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Animal Fa rm
BY DENISE MYS H KO

O ONE WOULD DISPUTE THAT THERE IS A SHORTAGE OF
HEARTS, KIDNEYS, OR LIVERS FOR THOSE WHO
REQUIRE A NEW ONE. Last year in the United States alone, 6,000
people died while awaiting an organ transplant.

Campaigns to increase organ donation have been somewhat success-
ful — do you have an organ donation sticker on your driver’s license?
But these efforts have not met the overwhelming need. In addition, an
increased focus on safety, including the use of seat belts and helmets, has
reduced the number of organs available as a result of fatality. 

In efforts to meet demand, researchers are exploring an alternative
source: animal organs. Xenotransplantation, as the process is known, is
any procedure that involves the transplan-
tation, implantation, or infusion

into a human recipient of either live cells, tissues, or organs from a nonhu-
man source, or cells, tissues, or organs that have ex vivo (outside the body)
contact with nonhuman cells. 

But after much hype and high expectations for animal-to-human
o rgan transplants in the past 20 years, researchers still have been unable
to overcome some basic problems. Xenotransplantation is technically
complicated; much still needs to be done to address the immune system’s
rejection of animal organs. There also are ethical concerns about “animal-
part farms” and viral disease epidemics throughout the world.

Researchers say they’ve learned a great deal and this knowledge has
led to a shift in their efforts, from a fundamental stage of discovery to
efforts to develop viable treatments.

“Xenotransplantation has been an area, unfortunately, that has made
some short-term promises that haven’t come to fruition,” says Julia Green-
stein, Ph.D., president and CEO of Immerge BioTherapeutics Inc. The com-
pany is a joint venture of Novartis Pharma AG and BioTransplant Inc.
formed in September 2000 to develop therapeutic applications for xeno-
transplantation. “There was a lot of work about five years ago to develop
transgenic pigs, which everyone believed was the way to con-
trol the immune system’s rejection of the org a n .
But a lot of these expectations
d i d n ’t pan out.”

“ P P L h a s
cloned pigs that

X E N OT RA N S P LA N TAT I O N, the use of animal cells 
and organs for human tra n s p l a nt at i o n ,

has the po te ntial to address the donor 
o rgan short a g e and provide tre at m e nts for diabe te s,

Pa rki n s o n’s, and other chronic diseases — that is,
if re s e a rchers can ever make the process safe and effe ct i ve.
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1 6 8 2 : Doctors repair the damaged
s kull of an injured Russian nobleman
using a bit of bone taken from the sku l l
of a dog. The surg e ry is said to be suc-
ce s s f u l , but the Russian church thre at-
ens the nobleman with exco m m u n i ca-
t i o n , so he has the dog bone re m ove d.
1 9 0 5 : The pace of xe n o t ra n s p l a nt a-
tion picks up, and physicians begin to
g ra ft animal tissues into humans with
some re g u l a ri ty.A French surgeon tra n s-
p l a nts slices of a rabbit ki d n ey into a 16-
year-old boy suffe ring from ki d n ey fail-

u re. The pat i e nt dies two weeks late r.
Over the next 20 ye a r s, d octors try to
t ra n s p l a nt organs from pigs, g o at s,
l a m b s, and monkeys into va ri o u s
p at i e nt s. All the gra fts fail, but no one
understands why.
1 9 5 3 : Sir Pe ter Me d awar of the Un i-
ve r s i ty of London finds that animals
ex posed to fo reign tissues while they’re
young — still embryos — don’t re j e ct
t h e m . Sir Ma c Fa rlane Bu rnet of Me l-
bo u rne Un i ve r s i ty po s t u l ates that the
immune cells that pat rol the blood-

immune sys tem and preve nt org a n
re j e ct i o n . Doctors begin using these
d rugs routinely to inhibit organ re j e c-
tion in human-to-human ki d n ey, l i ve r,
and heart tra n s p l a nt s.
1 9 6 3 : After a lull of almost 40 ye a r s,
p hysicians again try their hand at xe n o-
t ra n s p l a nt at i o n . Dr. Keith Re e mt s m a ,
then at Tulane Un i ve r s i ty, t ra n s p l a nt s
m o re than a dozen ki d n eys fro m
chimps to humans. One woman sur-
v i ves for nine mont h s. Dr.Thomas St a r-
z l , then at the Un i ve r s i ty of Co l o ra d o,

