0 [l ]’]Tnpaq HETPA ME akpifeia Tn YyAukoln oto 95% Twv

’_>—"'

— = EpTﬁT(DOE(DV

- e Or -CIIGGr]TanC oTapaToUVv va AEITOUPYOUV MPETA aMO EVVEd HNVEC
KATd [IEG0 OpPO.

e 0O aAyopiBpuol unoAoyiopou Xpeialovral BeATiwon.
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OTIATKPEA2 =

PN GDOPENIETAEY naprsaTlKﬁq‘-—WGou)\ivng Kal |voou)\i\/ﬁq" OU NAPEXETAl Ao
JONEXVIITO naprsaq

S OO RTIGIVO OV GOTONEXVI] rrr ,rer 01@%83}19@&!]
IEIOUNEVHG T POONGGIOUN aKOI5E KsTpouusvou UodaTavepaka eiva
OGUGKONT) Evco I AYKPEATIKI; lvoou)\lvn ANEAEUBEPWVETAI GE AVAAOYIKH
JI'L)rir)lwa \Gnd NPAYIATIKA ENINEOA YAUKOCNG OT0 dijd.

nl nle e QTR IVOOUAIVR aneAeUBepWVETAl OTNV. MUAGia GAERA, OMOU PEEl
INEOLVAC nsuealaq O10 frap, To 0foio Eival To KUPIo Opyavo anoenKsuor]q
VAU OVOUN([T0150% TNC IVGOUAIVAC MOU mapdyeTal XpNolUONOIETAl ano To
,rlrl.lc

= H prsaTlKn IVGOUAIVR €ival MAAUIKn Aou fonBa orn d1aTnpnon Tng
f---;-- GIGBRCIAG GV |voou)\|vr] TWV NAATIKWOV. I0TWV.

:I-'Ievson IVGOUAIVAG XOPNYEITal UNodopInG (KATW ano To depua) Kai oxi
_ansueslaq ‘OTNV: KUKAO(pOPIA TOU QijdTOG, ONOTE UNAPXEl KABUOTEPNON MPIV
* ApXIOEl N EVEON TNG IVOGOUAIVNG Va UEIMVEI TN YAUKOCN TOU aiatog (av Kal

~ = [UTO PMOPEI vVad avTIOTABUIOTEl JE EVEON IVOOUAIVNG 15 AenTa npiv ano To

(PAynTo).
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——
-

”~

27




—

r_c:ar.ing. @'}
@

h hdlﬁber " . %



' i . DTEPWV HEAETWYV
" ) NAYKPEAC — AVTIKEIUEVO OAO Kal MEPIGOOTEP ' |
L TEXVHT?GZ?QY I|§|2p|)\gc:1p[EB(':lvouv TNV €vOOoayyeIiakn, ™ HIKPOE\%G&:U)\E:?Q%% ;piks, -
KPOEVOUAOKWON Kal TNV 0pyavoeidn XpnolNonoiwvTac VACIOES
..::---,s ) KaTaokeuaopeva B-KUTTapa

L
—

B) microencapsulation C) macroencapsulation

vascularized matrix

D) organoid
Figure

10.10  Approaches for a bioartificia] pancreas.
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The “Bio-artificial Pancreas” using Islet Sheet technology

Cluster of islet cells
(produces insulin, amylin, and glucagon)

Encapsulated islet cells
(protected against autoimmune destruction)

Biocompatible outer layer
(implant will survive without a fibrotic response)

Semi-permeable material
(allows diffusion of glucose, cell nutrients,
and endocrine hormones)

Weave of synthetic fibers
(adds strength to the fabric)
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Encapsulation
systems vary in

size and shape.

Microcapsules

are minute plas-
tic bubbles con-
taining cells and
fluid. Macrocap-
sules, centimetersin
length, are precast

before being loaded
with cells and a support-
ing matrix. The “stem” on
the top implant is a loading
port that is removed before
implantation. The blue “tail”
on the bottom device is part of its
tether. Larger, flow-through devices
pass blood through a plastic tube, a
segment of which is surrounded by a cell-filled
chamber (ring). The one shown is implantable.
Silhouettes at the right depict actual sizes.
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Injection Ports

Housing Top

Semipermeable
Hollow Fiber

Suture Rings

Artificial Vascular Graft

Figure 10.11 The biohybrid artificial pancreas (from Maki et al. 1991, with permission).
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A Promising Liver-Support Approach

Not all encapsulation systems are implants. Liver-support systems currently be-
ing studied operate outside the body. They aim to sustain liver-failure patients

until a compatible organ becomes available for transplantation. The particular de-

vice shown at the right and illustrated below was developed by teams led by Claudy

J. P. Mullon of Circe Biomedical in Lexington, Mass., and Achilles A. Demetriou of

Cedars-Sinai Medical Center in Los Angeles.

This machine draws blood from a patient and pumps the fluid component (plas-
ma) through a charcoal column (meant to remove some toxins) and an oxygen-
replenishing unit before delivering it to a chamber containing healthy liver cells—
hepatocytes—from pigs. In the chamber (detail), the plasma courses through
slightly porous tubes, which are surrounded by the hepatocytes. Toxins from the
plasma diffuse into the cells, which are intended to convert the poisons into in-

nocuous substances. After the purified plasma leaves the chamber, it recombines
with blood cells and is returned to the patient, —M.J.L. and PA.
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FIGURE 10.21 HepatAssist bioartificial liver. (From Jauregui, HO., Mullon, C.J.P, and Solomon, B.A.,
Principles of Tissue Engineering. R.G. Landes., Austin, TX, 1997, With permission.)
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BURE 10.23 A bioartificial liver comprising three bundles of hollow fiber membranes. (From
metzer, E., Mutig, K., Schrade, P., Bachmann. §., Gerlach, J.C., and Zeilinger, K.. Biotech. Biveng.,
81727, 2009. With permission.)
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"BJﬁal‘tIfICIa| Liver Support System (BLSS®)
o. Excorp Medical, Inc., uses primary porcine hepatocytes

o  LIVERX2000 system
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