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Stem Cell Properties of Therapeutic Potential

Geom Seog Seo

Department of Internal Medicine, Digestive Disease Research Institute, Wonkwang University College of Medicine, lksan, Korea

Stem cell research is a innovative technology that focuses on using undifferentiated cells able to self-renew through the asym-
metrical or symmetrical divisions. Three types of stem cells have been studied in laboratory including embryonic stem cell,
adult stem cells and induced pluripotent stem cells. Embryonic stem cells are pluripotent stem cells derived from the inner
cell mass and it can give rise to any fetal or adult cell type. Adult stem cells are multipotent, have the ability to differentiate
into a limited number of specialized cell types, and have been obtained from the bone marrow, umbilical cord blood, placenta
and adipose tissue. Stem cell therapy is the most promising therapy for several degenerative and devastating diseases including
digestive tract disease such as liver failure, inflammatory bowel disease, Celiac sprue, and pancreatitis. Further understanding
of biological properties of stem cells will lead to safe and successful stem cell therapies. (Korean J Gastroenterol 2011;58:125-132)
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) -?-I’éF’.:%7IHIE(gastrointestinal stem cells)
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ol Ho] & 7S YEA "%41’42 5RO A=
2-5ntol| WH|7} H=H], o= 7|l olo] & HAR
=2 %’“%% Hol= Aotk ® o] Arpgatg L A &of
o ¢4 s E}%Hﬂw Hﬂﬂ%ﬂ/ﬂlioﬂ 9]5}1 274

AJSEaL Qlet. nlAleg oAl =7 Bt A ok W
S 5t Ho|5EA| E(transit-amplifying cell)’} Hf. o]
o A AFAE= A4S OR o]Fsto] AsEHAL, FAO] 4

o sudo] HEAow 44 Hot

5 $u4 4]
AZ7 FOEC el BMEE 9149 BTt B (sth-
= Ok

mus) 590 9l AT Hudki glit, o]%2 ofuldko]
oA, AR 2= AQKfoveola)Z o|Fdlo] Mt AlulE A s}

I ol E= A9 VA EZE o]Fle] A E(parietal cell)

2 59l Aojth.®Y 2HE A7 QFEEFARY o
kS gk Mot ofue}, HA4-f- A E(myofibroblast) 2} 7
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2) 2HE7|M X (hepatic stem cells)
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oA FELsto] AT FAEH ZOF o] FI7HHEA =
thth= “stream liver 7HA"o] A7 & Qo) Tk
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Small Cholangiocyte
Large Cholangiocyte
Ductule

Y Bile Duct Sinusoid

Canal of Hering

Poraivan Bile Canaliculus

Endothelial Cell

Hepatocyte Bile Stellate Cell
Hepatoblast Flow Space of Disse
Stem Cell 7

Canal of Hering i—— Hepatic Cell

Fenestration in
Endothelial Cell

Bile Canaliculus

Fig. 1. Structure of the hepatic lobule.
The portal triad consists of bile ducts,
hepatic artery, and portal vein.* Mixed

blood from the hepatic artery and
portal vein flows past hepatocytes
through the sinusoids, covered with
fenestrated endothelial cells to the

central vein. Bile produced by the
hepatocytes is collected in the bile

canaliculus and flows towards the bile

Hepatic_|%
Artery
Hepatocytes
Polynucleated
Apoptotic
| Zone 1 | Zone 2 | Zone 3 |
I I I 1
Large  Small
Cholangiocytes
Lineage stage
12 — | | | }— Hepatocytes
3 a4 5 6 7 8
Lineage stage
(of viable cells) 1 2 3 4 5 6 7
Diploid adult cells :
Hepatic stem ) Tetyaplou:i
Parenchymal cells Hepatoblasts Committed N - pericentral
cells (hHBs) progenitors Periportal Midacinar Per!cen_tral parenchymal
(hHPSCs) parenchymal | oo tes diploid cells
cells hepatocytes
Endothelia
Mesenchymal . Endothelial and stellate (hepetocytes) . . .
cells Angioblasts cell precursors Stellate cells Endothelia Endothelia Endothelia
(cholangiocytes)
"Small
. " "Large
cholzgglocytes cholangiocytes"
Size 7-10 um 10-12 pm Hm . 14 um 22-25 um 25-30 um >30 pm
Hepatocytic H
h epatocytes
progenitors 1820 um
1215 pm Sada
. - Intermediate Negligible DNA synthesis but
Growth Maximum (complete cell division) (complete cell division) with little, if any cytokinesis)
Genes Early Intermediate Late
Type llI, IV, and V collagens,
Matrix laminins, hyaluronans, CS-PGs, <<<<Gradient>>> Type lll, IV, VI collagens,
HS-PGs HP-PGs

duct. The Canal of Hering is the
junction between the hepatic plate
and the bile ducts. This is the region

