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Abstrakt disertacni prace:

Diabetes mellitus je chronické onemocnéni charakterizované metabolickou poruchou pfi
relativnim nebo absolutnim nedostatku inzulinu. Diabetes mellitus 1. typu (DM1) je zptisoben
autoimunitni reakei, kterd postupné vede k selektivni destrukei inzulin produkujicich beta-
bun¢k pankreatu. Dusledkem je minimalni nebo zcela chybé&jici tvorba vlastniho inzulinu,
kterd vede k zédvislosti na podavani exogenniho inzulinu. DM je také ptic¢inou fady pozdnich
komplikaci. Ptestoze dlouhodobé pfiblizeni fyziologické hladin¢ glykémie s pouzitim
intenzifikovanych inzulinovych rezimi muize manifestaci diabetickych komplikaci oddalit,
dosahnout takovéto kompenzace se vSak dafi jen asi u 5% pacientd. Z toho je patrné, ze
soucasné zpiisoby 1é€by nevedou ani k vyléceni diabetu, ale vétSinou ani k prevenci pozdnich
komplikaci. Jednim z nejatraktivnéjSich 1écebnych pfistupl je proto takovy zplisob 1éCby,
ktery by nahradil chybéjici inzulinovou sekreci. Takovou metodou je transplantace inzulin
produkujici tkané. NedostateCny pocet darcti je ovSem hlavnim limitujicim faktorem pro
vyuzZiti tohoto 1écebného postupu v SirSim méftitku. Je tedy patrné, Ze pro ziskani dostate¢ného
mnozstvi inzulin produkujici tkdn¢ musi byt nalezeny alternativni zdroje. V soucasné dob¢ se
jako nejnad¢jnéjsi jevi vyuziti kmenovych bunék.

Pankreatické kmenové/progenitorové buiiky (PSC) spliuji poZadavky na takovyto zdroj. I
pfes nezpochybnitelny prikaz existence PSC se doposud nepodatilo tyto builky plné
identifikovat. S cilem rozsifit paletu znamych markertt PSC jsme se rozhodli charakterizovat
populace pankreatickych bun¢k exprimujici markery kmenovych bunék. V nasi praci se nam
podatilo identifikovat dva noveé markery dospélych pankreatickych
kmenovych/progenitorovych bunck. Populace CXCR4 pozitivnich pankreatickych bunék
exprimovala markery a transkripéni faktory pluripotentnich a dospélych kmenovych bunék.
CXCR4 pozitivni pankreatické buiiky byly rovnéz schopné in vitro diferenciace na inzulin
produkujici beta buiky. Dalsi identifikovany PSC marker byl membranovy glykoprotein
CD133. CD133 pozitivni pankreatické buiiky také exprimovaly transkripéni faktory nezbytné
pro zajisténi pluripotence a rovnéz byly schopné in vitro diferenciace na inzulin produkujici
beta-bunky.

S cilem zvysit miru diferenciace pankreatickych kmenovych/progenitorovych bunék jsme se
zamétili na ulohu fosfatidylinositol-3-kindzové signalni drahy (PI3K) v diferenciaci beta-
bunck. Zjistili jsme Ze aktivace PI3K vyrazné zvySuje miru diferenciace pankreatickych
progenitort na beta-buniky.

Rovnéz jsme testovali vliv epigenetickych modifikaci na prib¢h diferenciace pankreatickych
progenitord. Zjistili jsme, Ze inhibice metylace DNA a histont také zvySuje miru diferenciace
na pankreatické endokrinni buiiky vcetné beta-bunck.

Nakonec jsem ovéfili schopnost diferenciace bunck lidské pupecnikové krve (HUCB) na
inzulin produkujici beta-buiiky. Zjistili jsme, Zze HUCB builkky jsou schopné in vivo
diferenciace na inzulin produkujici beta-buiiky, nicméné nezbytnou podminkou pro uspesnou
diferenciaci je celotélové ozafeni pied podanim HUCB bunék. Rovnéz pocet diferencovanych
HUCB bungk je relativné nizky.

Souhrnem lze fici, Ze naSe vysledky pfispély k rozSifeni znalosti o pankreatickych
kmenovych/progenitorovych buiikéach, jejich diferenciaci na inzulin produkujici beta-bunky a
také o vhodnosti vyuziti bunék pupecnikové krve pro 1écbu diabetu.



Ph.D. Thesis abstract:

Diabetes mellitus is a chronic disease characterized by a metabolic disorder in which there is a
low level or complete lack of the insulin. Diabetes mellitus type 1 (DM1) is caused by an
autoimmune reaction leading to the destruction of the insulin producing beta cells in the
pancreas. In consequence, low or non-existent insulin production leads to a complete
dependence on exogenous insulin supplementation. DMI1 causes serious long-term
complications. Although strict control of blood sugar could prevent the onset and
development of diabetic complications only 5% of diabetic patients are able to achieve such
control. Hence it is evident that the current methods of treatment are neither sufficient to treat
this disease, nor prevent late complications in most patients. The most promising therapeutic
approach in the treatment of diabetes is the restoring of insulin production. One such method
is the transplantation of insulin-producing tissue. However, a lack of available insulin-
producing tissue limits such therapeutic approach. Therefore an alternative source of insulin
producing cells have to be found to obtain a sufficient amount of safe and efficient insulin
producing tissue.

Pancreatic stem/progenitor cells could represent such an available alternative source. Despite
the evidence of permanent beta cell neogenesis during the adult life a putative pancreatic stem
cell (PSC) has not yet been identified. With the aim to expend a list of available PSC markers
we have focused on the characterization of pancreatic cell populations based on the
expression of stem cell markers. In our work we have identified two new markers of adult
pancreatic stem/progenitor cells which allow their isolation. Population of CXCR4 positive
pancreatic cells express markers and transcription factors of pluripotent and adult stem cells.
Upon in vitro differentiation CXCR4 positive pancreatic cells are able to differentiate into
insulin producing cells. Similarly CD133 positive pancreatic cells also express transcription
factors of pluripotent stem cells and are able to differentiate into insulin producing cells.

We have also focused on the role of phosphoinositide 3 kinase signaling pathway (PI3K) on
beta-cells differentiation, in the attempt to improve the process of pancreatic stem/progenitor
cells differentiation into beta-cells. We found that activation of PI3K significantly increase a
number of beta-cells differentiated from adult pancreatic progenitor cells.

With the same aim we have also studied the effect of epigenetic factors on differentiation of
adult pancreatic progenitor cells. We found that inhibition of DNA and histone methylation
also improves the rate of differentiation into beta-cells.

Finally we have examined the potential of human umbilical cord blood cells (HUCB) to
differentiate into insulin producing cells with the aim to evaluate their possible clinical
application for the treatment of diabetes. We found that HUCB cells are able to differentiate
into insulin producing cells upon irradiation of transplanted animals. However the number of
insulin producing cells derived from HUCB was not significantly high.

In conclusion our results provide new information about pancreatic adult stem/progenitor
cells, about their differentiation into insulin producing beta cells and also about suitability of
HUCSB cells for the treatment of diabetes
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Seznam pouzitych zkratek
5Aza - 5-Aza-2'-deoxycytidin

Akt - proteinkindza B

ALDH - aldehyd dehydrogenaza
ATP - adenosin-5-trifosfat

b. - buiika

bFGF - zésadity fibroblastovy ristovy faktor, z anglického ,basic fibroblast growth
factor*

BMP - z anglického ,,bone morphogenetic protein”

BSA - hovézi sérovy albumin, z anglického ,,bovine serum albumin*

CA 1I - karboanhydréza 11

cDNA - komplementarni DNA

CXCR4 - C-X-C chemokinovy receptor typ 4, CD184, SDF receptor

DAPI - 4,6-diamidino-2-fenylindol

DMI1 - diabetes mellitus prvniho typu

DM2 - diabetes mellitus druhého typu

DMEM - z anglického ,,Dulbecco’s modified Eagle medium”

DMSO - dimethylsulfoxid

DNA - deoxyribonukleové kyselina, z anglického ,,deoxyribonucleic acid*
dNTP - deoxynukleosid trifosfat

EBSS - iontovy roztok podle Earlese, z anglického ,,Earle’s balanced salt solution*
EDTA - ethylendiamintetraoctova kyselina ve formé dvojsodné soli

EGF - epidermalni ristovy faktor, z anglického ,,epidermal growth factor*
FBS - fetalni hovézi sérum, z anglického ,,fetal bovine serum*

FCS - fetalni teleci sérum, z anglického ,,fetal calf serum*

FGF - fibroblastovy riistovy faktor, z anglického ,,fibroblast growth factor*
FISH - fluorescen¢ni in situ hybridizace

g - gravitacni zrychleni

GAPDH - glyceraldehyd-3-fostat dehydrogenasa

GLUT?2 - glukosovy transportér 2

GLP-1 - glukagonu podobny peptid 1, z anglického ,,glukagon-like peptide 1%
GSK3p - kinaza glykogen syntazy
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HBSS - iontovy roztok podle Hankse, z anglického ,,Hanks balanced salt solution®
HGF - jaterni ristovy faktor, z anglického ,,hepatocyte growth factor*
hTERT - lidska telomeraza

HSA - lidsky sérovy albumin, z anglického ,,human serum albumin®

IBMX - 3-isobutyl-1-methylxanthin

IKEM - Institut klinické a experimentalni mediciny

i.m. - intra muskuldrni

1.v. - intra venozni

1PS - indukované pluripotentni kmenové buniky

Ig - protilatka, imunoglobulin

ILCC - ostrivky pfipominajici bunécné shluky, z anglického ,,Islet-like cell cluster*
ITS - inzulin, transferin, selen

Km - konstanta Michaelis-Mentenové

kb - kilobaze

LIF - faktor, ktery inhibuje leukemické buiiky (leukemia inhibitory factor)

LO - Langerhansovy ostrivky

MEM - neesencidlni aminokyseliny

min. - minuta

MNC - mononukleédrni buiika

mRNA - medidtorovd RNA

mTOR - z anglického ,,mammalian Target of Rapamycin*
NaBu - butyrat sodny

ngn-3 - neurogenin 3

PBS - fosfatovy pufr, z anglického ,,phosphate buffered saline*

PDX-1 - z anglického ,,pancreatic and duodenum homeobox 1”

PI3K - fosfatidylinositol-3-kinaza

PIP3 - fosfatidylinositol-3,4,5-trisfostat

PSC - pankreaticka kmenova buiika

PSG - penicilin, streptomycin, glutamin

RIA - radioimuno analyza, z anglického ,,radioimmunoassay”

RIPA - pufr pro radioimuno analyzu, z anglického ,,radio-immunoprecipitation assay“
RNA - ribonukleova kyselina, z anglického ,,ribonucleic acid*

RT-PCR - z anglického ,,reverse transcription polymerase chain reaction”
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SDF - z anglického ,,stromal cell derived factor

SDS - dodecylsulfat sodny

sec. - sekunda

Shh - hedgehog signalni dréha, z anglického ,,Sonic hedgehog*
SSC - solny pufr s citratem, z anglického ,,saline-sodium citrate*
TBE - pufr, ktery se sklada z trisu, kyseliny borité, EDTA

TGF - z anglického ,,transforming growth factor”

TRIS - tris (hydroxymethyl) aminomethan

TSA - Trichostatin A
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1. GVOD
1.1 Diabetes mellitus

Diabetes mellitus je chronickd metabolicka porucha charakterizovana bud’
nedostate¢nym uc¢inkem hormonu inzulinu, nebo jeho Uplnym nedostatkem.
V obou piipadech dochdzi ke zvySeni hladiny glukézy v krvi, kterd se za
fyziologickych okolnosti pohybuje v rozmezi 4 - § mmol/l . RozliSujeme dva
zakladni typy diabetu a to diabetes mellitus typu 1 (DM1) a diabetes mellitus
typu 2 (DM2). DM2 se z poc¢atku projevuje sniZzenou citlivosti cilovych tkani
na inzulin a naslednou postupnou ztratou schopnosti produkovat endogenni
inzulin. Progrese vzniku DM?2 je pomérné zdlouhavd a zpocatku postacuje
1é€ba spocivajici v podavani perordlnich antidiabetik. Pouze dlouhodobé
trvajici DM2 a jeho nedostate¢nd kompenzace vyzaduje podavani inzulinu
nutného k udrZeni uspokojivé hladiny glukozy v krvi. Naopak v ptipadé DM1
se jednd o relativné akutni vyvoj vzniku tohoto onemocnéni,
charakterizovaného selektivni destrukci inzulin produkujicich [B-bunék.
Lécba pacienti s DM1 vyzaduje celozivotni podavani inzulinu s cilem
normalizovat hladinu glukozy v krvi. Pocet diabetikii zdvislych na inzulinu v
CR vysoce piesahuje 50 tisic (UZIS, 2009) a celosvétové DM1 postihuje
pfiblizné 0,3% populace (Morales, 2001). Disledkem absolutniho nebo
relativniho nedostatku inzulinu je postupny rozvoj mnohocetného organového
poSkozeni se zdvaznou morbiditou a mortalitou. Tomu Ize teoreticky zabrénit
trvalym dodavanim piiméfeného mnozstvi inzulinu. Poddvani inzulinu
podkoznimi injekcemi v ptedem stanovenych davkach a intervalech nechava
jen malou flexibilitu reagovat na aktudlni metabolické potteby. Tésnéjsi
kontroly lze  dosahnout pomoci kontinudlni  podkozni  infuze
programovatelnou pumpou, ale ani tento postup z praktického hlediska

nemuze vést k optimalni kompenzaci, nebot’ chybi kontinuélni zpétnovazebna
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regulace. V praxi se dafi zabranit rozvoji orgdnovych komplikaci u pouhych

5% nemocnych DM1.

Naproti tomu pfi transplantaci inzulin-produkujici tkdné si dodané B-buiiky
zachovavaji fyziologickou schopnost kontinudlni odpovédi na aktudlni
glykemii, a proto dochdzi k vyléCeni diabetu (normalizaci glykemie). Je
dokonce popisovana caste€na regrese diive vzniklych orgénovych
komplikaci. V soucasné dob¢ se transplantuji Langerhansovy ostriivky in situ
- organova transplantace pankreatu, nebo se suspenze izolovanych ostrivki
infunduje do portdlni Zily. V obou ptipadech je zdrojem allogenni inzulin-
produkujici tkdné slinivka z kadaver6zniho darce. Tim jsou dany dvé zakladni
nevyhody: nedostatecné mnozstvi pankreatll a trvald imunosupresni lécba
nutna k zamezeni imunitni reakce pfijemce viéi transplantované tkani. V. CR
s rozvinutym transplantanim programem byla inzulin-produkujici tkan dosud
transplantovana asi 450 nemocnym, tedy méné nez 1% pacientl zavislych na
inzulinu. K tomu, aby se kurativni lécba transplantaci stala dostupnou
vyznamnéjSimu podilu diabetikii, je nutno hledat nové alternativni zdroje

inzulin-produkujicich bunék.

1.2 Pankreatické B-buriky a inzulin

Inzulin produkujici B-buiiky se nachézeji v pankreatu, kde spolu s dalSimi
endokrinnimi bunikami tvofi bunééné shluky oznacované jako Langerhansovy
ostrivky. Endokrinni buniky Langerhansovych ostrivkll zastupuji ptiblizné
jedno procento vSech pankreatickych bunék. B-bunky tvoii vétSinu bunék
nachéazejicich se v Langerhansovych ostrivcich (50%-80%). Kromé
endokrinnich bun€k se v Langerhansovych ostriiveich nachazi 1 husta sit
kapilar, tvofend endotelidlnimi bunikkami. Intenzivni krevni zdsobeni
Langerhansovych ostravkli je nezbytné nejen pro zajiSténi hlavni ulohy

endokrinnich bunék pankreatu, kterou je sekrece pankreatickych hormoni, ale
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1 pro dostate¢né zasobeni endokrinnich bun¢k kyslikem, ktery je nezbytny pro
jejich velmi specificky metabolismus. Pankreatické endokrinni buiiky mayji
zdsadni vliv na regulaci koncentrace glukézy v krvi a stim souvisejici
metabolismus glukézy v tadé tkani. Kontrola hladiny krevni glukozy je
zajisténa predevsim plisobenim hormonu inzulinu produkovaného -bunkami

a hormonu glukagonu produkovaného a-bunikami.

Sekrece inzulinu B-bunkami je zavisld piedevSim na koncentraci glukozy
v krvi. Prostfednictvim gluk6ézového transportniho kandlu GLUT2 dochazi pii
zvySeni koncentrace glukézy v krvi k jejimu transportu skrz membranu [3-
bunék. GLUT-2 je na inzulinu nezavisly glukézovy transportni kanal a
zajistuje transport glukdzy na zdkladé koncentra¢niho gradientu. Glukoza je v
B-buiice fosforylovana na glukéza-6-fosfat enzymem glukokinazou. Tento
enzym nachazejici se v 3-buiikach, neuronech a hepatocytech patii do Siroké
skupiny isoenzymil hexokindz. Ve srovnani s dalSimi hexokindzami ma vSak
glukokindza nizkou afinitu ke glukdéze a vysokou hodnotu Km (8 mmol/l).
Pravé tato vlastnost glukokindzy umoziiuje P-bunikdm reagovat na zmény
koncentrace glukézy ve fyziologickém rozmezi (4 - 8 mmol/l) a slouZzi jako
senzor koncentrace glukdzy v krvi. Naslednou anaerobni glykolyzou se z
glukoza-6-fosfatu tvoii pyruvat, jehoz dal§i metabolizaci vznikd ATP pfti
oxida¢ni fosforylaci. V disledku zvySeni hladiny intracelularniho ATP
dochézi k uzavieni ATP-dependentni K+ membranovych kanalt a néasledné
depolarizaci bunééné membrany. V disledku depolarizace bunécné
membrany dochdzi k otevieni voltaZ-dependentnich Ca2+ kanali a nartstu
intracelularntho Ca2+. ZvySeni hladiny intracelularniho Ca2+ aktivuje

uvolnéni sekre¢nich granul obsahujicich inzulin do krevniho ob¢hu.
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B-buitky maji ve srovnani s ostatnimi bunikami organismu ve své metabolické
vybaveé nékolik modifikaci nutnych pro piresnou odpovéd na hladinu glukézy.
Jsou to jak jiz vySe zminény glukozovy pienase¢ GLUT2 a enzym
glukokindza, tak i1 chybé&jici exprese enzymu laktat dehydrogendza, ktery
katalyzuje pfeménu pyruvatu na laktat. Pfeménou pyruvatu na laktat, ktery
neni dale metabolizovan, by se oslaboval signidl pro sekreci inzulinu
indukovany zvySenou tvorbou ATP z pyruvatu. Dale B-buniky neexprimuyji
monokarboxylatovy transporter, ktery umoziuje prechod pyruvatu a laktatu
pfes bunécnou membranu. Transport pyruvatu pies membranu B-buiiky do
extraceluldrniho prostoru by mohl oslabit signal pro sekreci inzulinu, nebo by
mohl naopak zvysit sekreci inzulinu v dasledku zvySeni intraceluldrniho

pyruvatu (Newgard, 2002).

Inzulin je peptidovy hormon tvofeny 51 aminokyselinami. Inzulin se sklada
ze dvou polypeptidovych fetézct, fetézce A (21 aminokyselin) a fetézce B (30
aminokyselin) spojenych disulfidickymi mustky (Ryle a spol., 1955).
Biosyntéza inzulinu je nékolika krokovy proces sloZzeny ztady
posttransla¢nich modifikaci (viz obr. 1.1). Ty se odehravaji jak v lumen
endoplasmatického retikula, v golgiho aparatu tak 1 v sekre¢nich granulich.
Nejprve vznikd v ribozomech pii ptfekladu zmRNA genu pro inzulin
peptidovy prekurzor tzv. preproinzulin. Preproinzulin obsahuje signalni
sekvenci, fetézec B, C-peptid a fetézec A. V endoplazmatickém retikulu je
z molekuly preproinzulinu odStépena signalni sekvence za vzniku proinzulinu
(Steiner a spol., 1967). Proinzulin je tvofen inzulinovymi fetézci A a B
spojenymi  C-peptidem (connecting peptide). Vznikly proinzulin je
transportovan do golgiho aparatu a nésledné do sekrecnich granul, kde je
plisobenim enzyml prohormon konvertdza 1/3 a prohormon konvertidza 2
proteolyticky rozStépen na C-peptid a inzulin v ekvimolarnim mnozZstvi

(Clark a spol., 1969). Ekvimolarni sekrece C-peptidu a inzulinu je casto
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vyuzivana pii stanoveni inzulinové sekre¢ni kapacity [-bunék v bunéénych
kulturdch. Stanoveni samotného inzulinu muize poskytovat faleSné pozitivni

hodnoty, z ditvodl vyuzivani inzulinu jako doplnku kultivaéniho média.

Insulin Receptor
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Obrazek 1.2 Vliv inzulinu na bunééné pochody a signalni kaskady. Pievzato z

http://www.cellsignal.com/reference/pathway/Insulin_Receptor.html

Fyziologicky efekt inzulinu je znaény a ovliviluje fadu metabolickych a
bunéénych pochodl. Hlavni ulohou inzulinu je zajisténi transportu glukozy

pfes bunénou membranu svalovych a tukovych buncék viz. obrdzek 1.3.
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Transport glukdzy je zajistén translokaci glukdzového transportéru GLUT4 na
povrch bunééné membrany (Bell a spol., 1990). Translokace je aktivovana
pravé navazanim inzulinu na inzulinovy receptor nachazejici se na bunécné
membrané. Kromé glukdzy stimuluje inzulin 1 resorpci aminokyselin a dalSich
zivin buitkami (Manchester, 1970; Akedo a spol., 1962). Efekt inzulinu na
biochemické dé&je a metabolismus je evidentni pfedevsim v ptipad€ jaternich
bun€k. U hepatocyti inzulin nejen aktivuje fadu enzymu Ucastnicich se
glykolyzy a syntézy glykogenu, ale stimuluje pfimo 1 jejich expresi (Foufelle
a spol., 2002). Inzulin m4a ovSem vliv nejen na metabolické d¢je, ale
prostfednictvim signalnich kaskad, které aktivuje, 1 na fadu bunécnych
pochodu jako je proteosyntéza, exprese genti, proliferace, apoptdza a dalsi viz

obrazek 1.2.

1.3 Vyvoj pankreatu a pankreatickych -bunék

Pankreas je laloCnaty orgédn patfici do travici soustavy. Pankreas se nachazi
v dutin¢ biisSni mezi duodenem a slezinou a jeho hmotnost se pohybuje mezi
60-150 gramy. Funk¢éné spadd mezi zlazy s vnitini a vnéjsi sekreci. Vnéjsi
sekreci zajiStuje exokrinni slozka, ktera tvoti vétsi Cast pankreatické tkané
(70-80%). Exokrinni ¢ast pankreatu produkuje piedev§im travici enzymy ve
form¢ proenzymi mezi néZ patii karboxypeptidaza A, trypsynogen,
chymotrypsinogen. V pankreatu jsou dale produkovany pankreaticka elastaza,
pankreaticka lipdza a a-amyldza. Exokrinni ¢ast pankreatu je roz¢lenéna do
lalickt (acind), jez jsou tvofeny exokrinnimi bunkami na povrchu a
duktalnimi buitkami v centralni ¢asti. Duktalni buniky formuji rozvétvenou sit’
kanalkti, do kterych jsou sekretovany travici enzymy z exokrinnich bunék.

Kanalky tvofené duktalnimi buiikami se sbihaji do velkého a malého
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pankreatického vyvodu. Velkym a malym vyvodem pankreatu jsou

sekretovany travici enzymy do dvandctniku ve formé pankreatické stavy.

Pankreas Langerhansiv
ostrivek

/

o]

-
4
|

Obrazek 1.3 UloZeni pankreatu v dutin¢ bfiSni, struktura Langerhansovych
ostrivkii a sekrece inzulinu B-bunkou do krevniho obc&hu. Prevzato a

upraveno z http://stemcells.nih.gov/info/2006report/2006Chapter7.htm
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Ulohu Zlazy s vnitini sekreci zajistuje v pankreatu jeji endokrinni &ast, ktera
je tvorend shluky endokrinnich bun¢k tzv. Langerhansovymi ostrivky viz.
obrazek 1.3. Ty se nachézeji v poCtu ptiblizn¢ 1 000 000 rozptylené v celém
pankreatu. Mezi hlavni endokrinni bunky, které se nachézeji
v Langerhanosvych ostriiveich patii a-buiiky, B-buiiky, d-buitky produkujici
somatostatin, PP buiniky produkujici pankreaticky polypeptid a e-buiky
produkujici ghrelin.

Béhem embryondlniho vyvoje vznikd pankreas zbunck zarodecné
endodermalni listy. Spojenim dorsalni a ventralni ¢asti budouciho pankreatu,
které vznikaji jako vychlipky formujiciho se stfeva, vznika pozd¢ji dospély
pankreas. Dorsalni ¢ast pankreatu se u clovéka objevuje ve 26. dni
embryonalniho vyvoje vychlipenim formujici se stény dvanactniku. Ventralni
pankreas vznikd o 6 dni pozd&ji zjaterné-zlucové vychlipky. Dorsalni a
ventralni ¢ast pankreatu splyva do celistvé struktury béhem 37. - 42. dne
embryonalniho vyvoje. V obdobi kolem 56. dne embryonalniho vyvoje se
pankreas zacind morfologicky podobat dospélému pankreatu. V pribéhu
embryonalniho vyvoje je nové formovany pankreas vystaven pilisobeni
okolnich tkani a struktur, kter¢ maji vyrazny vliv nejen na pribéh
morfogeneze pankreatu, ale 1 na diferenciaci jednotlivych pankreatickych
bunék. Notochord, aorta a mezenchym patii mezi okolni struktury, které maji
nejvyraznéjsi vliv na embryondlni vyvoj pankreatu (Jacquemin a spol., 2006).
Puasobeni téchto struktur je zajiSténo prostfednictvim fady rtistovych faktort,
které jsou uvoliovany do jejich okoli. V piipadé notochordu se jedna
pfedev§im o ristové faktory activin-BB a FGF2, které¢ inhibuji hedgehog
signalni drahu (Shh) (Kim a spol., 2001). Inhibice Shh umoziuje aktivaci
exprese transkripniho faktoru Pdx-1, ktery je nezbytny pro vznik a
diferenciaci pankreatickych progenitorti (Kim a spol., 1997). Aorta ma vliv

predev$im na vyvoj dorsalni ¢asti pankreatu a expresi transkripéniho faktoru
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Ptfla (Yoshitomi a spol., 2004), ktery je spolu s transkripénim faktorem Pdx-
1 nezbytny pro vyvoj pankreatickych progenitorii (Kawaquchi a spol., 2002).
Pankreatické epitelidlni buiiky pod vlivem sousednich mezodermalnich
struktur postupné proliferuji a vytvaii rozvétvené struktury. Formujici se
pankreas je postupné obklopen okolnim mezenchymem, ktery ovliviiuje dalsi
morfogenezi pankreatu a zdroven md vliv na proliferaci a diferenciaci

jednotlivych typt pankreatickych bunck (Gittes a spol., 1996).

V prubéhu vyvoje pankreatu se specializované pankreatické buiiky diferencuji
z multipotentnich progenitorit pochézejicich z endodermu (Jonsson a spol.,
1995). VSechny tii zakladni typy pankreatickych bunék vznikaji postupnou
diferenciaci multipotentnich pankreatickych progenitorii, které exprimuji
transkripéni faktory Pdx-1 a Ptfl (Gu a spol., 2003). Diferenciace
multipotentnich pankreatickych progenitori je komplexni d¢j regulovany
fadou signalnich drah a aktivitou fady transkripénich faktord. Proliferace
pankreatickych progenitorti je zajiSténa aktivaci Notch signalni dréhy a
prostfednictvim transkripéniho faktoru Sox9 (Seymour a spol., 2007).
Proliferace pankreatickych progenitori béhem embryonalniho vyvoje je
nezbytna pro zajisténi dostatecného mnozstvi progenitorti pro pozd¢jsi faze

diferenciace.

Diferenciace multipotentnich progenitorii na jednotlivé typy pankreatickych
bunék probiha jiz v ranych fazich embryondlniho vyvoje pankreatu, avSak
k masivni diferenciaci dochézi, az v pozdé¢jSich fazich vyvoje béhem tzv.
druhotné tranzice (Pictet a spol., 1972; Gradwohl a spol., 2000). Na
diferenciaci a funkci exokrinnich bunék se podili pfedev$im transkripéni
faktor p48 a Mistl (Pin a spol., 2001). Spolu s témito transkripnimi faktory
se diferenciace exokrinnich bun¢k castni i transkripéni faktor Ptfl (Rovira a
spol., 2008 ). Zatimco ostatni typy diferencovanych pankreatickych bunck jiz

dale neexprimuji transkripéni faktor Ptfl, ktery rovnéz exprimuji pankreatické
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progenitory, v piipadé exokrinnich bunck pfetrvavd jeho exprese 1 po

ukonceni diferenciace.

Vzhledem k rozsahlému spektru vSech endokrinnich pankreatickych bunék je
diferenciace na jednotlivé typy endokrinnich bun¢k pomérné komplikovany
proces fizeny fadou transkripénich faktort viz. obrazek 1.4. Béhem
embryonalniho vyvoje se vSechny pankreatické endokrinni buiiky diferencuji
z Pdx-1/Ptf-1 pozitivnich progenitori. Nezbytnou podminkou pro aktivaci
diferenciace na endokrinni buiiky je inhibice notch signalni drahy, ktera
zajiStuje proliferaci pankreatickych progenitori. Notch signdlni drdha
inhibuje  expresi  transkripéniho faktoru neurogeninu-3, klicového
transkripniho faktoru a nezbytného pro aktivaci diferenciace vSech typt
pankreatickych endokrinnich bun¢k (Gragwohl a spol., 2000). Neurogenin-3
je exprimovan vyluéné pankreatickymi endokrinnimi progenitory a jeho
exprese je v prubéhu diferenciace endokrinnich bunék postupné utlumena
(Habener a spol., 2005). Dalsi diferenciace na jednotlivé typy endokrinnich
bunék je fizena transkripnimi faktory, jejichZz exprese je v tadé piipada
aktivovana prav€ neurogeninem-3. Mezi kli€ové transkripéni faktory
aktivujici dalsi diferenciaci pankreatickych endokrinnich progenitorti smérem
na [B-bunky patii transkripcni faktory Nkx6.1, Nkx2.2, Pax4, Pax6, NeuroD a
Mafa (Sander a spol., 2000; Collombat a spol., 2003; Brink a spol., 2001;Ritz-
Larser a spol., 2002; Nishimura a spol., 2006; Jensen a spol., 2000). Postupna
aktivace téchto transkripénich faktori je nezbytna pro dalsi prabéh
diferenciace na plné diferencované B-buiiky. Rada uvedenych transkripénich
faktorti aktivuje a fidi expresi proteini nezbytnych pro spravnou funkci B-

bunék a jsou proto pfitomny 1 v terminalné diferencovanych B-buikach.
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Obrazek 1.4 Exprese transkripénich faktorti regulujicich diferenciaci

pankreatickych bunék

Ackoliv B-bunky tvofi vétSinu pankreatickych endokrinnich bunék, béhem
ranych fazi embryonalniho vyvoje se v pankreatu nachazeji predevSim o-
buiiky. Teprve v pribéhu druhotné tranzice dochdzi k masivnimu naristu
poctu B-bunck (Herrera a spol., 1991). B-buiikky vznikaji pfedevSim v oblasti
nov¢ zformovanych pankeatickych duktl, z nichz postupné migruji do okolni
tkan¢, kde spolu s ostatnimi endokrinnimi buiikami vytvaii bunééné shluky
Langerhansovych ostriivkll (Schwitzgebel a spol., 2000). Pravé misto vzniku
B-bun¢k v pankreatickych duktech a ptfitomnost pankreatickych progenitori
charakterizovanych expresi transkripcnich faktori Pdx-1 a Sox9 nejen béhem
embryonalniho vyvoje, ale 1 v dospélosti nasvédcuji tomu, ze B-bunky se
diferencuji z bun¢k nachézejicich se v pankreatickych duktech (Li a spol.,
2010). Rovnéz soucasna exprese cytokeratinu-19, markeru duktalnich bunék,
a inzulinu u diferencujicich se [B-buné¢k svéd¢i pro pivod B-bunék

v pankreatickych duktech (Bouwens a spol., 1997). Ac¢koliv vétSina B-bunck
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vznikd diferenciaci z pankreatickych progenitorfi, ¢ast PB-bun€k vznikd 1
nasledujici replikaci v pozdgSich fazich embryogeneze (Kassem a spol.,

2000).

