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Removal of @-Gal Epitopes in Aortic Valve and Pericardium of
Pig Using Green Coffee Bean «-Galactosidase

Seongsik Park, M.D.*, Woong-Han Kim, M.D.**, Kyung-Hwan Kim, M.D.**, Chang-Ha Lee, M.D.***, Sun-Young Choi**,
Cheul Lee, M.D.**, Sam-Sae Oh, M.D.***, Kwan-Chang Kim, M.D.****, Yong-Jin Kim, M.D.**

Background: 1t is currently thought that tissue valve degeneration is related to an animal's immune response,
which is mainly due to cell surface a-Gal epitopes. Cell surface «@-Gal epitopes are known to be degraded by
the enzyme called green coffee bean « -galactosidase. It is also well known that «@-Gal epitopes are immunologi-
cally stained by Griffonia Simplicifolia isolectin type B4. We know that many commercially available tissue valves
are made of aortic valves and pericardial tissue of pig. So, we investigated whether «@-Gal epitopes of the aortic
valve and pericardial tissue of a pig can be removed by green coffee bean «-galactosidase, and we did so by
comparing immunologic staining of the tissues before and after the enzyme treatment. Material and method: After
treating fresh porcine aortic valve and pericardial tissue with green coffee bean a-galactosidase at concentrations
of 0.5 unit/mL, 1.0 unit/mL, 2.0 unit/mL, respectively, under the condition of pH 6.5, temperature 4°C and 24 hours
of incubation, each sample was stained with Griffonia Simplicifolia isolectin type B4 immunofluorescent labeling. We
then examined whether the «-Gal epitopes were reduced or abolished in each consecutive concentration of green
coffee bean a-galactosidase by comparing the degree of the Griffonia Simplicifolia isolectin B4 staining in each
sample. Result: In the pig aortic valve tissue, a 1.0 unit/mL concentration of green coffee bean «-galactosidase
at pH 6.5, 4°C and reaction for 24 hours was enough for complete removal of «@-Gal epitopes from the cell sur-
face on the immunostaining with Griffonia Simplicifolia isolectin B4. On the other hand, more «-Gal epitopes were
present in the pig pericardial tissue on Griffonia Simplicifolia isolectin B4 staining before the enzyme treatment, and
1.0 unit/mL of galactosidase was not sufficient for complete removal of «-Gal from the tissue. 2.0 units/mL of
green coffee bean « -galactosidase was needed to completely remove the «-Gal epitopes from the pericardial tis-
sue on immunostaining. Conclusion: The «@-Gal epitopes of the pig's aortic valve and pericardial tissue were suc-
cessfully stained with Griffonia Simplicifolia isolectin B4. We could remove nearly all the a-Gal epitopes using
green coffee bean a-galactosidase at the concentration of 1.0 unit/mL in the aortic valve of pig, and 2.0 unit/mL
was need to nearly completely remove all the «@-Gal epitopes in the pericardial tissue of pig under the condition
of pH 6.5, 4°C and 24 hours of reaction time. In the near future, removal of «-Gal epitopes in the pig's aortic
valve and pericardial tissue will become a powerful tool for the improvement of the tissue valve durability. It needs
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to be determined if «-galactosidase treated pig tissue is immune to human anti-Gal antibody or anti-Gal mono-

clonal antibodies.

(Korean J Thorac Cardiovasc Surg 2008;41:12-24)

Key words: 1. Immunology
2. Tissue transplantation

x
Hu

o
kv
ot
e
i
E
_>‘;

ofo
o

fr
=,

pE
&
ez,
Jfp

fo
e
>
ojo
T
>
o
v

u

= N
[

N
= o

ofN =@ N ok

¥
n
el
13
fo,
ofN it 4 He 1> olN

o J4E |n

(glutaraldehyde)”} frdst= wHA 15 1t
7} 3kate] WA
£ olof] WE Zw JA23], viAHoE
Hhgoll o3t =7 FAlo® ZHEe Jri
(pannus overgrowth) 5o & AWE I J=u}
o] AR ks wXWA FEHor =2
27 £4¢ 2 Hokn A%k gio
ole &9 =4 Ax I EAlte HxE
4} (xenoantigen) Q] &3}-7+ A7 A A (@-Gal epitope)
7 SFELUF =R 3 (fixation)dF AHH 22 FulE
ZZ]_\J,].U]—Q]]‘: o:]X -L] %xﬂz;]_u:]’ g,a_z}_\ﬂ.uL.Q_ o]xl \:ﬂ—
o | RS I o e it o e B e D | I = e i s |
(natural antibody)®] X7} <Eshdle= B3l dol[4)

