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(57) ABSTRACT 

Methods to manipulate animals such as pigs, and the animals 
and tissues thereby derived, to reduce their immunogenicity 
following implantation into humans, are described. These 
methods are based on the discovery that certain carbohy 
drate structures on pig tissues, Which require expression of 
the gene encoding the (X 1—>3 galactosyl transferase enZyme, 
are targets for natural preformed antibodies of humans and 
elicit further antibody production in humans, While other 
carbohydrate structures do not or do so in a reduced amount. 
In the preferred embodiment, animals are produced by 
homologous recombination of the gene encoding (X 1%3 
galactosyl transferase in embryonic stem cells or by micro 
injection into embryos of sequences eliminating or decreas 
ing expression of (X 1—>3 galactosyl transferase. In alterna 
tive embodiments, animals are produced having reduced 
amounts of a1—>3 galactosyl epitopes or epitopes Which 
are masked by sialylation or fucosylation. 



Patent Application Publication Jul. 10, 2003 Sheet 1 0f 7 US 2003/0131365 A1 

3 .Qk 
I I I I I I I I I m I I I I I m 

I I H I .>. I I I I m I I I I I I 

w w m 4w umwmgmamuawumga 294090885 808536504 

____________I________ ____________._I_ 
_ w m m 4.0 53w $9540 amugghmguawggu 0350094032 

a m > 2 H w m H > m m w > z m w 
m I I I I .H I I I I I I m H I 

2 m I I m .H I a I I I I m H I 

m m m ewadomguwaueomwwauagummmmwmgaugguwmwgmu? 
_____:___ _ _________.______I___ 

t w m m amwmamg uwauamugemugwmwwmwwa Hug 9408mm $4948 
m 2 d. m .H. H w M m 1H M m O 2 w 

\AMHHNHHEHW HOUQIQOUM MUHHQQ mmmopuuopppuupuuppuumppuumummmumvmmmmuuopmmmmm uuupupppmmpmupommo 42m uduocmm G955 

4.75 o??ocwm QmESm 

3 

n3 c?mpowm B253; 
2 

c?mpoua wcHK/om s?wpoum 93352 4750 @5532 









Patent Application Publication Jul. 10, 2003 Sheet 5 0f 7 US 2003/0131365 A1 

wmm ‘mam Nmm .omm 
_ _ _ _ _ 

_ _ _ _ _ _ _ _ 

m D m 3 M d, M 

_ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

AES mgogauumuuwgwamwemuooHw§ouw<<w<H¢u<w§<m m 2 Q m 

H D Z 

_ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ 

M M Q Q H 

H m 

H H 

U 

m U H H 

2 Q UBPANUJNUHUK‘HUUDUQGUKGUHBHHHiUUQUUUUQUUmwHU?HHHH 
_ _ _ _ _ _ > O 

H 

_ _ 
m 

_ _ _ _ _ _ _ _ _ 

H O O 

m 

_ _ _ _ _ _ _ uaawwmuaguuu<ummwwmwguaaEQUEQQQUUAEABEH H 

4 d. 

_ _ _ _ _ _ a _ _ _ 
m M M m 

n3 3 

QHouoHQ QmEDm <20 uduocmm 523m 

3 8 2 5 2 





Patent Application Publication Jul. 10, 2003 Sheet 7 0f 7 US 2003/0131365 A1 

HONH 5a.: 

.1 .1 

QUUQHUHHB/NBUdlUdqmvHHUgwwBmmvBwBHgUHH040B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ QUQOQUQHBBQUBUBHB4U¢H0<UUOH®HH§UHH046B 
* UV UHQGQQQSW 03 

E 

dwZDU @GHHSZ 



US 2003/0131365 A1 

GENETICALLY ENGINEERED ANIMALS FOR 
USE AS ORGAN DONORS 

BACKGROUND OF THE INVENTION 

[0001] The present invention is a genetically-engineered 
animal such as a pig that is de?cient in the ot 1—>3 galactosyl 
transferase gene, resulting in non-expression of galactosyl 
epitopes on its organs and tissues, or in masked expression 
of galactosyl epitopes on its organs and tissues, and methods 
for use thereof as a organ donor for humans. 

[0002] Organ transplantation is noW an increasingly suc 
cessful option open to patients With end-stage disease of 
vital organs, but is limited by the availability of suitable 
donors. There is noW a WorldWide shortage of donor organs, 
and the number of potential recipients on Waiting lists and 
the period of time that each Waits for a suitable organ are 
both increasing annually, as reported in UNOS Annual 
Report (1990-1991) and UNOS Update 8, 1, 1992. 

[0003] At the end of 1990, almost 22,000 patients aWaited 
a solid organ transplant in the USA. One year later, the 
number had increased to over 25,000, despite the fact that 
approximately 15,000 organ transplants had been performed 
during this period. It is unlikely that the availability of 
human donors Will ever be sufficient to match the rapidly 
increasing number of potential recipients. 

[0004] One solution to the problem of organ supply Would 
be the use of organs taken from a suitable animal donor. 
Although the higher non-human primates (apes and mon 
keys) Would provide the closest immunological match for 
man, there are several factors that make the routine use of 

these species as organ donors unlikely. These include inadequate numbers, (ii) difficulty and expense of breeding 

in large numbers, (iii) inadequate siZe of some organs (e.g., 
heart) for adult humans, (iv) probability of public concern 
regarding the use of such species for this purpose, and (v) 
risk of transfer of serious viral disease. 

[0005] Attention is, therefore, being directed toWards 
more commonly available mammals that are loWer on the 
phylogenetic scale, in particular, the pig, Which has many 
advantages in this respect, as reported by Kirkman, R. L. Of 
sWine and men: organ physiology in different species. In 
Hardy, M. D. (ed), Xenograft 25, (Elsevier, Amsterdam, 
N.Y., Oxford, 1989), pp. 125-132, Cooper, D. K. C., et al. 
The pig as potential organ donor for man. In Xenotrans 
plantation. Cooper, K. D. C., Kemp, E., Reemtsma, K., 
White, D. J. G. (eds.) (Springer, Heidelberg, 1991), pp. 
481-500. These include availability in large numbers, (ii) 
inexpensive to breed and maintain, (iii) suitable siZe for the 
smallest or largest of humans, (iv) availability of pathogen 
free (gnotobiotic) animals, and (v) considerable similarities 
of anatomy and physiology With man. 

[0006] Survival of pig-to-man (or other primate) organ 
transplants is currently limited, hoWever, by a severe 
humoral immune response that leads to destruction of the 
graft Within minutes or hours, as revieWed by Cooper, et al. 
Experience With clinical heart xenotransplantation. In 
Xenotransplantation. Cooper, D. K. C., Kemp, E., 
Reemtsma, K., White, D. J. G. (eds.). (Springer, Heidelberg, 
1991), pp. 541-557, and Cooper, et al. Effects of cyclospo 
rine and antibody adsorption on pig cardiac xenograft sur 
vival in the baboon. J. Heart Transplant 7:238-246, 1988. 
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The length of the period of survival of organ xenografts 
decreases With the increase of phylogenetic distance 
betWeen donor and recipient species. Xenotransplants 
betWeen closely-related species can usually survive the 
initial period of blood perfusion Without damage, as do 
allotransplants. Subsequently, the foreign antigens of the 
transplanted organ trigger the recipient’s immune response 
and the acute cellular rejection process begins. These 
xenografts, Which behave clinically and histologically like 
allografts, are termed concordant xenotransplants. 
Xenografts betWeen phylogenetically distant species folloW 
a clinical course quite different from allotransplants and are 
term discordant xenotransplants. 

[0007] In discordant xenografted organs, vascular rejec 
tion occurs Within a feW minutes of recirculation, With a 
typical histopathological pattern of endothelial lesions With 
severe interstitial hemorrhage. This hyperacute rejection is 
usually irreversible, but can be delayed by removal of the 
recipient’s natural antibodies against the donor tissue. There 
is noW considerable evidence to suggest that this hyperacute 
rejection is entirely or largely a result of antibody-mediated 
complement activation through the classical pathWay, as 
reported by Paul, L. C. Mechanism of humoral xenograft 
rejection. In Xenotransplantation. Cooper, D. K. C., Kemp, 
E., Reemtsma, K., White, D. J. G. (eds.) (Springer, Heidel 
berg, 1991), pp. 47-67, and Platt, et al. Mechanism of tissue 
injury in hyperacute xenograft rejection. In Xenotransplan 
tati0n, pp. 69-79, and much attention is being directed 
toWards inhibiting this humoral response. 

