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A Study on Intrasplenic Transplantation of
Embryonic Stem Cells

Chang Soo Choi, M.D., Young Churl Yang, Ph.D." and
Young Kil Choi, M.D.

Purpose: The authors evaluated the morphological and pro-
liferative properties of embryonic stem (ES) cells following
intrasplenic transplantation. The results were compared with
those obtained following intrasplenic transplantation of cul-
tured hepatocytes.

Methods: ES cells of blastocysts were collected from super-
ovulated Sprague Dawley rats. Hepatocytes were collected
from the liver of 7- week old rats by perfusion of collage-
nase. The ES cells and hepatocytes were cultured for 6 days
and fransplanted into the rat spleen. The properties of the
ES cells and cultured hepatocytes following transplantation
were investigated by morphological methods.

Results: ES cells in the culture proliferated faster than he-
patocytes, and differentiated to various shaped cells. Follow-
ing fransplantation, ES cells were distributed near the peri-
arterial lymphatic sheath. Cultured hepatocytes gathered
chiefly around the trabeculae. On PCNA stain of transplanted
ES cells, positive cells appeared on day 7 and became dis-
tinct on days 10 and 14. Transplanted hepatocytes showed
no PCNA positive cells on day 14. On electron microscopic
examination, ES cells differentiated to hepatocyte-like struc-
tures on day 10, and became functioning hepatocytes on
day 14. Transplanted hepatocytes formed bile canaliculi on
day 10, although development of organelles was insufficient
on day 14.

Conclusion: ES cells proliferated faster than cultured hepa-
tocytes. Intrasplenic ES cells proliferated at the germinal
center and hepatocytes around the trabecula. ES cells dif-
ferentiated to cells that had the function of hepatocytes. (J
Korean Surg Soc 2001;60:549-557)
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5, 2Ela FAE X}:L*}L F71¢] grol®] 5 W2 A
£ 1ok sl 3) i THAET EoE| ALY Bt
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7] ZHEAIES] 7 9 E3bsoll A3 A7 e o
FolA I Jeul(6) BA7EA chekdt F& FollAl wio}r]
THEHAZ 52 wlolr] ZHEAEA AlES] F5le] B
]9l o embryoid body W 7]¥Z ¥ A), chimerax] ol A]

o BUNE 2o Sol HAAU) TP TAE
olAg g% AER FEA ol HEAEA o)

M ko] zA3 ARFA HEDAZS WAE A7
& e 7% Bobel ek vl vl ol A E ) i
ol AL DADAEZS Bahe] BH5AE 44
& % Aol delAE 9wk glek oleld Aol
Heksto] B AFOAE BAATS TzRE 2L )
o] REAES HIDAER B3A7 F vl ol
ASAL wf olZo] BHete] AF F YLA Fobu
o, e A AEE g el o] A%k T3t et
4oz vashug shaich
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1) AYES
Sprague Dawley#|(1457) 3 HAZFE] Eaf7]e] ujjol”]
BEAES 17 Slete] FRUA 7S o] S5k
FSH (Sigma, USA) 50 unitsZ 10 ml2] AJ2]2led<rol] 3] 4]
sl 1 mly IslAsta 5041 7F & LH (Sigma, USA)
37,000 unitsE 740 mle] FAE Ag|A Ao 3] Aslo]
0.1 ml4 Z)a}2 3k ok, HA 2utelol] 7 1v}e] 9
v & & HAAI7] AL vaginal plugs <13 g ¢14l (0L
2 3o 495 T E AF A 2] AqH A= A
Hajo] el 2ol Y 2Ao] AES AT} FUE
Z 23 o}2 hyaluronidase 0.5 mg/ml7} Eo] & wio}y]
ZHE) A EZ wiekeBolL} bicarbonate-free MEM/PVP (Gibco,
USA) 100 gItol] 59t}

T4 @v]7 (Olympus, Japan) 375 3t ol cu-
mulus cell mass7} W] 55| o] 9l A o] v A £}
Al PEE o Gk 732}; 2324 G SR PHR
off 74& HH T76‘E]'°] 2 HE wA e A
T ARk FAzke] vhem Ao ® I3y} Fof
o z24s WEERE AASE 4 wes
A 7AAse] cumulus cello] FL3}A] HA W ¢o]
micropipette &. 2 TS Tl H gk F
olgho g mAgell TR F7 tha 5~6719 ¥
= A A wlobE AlXsle] A 23 H cumulus cell&

