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Development of Xenotransplantation Model
Using Porcine Embryonic Germ Cells
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SUMMARY

Pigs are considered the most likely source of organs for xenotransplantation due
to their anatomical and physiological similarities to humans. Production of
transgenic pigs including addition of human complement-regulatory protein genes
and deletion of alpha-1,3-galactosyl transferase gene may overcome hyperacute
rejection (HAR), the first and currently the most critical immunological hurdle in
the development of xenogeneic organs for human transplantation. However, even
after resolving HAR in pig-to-human =xenotransplantation, a series of other
transgenic pigs may be required to alleviate subsequent acute and chronic rejection
and incompatibility of porcine proteins to human counterparts. Not only the
production of transgenic pigs is labor-intensive, time-consuming and costly but
also usefulness of such pigs in transplantation to humans is unpredictable. For
these reasons development of reliable in vitro procedure to pre—evaluate
effectiveness of transgenic approach would be beneficial. This study was
performed to establish an in vitro model of Xenotransplantation using porcine
embryonic germ (EG) cells, undifferentiated stem cells derived from culture of
primordial germ cells. Human complement regulatory protein hCD46 (also known
as MCP, membrane cofactor protein) and hCD59 gene under the regulation of
cytomegalovirus promoter were separately introduced into porcine EG cells.
Transfected cells were selected by antibiotic treatment and confirmed by PCR. To
test the resistance of transgenic EG cells to human Xenoreactive natural antibody
and complement, both transfected and non-transfected EG cells were cultured in
medium containing normal human serum. The treatment of human serum did not
affect the survival of transgenic EG cells, whereas with the same treatment
approximately one half of non-transfected EG cells failed to survive. Transgenic
EG cells presumably capable of alleviating HAR were used as nuclear donor for
subsequent transfer of nucleus into enucleated porcine oocyte. In vitro development
of clone embryos derived from EG cell nucelar transfer was comparable to that
from somatic cell nuclear transfer. Analysis of individual nuclear transfer embryos
by PCR indicated that over 80% of embryos contained transgene hCD46 and
hCD59. The PCR-negative embryos might be due to an incomplete antibiotic
selection of cells after transfection. Overall, the results of present study
demonstrate that the cell culture-based model of xenotransplantation may secure
the usefulness of particular transgenic pigs prior to actual production. Further
experiments on differentiation of transgenic EG cells into various cell types,
cytolytic analysis of such cells to assess efficiency of xenotransplantation and
subsequent production and transfer of transgenic clone embryos to recipients may

provide a useful new procedure to accelerate xenotransplantation research.
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= 5
TS =9 oFE PCRE &3t &gt A3+ Fig. 3 ¥ 404 B vpel 2o

v N

L

M 1 2

4 CD46 (1.3kb)

Fig. 3. PCR screening of hCD46-transfected porcine EG cells

M : size marker

V © vector containing hCD46 gene

N : normal porcine EG cells for negative control
1-3 : porcine EG cells transfected with hCD46 gene

<4 hCD3S (700 bp)

Fig. 4. PCR screening of hCD59-transfected porcine EG cells

M : size marker
V @ vector containing hCD59 gene
1-3 : porcine EG cells transfected with hCD46 gene
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$H A AAAE7IMEE AAALE ARESHA 231 0.2% gelatino] A2 Al v &
Aol A FPE AT} AAAE7)|AEE 15%9 FBS(fetal bovine serum; HyClone)$}
penicillin(100 U/m¢), streptomycin(100 gg/ml), leukemia inhibitory factor(LIF, 1 x 10°
units/ml)°] % 7}¥ Dulbecco’s Modified Eagle Medium(DMEM, 45 g/#¢ glucose,
GibcoBRL 12800-017)2 A}-&3}e] 39T, 5% CO. =7 9] incubatorol A vl %s} 53 th.
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o] FrHA &2 AAFE wiFdl N2B27¢l4 EBE dAste] 4l
of &35 HFAFHTE N2B272 DMEM/F12(1:1)9} Neurobasal medium(Gibco BRL)
o] 1112 =% wFAdor 2mM L-glutamine, N2 supplement(Gibco BRL)¢} B27
supplement(Gibco BRL)E &-#3Fth EB= F-127¢] * 2] ¥ bacteriological Bl &4
Al A trypsinel 2lsle] @A X3 H A AAAHAEZ7|HEE suspension culture©ll
ojgte] PYAAIATE Fig 5ollAlet 2ol A f3bo] 93] FdH EBE FET9
cystic EBE ®@/Jstar N2B27wj ool M #= 23k EB+= thi-Z°] simple EBS
Pk A4 Esker fE 23l 7Ol BE A AAAETIAES] AT

AR Eshell &Aoo

Lo

rE Mg

Fig. 5. Morphology of embryoid bodies developed from pig EG cells.
A. Cystic EBs derived from spontaneous differentiation condition. B. Simple EBs

derived from induced differentiation condition.