[0008] A similar situation exists With regard to organ 
allografting across the ABO blood group barrier, from Which 
much of the available information on antibody-mediated 
hyperacute rejection has been derived, as revieWed by 
Cooper, D. K. C. Aclinical survey of cardiac transplantation 
betWeen ABO-blood group incompatible recipients and 
donors. J. Heart Transplant 9:376-381, 1990, and Alexan 
dre, et al., Present experiences in a series of 26 ABO 
incompatible living donor renal allografts. Transplant Proc. 
19:4538, 1987. The utiliZation of synthetic A and/or B blood 
group trisaccharides (Lemieux, R. U. Human blood groups 
and carbohydrate chemistry. Chem. Soc. Rev. 7:423-, 1978), 
covalently attached to a solid support in the form of an 
immunoadsorbent for the extracorporeal depletion of human 
anti-A and anti-B antibodies, has been shoWn to facilitate 
bone marroW and kidney transplantation across the ABO 
blood group barrier, as shoWn by Bensinger, et al. ABO 
incompatible marroW transplants. Transplantation 33:427 
429, 1982, and Bannett, et al., Experiences With knoWn 
ABO-mismatched renal transplants. Transplant Proc. 
19:4543-4546, 1987, respectively. Prolonged allograft sur 
vival even after the return of high titers of anti-A or anti-B 
antibody, and in the presence of normal levels of comple 
ment, has been documented by Alexandre and Bannett, 
supra, and has subsequently been termed “accommodation” 
by Bach, et al. Accommodation the role of natural antibody 
and complement in discordant xenograft rejection. In 
Xenotransplantation, Cooper, D. K. C., Kemp, E., 
Reemtsma, K., White, D. J. G. (eds.), Springer, Heidelberg, 
1991, pp. 81-99. Using similar methods, shorter periods of 
accommodation have also been documented folloWing pig 
to-baboon heart and kidney xenografting, as-reported by 
Cooper, et al. Effects of cyclosporine and antibody adsorp 
tion on pig cardiac xenograft survival in the baboon. J. Heart 
Transplant 7:238, 1988, and Alexandre, et al., Plasmapher 
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esis and splenectomy in experimental renal xenotransplan 
tation. In: Hardy, M. D. Xenograft 25. (NeW York, 
Elsevier Science Publishers, 1989), p. 259. 

[0009] An injectable form of the synthetic A and B blood 
group trisaccharides for the in situ “neutralization” of anti-A 
and anti-B antibodies (as originally investigated by Romano 
et al. Preliminary human study of synthetic trisaccharide 
representing blood substance A Transplant Proc. 1914475 
4478, 1987), has been demonstrated to prevent antibody 
mediated hyperacute rejection in the baboon and, When 
combined With standard pharmacologic immunosuppressive 
therapy, extend experimental ABO-incompatible cardiac 
allograft survival from a mean of 19 minutes to more than 
28 days, With one heart still functioning at almost 2 months, 
as reported by Cooper, et al., A novel approach to “neutral 
iZation” of preformed antibodies: cardiac allotransplantation 
across the ABO blood group barrier as a paradigm of 
discordant transplantation. Transplant Proc. 24:566-571, 
1992. 

[0010] HoWever, it is clearly impractical to continually 
infuse the synthetic trisaccharides, or antibodies to the 
trisaccharides, into a patient, along With the immunosup 
pressive therapy, over an extended period of time. 

[0011] As reported in the NeW York Times Feb. 3, 1993, 
The DNX Corporation is developing a pig With genes that 
are intended to mask the immunological markers present in 
pigs that are used as a source of donor organs for implan 
tation into humans. These pigs are created by microinjection 
of human DNA into pig embryos. HoWever, the end result is 
not that the pig genes are eliminated, but that the cells also 
express human markers. 

[0012] It is therefore an object of the present invention to 
provide a long term solution to the problem of alleviating 
immunorejection of xenotransplants, speci?cally pig into 
human, Where the rejection is mediated by the glycoprotein 
structures present on the xenotransplant Which are not found 
in the human. 

[0013] It is a further object of the present invention to 
provide genetically engineered tissues Which do not express 
sugars Which may elicit an immune, especially a comple 
ment-mediated, response folloWing transplantation of an 
animal organ into a human. 

SUMMARY OF THE INVENTION 

[0014] Methods to manipulate animals, and the animals 
and organs thereby derived, to reduce their immunogenicity 
folloWing implantation into humans, are described. These 
methods are based on the discovery that certain carbohy 
drate structures on the pig tissues, Which require expression 
of the gene encoding the ot 1—>3 galactosyl transferase 
enZyme, are targets for natural preformed antibodies of 
humans and elicit further antibody production in humans, 
While other carbohydrate structures do not or do so in a 
reduced amount. In particular, animals such as pigs are 
produced by homologous recombination of the gene encod 
ing 0t 1%3 galactosyl transferase in embryonic stem cells to 
eliminate expression of the ot 1,3 galactosyl transferase gene 
or by microinjection of cDNA constructs into embryos of 
sequences inactivating or decreasing expression of 0t 1—>3 
galactosyl transferase. 

BRIEF DESCRIPTION OF THE DRAWING 

[0015] FIG. 1 is a comparison of DNA and derived protein 
sequences of murine ot(1,3)-GT cDNA, bovine ot(1,3)-GT 
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cDNA, and cloned homologous human genomic sequences, 
as shoWn at page 7058 of Larsen, et al., J. Biol. Chem. 
265(12), 7055-7061 (1990). The nucleotide sequence of an 
801-bp segment of pHGT-1 (human genomic DNA) is 
shoWn, With the corresponding amino acid sequence derived 
from the relevant reading frame (human protein, reading 
frames denoted by a, b and c). The nucleotide sequence is 
numbered in register With the sequence of the murine 
ot(1,3)-GT cDNA, Sequence ID No. 1, a portion of Which is 
displayed (murine cDNA) beloW the human DNA sequence. 
Vertical lines betWeen the murine and human DNA 
sequences denote nucleotide sequence identity. Human 
genomic DNA sequences located 5‘ from bp 492‘ Which 
exhibit no homology to the murine ot(1,3)-GT cDNA, are 
displayed in loWer case letters. Aportion of this part of the 
human sequence Which displays strong similarity to the 
mammalian consensus splice acceptor sequence is double 
underlined. The predicted amino acid sequences inferred 
from the nucleotide sequences of the murine ot(1,3)-GT 
cDNA (murine protein) and the bovine ot(1,3)-GT cDNA 
(bovine protein) are indicated beloW the murine nucleotide 
sequence. Amino acids Within these sequences that are 
identical to the corresponding human amino acid residue are 
indicated by a hyphen. The tWo segments of the human DNA 
used to generate the polymerase chain reaction amplimers 
are denoted by the stippled underlining. The AvrII site used 
to analyZe the polymerase chain reaction products is under 
lined. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] Working on the hypothesis that those portions of 
the antigenic targets against Which human anti-pig antibod 
ies are directed are also carbohydrate structures, carbohy 
drate structures present in pig but not human Which appear 
to elicit an immune response against the pig tissues When 
transplanted into humans have been identi?ed. A method to 
create pigs, as Well as other animals, for use as potential 
organ and tissue donors has been developed based on this 
information. This method, and the animals produced using 
the method, should be effective in achieving successful 
organ transplantation betWeen these animals and man in a 
manner similar to that achieved When organ transplantation 
is performed betWeen donor and recipient of ABO-incom 
patible allografts. 
[0017] When pig tissues are implanted into humans, they 
elicit the production of antibodies against the pig tissues. 
These antibodies have been isolated and characteriZed for 
immunoreaction against speci?c components or fractions of 
pig tissues to determine Which pig-speci?c molecules elicit 
the antibody production, as described beloW in Example 1. 

[0018] Numerous carbohydrate structures bound human 
anti-pig antibodies eluted from one or more pig heart and/or 
pig kidney transplants. The populations of anti-carbohydrate 
antibodies varied slightly depending on the pig organ and the 
individual human serum adsorbed. Four ot-galactosyl related 
molecules (haptens), hoWever, bound all of the human 
anti-pig kidney antibodies and most of the anti-pig heart 
antibodies. These four haptens Were: 0t Gal(1%3) [3 
Gal(1%4) [3 GlcNac (linear B type 2), (ii) 0t Gal (1%3) [3 
Gal (1—>4) [3 Glc (linear B type 6), (iii) 0t Gal(1%3) [3 Gal 
(B disaccharide), and (iv) 0t Gal (ot-D-galactose). All yielded 
high optical density (O.D.) results for the samples tested. 
Signi?cant levels of both IgG and IgM anti-linear B anti 
bodies Were detected, although in some preparations, IgG 
anti-linear B antibodies predominated. 
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[0019] Other carbohydrate haptens Were bound by anti 
bodies from individual eluted antibody preparations, includ 
ing N-acetyl-[3-D-glucosaminide ([3 GlcNac) and other 
structures containing a terminal [3 GlcNac, (ii) ot-L-Rham 
nose and Rhamnose-containing structures, (iii) Forssman 
disaccharide and Forssman trisaccharide, (iv) A or A-like 
carbohydrates (namely A disaccharide, A trisaccharide, a 
variety of A tetrasaccharides and linear A type 6). HoWever, 
these carbohydrates Were not bound by signi?cant levels of 
antibody from all preparations and Were demonstrated not to 
elicit the most signi?cant immunoreactions, as shoWn by the 
data in example 1 beloW. 

[0020] The human anti-pig antibody preparations in this 
study contained primarily IgG anti-linear B, but some prepa 
rations contained IgM anti-linear B. Anti-pig antibodies can 
be adsorbed from human plasma by passing the plasma 
through a column of one or more of the speci?c linear 
ot-Galactosyl structures. Moreover, the addition of the spe 
ci?c carbohydrate to human serum also appears to inhibit or 
“neutralize” the destructive effect, Wholly or in part, of the 
serum on pig kidney and endothelial cell lines. 

[0021] The adsorption or “neutralization” of such anti-pig 
antibodies by a speci?c carbohydrate or combination of 
carbohydrates, utilizing one (or a combination) of the above 
tWo techniques, should prevent the hyperacute rejection that 
occurs When xenotransplantation is carried out using a 
discordant donor in man, based on the survival of ABO 
incompatible cardiac allografts in hyperimmunized baboons 
from a mean of 19 minutes in untreated animals to several 
Weeks in recipients receiving a continuous intravenous infu 
sion of A or B synthetic hapten (for periods less than 19 
days) and long-term pharmacologic immunosuppressive 
therapy, as reported by Cooper, et al., 1992. 