(=)
oX

N "
J}L:“
fo I

2ok
e ko4
e

r
F
o

rlo r\r

ZAgee] F2A E4o] Qo WS, Sol FEU
LTl o AU ¥ Aoz YzslolAw 9t
kot AR Zo Elol] EAp

= %"‘ﬂ-‘ﬂl‘.@(glycoprotem) 2}
Al (galactosyl) 7] 7} 728+38t Gal @1-3Gal 81-4GlcNAcE 8
He grstaaed dFer dAFE ALY 47

olA WeEw] TR gul13 ABEAE
Al(a-1,3 galactosyltransferase)ol] 2|3l A Zc}(s,
Ef7e Lol v, 23 22 F WA E Aol uwh
o A e i o2 AZ @ A 10°
AollA 35x10%0 AEZ 1 cko] wron] JAFdlA 7
& wey W ke 712 RO )
ol#fgt dzt-7k A A 7§°]XP5 g Aol HejFe EA)
il

slo] g7 A
oj

2 o}

561 °l=

©:

7k _9_
= 0
b el olAHRE d 2 e

& sk

A Eed 58 45 FdsAEe] duh-7 394
Aozt AAFe Hol Yol ZaAfsts -2 vk
04 IFA A F-HE-S-(hyperacute rejection)s Q27| A Ech
. 28 E959 A7)7) ofd ghebou) A-S o] £

31'1:&] No] A= L o] &8I Al (xenoantigenicity) S A7
tal 7hsdt e eliml =& Z3telr] fste]
IAS A FHEE A7) o] vlsle] wWdulLd

3 o9yt AR oE dilel ZAo] Ao|m =¥
o F=A £A49 olE FHoAE wWours o
o dbopght. BRI SlollA TlEsll ol 22
FuslsE 1A, ddHor BulHt =A%

FE Wl gel waAH Weh 2ARne 721 &
4 90z BE Welgel £3 . g Aol
o

Qe As)el Aol FES ABA 52 Fsh
2t E A t}o} A ( a-galactosidase)= Wl =A]9] &5
AEolA b FAARAAE A4 H&%éﬁﬁ%ﬂw

gAs] AAs=

Aoz Haxo] uo

A =B IAH XL (articular meniscus) ] %Ei PR 8
shole wl o7 GAAAJAE A AAZG
Hojlow[10] HAL A FAEWS gul-AetEA| o}t
A2 Hgslge 308 o|ujol] Mg zFd M AR
Uo7 AR/ W= gkgkeka shol.
w3t TR AEEH EAlstE g@r3tErY 4%



W ESIVDN
2008;41:12-24

Fig. 1. GS-IB4 staining on pig aortic valve (A) and pericardium (B)/DAPI staining on the same tissues (C, D) before green coffee bean
a-galactosidase treatment; x200=more GS-IB4 staining on pig pericardium indicates more «-Gal on the pericardial tissue.
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Fig. 2. Treatment with 0.5 unit/mL green coffee bean «-galactosidase on aortic valve tissue (A, C=before enzyme treatment; B, D=after
enzyme treatment); GS-IB4 staining (A, B); DAPI staining (C, D); x200=considering DAPI staining, rare differences between pre and post

enzyme treatment.
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Fig. 3. Treatment with 1.0 unit/mL green coffee bean «-galactosidase on aortic valve tissue (A, C=before enzyme treatment; B, D=after
enzyme treatment); GS-IB4 staining (A, B); DAPI staining (C, D); x200=after the enzyme treatment; nearly complete absence of GS-IB4
staining on many DAPI positive cells was noted; This indicates near complete eradication of @-Gal on the tissue.
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Fig. 4. Treatment with 2.0 unit/mL green coffee bean «-galactosidase on aortic valve tissue (A, C=before enzyme treatment; B, D=after
enzyme freatment); GS-IB4 staining (A, B); DAPI staining (C, D); x200=same result with 1.0 unit/mL enzyme concentration indicates near
complete eradication of «-Gal on the tissue with this concentration.
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C)