Table 1A= 9] 2744 AR
ATk 7 Ag 2 334 AAE QA Table 1914 B A3
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Table 1. Efficiency for formation of neural rosettes in the replated EBs.

ghuk Spontaneous differentiation Induced differentiation

e

% EBs containing
neural precursor 10.3% 24.2%
cells

P4¥ EBv AWGS Fote] AAAFAEZ E3SA Hw o] Neurosphere
medium (NSM)oll Al °F 14 A% wjgste] #3t& =33t Fig. 62 = A A2
A7 AEZ2RY AAAFAE 2 ABAEZ] #3855 HoFi At} Fig 6B9F 2
o] 74d% el EBE fibronectino] A 2¥ AEujFAlel AujdFed & of 79 FHE
Fig. 6Col A e} 22 columnar A7 43 M3 (neural rosettes)”} W3ttt o] et

3 Jo = wjote] AAA wEHAAA ERY
+ neuroepithelium¥} ety o2 FAlsto] FJH A V|Fo 2 o]&H, o|FEA &
slel MAAFAELE B4 o 9 ste] 4174 A X F(neurospheres, NS, Fig 6D)&
dAdste F-1270] Agd vk Aol A suspension ZEIZ 43t} Fig. 6E= $
o] =4 3ol A ®3lE AAAFAEE fibronectine] A2 H vIFHA A F 7 A
HjFste] s AAMAEE T4 23 A7l A2 ABHdFMES] peripheral -
oA &stE AAFAMER FE neurite?t Aty S HAFE TE e A4
o] E3lo] AFE-H NSMo| bFGE (10ng/mD<S % 7}she] v F3sh).

ATAE

Fig. 6. Differentiation of pig EG cells into neural precursor cells and
neurons. A. Undifferentiated EG cells. B. EBs. C. Neural rosettes (neural

precursor cells). D. Neurospheres. E. Neurons with neurites.

hCD59 @A A A2 dE71AEe] A& 5= embryoid bodiesE

s St W AR MAAEL = E8 monolayer MlYS T3 wIkiE W
sto] AAAFAEE 23 FEHATE Gealtino] A wiFHA oA vl
A2 A M o] v F NS retinoic acid(10uM)7F &8 N2B27v] A o Al 77t vl <3t
% retinoic acid7} Zoj¥ N2B27vjFefoll Al 743 o wjdstadth. Fig. 7oA ¢k 2o
M EEo] XolWA neuroepitheliumol] ©]3l /% neural rosettes®] FE|E Zte Al
BATHER Zeetdth ABATFAEE el we} Bl o= F2l¥ F Hank's
Balanced Salt Solution# 2]l 28] @AM 3} FH o] fibronectin®] *2]d w7 A
replatingS A Al st Wl $H-S bGFG(10ng/ml)o] ¥ NS ujokd & Al-g3}5t)
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Fig. 7. Differentiation of CD59(+) transgenic pig EG cells into neural

precursor cells in monolayer culture. A. Differentiating EG cells. B. Tight
aggregation of differentiating pig EG cells. C. Neural rosettes (neural precursor
cells). D. Replated pig EG-derived neural precursor cells.

3. BAA AZa el o7t xadH e FNE-o

i

3

£ xenoreactive natural antibody(XNA)9} H A=
5} A A 593 (HAR; hyperacute rejection)el]l o gk
A e AR A= Fig. 8% 9914 B vhef ok hCD46 F A A3 74 x+=

o nwstS wf BAul AEZEs A 28] o] o] AIAFE YEF
b A7lol 2o Qo] HARS =53 &+ Ade 7FsAd S AAsHAH.

Fig. 8. Complement-mediated cell lysis in hCD46-transgenic EG cells
a . hCD46-transfeced porcine EG cells

b : Non-transfected porcine EG cells
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13

10

Cell number x 10°

hCD46-transfected non-transfected

Fig. 9. Survival of hCD46-transgenic and non-transgenic EG cells after
reaction with normal human serum (**P<0.01)

o AEeds AND ATA
el ok (Fig. 10 2 11).