[0022] Based on these studies, production of pig-speci?c 
carbohydrate structures eliciting an immune response is due 
to expression in pigs of the enzyme 0t 1%3 galactosyl 
transferase. A means is described herein of genetically 
engineering animals that do not express the ot-galactosyl 
epitope on their cells, or in Which the epitope is reduced in 
frequency or masked from the immune response, making 
xenotransplantation possible Without the need for prior 
removal or “neutralization” of the human anti-galactosyl 
antibodies. 

[0023] To prevent expression of the ot 1%3 galactosyl 
transferase, the gene is deleted, interrupted, or replaced, 
either Within the coding region or Within the regulatory 
sequences, so that enzyme is not produced. This is generally 
accomplished by manipulation of animal embryos folloWed 
by implantation of the embryos in a surrogate mother. The 
embryos can be manipulated directly, by injection of genetic 
material into the embryo by microinjection or by vectors 
such as retroviral vectors, or indirectly, by manipulation of 
embryonic stem cells. The latter methodology is particularly 
useful in the case Where the end result that is desired is to 
completely prevent expression of an active enzyme. In some 
cases, hoWever, it may simply be that one Wants to decrease 
expression, Where there is a role of the protein encoded by 
the gene that is essential to viability or health of the animal 
and the optimum results are achieved by suppression, rather 
than eliminating gene expression, or one may Want to 
introduce a gene for an enzyme Which can “cap” or mask the 
ot 1—>3 galactosyl epitopes. Suppression can be achieved by 
introduction of pig antisense to the ot 1—> galactosyl trans 
ferase gene. 

[0024] Genes encoding a galactosyl transferase from spe 
cies other than, but related to, pig, have been identi?ed and 
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can be used With standard techniques, for example, hybrid 
ization under stringent conditions or polymerase chain reac 
tion, to obtain the pig 0t galactosyl transferase gene. Accord 
ingly, the most preferred method at this time is to use 
microinjection methodology to eliminate the gene from the 
animals by homologous recombination of the gene. 

[0025] “Isolation of a cDNA encoding a murine UDPzga 
lactose:[3-D-galactosyl-1,4-N-acetyl-D-glucosaminide ot-1, 
3-galactosyltransferase: Expression cloning by gene trans 
fer”, Larsen, et al.,Proc. NatLAcaa'. Sci. USA 86, 8227-8231 
(1989), the teachings of Which are incorporated herein, 
describes hoW to isolate cloned cDNA sequences that deter 
mine expression of cell surface oligosaccharide structures 
and their cognate glycosyltransferases. See also Smith, et al., 
“Transfer and Expression of a Murine UDP-GalzB-D-Gal 
0t1,3-Galactosyltransferase Gene in Transfected Chinese 
Hamster Ovary Cells”J. Biol. Chem. 265(11), 6225-6234 
(1990). They identi?ed a cDNA, Sequence ID No. 1, con 
taining a single long open reading frame that predicts a 394 
amino acid protein, Sequence ID No. 2, having a topology 
similar to other mammalian glycosyltransferases and Which 
could be inserted into COS cells not expressing (ot1Q3)GT 
and result in formation of Gal(ot1Q3)Gal([31—>4)GlcNAc 
on the cell surfaces. Subsequent studies by Larsen, et al., 
“Frameshift and Nonsense Mutations in a Human Genomic 
Sequence Homologous to a Murine UDP-Gal:[3-D-Gal(1,4) 
D-GlcNAc 0&(1,3)-Galactosyltransferase cDNA”J. Biol. 
Chem. 265(12), 7055-7061 (1990), demonstrates that the 
human gene corresponding to the murine gene for the 
galactosyltransferase is defective and therefore cannot deter 
mine expression of Galot1—>3Gal epitopes on human cells. 
The information used in these publications can be used to 
obtain a genomic DNA clone to delete or inactivate the 
corresponding galactosyltransferase gene in pigs and other 
animals using microinjection of the DNA to inactivate or 
delete the animal galactosyltransferase responsible for 
expression of structures on the cells Which elicit the major 
immunorejection of the cells When implanted into humans. 
A comparison of DNA and derived protein sequences of 
murine ot(1,3)-GT cDNA, bovine ot(1,3)-GT cDNA, and 
cloned homologous human genomic sequences, as shoWn at 
page 7058 of Larsen, et al. (1990), is shoWn in FIG. 1. 

[0026] The murine cDNA sequence (Sequence ID No. 1) 
is as folloWs: 

CCTTCCCTTGTAGACTCTTCTTGGAATGAGAAGTACCGATTCTGCTGAAG 

ACCTCGCGCTCTCAGGCTCTGGGAGTTGGAACCCTGTACCTTCCTTTCCT 

CTGCTGAGCCCTGCCTCCTTAGGCAGGCCAGAGCTCGACAGAACTCGGTT 

GCTTTGCTGTTTGCTTTGGAGGGAACACAGCTGACGATGAGGCTGACTTT 

GAACTCAAGAGATCTGCTTACCCCAGTCTCCTGGAATTAAAGGCCTGTAC 

TACATTTGCCTGGACCTAAGATTTTC (non-coding region) 

ATGATCACTATGCTTCAAGATCTCCATGTCAACAAGATCTCCATGTCAAG 

ATCCAAGTCAGAAACAAGTCTTCCATCCTCAAGATCTGGATCACAGGAGA 

AAATAATGAATGTCAAGGGAAAAGTAATCCTGTTGATGCTGATTGTCTCA 

ACCGTGGTTGTCGTGTTTTGGGAATATGTCAACAGAATTCCAGAGGTTGG 

TGAGAACAGATGGCAGAAGGACTGGTGGTTCCCAAGCTGGTTTAAAAATG 

GGACCCACAGTTATCAAGAAGACAACGTAGAAGGACGGAGAGAAAAGGGT 
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-continued 

AGAAATGGAGATCGCATTGAAGAGCCTCAGCTATGGGACTGGTTCAATCC 

AAAGAACCGCCCGGATGTTTTGACAGTGACCCCGTGGAAGGCGCCGATTG 

TGTGGGAAGGCACTTATGACACAGCTCTGCTGGAAAAGTACTACGCCACA 

CAGAAACTCACTGTGGGGCTGACAGTGTTTGCTGTGGGAAAGTACATTGA 

GCATTACTTAGAAGACTTTCTGGAGTCTGCTGACATGTACTTCATGGTTG 

GCCATCGGGTCATATTTTACGTCATGATAGACGACACCTCCCGGATGCCT 

GTCGTGCACCTGAACCCTCTACATTCCTTACAAGTCTTTGAGATCAGGTC 

TGAGAAGAGGTGGCAGGATATCAGCATGATGCGCATGAAGACCATTGGGG 

AGCACATCCTGGCCCACATCCAGCACGAGGTCGACTTCCTCTTCTGCATG 

GACGTGGATCAAGTCTTTCAAGACAACTTCGGGGTGGAAACTCTGGGCCA 

GCTGGTAGCACAGCTCCAGGCCTGGTGGTACAAGGCCAGTCCCGAGAAGT 

TCACCTATGAGAGGCGGGAACTGTCGGCCGCGTACATTCCATTCGGAGAG 

GGGGATTTTTACTACCACGCGGCCATTTTTGGAGGAACGCCTACTCACAT 

TCTCAACCTCACCAGGGAGTGCTTTAAGGGGATCCTCCAGGACAAGAAAC 

ATGACATAGAAGCCCAGTGGCATGATGAGAGCCACCTCAACAAATACTTC 

CTTTTCAACAAACCCACTAAAATCCTATCTCCAGAGTATTGCTGGGACTA 

TCAGATAGGCCTGCCTTCAGATATTAAAAGTGTCAAGGTAGCTTGGCAGA 

CAAAAGAGTATAATTTGGTTAGAAATAATGTCT (coding region) 

GACTTCAAATTGTGATGGAAACTTGACACTATTTCTAACCA (non 
coding region) 

[0027] 

Sequence ID No. 2 is the amino acid sequence: 

MITMLQDLHVNKISMSRSKSETSLPS 

KIMNVKGKVILLMLIVSTVVVVFWEY 

GENRWQKDWWFPSWFKNGTHSYQEDN 

[0028] Construction of Transgenic Animals. 
[0029] Animal Sources 
[0030] Animals suitable for transgenic experiments can be 
obtained from standard commercial sources. These include 
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animals such as mice and rats for testing of genetic manipu 
lation procedures, as Well as larger animals such as pigs, 
coWs, sheep, goats, and other animals that have been geneti 
cally engineered using techniques knoWn to those skilled in 
the art. These techniques are brie?y summariZed beloW 
based principally on manipulation of mice and rats. 

[0031] Microinjection Procedures 
[0032] The procedures for manipulation of the embryo and 
for microinjection of DNA are described in detail in Hogan 
et al. Manipulating the mouse embryo, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. (1986), the teachings 
of Which are incorporated herein. These techniques are 
readily applicable to embryos of other animal species, and, 
although the success rate is loWer, it is considered to be a 
routine practice to those skilled in this art. 