1.4 Zdroje bunék diferencujicich se na pankreatické p-buriky

Po narozeni je pocet B-bunck do znacné miry dany, avSak v pribéhu Zivota
dochézi k neustdlé obnové a CasteCné expanzi poctu pankreatickych
endokrinnich bun€k. Endokrinni bunky se po ukonceni vyvoje obnovuji
nejen z divodu nahrady za buiiky zaniklé v disledku fyziologické apoptozy,
ale 1 v dasledku patologickych zmén v organismu (Kloppel a spol., 1985;
Butler a spol., 2003). Ackoliv fada experimentli na zvifecich modelech
prokazala, ze B-bunky jsou po narozeni dopliiovany piedevSim replikaci jiz
existujicich B-bunék (Dor spol., 2004), v pfipadé¢ clov€ka dochazi
prokazatelné¢ 1 k neogenezi a diferenciaci nové vzniklych B-bunék (Bouwens a
spol., 1998 ; Butler a spol., 2003; Patti a spol., 2005). I ptes velmi intenzivni
vyzkum v této oblasti ziistava detailni charakter pankreatickych endokrinnich
progenitori, ze kterych vznikaji nové 3-buitky béhem dospé€lého Zivota, stile
neobjasnén. Doposud bylo identifikovano nékolik bunécnych markeri (c-Met,
CD133, CXCR-4, ALDHI1), pomoci kterych se podatilo izolovat pankreatické
neendokrinni bunky, jez byly schopny in vitro diferenciace na inzulin
produkujici buiiky s fenotypem B-bunck (Suzuki a spol., 2004; Koblas a spol.,
2008; Koblas a spol., 2007; Rovira a spol., 2010). VSechny uvedené markery
jsou v pankreatu exprimovany predev§im duktalnimi bunkami. Zdali tyto
bunky slouzi jako zdroj in-vivo diferencovanych B-bunck je stale otazkou.
Nicméné pomoci studii na geneticky modifikovanych zvifecich modelech
bylo prokézéno, Ze pankreatické duktalni buiiky jsou schopné in vivo

diferenciace na B-buniky i u dospélych jedincii (Inada a spol., 2008).
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Krom¢ duktélnich bunék a B-bunék samotnych mohou slouzit jako zdroj
novych [-bunék 1 ostatni pankreatické endokrinni buiikky. Po vyvoléani
selektivni destrukce vSech pankreatickych B-bunck (>99%) bylo prokazano,
ze cast nové vzniklych [-bunck vznikd transdiferenciaci z a-bunék.
V pribéhu regenerace byly detekovany o-buiiky, které exprimovaly fadu
transkripénich faktorti (Pdx-1 a Nkx6.1) Gcastnicich se diferenciace 3-bun¢k

(Thorel a spol., 2010).

Dal§im potencidlnim zdrojem B-bun€k mohou byt pankreatické exokrinni
buiikky. Za fyziologickych podminek nejsou exokrinni buiiky zdrojem nové
formovanych B-bunék (Desai a spol., 2007). Nicméné po indukci exprese
klicovych transkripénich faktori Gi€astnicich se diferenciace B-bunék, mohou
byt pankreatické exokrinni buiiky diferencovany na plné funkéni B-buiiky
schopné normalizovat glykemii u diabetickych zvitat (Zhou a spol., 2008).
Podobnym postupem je rovnéz mozné transdiferencovat jaterni buiiky na plné
funkéni B-buiiky rovnéZ schopné normalizovat glykemii u diabetickych zvitat
(Ferber a spol., 2000; Yang a spol., 2002). Schopnost exokrinnich a jaternich
bunék transdiferencovat se na plné funkcni B-builky je bezpochyby dan
spole¢nym ptivodem béhem embryonalniho vyvoje obou organi a ptisluSnych

bunécnych podtypt (Deutsch a spol., 2001).

Kromé& bunék pochazejicich zpankreatu resp. zjater byla prokazana
schopnost diferenciace na plné¢ funkéni B-buiiky 1 u kmenovych bunék
pochdzejicich zjinych zdroji. Jedna se predevSim o pluripotentni kmenové
buiikky odvozené z embryonalnich bunék nebo ziskanych metodou ptipravy
tzv. indukovanych pluripotentnich kmenovych bunék (iPS). S vyuZitim
rustovych a diferenciacnich faktora, které se uplatituji béhem embryonalniho
vyvoje pankreatu a nésledné diferenciace B-bunck byly vypracovany velmi

efektivni postupy in vitro piipravy B-bun€k z pluripotentnich kmenovych
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bunék (D*Amour a spol., 2006; Kroon a spol., 2008; Maehr a spol., 2009).
Schopnost téchto bunék se diferencovat na -buitky je dana jejich

pluripotenci, schopnosti diferenciace na jakoukoliv buiiku organismu.

Dal$im nadéjnym zdrojem [(-bun€k by mohly byt kmenové bunky ziskané
z kostni dfen¢ nebo pupecnikové krve. Ackoliv vyznam téchto bunék pro
eventudlni klinické pouziti pii 1é¢b¢ diabetu je znatné diskutabilni, byla 1 u
téchto bunék prokazana schopnost diferenciace na inzulin produkujici bunky

(Ianus a spol., 2003; Koblas a spol., 2009; Yoshida a spol., 2005) .

Diferenciace z duktalnich progenitorta Diferenciace z kmenovych bunék

N — ’

- e s e | e |«

o

Transdiferenciace z jaternich nebo

exoKrinnich bunék Replikace B -bunék

Obrazek 1.5 Bunééné zdroje s potencialem vytvaret nové B-bunky
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1.5 Signdlni drahy ovliviiujici diferenciaci f-bunék

Diferenciace bunék, stejné jako ostatni bunééné pochody, je do znacné miry
fizena prostrednictvim bunééné signalizace. Bunécna signalizace je zajiSténa
komplexem signdlnich drah, které umoZznuji ptenos urcitého signalu
z povrchu builkky do bunééného jadra a rovnéz také modifikaci biologicky
aktivnich proteinti. Signdlem pro aktivaci konkrétni signalni dréhy, byva
molekula ligandu, ktery se vadze na svilj specificky receptor na bunécné
membran¢. Po vazb& a nésledné aktivaci pfisluSného receptoru dochazi
k postupné aktivaci jednotlivych mediatorii, které jednak postupné zesiluji
indukovany signal a jednak slouzi k ptfenosu signdlu do pfisluSného
bundéného kompartmentu nebo k cilové molekule. Rada signalnich drah
aktivuje Siroké spektrum mediatori, které nasledné ovliviiuji velké mnozstvi
bunéénych pochodii a cilovych molekul viz. efekt inzulinu. Pro diferenciaci

pankreatickych B-bunék je kli€ovych nékolik signalnich drah zde uvedenych.

1.5.1 Notch signalni draha

Notch signalni dréha je jednou z klicovych bunécnych signéalnich drah nejen
v pribéhu embryogeneze, ale 1 v nasledném postnatalnim vyvoji. Notch
signalni dréha je ptikladem juxtakrinni signalizace, kdy dochazi k signalizaci
mezi dvéma bezprostiedné¢ sousedicimi  bunkami  prostfednictvim
membranovych proteinli resp. ligandii a receptort (Rozante a spol., 2007).
Soucésti notch signalni drahy je Sirokd rodina membranovych receptort, které
se skladaji z extracelularni a intracelularni domény. Po vazbé specifickych
ligandi na extracelularni doménu receptoru se aktivuje odStépeni
intracelularni domény, ktera se translokuje do bunééného jadra. V jadie

vytvari intracelularni doména notch receptoru transkripéni komplex
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s transkripénimi faktory RBP-J a MAML. Tento transkripéni komplex

nasledné aktivuje expresi transkripniho faktoru Hes-1, ktery funguje jako

represor fady genll nezbytnych pro diferenciaci kmenovych bunék (Jarriault a

spol., 1995).
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Obrazek 1.6 Aktivace notch signalni drahy a nasledné intracelularni pochody
vedouci kexpresi dilezitych transkripnich faktor. Pievzato z

http://www.cellsignal.com/reference/pathway/Notch.html
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V pankreatu ma tato signalni drdha vliv nejen na proliferaci, ale pfedev$im na
diferenciaci progenitori na jednotlivé typy pankreatickych bunék. Notch
signalni draha je aktivni nejen u pankreatickych progenitori
charakterizovanych expresi transkripcnich faktorti Pdx-1 a Sox9 (Seymour a
spol., 2007), ale 1 u pln¢ diferencovanych pankreatickych bunék (Bar a spol.,
2008). V prubéhu diferenciace progenitorii na endokrinni i exokrinni buiiky
dochazi k inhibici notch signélni drahy (Murtaugh a spol., 2003; Esni a spol.,
2004). Inhibice notch signalni drahy pti diferenciaci je nezbytna vzhledem
k tomu, Ze notch signalni drdha inhibuje expresi transkripéniho faktoru
neurogeninu-3, nezbytného pro diferenciaci pankreatickych endokrinnich
progenitort (Lee a spol., 2001). Notch signalni drdha inhibuje expresi
transkripniho faktoru neurogeninu-3 prostfednictvim aktivace transkripéniho
faktoru Hes-1, ktery je represorem genu pro neurogenin-3 (Lee a spol., 2001).
O dilezitosti tohoto transkripniho faktoru pro diferenciaci pankreatickych
endokrinnich bunck svédCi experimenty se selektivni inhibici notch signalni
drahy. U mysi jimz byla zablokovéana notch signalni drdha, dochazelo béhem
embryonalniho vyvoje k masivni diferenciaci pankreatickych progenitori
vyluéné na endokrinni builky a minimalni diferenciaci na exokrinni bunky
(Apelgvist a spol., 1999). Z tohoto divodu je nutnd velmi piesnd regulace
exprese neurogeninu-3, ktera je zajiSténa mechanizmem laterdlni inhibice. Pii
lateralni inhibici dochéazi prostfednictvim vazby notch ligandli nachéazejicich
se na buiice exprimujici neurogenin-3 k aktivaci notch receptorii na vsech
sousedicich bunkidch a knaslednému zamezeni exprese neurogeninu-3
v téchto bunkdch prostfednictvim aktivace exprese Hes-1 represoru
(Murtaugh a spol., 2003). Diky tomuto mechanismu je exprese neurogeninu-3

omezena na pomérné malé mnoZstvi pankreatickych bunék.
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1.5.2 PI3K/AKkt signalni draha

vevr

signalnich drah, kterd ovliviiuje fadu bunécnych pochodt jako je proliferace a
apoptoza, aktivitu enzymi a kindz a rovnéZz reguluje expresi genll a
proteosyntézu. PI3K/Akt signalni drdha je aktivovana Sirokym spektrem
hormont, ristovych faktort ale 1 inkretin jako jsou napfi. inzulin, EGF, IGF,
TGF-B a GLP-1. Po vazbé hormonu nebo ristového faktoru na ptisluSny
receptor dochazi k aktivaci PI3K. Aktivovana PI3K katalyzuje fosforylaci
volného hydroxylu fosfatidylinositolbifosfatu za vzniku
fosfatidylinositoltrifosfatu (PIP3). PIP3 néasledné aktivuje proteinkinazu B
(Akt), kterd aktivuje (mTOR, S6Kindza, PKC), nebo inhibuje (GSK3p, p21)
fadu regulatorti bunéénych pochodi. V piipadé pankreatickych [-buné¢k ma
PI3K/Akt signalni drdha nejen na jejich proliferaci (Triimper a spol., 2000),
ale 1 na diferenciaci. Hlavni roli v ovlivnéni diferenciace B-bunc¢k PI3K/Akt
signalni drdhou sehrava transkripéni faktor FoxOl. Aktivace PI3K/Akt
signalni drédhy zpuasobuje fosforylaci FoxOl. Fosforylovany FoxOl je
nasledné transportovan z bunééného jadra do cytoplasmy, takZze nemiize
ovlivnit expresi cilovych genii. Mezi geny regulované FoxOl1l patii kromé
jinych 1 klicové transkripcni faktory diferenciace a funkce B-bunék jako jsou
Pdx-1 (Kitamura a spol., 2002), Mafa a NeuroD (Kitamura a spol., 2005).
Zatimco v piipad¢ transkripéniho faktoru Pdx-1 plisobi FoxOl jako represor
exprese u transkripCnich faktori Mafa a NeuroD naopak aktivuje jejich
expresi. FoxO1 mé rovnéZz i vyrazny vliv na embryondlni vyvoj pankreatu a
diferenciaci pankreatickych endokrinnich bunék. Selektivni aktivace FoxOl
utlumuje diferenciaci pankreatickych progenitori na exokrinni bunky a

stimuluje diferenciaci na a-buiiky (Kitamura a spol., 2009).
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Obrazek 1.7 Aktivace PI3K/Akt signdlni drdhy a nasledné intracelularni
pochody vedouci kitad¢ dualezitych bunéénych pochodi. Pievzato z

http://www.cellsignal.com/reference/pathway/Akt PKB.html
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1.5.3 TGF-f signalni draha

TGF-B signdlni drdha je tvofena Sirokym spektrem ligand®, jejich
antagonistll, receptort a intracelularnich signalnich molekul. Po vazbé TGF-f3
ligandli na prislusny receptor dochazi k fosforylaci intracelularnich SMAD
proteinii. Fosforylované SMAD proteiny se nasledné translokuji do
bunécéného jadra, kde aktivuji expresi cilovych genti (Massagué a spol., 2000).
TGF-p signalni drdha hraje vyznamnou roli v embryonélnim vyvoji pankreatu
stejn¢ tak jako u diferencovanych B-bunck. Béhem embryonalniho vyvoje
TGF-B aktivuje formovani entodermu, z kterého se nasledné¢ formuje 1
pankreas (D Amour a spol., 2005). V pfipad¢ pankreatu aktivace TGF-3
signalni dradhy stimuluje diferenciaci endokrinnich bun€k z pankreatickych
progenitorti na ukor exokrinnich bunék (Sanvito a spol., 1994). Naopak
inhibice TGF- prostfednictvim follistatinu, antagonista TGF-f3, stimuluje
diferenciaci progenitoril na exokrinni bunky na tikor endokrinnich (Miralles a
spol., 1998). Stimulace exokrinni buné¢né linie Activinem A, jednim z mnoha
ligandli patticich do TGF-B rodiny, kombinaci s HGF ristovym faktorem
aktivuje expresi neurogeninu-3 a naslednou transdiferenciaci na endokrinni

buiiky (Ogihara a spol., 2003).

32



TGF-p Ligands: BMP Ligands:
TGF-Ps, Activins, Nodals BMP-2, -4, -7, MIS

Type ll
Receptor

¢ Lt - i M <)
Actin Polymerization @ o Jv
Stress Fibers ‘

Actin Polymerization

Cell Adhesion :' Stress Fibers
~ . - RN, g-nuooo.uo-. Oy !
%Ia (Je]] S]g‘nal .-A__....-::::oo- e ey ue
.a",-: My sen s
m\ &aﬁ .o ........

{F
ooo
......
e o e ey
A
A
e

Obrazek 1.8 Aktivace TGF-f signdlni drdhy a nésledné intracelularni
pochody vedouci k expresi dileZitych transkripénich faktorti ovliviiujicich
diferenciaci B-bunék Ptevzato a upraveno z

http://www.cellsignal.com/reference/pathway/TGF beta.html
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1.6 Epigenetické zmény ovlivnujici diferenciaci f-bunék

Ackoliv exprese transkripénich faktorii aktivujicich diferenciaci je nezbytny

piedpoklad pro diferenciaci kmenovych resp. progenitorovych bunék, nejedna

se o dostacujici podminku. Dals§i nezbytnou podminkou pro aktivaci

diferencia¢niho programu buiiky ktera musi byt splnéna je moZznost navazani

transkripniho faktoru na DNA cilového genu jehoZ expresi aktivuje nebo

potlacuje. Struktura DNA se muze nachazet ve dvou zakladnich podobach

chromatinu. Kondenzovaném heterochromatinu, ktery neni pfistupny pro

transkripéni faktory, nebo volném euchromatinu s nimZ mohou transkripéni

faktory interagovat diky své rozvolnéné podobé. O struktufe chromatinu

rozhoduje zna¢ny pocCet modifikaci jak samotné DNA, tak 1 histond,

vazebnych proteinii kolem nichz se dvouvldknova DNA obtaci a vytvari

strukturu zvanou nukleozom.
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Obrazek 1.9 Epigenetické ovlivnéni genové exprese - metylace DNA.

Ptevzato a upraveno z http://www.genome.gov/27532724
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Modifikace jenz ovliviluji strukturu vjaké se DNA nachazi aniz by
zasahovaly do primarni struktury DNA se souhrné nazyvaji epigenetické
modifikace. Mezi epigenetick¢é modifikace jenz maji nejvyraznéjs$i vliv na
strukturu DNA se fadi metylace cytosinu a acetylace a metylace kladné

nabitych koncovych fetézch histonovych proteinti (obrazek 1.9 a 1.10).
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Obrazek 1.10 Epigenetické ovlivnéni genové exprese — vliv metylace DNA a
kovalentnich modifikaci histonovych proteini na expresi genll. Pievzato z

http://www.genome.gov/27532724

Nedavno byl prokdzan vliv epigenetickych modifikaci i na diferenciaci
pankreatickych endokrinnich bunc€k. Inhibice enzymu DNA metyl

transferazy, ktery katalyzuje metylaci DNA, podstatné zvySila miru exprese
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genu pro neurogenin-3 u pankreatické duktalni bunécné linie. Metylace DNA
vyrazn¢ piispiva k formovani heterochromatinu a néslednému utlumeni
genove exprese. Inhibice DNA metyl transferdzy u pankreatickych duktalnich
bunék rovnéz vedla k vEtsi mife exprese genti pro glukagon, somatostatin a
dalezité transkripéni faktory ovliviiuyjici diferenciaci pankreatickych
endokrinnich buné¢k (Lefebvre a spol., 2010). Dalsim potvrzenim vlivu
epigenetickych zmén na diferenciaci pankreatickych endokrinnich bunck byla
studie vniZ se autofi zaméfili na inhibici histon deacetylaz. Histon
deacetylazy jsou enzymy jeZz aktivuji deacetylaci histonovych proteind.
Deacetylace histonii obecné ptispiva k formovani heterochromatinu, ¢imz
dochdzi kutlumeni exprese piislusSnych genii. Kultivace fetalnich
pankreatickych buncék v pfitomnosti nespecifického inhibitori histon
deacetyldz vyrazné zvysila miru diferenciace na inzulin produkujici B-bunky

na ukor ostatnich typt pankreatickych bunék (Haumaitre a spol., 2008).
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2. CiL. DISERTACNI PRACE

Cilem ptfedkladané disertacni prace bylo rozSifeni souCasnych znalosti v oblasti
diferenciace inzulin produkujicich [B-bunék a identifikace moZnych
alternativnich zdroji B-bunék pro eventudlni bunécnou terapii diabetu. V ramci

diserta¢ni prace byly feSeny nasledujici problematiky:

Identifikace bunéénych markeri pankreatickych kmenovych bunék /

progenitoru schopnych diferenciace na inzulin produkujici f-bunky

UCelem této prace bylo identifikovat povrchové markery pankreatickych
kmenovych bunék, s jejichz vyuzitim by bylo moZné izolovat a expandovat

pankreatické kmenové buiiky schopné diferenciace na 3-buiiky.

Ovlivnéni diferenciace pankreatickych progenitori na inzulin produkujici

B-bunky

Cilem této prace bylo zvysit miru diferenciace pankreatickych progenitorovych
bunék na B-buiikky. V ramci tohoto cile byl studovan vliv PI3K/Akt signalni
drahy na diferenciaci. Rovnéz byl studovan vliv inhibitori enzymi ovliviiujicich

epigenetické vlastnosti bunécné DNA.

In-vivo diferenciace kmenovych bunék pupeénikové krve na inzulin

produkujici B-bunky

V ramci planované klinické studie vlivu transplantace kmenovych bunék
1zolovanych z pupecnikové krve byl feSen rovnéz i1 tento projekt, ktery mél
ovétit schopnost in-vivo diferenciace kmenovych bunék pupeénikové krve na

inzulin produkujici B-bunky.
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3. MATERIAL A METODY

3.1 Pouzity materidl a chemikdlie

Ambion (USA) - RNase ZAP

Baxter (USA) - Lidsky albumin 20%

Bayer (USA) - OTC TissueTek

BeckmanCoulter (USA) - C-peptide Immunoradiometric kit
Biochrom (Némecko) - Biocoll, M199 medium

DAKO (Kanada) - Antibody diluent

Exbio (CR) - mysi anti C-peptid IgG, mysi anti cytokeratin-19 IgG

Fermentas (Kanada) - 6X DNA Loading Dye, GeneRuler 50 bp DNA
Ladder

Fresenius (Némecko) - Viaspan

Invitrogen (USA) - Agarosa, Alexa555-conjugated ALU-species-specific
probe, Alexa Fluor 488 donkey anti-mouse I1gG, Alexa Fluor 488 donkey anti-
rabbit IgG, Alexa Fluor 488 donkey anti-goat IgG, Alexa Fluor 555 donkey
anti-mouse IgG, Alexa Fluor 555 donkey anti-rabbit IgG, B27, Glutamax,
ITS, KnockOut DMEM medium, KnockOut Serum Replacement, MEM,
Qubit dsDNA HS Assay Kit, Qubit RNA Assay Kit

Jackson Immunoresearch Laboratoriem (USA) - kozi sérum
LGC Promochem (Velka Britanie) - neonatdlni fibroblastova linie Hs68

Linco Research (USA) - rabbit anti-human C-peptide IgG
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Linde (CR) - kapalny dusik

Lékarna IKEM (CR) - Krebsiv roztok I, Krebstv roztok II, Krebsiv roztok
III, 1 M kyselina chlorovodikova, 1 M hydroxid sodny, 0,05 M citratovy pufr

Millipore Corp. (USA) - 40 um cell strainer

Miltenyi biotech (Némecko) - CD133 MicroBead Kit, Rat anti-Mouse
IgG2a+b

Peprotech (USA) - bFGF, EGF, FGF10, follistatin, HGF, IGF

Qiagen (Némecko) - Omniscript RT Kit, HotStarTaq Master Mix Kit,
RneasyPlus Mini Kit, RNase-Free DNase Set

SantaCruz Biotechnology (USA) - mouse anti CXCR4 Ig, goat anti-CXCR4,

goat anti-glucagon, rabbit anti-insulin, rabbit anti-LIFR, goat anti-nestin
Serva (Némecko) - Collagenase NB 1 Premium Grade, Neutral Protease NB
Sevapharma (CR) - kolagenaza

Sigma-Aldrich (Némecko) - 2-merkaptoethanol, 20xSSC, Accutasa, 5'-Aza-
2'-deoxycytidin, BIX01294, Bouinstv roztok, butyrat sodny, CMRL medium,
dabco-mowiol, dexamethason, dimethylsulfoxid, DAPI, dithizon, Dextran
sulfat, DMEM/F12, DMSO, EBSS, EDTA, ethanol, ethidium bromid,
Exendin-4, FBS, FCS, fibronectin, Ficoll-Hypaque 1.077, formamid,
forskolin, gluko6za, glycerol, glycin, HBSS, HEPES, chlorid sodny, chlorid
zineCnaty, IBMX, kyselina borita, kyselina chlorovodikova, MCI1268,
nikotinamid, PSG, PIPES, pyruvat sodny, RIPA pufr, SB 216763, Scriptaid,
SDS, SP6001235, streptozotocin, Trichostatin A, Triton X-100, wortmannin,

Zentiva - Heparin
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3.2 PouZité pristroje

Analytické vahy - A&D Engineering, GR120 (USA)
Aparatura pro elektroforézu - Appelex, Midigel 2, PS304 (Francie)
Automatické mikropipety - BioHit (Finsko), Nichiryo (Japonsko)

Bunééné separatory - Gambro BCT, COBE 2991 (Svédsko), Miltenyi,
MidiMACS (Némecko)

Centrifugy - Hettich Micro 200, Universal 320R, Rotanta 460R (Svycarsko)
CO, inkubator - MCO17-AIC, Sanyo (Japonsko)

Dokumentac¢ni systém - Syngene, G:Box (Velk4 Britanie)

Fluorimetr - Invitrogen, Qubit (USA)

Fluorescencni kamera - Olympus, DP71 (Japonsko)

Laminarni box - Steril, Polaris 72 (Italie), ESCO, Airstream PCR (Singapur)
pH metr - Eutech, pH 2700 (Nizozemsko)

Pristroj pro pripravu neionizované vody - Millipore, YLXS50034 (USA)
Vodni lazen - Julabo, TW12 (Némecko)

Mikroskopy - Olympus, CKXC41, BX41FL (Japonsko)

PCR termocykléry - Applied Biosystems, Veriti (USA), Biometra T-

personal (Némecko)

Pi‘edvazKy - Ohaous, Scout (Svycarsko)
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3.3 Metodika

3.3.1 Izolace Langerhansovych ostriivkii

Pankreas urceny pro izolaci Langerhansovych ostriivki byl odebran
chirurgickym tymem Kliniky transplantaéni chirurgie TC IKEM. Odebrany

pankreas byl perfundovan roztokem Viaspan a steriln¢ ulozen na led.

SloZeni vSech roztokl pouzitych béhem izolace Langerhansovych ostrivki a
exokrinni tkdné je uvedeno v tabulce 1. Po odstranéni sleziny a duodena se
provedlo hrubé ocisténi pankreatu a podvazani spoleéného pankreatického
vyvodu a ZluCovodu. Nasledné byl proveden fez v oblasti kréku na ptedni
stran¢ pankreatu a byly zavedeny dvé kanyly pro plnéné enzymatického
roztoku do velkého pankreatického vyvodu. Pankreas byl prostfednictvim
kanyl naplnén 150 ml roztoku kolagendzy (Collagenase NB 1 Premium
Grade) a neutralni proteazy (Neutral Protease NB) a rozd€len na 8 - 10 ¢asti.
Naslednou homogenizaci v tiepaci komote obsahujici jednotlivé ¢asti
pankreatu, zbylou enzymovou smés a 500 ml HBSS byl pankreas disociovan
pti 37 °C. V momentu, kdy byly ve vzorcich z travici komory, obarvenych
roztokem dithizonu, detekovany prvni uvolnéné Langerhansovy ostrivky, byl
zahajen sbér tkané. Disociovand pankreaticka tkan byla sbirdna do 500 ml
zkumavek obsahujicich 30 ml lidského albuminu postupnym plnénim travici
komory vychlazenym HBSS roztokem. Ziskanad tkan byla spojena
centrifugaci (2 min., 200 g) jednotlivych vzorku ziskanych z komory pii 4 °C.
Spojena disociovand pankreatickd tkan byla nasledné rozdélena na
kontinudlnim hustotnim gradientu Biocollu a Viaspanu (1065 - 1092 g/l)
v bunééném separatoru COBE 2991 (5 min., 1500 g) pii 4 °C. Po ukonéeni
separace pankreatické tkané¢ byly sbirdny jednotlivé frakce z hustotniho

gradientu a frakce obsahujici Langerhansovy ostrivky byly spojeny. Zbyla
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exokrinni tkan byla nasledné spojena a slouZzila jako vychozi material pro

piislusné experimenty.

3.3.2 Disociace exokrinnich a duktalnich bunék pankreatu

Césten& disociovana pankreatick4 tkan zbavena Langerhansovych ostrivki
byla nasledné promyta 250 ml HBSS roztoku a centrifugovadna (5 min., 200
g). 5 ml tkané bylo nasledné déle disociovdno ve 100 ml enzymatického
roztoku Accutasy po dobu 30 min. pii 37 °C. Disociovana pankreaticka tkan
byla nasledné separovana na jednobunécnou suspenzi promyvanim pies 40
um a nasledné¢ 11 pm sitko. Takto ziskand bunécnd suspenze byla dale

zpracovana.

3.3.3 Izolace duktalnich bunék a pankreatickych endokrinnich progenitori

Disociovana bunécna suspenze byla nasledné¢ rozdélena na diskontinualnim
hustotnim gradientu tvofenym smési Biocollu a HBSS roztoku. 100 ml
disociované bunécné suspenze bylo umisténo na hustotni gradient spodni
vrstvou o hustoté 1080 g/l a objemu 250 ml a vrchni vrstvou o hustoté 1050
g/l a objemu 150 ml. Po centrifugaci (20 min., 400 g) byla odebrana frakce
z rozmezi 1050 - 1080 g/l a dvakrat promyta HBSS roztokem.

3.3.4 Izolace CXCR-4 pankreatické bunécné populace

Pro 1zolaci pankreatickych bun€k na zékladé jejich povrchovych markert byla
vzdy pouzita buné€na suspenze ziskand po disociaci exokrinnich a duktalnich
bun&k viz. 3.3.2. Bun&na suspenze v poétu 5x10° bun&k byla promyta v 5 ml

znaciciho roztoku (PBS; 0,5% HSA; 2 mM EDTA; pH 7,2) a nasledné
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centrifugovana (10 min. 300 g). Bunéény sediment byl resuspendovan v 0,5
ml znaciciho pufru spolu s primarni protilatkou anti-CXCR4 v koncentraci (1
ng/10° bun&k) a inkubovan (10 min, 4 °C). Bun&éna suspenze s navazanou
protilatkou byla promyta v 5 ml znaliciho roztoku a inkubovdna s 1 ml
superparamagnetickych ¢astic s navazanou Rat Anti-Mouse IgG2a+b
primarni protilatkou (15 min, 4 °C). Po nasledném promyti v 9 ml znaciciho
pufru byl bunéény sediment nesuspendovan v 3 ml znaCicitho pufru a
aplikovan pres 30 um sitko na LS kolonku umisténou v magnetickém
separatoru MidiMACS. Po promyti kolony (2 x 5 ml) znaicim pufrem byla
kolona vyjmuta ze seperatoru a navazanad CXCR4 pozitivni bunécna populace

byla eluovana 5 ml znaciciho pufru.

3.3.5 Izolace CD133 pankreatické bunécné populace

Pro 1zolaci pankreatickych bun€k na zékladé jejich povrchovych markert byla
vzdy pouzita buné€na suspenze ziskana po disociaci exokrinnich a duktalnich
bun&k viz. 3.3.2. Bun&n4 suspenze v poétu 5x10° bun&k byla promyta v 5 ml
znaciciho roztoku (PBS; 0,5% HSA; 2 mM EDTA; pH 7,2) a nasledné
centrifugovana (10 min. 300 g). Bunécény sediment byl resuspendovan v 0,5
ml superparamagnetickych ¢astic s navazanou CD133 primarni protilatkou a
inkubovan (15 min, 4 °C). Po nasledném promyti v 9 ml znaéiciho pufru byl
bunéény sediment nesuspendovan v 3 ml znaciciho pufru a aplikovan pies 30
um sitko na LS kolonku umisténou v magnetickém separatoru MidiMACS.
Po promyti kolony (2 x 5 ml) znacicim pufrem byla kolona vyjmuta ze
seperatoru a navazana CXCR4 pozitivni bunétna populace byla eluovana 5

ml znaciciho pufru.
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3.3.6 I1zolace mononuklearnich bunék z pupecnikové krve

Pupecnikova krev byla ziskdna z Gynekologicko porodnického oddé€leni
Fakultni Thomayerovy nemocnice. Odebrand krve byly nejdifive nafedéna
vpoméru 1:2 s EBSS mediem. Natfedénd krev byla nanesena na Ficoll-
Hypaque 1.077 a centrifugovdna (20 min., 1500 g). Mononuklearni buiiky
byly izolovany zrozhrani mezi sérem a dolni vrstvou tvofenou roztokem
Ficoll-Hypaque 1.077. Buinky byly nasledné¢ natedény v kryoprezervacnim
médiu (10% DMSO, 10% FBS, 1% PSG v Iscove’s modified Dulbecco’s

mediu) a zamrazeny pro nasledné pouziti.

