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Summary. Xenotransplantation of porcine organs to
untreated primates results in hyperacute rejection
involving natural antibodies and complement. These
antibodies rapidly interact with the vascular endoth-
elium of discordant xenograft, activate the comple-
ment, and cause destruction of the vascular endoth-
elium.

The present study investigated the efficacy of two
modalities to overcome the above barrier. The study
was carried out on non-treated porcine hepatocytes,
UV-B treated hepatocytes, and encapsulated he-
patocytes which were incubated with normal human AB
serum and complement-inactivated serum. Antibody-
mediated cytotoxicity to porcine hepatocytes was asses-
sed by MTT (tetrazolium) assay. Complement inactiva-
tion of normal human AB serum resulted in
significantly less cell lysis in comparison with normal
human serum. Non-irradiated and UV-B irradiated
hepatocytes did not show any difference, indicating that
surface-antigenic epitopes are not altered by UV-B
irradiation. Microencapsulation of hepatocytes in al-
ginate poly-L-lysine capsules, however, provided pro-
tection against antibody-mediated cell lysis, suggesting
that this immunoisolation technique may be useful in
xenotransplantation.

Key words—porcine hepatocytes, antibody-mediated
cytotoxicity, MTT assay, microencapsulation.

INTRODUCTION

Hepatocyte transplantation is emerging as a simpler
and cost effective approach for the treatment of
acute liver failure and hepatic dysfunctions associat-
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ed with enzymatic deficiencies or metabolic abnor-
malities!~10,

Studies carried out by several investigators have
shown that isolated hepatocyte transplantation has a
promising future for the treatment of fulminant
hepatic failure. However, the present shortage of
human cadaver organs is a potent barrier for the
pooling of liver cells. The use of xenogenic tissue has
been suggested as a way of overcoming the shortage
of human organs for transplantation. Use of non-
human primate organs is not practical since sufficient
number of organs are not available and also because
of ethical considerations. Use of porcine organs is a
viable alternative for transplantation. However,
when xenogenic tissues are implanted directly into
the host animal they are rejected even when the
animal is immunosuppressed.

Xenotransplantation of swine tissue into untreated
primates results in a hyperacute rejection (HAR)
involving natural antibodies and complement!V.
These antibodies rapidly interact with the vascular
endothelium of discordant xenograft, activate com-
plement, and cause destruction of the graft vascular
system!?!9,

These xenoreactive natural antibodies occur
against and interact specifically with the mammalian
carbohydrate Gal @-1-3 Gal B 1-4 GlcNac-R, termed
the «-galactosyl (a-gal) epitope'*'®. This epitope
presents a major obstacle in xenotransplantation!®,

The a-gal epitope is produced in large amounts
(1x10°-35x10° epitopes per cell) in marsupials, in
placental nonprimate mammals, in prosimians, and in
New World monkeys, but not in Old World monkeys,
apes, or humans'’~*®. Anti-gal antibodies, on the
other hand, are produced abundantly in humans, apes,
and Old World monkeys'”. The interaction of «-gal
antibodies with cells carrying the «-gal epitope leads
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to cell lysis.

The «-gal epitope is also reported to be present in
microglial cells present in porcine fetal brain®",
against which there is a complement activating,
naturally occurring IgM and IgG in the human
serum??.

Two approaches for preventing immunization
include treatment of donor cells/tissues by different
types of irradiation (y-irradiation, x-ray irradiation,
UV-irradiation)?*~2” and immunoisolating transplant-
ed cells by microencapsulation, which provides a
physical barrier between the host immune system and
the transplanted cells'®?%29.

In the present study we have attempted to deter-
mine whether UV-B irradiation immunomodulates
the antibody response to porcine hepatocytes carry-
ing the a-gal epitope and whether immunoisolation
of these cells by microencapsulation prevents cell
lysis by means of a simple antibody-mediated
cytotoxicity/MTT (tetrazolium) assay.