[0033] Transgenic Animals 

[0034] Female animals are induced to superovulate using 
methodology adapted from the standard techniques used 
With mice, that is, With an injection of pregnant mare serum 
gonadotrophin (PMSG; Sigma) folloWed 48 hours later by 
an injection of human chorionic gonadotrophin (hCG; 
Sigma). Females are placed With males immediately after 
hCG inj ection. Approximately one day after hCG, the mated 
females are sacri?ced and embryos are recovered from 
excised oviducts and placed in Dulbecco’s phosphate buff 
ered saline With 0.5% bovine serum albumin (BSA; Sigma). 
Surrounding cumulus cells are removed With hyaluronidase 
(1 mg/ml). Pronuclear embryos are then Washed and placed 
in Earle’s balanced salt solution containing 0.5% BSA 
(EBSS) in a 375° C. incubator With a humidi?ed atmo 
sphere at 5% CO2, 95% air until the time of injection. 

[0035] Randomly cycling adult females are mated With 
vasectomiZed males to induce a false pregnancy, at the same 

time as donor females. At the time of embryo transfer, the 
recipient females are anesthetized and the oviducts are 

exposed by an incision through the body Wall directly over 
the oviduct. The ovarian bursa is opened and the embryos to 
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be transferred are inserted into the infundibulum. After the 
transfer, the incision is closed by suturing. 

[0036] Embryonic Stem (ES) Cell Methods 

Introduction of cDNA into ES Cells: 

[0037] Methods for the culturing of ES cells and the 
subsequent production of transgenic animals, the introduc 
tion of DNA into ES cells by a variety of methods such as 
electroporation, calcium phosphate/DNA precipitation, and 
direct injection are described in detail in Teratocarcinomas 
and embryonic stem cells, a practical approach, ed. E. J. 
Robertson, (IRL Press 1987), the teachings of Which are 
incorporated herein. Selection of the desired clone of trans 
gene-containing ES cells is accomplished through one of 
several means. In cases involving sequence speci?c gene 
integration, a nucleic acid sequence for recombination With 
the ot(1—>3) galactosyl transferase gene or sequences for 
controlling expression thereof is co-precipitated With a gene 
encoding a marker such as neomycin resistance. Transfec 
tion is carried out by one of several methods described in 
detail in Lovell-Badge, in T eratocarcinomas and Embryonic 
Stem Cells, a Practical Approach, ed. E. J. Robertson, (IRL 
Press 1987) or in Potter et al Proc. Natl. Acad. Sci. USA 81, 
7161 (1984). Calcium phosphate/DNA precipitation, direct 
injection, and electroporation are the preferred methods. In 
these procedures, a number of ES cells, for example, 0.5>< 
106, are plated into tissue culture dishes and transfected With 
a mixture of the lineariZed nucleic acid sequence and 1 mg 
of pSV2neo DNA (Southern and Berg, J. Mol. Appl. Gen. 
1:327-341 (1982)) precipitated in the presence of 50 mg 
lipofectin in a ?nal volume of 100 pl. The cells are fed With 
selection medium containing 10% fetal bovine serum in 
DMEM supplemented With an antibiotic such as G418 
(betWeen 200 and 500 pig/ml). Colonies of cells resistant to 
G418 are isolated using cloning rings and expanded. DNA 
is extracted from drug resistant clones and Southern blotting 
experiments using the nucleic acid sequence as a probe are 
used to identify those clones carrying the desired nucleic 
acid sequences. In some experiments, PCR methods are used 
to identify the clones of interest. 

[0038] DNA molecules introduced into ES cells can also 
be integrated into the chromosome through the process of 
homologous recombination, described by Capecchi, (1989). 
Direct injection results in a high efficiency of integration. 
Desired clones are identi?ed through PCR of DNAprepared 
from pools of injected ES cells. Positive cells Within the 
pools are identi?ed by PCR subsequent to cell cloning 
(Zimmer and Gruss, Nature 338, 150-153 (1989)). DNA 
introduction by electroporation is less ef?cient and requires 
a selection step. Methods for positive selection of the 
recombination event (i.e., neo resistance) and dual positive 
negative selection (i.e., neo resistance and ganciclovir resis 
tance) and the subsequent identi?cation of the desired clones 
by PCR have been described by Joyner et al., Nature 338, 
153-156 (1989) and Capecchi, (1989), the teachings of 
Which are incorporated herein. 

Embryo Recovery and ES Cell Injection 

[0039] Naturally cycling or superovulated females mated 
With males are used to harvest embryos for the injection of 
ES cells. Embryos of the appropriate age are recovered after 
successful mating. Embryos are ?ushed from the uterine 
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horns of mated females and placed in Dulbecco’s modi?ed 
essential medium plus 10% calf serum for injection With ES 
cells. Approximately 10-20 ES cells are injected into blas 
tocysts using a glass microneedle With an internal diameter 
of approximately 20 pm. 

Transfer of Embryos to Pseudopregnant Females 

[0040] Randomly cycling adult females are paired With 
vasectomiZed males. Recipient females are mated such that 
they Will be at 2.5 to 3.5 days post-mating (for mice, or later 
for larger animals) When required for implantation With 
blastocysts containing ES cells. At the time of embryo 
transfer, the recipient females are anesthetiZed. The ovaries 
are exposed by making an incision in the body Wall directly 
over the oviduct and the ovary and uterus are externaliZed. 
A hole is made in the uterine horn With a needle through 
Which the blastocysts are transferred. After the transfer, the 
ovary and uterus are pushed back into the body and the 
incision is closed by suturing. This procedure is repeated on 
the opposite side if additional transfers are to be made. 

[0041] Identi?cation of Transgenic Animals. 

[0042] Samples (1-2 cm of mouse tails) are removed from 
young animals. For larger animals, blood or other tissue can 
be used. To test for chimeras in the homologous recombi 
nation experiments, i.e., to look for contribution of the 
targeted ES cells to the animals, coat color has been used in 
mice, although blood could be examined in larger animals. 
DNA is prepared and analyZed by both Southern blot and 
PCR to detect transgenic founder (F0) animals and their 
progeny (F1 and F2). 

[0043] Once the transgenic animals are identi?ed, lines are 
established by conventional breeding and used as the donors 
for tissue removal and implantation using standard tech 
niques for implantation into humans. 

[0044] Insertion or Modi?cation of the Genomic DNA 
Encoding 0t 1—>3 Galactosyltransferase or the 1—>3 Galac 
tosyl Structures. 

[0045] These manipulations are performed by insertion of 
cDNA or genomic DNA into the embryo using microinjec 
tion or other techniques knoWn to those skilled in the art 
such as electroporation. The DNA is selected on the basis of 
the purpose for Which it is intended: to inactivate the gene 
encoding an enZyme such as the ot 1%3 galactosyltrans 
ferase. The enZyme encoding gene can be modi?ed by 
homologous recombination With a DNA for a defective 
enZyme, such as one containing Within the coding sequence 
an antibiotic marker, Which can then be used for selection 
purposes. 

[0046] The gene encoding an 0t 1—>3 galactosyltransferase 
is described by Larsen, et al., 1990. Frameshift and Non 
sense Mutations in a Human Genomic Sequence Homolo 

gous to a Murine UDP-Gal:[3-D-Gal(1,4)-D-GlcNAc ot(1, 
3)-Galactosyltransferase cDNA J. Biol. Chem. 265(12), 
7055-7061, the teachings of Which are incorporated herein. 

[0047] Alternative Methodologies to Produce Animals 
With Altered Expression of 0t 1—>3 Galactosyl Transferase. 

[0048] The DNA encoding another enZyme for modi?ca 
tion of the sugar structures, such as a sialylase, can also be 
inserted into the embryo Where it is incorporated into the 
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animal’s chromosomes and expressed to modify or mask the 
immunoreactivity of the ot-galactosyl structures on the cell 
surfaces. 

[0049] Although not preferred, in some cases it may be 
equally useful to alter expression of 0t 1—>3 galactosyl 
transferase in the pigs using techniques other than genetic 
engineering. For example, pigs can be selected for decreased 
expression of 0t 1—>3 galactosyl transferase and bred by 
standard techniques to produce animals that are de?cient in 
this enZyme. It is routine to screen animals both for the 
presence of, and expression of, enZymes, as Well as de?ned 
epitopes on the tissues, although prior to this disclosure one 
Would not have been motivated to screen for expression of 
0t 1—>3 galactosyl transferase in transgenic animals for use 
as organ donors. 

[0050] The same effect may also be achieved through the 
use of retroviral vectors, especially tissue speci?c vectors, 
Which carry nucleic acid sequences, such as antisense 
sequences, resulting in decreased expression of the gene 
encoding 0t 1%3 galactosyl transferase. 

[0051] Methods for Masking Expression of ot-Galactosyl 
Epitopes. 
[0052] It is possible not only to decrease or completely 
inhibit expression of the ot-galactosyl epitopes on the animal 
tissues, but also to mask them by attaching another carbo 
hydrate to the epitopes to mask them from the immune 
response folloWing transplantation. This can be accom 
plished by introduction into the animal of a gene encoding 
an enZyme that “caps” the ot-galactosyl epitopes or by the 
use of an introduced enZyme plus manipulation of substrate 
feeding to cap the epitopes. 

[0053] It has been hypothesiZed that the lack of ot-galac 
tosyl epitopes in man and Old World monkeys is the result 
of diminishing activity of one enZyme, the (X(1—>3) galac 
tosyltransferase. The membrane glycoproteins of human 
cells are usually sialylated by sialyltransferase. The diversity 
in carbohydrate structure presumably arises from a multi 
plicity of synthetic enZymes in different species or different 
cells. SWitching galactosyltransferase With fucosyl or sia 
lyltransferase in animal cells should result in the expression 
of fucose or sialic acid in their antigen epitopes. 