A7
2) HHOFZI ZHERMIZEL

=9 XX

o
- &

C.ru&nb.?‘_’,

=
o o B L (> rlfmhi-l

E2let ool M=

Fode] 24 FullE 37°CslollA] wHEA7]H A
1% dispase &8(Gibco, USA) 2 mlE 1587} * glslo] &
Hurt 5= AL sl A HoAEE 8 ohg a43

&R 2 miE 7hste] saRbAIFIHA] 23] Aldsta A4 E
glslo] WAlEH o] E et WAIEH o= thA] 37°Cel
ollA] HEA]Z]" A 1 mg/ml type IV collagenase 2-2H(Gibco,
USA)ell 1A17F FAeb7h A5e AAZ 3 HAEH o
A5 Felakelek o] woby] ZHEAIE miogl o
ol A s}k FH AEZEE AE 338l embryoid body
Z A= o]F thA] type IV collagenase £-Ho] 1
A1 7HERt Helsto] ztzbe] AEE FEI3E $ wielr] 7
E)ANE viekHellA] i ekslalct.

vljo} 7] ZHER) A E vl kel 20% fetal calf serum (Gibco,
USA), glutamine (1 mM), S3-mercaptoethanol (0.1 mM Sigma,
USA), nonessential amino acid stock (0.1%, Gibco, USA),
penicillin (100 U/ml)-streptomycin (100 zg/ml, Gibco, USA),
fungizone (1.25 xg/ml, Gibco, USA), gentamycin (50 ng/ml,
Gibco, USA), kanamycin (100 ng/ml, Gibco, USA)-S E3+3t
% Dulbecco’s modified eagle’s medium (no pyruvate, high
glucose, with glutamine formula Gibco, USA)Z 500 ml7} %
T2 294 Azt

AZA 5 mlE 75 em’® culture flaskol] 31 Eg]=
ob7] ZHEAEE HE3 & A ZHAE wiA 1 mlE A
7Fete] F &7Fol 6 miE|Al wEo] 37°CollA] wokslgict.
wjol7] ZHEAE= 694 FF w3t $ 37°C slollA]
HEA]Z]M 4] 0.05% trypsin-0.53 mM EDTA £-<%(Gibco, USA)
o g I15E7 Aelste] uhetell B3 A7t wiFdr] &
Holl A "olA =5 sl3ich

3) BRYM 2E ZEME E2[Qt BHYHO| M=

nHAAI71aL 57 WHoll keta-
mine (50 mg/ml, 10 ml) 0.5 mlE FA}, 55 & 7 83lo] A
gAldgol A A=E s $FHoF HB A Fuo] &
Mol S Alokg sushelch Eulol 4, 32 F A9
A hES Aol B B HES WA AR g D
ol ¥ £4e] AVA ‘E%J—% Aute] =35 AFglshed

A E ether® 22 5+ 7

AR lEE AR, B3 g ueE 2 2o
2 0] 9E EHE Aeta BFAT P WA

Zili}-

2 30 ml $ 5= & peristaltic pump (Fisher, USA)E #5
Al?% 38 °Coll &g FAAT ABFE 95N 150 miE
‘jﬂ.ﬂ, o] #FAZ £ AMNE AAsle] AALS x=2A7] o
=9 5 PEH75‘“—'1°11 i%}*}«l e 29
57 OPEH JuilS A%sld FReiog o] s =
Hl ojuf +4E AN sk ‘:]"C_‘ —-J?_ré Al A sk
Aule At AR Bz FRSIHE WA fEste] &
Ao wige Adeta =3e] 2 szl W &
ol Y 4~537F 377} A& o] oAl = RS #4l
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(Gibco, USA) 100 mlel] collagenase 100 mg-S 7}slo] of
43k &0 100 mlE v}H-o] 10~2087F <34 A, 7ho] &
St kel Eol Fol FEh addfo] 4hEEo] tte el
ol 55 FAIL 7 k&g 7HE Arkslo] Ca’
free hank solution 10 mlE Y& Akd#lo] &4t 4
AT 7H 2 7 7HE Al Hol &3kE Zhell A 74