Fig. 5. Treatment with 0.5 unit/mL green coffee bean «-galactosidase on pig pericardial tissue (A, C=before enzyme treatment; B, D=after
enzyme treatment); GS-IB4 staining (A, B); DAPI staining (C, D); x200=rare differences between pre and post enzyme treatment in this

concentration.
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(C)

Fig. 6. Treatment with 1.0 unit/mL green coffee bean «-galactosidase on pig pericardial tissue (A, C=before enzyme treatment; B, D=after
enzyme treatment); GS-IB4 staining (A, B); DAPI staining (C, D); x200=after the enzyme treatment; some reduction in GS-IB4 staining was
noted but never complete clearing as in pig aortic valve tissue.
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Fig. 7. Treatment with 2.0 unit/mL green coffee bean «-galactosidase on pig pericardial tissue (A, C=before enzyme treatment; B, D=after
enzyme treatment); GS-IB4 staining (A, B); DAPI staining (C, D); x200=after the enzyme treatment with this concentration, nearly complete
absence of GS-IB4 staining on many DAPI positive cells was noted; This indicates near complete eradication of «-Gal on the tissue.
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s}-7k A YPAANAE A A= o] §83F Ao|r} IB4 (FITC labelled GS-IB4)E A}ﬁﬂ SEAEZZA (flow
Ut A=t EAttobAl e A EellA] FE3 ALEA U9 cytometry) A #iEAollA duh-Zk A AT A 3
7 81774 1 A}H(Gal @1-3Gal £1-4GlcNAc)®]  Gal @1-3Gal AAS Gk kel aela s_iﬂali ots}-7to] A|A
&S BLoan 1 o|2FUAS AAS}9-11]. & 2 Az QIZF S HSAITIH F5ol A (species spe-
Aol = #HA Y] A e ks 5%5 mmE A& cificy o]xFgA|Ql -7k HWAFZEZ] M (anti-human
A A E 9=l HeElzAE 4°C, pH 652 3} IgM)¥} g-2l7k Wy F 282 G (anti-human IgG)ell FITC
Fe W B 5 3 vhEAIZbl vl =AY S ARAA A ERAEZA AFEA A 17



AAGAQ 374 WAF2EE M (anti-Gal IgM)Zh 3}
7 WMdF2Ee G (anti-Gal IgG)7} H4H 2] o] Ao H]
sto] 72 71%, 59% FraElo] wAE vkl shieh9]. ®

3k Luo 59 siAY A& Aue L3 AdAE
25 cm Zo]9} 0.5 cm AE-E 7HA AR A el 20
unit/mlL §E2| Lop-ZEEATolA| S 4°C, pH 6.5
oA HHSAZE Wl 30%e] AubH GSIB4E o] §3lo]
Al8gel W odzAod W AAA dulzk g AA IR} o
A A ko] EAGY =AA F Az Azbeid
AR A AAL A E St Aztdea
shiehn. A g w8 AdzAe A
B AL ol petel 49 10 wiymL, A 2
2 7% 20 wniymL FE o4e] AvlgeEAtto}A
o] &35to] pH 6.5, 4°C AelollA Whe ]7ﬂ° w] 244
Zrol A ALl ghdls] ool FM ue e g
ARt ol el Ad=zF Tl EAste ¢
FUARAA7E s Bet zAell4 e g, A
B °ﬂ Blete] F7& 4741
a9 A7 AdH ez FolepA ¥ 7Y

