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PROLONGATION OF SURVIVAL OF AN ALLOGRAFT
BY INHIBITING COMPLEMENT ACTIVIry

RELATED APPLICATION

This application claims the benefit of and priority to U.S. provisional patent
application number 60/778,859 filed 2 March 2006, the entire disclosure of which is
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to methods for prolonging survivat of an allograft in a
mammal' ln particular, the present disclosure relates to prolonging survival of an allograft by
administering an inhibitor of complement or terminal complernent formatio-n, especially an
inhibitor of complement c5 cleavage, in addition to one or more drugs or methocls that are
immunosuppressive.

BACKGROUND

organ transplantation is the preferred treatment for most patients with chronic organ
failure' Although transplantation of kidney, Iiver, lung, and heart offers an excellent
opportunity for rehabititation as recipients retum to a more normal lifestyle, it is limited by
the medical/surgical suitability of potential recipients, an increasing shortage of donors, and
premature failure of transplanted organ function.

Transplantation of cells, tissues and organshas become very common and is oflen a
life-saving procedure. organ transptantation is the preferrecl treatment for most patients with
chronic organ failure. Despite great improvement in treatments to inhibit rejection, rejection
continues to be the single largest impediment to successfi¡l organ transplantation. Rejection
includes not only acute rejection but atso ch¡onic rejection. one-year survival rates for
transplanted kidneys average 88.3% with kidneys from deceased donors and 94.4o/o wilh
kidneys received from living donors- The corresponding fìve year survival rates for the
transplanted kidneys ate 63.3%o and76-5Yo(oPTN/SRTR Annual Report, 2Oo2). For livers
the one year survival rales are 80.2Yo and 76.5o/o for livers from deceased and living donors,
respectively' Tlre corresponding five year liver graft surviyal rates are 63.sv,, and 73.o%o
(OPTNiSRTR Annuar Report, 2oo2). The use of immunosuppressant drugs, especialry
cyclosþorin A and tnore recerìtly tacrolimus, has dramatically improved the success rate of
organ transplantation especially by preventing acute rejection. But as the numbers above
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WO 2007/1193134PCT/S2007/005290 PROLONGATION OF SURVIVAL OF AN
ALLOGRAFT BY INHIBITING COMPLEMENT ACTIiVITY RELATED APPLICATION       This
application claims the benefit of and priority to U.S. provisional patent application number
60/778,859 filed 2 March 2006, the entire disclosure of which is incorporated herein by
reference. ECHNICAL FIELD The present disclosure relates to methods for prolonging
survival of an allografi in a 10mammal. In particular, the present disclosure relates to
prolonging survival of an allograit by administering an inhibitor of complement or terminal
complement formation, especially an inhibitor of complement CS cleavage, in addition to one
or more drugs or methods that are immunosuppressive. BACKGROUND 15Organ
transplantation is the preferred treatment far most patients with chronic organ failure, Although
transplantation of kidney, liver, lung, and heart offers an excellent opportunity for rehabilitation
as recipients return to a more normal lifestyle, it is limited by the rE3C(liCA/surgical suitability
of potential recipients, an increasing shortage of donors, and premature failure of transplanted
organ function, 20Transplantation of cells, tissues and organs has become very common and
is Mien a  life-saving procedure. Organ transplantation is the preferred treatment for most
patients with chronic organ failure. Despite great improvement in treatments to inhibit
rejection, rejection continues to be the single largest impediment to successful organ
transplantation. Rejection includes not only acute rejection but also chronic rejection.
One-year survival rates for 25transplanted kidneys average 88.3% with kidneys from
deceased donors and 94.4% with  kidneys received from living donors. 'The corresponding
five year survival rates for the transplanted kidneys are 63.3% and 76.5% (OPTNiSRTR
Annual Report, 2002). For livers the one year survival rates are 80,2% and 76.5% for livers
from deceased and living donors, respectively. The corresponding five year liver graft survival
rates are 63.5% and 73,0% 30 (OPTWERTR Annual Report, 2002), The use of
immunosuppressant drugs, especially cyciestiorin A and more recently tacrolimus, has
dramatically improved the success rate of 
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show, there is still a need to irnprove the success rates, both short-term and especially long-
term. As seen from the above numbers for kidney and liver tmnsplants, the five year failure
rates for these transplanted organs are on the order of 25-35Yo. In the year 2001 alone there
were more than 23,000 patients who received an organ transplant of which approximately
19,000 were kidney or liver (OPTN/SRTR Annual Report, zooz). For this one year of
transplants alone, with present techniques it can be expected that approximately 5,000-6,000

of these transplanted kidneys and livers will fail'within 5 years. These numbers do not even

include other transplanted organs or transplanted tissues or cells such as bone marrow-

There are multiple tlpes of transplants. These are described in Abbas et al., 2000. A
graft transplanted from one individual to the same individual is called an âutologous graft or
autografr. A graft transplanted between two geneticalty identical or s¡mgeneic individuals is
called a syngeneic graft. A graft transplanted between two genetically different individuals
of the same species is called an allogeneic graft or allograft. A graft transplanted between
individuals of different species is called a xenogeneic graft or xenograft. The molecules that
are recognized as foreign on allografts are called alloantigens and those on xenografts are
called xenoantigens. The lymphocytes or antibodies that react with alloantigens or
xenoantigens are described as being alloreactive or xenoreactive, respectively.

Currently more than 40,000 kidney, heart, lung, liver and pancreas transplants are
performed in the United States each year (Abbas et al., 2000). Other possible transplants

include, but are not limited to, vascular tissue, eye, cornea, lens, skin, bone marrow, muscle,
cormective tissue, gastrointestinal tissue, nervous tissue, bone, stem cells, islets, cartilage,
hepatoc¡rtes, and hematopoietic cells. Unfortunatel¡ there are many more candidates for a

transplant than there are donors. To overcome this shortage, a major effort is being made to
-learn how to use xenografts; 'ù/hile progress is-beingmade in this field, the fact i-s thal at
present most transplants are allografìs. An allogeneic transplant, while presently being more
likely to be successful than a xenogeneic transplant, must surmount numerous obstacles to be
successful. There are several t¡rpes of immunological attacks made by the recipient against
the donor organ which can lead to rejection of the allograft. These include h¡peracute
rejection, acute vascular rejection (including accelerated humoral rejection and de novo acute

humoral rejection), and chronic rejection. Rejection is normally a result of T-ce[ mediated or
humoral antibody attack, but may include addilional secondary factors such as the effects of
complement and c¡okines.
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organ transplantation especially by preventing acute rejection. But as the numbers above  WO
2007/103134PCT/US2007/003290 show, there is still a need to improve the success rates,
both short-term and especially longterm. As seen from the above numbers for kidney and liver
transplants, the five year failure rates for these transplanted organs are on the order of
25-35%. In the year 2001 alone there were more than 23,000 patients who received an organ
transplant of which approximately  19,000 were kidney or liver (OPTN/SRTR Annual Report,
2002). For this one year of transplants alone, with present techniques it can be expected that
approximately 5,000-6,000 of these transplanted kidneys and livers will fail within 5 years.
These numbers do not even include other transplanted organs or transplanted tissues or cells
such as bone man-ow. There are multiple types of transplants, These are described in Abbas
et al., 2000. A 10graft transplanted flora one individual to the same individual is called an
autologous graft or antomft. A graft transplanted between two genetically identical or
syngeneic individuals is called a syngeneic grafi. A graft transplanted between two genetically
different individuals of the same species is called an allogeneic graft or tfflowati. A waft
transplanted between individuals of different species is called a xenogerteic graft or
xencagrall. The molecules that 15are recognized as foreign on allografts are called
alloantigens and those on xenografts are called xe,noantigeris. The lymphocytes or antibodies
that react with alloantigens or xencantigens are described as being alloreactive or
xenoreactive, respectively.        Currently more than 40,000 kidney, heart, lung, liver and
pancreas transplants are performed in the United States each year (Abbas et S., 2000). Other
possible transplants 20include, but are not limited to, vascular tissue, eye, cornea, lens, skin,
bone marrow, muscle, connective tissue, gastrointestinal tissue, nervous tissue, bone, stern
cells, islets, cartilage; hepatocytes, and hernatopoietic cells. Unfortunately, there are many
more candidates for a transplant than there are donors. To overcome this shortage, a major
effort is being made to -learn how to use -xenografts. While progress is-being-made in this
field-, the fact it that at 25present most transplants are allogalts. An allogeneic transplant,
while presently being more likely to be successful than a xenogeneic transplant, must
surmount numerous obstacles to be successful. There are several types of immunological
attacks made by the recipient against the donor organ which can lead to rejection of the
allograft. These include hyperacute rejection, acute vascular rejection (including accelerated
Immoral rejection and de novo acute 30Immoral rejection), and chronic rejection. Rejection is
normally a result of T-cell mediated or humeral antibody attack, but may include additional
secondary factors such as the effects of complement and c,ytokiries.  
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An ever growing gap between the number of Þatients requiring organ transplantation
and the number of donor organs available has become a major problem throughout the world.
Park et al" 2003' Individuals who have developed anti-HLA antibodies are said to be
immunized or sensitized' cloor, 2005. HLA sensitization is the major barrier to optimal5 utilization of organs from living donors in clinical transplantation (warren et al., 2004) due to
the development of severe antibody-mediated rejection (ABMR). For example, more than
50% of all individuals awaiting kidney transplantation are presensitized patients (G¡otz er d.,
2oo2) who have elevated levels of broadly reqctive alloantibodies, resulting from multiple
transfi¡sions, prior faired ailograûs, or pregnancy (Kupiec_weglinski, 1996). The role ofl0 ABMR is currently one of the most d¡mamic areas of study in transplantation, due to
recognition that this type of rejection can lead to either acute or chronic loss of allograft
fi'lnction' Mehra et al', 2003. Nurnerous cases of ABMR, including h¡peracute rejection
(HAR) or accelerated humoral rejection (ACHR), have been reported that a¡e characterized
by acute allograft injury that is resistant to potent anti-T ceil therapy, the detection of
circulating donor specific antibodies, and the deposition of cornprernent components in thegrafr' ABMR with elevated circulating alloantibodies and comprement activation that occurs
in 29-30Yo of acute rejection cases has a poorer prognosis than cellular rejection. Mauiyyedi
et al.,2OO2.

Highly presensitized patients, who exhibit high levels of alloantibodies, usually suffer
an immediate and aggressive HAR- In clinical practice, with great ef¡orts and significant
advances in technology, HAR is avoided by obtaining a pretransplant lymphocytotoxic cross-
rnatch to identifu sensitized patients with antibodies speciñc for donor HLA antigens.
However' circulating antibodies against donor HLA or other non-MHC endothelial antigens
may also be responsible for a detayed form of acute humorar rejection, which is associated
with an increased incidence of graft loss. collins et al., 1999. Therefore, developrnent of anovel presensitized animal model to mimic ABMR in clinical settings would be beneficial to
studies on the mechanism, and to the much needed progress in the management of allograft
rejection in presensitized hosts.

some highly presensitized patients can benefit from intervention programs such as
irnmunoadsorption (patmer er ar.,l9g9; Ross et ar., r993;K¡iaa et ar., r995), prasmapheresis
and intravenous immunogroburin (sonnenday et ar.,2oo2;Rocha et ar., 2003), that have been
designed and implemented to temporarily elirninate anti-donor antibodies. However, in
addition to their benefits, the afore¡nentioned therapres carry with lhem numerous drawbacks
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WO 2097/03134 PCT/US2007/005290        An ever growing gap between the number of
patients requiring organ transplantation and the number of donor organs available has
become a major problem throughout the world. Park et al,, 2003. Individuals who have
developed anti-/MA antibodies are said to be immunized or sensitized. Ciloor, 2005, HLA
sensitization is the major barrier to optimal 5utilization of organs horn living donors in clinical
transplantation (Warren et al., 2004) due to the development of severe antibody-mediated
rejection (ABMR). For example, more than 50% of all individuals awaiting kidney
transplantation are presensitized patients (Giotz et al., 2002) who have elevated levels of
broadly reactive alloantibodies, resulting from multiple transfusions, prior failed allografts, or
pregnancy (Kupiec-Weglinski, 1996). The role of 10ADMR is currently one of the most
dynamic areas of study in transplantation, due to recognition that this type of rejection can
lead to either acute or chronic loss of allograft function. Mehra et al., 2003. Numerous cases
of Ai3tVIR, including hyperacute rejection (HAR) or accelerated leamoral rejection (ACHR),
have been reported that are characterized by acute aliograft injury that is resistant to potent
anti-7' cell therapy, the detection of 15circulating donor specific. antibodies, and the deposition
&complement components in the graft. AI:3MR with elevated circulating alloaritibodies and
complement activation that OCCI3r5 in 20-30% of acute rejection cases has a poorer
prognosis than cellular rejection. Mauiyyedi et al., 2002. Highly presensitized patients, who
exhibit high levels of alit:antibodies, usually suffer 20an immediate and aggressive HAIL. In
clinical practice, with great efforts and significant advances in technology, HAR is avoided by
obtaining a pretransplant /yrraphocytotoxic CtOSSsnatch to identify sensitized patients with
antibodies specific for donor MLA antigens. However, circulating antibodies against donor
KLA or other nongviiie endothelial antigens may also be responsible for a delayed form of
acute Inimonsi rejection, which is associated  25 with an increased incidence of graft loss.
Collins et al., 1999. Therefore, development of a novel preserisitized animal model to mimic
Al3IVIR in clinical settings would be beneficial to studies on the mechanism, and to the much
needed progress in the management of aline-raft rejection in presensitized hosts. Some highly
presensitized patients can benefit from intervention programs such as 30inumunoadsorption
(Palmer et989; Ross et al,, 1993; Kriaa et al., 1995), piasmapheresis and intravenous
irnmunogiobitlin (Sonneraday et al., 2002; Rocha et al,, 2003), that have been designed and
implemented to temporarily eliminate anti-donor antibodies, However, in addition to their
benefits, the aforeinentioned therapies carry with them numerous drawbacks  WO
2007/1113134PORIS2007i005290 
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as some individuals are less susceptibte to their effects (Kriaa et al., 1995; Hakim et al., 1990;
Glotz et al., 1993; Tyan et al., 1994); they are extremely expensivg time-consuming, and
risky(salamaetal',2001). Moreover,thetransientandvariabreeffectoftheseprotocolshas
limited their impact. Grotz et ar.,2002; Kupin et ar., r 99l; schweitzer et ar., 2000.
Therefore, developing novel strategies to reduce the risk and cost in prevention of ABMR
would be beneficial to presensitized recipients receiving an ailograft.

SUMMARY

Accordingly, methods of prolonging survival of transplanted cells, tissues or organs
are provided' In particular, methods ofprolonging survival of allotransplanted cells, tissues
or organs are provided. These methods are directed to using one or fnore
immunosuppressants and/or immunosuppressive methods in addition to an inhibitor of
complement activity- Use of one or more immunosuppressants and an inhibitor of
complement activity in the manufacture of one or more medicaments or medicament
packages is also provided. Such medicaments or medicament packages are useful in
prolonging survival of an allograft in a subject marnmal.

Examples of allografts are allotra¡splanted cells, tissues, or organs and include, but
are not lirnited to, vascular tissug eye, comea, lens, skin, bone marrow, muscle, connective
tissue, gastrointestinal tissue, nervous tissue, bone, stem cells, islets, cartilage, hepatoc¡rtes,
hematopoietic cells, heart, liver, lung, kidney, and pancreas.

In certain aspects, the disclosure provides a rnethod of protonging survival of a kiåney
allograft in a recipient mammal, said method comprising administering to said mammal a) a
drug which inhibits complement activity and b) at least one imrnunosuppressive therapy
wherein said theråpy is selected from i) at teast one immunosuppressive drug or ii) an
¡mmunomodulato ry treatment.

In certain embodiments, said mammal is a human. In certain ernbodiments, said
allograff is MHc mismatched- ln certain embodiments, said MHC mismatched allograft is an
HLA mismatched allografl. In certain embodiments, said recipient is ABo mismatched to
said allografl' In certain ernbodirnents, said dnrg which inhibits complement activity is
administered chronical ly.

ln certain embodiments, said drug which inhibits complement activity inhibits the
formation of c5b or c5a. ln certain embodimenrs, said drug which inhibits formation of c5b
or C5a is a whole antibody or an antibody fragment. In certain embodiments, said whole
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as some individuals are less susceptible to their effects (Kriaa et al., 1995; Hakim et al., 1990;
Glotz et al., 1993; Tyan et el., 1994); they are extremely expensive, time-consuming, and risky
(Salama et al., 2001). Moreover, the transient and variable effect of these protocols has
limited their impact. Glotz et al., 2002; Kupio et al., 1991; Schweitzer et al., 2000. 5Therefore,
developing novel strategies to reduce the risk and cost in prevention of ATIMR would bir
beneficial to presensitized recipients receiving an allogratl, SUMMARY       Accordingly,
methods of prolonging survival of transplanted cells, tissues or organs are provided. In
particular, methods of prolonging survival of allotransplanted cells, tissues 10 or organs are
provided. These methods are directed to using one or more  irnmunosuppressants and/or
immunnsuppressive methods in addition to an inhibitor of complement activity. Use of one or
more immunoSuppressants and an inhibitor of complement activity in the manufacture of one
or more medicaments or medicament packages is also provided. Such medicaments or
medicament packages are useful in 15prolonging survival of an ailograft in a subject mammal,
Examples of allografts are aliotransplanted cells, tissues, or organs and include, but are not
limited to, vascular tissue, eye, cornea, lens, skin, hone marrow, muscle, connective tissue,
gastrointestinal tissue, nervous tissue, bone, stem cells, islets, cartilage, beriatecytes,
hematopoietic cells, heart, liver, lung, kidney, and pancreas. 20In certain aspects, the
disclosure provides a method of prolonging survival of a kidney allograft in a recipient
mammal, said method comprising administering to said mammal a) a  drug which inhibits
complement activity and b) at least one immunosoppressive therapy wherein said therapy is
selected from i) at least one immunosuppressive drag or ii) an immunomodulatory treatment.
25In certain embodiments, said mammal is a human. In certain embodiments, said  allograft is
IvIbIC mismatched. in certain embodiments, said MHO mismatched sdlograti is an MLA
mismatched allegraft. In certain embodiments, said recipient is ABO mismatched to said
allograft. In certain embodiments, said drug which inhibits complement activity is administered
chronically. 30In certain embodiments, said drug which inhibits complement activity inhibits
the finmation of C5b or C5a. In certain embodiments, said drug which inhibits formation of
C5b or C5a is a whole antibody or an antibody fragment. In certain embodiments, said whole
WO 2007/103134PCTRU520071005290 antibody or antibody fragment is a human,
humanized, ehimerized or &immunized antibody or antibody fragment. In certain
embodiments, said whole antibody or antibody fragment inhibits cleavage of complement C.S.
In certain embodiments, said antibody frawnent is selected from the group consisting of an
Fab, an Rab')2, an }iv, a domain antibody, and a 
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antibody or antibody ftagment is a human, humanized, chimerized or deimmunized antibody
or antibody fragmenL In certain embodiments, said whole antibody or antibody fragment
inhibits cleavage of cornplement c5. In certain embodiments, said antibody fragment is
selected from the group consisting of an Fab, an F(ab')2, an Fv, a domain antibody, and a
single-chain antibody- ln certain embodiments, said antibody fragment is pexelizumab. In
.iertain embodiments, said whole antibody is eculizumab. In certain embodiments, said
eculizumab is adrninistered chronically. In certain embodiments, said eculizumab is
adminislered once every 2 weeks.

ln certain embodiments, said inhibitor of complernent activity is selected ftom the
group consisting of a i) soluble comptement receptor, ii) cDsg, iii) cD55, iv) cD46, and v)
an antibody to C5, C6, C7, C8, or C9.

In certain embodiments, said immunosuppressive drug inhibits T-cell activity or B-
cell activity' In certain embodiments, said immunosuppressive drug inhibits T-cell activity
and B-cell activity' In certain ernbodiments, said immunosuppressive drug is selected from
the grorip consisting of cyclosporin A, tacrolimus, sirolimus, OKT3, a corticosteroid,
daclizumab, basiliximab, azathioprene, mycophenolate rnofetil, methotrexate, 6-
mercaptopurine, anti-T cell antibodies, cyctophosphamide, leflunamide, brequinar, ATG,
ALG, lS-deoxyspergualin, LFl5-0195, CTLA-4-Ig (belatacept), rituxan and bredinin. In
certain embodiments, more than one immunosuppressive drug is administered. In certain
embodiments, said method comprises administering i) a drug which inhibìts complement
activity and ii) cyclosporin A. ln certain embodiments, said method comprises adrninistering
i) a drug which inhibits complement activity and ii) LFl5-0195. In certain embodiments,
said method comprises administering i) a drug which inhibits complernent activity, ii)
cyclosporin A, and iii) LFl5-0195. In certain embodiments, said drug which inhibits
complement activity is an antibody which inhibits cleavage of complement C5. In certain
embodiments, an immunomodutatory treatment method, e.g., plasmapheresis, splenectomy or
immunoadsorption, is used in combination with an inhibitor of complement activity.

In certain embodiments, said allograft survives for a time at least 2o%olongerthan if
said method were to be performed without said drug which inhibits complement activity. ln
certain embodiments, said allograft survives for a time at least 40%o longer than if said
method were to be performed without said drug which inhibits complement activity. ln
certain embodiments, said allograft survives for the remaining life-time of said mammal. In
certain ernbodiments, said allograft survives for at teast three months- ln certain
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5 single-chain antibody. in certain embodiments, said antibody fragment is pexelizornab.
.certain embodiments, said whole antibody is eculizumab. in certain embodiments, said
eculizurnab is administered chronically. In certain embodiments, said ecolizumab is
administered once every 2 weeks.         In certain embodiments, said inhibitor of complement
activity is selected from the  10 group consisting of a 0 soluble complement receptor, ii) CD59,
iii) CD55, iv) CD46, and v) an antibody to CS, C6, C7, C8, or C.9.       In certain embodiments,
said immunnsuppressive drug inhibits T-cell activity or Beth activity. in certain embodiments,
said immunosuppressive drug inhibits tcell activity and B-cell activity. In certain embodiments,
said immunosuppressive drug is selected from  15 the group consisting of cyclosporiri A,
tacrointins, Sire/in-MS, OICT3, a corticostereid, daclizurnab, basiiiximab, azathioprene,
mvcophenolate niofetil, methotrexate, 6- mercaptopurine, anti-T cell antibodies,
cyclophospharnide, leflimarnide, brequinar, ATG,       I5-deoxyspergualin, BF] 5-0195,
CFLA-4-Ig (beiatacept), dialzan and bredinin. in certain embodiments, more than one
immunosuppressive drug is administered. In certain  20 embodiments, said method comprises
administering i) a drug which inhibits complement activity and ii) cyclosporin A. In certain
embodiments, said method comprises administering i) a drug which inhibits complement
activity and ii) LF15-0195. in certain embodiments, said method comprises administering i) a
ding which inhibits complement activity, ii) cyclosporin A, and iii) LFI5-0195. in certain
embodiments, said drug which inhibits  25 complement activity is art antibody which inhibits
cleavage of complement C5. In certain embodiments, an immunomodulatory treatment
method, e.g., plasmapheresis, spienectomy or immunoacisorption, is used in combination with
an inhibitor of complement activity.       In certain embodiments, said allograft survives for a
time at least 20% longer than if said method were to be performed without said drug which
inhibits complement activity, in  30 certain embodiments, said ollograft survives for a time at
least 40% longer than if said method were to be performed without said drug which inhibits
complement activity. In certain embodiments, said allograft survives for the remaining life-time
of said mammal. In certain embodiments, said allograft survives fbr at least three months, in
certain  WO 2(R7/103134PCTITIS20071005290 embodiments, said allogaft survives for at
least six months, In certain embodiments, said allograft survives for at least one year. In
certain embodiments, said al/ow-ail survives for at least five years. In certain embodiments,
said allograft survives for the remaining life-time of said human.       In certain embodiments,
said drug which inhibits complement activity is administered chronically for at least 14 days. In
certain embodiments, said drug which inhibits complement activity is administered chronically
for at least 28 days. In certain embodiments, said drug which inhibits complement activity is
administered chronically for at least 3 months. In certain embodiments, said drug which
inhibits complement activity is  10 administered chronically for at least 6 months. in certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least I year In certain embodiments, said drug which inhibits complement activity is
administered chronically for at least 5 years_ in Cegiath embodiments, said drug which
inhibits complement activity is administered chronically for the remaining life-time of said
mammal. 15in certain embodiments, at least one inummosuppressive drag is administered
cimlanicaily for the remaining life-time of said mammal In certain embodiments, at least
cyclosporna A is administered chronically for the remaining life-time of said mammal, In
certain embodiments, at least LH 5-0195 is administered chronically for the remaining lifetime
of said mammal, 20In certain aspects, the disclosure provides a method of prolonging survival
of a kidney allograift in a recipient mammal, comprising administering to Said manurial a) a
drug which inhibits complement activity and b.) at least one immunosuppressive therapy
wherein said therapy is selected from i) at least one immunosuppressive drug or ii) an
immunomodulatory treatment, wherein said mammal is presensitized to said allegro& 25in
certain embodiments, said mammal is a human ha certain embodiments, said 
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embodiments, said allograft survives for at least six months. In certain embodiments, said
allograft survives for at least one year. In certain embodiments, said allograft survives for at
least five years. In certain embodiments, said allograft survives for the remaining life+ime of
said human.

In certain ernbodii'nents, said drug which inhibits complement activity is adrninistered
chronically for at least 14 days. In certain embodiments, said drug which inhibits
complement activity is administered chronically for at least 28 days. In certain embodiments,
said drug which inhibits complement activity is administered chronically for at least 3

months- In certain embodirnents, said drug which inhibits complement activity is
administered chronically for at least 6 months. In certain embodiments, said drug which
inhibits complement activity is administered chronically for at least I year. ln certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least 5 years- In certain embodiments, said drug which inhibits complement activity is
administered chronically for the remaining rife-time of said mammal.

In certain embodiments, at least one immunosuppressive drug is administered
chronically for the remaining life-time of said mammal. In certain embodiments, at least
cyclosporin A is administered chronically for the remaining life-time of said mammal. In
certain embodiments, at least LFl5-0195 is administered chronically for the remaining life-
time of said mammal.

In certain aspects, the disclosure provides a method of prolonging survival of a kidney
allograft in a recipient mammal, comprising administering to said mammal a) a drug which
inhibits complement activity and b) at least one imrnunosuppressive therapy wherein said
therapy is selected from i) at least one immunosuppressive drug or ii) an immunomodulatory
treatment, wherein said mammal is presensitized to said allograft.

ln certain ernbodiments, said mammal is a human- ln certain embodiments, said
allograft is MHC mismatched. In ce¡1ain embodiments, said MHC mismatched allografl is an
HLA mismatched allograft. In celain embodiments, said recipient is ABO mismatched to
said allograft- In certain embodiments, said drug which inhibits complement activity is
administered chronically.

In certain embodiments, said drug which inhibits complement acrivity inhibits the
formation of C5b or C5a. In certain embodiments, said drug which inhibits formation of C5b
or C5a is a whole antibody or an antibody fragment. In certain embodinrents, said whole
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aliograft is MI-IC mismatched, in certain embodiments, said MHC mismatched allograft is an
HLA mismatched allograff In certain embodiments, said recipient is ABO mismatched to said
allograft. In certain embodiments, said drug which inhibits complement activity is administered
chronically, 30in certain embodiments, said drug which inhibits complement activity inhibits
the fonuation of C5b or C5a. In certain embodiments., said drug which inhibits formation of
C5b or C5a is a whole antibody or an antibody fragment. In certain embodiments, said whole
WO 200V/03134PCTIVS2007/00529tt  antibody or antibody fragment is a human, humanized,
chimerized or deimnannized antibody or antibody fragment, In certain embodiments, said
whole antibody or antibody fragment inhibits cleavage of complement C5. In certain
embodiment; said antibody fragment is selected from the group consisting of an Fab, an
F(tala')-2, an Fv, a domain antibody, and a single-chain antibody, In certain embodiments,
said antibody fravnent is pexelizurritib. in certain embodiments, said whole antibody is
ecultzumab. In certain embodiments, said ectilizurriab is administered chronically. In certain
emboditnents, said eculizuanab is administered once every 2 weeks.            In certain
embodiments, said inhibitor of complement activity is selected from the 10gyoup consisting of
a i) soluble complement receptor, ii) CD59, iii) CD55, iv) CD-16, and v) an antibody to C5, C6,
C7, Cg, or C9.        In certain embodiments, said immunosuppressive drug inhibits T.-cell
activity or Been activity. In certain embodiments, said immunosuppressive drag inhibits T-cell
activity and B-eell activity. In certain embodiments, said immunosuppressive drug is selected
from 15 the group consisting of cyclosporin A, tacrolimus, sirotimus, 01C13, a corticosteroid,
claclizurnab, basiliximah, azathioprene, mycopbenolate mofetil, methotrexate, 6-
mercaptopurine, ariti-T cell antibodies, cyclophosphaaraide, leflunamide, hrequiriar, ATG,
ALE, 15-dcoxyspergualin, 1,F15-0195, CTLA-40g (helatacept), finnan and bredinin. in certain
embodiments, more than one iminurtosuppre.ssive drug is administered. In certain
20embodiments, said method comprises administering i) a drug which inhibits complement
activity and ii) eyeiosporin A. In certain embodiments, said Method comprises administering i)
a drug which inhibits complement activity and ii) LFI5-0195. In certain embodiments, said
method comprises administering i) a drug which inhibits complement activity, cyclosporin A,
and iii)5-0195. In certain embodiments, said drag which inhibits 25 complement activity is an
antibody which inhibits cleavage of complement C5. In certain embodiments, an
inutionomodulatory treatment method, e.g., plasmapheresis, spienectomy or
immunoadsorption, is used in combination with an inhibitor of complement activity.        In
certain tnibodiments in which a mammal is presensitized to an allograt said allogral) survives
for a time at least 20% longer than if said method were to be performed 30 without said drug
which inhibits complement activity. In certain embodiments, said allograll survives for a time at
least 40% longer than if said method were to be pergarrned without said drug, which inhibits
complement activity. In certain embodiment; said ailografi survives for the remaining life-time
of said mammal, in certain embodiments, said allograft survives for  WO
2007/1031254PCII#J52007/005290 



wo 2007/103134

antibody or antibody fragment is a human, humanized, chimerized or deimmunized antibody
or antibody fragmenl' In certain embodiments, said whole antibody or antibody fragment
inhibits cleavage of complement c5. In certain embodiments, said antibody fragment is
selected from the group consisting of an Fab, an F(ab')2, an Fv, a domain antibody, and a
single-chain antibody' In ce¡1ain ernbodiments, said antibody fragment is pexelizumab. In
certain embodiments, said whole antibody is eculizumab. In cenain embodiments, said
eculizumab is administered chronically. In certain embodiments, said eculizurnab is
administered once every 2 weeks.

ln certain embodiments, said inhibitor of complement activity is selected from the
group consisting of a i) soluble complement receptor, ii) cDs9, iii) cD5s, iv) cD46, and v)
an antibody to C5, C6, C7, Cg, or C9.

In certain embodiments, said immunosuppressive drug inhibits T-cell activity or B-
cell activity' In certain embodiments, said immunosuppressive drug inhibits T-cell activity
and B-cell activity' ln certain embodiments, said immunosuppressive drug is selected from
the group consisting of cyclosporin A, tacrolimus, sirolimus, oKT3, a corticosteroid,
daclizumab' basiliximab, azathioprene, mycophenorate mofetil, methotrexate, 6-
mercaptopurine' anti-T celr antibodies, cyctophosphamide, leflunamide, brequinar, ATG,
ALG, lS-deoxyspergualin, LFl5-0195, crLA-4-Ig (betatacept), rituxan and bredinin. In
certain ernbodiments, more than one immunosuppressive drug is adrnïnistered. In certain
embodiments, said method cornprises administering i) a drug which inhibits complement
activity and ii) cyclosporin A. In certain embodiments, said method comprises administering
i) a drug which inhibits complement activity and ii) LFl5-0195. In certain embodiments,
said method comprises aclministering i) a drug which inhibits complement activity, ii)
cyclosporin A, and i¡i) LFl5-o195. In certain embodiments, said drug which inhibits
complement activíty is an antibody which inhibits cleavage of complement c5. In certain
embodiments, an immunomoclulalory treatment method, e.g., plasmapheresis, sple^ectolny or
im¡nunoadsorption' is used in combination with an inhibitor of complement activity.

