820

g :Ji%i IJL

.....

l:vélﬁ#r‘ki Bt T g be,  BUaEh Ra=D:
PN PN R T TR
k AR R m s . 1 e FC S P B 9 )
TdhhH BOELEER IO, BERT
Hifk D LRI ORI GEET 2 2 AT
&5,

(3) EBERBIENTIIE

B S IR i U, RO R
L TR B bk 1205, B RS il It
BOT)—=rVM—HI2C, BiEEras 7 r—%
FHOGTHIEL, Tofibirfeg T
kﬂlbm L. SEENRE A, IIENERSRE RIALE ( é\
2)@(1”?71 TIAL, BREEWI 2 FIEY
53, SRHRBNIFAIIZPMIRICIEA S A 57 —F
W%MLT. M OEFTRUISILE,

?ﬁ‘ﬁiiﬁiﬁﬁi@f*mﬁ TlE, NERD A S o
ik, MIRPINEAS RS Tvn 5,

el UYNRL—RE (3T 4 F—F) ITIEA
DOWEHT ) F AIRAL TS HEMEASESI
FESETE V20, EERRIT 2007 23 HF
WEY--IPEIL TS, Wilcnasyr—+F
AP R A, AR E MR I N TED,
TEMRETE D X HITANEHMA L 2 5

(4) BREBHEEOEIR

BRI NBEE MIROFEWECE EED,
B2 & O EMAEHS, BEOMIEMEYET

AHZ & ’l 3?.!’3-7
IEEISgEE. YWz FEr b7 ba—

Ny, —

M- C, L2 vt 7 y—Ox /s 7u—F b
Hifk (basiliximab) 12 & & el o#E A &

sirolimus, tacrolimusitZ X 5 HEFsHeiEA T T

Wiz, LaL., = FEybr7aba— ol
UGB EEClE, sirolimus@iIER & LT, LUERN
W, TR, oL A5 a—ViiGE. 9p
VAENE, IR EASSHUEICA U B 2 LAY
WL, #ETIE. sirolimus# #iht 2 5\ XN BR
L. mycophenolate mofetil (MMF) & L T

IR S .
et eRBIERIEE S AL VE S B

AAREPEME WOBH W45 FR21¥E4 A108

{108}

Hifife o Suetsiomlio sy ba—n w479 . 4t
mx%m%%mmw%fiﬁﬁmwumm@m

LLF, fCHEHE 120 me ABLTFIZ 22 X154 >
AN AL CWD, F #é?ihl’l LM

i, BRSO L COmERZIGT 4720
2, Ry FRISWGDINEEE RS 2T hIiTwy
4. RIFHIEEE oM R DL L, 4 2 A
U ORLERSEML T2 kARG
A A HICIUBEE 4 %,
(5) &%
NI W O PEESFEHUE, s R ISR 32 M s 393

<2004 £ 4 B 7 BiChifr 3
U F TLLOFAL B —2 0o OFRE 3D 65
W fTddt, 209 5 34 B TREMO LA 2L
TWiz7zo 18 4 (M5 % ik 134 2%
L CTIEBRHD I 3T b

LR A SEBESE TR B b i lv&. T Ak B —
B o LB 5EEC S 4 Kyoto Islet [so-
lation Method® Z#EHFE L. B &u?ﬂﬁlt 24 b
20 FIASFERIENE 2307 U, BEE AR ThHe3 83%
EERL Zoab, 1960% 1 B R B
9 #ZIZRHITE T BB R, 8
CHFHOSE LR S S TR EIE S L
(12 3a). F/LFTAL LA UL R4 IZRD
(4 3b). C@9HEH 2EBHB LTS Iﬁﬁ’ﬂ‘l_%ﬁ%
72 3HEFITIX. 4 A VIR EE o
7=.

F70 1 HORBEAIIZX D,

bse T

AR A G ) |

VA LETH, ARPIT. JENEA R v
SRS H T H TR WA L. A DOREE

PO T 4 R Cdy 2 MM (H N IILEEHit A%
100 & 5\ 1d 120 mg/dlde EodbdiEffin o Eh $
ST TV S22 T) RMAGE (HA
DN DT O KR X X 2R$) (FIRIME
TL (4, FEREANESE S L. B0 %
SEALAE B 7T

F oI A I, RSBRE AT L2 E
e Sk E L,
insulin in transplantation) JFE0F M5 L 72 (145)%.

1,
l

SUIT (sccretory unit of

- 543 -



l Bign
4773 IE
# :: Y L
[ PR @ " Ji‘%f& “
50f ¥ -
G — I rl I’\ ! i 1
10O 20 40 B0 8C 100

Sa. HEBENROZEFMIEBOHIS (58 1
EBD

(B /B

aok, | E2mE | HEE
} 35 7 IE 475 IE
sofb!
oobF
10t
R e
5 0 20 40 60 80 1008

3b. BEBHERHEOA VAU VHEREE1E
&)

SUIT #R¥ =

ZefiliF C-peptide i (ng ml)
Ze S E MOAE i — 61.8 (mg/dD
KA Hud

1,485
W ANOBRE % 100 &£ LT

WESDEFH LT b ﬁx*é& L<CTwh, SU n‘mm
(&, HER S BHioORE 2 ETE, 1
YA PEBONTLAERECTH Y, FEHIL Lf-ﬂs'a.ff;‘;

A E 529, B Hodh TR T

& B TP AR R AR S I D #5 b A5 SUIT
WA B RZ25D LERDE 422 VR

DHHETdH - 7.

2) ERRF—DS5OEEEH

AT, M- RIZEHNTH S, s A
PR S ER T S 9 B8 C OB B RS R TGS E M) 10
FIFREEIZ X LC, BIRBHEZ /L CZET 5
BRI 100 AL ETH L 700, kb —
TS ES B2 AL AF . 2005 921 AFCalb T
I L 72,

J'c:-\-
Y

(109)

21

i0Cr
75
850 r
25 r
O L
()
4a. REBEHIEOM(E
(mmol/N P<005
15r f - —
12
1CF
(8.5) g~
\.\
5F 48 ‘\ 45
2.0
O .
BiEE] BiEE
() :pRE

4b. REZHERRO MAGE

SRR H 12 e %W%F+»mw

BEODARIRER 2 WIER L, FORERRERD O EE
SHEL. BRI EEETH D ﬂ%%f%é

FF—I12id, FHEOMHEEOMI T & HaAr o
VA7 ZESWREENDH D, FThaezid b
WK RN EMB Z ELET, LYo
> L DU O AR OV HEPE D & D A o 5
VEOHGEL L S OEM A HWE B B, ik
FTBEEBHITI, B0l N — BB
il & AT DR EA A L. Bl g
BRES 2 i35 2 EAVC &, 7R 2 5%
NAHIT, LI YD MIGENISEOE A &
T2 4 20 P ilicd s . BH
{2zl 2 IRTE ISl 3 5 C LD ECH 5

BARAMPRME Ho8% H48 - Fh21854 A108

- 544 -



823

ZiEs CPR i
("&g/m\‘
1.2

og

06

.

.
i el
0

s
] ' 1 1 J

100
EER e

2R HHUC 2 OEDBE

150
{meg/di

2C0

2

8. ﬁ%ﬁﬁ.&‘@:ﬂﬁﬂ%ﬁﬂﬁ?@t CPR {EDEH

4, RBECEZ

GHROELPILE LT, FFr— AL O,
S BRI 18] bR e P 8E O RIME I FR AT

B,
FF—RREOMP L LT, BRSO
FLIZ X B marginal donord» & OFERIR2, Fr7- 5l

Kz W5 2w Hikdd b,

ESHilE (embryonic stem cell) 1%, RO
WiGE L & 5w LA~ T1L 5 ‘ﬂmE'a: L b,
BpilE~o b b M a T b TTF iz
R SR, AR EOMESr S L. ),

mmbMELWMm%MML4O®ﬁE&%@
ATHIEIZED, ESHIE L BITFRS 0L R
#  -2iPS#lNE (induced pluripotent stem cell) &
ERCS A Z BRI LY, Fr7c szl & LTl
fFaiLTwb, T4, Mellonb i~ ZA0WE4
iR S 1R Bﬁﬂﬁilk i!i’ﬂ""‘ OBz repro-
gramming (#L) 5 ol Ay R B AL
¥/, Fr—offfEiie LT, 7yDRkEZ
TG REERAIAIE S T D, dlllatknds

BARMPSEE Bo8% B45 . TH21£4 H10B

(110)

2L ﬁl‘v‘%ﬂll’ﬁ‘)i‘ﬁ X0, ~o il
FEESTEWLZ 35147 2 S0P dE A L & il et
ATC E 721k b BRI S R RO BE LS AR A
HKIT2, 3D BLICWHBTETHD.
el i (ATG) RHCD20 € 7 2
F AR T H DHrituximabll X L A ek
tacrolimus & W eVl L v el 3o 7o b
a— R, IIF A ISAIE D S s A
) U EART ARNLE THh D GLP-1 ORI

e .
5 AHC

11'-

ZNEY

7)1 7 (exendind) ORI K b, BELFEH
) S M REAT o 6 R S BTN o) MR T oo g
MBI TwAE, $£7, leT Eg bl 2 IHHIE )
BRGNS 7 s TRETH LAY /i

O P 0 A THRIE %Ma’*f HET & A &9 #F
SHED SALTEB . IR D,

:1‘..