s t ream in search of fo reign inva d e r s
s o m e h ow learn ve ry early to acce p t
w h atever tissues are there, and only
attack things that show up late r. In 1960,
the two scientists win a No bel Pri ze fo r
their discove ri e s.
1 9 5 4 : Su rgeon Joseph Mu rray pe r-
fo rms the wo rl d’s first succe s s f u l
human organ tra n s p l a nt when he
t ra n s fers a ki d n ey from one ident i ca l
twin to the other. Soon afte r,
re s e a rchers develop the first genera-
tion of drugs that suppress the

lack one copy of the key gene involved in hyperacute rejection,” says
David Ayares, Ph.D., chief operating officer and VP of research at the
U.S. division of PPL Therapeutics Plc., the company that gave the
world Dolly the cloned sheep. The U.S. division of PPL is pursuing
research focused on regenerative medicine, xenografts, and stem cells. 

“By making pigs that lack this gene, their cells and organs are less
likely to be rejected when transplanted into humans,” Dr. Ayares says.
“ H o w e v e r, we can’t mislead the public into thinking that this particu-
lar singular genetic strategy is the end all. Ending hyperacute rejection
is just the tip of the iceberg — the first step in taking care of the very
early rejection. We have to make sure people understand other issues,
such as the delayed vascular rejection and virus transmission issues.” 

Ea rly At te m p t s
Physicians and researchers have been trying to use animal parts

in humans for centuries. In the past 40 years, patients have received
bone marrow from baboons, kidneys from chimpanzees, baboons,
and pigs, hearts from chimpanzees, and livers from baboons. In
1984, a widely publicized surgery attempted to transplant a baboon
heart into an premature infant, who lived for three weeks before
rejecting the organ. The first successful commercial efforts, howev-
e r, will likely come in the form of transplanted cells and tissues from
pigs into humans. Pigs have surpassed other animals and are now
the “preferred” animal source, because they are easy to breed, and
have organ sizes that are compatible with humans. Already, efforts
are under way to study the transplantation of insulin-producing
porcine islet cells for treating humans with diabetes. In addition,
some research has begun using neuro cells from pigs in patients
with Parkinson’s disease.

Some small, but significant, progress has been made in these
areas, but there is still much to be done. Huge problems need to be
overcome, including rejection of the animal organ and tissues and
disease transmission from animal to human. In fact, according to
many in the field, clinical trials are not likely to advance to humans
for at least three to five years.

Tra c king Et h i cal Is s u e s
Human clinical trials bring up the issue of informed consent,

says Mark Fox, M.D., Ph.D., director of the program transplant
ethics and policy at the University of Rochester Medical Center and
chairman of the ethics committee at the United Network for Org a n
Sharing (UNOS). 

“ We certainly recognize the critical nature of the shortage of
donor organs and there are a variety of avenues to try to increase
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them,” Dr. Fox says. “But as with any other kind of clinical-research
effort, there are ethical issues and we have to be very careful about
how to translate this into clinical application. We endorse contin-
ued investigation into xenotransplantation. But there are concerns
particularly related to informed consent.”

D r. Fox says informed consent in clinical trials of animal org a n s
and cells could be problematic. “I’m not sure that people who are
sick or people who are in need of a transplant process information in
quite the way that we lay it out. With xenotransplantation, part of
the challenge of informed consent is that we do not have all of the
information — we cannot be certain what the risks are, especially the
potential infectious disease risks — so it calls for particular aware-
ness and recognition of the need to safeguard patients’ well being.”

Another problem is that commercial interest in xenotransplan-
tation is lagging. Some companies, for a variety of reasons, have
even dropped out of this area of research. Dr. Ayares says this is
related to two issues: controversy over genetically modified foods
and the burst of the dot.com bubble. 

“All the high-tech investments have taken a hit,” he says.
“Xenotransplantation and stem-cell research were hot buttons from
a venture capital funding point of view three years ago. Now VC
firms are putting money into companies with short-term product
potentials, such as diagnostics or medical devices. In many cases,
they are not making new investments at all and are just trying to
prop up the few strong companies that are in their existing portfo-
lios. That has affected long-term funding in technology areas such
as xenotransplantation. There has to be a patient investor who is
willing to wait six or seven years to reap the benefits.”

In addition, the possible transmission of disease has led to ethical
debates about whether the possible risk to the public is worth the effort.
The Campaign for Responsible Transplantation, a coalition of doctors,
scientists, and 90 public interest groups among others, believes that
xenotransplantation poses a grave danger to human health because of
the risk of transferring animal viruses to the human population. The
coalition is committed to an outright ban on the procedure.

Liz Howard, an intellectual property partner with the law firm of
Orrick, Herrington, & Sutcliffe LLP, decries the objections, “There is the
knee-jerk Frankenstein reaction that xenotransplantation is not natural.” 