In ce¡tain embodiments in which a marnmat is presensitized to an allograft, said
allograft survives for a time at least 2o%o longer than if said method were to be performed
without said drug which inhibits complerrrer:t activity. In certain embodiments, said allograft
survives for a time at least 4o%olonger than if said method were to be performed without said
drug which inhibits complement activity- In certain embodiments, saicl allografl survives for
the remaining life-time of said mammal. ln cerain cmbodiments, said allograñ survives for
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at least three months. In certain embodiments, said allograft survives for at least six months.
In certain embodiments, said allograft survives for at least one year. In certain embodiments,
said allograft survives for at least five years. In certain embodiments, said allograft survives
for the remaining life-time of said human.        In certain embodiments in which a mammal is
presensitized to an allograft, said thug .Which inhibits complement activity is administered
chronically for at least 14 days, In certain embodiments, said drug which inhibits complement
activity is administered chronically for at least 28 days. in certain embodiments, said drug
which inhibits complement activity is administered chronically for at least 3 months. in certain
embodiments, said drug which 10 inhibits complement activity is administered chronically for
at /east 6 months, In certain embodiments, said drug which inhibits complement activity is
administered chronically for at least I year, In certain embodiments, said drug which inhibits
complement activity is administered chronically for at least 5 years. In certain embodiments,
said drug which inhibits complement activity is administered chronically for the remaining
life-time of said IS mammal.       In certain embodiments in which a mammal is rift:sensitized
to an allograft, at least one immonosuppressive drug is administered chronically for the
remaining lifetime of said mammal. In certain embodiments, at least cyelosporin A is
administered chronically for the remaining life-time of said mammal. In certain embodiments,
at least LF15-0I 95 is 20administered chronically for the remaining life-time of said mananal,
In certain aspects, the disclosure provides the use of a drug that inhibits complement activity
and an inummosuppressive drug in the manufacture of a medicament or medicament
package for prolonging survival of a kidney allograil in a mammal. In certain embodiments,
more than one immunosuppressive drug is-included in said medicament or medicament
25package, In certain embodiments, said drug that inhibits complement activity and said
imrntmosuppressive drug are in a km-natation suitable for concurrent administration to said
mammal. In certain embodiments, said drug that inhibits complement activity and said
immunosuppressive drug are in a formulation or formulations suitable for sequential
administration to said mammal. In certain embodiments, said drug that inhibits complement
30activity is in a formulation suitable for chronic administration to said mammal. In certain
embodiments, said immunosuppressive drug is in a formulation suitable for chronic
administration to said mammal.  WO 2007/143131PCO352007/00290       In certain aspects,
the disclosure provides a method of prolonging survival of an aliograft in a recipient manurial,
said method comprising administering to said mammal a) a drug which inhibits complement
activity and b) at least one immunosuppressive therapy wherein said therapy is selected from
1) at least one immunosuppressive drug comprising LP 1S-0195 or ii) an immunomodulatory
treatment.       In certain embodiments, said mamma/ is a human. In certain embodiments,
said allograft is rvIIIC mismatched, In certain embodiments, said NIFIC mismatched allograft
is an BLA mismatched allograft. In certain embodiments, said recipient is ABO mismatched to
said aliegraft. In certain embodiments, said drug which inhibits complement activity is
10administered chronically.       In certain embodiments, said drug which inhibits complement
activity inhibits the formation of C5b or C5a, In certain embodiments, said drug which inhibits
'formation of C5b or C5a is a *hole antibody or an antibody fragment. In certain embodiments,
said whole antibody or antibody fragment is a human, humanized, chirrierized or
deinununized antibody  15 or antibody fragment. In certain embodiments, said whole antibody
or antibody fragment inhibits cleavage of complement C5. In certain embodiments, Said
antibody fragnent is selected from the group consisting of an Fab, an F(rib')2, an Fv, a domain
antibody, and a single-chain antibody. In certain embodiments, said antibody fragment is
peselizumab. In certain embodiments, said whole antibody is eculizamab. In certain
embodiments, said 20eculiztimab is administered chronically. in certain embodiments, said
cults:numb is administered once every 2 weeks. 
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at least three months- In certain embodiments, said allograft survives for at least six months.
In certain embodiments, said allograft survives for at least one year. In certain ernbodiments,
said allograft survives for at least five years. In certain embodiments, said allograft survives
for the rernaining life-time of said human.

In certain embodirnents in which a mammal is presensitized to an allograft, said drug
;which inhibits complernent activity is administered chronically for at least l4 days. In certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least 28 days. In certain embodiments, said drug which inhibits complement activity is
adrninistered chronically for at least 3 months. In certain embodiments, said drug which
inhibits complement activity is administered chronically for at least 6 months. In certain
embodirnents, said drug which inhibits complement activity is administered chronically for at
least I year. ln certain embodiments, said drug which inhibits complement act¡vity is
adrninistered chronically for at teast 5 years. In certain embodiments, said drug which
ihhibits complement activity is administered ch¡onically for the remaining life-time of said
mamrnal-

In certain embodiments in which a mammal is presensitized to an altograft, at least
one immunosuppressive drug is administered chronically for the remaining Iife-time of said
mammal' In certain embodiments, at least cyclosporin A is administered ch¡onically for the
remaining life-time of said mammal. In certain embodiments, at least LFl5-o195 is
administered chronically for the remaining life-time of said rnammal,

In certain aspects, the disclosure provides the use of a drug that inhibits complement
activity and an immunosuppressive drug in the manufacture of a medicament or medicament
package for prolonging survival of a kidney allograft in a mammal. In certain embodiments,
more than one immunosuppressive drug is.included in said medicament or medicament
package. In certain embodiments, said drug that inhibits complement activity and said
immunosuppressive drug are in a formulation suitable for concurrent administration to said
mamrnal. In ccrtain embodiments, said drug that inhibits complement activity and said
immunosuppressive drug are in a formutation or formulations suitable for sequential
administration to said mammal. I¡r certain embodiments, said drug that inhibirs complement
activity is in a formulation suitable for chronic administration to said mammal. ln certain
embodiments, said imrnunosuppressive drug is in a formulation suitable for chronic
administration to said mammal.
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In certain embodiments, said inhibitor of complement activity is selected from the woup
consisting of a i) soluble complement receptor, ii) CD59, iii) CD55, iv) CD46, and v) an
antibody to C5, C6, C7, C8, or C9. 25In certain embodiments, said immunosuppressive drug
inhibits T-cell activity or B-  cell activity. In certain embodiments, said intinutiosuppressivc drug
inhibits T-cell activity and B-cell activity. In certain embodiments, said irrnminosuppressive
drug is selected from the group consisting of cyclosperin A, tacrolimus, sirolimus, OKT3, a
corticosterold, daelizturiab, basil; x ;nab, azathioprene, rnycophenol ate nicireti I,
nictlicitrexate, 6- 30 mercaptopurine, anti-T cell antibodies, cyclophosphamide, /alma/nide,
brequinar, ATG, ALG, 15-deoxyspergualin, LFI5-0195, CTLA-4-Ig (belatacept), ritaxan and
bredinin. In certain embodiments, more than one immunosuppressive drug is administered: In
certain  WO 2007/103134PCT7US2007/005290 10 embodiments, said method comprises
administering i) a drug which inhibits complement activity and ii) cyclosporin A. In certain
embodiments, said method comprises administering i) a drug which inhibits complement
activity and ii) LF154fl95. In certain embodiments, said method comprises administering 1) a
drug which inhibits complement activity, ii)  5 cyclosporin A, and iii) 1.115-0195. In certain
embodiments, said drug which inhibits complement activity is an antibody which inhibits
cleavage of complement C5. In certain embodiments, an inuntinomodulatory treatment
method, e.g., plasmapheresis, splenectorny or immunoadsorption, is used in combination with
an inhibitor of complement activity. In certain embodiments, said allograft survives for a time
at least 20% longer than if  10 said method were to be performed without said drug which
inhibits complement activity. In certain cmhoditnents, said allograft survives for a time at least
40% longer than if said method were to be performed without said drug which inhibits
complement activity. In certain embodiments, said allom-aft survives for the remaining
life-time of said mammal. In certain embodiments, said atiograft survives for at least three
months, In certain  15 embodiments, said allow-aft survives for at least six months. In certain
embodiments, said allograit survives for at least one year. In certain embodiments, said
allografi survives for at least five years, in certain embodiments, said allowaft survives for the
remaining life-time of said human. In certain et bodianenis, said drug which inhibits
complement activity is administered  20 chronically for at least 14 days. In certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least 28 days. In certain embodiments, said drag which inhibits complement activity is
administered chronically for at least 3 months, Jr certain embodiments, said drug which
inhibits complement activity is administered chronically for at /east 6 months, In certain
embodiments, said drug which  25 inhibits complement activity is administered chronically for
at least 1 year. In certain embodiments, said drug which inhibits complement activity is
administered chronically for at /east 5 years. In certain embodiments, said drug which inhibits
complement activity is administered chronically for the remaining life-time of said mammal. in
certain embodiments, at least one immunosuppressive drug is administered  30 chronically
feir the remaining life-time of said mammal. In certain embodiments, at least cyclosporin A is
administered chronically for the remaining life-time of said inarrimal. In certain embodiments,
at least LF15-0195 is administered chronically for the remaining lifetime of said mamnial.  WO
20lt7/103134PCMJS2007/005290 
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In certain aspects, the disclosure provides a method of prolonging survival of an

allograft in a recipient marrlmal, said method comprising administering to said mammal a) a

drug which inhibits complement activity and b) at least one immunosuppressivc therapy

wherein said therapy is selected from i) at least one immunosuppressive drug comprising
LFl5-0195 or ii) an immr¡nomodulatory treatment.

In certain embodiments, said mammal is a human. In certain embodiments, said

allograft is MHC mismatched. In certain embodiments, said MHC mismatch€d allograft is an

HLA mismatched allograft. In certain embodiments, said recipient is ABO mismatched to
said allograft. In certain embodiments, said drug which inhibits cornplernent activity is
admini stered chronically.

In certain embodiments, said drug which inhibits complement activity inhibits the
formation of C5b or C5a. In certain ernbodiments, said drug which inhibits formation of C5b
or C5a is a whole antibody or an antibody fragment. ln certain embodiments, said whole
antibody or antibody fragment is a human, humanized, chimerized or deimrnunized antibody
or antibody fragment' In certain e¡nbodiments, said whole antibody or antibody fragment
inhibits cleavage .of complernent C5. [n certain embodiments, said antibody fragment is
selected from the group consisting of an Fab, an F(ab')2, an Fv, a domain antibody, and a

single-chain antibody. In certain embodiments, said antibody fragment is pexelizumab. In
ce¡tain embodiments, said whole antibody is eculizumab. In certain embodiments, said
eculizumab is administered chronically. In certain embodiments, saicl eculizumab is
administered once every 2 weeks.

In certain embodiments, said inhibitor of complernent actiwity is setected from the
group consisting of a i) soluble complement receptor, i¡) CD59, iii) CD55, iv) CD46, and v)
an antibody to C5, C6,C7, C8, or C9.

In certain embodiments, said immunosuppressive drug inhibits T-celt activity or B-
cell activity- ln certain embocliments, said immunosuppressive drug inhibits T-cell activ¡ty
and B-cell activity. In certain embodiments, said immunosuppressive drug is sclected from
the group consisting of cyclosporin A, tacrolimus, sirolirnus, OKT3, a corticosteroid,
daclizumab, basiliximab, azathioprene, mycophenolate mofetil, methotrexate, 6-
mercaptopurine, anti-T cell antibodies, cyclophosphamide, Ieflunamide, brequinar, ATG,
ALG, lS-deoxyspergualin, LFlS-0195, CTLA-4-Ig (belatacept), rituxan and bredinin. In
certain embodiments, more than one immunosuppressive drug is administered.' In certain
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it       In certain aspects, the disclosure provides a method of prolonging survival of an allograft
in a recipient mammal, comprising administering to said mammal a) a drug which inhibits
complement activity and b) at least one inununosuppressive therapy wherein said therapy is
selected from 0 at least one inimunosuppressive drug comprising LF15-0195 or ii) S an
immunomodulatory treatment, wherein said mammal is presensitized to said allegro&       In
certain embodiments, said mammal is a human. In certain embodiments, said allograft is
MFIC mismatched. in certain embodiments, said MI-IC mismatched allograft is an
mismatched allografi. In certain embodimems, said recipient is ABO mismatched to said
allograft, In certain embodiments, said drug which inhibits complement activity is
It)administered chronically.        In certain embodiments, said drug which inhibits complement
activity inhibits the fbmiation of C5b or C5a. In certain embodiments, said drug which inhibits
formation of C5b or C5a is a whole antibody or an antibody fragment. In certain embodiments,
said whole antibody or antibody fragment is a human, humanized, chirnerized or
deimmunized antibody  35 or antibody fraonent. In certain embodiments, said whole antibody
or antibody fratorient inhibits cleavage of complement CS. In certain embodiments, said
antibody fragment is selected from the group consisting of an Fab, an F(ab')2, an Fv, a
domain antibody, and a single-chain antibody. In certain embodiments, said antibody
fragment is pexclizumab. In certain embodiments, said whole antibody is e,eulizontab. In
certain embodiments, said 20eculiztanab is administered chronically. In certain embodiments,
said eculizumalb is administered once every 2 weeks.'       In certain embodiments, said
inhibitor of complement activity is selected from the woup consisting of a i) soluble
complement receptor, ii) CD59, iii) CD55, iv) CD46, and v) an antibody to CS, C6, C7, C8, or
C9, 25In certain embodiments, said immunosuppressive drug inhibits T-cell activity or B- eall
activity, In certain embodiments, said immuncisuppressive drug inhibits liteelt activity and
B--cell activity. In certain embodiments, said ininitmosuppressive drug is selected from the
group consisting of cyciosporin A, lacrolimus, sirolimus, 0ICT3, a cortioosterold, daelizurneb,
basil x mai), azathioprene, mycophencil at e mot:en I, meth etioticate, 6-  30 mercaptopurine,
antiT cell antibodies, cyclophospliamide, ieflartarnide, brequiriar, ATG, ALG,
15-deoxyspergualin, LFI5-0195, CTLA-44g (belatacept), rituxan and bredinin. In certain
embodiments, more than one immunosuppressive drug is administered. In certain  WO
2007/103134PCPUS2007/005290 embodiments, said method comprises administering i) a
drag which inhibits complement activity and ii) cyclosporin A. In certain embodiments, said
method comprises administering i) a drug which inhibits complement activity and ii)
I.F15-0195. in certain embodiments, said method comprises administering i) a drug which
inhibits complement activity, ii) cyclosporin A, and iii) LF15-0195. In certain embodiments,
said drug which inhibits complement activity is an antibody which inhibits cleavage of
complement C5. In certain embodiments, an immonomodulatciry treatment method, e.g.,
plasinapheresis, splenectomy or iintnunoadsorption, is used in combination with an inhibitor of
complement activity. hi certain embodiments in which a mammal is presensitized to an
allograft, said 10 allograft survives for a time at least 20% longer than if said method were to
be performed without said drug which inhibits complement activity. In certain embodiments,
said allograft survives for a time at least 40% longer than if said method were to be performed
without said drug which inhibits complement activity, in certain embodiments, said allograft
survives for the remaining life-time of said mammal. In certain embodiments, aid allograft
survives for 15  at least three months. In certain embodiments, said allograft survives for at
least six months. In certain embodiment; said allors-ali survives for at least one year. In
certain embodiments, said allograft survives for at least five years. in certain embodiments,
said allograll survives for the remaining life-time of said human. 
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embodiments, said method cornprises administering i) a drug which inhibits complement
activity and ii) cyclosporin A. In certain embodiments, said method comprises administering
i) a drug which inhibits complement activity and ii) LFl5-0195. In certain ernbodiments,

said method comprises administering i) a drug which inhibits complement activity, ii)
cyclosporin A, and iii) LFl5-0195. In certain embodirnents, said drug which irùibits
complement activity is an antibody which inhibits cleavage of complement C5. In certain
embodiments, an immunomodulatory heatrnent method, e.g., plasmapheresis, splenectomy or
immunoadsorption, is used in combination with an inhibitor of complement activity.

In certain embodiments, said allograft survives for a time at least 20o/olonger than if
said method were to be performed without said drug which inhibits complement activity. In
certain embodiments, said allograft survives for a time at least 40%o longer than if said
method were to be performed without said drug which inhibits complement activity. In
certain ernbodiments, said allograft survives for the remaining life-time of said mammal. In
ce¡tain embodiments, said allograft suwives for at least th¡ee months. In certain
embodiments, said allograft survives for at least six months" In certain embodiments, said
allograft survives for at least one year. In certain embodiments, said allograft survives for at

least five years- ln certain embodiments, said allograft survives for the remaining life-time of
said human.

In certain embodiments, said drug which inhibits complement activity is administered
chronically for at least 14 days. In certain embodiments, said drug which inhibits
complement activity is administered chronically for at least 28 days. In certain embodiments,
said drug which inhibits complement activity is administered chronically for at le¿st 3
months. Irr certain embodiments, said drug which inhibits complement activity is
administered chronically for at least 6 months. In certain embodiments, said drug which
inhibits complement activity is administered chronically for at least I year. In certain
embodiments, said drug which irrhibits complement act¡v¡ty is administered chronically for at
least 5 years. In certain embodirnents, said drug which inhibirs complement activity is
administered chronically for the remaining rife-time of said mammal.

ln certain embodiments, at least one immunosuppressive drug is administered
chronically for the rernaining life+ime of said mammal. In certain embodiments, at least
cyclosporin A is administered chronically for the remaining life-time of said marnmal. ln
certain embodime¡rts, at least LFl5-0195 is administered chronically for the remaining life-
time of said mammal.
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In certain embodiments in which a mammal is presensitized to an allograft, said drug .20
Which inhibits complement activity is administered chronically for at least 14 days. In certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least 28 days. In certain embodiments, said drug which inhibits complement activity is
administered chronically for at least 3 months. In certain embodiments, said drug which
inhibits complement activity is administered chronically for at least 6 months. In certain 25
embodiments, said drug which inhibits complement activity is administered chronically for at
least I year. In certain embodiments, said drug which inhibits complement activity is
administered chronically for at least 5 years_ In certain embodiments, said drug which inhibits
complement activity is administered chronically for the remaining life-time of said mammal.
30In certain embodiments in which a mammal is presensilized to an allograft, at least one
immunosrappressive drug is administered chronically for the remaining life-time of said
mammal. In certain embodiments, at least cyelosporin A is administered chronically for the
WO 2007,1103134PC111152007/005290 13 remaining life-time of said mammal.. In certain
embodiments, at least LF154i195 administered chronically /lir the remaining life-time of said
mammal.        in certain aspects, the disclosure provides the use of a drug that inhibits
complement activity and an immunosuppressive drug in the manufacture of a medicament or
medicament 5package for prolonging survival of an allografi in a mammal, wherein at least
one immunosuppressive drug comprises LF15-0195. in certain embodiments, more than one
irnmunosuppressive drug is included in said medicament or medicament package. In certain
cmhodiments, said drug that inhibits complement activity and said immunosuppressive drug
are in a formulation suitable for concur-rem administration to said BTIEMBrifial. in certain
/0embodiments, said drug that inhibits complement activity and said immunosuppressive drug
are in a formulation or formulations suitable for sequential administration to said mammal. in
certain embodiments, said drug that inhibits complement activity is in a formulation suitable for
chronic administration to said mammal. In certain embodiments, said irnmunosuppressive
drug is in a formulation suitable for chronic administration to said 15 mammal. 
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In certain aspects, the disclosure provides a method of prolonging survival of an

allograft in a recipient mammal, comprising administering to said mammal a) a dnrg which
inhibits complement activity and b) at least one i¡nmunosuppressive therapy wherein said

therapy is selected from i) at ieast one immunosuppressive drug comprising LFl5-0195 or ii)
an immunomodulatory treatrnent, wherein said mammal is presensitized to said altograft.

In certain embodiments, said mammal is a hurnan. In certain embodiments, said

allograft is MHC mismatched- In certain embodiments, said MHC misrnatched allograft is an

HLA mismatched allograft. ln certain embodiments, said recipient is ABO.mismatched lo
said allograft. In certain embodiments, said drug which inhibits complement activ¡ty is
administered chronically.

In certain embodiments, said dnrg which inhibits complement activity inhib¡s the
formation of C5b or C5a. In certain ernbodiments, said drug which inhibits formation of C5b
or C5a is a whole antibody or an antibody fragment. In ceftain embodiments, said whole
antibody or antibody fragment is a human, humanized, chimerized or deimrnunized antibody
or antibody fragment- In certain embodiments, said whole antibody or antibody fragment
inhibits cleavage of complement C5. In certain embodiments, said antibody fragment is
selected from the group consisting of an Fab, an F(ab')2, an Fv, a domain antibody, and a
single-chain antibody. In certain ernbodiments, said antibody fragment is pexelizumab. In
certain embodiments, said whole antibody is eculizumab. ln certain embodiments, said
eculizumab is administered chronically. In certain embodirnents, said eculizumab is
administered once every Z weeks.'

In certain embodiments, said inhibitor of complemenl activity is selected from the
goup consisting of a i) soluble complement receptor, ii) CD59, iii) CD55, iv) CD46, an¿ v)
an antibody to C5, C6, C7, C8, or C9.

In certain embodiments, said immunosuppressive drug inhibits T-cell activity or B-
cell activity. ln certain embodiments, said immunosuppressive drug inhibits T-cell activity
and B-cell activity. ln certain embodiments, said immunosuppressive drug is selected from
the group consisting of cyclosporin A, lacrolirnus, sirolimus, OKT3, a coficosteroid,
daclizumab, basiliximab, azathioprene, mycophenolale mofetil, methotrexate, 6-

mercaptopurine, anti-T cell antibodies, cyclophosphamide, leflunamide, brequinar, ATG,
ALG, lS-deoxyspergualin, LFl5-0195, CTLA-4-Ig (belatacept), rituxan and bredinin- In
certain embodiments, more than one immunosuppressive drug is adminisrered. ln certain
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In certain aspects, the disclosure provides a pharmaceutical package comprising a drug that
inhibits complement activity and at least one inummosuppressive drug, wherein said drug that
inhibits complement activity and said immunosuppressive drug are formulated for chronic
administration, wherein at least one immunosuppressive drug comprises 1.,F15- 200195.
In certain embodiments, said drug that inhibits complement activity is an antibody in a
lyophilized formulation comprising the antibody and a iyoprcitectant. In certain embodiments,
said immunosippressive drug is in a lyophilized formulation comprising the
immutiosuppressive drug and a )yoprotectant. in certain enribodiinents, said drug and said
25immunestappressive drug are in the same lyophilized formulation comprising said drug"
said immunosuppressive drug, and a lyoprotectant. in certain embodiments, said drug that
inhibits complement activity is in an injection system comprising a syringe that comprises a
cartridge, wherein said cartridge contains said drug in a formulation suitable for injection. In
certain embodiments, said immunosuppressive.drug is in an injection system comprising a  30
syringe that comprises a cartridge, wherein said cartridge contains said immunosuppressive
drug in a formulation suitable for injection. In certain embodiments, said drug that inhibits
complement activity and said immunosuppressive drug are in an inicetion system comprising
a syringe that comprises a cartridge, wherein said cartridge contains said drug and said  IN0
20137/103134PCTIUS2007/005290 14 inummosuppressive drug in a formulation suitable for
injection. In certain mbodiraents, said drug that inhibits complement activity is present in unit
dosage form. In certain embodiments, said immunosuppressive thug is present in unit dosage
loan. certain embodiments, said antibody inhibits the formation of terminal complement 5of
C5a. In certain embodiments, the antibody is a whole antibody or an antibody fragnent. In
certain embodiments, said whole antibody or antibody fragment is a human, humanized,
chinierized or deimmunized antibody or antibody fragment. In certain embodiments, said
whole antibody or antibody fragment inhibits cleavage of complement C5. In certain
en-abodinierits, said antibody fragment is selected from the group consisting of an Fab, an
10F(ab")2, an Fv, a domain antibody, and a single-chain antibody. In certain tatibodiments,
said antibody fragment is pexelizurriab. in certain embodiments, said whole antibody is
eculinurtab.       The application contemplates combinations of any of the foregoing aspects
and embodiments. IS BRIEF DESCRIPTION OF THE DRAWINGS       Figures A-I D show
anti-donor antibody levels in presensitized versus unsensitized recipients under different
treatments.       Figures 2A and 28 show corn/m.68cm between triple therapy using anti-05
antibody, CsA and CyP in presensitized allograft recipients and combination therapy using
only anti-05 20antibody and CsA in presensitized antigun recipients. Figure 2A compares
heart-allograft 
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embodiments' said method comprises adrninistering i) a drug which inhibits complement
activity and ii) cyclosporin A. In certain embodiments, said method comprises administering
i) a drugwhich inhibits complernent activity and ii) LFl5-0195. In certain embodiments,
said method comprises administering i) a drug which inhibits complement activity, ii)
cyclosporin A, and iii) LFl5-0195. ln certain embodiments, said drug which inhibits
complement activity is an antibody which inhibits cleavage of complernent c5. In certain
embodiments, an immunomodulatory treatment method, e.g., plasmapheresis, sptenectomy or
irnmunoadsorption, is used in combination with an inhibitor of complernent activity.

In certain embodirnents in which a mammal is presensitized to an altograft, said
allograft survives for a time at least 2oYolonger than if said method \¡/ere to be performed
without said drug which inhibits cornplement activity- In certain embodiments, said allografl
survives for a time at least 4oYolonger than if said method were to be performed without said
drug which inhibits complement activity. In certain embodiments, said allograff surr¡ives for
theremaining life+ime of said mammal. In certain embodiments, said allograft survives for
at least th¡ee months. In certain embodiments, said allograft survives for at least six months.
In certain e¡nbodiments, said allograft survives for at least one year. In certain embodiments,
said allograft survives for at least five years. ln cefain ernbodiments, said allograft survives
for the remaining life-time of said human.

In certain ernbodiments in which a mammal is presensitized ¡o an allograft, said drug
which inhibits complement actiwity is administered chronically for at least l4 days. In certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least 28 days' In certain embodiments, said drug which inhibits cornplement activity is
administered chronically for at least 3 months- In certain ernbodiments, said drug which
inhibits cornplement activity is administered chronically for at least 6 months. In certain
embodiments, said drug which inhibits complement activity is administered chronically for at
least I year' In certain embodirnents; said drug which inhibits cornplement activ¡ty is
administer'ed chronically for at least 5 years- In certain embodiments, said drug which
inhibits complement activity is administered ch¡onically for the remaining life-time of said
rnammal.

In certain embodiments in v/hich a mammal is presensitized to an allografr, at least
one ¡mmunosuppressive drug is administered chronicatly for the remaining life-time of said
marnmal' ln certain embodiments, at least cyctosporin A is administered chronically for the
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survival in various recipients under different treatments as indicated. Figure 28 shows
histology and immunohistology, for example, for lymphocyte infiltration in heart ailogafts of
recipients in different groups.            Figure 3 shows blocked terminal complement activity by
anti-05 antibody as 25 compared to immunosuppressive agents.       Figures 4A-4D compare
levels of anti-donor antibodies in presensitizerl recipients of allografts under monotherapy with
anti-05 antibody alone, double combination therapy with anti-05 antibody and CsA, and triple
combination therapy with anti-05 antibody, CsA and CyP. 30Figures 5 shows change of ratios
of IgG isotypes in allograll recipients that were untreated or under different treatments.  WO
2007/103131PCTIUS2007/003290 IS       Figure 6 shows high-level expression of Bc1-2 and
Ecl-xl proteins in long-term survtvtng heart grafts as compared to heart grafts of untreated
animals.        Figures 7A-7C show improved second transplantation (re-transplantation) of an
accommodated graft from a first transplantation recipient. 5Figures 8A-813 show results from
re-transplantation expenartents. Figures 9A-98 show results from re-transplantation
experiments.       Figures I0A-10D show anti-donor antibody levels in presensitized versus
unsensitized recipients under different treatments.            Figures 11A-11C show anti-05 mAb
in combination with CsA and 12 achieves 10indefinite kidney graft survival in presensitized
mice.       Figure 12 shows complement hemolytic activity was completely inhibited in
presensitized BALB/c mouse sera.       Figures 13A-1313 show change of ratios of /gG
isetypes in allograft recipients that were entreated or under different treatments. 15Figure 14
shows expression of protective proteins in long-term surviving kidney wafts of presensitized
recipients. DETAILED DESCRIPTION 



wo 2007/103134

remaining life-time of said mammal. In certain embodiments, at least LFl5-0195 is
administered ch¡onically for the remaining tife-time of said mammal.

In certain aspects, the disclosure provides the use of a drug that inhibits complement
activity and an immunosuppressive drug in the manufacture of a medicament or medicament
package for prolonging survival of an allograft in a mammal, wherein at least one
immunosuppressive drug comprises LFl5-0195. In certain ernbodiments, more than one
immunosuppressive drug is included in said medicament or medicament package. In celain
embodiments, said drug that inhibits complement activity and said immunosuppressive drug
are in a formulation suitable for concunent administration to said mammal. In certain
embodiments' said drug that inhibits complement activity and said immunosuppressive drug
are in a formulation or fonnulations suitable for sequential administration to said mamrnal.
In certain ernbodiments, said drug that inhibits complement activity is in a formulation
suitable for chronic administration to said mammal. In certain embodiments, said
immunosuppressive drug is in a formulation suitable for chronic administration to said
mammal.

In certain aspects, the disclosure provides a pharmaceutical package comprising a
drug that inhibits complement activit¡l and at least one immunosuppressive drug, wherein
said drug that inhibits complement activity and said immunosuppressive drug are formulated
for ch¡onic administration, wherein at least one imrnunosuppressive drug comprises LFl5-
ol 95.

In certain ernbodiments, said drug that inhibits complement activity is an anribody in
a lyoplrilized formulation comprising the antibody and a lyoprotectant. In certain
embodirnents, said immunosuppressive drug is in a lyophilized formulation comprising the
immunosuppressive drug and a lyoprotectant- In certain embodiments, said drug and said
immunosuppressive drug are in the sarne lyophilized formutation comprising said drug, said
immunosuppressive drug, and a ryoprotectant. In certain embodiments, said drug that
inhibits complement activity is in an injection system comprising a syringe that comprises a

cartridge, wherein said cartridge contains said drug in a formulation suitable for injection. In
certain embodiments, said irnmunosuppressive drug is in an injection system comprisíng a
syringe that cornprises a cartridge, wherein said cartridge contains said immunosuppressive
drug in a formulation suitable for injection. ln certain embodirnents, said drug that inhibits
complement activity and said immunosuppressive drug are in an injection system comprising
a syringe that comprises a cartridge, wherein said cartridge contains said ¿rug and said
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Overvievai: Rejection of Transplants or Grafts 20Hyperaeute rejection occurs within minutes
to hours after transplant and is due to preformed antibodies to the transplanted tissue
antigens. It is characterized by hemorrhage and thrombotic occlusion of the graft
YaSC,31131tBre. The binding of antibody to endothelium activates complement, and antibody
and complement induce a number of changes in the graft endothelium that promote
intravascular thrombosis and lead to vascular occlusion, the result being that the grafted
organ suffers irreversible ischen-iic damage (Abbas et al., 2000). Hyperacute rejection is often
mediated by preexisting Igivf al/carnal-odic:3, e.g., those directed against the A130 blood
group antigens expressed on red blood cells. This type of rejection, mediated by natural
antibodies, is the main reason for rejection of xenotransplants. Hyperaciate rejection due to
natural IgIvl antibodies is no longer a major problem with  30 allografis because allografts are
usually selected to match the donor and recipient ADO type. Hweracute rejection of an ABC)
matched allograft may still occur, usually mediated by igG antibodies directed against protein
alloardigens, such as foreign MI-IC molecules, or against  WO
2001143114PC-17052007.1005290 16 loss well defined alloantigens expressed on vascular
endothelial cells. Such antibodies may arise as a result of prior exposure to alloantigens
through blood transfusion, prior transplantation, or multiple pregnancies (this prior exposure
being referred to as . "presensitization"), Abbas et al., 2000.        Acute rejection is a process
of vascular and parenchymal injury mediated by T cells, macrophages, and antibodies that
usually begins after the first week of transplantation. Abbas et al., 2001. T lymphocytes play a
central role in acute rejection by responding to alloaritigens, including iv111C molecules,
present on vascular endothelial and parenchymal cells. The activated T cells cause direct
lysis of graft cells or produce cytokines that recruit 10and activate inflammatory cells, which
cause necrosis, Both CD44 and CD S+ cells may contribute to acute rejection. The
destruction of allogeneic cells in a graft is highly specific and a hallmark of CDS- eytotoxic T
lymphocyte killing. Abbas et at, 2000. CD4+ T cells may be important in mediating acute graft
rejection by secreting cytokines and inducing delayed-type hypersensitivity-like reactions in
grafts, with some evidence available that 15indicates that CDC' T cells are sufficient to
mediate acute rejection. Abbas et at., 2000. Antibodies can also mediate acute rejection after
a graft recipient mounts a hurnotai immune response to vessel wall antigens and the
antibodies that are produced bind to the vessel wail and activate complement. Abbas et at,
2000. Chronic rejection is characterized by fibrosis with loss of normal organ structures 20
occurring over a prolonged period. The pathogenesis of chronic rejection is less well
understood than that of acute rejection. Graft arterial occlusion may occur as a result of the
proliferation of intim. ail smooth muscle cells (Abbas et al., 2000). This process is called
accelerated or graft arteriosclerosis and can develop in any vascularized organ transplant
within 6 months to a year after transplantation. 25For a transplant to be successful, the
several modes of rejection must be overcome, Multiple approaches are utilized in preventing
rejection. This may require administration of imanunosuppressants, often several types to
prevent the various modes of attack, e.g., inhibition of T-cell attack, antibodies, and eytokine
and complement effects. Prescreening of donors to match them with recipients is also a major
factor in preventing rejection, especially 
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immunosuppressive drug in a formulation suitable for injection. In certain embodiments, said

drug that inhibits complement activity is present in unit dosage form. In.certain

embodiments, said immunosuppressive drug is present in unit dosage form.