Bhi)ilZ

BRESFERNL, MBS TR e 4 > AV
SARAFPIE PR BN EIH LT, iR =
kB A, EERmE RN RS, EeTH
Badhfnk o, Bz ZUEEOQOL
(quality of life) XIS FESINL TS, L
L. BRESERIOR R 2 BRI 22700,
ANDRF =D 6DRHMTA R CHil % H iR
F7oOIE, MR o BELE R R0 L,
LW R THIER O L il gio 7o -

— )b@ﬁﬁﬁé. 25 IR D & ORENE
R EPLETHY, KO RMEd T Ty
L. Fle, Fr—ARoOMEO 20, TrpHl

SRR RAE RSB ANIIE S T ),

!E%“.bi&hi:lﬁﬁﬂ“}ﬁw EhA. ZhH5OW%EIz LD,

REESFERIE A > A ) 2 IKAIRIE OB R H L3 D
%ﬁf R RN B EEZOND.

X

1) Shapiro AM, et al: Islet transplantation in seven patients
with type 1 diabetes mellitus using a glucocorticoid-free
immunosuppressive regimen N Engl | Med 343:230-238.
2000.

- 545 -



jo)

6!

Ryan A er al: Five-vear follow-up after clinical islet
transplaniation. Diabetes 31 : 20602069, 2005,

t Shapiro AM, e1 al: International trial of the Edmonion

protocol furislet ransplantation. N Engl ] Med 353:1318-
1330, 2006.

B BERSTEMINFTE &y - B RR
acip JITR
I i —BE.
£ A CH
$15-950, 2004,
Matsumoto S, et al; Successiul islet transplantation from

hittp:  squarc.umin.

Lk P — 26 OBRRRRIIZE - T
L7z 1 RIBGo 13E . I 47

nonheartbeating donor pancreata using modified Ri-
vordi islet isolation method. Transplantation 82 : 460-465,
2006.

Sassa M. et al: A single transplantation of the isleis can
produce glycemic stability and reduction of basal insulin
requirement. Diabetes Res Clin Pract 73 : 235-240, 2006.
Yamada Y, et al : SUIT, secretory units of islets in trans-

9)

10

823

plantation: Anindex for therapeutic management of isler
wransplanied patients and its application to tvpe 2 diabe-
tes, Diabetes Res Clin Pract 74 1 222-226, 2006.
Matsumoto 8. et al: Insulin independence afier living
donor distal pancreatectomy and islet allotransplanta-
tion. Lancet 365 : 1642-16-1-1. 2005.

Takahashi K. et al: Induction of pluripotent stem cells
from adult human fhroblasts by defined factors Cell 131+
861-872. 2007.

Zhou Q. et al: In vivo reprogramming of adult pancreatic
exocrine cells to B-cells. Nature 453 : 627-632, 2008,

¥ Hering B, et al: Prolonged diabetes reversal after in-

traportal xenotransplantation of wild-rype porcine islets
in immunosuppressed nonhuman primates. Nature Med
12: 301-303. 2006.

) Lin C.etal: B lymphocyte-direcied immunotherapy pro-

motes long-term islet allograft survival in nonhuman pri-
mates. Nature Med 131 1295-1298, 2007.

iy

- 546 -

o
&
*
¥

48 FR2154 B10R



American Journal of Transplantation 2008; 8: 288-297
Blackwell Munksgaard

€ 2008 The Authors
Journal compilation € 2008 The American Society of
Transplantation and the American Society of Transplant Surgeons

doi: 10.1111/1.1600-6143.2007.02077 .x

In Vitro and in Vivo Prevention of Human CD8*
CTL-Mediated Xenocytotoxicity by Pig c-FLIP
Expression in Porcine Endothelial Cells

M. Tanemura®™*, A. Saga?®, K. Kawamoto?,
T. Deguchi?, T. Machida®, T. Nishida?®, Y. Sawa?®?
and T. Ito?®

aDepartment of Surgery (E1), Osaka University Graduate
School of Medicine, 2-2 Yamadaoka, Suita, Osaka
565-0871, Japan

bMedical Center for Translational Research, Osaka
University Hospital, 2-156 Yamadaoka, Suita, Osaka
565-0871, Japan

* Corresponding author: Masahiro Tanemura,
tanemura@surg1.med.osaka-u.ac.jp

Overcoming cell-mediated immunity, especially of hu-
man CD8* CTLs, is important for the success of xeno-
transplantation. Our group has previously reported
that the cytotoxicity of human CD8* CTLs against
pig endothelial cells (PEC) is highly detrimental and
mediated in major part by the Fas/Fasl apoptotic path-
way. Cellular FLICE inhibitory protein {c-FLIP) was orig-
inally identified as an inhibitor of death-receptor sig-
naling through binding competition with caspase-8
for recruitment to Fas-associated via death domain
(FADD). Two major c-FLIP variants result from alterna-
tive mRNA splicing: a short, 26-KDa protein (c-FLIPg)
and a long, 55-KDa form {(c-FLIP,). The cytoprotective
effects of ¢-FLIPs,, in xenograft cells remain controver-
sial. This study demonstrates that the overexpression
of c-FLIPs; genes markedly suppress human CD8*
CTL-mediated xenocytotoxicity and, in addition, the
cytoprotective effects of c-FLIP, appear to be signifi-
cantly stronger than those of ¢-FLIPs. Furthermore, to
prove the prolonged effects of xenograft survival, PEC
transfectants with ¢-FLIPs, genes were transplanted
under rat kidney capsules. Prolonged survival was
elicited from FLIPg, transfectants, whereas parental
PEC was completely rejected through day 5, posttrans-
plant. Thus, intracellular remodeling with the overex-
pression of ¢-FLIPg,_ in xenograft cells may avoid in-
nate cellular attacks against xenografts and facilitate
long-term xenograft survival.

Key words: Apoptosis, cellular FLICE-like inhibitory
protein (c-FLIP), Fas antigen, human CTL, xenotrans-
plantation

Received 18 July 2007, revised 29 October 2007 and
accepted for publication 29 October 2007

288

Introduction

The clinical application of pig-to-human xenotransplanta-
tion has the potential to solve the current shortage of hu-
man organs and tissues for transplantation (1,2). However,
the potential benefits of xenotransplantation are severely
restricted by the antibody-mediated immunologic barrier.
Human natural anti-Gal antibodies that bind to the u-gal epi-
topes (Gala1-3Galp 1-4GIcNAc-R) abundantly expressed
on pig cells induce complement activation, and acute vas-
cular rejection of xenografts (3-6). To avoid this immuno-
logic problem, «1,3-galactosyltransferase gene knockout
{GT-KO) pigs that do not express «-gal epitopes have
recently been produced (7,8). Conseguently, the use of
organs obtained from GT-KO pigs may prolong xenograft
survival by overcoming antibody-mediated hyperacute re-
jection (9,10).

Even when xenografts overcome hyperacute rejection,
however, they will be directly rejected by cell-mediated
immunity, which includes NK cells, macrophages and
CD8* CTLs (11-18). Our group has previously demon-
strated that human CD8* CTLs have strong cytotoxicity
against xenograft cells, presenting another immunological
obstacle to long-term xenograft survival (14-19), and the
Fas/Fasl apoptotic pathway is a major contributor to this
CTL killing. Furthermore, we explored methods for pre-
venting the CTL cytotoxic response against xenograft cells
by means of the extracellular remodeling of death recep-
tors with the overexpression of either membrane-bound
human FasL, which is not cleaved to the soluble form of
FasL by metalloproteinase, or by human decoy Fas antigen,
which does not contain a ‘death domain’ in its cytoplasmic
tail. In the present study, we hypothesized the following:
because the Fas/FasL apoptotic pathway is a major con-
tributor to CTL-mediated xenocytotoxicity (19), intracellular
blocking of death receptor-mediated apoptotic signals in-
duced by the Fas/FasL pathway would provide resistance
against human CTL-mediated cytotoxicity, thereby extend-
ing xenograft survival.