“The people most supportive of this research are those on waiting
lists for human organs,” Dr. Ayares says. “For some people there may be
an ‘ick’ factor, but those who may be averse to putting pig organs into
humans are healthy people, their view may be different if they were on
a waiting list, dying, in hope of receiving a donor organ. All the physi-
cians of the world actively welcome having an unlimited supply of
o rgans. They don’t want to lose patients who could be saved.” 

“Do we humans have the right to kill animals to use their

1 9 6 4 1 9 7 9 1 9 8 4

pe rfo rms an additional six tra n s p l a nt s
using baboon ki d n eys.His pat i e nts sur-
v i ve from 19 to 98 days.

In one strange ca s e, the ki d n eys
t a ken from a chimp wo rk — much too
we l l . Th ey prod u ce 54 liters of urine in
one day, co m p a red with the mod e s t
two liters co n s i d e red normal fo r
h u m a n s.The pat i e nt suffers a stro ke and
dies of heart failure three days late r.(Th e
s u rgeons had tra n s p l a nted both of the
c h i m p’s ki d n eys, w h i c h , t h ey later say,
“m ay be we should not have done.”) 

1 9 6 4 : James Ha rdy of the Un i ve r s i ty
of Mississippi Me d i cal Ce nter at te m p t s
the first ca rdiac xe n o t ra n s p l a nt, using a
h e a rt from a chimp. The pri m ate heart
— too small to suppo rt the pat i e nt’s
c i rc u l ation — functions for only two
h o u r s. Two other tra n s p l a nt s, using pig
h e a rt s, fail due to hy pe ra c u te re j e ct i o n .

Re s e a rchers studying animals are
l e a rning more about the causes of
hy pe ra c u te re j e ct i o n .Th ey discover that
human blood co ntains nat u ral ant i bod-
ies that can re cog n i ze cells from pigs,

t u rely with a malfo rmed heart,re ce i ves a
h e a rt from a baboo n .She lives for almost
t h ree weeks — longer than any other
re c i p i e nt of a heart xe n o t ra n s p l a nt —
but then re j e cts the org a n , due to a
b l ood ty pe inco m p at i b i l i ty. Although it
d i d n’t save Ba by Fa e,cyc l o s po rine — the
g ra n d d a d dy of immunosuppre s s i ve
d rugs — gains widespread use fo r
human tra n s p l a nt s. By the end of the
1 9 8 0 s, n ewer and more powe rf u l
i m m u n o s u p p re s s i ve dru g s, i n c l u d i n g
F K 5 0 6 ,come into vog u e.

d og s,or other animals.When these ant i-
bodies enco u nter fo reign tissue, t h ey
t rigger a chain re a ction that destroys
the gra ft within hours.
1 9 7 9 : Ch ristian Ba rn a a rd, the sur-
geon who pe rfo rmed the first succe s s-
ful human heart tra n s p l a nt, t ries to use
b a boon and chimpanzee hearts as te m-
po ra ry backup pumps in two pat i e nt s
whose hearts don’t function pro pe rl y
a fter ca rdiac surg e ry.The tra n s p l a nts do
not help the pat i e nts surv i ve.
1 9 8 4 :Ba by Fa e,an infant bo rn pre m a-
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o rgans?” asks Elliot Lebowitz Ph.D., CEO of BioTransplant Inc.
“The answer that I would give is pragmatic. In the U.S. alone, 100
million pigs are slaughtered each year for food. To add another sev-
eral thousand pigs that would be raised humanely and killed
humanely in order to use their organs for saving human lives, I
would say that society has answered that. There is a higher need to
save a human life than to eat ham.”

Cri t i cal Ne e d
As is to be expected, research into animal-to-human transplan-

tation is being driven by necessity. Although organ donations in the
U.S. increased 7% in 2001 from 2000, according to a report issued
by the Department of Health and Human Services in April 2002,
this increase is not enough to address the needs of people waiting
to receive organs. More than 79,000 people currently are awaiting
an organ, according UNOS. Yet in 2000, less than 23,000 trans-
plants were performed in the U.S., and everyday more than 15 peo-
ple die while awaiting an org a n .

Many experts say those waiting for an organ are just a small per-
centage in terms of potential demand. Estimates are that there are
just as many people who need an organ transplant but don’t make
it onto the waiting lists because they are ineligible.