In certain embodiments, said antibody inhibits the formation of terminal complement
or C5a' In certain embodiments, the antibodyis a whole antíbody or an antibody fragment.
In certain embodirnents, said whole antibody or antibody fragrnent is a human, humanized,

chimerized or deimmunized antibody or antibody Êagment. In certain ernbodiments, said

whole antibody or antibody fragment inhibits cleavage of complement C5. In certain
embodiments, said antibody fragment is selected from the group consisting of an Fab, an

F(ab')2, an Fv, a domain antibod¡ and a single'chain antibody. In certain embodiments, said
antibody fragment is pexelizumab. In certain embodiments, said whole antibody is
eculizumab.

The application contemplates combinations of any of the foregoing aspects and

embodiments.

BRTEF DESCRTPTION OF THE DRAV/INGS

Figures lA-lD show anti-donor antibody levels in presensitized versus unsensitized

recipients under di fferent trsatments.

Figures 2A and 28 show comparison between triple therapy using anti-C5 antibody,
CsA and CyP in presensitized allografr recipients a¡rd combination therapy using only anti-C5
antibody and CsA in presensitized allogra-fr recipients. Figure 2A compares heafl-allograft
survival in various recipients under different treatments as indicated. Figure 2B shows
histology and imrnunohistotogy, for example, for lymphoc¡e infiltration in heart allografts of
recipients in different groups.

Figure 3 shows blocked terminal complement activity by anti-C5 antibody as

compared to immunosuppressive agents-

Figures 4A-4D compare levels of anti-donor antibodies in presensitized recipients of
allografrs under monotherapy with anti-C5 antibody alone, double combination therapy with
anti-C5 antibody and CsA, and triple combination therapy ì¡/ith anti-Cs anribody, CsA and

cvP.

Figures 5 shows change of ratios of IgG isot¡pes in allograft recipients that were
untreated or under different Eeatments.

l0

t4

l5

PCT/US2007/00s2e0

20

25

30

30in preventing hyperacute rejection, linnaurtoadsorption of anti-BLA antibodies prior to
grafting may reduce byperacute rejection. Prior to transplantation the recipient or host may be
administered anti-T cell reagents, e.g., the monoclonal antibody OKT3, Anti-Thymocyte
Globulin (ATO), cyclosporin A, or tacrolinaus (FTC 506). Additionally, glococorticoids  WO
2007/103134PC-1711S2007/0115290 17 anclior azathioprine (or other purine analogs) may
be administered to the host prior to transplant. Drugs used to aid in preventing transplant
rejection include, but are not iitrilled to, ATG or ALG, 01CT3, daclizumab, basiliximab,
corticosteroids, 5-deoxyspergualin, LF I 5- 0195, cyelosporins, taerolimus, panne analogs
such as azathioprine, tnethotrexate, 5mycoplienolate mofelii, 6-mercaptopurine, bredinin,
brequinar, leflunamide, cyclophospharnide, sirolimos, anti-CD4 monoclonal antibodies,
CTLA4-Ig, ribixan, anti-CD 154 monoclonal antibodies, anti-LFA1 monoclonal antibodies,
anti-LFA-3 monoclonal antibodies, anti-CD2 monoclonal antibodies, and anti-C-045. Allografts
are rejected in part by the activation of T cells. The transplant recipient 10mounts a rejection
response following CDC T cell recognition of foreign antigens in the allograft. These antigens
are encoded by the major histocompatibility complex (VIFIC). There are both Class 1 and
Class H MF1C molecules. In humans the class I MHC molecules are 111,A-A, 111,A-H, and
FILA-C. The class H MHC molecules in humans are called NIA-DR, HIA-DC4 and HLA-DP. In
mice the class 1 MFIC molecules are 14-2K, H-2D and H-21., 15and the class 11 MILIC
molecules are 1-A and I-F. When CD4+ T cells bind the foreign MI-IC antigens they are
activated and undergo clonal proliferation. The activated T cells secrete eytokines which aid in
activating monocytesimacrophages, B cells and cytotozie CD84 T cells. The activated
monocytes/macrophages release agents which result in tissue damage, the B cells produce
alloantibodies which lead to complement mediated tissue destruction, and 20the CD8+ T cells
kill graft cells in an antigen-specific manner through induction ot'apoptosis and cell lysis.
Ingenunosuppressive Agents The numerous drugs utilized to delay graft rejection (i.e., to
prolong their survival) work in a variety of ways. immunosuppressive agents are widely used.
See Stepkowski, 252000, for a review of the mechanism of action of several
immunostippressive drugs. 
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Figure 6 shows high-level expression of Bcl-2 and Bcl-xl proteins in long-term

suwiving heart grafts as compared to heart grafts of untreated animals.

Figures 7A-7C show improved second transplantation (re-transplantation) of an

accommodated graft from a first transplantation recipient.

Figures 8A-88 show results from re-transplantation experiments.

Figures 9A-98 show results from re-transplantation experiments.

Figures l0A-l0D show anti-donor antibody levels in presensitized versus

unsensi ti zed recipi ents under di fferent treatrnents.

Figures I lA-t lC show anti-C5 rnAb in combination with CsA and LF achieves

indefinite kidney graft survival in presensitized rnice.

Figure 12 shows complement hemolytic activity was completety inhibited in
presensitized BALB/c mouse sera.

Figures 134-l3B show change of ratios of IgG isotypes in allograft recipients that

were untreated or under different treatments.

Figure 14 shows expression of protective proteins in long-term surviving kidney
grafls of presensitized recipients.

DETAILED DESCRIPTION

Overview: Rejection of Transplants or Grafts

H¡peracute rejection occurs within minutes to hours after transplant and is due to
preformed antibodies to the transplanted tissue antigens. [t is characterized by hemorrhage

and thrombotic occlusion of the graft vasculature. The binding of antibody to endothelium

activates complernent, and antibody and complement induce a number of changes in the grafr

endothelium that promote intravascular thrombosis and lead to vascular occlusion, the result

being that the grafled organ suffers irreversible ischemic darnage (Abbas et al., 2000).

H¡peracute rejection is often mediated by preexisting IgM alloantibodies, e.g., those directed

against the ABO blood goup antigens expressed on red blood cells- This t¡rpe of rejection,

mediated by natural antibodies, is the main reason for rejection of xenotransplants.

H¡peracute rejection due to natural IgM antibodies is no longer a major problem with
allografts because allografts are usually selected to match the donor and recipient ABO type.

H¡peracute rejection of an ABO matched allograft may still occur, usually mediated by IgG
antibodies directed against protein alloantigens, such as foreign MHC molecules, or against

15

lo

l5

PCTru32007/00s290

20

25

30

Cyclosporin A is one of the most widely used itntritinosuppressive drugs for inhibiting graft
rejection. It is an inhibitor of interletakin-2 or 1L-2 (it prevents rri.RNA transcription of
interletikin-2). More directly, cyclosporin inhibits ealcineurin activation that normally occurs
upon T cell receptor stimulation. Calcineurin depbosphorylates NFAT (nuclear factor of
.30activated T cells) enabling it to enter the nucleus and bind to interiettkin-2 promoter. By
blocking this process, cyclosporin A inhibits the activation of the C04 1' cells and the resulting
cascade of events which would otherwise occur_ Tnerotirmis is another immunosuppressant
that acts by inhibiting the production of interleukin-2.  WO 2007/103134PCT/US2007/005296
18 Raparnyein (Sirotimus), SDZ RAD, and interletakin-2 receptor blockers are drugs that
inhibit the action of interleukin-2 and therefore prevent the cascade of events described
above. Inhibitors olptirine or pyrimidine biosynthesis are also used to inhibit graft rejection,
5These prevent DNA synthesis and thereby inhibit cell division including the ability IT cells to
divide. The Math is the inhibition of T cell activity by preventing the formation of new T cells.
Inhibitors of purine synthesis include azathiciprine, methotrexate, ntycopheriolate mofetil
(WIMP) and rnizoribine (bredinin). Inhibitors of pyrirnidine synthesis include, brequinar sodium
and le thinomide. Cyclopbosphamide is an inhibitor of both purine and 10pyrirnidine synthesis,
Yet another method for inhibiting T cell activation is to treat the recipient with antibodies to T
cells. OKT3 is a murine monoclonal antibody against CD3 which is part of the T cSI receptor,
This antibody inhibits the T cell receptor and suppresses T cell activation. Numerous other
drugs and methods for delaying allotransplant rejection are known to 15and used by those of
skill in the art. One approach has been to deplete T cells, e.g., by irradiation. This has Mien
been used in bone marrow transplants, especially if there is a partial mismatch of major 14LA.
Administration to the recipient of an inhibitor (blocker) of the CD40 ligand-Ca40 interaction
and/or a bloeker of the CD28-B7 interaction has been used (U.S. Patent 6,280,957),
Published PCT patent application WO 01/37860 teaches the 20administration of an anti-CD3
monoclonal antibody and IL-5 to inhibit the Thl immune 
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less well defìned alloantigens expressed on vascular endothelial cells- such antibodies may
arise as a result of prior exposure to alloantigens through blood transfusion, prior
transplantation, or multiple pregnancies (this prior exposure being referred to as
"presensitization"). Abbas et al., 2000.

Acute rejection is a process of vascular and parenchymal injury mediated by T cells,
macrophages, and antibodics that usually begins after the first week of transplantation.
Abbas et al., 2001. T lymphoc¡es play a central role in acute rejection by responding to
alloantigens, including MHC molecules, present on vascular endothelial and parenchymal
cells' The activated T cells cause direct lysis of graft cells or produce cytokines that recruit
and activate inflammatory cells, which cause necrosis. Both CD4+ and CDg+ cells rnay
contribute to acute rejection. The destruction of allogeneic cells in a grafr is highly specific
and a hallmark of cD8* cytotoxic T lymphocyte killing. Abbas et a1.,2000. cD4* T cells
may be important in rnediating acute graft rejection by secreting cytokines and inducing
delayed-t¡pe h¡persensitivity-like reactions in grafts, with some evidence available that
indicates that CD4* T cells are sufficient to mediate acute rejection. Abbas et al., 2000.
Antibodies can also rnediate acute rejection after a graft recipient mounts a humo¡al immune
response to vessel wall antigens and the antibodies that are produced bind to the vessel wall
and activate cornplement. Abbas et al_, 2000.

Chronic rejection is characterized by fibrosis with loss of normat organ srructures
occurring over a prolonged period. The pathogenesis of ch¡onic rejection is less well
understood than that of acute rejection. Graft arterial occlusion may occur as a result of the
proliferation of intimal smooth muscte cells (Abbas et al., 2ooo). This process is called
accelerated or graft arteriosclerosis and can develop in any vascularized organ transplant
within 6 months to a year after transplantation.

For a transplant to be successful, the several modes of rejection rnust be or,ercome.
Multiple approaches are utilized in preventing rejection. This may require administration of
immunosuppressants, oflen several types to prevet]t the various modes of attack, e.g.,
inhibition of T-cell altack, antibodies, and cytokine and complernent effects- prescreening of
donors to match them with recipients is also a major factor in preventing rejection, especially
in preventing h¡peracute rejection. Immunoadsorption of anti-HLA antibodies prior to
grafting may reduce h¡zperacute rejection. Prior to transplantation the recipient or ¡ost rnay
be administered anti-T cell reagents, €.g., the monoclonat antibody oKT3, Anti-Thyrnoc¡e
Globulin (ATG), cyclosporin A, or tacrolimus (FK 506). Add¡tionalty, glucocorticoids
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response. Published PCT patent application WO 00/27421 teaches a method for prophylaxis
or treatment of corneal transplant rejection by administering a tumor necrosis factor-a
antagonist. Clotz et al. (2002) show that administration of intravenous inamonoglobulins (Wig)
can induce a profound and sustained decrease in the titers of anti-HLA antibodies 25thereby
allowing a transplant of an MLA-mismatched organ. Similar protocols have included plasma
exchanges (Taube et al., 1984) or immunoadsorption techniques coupled to
itnimmosuppressive agents (Fliesse et M., 1992) or a combination of these (Montgomery et
al., 2000). Cbarigelian et al. (2003) teach a model in which immunosuppression is caused by
an oral inhibitor of Janus kinase 3 (.1AK3) which is an enzyme necessary for the proper
30signaling of cytokine receptors which use the common gamma chain (ve) (Interleukins-2,
-4, -7, -9, 45, -21), the result being an inhibition of T cell activation. Antisense nucleic acids
against ICAM-I have been used alone or in combination with a monoclonal antibody specific
for leukocyte-function associated antigen I (L.FA-1) in a study of heart allcgrail  WO
2007/103134PCMJS2007/005290 19 transplantation (Stepkowski, 2000). Similarly, an
anti-ICA:M1 antibody has been used in combination with artli-LPA-1 antibody to treat heart
allografts (Stepkowski, 2000). Aritisense oligonucleotides have additionally been used in
conjunction with cydosporin in rat heart or kidney allograil models, resulting in a synergistic
effect to gmlong the survival of the grafts (Stepkowski, 2000). Chronic transplant rejection has
been treated by administering an antagonist of TGF-P which is a eytokine involved in
differentiation, proliferation and apoptosisPatent. Application Publication US 2003%0180301).
Compkment and Transplant/Grafe Rejection The role of complement in transplant rejection is
well known. This is especially true 10in the case of xenotransplantation, but complement also
plays a role in ailotransplant rejection. For review, see Platt and Sandi, 1999. One aspect of
comdenterit's role is that ischemia-reperfusion injury may occur at the time that an organ graft
is reperthsed with the blood of the recipient. Complement may also cause some
manifestations of dlograft rejection, 15The complement system is described in detail in U.S.
Patent 6,355,245. The complement system acts in conjunction with other immunological
systems of the body to defend against intrusion of cellular and viral pathogens. There are at
least 25 complement proteins, which are found as a complex collection of plasma proteins
and membrane cofactors. The plasma proteins make up about 10% of the globulins in
vertebrate serum. 20 Complement components achieve their immune defensive functions by
interacting in a series of intricate but precise enzymatic cleavage and membrane binding
events. The resulting complement cascade leads to the production of products with opsonie,
immunoregulatory, and lytic functions. 
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and/or azathioprine (or other purine analogs) may be administered to the host prior to
transplant' Drugs used to aid in preventing transplant rejection include, but are not timited to,
ATG orALG, OKT3, daclizumab, basiliximab, corticosteroids, l5-deoxyspergualin, LFI5-
0195, cyclosporins, tacrolimus, purine analogs such as azathioprine, methotrexate,

mycophenolate mofetil, 6-mercaptopurine, bredinin, brequinar, Ieflunamirte,
cyclophosphamide, sirolimus, anti-CD4 monoclonal antibodies, CTLL4-Ig,rituxan, anti-
CDl54 monoclonal antibodies, anti-LFAI monoclonal antibodìes, anti-LFA-3 monoclonal
antibodies, anti-CD2 monoclonal antibodies, and anti-CD45.

Allografts are rejected in part by the activation of T cells. The transplant recipient
mounts a rejection response following CD4+ T cell recognition of foreign antigens in the
allograft' These antigens are encoded by the major histocompatibility complex (MHC).
There are both Class I and Class II MHC molecules. In humans the class I MHC molecules
are HLA-A, HLA-B, and HLA-C. The class II MHC molecules in humans are called HLA-
DR, HLA-DQ and HLA-DP. ln mice the class I MHC molecules are H-2K, H-2D and H-2L
and the class II MHC molecules are l-A and I-8. When CD4" T cells bind the foreign MHC
antigens they are activaled and undergo clonal proliferation. The activated T cells sesrete
c¡rtokines which aid in activating monocfles/rnacrophages, B cells and cytotoxic CDg* T
cells. The activated monoc¡rtes/macrophages release agents which result in tissue damage,
the B cells produce alloantibodies which lead to comptement mediated tissue destruction, and
the CD8* T celts kill graft cetls in an antigen-specific manner througb induction of apoptosis
and cell lysis.

fmmu nos uppres s ive A g e n ts

The numerous drugs utilized to delay graft rejection (i.e., to prolong their survival)
work in a variety of ways. Immunosuppressive agents are widely used. See Stepkowski,
2000' for a review of the mechanism of action of several immunosuppressive drugs.

Cyclosporin A is one of the most widely used immunosuppressive drugs for inhibiting graft
rejection. It is an inhibitor of interleukin-2 or IL-2 (it prevents mRNA transcription of
interleukin-2). More directly, cyclosporin inhibits calcineurin activation that normally occurs
upon T cell receptor stimulation. Calcineurin dephosphorylates NFAT (nuclear factor of
activated T cells) enabling it to enter the nucleus and bind to interleukin-2 promoter. By
blocking this process, cyclosporin A inhibits the activation of the CD4* T cells and the
resulting cascade of events which would otherwise occur- Tacrolimus is another

immunosuppressant that acts by inhibiting the production of interleukin-2.
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The complement cascade progresses via the classical pathway or the alternative pathway.
These pathways share many components and, while they differ in their initial steps, they
converge and share the same "terminal complement" components (CS through (:9)
responsible for the activation and destruction of target cells.       The classical complement
pathway is typically initiated by antibody recognition of and binding to an antigenic site on a
target cell. The alternative pathway is usually antibody 30independent and can he initiated by
certain molecules on pathogen surfaces. Both pathways converge at the point where
complement component C3 is cleaved by an active protease (which is different in each
pathway) to yield C3a and C3b. Other pathways activating  WO
2007/103134PC111192007/045290 10 complement attack can act later in the sequence of
events leading to various aspects of complement function.       C3a is an anaphylataxim C3h
binds to bacterial and other cells, as well as to certain viruses and immune complexes, and
tags them for removal from the circulation. C3b in this role is known as (insulin. The opsortic
function of C3b is considered to be the most important anti-infective action of the complement
system. Patients with genetic lesions that block C3b function are prone to infection by a broad
variety of pathogenic organisms, while patients with lesions later in the complement cascade
sequence, i.e., patients with lesions that block C5 functions, are found to be more prone only
to Neisseria infection, and then only 10 somewhat more prone (Fearon, 1983).       (Bb also
fortris a complex with other components unique to each pathway to form classical or
alternative C5 convertase, which cleaves C5 into C5a and C5b. C3 is thus regarded as the
central protein in the complement reaction sequence since it is essential to both the
alternative and classical pathways (Wurzner ef a)., 1991). This property of C3b is 15regulated
by the serum protease Factor I, which acts on C3b to produce iC3b. While still functional as
opsonin, iC3b cannot form an active C5 GOE3VeSiase,. C5 is a 190 kDa beta globulin found
in normal serum at approximately 75 rigtinL (0.4 itIvi). C5 is evcosylated, with about 1,5-3
percent of its mass attributed to carbohydrate. Mature C5 is a heterodimer of a 999 amino
acid 315 IcE/a alpha chain that is disulfide linked 20 to a 656 amino acid 75 kna beta chain.
C5 is synthesized as a single chain precursor protein product of a single copy gene (liaviland
et al., 1991). The cDNA sequence of the transcript of this gene predicts a secreted pro-05
precursor of 1659 amino acids along with an 18 amino acid leader sequence. The pro-05
precursor is cleaved after amino acid 655 and 659, to yield the beta chain 25as an amino
terminal fragment (amino acid residues +1 to 655) and the alpha chain as 3 
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Rapamycin (Sirolimus), SDZ RAD, and interleukin-2 receptor blockers are drugs that
inÌ¡ibit the action of interleukin-2 and therefore prevent the cascade of events described

above.

Inhibítors of purine or pyrimidine biosynthesis are also used to inhibit graft rejection-
These prevent DNA synthesis and thereby inhibit cell division including the ability of T celts
to divide. The result is the inhibition of T cell activity by preventing the formation of new T
cells. Inhibitors of purine s¡mthesis include azathioprine, methotrexate, mycophenolate

mofetil (MMF) and rnizoribine (bredinin). lnhibitors of pyrimidine synthesis include
brequinar sodium and leflunomide. Cyclophosphamide is an inhibitor of both purine and
pyrimidine synthesis.

Yet another method for inhibiting T cell activation is to treat the recipient with
antibodies to T cells. OKT3 is a murine monoclonal antibody against CD3 which is part of
the T cell receptor. This antibody inhibits the T cell receptor and suppresses T cell activation.

Numerous other drugs and methods for delaying allotransplant rejection are known to
and used by those of skill in the art. one approach has been to deplete T cells, e.g., by
irradiation. This has ofien been used in bone marrow transplants, especially if there is a
pafial mismatch of major HLA. Administration to the recipient of an inhibitor (blocker) of
the CD40 ligand-CD4O interaction and/or a blocker of the CD28-BZ interaction has been
used (U.S. Patent 6,280,957). Published PCT patent application V/O 0l/3?860 teaches the
administratio¡.¡ of an anti-CD3 monoclonal antibody and IL-5 to inhibit the Thl immune
response- Published PCT patent application WO O\lzt42l teaches a method for prophylaxis
or treatment of comeal hansplant rejection by administering ä tumor necrosis factor-c
antagonist. Glotz et al. (2OO2) show that administration of intravenous immunoglobulins
(IVIg) can induce a profound and sustained decrease in the titers of anti-HLA antibodies
thereby allowing a transplant of an HlA-mismatched organ. Similar protocols have included
plasma exchanges (Taube et al-, 1984) or immunoadsorption techniques coupled to
immunosuppressive agents (Hiesse et al., I 992'¡ or a combination of these (Montgomery et
al-,2000). Changelian et al. (2003) teach a model in which immunosuppression is caused by
an oral inhibitor of Janus kinase 3 (JAK3) which is an enzyme necessary for the proper
signaling of cytokine receptors which use the common gamma chain (yc) (lnterleukin s-2, -4,
-'1 , -9, -15, -21), the result being an inhibition of T cell activation. Antisense nucleic acids
against ICy'\M-l have been used alone or in cornbination with a monoclonal antibody specifìc
for leukocyte-function associated antigen I (LFA-l) in a studyof hearr ailograft
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carboxyl terminal fragment (amino acid residues 660 to / 658), with four amino acids deleted
between the two.        C5a is cleaved from the alpha chain of C5 by either alternative or dass
cal C.5 conventase as an amino tiatminal fragment comprising the first 74 amino acids of the
alpha chain (i.e., amino acid residues 660-733). Approximately 20 percent of the 11 kDa mass
of C5a is attributed to carbohydrate. The cleavage site for convertase action is at or
immediately adjacent to amino acid residue 731. A compound that would had ra or 294i3Celit
WO 2007/103334Pet IUS2007/003290 21 to this cleavage site would have the potential to
block access of the CS convertase enzymes to the cleavage site and thereby act as a
complement inhibitor.        C5 can also be activated by means other than C5 convertase
activity. Limited trypsin digestion (Minta and Man, 1977; Wetsel and Kolb, 1982) and acid
treatment (Yamamoto and Gewurz, 1978; Vogt et at, 1989) can also cleave C5 and produce
active C5h.        CSa is another anaphylatoxin. C5b combines with C6, C7, and CS to form the
C5b-II complex at the surface of the target cell. Upon binding of several C9 molecules, the
membrane attack complex (MAC, C5b-9, terminal complement complex-TCC) is imolai. When
sufficient numbers of MACE insert into target cell membranes the openings they create (MAC
pores) mediate rapid osmotic lysis of the target cells. Lower, non-lytie concentrations of MACs
can produce other effects. In particular, membrane insertion of small numbers of the C5b-9
complexes into endothelial cells and platelets can cause deleterious cell activation. In some
cases activation may precede cell lysis. As mentioned above, C3 3 and C5a are
ainaphylatoxins. These activated complement 15components can trigger mast cell
degranulation, which releases histamine and other mediators of inflammation, resulting in
smooth muscle contraction, increased vascular permeability, leukocyte activation, and other
inflammatory phenomena including cellular proliferation resulting in hypercellularity. C5a also
functions as 3 chemotactic peptide that serves to attract pro-inflammatory granulocytes to the
site of complement activation. 20Complement-binding recipient antibodies to donor
alloantigens are considered to be the main cause of hyperacute graft rejection. Owing to
pretrarisplant crossmatch testing, this prototype of hunaoral rejection is now rarely observed
(Regele et at, 2001). Data are now showing that Immoral immune mechanisms might
contribute to other types of allograft rejection (Regele et al., 2001). High levels of panel
reactive antibodies indicating Immoral 25presensitization were found to be associated with
inferior kidney graft survival (Opelz., 1992), the appearance of alloantihodies during the
post-transplant period has been reported to predict poor grail outcome (Jeannet et 31., 1970;
Halloran et at, 1992), and selective removal of recipient IgG by immturmadsorption reversed
some rejection episodes indicating the contribution of humoral immune mechanisms to
rejection (Persson et at, 1995; Biltimig et 30at, 2000). Complement activation within a grail
might indicate antibody-mediated graft injury. The complement cleavage product Oki is a
marker for activation of the antibody-  
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transplantation (Stepkowski, 2000). Similarly, an antì-ICAM-l antibody has been used in

combination with anti-LFA-l antibody to treat heart allografts (Stepkowski, 2000).

Antisense oligonucleotides have additionally been used in conjunction with cyclosporin in rat

heart or kidney allograft models, resulting in a synergistic effect to prolong the survival of the

grafts (Stepkowski, 2000). Chronic transplant rejection has been treated by administering an

antagonist of TGF-p which is a c¡okine involved in differentiation, proliferation and

apoptosis (U.S. Patent Application Publication US 2003/0180301).

Complement and Transplant/Graft Rej ection

The role of complement in transplant rejection is well known. This is especially true

in the case of xenotransplantation, but cornplement also plays a role in allotransplant

rejection. For review, see Platt and Saadi, 1999. One aspect of complement's rolc is that

ischemia-reperfusion injury may occur at the time that an organ graft is reperfused with the

blood of the recipient. Cornplement may also cause some manifestations of allograft

rejection.

The complement system is described in detail in U.S. Patent 6,355,245. The

complement system acts in conjunction with other immunological systems of the body to

defend against intrusion of cellular and viral pathogens. There are at least 25 complement

proteins, which are found as a complex collection of plasma proteins and mernbrane

cofactors. The plasma proteins make up about I Oo% of the globulins in vertebrate serum.

Complement components achieve their immune defensive functions by interacting in a series

of intricate but precise enzymatic cleavage and membrane binding events. The resulting

complemenl cascade leads to the production of products with opsonic, immunoregulatory,

and l¡ic functions.

The complernent cascade progresses via the classical pathway or the alternative

pathway. These pathways share many components and, while they diffe¡ in their initial steps,

they converge and share the same "terrninal complement" components (C5 through C9)

responsible for the activation and destruction of target cells.

The classical complement pathway is typically initiated by antibody recognition of
and binding to an antigenic site on a target cell. The altemative pathway is usualty antibody

independent and can be initiated by certain molecules on pathogen surfaces- Both pathways

converge at the point where complernent component C3 is cleaved by an active protease

(which is different in each pathway) to yield C3a and C3b. Other pathways activating
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WO 2007/103134PCTMS200-21003290 22 dependent classical pathway. Capillary Ctivi
deposits in kidney allograft biopsies were associated with poor waft outcome.        Recently
increasing evidence indicates that complement activation significantly contributes to the
sensitization of allografi recipients and the development of tissue injury in idlografts (Platt ct
al., 1999). Antibodies are the most thoroughly investigated mediators of activating the
classical complement pathway. Clinically, alloantibothes arc known to activate complement
(Baldwin et al., 200 t ). Halloran and Collins indicate that Calti deposition in peritubular
capillaries of renal allogratls is a sensitive and diagnostic marker of acute humor& rejeclion
that con-elates strongly with the presence of circulating donor-specific 10antibodies (Collins et
al., 1999; Halloran, 2003). Further supporting evidence is seen in animals with complement
inhibition (Pratt et al., 1996; Pruitt et al., 1991; Forbes et al., 1978) or deficiency (Pratt et al.,
2000; Banter et al., 1995) which exhibit significarttiv reduced inflammatory injury and lowered
anti-donor immune responses. In ABMR, complement is suggested to be activated by the
classical pathway and to play a key role in the pathogenesis 15 (Collard et al., 1997).
Although the role of complement in BAR or acute vascular rejection (AVR) following
xenotransplantation has been well documented (Platt et al., 1999), precise mechanisms of
complement in the pathogenesis of ABMR following allotransplantation has not yet been
elucidated, The CS coniporienf of complement is cleaved to form products with multiple 20pro
tiflarntriatory effects and thus represents an attractive target for complement inhibition within
the immune-mediated inflammatory response. As described above, C5a is a powerful
anaphylatoxin and chernotactic factor. Cellular activation by C5a induces the release of
multiple additional inflammatory mediators (Jose et al., 1983). The complement activation
pathways (classical, alternative, or mannara-binding teeth) pathway) ultimately lead to the
25formation of the cytolytic membrane attack complex C5b-9 (Kirselifunk, 2001), which can
mediate both direct tissue injury by cell lysis, and proinflammatory cell activation at sublytic
doses (Saadi et al., 1995; Papadimitriou et al., 1991). Therefore, blocking both C5a and C5b9
generation may he required for the optimal inhibition of complement-mediated inflammatory
response following transplantation. At the same time, inhibition of the 30complement cascade
at C5 does not impair the generation of C3b, preserving C3b-mediated opsonization of
pathogenic microorganisms as well as solubilization and clearance of immune complexes
(Llszewski, 1993).  WO 2007/103134PCT/US20071005290        The beneficial effect of
anti-05 ritAb has previously been reported in several experimental models including
myocardial reperfusion (Vakeva a al., 1998), systemic lupus erythematostas (Wang et al.,
1995) and rheumatoid arthritis (Wang et al., 1995); as well as in human clinical trials
(Kirschfink, 2001) of antoisurrnme disease, cardiopulmonary bypass and 
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complement attack can act later in the sequence of events leading to various aspects of

complement function.

C3a is an anaphylatoxin- C3b binds to bacterial and other cells, as well as to certain

viruses and immune complexes, and tags them for removal from the circulation. C3b in this

role is known as opsonin. The opsonic function of C3b is considered to be the most

important anti-infective action of the cômplement system- Patients with genetic lesions that

block C3b function are prone to infection by a broad variety of pathogenic organisms, while

patients with lesions later in the complement cascade sequence, i.e., patients with lesions that

block C5 functions, are found to be more prone only to Neisseria infection, and then only

sornewhat more prone (Fearon, 1983).

C3b also forms a complex with other components unique to each pathway to form

classical or alternative C5 convertase, which cleaves C5 into C5a and C5b. C3 is thr¡s

regarded as the central protein in the complement reaction sequence since it is essential to

both the altemative and classical pathways (Wurzner et al., l99l). This property of C3b is

regulated by the serum protease Factor I, which acts on C3b to produce iC3b. While still

fi.¡nctional as opsonin, iC3b cannot form an active C5 convertase.

C5 is a I 90 kDa beta globulin found in normal sen¡m at approxim ately ? 5 pglmL (0.4

pM). C5 is glycosylated, with about l.5-3 percent of its mass attributed to carbohydrate-

Mature C5 is a heterodimer of a 999 amino acid I l5 kDa alpha chain that is disulfide linked

to a 656 amino acid 75 kDa beta chain, C5 is synthesized as a single chain precursor protein

product of a sinþle copy gene (Haviland et al., l99l). The cDNA sequence of the transcript

of this gene predicts a secreted pro-C5 precursor of I 659 amino acids along with an I 8 amino

acid leader seque¡rce.

The pro-C5 precursor is cleaved after amino acid 655 and 659, to yield the beta chain

as an a¡nino terminal fragment (amino acid residues +l to 655) and the alpha chain as a

carboxyl terminal fragment (amino acid residues 660 to 1658), with four amino acids deleted

between the two.

C5a is cleaved from the alpha chain of C5 by either alternative or classical C5

convertase as an amino terminal fragment comprising the first 74 amino acids of the alpha

chain (i.e., amino acid residues 660-733). Approxinrately 2O percerìt of tl¡e I I kDa mass of

C5a is attributed to carbohydrate. The cleavage site for convertase action is at or

immediately adjacent to arnino acid residue 733- A compound that would bind at or adjacent
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5 acute myocardial infarction. In addition, complement inactivation by a functionally blocking
anti-05 monoclonal Ab (mAb) prevented HAR in xenotransplantation models (Kroshus et al.,
1995; Wang et al., 1999).        Methods of delaying allotransplant rejection by administration of
complement inhibitors have been tested, Published PC1 patent application WO 92/10205
discloses the 10use of a combination of cyclusporin and a soluble complement receptor (sat I)
to inhibit rejection of a cardiac al totransplant in a presensitize,d rat model. C:ompleirient
receptor 1 binds complemirnes C3h and C41). Soluble forms of complement receptor I occur
naturally or can be generated via recombinant DNA procedures. These soluble complement
receptors have inhibited in vitro the consequences of complement activation (U.S. Patent
6,057,111). 15In WO 92/1020.5, rats, which had been presensitized to the cardiac anograft
they were receiving, were administered cyclosporin A intramuscularly at 10 mg/kg/day
beginning two days prior to transplant and continued until the tune of graft rejection.
Additionally, soluble complement receptor 1 (sCR1) was administered as a single intravenous
bolus at 15 mafkg immediately prior to reperfusion of the graft. Control animals with no drug
treatment had the 20graft rejected at an average of 3.8 days. Those administered cyelosporin
A alone rejected the grafts at an average of 57 days (this was quite variable with two rats
rejecting quickly at 2 and 4 days and a third rat rejecting at 166 days). Rats administered sCR
/ alone rejected the grans at an average of 44 days. Those rats administered the combination
of eydosporin A and sCR1 rejected the grafts at an average of 147 days, The combination of
chronic 25cyclosporin A and single bolus sCR1 was seen to result in a synergistic effect
greatly prolonging the time until grail rejection. Earlier studies by Mint and Bollinger (1991)
used 3 similar model 0 r a presensitized rat allograti to show that administration of seR I alone
to inactivate complement resulted in increased time before graft rejection. Sims et al. (U.S.
Patent 5,135,916) suggest using inhibitors of complement, e.g., 30CD59 or antibodies against
C7 or C9 to block the formation of the C5b4 complex, to treat the vascular endothelium of
organs and tissues to be transplanted. This would prevent the C5b-9 initiated cell necrosis.
The C5b-9 inactivators would be added to the perfusate or storage medium to protect the
vascular lining cells from ongoing complement activation  WO
2001103134PCIPJS207/005299  during in vitro storage. Additionally the organ or tissue would
be protected from the cytolytic and thrombotic effects arising from complement activation
initiated upon transplantation, thereby circumventing complement mediated acute rejection.
Sims et al. (U.S. Patent 5,573,940 and U.S. Patent 6,100,443) also teach a method of
expressing CD59 in 5the transplanted tissue or organ to protect the transplanted organ from
rejection. This can be accomplished by transfecting the cells being transplanted.        Although
the several drugs developed to date in combination with methods of prescreening donors and
recipients to match the donor allograft to the recipient have over time increased the average
length of time of survival of allografts, many allografts are 
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to this cleavage site would have the potential to block access of the C5 convertase enz¡rmes to

the cleavage site and thereby act as a complernent inhibitor.