MATERIALS AND METHODS

Hepatocyte preparation

Porcine hepatocytes were isolated by the col-
lagenase digestion method by Berry and Friend
(1969)*® as modified by Habibullah et al. (1990)°".
Briefly, porcine liver, which was obtained from a
local slaughter-house, was perfused with Hank’s
buffer (flow rate 30-50 ml/min) until the perfusate
became clear. The perfusion was stopped and the
liver was gently pressed with forceps to remove the
buffer. The liver was then incubated with 0.05%
Collagenase (Sigma) for 10 min. The liver capsule
was removed with forceps and the liver was cut into
fine pieces and incubated at room temperature with
constant stirring to disperse the hepatocytes com-
pletely. The digested tissue specimen was filtered
through a nylon mesh (pore size 37 x) to remove
vascular and connective tissue. Hepatocytes were
separated by gravity-sedimentation method. Viability
of isolated hepatocytes was determined by trypan
blue bio-exclusion method.

Encapsulation

Encapsulation of hepatocytes was done by the
method of Cai et al. (1989) with slight modifications at
4°C3®», Three million freshly prepared hepatocytes
were suspended in 2 ml 0.9% sodium chloride contain-
ing 3% alginic acid (Sigma Chemical Co. St. Louis,
MO), 0.045% collagen (Sigma), supplemented with 2%
dextrose and loaded in a 10 ml syringe with a 23 G

needle. Spherical droplets of the suspension were
formed by dropping the suspension on a 1.3% calcium
chloride solution. Following washing with 50 mi of 0.
19 2N-cyclohexylethane sulphonic acid (CHES) and
0.99% sodium chloride, the gel spheres were suspended
in 25 ml of 0.05% (w/v) poly-L-lysine (MW 51,000;
Sigma) for 10 min. Finally the capsules were washed
with 0.19 CHES and 0.9% sodium chloride.

UV-B irradiation

Three million freshly isolated porcine hepatocytes
were subjected to UV-B (302 nm) irradiation at 800
and 1500 Jm~2 using a standard UV lamp (UVM-57,
Ultraviolet Products Limited, USA) and radiometer
assembly (UVX-31, Ultraviolet Products Limited,
USA). A non-irradiated group served as the control.

Antibody-mediated cell cytotoxicity/ MTT
(tetrazolium) assay

MTT assay was carried out as per the procedure by
Mossmann (1983)*. Free, treated and encapsulated
hepatocytes at a concentration of 3 million cells were
incubated in presence of 1ml Dulbecco modified
Eagle’s medium (DMEM, Sigma) (Control) or medium+
809 complement inactivated or normal human AB
serum at 37°C/2 hrs.

The cells were centrifuged and incubated with 1 ml
of MTT (C,N-diphenyl-N’-4,5-dimethyl thiazol 2yl
tetrazolium bromide) (0.19%) at 37° C/1 hr. Cells were
pelleted by centrifugation (700 xg/10 min) and then
incubated at 37°C with 2 ml iso-propanol until the
blue formazon dissolved. Absorbance of the super-
natant was read against appropriate blanks at 570
nm using a Beckman spectrophotometer.

Six experiments comprising 10 replicates per
experiment were performed using free, treated, and
encapsulated hepatocytes. Each experiment was per-
formed using hepatocytes from a different donor.
Data obtained for sets of porcine hepatocytes in-
cubated with complement-inactivated and normal
human serum were analyzed by Student’s t-test and
values were deemed significantly different when p<
0.05. Results were expressed as mean=+3S. D.