M7 £ S 10 ml pipette© 2 WA F9,
%S Wue] ATA L2 BAHNES G S ol
strainer (Falcon 2340, USA, 40 zm nylon)E- o|-£3}o] o]z}
otk o g 50 ml ARl 2ol Ropa] 4°Cs)
800 rpme. 2 147 A4lEe] sk nhetell= A7), 4
Solle Alxzz, AREAE, HET So] Roll w=vl
A5AL HEE 30 ml FAVE o] &ste] AAB I o
A& 3~43] wHEste] gFfo] Tl A TRk
HEE Aelsilcth. A2 245 trypan blue (Gibeo,
USA)E o|&3lo] AAsIor 1x10°HZ/ 02 ml - cm’
o] Jxr} 25 wjekd Tl EFete] mid wigls 7
ofF A 697 wieFslelet.

ZHA)E uljokoNLe 10% fetal calf serum (Gibco, USA), pe-
nicillin (100 U/ml)-streptomycin (100 xg/ml, Gibco, USA),
fungizone (1.25 szg/ml, Gibco, USA), insulin (10 ° M, Gibco,
USA), dexamethasone (10 > M)& % £&s}3 Dulbecco’s
modified eagle’s medium (no pyruvate, high glucose formula
Gibco, USA)C.& 500 ml7} ¥ E& 2k3=0] A=3 £ 4°C
slol A Ageln Agel7] A 37°CE LEsleh

4) HHOFY| ZHEMIZ 2t ZHM[Z2| HIZLY 04

6% F<F k3t & AF 3 wolr] ZHENAIELL ZHA1E
+ 0.05% trypsin-0.53 mM EDTA (Gibco, USA)E- o] -&3}o]
ajeEE 7ol A EElgh 5 800 gollA] 15E7F A4 e shof
trypsin-0.53 mM EDTA-§%H(Gibco, USA)& A|As}x 5 X
107 AEE 26 G vhE& 719 3 ml FA7]ol Fulsl

ek

T R E 5% F %Ak wRE B3] w2
A AR e 4R T e due Adsa o G
¢ BF P Adstel BHIL QAHOZ B4 A
517 shglet. WP EE vlgpe] mel oA 26 Ge| &
ANE Bl AR FYelgor] FANE W ¢ B

5) YaHE0A] £

]

20| Hit

&}
wF A EE vlAW o] A3 ¥ 39, 7Y, 109, 495 7
AR EES FRAATI L vA-E AW skdek A

5] 2 neutral buffered formalin (pH 7.4) 2.2 1A%}
o gel AR E AR ¥ ehaen Eolsje] 6um

lo,

o) 2AAAL olo] Ysbebastel PSR L
ZA 471 H&E JA& Al3isar o223} Q] PCNA
o] Wizl o3 M-& DAKO LSAB kit (DAKO, USA)E o] &3}
k.

Wiz 5ere Skl AHE oA F 3% hydro-
gen peroxideol] 557+ WHSAIZ H FHTE FAlst A
A3 tris SFRol] SEZF F vhe AR A SF
No g 5§ HHGAIZ] I PCNAoY tigh FAIZ 14 7F vk3
A7 & tris 25N bathol] 5E7F it

HESAIZL A AelAe] ke kgl g vk bio-
tinylated anti-rabbit®} anti-mouse immunoglobulins ©. 2 105
ZF vFS A7) & tris Mo B FASLI 0.05 M tris <
ZN (pH 7.6)2. & A 23} streptoavidin peroxidaseuH ol 4]
1087 & o8 A tris FEN o2 G4 & tris bathel] 5
2 FAeh RS2 2 mio] 714 ShEie FEFUE
Aol Ya 7} 94328 2 miujr} AEC chromogen M-S
DEEH AR 24 ERE kS 39 2 miviet 7]
ZA-hydrogen peroxide &8 124 Hrlsta A E3ts}
o] A|lz3k 714 -chromogen -§-H2 2 107 ¥k-g-A1 7t}