3.3.7 Transplantace mononuklearnich bunék izolovanych z pupecnikové
krve

[zolované mononukledrni bunky lidské pupecnikové krve byly aplikovany
athymickym imunodeficitnim CD-1 nude mySim, které slouzi jako vhodny
model pro studium xenotransplantovanych kmenovych bunék pochézejicich
od jinych zivoc¢isSnych druhd. CD-1 Nude mysSi postradaji thymus a nejsou
schopny produkovat T-lymfocyty. Tim je zabranéno vzniku rejekce po
transplantaci bunék jiného zivoc¢isného druhu. Mysim byla aplikovéna i.v. do
ocasni Zzily suspenze monunklearnich bunc¢k lidské pupecnikové krve o
objemu 100 pl obsahujici 107 bunék. Mysi byly rozdéleny do skupin po 10 a
nckteré byly pred aplikaci mononuklearnich bunék ozareny radiacni davkou
ve vysi 1 nebo 3 Gy a nékterym byl pfed aplikaci bunék rovnéz navozen
diabetes 1.v. aplikaci streptozotocinu (250 mg/kg véahy) rozpusténém v 0,05
citratovém pufru o pH 4,5. Rozdéleni mySi do skupin dle davky ozafeni a

vyvolani diabetu je ukazano v tabulce 3.1
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Skupina Radiacni davka (Gy) Vyvolany diabetes  Aplikace bunck

1 0 Ne Ano
2 1 Ne Ano
3 3 Ne Ano
4 0 Ano Ano
5 1 Ano Ano
6 3 Ano Ano
7 0 Ne Ne

Tabulka 3.1 - sloZeni reak¢ni smési pro piepis do cDNA

3.3.8 Izolace mySich Langerhanosvych ostrivku

Langerhansovy ostrivky zmyS$i transplantovanych mononuklearnimi
buitkami izolovanymi z lidské pupecnikové krve byly izolovany dle
zavedené¢ho postupu (). Po navozeni anestezie i.m. aplikaci Dexdomitoru a
Narketanu byl pankreas naplnén 1 ml roztoku kolagenazy v HBSS (2 mg/ml)
a odebran. Nasledovala 15 min. inkubace pii 37 °C v roztoku kolegenazy o
objemu 10 ml za neustalého michani. Disociovana tkan byla tfikrat promyta
ve vychlazeném roztoku 0,5% BSA v HBSS a centrifugovéna (2 min., 100 g).
Nasledné byla tkan rozdélena na diskontinualnim hustotnim gradientu (1034 -
1055 - 1075 - 1162 g/L) centrifugaci (20 min., 200 g). Lagerhansovy ostrivky
byly sebrany zrozmezi hustot 1055 a 1075, tfikrdt promyty vychlazenym
roztokem HBSS a centrifugovany (2 min., 100 g). Nasledn¢ byly ostrivky

zpracovany pro dal$i analyzu.

3.3.9 Kultivace CXCR4 pozitivnich pankreatickych bunék

Izolované CXCR4 pozitivni pankreatické buiiky v koncentraci 3x10°/ml byly

postupné kultivovany po dobu 10 dnt ve tfech druzich média o rizném
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slozeni. Prvni 3 dny byly buiiky kultivovany v médiu se sérem, které slouzilo
jako zdroj zivin pro proliferaci bunék viz. tabulka 3.2. Nésledujici 3 dny byly
CXCR4 pozitivni bunky kultivovany v bezsérovém médiu s ptidavkem
rustovych faktort stimulujicich proliferaci viz. tabulka 3.3. Na zavér byly
buniky kultivovany v bezsérovém médiu s pfidavkem rustovych faktorti a
suplementtl, které stimuluji diferenciaci pankreatickych B-bunck viz. tabulka
3.4. Kultiva¢ni médium bylo vzdy pied pouZitim filtrovano pies 0,22 um filtr.

M¢édium bylo ménéno obden.

Slozka Koncentrace/mnozstvi
CMRL 1066 87 ml

FBS 10 %

PS 1 %
Glutamax 1%

HEPES 1 %
Streptozotocin 2 mM

Tabulka 3.2 - slozeni kultiva¢niho média se sérem pro prvni 3 dny kultivace

Slozka Koncentrace/mnozstvi
DMEM/F12 93 ml

HSA 0,5 %

PS 1%
Glutamax 1 %

HEPES 1 %

ITS 1%

Pyruvat sodny 1 mM

bFGF 10 ng/ml

EGF 20 ng/ml

Tabulka 3.3 - sloZeni bezsérového kultivacniho média pro 4 - 6 den kultivace
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Slozka Koncentrace/mnozstvi
DMEM/F12 93 ml
HSA 0,5 %
PS 1%
Glutamax 1%
HEPES 1 %
ITS 1%
Pyruvat sodny 1 mM
bFGF 10 ng/ml
EGF 20 ng/ml
Exendin-4 100 pM
Nikotinamid 10 mM
Activin-A 2 nM
HGF 10 pM
LIF 2 nM

Tabulka 3.4 - sloZeni bezsérového kultivatniho média pro 7 - 10 den

kultivace

3.3.10 Kultivace CD133 pozitivnich pankreatickych bunék

Izolované CD133 pozitivni pankreatické buiky v koncentraci 3x10%ml byly
postupné kultivovany po dobu 2 tydnli ve dvou druzich média o rlzném
slozeni. Prvnich 9 dni byly bunky kultivovany v bezsérovém médiu
s pfidavkem rlstovych faktorli stimulujicich proliferaci viz. tabulka 3.5.
Nasledné¢ byly bunky kultivovany v bezsérovém médiu s piidavkem
rustovych faktort a suplementli, které stimuluji diferenciaci pankreatickych
B-bunék viz. tabulka 3.6. Kultivatni médium bylo vzdy pted pouzitim

filtrovano pies 0,22 pm filtr. Médium bylo ménéno obden.
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Slozka Koncentrace/mnozstvi
KnockOut DMEM 93 ml

HSA 0,5 %

PS 1%
Glutamax 1%

HEPES 1 %

ITS 1%

bFGF 10 ng/ml

HGF 2 ng/ml

Tabulka 3.5 - slozeni bezsérového kultivacniho média pro 1 - 9 den kultivace

Slozka Koncentrace/mnozstvi
DMEM/F12 low glucose 87 ml
HSA 0,5 %
PS 1%
Glutamax 1 %
HEPES 1 %
ITS 1%
Exendin-4 100 pM
Nikotinamid 10 mM
Activin-A 2nM
HGF 10 pM
LIF 2 nM

Tabulka 3.6 - slozeni bezsérového kultivatniho média pro 9 - 14 den

kultivace

3.3.11 Kultivace duktalnich bunék a pankreatickych progenitorti Vliv

PI3K/Akt signalni drahy na diferenciaci B-bunék

Izolované duktalni buiiky a pankreatické progenitory v koncentraci 3x10%/ml

byly postupné kultivovany po dobu 10 dnii ve tfech druzich média o riizném

slozeni.

Prvni

3 dny byly bunky kultivovany v bezsérovém médiu
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s ptidavkem rustovych faktord stimulujicich proliferaci viz. tabulka 3.7.
K médiu bylo rovnéz ptidano v poméru 1:1 kondiciované médium ziskané po
kultivaci s neonatalni fibroblastovou buné€nou linii Hs68. Pfiprava
kondiciovaného média je uvedena v kapitole 3.3.12. Kondiciované médium
podporovalo tvorbu ostrivky pfipominajicich bunécnych shlukt (ILCC),
které byly dale stimulovany a diferencovany smérem na buiiky endokrinniho
pankreatu. Po prvnich tfech dnech kultivace byly bunky rozdéleny do 6ti
skupin a kultivovany po dobu 4 dni v bezsérovém médiu s ptidavkem
rustovych faktori a suplementd, které stimuluji nebo blokuji PI3K/Akt
signadlni drahu viz tabulka 3.8 a 3.9. RovnéZz bylo snizeno pH media na
hodnotu 6,0. Na zavér byly buiky kultivovany v mediu s pfidavkem séra a
rustovych faktorti stimulujicich diferenciaci pankreatickych B-bunék viz.
tabulka 3.10. Kultivacni médium bylo vzdy pied pouZzitim filtrovéno ptes 0,22

um filtr. Médium bylo ménéno obden.

Slozka Koncentrace/mnozstvi
KnockOut DMEM 87 ml
KnockOut Serum Replacement 10 ml

PSG 1 %

MEM 1%
2-merkaptoethanol 0,1 mM

ITS 1 %

bFGF 10 ng/ml

EGF 20 ng/ml

Tabulka 3.7 - slozeni bezsérového kultivacniho média pro 1 - 3 den kultivace
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Slozka Koncentrace/mnozstvi
KnockOut DMEM 87 ml
KnockOut Serum Replacement 10 ml

PSG 1 %

B27 1 %

PIPES 2 mM

FGFI10 25 ng/ml
Follistatin 100 ng/ml
Dexamethason 100 nM
Forskolin 10 uM

Tabulka 3.8 - sloZeni bezsérového kultivacniho média pro 4 - 7 den kultivace

Slozka (koncentrace) / Skupina

1

EGF (20 ng/ml)
Exendin-4 (40 ng/ml)
IGF-1 (80 ng/ml)
ZnCl, (200 uM)
Wortmannin (100 nM)

M“ooM o} W
xoox X XL
T I B Bl O]

Tabulka 3.9 - rozdéleni vzorkd do skupin dle obsahu stimulator (EGEF,

Exendin-4, IGF-1, ZnCl,) nebo inhibitoru (wortmannin) PI3K/Akt signalni

drahy béhem kultivace 4-7 den

Slozka Koncentrace/mnozstvi
CMRL 1066 91 ml

FCS 5%

PSG 1%

HEPES 1%

ITS 1 %

SB 216763 10 uM
SP600125 10 uM
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Exendin-4 40 ng/ml

Nikotinamid 10 mM
Fibronectin 5 ng/ml
HGF 10 ng/ml
IGF-1 80 ng/ml
NGF 20 ng/ml

Tabulka 3.10 - slozeni kultivaéniho média pro 7 - 10 den kultivace

3.3.12 Priprava bezsérového média kondiciovaného lidskou neonatalni
fibroblastovou linii Hs68

Do T150 kultivaéni lahve plné porostlé bunécnou linii lidskych neonatalnich
fibrobalstl bylo ptidano 25 ml bezsérového média o stejném sloZeni jako je
uvedeno v tabulce 3.7. Nasledné¢ byla kultiva¢ni ldhev umisténa do CO2
inkubatoru a ponechana 24 hodin. Kondiciované médium by nésledné

odebrano, prefiltrovano pies 0,22 um filtr a zamraZeno pro pozdé;si pouZiti.

3.3.13 Kultivace duktalnich bunék a pankreatickych progenitoria Vliv
epigenetickych faktoru na diferenciaci -bunék

Izolované duktalni buiiky a pankreatické progenitory v koncentraci 3x10%ml
byly kultivovany po dobu 7 dnli postupné ve dvou druzich média o riizném
slozeni. Prvni 4 dny byly buiky kultivovany v bezsérovém médiu
s ptidavkem rlstovych faktorti stimulujicich proliferaci viz. tabulka 3.11.
K médiu bylo rovnéz ptidano v poméru 1:1 kondiciované médium ziskané po
kultivaci s neonatalni fibroblastovou buné€nou linii Hs68. Pfiprava
kondiciovaného média je uvedena v kapitole 3.3.11. Kondiciované¢ médium
podporovalo tvorbu ostrivky pfipominajicich bunécnych shlukt (ILCC),

které byly dale stimulovany a diferencovany smérem na buiikky endokrinniho
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pankreatu. Behem prvni faze byly buiky rozdéleny do 13ti skupin na zakladé
piidavku inhibitori enzymu, které ovliviluji epigenetické zmény a stav
chromatinu viz. tabulka 3.12. V druhé fazi byly buniky kultivovany v mediu
s pfidavkem séra a rlstovych faktori stimuluyjicich diferenciaci
pankreatickych B-bunék viz. tabulka 3.13. Kultivaéni médium bylo vzdy pted

pouzitim filtrovano pies 0,22 um filtr. Médium bylo ménéno obden.

Slozka Koncentrace/mnozstvi
KnockOut DMEM 87 ml
KnockOut Serum Replacement 10 ml

PSG 1 %

MEM 1%
2-merkaptoethanol 0,1 mM

ITS 1%

bFGF 10 ng/ml

EGF 20 ng/ml

Tabulka 3.11 - slozeni bezsérového kultivaéniho média pro 1 - 4 den

kultivace

& 9 10 11 12 13

[S——Y
(\9)
N
N
|

Slozka (koncentrace)

5Aza (1 uM) X X X X X X
Scriptaid (1 pM) X X X X
NaBu (500 mM) x X X X
MC1268 (5 uM) X X X X

BIX01294 (2 uM) x

>
b
b
>

Tabulka 3.12 - rozdéleni vzorkid do skupin dle obsahu inhibitorli enzymu

ovlivilyjicich epigeneticky stav DNA béhem kultivace 1-4 den
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Slozka Koncentrace/mnozstvi
CMRL 1066 92 ml
FCS 5%
PSG 1 %
HEPES 1 %
ITS 1 %
SB 216763 10 uM
SP600125 10 uM
Exendin-4 40 ng/ml
Nikotinamid 10 mM
Fibronectin 5 pg/ml
Forsklin 10 uM
IGF-1 80 ng/ml

Tabulka 3.13 - slozeni kultivaéniho média pro 5 - 7 den kultivace

3.3.14 1zolace RNA

Bunééna RNA byla izolovana piiblizné z 10" bundk, aby bylo dosaZeno
ekvivalentniho mnozstvi izolované RNA u vSech analyzovanych vzorkd.
Izolace 1 naslednd prace s RNA byla provddéna v lamindrnim boxu
(Airstream PCR) pro eliminaci moZzné kontaminace RNazami. RNA byla
1zolovéna pomoci izolac¢nich kolon a roztokd RNeasy Plus MiniKitu. 1zolace
je zaloZena na afinitni vazbé RNA na kolonu a nasledné¢ vymyti bunééné
DNA a proteinli. Bunéény sediment byl nejdiive lyzovan v 600 pl
denaturacniho pufru RLT obsahujiciho 1% 2-merkaptoethanolu. Vzorek byl
nasledné nanesen na kolonku gDNA Eliminator column pro eliminaci
genomické DNA a centrifugovan (2 min., 10 000 g). Eluat byl nésledné
nafedén v poméru 1:1 70% nim ethanolem, nanesen na kolonu RNEasy spin

column a centrifugovan (30 sec., 10 000 g). Kolona byla nasledné¢ promyta
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700 ul RW1 pufru a dvakrat 500 pul RPE pufru (30 sec., 10 000 g). RNA byla

eluovéna ptidanim 100 pl vody.

3.3.15 Stanoveni koncentrace RNA

Stanoveni koncentrace RNA ve vzorku bylo provedeno s pomoci kitu Qubit
RNA Assay Kit. 1 pl vzorku bylo smichdano s 199 ul pracovniho roztoku.
Pracovni roztok byl ptipraven z 1 pl fluorescencni sondy Qubit RNA Reagent
a 199 ul Qubit RNA pufru. Po 3min. inkubaci byla zméfena koncentrace
RNA na fluorometru QubitTM. Pro kalibraci byly pouzity roztoky dvou
standardli. Oba standardy byly pfipraveny smichdnim 10 pl standardu a 190
ul pracovniho roztoku. VSechny vzorky byly néasledné natedény na stejnou

koncentraci podle nejméné koncentrovaného.

3.3.16 PCR s reversni transkripci (RT-PCR)

Analyza izolované RNA a stanoveni exprese genl bylo provadéno pomoci
dvoukrokové RT-PCR reakce. V prvnim kroku byla ptfepsdna mRNA do
komplementarni cDNA a nasledné¢ bylo pomoci PCR reakce semi-
kvantitativn€ stanoveno mnozstvi mRNA v izolovaném vzorku. SloZeni
reakéni smési pro prepis mRNA do ¢cDNA je uvedena v tabulce 3.14. Reak¢ni
smés byla inkubovana 60 min. pii 37 °C a nasledné pouzita pro PCR reakci.
SloZeni reak¢éni smési pro PCR je uvedeno v tabulce 3.15. Reakce probihala
za podminek uvedenych v tabulce 3.16. Sekvence pouzitych specifickych

primert a velikosti vyslednych produktt jsou uvedeny v tabulce 3.17.
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Slozka Objem (ul)

10 x RT pufr 2
Smés ANTP (10 mM) 1
Random primery (200 uM) 1
Omniscript reverzni transkriptaza 1
Inhibitor RNaz 1
Vzorek RNA (2 ug/10 ul) 10
Voda bez RN4z a DNaz 4
Tabulka 3.14 - sloZeni reakéni smési pro piepis do cDNA
Slozka Objem (ul)
10 x PCR pufr 2
Smés dNTP (10 mM) 0,5
Forward specificky primer (10 uM) 1
Reverse specificky primer (10 uM) 1
HotStarTaq DNA polymeraza 0,2
Vzorek cDNA (2 ug/10 ul) 1
Voda bez RNaz a DNaz 14,3

Tabulka 3.15 - slozeni reakéni smési pro PCR reakci

Krok Cas (sec.) teplota (°C)
Aktivace polymerdzy a denaturace cDNA 900 95

30 cyklt:

Denaturace 30 94
Navazani primert 30 61
Prodlouzeni DNA 60 72
Zavéretné prodlouzeni DNA 300 72

Tabulka 3.16 - priab&h PCR reakce a ptislusné teploty
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Gen Forvard primer Reverse primer Produkt
Inzulin ccatcaagcacatcactgtcc ccatctctctcggtgcagg 414 bp
Inzulin lidsky agccgcagcectttgtgaac agctccacctgecccac 141 bp
Inzulin mysi ctataatcagagaccatcagcaagc — gtagagggagcagatgctgg 344 bp
Glukagon cacactaccagaagacagcagaa cttcaacaatggcgacctc 444 bp
Somatostatin ttgaccagccactctccag atagccgggtttgagttagca 327 bp
Glut-2 cactgctgtctctgtattecttgtg aaactcagccaccatgaacc 223 bp
PDX-1 cttgttctcctceggetee cttgtcctectectttttccac 202 bp
NeuroD aggaattcgcccacgeag gtctcttgggcttttgatcgte 346bp
Neurogenin-3 tctattettttgegecggtag agtgccaactcgctcttagg 256 bp
Nkx2.2 ctacgacagcagcgacaacc gccttggagaaaagcactcg 219 bp
Nkx6.1 gctctacttcageccccage ggaaccagaccttgacctgac 332 bp
Pax4 actcccagtgtctcctecate ggaaaaccagaccctcacc 298 bp
Pax6 gcectggagaaagagtttgag gegetgtaggtgtttgtgagg 314 bp
Isl-1 ggagcaactggtagagatgacg agtactttccaaggtggctgg 245 bp
HNF6 cgcaggtcagcaatggaag gatgagttgcctgaattggag 535bp
HNF3beta tggagcagctactatgcagagce atggagttcatgttggcgtag 356 bp
HIxb9 taagatgcccgacttcaactce caaatcttcacctgggtctcg 192 bp
HGF-R agtgaagtggatggctttgg gggcagtattcgggttgtag 162 bp
GLP1-R tggcattggggtgaacttcc caggcgctggagtctcage 462 bp
LIF-R cttgcgagcctatacagatgg ctgcttcectcacagacacte 249 bp
CD117 agatgctcaagccgagtge actatcgctgcaggaagactce 284 bp
CDI133 tcttcctcatggttggagttgg ttaccagtctgagccaagtage 478 bp
ABCG2 gatatggatttacggctttge aaggccacgtgattcttcce 175 bp
Nanog gcaaacaacccacttctge aggccttctgegtcacac 288 bp
Oct-4isol agctggagaaggagaagctgg tcggaccacatccttctcgag 458 bp
Oct-4is02 ggggagattgataactggtgte tcggaccacatccttctcgag 480 bp
Sox17 cagaatccagacctgcacaac ctgetcggggaactggag 294 bp
GAPDH ggagtcaacggatttggtcg catgggtggaatcatattggaac 142 bp
GAPDH lidsky gagtcaacggatttggtcg catgggtggaatcatattgg 141 bp

Tabulka 3.17 - seznam pouzitych specifickych primert a velikost piislusnych

produkti

3.3.17 DNA elektroforéza

DNA produkty z RT-PCR byly analyzovany pomoci agar6zové horizontdlni

elektroforézy. Elektroforéza probihala v 1,5 % agar6zovém gelu sloZzeném
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z 1,5 g agarozy, 10 pl (5mg/ml) ethidia bromidu, 15 ml TBE pufru a 135 ml
deionizované vody. Pufr TBE se sklddal z 890 mM TRISu, 890 mM kyseliny
borit¢ a 20 mM EDTA. pH pufru bylo upraveno na hodnotu 8,3 pomoci 2M
NaOH. Po naneseni 20 pl vzorki smichanych v poméru 6:1 s 6X DNA
Loading Dye a 5 ul standardu GeneRuler 50 bp DNA Ladder na gel byla
zahdjena elektoforéza pti napéti 150 V po dobu 45 minut. Elektroforéza byla

nasledné vyhodnocena na dokumenta¢nim systému G:Box.

3.3.18 Imunochemické stanoveni antigenii s fluorescen¢nim vyhodnocenim

Metoda  imunochemického  stanoveni antigeni s  fluorescenénim
vyhodnocenim je zaloZena na specifické vazbé protilatky na antigen. Antigen
ve vzorku je detekovan pomoci specifické monoklonalni primarni protilatky.
Navazana primarni protilatky na antigenu je nasledné zviditelnéna pomoci
sekundarni fluorescencné znacené protilatky, kterd je specifickd vii¢i primarni
protilatce. Fluorescen¢ni signdl je zesilen vazbou nékolika fluorescencné
znacenych protilaitek na primarni protilatku. Pro vSechny uvadéné
experimenty byly pouzity primarni protilatky v pfisluSném fedéni uvedeném

v tabulce.

Ptiprava tezi vzorka tkani nebo ILCC probihala na pracovisti klinické a
transplantaéni patologiec IKEM. Rezy o tloustce 8 pum byly fixovany na
podlozni sklicko a ttikrat promyty roztokem PBS. Nasledné probéhla inkubace
v blokovacim roztoku, obsahujicim 5% osli sérum a promyvaci roztok. Promyvaci
roztok obsahoval 0,1M glycin a 0,05% Triton X rozpusténé ve fosfatovém pufru.
Blokace trvala 30 minut pii laboratorni teploté. Poté byly fezy inkubovany s
primarni protilatkou po dobu jedné hodiny pti laboratorni teploté. Protilatky
byly fedény v roztoku Antibody diluent v poméru uvedeném v tabulce 3.18

po ukonceni inkubace s primarni protilatkou byly vzorky tfikrat promyty

57



roztokem PBS. Nasledovala inkubace se sekundarni protilatkou za stejnych
Casovych a teplotnich podminek jako u protilatky primarni. Sekundérni
protilatky byly rozpustény v blokovacim roztoku. Pomér fedéni sekundarni
protilatky s blokovacim roztokem byl 1:400. Jako sekundarni protilatky byly
pouzity osli protilatky proti mySim kozim a krali¢im protilatkdm s navazanym
fluorochromem Alexa emitujicim svétlo o pfislusné vinové délce. Vzorky
byly nasledné¢ ttikrat promyty roztokem PBS a inkubovany dobu 5 minut pfi
pokojové teploté vroztoku DAPI. DAPI byl nafedén v poméru 1:500 v
destilované vod¢. Nasledovalo trojnasobné promyti v roztoku PBS. Nakonec
byly vzorky zakapnuty roztokem Dabco-Mowiol v glycerolu, piekryty krycim
sklem a zalakovany lakem na nehty. Vyhodnoceni probihalo na mikroskopu
Olympus BX 41 se zdrojem fluorescen¢niho zatfeni. Pocitani celkového poctu

bunék (i pozitivnich) probihalo manuélné€ v péti ndhodné vybranych zornych

polich.
antigen primarni protilatka Redéni
inzulin rabbit anti-insulin 1:100
C-peptid rabbit anti-C-peptide 1:200
C-peptid mouse anti-C-peptide 1:200
cytokeratin-19 goat anti-cytokeratin19 1:100
CXCR4 mouse anti CXCR4 1:100
glukagon goat anti-glucagon 1:100
LIFR rabbit anti-LIFR 1:100
nestin goat anti-nestin 1:100

Tabulka 3.18 - seznam pouzitych primarnich protilatek s ptisluSnym fedénim

3.3.19 Fluorescencni in-situ hybridizace

Metoda fluorescencni in-situ hybridizace (FISH) je zaloZena na specifické

vazbé DNA sondy na komplementarni tisek DNA v analyzovaném vzorku.
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DNA sekvence ve vzorku je detekovdana pomoci specifické FISH sondy

s navazanym fluorochromem.

Ptiprava fez vzorkl tkéni probihala na pracovisti klinické a transplantacni
patologie IKEM. Rezy o tlouitce 8 um byly fixovany na podlozni skli¢ko a
tiikrat promyty roztokem PBS. Nasledn¢ probéhlo obnazeni antigend v 0,01 M
roztoku citratu sodného o pH 6,0 zahiatim vzorkd v mikroviné troubé po dobu
4min. pi1 900 W. Vzorky byly poté inkubovany v blokovacim roztoku, obsahujicim
5% osli sérum a promyvaci roztok. Blokace trvala 30 minut pfi laboratorni teploté.
Poté byly fezy dehydratovany v rostouci fad¢ 70%, 90% a 100% ethanolu, kazdy po
dobu 2 min. Denaturace vzorka probéhla v roztoku formamidu a 2x SSC v poméru
1:1 po dobu 5 minut pii 75 °C. Po denaturaci byly vzorky inkubovany s ALU
specifickou FISH sondou rozpusténou v hybridizaénim pufru. Hybridizaéni
pufr se sklddal z 10 % dextran sulfatu, 0,15 % SDS, 50 % formamidu
rozpusténych v 2x SSC. Sonda byla rozpusténa v koncentraci 50 ng/100 ul.
DNA sekvence sondy byla navrzena tak aby se specificky vazala na ALU
sekvence nachéazejici se v genomu primatii. Sonda specificky reaguje pouze
s lidskou a opici DNA jak bylo potvrzeno na testovacich vzorcich. Sekvence
navrzené sondy je cctgtaatcccagctactcgggaggctgaggcaggagaatcgcttgaace
s Alexa555 fluorochromem navazanym na 5 konci. Inkubace s ALU
specifickou sondou probihala pies noc pii 37 °C. Po ukonceni hybridizace
byly vzorky tfikrat promyty v roztoku formamidu a 2x SSC v poméru 1:1 po
dobu 5 minut pfi 42 °C. Pro FISH analyzu kombinovanou s imunochemickym
stanovenim antigenu byly vzorky nésledné inkubovany v blokovacim roztoku,
obsahujicim 5% osli sérum rozpusténym v promyvacim roztoku. Blokace trvala 30
minut pii laboratorni teploté. Nasledovala inkubace s primarni protilatkou rabbit
anti-C-peptide po dobu jedné hodiny pii laboratorni teploté. Protilatka byla
fedéna v blokovacim roztoku. Po ukonceni inkubace s primarni protilatkou
byly vzorky tiikrat promyty roztokem PBS. Nésledovala inkubace se
sekundarni protilatkou Alexa Fluor 488 donkey anti-rabbit IgG za stejnych
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casovych a teplotnich podminek jako u primdrni protilatky. Sekundérni
protilatka byla rozpusténa v blokovacim roztoku v poméru 1:400. Vzorky
byly nésledné tfikrat promyty roztokem PBS a inkubovany dobu 5 minut pfi
pokojové teploté v roztoku DAPI. DAPI byl nafedén v poméru 1:500 v
destilované vod¢. Nasledovalo trojndsobné promyti v roztoku PBS. Nakonec
byly vzorky zakapnuty roztokem Dabco-Mowiol v glycerolu, ptekryty krycim
sklem a zalakovany lakem na nehty. Vyhodnoceni probihalo na mikroskopu

Olympus BX 41 se zdrojem fluorescencniho zateni.

3.3.20 Testovani produkce C-peptidu Statické inkubace

Schopnost ILCC a diferencovanych bunék produkovat inzulin byla testovana

in-vitro pomoci kultivace v médiich s nizkou a vysokou koncentraci glukézy.

Statické inkubace byly provadény ve dvou roztocich glukézy o koncentracich
5 mM a 20 mM. ILCC byly dvakrat promyty zdkladnim roztokem, ktery byl
piipraven smichanim 20 ml kazdého z Krebsovych roztoki (I, II, III), 1,6 ml
HEPES pufru a 10,4 ml deionizovan¢ vody. Vysledné pH bylo upraveno na
hodnotu 7,4. K 4,5 ml zékladniho roztoku ohtatého na 37°C bylo ptidano 1
ml suspenze ILCC ukonceni diferenciace. Nasledné se vzorek nechal 5 minut

stat pfi pokojovée teploté.

Po odsani supernatantu byly ILCC dvakrat promyty bazalnim roztokem.
Bazalni roztok byl pfipraven smichanim 40 ml zakladniho roztoku a 200 ul
IM glukézy. Po promyti bylo k suspenzy ILCC pfidano 4,5 ml bazalniho
roztoku a ponechdno 5 minut ptfi pokojové teploté. Po odsati supernatantu
byly ILCC resuspendovany v 1,5 ml bazalniho roztoku a inkubovany ve vodni
lazni pt1 37°C. Po inkubaci byl odsan supernatant a ILCC byly dvakrat

promyty stimula¢nim roztokem. Stimulacni roztok byl pfipraven smichanim
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20 ml zékladniho roztoku, 1,15 mg IBMX a 400 pl 1 M glukézy. Po promyti
ILCC bylo ptidano 4,5 ml stimula¢niho roztoku a opét ponechéano stat 5 minut
pii1 pokojové teploté. Po odsati supernatantu byly ILCC resuspendovany v 1,5
ml stimula¢niho roztoku a inkubovany ve vodni lazni pii 37°C po dobu 60
minut. Po inkubaci byly buiiky ulozeny do C-peptid pufru, zamrazeny na -80
°C a nasledn¢ bylo stanoveno mnozstvi C-peptidu metodou RIA pomoci C-
peptide Immunoradiometric kitu. Stanoveni probéhlo v Izotopovém servisnim

sttedisku IKEM. RovnéZ byl odebran vzorek pro stanoveni obsahu DNA.

3.3.21 Stanoveni koncentrace DNA

Stanoveni koncentrace DNA ve vzorku bylo provedeno s pomoci kitu Qubit
dsDNA HS Assay Kit. 1 pl vzorku bylo smichano s 199 pl pracovniho
roztoku. Pracovni roztok byl ptfipraven z 1 pl fluorescenéni sondy Qubit
dsDNA HS Reagent a 199 ul Qubit dsDNA HS pufru. Po 3min. inkubaci byla
zméfena koncentrace DNA na fluorometru QubitTM. Pro kalibraci byly
pouzity roztoky dvou standardl. Oba standardy byly pfipraveny smichdnim

10 ul standardu a 190 ul pracovniho roztoku.
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4. VYSLEDKY

4.1 Izolace a charakterizace lidskych CXCR4 pozitivnich pankreaticky
bunék

Cilem této prace bylo charakterizovat lidské CXCR4 pozitivni pankreatické
buiiky a ovéfit jejich schopnost diferenciace na inzulin produkujici B-bunky.
Z pankreatické tkadn¢ (n=7) ziskané po izolaci Langerhansovych ostrivki
bylo izolovano 22,1+6,6 % CXCR4 pozitivnich bun¢k. Kontaminace f-
buiikami byla ovéfena imunofluorescencnim barvenim izolovanych bunék
(obrazek 4.1.4). Primérna zastoupeni B-bunck v izolované CXCR4 pozitivni
frakci byla 0,04+0,02 %. U izolovanych CXCR4 pozitivnich pankreatickych
bunék byla rovnéZz ovéfena pritomnost CXCR4 receptoru, ktera byla
prokdzana u vice nez 90% izolovanych bun¢k (obrazek 4.1.1). CXCR4
pozitivni buiikky byly dale charakterizovany na ptitomnost nestinu, markeru

pankreatickych progenitoril (obrazek 4.1.2) a na ptitomnost receptoru pro LIF

(obrazek 4.1.3).