Fig. 10. Complement-mediated cell lysis in hCD59-transgenic EG cells

a . hCD359-transfeced porcine EG cells
b : Non-transfected porcine EG cells
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Cell Number (X 10%)

hCD59-transfected Non-transfected

Fig.11.SurvivalofhCD59-transgenicandnon-transgenicEGcellsafter
reactionwithnormalhumanserum (¥*P<0.01)
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)
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g
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&ol At

hCD46 FE A3 eopd A Z7|AEE gald 79 drtol] =Yt BAFASS A
Abetal PCRE &ste] A% oRE 1A4% A3%E Table 29 Fig. 120 YebSith
AAbE A oF 80%(25/35)7F hCD46-positiveATth. o] <} Zo] Ate F=4&8 o|F%
7101248 FAAS BAHA B fleto] AA digroel o] st= Al At

Table 2. In vitro development and transgene detection in nuclear

transfer embryos from hCD46 transgenic EG cells

Transgene No. of oocytes No.(%)of  No.(%0) of blastocysts
construct  reconstiucted  blastocysts with transgene

hCD46 235 35 (14.9) 25 (30.0)
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«+«—— hCD46 (1.3 kb)

Fig. 12. PCR screening of transgene in blastocysts from hCD46-transfected
EG cells

M : size marker

1-5 : porcine blastocysts obtained from nuclear transfer of hCD46 transgenic EG
cells

V @ vector containing hCD46 gene

N : normal porcine EG cells for negative control

hCD469] 799} wlz7tA] W o2 hCD59 A AS glol B AM 74 F
o] wxafo] E9is}o EXﬂTXé s *Mo}"r PCR< 2

£ Table 3% Fig. 13o] YepATE AAE A oF
}.

5

%(25/31)7F hCD59-positive %

Table3.Invitrodevelopmentandtransgenedetectioninnuclear
transferembryosfromhCD59-transgenicEGecells

MNo. of No.(%) of embryos No.(%) of
reconstructed eveloped to blastocysts with
oocytes blastocysts transgene

253 31(12.3) 25 (80.6)
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M 1 2 3 4 5 6 7 8 9 V N

«— hCD59 (700 bp)

Fig. 13. PCR screening of transgene in blastocysts from hCD59-transfected
EG cells

M : size marker

1-9 : porcine blastocysts obtained from nuclear transfer of hCD39-transgenic EG
cells

V © vector containing hCD59 gene

N : normal porcine EG cells for negative control

A AFAe] Yebd R o] A AEE ] Sl o] olF3t o]
o glojA E8Ao] Y4E% hCD46 2 hCD59 S AA3 WAHZNANILE 1%0}04
FAAZ BEAFADS At on, dA g e EAFHEE o]dste HAo 9
}.

5. AANME7HE BEAFATE] FAAFASHH B4

S oYl ol FoAFoer ALgH A= AAES] DNAE w9 2L F5o WE
3t Fe YE7] wEel Foly ofFel ErEsyt JPHna stk A 2
Ae Agep7los 25wd 457 B2 Aom 4o Juh o= Qlste] oo 4¥
Fo] s vtov o 7hx 7ol WAk ddle] Ha uh AAES} G A4
=714 = DNAME3e] Arp wt7] wfo] ool o Erdsrl Pt 44
FATH v =T FFo DNAMESS Uepd oz ddaideh A4 = AAx %
S7IAE o)A AR A AT wiRtar] deES vussle W E7AE
ol ATl A = A HERSEHHP<0.05, Table 4)
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Table 4. In vitro development of somatic and stem cell
nuclear transfer embryos

No.(20) of embryos

No. of No.(%0) of
Group Fused developed to
oocytes used oocytes blastocysts
SCNT 885 501 (56.6) 72 (144)2
EGCNT 794 518 (65.2) 94 (18.1)
ICSI 74 - 16 21.6)
b < 0.05

AME, AAAES7AE, AAEHo| g SV|A RSl gded 2 ICSI AT
DNA W3 AEZ pyrosequencing W o & X359 th Microsatellite region (GenBank
77564001 971 CpG sitee] WEstE 415 Ay} w22 AAMZ7|AE7F A A Lo n]sh

J A A

—Er—{m

of WA e Es JEE deigon], AAENAE Feo BAFHSE EF AN
o2 FAgo| Hlste] Hyk Fro] DNA WEH3 & UrE‘rlﬂo*E‘rFlg 14 % 15). o=
FolalALe] DNAY WEs 4wt B esg AMLA el 24DE e vgs e

Heln, & we DNA WEs £3e] £4ge] WBES F7410E AM@ThL neld
o,
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mEG cells
70 I | wFetal fibroblasts
60 | EGCNT
SCNT
Ss0 | | IcsI
£
Z40 ¢
z
© 30
20
10 | I
o Leod 1. B F W0 W
1 2 3 4 5 6 7 8 9

CpG Sites
Fig. 14. DNA methylation status of 9 CpG sites at the satlellite region
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50
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30

% Methylation

20
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r

EG cells Fetal Fibroblasts EGCNT SCNT ICSI

Fig.15. The average DNA methylation degree in nuclear donor cells and
embryos
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