JECUREN

6) MXH0IFE =X E=29 HE

o4 g Aietel 4C Ael2Jeddoll SE ol
golg 2 AAs}cl 0.1 M phosphate buffer (pH 7.4)
2 FAI3 o8 4°Co] 2% glutaraldehyde-phosphate buffer
(PH 7.4) &qol] 247k F<t @o] nAE I F7 05
mm oW Z ZA| o] wlo]dol] Wk Ao F 4°C
9] 2% glutaraldehyde-phosphate buffer &-<Hol|A] 1A]7}F
g8} 1 0.1 M phosphate buffer2 1027+ 33] A3k )&
4°C¢] 0.1 M phosphate buffer Wl &-%1F Foic). =04
2 0.1 M phosphate buffer2 424 557+ A3 o}-&
1% osmium tetroxide-phosphate buffer2 1A]7F &<k deep
blacke] & w7}A 1A#}3 0.1 M phosphate bufferZ 10
4 33, 2~3% SHTE 10T FAs

g 30%, 50%, 80%, 90%, 95%, 100% ethyl alcohol
2 77} 584 33) AAST kA 10871 33 A4
ok A AR TG Aol A propylene oxided
o|-gzlo] 33] 7} 10&7F AAsle] polyresing o] &&}o]
beem capsuleol] embeddinga}-3L dry ovenol| 4] 35~37°Cel|A]
8~ 1847}, 45~50°CoNA] )54k, 55~60°CollA] 1Y, A&
oA a7 FF Fe WHeE FIAA EYS HEA
o} AR D2 sl ZubAI 7| (LKB, Nether-
land) & o] &slo] FAo} 3| AL v A& 200 mesh
9] Fg] zg|Zoll ¥o] uranyl acetate-lead citrate (Biorad,
USA) o]F AzdAS Aledslaict. A3 aelee
100 kv, 61 A A9 &3 A& w7 (JEOL Japan)o &
500000l 4] F& Esgich
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1) HHOFY| ZHER)MIZLt ZHM|ZO| HiEFD} B4l

wjo}7] THEAIE] EElAl Tl 9o T &
Hato] Qlolom QHEole eh AT Eo| wde)
I o g UAIEHelE 1Y & AUk 1% dispase
2 & Aelshd FHuiel k5] Alxge] FeElEa
FHdole FHel HFeAl =, o] FHE S3vlo] Fk
A EEo] EElEo] Yex vpAwe g el 7
AE o]z} Eels] el WAEH o] & collagenaseZ *] 2]
slo] 7247+ AEERE Feld of5 shke] A WAl
Zrlolo] AEEL embryoid bodyE HAslgom o
embryoid bodyE M7 FHIEIE o] &3lo] FEl3t v

thA] collagenase® H2|gt A3} o] & <F 30~4071<] Al
EEE FAE AArkFig D).

ek 29 £ wloly] ZHEHAEES EAste] 71 S7t
st A dFot 44 WA el Tk AlEE0]
=715 WA vpel] B&slo] Abekar gich i 64
3 SAFE AlEA0] H AEEY] AEFo] B
ARnom FHell= AlxAe| FH3H g IE/E
7ML AR EAEE wobr] ZHEAIEEF] Ak AUt
(Fig. 1).

o Feldt ZHEE Fel F3HE 47 Fet
kst Az F 4 A EEo] GH- vhehol] FxbE o]
A chFig. 1). vk 29A] THAEE AlEHo| F7lslo
A o] AzolA 71 Aot Ao AEEE vhe
off B&tsto] zAekal L, wiek 6dAldlE BE AEE

Fig. 1. Phase-contrast micrograph of inner cell mass separated by type IV collagenase (1A), embryonic stem (ES) cells cultured for 6
days (1B), hepatocytes isolated by perfusion of collagenase (1C), and isolated hepatocytes cultured for 6 days (1D). ES cells rapidly
proliferated and changed to comma-shaped cells aggregated in the central portion. Hepatocytes changed to polygonal cells with

increased cytoplasms secreting numerous vesicles (X 200).
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o wiE&719 nietell vpAy el HAIE o] HIEQle] F
ko] ekl 9lof A|EZke] FEd BAE #HUE
Agen AMEA WellAe 22 EulFdg]Eo] st
A= Zo] WEE I rh(Fig. D).