Apoptosis is an essential mechanism for development,
tissue homeostasis and immune function (20). Initia-
tion and regulation of apoptosis is tightly controlled by
specific protein-protein interactions and by a family of
proteolytic enzymes—the caspases (21,22). Above all,
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Pig c-FLIP Can Prevent Human CD8* CTL-Mediated Xenocytotoxicity

Fas-associated death domain (FADD)ike interleukin-1-3-
converting enzyme-inhibitory protein {FLIP) is a potent in-
hibitor of death receptor-mediated pro-apoptotic signals—
blocking upstream signaling pathways before caspase-8
activation and release (23-30). FLIP was originally identi-
fied as a viral gene product (v-FLIP), while investigators
were searching genomes for proteins that contain a death
effector domain (DED) in an effort to identify molecules
that interact with caspases (31,32). Following the charac-
terization of v-FLIP, the mammalian cellular homologue was
identified and called c-FLIP (23-26,29,30). c-FLIP is struc-
turally related to procaspase-8 and -10, but lacks enzymatic
activity (33,34). At least 10 mRNA splice variants of c-FLIP
exist, but often only two ¢c-FLIP proteins are detected: a 26-
KDa short form (c-FLIPs) and a 55-KDa long form (c-FLIP)
(35,36). The c-FLIPs resembles v-FLIP consisting of two
DEDs and a short C-terminal tail; however, a caspase-like
domain is entirely lacking (23,31). In contrast, c-FLIP, con-
tains two N-terminal DEDs and a C-terminal caspase-like
domain, similar to caspase-8 and -10. However, c-FLIP_ is
catalytically inactive, because it lacks a specific cysteine
residue in the caspase-like domain that is critical for cas-
pase activity. Both c-FLIPg and ¢-FLIP are capable of bind-
ing to the Fas death-inducing signaling complex (DISC)
(33,34), but binding of FLIPg, molecules does not preclude
caspase-8 recruitment; rather, DISC-associated caspase-
8/c-FLIPs,. complexes are formed (35,37-39). Thereby, the
role of c-FLIPg as an inhibitor of death receptor-mediated
apoptosis is well understood (33,34). In contrast, the spe-
cific involvement of ¢-FLIP_ in death receptor modulation
remains controversial. Recent studies with purified com-
ponents reported that c-FLIP, activates caspase-8 or -10
through heterodimerization (40,41).

The present study addresses the following question re-
garding human CD8* CTL-mediated xenocytotoxicity: will
overexpression of c-FLIP_ on pig xenograft cells block
death receptor-mediated apoptotic signals and offer cyto-
protection? This question is of particular interest in view of
the unknown effects of c-FLIP_ on pig xenograft cells. In
addition, overexpression of c-FLIPs on pig xenograft cells
also was investigated as a novel approach for protecting
xenograft cells against human CTL cytotoxicity.

Materials and Methods

Cell culture

Apig endothelial cell (PEC) fine, MYP-30 (42), was cultured in DMEM (Sigma-
Aldrich, St Louis, MO) supplemented with 10% FBS (Sigma-Aldrich), 100
U/mL penicillin, 100 pg/mL streptomycin and 0.1 mM nonessential amino
acids (Invitrogen, Carlsbad, CA} in a 5% CO; atmosphere at 37°C.

Gene constructs

The fulldength DNA fragments encoding either pig c-FLIPg or c-FLIP, were
subcloned into the EcoR1 site of pCR3.1 expression vector {Invitrogen),
which carried a CMV promoter and the SV40 replication origin with a
neomycin-resistant gene, respectively (43,44). These plasmids were trans-
formed into Escherichia coli C600 and amplified using standard techniques.

American Journal of Transplantation 2008; 8: 288-297

Gene expression

A total of 20 nug of each plasmid (pCR-FLIPg, pCR-FLIP, ) were transfected
into the PEC line (MYP-30) using lipofectoamine (Invitrogen), according to
the manufacturer's instructions. To identify PEC stably transfected with
pig c-FLIPs,. genes, the transfected PECs were cultured in the selection
medium (DMEM complete medium containing 1 mg/mL of G-418 (Sigma-
Aldrich)) for 3weeks. PEC stably transfected with pCR3.1 expression vector,
which lacks cDNA fragments of pig c-FLIPs, genes, was also established
{i.e. mock} as the vehicle control.

RT-PCR analyses

To identify mRNA expression of either ¢-FLIPg or ¢-FLIP, in PEC transfec-
tants, RT-PCR analyses were performed. Total RNAs of either parental PEC,
mock or PEC transfectants were isolated using a RNeasy minikit (Qiagen,
Chatsworth, CA). One microgram of total RNAs was reverse-transcribed
with murine feukemia virus reverse transcriptase and the resuiting prod-
ucts were PCR-amplified using sets of primers on a Gene Amp thermal
cycler (PCR System 9700; Applied Biosystems, Foster City, CA). Reverse
transcription of ¢-FLIPg and GAPDH was performed using the following
PCR cycles: 94°C for 5 min; 35 cycles at 94°C for 30 s; 57°C for 30 s;
72°C for 1 min and a final extension period at 72°C for 7 min. For ¢-FLIP,
the PCR cycles were as follows: 94°C for 5 min; 35 cycles at 94°C for 30
s; 47°C for 30 s; 72°C for 1 min and a final extension period at 72°C for
7 min. The following forward and reverse primer sets were synthesized:
5-ATGTC GGCTG AGGTC ATCCA TCA-3', as the c-FLIPg forward primer;
5'-TCATG CTGGG ATTCC GCACA CTT-3, as the ¢-FLIPg reverse primer;
5-ATCAG TGAAA AGTAT GGATT-3, as the c¢-FLIP_ forward primer; and
5'-GGCTA AGAGG GGCCT TTGGC TCT-3', as the c-FLIP_ reverse primer.
The amount of MRNA in each transfectant was normalized to the level of
GAPDH mRNA, which was determined using 5-GGACT CATGA CCACA
GTCCA T-3’' and 5'-TCAGG TCCAC AACCG ACACG T-3' as the forward and
reverse primers, respectively. PCR products were electrophoresed in 1.5%
(W) agarose gels; the sizes of the expected ¢-FLIPg, ¢-FLIP, and GAPDH
PCR products were 645, 333 and 220 bp, respectively. Subsequently, the
gels were recorded with a digital fluorescence-reader (EDAS 290; Kodak,
Tokyo, Japan), and fluorescence intensity of each band of PCR products
was quantified using NiH's ImageJ (URS fist, ImageJ). The relative abun-
dance of specific MRNAs was normalized to that of GAPDH mRNA and was
expressed as the ¢-FLIPs, /GAPDH ratio.

Western blot analysis

For Western blot analysis, parental PEC, mock or PEC transfectants were
washed with cold PBS, resuspended in 50 uL of lysis buffer consisting of
10 mM Tris-HCI, pH 7.5, 10 mM EDTA, 125 mM NaCl, 10% (W/V) glycerol,
0.1% (W) NaN3, 1% {(W/V) NP-40, § pug/mL aprotinin and 0.1 mM PMSF,
and incubated for 20 min at 4°C. The cell-free supernatants were recovered
by centrifugation at 10000 g for 15 min at 4°C. The protein concentration
of the extracts was determined by bicinchoninic acid (BCA) protein assay
kit {Pierce, IL). For each sample, 10 ug of protein was loaded onto the gel,
separated using 8% or 12% SDS-PAGE, and transferred onto a polyvinyli-
dene difluoride (PVDF) membrane (Millipore, Bedford, MA). After transter,
the immunoblots were blocked overnight at 4°C with PBS containing both
3% BSA and 0.1% Tween 20. Next, the blots were probed for 16 h at 4°C
with mouse anti-human ¢-FLIP mAb {Santa Cruz Biotechnology, Santa Cruz,
CA) diluted in 3% BSA/PBS-Tween 20 at 1:100. The blots were incubated
for 1 h at room temperature with the secondary antibody—horseradish per-
oxidase (HRP)-conjugated anti-mouse IgG (DAKO, Glostnep, Denmark) di-
luted in 3% BSA/PBS-Tween 20 at 1:2500. Subsequently, the blots were
developed with an enhanced chemiluminescence (ECL) Plus Western blot-
ting detection system (GE Healthcare Bio-sciences KK, Piscataway, NJ) ac-
cording to the manufacturer’s instructions. Protein expression levels of pig
c-FLIPs, in PEC transfectants were quantified by Fluor-Chem image ana-
lyzer as expressed by arbitrary units. As the loading control for the samples,
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protein expression of pig GAPDH in either parental or PEC transfectants was
detected by goat anti-pig GAPDH mAb (Santa Cruz Biotechnology). The rela-
tive protein expression of pig c-FLIPs, in PEC transfectants was normalized
to that of pig GAPDH and was expressed as the ¢-FLIPs, /GAPDH ratio.

Preparation of human CD8" CTL

Human CD8* CTLs were prepared as previously described (19). Briefly,
10 to 15 x 108 celis of separated PBMCs were cocultured for 14 days
with irradiated PEC in the presence of 50 U/mL recombinant human iL-
2. Subsequently, human CD8* CTLs were positively isolated by magnetic
beads {Dynal, Oslo, Norway), coated with anti-human CD8 mAb (RPA-TS,
BD Biosciences Pharmingen, San Jose, CA), and subjected to an in vitro
cytotoxicity assay.

In vitro cytotoxicity assay

The cytotoxic activity of human CD8* CTLs incubated under various con-
ditions was assessed using a ®!'Crrelease assay as previously described
(18,19). The target cells parental PEC, mock and PEC transfectants—were
plated at 5000 cells/well in 96 well plates. After labeling the target cells with
51 Cr, human CTLs were added. The 5! Cr released from dead cells was mea-
sured in the supernatants. The percentage of specific cell lysis mediated by
human CD8* CTLs was calculated as previously described (19). The effect
of cFLIPs, expression on CTL-mediated cytotoxicity was determined by
comparing PEC transfectants, mock and parental PEC.