bl W oA S *JBI*M
AR RS AZlsle] wreE zAsute A

L E]ojol & AAo|gt st

A HAdzA3ddNE Agste] duk-z
AAAALY] A AErks A3 Zlo|ug kR
ghal 17] o]y weba] B AdellA] A& &
gtE A ttopA| o] Hle =707 SHslA dab- 3
7%?]4*‘ AAsA L )= ofgich g =240
Z4A R W zAge] Ax FHe BE U
L%Véxé AAE A el FAE X3k A
A2 Chen 59 Aol w2 == e Ftzz
o ;Hg]_o:] A GS-IB4Z WdzAqANE A s}lL
o= Fehfu] A E(valvular endothelial cell; VEC)olA]
Ut AR AAL dEEA ek oh19], b
A ZE wjokslo] AHAF LA U S (reverse tran-
scriptase polymerase chain reaction) ZAAFE &3t A& gl
of|o](messenger RNA) HAALE Al3¥3lols wiol= o™
o Al ZEol| Ao} FAdE ko] gut-1,3 A EAEMN
HepobA| AL Bk skgivh20]. =3 s
WAl 2ot s dabet WA ol A o] guh-2 g
AUALe] welg 27 WA e GS-IB4E o] &3 WY

o

EI El

[e)

oX

_EL

of

5}-7

BmS OL m?i >
ook

o pfLoHOH

%

e 2
>

rlo

5

1

oot

B oox

o

—_

i

2

[

-

oot r

m}L = e _.‘v_‘ 2
)

ml
J

zzjod o] ok Z7ke] AEZ viokele] FITC EA
GSIB4Z ol &3 TEATZA AHEAL Adelo] v

BHYAL Q|
Removal of ¢-Gal Using a-Galactosidase

2e9E wolle tE Wl AEY tEe fut )
AZ mrald EU8 wae oo $UARNAL
A% 5 YT eh20). 3 27l Ay Wz
QAL AWsde wels JAHA ek oEw
eS| AE Erle] sz SFUARAA} $HA
A AAY SEALSY AFRANAL tlE )4
Fol Ao EA% kow ATEW EARE Aol

o]‘; Z Ao |

o
It

delsholel e 8 o) Wl & =
2]
[<]

9} 7338t GS-IB4 5 0131 7}A] H’ri &k A
% GS-IB4 #glo] i fFAE o] WA o] ¥z ok
7] wiZol™ whebA] 2% WA A GS-IB4E
of HAzA GG APl 7149 w 7‘+(sens1t1v1ty)7}
A rasite A 9u)sioh20]. =3 o] Ane
Konakeci 5[4]2] EioA Agdez ¢ 7153 =3
Fhabol| 2] A3t GS-IB4 WA =AGA g WIAEZ, 7|
AN Zol] et Awlody Ay Fat7]| A A E(valve matrix
cell)Ql Al-FEA] Z(fibroblast)oll A2k thake] <ds}zk g
ZAARRIAY Wy Az A= k-2 3
AARRJMAE HHY F glAdedHE olF o]Adt Ao
AL % & 1090t g7 W=
=7 vebd A
AlEollA dah-7 A7 =
o]A & thA|Y ol -7 A7t WdHeE AL
I A E] GS-IB4E o] &3 W =2
sh-Zb AR wEEA] Egrka A AAR
FH I A Zol] b7 FAAARJMATL A EAHA
etk ‘%‘ A% k= Aol
Zol| thstk AN S A 2 4
=

E AdofA = oA
Jefoll A okt 7t 9]
Al3Ysla 7] wiToll o
-?{17;14 o];q.g]. .L]—U]—

Pl AL 0%4. .:& -;ulr ZerEA oA

A2l ¥ wegaeiae] Fust A3 FolE]
govt glold 1% dz =46 ok AHHe wel
daje] zhaapst vlelstel sk GUAAFAAT Aa

stelebn weh7le of gk

34 s 49 g7 AR JIAE A=
W °31H77P<1 Gal @1-3Galell 5o|2Ql A& Hol
Griffonia simplicifolia®] #|SkollA] F+Z3