Déle byla u izolovanych bunék provedena analyza genové exprese pomoci
RT-PCR. U CXCR4 pozitivnich pankreatickych bunék byla prokazana
exprese markeri pluripotentnich (Oct4 a Nanog) a dospélych (ABCG2 a
CD133) kmenovych bunék. Rovnéz byla detekovana exprese transkripénich
faktorti GiCastnicich se diferenciace pankreatickych endokrinnich bunék (PDX-
1, NeuroD, Nkx2.2, Nkx6.1, Pax4, Pax6, Isll) nicméné¢ detekce téchto
transkripnich  faktorit mohla byt zpilisobena slabou kontaminaci
diferencovanych [ -bunék, které rovnéZ exprimuji uvedené transkripéni
faktory. Detekce exprese genu pro neurogenin-3 ovSem jasné potvrdila
pfitomnost pankreatickych endokrinnich progenitori. Neurogenin-3 je
exprimovan pouze progenitory a neni exprimovan pln¢ diferencovanymi

endokrinnimi bunikami. CXCR4 pozitivni buiiky rovnéz exprimovaly ve
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zvySené mife transkripéni faktor HNF6, marker duktalnich bun€k a aktivator

exprese neurogeninu-3 (obrazek 4.1.5)

Pro ovéfeni schopnosti diferenciace na inzulin produkujici B-bunky, byly
CXCR4 pozitivni buiikky kultivovany v médiu, které obsahovalo ristové
faktory stimulujici diferenciaci pankreatickych 3 -bunék. V pocatecni fazi
kultivace dochdzelo u casti bunék k formovani bunéénych shluki
pfipominajicich Langerhansovy ostrivky (obrazek 4.1.6). Naslednou kultivaci
v médiu obsahujicim rastové faktory activin-A, HGF, LIF a suplementy
exendin-4 a nicotinamid bylo dosazeno ¢aste¢né diferenciace na inzulin
produkujici B-buiiky. Diferenciace na [-bunky byla prokazdna u 5,8+1,1 %
(obrazek 4.1.8) a na a-buiky u 13,3£2,8 % (obrazek 4.1.9) CXCR4
pozitivnich pankreatickych bunék. Exprese pankreatickych hormonl véetné
somatostatinu byla potvrzena RT-PCR analyzou (obrazek 4.1.7). Pomoci RT-
PCR byla rovnéz detekovana exprese charakteristickych —markert
diferencovanych B-bungk, jako jsou glukozovy transportér GLUT2 a receptor
pro GLP-1 peptid. Dale byla detekovana pfetrvavajici exprese

charakteristickych markerti pluripotentnich a dospé€lych kmenovych bunék.
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Obrazek 4.1.1 - imunofluorescencni barveni CXCR4 pozitivnich
pankreatickych bunék na CXCR4 (zelena). Bunécénd jadra barvena DAPI

(modra).

Obrazek 4.1.2 - imunofluorescencni barveni CXCR4 pozitivnich
pankreatickych bun¢k na nestin (zelend). Bunécna jadra barvena DAPI

(modra).
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Obrazek 4.1.3 - imunofluorescencni barveni CXCR4 pozitivnich
pankreatickych bun¢k na LIFR (Cervena). Bunécnd jadra barvend DAPI

(modra).

Obrazek 4.14 - imunofluorescencni barveni CXCR4 pozitivnich
pankreatickych bun¢k na izulin (Cervend). Bunécna jadra barvena DAPI

(modra).
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Obrazek 4.1.5 - Priikaz exprese genll ve vzorcich CXCR4 pozitivnich a

CXCR4 negativnich pankreatickych bunék. Jako pozitivni kontrola slouzil

vzorek lidskych Langerhansovych ostrivka (+HI). Jako negativni kontrola

slouzil vzorek Langerhansovych ostrivkil bez reverzni transkripce (-RT).
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Obrazek 4.1.6 - Formovani ostrivky pifipominajicich bunécnych shluki
(ILCC) béhem kultivace CXCR4 pozitivnich pankreatickych bunék.
PocateCni bunécnd suspenze bezprostiedné po izolaci (A), migrace a
shlukovani bun¢k druhy den po zahgjeni kultivace (B), formovani bunécnych

shlukti 4 den po zahgjeni kultivace (C) a (D)
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Obrazek 4.1.7 - Analyza exprese genu v prubéhu diferenciace CXCR4
pozitivnich  pankreatickych  bunék. Vzorek CXCR4  pozitivnich
pankreatickych bun¢k pred zahajenim kultivace (initial culture). Vzorek po
ukonceni kultivace a diferenciace CXCR4 pozitivnich pankreatickych bun¢k
(ILCC). Jako pozitivni kontrola slouzil vzorek lidskych Langerhansovych
ostruvkii (+HI). Jako negativni kontrola slouzil vzorek Langerhansovych

ostriivkll bez reverzni transkripce (-RT).
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Obrazek 4.1.8 - imunofluorescencni barveni diferencovanych CXCR4
pozitivnich pankreatickych bunck v podobé ILCC na C-peptid (Cervend) a

nestin (zelend). Buné¢na jadra barvend DAPI (modra).

Obrazek 4.1.9 - imunofluorescencni barveni diferencovanych CXCR4
pozitivnich pankreatickych bun€k v podobé ILCC na CXCR4 (Cervena) a

glukagon (zelend). Buné¢na jadra barvend DAPI (modra).
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4.2 Izolace a diferenciace lidskych CD133 pozitivhich pankreatickych
bunék

Cilem této prace bylo charakterizovat lidské CD133 pozitivni pankreatické
bunky a ovéfit jejich schopnost diferenciace na inzulin produkujici B-bunky.
Z pankreaticke tkané (n=5) ziskané¢ po izolaci Langerhansovych ostravki
bylo izolovano 12,1+£3,6 % CDI133 pozitivnich buné¢k. Kontaminace [3-
buitkami byla ovéfena imunofluorescen¢nim barvenim izolovanych bunék.
Primérna zastoupeni B-buncék vizolované¢ CD133 pozitivni frakci byla

0,08+0,05 %.

Déle byla u izolovanych bunék provedena analyza genové exprese pomoci
RT-PCR. U CD133 pozitivnich pankreatickych bun¢k byla prokézana exprese
markera pluripotentnich (Oct4, Nanog, Rex, hTERT) a dospélych (ABCG2)
kmenovych bunék. RovnéZz byla detekovana exprese transkripénich faktora
ucastnicich se diferenciace pankreatickych endokrinnich bunék (PDX-I,
NeuroD, Nkx6.1, Pax4) nicméné detekce téchto transkripénich faktorti mohla
byt zplisobena slabou kontaminaci diferencovanych B -bun¢k, které rovnéz
exprimuji uvedené transkripéni faktory. Detekce exprese genu pro
neurogenin-3 ovSem jasn¢ potvrdila pfitomnost pankreatickych endokrinnich

progenitorti (obrazek 4.2.2)

CD133 pozitivni buiiky byly dale kultivovany v médiu, které obsahovalo
rustové faktory stimulujici diferenciaci pankreatickych B -bunék pro ovéteni
schopnosti diferenciace na inzulin produkujici B-buiiky. V pocatecni fazi
kultivace dochdzelo u casti bun¢k k formovani bunécnych shluka
pfipominajicich Langerhansovy ostriivky (obrazek 4.2.1). Naslednou kultivaci
v médiu obsahujicim rastové faktory activin-A, HGF, LIF a suplementy
exendin-4 a nikotinamid bylo dosazeno c¢asteéné diferenciace na inzulin

produkujici B-buniky. Diferenciace na p-buiiky byla prokazana u 6,2+1,1 %
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(obrazek 4.2.1) CDI33 pozitivnich pankreatickych bunék. VEtSi cast
zformovanych ILCC byla tvofena cytokeratin-19 pozitivnimi buiitkami
(obrazek 4.2.1). Exprese pankreatickych hormont inzulinu a glukagonu byla
potvrzena RT-PCR analyzou (obrazek 4.2.2 A). Pomoci RT-PCR byla rovnéz
detekovana exprese charakteristickych markertit diferencovanych B-bunék,
jako jsou glukozovy transportér GLUT2 a receptor pro GLP-1 peptid. Dale
byla detekovana pretrvavajici exprese charakteristickych  markerQ
pluripotentnich a dospélych kmenovych bunék. Rovnéz byla ovéfena
schopnost sekrece C-peptidu na zédkladé zmény koncentrace glukozy v médiu.
Statické inkubace potvrdily schopnost sekrece inzulinu resp. C-peptidu
v disledku zvySeni koncentrace glukozy. ILCC sekretovaly 0.11 pmol C-
peptidu/pug DNA pi1 5 mM glukézy a 0.42 pmol C-peptide/ug DNA pii 20
mM glukézy. Pomoci RIA analyzy byla rovné€z potvrzena piitomnost C-
peptidu 3.1£0.5 pmol C-peptidu/ug DNA ve vzorcich diferencovanych
CD133 pozitivnich pankreatickych bunék (obrazek 4.2.2 B).
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Obrazek 4.2.1 - Formovani ostrivky pfipominajicich bunécnych shluka
(ILCC) béhem kultivace CD133 pozitivnich pankreatickych bunék. Pocatecni
bunétna suspenze bezprostiedné po izolaci (A), migrace a shlukovani bunck
druhy den po zahgjeni kultivace (B), formovani bunéénych shlukii béhem
kone¢né faze diferenciace (C). Imunofluorescen¢ni barveni diferencovanych
CD133 pozitivnich pankreatickych bun¢k v podobé ILCC na C-peptid

(Cervend) a cytokeratin-19 (zelena). Bunééna jadra barvend DAPI (modra)

(D).
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Obrazek 4.2.2 - Analyza exprese genii u izolovanych CD133 pozitivnich
(CD133+), CD133 negativnich (CD133-) pankreatickych bun¢k a v pribéhu
diferenciace CD133 pozitivnich pankreatickych bunék. Vzorek CD133
pozitivnich pankreatickych bunék ptfed zahdjenim diferenciace 9 den
kultivace (prelLCC). Vzorek po ukonceni kultivace a diferenciace CD133
pozitivnich pankreatickych bunék (ILCC). Jako pozitivni kontrola slouzil
vzorek lidskych Langerhansovych ostrivkll (+HI). Jako negativni kontrola

slouzil vzorek Langerhansovych ostriivkli bez reverzni transkripce (-RT) (A).

Ovéteni  sekrecni  kapacity  diferencovanych ~ CD133  pozitivnich
pankreatickych bunék. Glukozou stimulovana sekrece C-peptidu v médiu s 5
mM gluk6ézou a nasledné¢ 20 mM glukézou. Celkovy obsah C-peptidu
v diferencovanych CD133 pozitivnich pankreatickych buiikach (ILCC obsah
C-peptidu)
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4.3 Vliv aktivace PI3K/Akt signdlni drahy na diferenciaci
pankreatickych progenitorovych bunék na p-buriky

Cilem této prace bylo zvysit efektivitu diferenciace pankreatickych duktalnich
a progenitorovych bunék na inzulin produkujici B-bunky. K dosaZeni tohoto
cile jsme vyuzili modulacti PI3K/Akt signalni drahy, kterd vyraznym

zpusobem ovlivityje fadu bunécnych pochodl veetné diferenciace.

Jako pocatecni bunéény zdroj byly pouzity pankreatické bunky ziskané po
izolaci Langerhansovych ostrivkid. Bunééna frakce ziskand dle postupu
uvedeného v kapitole 3.3.3 obsahovala ve zvySené¢ mife bunky exprimujici
transkripni  faktor neurogenin-3 a byla minimaln¢ kontaminovana

zbyvajicimi B-bunikami (obrazek 4.3.1)

V prvni fazi kultivacniho postupu bylo dosazeno formovani bunécnych
shluki pfipominajicich Langerhansovy ostrivky (obrazek 4.3.2), které
obsahovaly 25,2+2,1 % cytokeratin-19 pozitivnich bun¢k (obrazek 4.3.3 A) a
pouze 25,2421 % C-peptid pozitivnich bunék (obrazek 4.3.4 A). Naslednou
kultivaci v médiu obsahujicim rizné kombinace stimulatorti (EGF, Exendin-
4, IGF-1, ZnCl,) nebo inhibitoru (wortmannin) PI3K/Akt signalni drahy bylo
dosazeno rozdiln¢ exprese cytokeratinu-19 a C-peptidu (tabulka 4.3.1) o

ukoncéeni kultivace/diferenciace.

Nejveétsi podil C-peptid pozitivnich bunék 12,2+3,3 byl dosazen u vzorku,
ktery byl kultivovdn spolu s ristovymi faktory EGF, Exendin-4 a IGF-1
(obrazek 4.3.4 D). Naopak nejniz$i miry diferenciace na [-buiiky 0,7+0,4
bylo dosaZzeno u vzorku, ktery byl kultivovan v pfitomnosti ZnCI2 a
wortmanninu (obrazek 4.3.4 C). Pocet C-peptid pozitivnich bunék u
kontrolniho vzorku bez jakéhokoliv suplementu byl 9,1£3,2 (obrazek 4.3.4
G). RovnéZz pocet cytokeratin-19 pozitivnich buné€k byl v jednotlivych

vzorcich rozdilny viz. tabulka 4.3.1 a obrazek 4.3.3.
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Vysledky z imunofluorescenéni analyzy byly potvrzeny i pomoci RT-PCR
analyzy. Ve vzorku kultivovaném spolu s EGF, Exendinem-4 a IGF-1 byla
prokazana zvySena exprese genu pro inzulin ve srovnani s ostatnimi vzorky.
U tohoto vzorku byla rovnéz i1 zvySend exprese genll pro glukagon,
somatostatin a neurogenin-3 (obrazek 4.3.5 A). Exprese gentl pro transkripcni
faktory PDX-1 a NeuroD ovSem byla nejvy$si ve vzorku kultivovaném
v pfitomnosti ZnCl, , EGF, Exendin-4, IGF-1, wortmanninu. Schopnost
sekrece C-peptidu v zavislosti na koncentraci glukézy v médiu byla rovnéz

potvrzena (obrazek 4.3.5 B), stejn¢ jako obsah C-peptidu (obrazek 4.3.5 C)

Kombinace modulatorti PI3K/Akt Cytokeratin-19 C-peptid
ZnCl, 9,243,3 2,9+0.9
ZnCl,, wortmannin 6,1+1,8 0,7+0,4
EGF, Exendin-4, IGF-1 57,1£5.9 12,2+3,3
ZnCl,, EGF, Exendin-4, IGF-1 42.4+4.6 51824
7ZnCl, , EGF, Exendin-4, IGF-1, wortma 37,943,8 3,61,7
Kontrola 32,3+4,7 9,14£3,2

Tabulka 4.3.1 - pocCet pozitivnich bun¢k na jednotlivé markery B-bunck (C-
peptid) a duktalnich bunék (cytokeratin-19)
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Obrazek 4.4.1 - prikaz B-bunék v suspenzi izolovanych duktilnich a

progenitorovych pankreatickych bunék. Barveni pomoci dithizonu specificky
se vaziciho na sekre¢ni granula 3 -bun¢k obsahujicich zvySenou koncentraci

zinku. Po reakci se zinkem barvi dithizon B-buniky nacerveno viz. Cerna Sipka
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Obrazek 4.3.2 - Formovani ostrivky piipominajicich bunécnych shluk
(ILCC) behem kultivace pankreatickych duktalnich a progenitorovych bunék.
PocateCni bunétnd suspenze bezprostiedné po izolaci (A), migrace a
shlukovani bun¢k druhy den po zahgjeni kultivace (B), formovani bunécnych

shluk tfeti den kultivace (C).
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Obrazek 4.3.3 - imunofluorescen¢ni barveni na cytokeratin-19 (oranzova)
béhem diferenciace pankreatickych duktalnich a progenitorovych bunék.
Vzorek ILCC 3 dny od pocatku kultivace (A) a vzorky ILCC 10den po
ukonceni kultivace a diferenciace inkubované s ptfidavkem ZnCl, (B),
s ptidavkem ZnCl, a wortmanninu (C), s pfidavkem EGF, Exendin-4 a IGF-1
(D), spridavkem ZnCl,, EGF, Exendin-4 a IGF-1 (E), s ptfidavkem ZnCl,,
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wortmanninu, EGF, Exendin-4 a IGF-1 (F), a kontrolni vzorek ILCC
inkubovanych bez jakéhokoliv zuvedenych ptfidavki (G). Bunécna jadra

barvend DAPI (modra).
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Obrazek 4.3.4 - imunofluorescencni barveni na C-peptid (oranzova) b&hem
diferenciace pankreatickych duktalnich a progenitorovych bunék. Vzorek
ILCC 3 dny od pocatku kultivace (A) a vzorky ILCC 10den po ukongeni
kultivace a diferenciace inkubované s ptidavkem ZnCl, (B), s piidavkem
ZnCl, a wortmanninu (C), spiidavkem EGF, Exendin-4 a IGF-1 (D),
s pfidavkem ZnCl,, EGF, Exendin-4 a IGF-1 (E), sptfidavkem ZnCl,,
wortmanninu, EGF, Exendin-4 a IGF-1 (F), a kontrolni vzorek ILCC
inkubovanych bez jakéhokoliv zuvedenych ptidavki (G). Bunééna jadra

barvena DAPI (modra).
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Obrazek 4.3.5 - Analyza exprese genil u vzorkl pankreatickych duktalnich a
progenitorovych bunék kultivovanych v médiich s ptfidavkem stimulatort
(EGF, Exendin-4, IGF-1, ZnCl,;) nebo inhibitoru (wortmannin) PI3K/Akt
signélni drahy. Vzorky jsou uvedeny dle rozdéleni do jednotlivych skupin dle
tabulky 3.9. Jako pozitivni kontrola slouzil vzorek lidskych Langerhansovych
ostrivkli (Human Islets). Jako negativni kontrola slouzil vzorek
Langerhansovych ostrivkli bez reverzni transkripce (w/o reverse

transcription) (A).
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Ovéfeni sekre¢ni kapacity diferencovanych pankreatickych duktalnich a
progenitorovych bunék kultivovanych v médiu s ptfidavkem EGF, Exendin-4
a IGF rtstovych faktor. Glukézou stimulovana sekrece C-peptidu v médiu

s 5 mM gluko6zou a nasledné 20 mM glukozou (B).

Celkovy obsah C-peptidu ve vzorku diferencovanych pankreatickych
duktalnich a progenitorovych bunék kultivovanych v médiu s ptidavkem
EGF, Exendin-4 a IGF rastovych faktord. Pro srovnéni je uvedena sekrece C-

peptidu u kontrolniho vzorku a u vzorku lidskych Langerhansovych ostrivki

(©).
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4.4 Vliv modulace epigenetickych faktorii na diferenciaci
pankreatickych progenitorovych bunék na S-buriky

Cilem této prace bylo ovéfit vliv epigenetickych modifikaci na diferenciaci
pankreatickych duktalnich a progenitorovych bunck na inzulin produkujici -
buiiky. Pro tyto ucely jsme vyuzili skupinu inhibitord enzyma, které se
vyraznym vlivem podili na epigenetickych zméndch DNA a histonovych
proteini. Jednalo se o inhibitor DNA metyl transferazy 5-Aza-2'-
Deoxycytidin, nespecifické inhibitory histon deacetyldz Scriptaid a butyrat
sodny, inhibitor histon deacetyldz II. tfidy MC1268 a specificky inhibitor
metyl transferazy lysinu 9 na histonu 3 BIX01294. Uvedené slouceniny byly
pfidany do kultivaéniho média v rtiznych kombinacich uvedenych v tabulce
3.12. Nejvyraznéjsi efekt byl pozorovan u vzorkli jez byly kultivovany
v pfitomnosti inhibitort SAZA, MC1568 a BIX01294. V této skupiné doslo
k vyrazné vétsi mife diferenciace (10,3+2,9%) na [-bunky nez v kontrolnim
vzorku (7,242,8 %). Naopak nejmensi mira diferenciace na [-bunky byla
pozorovana u vzorku s ptidavkem SAZA a MC1568 (3,5+1,6%). Rozdilné
vysledky byly ovSem ziskdny ve vztahu k poctu glukagon pozitivnich.
Nejvyssi pocet a-bunék (8,1+1,4%) byl pozorovan ve vzorcich kultivovanych
v pfitomnosti SAZA a MCI1568 zatimco vzorky kultivované v pfitomnosti
SAZA, MCI1568 a BIX01294 obsahovaly 7,2+42,8 glukagon pozitivnich
bunék. Vysledky z imunoflourscen¢ni analyzy byly potvrzeny 1 pomoci RT-
PCR. Opét byla pozorovana nejvyssi mira exprese genu pro inzulin u vzorku
kultivovaném v pfitomnosti 5AZA, MCI1568 a BIX01294. Dale byl
pozorovan vyrazny vliv 5Aza na zvySenou expresi transkripéniho faktoru
neurogenin-3 stejné jako pozitivni vliv BIX01294 na expresi transkripéniho

faktoru PDX-1.
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Obréazek 4.4.1 - imunofluorescen¢ni barveni na cytokeratin-19 (oranzova).
Bunétnd jadra barvend DAPI (modrd). Vzorek ILCC kultivovanych
v pritomnosti SAZA, MC1568 a BIX01294.
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Obrazek 4.4.2 - imunofluorescen¢ni barveni na cytokeratin-19 (oranzova).
Bunétnd jadra barvend DAPI (modrd). Vzorek ILCC kultivovanych
v pritomnosti SAZA a MC1568.

Obrazek 4.4.3 - imunofluorescencni barveni na cytokeratin-19 (oranzova).
Bunéénd jadra barvend DAPI (modrd). Kontrolni vzorek ILCC bez

jakéhokoliv z testovanych inhibitord.

84



Obrazek 4.4.4 - imunofluorescen¢ni barveni na C-peptid (oranzova) a
glukagon (zelend). Bunécna jadra barvena DAPI (modra). Vzorek ILCC
kultivovanych v pfitomnosti SAZA, MC1568 a BIX01294.
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Obrazek 4.4.5 - imunofluorescenc¢ni barveni na C-peptid (oranzova) a
glukagon (zelend). Bunécna jadra barvena DAPI (modra). Vzorek ILCC
kultivovanych v pfitomnosti SAZA a MC1568.

Obrazek 4.4.6 - imunofluorescentni barveni na C-peptid (oranzovd) a
glukagon (zelend). Bunécna jadra barvena DAPI (modrd). Kontorlni vzorek

ILCC bez jakéhokoliv z testovanych inhibitora.
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Obrazek 4.4.7 - Prikaz exprese genl v jednotlivych vzorcich inkubovanych
v ptitomnosti uvedenych inhibitor. Den0 znaci poc¢ate¢ni bunécnou suspenzi
pfed pocatkem kultivace, kontrola znac¢i vzorek inkubovany bez jakéhokoliv
z testovanych inhibitori. Jako pozitivni kontrola slouzil vzorek lidskych

Langerhansovych ostrivki.
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4.5 In-vivo diferenciace kmenovych bunék izolovanych z pupecnikové
krve na pankreatické p-buriky

Cilem této studie bylo ovéfit moznost zda-li kmenové buiky izolované z
lidské pupecnikové krve jsou po vystaveni urCitym podminkdm schopny in

vivo diferenciace na inzulin produkujici B-bunky.

Nezbytnou podminkou pro uspésnou in vivo diferenciaci transplantovanych
bunck na inzulin produkujici B-bunky bylo ozafeni experimentalnich zvifat
pied podanim bunék pupecnikové krve. Bez predchoziho ozateni nedoslo k
piihojeni transplantovanych bunék v pankreatu ani v ostatnich vySetfovanych
tkanich jak bylo prokdzano pomoci RT-PCR analyzy (obrazek 4.5.4). Rovnéz
diferenciace transplantovanych bun¢k byla piimo zavisld na dévce radiace. U
zvifat ozafenych radiani davkou odpovidajici 1 Gy doSlo k piihojeni
transplantovanych bun€k v kostni dfeni, sleziné 1 pankreatu (obrazek 4.5.4 a
4.5.2), nebyly vSak detekovany zaddné inzulin produkujici buiiky lidského
ptivodu. Inzulin produkujici B-buiiky byly detekovany pouze v pankreatické
tkdni zvitat ozafenych davkou 3 Gy pfed transplantaci bunék pupecnikové

krve (obrazek 4.5.3)

Tento potencidl byl nezavisly na hladiné glykémie a byl prokédzén u
nediabetickych experimentalnich zvifat. Vysledky experimentu byly
potvrzeny jak kombinovanym FISH a imunohistochemickym prikazem
lidskych B-bunék, tak i pomoci detekce exprese lidskych genti metodou RT-
PCR. V pribéhu nasledujicich 4 tydnu od transplantace bunék do
systémového ob¢hu doslo k migraci kmenovych bunék do pankreatické tkané
a nasledné diferenciaci na inzulin produkujici B-buiiky. B-buiiky pochazejici z
transplantovanych buncék pupeénikové krve byly prokdzdny v oblasti
Langerhansovych ostrivki a zaroven i1 v okolni pankreatické tkani pfedevS§im

pankreatickych duktech.
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Obrazek 4.5.1 - Prikaz B-bunék lidského pivodu pomoci

imunofluorescencniho znaceni na C-peptid a fluorescenéni in situ hybridizace
prokazujici specifické lidské ALU sekvence: (A) FISH prukaz lidskych bun¢k
sondou specifickou na ALU sekvence lidské DNA (Cervend) (B) barveni
bunéénych jader pomoci DAPI (modra) (C) imufluorescen¢ni prikaz inzulin
produkujicich B-bun€k pomoci barveni na C-peptid (zelend) (D) kolokalizace
inzulin produkujicich beta-bun¢k (zelena) a lidskych bun¢k (Cervend) na fezu

lidské pankreatické tkane¢.
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Obrazek 4.5.2 - Prlikaz migrace transplantovanych bunék lidské pupecnikové

krve do pankreatické tkdn¢ po predchozim ozéteni: (A) FISH prukaz lidskych
buné¢k sondou specifickou na ALU sekvence lidské DNA (Cervena) (B)
barveni bunécnych jader pomoci DAPI (modrd) (C) imufluorescenc¢ni priikaz
inzulin produkujicich B-bunék pomoci barveni na C-peptid (zelena) (D)
kolokalizace inzulin produkujicich B-bun€k (zelena) a lidskych bunéck
(Cervend) na fezu pankreaticke tkané ziskané z experimentalniho zvifete

transplantovaného bunikami lidské pupecnikové krve po predchozim ozafeni.
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Bunka pochazejici z transplantované lidské pupecnikové krve neni pozitivni

na C-peptid (Sipka).

Obrazek 4.5.3 - Prikaz in vivo diferenciace buné¢k lidské pupecnikové krve na
inzulin produkujici B-buitky pomoci imunofluorescencniho znaceni na C-
peptid a fluorescen¢ni in situ hybridizace prokazujici specifické lidské ALU
sekvence: (A) FISH prikaz lidskych bunék sondou specifickou na ALU
sekvence lidské DNA (Cervend) (B) barveni bunéénych jader pomoci DAPI
(modra) (C) imufluorescenéni prikaz inzulin produkujicich beta-bunék

pomoci barveni na C-peptid (zelend) (D) kolokalizace inzulin produkujicich
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beta-bunck (zelena) a lidskych bun¢k (Cervend) na fezu pankreatické tkané
ziskané z experimentalniho zvifete transplantovaného bunkami lidské
pupecnikové krve. Inzulin produkujici beta-bunky pochézejici z
transplantované lidské pupec¢nikové krve se nachédzeji v ramci Langerhansova

ostriivku (Sipka) a v oblasti pankreatického duktu.

Krevni MNC Slezina
Gene [M|a|bjc|a|b|c|a|b|c|a|b|c|a|b|c|a|b|c Gene |M|a|bjc|a|b|c|a|b|c|a|b|c|a|b|c|a|b|c
Group 1 | 2| 3] 4] 7 [HI| [Group 1 [ 2 | 3| a7 [HI]
Kostni dien Pankreas
Gene |[M|a|bjc|a|b|c|a|bjc|a|b|c|a|b|c|a|b|c Gene |M|a|b|c|a|b|c|a|b|c|a|b|c|a|b|c|a|b|c
Group 1 2 3 4 7 H Group 1 2 3 4 7 HI

Langerhansovy ostruvky Langerhansovy ostravky

Gene |[M|a|bic|alb|cla|bjc|a|b|c|a|b|c|a|b|c Gene M|dle|f|d|e|f|d|e|f|d|e|f|d|e|f|d|e|f
Group 1 [ 213 a7 7 |H]| Group 1 1l 2131 a7 [H1]

M - marker molekulové hmotnosti HI - Langerhansovy ostrivky

Gene a - lidsky GAPDH Gene d - lidsky inzulin
Gene b - lidsky GAPDH -RT Gene e - lidsky inzulin -RT
Gene ¢ - mys{ GAPDH Gene f - mysi inzulin

Obrazek 4.5.4 - Priikaz exprese geni v jednotlivych tkanich experimentalnich
zvifat transplantovanych bunikami lidské pupecnikové krve. U zvitat, ktera
nepodstoupila celotélové ozateni nebyla pozorovana ptitomnost mRNA pro
lidsky GAPDH nebo inzulin v Zadné z vySetfovanych tkdnich. U zvitfat jez
podstoupila ozafeni v ddvce 1 Gy byla pozorovana piitomnost mRNA pro
lidsky GAPDH ve vzorcich ziskanych z krevnich MNC bungk, sleziny, kostni
dien¢ a pankreatu. U zvifat jeZ podstoupila ozéatfeni v ddvce 3 Gy byla
pozorovana piitomnost mRNA pro lidsky GAPDH ve vzorcich ziskanych

z krevnich MNC bunék, sleziny, kostni dfen¢, pankreatu a Langerhansovych
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ostriivcich a rovnéz byla detekovaina mRNA pro inzulin ve vzorku

z 1zolovanych Langerhansovych ostrivkd.

93



5. DISKUZE

Diabetes mellitus je v soucCasnosti bezesporu civilizaéni onemocnéni
postihujici zna¢nou cast celosvétové populace. VéEtSina diabetickych pacienti
je postizena diabetem 2. typu, ktery ve vétSiné piipadii nevyzaduje zevni
podavani inzulinu. Nicméné cast pacientll s diabetem 2. typu a vSichni
pacienti s diabetem 1. typu je odkazano na celozivotni podavani inzulinu,
nezbytného pro normalizaci glykémie. V soucasné dob¢ je transplantace
celého pankreatu nebo izolovanych Langerhansovych ostrivkil jedinym
dostupnym zpiisobem 1écby diabetu 1. typu. Hlavni nevyhodou tohoto
zpusobu lécby je vSak nedostatek vhodné tkdné k transplantaci. Je tedy patrné,
Ze transplantace pankreatu nebo Langerhansovych ostrivkid je pouze
docasnym stadiem v 1é¢b¢ diabetu a pro ziskani dostatecného mnozstvi tkdné
a eliminaci negativnich efektl 1€cby musi byt nalezeny alternativni zdroje
inzulin produkujici tkan€. Dostupny a bezpe¢ny alternativni zdroj by mohla
piedstavovat inzulin produkujici tkan ziskana diferenciaci kmenovych nebo

N 24

alternativni zdroj jevi pankreatické kmenové resp. progenitorove bunky.

I pres velmi intenzivni vyzkum v této oblasti zlistava detailni charakter
pankreatickych endokrinnich progenitorti, ze kterych vznikaji nové B-buiiky
béhem dospélého Zzivota, stile neobjasnén. Doposud bylo identifikovano
pouze n¢kolik bunéénych markert jako jsou c-Met a ALDH1, pomoci kterych
se podafilo izolovat pankreatick¢é neendokrinni buiiky schopné in vitro
diferenciace na inzulin produkujici B-buniky. (Suzuki a spol., 2004; Rovira a
spol., 2010). S cilem rozsifit spektrum markerti pankreatickych kmenovych
bunck jsme se zaméfili na povrchové markery, které byly identifikovany u

tkanoveé specifickych kmenovych bunék izolovanych zjinych organu resp.
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tkani. Mezi takovéto markery se fadi 1 transmembranovy receptor CXCR4 (Ni
a spol., 2004) a membranovy glykoprotein CD133 (Uchida a spol., 2000).
Oba tyto markery byly identifikovany u ftady tkanové specifickych

kmenovych bunék stejné€ jako u embryondlnich kmenovych bun¢k.