C5 can also be activated by means other than C5 convertase activity. Limited trypsin

digestion (Minta and Man, 1977; rvVetsel and Kolb, '1982) and acid treatment (Yamamoto and

Gewurz, 1978; Vogt et al., 1989) can also cleave C5 and produce active C5b.

C5a is another anaphylatoxin. C5b combines with C6, C7, and C8 to form the C5b-8

complex at the surface of the target cell. Upon binding of several C9 molecules, the

membrane attack complex (MAC, C5b-9, terminal complement complex-TCC) is formed.

When sufficient numbers of MACs insert into target cell membranes the openings they create

(MAC pores) mediate rapid osmotic lysis of the target cells. Loweç nonlytic concentrations

of MACs can produce other effects. In particulaç membrane insertion of small numbers of
the C5b-9 complexes into endothelial cells and platelets can cause dèleterious cell activation.

In some cases activation may precede cell lysis.

As mentioned above, C3a and C5a are anaphylatoxins. These activated complement

components can trigger mast cell degranulation, which releases histamine and other

mediators of inflammation, resulting in smooth muscle contraction, increased vascular

permeability, leukoc¡rte activation, and other inflammatory phenomena including cellula¡

proliferation resulting in hypercellularity. C5a also functions as a chemotactic peptide that

serves to attract pro-inflarnmatory granulocytes to the site of complernent activation.

Complement-binding recipient antibodies to donor alloantigens are considered to be

the main cause of hyperacute graft rejection. Owing to pretransplant crossmatch testing, this

prototlpe of humoral rejection is now rarely observed (Regele et al., 2001). Data are now

showing that humoral imrnune mechanisms might contribute to other types of allograft

rejection (Regele et al., 2001). High levels of panel reactive antibodies indicating humoral

presensitization were found to be associated with inferior kidney grafr survival (Opelz, 1992),

the appearance of alloantibodies during the post-transplant period has been reported to predict

poor graft outcome (Jeannet et al., 1970; Halloran et al., I 992), and selective removal of

recipient IgG by immunoadsorption reversed some rejection episodes indicating the

contribution of humoral immune rnechanisrns to rejection (Persson et al., 1995; Böhmig et

al-, 2000). Complement activation within a grafì might indicate antibody-mediated graft

injury- The complement cleavage product C4d is a markcr for activation of the antibody-
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10nonetheless rejected during the life-time of the recipient, hi general, the prior art advances
have mainly been directed to overcoming acute graft rejection. Further, the role of activated
teiminal complement components in antibody-mediated aliograft rejection has not been
examined using inhibitors that specifically target the complement cascade at the C5 protein
level. The methods described herein and as exemplified in the Examples advance the
15allotransplant art by inhibiting chronic; rejection of a/lografts, in particular, allowafis in a
pre-sensitized recipient. New methods are presented for further prolonging allograft survival
by using a proper combination of immonosuppressive drugs in combination with a chronic
administration of a complement inhibitor. Methods and Uses 20The methods disclosed herein
are used to prolong allograll servivaL The methods generally include administering an inhibitor
of complement activity in combination with one or more immunosuppressants.       Suitable
complement inhibitors are known to those olskill in the art. Antibodies can be made to
individual components of activated complement, e.g., antibodies to C5a, C7, C9, 25etc. (see,
e.g., U.S. Patent 6,534,058; published U.S. patent application US 2003/0129187; and U.S.
Patent 5,660,825). Proteins are known which inhibit complement-mediated lysis, including
CD59, CUSS, C046 and other inhibitors of C8 and C9 (see, e.g., U.S. Patent 6,100,443). U.S.
Patent 6,355,245 teaches an antibody which binds to C5 and prevents it from being cleaved
into C5a and C5b thereby preventing the fomiation not only of C5a but also the C5b-9
complex, Proteins known as complement receptors and which hind complement are also
known (see, Published PCT Patent Application WO 92/10205 and U.S. Patent 6,057,131).
Use of soluble forms of complement receptors, e.g., soluble CR1, can  WO
204t7hti3134PCTIUS2071005790 2.5 inhibit the consequences of complement activation
such as neutrophil oxidative burst, complement mediated hernolysis, and C3a and C5a
production. Thoseof skill in the art recognize the above as some, bul not all, of the known
methods of inhibiting complement and its activation. 5Suitable immunosuppressants include,
but are not limited to, ATO or ALO, OKT3, dachzumab, basilixintab, corticasterelds,
1.5-deoxyspergualin, LFI5-0195, cyclosporins, tacrolinius, azathioprine, methotrexate,
mycophenolate rnofctil, 6-mercaptcpurine, bredinin, 
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dependent classical pathway. Capillary C4d deposits in kidney allograft biopsies were

associated with poor graft outcome.

Recently increasing evidence indicates that complement activation sigrrificantly

contributes to the sensitization of allograft recipients and the development of tissue injury in

allografts (Platt et al., 1999). Antibodies are the most thoroughly investigated mediators of
activating the classical complement pathway. Clinically, alloantibodies are known to activate

complement (Baldwin et a|.,2001). Halloran and Collins indicate that C4d deposition in

peritubular capillaries of renal allografrs is a sensitive and diagnostic marker of acute

humoral rejection that correlates strongly with the presence of circulating donor-specific

antibodies (Collins et al., 1999; Halloran, 2003). Further supporting evidence is seen in

animals with complement inhibition (Pratt et al., 1996; Pruitt et al., l99l; Forbes et al., 1978)

or deficiency (Pratt et al., 2000; Baurer et al., 1995) which exhibit significantly reduced

inflammatory injury and lowered anti-donor immune responses. In ABMR, complernent is

suggested to be activated by the classical pathway and to play a key role in the pathogenesis

(Collard et al., 1997). Although the role of complement in HAR or acute vascular rejection

(AVR) following xenotransplantation has been well documented @latt et al., 1999), precise

mechanisms of complement in the pathogenesis of ABMR following allotransplantation has

not yet been elucidated.

The C5 component of complement is cleaved to form products with multiple

proinflammatory effects and thus represents an attractive target for complement inhibition

within the immune-mediated inflammatory response. As described above, C5a is a powerful

anaphylatoxin and chemotactic factor. Cellular activation by C5a induces the release of
multiple additional inflammatory mediators (Jose et al., 1983). The complement activation

pathways (classical, altemative, or mannan-binding lectin pathway) ultimately lead to the

formation of the cytolytic membrane attack complex C5b-9 (Kirschfunk,200l), which can

mediate both direct tissue injury by cell lysis, and proinflammatory cell activation at subl¡ic
doses (Saadi et al., 1995; Papadimitriou et al., l99l). Therefore, blocking both C5a and C5b-

9 generation may be required for the optimal inhibition of complement-mediated

inflammatory response following transplantation. At the sarne time, inhibition of the

complement cascade at C5 docs not impair the generation of C3b, preserving C3b-mediated

opsonization of pathogenic microorganisms as well as solubilization and clearance of
irnmune complexes (Liszewski, I 993).
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brequirtar, lefluraamide, eyelophosphamide, shamus, anti-CD4 monoclonal antibodies,
CTI,A4-1g, ritaxim, anti-CD154 monocional antibodies, anti-LFA1 monoclonal antibodies,
10anti-LFA-3 monoclonal antibodies, anti-CD2 nionoclonal antibodies, and anti-CD45.       An
adlograft can include a transplanted organ, part of an organ, tissue or cell. These include, but
are not limited to heart, kidney, lung, pancreas, liver, vascular tissue, eye, cornea, lens, skin,
bone marrow, muscle, connective tissue, gastrointestinal tissue, nervous tissue, bone, stem
cells, islets, cartilage, henatocytes, and hernatopoietic cells. 15At least part of the reason for
the failure of allogralts is that one response by the recipient of an a/leg-aft is the activation of
complement. This results in the formation of C5a and C5b-9 which are potent prointlammatory
molecules which aid in causing graft failure. Without wishing to be bound by any proposed
theory, Applicants theorized that inhibiting the formation of C5a and C5b-9 or inhibiting C5a
and C5b-9 which was present would aid in  20 preventing graft failure. Furthermore, it was
theorized that so long as the allograft is present, the recipient will continue to attempt to mount
an immune response against the graft, and this response will include attempts to produce C5a
and C5b-9. if not prevented, this complement response will lead to acute vascular rejection in
the short teem and could contribute to chronic grail rejection in the long term. Prior art
methods of using inhibitors of complement activity 25were limited to administering these
inhibitors only at the time of transplant. This was helpful in preventing acute rejection, but as
the results disclosed herein illustrate, improved results are obtained by administration of such
inhibitors for a longer rerm. This long-term administration aids in preventing a chronic rejection
of the allograft as opposed to only aiding in preventing an acute rejection. The result is a
longer term survival of the ifflograft as 30compared to either not administering an inhibitor of
complement activity or administering such an inhibitor only at the time of transplant of the
ailograft. Although very commonly it is desirable that the allograft will survive for the remaining
lifetime of the recipient, there are times when the allograft is needed only for a shorter length
of time, e.g., a bridge organ to  WO 20071103134PCTIEIS2007/005290 26 bridge the time
until the recipient's own organ can recover on its own, at which time the allograil will no longer
be needed. The length of time such a graft will he needed will vary, but will usually be longer
than the lime at which acute rejection would occur and may be long enough for chronic
rejection to occur. This period of desired survival for a bridge graft may 5be several months,
e.g., six months.       To prove that long-term inhibition of complement activity will prolong
allograil survival, experiments were performed in which complement activation was inhibited itt
a chronic iiishion and not merely at the time of transplant. Chronic treatment means treatment
during an extended period up to the lifetime of the allogyalt. This can be daily treatment but
10is riot limited to daily treatment. Chronic treatment will maintain an effective amount of the
drug in the allograft recipient_ For example, a preferred method is to include, the anti-05
monoclonal antibody eculizumab in the treatment. In studies of persons suffering from
paroxysmal nocturnal hernoglobinuriaeculizotnah has been administered at a dose of 900
nag/patient once every 12-14 days. This dosing has been found to completely and 
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The beneficial effect of anti-C5 mAb has previously been reported in several

experimental models including myocardial reperfusion (Vakeva et al-, 1998), systemic lupus

erythematosus (Wang et al., 1996) and rheumatoid arthritis (Wang et al., 1995); as well as in

human clinical trials (Kirschfink, 2001) of autoimmune disease, cardiopulmonary bypass and

acute myocardial infarction. In addition, complement inactivation by a functionally blocking

anti-Cs monoclonal Ab (mAb) prevented HAR in xenotransplantation models (Kroshus et al.,

1995; Wang et al., 1999).

Methods of delaying allotransplant rejection by administration of complernent

inhibitors have been tested. Published PCT patent application WO 92/10205 discloses the

use of a combination of cyclosporin and a soluble complement receptor (sCRl) to inhibit

rejection of a cardiac allotransplant in a presensitized rat model. Complernent receptor I

binds cornplements C3b and C4b. Soluble forms of complement receptor I occur naturally or

can be generated via recombinant DNA procedures. These soluble complement receptors

have inhibited in vitro the consequences of complement activation (U.S. Patent 6,057,131).

ln WO 92/lO2O5, rats, which had been presensitized to the cardiac allograft they were

receiving, were administered cyclosporin A intramuscularly at lO mglkglday beginning two

days prior to transplant and continued until the time of graft rejection. Additionally, soluble

complement receptor I (sCRl ) was administered as a single intravenous bolus at l5 mglkg

immediately prior to reperfusion of the graft. Control animals with no drug treatment had the

grafì rejected at an aveÍage of 3.8 days. Those administered cyclosporin A alone rejected the

grafts at an average of 57 days (this was quite variable with two rats rejecting quickly at 2

and 4 days and a third rat rejecting at 166 days). Rats administered sCRl alone rejectecl the

grafts at an average of 44 days. Those rats administered the combination of cyclosporin A
and sCRl rejected the grafts at an average of 147 days. The combination of chronic

cyclosporin A and single bolus sCRl was seen to result in a synergistic effect geatly
prolonging the time until graft rejection. Ea¡lier studies by Pnritt and Bollinger (l 991) used a

similar model of a presensitized rat allograft to show that administration of sCRl alone to

inactivate complement resulted in increased time before graft rejection.

Sims et al. (U.S. Patent 5,135,916) suggest using inhibitors of complement, e.g.,

CD59 or antibodies against C7 or C9 to block the formation of the C5b-9 complex, to treat

the vascular endothelium of organs and tissues to be transplanted. This would prevent thc

C5b-9 initiated cell necrosis- The C5b-9 inactivators would be added to the perfusate or

storage medium to protect the vascular lining cells from ongoing complement activation
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15consistently block tern3inal complement activity and has greatly inhibited she symptoms of
PNH (lillnien at al., 2004). The administered dose is able to block the effects of complement
for approximately two weeks before the .eculiziirriab is inactivated or removed from the body.
Therefore, a chronic treatment of eculizurnab may he, e.g., the administration of 900 mg to
the allograft recipient once every two weeks for the remaining life-time of the 20patient.
Similarly, other drugs can be delivered chronically as needed, whether this is on a daily basis
or another schedule is requited to tnaintain an effective amount of the drag in the allograft
recipient. Because it is well known that grail rejection can be caused by more than just
complement activation, e.g., by T cell activity, the experiments included immunesuppressants
such as eyelosporin to further aid in preventing graft rejection. 25A preferred method of
inhibiting complement activity is to use a monoclonal antibody which binds to complement C5
and prevents C5 from being cleaved. This prevents the formation of both C5a and C5b-9
while at the same time allowing the formation of C3a and C3b which are beneficial to the
recipient. Such antibodies that are specific to human complement are known (U.S. Patent
6,355,245). These antibodies disclosed in U.S. Patent 62355,245 include both a whole or
lull-length antibody (now named eculizornah) and a single-chair. antibody (now named
pexelikurnah). A similar antibody against mouse C5 is called BB5. i (Frei et al., 1987). BB5.1
was utilized in the experiments set forth below. Antibodies to inhibit complement activity need
not he monoclonal antibodies. They can be,  WO 20071103134PCI1U820471005290 27 e.g.,
polyclonal antibodies. They may additionally be antibody fragments. An antibody fragment
includes, but is not limited to, an Fab, Ralf), F(ab')2, a single-chain antibody, a domain
antibody and an Fv. Furthermore, it is well known by those of skill in the art that antibodies
can be humanized (Jones et al., 1986), chimerized, or deimmunized. An antibody may also
comprise a mutated Fe portion, such that the mutant Fe does not activate complement. The
antibodies to be used in the present disclosure may be any of these. it is preferable to use
humanized antibodies when the recipient of the allograft is a human. Adrninislralion and
Formulations Administration of the inhibitor of complement activity is performed according to
30methods known to those of skill in the art. These inhibitors are administered preferably
before the time of allowaft transplantation or at the time of transplantation with administration
continuing in a chronic fashion. These inhibitors can additionally be administered during a
rejection episode in the event such an episode does occur. The present disclosure also
provides uses of a drug that inhibits complement activity 15 and an immonosuppressive agent
in the manufacture of a medicament or medicament package. Such medicament or
medicament package is useful in prolonging allograll survival in a recipient, in particular,
chronic survival of the ailograft. In prefetrd embodiments, the medicament or medicament
package is formulated and prepared such that it is suitable for chronic administration to the
recipient of the allograft, for example, stable formulations are 20 employed. in certain
embodiments, the medicament or medicament package is formulated and prepared such that
it is suitable for concurrent administration of the drug that inhibits complement activity and the
immunosunpressive drug to the recipient of the allograft. In certain embodiments, the
medicament or medicament package is formulated and prepared such that it is suitable for
sequential (in either order) administration of the drug that inhibits 25complement activity and
the immonosuppressive drug to the recipient of the adlearaft. 
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during in vitro storage. Additionally the organ or tissue would be protected frorn the

cytolytic and thrombotic effects arising from complement activation initiated upon

transplantation, thereby circumventing complement mediated acute rejection- Sims et al-

(U.S. Patent 5,573,940 and U.S. Patent 6,100,443) also teach a method of expressing CD59 in

the transplanted tissue or organ to protect the transplanted qrgan from rejection. This can be

accomplished by transfecting the cells being transplanted.

Although the several drugs developed to date in combination with methods of
prescreening donors and recipients to match the donor allograft to the recipient have over

time increased the average length of tirne of survival of allografts, many allografts are

nonetheless rejected during the life-time of the recipient. In general, the prior art advances

have rnainly been directed to overcolning acute graft rejection. Further, the role of activated

terminaì. cornplement components in antibody-mediated allograft rejection has not been

examined using inhibitors that specifically target the complement cascade at the C5 protein

level. The methods described herein and as exemplified in the Examples advance the

allotransplant art by inhibiting ch¡onic rejection of allografts, in particular, allografts in a
presensitized recipient. New methods are presented for further prolonging allograft survival

by using a proper combination of imrnunosuppressive drugs in combination with a chronic

administration of a complement inhibitor.

Methods and Uses

The methods disclosed herein are used to prolong allograft survival. The methods

generally include administering an inhibitor of complement activity in combination with one

or more immunosuppressants.

Suitable complement inhibitors are known to those of skill in the art. Antibodies can

be made to individual components of activated complement, e.g., antibodies to C5a, C7,C;g,
etc. (see, e.g., u.S. Patent 6,534,058; published u.S. patent application us 2003i0129187;

and U.S. Patent 5,660,825). Proteins are known which inhibit complement-mediated lysis,

including cD59, cD55, cD46 and other inhibitors of c8 and c9 (see, e.g., u.S. patent

6,100,443). U.S. Patent 6,355,245 teaches an antibody which binds to C5 and prevents it
from being cleaved into C5a and C5b thereby preventing tlre formation not only of C5a but

also the C5b-9 complex. Proteins known as complement receptors and which bind

complement are also known (see, Published PCT Patent Application WO 92/10205 and U.S.

Patent 6,o57,13 l). use of soluble forms of complement receptors, e.g., soluble cRl, can
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A pharmaceutical package of the present disclosure may comprise a drug that inhibits
complement activity and at least one itnmunotaippressive agent. The pharmaceutical package
may further comprise a label for chronic administration. The pharmaceutical package may
also comprise a label for self-administration by a patient, for example, a recipient of a 30
transplant grail, or instructions for a caretaker of a recipient of a ITIORsplart graft. in certain
embodiments, the drug and the agent in the pharmaceutical package are in a formulation or
separate formulations that are suitable for chronic administration and/or self-administration,
WO 20071103134PC171157007/905290 - The present disclosure also provides lyophilized
fonnuiations and formulations suitable for injection. Certain embodiments provide a lyophilized
antibody formulation comprising an antibody that inhibits complement activity and a
iyoprotectant. In prefened embodiments, the antibody fern-zeta:ion is suitable for chronic
administration, for example, the antibody formulation is stable. Alternative embodiments
provide an injection system comprising a syringe; the syringe comprises a cartridge containing
an antibody that inhibits complement activity and is in a formulation suitable for injection.
An antibody employed in various embodiments of the present disclosure preferably inhibits
the formation of teimin& complement or C5a. In certain embodiments, antibody that 10inhibits
formation of temainai complement or Cie is a whole antibody or an antibody fragment. The
whole antibody or antibody fragment may be a human, humanized, chimerized or
deimmunized antibody or antibody frawnent. In certain embodiments, the whole antibody or
antibody fragment may inhibit cleavage of complement CS. In certain embodiments, the
antibody fragment is a Fab, an F(ab')2, an Fv, a domain antibody, or a 15single-chain
antibody. In preferred embodiments, the antibody fragment is pexeliztimab. In alternative
preferred embodiments, the whole antibody is eculizuntalt. In certain embodiments, a drug,
such as an antibody, that inhibits complement activity is present in unit dosage form, which
can be particularly suitable for self-administration. Similarly, an irrimunosuppressive agent of
the present disclosure may also be present in unit 20dosage flint. A formulated product of the
present disclosure can be included within a container, typically, for example, a vial, cartridge,
prettied syringe or disposable pen. A closer such as the doser device described in U.S. Patent
6,302,855 may also be used, for example, with an injection system of the present disclosure.
In certain embodiments, eculizumab is delivered in a dosage regimen of 600 rag via 25 25 to
45 minute IV infusion every?  2 days for the first 4 weeks, followed by 900 mg for the fifth
dose?  2 days later, then 900 mg every 14 312 days thereafter. Administration may be via IV
infusion over 25 to 45 minutes. Ecutizismab may be diluted to a final concentration of 5 nigimL
prior to administration. 



\ryo 2007/103134

inhibit the consequences of complement activation such as neutrophil oxidative burst,

complement mediated hemolysis, and C3a and C5a production- Those.of skill in the art

recognize the above as some, but not all, of the known methods of inhibiting complement and

its activation.

Suitable immunosuppressants include, but are not limited to, ATG or ALG, OKT3,
daclizumab, basiliximab, corticosteroids, l5-deoxyspergualin, LFl5-0195, cyclosporins,

tacrolimus, azathioprine, methotrexate, mycophenolate rnofetil, 6-mercaptopurine, bredinin,
brequina¡ leflunamide, cyclophosphamide, sirolimus, anti-CD4 monoclonal antibodies,

CTLA4-Ig, rituxan, anti-CDl54 monoclonal antibodies, anti-LFAI monoclonal antibodies,

anti-LFA-3 monoclonal antibodies, anti-CD2 monoclonal antibodies, and anti-CD45.

An allograft can include a transplanted organ, part of an organ, tissue or cell. These

include, but are not limited to heart, kidney, lung, pancreas, liver, vascular tissue, eye, cornea,

lens, skin, bone marrow, muscle, corureciive tissue, gastrointestinal tissue, nervous tissue,

bone, stem cells, islets, cartilage, hepatocytes, and hematopoietic cells.

At least part of the reason for the failure of allografls is that one response by the
recipient of an allograft is the activation of complement. This results in the formation of C5a
and C5b-9 which are potent proinflammatory molecules which aid in causing graft failure-
Without wishing to be bound by any proposed theory, Appticants theorized that inhibiting the
formation of C5a and C5b-9 or inhibiting C5a a¡d C5b-9 which was present would aid in
preventing grafr failure. Furthermore, it was theorized that so long as the altograft is present,

the recipient will continue to attempt to mount an immune response against the graft, and this
response will include atternpts to produce C5a and C5b-9. If not prevented, this complement

response will lead to acute vascular rejection in the short term and,could contribute to ch¡onic
graft rejection in the long term- Prior art methods of using inhibitors of complement activity
were limited to administering these inhibitors only at the time of transptant. This was helpful
in preventing acute rejection, but as the results disclosed herein illustrate, improved results

are obtained by administration of such inhibitors for a tongerlerm. This long-term

administration aids in preventing a chronic rejection of the atlograft as opposed to only aiding
in prevenling an acute rejection- The result is a longer term survival of the allograff as

compared to either not administering an inhibitor of complement activity or aclministering

such an inhibitor only at the time of transplant of the allograft. Although very commonly it is
desirable that the allografi will survive for the remaining lifetime of the recipient, there are

tinres when the allograft is needed only for a shorter le ngth of time, e.E-, Ã britlge organ to
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A 'stable" formulation is one in which the drug (e.g., an antibody) or agent therein
30essentially retains its physical and chemical stability and integrity upon storage. Various
analytical techniques for measuring protein stability are available in the art and are reviewed
in Peptide and Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New
York, N.Y., Pubs. (1991) and Jones, A. Adv. Drag Delivery Rev. 10: 29-90 (1993). Stability
WO "007/103131PCITU.S2007.101115290 29  can be measured at a selected temperature
for a selected time period. For example, the extent of aggregation following iyophilization and
storage can be used as an indicator of protein stability. For example, a "stable" formulation
may be one wherein less than about 10% and ,preferably less than about 5% of the protein is
present as an aggregate in the formulation. In other embodiments, any increase in aggregate
formation following iyophilizalion and storage of the lyophilized formulation can be determined.
For example, a "stable" lyophilized formulation may be one wherein the increase in aggregate
in the lyophilized formulation is less than about 5% and preferably less than about 3%, when
the lyophilized formulation is stored at 2-8 `t-2 for at least one year. in other emboditnenis,
stability of the protein 10formulation may be measured using a biological activity assay.        A
"reconstituted" formulation is one which has been prepared by dissolving a lyophilized protein
formulation in a diluent such that the protein is dispersed in the reconstituted formulation. The
reconstituted formulation is suitable for administration (e.g. parenteral administration) to a
patient to be treated with the protein of interest and, in certain 15embodiments of the
invention, may be one which is suitable for subcutaneous administration.        An isotonic
reconstituted formulation is preferable in certain embodiments. By "isotonic" is meant that the
formulation of interest has essentially the same osmotic pressure as human blood. Isotonic
formulaiions will generally have an osmotic pressure from about 250 to 350 ariOsin.
lsotordeity can be measured using a vapor pressure or ice-freezing type 20osrnometer, for
example. A "Iyoprotectant" is a molecule which, when combined with a drug (e.g., antibody) of
interest, significantly prevents or reduces chemical and/or physical instability of the drug (e.g.,
antibody) upon lyophilizaticin and subsequent storage. Exemplary lyoprotectants include
sugars such as sucrose or trehalose; an amino acid such as monosodium glutamate or
25histidine; a methylarairie such as betaine; a lyotropic salt such as magnesium sulfate; a
polyol such as trihydric: or higher sugar alcohols, e.g. glycerin, erythri tot, glycerol, arabitol,
xylitol, sorbitol, and mannital; propylene glycol; polyethylene glycol; Plorornics; and
combinations thereof. The preferred iyoproteetant is a non-reducing sugar, such as trehalose
or sucrose, The lyoproteciant is added go the pre-lyophilized formulation in a "iyoprcitecting
30amount" which means that, following lyophilization of the drug (e.g., antibody) in the
presence of the. lyoprotecting amount of the lyaprotectant, the drug (e.g., antibody) essentially
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bridge the time until the recipient's own organ can recover on its own, at which time the

allograft will no longer be needed. The length of time such a graft will be needed will vary,

but will usually be longer than the time at which acute rejection would occur and may be long

enough for chronic rejection to occur. This period of desired survival for a bridge graft may

be several months, e.g., six months.

To prove that long-term inhibition of complement activity will prolong allograft

survival, experiments were performed in which complement activation was inhibited in a

chronic fashion and not merely at the time of transplant. Chronic treatment means treatment

during an extended period up to the lifetime of the allograft. This can be daily treatment but

is not limited to daily treatment. Chronic treatment will maintain an effective amount of the

drug in the allograft recipient. For example, a preferred method is to include the anti-C5

monoolonal antibody eculizurnab in the treatment. In studies of persons suffering from
paroxysmal nocturnal hemoglobinuria (PNH), eculizumab has been administered at a dose of
900 mglpatient once every 12-14 days. This dosing has been found to cornpletely and

consistently block terminal complement activity and has greatly inhibited the syrnptoms of
PNH (Hillmen et al., 2004). The administered dose is able to block the effects of
complement for approximately two weeks before the eculizumab is inactivated or removed

from the body- Therefore, a ch¡onic treahnent of eculizumab may be, e.g., the administration

of 900 mg to the allograft recipient once every two weeks for the remaining life-time of the

patient. Similarly, other drugs can be delivered chronically as needed, whether this is on a

daily basis or another schedule is reguired to maintain an effective amount of the drug in the

allograft recipient. Because it is well known that graft rejection can be caused by more tban

just complement activation, e.g., by T cell activity, the experiments included

immunosuppressants such as cyclosporin to ñ¡rther aid in preventing graft rejection.

A preferred method of inhibiting complement activity is to use a monoclonal antibody

which binds to complement C5 and prevents C5 frorn being cleaved. This prevents the

formation of both C5a and C5b-9 while at the same time allowing the formation of C3a and

C3b which are beneficial to the recipient. Such antibodies that are specific to human

complement are known (U.S. Patent 6,355,245\- These antibodies disclosed in U.S. Parenr

6,355,245 include botlr a whole or full-length antibody (now named eculizumab) and a

single-chain antibody (now named pexelizurnab)- A similar antibody against nrouse C5 is

called BEls.l (Frei et al., 1987). B85.l was utilized in the experiments set forrh below.

Antibodies to inhibit complement activity need not be rnonocìonal antibodies. They can be,
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retains its physical and chemical stability and integrity upon iyophilizmion and storage.  WO
2047;103134PCITUS20071045290 30       The "diluent" of interest herein is one which is
pharmaceutically acceptable (safe and non-toxic for administration lo a human) and is useful
for the preparation of a reconstituted formulation. Exemplary diluents include sterile water,
hactetiostatic water for injection (BWF1), a pH buffered solution (e.g. phosphate-buffered
saline), sterile saline solution, Ringer's solution or dextrose solution.       A "preservative" is a
compound which can be added to the diluent to essentially reduce bacterial action in the
reconstituted formulation, thus facilitating the production of a multi-use reconstituted
formulation, for example. Examples of potential preservatives include
eetadecyldimethylbenzyl ammonium chloride, hexainctlionium chloride, 10henzalkortium
chloride (a mixture of alkylbenzyldimethylammonium chlorides in which the alkyl groups are
long-chain compounds), and benzethonium chloride. Other types of preservatives include
aromatic alcohols such as phenol, butyl and berizyl alcohol, alkyl parabens such as methyl or
propyl parriben, cateehol, resorcinol, cyclohexanol, and m-cresoi. 15A "bulking agent" is a
compound which adds mass to the lyophilized mixture and contributes to the physical
structure of the lyophilized cake (e.g. facilitates the production of an essentially Ullithtall
lyophilized cake which maintains an open pore structure). Exemplary bulking agents include
mannitol, glycine, polyethylene glycol and serbitol. Accordingly, a stable lyophilized antibody
formulation can be prepared using a 20iyoprotectant (preferably a sugar such as sucrose or
trehalose), which lyophilized formulation can be reconstituted to generate a stable
reconstituted formulation having an antibody concentration which is significantly higher (e.g.
from about 2-40 times higher, preferably 3- 10 times higher and most preferably 3-6 times
higher) than the antibody concentration in the pre-lyophilized formulation. Such high protein
concentrations in the reconstituted 25formulation are considered to be particularly useful
where the formulation is intended for subcutaneous administration. Despite the very high
protein concentration in the reconstituted finundation, the reconstituted formulation can be
stable (i.e. fails to display significant or unacceptable levels of chemical or physical instability
of the protein) at 2-8 'C. for at least about 30 days, See U.S. Patent 6,821,515. Tn certain
embodiments, the reconstituted 
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e.9., polyclonal antibodies- They may additionally be antibody fragments. An antibody

ftagment includes, but is not limited to, an Fab, F(ab'), F(ab')2, a single-chain antibody, a

domain antibody and an Fv. Furthermore, it is welt known by those of skill in the art that

antibodies can be hurnanized (Jones et al., 1986), chimerized, or deimmunized. An antibody

may also comprise a mutated Fc portiono such that the mutant Fc does not activate

complement. The antibodìes to be used in the present disclosure may be any of these. lt is
preferable to use humanized antibodies when the recipient of the allograft is a human.

A dminis tra ti o n and Fo r mu Ia tio ns

Administration of the inhibitor of complement activity is performed according to

methods known to those of skill in the art. These inhibitors are administered preferably

before the time of allograft transplantation or at the time of transplantation with

administration continuing in a chronic fashion. These inhibitors can additionally be

administered during a rejection episode in the event such an episode does occur.

The present disclosure also provides uses of a drug that inhibits complement activity
and an immunosuppressive agent in the manufacture of a medicament or medicament

package. Such medicament or medicament package is useful in prolorrging allograft survival

in a recipient, in particular, chronic survival of the allograft. In preferred embodiments, the

medicament or medicament package is formulated and prepared such that it is suitabte for
chronic administration to the recipient of the allograft, for example, stable formulations are

employed. In certain embodiments, the meclicament or medicarnent package is formulated

and prepared such that it is suitable for concurrent administration of the drug that inhibits

complement activity and the immunosuppressive drug to the recipient of the atlograft, In

certain embodiments, the medicament or medicament package is formulated and prepared

such that it is suitable for sequential (in either order) adrninistration of the drug that inhibits
complement activity and the immunosuppressive drug to the recipient of the allograft.