[12-14] zz8bel] Galili 5-©] 7Hﬂéih Al ol AF



QX

=3

2008;41:12-24

CH

RTOE ¥
mﬂwéo%%
Ly 549@1}
a J l
mﬂghlurouﬂhmncﬁa._ﬂi
].mloﬂuxﬂﬂmo — ,LIULJJA
X .141%5@10&%7@?
ﬂﬂwr;oﬂ HLLﬂWIi;EﬂV
ﬂ;&ﬂ_umhﬂﬂhliﬂma*ooylﬂmﬂow
.lle- o —~ 0 ) et
ézmozarclf%;.ﬂaaﬂﬂﬂ%ﬂ o
= T 1u_._|1|_*o L._Llr L.Lt MMJ.% W9
r < T 0y i To° S B (- mrﬂ — =5 1> =r jp
i;_mﬂit] VR i‘_o» oLaﬂLxﬂM o =
" imExbbﬂm.ag ° ﬂ@uwdplnugy
ﬂ_/uqmmryeaawﬁ.oﬂﬂooaioﬂéu ATQILu_mgmxﬂﬁduio&o
ﬂ%ﬁ%M%aﬂ%@%zM% %ae@wmam coNTE
=) _»\;ega%ﬁﬁrzo_jﬁo @zwﬂ ilxﬂ_ %11ﬂ
iaﬁw_ﬁ@%geﬂ Mﬂﬂmaﬂizo ogwtﬂMﬂuW%oﬁam«aWEMo} R 550
ima..rn@ﬂ._]ﬂoi = s ihlomﬂmﬂ,“o]XﬂmﬂﬂMol»\mmeLAle N
o 71L|o o_owa Ez_.Lz'J.__- M MRE .mugo*oiyaV]o 700 ™
o < 2 Pesy i) | Ty < 5 'S zﬁ%@ T 5 3
J.IL_:O o2 ildrd. ﬂoﬁo duoﬂ«oﬁo%? T - B 3
%oﬂ% %wﬂumﬂ:%aﬂi %Iﬂwmao%tu@};opguhﬁrﬂ X - 5
oﬂ%%wmaémﬂ%z 5 zfzimamﬂ}%w%@ﬁ%?@ﬂyﬂaﬂ S
Eaﬁwmﬂﬂi%*%ﬂ%auj Rl ﬂLmimeLﬂm%W%ilf%%m%g S
ﬂl&?.&%ﬂiaalrmﬂqﬂﬂqwﬂa%u. on_nﬂsq,_mHﬂIZox_;m_.Mlz1o]ﬂLEL7ABlﬂ,a =
Wurouhmﬂxo_ﬂL%uﬂﬂﬂo4?_dw dumﬂ.m?_ﬂmﬂi ZMﬁMoxuMo#oﬂowaﬂuzﬂl =
LI ~ o — : o 5 ﬂ‘.rdﬂ olzﬂ P — -
ﬁéﬂwgﬁo%ﬂoﬂmg%w mwﬁ%a%ﬁgwi@ai%@omH% .
= —_ N o A = = ._oJ._. - =
gogo_omaﬁewﬁwo_oﬁt%% %%e&%%mioﬁumiﬂuwnvre?@uoL B
&+ F ogzxx%oqm P %nﬂuﬁthfoTﬂVﬂ%ar%ﬁ 2
= E o olo 70 ogﬂﬂeg%a%m ﬂq% Az%l?aﬁ i1 5
.mam.ﬂooE_.d EﬂﬁjmlllAT Hmn‘|14 ioﬂ.ﬁl.ﬂdﬂ zﬂﬁr._uﬁl L!,Ao.m =
E A SIS QW&B%% msﬁﬂ %Maxgﬂa I
mmmyam%a& w N yaq4ﬂ06o§M@ugme%u 5
Uﬂmhiﬁw ﬂﬂBEo‘r LDJaﬂ,mumx2Hoa§z:|%§ﬂwya§o - o
Elomlr]al = W it O 2 M R0 B R @ c
Hx omwuq_uﬂ I ﬂ%?g@ T oEs mﬂaﬂ%m«z% Z
xaozﬂJmmiGuﬂéﬁm;ﬁ Mo 5 )Fﬁﬂm? Jaov%mxu &
_,TiL\aG.ﬂoSmmc‘ur ﬁoﬂﬁ}ﬂwﬁﬂamg AUWHZW411%O...—W0M4WWLEJI 1rﬂﬂ P
a:lM,C ioio;ﬂaa,_ E.ﬂai] g o2 e Lgooxia,_]r =
w0 o - S w e o % NI ol Wy W & Ul w0 W
B o ALfHT.nx Aﬁmzaoh%J%z T ULJ3JLJU1 o ® =