RESULTS

In experiments designed to investigate the effect of
complement-mediated lysis induced by xenoreactive
antibodies, formazon produced by free hepatocytes
exposed to normal human serum was significantly
less than that produced by free hepatocytes exposed
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Table 1. Formazon production by free, UV-B irradiated, and encapsulated porcine hepatocytes after
incubation with normal human AB serum and complement inactivated human AB serum

Normal human serum Complement inactivated human serum

Exp. Control Free UV-B Encapsulated Free UV-B Encapsulated
No. hepatocytes irradiated hepatocytes hepatocytes irradiated hepatocytes
hepatocytes hepatocytes

1. 100.0 52.2 49.2 98.9 96.4 95.4 90.8

2. 100.0 58.8 56.4 93.1 102.8 93.1 99.6

3. 100.0 46.4 47.2 103.4 98.8 105.6 100.0

4. 100.0 61.2 59.8 95.6 96.8 89.8 102.4

5. 100.0 49.8 44.2 89.8 88.4 98.6 105.3

6. 100.0 50.1 43.6 97.6 90.6 88.8 98.6
A.M. 100.0 53.1 50.1 96.4 95.6 95.2 99.5

+
S.D. 5.7 6.6 4.7 5.3 6.2 4.8

Values are derived from A570 values and represent formazon production. Control values have been
standardized as 100, against which values for human serum and complement inactivated human serum
have been corrected. Each experiment was performed on porcine hepatocytyes from a different donor
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and comprised 10 replicates.

Fig. 1. Photograph showing a typical alginate poly-
L-lysine microcapsule containing porcine hepatocytes.

to complement-inactivated human serum: formazon
production was reduced by 42+59%. This difference
was significant in each experiment (p <0.05).

The production of formazon by UV-B irradiated
hepatocytes exposed to normal human serum was
significantly lower (p<0.05) as compared with UV-B
irradiated hepatocytes exposed to complement-
inactivated human serum. Formazon production was
reduced by 45+69%.

Standardized data from individual experiments
showing the effect of complement-mediated lysis on
free, UV-B irradiated, and encapsulated hepatocytes
is expressed in Table 1. Encapsulation of hepatocytes

in alginate poly-L-lysine microcapsules negates the
effect of complement-mediated lysis -- i. e. there was
no significant difference between the production of
formazon by encapsulated hepatocytes exposed to
normal human AB serum and complement inactivat-
ed human serum. Fig. 1 shows a typical microcapsule.

DISCUSSION

Fulminant hepatic failure (FHF) is the most compli-
cated of all liver diseases and causes high morbidity
and mortality (>809%) in the most advanced medical
centers. FHF is associated with extensive necrosis
rather than a loss of proliferative ability of surviving
hepatocytes®**®. The treatment of different acute and
subacute liver diseases is restricted due to the func-
tionally complicated status of the liver.

Studies carried out by several investigators have
clearly shown that isolated hepatocyte transplanta-
tion has a promising future for the treatment of
FHF'~%. However, human donor organs are in short
supply. Pigs represent a viable alternative for donor
organs since they breed easily and have a short
gestation time. Unfortunately, xenotransplantation
between distantly related ‘discordant’ species such as
pig to primate or pig to human results in hyper acute
rejection (HAR) due to the presence of circulating
preformed natural antibodies. Binding of these anti-
bodies results in the activation of endothelial cells
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and host complement, leading to graft vascular en-
dothelial injury and vessel thrombosis.

These xenoantibodies recognize the a-galactosyl
or Gal epitope (Gal @ 1-3 8 1-4 GlcNac-R), which is
a terminal dissacharide on glycoproteins and
glycolipids®**”. The Gal epitope is formed due to the
activity of a@(1-3)-galactosyl transferase (Gal T)
enzyme. Absence of this enzyme leads to non-
expression of the Gal epitope in humans, apes, and
0Old World monkeys, which instead have high titer
antibodies (both IgG and IgM) against the Gal
epitope®®.

The importance of anti-Gal xenoantibodies was
demonstrated initially by competitive studies where-
in @-galactosyl sugars inhibited binding of human
xenoantibodies to porcine endothelial cells!'®*4?.
Other studies using COS cells derived from Old
World monkeys and, therefore, lacking the Gal
epitope showed cell lysis by human serum only after
transfection with a construct containing the cDNA
for the Gal T enzyme'®. Adsorption of human serum
with COS cells expressing the GalT gene did not
react with porcine endothelial cells.