Assay for apoptosis

To detect apoptotic celts, a Terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay was performed using an /n Situ Cell
Death Detection Kit {Roche Diagnostics, Germany). Parental PEC, mock
and PEC c-FLIPg, transfectants were plated at 5000 cells/well in 96 well
plates. After overnight incubation, human CD8* CTLs were added to the
wells at an effector to target ratio of 50:1 and the cocultures were incu-
bated for 1 h. Subsequently, the plates were washed with PBS to remove
effector cells and the remaining target cells were fixed in freshly prepared
4% formaldehyde in PBS (pH 7.4) for 30 min. After washing with PBS, cells
were permeabilized with 0.1% Triton X-100 in 0.1% sodium citrate for 2
min at 4°C and then washed by PBS. Subsequently, TUNEL reaction mix-
ture was added to the wells in 50 uL aliquots and plates were incubated in
a humidified chamber for 1 h at 37°C in the dark. After a final washing with
PBS, cells were observed by Biozero fluorescence microscopy (Keyence,
Osaka, Japan) measuring green fluorescence (excitation, 488 nm; emis-
sion, 530 nm). Cells that exhibited TUNEL staining were categorized as
apoptotic cells. Furthermore, the extent of apoptosis in PEC transfectants,
parental cells and mock was determined by annexin V staining using an
Annexin-V-Fluos staining kit (Roche Diagnostics). Parental PEC, mock and
PEC transfectants were cocultured with human CTLs, the same as for the
TUNEL assay. After washing with PBS, cells were incubated with 20 uL
annexin V (20 ug/mL in HEPES) for 15 min in the dark at room tempera-
ture. Subsequently, treated cells were washed with PBS and analyzed by
Biozero fluorescence microscopy {Keyence) measuring green fluorescence
in a similar wavelength to those described above. The number of apoptotic
cells visible in either the TUNEL assay or in the annexin V staining were
counted by VH-analyzer software (Keyence).

Assay of caspase activity in vitro

Caspase-8, -10 and -3 activities were measured using the Caspase Colori-
metric Assay Kit purchased from either BD Biosciences Clontech (catalog
number K-2027 for caspase-8, K-2029 for caspase-3) or R and D Systems
{Abingdon, UK) (catalog number BF-18100 for caspase-10), respectively,
according to the manufacturer's instructions, with the following modifica-
tions: parental PEC, mock and PEC transfectants were plated at 2 x 108
cells/plate in a 6-cm dish and incubated overnight. The target cells were co-
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cultured with human CD8* CTLs at an effector to target ratio of 50:1 for 30
min and then washed by PBS to remove effector cells. Subsequently, cells
were recovered, resuspended in 50 ul of lysis buffer and then incubated for
10 min on ice. The celi-free supernatants were recovered by centrifugation
of the suspension at 10000 g for 6 min at 4°C and then transferred to 96
well plates. Equal volumes {50 ul} of 2x reaction buffer/DTT and 5 pL of
either caspase-8 substrate (IEDT-pNA), caspase-10 substrate (AEVD-pNA}
or caspase-3 substrate (DEVD-pNA) were added to each well and incubated
for 1 h at 37°C in the dark. The cell lysates also were incubated with re-
action buffer in the absence of caspase substrate as a negative control. A
pNA standard curve, incubating the concentrations of 0, 2.5, 5, 10 and 20
nmol pNA was constructed and caspase activities were determined from
absorbance at 405 nm using the standard curve.

Transplant studies and immunohistochemical analysis

Lewis rats, 8-10 weeks old, were purchased from Oriental Yeast {Tokyo,
Japan) and were randomized to receive either parental PEC, mock or PEC
transfectants (n = & rats per group). Recipient rats were preimmunized
three times intraperitoneally with 250 mg of pig kidney membranes with
a 1-week interval between injections. PECs were recovered with 2 mM
EDTA/PBS, washed twice with PBS and stored on ice until transplantation.
in each case, a pellet of 2.5 x 108 cells was mixed with 30 uL of syngenic
blood to form a clot, The clots, which included either parental PEC, mock
or PEC transfectants, were transplanted into the rats under the kidney cap-
sule. Transplanted rats were monitored until euthanization on day 2, day
3, day 5 and day 7 posttransplantation. Each grafted kidney was analyzed
by immunohistochemistry. Kidney specimens were cut into small blocks,
fixed in formalin and then embedded in paraffin. Tissue sections 2 um thick
were deparaffinized with xylene, rehydrated in graded concentrations of al-
cohol and washed in water, Endogenous peroxidase activity was guenched
by exposing the sections to 3% H,0y/methanol for 15 min. After blocking
with 10% BSA-TBS-Tween 20 for 30 min‘'at room temperature, the sections
were incubated with a rabbit anti-human Von Willebrand Factor (VWF) poly-
clonal antibody (1:200, DAKO) in TBS-Tween 20 for 16 h at 4°C to detect
endothelial cells. The sections were then rinsed and incubated with link
antibody for 30 min at room temperature, followed by incubation with HRP-
conjugated streptavidin for 30 min at room temperature. immunostaining
was visualized with 0.02% diaminobenzidine {DAB, Sigma-Aldrich) as the
chromogen. The specificity for the primary VWF Ab was verified by control
sections, in which the primary Ab was omitted. To further determine the
specificity of vWF Ab, the sections were incubated with the manufacturer’s
recommended control Ab (1:200, DAKO, code x0936} as the isotype con-
trol for this Ab. Jo identify the phenotype of the infiltrated rat lymphocytes
in PEC xenografts, cells were stained with the following mAbs: biotiny-
lated anti-rat CD8 mAb for staining CD8* T cells; biotinylated anti-rat CD4
mADb for staining CD4* T cells; biotinylated anti-rat CD68 mAb for staining
CD68+ macrophages; biotinylated anti-rat CD161 mAb for staining CD161+
NK celis. All Abs were purchased from Serotec Lid. {Oxford, UK). After in-
cubation with HRP-conjugated streptavidin for 30 min at room temperature,
immunostaining was developed with DAB as described above.

Double labeling

Kidney sections from rats euthanized at day 3 posttransplant, were dou-
bly labeled for vWF and TUNEL, using the In Situ Apoptosis Detection
Kit {Chemicon, Temecula, CA). The labeling procedure was a modification
of the manufacturer's instructions. Following incubation with a rabbit anti-
vWF polycional antibody as described above, free-floating sections were
rinsed with PBS and incubated with tetra-methyl-rhodamine isothiocyanate
({TRITC)-conjugated anti-rabbit igG (1:100; DAKO) for 30 min at room tem-
perature in the dark and rinsed again. Subsequently, the sections were in-
cubated with 20 ug/mL proteinase Kin PBS for 15 min at room temperature
followed by incubation with TUNEL reaction mixture (38.5 uL TUNEL label
solution conjugated with fluorescein and 16.5 uL TdT enzyme) for 1 h at
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Figure 1: Changes in the expression levels of c-FLIPs; mRNAs or proteins in PEC transfectants. (A) The expression lev-
els of either c-FLIPg or c-FLIPL mRNAs were examined by RT-PCR. As an intrinsic control, GAPDH mRNA expression was
measured in the same samples. Representative photographs of the electrophoresis are shown in A. The intensity of each
bands of PCR products was quantified, subsequently, the relative abundance of specific mRNA was normalized to the GAPDH
mRNA level as expressed by c-FLIPs;/GAPDH ratio. Each value is expressed as the mean + SD from three independent
experiments. An asterisk indicates a significant difference versus parental PEC and mock samples (*p < 0.05, **p < 0.01).
(B) The expression levels of either c-FLIPs or c-FLIP_ proteins were examined by Western blotting. Protein samples extracted from
either parental PEC, mock or PEC transfectants were separated by electrophoresis in 8% or 12% SDS-polyacrylamide gel and trans-
ferred onto PVDF membrane. Representative photographs are shown in B, together with pig GAPDH levels as an internal control. Image
scanner profiles were employed to evaluate protein expression levels of either c-FLIPs, or pig GAPDH in parental PEC, mock and PEC
transfectants, expressed by c-FLIP5; /GAPDH ratio. Each value is expressed as the mean + SD from three independent experiments.
An asterisk indicates a significant difference versus parental PEC and mock samples (*p < 0.05, **p < 0.01, ***p < 0.001).

37°C. A tissue section incubated with an equal volume of TUNEL labeling Results
solution instead of TUNEL reaction mixture served as a negative control.
Fluorescence signals were analyzed by Biozero fluorescence microscopy Generation of stable PEC transfectants overexpressed
{Keyence). either pig c-FLIPs or pig c-FLIP, gene
The mRNAs of c-FLIPs,. were faintly expressed in both
L. ) parental PEC and mock (Figure 1A). Three positive clones
Statistical analysis . )
The statistical significance was analyzed using a Student’s t-test. Values of C_F.UPS were isolated as fol!ows: 5-1 had low mRNA ex-
pression; S-2, moderate and S-3, high. Two ¢-FLIP_ clones

were presented as the means + SD. Differences were considered to be R e
significant at p < 0.05. were identified: L-1 expressed moderate levels of mRNA
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Figure 2: In vitro cytotoxicity assay of PEC transfectants with
pig c¢-FLIPg, genes. (A) Amelioration of human CcDst CTL-
mediated cytotoxicity by ¢-FLIPg transfectants, control parental
PEC and mock transfectants were assessed by 3'Cr release as-
say. Parental PEC (e), mock (), S-1 (o), -2 (a), S-3 (0)). Each
value is expressed as the mean + SD from five independent
experiments. *The difference was statistically significant (p <
0.05 S-1, S-2 vs. parental PEC, mock). **The difference was
statistically significant {p < 0.01 S-3 vs. parental PEC, mock).
(B} Suppression of human CD8*" CTL-mediated killing by ¢-FLIP_
transfectants, mock transfectants and control parental SEC was
also investigated by ®'Cr release assay. Parental PEC (e), mock
(¢), L-1 (©), L-2 (B). Data are shown as the mean £ SD from
five independent experiments. *** The difference was statistically
significant {(p < 0.001 L-1, L-2 vs. parental PEC, mock). #The dif-
ference was statistically significant {p < 0.05 S-3 vs. L-2).

and L-2 high levels. Western blot analysis showed low lev-
els of endogenous ¢-FLIPs, expression in both parental
PEC and mock, and significantly elevated protein expres-
sion of either pig c-FLIPs or pig ¢-FLIP_ in the transfectants
{Figure 1B). No significant differences of both c-FLIPs,
mRNA and protein expression were observed between
parental PEC and mock transfectants.