A pharmaceutical package of the present disclosure may coi,nprise a drug that inhibits

complement activity and at least one immunosuppressive agent. The pharmaceutical package

may furlher comprise a label for chronic administration. The pbannaceuticat package rnay

also comprise a label for selÊadministration by a patienl, for example, a recipient of a

transplant graft, or instructions for a caretaker of a recipient of a transplant graft. ln certain

embodiments, the drug aud the agent in the pharmaceutical package are in a formulation or

separate formulations that are suitable for chronic adrninistralion and/or self-administration.
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30formulation is isotonic.       When recortstirated with a diluent comprising a preservative
(such as bacteriost tic water for injection, BWF1), the reconstituted formulation may be used
as a multi-use  WO 2007/103134PCTIUS20071005290 31 formulation. Such a formulation is
useful, for example, where a subject patient requires frequent administrations of the drug or
antibody and/or agent to treat a chronic medical condition. The advantage of a multi-use
formulation is that it facilitates ease of use for the patient, reduces waste by allowing complete
use of vial contents, and results in a siglificant 5cost savings for the manufacturer since
several doses are packaged in a single vial (lower filling and shipping costs).       The present
disclosure also provides a method for preparing a formulation comprising the steps of: (a)
lyophilizing a mixture of an antibody and a lyoprotectent; and (b) reconstituting the lyophilized
mixture of step (a) in a diluent such that the reconstituted 10formulation is isotonic and stable.
An article of manufacture is also provided herein which comprises: (a) a container which bolds
a lyophilized mixture of an antibody and a lyoproteetant; and (b) instructions for reconstituting
the lyophilized mixture with a diluent to a desirable antibody concentration in the reconstituted
formulation. The article of manufacture may further comprise a second 15container which
bolds a diluent (e.g. bacteriostittic water for injection (ElWEI) comprising an aromatic alcohol).
An injection system of the present disclosure may employ a medication delivery pen as
described in U.S. Patent 5,30g,341. Medication delivery pens have been developed to
facilitate the self-administration of medication. A medication of the present disclosure can be
20a drag that inhibits complement activity, for example an antibody specific to complement
CS, and/or an Unnumosuppressive agent. One medication delivery pen includes a vial holder
into which a vial of iBSIdal or other medication may be received The vial holder is an elongate
generally tubular structure with proximal and distal ends, The distal end of the vial holder
includes mounting means for engaging a double-ended needle cannu/a. The proximal end
25also includes mounting means for engaging a pen body which includes a driver and dose
setting apparatus. A disposable medication containing via/ for use with the prior art vial holder
includes a distal end having a pierceabk elastonieric: septum that can be pierced by one end
of a double-ended needle cannula. The proximal end of this vial includes a stopper slitiably
disposed in fluid tight engagement with the cylindrical wall of the vial. This 
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' The present disclosure also provides lyophilized formulations and formulations

suitable for injection. Certain embodiments provide a lyophilized antibody formutation

comprising an antibody that inhibits cornplement activity and a lyoprotectant. In preferred

embodiments, the antibody formulation is suitable for chronic administration, for example,

the antibody formulation is stable. Alternative embodiments provide an injection system

comprising a syringe; the syringe comprises a cartridge containing an antibody that inhibits

complement activity and is in a formulation suitable for injection.

An antibody employed in various embodirnents of the present disclosure preferably

inhibits the formation of terminal cornplement or C5a. In certain embodiments, antibody that

inhibits formation of terminal complement or C5a is a whole antibody or an antibody

fragment. The whole antibody or antibody fragment may be a hurnan, humanized,

chimerized or deimmunized antibody or antibody fragment. ln certain embodiments, the

whole antibody or antibody fragment may inhibit cleavage of complement C5. In certain

embodiments, the antibody fragment is a Fab, an F(ab')2, an Fv, a domain antibody, or a

single-chain antibody. In preferred embodiments, the antibody fragment is pexelizurnab. In
alternative preferred embodiments, the whole antibody is eculizumab.

In certain embodiments, a drug, such as an antibody, that inhibits complement activity
is present in unit dosage form, which can be particularly suitable for self-adrninistration.

Similarly, an immunosuppressive agent of the present disclosure may also be present in unit
dosage form. A formulated product of the present disclosure can be included within a

container, typically, for example, a vial, cartridge, prefilled syringe or disposable pen, A
doser such as the doser device described in U.S. Patent 6,3D2,855 may also be used, fbr
example, with an injection system of the present disclosure.

In certain embodiments, eculizumab is delivered in a dosage regimen of 600 mg via .

25 to 45 minute IV infusion every 7 t 2 days for the first 4 weeks, followed by 900 mg for

the fìfth dose 7 + 2 days later, then 900 rng every 14 + 2 days thereafter. Administration may

be via IV infusion over 25 to 45 minutes. Eculizumab may be diluted to a fìnal concentration

of 5 m{mL prior to administration.

A "stable" formulation is one in which the drug (e.g., an antibody) or agent therein

essentially retains its physical and chemical stability and integrity upon storage. Various

analytical techniques for measuring protein stability are available in the art and are reviewed

in Peptide and Protein Drug Delivery,247-301, Vincent Lee Ed., Marcel Dekker, Inc., New
York, N.Y., Pubs. (1991) and Jones, A. Adv. Drug Delivery Rev. l0: 29-90 (1993). Stability
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30medication delivery pen is used by inserting the vial of medication into the vial holder. A
pen body then is connected to the proximal end of the vial holder. The pen body includes a
dose setting apparatus Icir designating a dose of medication to be delivered by the pen and a
WO 2007/103134PCIMS2007/005290 32 driving apparatus for urging the stopper of the vial
distally %r a distance corresponding to the selected dose.       The user of the pen mounts a
double-ended needle eannula to the distal end of the vial holder such that the proximal point
of the needle cannula pierces the septum on the vial. The 5patient then selects 3 dose and
operates the pen to urge the stopper distally to deliver the selected dose. The dose selecting
apparatus returns to tern upon injection of the selected  dose.. The patient then removes and
discards the needle cannula, and keeps the prior art medication delivery pen in a convenient
location for the next required medication administration. The medication in the vial will
become exhausted after several such  10 administrations of medication. The patient then
separates the vial holdcr from the pea body. The empty vial may then be removed and
discarded. A new vial can be inserted into the viral holder-, and the vial holder and pen body
can be reassembled and used as explained above. Accordingly, a medication delivery pen
generally has a drive mechanism for accurate dosing and case of use. A dosage mechanism
such as a rotatable knob allows the user to 15accurately adjust the amount of medication that
will be injected by the pen from a prepackaged vial of medication. To inject the dose of
medication, the user inserts the needle under the skin and depresses the knob once as far as
it will depress. The pen may be an entirely mechanical device or it may be combined with
electronic circuitry to accurately set and/or indicate the dosage of medication that is injected
into the user. See US, Patent 206,192,891.        The present disclosure also presents
controlled-release or extended-release fbrmulations suitable for chronic and/or
self-administration of a medication.       The various formulations can be administered to a
patient in need of treatment (e.g., a recipient of an allograft) with the medication (e.g., an
antibody of the present disclosure and 25at least one immuncisuppressive agent) by
intravenous administration as a bolus or by 
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can be measured at a selected temperature for a selected time period. For example, the extent

of aggregation following lyophilization and storage can be used as an indicator of protein

stability. For example, a "stable" formulation may be one wherein less than about l0o/g and

'preferably less than about 5%o of the protein is present as an aggregate in the formulation. In
other embodiments, any increase in aggregate forrnation following lyophilization and storage

of the lyophilized formulation can be determined. For example, a "stable" Iyophilized

formulation may be one wherein the increase in aggregate in the lyophilized formulation is
less thar¡ about 50% and preferably less than about 3%o,when the lyophilized formulation is

storecl at 2-8 "C for at least one year. In other embodiments, stability of the protein

formulation may be measured using a biological activity assay.

A "reconstituted" formulation is one which has been prepared by dissolving a

lyophilized protein formulation in a diluent such that the protein is dispersed in the

reconstituted formulation. The reconstituted formulation is suitable for administration (e.g.

parenteral administration) to a patient to be treated with the protein of interest and, in certain

embodiments of the invention, may be one which is suitable for subcutaneous administration.

An isotonic reconstituted formulation is preferable in certain embodiments. By
"isotonic" is meant that the formulation of interest has essentially the same osmotic pressure

as human blood- Isotonic formulations will generally have an osmot¡c pressure from about

250 to 350 mOsm. Isotonicity can be measured using a vapor pressure or ice-freezing tlpe
osmometer, for example.

A "lyoprotectant" is a molecule which, when combined with a drug (e.g., antibocly) of
interest, significantly prevonts or reduces chemical and/or physical instability of the drug
(e.g., antibody) upon lyophilization and zubsequent storage. Exemplary lyoprotectants

include sugars such as sucrose or trehalose; an amino acid such as monosodium glutamate or
histidine; a methylamine such as betaine; a lyotropic salt such as magnesium sulfate; a polyol

such as trihydric or higher sugar alcohols, e.g. glycerin, erlhritol, glycerol, arabitol, xylitol,
sorbitol, and mannitol; propylene glycol; polyethylene glycol; Pluronics; and combinations

thereof- The preferred lyoprotectant is a non-reducing sugar, such as trehalose or sucrose.

The lyoprotectant is added to the pre-lyophilized formulation in a "lyoprotecting

amount" which means that, following lyophilization of the drug (e.g., antibody) in the

presence of the lyoprotecting amount of the lyoprotectant, the drug (e.g., antibody) essentially

retains its physical and chemical stability and integrity upon lyophilization and storage.

29
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continuous infusion over a period of time, by intramuscular, intrapethoneal, intracerobrospinal,
subcutaneous, intra-articular, intrasynovial, intratliecal, oral, topical, or inhalation routes. In
cedain embodiments, a formulation is administered to the patient by subcutaneous 30(Le,
beneath the skin) administration. For such purposes, the formulation may he injected using a
syringe. However, other devices for administration of the formulation are available such as
injection devices (e.g. the Inject-ease(r) and Geniect(r) devices); injector pens (such as  WO
20071103134PCT/US20117/005291t 33  the GenPen0); needleless devices (e.g. Medifectore
and Biolecture); and subcutaneous patch delivery systems.        The present methods and
uses are described with reference to the following Examples, which are offered by way of
illustration and are not intended to limit the disclosure in any manner. Standard techniques
well known in the art or the techniques specifically described below are utilized. The following
abbreviations are used herein: ARMR, antibody-mediated rejection; ACHR, accelerated
Immoral rejection; ACR, acute celluiar rejection; AVR, acute vascular rejection; CsA,
cyclosporin; CyP, cyclophospharnide; HAR, hyperacute rejection; MCP-1, rnoriocyte
chemotactic protein I; MST, mean survival tOtime; POD, postoperative day. Example I
IYIetliodq Animals and immunasuppressive Drags Male adult C31-I (1-1-25 mice and BALB/c
(H-2d) mice (Jackson Labs, Bar Harbor, Maine) weighing 25-30 g were chosen as donors and
15recipients, respectively. In the groups receiving immunosuppression, the recipients were
injected with CiiA (1.5 mg/kg/clay, s.c., daily from day 0 to endpoint rejection or until day 100),
or with CyP (40 mg/kg/day, kv., on day 0 and 1), or with anti-05 rnAb (done B1R5.1, Mexiora
Pharmaceuticals Inc., 40 miNkg/clay, i.p., day 0-2, fbIlowed by twice a week, day 0- 60).
Animals were housed under conventional conditions at the Animal Care Facility, 20University
of Western Ontario, and were cared for in accordance with the guidelines established by the
Canadian Council on Anima/ Care. Olfea-t et al., 1993. 
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The "diluent" of interest herein is one which is pharmaceutically acceptable (safe and

non-toxic for administration to a human) and is useful for the preparation of a reconstituted

formulation. Exemplary diluents include sterile water, bacteriostatic water for injection
(BWFI), a pH buffered solution (e-g. phosphate-buffered saline), sterile saline solution,

Ringer's solution or dextrose solution.

A "preservative" is a compound which can be added to the diluent to essentially

reduce bacterial action in the reconstituted formulation, thus facilitating the production of a
multi-use reconstituted formulation, for example. Examples of potential preservatives

include octadecyldimethylbenzyl ammonium chloride, hexamethonium chtoride,

benzalkonium chloride (a mixture of alkylbenzyldimethylammonium chtorides in which the
alkyl groups are long-chain compounds), and benzethonium chloride. Other types of
preservatives include aromatic alcohols such as phenot, butyl and benzyl alcohol, alkyl
parabens such as methyl or propyl paraben, catechol, resorcinol, cyclohexanol, 3-pentanol,

and m-cresol.

A "bulking agent" is a compound which adds mass to the lyophilized mixture and
contributes to the physical stn¡cture of the lyophilized cake (e.g. facilitates the production of
an essentially uniform lyophilized cake which maintains an open pore structure). Exemplary
bulking agents include mannitol, glycine, polyethytene gtycol and sorbitol.

Accordingly, a stable lyophilized antibody formulation can be prepared using a

lyoprotectant (preferably a sugar such as sucrose or trehalose), which lyophilized formulation
can be reconstituted to generate a stablc reconstituted formulation having an antibody
concentration which is sigrrificantly higher (e.g. from about 2-40 times higher, prefcrably 3-
l0 times higher and most preferably 3-6 times higher) than the antibody concenrration in the
pre-lyophilized formulation. Such high protein concentrations in the reconstituted

formulation are considered to be particularly useful where the fonnulation is intended for
subcutaneous administration. Despite the very high protein concentration in the reconstituted

formulation, the reconstituted formulation can be stable (i.e. fails to display signifìcant or
unacceptable levels of chemical or physical ínstability of the protein) at 2-8 "C. for at leasr

about 30 days. See U-S. Patent 6,821 ,515. In certain embodiments, the reconstitutecl

formulation is isotonic.

When reconstituled with a diluent comprising a preservative (such as bacteriostatic
water for injection, BWFI), the reconstitutecl formulation may be used as a rnuhi-use
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Skin Presensiazation Full-thickness skin grafts taken from C311 donors were cut into square
pieces of lx I ern2 and transplanted onto the back of the BALB/c recipients' thorax one week
prior to heart transplantation from the same donors. Rejection was defined as complete
25necrosis of the skin grafts. Abdominal and Cervical Cardiac Transplantation Seven days
after skin presensdizittion, C3H arouse hearts were transplanted into the abdomen of
prescnsitized BALM; recipients by anastornosing the donor aorta and recipient aorta, and the
donor pulmonary artery and recipient 733 ferior vena cava, in the groups with
re-transplantation, second heart grafts 30harvested from either naive C3J-1 mice or tong-term
surviving presensitired BALB/c recipients were transplanted into the cendeal area of the
recipients carrying a long-term surviving first abdominal heart graft by anastornosing the
donor aorta and recipient carotid  WO 2071103134PC17US20071003290 34 artery, and the
donor pulmonary artery and recipient external/ jugular vein (end-to-side). The heart grafts
were monitored daily until rejection unless otherwise indicated and rejection was defined as
complete cessation of pulsation. Experimental Groups Prcsensitized recipients were randomly
assigned to eight gaups, each 5consisting of eight animals: Group 1, mice with no treatment;
Group 2, mice treated with CsA; Group 3, mice treated with CyP; Group 4, mice treated with
CsA plus CyP; Group 5, mice treated with anti-05 niAb; Group 6, mice treated with anti-05
tnAb plus CsA; Group 7, mice treated with anti-05 niAb plus CyP; Group S, 'mice treated with
anti-G5 mAlti in combination of CsA and Cy?. When cardiac inwere no longer palpable or at
10P013:100, the grafts were removed for routine histology, intratanobistochenalstty and
western blot analysis, scrum samples were collected for flow eytornetric analysis and
complement hemolytic assay. Five additional animals were placed and sacrificed in groups
band 8 on POD3 (MST for groups 1-5, 7) to allow for comparisons at a uniform time point.
Serum samples were also collected on POD 11, 21, 28 and 60 in Group 8 for detecting the
sequential 15changes of anti-donor antibody levels and complement activity. In addition, when
triple therapy treated presensitized recipients carried a first heart graft for 100 days, they were
retransplanted with a second heart. A naive C3Ji heart or a 100-day surviving C31-I heart
from another presensinzed DALBic recipient was used as the second heart. Eight animals
were included in each re-transplant group. 20 Graft Histology Tissue samples were fixed in
10% buffered formaldehyde. Specimens were then embedded in paraffin, and sectioned for
H&E staining. The microscopic sections were  examined in a blinded fashion for severity of
rejection by a pathologist. Criteria for graft rejection included the presence of vasculitis,
thrombosis, hemorrhage and lymphocyte infiltration. These changes were scored as: 0, no
change; 1, minimum change; 2, mild 25change; 3, moderate change; or 4, marked change. 
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formulation. Such a formulation is useful, for example, where a subject patient requires

frequent administrations of the drug or antibody and/or agent to treat a chronic medical

condition. The advantage of a multi-use formulation is that it facilitates ease of use for the

patient, reduces waste by allowing complete use of vial contents, and results in a significant

cost savings for the manufacturer since several doses are packaged in a single vial (lower

filling and shipping costs).

The present disclosure also provides a method for preparing a formulation comprising

the steps of: (a) lyophilizing a mixture ofan antibody and a lyoprotectant; and (b)

reconstituting the lyophilized mixture of step (a) in a diluent such that the reconstituted

formulation is isotonic and stable.

An article of manufacture is also provided herein which comprises: (a) a container

which holds a lyophilized mixture of an antibody and a lyoprotectant; and (b) instructions for
reconstituting the lyophilized mixture with a diluent to a desirable antibody concentration in
the reconstituted formulation. The articte of manufacture may ñ¡rther comprise a second

container which holds a diluent (e.g. bacteriostatic water for injection (BWFI) comprising an

aromatic alcohol)-

An injection system of the present disclosure may employ a medication delivery pen

as described in U-S- Patent 5,308,341. Medication delivery pens have been developed to

facilitate the self-administration of medication. A medication of the present disclosure can be

a drug that inhibits complement activity, for example an antibody specific to complement C5,
and/or an immunosuppressive agent. One medication delivery pen includes a vial holder into
which a vial of insulin or other medication may be received. The vial holder is an etongate

generally tubular structure with proximal and distal ends. The distal end of the vial holder

includes mounting means for engaging a double-ended needìe cannula. The proximal end

also includes mounting means for engaging a pen body which includes a driver and dose

setting apparatus. A disposable rnedication containing vial for use with the prior art vial
holder includes a distal end having a pierceable elastomeric septum lhat can be pierced by

one end of a double-ended needle cannula. The proximal end of this vial includes a stopper

slidably disposed in fìuid tight engagement with the cylindrical wall of the vial. This

medication delivery pen is used by insef ing the vial of medication into the vial holder. A
pen body lhen is connected to the proximal end of the vial holder. The pen body includes a

dose setting apparatus tbr designating a dose of medication to be clelivered by the pen a¡d a

31

to

l5

PCTruS2007/00s290

20

25

30

Inernunohistochemisny Four micrometer sections were cut from tissue samples embedded in
Tissue-Tek OCT gel (Optimum Cutting Temperature, Skura Finetek, Torrance, CA) mounted
on gelatin-coated glass microscope slides and stained by a standard indirect avidinbiotin
immunoperoxidase staining method using an Elite Vectastain ABC kit (Vector 30 Laboratories
Inc., Burlingame, CA). Specimens were stained for CDC and CD8. cells with biotin-conjugated
rat anti-mouse C04 inAt) (clone YTS 191.1.2, Cedarlarte Laboratories Ltd, Domby, Ontario,
Canada) and biotin-conjugated rat anti-mouse CD8 rnAh (clone 53-6.7, Phanningen, Franklin
Lakes, NJ), respectively. Intragraft mortocytehmacrophage infiltration  WO
2007/103134PCl/U320071005290 35 was detected by staining with biotin-conjugated rat
anti-mouse Mac-I rnAh (Cedarhme Laboratories Ltd., Hornby, Ontario, Canada), Mouse Igo
and igIVE deposition in grafts was detected using biotin-conjugated goat anti-mouse-1g and
goat ant -mouseigNI (Cedarlane). For identification of complement deposition, sections were
serially incubated with goat anti- C3 or anti-CS polycilonal Abs (Quidel, San Diego, CA),
biotinylated rabbit anti-goat 1g0 (Vector Laboratories); and HRP-conjugated-streptavidin
(Zymed Laboratories, South San Francisco, CA). Slides were washed with
phosphate-buffered saline between steps, and examined under light microscopy. Negative
controls were performed by omitting the primary antibodies. The iraniunostaining was scored
in five high-power fields of each 10section, and five independent experiments were
performed. The sections of immunciperoxidase staining were gtided from 0 to 4+ according to
the staining intensity 0, negative; 1+, equivocal; 2+, weak staining; 3+, moderate staining; and
4+, very intensive staining. Flow Cytometty The circulating anti-donor specific IgCi and Ighl
antibodies were evaluated 15in the recipient serum by PACScan flow cytometry (Becton
Dickinson, Mountain View, CA). Glotz et al., (1993); 'I'yan et al, (1994). Briefly, C3I-1 mouse
splenocytes were isolated and incubated at 37 `-`(-2 for 30 minutes with serum from naive
control and experimental groups. To stain for total IgG,IgG2a, IgG2b and IgIVI, the cells were
washed and incubated with 19TC-conjugated goat antibody specific for the Fc portion of
mouse IgG or with phycoerytlitin-conjugated goat antibody specific for the p-chain of mouse
igNI (Jackson ImmunoResearch Laboratories, West Grove, PA), or with PITCconjugated goat
anti-mouse fuel (CALTACi Laboratories, Burlingame, CA), or with FiTCconjugaled goat
anti-mouse Ige2a (CALTAG), or with IF-ITC-conjugated goat anti-mouse IgG2b (CALTAG).
After hour of staining at 4"C, the cells were washed with PBS, resuspended at 5x106/m1" and
25analyzed by flow cytometry for mean channel fluorescence intensity, which represents the
antibody-binding reactivity. 
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driving apparatus for urging the stopper of thc vial distally for a distance coresponding to the

selected dose.

The user of the pen mounts a double-ended needle cannula to the distal end of the vial
holder such that the proximal point of the needle cannula pierces the septum on the vial. The

5 patient then selects a dose and operates the pen to urge the stopper distally to deliver the

selected dose. The dose selecting apparatus returns to zero upon injection ofthe selected

dose- The patient then removes and discards the needle cannula, and keeps the prior art

medication delivery pen in a convenient location for the next required medication

administration. The medication in the vial will become exhausted after several such

l0 adrninistrations of medication. The patient then separates the vial holder from the pen body.
The empty vlal rnay then be removed and discarded. A new vial can be inserted into the vial
holdeç and the vial holder and pen body can be reassembled and used as explained above.

Accordingly, a medication delivery pen generally has a drive mechanism for accurate

dosing and ease of use. A dosage mechanism such as a rotatable knob allows the user to
l5 accurately adjust the amount of medication that will be injected by the pen frorn a

prepackaged vial of medication. To inject the dose of medication, the user inserts the needle

under the skin and depresses the knob once as far as it will depress. The pen may be an

entirely mechanical device or it may be combined with electronic circuitry to accurately set

and/or indicate the dosage of medication that is injected into the user. See U.S. patent

20 6,tg2,ggt.

32
PCT/US2007/00s290

The present disclosure also presents controlled-release or extended-release

formulations suitable for chronic and/or self-administration of a medication.

The various formulations can be administered to a patient in need of treatment (e.g., a

recipient of an allograft) with the medication (e.g., an antibody of the present disclosure and

at least one immunosuppressive agent) by intravenous administration as a bolus or by
continuous infusion over a period of time, by intramuscular, intraperitoneat,

intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or
inhalation routes.

25

In certain etnbodinrents, a fonnulation is adrninistered to the patient by subcutaneous

30 (i.e. beneath the skin) aclministration. For such purposes, the forrnulation may be injecled

using a syringe. However, other devices for administration of the formutation are available
such as injection devices (e.g. the Inject-ease@ and Genject@ devices); injector pens (such as

Complement Hemolytic Assay The purified anti-CS inAh was serially diluted twofold (175- 0.1
pigirn1) in GVB24 buffer (gelatin Veronal-buffered saline; 0.1% gelatin, 4l nthl NaC'I, 0.5 rnM
MgC12, 0.15 ntM CaC12, and 1.8 rarvi sodium barbital) and added in triplicate (50 30pl/well)
to a 96-well plate. BALflic mouse serum WaS diluted to 40% Wit with BV&'. buffer and added
(50 jilianlj to the rows of the same 96-well plate such that the final concentration of F3ALB/c
mouse serum in each well was 20%. The plate was then incubated at room temperature for
approximately 30 min while chicken erythrocytes were prepared. Chicken  WO 2007;
103134PeTTUS20071005296 erythrocytes were washed 581 ant with CIVB2 buffer and
resuspended to a final concentration of 5x107/rial in GVB2+. Four milliliters of the chicken
erythrocytes were sensitized by adding anti-chicken RBC polyclonal antibody (Intercell
Technologies, Hopewell, NJ, 0.1% viv) and the cells were incubated at 4C for 15 min with
frequent vrictexing. The cells were then washed 281 ml with OVB21-and resuspended to a
final volume of 2.4 ml in (13/82t. The chicken erythrocytes (30 nifweli; Max 106 cells) were
added to the plate containing serum and anti-05 inAli as described above, mixed well, and
incubated at 37 t for 30 Milt The plate was then centrifuged at 1000xo fin 2 min, and 85 gl of
the supernatant was transferred to a new 96-well micriatiter plate. The plate was read at
10OD 415 DM using a mint-opiate reader alld the percentage of heanolysis was determined
using this formula: (OD sample) - (OD 6VB24 control) % hemolysis = 100 (OD 100% /ystad
control) --- (Of) GVB2+ control) 15 with 100% lysed control obtained by the addition of 100 pi
CV87+ containing 0.1% NP-40 to the 30 pgliril of chicken erythrocytes as prepared above.
Weste.rn Blot Analysis Sonieution of frozen heart samples; was performed in RIPA lysis buffer
(Santa Cruz Biotechnology, Inc.) at 4C for 1 minute at 10-second intervals, followed 20by
microcerarifugation at 13,000 rpm for 10 minutes at 4 'C. Clarified supernatants were
immediately quantitated in triplicate for protein content using Detergent-compatible protean
assay kit (BIO-RAD). Heart lysates (10pg protein/well) were separated on NaPAGE, 4-12%
wadient Bis-Tris gels and NIES buffer system (in vi trogcn) and transferred to polyvinyfidene
difluotide (PstirDE) membrane (0.45 aura pore size; invitrogen) using a semi-dry transfer
25apparatus (B/O-RAD). Membranes were cut appropriately at the correct molecular weights
to allow the development of the blots with two different primary antibodies per blot such that 
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the GenPen@); needleless devices (e.g. MediJector@ and BioJector@); and subcutaneous

patch delivery systems.

The present methods and uses are described with ref,erence to the following
Examples, which are offe¡ecl by way of illustration and are not intended to limit the

disclosure in any manner. Standard techniques well known in the art or the techniques

specifically described below are utilized. The following abbreviations are used herein:
ABMR, antibody-mediated rejection; ACHR, accelerated humoral rejection; ACR, acute

cellular rejection; AVR, acute vascular rejection; CsA, cyclosporin; cyp, cyclophosphamide;
HAR, h¡peracute rejection; MCP-l, monocyte chemotactic protein l; MST, mean survival
time; POD, postoperative day.

Example I

Methods

Animals and Immunosuppressive Drugs Mate adult c3H (H-2k) mice and BALB/c (H-2d)
mice (Jackson Labs, Bar Harbor, Maine) weighing 25-30 g were chosen as donors and
recipients, respectively. In the groups receiving immunosuppression, the recipients were
injected with CsA (l 5 mg/kg/day, s.c-, daily from day 0 to endpoint rejection or until day
100), or with cyP go mglkglday, i.v., on day o and l), or with anti-cs mAb (clone BB5.l,
Alexion Pharmaceuticals Inc., ao mgt<g/dây, i.p., day o-2, followed by twice a week, day 0-
60)- Animals were housed under conventional conditions at the Animal Care Facility,
University of Westem Ontario, and were cared for in accordance with the guidelines

established by the canadian council on Animal care. olfert et al., 1993-

Skin Presensítízation Full-thickness skin grafts taken from C3H donors were cut into square

pieces of I xl cm2 and transplanted onto the back of the BALB/c recipients' thorax one week
prior to heart transplantation from the same donors. Rejection was defìned as cornplete
necrosis ofthe skin grafts.

Abdominal and Cervical Cardiac Transplanlalion Seven clays after skin presensitization,

C3H mouse hearts were transptanted into the abdomen of presensitized BALB/c recipients by
anastomosing the donor aorta and recipient aorta, and the donor pulmonary artery and

recipient inferior vena cava. In the groups with re-transplarrtation, second heart grafts

harvested from either naive C3H mice or long-terrn surviving presensitized BALB/c
recipients were transplanted into the cervical area of the recipients carrf ng a long-term
surviving first abdominal heart grafl by anastomosing the donor aorta and recipient carotid
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each blot was exposed to a test antibody and an internal control antibody to insure equal
sample loading. The test primary antibodies including anti-Bel-2 (N-19) rabbit polyclonal sera
(Santa CrUZ Biotechnology, inc.) and anti-Bel-XS& (M-125) rabbit polyclonal sera 30(Santa
Cruz Biotechnology, Inc.) were used to detect intragraift expression of Bc1-2 and Bel- xl
proteins. Anti-c.alsequestrin rabbit polyclonal sera (Calhaochern) were used as internal
W02007103134PCT;1183007/005290 37 control primary antibody (Kobayashi pt al., 1999).
Detection of primary antibody binding was performed as previously described (Arp et aL,
1996) by exposing washed incubated blots to a poiyclonal goat anti-rabbit lgO fraction
conjugated to horseradish peroxidase (HRP; Roche Laboratories) and then appropdately
developed by exposure to enhance 5chernilumineseenee for HRP-conjugated antibodies
(Roche Laboratories). Statistical Analysis The data were reported as the mean  SD,
Allograft,survival among experimental gaups was compared using the rank.log tem.
Histological and immunohisto/ogical findings were analyzed using the Mann-Whitney U test.
Flow cytometrie data and western blot data were analyzed using one-way ANOVA.
Differences 10with p values less than 0.05 were considered significant. Exarapip, 2
Presensitization with C311 donor skin graft induces antibo y-rnediated ACM? in heart
ailografts ailt4LB:c recipients. To develop a suitable small animal model that mimics
presensitized patients in the I5 clinic and to study ABMR, a novel, fully Mk-IC-mismatched
mouse ABMR model has been developed through presensitization of mouse recipients. In this
model, BAIII/c recipients were presensitized with OH donor skin grafts one week prior to heart
trimsplantation from the same donor. Seven days after donor skin presensifization, serum
level of anti-donor IgG, but not Igh4 antibody was markedly elevated and reached to a peak
level in the presensitized 20BALB/c recipients (Figure IA). Heart transplantation from same
donor was then performed in these highly sensitized recipients. Without Minium/suppression,
C311 heart grails were rapidly rejected in 3.1  0.4 days by ACHR, characterized by severe
thrombosis, hemorrhage and infarction (Figure EB-a). In contrast, same heart grafts in
unsensitized BALB/e recipients (with mean survival time, MST of 8.2  0.8 days) show the
normal histology on  25 post-operative day (POD) 3 (Figure 113-b). When compared to
unsensifized 13A1..ale recipients at the same day, heart gratis in presensitized animals
revealed massive IgG antibody and complement (C3 and C5) deposition, but minimal CD4+
and CD84 cell infiltration (Table 1). Furthermore, circulating anti-donor IgG levels in
presensitized recipients were significantly higher than those of unsensitized same recipients
receiving a 30heart graft on P003 (P< 0.01, Figure 1C). However, anti-donor 13M remained at
very tow 
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artery, and the donor pulmonary artery and recipient external jugular vein (end-to-side). The

heart grafts were monitored daily until rejection unless otherwise indicated and rejection was

deñned as complete cessation of pulsation.

Experimental Groups Presensitized recipients were randomly assigned to eight groups, each

consisting of eight animals: Group l, mice with no treatment; Group 2, mice treated with

CsA; Group 3, mice treated with CyP; Group 4, ¡nice treated with CsA plus CyP; Group 5,

mice treated with anti-C5 mAb; Group 6, mice treated with anti-C5 mAb plus CsA; Group 7,

mice treated with anti-C5 mAb plus CyP; Group 8, mice treated with anti-C5 mAb in

combination of CsA and CyP. When cardiac irnpulses rvere no longer palpable or at

PODl00, the grafts were removed for routine histology, immunohistochemistry and western

blot analysis, sen¡m samples were collected for flow clometric analysis and complement

hemolytìc assay. Five additional animals were placed and sacrificed in groups 6 and I on

POD3 (MST for groups l -5, 7) to allow for comparisons at a uniform time point. Serum

samples were also collected on POD ll , Zl ,28 and 60 in Group 8 for detecting the sequential

changes of anti-donor antibody levels and complement activity. In addition, when triple

therapy treated presensitized rccipients carried a first heart graft for 100 days, they were re-

transplanted with a second heart. A naive C3H heart or a 100-day surviving C3H heart from

another presensitized BALB/c recipient was used as the second heart. Eight animals were

included in each re-transplant group.

Graft Histologt Tissue samples were {ixed in l0o/o buffered formaldehyde. Specimens were

then embedded i¡r paraffin, and sectioned for H&E staining. The microscopic sections were

examined in a blinded fashion for severity of rejection by a pathologist. Criteria for graft

rejection included the presence of vasculitis, thrombosis, hemorrhage and lyrnphocyte

infiltration. These changes were scored as: 0, no change; l, minimum change; 2, mild

change; 3, moderate change; or 4, marked change.