A d d i t i o n a l l y, researchers say there are many times more patients
who have disorders that are caused by the functional loss of highly
specialized cells, and who could benefit from the transplantation of
animal cells and tissues. This includes about 17 million people in
the U.S. who have diabetes; between 180,000 and 230,000 patients
suffering from spinal cord injuries; 1 million to 1.5 million people
with Parkinson’s disease; 4.8 million people with congestive heart
failure; and 25 million Americans with liver, bile duct, or gallblad-
der disease. The use of animal cells could be used to treat previous-
ly untreated or undertreated patients in these areas. 

“The increase over the past year in the number of donors most-
ly has been realized from living kidney and liver donors,” Dr. Fox
says. “But living donation raises other concerns. A liver donor in
New York died recently. That gives us pause. Are we being overly
aggressive? There certainly are people in the transplant communi-
ty that say this isn’t without its cost and let’s be careful.”

H o w e v e r, there always will be a finite number of cadaveric
o rgans available, he adds. An increased focus on safety in society, as
well as an aging population where older people may die with other
diseases, means not all available organs can be used.

“Xenotransplantation is an elegant idea to address the supply
shortage of organs and tissues for transplantation,” says Matt
Kaplan, a biotechnology analyst, with Punk Ziegel & Co., an
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1 9 9 2 : Xe n o t ra n s p l a nt ation gra b s
headlines again when Dr. St a rzl and his
co l l e a g u e s, n ow at the Un i ve r s i ty of
Pi t t s b u rgh Me d i cal Ce nte r, pe rfo rm a
pair of baboo n - l i ver tra n s p l a nt s. O n e
p at i e nt surv i ves more than two mont h s ;
the other, 26 days. Both die from po s t-
o pe rat i ve infe ctions that prove deadly
be cause their immune sys tems are shut
d own by ant i re j e ction dru g s. Dr. St a rz l
puts his xe n o t ra n s p l a nt ation prog ra m
on hold until the problems are be t te r
u n d e r s tood. Around the same time,

re s e a rchers at Du ke Un i ve r s i ty re ce i ve
pe rmission to use a pig liver as a
“b ri d g e” to keep a cri t i cally ill wo m a n
a l i ve as she waits for a human live r
t ra n s p l a nt.She surv i ves only 32 hours.

Re s e a rchers at Massachusetts Ge n e r-
al Hospital discover that it’s a part i c u l a r
sugar on the surf a ce of pig cells that pro-
vo kes the attack of the nat u ral ant i bod-
i e s.If scientists can use genetic engineer-
ing to cre ate pigs that no longer have
this sugar on their cell surf a ce s, the ani-
m a l s’ o rgans should be less irksome to

lost to the AIDS viru s.The baboon cells —
which are nat u rally re s i s t a nt to HIV —
only function for a brief time,but Mr.Ge t ty
remains healthy. S c i e ntists co ntinue to
i nve s t i g ate how pre t re ating tra n s p l a nt
re c i p i e nts with marrow taken fro m
donors might cre ate a “c h i m e ri c”i m m u n e
s ys tem that co ntains cells both animal
and human. Such “p re co n d i t i o n i n g”
m i g ht trick the body into accepting sub-
s e q u e nt xe n og ra fts as not really fo re i g n .
1 9 9 7 : Cl i n i cal studies suggest that
t ra n s p l a nts of isolated fo reign cells may

the human immune sys te m . Ot h e r
re s e a rchers generate pigs that make
p ro teins that can pre e m p t i vely disable
the ve ry part of the immune sys tem that
would otherwise lay wa s te to the xe n o-
t ra n s p l a nt. Seve ral biote c h n o l ogy co m-
panies set out to make these “h u m a n-
i ze d”pigs and win approval for using pig
o rgans in humans.
1 9 9 5 : Jeff Ge t ty re ce i ves a baboo n
bo n e - m a rrow tra n s p l a nt, in hopes that
the immune cells in the baboo n’s marrow
will re p l a ce the immune cells that he has
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investment banking company. “But there is
more work that needs to be done. It’s a very
risky area. In addition, there is a huge poten-
tial market for other serious unmet medical
n e e d s . ”

In fact, some estimates indicate that the mar-
ket for solid organs alone could be valued at more
than $5 billion, and $6 billion for cellular thera-
pies for diabetes, Parkinson’s disease, and
A l z h e i m e r ’s disease. 

“There is a general thought that it would be
easier to control the immunological response
in a cell than in an organ,” Dr. Greenstein says.
“ We may see more clinical trials in this area for
P a r k i n s o n ’s disease, diabetes, stroke, and spinal
cord using pig-cell transplants.”

Xenotransplantation research, she says, is a
positive for the pharmaceutical and biotech-
nology industries. 