¢-FLIPg ansfectants

Overexpression of either pig c-FLIPs or pig c-FLIP,
were responsible for the inhibition of human CD8*
CTL-mediated xenocytotoxicity

Human CD8* CTLs generated in vitro resulted in >80%
lysis of both parental PEC and mock (Figures 2A and B).
Overexpression of pig ¢-FLIPg in PEC resulted in approx-
imately 50% inhibition of CTL-mediated lysis in S-3 PEC
transfectants, which highly expressed pig ¢c-FLIPg in the
PEC cytosol. In contrast, only 30% suppression of lysis was
found in S-1—the clone that expressed the lowest levels
of the pig ¢-FLIPg gene (Figure 2A). Overexpression of pig
c-FLIP, in PEC effectively prevented human CTL cytotoxi-
city {Figure 2B). Approximately 63% and 75% suppression
of CTL cytotoxicity was observed in L-1 and L-2 PEC trans-
fectants, respectively {Figure 2B). Overexpression of pig
c-FLIP, appeared to be significantly more effective in cy-
toprotective effects than that of pig c-FLIPs {(p < 0.05 5-3
vs. L-2).

PEC transfectants with either pig c-FLIPs or pig
c-FLIP, gene were highly resistant to apoptosis
induced by human CD8*+ CTLs

Representative pictures of either TUNEL assay or annexin
V staining were shown in Figure 3, and the number of cells
visible in these assays are summarized in Table 1. Many
parental PEC and mock showed positive staining in both
TUNEL and annexin V staining (Figure 3, Table 1). Apoptosis
of S-1 ¢-FLIPs PEC transfectants did not significantly differ
from parental PEC and mock cells; however, the number
of apoptotic cells was markedly reduced in the S-2 and S-3
PEC ¢-FLIPs transfectants (Figure 3, Table 1). Similarly, the
number of apoptotic PEC c-FLIP_ transfectants was much
lower than that observed in both parental PEC and mock
(Figure 3, Table 1). Remarkably, in L-2 PEC transfectants,
which expressed the highest levels of pig c-FLIP| genes,
a very small number of cells exhibited positive staining for
both TUNEL and annexin V staining {Figure 3, Table 1).

¢-FLIPy ransfectants

Parental PEC mock 3-1

TUNEL
assay

annexinV  §
staining

Parental PEC mock S-1

S-2 $-3 L1 L2

S-2 $-3 L1 L-2

¢-FLIP; transfectants

¢-FLIP; transfectants

Figure 3: Detection of cell apoptosis by either TUNEL assay or annexin V staining. Parental PEC, mock and PEC transfectants were
cocultured with human CD8* CTLs to induce apoptotic signals. Subsequently, cells were washed by PBS, then the reaction mixtures
of either TUNEL or annexin V staining were added. Treated cells were analyzed by Biozero fluorescence microscopy. Pictures are repre-
sentative of these assays obtained from five experiments per transfectant. White bars shown in the lower right of each pictures indicate

100 uM.
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Table 1: The number of apoptotic cells in parental PEC, mock and PEC transfectants xenografts

TUNEL assay Annexin V staining
Cells Positive cells {cells/HP1) p-Value Positive celis {cells/HP) p-Value
Perental PEC (n = 5) 46.7 £ 14.2 - 201.5 4+ 40.3 -
Mock {n = 5) 42.04+16.4 NS? 229.6 + 55.0 NS
S-1PEC transfectant (n = 5) 30.0+5.0 NS 1563.0+ 220 NS
S-2 PEC transfectant (n = 5) 5.7 +3.1 p < 0.05 81.3+60.8 p < 0.05
S-3 PEC transfectant {n = 5) 27+£09 p < 0.01 49.7 £ 25.8 p < 0.01
L-1 PEC transfectant (n = 5) 50+4.2 p < 0.05 68.7 + 18.4 p < 0.01
1.-2 PEC transfectant (n = 5) 3.0+£08 p < 0.01 31.0+ 20.0 p < 0.01

The number of apoptotic cells were counted by VH-analyzer software. Data are expressed as the mean £ SD from five independent

experiments.
YHP = high-power fields {magnification, x300).
2NS = not significant.

Pig c-FLIPs;, down-regulated both caspase-8, -10 and
-3 activities

Caspase-8, -10 and -3 activities were measured to de-
termine if overexpression of pig ¢-FLIPs, in PEC down-
regulates the activities of these enzymes. Coincubation
of either parental PEC or mock with human CD8* CTLs
strongly activated caspase-8, -10 and -3 (Figures 4A-C). In
contrast, pig ¢-FLIPs,. PEC transfectants had significantly
reduced the activities of caspase-8, -10 and -3. The per-
cent reduction in caspase-8 activity was 25-43% in the pig
c-FLIPg transfectants and 51-58% in the pig c-FLIP trans-
fectants, respectively. Caspase-10 activity was reduced
37-47% in the pig c-FLIPg transfectants and 57-61% in
the pig c-FLIP, transfectants, respectively. Furthermore,
caspase-3 activity was also inhibited 43-66% in the pig
c-FLIPg transfectants and 60-66% in pig c-FLIP_ transfec-
tants.

Overexpression of pig ¢-FLIPs;;, molecules can
prolong xenograft survival

Immunohistochemistry of transplanted pig ¢-FLIPs, trans-
fectants suggested that the overexpression of these
molecules in PEC was effective in prolonging xenograft sur-
vival. At day 2 posttransplant, the majority of both parental
PEC, mock and PEC transfectants were intact, as shown
in Figure 5A, and there was slight to moderate infiltra-
tion of CD4* and CD8* T cells in these xenografts (data
not shown). At day 3 posttransplant, no major differences
in surviving xenograft cells were noted between parental
PEC, mock and PEC transfectants. However, large num-
bers of CD8* T cells and CD68* macrophages had infil-
trated to both the parental and transfected PEC xenografts
{Figure 5B). On the other hand, CD4* T cells and CD 161+
NK cells were the minor infiltrating cells in these PEC
xenografts {Figure 5B). No significant differences were
observed between parental PEC and PEC transfectants
in regard to the immunopathological findings, including
either the phenotype or the number of infiltrated lym-
phocytes (Figure 5B). At day 5 posttransplant, both the
parental PEC and mock xenografts were completely re-

American Journal of Transplantation 2008; 8: 288-297

jected. Five and 7 days posttransplant, the c-FLIPs, PEC-
transfected xenografts still remained intact (Figure BA).
At day 10 posttransplant, most of the c-FLIPs, PEC-
transfected xenografts were finally rejected.

Double-staining xenografts with vVWF Ab and TUNEL
reagent demonstrated that, in the parental PEC and mock
xenografts, apoptosis, induced by the infiltrating lympho-
cytes, had started at day 3 posttransplant—despite the
intact appearance of surviving xenografts. In contrast,
there was no evidence of apoptosis in PEC-transfected
xenografts at day 3 posttransplant (Figure 5C).

Discussion

The mechanism of cellular xenograft rejection, including
human NK cells, macrophages and CD8* CTLs, seemed
to play a crucial role in achieving prolonged graft survival
in pig-to-human xenotransplantation (18,19,45). The ob-
jectives of this study were to explore a novel strategy
by means of the intracellular blocking of death receptor-
induced apoptotic signals to prevent a human CD8* CTL
response against xenograft cells. Specifically, blocking the
Fas/FasL pathway by the use of pig c-FLIPs,. molecules
was investigated in the present study.

Triggering of pig Fas antigen, endogenously expressed
on the pig cell surface by human FaslL expressed on hu-
man CTLs, led to oligomerization of pig Fas antigen. Sub-
sequently, the intracellular adaptor molecule, FADD and
procaspase-8, were recruited to oligomerized pig Fas anti-
gen, forming a DISC in pig cells. In the DISC, procaspase-
8 was autoproteolytically cleaved, forming the active en-
zyme. When stably overexpressed, c-FLIPs,. competitively
bound procaspase-8, interfering with the generation of the
large active subunit of caspase-8. Therefore, because of
the intra- and inter-species binding compatibilities of intra-
cellular pig molecules, pig c-FLIPg,. genes were employed
in this study.
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Figure 4: Inhibitory effects on caspase-8, -10 and -3 enzyme activities in PEC transfectants. Parental PEC, mock and PEC transfec-
tants were cocultured with human CD8* CTLs. Subsequently, cells were recovered and then incubated with caspase-8, -10 and caspase-3
substrates, respectively. Caspase enzyme activities were measured as indicated by the absorbance at 405 nm. (A} inhibitory effects of
¢-FLIPs;L overexpression on caspase-8 activation. (B) Inhibitory effects of c-FLIPs, overexpression on caspase-10 activation. (C) Sup-
pressive effects of c-FLIPg, overexpression on caspase-3 activation. Parental PEC (00), mock transfectant @), c-FLIPg PEC transfectants
(m), c-FLIP_ PEC transfectants (). Each value is expressed as the mean = SD. from five independent experiments. *The difference was
statistically significant (p < 0.05 PEC transfectants vs. parental PEC, mock).