zﬂpmwﬁ%F@r%mtjm:f,on%gaﬂa@ﬂwu@%ﬂ4 - mﬂ%ﬂﬁ%lmwo
ol oz bl u N : ﬁoLL] e T z)do g
M%@;ziﬁ%ﬂ.dmvﬂmim ,ga&mm@rqw@k%aaum%uf] ﬂA.§4mﬂ g
N ol :.L ~ rl~ == o T~ 0 T W #_u o_ ) A 2 X X EE B
Eﬁuo,mﬁzaauﬂuw_@dﬂieuuzPoMaﬁﬂ.mm G%imamﬂz} T " g
]Lt,mu.m_.ﬂa.ﬂowu Lﬂmmmmoduwo 7w_._.m_.,mﬂﬁ; MEH]HEM%*?E%&I =
Wﬁ;%ﬂurﬂajm.._owaio‘ﬂoﬂ_ﬁﬂpAL ‘ﬂawﬂ%éﬂuiﬂLM%ﬂX% uro.m,.ruxobtm.mﬂ —
ePoﬁ L pa Lo_,T Li7a_.7u ﬁ_-.ﬁﬂmo%u ]dﬂuLﬂlMu,mﬂ7]Lﬂ "
mau%M%%%ﬂya%%H% L @%%DHLQ AM%@%ﬂagﬂ
g T . O Cxﬂﬂoﬂﬂ* oMrr_ aoﬁfmﬂo*o._ﬂ‘_anﬂl_,TmE_/a._uszo 5 EOE# o*ozmﬂ_
t%oML._ THT_ =0 Yﬂs ,m‘ﬂ }oﬂo.U,HlATmWLMIMMMﬂ Hr_oELL.IuwuL ..:L ?._ ‘mWL;E‘.ManoLf
mu%lgoﬂ)ﬁaxHmouﬂmﬂﬂaﬁ%ﬁlo—.aﬁux} HoﬁuﬂmmeuumWimroﬂME%f}m
mpmﬁMﬂmﬁﬂw @%wwwnmm @ﬂ%gﬂmx@ }%%mwmoqw %
RS ﬂc_ooyam Wmuufsumj_zuazﬂﬂ.ﬂLucoﬁ%@ufo_.uﬁ% mm&%plqoul A
1_/aﬂa:wo so.mﬁ,mmoauﬂa ,ml%ﬁziwwm]ro%}uaéwHEﬂE@Sﬂ;HL
@%M%ﬂewﬂmmmé@ ﬂalwﬁﬁ% Wm%zaﬂw%ﬁgg%éiﬂwlwz
_%ozl1cﬂp 3T ﬂﬂﬁa}f1aaum@%a1xévu%%%u%% < A
wLam%ouﬁmz mﬂﬂﬁmﬂﬂﬂ%ﬂo%ﬁuwﬂﬂﬁw AOGWﬂmLoﬂﬂiﬂom@%ﬂnzd
mgwim ga%ﬂimaﬂ%a. X ;oﬂﬁ%m@}@ ur%ﬂﬁa.bLl_wry_ﬂamo
N" 0O N ,ul m i Owo -ﬂQ# ﬂn_l ..mu E#E ‘U.,uﬂ.l ...au EE Llo 7E .Zﬂ ,IJI HT.C ﬂ.A' Q _ 10 7E wn _Jv.A s
;EM1,n\ahmJ 41zrmnﬂ 1aﬂﬂ£m¢tiuiﬂﬂ.?ﬂwﬁm«mn«Gﬂan«7kuf
=0 A ﬂﬂlFanﬂAl}Bm%.ﬂooﬂHJloL;EJxﬂﬁ7uaﬂulppLﬂaﬂaﬂL
EﬁoweILuoﬁM s ﬂaxﬁo *%Ewo]ﬂr %1% uut
ﬁo_o&yaxodrld.ﬂﬂ&lé njn wﬂnay% =3 ! o} clroi
GL._ 1|7AHLZ 6] N ™ E Tl O#EL.OFEJJ Mﬂtoﬂll
._oolxo A ,UI,N*o#JULELP]*ooﬂALlUﬁ'PEﬂ; ~:!
HXELﬁoi.ml&wlr‘_‘mW% L.wWLL. ‘_7H._.__*0L2ﬂdu ,_,IA‘_Iﬂrl‘._._l.W‘_ blq
HLLngL%Jg:%_/a a«ﬂi}%oinAaEQ
7uxx&o% ) oo L_,mth XLummo oW o,moLk
!X T %0 .aoﬂoa W o fo ﬂa1r uu,mﬂz T o°
<R A ow,ﬁﬁzﬂQM%yzﬂiv%ﬂ
4E_EHM o OEQL}ﬁfJ o H T
N Lturm o| 0 o 2 20 B 7 %!
%ﬂ]mﬂwlﬂzgaLﬂ%oi._Wlmﬂu
ﬂ.mux%ﬂA_/a@.Paa ) 2
wﬂLj_rmuLgﬁ%u%w
% ST
t%azawﬁ%ﬁ
ol & o) T S
%Qu__/mix
0
_.ﬂa