[0054] A human ot-1,3 fucosyltransferase has been cloned 
by KosZdin and BoWen, 1992 The Cloning and Expression 
of a Human ot-1,3 Fucosyltransferase Capable of Forming 
the E-Selectin Ligand Biochem. Biophys. Res. Comm. 
187(1), 152-157; and Lowe, et al., 1991 Molecular Cloning 
of a Human Fucosyltransferase Gene That Determines 
Expression of the LeWis x and VIM-2 Epitopes but Not 
ELAM-1-dependent Cell Adhesion, J. Biol. Chem. 266(26), 
17467-17477, the teachings of Which are incorporated 
herein. Human (x(1-3)fucosyltransferase Was transfected 
into mammalian cells, Which resulted in the expression of 
LeWis X and sialyl LeWis carbohydrate structures in the cell 
membrane. 

[0055] Kayser, et al., 1992 Incorporation of N-acyl-2 
amino-2-deoxy-hexoses into glycosphingolipids of the 
pheochromocytoma cell line PC 12, FEBS 301(2), 137-140; 
and Kayser, et al., 1992 Biosynthesis of a Nonphysiological 
Sialic Acid in Different Rat Organs, using N-Propanoyl-D 
hexosamines as Precursors, J. Biol. Chem. 267(24), 16934 
16938, have successfully modi?ed the N-acetyl neuraminic 
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acid Which is normally present in rat tissues by the in vivo 
administration of chemically synthesiZed N-propanoyl pre 
cursors. Rat cells are able to take up N-acetyl D-man 
nosamine or N-propanoyl D-glucosamine as precursors, and 
the presence of sialyltransferase in rat cells can incorporate 
these precursors into glycolipids and glycoproteins, Which 
are expressed in the cell membrane. 

[0056] It therefore should be possible to inject galactosyl 
analogues into animals such as the pig Where they Will 
compete With the natural substrate to be transferred to 
glycoproteins. Even a slight change of carbohydrate epitope 
could reduce antibody binding. It is preferable to modify the 
epitope to a carbohydrate that is present in the human subject 
so that antibodies against this carbohydrate are not present 
in the human recipient of the animal organ. If it is modi?ed 
to any other carbohydrate, then antibodies to this carbohy 
drate might develop if the carbohydrate is not naturally 
occurring in the human subject. 

[0057] Although not preferred, this same methodology can 
also be used to inhibit or decrease expression of other 
carbohydrate structures on non-human animal tissues, to 
further enhance compatibility, including structures such as 
(i) N-acetyl-[3-D-glucosaminide ([3 GlcNac) and other struc 
tures containing a terminal [3 GlcNac, (ii) ot-L-Rhamnose 
and Rhamnose-containing structures, (iii) Forssman disac 
charide and Forssman trisaccharide, and (iv) A or A-like 
carbohydrates (A disaccharide, A trisaccharide, a variety of 
A tetrasaccharides and linear A type 6). 

[0058] Once the animals are produced, tissues, including 
skin, heart, livers, kidneys, lung, pancreas, small boWel, and 
components thereof are harvested and implanted as knoWn 
by those skilled in the art of transplantation. 

EXAMPLE 1 

[0059] Demonstration of Importance of ot-Gal in Eliciting 
Immune Mediated Rejection of Xenotransplants from Pigs 
into Humans. 

[0060] Pig tissues Were screened by immuno?uorescence 
With lectins, monoclonal antibodies and human natural 
antibodies for the presence of carbohydrate antigens Which 
may be potential targets for hyperacute vascular rejection in 
pig-to-man xenotransplantation. The unfucosylated mono 
morph linear B-antigen Was found at the surface of all 
porcine vascular endothelial cells. This pig linear-B antigen 
reacts strongly With the anti-0t Gal isolectin B 4 from Grif 
fonia simplicifolia 1 and With human natural anti-0t Gal 
antibodies speci?cally puri?ed by af?nity chromatography 
on synthetic oligosaccharides containing the terminal non 
reducing 0t Gal1%3[3 Gal-R disaccharide. This antigenic 
activity is destroyed by treatment of pig tissues With ot-ga 
lactosidase. The localiZation of this linear-B epitope on 
vascular endothelium and its reactivity With natural human 
anti-0t Gal antibodies suggest that it may play a major role 
in the hyperacute vascular rejection of pig-to-man organ 
xenografts. Unlike pigs, humans express the fucosylated 
polymorphic ABH histo-blood group antigens on vascular 
endothelium. 

[0061] Epithelial cells of pig renal proximal convoluted 
tubules, respiratory epithelium, pancreatic ducts and epider 
mis also express the linear-B antigen, but they are less likely 
to trigger a hyperacute vascular rejection because they are 
not directly exposed to the blood. 
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[0062] The genetically de?ned pig A+/A— system controls 
the expression of A and H antigens in pig epithelial cells 
from renal distal and collecting tubules, biliary ducts, pan 
creatic ducts, large bronchi and digestive mucosa. The pig A 
antigen may trigger an immune response in human O or B 
recipients if they are transplanted With organs from A+ pigs, 
but the pig A antigen is probably not involved in the 
hyperacute vascular rejection of a xenograft because it is not 
expressed on vascular endothelium. 

[0063] Materials and Methods 

[0064] Pig Tissues: 
[0065] Pigs do not express the ABH blood group antigens 
as constitutive glycoproteins of the erythrocyte membrane, 
as do humans. HoWever, there are genetically de?ned A+ 
and A— pigs, Which can be identi?ed by hemagglutination 
With some strong anti-A reagents. The A+ or “A like” pigs 
have a circulating A glycosphingolipid Which is passively 
adsorbed at the surface of erythrocytes and leukocytes, While 
the A— or “O like” pigs have a circulating H glycosphin 
golipid Which is passively adsorbed on the same cells, as 
reported by Oriol R. Tissular expression of ABH and LeWis 
antigens in humans and animals: Expected value of different 
animal models in the study of ABO-incompatible organ 
transplants. Transplant Proc. 1987 19:4416-4420. The 
serum of A— pigs can agglutinate red cells of A+ pigs, but 
the reaction is Weak and can take a long time to be 
completed, as discussed by Andresen, “Blood groups in 
pigs”Ann. NY Acad. Sci. 97,205-225 (1962). 

[0066] TWo A+ and tWo A- healthy Yorkshire pigs from a 
speci?c pathogen-free herd at the Oklahoma State Univer 
sity Were selected serologically. Tissue samples of myocar 
dium, aorta, kidney, liver, pancreas, lung, intestine and skin 
Were divided into tWo. One sample Was maintained froZen at 
—80° C. for cryostat sections, and the second Was ?xed in 
formalin 10% (SIGMA, USA) and embedded in paraf?n 
Wax by routine histological techniques. 

[0067] Lectins. Tetramethyl rhodamine isothiocyanate 
(TRIT)-labelled, Ulex europaeus agglutinin 1 staining 
H-type-2 (O. Fuc1Q2BGal1Q4BGlcNAc) and Ley (O. 
Fuc1Q2[3Gal1Q4(otFuc1—>3)BGlcNAc), Gri?onia sim 
plicifolia lectin 1 staining terminal otGal and [3GalNAc, and 
?uorescein isothiocyanate (FITC)-labelled Arachis 
hypogaea lectin (peanut agglutinin, PNA) staining terminal 
[3Gal1—>3a GalNAc disaccharide>ot or [3Gal Were obtained 
from Vector Laboratories (Burlingame, Calif., USA). FITC 
labelled Helix pomatia (anti-Forssmann>anti-A>otGal), and 
isolectins A4 (otGalNAc>otGal) and B 4 (speci?c for otGal) 
from Gri?ronia simplicifolia lectin 1 Were obtained from E-Y 
(San Mateo, Calif., USA). 
[0068] Monoclonal antibodies. Nineteen anti-A (001, 002, 
005, 006, 008, 009, 012, 013, 014, 016, 018, 020, 021, 022, 
048, 049, 050, 052, 053), seventeen anti-B (025, 026, 028, 
031, 032, 033, 034, 035, 036, 037, 040, 041, 042, 043, 044, 
046, 047), and four anti-II-type-2 (058, 059, 063 and 064) 
monoclonal reagents Were obtained from the Second Inter 
national Workshop on Monoclonal Antibodies against 
Human Red Blood cells and Related Antigens, Lund, SWe 
den, 1990 (Oriol, et al., “ABO antibodies-serological behav 
iour and immuno-chemical characteriZation”J. Immuno 
genet. 17, 279-299 (1990). Anti-LeX (80H5 and 82H5) Were 
obtained from Chembiomed Ltd. (Alberta Research Coun 
cil, Edmonton, Canada). 
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[0069] Polyclonal hyperimmune animal antibodies. Poly 
clonal anti-H (SupH) antibodies, described by Mollicone, et 
al., “Immunohistologic pattern of type 1 (Lea,Leb) and type 
2 (X,Y,H) blood group-related antigens in the human pyloric 
and duodenal mucosae”Lab. Invest. 53, 219-227 (1985), 
Were obtained from the serum of a goat hyperimmuniZed 
With human saliva from a blood group O Le(a-b-) individual, 
salivary secretor of H antigen. Speci?c anti-H antibodies 
Were puri?ed from this serum by affinity chromatography on 
synthetic H-type-2 immunoadsorbent (Chembiomed Ltd., 
Alberta Research Council, Edmonton, Canada). The puri?ed 
anti-H reagent recogniZed H-type-1, H-type-2, H-type-3, 
H-type-4, H-type-5 and H-type-6 synthetic oligosaccha 
rides. 