Two alternative splicing isoforms, pig ¢-FLIPs (642 bp and
214-aa) and pig c-FLIP_ (1446 bp and 482-aa) were iden-
tified from the cDNA library prepared from follicular gran-
ulosa cells obtained from pig ovaries (43,44). Unexpect-
edly, the amino acid sequence homologies between pig
and human c-FLIPs were as follows: overall, 79%; DED1,
88% and DED2, 84% (43). Similarly, the amino acid se-
quence homologies between pig and human c-FLIP_ were
as follows: overall, 76%; DED1, 88%; DED2, 84% and the
caspase-like domain, 74% (43). Accordingly, these find-
ings may indicate that the major functions of ¢-FLIPs,
molecules are highly conserved between mammalian ho-
mologues and that the DEDs of human c-FLIPs, can
interact with the DEDs of the pig endogenous adaptor
protein (FADD), resulting in competitive binding with en-
dogenous pig initiator caspase, pig procaspase-8. Future
studies are required to further confirm the binding compat-
ibilities of these molecules between pig and other mam-
malian species.
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The functions of c-FLIPg,, as potent inhibitors of Fas-
induced apoptosis, have been well studied in immune cells
and in human and murine tumor cell lines (34,46). However,
more recent studies indicate that ectopically expressed c-
FLIP_ can support caspase-8 activation at the Fas DISC |
(38,39). Thus, the possibility is raised that c-FLIP regulates
both caspase-8 activation and Fas-mediated apoptosis in
pig xenograft cells. This possibility may be better explored
by overexpression studies.

The overexpression experiments, described in the present
study, reinforce the conclusion that both pig ¢-FLIPs and c-
FLIP_ are significant inhibitors of death receptor-mediated
apoptosis induced by human CD8* CTLs. Furthermore, pig
c-FLIP, seemed to exhibit greater anti-apoptotic activity in
xenograft cells compared pig c-FLIPs. Based on these ob-
servations, the following reasons are suggested for the suf-
ficient anti-apoptotic activity of pig c-FLIP_ in pig xenograft
cells. First, the anti-apoptotic activity of pig c-FLIP_ is
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Figure 5: Histological appearance of rat kidney tissue of parental PEC, mock or PEC transfectants transplanted rats. (A) Immunos-
taining with anti-vWF Ab for transfected PEC of kidney specimens obtained at day 2, day 3, day 5 and day 7 posttransplant. To assess
the efficacy of overexpression of c-FLIPg, in vivo, we transplanted Lewis rats with either parental PEC, mock or PEC transfectants
under kidney capsule. Pictures are representative of immunostaining of kidney sections obtained from 10 animals per transfectant group.
At least five sections per individual kidney were studied. Non-specific bindings of the primary VWF Ab were not detected by control
sections. (B} Immunostaining with appropriate mAbs for different lymphocytes subpopulations at day 3 posttransplant. CD8* T cells and
CD68* macrophages were the main infiltrating cells in both the parental and transfected PEC xenografts. The phenotype of the infiltrate
lymphocytes was similar in comparison with parental PEC and PEC transfectants xenografts. (C) Double labeling with both anti-vWF Ab
and TUNEL staining for transplanted PEC of kidney specimens obtained at day 3 posttransplant. TUNEL-positive cells were observed in
the xenografts of both parental PEC and mock, however, no TUNEL-positive cells were found in the xenografts consisting of pig c-FLIPg L

PEC transfectants. The bars in the lower right of each picture indicate 100 uM.

precisely controlled by its heterodimerization with caspase-
8 through the caspase-like domain that is present in c-
FLIP., but not in c-FLIPs. Accordingly, it has been specu-
lated that the affinity of the caspase-8/c-FLIP, heterodimer
for FADD is higher than those of either the caspase-8 ho-
modimer or the caspase-8/c-FLIPg heterodimer. In addi-
tion, considering the molecular mechanisms of c-FLIPs,
degradation, the c-FLIP_ protein may have a significantly
longer half-life than the c-FLIPs protein in pig xenograft
cells. To prove these hypotheses, further studies will be
required, and regulation of ¢-FLIPs,_ expression and degra-
dation may be important for understanding regulation of
apoptosis in pig xenograft cells.

The pig pancreas is considered to be the most suitable
source of islets for xenotransplantation into the patients
with type 1 diabetes. Overexpression of ¢-FLIPs, may
have practical applications to xenografts, including pig pan-
creatic islet cells. Several investigators have reported that
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islet cell death, especially of insulin-producing B-cells, is
triggered by apoptosis, immediately after the islet isola-
tion (47,48). Saldeen previously reported that the com-
bination of cytokines, including IL-18, INF-y and TNF-q,
induces apoptosis in isolated rat islets {49). Therefore,
these findings indicate that the islets may be exposed
to these cytokines released from activated macrophages
in the islets during and after isolation, and subsequently
undergo apoptosis. Taken together, the overexpression of
c-FLIPg, in islets may be beneficial to not only prevention
of human CD8* CTL-mediated xenocytotoxicity but also to
the cytoprotective effects against apoptosis induced by the
islet isolation procedure and by the exposure of cytokines.
Moreover, up-regulation of c-FLIP_ switches Fas signaling
toward proliferation and increases insulin secretion and
PDX-1 expression in human B-cells (50,51). Accordingly,
c-FLIP. overexpression in pig islets (i.e. transgenic pig
with c-FLIP, gene) may reduce xenograft rejection and
islets apoptosis, enhance B-cell secretory function and
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stimulate B-cell proliferation after transplantation of pig
islet cells.

Finally, as described above, ¢c-FLIPL mRNA and protein
were abundantly expressed in granulosa cells of healthy
follicles (44). In contrast, expression of c-FLIPs mRBNA
was low and did not differ between follicular stages (44).
Therefore, c-FLIP_ may play a crucial role in follicular se-
lection and the overexpression of ¢c-FLIP, may effectively
improve fertility in gene-manipulated pigs, such as the a1,
3-galactosyltransferase gene-knockout pig.
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Xenotransplantation

Adenoviral-Mediated Overexpression of Either Membrane-Bound
Human FasL or Human Decoy Fas Can Prolong Pig Islet Xenograft
Survival in a Rat Transplant Model

K. Kawamoto, M. Tanemura, A. Saga, H. Komoda, Y. Fumimoto, T. Deguchi, T. Machida, Y. Sawa,
T. Nishida, and T. ito

ABSTRACT

The success of pancreatic islet transplantation is limited because of the severe shortage of
allogeneic pancreas donors. Accordingly, pig islets are considered to be an attractive,
promising alternative. However, cell-mediated immunity, especially CD8" cytotoxic T
lymphocyte (CTL)-mediated cytotoxicity, remains a formidable barrier to prevent long-
term islet survival in xenograft recipients. Therefore, it is particularly important to explore
methods to specifically prevent cell-mediated immunity against pig islets. Our group
previously demonstrated that the overexpression of either membrane-bound human FasL
or human decoy Fas antigen in pig endothelial cells prevented CTL xenocytotoxicity. In
this study, we assessed the cytoprotective effects of adenoviral-mediated overexpression of
either membrane-bound human FasL or human decoy Fas antigen in pig islets to inhibit CTL
xenocytotoxicity. The CTL-mediated killing of pig islets infected with an adenoviral vector
carrying either membrane-bound human FasL or human decoy Fas was significantly reduced
compares with that of control pig islets transfected with adenoviral vector encoding enhanced
green fluorescent protein (EGFP). Moreover, we transfected pig islets with these molecules to
confirm their cytoprotective effects in in vivo studies. The significant long-term survival of pig
islets expressing these molecules was elicited through days 3 to 5 posttransplantation. Thus,
these results demonstrated that the remodeling of either death receptor or death ligand on pig
islets by adenoviral gene transfer prevented innate cellular immunity against xeno-islet grafts
facilitating long-term xenogratt survival.
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1G ISLETS are considered to be an attractive, promis-
ing alternative to treat type 1 diabetes mellitus. How-
ever, antibody-mediated immunity due to the interactions
between the natural anti-Gal antibody and the «-gal
epitopes on pig cells results in rejection of pig vascularized
organs (ransplanted into humans. Fortunately, this immu-
nological barrier may not occur in the case of pig-to-human
islet xenotransplantation, because pig islets do not express
a-gal epitopes. However, pig islet xenografts are destroyed
by cell-mediated immunity. Recently, several groups have
achieved prolonged functional survival of pig islet xeno-
grafts in immunosuppressed nonhuman primates.™ How-
ever, the high level of immunosuppression used in these
studies may be difficult to employ in human diabetic
patients. Therefore, specific inmunosuppression, consisting
of local expression of cytoprotective molecules on pig islets,
may be required to realize pig-to-human islet xenotrans-
plantation. Our group previously demonstrated that cell-
mediated xenocytotoxicity, especially human CD8" cyto-
toxic T lymphocyte (CTL), is highly detrimental toward
xenografts.® We have explored methods to prevent this
killing by overexpression of either membrane-bound human
FasL or human decoy Fas antigen.? In the present study, we
have assessed the effectiveness of these molecules to protect
pig islet xenografts from human CD8" CTL-mediated
cytotoxicity.