Anti-gal antibodies are the primary mediators of
hyper acute rejection (HAR), a rapid process mediat-
ed by the binding of xenoreactive antibodies and
subsequent complement activation. New strategies to
eliminate the contribution of anti-Gal antibodies to
HAR have been proposed. These include depletion of
the antibody either nonspecifically by plasmapheresis
or specifically by immuno-adsorption. Other strat-
egies depend on depleting or eliminating the Gal
epitope from the donor**#?. Inactivation of the GalT
gene has the potential advantage of eliminating anti-
Gal antibody involvement in HAR permanently and
completely. However, at present it is not possible to
generate pigs lacking the Gal epitope because porcine
pleuripotent cells, which are essential for gene
inactivation, are not yet available. In addition, it has
been suggested that deletion of the Gal epitope may
be lethal. Studies with isolated porcine cells have
shown that the «-gal epitope is also present on
microglial cells present in the porcine brain as well as
porcine pancreatic islet cells®**®

The application of immunoisolation technologies
to prevent host sensitization to implanted cells is a
feasible approach to avoid xenograft rejection. It has
been reported that the alginate poly-L-lysine mi-
crocapsule membrane acts as an immune barrier
during in vivo transplantation of microencapsulated
cells*». It has also been demonstrated iz vitro that
the microcapsule membrane blocks the passage of
antibodies and provides cell protection against the
cytotoxic effect of anti-islet antibodies***®.

Heald et al. (1994) have shown that the capsule
membrane can efficiently prevent the passage of
xenoreactive antibodies leading to complement mediated
damage by using an MTT (tetrazolium) assay. MTT,
a pale, yellow substrate, is cleaved to form formazon,
a dark, blue product, by the oxidative processes
performed by living cell mitochondria*®. The MTT
assay has been used by us to investigate the effect of
xenoreactive antibodies upon hepatocyte metabolism
in vitro, and in addition, to test the efficacy of he-
patocyte encapsulation as well as effect of UV-B
irradiation on the functional efficacy of hepatocytes.
UV-B irradiation has been shown to alter the cell
surface properties?®?® as well as immunogenicity of
hepatocytes to a certain extent*®.

Microencapsulation of hepatocytes affords protec-
tion against anti-gal antibodies. The alginate poly-L-
lysine membrane is not permeable to antibodies as
our results suggest. No significant hepatocyte lysis
occurred and values were close to control values
when free hepatocytes were incubated in the absence
of the antibody. This suggests a lack of penetration
by anti-gal antibodies and non-binding since the pres-
ence or absence of the complement did not show any
significant decrease in the amount of formazon for-
med.

UV-B irradiation did not cause any significant
increase in formazon formation as compared with
free hepatocytes (Table 1). This suggests that the
galactosyl epitope remains unaltered after UV-B
irradiation and that these epitopes are available to
react with anti-gal antibodies and undergo lysis in the
presence of the complement. This is further support-
ed by the result that complement inactivation of
human serum results in significantly higher formazon
values in case of UV-B irradiated cells, indicating
that while anti-gal antibodies may have become
bound, cell lysis does not occur in the absence of the
complement.

In all experiments, free hepatocytes incubated with
normal human serum produced significantly less for-
mazon than those incubated in the absence of serum.
Formazon production by encapsulated hepatocytes
exposed to normal human AB serum and complement
inactivated human serum was similar to that by free
hepatocytes incubated in the presence of medium or
complement inactivated human serum (Table 1). In
the above experiments, complement-mediated lysis
and resultant reduction in hepatocyte metabolism
was prevented by encapsulating hepatocytes within
alginate poly-L-lysine microcapsules. The method
used to prepare the microcapsules was one adapted
from the method by Cai et al. (1989) with slight
modifications®®. Encapsulated hepatocytes fun-




ctioned satisfactorily as indicated by their ability to
reduce MTT to formazon.