“The future of transplantation biology
requires better and more specific ways to inhibit
the immune response,” Dr. Greenstein says.
“Pharmaceutical companies that are dedicated to
immunosuppressive drug development have
looked at xenotransplantation as a possible
source of revenue because patients may need to
use immunosuppressive drugs. A few of the larg e
pharma companies have become dedicated to the
xenotransplantation marketplace.”

Le a rning From Histo ry 
Over the past century, doctors have tried to use

o rgans from pigs, goats, lambs, monkeys, and even
rabbits in human transplants. All the grafts failed,
but no one really understood why. In the 1950s, researchers Sir Peter
Medawar of the University of London and Sir MacFarlane Burnet of
Melbourne University theorized that the immune cells patrol the blood-
stream in search of foreign invaders. In their research, they discovered
that animals exposed to foreign tissues while young don’t reject those
tissues. 

But it wasn’t until 1992 when researchers at the Massachusetts General
Hospital discovered that it is a particular sugar on the surface of pig cells and
other animals that provokes the immune system’s attack on the organ. 

It would be five more years, however, before attempts to genetically
engineer pigs became technically possible. In 1997, PPL Therapeutics

and Ian Wilmut of the Edinburgh-based Roslin
Institute successfully cloned a sheep from adult
mammal cells. The sheep, named Dolly, was
created using genetic material from a 6-year- o l d
ewe. This opened the way for further advance-
ments in xenotransplantation by enabling
researchers to experiment with cloning pigs that
d o n ’t have the sugar gene that triggers rejection
by the recipient’s immune system. There also
are efforts to “humanize” pigs to make proteins
that can preemptively disable the recipient’s
immune system to destroy the org a n .

Pigs are now the preferred species for xeno-
transplantation, although early research studied
the use of organs from baboons and chimpanzees. 

“The pig is picked for its size,” says Robert
Mendez, M.D., chairman and co-founder of the
National Institute of Transplantation at St.
Vincent Medical Center in Los Angeles. “The
pig can be grown for whatever size the human
o rgan is. Size, especially of the heart, lung, and
l i v e r, is very important. Baboons and chim-
panzees have smaller organs.” 

D r. Mendez, a kidney transplant surgeon, is
a member of the National Institutes of Health’s
advisory committee on xenotransplantation.

The committee advises the secretary of the U.S.
Department of Health and Human Services on issues
related to xenotransplantation.

The pig, Dr. Mendez says, has a much shorter ges-
tational period of life and also grows to adulthood
much more rapidly than primates. 

“And from a biogenetic standpoint, though the pig
is much more disparate than primates, this may be
good in terms of our general natural immunity to the

viruses that the pig may have,” he says. “Primates may have organisms that
could be easily transferable to humans, like the AIDS virus was.” 

Researchers are working to address safety concerns about using ani-
mal cells and organs. Immerge has identified a miniature swine that
failed to produce porcine endogenous retrovirus (PERV) that can infect
human cells in laboratory tests. 

“Every species has viruses that are specific to itself that don’t cause
disease — we have them, pigs have them, monkeys have them,” Dr.
Greenstein says. “In general, there has been no disease associated with
endogenous retroviruses. They became part of the genome millions of
years ago, and they are brought along in the DNA.”

f a re be t ter than whole org a n s.In 1997,
re s e a rchers re po rt on the first clinica l
t rial using nerve cells from fetal pigs to
t re at a dozen pat i e nts with Pa rki n s o n’s
d i s e a s e. The pat i e nts show marke d
c l i n i cal improve m e nt.

Other re s e a rchers try wrapping ani-
mal cells in a capsule that preve nt s
immune cells from getting at them.
1 9 9 7 : PPL Th e ra peutics Pl c.and Ia n
Wilmut of the Roslin Institute for the
first time successfully clone a sheep,
named Do l l y, using genetic mate ri a l

f rom a 6-year-old ewe. In 1999,
re s e a rchers discover that cells in
Do l l y’s body appear to be aging at the
same rate as the 6-year-old ewe. I n
2 0 0 2 , Dolly is discove red to be suffe r-
ing from art h ri t i s. This discove ry
re n ews debates about whether
cloning re s u l ted in pre m at u re aging.
No n e t h e l e s s, Dolly opens the way fo r
f u rther adva n ce m e nts in xe n o t ra n s-
p l a nt ation by enabling ex pe ri m e nt s
with cloning pigs that don’t have the
gene re s ponsible for re j e ct i o n .