prim
ary tissue

Edw,
ards
standa

rd
porcine  bi
ioprosth
esis:

- 22 =

ket

o] st
A5 AAEA =



10.

11.

. Konakci K, Bohle B, Blumer R, et al.

failure (structural valve deterioration) by age groups. Ann
Thorac Surg 1988;46:155-62.

. David TE, Ivanov J. Is degenerative calcification of the

native aortic valve similar to calcification of bioprosthetic
heart valves? J Thorac Cardiovasc Surg 2003;126:939-41.

. Human P, Zilla P. Characterization of the immune response

to valve bioprostheses and its role in primary tissue failure.
Ann Thorac Surg 2001;71:S385-8 [suppl].

a-Gal on biopro-
sthesis: xenograft immune response in cardiac surgery. Eur J
Clin Invest 2005;35:17-23.

. Galili U, Clark MR, Shohet S, Buehler J, Macher BA. Evo-

lutionary relationship between the natural anti-Gal antibody
and the Gal (alphal-3) Gal epitope in primates. Proc Natl
Acad Sci USA 1987;84:1369-73.

. Galili U, Shohet S, Kobrin E, Stults CLM, Macher BA.

Man, apes, and old world monkeys differ from other
mammals in the expression of alpha-galactosyl epitopes on
nucleated cells. J Biol Chem 1988;263:17755-62.

. Galili U, Andrews P. Suppression of «-galactosyl epitopes

synthesis and production of the natural anti-Gal antibody: a
major evolutionary event in ancestral old world primates. J
hum Evol 1995;29:433-42.

. Oriol R, Ye Y, Koren E, Cooper DKC. Carbohydrate antigens

of pig tissues reacting with human natural antibodies as
potential targets for hyperacute vascular rejection in pig-
to-man organ transplantation. Transplantation 1993;56:1433-
42.

. LaVecchio JA, Dunne AD, Edge ASB. Enzymatic removal

of alphagalactosyl epitopes from porcine endothelial cells
diminishes the cytotoxic effect of natural antibodies. Trans-
plantation 1995;60:841-7.

Stone KR, Ayala G, Goldstein J, Hurst R, Walgenbach A,
Galili U. Porcine cartilage transplants in the cynomolgus
monkey: III Transplantation of «-galactosidase treated
porcine cartilage. Transplantation 1998;65:1577-83.

Luo Y, Wen J, Luo C, Cummings RD, Cooper DKC. Pig

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

HrAl Q)

Removal of ¢-Gal Using a-Galactosidase

xenogeneic antigen modifcation with green coffee bean -
galactosidase. Xenotransplantation 1999;6:238-48.

Goldstein 1J, Blake DA, Ebisu S, Williams TJ, Murphy LA.
Carbohydrate binding studies on the Bandeiraea simplicifolia
1 isolectins. Lectins which are mono-, di-, tri-, and
tetravalent for N-acetyl-D-galactosamine. J Biol Chem 1981;
266:3890-3.

Goldstein 1J, Winter HG. The Griffonia simplicifolia 1-B4
isolectin. A probe for «-D-Galactosyl end groups. Subcell
Biochem 1999;32:127-41.

Kirkeby S, Moe D. Binding of Griffonia simplicifolia 1
isolectin B4 (GSI B4) to «-galactose antigens. Immunol
Cell Biol 2001;79:121-7.