Our experiments confirm the ability of alginate
poly-L-lysine encapsulation to prevent the passage of
xenoreactive antibodies and subsequent complement-
mediated lysis. In accordance with the results earlier
obtained with islet cells by Heald et al (1994)**., our
results suggest that the MTT (tetrazolium) assay
may be used to assess the metabolic status of encap-
sulated or irradiated hepatocytes, and combined with
a complement-mediated cytotoxicity assay, consti-
tutes a simple and affordable procedure. In conclu-
sion, immunoisolation of hepatocytes by microencap-
sulation appears to be a promising tool for the
xenotransplantation of hepatocytes.

REFERENCES

1D Sutherland DER, Numata M, Mata AJ, Simmons
RL, Najarian JS: Hepatocellular transplantation in
acute liver failure. Surgery 82: 124-132, 1977.

2) Sommer BG, Sutherland DER, Simmons RL, Najar-
ian JS: Hepatocellular transplantation for experi-
mental ischemic acute liver failure in dogs. J Surg
Res 29: 319-325, 1980.

3) Makowka I, Falk RE, Rotstein LE, Falk JA, Nossal
N, Langer B, Blendis LM, Phillips MJ: Cellular
transplantation in the treatment of experimental
hepatic failure. Science 210: 901-903, 1980.

4) Miyazaki M, Makowka L, Falk RE, Falk JA, Falk
W, Ventura D: Reversal of lethal, chemother-
apeutically induced acute hepatic necrosis in rats by
regenerating liver cytosol. Surgery 94: 142-150, 1983.

5) Dixit V, Darvasi R, Arthur M, Brezina M, Levin K,
Gitnick G: Restoration of liver function in Gunn rats
without immunosuppression using transplanted mi-
croencapsulated hepatocytes. Hepatology 12: 1342-
1349, 1990.

6) Dixit V, Gitnick G: Artificial liver support: state of
the art. Scand ] Gastroenterol 31: 101-114, 1996.

7) Dixit V, Arthur M, Gitnick G: Repeated transplanta-
tion of microencapsulated hepatocytes for sustained
correction of hyperbilirubinemia in Gunn rats. Cell
Transplant 1: 275-279, 1992.

8) Demetriou AA, Reisner A, Sanchez J, Levenson SM,
Moscioni AD, Chowdhary JR: Transplantation of
microcarrier-attached hepatocytes into 90% par-
tially hepatectomized rats. Hepatology 8: 1006-1009,
1998.

9) Nagaki M, Kano T, Mito Y, Yamada T, Ohnishi H,
Moriwaki H: Effects of intraperitoneal transplanta-
tion of microcarrier-attached hepatocytes on D-
galactosamine-induced acute liver failure in rats.
Gastroenterol Jpn 25: 78-87, 1990.

10> Wong H, Chang TMS: Bio-artificial liver: Implanted

artificial cells in microencapsulated living he-

Microencapsulation in Providing Immunoprotection 101

1D

12)

13)

14

15

16)

1D

18)

19

20D

21)

22)

23)

24)

25)

26)

patocytes increases survival of liver failure rats. Jnt
J Artif Organs 9: 335-336, 1986.

Vanhove B, Bach FH: Human xenoreactive natural
antibodies—avidity and targets on porcine endoth-
elial cells. Transplantation 56: 1251-1252, 1993.
Auchincloss H Jr: Xenogenic transplantation.
Transplantation 46: 1-20, 1988.

Platt JL, Vercellotti GM, Dalmasso AP, Matas AJ,
Bolman RM, Najarian JS: Transplantation of dis-
cordant xenografts: a review of progress. Immunol
Today 11: 450-456, 1990.

Galili U, Macher BA, Beuhler J, Shohet SB: Human
natural anti-alpha-galactosyl IgG: II. The specific
recognition of alpha (1-3)-linked galactose residues.
J Exp Med 162: 573-582, 1985.