2 0 0 2 : I m m e rge identifies a minia-
t u re swine that failed to prod u ce
po rcine endogenous re t rov i ru s
( P E RV) , which has been shown to
i n fe ct human cells in labo rato ry te s t s.
Re s e a rchers are unce rtain of what, i f
a ny, illnesses the po rcine virus co u l d
lead to if it infe cts human ce l l s.So they
a re wo rking to identify pigs that have
a nont ransmitting fo rm of PERV.

So u rce : Of f i ce of Science Ed u cat i o n ,

National Institutes of He a l t h ,Be t h e s d a , Md.

2 0 0 1 : PPL and Immerge Bi o Th e ra-
pe u t i c s, s u c cessfully “kn ock out”one of
the specific genes in the pig that pro-
d u ce an enzyme re s ponsible for mak-
ing a sugar molecule, called alpha-1,3-
g a l a cto s y l t ra n s fe ra s e, which leads to
hy pe ra c u te re j e ct i o n . The hy pe ra c u te
re j e ction re s ponse occurs when
human ant i bodies attach to sugar
molecules on the surf a ce of the tra n s-
p l a nted pig org a n’s ce l l s. O n ce they
at t a c h , human ant i bodies kill the ce l l s,
d e s t roying the organ within minute s.

Xe n o t ra n s p l a nt ation 

has been an are a ,

u n fo rt u n ate l y, t h at 

has made some 

s h o rt - te rm promises 

t h at have n’t come 

to fru i t i o n.

JULIA GREENSTEIN,PH.D.

1 9 9 7 2 0 0 1 2 0 0 2
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Researchers, however, are uncertain what, if any, illnesses the porcine virus
could cause if it infects human cells. So they are erring on the side of caution
and working to identify pigs that have a nontransmitting form of PERV. 

“ We need to understand if there is any risk of the porcine endogenous

virus getting activated post transplant and infecting the human recipient,”
D r. Greenstein says. “Then we need to determine whether there is a possi-
bility that the recipient could pass a virus onto somebody else.” 

The pig also is a better choice from an ethical, and socially accept-
able standpoint, Dr. Mendez says. “We slaughter thousands of pigs daily
for consumption purposes. So there really isn’t an ethical problem about
using them for organs for humans. It would be very unethical to use pri-
mates that may be an endangered species for our own purposes.”

A Kn ock-Out Di s cove ry
Controlling the human immune response to transplanted animal

o rgans is one of the biggest challenges for researchers. The aggressive
(hyperacute) rejection response occurs when human antibodies attach to
sugar molecules on the surface of the transplanted pig org a n ’s cells.
Once these antibodies attach, human antibodies kill the cells, destroy-
ing the organ sometimes within minutes.

At least two companies, PPL and Immerge, are attempting to
“knock out” the specific gene in the pig that produces the enzyme
responsible for making this sugar molecule, called alpha-1,3-galactosyl-
transferase (GGTA1). Further complicating research is that the gene is
present in two copies. Both companies have made progress in knocking
out one of the genes that express the GGTA1 sugar. 

PPL and Immerge made separate announcements in January 2002
that they had successfully cloned pigs that did not have one copy of the
sugar gene. Immerg e ’s research, done in conjunction with the Universi-
ty of Missouri-Columbia, produced miniature swine pigs born in
September and October 2001. PPL’s piglets were born on Christmas day
2001 at the company’s U.S. subsidiary in Blacksburg, Va .

This work only really became possible after cloning technology
became practical in 1997, Dr. Greenstein says. 

“What everyone involved in xenotransplantation research has tried to
do is to block the activity of that antibody,” she says. “One way is to
remove the antibody from the circulation, making transgenic pigs that
perhaps could inhibit the effector function. What happened was that

over time when the transplanted organ was put into an
experimental model antibody, reactivity always caused the
rejection of the org a n . ”

I m m e rge is continuing its research to knock out the sec-
ond copy of the GGTA1 sugar gene. Dr. Greenstein says the
company is considering two avenues: either breeding the
newly cloned pigs or doing subsequent genetic modification. 

“One is easier and takes longer; one is more risky but
would be faster,” Dr. Greenstein says. “Until we knock out
both genes, there is no change in the expression of the sugar. ”

D r. Greenstein anticipates human clinical trials of org a n s
from the cloned pigs within three to five years. She says the
c o m p a n y ’s researchers will have a pig with both genes
knocked out within a year and a half. Subsequent preclinical
research could last two years. The company’s primary mod-
els are in using kidneys and hearts for transplantation, and
D r. Greenstein says the company is beginning a program to
transplant porcine islet cells for use in treating diabetes.