Ligandem transmembranového receptoru CXCR4 je chemokin SDF-1.
Chemokin SDF-1 je dilezitym chemoatraktantem, ktery aktivuje migraci
CXCR4 pozitivnich bun€k na zakladé¢ vysoké specifity receptoru CXCR4
vuci tomuto ligandu (Zou a spol., 1998). SDF-1 je ve zvySené mife
sekretovan buiikami v disledku lokalniho poskozeni. ZvySena lokalni hladina
SDF-1 vede k aktivaci a migraci CXCR4 pozitivnich tkanové specifickych
kmenovych bun¢k do mista poSkozeni a nasledné obnové tkan¢ (Kucia a
spol., 2005). Na zéklad¢ téchto pritkazii o uloze CXCR4-SDF-1 interakce
v bunééné regeneraci jsme se zam¢étili na charakterizaci CXCR4 pozitivnich
pankreatickych bun€k. CXCR4 pozitivni buiiky izolované z pankreatickée
tkan€¢ zbyvajici po izolaci Langerhansovych ostrivkll vykazovaly znaky
dospélych tkanove specifickych kmenovych bunék jako jsou nestin, ABCG2 a
CD133. Izolované CXCR4 pozitivni buiikky rovnéz exprimovaly transkripéni
faktory nezbytné pro zajisténi pluripotence jako jsou Oct4 a Nanog. Kromé
uvedenych markerdt kmenovych bunék byla prokazana 1 exprese
transkripéniho faktoru neurogenin-3, markeru pankreatickych endokrinnich
progenitorti. CXCR4 pozitivni bunky rovnéz exprimovaly ve zvySené mife
transkripni faktor HNF6, marker duktalnich bunék a aktivator exprese

neurogeninu-3.

Na zakladé téchto vysledkid jsme se rozhodli ovéfit schopnost diferenciace na
B-bunikky u CXCR4 pozitivnich pankreatickych bunék. Ackoliv pouze 5,8%
CXCR4 pozitivnich bun¢k se diferencovalo na inzulin pozitivni B-bunky

v souctu s glukagon pozitivnimi a-butkkami dosahovala celkovd mira
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diferenciace na endokrinni buiky 19,1 %. Uspé&$ny prikaz diferenciace na
endokrinni pankreatické bunky a rovnéz 1 exprese markeru kmenovych bunék
svéd¢i o mozZnosti vyuziti CXCR4 markeru pro izolaci pankreatickych
kmenovych/progenitorovych bun¢k. OvSem vzhledem k relativné velkému
poméru 22,1 % CXCR4 pozitivnich pankreatickych bunék se nejedna o
specificky marker pankreatickych kmenovych/progenitorovych bunck. Pro
vyluénou izolaci pankreatickych kmenovych/progenitorovych bun¢k je tudiz
nutné¢ zkombinovat CXCR4 receptor s dalSimi markery pankreatickych
kmenovych/progenitorovych bunék.

Mezi nedavno prokdzany marker tkanoveé specifickych kmenovych bunék
patii membranovy glykoprotein CD133. CDI33 byl prokdzdn u
hematopoetickych, nervovych a dalSich typd tkanoveé specifickych
kmenovych buné¢k (Hombach-Klonisch a spol., 2008). V na$i praci se nam
podaftilo prokazat, Ze CD133 pozitivni pankreatické bunky rovnéz vykazuji
znaky kmenovych bun¢k. U CD133 pozitivnich pankreatickych bunék byla
prokdzana exprese transkripénich faktori nezbytnych pro zajiSténi
pluripotence jako jsou Oct4, Nanog, Rex a telomeraza. CD133 pozitivni
buiikky také exprimovaly transkripcni faktory tucCastnici se diferenciace
pankreatickych endokrinnich bunc¢k. Nicméné¢ detekce téchto transkripcnich
faktorh mohla byt zplsobena slabou kontaminaci diferencovanych -bunék,
které rovnéz exprimuji uvedené transkripcni faktory. Detekce exprese genu
pro neurogenin-3 ovSem jasné¢ potvrdila pifitomnost pankreatickych
endokrinnich progenitorti ve frakci CD133 pozitivnich bunék. Rovnéz CD133
pozitivni pankreatick¢ buiiky byly schopné in-vitro diferenciace na inzulin
produkujici B-buiiky. Diferencované inzulin produkujici buniky byly schopné
sekrece C-peptidu na zaklad€ zvyseni koncentrace glukdzy coz je nezbytnou
podminkou pro plné funk¢ni B-bunky. OvSem vétsi ¢ast bunek tvoricich ILCC

byla pozitivni na marker duktalnich bun¢k cytokeratin-19. Pretrvavajici
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exprese charakteristickych markerii pluripotentnich a dospélych kmenovych
bunék 1 po ukonceni diferenciace svéd¢i pro diferenciaci pouze ¢asti z CD133
pozitivnich bunék. Vysledky této prace byly posléze potvrzeny dalSimi
publikovanymi ¢lanky potvrzujicimi vlastnosti kmenovych bun¢k u CD133

pozitivnich pankreatickych bunék (Hori a spol., 2008).

S cilem zvysit efektivitu diferenciace izolovanych pankreatickych kmenovych
/ progenitorovych bunck jsme se dale zaméfili na signalni drahy ovliviiujici
diferenciaci pankreatickych endokrinnich bunék. Ze vSech studovanych
signalnich drah jsme dosahli nejvyznamnéjSich vysledki v rdmci modulace
PI3K/Akt signdlni drdhy. Tato signdlni draha hraje vyznamnou roli v fadé
bunéénych pochodli jako jsou proliferace, regulace metabolickych déju,
proteosyntéza a apoptdza. Z hlediska B-bunck se jedna o kliCovou signélni
dradhu nejen vzhledem k uvedenym bunéénym pochodim, ale i vzhledem
k regulaci aktivity transkripéniho faktoru FoxOl. FoxOl vyznamnym
zpusobem ovliviiuje expresi fady transkripénich faktordi icastnicich se nejen

diferenciace, ale 1 samotné funkce B-bunck.

Vna$i praci jsme se zaméfili na ovlivnéni PI3K/Akt signdlni drahy
prosttednictvim ZnCl, a rlstovych faktori EGF, Exendin-4 a IGF-1
aktivujicich PI3K/Akt signalni drahu. Rovnéz jsme ovéfili vliv wortmanninu,
inhibitoru PI3K/Akt signdlni drahy, na diferenciaci pankreatickych duktalnich
a progenitorovych bunék na [-buiiky. Stimulovanim pankreatickych
duktalnich a progenitorovych bunck ristovymi faktory EGF, Exendin-4 a
IGF-1 bylo dosaZzeno nejvyssi miry diferenciace na inzulin produkujici [3-
buiiky. Naopak pfiddnim inhibitoru PI3K/Akt signdlni drdhy byla mira
diferenciace vyrazné sniZena. Stejn¢ negativni efekt mél wortmannin 1 na
pocet cytokeratin-19 pozitivnich bunék. Ackoliv nebyl pozorovan vyrazny

vliv na expresi transkripnich faktori bezprosttedné regulovanych
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transkripénim faktorem FoxOl, byla u vzorku kultivovaném v pfitomnosti
EGF, Exendinu-4 a IGF pozorovana zvySena exprese neurogeninu-3. Tento
nalez svéd¢i pro zvySenou miru diferenciace pankreatickych duktalnich a
progenitorovych bun€k na endokrinni bunky. Rovnéz 1 vysledky této studie
byly nezavisle potvrzeny publikaci zjiného pracovisté, ktera potvrdila
pozitivni vliv aktivace PI3K/Akt signdlni drdhy na diferenciaci

pankreatickych duktalnich bunck na 3-bunky (Watanabe a spol., 2008).

Vramci dals§i prace byl studovan vliv epigenetickych modifikaci na
diferenciaci pankreatickych duktalnich a progenitorovych bun¢k na inzulin
produkujici B-buiikky. Doposud nebyla tato problematik detailné¢ studovana
nicméné jiz je znamo nékolik piikladi kdy ovlivnéni epigenetického stavu
DNA mélo vliv na diferenciaci pankreatickych endokrinnich bunék
(Haumaitre a spol., 2008; Lefebvre a spol., 2010). V nasi praci se nadm
podafilo potvrdit vysledky uvedenych praci a podstatné rozsitit spektrum
epigenetickych modulatorti, které maji vliv na diferenciaci pankreatickych [3-
bunék. Jednak jsme vyuzili nové ptipraveného inhibitoru histon deacetylaz II.
ttidy MC1268 a rovnéZ jsme pouzili selektivni inhibitor metyl transferazy
lysinu 9 na histonu 3 BIX01294. Piredevsim v pfipadé sloueniny BIX01294
byl pozorovan vyrazné kladny efekt na diferenciaci p-bunck. Tento efekt
miZze byt dan zvySenou expresi transkripéniho faktoru PDX-1, kterd byla
pozorovana u vSech vzorki k nimz byl BIX01294 ptidan. Vzhledem k tomu,
ze BIX01294 selektivné inhibuje metylaci lysinu 9 na histonu 3 mize byt
zvySena exprese PDX-1 pravé disledkem této inhibice. BIX01294 ma
pozitivni vliv na expresi fady transkripénich faktord a kromé& jin¢ho je
vyuzivan pro indukci transkripénich faktort zajiStujicich pluripotenci
kmenovych bunék. V nasi praci se dale potvrdil pozitivni vliv inhibice
metylace DNA na expresi transkripéniho faktoru neurogenin-3. U vSech

vzorkil kultivovanych v pfitomnosti 5SAza byla pozorovana zvySena exprese
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tohoto transkripcniho faktoru a rovnéZz 1 zvySend mira diferenciace na o-

bunky.

Posledni zuvedenych praci se zabyvala moznosti vyuziti bunck lidské
pupecnikové krve pro bunécnou terapii diabetu. V ramci tohoto projektu se
nam podafilo prokazat schopnost in vivo diferenciace bun¢k pupecnikové
krve na inzulin produkujici B-bunky. Tuto schopnost se nam podafilo
prokézat po transplantaci bunék pupecnikové krve nediabetickym zvifatim, u
nichz neni primarné potiteba zvySené obnovy B-bunck. Nicméné nezbytnou
podminkou pro uspé$nou in vivo diferenciaci bunék pupeénikové krve na
inzulin produkujici B-buiiky bylo ptfedchozi ozéafeni zvifat jimZz byly bunky
pupecnikové krve podany. Tento piedpoklad miize souviset s pozitivnim
efektem ozareni na migraci a ptihojeni transplantovanych bunék i do ostatnich
tkani, nejen do pankreatu, jak se ndm podafilo rovnéz prokazat. V pribcéhu
nasledujicich 4 tydnu od transplantace bun¢k do systémového ob&hu doslo k
migraci bunék pupecnikové krve do kostni diené, sleziny a rovnéz 1 do
pankreatické tkané. Pfi zvySené davce ozéafeni byla pozorovana nasledna
diferenciace na inzulin produkujici B-buiky. B-buniky pochazejici z
transplantovanych bunék pupecnikové krve byly prokdzany v oblasti
Langerhansovych ostritvkil a zaroven 1 v okolni pankreatické tkani predevSim
pankreatickych duktech. Tento poznatek je obzvlast¢ dulezity, protoze
potvrzuje piedchozi nalezy in vivo studii, které prokazaly probihajici
diferenciaci a tvorbu novych B-bunck pravé v oblasti pankreatickych dukta. Z
tohoto ndlezu lze usuzovat, ze prostiedi pankreatickych duktl ma stimulaéni
efekt na diferenciaci kmenovych bunék a néslednou tvorbu novych B-bunck 1
za fyziologickych podminek. Ackoliv se ndm uspé€Sné podatilo prokézat
schopnost diferenciace bunék pupecnikové krve na inzulin produkujici [3-
bunky, relativn€ nizky pocet takto diferencovanych [B-bunék by nemél

pravdépodobné velky klinicky vyznam. V ptipadé klinického vyuziti by byla
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nutnd identifikace a nasledné nabohaceni piislusné bunécné populace schopné

diferenciace na inzulin produkujici B-buiiky.
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6. SOUHRN A ZAVER

Predkladana disertaCni prace pfispivd krozSifeni znalosti v oblasti
diferenciace dospé€lych kmenovych bunék na inzulin produkujici beta buiky a
charakterizaci moznych alternativnich zdroji inzulin produkujici tkané.

vvvvvv

nasledovné:

Identifikace CXCR-4 receptoru jako mozZného markeru pankreatickych

kmenovych/progenitorovych bunék

CXCR-4 pozitivni pankreatick¢é bunky vykazuji expresi markeri a
transkripénich faktorti charakteristickych pro kmenové bunky. CXCR-4
pozitivni pankreatické bunky jsou rovnéz schopné in vitro diferenciace na

inzulin produkujici B-bunky

Identifikace CD133 membranového glykoproteinu jako mozZného

markeru pankreatickych kmenovych/progenitorovych bunék

CD133 pozitivni pankreatické builky vykazuji expresi markeri a
transkripénich faktori charakteristickych pro kmenové bunky. CDI133
pozitivni pankreatické bunky jsou rovnéz schopné in vitro diferenciace na
inzulin produkujici B-buiikky. Inzulin produkujici bunky diferencované
z(CDI133 pozitivnich pankreatickych bunék vykazuji vlastnosti plné
diferencovanych  [B-bunék, pifedev§im schopnost sekrece C-peptidu

v zavislosti na zméné koncentrace glukozy.

Vliv PI3K/AKkt signalni drahy na diferenciaci pankreatickych duktalnich

a progenitorovych bunék na inzulin produkujici B-buiiky.

Aktivace PI3K/Akt signalni drdhy vyraznym zplsobem zvySuje pocet [3-

bunék diferencovanych z pankreatickych duktalnich a progenitorovych bunék.
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Aktivace PI3K/Akt signalni drdhy rovnéz zvysSuje expresi transkripéniho
faktoru neurogenin-3, nezbytného pro diferenciaci pankreatickych

endokrinnich bunék.

Ovlivnéni diferenciace pankreatickych duktialnich a progenitorovych
bunék na inzulin produkujici B-buiniky prostfednictvim epigenetickych

faktoru.

Ovlivnénim epigenetickych faktori béhem diferenciace pankreatickych
duktalnich a progenitorovych bunék vyraznym zplisobem zvySuje pocet
diferencovanych B-bunék. Pfedevs§im inhibice metylace lysinu 9 na histonu 3
zvySuje jednak pocet diferencovanych [-bun¢k a rovnéz 1 expresi
transkripniho faktoru PDX-1 nezbytného pro diferenciaci a funkci

pankreatickych [-bun¢k.

Schopnost in vivo diferenciace bunék pupecnikové krve na inzulin

produkujici B-bunky

Kmenové bunky izolované zlidské pupecnikové krve jsou za vhodnych
podminek schopné migrace a in vivo diferenciace na inzulin produkujici -
bunky. Nezbytnou podminkou pro in vivo diferenciaci na inzulin produkujici

B-buniky je ovSem piedchozi ozafeni transplantovanych zvitat.

Ptredkladana disertacni prace piinasi originalni védecké poznatky. VéEtSina
téchto vysledkli jiz byla publikovana formou casopiseckych publikaci ve
védeckych periodikach. Takto byly publikovany 4 préace, které tvoii soucast
disertacni prace jako pfilohy 1, 2, 3 a 5. DalSi prace je v soucasné dobé

v recenznim tizeni (viz. rukopis publikace uvedené jako ptiloha 4).

102



7.SEZNAM POUZITE LITERATURY

Akedo H., Christensen H. N.: J Biol Chem. 237, 118 (1962)

Apelgvist A., Sommer L., Beatus P., Anderson D. J., Honjo T., Hrabe de Angelis M.,
Lendahl U., Edlund H.: Nature. 400, 877 (1999)

Bar Y., Russ H. A., Knoller S., Ouziel-Yahalom L., Efrat S.: Diabetes 57, 2413 (2008)
Berkow & Fletcher, 1992

Bell G. 1., Kayano T., Buse J. B., Burant C. F., Takeda J., Lin D., Fukumoto H., Seino S.:
Diabetes Care. 13, 198 (1990)

Bouwens L., Pipeleers D. G.: Diabetologia. 41, 629 (1998)
Bouwens L., Lu W. G., De Krijger R.: Diabetologia. 40, 398 (1997)
Brink C., Chowdhury K., Gruss.: Mech Dev. 100, 37 (2001)

Butler A. E., Janson J., Bonner-Weir S., Ritzel R., Rizza R. A., Butler P. C.: Diabetes. 52,
102 (2003)

Clark J. L., Cho S., Rubenstain A. H., Steiner D. F.: Biochem Biophys Res Commun. 35,
456 (1969)

Collombat P., Mansouri A., Hecksher-Sorensen J., Serup P., Krull J., Gradwohl G., Gruss
P.: Genes Dev. 17, 2591 (2003)

D'Amour K. A., Bang A. G., Eliazer S., Kelly O. G., Agulnick A. D., Smart N. G.,
Moorman M. A., Kroon E., Carpenter M. K., Baetge E. E.: Nat Biotechnol. 24 1392 (2006)

D'Amour K. A., Agulnick A. D., Eliazer S., Kelly O. G., Kroon E., Baetge E. E.: Nat
Biotechnol. 23, 1534 (2005)

103



Desai B. M., Oliver-Krasinski J., De Leon D. D., Farzad C., Hong N., Leach S. D., Stoffers
D. A.: J Clin Invest. 117, 971 (2007)

Deutsch G., Jung J., Zheng M., Lora J., Zaret K. S.: Development. 128, 871 (2001)

Dor Y., Brown J., Martinez O. 1., Melton D. A.: Nature. 429, 41 (2004)

Esni F., Ghosh B., Biankin A. V., Lin J. W., Albert M. A., Yu X., MacDonald R. J., Civin
C.1,Real F. X, Pack M. A., Ball D. W., Leach S. D.: Development. 131, 4213 (2004)

Ferber S., Halkin A., Cohen H., Ber 1., Einav Y., Golberg 1., Barshack I., Seijffers R.,
Kopolovic J., Kaiser N., Karasik A.: Nat Med. 6, 568 (2000)

Foufelle F., Ferré P.: Biochem J. 366, 377 (2002)

Gittes G. K., Galante P. E., Hanahan D., Rutter W. J., Debase H. T.: Development. 122,
439 (1996)

Gradwohl G., Dierich A., LeMeur M., Guillemont F.: Proc Natl Acad Sci USA. 97, 1607
(2000)

Gu G., Brown J. R., Melton D. A.: Mech Dev. 120, 35 (2003)

Habener J. F., Kemp D. M., Thomas M. K.: Endocrinology. 146, 1025 (2005)

Haumaitre C, Lenoir O, Scharfmann R.: Mol Cell Biol. 28, 6373 (2008)

Herrera P. L., Huarte J., Sanvito F., Meda P., Orci L., Vassalli J. D.: Development. 113,
1257 (1991)

Hombach-Klonisch S, Panigrahi S, Rashedi I, Seifert A, Alberti E, Pocar P, Kurpisz M,
Schulze-Osthoff K, Mackiewicz A, Los M.: ] Mol Med. 86, 1301 (2008)

Hori Y, Fukumoto M, Kuroda Y.: Stem Cells. 26, 2912 (2008)

lanus A., Holz G. G., Theise N. D., Hussain M. A.: J Clin Invest. 111, 843 (2003)

Inada A., Nienaber C., Katsuta H., Fujitani Y., Levine J., Morita R., Sharma A., Bonner-
Weir S.: Proc Natl Acad Sci USA. 105, 19915 (2008)

104



Jacquemin P., Yoshitomi H., Kashima Y., Rousseau G. G., Lemaigre F. P., Zaret K. S.:
Dev Biol. 290, 189 (2006)

Jarriault S., Brou C., Logeat F., Schroeter E. H., Kopan R., Israel A.: Nature 377, 355
(1995)

Jensen J., Heller R. S., Funder-Nielsen T., Pedersen E. E., Lindsell C., Weinmaster G.,
Madsen O. D., Serup P.: Diabetes 49, 163 (2000)

Jonsson J., Ahlgren U., Edlund T., Edlund H.: Int Dev Biol. 39, 789 (1995)

Kassem S. A., Ariel 1., Thornton P. S., Scheimberg 1., Glaser B.: .: Diabetes 49, 1325
(2000)

Kawaquchi Y., Cooper B., Gannon M., Ray M., MacDonald R. J., Wright C. V.: Nat
Genet. 32, 128 (2002)

Kim S. K., Hebrok M.: Genes Dev. 15, 111 (2001)

Kim S. K., Hebrok M., Melton D. A.: Development. 124, 4243 (1997)

Kitamura T., Kitamura Y., Kobayashi O., Kikuchi O., Sasaki T., Depinho R. A., Accili D.:
Mol Cell Biol. 29, 4417 (2009)

Kitamura T., Kitamura Y., Kruse J. P., Raum J. C., Stein R., Gu W., Accili D.: Cell Metab.
2, 153 (2005)

Kitamura T., Nakae J., Kitamura Y., Kido Y., Biggs W. H. 3rd., Wright C. V., White M.
F., Arden K. C., Accili D.: J Clin Invest 110, 1839 (2002)

Kloppel G., Lohr M., Habich K., Oberholzer M., Heitz P. U.: Surv Synth Pathol Res. 4,
110 (1985)

Koblas T., Pektorova L., Zacharovova K., Berkova Z., Girman P., Dovolilova E., Karasova

L., Saudek F.: Transplant Proc. 40, 415 (2008)

Koblas T., Zacharovova K., Berkova Z., Leontovic 1., Dovolilova E., Zamecnik L., Saudek

F.: Folia Biol (Praha). 55, 224 (2009)

105



Koblas T., Zacharovova K., Berkova Z., Mindlova M., Girman P., Dovolilova E.,
Karasova L., Saudek F.: Folia Biol (Praha). 53, 13 (2007)

Kroon E., Martinson L. A., Kadoya K., Bang A. G., Kelly O. G., Eliazer S., Young H.,
Richardson M., Smart N. G., Cunningham J., Agulnick A. D., D'Amour K. A., Carpenter
M. K., Baetge E. E.: Nat Biotechnol. 26, 443 (2008)

Kucia M, Reca R, Miekus K, Wanzeck J, Wojakowski W, Janowska-Wieczorek A,
Ratajczak J, Ratajczak MZ.: Stem Cells. 23, 879 (2005)

Lee J. C., Smith S. B., Watada H., Lin J., Scheel D., Wang J., Mirmira R. G., German M.
S.: Diabetes. 50, 928 (2001)

Lefebvre B, Belaich S, Longue J, Vandewalle B, Oberholzer J, Gmyr V, Pattou F, Kerr-
Conte J.: Biochem Biophys Res Commun. 391, 305 (2010)

Li W. C., Rukstalis J. M., Nishimura W., Tchipashvili V., Habener J. F., Sharma A.,
Bonner-Weir S.: J Cell Sci. 123, 2792 (2010)

Massagué J., Chen Y. G.: Genes Dev. 14, 627 (2000)

Maehr R., Chen S., Snitow M., Ludwig T., Yagasaki L., Goland R., Leibel R. L., Meltom
D. A.: Proc Natl Acad Sci USA. 106, 15768 (2009)

Manchester K. L.: Biochem J. 117, 457 (1970)

Miralles F., Czernichow P., Scharfmann R.: Development. 125, 1017 (1998)

Morales AE, She JX, Schatz DA.: Curr Diab Rep. 1, 28 (2001)

Murtaugh L. C., Stanger B. Z., Kwan K. M., Melton D. A.: Proc Natl Acad Sci USA. 100,
14920 (2003)

Newgard CB.: Diabetes. 51, 3141 (2002)

Ni HT, Hu S, Sheng WS, Olson JM, Cheeran MC, Chan AS, Lokensgard JR, Peterson PK.:
Brain Res Dev Brain Res. 152, 159 (2004)

106



Nishimura W., Kondo T., Salameh T., El Khattabi I., Dodge R., Bonner-Weir S., Sharma
A.: Dev Biol. 293, 526 (2006)

Notkins A. L.: J Biol Chem. 277, 43545 (2002)

Ogihara T., Watada H., Kanno R., Ikeda F., Nomiyama T., Tanaka Y., Kankao A., German
M. S., Kojima I., Kawamori R.: J Biol Chem 278, 21693 (2003)

Patti M. E., McMahon G., Mun E. C., Bitton A., Holst J. J., Goldsmith J., Hanto D. W,
Callery M., Arky R., Nose V., Bonner-Weir S., Goldfine A. B.: Diabetologia. 48, 2236
(2005)

Pictet R. L., Clark W. R., Williams R. H., Rutter W. J.: Dev Biol. 29, 436 (1972)

Pin C. L., Rukstalis J. M., Johnson C., Konieczny S. F.: J Cell Biol. 155, 519 (2001)

Ritz-Larsen B., Estreicher A., Gauthier B. R., Mamin A., Edlund H., Philippe J.:
Diabetologia. 45, 97 (2002)

Rovira M., Delaspre F., Massumi M., Serra S. A., Valverde M. A., Lloreta J., Dufresne M.,
Payré B., Konieczny S. F., Savatier P., Real F. X., Skoudy A.: Gastroenterology. 135, 1301
(2008)

Rovira M., Scott S. G., Liss A. S., Jensen J., Thayer S. P., Lesch S. D.: Proc Natl Acad Sci
USA. 107, 75 (2010)

Rozante L. C., Gubitoso M. D., Matioli S. R.: Genet Mol Res. 6, 821 (2007)

Ryle A. P., Sanger F., Smith L. F., Kitai R.: Biochem J. 60, 541 (1955)

Sander M., Sussel L., Conners J., Scheel D., Dela Cruz F., Schwitzgeber V., Hayes-Jordan
A., German M.: Development. 127, 5533 (2000)

Sanvito F., Herrera P. L., Huarte J., Nichols A., Montesano R., Orci L., Vassalli J. D.:
Development 120, 3451 (1994)

Seymour P. A., Freude K. K., Tran M. N., Mayes E. E., Jensen J., Kist R., Scherer G.,
Sander M.: Proc Natl Acad Sci USA. 104, 1865 (2007)

107



Schwitzgebel V. M., Scheel D. W., Conners J. R., Kalamaras J., Lee J. E., Anderson D. J.,
Steiner D. F., Oyer P. E.: Proc Natl Acad Sci USA. 57, 473 (1967)

Sussel L., Johnson J. D., German M. S.: Development. 127, 3533 (2000)

Suzuki A., Nakauchi H., Taniguchi H.: Diabetes. 53, 2143 (2004)

Thorel F., Népote V., Avril 1., Kohno K., Desgras R., Chera S., Herrera P. L.: Nature. 464,
1149 (2010)

Triimper K., Trimper A., Trusheim H., Arnold R., Géke B., Hérsch D.: Ann N'Y Acad Sci
921, 242 (2000)

Uchida N, Buck DW, He D, Reitsma MJ, Masek M, Phan TV, Tsukamoto AS, Gage FH,
Weissman IL.: Proc Natl Acad Sci U S A. 97, 14720 (2000)

Ustav zdravotnickych informaci a statistiky CR: Pé&e o nemocné cukrovkou (2009)
Watanabe H, Saito H, Ueda J, Evers BM.: Biochem Biophys Res Commun. 370, 33(2008)

Yang L., Li S., Hatch H., Ahrens K., Cornelius J. G., Petersen B. E., Peck A. B.: Proc Natl
Acad Sci USA. 99, 8078 (2002)

Yoshida S., Ishikawa F., Kawano N., Shimoda K., Nagafuchi S., Shimoda S., Yasukawa
M., Kanemaru T., Ishibashi H., Shultz L. D., Harada M.: Stem Cells. 23, 1409 (2005)

Yoshitomi H., Zaret K.S.: Development. 131, 807 (2004)
Zhou Q., Brown J., Kanarek A., Rajagopal J., Melton D. A.: Nature. 455, 627 (2008)

Zou YR, Kottmann AH, Kuroda M, Taniuchi I, Littman DR.: Nature. 393, 595 (1998)

108



8. PRILOHY PUBLIKACI

Priloha 1

Koblas Tomas, Zacharovova Klara, Berkova Zuzana, Mindlova Martina,
Girman Peter, Dovolilovda Eva, Karasovda Ludmila, Saudek FrantiSek:
Isolation and characterization of human CXCR4-positive pancreatic

cells. Folia Biol. 53, 13-22 (2007) IF=0,596

Priloha 2

Koblas Tomas, Pektorova Lenka, Zacharovova Klara, Berkova Zuzana,
Girman Peter, Dovolilovd Eva, Karasova Ludmila, Saudek FrantiSek:
Differentiation of CD133-positive pancreatic cells into insulin-producing
islet-like cell clusters. Transplant Proc. 40, 415-418 (2008) IF=1,055

Priloha 3

Koblas Tomas, Zacharovova Klara, Berkova Zuzana, Girman Peter, Saudek
FrantiSek: An acidic pH and activation of phosphoinositide 3-kinase
stimulate differentiation of pancreatic progenitors into insulin-producing

cells. Transplant Proc. 42, 2075-2080 (2010) 1F=0,994

Priloha 4

Leontovy¢ Ivan, Koblas Toma$, Pektorovd Lenka, Zacharovova Klara,
Berkova Zuzana, Saudek FrantiSek: The effect of epigenetic factors on
differentiation of pancreatic progenitor cells into insulin producing cells.

Transplant Proc. V recenznim fizeni

109



Priloha 5

Koblas Tomas, Zacharovova Klara, Berkovd Zuzana, Leontovy¢ Ivan,
ZameCnik Lubomir, Saudek FrantiSek: In vivo differentiation of human
umbilical cord blood-derived cells into insulin-producing beta cells. Folia

Biol. 55, 224-232 (2009) IF=1,14

110



Isolation and Characterization of Human CXCR4-Positive

Pancreatic Cells

( diabetes mellitus / insulin / pancreas / 3 cell / islets / stem cells / CXCR4 )
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E. DOVOLILOVA, L. KARASOVA, F. SAUDEK

Institute for Clinical and Experimental Medicine, Prague, Czech Republic

Abstract. The existence of an adult PSC that may be
used in the treatment of diabetes is still a matter of
scientific debate as conclusive evidence of such a
stem cell in the adult pancreas has not yet been pre-
sented. The main reason why putative PSC has not
yet been identified is the lack of specific markers
that may be used to isolate and purify them. In
order to increase the list of potential PSC markers
we have focused on the human pancreatic cells that
express cell surface receptor CXCR4, a marker of
stem cells derived from different adult tissues. Here
we report that CXCR4-positive pancreatic cells
express markers of pancreatic endocrine progeni-
tors (neurogenin-3, nestin) and markers of pluripo-
tent stem cells (Oct-4, Nanog, ABCG2, CD133,
CD117). Upon in vitro differentiation, these cells
form ILCC and produce key islet hormones includ-
ing insulin. Based on our results, we assume that
CXCR4 marks pancreatic endocrine progenitors
and in combination with other cell surface markers
may be used in the attempt to identify and isolate
PSC.

Diabetes mellitus (DM) is a chronic, life-threatening
disease characterized by a metabolic disorder in which
there is a lack of action or production of insulin. Type 1
DM is caused by an autoimmune reaction leading to the
destruction of the insulin-producing 3-cells in the pan-
creas. Current methods of DM treatment are not capa-
ble to achieve tight control of blood sugar level
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resulting in serious long-term complications, including
eye, kidney, nerve and heart disease. Presently, the only
approaches to achieving normal glucose control are
transplantation of the whole pancreas or transplantation
of isolated pancreatic islets (Shapiro et al., 2000;
Robertson et al., 2006). This kind of treatment is cur-
rently available only for a highly selected group of
patients. Whole organ pancreas transplantation is usual-
ly performed in diabetic patients with kidney failure
who are simultaneously undergoing kidney transplanta-
tion (Robertson et al., 2006). A major obstacle to pro-
viding whole pancreas or islet transplantation to those
in need is the lack of organs as they can only be
obtained from cadaver donors. Therefore, the research
in the diabetes field has focused on the identification of
new sources of insulin-producing tissue.

The embryonic or adult stem cells are considered to
be the most promising source of such tissue. Embryonic
stem cells (ESC) may seem to be the best material for
generating new P-cells as they are pluripotent and can
differentiate into any cell of three germ layers including
endoderm-derived pancreas. Indeed, some studies have
reported generations of insulin-producing cells from
ESC (Soria et al., 2000; Lumelsky et al., 2001).
However, the insulin content was significantly lower in
comparison with mature islet -cells and when trans-
planted into animals, ESC-derived cells developed
tumours (Fujikawa et al., 2005). In addition, the ESC
research and eventual clinical application is hindered
by serious ethical concerns.

Since the adult stem cells do not raise such ethical
issues, they may be considered as a more suitable
source of insulin-producing tissue. Moreover, adult
stem cells are partially committed and are supposed to
give rise to all cell types of the organ in which they
reside. Thus, further manipulation of adult stem cells in
an attempt to acquire fully differentiated cells with a
mature phenotype would be much easier than in the
case of uncommitted ESC.