MATERIALS AND METHODS
Preparation of Pig Islets

Pig pancreata were harvested from a slaughterhouse that
handles young market weight pigs (Large White/Landrace X
Duroc, 6—-12 months old, 200-300 kg). Pig islets were isolated
by the modified Ricordi method.” The pig pancreas distended
with Liberase HI solution (Roche Diagnostics, Indianapolis,
Ind, United States) was cut into several pieces, which were put
into a sterile chamber for clinical islet isolation (Umihira,
Kyoto, Japan) and digested as previously described.” Pig islets
were purified with a continuous density gradient of iodixanol
in an apheresis system (COBE2991 cell processor, Gambro
Laboratory, Denver, Colo, United States).

Pig Endothelial Cell Culture

A pig endothelial cell (PEC) line, MYP-30,° was cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) including

HUGHES, BROZINCK, HUGHES ET AL

10% fetal bovine serum (FBS), 100 U/mL penicillin, 100
pg/mL streptomycin, and 0.1 mmol/L nonessential amino
acids (Invitrogen, Carlsbad, Calif, United States).

Construction of Adenoviral Vectors and Gene Expression
in Pig Islets

c¢DNAs encoding either membrane-bound human FasL
gene’ or human decoy Fas antigen® were subcloned into
the Swal cloning site of the cytomegalovirus promoter-
containing adenovirus-based cosmid vector (Ad-), pAxcwit
(Takara Bio, Otsu, Japan).® All virus stocks were purified
by cesium chloride density gradient centrifugation. Non-
functioning enhanced green fluorescent protein (EGFP)-
adenoviral vector was used as a control. Freshly isolated
pig islets were exposed to these adenovirus vectors at a
multiplicity of infection (MOI) of 30 for 1 hour. The
expression of these molecules in pig islets was assessed by
fluorescence-activated cell sorting (FACS) analysis.

Gene Expression in PEC Line

PEC transfectants, stably expressing either human decoy
Fas antigen or membrane-bound human FasL gene, were
generated by lipofectoAMINE (Invitrogen) as previously
described.* The expression of these molecules in PEC was
assessed by FACS analysis.

Transplant Studies and Immunohistochemical Analysis

Lewis rats (8-10 weeks old) were purchased from Oriental
Yeast (Tokyo, Japan). Recipient rats were preimmunized
with 250 mg of pig kidney membranes as previously de-
scribed.” Either 3000 islet equivalents (IEQ) of adenoviral
transduced pig istets or 2 X 10° PEC stable transfectants
were transplanted under the kidney capsule. The grafted
kidney retrieved at day 3 or 5 posttransplantation was
subjected to immunohistochemical analysis (IHC), using
anti-pig insulin antibody or anti-human von Willebrand
factor (vWF) polyclonal antibody (Dako, Glostrup, Den-
mark). To identify the phenotype of graft-infiltrating rat
lymphocytes we performed THC for rat CD4™ T cells,
CD8™ T cells, CD68" macrophages, and CD161" NK cells.
Briefly, tissue sections were deparaffinized and rehydrated.
Heat-induced epitope retrieval was performed using Pascal
(Dako) except for insulin staining. Endogenous peroxidase

Table 1. Gene Expression and Xenograft Survival

Mean Fluorescence Intensity Determined by

Survived PEC or Islets Identified by

FACS Analysis Anti-vWF or Anti-insulin Abs
Cells or Pig Islets Fas Antigen FaslL Day 3 Day 5

Mock-PEC 15 (endogenous) Not detected + Rejected
Decoy Fas-PEC 342 Not detected ++ +
Membrane-bound FaslL-PEC 20 (endogenous) 127 + 4+ ++
Ad-EGFP pig islets 25 (endogenous) Not detected Rejected Rejected
Ad-decoy Fas pig islets 198 Not detected + +
Ad-membrane-bound FasL pig islets 22 (endogenous) 75 ++ +

Results are averages of 5 experiments.
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Fig1. (A} Immunohistochemical analysis of tissue sections from rat kidney transplanted with either Ad-EGFP pig islets, Ad-decoy Fas
pig islets, or Ad-membrane-bound human Fasl. pig islets (day 3). Representative sections are shown. {B) Phenotype of the
graft-infiltrating rat lymphocytes into nontransfected pig xeno-islets at day 3 posttransplantation.

was blocked with 3% H,0, methanol. After blocking with

10% BSA Tris buffered saline (TBS) containing 0.1%
Tween 20, the sections were incubated with either guinea
pig anti-pig insulin polyclonal antibody (pAb; Dako) or
rabbit anti-human vWF pAb (Dako). Then the sections
were visualized with Dako LSAB+/HRP kit (Dako) with
0.02% diaminobenzidine as the chromogen. After washing,
the sections were counterstained with hematoxylin. The
specificity of the primary antibodies was verified by control
sections in which the primary antibody was omitted.

RESULTS

The expression levels of these molecules in PEC or pig islet
transfectants were significantly increased as judged by mean
fluorescence -intensity, as summarized in Table 1. The
survival of either pig islets or PEC xenografts was evaluated
by IHC. Long-term survivals were observed using both
decoy Fas-PEC and membrane-bound FasL-PEC xeno-
grafts, whereas control mock-PEC were completely rejected
through days 3 to 5 posttransplantation (Table 1). Similarly,
prolongation of xenografts with Ad-decoy Fas pig islets or
Ad-membrane-bound FasL pig islets was also observed
compared with EGFP-transfected (Table 1). Representa-
tive sections for insulin staining for the kidneys transplanted
with pig islets are shown in Fig 1A. To assess the phenotype
of graft-infiltrating lymphocytes, we performed THC for rat
CD4, CD8, CD68, and CD161. The majority of infiltrating
cells belonged to CD8* CTL or CD68" macrophage ele-
ments (Fig 1B).

DISCUSSION

In this study, we demonstrated that both membrane-bound
human FasL and human decoy Fas antigen prolonged pig

islet or PEC xenograft survivals using an in vivo transplant
model. These results suggested that pig islets isolated from
transgenic pigs with either membrane-bound human FasL
or human decoy Fas antigen genes may achieve long-term
xenograft survival with minimal immunosuppression.
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Pig Cellular FLICE-like Inhibitory Protein (c-FLIP) Overexpression in
Pig Xenograft Cells Induces Resistance to Human CD8* Cytotoxic T
Lymphocyte-Mediated Xenocytotoxicity

M. Tanemura, A. Saga, K. Kawamoto, N. Manabe, T. Machida, T. Deguchi, Y. Sawa, T. Nishida,

and T. lto

ABSTRACT

Although the use of organs from al,3-galactosyltransferase gene knockout pigs may
prolong xenograft survival, resulting in overcoming antibody-mediated hyperacute
rejection, pig xenografts will be destroyed directly by cell-mediated immunity, such as
NK cells, macrophages, and CD8" cytotoxic T lymphocytes (CTLs). Therefore,
conquering cell-mediated immunity, especially of human CD8" CTLs, is of particular
importance to the success of long-term xenograft survival. We have previously reported
that the cytotoxicity of human CD8" CTLs is strong against pig endothelial cells (PEC)
and mediated in major part by the Fas/FasL apoptotic pathway. Cellular FLICE
inhibitory protein (c-FLIP) was originally identified as a potent inhibitor of death-
receptor signaling through binding competition with caspase-8 for recruitment to
Fas-associated via death domain (FADD). Two major ¢-FLIP variants result from
alternative mRNA splicing: a short, 26-kDa protein (c-FLIPg) and a long, 55-kDa form
(c-FLIPy). The present study demonstrated that overexpression of ¢-FLIPg,; genes in
PEC markedly suppressed human CD8* CTL-mediated xenocytotoxicity; moreover,
the cytoprotective effects of ¢-FLIP; appeared to be significantly stronger than those
of ¢-FLIPg. Furthermore, to prove the in vivo prolongation effects of xenograft
survival, we transplanted PEC transfectants with c-FLIPg, genes under the rat kidney
capsule. Prolonged survival was displayed by xenografts of FLIPg,; PEC transfectants,
whereas xenografts of parental PEC were completely rejected by day 5 posttransplan-
tation. Thus, intracellular blocking of death receptor-mediated apoptotic signals by
overexpression of c-FLIPg,; in xenograft cells may prevent innate celiular attacks
against xenografts opening the window of opportunity for long-term xenograft survival.