Immunohistochemistry Four micrometer sections were cut from tissue samples embedded in

Tissue-Tek O.C.T gel (Optimum Cutting Ternperature, Skura Finetek, Torrance, CA)

mounted on gelatin-coated glass microscope slides and stained by a standard indirect avidin-

biotin immunoperoxidase staining rnethod using an Elite Vcctastain ABC kit (Vector

Laboratories Inc., Burlingame, CA). Specimens were stained for CD4* and CD8* cells with

biotin-conjugated rat anti-mouse CD4 mAb (clone YTS l9l.l.2,Cedarlane Laboratories Ltd.,

Hornby, Ontario, Canada) and biotin-conjugated rat anti-mouse CD8 mAb (clone 53-6.'l ,

Pharmingen, Franklin Lakes, NJ), respectively. Intragraft monoc¡e,/nracrophage infìltration
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levels both in circulation (Figure IC) and in 'heart grafts (Table 1) and it showed no significant
difference between unsensitized and preserisitized recipients. In addition, normal  WO
2007/103134PCTII152007.1005290 38 levels of compleinent hemolytic activity were shown in
both presensitized and unsensilized heart recipients without treatment (Figure 1D), These
data indicate that this is an ideal transplant model to study ABNIR in presensitized recipients
in which complement plays an important role in the pathogenesis. Table 1. Groups Co
warison of iin unohistokaitittlaws unsensitized and_presc-nsitized BA1,33/e ofC.3Ji1rtcgT.jialls
recipients on POD3     Unsensatized Presenstnized lgG 1-5-  IVA I+ 
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was detected by staining with biotin-conjugated rat anti-mouse Mac-l mAb (Cedarlane

Laboratories Ltd., Hornby, Ontario, Canada). Mouse IgG and IgM deposition in grafts was

detected using biotin-conjugated goat anti-mouse-IgG and goat anti-mouse-lgM (Cedarlane).

For identificationof complement deposition, sections were serially incubated with goat anti-

C3 or anti-C5 polyclonal Abs (Quidel, San Diego, CA), biotinylated rabbit anti-goat IgG

(Vector Laboratories), and HRP-conjugated-streptavidin (Zymed Laboratories, South San

Francisco, CA). Slides were washed with phosphate-buffered saline between steps, and

examined under light microscopy. Negative controls were performed by omitting the

primary antibodies. The immunostaining was scored in five high-power fields of each

section, and five independent experiments were performed- The sections of
immunoperoxidase staining were graded from O to 4* acco¡ding to the staining intensity: 0,

negative; l+, equivocal;2+, weak staining; 3+, moderate staining; and 4+, very intensive

staining.

FIow Cytomelry T)l.e circulating anti-donor specific IgG and IgM antibodies were evaluated

in the recipient sen¡m by FACScan flow cytometry (Becton Dickinson, Mountain View, CA).

Glotz et al., (1993); Tyan et al. (1994). Briefly, C3H mouse splenocytes were isolated and

incubated at 37 "C for 30 minutes with serum from naive control and experimental groups.

To stain for total IgG, IgG 1, lgG2a,IgG2b and IgM, the cells were washed and incubated

with FlTC-conjugated goat antibody specific for the Fc portion of mouse IgG or with

phycoerythrin-conjugated goat antibody specific for the p-chain of mouse IgM (Jackson

lmmunoResearch Laboratories, West Grove, PA), or with FlTC-conjugated goat anti-mouse

IgGl (CALTAG Laboratories, Burlingame, CA), or with FITC-conjugated goat anti-mouse

lgG2a (CALTAG), or with FlTC-conjugated goat anti-mouse lgG2b (CALTAG). After I

hour of stain ing at 4 "C, the cells were washed with PBS, resuspended at 5x I Oó/mL, and

analyzeð by flow cytometry for mean channel fluorescence intensity, which represents the

antibody-bindi ng reactivi ty.

Complement Hemolytic Assay The purified anti-C5 mAb was serially diluted twofold (175-

O.l ¡rglml) in GVB2* buffer (gelatin Veronal-buffered saline:0.1oá gelatin, l4l mM NaCl,

0.5 mM MgCl2,0.l5 mM CaClz, and 1.8 mM sodium barbital) and added in triplicate (50

¡rllwell) to a 96-well plate. BALB/c mouse serum was diluted to 4oo/o v/v with GVB2* buffer

and added (50 pl/ml) to the rows of the same 96-well plate such that the final concentration

of BALB/c mouse sen¡¡n i¡r each well was 2Oo/o. The plate was then incubated at room

temperature for approximately 3O min while chicken erythrocytes were prepared. Chicken
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4 C3 24-  C5 9+ , C04 0  CD8  14-  " Grades for immunoperoxidase staining; 0, negative; 1+,
equivocal;weak; 34, moderate; 4, intense. 10 Anti-CS m/lb in combination with CM and C.4,1'
prevents ABAIR and achieves indefinite heart allograft sue-Jival in presensitized mouse
recipients.       Complement has been shown to play an important role in ABNIR. However, the
inhibitory effect of functionally blocking terminal complement cascade at the CS level in highly
sensitized recipients is unknown. In the study presented herein, the presensitized 15model
was used to amdy the efficacy of anti-05 mAb either alone or combined with CsA and 
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erythrocytes were washed 5x1 ml with GVB2+ buffer and resuspended to a final

concentration of 5xl0?/ml in GVB2*. Fourmillititers of the chicken er¡rthrocytes were

sensitized by adding anti-chicken RBC polyclonal antibody (Intercell Technologies,

Hopewell, NJ, 0.17o v/v) and the cells were incubated at 4 oC for l5 min with frequent

vortexing. The cells were then washed 2xl ml with GVB2*.and resuspended to a final '

volume of 2.4 ml in GVB2*. The chicken erythrocytes (30 ¡tl/weli,2,5x 106 cells) were added

to the plate containing sen¡m and anti-C5 mAb as described above, mixed well, and

incubated at37 "C for 30 min. The plate was then centrifuged at lO00xg for 2 min, and 85 pl

of the supernatant was transferred to a new 96-well rnicrotiter plate. The plate was read at

OD 415 nm using a rnicroplate reader and the percentage of hernolysis was determined using

this formula:

(OD sarnple) - (OD GVB2* control)
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(OD l0O% lysed control) - (OD GVB2* control)

with 100% lysed control obtained by the addition of I 0O pl GVBz* containing 0. I 7o NP-40 to

the 3O púml of chicken er¡rthroc¡rtes as prepared above.

ll/eslern BIot Analys¡s Sonication of frozen heart sarnples \ryas performed in RIPA lysis

buffer (Santa Cruz Biotechnology, Inc.) at 4 "C for I minute at lO-seconcl intervals, followed

by microcentrifugation at 13,000 rpm for l0 minutes at 4 "C. Clarified supernatants were

immediately quantitated in triplicate for protein conterit using Detergent-compatible protein

assay kit (BIO-RAD). Heart lysates (1Opg protein/well) were separated on NuPAGE,4-l2yo

gradient Bis-Tris gels and MES buffer systern (lnvitrogen) and transferred to polyvinylidene

difluoride (PVDF) membrane (0.45 ¡tm pore size; Invitrogen) using a semi-dry transfer

apparatus (BIO-RAD). Membranes were cut appropriately at the correct molecular weigþts

to allow the development of the blots with two different primary antibodies per blot such that

each blot was exposed to a test antibody and an internal control antibody to insure equal

sample loading. The test primary antibodies including anti-Bcl-2 (N-19) rabbit polyclonal

sera (Santa Cruz Biolechnology, lnc-) and anti-Bcl-XS/L (M-125) rabbit polyclonal sera

(Santa Cruz Biotechnology, Inc.) were used to detect intragraft expression of Bcl-2 and Bcl-

xl proteins- Anti-calsequestrin rabbit polyclonal sera (Calbiochem) were used as intemal
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hir Cy? in prevention of ABMR. As presented in Figure 2A, treatment with either CsA or Cy?
or the two drugs in combination did not prevent ARMR and grafts were rejected in 3.0  0.0
days, 3.3  0.5 days and 3.5  0.6 days, respectively with typical pathological features of ACHR
including intravascular thrombosis and interstitial hemorrhage (Figure 28-b, c, ct), 20which
were indistinguishable from heart grafts in untreated presensitized BALB/c recipients (Figure.
213-a). Anti-05 rnonotherapy or combined with CyP was not able to improve graft  WO
2007/103134PCTIUS2007/005200 39 survival and heart grafts were rejected by ACHR
(Figure 2B-e, fl in 3,5  0.6 days and 3.2  04 days, respectively (Figure 2A), Although the
combination therapy of anfi-05 meth and CsA, the protocol capable of inducing iong-tenn
heart allograft survival in unsensitized animals, marginally prolonged graft survival in this
presensitized model, heart grafts were 5also rejected by severe hurnoral rejection with
vasculitis, thrombosis, hemorrhage and minimal cell infiltration (Figure 213-g) in 11.9  1.8
days (Figure 2A). In contrast, triple therapy of anti-CS rriAh in combination of CsA and CyP
achieved indefinite heart graft survival over 100 days (Figure 2A) in pre-sensitized animals
(F<0.01 vs. the animals without treatment or treated with either Monotherapy or two drugs in
combination) with no evidence 10of rejection (Figure 2/349. In this presensitized mouse
model, as shown in Table 2, only minor intragrall CD4' and car cell infiltration was observed in
the recipients that rejected their heart wafts within 3 days. However, the number of these T
cells was slightly increased if heart wafts survived longer in anti-05 mAls plus CsA-treated
recipients at the time of rejection (POD11) and in triple tberapy-ireated recipients at early
stages of waft survival (e.g. 15PODI1). Furthermore, with continuous Treatment of CsA in the
triple therapy group, CD4'. and CDS cell infiltration was inhibited in long-term surviving, heart
grafts on P01)60 and 100, In addition, moderate intragraftcell infiltration, including rnorsocytes
and macrophages, was found in untreated and CsA-, CyP- or CsA plus CyF-treated animals,
while the infiltration of these cells was significantly reduced in anti-05 rnAb treated animals
20(Table 2). These results indicate that functionally blocking anti-05 mAb enables the use and
efficacy of conventional immunosuppressive agents, thereby preventing, AHNIR and
achieving indefinite heart graft survival in presensitized recipients, Table 2. Grades for
immunoperoxidase staining of heart allografts 
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control primary antibody (Kobayashi et al., 1999). Detection of prirnary antibody binding

was performed as previously described (Arp et al., 1996) by exposing washed incubated blots

to a polyclonal goat anti-rabbit IgG fraction conjugated to horseradish peroxidase (HRP;

Roche Labo¡atories) and then appropriately developed by exposure to enhance

chemiluminescence for HRP-conjugated antibodies (Roche Laboratories).

Statistical Analysis The data \ilere reported as the mean t SD. Allograft survival among

experimental groups was compared using the rank-log test. Histological and

immunohistological findings were anal¡z,ed using the Mann-Whitney U test. Flow

cytornetric data and western blot data were analyzed using one-way ANOVA. Differences

with p values less than 0.05 were considered significant.

Example 2

Presensitízatíon with C3H donor skin graft índuces antibody-medíated ACHR in heart

allografts of BALB/c recìpients-

To develop a suitable small animal model that mimics presensitized patients in the

clinic and to study ABMR, a novel, frrlly MHC-mismatched mouse ABMR model has been

developed through presensitization of rnouse recipients. In this model, BALB/c recipients

were presensitized with C3H donor skin grafts one week prior to heart transplantation from

the same donor. Seven days after donor skin presensitization, sen¡m level of a¡ti-donor IgG,

but not IgM antibody was markedly elevated and reached to a peak level in the presensitized

BALB/c recipients (Figurc lA). Heart transplantation from same donor was then performed

in these higbly sensitized recipients.'Without immunosuppression, C3H heart grafts were

rapidly rejected in 3.1 + 0.4 days by ACHR, charactenzed by severe thrombosis, hemorrhage

and infarction (Figure lB-a). In contrast, same heart grafts in unsensitized BALB/c

recipients (with mean survival time, MST of 8.2 + 0.8 days) show the norrnal histology on

post-operative day (POD) 3 (Figure lB-b). When compared to unsensitized BALB/c

recipients at the same day, heart grafts in presensitized animals revealed massive lgG

antibody and complement (C3 and C5) deposition, but minimal CD4* and CD8* cell

infìltration (Table l). Furthermore, circulating anti-donor IgG levels in presensitized

recipients were significantly higher than those of unsensitized same recipients receiving a

heart graft on POD3 (P< 0.01, Figure I C). However, anti-donor IgM remainecl at very low

levels both in circulation (Figure I C) and in heart grafts (Table I ) and it showed no

significant difference between unsensitized and presensitized recipients- In addition, nonnal
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25in presensitized mouse recipients at necropsy Date for sample C3C5CDS ig,G1gM
GroupsCD4 collection (POD) Untreated33+I+1+1+ CsA33+3+I+l+4+1+ CyP3313  WO
2007/403134PeTtUS2007/005290 40 CsA+CyP33+3+1+3+1+ Anti-05mAb33+01+1+2+
Anti-CSmAbCsAH3+02+2-+7+44-I+ Anti-05mAbCyP33+0I+1+2+31+
Anti-05mAb+CsA+CyP01+2+3+1+ Anti-C.StnAb+CsA+CyP113+07+2+1+3+I+
Anti-CSEriAb+CsA+CyP603+01+02+1+ Anti-05mAb+CsA+CyP1003+2+0002+1 +  - - . 
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levels of compleinent hemolytic activity were shown in both presensitized and unsensitized

heart recipients without treatment (Figure lD)" These data indicate that this is an ideal

transplant model to study ABMR in presensitized recipients in which complement plays an

important role in the pathogenesis.

fable l.

unsensitized and presensitized BALB/c recipients on POD3
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Grades for immunoperoxidase staining: 0, negative; l*, equivocal; 2+, weak;

3*, moderate; 4*, intense-

Antí-CS mAb in combination with CsA and CyP prevents ABMR and achieves indeJìnite hearl

allograft sumival in presensílized mouse recipíenls.

Complement has been shown to play an important role in ABMR. However, the

inhibitory effect of fi¡rrctionally blocking terminal complement cascade at the C5 level in

highly sensitized recipients is unknown. In the study presented herein, the presensitized

modet was used to study the efficacy of anti-C5 mAb either alone or combined with CsA and

lor CyP in prevention of ABMR. As presented in Figure 24, treatment with either CsA or

CyP or the two drugs in combinatio¡'r did not prevent ABMR and grafts were rejected in 3-O +

0.0 days,3.3 t 0.5 days and 3.510.6 days, respectively with typical pathological features of

ACHR including intravascular thrombosis and interstitial hemorrhage (Figrrre 2B-b, c, d),

which were indistinguishable from heart grafts in untreated presensitized BALB/c reciPients

(Fig¡rre 2B-a)- Anti-C5 monotherapy or combined with CyP was not able to improve grafl

l0

l+

l+

2+

Prqsensitized

2+

t5

0

0

l+

3+

20

3+

l+

l+

Grades: 0, negative; 1+, equivocal; 2+, weak; 3+, moderate; 4ense. Anti-05 tn.:lb completely
inhibits total complement hemolytic activity and local CS deposition in presensiti.zed
recipients receiving a heart ollograft, Anti-CS rriAb was previously shown to block the
cleavage of complement protein CS 5into the proinflammatory molecules CSa and C5b-9
(Eros:sus et al., I 995), and to completely and consistently block terminal complement activity
in mice (Wang et al., 1999). In the current study, terminal complement activity was measured
by assessing the ability of recipient mouse sera to lyse antibody presensitized chicken
erythrocytes and was compared at the same tune-point (POD3). Treatment of mice with either
CsA ow CyP or the two drugs in 10combination had no effect on terminal complement activity,
while treatment with anti-CS rnAb either alone or combined with CM orland CyP completely
inhibited this activity (Figure 3; P<0.01, vs. naive and untreated animals, as well as CM-,
CyP-, or CsA plus CyPtrea.ted animals). In addition, sera obtained from anti-05 mAb treated
animals at several earlier time points showed similarly diminiShed hemolytic activity,
suggesting that serum 15terminal complement was inhibited throughout the treatment period.
FurtItertnore,local CS deposition in heart grafts was completely prevented in the anti-05 raAb
treated prieserisitized recipients, but not in untreated, or CsA- CyP- Find CsA plus
CyP-treated presensitized animals (Table 2). As predicted, treatment with anti-CS inAlio did
not prevent C3 deposition 13 the grafts (Table 2). These results suggest anti-CS therapy
completely blocks total 20complement activity after cardiac allografting in highly sensitized
recipients.  WO 2007/103134PCT/US2007/005290 41 Long-term surviving heart gratis
inpresensitized animals are resistant to humored injury in the presence of low level of
anti-donor antibodies and complement- a situation of accommodation. To further investigate
the role of anti-CS rnAb i.n trurnoi-al rejection, anti-donor Salloantibody levels were measured
in recipient sera by flow cytornetry and intragraft antibody deposition by using immunostaining
techniques in different groups. Figure 4A shows that on POD3 untreated presensitized
BALB/c recipients had high levels of circulating anti-donor /gG antibodies. When presensitized
recipients receiving either monotherapy or two drugs in combination, CsA and/or CyP partially
down-regulated circulating anti-donor IgCl levels 10 while treatment with anti-CS rnAb either
alone or combined with CsA or CyP did not further affect anti-donor antibody levels at the
same day. In contrast, with triple therapy of anti-05      CsA and CyP, a high level of circulating
anti-donor igG was gradually downregulated and reached a low level on P0060, thereafter
remaining at this level until day 100 (Figure 
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survival and heart grafts were rejected by ACHR (Figure 2B-e, f) in 3.5 + 0.6 days and 3.2 +

0.4 days, respectively (Figure 2A). Although the combination therapy of anti-C5 mAb and

CsA, the protocol capable of inducing long-term heart allograft survival in unsênsitized

animals, marginally prolongcd graft survival in this presensitized model, heart grafts were

5 also rejected by severe humoral rejection with vasculitis, thrombosis, hemorrhage and

minimal cell infiltration (Figure 2B-C) in I1.9 t 1.8 days (Figure 2A). In contrast, triple

therapy of anti-C5 mAb in combination of CsA and CyP achieved indefinite heart graft

survival over 100 days (Figure 2A) in presensitized animals (P<0.01 vs. the animals without

treatment or treated with either monotherapy or two drugs in combination) with no evidence

lO of rejection (Figure 2B-h). ln this presensitized mouse model, as shown in Table 2, only

minor intragraft CD4* and CD8* cell infiltration was observed in the recipients that rejected

their heart grafts within 3 days. However, the number of these T cells was slightly increased

if heart grafts suwived longer in anti-C5 mAb plus CsA-treated recipients at the time of

rejection (PODI l) and in triple therapy-treated recipients at early stages of graft survival (e.g.

l5 PODI l). Furthermore, with continuous treatment of CsA in the triple therapy group, CD4*

and CD8* cell infiltration was inhibited in long-terrn zurviving heart grafts on POD60 and

lOO. In addition, moderate intragraft Mac-l+ cell infiltration, including monocytes and

macrophages, was found in untreated and CsA-, CyP- or CsA plus CyP-treated animals,

while the infìltration of these cells was significantly reduced in anti-C5 mAb t¡eated animals

20 (Table 2). These results indicate that functionally blocking anti-C5 mAb enables the use and

efficacy of conventional irnmunosuppressive agents, thereby preventing ABMR and

achieving indefinite heart graft survival in presensitized recipients.

Table2.

Grades for immunoperoxidase staining of heart allog¡afts

25 in oresensitized mouse recipients at necropsy
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Date for sample C3 C5 CD8 Mac-l IgG lgM
Groups CD4

collection (POD)

Untreated

CsA

cvP

3

3

3+

3+

3+

3+

3+

l+

3+

l+

l+

l+

l+

3+

l+

3+

3+

4+

l+

3-r

l+

l+

48). Similar to levels of circulating antibodies in the different treatment groups. Table 2
15shows that strong deposition of anti-mouse IgG was present in the rapidly rejected heart
gratis of presensitized animals with no treatment or treated with monothcrapy or two drugs in
combination therapy. Interestingly, with triple therapy, igG antibody deposition was gradually
attenuated to a mild level in the long-term surviving heart grafts on POD 100 (Figure 4C-a,
Table 2). In this model, igNI remained at very /ow levels in either circulation 20(Figure 4A, 8)
or transplanted heart grafts (Figure 4C-h, Table 2) in presensitized recipients with or without
treatment. in addition, treatmentwith anti-05 mAb eliminated complement activity to an
undetectable level until day 60, followed by a progressive recovery to predepletion levels on
POD 100 after discontinuation of anti-05 therapy in presensitized Mouse recipients receiving
triple Therapy (Figure 4D). Furthermore, intragraft CS deposition  25 was also detected in
100-day surviving mesensitized animals (Table 2). These data demonstrate that ongoing
transplant accommodation occurs in triple therapy treated presensitized recipients despite the
presence of anti-graft antibodies and complement activation.       Anti-05 rnAb in combination
with CM and CyP reduces the IgGlegG2a ratio and leads to a 30 shift in IgG subclass to
le,G2b in recipients with accommodated grafts. TO determine whether anti-05 nriAli-based
triple therapy would induce a shift in 1gG subclass, which may be associated with
accommodation, serum levels of anti-donor 120 subclasses of Ig01, igG2a and IgG2lb were
compared between untreated recipients and the  WO 2007110M34PC11/152007MOS2,0 42
recipients with accommodated heart graft. Sera from untreated recipients contained.
predominant IgG I isotype, indicated by a high ratio of IgGI/IgG2a (Figure SA). In contrast, a
significant reduction in the ratio of Ig01/1g02a was observed in the recipients carrying
accommodated grafts (Figure SA, P<0.01). Furthermore, prescnsitized recipients with the
accommodated heart grafts displayed an increased level of anti-donor IgG2b as compared to
the same recipients with rejected grafts (Figure 5B, P<0.0!). In addition, the pattern of IgG
isotypes in the recipients treated with either tnonotherapy or two drugs in combination is
indistinguishable from that of untreated animals. These data indicate that anti-donor IgGI
isotype may he associated with raft rejection, while production of anti-donor lgO2b subclass
10may function as a protective antibody and plays an important role in the induction of 
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CsA+CyP

Anti-CSmAb

Anti-CSmAb+CsA

Anti-C5mAb+CyP 3 3+ 0 l+ l+ 2+ .3+ l+

Anti-C5mAb+CsA+CyP 3 3+ 0 l+ t+ 2+ 3+ l+

Anti-C5mAb+CsA+CyP I I 3+ 0 2+ 2+ l+ 3+ l+

Anti-C5mAb+CsA+CyP 60 3+ 0 t+ l+ O 2+ t+

Anti-C5mAb+CsA+CyP 100 3+ 2+ 0 0 O Z+ t+

40

Grades: O, negative; l*, equivocal; 2+, weak; 3*, moderate;4*, intense.

Anti-Cî mAb completely inhibits total complement hemolytic activíty and local C5 deposition

in presensílízed recipienls receiving a heart allografL

Anti-C5 mAb was previously shown to block the cleavage of complement protein C5

5 into the proinflamrnatory molecules C5a and C5b-9 (Kroshus et al., 1995), and to completely

and consistently block terminal complement activity in mice (Wang et al., 1999). In the

current study, terminal complcment activity was measured by assessing the ability of
recipient mouse sera to lyse antibody presensitized chicken er¡rthrocytes and was compared at

the same time-point (POD3). Treatmenl of mice with either CsA or CyP or the two drugs in

l0 combination had no effect on terminal complement activity, while treatment with anti-C5

mAb either alone or combined with CsA orland CyP completely inhibited this activity

(Figure 3; P<0.01, vs. naive and untreated animals, as well as CsA-, CyP-, or CsA plus CyP-

treated animals). ln addition, sera obtained from anti-C5 mAb treated animals at several

earlier time points showed similarly diminished hemolytic activity, suggesting that serum

l5 terminal complement was inhibited throughout the treatment period. Furthermore, local C5

deposition in heart grafts was completely prevented in the anti-C5 mAb treated presensitized

recipients, but not in untreated, or CsA-, CyP- and CsA plus CyP-treated presensitized

animals (Table 2). As predicted, treatment with anti-C5 mAb did not prevent C3 deposition

in the grafts (Table 2). These results suggest anti-C5 therapy completely blocks total

20 complement act¡vity after cardiac allografting in highly sensitiz,ed recipients.
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l+

3+
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2+

3+

2+

l+

l+

l+

accommodation. Anti-05 m.412 in combination with s and Gyp induces intragrofti?c1-2 and
Bol-xl expression in highly sensitized mouse recipients. To determine whether a causal
relationship exists between intragaAt expression of 15 protective proteins and graft resistance
to Immoral injury in this model, western blot analysis was employed to detect proteins of
interest in heart graft tissues from highly sensitized mouse recipients. Long-term surviving
heart grafts were found to express high levels of Bc1-2 and Bel-x.1 proteins on POD100, and
these proteins were detected as early as 12 days after heart transplantation in highly
sensitized recipients receiving anti-CS rriAb-based triple therapy 20(Figure 6). In contrast,
there were no Bel-2 and Bd-xi proteins expressed on heart grafts of untreated animals (Figure
6) or animals treated with either monotherapy or two dnigs in combination therapy. This result
suggests that graft resistance to hurnoral injury in indefinite surviving animals is associated
with the protection provided by Bc1-2 and Bc1-xl proteins in this presensitized model.
25Presensidized recipients with an accommodating first heart graft accept a second
accommodated heart grafi but reject a second naive heart graft from the same donors.
The ability of accommodated grafts to resist rejection has not been tested directly under
pathophysiological conditions where naive grails undergo rejection following
allotransplantation. In this model, to determine whether presensitized recipients with an 30
accommodating first heart graft will accept a second accommodated graft but reject a second
naive graft, re-transplantation scenarios were performed. Mier the accommodated C31-1 hcari
grafts have survived to the 100-day point, the time at which low levels of alloantibodies were
WO 2007/UI] 134PC1118 11005290 43 detected (Figure 413) and complement activity has
returned to pretreatment levels (Figure 4D), in presensitized BALM recipient treated with
anti-05 roAti-based triple therapy, these recipients received a second heart graft. Specifically,
either a naive (Figure 7A) or a 100-day accommodated ON heart (Figure 7B) from another
presensitized BAI.,13/c recipient was transplanted into the neck of the presensitized recipients
carrying an accommodating first OH heart. These recipients rejected a second naive heart at
6.6  1.1 days (Figure 8A) with severe AVR (Figure 813-a) while the first heart continued to
survive. In contrast, when the accommodated heads that had been already surviving for 100
days in different presensitized mice were used as second grafts, these grafts were accepted
by the presensitized recipients 10 carrying an accommodating find heart graft (Figure 8A).
There was no sign of rejection in those accommodated second heart grafts 90 days after
second transplantation (Figure 813-ti), These data indicate that accommodated grafts become
resistant to the effects of anti-donor antibodies and complement that normally mediate
allograft rejection in these pzesensitized recipients. Furthetmore, the fact that the host of the
accommodated graft rejected a new graft 45suggests that accommodation involves changes
to the graft. Presensitized recipients being treated with CSA reject accommodated hear:
grafts.        Another re-transplantation was performed to determine whether accommodation in
this presensitized model would be caused by the changes in the grafts and/or the recipients.
Specifically, after C31-1 heart grails have been accommodated in presensitized BAL-alc mice 
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Long-lerm surviving heqrt gra.fts ín presensitized animals are resislønt lo humoral injury in

the presence of low level of antí-donor antibodíes and complemenl- a sítuation of
accommodation-

To further investigate the role of anti-C5 mAb in humorat rejection, anti-donor

alloantibody levels were measured in recipient sera by flow c¡rtornetry and intragraft antibody

deposition by using imrnunostaining techniques in different groups. Figure 4A shows that on

POD3 untreated presensitized BALB/c recipients had high levels of circulating anti-donor

IgG antibodies. When presensitized recipients receiving either monotherapy or two drugs in

combination, CsA and/or CyP partially down-regulated circulating anti-donor IgG levels,

while treatment with anti-C5 mAb either alone or combined with CsA or CyP did not ñ¡rther

affect anti-donor antibody levels at the same day. In conrast, with triple therapy of anti-C5

mAb, CsA and CyP, a high level of circulating anti-donor IgG was gradually downregulated

and reached a low level on POD60, thereafter remaining at this level until day 100 (Figure

48). Similar to levels of circulating antibodies in the different treatment groups, Table 2

shows that strong deposition of anti-mouse IgG was present in the rapidly rejected heart

grafts of presensitized animals with no treatrnent or treated with monotherapy or two drugs in

combination therapy. Interestingly, with triple therapy, IgG antibody deposition was

gradually attenuated to a mild level in the long-term suwiving heart grafts on POD 100

(Figure 4C-a, Table 2). In this model, IgM remained at very low levels in either circulation

(Figure 44, B) or transplanted heart grafts (Figure 4C-b, Table 2) in presensitized recipients

with or without treatment. In addition, treatment-with anti-C5 mAb elirninated complement

activity to an undetectable level until day 60, followed by a progressive recovery to

predepletion levels on POD l0O afler discontinuation of anti-C5 therapy in presensitized

mouse recipients receiving triple therapy (Figure 4D). Furtherrnore, intragraft C5 deposition

was also detected in 100-day surviving presensitized animals (Table 2). These data

demonstrate that ongoing transplant accommodation occurs in triple therapy treated

presensitized recipients despite the presence of anti-graft antibodies and complement

activation-

Anti-Cí mAb in combination with CsA and CyP reduces the IgGl/IgG2a ratio and leads to a

shift in IgG subclass to IgG2b in recipients with accommodated grafts.

To determine whelher anti-C5 mAb-based triple therapy would induce a shift in IgG

subclass, which rnay be associatecl with accommodation, seRnn levels of anti-dorror IgC

subclasses of lgGl ,lgG2a and IgG2b were compared between untreated recipients and the
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20for 100 days, the accommodated heart graft will then be re-transplanted into a second
presensitized BALB/c recipient being treated with CsA alone (Figure 7C), a therapy that can
prevent cellular rejection but cannot prevent accelerated Immoral rejection of a fresh C311
heart in presensitized recipients. The accommodated C31-1 heart grafts were rapidly rejected
in CsA treated presensitized BALB/c recipients. After re-transplantation, the pathology in 25
accommodated head grails was changed from normal (Figure 9A) to severe ACHR with
massive interstitial hemorrhage hut few coil infittrates (Figure 9B). In addition, high levels of
anti-donor lgG and noal levels of complement hemolytic activity in these recipients receiving
an accommodated C3H heart were similar to those of CsA treated presensitized recipients
receiving a naive C31-1 heart. This result further indicates that accommodation 30induced by
anti-CS mAh-based triple therapy can originate from mechanisms involving changes not only
to the graft, but also to the recipient.  WO 2007/103134PCTruS2007/005290 44 Acute
Vascular Rejection in a Heart Transpiaclation Model       Experiments were performed to
determine whether inclusion of an inhibitor of formation of terminal complement would
attenuate acute vascular rejection and whether the use of such an inhibitor in conjunction with
an iaritramostippressant would achieve longterm 5ailograft survival. In this set of experiments
an anti-CS monoclonal antibody was used in conjunction with cyclosporin. The model used
was an allograft heterolopie heart transplant from C31-1 mice into BALB/c mice. This model is
a stringent acute vascular rejection model with the C3H and BALSA: mice being strongly
15/1FIC mismatched. The transplantations and other methods were performed as described
in Wang et at (2003). 10 Neterotopic Cardiac Transplantation       Intra-abdominal heterotopic
cardiac transplantation was perfetined as previously described by Wang et al. (2003). Briefly,
a median stemotomy was performed on the donor, and the heart graft was slowly pethased in
situ with 1.0 ml of cold heparinized Ringer's lactate solution through the inferior veria cave,
and aorta before the superior yena cave and 5pulmonary veins were ligated and divided. The
ascending aorta and pulmonary artery were transeeted, and the graft was removed from the
donor. The graft was then revaseularized with end-to-side anastornoses bedween the donor's
pulmonary artery and the recipient's inferior vena cava as well as the donor's aorta and the
recipient's abdominal aorta using 11-0 nylon suture. The beating of the grafted heart was
monitored daily by direct abdominal palpation. 20The degree of pulsation was scored as: A,
heating strongly; 13, noticeable decline in the 
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recipients with accommodated heart graft. Sera from untreated recipients contained

predominant lgGl isot¡pe, indicated by a high ratio of IgGlllgG2a (Figure 5A). In contrast,

a significant reduction in the ratio of IgGl/IgG2a was observed in the recipienls carrying

accommodated grafts (Figure 54, P<0.01). Furthermore, presensitized recipients with the

accommodated heart grafts displayed an increased level of anti-donor IgG2b as compared to

the same recipients with rejected grafts (Figure 58, P<0.01). In addition, the pattern of IgG

isotypes in the recipients treated with either monotherapy or two drugs in combination is

indistinguishable from that of untreated animals. Thqse data indicate that anti-donor IgGl

isotype may be associated with graft rejection, while production of anti-donor lgG2b subclass

may function as a protective antibody and plays an important role in the induction of
accommodation.

Antí-CS mAb in combination with CsA and CyP índuces intragraft Bcl-2 and Bcl-xl

expression ín híghly sensitized mouse recipienls.