A large body of evidence supports the assumption that
in postnatal life newly formed —cells are at least partially
derived from the pancreatic stem cell. However, conclu-
sive evidence of such a stem cell that can give rise to
B—cells in the adult pancreas is still lacking. Pancreatic
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stem cells (PSC) are believed to reside within ductal tis-
sue or the islets themselves. The notion that ductal tissue
harbours PSC is supported by the mechanism of islet
development during organogenesis when new islets arise
from pancreatic ducts (Pictet et al., 1972; Edlund, 2002).
Indeed, it has been reported in several studies that cultures
of mouse and human ductal cells give rise to insulin-pro-
ducing cells (Bonner-Weir et al., 2000; Ramiya et al.
2000; Gao et al.,, 2003). Similar results have been
achieved in studies using islet-derived cells (Lechner et
al., 2005). Although the transplantations of these cells
were capable to treat diabetic animals in some of the
cases, low insulin content and the possible contribution of
P cells present in the original islet and ductal tissues may
weaken the stem cell character of the applied cells. For
instance, simple B-cell replication may explain the reap-
pearance of insulin-producing cells (Dor et al., 2004).

The main reason why a putative pancreatic stem cell
has not yet been discovered is the lack of specific mark-
ers that could be used to recognize and purify them.
Cell surface markers in particular may be very valuable
for the attempt to isolate and further study stem cells.
One of the few cell surface molecules that are consid-
ered as a pancreatic stem cell marker is c-Met, a recep-
tor for hepatocyte growth factor (HGF) (Suzuki et al.,
2004). In addition to other cell surface markers, the c-
Met is also expressed in the recently identified human
tissue-committed stem cells (TCSC) (Kucia et al.,
2004). Another surface molecule that belongs to the
family of TCSC markers is CXCR4. The CXCR4
receptor and its ligand, stromal derived factor SDF-1a.,,
are required for appropriate patterning during ontogeny
and stimulate the growth and differentiation of critical
cell types. Moreover, CXCR4/SDF-1a axis is an oblig-
atory component in the maintenance of pancreatic duct
cell survival, proliferation, and migration during pan-
creatic organogenesis and regeneration (Kayali et al.,
2003). As noted above, the results of several studies
suggest that pancreatic duct epithelium itself serves as
a pool for progenitors and PSC that are able to migrate
toward the existing or newly forming islets and differ-
entiate into new B-cells. In this case, CXCR4 could
play an important role in the process of stem cell dif-
ferentiation and migration during islet neogenesis.

The aim of our study was to characterize the popula-
tion of CXCR4-positive human pancreatic cells, their
ability to differentiate toward insulin-producing cells and
determine whether these cells share the markers of stem
cells and pancreatic endocrine progenitors. Here we
report that CXCR4-positive cells from the islet-depleted
pancreatic fraction express markers of pancreatic
endocrine progenitors (neurogenin-3, nestin) and mark-
ers of pluripotent stem cells (Oct-4, Nanog, ABCG2,
CD133, CD117). Upon in vitro differentiation, these
cells form islet-like cell clusters (ILCC) that produce key
islet hormones and acquire a 3-cell like phenotype.

Material and Methods

Tissue preparation

To isolate CXCR4-positive cells, we used human
pancreatic acinar tissue that remains after the islet iso-
lation and is discarded. The programme of isolation and
transplantation of human pancreatic islets was
approved by the Ethics Committee of the Institute for
Clinical and Experimental Medicine and Thomayer’s
Teaching Hospital.

Human islets and pancreatic tissue were isolated
according to previously described methods (Shapiro et
al., 2000). Briefly, islets were isolated from pancreata
obtained from 7 donors (mean age 49 £ 18 years, range
29-69). The pancreatic duct was perfused with a cold
enzyme mixture containing Liberase HI (Roche,
Indianapolis, IN). Tissue was then transferred to a mod-
ified Ricordi chamber (Shapiro et al., 2000) and sepa-
rated by gentle mechanical agitation and enzymatic
digestion at 37°C. Islets were purified with the use of
continuous gradients of Ficoll-diatrizoic acid in an
aphaeresis system (model 2991, Gambro, Pferov, Czech
Republic). The continuous Ficoll gradient was layered
before the separation step. The solution densities
ranged from 1.064 to 1.092 g/ml with the densest solu-
tion at the bottom of density gradient. During centrifu-
gation, islets migrated to the interface between 1.070
and 1.080 g/ml. The remaining cellular material from
the denser layer was pooled and further processed.

Cell separation by magnetic activated cell sort-
ing (MACS)

Cellular material obtained from islet isolation (3 x 103
cells) was filtered through a 70-pum cell strainer to remove
residual islets. Filtered tissue suspension was digested with
Accutase solution (Sigma-Aldrich, Steinheim, Germany)
for 10 min at 37°C. The single-cell suspension was washed
in staining buffer (PBS, 0.5 %HSA, 2 mM EDTA, pH 7.2)
and centrifuged at 300 g for 10 min. Cell pellet was resus-
pended in staining buffer with diluted (1 pg/10° cells) pri-
mary mouse anti-CXCR4 antibody (SantaCruz
Biotechnology, Santa Cruz, CA) for 10 min at 4°C. After
washing in staining buffer and centrifugation (300 g, 10
min.), the cell pellet was incubated with microbeads conju-
gated to a monoclonal antibody against primary CXCR4
antibody Rat Anti-Mouse IgG2a+b MicroBeads (Miltenyi
Biotech, Bergisch Gladbach, Germany) for 15 min. at 4°C.
After the final washing, cells were resuspended in staining
buffer and processed in a MidiMACS magnetic separation
unit (Miltenyi Biotech) with attached LS column (Miltenyi
Biotech). The column was rinsed with cold staining buffer
to wash out unlabelled cells. CXCR4-positive cells trapped
in the second LS column were eluted after the column had
been removed from the magnet field of the MidiMACS
separation unit. The purity of cells was determined by
immunofluorescence staining using goat anti-CXCR4 anti-
body (SantaCruz Biotechnology).
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Cell culture studies

CXCR4-positive islet-derived pancreatic cells were
pre-cultured for the first three days in CMRL 1066
medium (Sigma-Aldrich) containing 10% FBS, 100
U/ml penicillin, 100 pg/ml streptomycin, 10 mM
Hepes, 10 pl/ml Glutamax-I (Gibco BRL, Paisley, UK)
and 2 mmol/I streptozotocin. On the 3™ day after isola-
tion, cells were washed with HBSS (Biocoll, Seattle,
WA) and further cultured in serum-free DMEM/F12
expansion medium supplemented with 0.5 % human
albumin, 100 U/ml penicillin, 100 pug/ml streptomycin,
10 mM Hepes, 1| mM sodium pyruvate, 10 pg/ml
insulin, 5.5 pg/ml transferrin, 5 ng/ml selenium (ITS)
(all Sigma-Aldrich) and 10 pl/ml Glutamax-I (Gibco).
To promote cell proliferation, the medium was supple-
mented with 10 ng/ml of basic fibroblast growth factor
(FGF2) and 20 ng/ml epithelial growth factor (EGF)
(both Peprotech, Rocky Hill, NJ). To induce differenti-
ation into pancreatic endocrine cells, the medium was
supplemented with 100 pM exendin-4 , 10 nM nicoti-
namide (both Sigma-Aldrich), 2 nM activin-A, 10 pM

HGF and 2 nM LIF (all Peprotech), and cultured for
one week.

Reverse transcriptase polymerase chain reac-
tion (RT-PCR)

Total RNA (from approximately 10° cells and 103
cells in case of ILC) was isolated using Rneasy Plus
Mini Kit (Qiagen, Hilden, Germany) and treated with
DNAse using RNase-Free DNase Set (Qiagen). RNA
was isolated from approximately 1x10° cells and 103
cells in case of ILCC. Isolated RNA (2 pg) was reverse
transcribed with Omniscript RT Kit (Qiagen) according
to the manufacturer’s instructions. cDNA was amplified
using HotStarTaq Master Mix Kit (Qiagen). Total RNA
from the islet fraction was used as positive control.
Gene-specific primer pairs, annealing temperatures,
and product sizes are listed in Table 1. All of the
primers span at least one of the introns and most of
them are designed to span the intron/exon boundary.
PCR products were separated and visualized on 2%
agarose gel containing ethidium bromide.

Table 1. Sequences of specific primer pairs employed for RT-PCR

Gene name Forward primer Reverse primer Annealing Product
temperature length
Insulin ccatcaagcacatcactgtcc ccatctctctcggtgcagg 61 414
PDX-1 cttgttctecteecggetee cttgtcctectectttttccac 61 202
Glucagon gcgagatttcccagaagagg agcaggtgatgttgtgaagatg 61 198
GLP-1 Receptor tggcattggggtgaacttcc caggcgctggagtctcage 61 462
Neurogenin-3 tctattcttttgegecggtag agtgccaactcgctcttagg 61 256
NeuroD/BETA2 aggaattcgcccacgeag gtctettgggcttttgategte 61 346
Isl1-1 ggagcaactggtagagatgacg agtactttccaaggtggctgg 61 245
Nkx2.2 ctacgacagcagcgacaacc gccttggagaaaageactcg 61 219
Nkx6.1 gctctacttcagecccage ggaaccagaccttgacctgac 61 332
OCT-4isol agctggagaaggagaagcetgg tcggaccacatccttctcgag 61 458
OCT-4is02 ggggagattgataactggtgtg tcggaccacatccttctcgag 61 480
ABCG2 gatatggatttacggctttgc aaggccacgtgattcttec 61 175
Nanog gcaaacaacccacttetge aggccttctgegtecacac 61 288
Glut2 cactgctgtctetgtattcettgtg aaactcagccaccatgaacc 61 223
Pax4 actcccagtgtctectecate ggaaaaccagaccctcacc 61 298
Pax6 geectggagaaagagtttgag gegcetgtaggtgtttgtgagg 61 314
HNF3beta tggagcagctactatgcagage atggagttcatgttggcgtag 61 356
HNF6 cgcaggtcagcaatggaag gatgagttgcctgaattggag 61 535
HLXB-9 taagatgcccgacttcaactec caaatcttcacctgggtcteg 61 192
LIFR cttgcgagcectatacagatgg ctgcttcectcacagacactc 61 249
HGF-R agtgaagtggatggctttgg gggcagtattcgggttgtag 61 162
CD117 agatgctcaagccgagtge actatcgctgcaggaagactcc 61 284
CD133 tettectcatggttggagtteg ttaccagtctgagccaagtage 61 478
GAPDH ggagtcaacggatttggtcg catgggtggaatcatattggaac 61 142
SOX17 cagaatccagacctgcacaac ctgctcggggaactggag 61 294
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Immunocytochemistry

MACS-separated cell suspension was washed with
PBS and then centrifuged onto microscope slides at 55
g for 10 min. Cytospin slides were fixed in 4% PFA for
15 min and rinsed in PBS before staining.

ILCL were washed with PBS, fixed for 15 min in 4%
PFA, rinsed with PBS, suspended in a 2% agarose-PBS
solution and centrifuged at 100 g for 3 min to form
compact pellets. After overnight submersion in 30%
sucrose, ILCC were embedded in OCT mounting medi-
um (TissueTek, Bayer Corp, Pittsburgh, PA), frozen in
liquid nitrogen, and stored at —80°C.

After several washes in PBS, 8-um sections of frozen
ILCC or fixed cytospin slides were incubated in blocking
solution containing 10% normal goat serum (Jackson
Immunoresearch Laboratories, West Grove, PA ) in 0.2%
Triton X-100, 0.1 M glycine (Sigma-Aldrich) and PBS
for 1 h at room temperature to prevent unspecific binding.
Incubation with primary antibodies in appropriate dilu-
tion was performed in a blocking solution for 1 h at 37°C.
The following primary antibodies were used at the fol-
lowing dilutions: goat anti-CXCR4, 1 : 100 (SantaCruz
Biotechnology), mouse anti-CXCR4, 1 : 100 (SantaCruz
Biotechnology), goat anti-nestin, 1 : 100 (SantaCruz Bio-
technology), rabbit anti-LIFR, 1 : 100 (SantaCruz Bio-
technology), goat anti-glucagon, 1 : 100 (SantaCruz
Biotechnology), rabbit anti-insulin, 1 : 100 (SantaCruz
Biotechnology), mouse anti-human C-peptide 1 : 200
(ExBio, Czech Republic). After intensive washing with
PBS, sections were incubated with the specific secondary
antibody diluted in the blocking solution for 1 h at 37°C.
The secondary antibodies were: Alexa Fluor 488 donkey
anti-goat IgG Alexa fluor 546, Alexa Fluor 555 donkey
anti-mouse IgG, Alexa Fluor 555 donkey anti-rabbit IgG
(all from Molecular Probe, Eugene. OR). 4,6-Diamidino-
2-phenylindole (DAPI) (Sigma-Aldrich) at a concentra-
tion 5 pg/ml was used to label the nuclei for 10 min at
37°C. After rinsing with PBS, sections were mounted
with antifade solution and examined with a fluorescence
microscope (Model BX 41, Olympus, Japan).

C-peptide cell content

Cell protein extract was isolated using AllPrep
RNA/Protein Kit (Qiagen). Human C-peptide was
determined using a C-peptide IRMA kit (Beckman
Coulter, Fullerton, CA) according to the manufacturer’s
instructions.

Results

Pancretic tissue obtained after islet isolation from
human pancreata (N = 7) was filtered through a strain-
er to remove any remaining islets. Dithisone staining of
tissue samples confirmed the absence of pancreatic
islets, which typically stain red due to their zinc con-
tent. Cellular material was further dissociated to obtain
single-cell suspension. The ratio of P-cells present

within the cell suspension was assessed by immunoflu-
orescence detection of C-peptide-positive cells and was
as low as 0.04 £ SD 0.02 % (Fig. 1D).

CXCR4-positive cells represented 22.1 £ 6.6 % of
all cells processed by MACS. The purity of cell frac-
tions revealed by immunostaining was more than 90%
in the case of CXCR4-positive as well as -negative
fractions (Fig. 1A). Slight contamination of both frac-
tions by B-cells was confirmed by RT-PCR (Fig. 2).
The expression of transcription factors involved in pan-
creatic endocrine cell differentiation (Pdx1, NeuroD1,
Pax6, Nkx2.2, Nkx6.1, Isll and HNF-3B) was also
detected in both fractions (Fig. 2). Detection of these
transcription factors could be caused by the presence of
mature (-cells; however, other cell types could also
express some of these transcription factors. In particu-
lar, the detection of the neurogenin-3 mRNA within
CXCR4-positive cell population (Fig. 2) reveals the
presence of pancreratic endocrine progenitors.
Neurogenin-3 was also expressed in the islet cell frac-
tion (Fig. 2).

Immunostaining for nestin, a putative marker of
PSC, showed some positive cells in the CXCR4 cell
fraction (Fig. 1B). Positive staining for leukaemia
inhibitory factor receptor (LIFR) (Fig. 1C), another cell
surface marker of TCSC, is in accordance with RT-PCR
detection (Fig. 2). RT-PCR analysis further revealed the
expression of several markers of pluripotent and adult
stem cells, including transcription factors Oct4 and
Nanog, and cell surface receptors CD117, CD133, and
ABCG2.

To explore the potential of CXCR4-positive cells to
differentiate toward islet endocrine cells we have
decided to deplete contaminating B-cells. The objec-
tive of this step was to exclude the possible contribu-
tion of f—cells that could proliferate or re-differentiate
during further culturing. After three days of cultivation
in a medium containing streptozotocin and a subse-
quent 10 days of cultivation in a serum-free medium no
insulin-positive cells were detected either by immuno-
fluorescence or by RT-PCR.

The initial 3-day cultivation was accompanied with
extensive cell apoptosis and necrosis that resulted in a
62.4 £ 8.2% reduction in the total cell number. During
the 10-day culture in a serum-free medium, BFGF and
EGF growth factors, which are known for their benefi-
cial effects on proliferation of precursors, were added.
The rate of cell apoptosis determined by PI staining had
decreased to 8.7 £ 2.1% (data not shown).
Concomitantly, there was an increase in the number of
cells that reached 92.1 £ 15.1% of the original cell num-
ber. During cultivation, most of the cells were attached
to the surface of the flask and possessed an epithelial-
like, round morphology (Fig. 3A, B). The cell popula-
tion obtained after cultivation in the serum-free
medium no longer expressed insulin, glucagon, and
somatostatin. On the other hand, the expression of
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Fig. 1. Immunofluorescence detection of CXCR4 (A), nestin (B), LIFR (C) and insulin (D) in CXCR4 positive cells. All
nuclei in A-D are stained blue with DAPI.

Pdx1, Nkx6.1, NeuroD1, Pax6, Isl1 and ngn-3 was still
observed (Fig. 4).

Afterwards, cells were seeded at a high density in a
medium supplemented with exendin-4, nicotinamide,
activin-A, HGF and LIF, supplements that have been
reported to support differentiation of insulin-producing
cells. Two days after the initial seeding, some of the
cells began to form colonies (Fig. 3C) that gave rise to
the ILCC (Fig. 3D-F). The first ILCC were observed
after four days of culturing in a differentiation medium
(Fig. 3D). Within seven days, 108 = 28 ILCC had
formed from 5 x 109 cells. The average size of ILCC
was 134 =+ 87 pm and one of the ILCC contained 1231
+ 574 cells.

Differentiation of cells was associated with the
expression of key pancreatic hormones insulin
glucagon and somatostatin as well as trancription fac-
tors of endocrine differentiation (Fig. 4). The expres-
sion of preproinsulin and glucagon by ILCC was
confirmed by immunostaining for both of these hor-
mones (Fig. 5A). The proportion of ILCC C-peptide-

positive cells (5.8 + 1.1 %) was significantly lower than
the number of glucagon-positive cells (13.3 + 2.8) (Fig.
5B). C-peptide protein content was 0.38 = 0.11 pmol/pg
of total protein as determined by radioimmunoassay of
ILCC cellular extracts. One of the most intriguing find-
ings was almost homogenous staining for nestin in most
of the ILCC cells (Fig. 5A). Within ILCC cells,
CXCR4-positive cells were also detected (Fig. SB).

Discussion

Here we report that the population of CXCR4-posi-
tive pancreatic cells contains endocrine progenitors that
are able to give rise to different endocrine cells bearing
characteristics of differentiated islet cells (B-cells,
a-cells, 5-cells). Upon differentiation, CXCR4-positive
cells isolated from non-endocrine pancreatic tissue
form islet-like cell clusters that produce islet hormones
such as insulin, glucagon, and somatostatin. In addition,
we have shown that cells expressing markers of
pluripotent and tissue-committed stem cells are present
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Fig. 2. RT-PCR analysis of gene expression in CXCR4-positive (CXCR4+) and CXCR-negative (CXCR4-) cells.
Transcripts were analysed with the indicated primers, in comparison with a negative control (-RT) and a positive con-

trol (+HI, human islet RNA).

within the pancreatic non-endocrine tissue. These cells
may represent the source of newly formed endocrine
progenitors as well as differentiated islet endocrine
cells.

In an attempt to identify a pancreatic endocrine prog-
enitor and a stem cell, we have employed genetic mark-
ers that are involved in the development of endocrine
pancreas and B-cell neogenesis. Among the best defined
and studied markers are transcription factors that regu-
late gene expression during the differentiation process.
Unfortunately, most of the transcription factors
involved in -cell differentiation could not be used as
exclusive markers of endocrine progenitors since they
are also expressed by mature endocrine cells and other
pancreatic cell types (Edlund, 2002; Murtaugh et al,
2003). So far, the basic helix-loop-helix transcription
factor neurogenin-3 (ngn-3) represents the only excep-
tion of this unfavourable rule.

The expression of ngn-3 is only transient. ngn-3 is
exclusively expressed in islet cell progenitors and not in
differentiated islet cells (Schwitzgebel et al., 2000). In
rodents, ngn-3-positive cells give rise to all four
endocrine cell types not only during embryogenesis, but

also in postnatal life (Gu et al., 2002). In adult human
pancreas ngn-3 expression was recently revealed only
in islets (Lechner et al., 2005). It has led to the assump-
tion that progenitor/stem cells exist only within islets,
an idea supported by a few animal studies (Gu et al.,
2002; Kodama et al., 2005). On the other hand, our
finding that ngn-3-positive cells are present within
adult non-endocrine tissue as well as in islets supports
the hypothesis that newly formed B-cells bud from pan-
creatic ducts. Our result is in accordance with a study
that employed a highly sensitive immunostaining
method (Wang et al., 2005). In this study, ngn-3-posi-
tive cells were not only detected in islets of adult pan-
creas, but were also observed in duct-like cells of
diabetes-prone rats. The discrepancy between these
results and those obtained in earlier studies may stem
from different immunostaining techniques and primers
used for the detection of ngn-3 and its expression.

The expression of ngn-3 was more abundant in the
CXCR4-positive cells in comparison with the CXCR4-
negative population. Thus, it may be assumed that the
CXCR4 receptor serves as a marker of pancreatic
endocrine progenitors.
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Fig. 3. Phase contrast images of: (A) cell suspension derived from CXCR4-positive cells, (B) 3x magnification of A, (C)

forming cell clusters, (D-E) ILCC buds appear 4 days after the initiation of differentiation, (F) some of the ILCC attain
a diameter of more than 200 pum.
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Fig. 4. RT-PCR analysis of gene expression in ILCC and initial culture prior to differentiation into ILCC. Transcripts
were analysed with the indicated primers, in comparison with a negative control (-RT) and a positive control (+HI,

human islet RNA).

A

Fig. 5. Immunofluorescence double staining of C-peptide (red) and nestin (green) in ILCC (A), glucagon (green) and
CXCRA4 (red) in ILCC (B). All nuclei in panels A and B are stained blue with DAPI.

Based on this finding we wanted to determine revealed the expression of several markers of pluripo-

whether the CXCR4-positive cell population also con-  tent stem cells including transcription factors Oct4 and
tains more primitive cells with stem cell characteristics. =~ Nanog that are required to maintain the pluripotency of
embryonic cells (Cauffman et al., 2006), and markers of

adult stem cells (Zhou et al., 2001; Yu et al., 2002;

We have focused on the markers that are expressed by
the pluripotent stem cells and TCSC. RT-PCR analysis
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Wang et al., 2004) such as receptor for stem cell factor
CD117, cell surface receptor CD133, and the side pop-
ulation stem cell marker ABCG2.

The potential of CRCX4-positive cells that give rise
to insulin-producing cells was tested by in vitro culture
stimulated by selected growth factors and nutrients.
Although the total number of insulin-positive cells
within newly formed ILCC was significantly lower in
comparison with native islets, the number of glucagon-
positive cells was almost the same as in freshly isolated
islets. It could have been caused by the culture medium
used during differentiation. Our selection of growth
factors and supplements could prefer o.-cell differentia-
tion of endocrine progenitors at the expense of -cell
differentiation.

Another interesting finding is that almost all the cells
in ILCC were positive for nestin. Nestin is thought to be
a marker of PSC that is expressed during differentiation
of insulin-producing cells. Although the role of nestin
as a marker of PSC has been disputed (Selander et al.,
2002; Treutelaar et al., 2003), most of the studies
addressing the expression of nestin during 3-cell differ-
entiation supports the conclusion that nestin marks PCS
(Wang et al., 2005; Eberhardt et al. 2006). With a low
proportion of hormone-positive cells within ILCC and
the high number of nestin-positive cells we may assume
that some hormone-negative progenitors or stem cells
were still present within ILCC. This assumption is sup-
ported by the results of the RT-PCR that demonstrated
the expression of ngn-3 and stem cell markers.

Although the formation of ILCC from pancreatic tis-
sue has already been presented by other authors
(Bonner-Weir et al., 2000; Ramiya et al. 2000; Gao et
al., 2003; Wang et al., 2004; Lechner et al., 2005), our
group is the first to describe the derivation of ILCC
from CXCR4-positive pancreatic cells.

However, the mechanism of the differentiation of our
ILCC could be explained by different means. In addi-
tion to the differentiation from stem cells, new -cells
could be derived by trans-differentiation from other
pancreatic and even non-pancreatic cell types, which
could have happened in our case as we used mainly aci-
nar and ductal tissue. Another possible explanation
could be de-differentiation of mature B-cells into a
more primitive cell type such as progenitor or stem
cells and their further re-differentiation into insulin-
producing cells. However, the low -cell number in the
original sample does not necessarily support this expla-
nation.

The formation of ILCC from the different cell types
was described by many authors (Bonner-Weir et al.,
2000; Ramiya et al. 2000; Gao et al., 2003; Lechner et
al., 2005); however, only some of these experiments
were successfully reproduced. In some of the cases, the
detected insulin could be absorbed by cells from the
culture medium which contained insulin supplements
(Rajagopal, 2003; Hansson et al., 2004). In our study,

for insulin production we employed the detection of
C-peptide that is not added to the medium. C-peptide
is a part of the pro-insulin peptide that is produced by
B-cells and later separated into mature insulin and
C-peptide.

The origin of newly formed B-cells in postnatal life
still remains unclear. Although a large body of evidence
supports the assumption that newly formed p cells are
derived from PSC, the conclusive evidence of such spe-
cific stem cell type in the adult pancreas has not yet
been presented. In our study, we have shown one possi-
ble source of B cells that could be easily obtained and,
upon in vitro differentiation, give rise to insulin-pro-
ducing cells. In future research, we will focus on the
potential of these cells to produce insulin in vivo and
possibly treat diabetic animals.
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Differentiation of CD133-Positive Pancreatic Cells Into
Insulin-Producing Islet-Like Cell Clusters

T. Koblas, L. Pektorova, K. Zacharovova, Z. Berkova, P. Girman, E. Dovolilova, L. Karasova,

and F. Saudek

ABSTRACT

Adult pancreatic stem and progenitor cells could represent an alternative source of
insulin-producing tissue for diabetes treatment. In order to identify these cells, we have
focused on the human pancreatic cells expressing cell surface molecule CD133, a marker
of adult stem cells. We found that population of human CD133-positive pancreatic cells
contains endocrine progenitors expressing neurogenin-3 and cells expressing human
telomerase, ABCG2, Oct-3/4, Nanog, and Rex-1, markers of pluripotent stem cells. These
cells were able to differentiate into insulin-producing cells in vitro and secreted C-peptide
in a glucose-dependent manner. Based on our results, we suppose that the CD133
molecule represents another cell surface marker suitable for identification and isolation of

pancreatic endocrine progenitors.

DULT pancreatic stem or progenitor cells could rep-
resent an alternative source of insulin-producing
tissue. Pancreatic stem cells are believed to reside within
ductal tissue or the islets themselves. Although a putative
pancreatic stem cell has not yet been discovered, a large
body of evidence supports the assumption that in postnatal
life newly formed B cells are at least partially derived from
the pancreatic stem cell. One of the few cell surface
molecules that is considered to be a pancreatic stem cell
marker is c-Met, a receptor for hepatocyte growth factor
(HGF).! Another surface molecule that belongs to the
family of tissue-committed stem cell markers in other
organs is CD133.2
The aims of our study were to isolate and to characterize
human pancreatic CD133-positive cells from the exocrine
pancreatic tissue and to further evaluate their potential to
differentiate into insulin-producing cells.

© 2008 by Elsevier Inc. All rights reserved.
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METHODS
Tissue Preparation

For isolation of the CD133-positive cells, we used human pancre-
atic acinar tissue that remains after islet isolation and is discarded.
The program of isolation and transplantation of human pancreatic
islets was approved by the Ethics Committee of the Institute for
Clinical and Experimental Medicine and the Thomayerova Teach-
ing Hospital. Human islets and pancreatic tissue were isolated
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according to previously described methods.> Briefly, islets were
isolated from pancreata obtained from 5 donors (mean age, 45 +
SD of 13 years). The pancreatic duct was perfused with a cold
enzyme mixture containing Liberase HI (Roche, Indianapolis, Ind,
United States). Tissue was then transferred to a modified Ricordi
chamber® and separated by gentle mechanical agitation and enzy-
matic digestion at 37°C. Islets were purified with the use of a
continuous density gradient of Ficoll-diatrizoic acid in an aphaere-
sis system (model 2991, Gambro, Stockholm, Sweden). The con-
tinuous Ficoll gradient was layered before the separation step. The
solution densities ranged from 1.064 to 1.092 g/mL with the densest
solution at the bottom of the density gradient. Due to their lower
density, the islets were separated from the remaining cellular
material at the bottom of the gradient, which was pooled and
further processed.

Cell Separation by Magnetic Activated Cell Sorting

Cellular material obtained from islet isolation (approximately 3 X
108 cells) was filtered through a 40-um cell strainer to remove
residual islets. Filtered tissue suspension was digested with Ac-
cutase solution (Sigma-Aldrich, Steinheim, Germany) for 10 min-
utes at 37°C. The single-cell suspension was washed in staining
buffer (PBS, 0.5% HSA, 2 mmol/L EDTA, pH 7.2) and centrifuged
at 300g for 10 minutes. Cell pellet was incubated with microbeads
conjugated to a monoclonal antibody against CD133 (Miltenyi
Biotech, Bergisch Gladbach, Germany) for 15 minutes at 4°C.
After washing, cells were resuspended in the staining buffer and
processed in a MidiMACS magnetic separation unit (Miltenyi
Biotech) using a LS column (Miltenyi Biotech). The column was
rinsed with cold staining buffer to wash out the unlabelled cells.
CD133-positive cells trapped in the second LS column were eluted
after the column had been removed from the magnet field of the
MidiMACS separation unit. The number of cells was assessed by
counting in a Burker-Turk counting chamber.

Cell Culture Studies

CD133-positive pancreatic cells were cultured for 2 weeks in
serum-free Knockout DMEM medium (Invitrogen, Paisley, United
Kingdom) containing 100 U/mL penicillin, 100 ug/mL streptomy-
cin, 10 mmol/L Hepes, 10 pL/mL Glutamax-I (Gibco BRL, Paisley,
United Kingdom), 10 uwg/mL insulin, 5.5 pg/mL transferrin, 5
ng/mL selenium (ITS) (all Sigma-Aldrich), 10 ng/mL basic fibro-
blast growth factor (FGF2), and 2 ng/mL HGF (both from Pepro-
tech, Rocky Hill, NJ, United States).

To induce differentiation into pancreatic endocrine cells, the
medium was changed for DMEM/F12 low glucose medium supple-
mented with 100 pmol/L exendin-4, 10 nmol/L nicotinamide (both
Sigma-Aldrich), 2 nmol/L activin-A, 10 pmol/L HGF, and 2 nmol/L
LIF (all Peprotech), and cultured for 5 days.

Reverse Transcriptase Polymerase Chain Reaction

Total RNA (from approximately 10° cells) was isolated using
Rneasy Plus Mini Kit (Qiagen, Hilden, Germany) and treated with
DNAse using RNase-Free DNase Set (Qiagen). RNA was isolated
from approximately 1 X 10° cells and 10° cells in case of islet-like
cell clusters. Isolated RNA (2 ug) was reverse transcribed with
Omniscript RT Kit (Qiagen) according to the manufacturer’s
instructions. Complementary DNA (cDNA) was amplified using
HotStarTaq Master Mix Kit (Qiagen). Total RNA from islet
fraction was used as the positive control. Gene-specific primer
pairs, annealing temperatures, and product size are available at

KOBLAS, PEKTOROVA, ZACHAROVOVA ET AL

Koblas et al.* Polymerase chain reaction (PCR) products were
separated and visualized on 2% agarose gel containing ethidium
bromide.

Immunocytochemistry

ILCC were washed with PBS, fixed for 15 minutes in 4% parafor-
maldehyde, rinsed with PBS, suspended in a 2% agarose-PBS
solution, and centrifuged at 100g for 3 minutes to form compact
pellets. After overnight submersion in 30% sucrose, ILCC were
embedded in OCT mounting medium (TissueTek, Bayer Corp,
Pittsburgh, Penn, USA), frozen in liquid nitrogen, and stored
at —80°C.