2) HIEL o[&9] F=tain|d oA

wjo}7] ZHEAIEE o] A3t 3 3UA|ol u]4e] PALS
(periarterial lymphatic sheath) 23] ol] o] A3} wjo}7] 7H)
A|ZFo] FEaldedl e EX3 chaddolda of
AN E7} gkt T4A o ¥ Bl o2 HEE 9l o
PALS X ollA] AES] b 27|17} FrbshiA] 2 &
AdeE Bol 9k 10dAlddl= BHAEH e & 714
AlEzgo] Ay w7t F7kshHA o e 2 49
EE olFa A, 14dAdl= FAE £]Ee] oA
ukx] wigAE HAgslRel & &£9e TS dRck

(Fig. 2).

Wl ZHAIEE o]4] & 3ol ulzke] Hujgel wiy
o] ZARSollA] A=A trabecula A ol] HTke]
Lol AIES) S e DAY 5 QA 79l A A
B w4 o4 Qo] @g A Al AAE A
LS50 RojolE Zo] VAN, 104AellE HAES
o] H¥HQ) el tabecula oA B e &
4e o2 Atk 14LAGlE trabecular} S Wn] 4
Hololl & £31€ o Fo] EEeln AthFig 2).

3) PCNA HO{oiM A7

b

—

Hlg ol 414 wol7] ZHEAIES] PONA WA EE
TURol P|oR QAN E Holi AEFe] FHzhglo
o o4 ¥ 102Ael F2l% PONA W Holi AIE
Fol &4 Fdelgleh 4AAolE 1099} vl 24 220

Fig. 2. H&E staining micrograph of cultured ES cells (2A), cultured hepatocytes (2B), PCNA immunolocalization of ES cells (2C), and
cultured hepatocytes (2D) on 14 days following intrasplenic transplantation. ES cells were distributed near the periarterial lymphatic
sheath and hepatocytes gathered around the trabeculae. Transplanted ES cells showed distinct PCNA positive cells (<400).
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Fig. 3. Electron micrograph of ES
cells (3A) and cultured he-
patocytes (3B) on 14 days
following intrasplenic trans-
plantation. ES cell had eu-
chromatic round nucleus,
well developed rough endo-
plasmic reticulum, a few
mitochondria and secretory
granules. Cultured hepato-
cyte showed heterochroma-
tic nucleus with obscure
nucleoli, segmented rough
endoplasmic reticulum and
swollen inactive mitochon-
dria (uranyl acetate-lead ci-
trate, < 5,000).

+ Holch(Fig. 2).

B o] Al & ZRA|E ] PCNA HESA|EE o] A TU Ao
g e AEA HEEo] AURE F iR Al Ed
A& Hbgo] UehA] ekt o] Al 104 Aol w|<kst oF
ARES-& Kol AEFo] & JEF R oH, 14GHd
+ PCNA ubS-A|E7} 257 okSkoh(Fig. 2).

4) ™MXH01E A

wjo}7] ZHEAZ= vl o)A & 3G A AlE7}F A
AR o g2 7 E75F Wl olxsle AlZE &3}
I Uk AlEee] d AL euchromatic 3190w dllqt
ole B dFe] FEslA #EEHAT AEA =
2~3%507 o|Fo|F A EAA L] ULt o4 F
T4A 9] wioby] ZHEAEE F99 AEEE o§ =
o A|xut Wog o]sl: AlES Helar ik wig
Z 92 7 ¢] euchromaticst A Z o] Folx] glow A
Z4 el & 9o AgAel F5-3t ribosomeEo]
AAslar Pk 10Y Aol euchromaticslt 818 712
gt AaAE 7HA T I3 AIZA Uolle ZA A2
2 g APAEAAG ey o] A 9
el ribosomeEo] A|EA Aol LEA EEI}I U
th Al ZFEW L o]l Alxuy AR F5doE H
st gl o A E THAIES} w523k F2E ofF] e
AlE7}F 8 Ao FHFLlel] EEIF ek 1449
Aol A& FElgt #4x9} euchromaticst 3425 7441
FTdo] It AEA Holls & U FAAE
AA, Lo ARAe EuldEs & dodon A
Zuhe gRAS F7150] £Este ol Alxgt A

F3kar Sl vh(Fig. 3).