To determine whether a causal relationship exists between intragraft expression of
protective proteins and graft resistance to humoral injury in this model, western blot analysis

was employed to detect proteins of interest in heart graft tissues from highly sensitized mouse

recipients- I-ong-term surviving heart grafts were found to express high Ìevels of Bcl-2 and

Bcl-xl proteins on POD100, and these proteins were detected as early as l2 days after heart

transplantation in highly sensitized recipients receiving anti-C5 mAb-based triple therapy

(Figure 6). In contrast, there were no Bcl-2 and Bcl-xl proteins expressed on heart grafts of
untreated anirnals (Figure 6) or anirnals treated with either monotherapy or two drugs in

combination therapy. This result suggests that graft resistance to humoral injury in indefinite

surviving animals is associated with the protection provided by Bcl-2 and Bcl-xl proteins in

this presensitized model.

Presensilized recipíents wíth an accommodaling frst heart graft accepî a second

accommodaled heart graft but reject a second naive hearl graftfrom the same donors.

The ability of accomrnodated grafts to resist rejection has not been tested directly

undcr pathophysiological conditions where naive grafts undergo rejection following

allotransplantation. In this model, to determine whether presensitized recipients with an

accommodating first heart graft will accept a second accommodated graff but reject a second

naive graft, re-transplantation scenarios were performed. After the accommodated C3H heart

grafls have survived to the I O0-clay point, the time at which low levels of alloantibodies were

42

t0

l5

PCTruS2007/00s290

20

25

30

intensity of pulsation; or C, complete cessation of cardiac impulses. When cardiac impulses
were no longer palpable, the waft was r ,Dyed for routine histology in certain instances, mice
in which the graft was still functioning were sacrificed to perform histology. Results 25Mice
(male 8-12 week old mice weighing 25-3D g) were split into six experimental groups with six
to eight mice per group. Transplant occurred on day a Histological changes were checked at
the endpoint (the endpoint being grafi failure) or in some eases a mouse was sacrificed prior
to graft failure. The dosage of 035.1 which was administered (40 mg/kg body weight three
times per week) was known from prior studies to completely inhibit 30terminal complement
activity.  WO 2007/103134PC1111520071005290 45        Group I' (control) - mice were
administered 035 rill- of saline intraperitoneally on days -1,0, 1 and 2. Subsequently these
mice were treated with 0.75 rriL of saline intraperitoneally three times per week (Monday,
Wednesday, Friday) until the endpoint.        Group 2' (eyelosporin A alone) - mice were
administered 15 mg/kg body weight of cyclosporin A subcutaneously on a daily basis
beginning at day 0 (day of transplant) until the endpoint.        Group 3' (anti-complement
antibody alone) - mice were administered the anti-mouse CS antibody BB5./ (Frei et al., 1987)
at 40 mg/kg body weight intraperitoneally on days -I, 0, I and 2 tip/lowed by 40 mg/kg body
weight administered three times pet week (Monday, 10Wednesday, Friday) until the endpoint,
Omni) 4 (anti-complement antibody until day 14 post-transplant plus eyeiosporin A)  mice
were administered the anti-mouse C5 antibody BB5.1 at 40 mg/kg body weight intravenously
on days -1 through day 14 and were also administered cyclosporin A at 15 mg/kg of body
weight on a daily basis beginning at day 0 until the endpoint Note that this 15differs from the
other coups in that the BB5.1 was administered intravenously and on a daily basis. 
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detected (Figure 4f}) and cornplement activity has returned to pretreatment levels (Figure

4D), in presensitized BALB/c recipient treated with anti-C5 mAb-based triple therapy, these

recipients received a second heart graft. Specifically, either a naive (Figure 7A) or a 100-day

accommodated C3H heart (Figure 78) from another presensitized BALB/c recipient was

transplanted into the neck of the presensitized recipients carrying an accommodating first

C3H heart. These recipients rejected a sécond naive heart at 6.6 + l.I days (Figure 8A) with

severe AVR (Figure 8B-a) while the first heart continued to survive. ln contrast, when the

accommodated hearts that had been already surviving for 100 days in different presensitized

mice were used as second grafts, these grafts were accepted by the presensitized recipients

carrying an accommodating first heart graft (Figure 8A). There Ì\ras no sign of rejection in

those accommodated second heart grafts 90 days after second transplantation (Figure 8B-b)-

These data indicate that accommodated grafts become resistant to the effects of anti-donor

antibodies and complernent that normally mediate allograft rejection in these presensitized

recipients. Furthermore, the fact that the host of the ai:commodated graft rejected a new graft

suggests that accommodation involves changes to the graft.

Presensilized recipients beíng treated with CsA reject accommodated heart grafts-

Another re-transplantation was performed to determine whether accornmodation in

this presensitized model would be caused by the changes in the grafts and/or the recipients.

Specifically, after C3H heart grafts have been accommodated in presensitized BALB/c mice

for 100 days, the accommodated heart graft will then be re-transplanted into a second

presensitized BALB/c recipient being treated with CsA alone (Figure 7C), a therapy that can

prevent cellularrejection but cannot prevent accelerated humoral rejection ofa fresh C3H

heart in presensitized recipients. The accommodated C3H heart grafts were rapidly rejected

in CsA treated presensitized BALB/c recipients. After re-transplantation, the pathology in

accommodated head grafts was changed from normal (Figure 9A) to severe ACHR with

massive interstitial hemorrhage but t'ew cell infiltrates (Figure 9B). In addition, high levels of

anti-donor IgG and normal levels of complement hemolytic activity in these recipients

receiving an accommodated C3H heart were similar to those of CsA treated presensitized

recipients receiving a naive C3H heart. This result further indicates that accommodation

induced by anti-C5 mAb-based triple therapy can originate from mechanisms involving

changes not only to the graft, but also to thc recipient.

Exarnple 3
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Group 5' (anti-complettient antibody until day 28 post-tntatsplant IA us eyelosporin A)  mice
were administered the anti-mouse C5 antibody B135.1 at 40 mg/kg body weight
inaraperitoneally on days -1, 0, 1 and 2 followed by 40 mg/kg body weight administered three
20 times per week (Monday, Wednesday, Friday) until day 28 and were also administered
cyclosporin A at 15 mg/kg of body weight on a daily basis beginning at day 0 until the
endpoint.         Group 6' (anti-complement antibody chronically until 100 days plus cyclosporin)
- mice were administered the anti-mouse C.5 antibody 8I311 at 40 mg/kg body weight
25intraperitoneally on days -1, 0, t and 2 followed by 40 mg/kg body weight administered
three times per week (Monday, Wednesday, Friday) until 100 days and were also
administered eyelosporin A at 15 nigfkg, of body weight on a daily basis beginning at day 0
until 100 days.         The results of this experiment are shown in Tables 3 and 4. Table 3
shows the survival time for the gr a ft s . Table 4 sets forth the histological scores, 30  WO
2007/103134PCTIUS20071003290 46  AlMartin Survival   ean Survival Time (days) 8.3 0.5
15.51,1 8.0 0.6 42.3 th 4.8 80 th1.9 > /CM days Individual Sunnval (days) 14, 15, 15, 16, 16,
16, 17 
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Acale Vascalar Rejection in a Heart Transplanlation Model

Experiments were performed to determine whether inclusion of an inhibitor of

formation of terminal complement would attenuate acute vascular rejection and whether the

use of such an inhibitor in conjunction with an immunosuppressant woutd achieve long-term

allograft survival. In this set of experiments an anti-C5 monoclonal antibody was used in

conjunction with cyclosporin. The model used was an allograft heterotopic heart transplant

from C3H mice into BALB/c mice. This model is a stringent acute vascular rejection model

with the C3H and BALB/c mice being strongly MHC mismatched. The transplantations and

other methods were performed as described in Wang et al- (2003).

H eterolop ic C a rd iac Tra nsp lanta ti on

Intra-abdominal heterotopic cardiac transplantation was performed as previously

describecl by Wang et al. (2003). Briefly, a median sternotorny was performed on the donor,

and the heart graft was slowly perfused in situ with l.0 ml of cold heparinized Ringer's

lactate solution through the inferior vena cava and aorta before the superior vena cava and

pulmonary veins were ligated and divided. The ascending aorta and pulmonary artery were

transected, and the graft was removed from the donor- The graft was then revascularized with

end-to-side anastomoses between the donor's pulmonary artery and the recipient's inferior

vena cava as well as the donor's aorta and the recipient's abdominal aorta using 1l -0 nylon

suture. The beating of thegrafted heart was monitored daily by direct abdominal palpation.

The degree of pulsation was scored as: A, beating strongly; B, noticeable decline in the

intensity of pulsation; or C, complete cessation of cardiac impulses. When cardiac impulses

were no longer palpable, the graft was removed tbr routine histology. In cefain instances,

mice in which the grafl was still functioning were sacrificed to perform histology.

Results

Mice (male 8-12 week old mice weighing 25 -30 g) were split into six experimental

groups with six to eight mice per group. Transplant occurred on day O- Histological changes

were checked at the endpoint (the endpoint being grafl failure) or in some cases a mouse was

sacrifìced pîior to graft failure. The dosage of B85.1 which was administered (40 mdkg

body weight three times per week) was known from prior studies to cornpletely inhibit

terminal complement acti vi ty.
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7, 8, 8, 8, 8,9 35, 38, 43, 45, 46,47 77, 80, 80, 81, 82 >100 days (7; one  sacrificed
forhistology)  WO 2007/103131PC11.182007/005299 47 ITAbh..{ MediCS of IlistEJlogical
Changes of Heart A o,gralls at Necrc>psy  -Groups Vase* SC Lymph MOE Saline (endpoint)
3.0 3.0 
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Group l' (control) - mice were administered 0.75 mL of saline intraperitoneally on

days -1, 0, I and 2. Subsequently these mice were treated with 0.75 mL of saline

intraperitoneally three times per week (Monday, Wednesday, Friday) until the endpoint.

Group 2' (cyclosporin A alone) - mice were administered l5 mg/kg body weight of

cyclosporin A subcutaneously on a daily basis beginning at day 0 (day oftransplant) until the

endpoint.

Group 3' (anti-complement antibody alone) - mice were administered the anti-mouse

C5 antibody BB5.l (Frei et al-, 1987) at 4O mgkg body weight intraperitoneally on days -1 ,

0, I and 2 followed by 40 mg/kg body weight administered three times per week (Monday,

Wednesday, Friday) until the endpoint.

Group 4' (anti-complement antibody until day l4 post-transplant plus cyclosporin A)

- mice were administered the anti-mouse C5 antibody BB5.l at 4O mg/kg body weight

intravenously on days - I through day 74 and were also administered cyclosporin A at l5

mgt<gof body weight on a daily basis beginning at day 0 until the endpoint. Note that this

differs from the other groups in that the BB5.l wds administered intravenously and on a daily

basis.

Group 5' (anti-complement antibody until day 28 post-transplant plus cyclosporin A)

- mice were administered the anti-mouse C5 antibody BB5.l at 40 mglkgbody weight

intraperitoneally on days -1, 0, I and 2 followed by 40 mgikg body weight administered three

times per week (Monday, Wednesday, Friday) until day 28 and were also administered

cyclosporin A at l5 rîdkg of body weight on a daily basis beginning at day 0 until the

endpoint.

Group 6' (anti-complement antibody chronically until lO0 days plus cyclosporin) -

mice were administered the anti-mouse C5 antibody BB5.l at 40 mg/kg body weight

intraperitoneally on days -1, 0, I and 2 followed by 40 mglkg body weight administered three

times per week (Monday, Wednesday, Friday) until 100 days and were also administered

cyclosporin A at l5 mg/kg of body weigbt on a daily basis beginning at day 0 until 100 days.

The results of this cxpcriment are shown in Tables 3 and 4. Table 3 shows the

survival time for the grafts. Table 4 sets forth the histological scores.

Table 3
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1.0 4.0 2'. Cyclosporin A (endpoint) 2,0 1.0 2.03.0 BB5,1 (endpoint) 2.0 3,Ct 2.02.0 4'. 8B5.1
until day N/A NIA N/AN/A 4 + eyelosporin A    5'. BB5.1 28 days -t- 0.0 
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Group (Treatment)

l'. Saline

2'. Cyclosporin A

3'. BB5.l

4'. BB5.l until day 14 +

cyclosporin A

46

5'. BB5.l until day 28 +

cyclosporin A

Individual Survival (days)

Alloeraft Survival

8, 8, 8, 8, 8,9

6'. BB5.l until day 100 +

cyclosporin A -

14,15,15, ¡6, 16,16,17

7, 8, 8, 8, 8,9

PCTru52007/005290

35, 38, 43,45, 46,41

77,80,80, 81, 82

Mean Survival Time (days)

8.3 + 0.5

>100 days (7 mice; one

sacrifi ced for histolo gy)

I 5.5 + .l.l

8.0 * 0.6

42.3 *4.8

80 È1.9

> l0Odays

0.0 0.0  Cyclosnorin A (postoperative day 8)     5'. 13135.1 28 days 0.0 0.0 1.0IA Cyclosporin
A (endpoint)   6'. 13B5,1 until day 0.00.0 0.00.0 100 + Cyclosporin A (post-operative day  
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Table 4

Groups

l'. Saline (endpoint)

2'. Cyclosporin A

(endpoint)

47

3'. BB5.l (endpoint)

Vasc*

4'. BB5.l until day

l4 + cyclosporin A

3.0

Infarc

5'- 8El5.1 28 days +

Cyclosporin A (post-

operative day 8)

2.0

PCT/US2007/00s290

3. 0

Lymph

2

l

0

0

5'. BB5.l 28 days +

Cyclosporin A

(endpoint)

r.0

N/A

1.0

2.

Throm

0

N/A

0

4.O

6'. BB5.l until day

100 + Cyclosporin

þost-operative day

r 00)

0

z.o

Hemo

3.0

0.

N/A

3.0

o

0.0

2.O

Fibrin

2.0

Median

change;

+Vasc -

Hemo -

0.0

N/A

3.0

0.0

PMN

1.0

2.0

0.0

scores:0 - normal; l- minimum change;2 - mild change;3 - moderate

4 - marked change. N/A - not available.

vasculitis; Infar - infarction; Lymph - lymphocyte infilrration; Throm - thrombosis;

hemorrhage; Fibrin - fibrin deposition; PMN - polymorphonuclea¡ cell infiltrate

0.0

3.0

N/A

I 0

0.0

0.0

3.0

0.0

N/A

l0 The results indicate the synergistic effecls of using a comptement inhibiting drug in

addition to an immunosuppressant. In untreated mice the grafts were rejected in about 8

days. Use of the immunosuppressant cyclosporin A alone on a daily, chronic basis resulted

l.o

0.0

0.0

0.0

N/A

2.O

o.o

0-0

l.0

0.o

0.0

0.0 0. 0

100)    Median scores: 0- normal, 1- inininnain change; 2- mild change; 3 - moderate change;
4 - marked change. N/A - not available. *Vase - vaseulitis; Infar - infarction; Lymph
lymphocyte infiltration; Thrum - thrombosis; Herne - hemorrhage; Fibrin - fibrin deposition;
PMN potymorphomielear cell infiltrate 10The results indicate the synergistic effects of using a
complement inhibiting drug in addition to an immunesuppressant. In untreated mice the grafts
were rejected in about 8 days. Use of the immunosuppressant eyclosporin A alone on a daily,
chronic basis resulted  WO 2007/1031.34PC171152007/005290 45 in an increase in graft
survival until approximately 15 days post-transplant. The use of the anti-05 antibody BB5.1 to
inhibit otaadon ot'teiwinal complement had no effect on its own, graft rejection occurring at 8
days post-nansplant as in the control group (Group I The combination of B35. through day 28
post-transplant plus cyclosporin A showed a 5synergistic effect with graft survival being
extended until approximately day 80. A more surprising result is that of Group 5' in which
B135.1 and cyclosporin A were each administered chronically post-transplant. In this case the
graft survival was for more than 100 days (as much data as presently available). Additionally,
the histological results Si3OW.13 in Table 4 indicate that the administration of both BB.5.1
and eyelosporin A protected the 10grail from changes much better than either B135.1 or
cyclosporin A alone, and that the chronic administration of 8B5,1 and eyelosporin A protected
the graft to such an extent that 
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in an increase in grafi survival until approximately l5 days post-transplant. The use of the

anti-Cs antibody BB5.l to inhibit formation of terminal complement had no effect on its

own, graft rejection occurring at 8 days post-transplant as in the control group (Group l').
The combination of BB5.l through day 28 post-transplant plus cyclosporin A showed a

synergistic effect with graft survival being extended until approximately day 80. A more

surprising result is that of Group 5' in which BB5.l and cyclosporin A were each

administered chronically post-transplant. ln this case the graft survival was for more than

100 days (as much data as presently available). Additionally, the histological results shown

in Table 4 indicate that the administration of both BB5.l and cyclosporin A protected the

graft from changes much better than either BB5.l or cyclosporin A alone, and that the

ch¡onic administration of BB5. I and cyclosporin A protected the graft to such an.extent that

even at 100 days post-transplant there were no histological changes seen in the engrafted

hearts. A survival time of 100 days in these models is considered to be the gold standard. A

suryival of 100 days in the model is believed to indicate that there will be an indefinite

suwival of the allografl. When B85.1 adrninistration was stopped afr,er 28 days, the grafts

were protected but they did begin to show some minimal to mild histological changes by

about day 80 which was the tirne at which graft failure occurred.

' The Group 4' mice were treated differently in that they were administered BB5-l on a

daily basis by an intravenous administration. These a¡rimals became ill, showing weight loss

and urine retention and were sacrificed at a time at which the grafted hearts were still beating

although their fi¡nction had declined. This was tho first group of mice studied and it is

unknown why these ill effects were seen. These ill effects were not seen when the BB5.l

was administered intraperitoneally with a schedule of three times per week. As seen below in

Example 4, daily administration of BB5.l via an intraperitoneal route did not cause ill effects.

Also, intravenous administration was not necessarily the cause of the illness in these animals.

Intravenous administration of eculizumab (a human equivalent antibody to El85.1 in that it

binds to human C5) has been successfully administered intravenously without ill effects to

humans in a study of PNH (Hilhnen et al., 2004). Conrplemerrt inhibitors may be

administered by other routes in addition to inlravenous and intraperitoneal, with all such

routes being well known by those skilled in the art.

Example 4
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even at 100 days post-transplant there were no histological changes seen in the engrafted
heads.. A survival time of 100 days in these models is considered to be the gold standard. A
survival of 100 days in the model is believed to indicate that there will be an indefinite
15survival of the allograft. When B85.1 administration was stopped after 28 days, the grafts
were protected but they did begin to show some minimal to mild histological changes by about
day 80 which was the time at which graft failure occurred. The Group 4' mice were treated
differently in that they were administered 885.1 on a daily basis by an intravenous
administration. These animals became ill, showing weight loss 20and urine retention and were
sacrificed at a time at which the grafted hearts were still beating although their thndion had
declined. This was the first group of mice studied and it is unknown why these ill effects were
seen. These ill effects were not seen when the 385.1 Was administered intraperitoneally with
a schedule of three times per week. As seen beimit in Example 4, daily administration of
885.1 via an intraperitoneal route did not cause ill effects. 25Also, intravenous administration
was not necessarily the cause of the illness in these animals. Intravenous administration of
eculizumab (a human equivalent antibody to BB.5.1 in that it binds to human CS) has been
successfully administered intravenously without iii effects to humans in a study of Phild
(1-tillmen et ah, 2004). Complement inhibitors may be administered by other routes in addition
to intravenous and intraperiterneal, withal! such 30routes being well known by those skilled in
the art. Example 4  WO 2007/103134120711382007,1131)5290 49 Accelerated Rejection in a
Presensitized Heart Transplantation Model       A second set of experiments similar to those of
Example 3 was performed but the recipient mouse was presensitized to the donor organ. In
these experiments, the presensitization was brought about by prior transplantation of a skin
graft. In general, presensitization can occur not only as a result of having received an earlier
allogriift, but can also be caused by having received multiple blood transfusions or in women
who have been prewiani. Besides such presensitization methods, allografts with an ADO
mismatch will be rapidly attacked and rejected because of preformed antibodies to the ADO
antigens unless steps are taken to prevent such an attack. 10Some mice in these studies
were administered cyclophosphatnide in addition to 13135.1 and/or cyclosporin A. For these
experiments BAILBle recipient mice were presensitized with 
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Accelerated Rejection in a Presensitized Heafl Transplantalion Model

A second set of experiments similar to those of Example 3 was performed but the

recipient mouse was presensitized to the donor organ. In these experiments, the

presensitization was brought about by prior transplantation of a skin graft. In general,

presensitization can occur not only as a result ofhaving received an earlier allograft, but can

also be caused by having received multiple blood transfusions or in wornen who have been

pregnant. tsesides such presensitization methods, allografis with an ABO mismatch will be

rapidly attacked and rejected because of preformed antibodies to the ABO antigens unless

steps are taken to prevent such an attack.

Some mice in these studies were administered cyclophosphamide in addition to BB5.l

and/or cyclosporin A. For these experiments BALB/c recipient mice were presensitized with

C3H skin grafts one week prior to heart transplantation from the same donor (using the

method of Pruitt and Bollinger, l99l ). This model is desigred to mimic presensitized

transplantation in humans, especially in relation to accelerated humoral rejection. Recipient

mice were split into eight groups of six to eight mice each. The trealments were as follow.

Croup l" (control) - mice (male 8-12 week old mice weighing 25 - 30 g) were

administered 0.75 mL saline intraperitoneally on a daily basis beginning at day -l and

continuing until the endpoint (graft rejection).

Group 2" (cyclosporin A alone) - mice were administered cyclosporin A

subçutaneously at a dose of l5 mgllcgbody weight beginning on day O (day of transplant)

until the endpoint.

Group 3" (BB5.l alone) - mice were administered the anti-mouse complement

monoclonal antibody BB5. I at a dose of 40 mg/kg body weight delivered intraperitoneally on

a daily basis beginning at day -l and continuing until the endpoint-

Group 4" (cyclophosphamide alone) - mice were administered cyclophosphamide

intravenously at a dose of 40 mgkgbody weight on each of days O and l.

' Group 5" (BB5.l plus cyclosporin A) - mice were administered BB5-l

intraperitoneally at a dose of 40 mglkg body weight on a daily basis beginning at day -l and

continuing until the endpoint. These mice were additionally adrninistered cyclosporin A

subcutaneously at a dose of 15 mg/kgbody weight on a daily basis from day 0 until the

endpoint.
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C311 skin grafts one week prior to heart transplantation from the same donor (using the
method of Pruitt and Bollinger, 1991), This model is desivicti to mimic prescrisitized
transplantation in humans, especially in relation to accelerated Immoral rejection. Recipient
15mice were split into eight groups of six to eight mice each. The treatments were as follow..
Group 1" (control) - mice (male 8-12 week old mice weighing 25-30 g) were administered 075
nil:saline intrapecitoneally on a daily basis beginning at day -1 and continuing until the
endpoint (gait rejection). Group 2" (cyclosporin A alone) - mice were administered oyolosporin
A 20 subcutaneously at a dose of 15 ingdsg body weight beginning on day 0 (day of
transplant) until the. endpoint.        Group 3" (B/35.1 alone) - mice were administered the
anti-mouse complement monoclonal antibody BB5. I at a dose of 40 mg/kg body weight
delivered intrapentoneally on a daily basis beginning at day -1 and continuing until the
endpoint, 25Group 4" (cyclophosphamide alone) - mice were administered eyolcipliosphatnide
intravenously at a dose of 40 mg/kg body weight on each of days 0 and I,     - Group 5"
(R135.1 plus cyclosporin A) - mice were administered BD5.1 intraperiioneally at a dose of 40
mg/kg body weight on a daily basis beginning at day -1 and continuing until the endpoint.
These mice were additionally administered cyclosporin A 30subcutaneously at a dose of 15
mg/kg body weight on a daily basis from day 0 until the endpoint.  WO
2007/103134PCTIUS2007/005290 SO       Group 6" (BI35.1 plus cyclophosplaamide) - mice
were administered BB5.I intraperitoncially at a dose o140 nag/kg body weight on a daily basis
beginning at day -1 and continuing until the endpoint. These mice were additionally
administered cyclophosphamide intravenously at a dose of 40 mg/kg body weight on each of
days 0 and I. 5Group 7" (eyelosperin A plus cycloplicispliamitie) - mice were administered
eyclosporin A subcutaneously at a dose of 15 mg/kg body weight on 3 daily basis from day 0
until the endpoini. These mice were additionally administered cyclophosphamide
intravenously at a dose of 40 mg/kg body weight on each of days 0 and 1. Group 8" (1-35.1
plus cyclosporin A plus cyclopliosphamide) mice were 10administered BB5.I intraperitoneally
at a dose of 40 mg/kg body weight on a daily basis 
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Group 6" (BB5.l plus cyclophosphamide) - mice were administered BB5.l

intraperitoneally at a dose of 40 mglkg body weight on a daily basis beginning at day -l and

continuing until the endpoint. These mice were additionally administered cyclophosphamide

intravenously at a dose of 40 mgkgbody weight on each of days 0 and l.

Group 7" (cyclosporin A plus cyclophosphamide) - mice were administered

cyclosporin A subcutaneously at a close of l5 mg/kg body weight on a daily basis from day 0

until the endpoint. These mice were additionally administered cyclophosphamide

intravenously at a dose of 40 mglkg body weight on each of days O and l.

Group 8" (BB5.l plus cyclosporin A plus cyclophosphamide) - mice were

administered RB5.l intraperitoneally at a dose of 4O mg/kg body weight on a daily basis

beginning,at day -l and continuing until 100 days. These mice were also administered

cyclosporin A subcutaneously at a dose of 15 mg/kg body weight on a daily basis from day 0

until 100 days. These mice were additionally administered cyclophosphamide intravenously

at a dose of 40 m{kg body weight on each of days O and 1. Two mice in this group were

sacrificed at day 60 for histological studies (no rejection had yet occurred) and the four

remaining mice still had not rejected their graffs by day 100.

Additioually a control group of mice which was not presensitized and received only

the saline treatment as for Group l " was tested.

The results of these experiments are shown in Tables 5 and 6. Table 5 lists survival

times for the grafts and Table 6 summarizes the histological results.
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beginning at day -I and continuing until 100 days. These mice were also administered
eyelosporin A subcutaneously at a dose of 15 mg/kg body weight on a daily basis from day 0
until 100 days. These mice were additionally administered erdopbospharnide intravenously
at a dose of 40 irtiglbg body weight on each of days 0 and I. Two mice in this group were
1.5sacrificed at day 60 for histological studies (no rejection had yet occurred) and the four
remaining mice still had not rejected their grails by day 00.       Additionally a control group of
mice which was not presensitizeci and received only the saline treatment as fin Group 1" was
tested.               The results of these experiments are shown in Tables 5 and 6. Table 5 lists
survival 20times for the galls and Table 6 summarizes the histological results.  WO
2007003134PCMUS20071131.15290 51 Table 5 Allograll  Survival <0.01 group 1" vs. no
presonsitization **P <0,01 group 5" vs. groups 1"-4" and 6"-7".t "9)=0.01 group 8" vs. groups
1"-7".  WO 2097/103134prous2007.ffi95190 52 Median $c. rea ot titstotoktea :Inures of1eait
Alio FI2,3 its atopsy  Lymph ThronH Hetno Fibrin PivIN 1.04.03.03.03.0 
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Groups (Treatment)

No presensitization '

I ". One skin

presensitization

51

2"..Cyclosporin A

3"- BB5.l

Table 5

Allogaft Survival

4". Cyclophosphamide

Individual survival (days)

5". BB5.l + Cyclosporin A

6". BB5.l +

Cyclophosphamide

PCT/U52007/00s290

8,8r8,8,8,9

3,3,3,3,3,3,3,4

7". Cyclosporin A +

Cyclophosphamide

8"- BB5.l + Cyclosporin A

+ Cyclophosphamide

3,3,3,3

Mean survival time (days)

313r 4,4

10, 10, I l, I l, 12,12,14, 15

*P < 0.01 group I " vs. no presensitization
++P <O.0l group 5" vs. groups I"-4" and6"-7"

***P<0.01 gfoup 8" vs. groups l"-1D.

3,3,3,4

8-3 t 0.5*

3, 3, 3, 3,3,4

3.1 + 0.4

3,3,3, 4,4,4

3.0 t 0.0

> 100 days (4 mice)

3.5 + 0.6

3.3 r 0.5

I 1.9 + 1.8+'r

3.2 + 6.4

3.5 r 0.6

> 100***

4.03.00.00.0  4.00.0Nth 2.03.0N/A'N/A 0.03.01 270NIAN/A 1 A) I 1 00.00.00.00.0     6". BB5.1
Cyclophosphamide (endpoint  7". Cyclospotin A -Fe ycloph o spliam ide (endpoint)  8". BB5.1
+ Cyciosporin A 4- Cyclophospharnide (postoperative day 3) 8. BB5.1 + Cyclosporin A + 1
0.00.0 Cyclophosphamide (post- operative day 12) 8". 13135.1 + Cyclosporin A +OM
eye1ophosphainide (post-  WO 2007/103134PCTIUS20071005290 
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Table 6

Groups

No presensitization (endpoint)

52

I ". One skin presensitizirtion

(endpoint)

2". Cyclosporin A (endpoint)

3". BB5.l (endpoint)

4"; Cyclophosphamide

(endpoint)

Vascs

PCT/US2007/00s290

3

5". BB5.l + Cyclosporin A

(post-operative day 3)

0

Infar

0.0

3.

5". BB5.l

(endpoint)

0

Lymph

4.

0.0

0

1.0

6". BB5.l +

Cyclophosphamide (endpoi nt)

2.0

+ Cyclosporin A

Throm

1.0

4.O

2.O

4.

7". Cyclosporin A +

Cyclophosphamide (endpoi nt)

0

2.O

Hemo

0.0

4. 0

0.0

4.0

3.

2.O

0

8". BB5.l + Cyclosporin A +

Cyclophosphamide (post-

operative day 3)

Fibrin

3.

30

0.

0

20

0

3.0

t.0

2.0

PMN

0.0

3.0

8. BB5.l + Cyclosporin A *
Cyclophospham ide (post-

operative day 12)

l.o

3.0

3.0

2.O

1.0

3.0

0.

N/A

0

2.O

2.0

0.0

0.0

3.0

8". BB5.l + Cyclosporin A +

Cycl ophospham ide (post-

N/A

N/A

N/A

0.0

2.O

0.0

o.0

1.0

N/A

N/A

0.0

r.0

2.0

3.0

0.o

o.o

0.0

0.

t.0

2.0

2.O

0

o.0

0.0

N/A

3.0

0.0

0. 0

1.0

N/A

N/A

0.0

o.o

0.0

N/A

I

N/A

o

0.0

N/A

0.0

N/A

0.0

N/A

N/A N/A

53 Median scores: 0- normal; 1- minimum change 2 - mild change; . moderate change; 4 -
marked change. N/A - not available. *Vase - vasculitis; hifar - infarction; Lymph - lymphocyte
infiltration; Th10111 - thrombosis; Hem - hemorrhage; Fibrin - fibrin deposition; FMN -
polymorptiounclear cell infiltrate 5       The results shown in Table 5 indicate a difference
between the presensitized mouse model and the nonprescnsitized mouse model as used in
Example 3. The results indicate that in the absence of presensitization, grafts are rejected in
approximately 8 days in the absence of treatment with any drugs. Pr sensitizing the animals
causes a more rapid rejection, the 10rejection of the graft in the prersensitixed animals being
in approximately 3 days in the absence of any drug treatment. Treatment with either BB5.7,
cyciosporin A or cyclophosphamide had no effect upon graft survival, with the grafts being
rejected in approximately 3-4 days in each of these groups of animals. The combination of
13135.1 and cyclosporin A showed some effect with rejection occurring about day 12. The
combination 15off-H-35.1 and cyclophosphamide had no protective effect with rejection
occurring about day 3. Similarly the combination of cyclosporin A and cyclophospharnide had
essentially no protective effect with rejection occurring at 3-4 days. Very surprisingly, the
combination of all three drugs (chronic administration of BB5.1 and eyelosporin plus
administration of cyclophosphamide at the time of transplant) showed a highly synergistic
effect with all of he 20mice surviving for more than 100 days. Again, a SUP/rival of 100 days
in this model is considered to be the gold standard and assumes an indefinite survival.
These results as well as the histological results as shown in Table 6 indicate that the
combination of chronic treatment with 3 complement inhibitor and an immnnosuppressant
such as cyclosporin A in treating a presensitized mouse results in some attenuation of
25accelerated rejection. Treatment of these animals additionally with cyclonhosphamide at
the time of transplant and on the first day after transplant results in a much greater time of
survival, no rejection having been seen by at least day 100.  WO
20071103134PCTMS2007/005290 54 Gill Kidney Allografts Succumb to AB MR in
Presensitized BALM? Recipients        A novel mouse A:31MR model with features that closely
mimic the clinical setting of renal allotransplaritation in highly presensitized patients was
developed. Recipient pALB/c mice were presensitized with littly allogeneic C39 donor skin
grafts. Following 
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operativc day 60)

8". BB5.l + Cyclosporin A +

Cyclophosphamide (post-

operative day 100)

Median scores:0 - normal; l- minimum change;2 - mild change; 3 -moderate

change;4 - marked change. N/A - not available.