After several washes in PBS, 8-um sections of frozen ILCC,
slides were incubated in blocking solution containing 10% normal
goat serum (Jackson Immunoresearch Laboratories, West Grove,
Penn, USA) in 0.2% Triton X-100, 0.1 mol/L glycine (Sigma-
Aldrich), and PBS for 1 hour at room temperature to prevent
unspecific binding. Incubation with primary antibodies in appro-
priate dilution was performed in a blocking solution for 1 hour at
37°C. The following primary antibodies were used at the following
dilutions: goat anti-cytokeratin 19, 1:100 (SantaCruz Biotechnol-
ogy, Santa Cruz, Calif, USA), rabbit anti-C-peptide, 1:100 (Milli-
pore, Billerica, Mass, USA), rabbit anti-CD31, 1:100 (Abcam,
Cambridge, UK), and rabbit anti-insulin, 1:100 (SantaCruz Bio-
technology). After intensive washing with PBS, sections were incu-
bated with the specific secondary antibody diluted in the blocking
solution for 1 hour at 37°C. The secondary antibodies were as
follows: Alexa Fluor 488 donkey anti-goat immunoglobulin (Ig)G,
and Alexa Fluor 555 donkey anti-rabbit IgG (all from Molecular
Probe, Carlsbad, Calif, USA). 4-Diamidino-2-phenylindole (DAPI)
(Sigma-Aldrich) at a concentration 5 ug/mL was used to label the
nuclei for 10 minutes at 37°C. After rinsing with PBS, the sections
were mounted with antifade solution and examined with a fluores-
cent microscope (Olympus BX41, Olympus, Tokyo, Japan).

C-Peptide Cell Content and Glucose-Stimulated Secretion

C-peptide release was measured by incubating 100 ILCC in 1 mL of
Krebs-Ringer solution containing 5 mmol/L glucose for 1 hour and
than in 20 mmol/L glucose solution for another hour. Cell protein
extract was isolated using AIIPrep RNA/Protein Kit (Qiagen).
Human C-peptide was determined using a C-peptide IRMA kit
(Beckman Coulter, Fullerton, Calif, United States) according to
the manufacturer’s instructions.

RESULTS

CD133+ cell population obtained after magnetic activated
cell sorting (MACS) represented 12.1 = 3.6% of pancreatic
cells from the islets depleted tissue. Immunostaining re-
vealed that CD133+ fraction contained mainly cytokera-
tin-19 (CK19)-positive ductal cells and CD31-positive en-
dothelial cells, whereas insulin-positive cells comprised only
0.08 = 0.05% of isolated cells (data not shown). Low
contamination by islet 8 cells was confirmed using dithi-
zone staining. The expression of PDX-1, neurogenin-3,
NEURODI1, Nkx 6.1, and Pax4 genes that are characteristic
of mature B cells and their progenitors was detected in
CD133+ fraction (Fig 1A). These cells also expressed
(mRNA) for human telomerase, ABCG2, Oct-3/4, Nanog,
and Rex-1, transcription factors that are required to
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maintain an undifferentiated state of pluripotent embryonic
and adult stem cells (PSC). A similar expression pattern was
observed for the CD133— cell population with the excep-
tion for neurogenin-3 that was expressed only by the
CD133+ cells. A weak expression of insulin and glucagon
mRNAs confirmed slight contamination by pancreatic islets
cells.

On the basis of neurogenin-3 expression, which is typical
for the differentiation of islet cell progenitors into mature

Fig 2. Phase contrast images
of the following: cell suspension
derived from CD133-positive
pancreatic cells (A), CD133-
positive pancreatic cells cultured
for 2 weeks (B), ILCC buds
derived from CD133-positive
pancreatic cells (C), and immu-
nofluorescence double stain-
ing of c-peptide (red) and
cytokeratin-19 (green) in ILCC
(D). Bar = 100 um.

pmol C-peptide/ug DNA
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Fig1. RT-PCR analysis of gene
expression in CD133-positive
cells (CD133+), CD133-negative
cells (CD133—), cultured CD133-
positiive cells prior to differentia-
tion (prelLCC) and differentiated
CD133-derived ILCC. A negative
control (—RT) and a positive con-
trol (+HI, human islets RNA) (A).
Glucose stimulated C-peptide
secretion and content of ILCC as
determined using IRMA (B).

5mM 20 mM
glucose

ILcc
content

endocrine cells, we have decided to further evaluate the
potential of CD133+ pancreatic cells to differentiate into
endocrine cells. For the initial phase of the culture protocol
we chose a serum-free medium that is used for the cultiva-
tion of pluripotent stem cells with the aim to maintain cells
in an undifferentiated state and eventually deplete the
remaining B cells. During the 2-week period, the cells that
attached to the culture dish formed colonies displaying
epithelial and endothelial-like morphologies (Fig 2B). Cul-
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tured cells retained expression of the stem cells markers
(Oct-3/4, Nanog, Rex-1, ABCG2, and human telomerase)
as well as of some of the pancreatic precursor markers
(PDX-1 and Nkx6.1) (Fig 1A). The expression of insulin
and glucagon genes was undetectable at this stage. At the
end of the initial culture period, cultured cells were de-
tached and dispersed into single cell suspension. A high cell
density suspension (5 X 10° cells/mL) was cultured in a
medium containing the endocrine cell differentiation stim-
ulating factors. Two days after reseeding, the cells began to
aggregate and finally, after 5 days, formed the islet-like cell
clusters (ILCC) (Fig 2C). Immunostaining revealed that the
CK19+ cells were the predominant cell type present within
the ILCCs (Fig 2D). C-peptide or insulin-positive cells
comprised approximately 6.2 * 1.1% and glucagon-positive
cells 7.4 = 1.6% of all ILCC cells. The differentiation of the
cultured cells was confirmed by the detection of insulin and
glucagon mRNA expression. The glucagon and insulin
RNAs were expressed at a higher level than in freshly
isolated or undifferentiated cultured cells. On average, the
ILCC contained 3.1 = 0.5 pmol C-peptide/ug DNA. Under
basal (5 mmol/L) and stimulated (20 mmol/L) glucose
concentrations they secreted 0.11 and 0.42 pmol C-peptide/ug
DNA, respectively (Fig 1B).

DISCUSSION

In an attempt to identify markers that are characteristic for
the pancreatic stem/progenitor cells, we have revealed that
the cell surface molecule CD133 may represent one of these
rare markers. Isolated CD133-positive human pancreatic
cells formed ILCC on in vitro manipulation and differenti-
ated into endocrine cells producing insulin and glucagon.
Moreover, the insulin-producing cells were able to secrete
C-peptide and insulin in response to increased glucose
concentration.

The fact that insulin-producing cells were present in a
rather low number may be explained by the still ongoing
differentiation process that was detected by neurogenin-3
expression within ILCC cells even 5 days after cultivation in
differentiation medium. Neurogenin-3 is exclusively ex-
pressed in islet cell progenitors and not in differentiated
islet cells.” We assume that some of the CK19-positive cells
forming the substantial mass of the ILCCs might still have
the potential to differentiate into endocrine cells. The
persistent expression of pluripotent stem cells markers
suggests that even a population of uncommitted progenitor
or stem cells may be still present within ILCCs.

KOBLAS, PEKTOROVA, ZACHAROVOVA ET AL

The results of our study are in accordance with the
findings of 2 recent studies®’ that used the CD133 marker
for the isolation of progenitor cells from mouse and human
embryonic pancreata. They also showed that the CD133-
positive pancreatic cells expressed neurogenin-3 and, upon
in vitro manipulation, these cells differentiated into pancre-
atic endocrine cells including B cells. In combination with
c-met, the authors were able to isolate a population of cells
that possessed even higher differentiation and proliferative
capacity than the pure CD133+ population. In our previous
work, using the cell surface receptor CXCR-4, we achieved
similar results as in this current study.* Similarly as the
CD133+, the CXCR-4-positive pancreatic cells also ex-
pressed markers of pancreatic endocrine progenitors (neu-
rogenin-3 and nestin) and markers of PSC. On in vitro
differentiation, these cells formed ILCCs and produced key
islet hormones including insulin.

Based on these results, we assume that the pancreatic
cells bearing the CD133, CXCR-4, and c-met markers may
represent the pancreatic progenitor/stem cells resembling
the tissue-committed stem cells present in some other adult
tissues.? This cell population, isolated from the adult pan-
creas, should be further tested as a possible alternative
source of insulin-producing tissue needed for the treatment
of diabetes.
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ELSEVIER
An Acidic pH and Activation of Phosphoinositide 3-Kinase Stimulate
Differentiation of Pancreatic Progenitors Into Insulin-Producing Cells
T. Koblas, K. Zacharovova, Z. Berkova, P. Girman, and F. Saudek

ABSTRACT

Adult pancreatic nonendocrine cells represent a potential alternative source of insulin-
producing tissue for the treatment of diabetes. Differentiation of these cells is regulated by
various signaling pathways including the phosphoinositide 3-kinase (PI3K) pathway.
Therefore, we evaluated the effect of PI3K on this process. Compared with untreated cells
the differentiation of human nonendocrine pancreatic cells into insulin-producing ele-
ments was increased after treatment with IGF-1, EGF, and Exendin-4, growth factors
known to be activators of the PI3K pathway (12.2 = 3.2% vs 9.1 = 3.2%). Treatment with
PI3K pathway inhibitor wortmannin reduced the number of differentiated beta cells from
9.1 £ 3.2 to 0.7 = 0.4%. Reverse transcriptase polymerase chain reaction (RT-PCR)
analysis revealed that insulin-like growth factor-1 (IGF-1), epidermal growth factor
(EGF), and Exendin-4 significantly increased the expression of the transcription factor
neurogenin-3, whereas the expressions of pancreatic and duodenal homeobox 1 (PDX-1),
neurogenic differentiation 1 (NeuroD) were increased only among samples treated with
ZnCl2 and not significantly affected by treatment with the tested growth factors. Successful
differentiation of IGF-1, EGF-, and Exendin-4—treated cells into functional beta cells was
confirmed by C-peptide secretion in response to 5 versus 20 mmol glucose stimulation
(0.24 vs 0.91 pmol C-peptide/ug DNA). These results showed that activation of the PI3K
signaling pathway might be used to stimulate the differentiation of nonendocrine pancre-

atic cells into insulin-producing elements.

INSULIN-producing tissue derived from pancreatic
endocrine progenitors is considered to be an alterna-
tive source for the treatment of diabetes. However,
differentiation of these cells is a complex process regu-
lated by various signaling pathways. The phosphoinosi-
tide 3-kinase (PI3K) signaling pathway is one of the key
cascades affecting not only cell growth, proliferation, and
apoptosis but also differentiation.! PI3K indirectly regu-
lates endocrine cell differentiation via inactivation of
transcription factor Forkhead box O1 (FoxO1), which
blocks the expression of pancreatic and duodenal ho-
meobox 1 (PDX-1) and stimulates expression of neuro-
genic differentiation 1 (NeuroD) and mammalian homo-
logue of avian MafA (Mafa).* All of these 3 transcription
factors participate in endocrine cell differentiation and
insulin gene expression among pancreatic beta cells.?
Therefore, activation of PI3K, which results in nuclear
exclusion of FoxO1, may be one of the important events
in pancreatic endocrine cell differentiation. The aim of
our study was to evaluate the effects of PI3K activation
on differentiation of pancreatic exocrine precursor cells
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into insulin-producing beta cells and on expression of
transcription factors participating in this process.

METHODS
Tissue Preparation

Human nonendocrine pancreatic cells were obtained from remain-
ing pancreatic acinar tissue after islet isolation. The program of
isolation and transplantation of human pancreatic islets was ap-
proved by our Ethics Committee. Human islets and pancreatic
tissue were isolated according to previously described methods.*
Briefly, islets were isolated from pancreata obtained from 4 donors
of mean age of 49 * 18 years. After the pancreatic duct was
perfused with a cold enzyme mixture containing Liberase HI
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(Roche, Indianapolis, Ind, United States), tissue transferred to a
modified Ricordi chamber* was separated by gentle mechanical
agitation and enzymatic digestion at 37°C. Islets were purified with
continuous Ficoll-diatrizoic acid gradients in an apheresis system
(model 2991, Gambro, Prerov, Czech Republic). The densities of
the continuous gradient ranged from 1.065-1.092 g/mL with the
densest solution at the bottom of the separation bag. During the
centrifugation, islets migrated to the interface between 1.070 and
1.080 g/mL. The remaining cellular suspension from the denser
layer was pooled and further digested in Accutase solution (Sigma-
Aldrich, Steinheim, Germany) for 20 minutes at 37°C. A single-cell
suspension obtained after filtration through an 11-um strainer was
purified with the use of continuous gradient of Ficoll-diatrizoic acid
in an apheresis system. The cell suspension obtained from the
1.050/1.080 g/mL interface was pooled and washed in Hank’s
solution (Sigma-Aldrich) for further processing.

Cell Culture Studies

Nonendocrine cells were cultured for 3 days (stage 1) in Dulbecco’s
Modified Eagle Medium (DMEM), containing 10% knock out
(KO) serum replacement, 1% insulin-transferrin-selenium (ITS)
solution, 25 U/mL penicillin, 25 g/mL streptomycin, 1 mmol/L
L-glutamine, 1% nonessential amino acids, and 0.1 mmol/L
2-mercaptoethanol (all from Invitrogen, Paisley, United Kingdom).
To this solution were added 10 ng/mL basic fibroblast growth factor
(bFGF), 20 ng/mL epidermal growth factor (EGF) (both from
Peprotech, Rocky Hill, NJ, USA), and conditioned medium de-
rived from neonatal fibroblasts cell line Hs68 (American Type
Culture Collection, Manassas, VA). Afterward, cells were cultured
for 4 days (stage 2) in DMEM containing 10% KO serum replace-
ment, 1% ITS, and 1% B27 supplements (all from Invitrogen) in
addition to 25 ng/mL fibroblast growth factor 10 (FGF10), 100
ng/mL follistatin (both from Peprotech), as well as 100 nmmol/L
dexamethasone, 10 umol/L forskolin, and 2 mmol/L PIPES (all
from Sigma-Aldrich) with the pH adjusted to 6.0. During stage 2,
cells were divided into 6 groups and supplemented with 200 umol/L
ZnCl12 (group I); 200 umol/L ZnCI2 plus 100 nmol/L wortmannin
(group II); 80 ng/mL IGF-1, 20 ng/mL EGF, and 40 ng/mL
Exendin-4 (group III); 200 umol/L ZnCI2, 80 ng/mL IGF-1, 20
ng/mL EGF, and 40 ng/mL Exendin-4 (group IV); 200 umol/L
ZnCl2, 100 nmol/L wortmannin, 80 ng/mL IGF-1, 20 ng/mL EGF, and
40 ng/mL Exendin-4 (group V): or Group VI, the control sample.
Finally, cells were cultured for 3 days (stage 3) in chemically defined
basal medium containing 5% fetal calf serum (FCS), 10 umol/L
SP600125, 10 umol/L SB 216763, 5 ug/mL fibronectin, 10 mmol/L
nicotinamide, 40 ng/mL Exendin-4 (all from Sigma-Aldrich) as well as
10 ng/mL hepatocyte growth factor (HGF), 80 ng/mL IGF, and 20
ng/mL nerve growth factor (all from Peprotech). After a 3-day culture
cellular clusters formed, which were further referred to as islet-like,
cell clusters (ILCCs).

Reverse Transcriptase Polymerase Chain Reaction

Total RNA (from approximatelly 106 cells) isolated using a Rneasy
Plus Mini Kit (Qiagen, Hilden, Germany) was treated with DNAse
using RNase-Free DNase Set (Qiagen). Isolated RNA (1 pg) was
reverse transcribed with an Omniscript RT Kit (Qiagen) according
to the manufacturer’s instructions. Complementary DNA (cDNA)
was amplified using HotStarTaq Master Mix Kit (Qiagen). Total
RNA from the islet fraction was used as the positive control.
Gene-specific primer pairs, annealing temperatures, and product
sizes are available in the article by Koblas et al.> Separated
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polymerase chain reaction (PCR) products on 2% agarose gels
were visualized with ethidium bromide.

Immunocytochemistry

ILCCs were washed with phosphate buffered saline, fixed for 60
minutes in Bouin’s solution (Sigma-Aldrich), rinsed with PBS,
suspended in a 2% agarose-PBS solution, and centrifuged at 100g
for 3 minutes to form compact pellets. After overnight submersion
in 30% sucrose, ILCCs were embedded in optimal cutting temper-
ature mounting medium (TissueTek, Bayer Corp, Pittsburgh, PA,
USA), frozen in liquid nitrogen, and stored at —80°C.

After several washes in PBS, slides of 8-um sections of frozen
ILCCs were incubated in blocking solution containing 10% normal
goat serum (Jackson Immunoresearch Laboratories, West Grove,
PA, USA) in 0.2% Triton X-100, 0.1 mmol/L glycine (Sigma-
Aldrich), and PBS for 1 hour at room temperature to prevent
nonspecific binding. Incubation with primary antibodies of appro-
priate dilutions was performed in a blocking solution for 1 hour at
37°C. The following primary antibodies were used at the following
dilutions: mouse anti-cytokeratin 19, 1:100; mouse anti-C-peptide,
1:100 (both from Exbio, Prague, Czech Republic). After intensive
washing with PBS, sections were incubated with a specific second-
ary antibody diluted in the blocking solution for 1 hour at 37 °C.
The secondary antibody was Alexa Fluor 555 donkey anti-mouse
immunoglobulin Ig(G) (Invitrogen). 4,6-Diamidino-2-phenylindole
(DAPI; Sigma-Aldrich) at a concentration 5 ug/mL was used to
label the nuclei for 10 minutes at 37°C. After rinsing with PBS,
sections mounted with antifade solution were examined under a
fluorescent Olympus BX41 microscope (Olympus, Tokyo, Japan).

C-Peptide Cell Content and Glucose-Stimulated Secretion

C-peptide release was measured by incubating 100 ILCCs in 1 mL
Krebs-Ringer’s solution containing 5 mmol/L glucose for 1 hour
and then in 20 mmol/L glucose solution for another hour. Cell
protein extract was isolated using AllPrep RNA/Protein Kit (Qia-
gen). Human C-peptide was determined using a C-peptide Immu-
noradiometric (IRMA) kit (Beckman Coulter, Fullerton, Calif,
United States) according to the manufacturer’s instructions.

RESULTS

Single-cell suspensions of nonendocrine pancreatic cells
obtained after islet isolation formed ILCC within 3 days of
culture in serum-free, neonatal fibroblast-conditioned me-
dium (stage 1). ILCC contained only a few cytokeratin-19—
positive cells (252 = 2.1%; Fig 1A) and were almost
negative for C-peptide—positive cells (0.3 + 0.1%; Fig 2 A).
At the end of stage 2 (day 7), the number of cytokeratin-
19—positive cells had significantly increased (57.1 = 5.9%)
upon addition of IGF-1, EGF, and Exendin-4 growth
factors (Fig 1D). ILCC cultured in control medium without
IGF-1, EGF, and Exendin-4 contained only 32.3 +* 4.7%
cytokeratin-19—positive cells (Fig 1G). The lowest number
of cytokeratin-19—positive cells was observed in samples
treated with ZnCl2 and wortmannin (6.1 = 1.8%; Fig 1C).
The proportion of C-peptide—positive cells was assessed
after the completion of stage 3 of the culture period. The
highest number of C-peptide—positive cells was observed
among samples treated with IGF-1, EGF, and Exendin-4
(12.2 = 3.2%; Fig 2D). ILCC:s cultured in control medium
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Fig 1. Cytokeratin-19 immuno-
fluorescence staining of ILCCs.
Immunoflourescence staining of
cytokeratin-19 (orange): ILCCs
after 3 days of cultivation (A);
group | ILCCs after 7 days of
cultivation (B); group Il ILCCs
after 7 days of cultivation (C);
group Il ILCCs after 7 days of
cultivation (D); group IV ILCCs
after 7 days of cultivation (E);
group V ILCCs after 7 days of
cultivation (F); and group VI IL-
CCs after 7 days of cultivation
(G). DAPI (blue) stain was per-
formed as counter stain (magni-
fication 100X).

contained 9.1 = 3.2% C-peptide—positive cells (Fig 2G). 0.4%; Fig 2C). The negative effect of these 2 compounds on
The lowest number of C-peptide—positive cells was present the number of C-peptide—positive cells was further evi-
in samples treated with ZnCl2 and wortmannin (0.7 * denced among samples containing IGF-1, EGF, and Ex-
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Fig 2. C-peptide immunofluo-
rescence staining of ILCCs. Im-
munoflourescence staining of
C-peptide (orange): ILCCs after
3 days of cultivation (A); group |
ILCCs after 10 days of cultiva-
tion (B); group Il ILCCs after 10
days of cultivation (C); group llI
ILCCs after 10 days of cultiva-
tion (D); group IV ILCCs after 10
days of cultivation (E); group V
ILCCs after 10 days of cultiva-
tion (F); and group VI ILCCs
after 10 days of cultivation (G).
DAPI (blue) stain was performed
as counter stain (magnification
100X).
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endin-4 supplemented with ZnCI2 (5.1 * 2.4%; Fig 2E) or cence staining results. The highest C-peptide content was
ZnCl2 and wortmannin (3.6 * 1.7%; Fig 2F). Analysis of detected among samples treated with IGF-1, EGF, and
C-peptide protein content agreed with the immunofluores- Exendin-4 (11.6 = 4.2 pmol C-peptide/ug DNA), whereas
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Fig 3. Gene expression, C-peptide secretion, and content of differentiated ILCCs. RT-PCR analysis of gene expression in treated
ILCCs. A negative control (without RT) and a positive control (human islets) (A). Glucose-stimulated C-peptide secretion of group llI
ILCCs (B) and C-peptide content of group VI (control) and group Ill ILCCs as determined using IRMA (C).

sample C-peptide content was significantly lower in controls
(7.1 = 3.1% pmol C-peptide/ug DNA; Fig 3C). Insulin
secretion capacity of differentiated ILCC cells was con-
firmed by glucose-stimulated C-peptide secretion. In re-
sponse to glucose stimulation (5 vs 20 mmol/L), ILCC
treated with IGF-1, EGF, and Exendin-4 secreted 0.24
versus 0.91 pmol C-peptide/ug DNA (Fig 3B).

Results from immunofluorescence staining were also
consistent with the results of reverse transcriptase (RT)
PCR analysis (Fig 3A). The greatest expression of the
insulin gene was observed among ILCCs treated with
IGF-1, EGF, and Exendin-4. The expression of glucagon
and somatostatin genes was likewise higher among samples
treated with IGF-1, EGF, and Exendin-4 compared with the
other samples.

However, IGF-1, EGF, and Exendin-4 growth factors had
no effect on the expression of key transcription factors of
endocrine cell differentiation. The expression of PDX-1 and
NeuroD genes was significantly higher only when samples
were treated with ZnCIl2. IGF-1, EGF, and Exendin-4
treatment only stimulated the expression of neurogenin-3
transcription factor.

DISCUSSION

The results of our study showed that activation of the PI3K
signaling pathway by IGF-1, EGF, and Exendin-4 stimu-

lated differentiation of human nonendocrine pancreatic
cells into insulin-producing cells. In contrast, inhibition of
PI3K by wortmannin significantly reduced the number of
differentiated beta cells. These findings are consistent with
a recent study that showed a positive effect of PI3K
activation on the differentiation of mouse pancreatic ductal
elements into beta cells.® Another important condition to
increase differentiation into insulin-producing cells was
acidification of the culture medium during the treatment
with PI3K activators. However, we have not yet studied the
exact mechanism by which acidification affects this process.

We also observed a positive effect of IGF-1, EGF, and
Exendin-4 on the number of cytokeratin-19—positive cells
that emerged during the cultivation of ILCCs derived from
nonendocrine cells. Cytokeratin-19 is a marker of ductal
cells that are supposed to be a potential source of pancre-
atic endocrine progenitors.” This finding is important be-
cause a larger pool of those progenitors may give rise to a
greater number of endocrine cells.

A direct effect of compounds stimulating PI3K on endo-
crine differentiation was evidenced by RT-PCR. The treat-
ment with IGF-1, EGF, and Exendin-4 induced expression
of neurogenin-3, a marker of pancreatic endocrine progen-
itors. Treatment with ZnCl2 increased the expression of
PDX-1 and NeuroD transcription factors participating in
differentiation of endocrine cells and insulin gene expres-
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sion. Different effects of these compounds on gene expres-
sion may be explained by their effects on other signaling
pathways that are also involved in differentiation of pancre-
atic endocrine cells, such as the Notch signaling pathway.®
In conclusion, our study demonstrated that activation
of the PI3K signaling pathway stimulated the differentia-
tion not only of rodent but also of human nonendocrine
pancreatic cells into insulin-producing elements and the
expression of key transcription factors of endocrine cell
differentiation. Further study of the role of PI3K in the
differentiation of nonendocrine cells may improve the yield
of differentiated beta cells, bringing this potential source of
insulin-producing tissue to the stage of in vivo testing.
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Abstract:

Differentiation of pancreatic progenitors into insulin-producing beta-cells is regulated by various
transcription factors. The expression of these genes requires an accessible DNA in a form of
active euchromatin structure. The structure of chromatin and DNA is regulated by many
epigenetic factors. In our study we have evaluated the effect of various epigenetic modifiers on
differentiation of human non-endocrine cells into insulin producing cells.

Non-endocrine cells formed islet-like cell clusters (ILCCs) containing mainly cytokeratin-19
positive cells within 3 days of cultivation. After the cultivation with epigenetic modifiers and
further differentiation the highest number of C-peptide positive cells (10.3+2.9%) as well as
glucagon positive cells (7.2+2.8%) was achieved in a sample supplemented with a combination
of 5-Aza-2'-Deoxycytidine, BIX01294 and MC1568 modifiers. In response to glucose stimulation
(5 vs. 20 mM) these ILCCs secreted increased amount of C-peptide (0.45 vs 1.05 pmol C-
peptide/ugDNA). Control sample treated with no any of epigenetic modifiers had significantly
lower number of C-peptide positive cells (3.5 £1.6%).

These results show that a combination of epigenetic modifiers 5-Aza-2'-Deoxycytidine,
BIX01294 and MC1568 significantly improves reproducible differentiation of non-endocrine

pancreatic cells into insulin producing cells.
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Introduction:

The application of insulin producing tissue derived from alternative sources is a
promising and an attractive idea for a treatment of diabetes mellitus. However, the rate of
differentiation of various cell sources into insulin producing cells is still relatively low despite the
advancement achieved in the differentiation protocols. One of the key obstacles in this goal
could be the DNA structure of genes coding key proteins involved in differentiation and function
of mature B-cells [1]. The expression of genes requires a less compact and an accessible DNA
in a form of active euchromatin structure. On the other hand genes that are present in a form of
condensed DNA structure called heterochromatin are inactive. The condensation of chromatin is
regulated by methylation of DNA as well as by various modifications of histone proteins that
DNA is wrapped around. Generally all the modifications which determine the state of chromatin
structure are called epigenetic modifications. Recently published studies have shown that the
epigenetic modifications have significant effect on differentiation of pancreatic endocrine cells.
Treatment of fetal pancreases with Trichostatin A (TSA), non-specific inhibitor of histone
deacetylases, increased a number of differentiated endocrine cells including B-cells [2]. Similar
results were achieved with the application of 5°-Aza-2"-deoxycytidine (5Aza), an inhibitor of DNA
methyl transferase, in differentiation of pancreatic ductal cell line. 5Aza stimulated expression of
transcription factors involved in differentiation of pancreatic endocrine cells and improved
differentiation of ductal cells into o and & cells [3]. Therefore we have decided to evaluate the
effect of various epigenetic modifiers on the differentiation of pancreatic non-endocrine cells into

insulin producing B-cells.
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Methods:

Tissue preparation

Human non-endocrine pancreatic cells were obtained from remaining pancreatic acinar tissue
after islet isolation. The program of isolation and transplantation of human pancreatic islets was
approved by the Ethics Committee of the Institute for Clinical and Experimental Medicine and
Thomayer’s Teaching Hospital. Human islets and pancreatic tissue were isolated according to
the previously described methods [4]. Briefly, islets were isolated from pancreata obtained from
5 donors (mean age 46 + SD 20 years). The pancreatic duct was perfused with a cold enzyme
mixture containing Collagenase NB 1 Premium Grade and Neutral Protease NB (Serva,
Heidelberg, Germany). Tissue was then transferred to a modified Ricordi chamber and
separated by gentle mechanical agitation and enzymatic digestion at 37°C. Islets were purified
with the use of continuous gradients of Biocoll (Biochrom, Berlin, Germany) in an aphaeresis
system Cobe model 2991 (Gambro, Czech Republic). The densities of the continuous gradient
ranged from 1.065 to 1.092 g/ml. During centrifugation, islets migrated to the interface between
1.070 - 1.080 g/ml. The remaining cellular suspension from the denser layer was pooled and
further digested in Accutase solution (Sigma-Aldrich, Steinheim, Germany) for 20 min at 37°C.
Single-cell suspension was obtained after a filtration through 11-um cell strainer and purified
with the use of Biocoll continuous gradient in an aphaeresis system. Cell suspension obtained
from the 1.050 - 1.080 g/ml interface was pooled, washed in Hanks solution (Sigma-Aldrich) and

further processed.

Cell culture studies

Non-endocrine cells were cultured for 4 days (stage 1) in DMEM medium containing 10%
KnockOut serum replacement, 1% insulin—transferrin—selenium (ITS), 25 U/ml penicillin, 25
pug/ml  streptomycin, 1 mM L-glutamine, 1% nonessential amino acids, 0.1 mM 2-

mercaptoethanol (all from Invitrogen, Paisley, UK), 10 ng/ml bFGF, 20 ng/ml EGF (both from
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Peprotech, Rocky Hill, NJ, USA) and conditioned medium derived from neonatal fibroblasts cell
line Hs68 (LGC Promochem, Teddington, UK). During stage 1, cells were divided into 13 groups
and supplemented with epigenetic modifiers according to the table 1. Studied epigenetic
modifiers and their concentrations were 1 pM 5-Aza-2'-deoxycytidine a DNA methyltransferase
inhibitor, 1 uM Scriptaid an inhibitor of class I+Il histone deacetylases, 500 mM sodium butyrate
an inhibitor of class I+ll histone deacetylases, 5 yM MC1268 an inhibitor of class Il histone
deacetylases, 2 yM BIX01294 an inhibitor of G9a histone H3K9 methyl transferase (all from
Sigma-Aldrich). Afterwards, cells were cultured for 3 days (stage 2) in CMRL medium containing
5% FCS, 10 yM SP600125, 10 pM SB 216763, 10 yM forskolin, 5 ug/ml fibronectin, 10 mM
nicotinamide, 40 ng/ml Exendin-4 (all from Sigma-Aldrich) and 100 ng/ml IGF (Peprotech).
Within first 3 days cells formed cellular cluster further referred as islet-like cell cluster

(ILCC).

Reverse transcriptase polymerase chain reaction

Total RNA (from approximatelly 10° cells) was isolated using Rneasy Plus Mini Kit (Qiagen,
Hilden, Germany) and treated with DNAse using RNase-Free DNase Set (Qiagen). Isolated
RNA (1 upg) was reverse transcribed with Omniscript RT Kit (Qiagen) according to the
manufacturer instructions. cDNA was amplified using HotStarTaq Master Mix Kit (Qiagen). Total
RNA from islet fraction was used as the positive control. Gene specific primer pairs, annealing
temperatures and product size are available at [5]. PCR products were separated and visualized

on 2 % agarose gel containing ethidium bromide.

Immunocytochemistry
ILCC were washed with PBS, fixed for 60 min in Bouins solution (Sigma-Aldrich), rinsed with
PBS, suspended in a 2% agarose-PBS solution and centrifuged at 100 g for 3 min to form

compact pellets. After overnight submersion in 30% sucrose, ILCC were embedded in OCT

Page 5



mounting medium TissueTek (Bayer Corp, Pittsburgh, PA, USA), frozen in liquid nitrogen, and
stored at -80 °C.

After several washes in PBS, 8 um sections of frozen ILCC, slides were incubated in
blocking solution containing 10% normal goat serum (Jackson Immunoresearch Laboratories,
West Grove, PA, USA) in 0.2% Triton X-100, 0.1 M glycine (Sigma-Aldrich) and PBS for 1 h at
room temperature to prevent unspecific binding. Incubation with primary antibodies in
appropriate dilution was performed in a blocking solution for 1 hour at 37 °C. The following
primary antibodies were used at the 1:100 dilution: mouse anti-cytokeratin 19, mouse anti-C-
peptide (both from Exbio, Czech Republic) and rabbit anti-glucagon (Cell Signaling, Danvers,
MA, USA). After intensive washing with PBS, sections were incubated with the specific
secondary antibody diluted in the blocking solution for 1 hour at 37 °C. The secondary
antibodies were Alexa Fluor 555 donkey anti-mouse IgG and were Alexa Fluor 488 donkey anti-
rabbit IgG (Invitrogen). 4,6-Diamidino-2-phenylindole (DAPI) (Sigma-Aldrich) at a concentration
5 pg/ml was used to label the nuclei for 10 min at 37 °C. After rinsing with PBS, sections were
mounted with antifade solution and examined with fluorescent microscope Olympus BX41

(Olympus, Tokyo, Japan).