Lineage stage 8 consists of apoptotic cells located near the central vein

where oval cell precursors reside.>

ATP-binding cassette transporters 2&3tc} % HGF B31g 4 Qlrt BilE Hel 22 EE Bie|xs 04T

(hepatocyte growth factor)= HEFA| O] A, 7|5, &3}, ol Aol o]F FEI| 93t 7Ied AT ¢ w2 7eH

41 288 % ckitd HEAH L} FARE AFA A T T7F Basirt HTolle FUHAE7INES o83t A

dxjo] T FAAZ AZstal ok AFZo £& xS Btk AFE 91o]” ojof it 37}
WG F9471 719 F7AE FollAl, TAE7 Ak A A9l A AeF Flout

WA 0 FHFETNAE LR So] HEAER
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Intrahepatic
Epithelial-mesenchymal partners
unique antigenic profile and matrix receptors
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hAngioblasts

VEGFr+, CD31+/—, VWF+,
CD117+, CD133+

VB3, LYVE-1

hHpSTCs and
endothelial cell precursors

VEGFr+, CD31+, VWF+,
high levels of desmin,
aSMA, CD146

aVp3, LYVE-1, CD44v6
- J

N
Type lll collagen, hHpSCs
laminin (a.6p4),
hyaluronans, EpCAM+, NCAM+,
CS-PG with low or SHH+, IHH+, Claudin 3+,
no sulfation Albt, CK 19+, AFP—
CD44H, 064, a3, a2, o1+
S J
hHepatoblasts
Type lll, IV EpCAM+, ICAM-1+,
collagens, AFP++, Alb++, CK7/19+
laminin (afl), Cooal
hyaluronans, CD44H, aVB1, a3-, p1-,
CS-PGs,HS-PGs a6, o l++

- J

Highly cross-linked type |, Ill
Type IV, VI, XVIII collagens, collagens, fibronectin
highly sulfated highly sulfated
HS-PGs, HP-PGs CS-PGs, DS-PGs

hEndothelium

VEGFr2+, CD31+,

hHepatocytes

ICAM-1++, Alb+++,

hStroma/hmyofibro-
blasts/hHpSTCs

hCholangiocytes

Secretin-R, Alb—,

High levels of desmin, AFP-. CFTR+,

Fig. 2. Schematic image indicating the
coordinate maturation of the epithelia
(parenchymal cells) and their mesen-
chymal partners and some of the
identified extracellular matrix compo-
nents found at the particular lineage
stages.®® Not shown in the figure are
the soluble signals that also are
lineage dependent. Some of the lineage
dependent soluble signals identified
are noted in parentheses beside the
lineage stage at which they are found:
hepatic stem cells (LIF, IL-6, IL-11, and
acetylcholine); hepatoblasts (HGF,
EGF, BFGF, IL-6, IL-11, and acetyl-
choline); hepatocytes (HGF, EGF,

VWF+, VCAM Transferrin, P450s aSMA, CD146 .
aquaporin 4+, 8+ BFGF, T3, glucagon, and hydrocor-
alpia, LYVE-L aVp1, 0lpla VB3, CD44v6 B1,p4, a6, ~a1 | Usone); cholangiocytes (VEGF, HGF,
BFGF and acetylcholine).
Activation Proliferation Migration Differentiation
{
v =
— ) - — rd Hepatocytes
@ e -y —— &5
—
Oval cell Oval Oval cells Oval cells
precursor cells
LIF
OSM ]—> JAK/STAT Biliary cells
IL-6 Fig. 3. Signaling events during the
. 50 .
118 —>  IFNy igltg hepatic oval cell response.” A time
HGF SDF-1/CXCR4 line represgntmg thfe stages of .oval
LT-B FGF-1 cell activation, proliferation, migra-
SCF Plasmin activator tion, and differentiation. The factors
Cox-2 WVZAK Sonic hedgeh cascade: LIF that are involved in each stage of the
ox: _ m%r;:n ,f . fgee,:) ogg :’F'?:‘ B'SkM/ O?T‘R response are listed at the bottom.*®
Sympathetic Ik/pref- LIF, Leukemia inhibitory factor; OSM,
nervous system Oncostatin M
z = W), Fulee A Rolen & 4 olr B U oER
—
shsof thet A7 X3 F<l AAE7 I EE wlolE7]AlE
HjolE7 A2, JAE7IME, FEtsE7|MEE o83t b= Aoldh A2ty EAE 7HAER, & SHeR
AZAE A= GxA Ak 8ttt st SHoA & sfof stH, obd] BeA A ok BETHH EAE e Ao
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