A ZEE vl o4 F 3UAel] o] st AlEEI
5F2slA] oka oA Qhgdek Al Y& euchro-
matic 3F¢lom AA7L FelsiAl HAE ek A2 o
ol ribosomeEo] ALEA] HEda ggon EAA m
HA A e ARlA 5 2S5 Ak
ol4 F 79A= ¥ el TAEFe] AFer widsta
ggom Mfol] HALA7 Fstd <F7F heterochro-
matic 317 G- o] WHSE et A2 el B2 A
Al B AEAAYS FA wilS Z EnlFEEel #
ZE ek 10940l THAEE2 ofE] e A7 A=
2 4] o]oj A AEAtolol| bile canaliculi®} ZH2- o]
Aol 9lgdet. #e th4 heterochromatic d}3 F-ld)
ALAE 7HAT Addem AEA Holl= £ BAH
FA A, e AdAER A el ribo-
someEo| AEA Aol LEA EEstT Yt 14LA)
o= BE3l &l 4A9} T]$ heterochromaticgl o347 9]
T ¥o] IAE Ut AR el BAE A AEA
At Ao ARAl el AL fuldg e 3RS 5
A ch(Fig. 3).

| &

o} ZHA| (A Eell(blastocyst) o] WA o]
(inner cell mass, ICM)ZXE] w]i3}E A2 Eax o]
Aol A Alfuleko] 7hssta Ao BE FR7e =3I
AEE F3kshe thsA (pluripotency)& AW Il 3lek. o}
7] ZHEAEE vb$2olA A FREJLH,(7) AF
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o|(9%t ATOANAE wh--229F v]=3F o2 g
wjo}7] ZHE)AE7} Haix|o] 9t 3‘4 °ﬂ"\f g
ob7] ZHE)AEZZHE A7A ?‘Kﬂ
& Sl o] A3k A

Sl 4 PAs —‘—‘mi wovl J de <
]?i‘:l't Hux 9lch(10)

wjo}7] ZHE)ANEE AW - 2lollA] FH s B3}t
et wlk g Al f1ollA] embryoid bodyE Ax 4
= AL, AA AE ToE F3kslo] x| uijo}
¢} §ASE 2 E YAAl =vh.(11,12) Embryoid body+
embryool] sl FzHo @ WA ¢kom TGO
A HATA S dslA vkgdsicta & ¢ glont oA
A AEs717b olelgld 27] AR S ALlelA 4
Al sl #2 G Qeks AollA 71HQl AT E
2 Zbagg wha gick WHAIRE 2706l sk 4F &
A B B3l L= embryo} embryoid body FZEol|A] &
%Q.i AEE 7= *‘P:E%] (13,14) embryoid bodyr %7]
ot} F-A F2E AYe E3hs 2odlE AW o] A4
A9%E 94 Seel Buskn AAE FAE A g
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Y e

_IN'

n
woox rfr =

b o

1.,
off °lF
ol

of,

oo BE zAoz Buslel Balehe G4 e
ek Wl HA golAel AE AR ke B3
Ao PAY 5 YUh(5) B ATAAE WAEHo|E B

g8 = a5Fuk HHOE“}Uﬂ embryoid bodyE ¥Alsl7] A2
stgom o] AEES thA] collagenase® F-g]dlo] nljok

b chokst el AlEZ E3kEE AE E F U
o]#] g} embryoid body2} embryo?] HFAJAQ] ATA]L wj
o}7] ZHE)AEZ F embryoid bodyel]A] embryo W 4
oA WAEE e Ad AEE B3} 52 F
%L A3 @A wlotr] ZHE)AIE7} embryodt 72 3}
= AU dS& A A

H—thymldlner-_.: kA 71 71}/3]}_% v] &2 o]
o FEAAL} e FANEE Yo
EE5 DNAE FAste] =A% Ha(6)dAe HAIEE
FY3 17 ool ZHAEFo] AA A FaE g om
JE AZEE IHLZE AGEJ o A FA
dojubA] ekgkel. nlzhell o] 43k ZHAIE m-albumin-RNA
£ o4 F 24417 ofvhel 1004 Ashelek. Z vl
o4 A Z7|oll LATE AT A} ol 23 ou]
& ZA% SdoluhA e Wl A ARAN TR
A4 A 91 ) A4 Slel) B
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