[0070] Polyclonal anti-H-type-1 (gift of S. Henry, Auck 
land Blood Transfusion Center, NeW Zealand) Was obtained 
from the serum of rabbits immuniZed With human saliva of 
blood group O Le (a-g-) salivary secretor individuals. Anti 
H-type-2 activity of this serum Was removed by adsorption 
With H-type-2 immunoadsorbent and the speci?c anti-H 
type-1 antibodies Were then puri?ed by affinity chromatog 
raphy on the H-type-1 immunoadsorbent (Chembiomed 
Ltd., Alberta Research Council, Edmonton, Canada). This 
puri?ed anti-H-type-1 reagent cross-reacted With the type 1 
Leb synthetic oligosaccharides, but did not cross-react With 
H-type-2 structures. 

[0071] Puri?cation of natural anti-0t Gal human antibod 
ies. Five different fractions of human anti-0t Gal antibodies 
Were obtained by affinity chromatography of normal human 
serum on solid immunoadsorbents made With ?ve structur 
ally related synthetic oligosaccharides, described by 
Lemieux “Human blood groups and carbohydrate chemis 
try”Chem. Soc. Rev. 7, 423-452 (1978), covalently coupled 
through the aliphatic linking arm R=(CH2)8COOCH3 to a 
silica matrix (SynsorbTM from Chembiomed Ltd.). The 
structures of the synthetic oligosaccharide coupled to the 
immunoadsorbent Were the terminal monosaccharide of 
the linear-B epitope ot-Gal-R, (ii) the terminal disaccharide 
of the linear-B epitope otGal1Q3BGal-R, (iii) the trisaccha 
ride linear-B-type-2 epitope otGal1Q3BGlcNAc-R, (iv) the 
trisaccharide linear-B-type-6 or deacetylated linear-B 
type-2 otGal1Q3BGal1Q4BGle-R and (v) the terminal dis 
accharide of the P1 red cell antigen otGal1Q4BGal-R, that is 
also a receptor for a uropathogenic Escherichia coli, as 
reported by Bock, et al., “Speci?city of binding of a strain 
of uropathogenic Escherichia coli to Galot 1-4Gal-contain 
ing glycosphingolipids”J. Biol. Chem. 260, 8545-8551 
(1985), and has the second galactose linked 1%4 instead of 
the 1—>3 linkage of the linear-B. This last oligosaccharide 
structure has been found in several pig glycolipids, as 
reported by Holgersson, et al., “Structural characteriZation 
of non-acid glycosphingolipids in kidneys of single blood 
group O and Apigs”J. Biochem. 108, 766-777 (1990). 

[0072] Small columns (0.5 cm diameter><10 cm height) 
Were packed With 1 g of each immunoadsorbent. Aliquots of 
3 ml of a pool of normal human serum Were adsorbed onto 
each column, and the columns Were Washed With phosphate 
buffered saline (PBS) until the OD at 280 nm of the eluate 
Was <0.005. Then the adsorbed antibodies Were eluted With 
NH4OH 1% (pH 11) and dialyZed against PBS. The ?nal 
yield of protein Was 0.6 mg for the monosaccharide ot-ga 
lactose immunoadsorbent and about 1 mg for the di and 
trisaccharide immunoadsorbents. 



US 2003/0131365 A1 

[0073] Secondary antibodies. Af?nity puri?ed, FITC-la 
belled sheep anti-mouse and anti-rabbit Ig Were obtained 
from Pasteur Diagnostics (Marnes la Coquette, France). 
FITC-labelled Fab fragment of af?nity puri?ed anti-human 
Ig Was obtained from Biosys (Compiegne, France). FITC 
labelled, af?nity puri?ed, pig anti-goat Ig Was obtained from 
E-Y (San Mateo, Calif., USA). 
[0074] Glycosidases. ot-galactosidase EC 3.2.1.22 from 
green coffee beans, [3-galactosidase EC 3.2.1.23 from 
Escherichia coli, ot-fucosidase EC 3.2.1.51 from beef kid 
ney and neuraminidase EC 3.2.1.18 from Vibrio cholera, 
Were obtained from Boehringer (Mannheim, Germany). 
EnZymatic digestions of the histological cuts Were per 
formed, at the optimum pH for each enZyme, by 24 h 
incubation (ot-fucosidase) or 2 h incubation (all of the 
others) in a closed Wet chamber at 37° C. After digestion, 
tissues Were Washed and studied by immuno?uorescence. 

[0075] Immuno?uorescence. Direct, indirect and poly 
chromatic immuno?uorescence Were carried out on both 
cryostat and deparaf?nated tissue sections. 

[0076] For direct immuno?uorescence, slides Were incu 
bated for 30 min in a Wet chamber With the optimal dilution 
of the FITC or TRITC-labelled lectins. 

[0077] Indirect immuno?uorescence Was performed under 
similar conditions. Both incubations With primary antibodies 
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and the corresponding FITC-labelled anti-Ig secondary anti 
bodies Were of 30 min duration. 

[0078] Green and red polychromatic ?uorescence Was 
performed either With simultaneous 30 min incubation With 
tWo lectins, one labelled With FITC and the other With 
TRITC, or With a primary antibody revealed With a mixture 
of the corresponding FITC-labelled secondary anti-Ig anti 
body and a TRITC-labelled lectin. After staining, slides 
Were Washed, and mounted under coverslides With Vectash 
ieldTM (Vector Laboratories, Burlingame, Calif., USA). 

[0079] The immuno?uorescence results Were observed on 
a LeitZ ?uorescence SM-LuX microscope equipped With a 
lamp source of 200 W HBO, a Ploemopak illuminator and 
a dual band ?lter set alloWing simultaneous visualiZation of 
green and red ?uorescence (Omega Optical, Brattleboro, 
Vt., USA). Pictures Were taken With a LeitZ Photoautomat 
MPSSO on Fujichrome 400 ASA, 24x36 mm ?lms. 

[0080] Results 

[0081] Vascular Endothelium and Heart Muscle. 

[0082] Both cryostat and deparaf?nated sections gave the 
same ?uorescence pattern of reactivity in all pigs. The 
puri?ed human anti-linear-B reagents Were positive on all 
vascular endothelial cells from capillaries to aorta, irrespec 
tive of the siZe of the blood vessel (Tables 1 and 2). 

TABLE 1 

Immuno?uorescent staining of tissues from A+ pigs With: Human 
anti-OLGal (oLGal); Gri?onia simpliczfolia 1 isolectin 

B4 (GSI); anti-B (B); Helix pomatia (HPA); anti-A (A); 
anti-H (SupH); Ulex europaeus 1 (UEA); anti-H-type-2 (Ht2); 

anti-H-type-1 (Ht1); peanut agglutinin (PNA) and 
anti-LeX 

Tissue or Gal GSI B HPA A SupH UEA Ht2 Ht1 PNA Lex 

Vascular endothelium +++ +++ — + - - _ _ _ _ _ 

Heart muscle — — - - - - _ _ _ _ _ 

Kidney 

glomer, basal mem. — — — — — — — — — +++ - 

proximal tubules +++ +++ ++ + - - _ _ _ _ _ 

thin Henle limbs + + — — - - - _ _ _ _ 

large henle limbs — — — ++ ++ - - _ _ ++ _ 

distal tubules — — — +++ +++ : z z — ++ +++* 

collecting ducts : + — ++ ++ I - _ _ ++ _ 

calyces : + — ++ +++ - I _ _ + _ 

urinary epithelium : + — ++ +++ - I _ + _ 

Liver 

duct epithelium — - ++ +++ I _ _ + + _ 

hepatocytes — - - - _ _ _ _ _ 

Pancreas 

duct epithelium + + _ +++ + I + + _ 

Langerhans islets — — — — — ++ + ++ _ 

Lung 

bronchus epithelium — — — ++ +++ : r — + _ 

seromucous glands + + — ++ +++ — — — — +++ — 

bronchiole +++ +++ + + - - _ _ + _ 

alveoli ++ ++ ++ I - - _ _ _ _ _ 

Small intestine 

brush border — — — ++ +++ ++ - _ _ _ _ 

goblet cells — — — +++ +++ +++ ++ — — + - 
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TABLE l-continued 

Immunofluorescent staining of tissues from A+ pigs With: Human 
anti-OLGal (OLGal); Gri?onia simpliczfolia 1 isolectin 

B4 (GSI); anti-B (B); Helix pomatia (HPA); anti-A (A); 
anti-H (SupH); Ulex europaeus 1 (UEA); anti-H-type-Z (Ht2); 

anti-H-type-1 (Ht1); peanut agglutinin (PNA) and 
anti-LeX (Lex). 

Tissue (1 Gal GSI B HPA A SupH UEA Ht2 Ht1 PNA LeX 

Skin 

stratum granulosum — — — + — ++ + + — ++ — 

stratum spinosum + + — + — ++ — — — ++ — 

hair follicles - - - I _ ++ _ _ I + _ 

apocrine glands — — — ++ — +++ +++ + I + _ 

*Only the macula densa in front of the glomerular vascular pole Was positive. 