HE CLINICAL APPLICATION of pig-to-human

xenotransplantation has great potential to solve the
current shortage of human organs and tissues for trans-
plantation. However, meaningful benefits of xenotrans-
plantation are severely restricted by antibody-mediated
immunological barriers, consisting of human natural
anti-Gal antibody that binds to «-gal epitopes (Galal-
3GalpB1-4GIcNAc-R) which are abundantly expressed on
pig cells, inducing complement activation, hyperacute
rejection, and acute vascular rejection of xenografts.! To
avoid this immunological obstacle, «l,3-galactosyltrans-
ferase gene knockout (GT-KO) pigs have recently been
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produced not to express a-gal epitopes.” Although over-
coming hyperacute rejection, xenografts are rejected by
cell-mediated immunity, including NK cells, macro-
phages, and CD8* cytotoxic T lymphocytes (CTLs).>*
Our group previously demonstrated that human CD8"
CTLs display strong cytotoxicity against xenograft cells,
and that the Fas/FasL apoptotic pathway is a major
contributor to this CTL-mediated xenocytotoxicity.’
Therefore, human CTL cytotoxicity in xenograft recipi-
ents represents another immunological barrier to long-
term xenograft survival.’~>

Fas-associated death domain-like interleukin-1-g-
converting enzyme-inhibitory protein (FLIP) is a potent
inhibitor of death receptor-mediated pro-apoptotic sig-
nals by blocking the signaling pathway more upstream
before caspase-8 activation and release.®”® The mamma-
lian cellular homologue is called c¢-FLIP.®~® Only 2
c-FLIP proteins are detected: a 26-kDa short form
(c-FLIPg) and a 55-kDa long form (c-FLIP;).5-8

The present study addressed the following question
regarding human CD8" CTL-mediated xenocytotoxicity:
Will overexpression of ¢-FLIPg, on pig xenograft cells
block death receptor-mediated apoptotic signals and
offer cytoprotection? Furthermore, using transplant stud-
ies we showed in vivo prolongation effects on xenograft
survival by overexpresson of c-FLIPg,; molecules.

MATERIALS AND METHODS
Cell Culture

A pig endothelial cell (PEC) line, MYP-30,” was maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Sigma-Aldrich,
St Louis, Mo, United States) supplemented with 10% fetal
bovine serum (FBS; Sigma-Aldrich), 100 U/mL penicillin, 100
ug/mL streptomycin, and 0.1 mmol/L nonessential amino acids
(Invitrogen, Carlsbad, Calif, United States).

Gene Constructs

The full-length DNA fragments encoding either pig c-FLIPg or
pig ¢-FLIP, were subcloned into the EcoRl1 site of pCR3.1
expression vector (Invitrogen), which carried a CMV promoter
and the SV40 replication origin with a neomycin-resistant gene,
respectively.®

Gene Expression

Twenty micrograms of each of the plasmids (pCR-FLIPg, pCR-
FLIP,) were introduced into the PEC line (MYP-30) by lipo-
fectoAMINE (Invitrogen) according to the manufacturer’s in-
structions. To generate stable PEC transfectants expressing pig
c-FLIPg,; genes, the transfected PECs were cultured for 3 weeks
in selection medium, namely, DMEM complete medium con-
taining 1 mg/mL of G-418 (Sigma-Aldrich).

Western Blot Analysis

To identify the protein expression of either pig ¢-FLIP; or pig
¢-FLIP; in parental PEC or PEC transfectants, we performed

TANEMURA, SAGA, KAWAMOTO ET AL

Western blot analysis. Protein samples from parental or PEC
transfectants were obtained using lysis buffer, consisting of 10
mmol/L. Tris-HCl (pH 7.5), 10 mmol/L EDTA, 125 mmol/L
NaCl, 10% (w/v) glycerol, 0.1% (w/fv) NaN;, 1% (w/v) NP-40, 5
ug/mL aprotinin, and 0.1 mmol/L phenylmethanesulfonyl fluo-
ride (PMSF). For each sample, 10 pg of protein applied to the
gel was then separated by electrophoresis in 8% or 12% sodium
dodecyl sulfate (SDS)-polyacrylamide gel, and transferred onto
a PVDF membrane (Millipore, Bedford, Mass, United States).
After transfer, the immunoblots were blocked overnight at 4°C
by incubation with phosphate buffered saline (PBS) containing
both 3% bovine serum albumin (BSA) and 0.1% Tween 20.
Next, the blots were incubated with mouse anti-human c-
FLIPmAD (Santa Cruz Biotechnology, Santa Cruz, Calif, United
States). After washing, the blots revealed with horseradish
peroxidase (HRP)-conjugated anti-mouse IgG (DAKO,
Glostrup, Denmark) were subsequently developed with an en-
hanced chemiluminescence (ECL) plus Western blotting detec-
tion system (GE Healthcare Bio-sciences KK, Piscataway, NJ,
United States). Image scanner profiles were employed to eval-
uate expression levels of pig ¢-FLIPg,; protein in PEC transfec-
tants, expressed as arbitrary units.

Generation of Human CD8" CTLs

To generate human CD8* CTLs, 10 to 15 X 10° cells of
separated peripheral blood mononuclear cells (PBMCs) were
cocultured for 14 days with irradiated PEC in the presence of
recombinant human interleukin-2 (IL-2) as previously de-
scribed.> Subsequently, human CD8* CTLs positively isolated
using magnetic beads (Dynal, Oslo, Norway) coated with anti-
human CD8 mAb (RPA-T8, BD Biosciences Pharmingen, San
Jose, Calf, United States) were subjected to an in vitro cytotox-
icity assay.

51Cr Release Assay

The cytotoxic activity of human CD8" CTLs incubated under
various conditions was assessed by *'Cr release assays as previ-
ously described.>*> Parental PEC and PEC transfectants with
either pig c-FLIPg or pig ¢-FLIP; genes were plated as target
cells. After labeling target cells with 3'Cr, human CTLs isolated
with magnetic beads were added to the wells. The 3!Cr released
from dead cells was measured in the supernates. The effect of

Table 1. Changes in the Expression Levels of
c-FLIPg, Proteins*

Arbitrary Units in Western Blots

Celis c-FLIPg Expression c-FLIP_ Expression
Parental PEC 5841 (endogenous) 7155 (endogenous)
A-4 PEC FLIPg 7155 Endogenous
B-7 PEC FLIPg 11,049 Endogenous
B-2 PEC FLIPg 14,667 Endogenous
E-10 PEC FLIP_ Endogenous 19,429
F-5 PEC FLIP_ Endogenous 29,166

*The expression ievels of either ¢-FLIPg or c-FLIP_ proteins were examined
by Western blotting. Image scanner profiles were employed to evaluate the
expression levels of c-FLIPg, proteins in both parental PEC and PEC trans-
fectants.
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Fig 1. ®'Cr release assay of pig ¢-FLIPg, transfected PEC. Amelioration of human CD8* CTL-mediated cytotoxicity by the PEC
transfectants and control parental PEC was estimated at the effector-to-target ratio of either 25:1 or 50:1. (A) Percentages of CTL
cytotoxicity against parental PEC. (B) Percentages of suppression of CTL killing by c-FLIPg, transfectants. Closed rectangles:
effector-to-target ratio = 25:1; dotted rectangles: effector-to-target ratio = 50:1. Each value is expressed as the mean = SD from 5
independent experiments. Statistical significance: *P < .05 compared with B-2 c-FLIPg and F-5 c-FLIP_ transfectants. (C)
Immunohistological appearance of rat kidney tissue of PEC transfected rats. Immunostaining with anti-vWF antibody for transfected
PEC of kidney specimens obtained at day 3 and day 5 posttransplantation. Pictures are representative of immunostaining of kidney
sections obtained from 5 animals per each transfectant group. The bars in each picture indicate 100 um.

c-FLIPg; expression on human CTL-mediated cytotoxicity was
determined by comparisons with PEC transfectants and parental
PEC.

Transplant Studies and Immunohistochemical Analysis

Lewis rats (8-10 weeks old) were purchased from Oriental
Yeast (Tokyo, Japan) and distributed randomly between exper-
imental groups (n = 5 rats per group) to receive either parental
PEC or PEC transfectants. Rats preimmunized 3 times intra-
peritoneally with 250 mg of pig kidney membranes with a 1-week
interval between injections were employed as the recipients. In
each case, 2.5 X 10° cells of either parental or PEC transfectants
were transplanted under the kidney capsule of rats in the
absence of immunosuppression. Transplanted rats were moni-
tored until the time of harvest at day 2, 3, 5, or 7 posttransplan-
tation. Each grafted kidney was analyzed by immunohistochem-

istry. Kidney specimens cut into small blocks were fixed in
formalin and embedded in a single paraffin block. After quench-
ing endogenous peroxidase activity by exposure to 3% H,0,
methanol, paraffin sections were stained with a rabbit anti-
human von Willebrand factor (vWF) polyclonal antibody
(DAKO) to detect specifically endothelial cells. The sections
were then rinsed and incubated with link antibody, followed by
HRP-conjugated streptavidin. Immunostaining was visualized
with 0.02% diaminobenzidine (DAB; Sigma-Aldrich) as the
chromogen. The specificity for the primary vWF antibody was
verified with control sections in which the primary antibody was
omitted.

Statistical Analysis

Data were evaluated using the Student’s ¢ test with P < .05
considered significant. Data were presented as mean values =
SD.
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