Treasure T. Rethink on biological aortic valves for the elderly.
Lancet 1999;354:964-5.

The United Kingdom Heart Valve Registry Report 1997.
London: UK Heart valve registry, Imperial College School
of Medicine, Hammersmith Hospital, 1999.

Phelps CJ, Koike C, Vaught TD, et al. Production of (alpha)
1,3-galactosyltransferase deficient pigs. Science 2003;299:
411-4.

Dai Y, Vaught TD, Boone J, et al. Targeted disruption of
the «@1,3-galactosyltransferase gene in cloned pigs. Nature
Biotechnol 2002;20:251-5.

Chen RH, Kadner A, Mitchell RN, Adams DH. Fresh
porcine cardiac valves are not rejected in primates. J Thorac
Cardiovasc Surg 2000;119:1216-20.

Farivar RS, Filsoufi F, Adams DH. Mechanism of Gal
1-3Gal F1-4GIcNAc-R ( @-Gal) expression on porcine valve
endothelial cells. J Thorac Cardiovasc Surg 2003;125:306-
14.

Galili U, Latemple DC, Radic MZ. A sensitive assay for
measuring @-Gal epitope expression on cells by a mono-
clonal anti-Gal antibody. Transplantation 1998;65:1129-32.
Kirkeby S, Andre S, Gabius HI. Solid phase measurements
of antibody and lectin binding to xenogenic carbohydrate
antigens. Clin Biochem 2004;37:36-41.



W ESIVDN
2008;41:12-24

e ol T % & ThsAel A=A
o
9

A EEe EA o]FgH i AR Al 3k Shake] v ojubk-Soll 3t AAlo] =
ofA I Qlrh. mEdF Uk AE Flell EAsH ol HAF kA EA|toH] e E4E
o] &3l AAY & Qlvtar deiA =2 Fwlo Il I A A= Griffonia Simplicifolia
o] FF4R 5 B4 Bllell Ao g AFsle] o] F o] &alA AT g vk G A St o]
B A7 2Fgers wes gl Adr= A dew gt gl A 235 v 3 SAY

oA EA oAl % o felof ol 5 24e) ook YAARAAE AAYL 4 YA Fopng
gl iy X e AAR Fx)e i vt g Ay 228 0.5 unit/mL, 1.0 unit/mL, 2.0
unit/mL 5% HAF d}-A=tEATolAZE pH 6.5, 4°CollA] 24417 X elgk F o] & Griffonia
Slmpllclfoha %4 B4 E]— 1S o] 83t Mo zz G Mo g JMlste], 7] EFolA] T4 HE
- ¥ g 249 497 FAAR AR dubt AAEEAE FEde AER Al 2
Bt shAle] ohgl et 249 29 10 wnivml 5E] 5F sk AREA oS pH 65, 4°C
ol A 2417+ Aelatie vl Aol A HA ¢ BEE Uo7 SAAA AT AAH AL
o] F T4 FEE 2.0 mnit/mLE F7HAZE wlolE v 53k kS By} =R A =29 A
$ 52 Aol 9] okt G HEo fokelol okl %2 4ol A A sslon

a4 Aele] == de gete] g-Eek £2 2.0 unit/mLe] oJ—°ﬂ‘1 hat-zt AR A}
ANDE F4E NG B2 A4S B o 243 A 249 dshgt FUALAAE
Griffonia simplicifolia ] %9 B4E A-&3F A=A Fd M4 2 A om o] & U3}
A EA oA & AHgEte] AAB S wl 42 1.0 unit/mL, 2.0 unitmL F5E2] FAF U4t
AekolalS 4°C, pH 6.39] 27014 2447 WSADE Wl AL 4TE A 5 Sl 3
Z P79 gutzz =) /llul-zzloi e zAguko] YWFA Zdo)] tEFe &5 wWodgdel
U1 BAAIIASL A7} 83 £ 9 2 A Aol YT Yol E Aol A
o4 B9 2ol vl Qe 92 PA 2 2 DTEYAE 0|80 A9 wel
A Q7 Des

o°!

4

12
é
o)

Ta B9

N B
™ oae

L.
2.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