[0083] 

TABLE 2 

Immunofluorescent staining of tissues from A- pigs With: Human 
anti-OLGal (OLGal); Gri?onia simpliczfolia 1 isolectin 

B4 (GSI); anti-B (B); Helix pomatia (HPA); anti-A (A); 
anti-H (SupH); Ulex europaeus 1 (UEA); anti-H-type-Z (Ht2); 

anti-H-type-1 (Ht1); peanut agglutinin (PNA) and 
anti-LeX (Lex). 

Tissue (1 Gal GSI B HPA A SupH UEA Ht2 Ht1 PNA LeX 

Vascular endothelium +++ +++ — + - - _ _ _ _ _ 

Heart muscle — — - - - - _ _ _ _ _ 

Kidney 

glomer, basal mem. — — — — — — — — — +++ - 

proximal tubules +++ +++ ++ + - - _ _ _ _ _ 

thin Henle limbs + + — — - - - _ _ _ _ 

large henle limbs — — — — — ++ ++ ++ ++ ++ _ 

distal tubules — — — — — ++ ++ ++ ++ ++ ++* 

collecting ducts : + — — — ++ ++ ++ ++ ++ _ 

calyces : + — — — +++ +++ +++ +++ + — 

urinary epithelium : + — — — +++ +++ +++ +++ + _ 

Liver 

duct epithelium — — — — — +++ : + +++ + _ 

hepatocytes — + - - _ _ _ _ _ _ _ 

Pancreas 

duct epithelium + + — — — +++ ++ ++ +++ + — 

Langerhans islets — — — — — ++ — — + ++ - 

Lung 

bronchus epithelium — — — — — +++ +++ +++ +++ + _ 

seromucous glands + + — + — +++ +++ ++ ++ ++ — 

bronchiole +++ +++ + z — + + + I I - 

alveoli ++ ++ ++ I - - _ _ _ _ _ 

Small intestine 

brush border — — — — — +++ +++ +++ +++ — - 

goblet cells — — — + — +++ +++ +++ +++ + — 

Skin 

stratum granulosum — — — — — ++ + + — ++ - 

stratum spinosum + + — + — ++ - _ _ ++ _ 

hair follicles - - - I _ ++ _ _ I + _ 

apocrine glands — — — H l +++ +++ ++ H + I 

*Only the macula densa in front of the glomerular vascular pole Was positive. 
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[0084] The antibodies eluted from the irnrnunoadsorbents 
containing the structure otGal1-3[3Gal (the linear-B disac 
charide and the tWo linear-B trisaccharides) gave similar 
irnrnuno?uorescence results. They stained strongly the pig 
vascular endotheliurn at 200 pig/ml. Their activity faded With 
dilution of the antibody and disappeared at 20 pig/ml. 

[0085] The antibodies obtained With the rnonosaccharide 
otGal Were only Weakly positive at 100 pig/ml, and the 
antibodies eluted With the Escherichia coli receptor disac 
charide otGal1—>4[3Gal Were negative at 100 and 200 pg/rnl. 
The relative intensity of the reaction of the different fractions 
of anti-otGal antibodies puri?ed on the ?ve irnrnunoadsor 
bents Were: the tWo linear-B trisaccharideszlinear-B disac 
charide>ot-galactose>disaccharide receptor of Escherichia 
coli. This last fraction Was Weakly positive at higher con 
centrations. 

[0086] Irnrnuno?uorescence of vascular endothelial cells 
in rnyocardiurn stained With the isolectin B4 frorn Gri?onia 
simplicifolia lectin 1 (FITC-GSIB4). Only the vascular 
endotheliurn is positive (green). Both A+ and A— pigs give 
the same staining. 

[0087] The same positive reactions on vascular endothe 
liurn Were obtained With the affinity puri?ed lectin 1 from 
Gri?onia simplicifolia at 100 pig/ml. This lectin preparation 
is a random mixture of tetrarners of tWo subunits, A and B, 
in different proportions (A4, A3B, A2B2, AB3 and B4). A4 
reacts strongly With otGalNac and Weakly With otGal, While 
B 4 is speci?c for otGal epitopes, as described by Murphy and 
Goldstein, “Five ot-D-Galactopyranosyl-binding isolectins 
frorn Bandeiraea simplicifolia seeds”J. Biol. Chem. 252, 
4739-4742 (1977). A4 and B4, the tWo puri?ed extreme 
isolectins, reacted also With vascular endotheliurn, but 
isolectin B4 Was positive at 10 pig/ml, While isolectin A4 
required a hundred times higher concentration to give the 
same result. 

[0088] The Helix pomatia lectin Was also positive on 
vascular endotheliurn, but Weakly and only at a very high 
concentration (1 rng/rnl). 

[0089] All the other lectins, monoclonal and polyclonal 
antibodies Were negative on pig heart irrespective of the A+ 
or A-phenotype of the pig. 

[0090] Myocardiurn section treated With neurarninidase 
and stained With peanut agglutinin (FITC-PNA). All con 
nective tissue is positive (green) and rnyocytes are negative. 
Both A+ and A— pigs give the same staining. 

[0091] The positive reactions on vascular endotheliurn 
given by human anti-otGal, Gri?onia simplicifolia 1 and 
Helix pomatia lectins Were abolished by pre-digestion of the 
tissue With ot-galactosidase and Were not rnodi?ed by [3-ga 
lactosidase, ot-fucosidase or neurarninidase. After treatment 
With neurarninidase the connective tissue around rnyocytes 
appeared positive With peanut agglutinin (PNA). 

[0092] Vascular endotheliurn had the same positive immu 
no?uorescence reactions with human anti-otGal, Gri?onia 
simplicifolia 1 isolectin B4 and Helix pomatia in all the other 
organs studied, irrespective of the A+ or A-phenotype of the 
pig. HoWever, other organs had in addition positive reactions 
on other cells (Tables 1 and 2). 

[0093] The lectin MAA (Maackia amurensis), speci?c for 
NeuAc 0t 2%3 Gal [31-R, stains Well the pig vascular 
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endotheliurn, shoWing that both otNeuAc and otGal epitope 
are present on pig endotheliurn. 

[0094] Kidney. 

[0095] Cortex of the kidney of an A+ pig double stained 
With anti-A (FITC) and anti-otGal (TRITC-GSI). Proxirnal 
tubules and vascular endotheliurn are positive With anti 
otGal (red). Distal and collecting tubules are positive With 
anti-A (green). Medulla of the kidney of an A+ pig double 
stained With anti-A (FITC) and anti-otGal (TRITC-GSI). 
Collecting ducts and large limbs of Henle’s loop are positive 
With anti-A (green). Vascular endotheliurn of the intertubular 
capillaries and the epithelial cells of the thin limbs of the 
loops of Henle are positive With anti-otGal (red). 

[0096] In addition to vascular endotheliurn, hurnan anti 
otGal, Gri?onia simplicifolia 1 and its isolectin B4 stained 
strongly the brush border and the cytoplasm of epithelial 
cells of proximal convoluted tubules and Weakly the apical 
portion of thin Henle limbs and collecting ducts, calyces and 
urinary epitheliurn. 

[0097] The three strongest rnonoclonal anti-B reagents 
from the Workshop (026, 028 and 046) also stained the renal 
proximal tubules. These antibodies belong to the cluster 
Which cross-reacts With all linear-B structures containing the 
terminal disaccharide otGal1—>3[3Gal. Three other anti-B of 
the same cluster (041, 031 and 032), and the remaining 11 
anti-B rnonoclonals Which did not recogniZe the linear-B 
antigen, did not stain pig kidney. These anti-linear-B reac 
tions, as those of the vascular endothelium, Were indepen 
dent of the A+ or A-phenotype of the pig and Were 
destroyed by pre-treatrnent With ot-galactosidase. 

[0098] A dual reaction Was observed With Helix pomatia 
in the kidney. Weak anti-linear-B reactivity at high lectin 
concentration (1 rng/rnl), similar to the above described 
positive pattern on proximal tubules With anti-otGal and 
anti-linear-B, and strong anti-A reaction at loW lectin con 
centration (10 pig/ml), on distal tubules, collecting ducts, 
calyces and urinary epithelium of A+ pigs Were both docu 
rnented. The anti-A reactions of Helix pomatia Was only 
present on A+ pigs (Table 1). A— pigs Were negative (Table 
2). 
[0099] TWelve (001, 002, 005, 006, 012, 013, 016, 018, 
020, 049, 050, 052) out of the 18 anti-A monoclonal 
antibodies Were positive on the same cells of the distal 
convoluted tubules in the cortex, large Henle and collecting 
ducts in the medulla, calyces and urinary epithelium of A+ 
pigs (Table 1). These positive anti-A rnonoclonals corre 
sponded to the strongest antibodies of each of the 6 anti-A 
clusters de?ned in the Second International Workshop on 
Monoclonal Antibodies Against Hurnan Blood Red Cells. 

[0100] Goat SupH, the four anti-H-type-2 rnonoclonals, 
anti-H-type-1 and Ulex europeaus lectin 1 Were positive on 
the same cells of A— pigs (Table 2). This ?uorescence of 
anti-H reagents on kidneys from A— pigs Was also detected, 
although very Weakly, in the corresponding areas of A+ pigs. 

[0101] Cortex of the kidney of an A+ pig double stained 
With Helix pomatia (FITC-HPA) and Ulex europaeus lectin 
1 (TRTC-UEA). Most cells of the distal and collecting 
tubules are stained by the anti-A activity of Helix pomatia 
(green), but some cells on the same tubules are stained by the 
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anti-H activity of Ulex europaeus (red). This micrograph 
illustrates that some H structures are not transformed into A. 