Galili U, Buehler J, Shohet SB, Macher BA: The
human natural anti-Gal IgG. IIl. The subtlety of
immune tolerance in man as demonstrated by cros-
sreactivity between natural anti-Gal and anti-B
antibodies. / Exp Med 165: 693-704, 1987.

Galili U: Interaction of the natural anti-Gal antibody
with a-galactosyl epitopes: a major obstacle for
xenotransplantation in humans. Immunol Today 14:
480-482, 1993.

Galili U, Clark MR, Shohet SB, Buehler J, Macher
BA: Evolutionary relationship between natural anti-
Gal antibody and the Gal « 1-3 Gal epitope in
primates. Proc Natl Acad Sci USA 84: 1369-1373,
1987.

Galili U, Shohet SB, Kobrin E, Stults CLM, Macher
BA: Man, apes and old world monkeys differ from
other mammals in the expression of a-galactosyl
epitopes on nucleated cells. / Biol/ Chem 263: 17755-
17762, 1988.

Thall A, Etienne-Decerf J, Winand RJ, Galili U: The
alpha-galactosy! epitope on human normal and
autoimmune thyroid cells. Autoimmunity 10: 81-87,
1991.

Hendricks SP, He P, Stults CL, Macher BA: Regula-
tion of the expression of Gal alpha 1-3 Gal beta 1-4
GlcNAc glycospingolipids in kidneys. / Biol Chem
265: 17621-17626, 1990.

Brevig T, Pederson EB, Kristensen T, Zimmer J:
Proliferative response of human T lymphocytes to
porcine fetal brain cells. Cell Transplantation 6: 571
577, 1997.

Sandrin MS, McKenzie IF: Gal « (1, 3) Gal, the
major xenoantigen (s) recognized in pigs by human
natural antibodies. Immunol Rev 141: 169-190, 1994.
Apfell CA, Peters JH: Regulation of antigenic
expression. J Theor Biol 26: 47-50, 1970.

Beatty PG, Ledbetter JA, Martin PJ, Price TH,
Hansen JA: Definition of a common leukocyted
cell-surface antigen (Lp95/150) associated with
diverse cell mediated immune function. / Immunol
131: 2913-2916, 1983.

Deeg JH: Ultraviolet irradiation in transplantation
biology. Transplantation 45: 845-849, 1988.

Kawai Y, Price JB, Hardy MA: Reversal of liver



102

2D

28)

29

300

3D

32)

33

34

35)

36)

3D

Caroor AK, KHaN AA and HagiBuLLAH CM

failure in rats by ultraviolet irradiated hepatocyte
transplantation. Transplant Proc 19: 989-993, 1987.
Patel A, Hardy MA, Chowdhary NR: Long term
correction of genetic defect of liver function in rat
by transplantation of liver cells after ultraviolet
irradiation. Mol Biol Med 6: 187-192, 1989.

Dixit V, Gordon VP, Fisher MM, Arthur M, Lewin
K], Gitnick G: Increased survival in galactosamine
induced fulminant hepatic failure in rats following
intraperitoneal transplantation of isolated encap-
sulated hepatocytes. In: Baquay C, Dupay B (eds)
Hybrid artificial organs Vol 177 Colloque INSERM,
Paris, France 1989, p 25-30.

Khan AA, Habibullah CM, Ayesha Q, Lahiri S:
Xenogenic transplantation of microencapsulated
hepatocytes: ureagenesis of retrieved encapsulated
hepatocytes. Int Hepatol Comm 4: 183-189, 1995.
Berry MN, Friend DSJ: High yield preparation of
isolated rat liver parenchymal cells: a biochemical
and fine structure study. J Cell Biol 43: 506-530,
1969.

Habibullah CM, Hassan SI, Ayesha Q, Zaman TU,
Baig MMA, Devi BG: Fetal liver perfusion—A new
approach. Surg Res Comm 8: 87-90, 1990.