Pi g gy Ba n k s
Officials from PPL say they have 100 large white pigs — 40

female and 60 male — that have one copy of the sugar gene
knocked out. Their plan is to breed these pigs to have litters
where both copies of the gene are knocked out, which would be
the target animal for preclinical work. 

“As far as cloned knockout pigs go, the females have one normal
copy and one mutated copy,” Dr. Ayares says. “The males are the
same. So genetics tells us that by breeding those two together, 25%
of the animals that are born will have both of the alpha gal gene

I
n addition to providing a theore t i cally unlimited supply of org a n s

and tissues for tra n s p l a nt at i o n , xe n o t ra n s p l a nt ation method s

would offer broad pate nt pro te ction to the innovator co m p a n i e s.

“Th e re are probably a dozen or more

ways to pate nt xe n o t ra n s p l a nt at i o n ,” s ays

Bill Ant h o ny, an inte l l e ctual pro pe rty part-

ner with the law firm of Orri c k , He rri n g to n ,

& Su tc l i f fe LLP. “Th at web of pate nts give s

s t rength to the pate nt po rt fo l i o. So xe n o-

transplantation will be a formidable

we a pon and is stronger than what is seen

in other fields.”

Liz Howa rd, also an inte l l e ctual pro pe rty

p a rtner at Orri c k , He rri n g ton & Su tc l i f fe,

co ntends that a genetically engineered life

fo rm or the method to cre ate that life fo rm

can be pate nte d.

“A genetically alte red mouse was pate nted in

the late 1980s,”M s.Howa rd says.“This was the first

example of a higher organism to be pate nte d.

Ge n e t i cally alte re d

yeast was pate nte d

d e cades ago. An d

m e t h ods for generating these org a n i s m s

also can be pate nte d. But it is impo rt a nt to

re m e m ber that what is pate nted is the

‘t h i n g’ i t s e l f, and it’s not specific to an indi-

v i d u a l . For ex a m p l e, the gene ery t h ro po i-

etin is pate nte d.But that doe s n’t mean that

my personal ery t h ro poietin is pate nte d.”

M r.Ant h o ny says this broad pro te ction is

a po s i t i ve for the industry. “ Pate nts do not

diminish the ex pe n d i t u res or the effo rts to

do re s e a rch and deve l o p m e nt.Even though

a pate nt may close a particular prod u ct or

m e t h od, this be comes an induce m e nt for other

companies to design around the innovato r

m e t h od.If other companies wa nt to enter the mar-

ke t p l a ce, t h ey’re going to have to do it diffe re nt l y.

Designing around pate nts is good, be cause it cre-

ates co m petition and innovat i o n . So m e t i m e s, i n

the effo rt to design around a pate nted proce s s, a

be t ter prod u ct or a cheaper prod u ct is cre ate d.”

Unlimited Patent Protection, 
P o t e n t i a l l y

Th e re are 

p robably a doze n

or more ways to 

p ate nt xe n o-

t ra n s p l a nt at i o n .

BILL ANTHONY

The first 

example of a 

higher org a n i s m

to be pate nte d

was a genetica l l y

a l te red mouse in

the late 1980s.
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deleted. We anticipate having the first of the ani-
mals in the first quarter of 2003.”

He says subsequent plans involve using cells
and organs from these pigs for transplantation
into primates to show that cells and organs can
be tolerated long term without rejection. 

“The primate trials will take at least a year
and we hope to be able to go to the FDA around
the end of 2004 to see what the conditions are for
human trials,” Dr. Ayares says. “Most likely the
first product will be insulin-producing cells from
the pancreas of these pigs.”

PPL also is continuing work to add genes
to its pigs to “humanize” these organs. PPL
already has a number of these genes isolated. 

“These are human genes that will be added
to cloned pigs,” Dr. Ayares says. “We have
proof of concept in small animals and we are
just now introducing them into the pig. We
need to have additional genetic manipulation
to address issues beyond this hyperacute rejec-
tion. We have long-term strategies to deal
with vascular rejection and T cell mediated
chronic rejection as well.” Results are expect-
ed within one to two years, he adds.

“Because we are activating the rejection
response, there is an inflammatory response
t h a t ’s caused by up-regulation or by the turn-
ing on of adhesion molecules,” he continues.
“ We have strategies for down modulating the
expression of those pig adhesion molecules. In
addition, in the xenografts, when they are put
into humans or put into a xenospecies, there is
a loss of anticoagulants from the surface, so
we’re going also to be adding human antico-
agulant genes. Now we’ll have human antico-
agulant genes that are expressed on the sur-
face. This will prevent the organ from being
choked off by the coagulation cascade.”