[0102] Cortex of the kidney treated With neuraminidase 
and double stained With peanut agglutinin (FITC-PNA) and 
Gri?onia simplicifolia lectin 1 (TRITC-GSI). Glomerular 
basal membrane and the apical poles of epithelial cells of 
distal and collecting tubules are stained by PNA (green). 
Proximal convoluted tubules and vascular endothelium are 
stained With GSI (red). Both A+ and A— pigs give the same 
staining. 

[0103] Due to the fact that the A glycosyltransferase uses 
the H structure as a substrate to make the Aepitope, for each 
A antigen made, one H antigen is used up; complete trans 
formation of H into A resulted in negative reactions With 
anti-H reagents in some distal convoluted tubules and col 
lecting ducts of A+ pigs. HoWever, in some epithelial cells 
incomplete transformation of H into A could be detected by 
dual simultaneous ?uorescence of anti-H in red and anti-A 
in green. 

[0104] Peanut agglutinin Was positive on the glomerular 
basal membrane and the apical areas of epithelial cells from 
distal and collecting tubules. This reaction increased With 
neuraminidase treatment and Was independent of the A+ or 
A-phenotype of the pig. 

[0105] Cortex of the kidney stained With anti-LeX (FITC). 
Only a very short portion of the distal tubule at the level of 
the macula densa, in front of the vascular pole of glomeruli, 
is positive (green). Both A+ and A— pigs give the same 
staining. 

[0106] The LeX antigen Was only present on some epithe 
lial cells of the distal convoluted tubule at the level of the 
macula densa, in a very short segment just in front of the 
vascular pole of the glomerulus. In humans this antigen is 
present on epithelial cells of proximal tubules in the same 
areas of the nephron that are positive With the anti-linear-B 
in pigs. 

[0107] Liver. 

[0108] Liver section of an A+ pig double stained With 
anti-A (FITC) and Gri?onia simplicifolia lectin 1 (TRITC). 
Biliary ducts are positive With anti-A (green). Vascular 
endothelium is strongly positive and hepatocytes are faintly 
positive With GSI (red). 

[0109] Liver section of an A— pig double stained With 
anti-H-type-1 (FITC) and Gri?onia simplicifolia lectin 1 
(TRITC). Biliary ducts are stained by anti-H-type-1 (green). 
As in the case described above, vascular endothelium is 
brighter than hepatocytes With GSI (red). 

[0110] In A+ pigs, all epithelial cells of biliary ducts Were 
stained strongly With anti-A and Helix pomatia, and Weakly 
With SupH, anti-H-type-1 and peanut agglutinin (Table 1). 
Inversely, in A— pigs all anti-A reagents Were negative, and 
all anti-H reagents Were positive on biliary epithelium 
(Table 2). HoWever, anti-H-type-1 Was alWays stronger than 
anti-H-type-2, suggesting that type 1 structures are predomi 
nant in pig biliary ducts. A similar phenomenon is observed 
in human liver, Where type 1 structures (A, B and H-type-1, 
Lea and Leb) are also predominant in biliary ducts. 

[0111] Hepatocytes did not stain With any of the anti-A or 
anti-H. They Were only Weakly and irregularly stained With 
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Gri?onia simplicifolia lectin 1 in addition to its vascular 
endothelium staining. Human hepatocytes are not stained by 
any of these reagents, but they express sialyl-LeX. 

[0112] Pancreas. 

[0113] Pancreas section of an A+ pig double stained With 
anti-A (FITC) and Gri?onia simplicifolia lectin 1 (TRITC). 
Large and small ducts are stained With anti-A (green). 
Vascular endothelium is stained With GSI (red). The apical 
portion of epithelial cells in large ducts and the intraluminal 
secretion is stained by both reagents (bright yelloW). 

[0114] Pancreatic ducts of A+ pigs Were strongly stained 
With anti-A and Helix pomatia and they Were not (or Weakly) 
stained With anti-H (Table 1). The same ducts of A— pigs 
Were negative With anti-A strongly stained With anti-H 
(Table 2). The vascular endothelium and the apical border of 
ductal cells Were positive With human anti-otGal and Grif 
fonia simplicifolia lectin 1 in both A+ and A— pigs. 

[0115] Small secretory ducts Were Weakly positive With 
anti-A in A+ pigs and With anti-H in A— pigs. 

[0116] Pancreas double stained With SupH (FITC) and 
Gri?onia simplicifolia lectin 1 (TRITC). Some cells in the 
Islets of langerhans are stained With anti-H (green). Vascular 
endothelium is stained With GSI (red). Both A+ and A— pigs 
give the same staining. 

[0117] The cytoplasm of some cells of the islets of Langer 
hans Was positive With SupH, anti-H-type-1 and peanut 
agglutinin irrespective of the A phenotype of the pig. 

[0118] Lung. 
[0119] Lung of an A+ pig double stained With anti-A 
(FITC) and Gri?onia simplicifolia lectin 1 (TRITC). The 
ciliated epithelium of large bronchi and seromucous glands 
are stained With anti-A (green). Part of the mucous secretion 
in seromucous glands is stained With GSI (red). 

[0120] The ciliated epithelium of large bronchi Were 
strongly positive With anti-A and Helix pomatia in A+ pigs 
(Table 1) and With anti-H reagents in A— pigs (Table 2). 
Seromucous glands Were positive With anti-A or anti-H in 
A+ or A— pigs respectively, and Were also positive With the 
anti-otGal reagents in both types of pigs. 

[0121] Lung of an A+ pig double stained With anti-A 
(FITC) and Gri?onia simplicifolia lectin 1 (TRITC). Only a 
feW cells in the bronchiolar epithelium are stained With 
anti-A (green). The respiratory epithelium and the great 
majority of the bronchiolar epithelial cells are stained With 
GSI (red). 

[0122] Lung of an A— pig double stained With anti-H 
(FITC) and Gri?onia simplicifolia lectin 1 (TRITC). Only a 
feW cells in the bronchiolar epithelium are stained With 
anti-H (green). The majority of the bronchiolar epithelium is 
stained With GSI (red). 

[0123] In both A+ or A— pigs the number of A and H 
positive epithelial cells decreased progressively With reduc 
tion of the siZe of the bronchi; only a feW A or H-positive 
cells Were found in terminal bronchiolar epithelium. The 
bronchial epithelial cells that did not stain With anti-A or 
anti-H, did stain With human anti-otGal and Gri?onia sim 
plicifolia lectin 1. The number of otGal-positive cells 
increased With the decrease in siZe of bronchi, and all the 
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?nal bronchiolar branches and the alveolar respiratory epi 
thelium Were stained by anti-otGal reagents and Were nega 
tive With anti-A or anti-H. The human respiratory epithelium 
has the blood group I antigen at the places Where the pig 
respiratory epithelium expresses the linear-B antigen. 

[0124] Small intestine. 

[0125] Goblet cells and the brush border Were strongly 
positive With anti-A and Helix pomatia in A+ pigs (Table 1) 
and With anti-H reagents in A- pigs (Table 2). In A- pigs, 
Helix pomatia Was negative on all cells of surface epithe 
lium and positive on some deep goblet cells. PNA Was 
positive on goblet cells and negative on the brush border of 
both A+ and A- pigs. 

[0126] Mucosa of small intestine of an A- pig double 
stained With Ulex europaeus lectin 1 (FITC-UEA) and 
Gri?onia simplicifolia lectin 1 (TRITC). Goblet cells and 
brush border are stained With anti-H (green). Vascular endot 
helium in the stroma of the villi is stained With GSI (red). 
Both A+ and A- pigs give the same staining With GSI. 

[0127] As in all the other pig organs, the vascular endot 
helium in the stroma of the villi Was positive With anti-otGal 
reagents. 

[0128] Skin. 

[0129] All layers of the epidermis and hair follicles Were 
positive With SupH and peanut agglutinin. 

[0130] Skin double stained With the isolectin B4 from 
Gri?onia simplicifolia (FITC-GSIB4) and Ulex europaeus 
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lectin 1 (TRITC-UEA). Vascular endothelium in the dermis 
and deep layers of epidermis are stained With GSIB4 (green). 
Upper layers of epidermis are stained With UEA (red). 

[0131] Other reagents Were only positive on certain areas. 
The stratum granulosum Was positive With Ulex europaeus. 
The deep layers of the epidermis and the vascular endothe 
lium in the dermis Were positive With otGal reagents. The 
intraluminal content and the epithelial cells of apocrine 
secretory glands in the dermis Were strongly positive With 
anti-H reagents. 

[0132] All anti-A reagents Were negative on the skin and 
its appendages and all the epidermal positive staining With 
other reagents Were independent of the A+ or A- phenotype 
of the pig. 

[0133] These results indicate that the smallest common 
structure able to react ef?ciently With the human natural 
antibodies is the linear-B disaccharide otGal1—>3[3Gal. Such 
a small structure has the advantage of being relatively easy 
to synthesiZe and provides the possibility of performing 
exploratory tests in a pig-to-baboon organ transplant model, 
Which is believed to closely resemble the pig-to-human 
transplant situation. 

[0134] Modi?cations and variations of the present inven 
tion, a method to produce organs for transplantation, Will be 
obvious to those skilled in the art from the foregoing detailed 
description. Such modi?cations and variations are intended 
to come Within the scope of the folloWing claims. 
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