Cai ZH, Shi ZO, Sherman M, Sun AM: Development
and evaluation of a system of microencapsulation of
primary rat hepatocytes. Hepatology 10: 855-860,
1989.

Mossmann T': Rapid colourimetric assay for cellular
growth and survival: Application to proliferative
and cytotoxicity assays. J Immunol Methods 65: 55
63, 1983.

Wolf HK, Michalopoulos GK: Hepatocyte regenera-
tion in acute fulminant and nonfulminant hepatitis:
A study of proliferating cell nuclear antigen expres-
sion. Hepatology 15: 707-713, 1992.

Caraceni P, Van Thiel DH: Acute liver failure.
Lancet 345: 163-169, 1995.

Sandrin MS, Vaughan HA, Dabkowski PL, McKen-
zie IFC: Anti-pig IgM antibodies in human serum
react predominantly with Gal (@ 1-3) Gal epitopes.
Proc Natl Acad Sci USA 90: 11391-11395, 1993.
Oriol R, Ye Y, Koren E, Cooper DK: Carbohydrate
antigens on pig tissues reacting with human natural
antibodies as potential targets for hyperacute rejec-
tion in pig-to-man organ xenotransplantation.
Transplantation 56: 1433-1442, 1993.

38)

39

40)

41)

42)

43)

44)

45)

46)

Cooper DK, Good AH, Koren E, Oriol R, Malcolm
AJ, Ippolito RM, Neethling FA, Ye Y, Romano E,
7Zuhdi N: Identification of a-galactosyl and other
carbohydrate epitopes that are bound by human
anti-pig antibodies: relevance of discordant xeno-
grafting in man. Transplant Immunol 1: 198-205,
1993.

Tearle RG, Tange M], Zannettino ZL, Katerelos M,
Shinkel TA, Van Denderen BJW, Lonie AJ, Lyons I,
Nottle MB, Cox T, Becker C, Peura AM, Wigly PL,
Crawford RJ, Robins AJ, Pearse MJ, D’Apice AJF:
The a 1, 3-galactosyltransferase knockout mouse.
Implications for xenotransplantation. Transplania-
tion 61: 13-19, 1996.

Neethling FA, Koren E, Ye Y, Richards S, Kosec M,
Zuhdi N, Cooper DM: Protection of pig kidney (PK
15) cells from the cytotoxic effect of anti-pig anti-
bodies and alpha-galactosyl oligosaccharides.
Transplantation 58: 959-964, 1994,

Sharma A, Okabe J, Birch P, McClellan SB, Martin
M]J, Platt JL, Logan JS: Reduction in the level of Gal
(alpha 1, 3) Gal in transgenic mice and pigs by the
expression of an alpha (1, 2) fucosyltransferase. Proc
Natl Acad Sci USA 93: 7190-7195, 1996.

Sandrin MS, Fodr WL, Mouthouris E, Osman N,
Cohney S, Rotlins SA, Guilmette ER, Settor E,
Squinto SP, McKenzie IF: Enzymatic remodelling of
the carbohydrate surface of a xenogenic cell sub-
stantially reduces human antibody binding and
complement-mediated cytolysis. Nat Med 1: 1261-
1267, 1995.

Heald KA, Jay TR, Downing R: Assessment of the
reproducibility of alginate encapsulation of pancre-
atic islets using the MTT colorimetric assay. Cell
Transplantation 3: 333-337, 1994.

Lum ZP, Krestow M, Tai IT, Vacek I, Sun AM:
Xenografts of rat islets into diabetic mice. An evalu-
ation of new smaller capsules. Transplantation 53:
1180-1183, 1992.

Darquy S, Reach G: Immunoisolation of pancreatic
B cells by microencapsulation. An in vitro study.
Diabetalogia 28: 776-780, 1985.

Habibullah CM, Ayesha Q, Khan AA, Naithani R,
Lahiri S: Xenotransplantation of UV-B irradiated
hepatocytes. Survival and immune response. Trans-
plantation 59: 1495-1497, 1995.