Another company, Nextran, a subsidiary of
Baxter Healthcare Corp., also has conducted
preliminary research in the area of xenotrans-
plantation in collaboration with the Mayo
Clinic. Last year, Nextran concluded a Phase I
clinical trial that used transgenic pig livers as
an ex vivo support system for patients with
acute liver failure. The pig liver was used to
bridge the gap between organ failure and
obtaining an appropriate human liver for
transplantation in these patients.

A Baxter spokeswoman, however, says the
company does not plan to pursue Phase II tri-
als and has no plans to license the technology.
The company’s objective is focused on solid
o rgan transplantation. Preclinical work con-
tinues in this area, but the company would not
comment on the specific projects.

Another company pursuing xenotransplants
is Alexion Pharmaceuticals Inc., which is pursu-
ing preclinical research in nonhuman cell, tissue,
and organ transplants into humans, with an ini-
tial focus on spinal-cord injuries and Parkinson’s
disease. Alexion has developed transgenic pigs
with cells and tissues that display substantially
reduced levels of reactive-sugar-like markers,
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while also featuring a protective human complement-inhibiting protein,
which causes inflammation. The two modifications on the surface of the ani-
mal cells could help to reduce hyperacute rejection.

The company’s program for spinal-cord injuries, UniGraft-SCI, is a
product candidate that consists of transgenically engineered pig cells.
Preliminary results from preclinical work indicate that process cells,
immunoprotected with the UniGraft technology, transplanted into a
primate model of spinal-cord injury resulted in successful engraftment
and restored a normal myelin covering of the damaged nerve fibers.
Additional preclinical work continues. 

Alexion also is pursuing UniGraft-PD, a product candidate that con-
sists of transgenically engineered pig cells that, after transplant into an
animal with Parkinson’s lesions, have been demonstrated to restore
brain function. Preliminary preclinical studies indicate that transplan-
tation of porcine neurons, immunoprotected with the UniGraft tech-
n o l o g y, into a primate model of Parkinson’s disease resulted in success-
ful engraftment and restored dopamine production locally and
selectively in the affected part of the primate’s brain. 

P a r k i n s o n ’s disease is a challenging indication to pursue. Objective
clinical endpoints in central nervous system programs are difficult to
measure. Research partners Genzyme General and partner Diacrin Inc.
announced in 2001 that a Phase II clinical trial of NeuroCell-PD, which
is derived from porcine fetal neural cells, for the treatment of patients
with Parkinson’s disease failed to reach primary endpoint. A Genzyme
spokesman says this research is not being pursued further.

Diacrin is continuing with other research with porcine cells. The
company has initiated a six-patient, Phase I clinical trial using porcine
liver cells for the treatment of acute liver failure. The company believes
l i v e r-cell transplantation could become a viable alternative to whole-
liver transplantation for the treatment of acute liver disease. Porcine
liver cells will be infused into the spleen or liver of these critically ill

patients by minimally invasive procedures, thus avoiding a surgical pro-
cedure. In addition to the high level of quality control that can be main-
tained over the production of porcine liver cells, these cells also have the
advantage of being resistant to infection by human hepatitis B and C virus-
es. Since a majority of the patients enrolled in this study are likely to carry
these viruses, the resistance of the porcine liver cells to infection may pro-
vide an advantage over human liver transplantation in which hepatitis B
and C reinfect donor livers. As of March 15, 2002, one patient had been
treated. Diacrin is recruiting patients for this clinical trial. 

Diacrin also is working with the FDA to obtain clearance to continue
recruiting patients in Boston for a Phase I clinical trial using porcine fetal
neural cells in stroke patients. In April 2000, the trial, which was being
conducted with Beth Israel Deaconess Medical Center and Brigham and
Wo m e n ’s Hospital, was suspended by the FDA to allow investigation of the
cause of two serious adverse events. At the time the trial was suspended the
company had treated five patients. Both patients who suffered adverse
events have recovered. After a review, it appears these events were most like-
ly associated with the surgical procedure used to implant the cells. 

In an animal model of stroke, the company has shown that transplant-
ed porcine fetal neural cells survive at high frequency. These cells not only
survived in the brain cavity, but formed solid grafts that integrated appro-
priately with the normal brain tissue surrounding the cavity. Diacrin
researchers have observed extensive neural outgrowth from the graft to the
surrounding brain and behavioral improvements in a rat model of stroke
after transplantation of porcine fetal neural cells. The transplanted cells have
the capacity to form billions of new synaptic connections as well as to release
other chemicals that promote neural cell growth. ✦
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