C-peptide cell content and glucose stimulated secretion

C-peptide release was measured by incubating 100 ILCC in 1 ml of Krebs-Ringer solution
containing 5 mM glucose for 1 hour and than in 20 mM glucose solution for another hour. Cells
were lysed in RIPA buffer (Sigma-Aldrich) and human C-peptide was determined using a C-
peptide IRMA kit (Beckman Coulter, Fullerton, CA, USA) according to the manufacturer

instructions.
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Results:

Single cell suspension of non-endocrine pancreatic cells formed islet-like cell clusters
(ILCC) resembling islets of Langerhans within 3 days of culture in serum-free neonatal
fibroblasts conditioned medium. ILCC were formed mainly by cytokeratin-19 positive cells with
the exception of 5Aza and MC1568 treated ILCC that contained only rare cytokeratin-19 positive
cells after 7 days of cultivation (fig. 1). The highest number of C-peptide positive cells
(10.3+2.9%) was observed in the samples treated with a combination of 5Aza, BIX01294 and
MC1568. There was also high number of glucagon positive cells (7.2+2.8%) in the samples
treated with this combination of epigenetic modifiers. Control sample treated without any of
epigenetic modifiers contained only 3.5£1.6% C-peptide positive cells. Samples treated with
5Aza + MC1568 had the lowest number of C-peptide positive cells (1.8£0.9%) while a number of
glucagon positive cells (8.11£1.4%) was the highest of all the samples (fig. 2). Analysis of C-
peptide protein content was in agreement with results from immunofluorescence staining. The
highest C-peptide content was detected in samples treated with 5Aza, BIX01294 and MC1568
(10.213.2 pmol C-peptide/ug DNA) while in control sample C-peptide content was significantly
lower (5.1+2.2 pmol C-peptide/ug DNA) (fig.3). Insulin secretory capacity of differentiated ILCCs
cells was confirmed by glucose stimulated C-peptide secretion. In response to glucose
stimulation (5 vs. 20 mM) ILCCs treated with 5Aza, BIX01294 and MC1568 secreted 0.45 vs.
1.05 pmol C-peptide/ug DNA (fig.3).

Results from immunofluorescence staining were also in accordance with results from RT-
PCR analysis (fig.3). The highest expression of insulin gene was observed in ILCCs treated with
5Aza, BIX01294 and MC1568. The expression of glucagon gene was also high in sample
treated with 5Aza, BIX01294 and MC1568 in comparison with most of the other samples.

Treatment of pancreatic cells by epigenetic modifiers also affected the expression of key
transcription factors of endocrine cells differentiation. The expression of PDX-1 transcription

factor was significantly higher in samples treated with BIX01294 while treatment with 5AZA
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stimulated the expression of neurogenin-3 transcription factor.

Discussion:

The results of our study show that epigenetic factors significantly affect differentiation of
human non-endocrine pancreatic cells into insulin producing cells. Our findings are in
accordance with recent study that showed a positive effect of histone deacetylase inhibitor TSA
on differentiation of mouse fetal pancreatic cells into -cells [2]. In another study the treatment of
human ductal cells with DNA methyltransferase inhibitor 5AZA stimulated differentiation into o
and 6 cells and the expression of neurogenin-3 an important transcription factor involved in
differentiation of pancreatic endocrine cells [3].

Therefore we decided to evaluate the effect of various combinations of epigenetic modifiers that
have already shown the effect on differentiation of pancreatic endocrine cells as well as other
cell types. We found that combination of 5AZA (DNA methyltransferase inhibitor), MC1568
(specific inhibitor of class Il histone deacetylases) and BIX01294 (specific inhibitor of G9a
histone H3K9 methyl transferase) improved differentiation of human pancreatic non-endocrine
cells. The effect of that combination could be based on different targets of epigenetic changes.
While 5AZA decreases methylation of DNA, MC1568 blocks enzymes responsible for
deacetylation of histones and BIX01294 inhibits methylation of lysine 9 on histone 3. All of these
modifiers are supposed to stimulate change of DNA structure into euchromatin state a
necessary condition for gene expression. Indeed in our study combination of various epigenetic
modifiers led to stimulation of differentiation into endocrine cells, however with significantly
different results. Combination of 5AZA and MC1568 deteriorated differentiation into p-cells while
stimulated differentiation into a-cells in comparison with control sample. On the other hand
combination of 5AZA, MC1568 and BIX01294 stimulated differentiation into B-cells. Therefore

addition of BIX01294 played a key role in directing differentiation of pancreatic cells into p-cell
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phenotype. While 5AZA could trigger endocrine differentiation process by stimulating expression
of neurogenin-3, addition of BIX01294 which increased the expression of PDX-1 transcription
factor could stimulate differentiation into p-cell phenotype. In addition to the effect on endocrine
cells differentiation we also observed a negative effect of 5AZA and MC1568 treatment on
formation of cytokeratin-19 positive ILCCs cells.

In conclusion, our study demonstrated that application of various epigenetic modifiers stimulate
differentiation of human non-endocrine pancreatic cells into insulin producing cells and the
expression of key transcription factors of endocrine cells differentiation. Combination of these
modifiers with other agents that stimulate differentiation of pancreatic non-endocrine cells may
improve the yield of differentiated beta cells and bring this potential source of insulin producing

tissue into the clinical treatment of diabetes.
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Figure 1. Cytokeratin-19 immunofluorescence staining of ILCCs

Immunoflourescence staining of cytokeratin-19 (orange): ILCCs treated with a combination of
5AZA, MC1568 and BIX01294 (A), control ILCCs treated with no any of epigenetic modifiers (B),
ILCCs treated with a combination of 5AZA, MC1568 and BIX01294 (C). DAPI (blue) stain was

performed as counter stain (magnification 100x).
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Figure 2. C-peptide and glucagon immunofluorescence staining of ILCCs

Immunoflourescence staining of C-peptide (orange) and glucagon (green): ILCCs treated with a
combination of 5AZA, MC1568 and BIX01294 (A), control ILCCs treated with no any of
epigenetic modifiers (B), ILCCs treated with a combination of 5AZA, MC1568 and BIX01294 (C).

DAPI (blue) stain was performed as counter stain (magnification 100x).
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Figure 3. Gene expression and C-peptide secretion capacity of differentiated ILCCs

RT-PCR analysis of gene expression in treated ILCCs. A negative control (w/o reverse

transcription) and a positive control (Human islets) (A). Glucose stimulated C-peptide secretion

of differentiated ILCCs as determined by IRMA (B).

Group 3 6 9 10 | 11 | 12 | 13
5AZA A A
Sodium butyrate SB SB SB SB
Scriptaid S

MC1268 M

BIX01294 B B

Tablel. Combinations of epigenetic modifiers used in the study

Combinations of epigenetic modifiers used in the study. Cell samples were divided into 12

groups with various combinations of 5AZA (A), sodium butyrate (SB), Scriptaid (S), MC1268 (M)

and BIX01294 (B). Control sample was treated with no any of epigenetic modifiers.
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In Vivo Differentiation of Human Umbilical Cord
Blood-Derived Cells into Insulin-Producing  Cells
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Abstract. In our study we confirmed the potential of
human umbilical cord blood cells to differentiate
into insulin-producing cells following transplanta-
tion into immunocompromised mice. The average
number of C-peptide-positive human cells per ani-
mal was 18 £ 13 as assessed by immunofluorescence
staining and fluorescence in situ hybridization specif-
ic for human ALU sequence. Differentiation into
insulin-producing cells was further confirmed by re-
verse transcription-polymerase chain reaction spe-
cific for human insulin mRNA. Successful differen-
tiation required sublethal irradiation of xenogeneic
recipient at least at a dose of 3 Gy. However, trans-
plantation of human umbilical cord blood cells did
not improve hyperglycaemia in diabetic animals.
The results of our study show that human umbilical
cord blood may be considered as a potential source
of stem cells for treatment of diabetes mellitus.

Introduction

Despite advances in the treatment of diabetic patients,
diabetes remains one of the most serious health care
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hydrogenase, MNCs — mononuclear cells, NK — natural killer,
NOD/SCID — non-obese diabetic/severe combined immunodefi-
cient/B,-microglobulin null mice, PCR — polymerase chain reac-
tion, RT-PCR — reverse transcriptase polymerase chain reaction.

problems of our civilization. Clinical islets or pancreas
transplantations are the only available therapies able to
establish insulin independence and long-lasting normo-
glycaemia (Shapiro et al., 2000; White et al., 2009).
However, the lack of donors limits the application of
this therapy for all type 1 diabetic patients in need.

The discovery of stem cells and their successful dif-
ferentiation into insulin-producing B cells gave a new
hope to all diabetic patients. Within last few years vari-
ous types of stem cells able to give rise to the pancreatic
B cells have been identified. They include embryonic
and foetal stem cells (Zhang et al., 2005; D’ Amour et
al., 2006) as well as adult stem cells derived from pan-
creas, liver, bone marrow and central nervous system
(Bonner-Weir et al., 2000; Yang et al., 2002; Ianus et al.,
2003).

In addition to these “traditional” sources of adult stem
cells, umbilical cord blood-derived stem cells have
emerged as a new potential source for cell-based thera-
pies. The main advantages of human umbilical cord
blood (HUCB) include plentiful availability, safe and
non-invasive procedure of collection, possible expan-
sion and modification of cells in vitro and an existing
network of umbilical cord blood banks, a large-scale
source of cells that allows matching the donor and host
human leukocyte antigen (HLA) systems. HUCB, high-
ly enriched for haematopoietic stem cells, has already
been successfully applied for the treatment of various
blood diseases (Roche et al., 2000; Laughlin et al.,
2004). Moreover, several recent reports have shown that
some of the HUCB cells are able to differentiate into
multiple cell types of non-haematopoietic origin (Ko-
gler et al., 2004; McGuckin et al., 2005). These findings
suggest that umbilical cord blood contains multipotent
stem cells or primitive progenitors that might have the
potential to differentiate into cells of non-haematopoi-
etic phenotype, including pancreatic f§ cells.

Denner as the first demonstrated successful in vitro
differentiation of HUCB stem cells into insulin- and
C-peptide-producing cells (Denner et al., 2007). Two
other groups lately reported similar results using differ-
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ent approaches (Sun et al., 2007; Gao et al., 2008). Sun’s
group used a specific subpopulation of HUCB cells ex-
pressing embryonic markers Oct-4 and SSEA-4. These
cells were differentiated by a protocol using only nicotin-
amide and extracellular matrix proteins laminin and fi-
bronectin. Gao’s group worked with HUCB-derived
mesenchymal stem cells and employed a more compli-
cated protocol including retinoic acid, nicotinamide, ex-
endin-4 and extracellular matrix proteins. In spite of
successful differentiation into insulin-producing cells,
the secretion of insulin in response to increased glucose
levels was not significantly higher than that at basal con-
ditions. This phenomenon is quite common in case of in
vitro derived [ cells and may be explained by immatu-
rity of this cell type (D’Amour et al., 2006).

In vivo differentiation of HUCB cells into the pancre-
atic f§ cells has so far been demonstrated only by Yoshi-
da et al. The presence of human insulin-producing cells
in mouse pancreatic tissue after transplantation of
T cell-depleted HUCB mononuclear cells (MNCs) into
newborn non-obese diabetic/severe combined immuno-
deficient mice have been reported by the authors. How-
ever, the average number of HUCB-derived insulin-pro-
ducing cells per total number of islet cells was only
0.65 %. The low rate of human [ cells within mouse
pancreas could be explained by a non-diabetic status of
the animals (Yoshida et al., 2005). Under diabetic condi-
tions, the demand for neogenesis of insulin-producing
cells might be increased and the higher rate of HUCB
cell differentiation might represent a compensatory ef-
fect in face to a decreased B-cell mass.

In light of these results we decided to investigate the
conditions that stimulate in vivo differentiation of HUCB
mononuclear cells into insulin-producing cells. Surviv-
al, homing and differentiation of HUCB cells were stud-
ied in athymic nude mice, which do not reject xenografts
and thus represent a suitable model for transplantation
of human cells. We tested the effect of the whole body
irradiation, which had been shown to increase homing
and engraftment of human cells in transplanted mice
(Becker et al., 2002). Finally, we also examined the pos-
sibility to treat the streptozotocin-induced diabetes by
transplantation and possible differentiation of HUCB
cells into insulin-producing cells.

Here we report that HUCB-derived mononuclear
cells convincingly do have the potential to differentiate
into a [ cell-like phenotype, though, with the use of cur-
rent protocols, only at a very low rate that still does not
reach a therapeutic significance.

Material and Methods

Study design

For the purpose of our study mice were divided into
the groups based on the applied radiation dose and even-
tual induction of diabetes (Table 1). All animals with the
exception of the control group were injected with 107
unpurified HUCB mononuclear cells into the tail vein.
Mice in groups 2, 3, 5 and 6 underwent total body irra-
diation one day prior to the application of HUCB cells at
the dose of 1 (groups 2 and 5) or 3 Gy (groups 3 and 6).
In groups 4, 5 and 6 diabetes was induced by streptozo-
tocin three days prior to the application of HUCB cells.
In diabetic animals, fed blood glucose was monitored at
weekly intervals during the experiment. Animals were
sacrificed at the end of 4™ week and tissue samples were
collected for further analysis.

Isolation of HUCB Cells

Samples of HUCB (40-120 ml) were obtained at the
end of physiological delivery. At the admission to hos-
pital, all donors signed an informed consent approved
by the Institutional Ethical Committee of the Institute
for Clinical and Experimental Medicine and Thomayer
Teaching Hospital. Samples of HUCB were collected
into standard blood donor bags containing 15 ml of ci-
trate phosphate dextrose (Baxter Healthcare, Deerfield,
IL). HUCB was diluted in a ratio 1 : 2 with Earle’s bal-
anced salt solution (EBSS) (Sigma-Aldrich, Steinheim,
Germany) and centrifuged at 400 g for 20 min at 4 °C
on a layer of Ficoll-Hypaque 1.077 (Sigma-Aldrich).
Mononuclear cells (MNCs) at the interface of superna-
tant were washed twice with EBSS. Viability was de-
termined by the trypan blue dye exclusion method.
MNCs were resuspended in Iscove’s modified Dul-
becco’s medium (Sigma-Aldrich) containing 20% foe-
tal bovine serum (Biochrom, Berlin, Germany) and
cryopreserved with 10% (vol/vol) DMSO (Sigma-
Aldrich).

Mice

Female nude athymic mice (Crl:CD1-nu strain, An-
Lab, Prague, Czech Republic) were maintained under
defined flora with irradiated food and sterile water in
sterile cages at the animal facility. All experiments were
approved by the Committee for Animal Ethical Treat-

ment of the Institute for Clinical and Experimental Med-
icine.

Table 1. Groups of animals based on the radiation dose and diabetes induction

Radiation dose (Gy) Induction of diabetes HUCB transplantation
Group 1 0 No Yes
Group 2 1 No Yes
Group 3 3 No Yes
Group 4 0 Yes Yes
Group 5 1 Yes Yes
Group 6 3 Yes Yes
Group 7 (control group) 0 No No
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Induction of diabetes

Athymic mice aged 6—8 weeks were treated with a
single intravenous dose of 250 mg/kg streptozotocin
(Sigma-Aldrich) freshly dissolved in citrate buffer
(0.05 mM, pH 4.5). Mice were considered as diabetic
when non-fasting blood glucose levels were > 16 mmol/l
on three consecutive days.

HUCB Transplantation

Prior to transplantation, cryopreserved HUCB MNCs
were thawed, counted and tested for viability by the
trypan blue dye exclusion method. The amount of 107
MNCs was injected intravenously into the tail vein of
non-diabetic or diabetic mice (8 weeks old). Two groups
of diabetic and two groups of non-diabetic mice were
conditioned with 1 or 3 Gy of total body irradiation one
day prior to the transplantation.

Pancreatic Islet Isolation

Mouse pancreatic islets from the HUCB cell recipi-
ents and control animals were isolated using the colla-
genase digestion method as previously described (Berk-
ova et al., 2005). The pancreases were injected with
1 ml of collagenase at a concentration of 2 mg/ml
(Sevapharma, Prague, Czech Republic) and incubated at
37 °C for 15 min in a total of 10 ml of digestion solution
under constant shaking. Islets were subsequently washed
three times in Hank’s balanced salt solution (HBSS)
(Biochrom) with bovine serum albumin (BSA) (5 mg/
ml) and purified with the use of discontinuous gradients
of Ficoll-diatrizoic acid (Sigma-Aldrich). The solution
densities of discontinuous Ficoll gradient ranged from
1.034 to 1.1162 g/ml with the densest solution at the
bottom of density gradient. During centrifugation, islets
migrated to the interface between 1.070 and 1.080 g/ml.
The remaining cellular material from the denser layer
was also pooled and further processed for gene expres-
sion analysis.

FISH and Immunofluorescence Analysis

After the pancreatic tissues were harvested from the
recipient mice, the tissues were fixed with Bouin’s solu-
tion (Sigma-Aldrich) for 2 h at room temperature. The
tissues were rinsed with PBS, embedded in OCT mount-
ing medium (Bayer Corp, Pittsburgh, PA), frozen in lig-
uid nitrogen, and stored at -80 °C.

After several washes in PBS, 8-pum sections of frozen
tissue were incubated in a solution containing 0.5% Tri-
ton X-100 (Sigma-Aldrich) in PBS for 20 min. Antigen
retrieval method for immunofluorescence staining was
performed prior to fluorescence in situ hybridization
(FISH). Slides were heated twice in 0.01 M sodium cit-
rate (Sigma-Aldrich), pH 6.0, in a microwave oven for
periods of 4 min at the maximal power setting (900 W)
with 120-140 s of boiling. Slides were incubated in
blocking solution containing 5% normal goat serum
(Jackson Immunoresearch Laboratories, West Grove,
PA). After dehydratation in 70%, 90% and 100% etha-
nol for 2 min each, slides were incubated in 50%
formamide/2x SSC denaturing solution for 5 min at
75 °C. After denaturation, the slides were incubated
overnight at 37 °C with Alexa555-conjugated ALU-spe-
cies-specific probe diluted in hybridization buffer
(50 ng/100 ul). An Alu-specific probe binds the ALU-
sequence that is present only in primate genomes. Alu
sequences are about 300 base pairs long and form about
10 % of the human genome. The sequence of the Alu-
specific probe is given in Table 2.

After the hybridization, slides were washed three
times in 50% formamide/2x SSC for 5 min each at
42 °C. For immunofluorescence co-staining, slides were
blocked in 5% donkey serum (Jackson Immunoresearch
Laboratories) diluted in 0.2% Triton X-100, 0.1 M gly-
cine (Sigma-Aldrich) and PBS for 1 h at room tempera-
ture to prevent unspecific binding. Incubation with rab-
bit anti-human C-peptide antibody (Linco-Research, St.
Charles, MO) diluted 1 : 200 was performed in the same
blocking solution for 1 h at 37 °C. After intensive wash-
ing with PBS, slides were incubated with the secondary
antibody Alexa Fluor 488 donkey anti-rabbit IgG (Mo-
lecular Probe, Eugene, OR) diluted in the blocking solu-
tion for 1 h at 37 °C. 4,6-Diamidino-2-phenylindole
(DAPI) (Sigma-Aldrich) at a concentration 5 pg/ml was
used to label the nuclei for 10 min at 37 °C. After rinsing
with PBS, sections were mounted with antifade solution
and examined with a fluorescence microscope (BX 41,
Olympus, Tokyo, Japan).

Reverse Transcription-Polymerase Chain
Reaction

RNA was isolated from pancreatic islets and remain-
ing pancreatic tissue of the recipient mice using Rneasy
Plus Mini Kit (Qiagen, Hilden, Germany). Isolated RNA
was treated with DNAse using RNase-Free DNase Set

Table 2. Primers and Alu-specific probe sequences used for the RT-PCR and FISH analysis

Primer sequence product size (bp) annealing temp. (°C) cycle number
human insulin forward agccgcagcctttgtgaac 141 63 45
human insulin reverse agctccacctgecccac 141 63 45
mouse insulin forward ctataatcagagaccatcagcaagc 344 60 35
mouse insulin reverse gtagagggagcagatgetgg 344 60 35
human GAPDH forward gagtcaacggatttggtcg 141 59 40
human GAPDH reverse catgggtggaatcatattgg 141 59 40

Alu-specific probe cctgtaatcccagctactcgggagg

ctgaggcaggagaatcgcttgaacc

37
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Blood MNCs
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Pancreatic Islets

[Gene M[a[b]c|a[b|c|a]b]c|a]b]c|a]blc|a[b]c|
3147 [HI
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Pancreatic Islets

Group| [ 1 | 2 | 3 [ 4 [ 7 | HI|

M - Molecular Weight marker
Gene a - human GAPDH

HI - human Islets

Gene b - human GAPDH without reverse transcription

Gene ¢ - mouse GAPDH
Gene d - human Insulin

Gene e - human Insulin without reverse transcription

Gene f - mouse Insulin

Fig. 1. RT-PCR analysis of gene expression in mouse tissues. Transcripts of human GAPDH (a) and insulin (d) were anal-
ysed and compared with trancripts of mouse GAPDH (c) and insulin genes (f). The products of PCR reaction without
reverse transcription served as a negative control (b, ¢). Human islet RNA was used as a positive control.

(Qiagen) and 1 pg of RNA was reverse transcribed with
Omniscript RT Kit (Qiagen) according to the manufac-
turer’s instructions. cDNA was amplified using HotStar-
Taq Master Mix Kit (Qiagen). Gene-specific primer
pairs, annealing temperatures, and product sizes are list-
ed in Table 2. All of the primers span at least one of the
introns to prevent false-positive results. PCR products
were separated and visualized on 2% agarose gel con-
taining ethidium bromide.

Results

Successful HUCB transplantation was confirmed by
detection of human glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) mRNA in samples isolated from
mouse blood MNCs 4 h after the transplantation (Fig. 1).
Further detection of human cells within mouse tissues
was performed four weeks after the application of
HUCB cells using the primers specific for human
GAPDH. The expression of human GAPDH was de-
tected only in samples derived from mice exposed to
both 1 and 3 Gy radiation doses. Human GAPDH was
detected in all of the examined tissues (spleen, bone-

marrow, blood MNCs and pancreatic tissue). No expres-
sion of human GAPDH was detected in tissue samples
from mice that had not been subjected to total body ir-
radiation (Table 3, Fig. 1).

In order to evaluate the potential of HUCB-derived
cells to differentiate into human insulin-producing cells
we performed RT-PCR analysis of human insulin gene
expression. We used RNA isolated from fresh pancreatic
tissue and Langerhans islets of the recipient mice. The
expression of human insulin mRNA was observed
exclusively in pancreatic tissue derived from mice irra-
diated with 3 Gy. We did not detect any expression of
human insulin gene either in the isolated islets or pan-
creatic tissue derived from mice irradiated with only
1 Gy or in samples from unirradiated mice. For the de-
tection of human insulin mRNA, we designed the for-
ward and reverse primers that specifically amplified hu-
man but not mouse insulin cDNA or human gDNA. The
amplified products derived from the recipients’ pancrea-
ta were clearly seen on agarose gel (Fig. 1). The product
size corresponded to the expected size of PCR reaction
product amplified by specific primers. These results in-
dicate that human insulin was produced by donor

Table 3. Detection of human cells within examined mouse tissues in the study groups

Tissue Blood Spleen Bone Marrow Pancreas Islets Human  cells
Group 1 - - - - - -
Group 2 + + + + . B

Group 3 + + + + + +
Group 4 - - - - - -

Group 5 N/A N/A N/A N/A N/A N/A
Group 6 N/A N/A N/A N/A N/A N/A

Group 7 - - -




228

T. Koblas et al.

Vol. 55

Fig. 2. FISH and immunofluorescence staining of mouse pancreatic tissue four weeks after the irradiation with 1 Gy. (A)
FISH for human ALU sequence (red), (B) DAPI staining of nuclei (blue), (C) C-peptide immunofluorescence staining
(green) and (D) merged images A—C. HUCB-derived ALU sequence-positive cell is shown (arrowhead).

HUCB-derived cells in the recipient pancreas at the
RNA level. Insulin-specific cDNA in the tissue obvi-
ously did not originate from passenger haematopoietic
cells as this reaction was negative in all starting MNC
samples.

The presence of human cells within pancreatic tissue
was further confirmed by the fluorescence in sifu hy-
bridization specific for the human ALU sequence. Rare
human cells were detected within the acinar tissue, islets
and also in the pancreatic ducts of recipient mice (Fig. 2
and Fig. 3).

In the next step we performed immunofluorescence
labelling of human C-peptide in combination with hu-
man ALU sequence-specific FISH to confirm the ex-
pression of human insulin at the protein level. C-pep-
tide-positive human cells were clearly demonstrated
within the pancreatic islets of mice irradiated with 3 Gy,
although only in a low number (Fig. 3). The average
number of C-peptide-positive human cells per animal
was 18 = 13. The whole pancreata were cut into 10-um
sections and the investigation was performed in all of
them.

Transplantation of HUCB into severely diabetic ani-
mals did not lead to metabolic improvement. All seven
animals progressively wasted and died before the end of

the study period. Therefore, the presence of human cells
within their tissues could not be studied.

Discussion

For their availability and easy storage, umbilical cord
stem or precursor cells have been regarded as a promis-
ing source for cellular therapy of diabetes, though the
scientific and practical reasons for this hope have still
been lacking. The ability to differentiate into the B-cell
phenotype undoubtedly depends on selection of the right
cell type, on its culture conditions and last but not least,
on the post-transplant care of the recipient. Cure or sig-
nificant improvement of experimental diabetes by
HUBC transplantation has not been achieved in any
study so far. However, the results of our study demon-
strated that the potential of HUCB mononuclear cells to
engraft in the host pancreas and to differentiate into in-
sulin-producing cells does exist. The origin of the trans-
planted cells was confirmed not only by fluorescence in
situ hybridization staining for specific human DNA se-
quence in combination with immunofluorescence stain-
ing for human insulin in transplanted immunocom-
promised mice, but also by highly sensitive RT-PCR
detection of human insulin mRNA.
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Fig. 3. FISH and immunofluorescence staining of mouse pancreatic tissue four weeks after the irradiation with 3 Gy. (A)
FISH for human ALU sequence (red), (B) DAPI staining of nuclei (blue), (C) C-peptide immunofluorescence staining
(green) and (D) merged images A—C. HUCB-derived ALU sequence and C-peptide-positive cell in pancreatic islet is
shown (arrowhead) and HUCB-derived ALU sequence-positive cell in pancreatic duct is shown (star).

Our results are in agreement with those published by
Yoshida’s group (Yoshida et al., 2005). They also ob-
served the presence of human insulin-producing cells in
pancreatic tissue after the transplantation of HUCB
mononuclear cells into the normoglycaemic mice. In
their experiment, the rate of differentiation was signifi-
cantly higher in comparison with our study. The differ-
ence between the numbers of differentiated human
B cells may be due to different mouse strains used in the
studies as well as the type and number of transplanted
cells. Yoshida et al. (2005) used non-obese diabetic/se-
vere combined immunodeficient/B,-microglobulin null
mice (NOD/SCID/B2m null), which lack mature T as
well as B cells and show extremely low activity of natu-
ral killer (NK) cells. This profound immunological in-
competence obviously enables high engraftment rates of
human cells in NOD/SCID/B,m null mice (Ishikawa et
al., 2002). In our study we used the CD-1-nu/nu nude
mouse strain, which lacks only mature T lymphocytes
but still shows functional antibody-producing B and NK
cells. The nude mouse strain may provide a lower en-
graftment potential for xenografts in comparison with
the NOD/SCID strain as demonstrated by transplanta-

tion of foetal porcine pancreatic tissue into the NOD/
SCID and nude mice (Tuch et al., 1999).

We have therefore decided to use whole-body irradia-
tion in the effort to increase engraftment efficiency of
human cells. Without irradiation pretreatment we found
neither any human insulin-producing cells nor any hu-
man cells in pancreatic or any other examined tissues.
Conversely, after a 1 Gy total body irradiation we de-
tected expression of human GAPDH in haematopoietic
organs such as spleen, blood and bone marrow using
PCR detection. Nevertheless, we did not detect any ex-
pression of human insulin gene in pancreatic tissue. Fur-
ther increase of the radiation dose up to 3 Gy led not
only to the engraftment of human cells in pancreatic tis-
sue but also allowed differentiation of human cells into
insulin-producing cells. While most of the human cells
within the host pancreatic tissue were insulin-negative,
we convincingly detected a few insulin-positive human
cells in the pancreatic islets. Noteworthy is also the
presence of human cells in pancreatic ducts. Since islet
cell neogenesis is thought to occur in pancreatic ducts
(Slack, 1995), it could be speculated that human cells
present in pancreatic ducts may undergo differentiation
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Fig. 4. FISH and immunofluorescence staining of human pancreatic tissue. (A) FISH for human ALU sequence (red), (B)
DAPI staining of nuclei (blue), (C) C-peptide immunofluorescence staining (green) and (D) merged images A—C.

into the endocrine cells under the influence of pancreatic
ductal niche.

In contrast to the paper of Yoshida et al. (2005), the
presence of human insulin-producing cells in the host
pancreas and in isolated pancreatic islets was undoubt-
edly confirmed by specific PCR detection of human in-
sulin mRNA. The lower number of human insulin-posi-
tive cells in our study may also be explained by the
lower number of transplanted cells. Isolation of HUCB
cells from one donor enabled transplantation of 107
MNC into 5-10 mouse recipients. Yoshida et al. report-
ed application of 107 CD3*, CD4* and CD8"-depleted
MNCs, which represents approximately 35 % of all
HUCB MNCs (Pranke et al., 2001). Therefore, we as-
sume that for one mouse recipient they had to use a
higher amount of HUCB than we used.

The explanation for successful engraftment and dif-
ferentiation of HUCB cells in pancreatic tissue after the
radiation treatment is not evident from our results. One
could speculate that the tissue damage caused by radia-
tion stimulates migration and engraftment of human
stem cells into the injured organs. For example, deple-
tion of the host immune system and haematopoietic
stem cell pool by radiation-mediated myeloablation led
to successful engraftment of donor stem cells in haemat-
opoietic organs (Stewart et al., 1998). The positive ef-

fect of radiation on the engraftment of stem cells and
tissue regeneration is not characteristic only for haemat-
opoietic tissue, but also for neural (Marshall et al., 2005)
and hepatic tissues (Guha et al., 2001).

Another condition which could have allowed engraft-
ment of human cells is the radiation-mediated myeloab-
lation of the mouse immune system. Depletion of host
immune cells caused by myeloablation may have im-
paired xenograft rejection mediated by the remaining B
and NK cells (Yoshino et al., 2000). Although we have
no direct evidence how severe the depletion of the
mouse immune system caused by irradiation was, we
suppose that increasing doses of radiation allowed high-
er engraftment rate of HUCB cells into haematopoietic
tissue with consequent restoration of the impaired im-
mune system. A rather high prevalence of GAPDH-pos-
itive cells that we found in the peripheral blood and bone
marrow supports this assumption.

An important stimulus for stem cell differentiation
into insulin-producing cells might be the diabetes-relat-
ed hyperglycaemia (Wang et al., 2005). In our study,
HUCB administration did not cure or improve strepto-
zotocin-induced experimental diabetes. Previous study
conducted by Ende et al. has shown improvement in
glycaemia and survival of diabetic mice after the trans-
plantation of HUCB cells (Ende et al., 2004). However,
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in their study the dose of HUCB cells was 200 x 105,
20-fold higher than in our study. In this paper, however,
no investigation of insulin-positive human cells had
been performed. For further study, a longer time period
and milder hyperglycaemia enabling survival will be
necessary.

In conclusion, our study confirmed the possibility of
human umbilical cord blood mononuclear cells to dif-
ferentiate into human insulin-producing cells in vivo.
However, successful differentiation occurred at a rather
low rate and required preceding irradiation of the im-
munodeficient mouse recipient. Further investigation
should focus on other potential conditions that might
stimulate B-cell differentiation in vivo such as hypergly-
caemia, administration of incretins, and on identifica-
tion of the appropriate umbilical cord blood cell type
suitable for transplantation.
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