*Vasc - vasculitis; Iñfar - infarction; Lynph - lymphocye infiltration; Throm - thrombosis;

Hemo - hemorrhage; Fibrin - fibrin deposition; PMN - polymorphonuclear cell inf¡ltrate

5

The results shown i¡r Table 5 indicate a difference between the presensitized mouse

model and the nonpresensitized mouse model as used in Example 3. The results indicate that

in the absence of presensitization, grafts are rejected in approximately 8 days in the abse¡rce

of treatment with any drugs. Presensitizing the animals causes a more rapid rejection, the

10 rejection of the graft in the presensitized animals being in approximately 3 days in the

absence of any drug treatment. Treatment with either BB5. l, cyclosporin A or

cyclophosphamide had no effect upon graft survival, with the grafts being rejected in

approximately 3-4 days in each of these groups of animals. The combination of BB5.l a¡d

cyclosporin A showed some effect with rejection occurring about day 12. The combination

l5 of 885.1 and cyclophosphamide had no protective effect with rejection occurring about day

3. Sirnilarly thc combination of cyclosporin A and cyclophosphamide had essentially no

protective effect with rejection occurring at 3-4 days. Very surprisingly, the combination of
all three drugs (chronic adrninistration of BB5.l and cyclosporin plus administration of
cyclophosphamide at the time of transplant) showed a highly synergistic effect with all of the

20 mice surviving for more than 100 days- Again, a survival of 100 days in this rnodel is

considered to be the gold standard and assumes an indefinite survival.

These results as well as the histological results as shown in Table 6 indicate that the

combination of chronic treatment with a complement inhibitor and an immunosuppressant

such as cyclosporin A in treating a presensitized mouse results in some attenuation of
25 accelerated rejection. Treatrnent of these animals additionally with cyclophosphamide at the

timc of transplant and on the first day after transplant results in a much greater time of
survival, no rejection having been seen by at least day 100.

Example 5
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presensitization, levels of circulating anti-donor IrtG were markedly elevated and reached
peak levels seven days after skin grafting (Figure 10A). At this time, kidney allografts from the
same donor strain (031-1) were transplanted into the presensitized recipients; these grafts
were rapidly rejected in all animals in 8.5  13 days (Fixture 11 A). Rejected grafts showed
histologic features consistent with accelerated immoral rejection, including 1) evidence or
10vaseulitis, hemorrhage and edema in the interstitium, as well as &mender and tubular
necrosis (Figure 10B-a); 2) extensive intragraft deposition of IgG (Figure 10B-e), C3 (Figure
1011-e) and 05 (Figure 1013-g); 3) significantly higher levels of circulating anti-donor IgG
compared with those observed among non-presensitized recipients evaluated on the same
day post-transplant (in< 0.01; Figure 100); 4) normal levels of complement, activity (Figure
10D) 15and 5) massive intraga-al3/4 infiltration of Mae-14 cells, including irioneeytes and
macrophages (Figure 1013-0. /n contrast, non-presensitized BALBle mice rejected 031-I
kidney grafts in 512  5.6 days and showed normal waft histology on PODS (Figure I OB-b)
with 310 detectable deposition of lei (Figure 10B-r1), little or no infiltration of Mac-1' cells
(Figure I 031) and only mild deposition of 03 (Figure 10B-J) and 05 (Figure 10I3-h).
Presensitizatiora 20with donor skin did not appear to increase circulating anti--donor fghl
levels (Figure 100) or serum complement activity (Figure 10D). These data suggest that this
novel kidney allograft model offers an excellent tool to investigate the potential rote of
complement in antibody-mediated renal allograft rejection in highly presensitized recipients.
Anti-CS rnAb in Combination with CsA and iF Prevents ABMR. and Achieves indefinite
25Kidney Allograft. Survival in Presensitized Mouse Recipients        Initial experiments
performed during the development of this model evaluated the immenosuppressive effects or
OsA and cyclophospharnide (Cy?) in prolonging kidney graft survival. However, CyP
treatment was associated with significant nephrotoxicity, prohibiting further evaluation (data
not shown). Brief treatment with I..F was not associated with 30nephrotoxicity, and further
modeling used this agent as part of the experimental immunosuppressive regimen.        It was
evaluated whether anti-05 xnAh, either alone or combined with CM and short-term LF
treatment, could prevent ABNIR in presensilized mouse recipi.563:2; receiving renal  WO
200711031MPCTR1S2007/05290 allografts. As presented in Figure IA, the grafts among
presensitized recipients treated with either CsA or LF monotherapy, or with the two drugs in
combination were rejected in 93 tb 23 days, 6.0 1.0 days and 11.7  2.1 days, respectively. In
addition, anti-CS rnAb monotherapy, or anti-CS in combination with CsA or LF was unable to
improve graft Ssurvival, with rejection occurring in 7.0  1.0 days, 7.0  1.0 days and 8.3  3.2
days, respectively (Figure 11A). These rejected kidney grafts also developed typical
pathological features of antibody-mediated humoral rejection (data not shown), with the
pattern of rejection virtually identical to that observed in untreated pint:sensitized BALM:
recipients (Figure 10B-a). In contrast, triple-therapy consisting of anti-05 mAb, C.,sA and
short-term 1..F 10treatment effectively prevented graft rejection and achieved indefinite kidney
allograft survival for >100 days among presensitized animals (Figure 11A). Further, the
long-terra surviving kidney grafts demonstrated normal kidney function, as indicated by serum
creatinine levels within the normal range (Figure 11D; p<0.01 vs. untreated mice or those
treated with either CsA or LF monotherapy or the two drugs in combination). The kidney 
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C3H Kídney Allografts Succumb to ABMR in Presensitized BALB/c Recipients

A novel mouse ABMR model with features that closely mimic the clinicalsetting of
renal allotransplantation in highly presensitized patients was developed. Recipient BALB/c

mice were presensitized with fully allogeneic C3H donor skin grafts. Following

presensitization, levels of circulating anti-donor IgG were markedly elevated and reached

peak levels seven days after skin grafting (Figure l0A). At this time, kidney allografts from

the same donor strain (C3H) were transplanted into the presensitized recipients; these grafu

were rapidly rejectecl in all animals in 8.5 I 1.3 days (Figure I I A)- Rejected grafts showed

histologic features consistent with accelerated humoral rejection, including l) evidence of
vasculitis, hemorrhage and edema in the interstitium, as well as glomerular and tubular

necrosis (Figure lOB-a); 2) extensive intragraft deposition of lgG (Figure I OB-c), C3 (Figure

I OB-e) and C5 (Figure l0B-g); 3) significantly higher levels of circulating anti-donor IgG

compared with those obsewed among non-presensitized recipients evaluated on the same day

post-transplant (p< 0.01; Figure l0C); a) normal levels of complement activity (Figure l0D)
and 5) massive intragraft infiltration of Mac-l* cells, including monocytes and macrophages

(Figure l0B-t). In contrast, non-presensitized BALB/c mice rejected C3H kidney grafts in

55.2 ! 5.6 days and showed normal graft histology on PODS (Figure l0B-ó) with no

detectable deposition of lgG (Figure lOB-d), little or no inlìltration of Mac-l* cells (Figure

lOBy) and only mild deposition of C3 (Figure 108-/) and C5 (Figure l0B-¿). Presensitization

with donor skin did not appear to increase circulating anti-donor IgM levels (Figure l0C) or

serum complement activity (Figure IOD). These data suggest that this novel kidney allograft

model offers an excellent tool to investigate the potential role of complement in antibody-

mediated renal allograft rejection in highly presensitized recipients.

Antí-CS mAb ín Combinatíon with CsA and LF Prevents ABMR and Achieves Indefnite

Kídney Allograft Survival in Presensitized Mouse Recipients

lnitial experiments performed during the development of this model evaluated the

immunosuppressive effects of CsA and cyclophosphamide (CVP) in prolonging kidney graft

survival- However, CyP treatment was associated with significant nephrotoxicity, prohibiting

fi¡rther evaluation (data not shown). Brief treatment with LF was not associated with

nephrotoxicity, and further mocleling used this agent as part of the experimental

immunosuppressive regimen.

It was evaluated whether anti-C5 mAb, either alone or combined with CsA and short-

ter¡n LF treatment, could prevent ABMR in presensitized mouse recipients receiving renal
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15allografts at POD 100 in triple-therapy-treated presensitized recipients had normal histology
(Figure 11C-a) with no detectable CD4+. CDS+ or Mac-1+ cell infiltration (Figure 1 IC-b, c,
cO. In addition, massive iritragraft infiltration of MaCt cells was found in untreated and
CsA-,LF- or CsA phis LF-treated animals, while the infiltration of these cells was significantly
reduced in anti-05 rnAld treated animals (Table 7). These results indicate that 20treatment
with a functionally blocking anti-CS mAb together with CsA and short-term LF prevents Al3MR
and permits indefinite kidney allegraft survival in highly presensitized recipients. Anti-5 mAb
Treatment Completely Inhibits Terminal Complement .Activity and Local CS Deposition in
Presensitized Recipients Receiving Kidney Allografts 25To determine the systemic and local
efficacy of anti-CS mAh treatment in this model, complement activity was evaluated, as
measured by an in vitro serum hemolytic assay, among mice in different treatment groups at
the same timepoint (POD7). Treatment of mice with either CsA or LF, or with the two drugs in
combination had no inhibitory effect on terminal complement activity, while treatment with
anti-CS ritAb alone or combined with 30CsA and/or 1..F completely inhibited serum
complement activity (jact0.01, vs. naive mice, untreated presensitized mice, or CsA-, LF-, or
CsA plus LF-treated animals) (Figure 12). Complement henricilyne activity was restored to
normal levels by P00100 following cessation of treatment on P01)60 (Figure 12). Furthermore,
local (intragraft) CS deposition  WO 20071103134PCTIUS2007/005290 56 was completely
prevented in the anti-CSmAti-treated presensitized recipients, but was evident in untreated, or
CsA-, LP- and CsA plus LF-treated presensitized animals (Table 7). As predicted, anti-05 inAb
therapy did not prevent intragraft C3 deposition (Table 7). These results indicate that anti-05
rnAb therapy completely blocks terminal complement activity but preserves early complement
components following allogeneic kidney transplantation in presensitized recipients. Long-term
Surviving Kidney Graf& Resist Humeral Injury in Presensitized Recipients Through
Accommodation To investigate whether the long-ti..rm survival of these kidney grafts is
associated with 10the development of acconimodation, circulating anti-donor antibody levels,
scram complement activity and intragraft antibody and complement deposition in mice of the
different treatment groups at the time of rejection were measured. Untreated, presensitized
BAliBlic recipients produced high levels of circulating anti-donor IgG antibodies (Figure 13A)
which were partially reduced upon treatment with either CsA or LF alone or in 
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allografts. As presented in Figure I lA, the grafts among presensitized recipients treated with

either CsA or LF rnonotherapy, or with the two drugs in combination wcre rejected in 9.3 +

2.5 days, 6.0 t l.0 days and I I .7 t2.l days, respectively. In addition, anti-C5 mAb

monotherapy, or anti-C5 in cornbination with CsA or LF was unable to improve graft

survival, with rejection occurring in 7.0 + I .0 days, 7.0 + 1.0 days and 8.3 t 3.2 days,

respectively (Figure I lA). These rejected kidney grafts also developed typical pathological

fsatures of antibody-mediated humoral rejection (data not shown), with the pattern of
rejection virtually identical to that observed in untreated presensitized BALB/c recipients

(Figure l0B-a)- In contrast, triple-therapy consisting of anti-C5 mAb, CsA and short-term LF

treatment effectively prevented graft rejection and achieved indefinite kidney allograft

survival for > I 00 days among presensitized animals (Figure 1 I A). Further, the long-term

surviving kidney grafts demonstrated normal kidney function, as indicated by serurn

creatinine levels within the normal range (Figure 1 I B;p<0.01 vs. untreated mice or those

treated with either CsA or LF monotherapy or the two drugs in combination). The kidney

allografts at PODl00 in triple-therapy-treated presensitized recipients had normal histology

(Figure I lC-a) with no detectable CD4+, CD8* or Mac-l+ cell infittration (Fìgure llC-b, c,

d). In addition, massive intragraft infìltration of Mac-l* cells was found in untreated and

CsA-, LF- or CsA plus LF-treated animals, while the infiltration of these cells was

signifìcantly reduced in anti-C5 mAb treated animals (Table 7). These results indicate that

treatrnent with a functionally blocking anti-C5 mAb together with CsA and short-term LF

prevents ABMR and permits indefinite kidney allograft survival in highly presensitized

recipients.

Anti-C5 mAb Treatment Complctely Inhibits Terminal Complemenl Activi¡, and Local C5

Deposition in Presensilized Recipíents Receiving Kidney Allografts

To determine the systemic and local efficacy of anti-C5 mAb treatment in this model,

complernent activity was evaluated, as measured by an in vitro serum hemol¡ic assay,

among nrice in differe¡rt treatment groups at the same tirnepoint (POD7). Treatment of mice

with either CsA or LF, or with the two drugs in combination had no inhibitory effect on

terminal complement activity, while treatment \ryith anti-C5 mAb alone or combined with

CsA and/or LF cornpletely inhibited sen¡m complement activity Cp<0.01, vs. naive mice,

untreated presensitized mice, or CsA-, LF-, or CsA plus LF-treated animals) (Figure l2).

Complement hemolytic activity was restored to normal levels by PODl00 following

cessation of treatment on POD60 (Figure l2). Furthermorc, local (intragraft) C5 deposition
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15combination. The addition of anti-C3 to either CsA. or LF moncitherapy did not further
attenuate anti-donor antibody levels. With triple-therapy of anti-05 rnAb, CsA and LF,
circulating anti-donor igG levels were markedly inhibited and remained tow on POD! 00
(4'7(0.01 vs. untreated preserisitized animals or those treated with either monotherapy or the
two dolga in combination). However, this low antibody level was still higher than that of
20naive animals ("'"p<0.05 vs, presensitized animals treated with triple-therapy). Consistent
with effects of treatment on the levels of circulating anti-donor antibodies, significant intragraft
1gG deposition was observed in untreated preserisitized recipients or those receiving either
CsA or LP monotherapy or two-drug combination (Table 7). Interestingly, en POD 100, the
long-term surviving kidney grafts from triple-therapy treated animals also 25demonstrated mild
igG deposition (Figure Ii C-c, Table 7). Furthermore, mild-to-moderate deposition of C3 and
C5 was detected in 100-day surviving kidney grafts in presensitized animals (Figure 1 ICI g,
Table 7). Anti-donor 1gM levels in either circulation (Figure I3A) or transplanted kidney grafts
(Table 7) remained low in all presensitized recipients regardless of treatment. Taken together,
these data demonstrate that anti-CS tnAh-based triple therapy 10prevents AIBMR despite the
presence of demonstrable intragraft led and complement deposition, suggesting that
long-term graft survival has been accomplished through 3 process of accommodation. IgG
Subclass Shift to I8G2b in Long-term Surviving Presensi 'zed Recipients Carrying
Accommodated Kidney Grafts  WO 20117/103134Pe11tIS2007/005,296?       To determine
whether anti-05 mAlt-based triple therapy was associated with a shill in Igo subclass, a
comparison was performed between serum levels of anti-donor IgG subclasses among
untreated presensitized recipients and those carrying accommodated kidney grafts. Sera from
untreated presensitized recipients contained predominantly IgGI, igG2a and 1gG3 anti-donor
antibodies (Figure 138). The same pattern was observed among presensitized recipients
treated with either CsA, LF, or the two drugs in combination (data not shown). in contrast,
among presensitized recipients carrying accommodated grafts (P01)100), the predominant
anti-donor IgO subclass was IgG2b (Figure I3B,p<0.01). These data suggest that the
production of anti-donor IgG2h antibodies may be associated with the 10induction of graft
accommodation, Protective Proteins Bel-2 and 13c1-xl Express on Accommodated Kidney
Grafts       It is hypothesized that the resistance of accommodated grails to low levels of
alloaritibodies and complement may be associated with the intragraft expression of protective
proteins such as Bcf-xl and Bc1-2, previously reported to be upregulated in the Va:3Cili ware
of accommodated grails in xenotransplantation models (Bach et ai., 1997). The expression of
these proteins was evaluated among presensitized recipients receiving anti-05 mAh-based
triple therapy. The accommodated kidney grafts from presensitized recipients treated with
anti-CS mAb-hased triple therapy expressed h6(11 levels of Bel-2 and 13d-al proteins on
P01)100 (Figure 14). In contrast, expression of these proteins was undetectable in rejected
20kidney wafts of untreated presensitized animals (Figure 14) or of presensitized animals
treated with either CsA or LF monotherapy or the two drags in combination (data not shown).
These results suggest that the resistance of accommodated grafts to humors] injury in these
presensitized animals may he associated with the protection provided by Bel-2 and BcI-xl
proteins. 25 
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was completely prevented in the anti-C5 mAb-treated presensitized recipients, but was

evident in untreated, or CsA-, LF- and CsA plus LF-treated presensitized anirnals (Table 7).

As predicted, anti-C5 mAb therapy did not prevent intragraft C3 deposition (Table 7). These

results indicate that anti-Cs mAb therapy completely blocks terminal complement activity

but preserves early complement components following allogeneic kidney transplantation in

presensitized recipients.

Long-term Survíving Kidney Grafts Res¡sf Humoral Injury ín Presensitized Recipients

Through Accommodation

To investigate whether the long-term survival of these kidney grafts is associated with

the development of accommodation, circulating anti-donor antibody levels, serum

complement activity and intragraft antibody and complement deposition in mice of the

different treatment groups at tbe time of rejection were measured. Untreated, presensitized

BALB/c recipients produced high levels of circulating anti-donor lgG antibodies (Figure

l3A) which were partially reduced upon heatment with either CsA or LF alone or in

combination. The addition of anti-C5 to either CsA or LF monotherapy did not further

attenuate anti-donor antibody levels. With triple-therapy of anti-C5 mAb, CsA and LF,

circulating anti-donor IgG levels were markedly inhibited and remained low on POD 100

(*p<0.01 vs- untreated presensitized animals or those treated with either monotherapy or the

two drugs in combination). However, this low antibody level was still higher than that of

naive animals (**p<0.O5 vs. presensitized animals treated with triple-therapy). Consistent

with effects of treatment on the levels of circulating anti-donor antibodies, significant

intragraft IgC deposition was observed in untreated presensilized recipients or those

receiving either CsA or LF monotherapy or two-drug combination (Table 7). Interestingly, on

PODl00, the long-term surviving kidney grafts from triple-therapy treated animals also

demonstrated mild lgG deposition (Figure llC-e, Table 7). Fu¡lhermore, mild-to-moderate

deposition of C3 and C5 was detected in 100-day surviving kidney grafts in preserrsitized

animals (Figure llC-Í, g, Table 7). Anti-donor IgM levels in either circulation (Figure 134)

or transplanted kidney graffs (Table 7) remained low in all presensitized recipients regardless

of treatment. Taken together, these data <lemonstrate that anti-C5 mAb-based triple therapy

prevents ABMR despite the presence of demonstrable intragraft IgG and complement

deposition, suggesting that long-term graft survival has been accomplished through a process

of accommodation.

IgG Subclass Shift to IgG2b ín Long-term Sun it ing Presensitized Recipients Carrying

Accommodaled Kídney Gra/is
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To determine whether anti-C5 mAb-based triple therapy was associated with a shift in

IgG subclass, a comparison was performed between serum levels of anti-donor IgG

subclasses among untreated presensitized recipients and those carrying accommodated

kidney graffs. Sera from untreated presensitized recipients contained predominantly IgGl,

LgG2aand IgG3 anti-donor antibodies (Figure 138). The sarne pattem was observed among

presensitized recipients treated with either CsA, LF, or the two drugs in combination (data

not shown). In contrast, among presensitized recipients carrying accommodated grafts

(PODl00), the predominant antidonor lgG subclass was lgG2b (Figure l3El,p<0.01). These

data suggest that the production of anti-donor IgG2b antibodies may be associated with the

induction of graft accommodation.

Protective Proteins Bcl-2 and Bcl-xl Express on Accommodated Kidney Grafts

It is hypothesized that the resistance of accommodated grafts to low levels of

alloantibodies and complement may be associated with the intragraft expression of protective

proteins such as Bcl-xl and Bcl-2, previously reported to be upregulated in the vasculature of

accommodated grafts in xenotransplantation models (Bach et al-, 1997). The expression of

these proteins was evaluated among presensitized recipients receiving anti-C5 mAb-based

triple therapy- The accommodated kidney grafts from presensitized recipients treated with

anti-C5 mAb-based triple therapy expressed high levels of Bcl-2 and Bcl-xl proteins on

PODI0O (Figure l4). ln contrast, expression of these proteins was undetectable in rejected

kidney grafts of untreated presensitized animals (Figure l4) or of presensitized animals

treated with either CsA or LF monotherapy or the two drugs in combination (data not shown).

These results suggest that the resistance of accom¡nodated grafts to humoral injury in these

presensitized animals may be associated with the protection provided by Bcl-2 and Bcl-xl

proteins.
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Anti-C5mAb

LF

Anti-C5mAb+CsA

Anti-C5mAb+LF 3+ l+ 3+ 0 2+

CsA+LF 3+ l+ 3+ 3+ 4+

Anti-C5mAb+CsA+LF 2+ 1+ 3+ 2+ 0

post-transplantation. Staining intensity was scored as follows: O, negatìve; l*, equivocal; 2-F,

weak; 3t, rnoderate;4*, intense.

Example 6

Methods for Exarnple 5

Animals Male adult C3H (H-2k) mice and BALB/c (H-2d) mice (Jackson Labs, Bar Harbor,

Maine) weighing 25-30 g were chosen as donors and recipients, respectively. Animals were

housed under conventional conditions at the Animal Care Facility, The University of Western

Ontario, and were cared for in accordance with the guidelines established by the Canadian

Council on Animal Care.

Skin Presensitization Full-thickness skin grafts taken from C3H donors were cut into I x I

cm2 pieces and transplanted onto the backs of BALB/c recipient mice. Rejection was defined

as complete necrosis of the skin grafts.

Orthotopic Kidney Transplanlarion Seven days after skin presensitization, C3H mouse

kidneys were transplanted into the abdomen of presensitizeðB.ALB,lc recipients by

anastomosis of the donor and recipient aortas and the donor renal vein and recipient inferior

vena cava using I I -O nylon sutures. The donor ureter was also sufured to the recipient

bladder using l0-0 sutures. Thc native kidneys were removed immediately after grafting.

Graft rejection leading to host death was used as the endpoint of rejection for kidney

transplants .

Experimental Groups Presensitized recipients were randomly assigned to eight groups, each

consisting of five animals: Group I , untreated mice; Group 2, mice treated with CsA ( I 5

mglkg/day, s.c-, daily from day 0 to study endpoint (graft rejection or post-operative day

(POD)lOO); Group 3, mice treated with anti-C5 mAb (clone BB5.l, Alexion

Pharmaceuticals, Inc., 4omglkglðay,i-p., daily, day 0-14, followed by twice-weekly through

day ó0); Group 4, mice treated with LFl5-0195 (LF, 2rr.gll<!day, s.c., day 0-14); Group 5,

mice treated with anti-C5 mAb plus CsA; Group 6, mice treatecl with änti-C5 mAb pìus LF;
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3+ 1+ 3+ 3-+ 4+ Anti-05mAh+Cs A 1-LF 2+ 1+ 3+ 2+ 0   Grafts were harvested at the time of
rejection or it POD 100 (Tor the tnpk-thecapyigroup) post--transplantation. Staining intensity
was scored as follows: 0, negative; 1+, equivocal; 2+, weak; 3+, moderate; 4+, intense.
Exaninlc 6 Methods For Example 5  Animals Male adult C31-1 (H-2k) mice and BALI-Pc
(H-24) mice (Jackson Labs, Bar Harbor, Maine) weighing 25-30 g were chosen as donors and
recipients, respectively. Animals were housed under conventional conditir.ans at the Animal
Care Facility, The University of Western Ontario, and were cared for in accordance with the
guidelines established by the Canadian 10 Council on Animal Care. Skin Presensiti2ation
Full-thickness skin grafts taken from C31-1 donors were cut into lx crn pieces and
transplanted onto the backs of BALBle recipient mice. Rejection was defined as complete
necrosis of the skin grafts. Orthotopic Kidney Transplantation Seven days after skin
presensitization, C31-1 mouse 
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Group 7, mice treated with CsA plus LF; Group 8, mice treated with triple-therapy consisting

of anti-C5 mAb, CsA and LF. At the time of rejection, kidney grafts \ryere removed for

routine histology, immunohistochemistry and western blot analysis, and serum samples were

collected for evaluation of anti-donor antibody levels and complement activity.

Measurement of Serum Creatinine Serum samples were obtained at study endpoint (time of
rejection or PODl00) añer kidney transplantation. Serum creatinine levels wgre quantitated

in 1O¡rL samples using the Sigrna Diagnostics (Sigma, St. Louis, MO) procedure, which

measures creatinine by a kinetic modification of the Jaffe reaction (Junge et a1.,2004).

Graft Histolop Al necropsy, tissue samples were processed for hematoxylin and eosin

(H&E) staining (Wang et al, JI 2003) and evaluated for vasculitis, thrombosis, hemorrhage

and lymphocyte infiltration; changes were scored as: 0, none; 1, minimal; 2, mild; 3,

moderate or 4, marked compared to normal tissues.

Immunohistochemistry Tissue samples ernbedded in Optimum Cutting Temperature (O.C.T.)

gel (Skura Finetek, Torrance, CA) were sectioned and stained for CD4*, CD8* and Mac-l*

infiltrating cells and for IgG, IgM, C3 and C5 deposition using an Elite Vectastain ABC kit

(Vector Laboratories Inc., Burlingame, CA). Primary biotinylated antibodies included anti-

CD4 (YTS 19l-1.2, Cedarlane Laboratories Ltd., Homby, Ontario, Canada), anti-CD8 (53-

6.7, BD Biosciences, Franklin Lakes, NJ) and anti-Mac-l (Cedarlane). Intragraft lgG and

IgM deposition was detected using biotinylated goat anti-mouse-IgG and goat anti-mouse-

lgM (Cedarlane). Complement deposition was detected following serial incubation with goat

anti-mouse C3 or anti-mouse C5 polyclonal Abs (Quidel, San Diego, CA), biotinylated rabbit

anti-goat IgG (Vector Laboratories), and HRP-conjugated-streptavidin (Zymed Laboratories,

South San Francisco, CA). Negative controls were performed by omitting the primary

antibodies. The immunostaining was scored in five high-power fields of each section using

tissue samples from five animals per experimental group. lmmunoreactivity was graded from

0 to 4+ according to staining intensity as follows: 0, negative; l+, equivocal;2+, weak; 3+,

moderate; ancl 4+, very intensive staining.

Flow Cytometry Circulating anti-donor specific IgG and IgM antibodies were cvaluated in

recipient sera by flow cfometry. Briefly, C3H mouse splenocles were isolated and

incubated at 37 oC for 30 minutes with serum samples obtained at the indicated timepoints

from rnice from the various treatment groups. To stain for total IgG or specific antibody

subclasses, the washed cells were incubated with FlTC-conjugated goat anti-mouse

antibodies specifìc for the Fc portion of mouse lgG, mouse IgG l, mouse lgG2a, mouse

IgG2b or mouse IgG3 (all from (CALTAG Laboratories, Burlingarne, CA) or with a
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5kidneys were transplanted into the abdomen of presensitized BALB/c recipients by
anastornosis of the donor and recipient 3031as and the donor renal vein and recipient inferior
veta cava using 11-0 nylon sutures. The donor ureter was also sutured to the recipient
bladder using 10-0 sutures. The native kidneys were removed immediately after grafting. Graft
rejection leading to host death was used as the endpoint of rejection for kidney 20transplants .
aperitneniiii Grovps Presertsitized recipients were randomly assigned to eight groups, each
consisting of five animals: Group 1, untreated mice; Group 2, mice treated with CsA (15
mg/kg/day, s.c., daily from day 0 to study endpoint (aft rejection or post-operative day (POD)1
00); Group 3, mice treated with anti-05 triAb (clone BB5.1, Alexion 25Pharmaceuticals, Inc.,
40mi:7/kg/day, i.p., daily, day 0-14, followed by twice-weekly through day 60); Group 4, mice
treated with LEI 5-0195 (LF, 2naglirgiday, sc., day 0-14); Group 5, mice treated with anti-05
rnAb plus CsA; Group 6, mice treated with anti-CS rriAb plus LF;  WO
2007/103134VO1LI52007,i005290 Group 7, mice treated with CsA phis LF; Group 8, mice
treated with triple-therapy consisting of anti-CS xnAh, CsA and LF. Al the time of rejection,
kidney grails were removed for routine histology, immunohistochernistry and western blot
analysis, and serum samples were collected for evaluation of anti-donor antibody levels and
complement activity. Measurement of Serum Creatinine Serum samples were obtained at
study endpoint (time of rejection or p01)100) after kidney transplantation. Serum creatinine
levels were quantitated in tOgl, samples using the Siggria Diagnostics (Sion. a, St. Louis, MO)
procedure, which measures creatinine by a kinetic modification of the Jaffe reaction (lunge et
al., 2004). Graft Histology At necropsy, tissue samples were processed for hernatoxylin and
eosin 10(H&E) staining (Wang at a1,11 2003) and evaluated for vaseulitis, thrombosis,
hemorrhage and lymphocyte infiltration; changes were scored as: 0, none; 1, minimal; 2, mild;
3, moderate or 4, marked compared to normal tissues. immunahistochernisoy Tissue samples
embedded in Optimum Cutting Temperature (0.C.T.) gel (Shwa Finetek, Torrance, CA) were
sectioned and stained for CD4t, CDS"' and Mac-1+ 15 infiltrating cells and for IgG, ighi, C3
and CS deposition using an Elite Vectastain ABC kit (Vector Laboratories Inc., Burlingame,
CA). Primary hiotinylated antibodies included antiCD4 (YTS 191.1.2, Cedariane Laboratories
LW., Bornby, Ontario, Canada), anti-CDS (5363, BD Bioseiences, Franklin Lakes, NJ) and
anti-Mac-1 (Cedarlane). intragraft IgG and IgIVI deposition was detected using bionnylated
goat anti-mouse-IgG and goat anti-mouse- 20letal (Cedarlane). Complement deposition was
detected following serial incubation with goat anti-mouse C3 or anti-mouse CS polyclonal Abs
(Quidel, San Diego, CA), biotinylated rabbit anti-goat IgG (Vector Laboratories), and
HRP-conjugated-streptavidin (Zyrned Laboratories, South San Francisco, CA). Negative
controls were performed by omitting the primary antibodies. The immunostaining was scored
in five high-power fields of each section using 25tissue samples from five animals per
experimental group. latammoreactivity was graded from 0 to 4+ according to staining intensity
as fblicnvs: 0, negative; I+, equivocal; 2+, weak; 3+, moderate; and 4+, very intensive
staining. 
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phycoerythrin-conjugated goat antibody specifìc for mouse IgM (Jackson ImmunoResearch

Laboratories, West Grove, PA) for I hour at 4 oC, washed and analyzed on a FACScan flow

cytometer (Becton Dickinson, Mountain View, CA) (Collins et al., 1999; Pratt et al., 1996).

The results are expressed as mean channel fluorescence intensity as a measure of the level of

each anti-donor isotype in the samples.

Complement Hemolytic Assay Terminal complement activity in recipient mouse sera was

determined by standard methods to assess the ability of sera to lyse chicken erythrocytes

presensitized with eÐ/throcyte-specific antibodies as previously described (Wang et al.,

1999).

Western BIot Analysis Frozen kidney samples were sonicated, separated by electrophoresis

and transferred to polyvinylidene difluoride (PVDF; lnvitrogen) membranes. Intragraft

expression of Bcl-2 and Bcl-XsTLwas detected using the polyclonal sera N-19 and M-125,

respectively (Santa Cruz Biotechnology, Inc.). Polyclonal anti-calsequestrin (Calbiochem)

served as a sample loading control (Kobayashi et al., 1999). Antibody binding was detected

by lrorseradish-peroxidase-conjugated goat anti-rabbit IgG and enhanced chemiluminescence

development (Roche Laboratories) (Arp et al., 1996).

Statístical Analysis The data are reported as mean + standard deviation (SD). Allograft

survival among experimental groups was compared using the log-rank test- Histological and

irnmunohistological findings were analyzed using the ANOVA on rank. Flow c¡rtometric and

westem blot data were analyzed using one-way ANOVA. Differences withp values less than

0.05 were considered significant.

It will be appreciated that the methods and compositions of the instant disclosure can

be incorporated in the form of a variety of embodiments, only a few of which are disclosed

herein. lt will be apparent to the artisan that other embodiments exist and do not depart from

the spirit of the disclosure. Thus, the described embodiments are illustrative and should nót

be construed as restrictive.
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Flow Cytametty Circulating anti-donor specific IgG and Igtvl antibodies were evaluated in
recipient sera by flow cytometry. Briefly, C3H mouse splemacytes were isolated and
30incubated at 37C for 30 minutes with serum samples obtained at the indicated timepoints
from mice from the various treatment groups. To stain for total IgG or specific antibody
subclasses, the washed cells were incubated with MC-conjugated goat anti-mouse antibodies
specific for the Fe portion of mouse /gO, mouse IgGI, mouse tg.G2a, mouse Ig02b or mouse
/gC.33 (all from (CALTAG Laboratories, Burlingame, CA) or with a  WO
20071103134PCTIUS2007/005290 60 pbycocrythrin-conjugated goat antibody specific for
mouse IgNI (Jackson brunt)Research Laboratories, West Grove, PA) for I hour at 4C, washed
and analyzed on a FACScian flow cytometer (Becton Dickinson, Mountain View, CA) (Collins
et al., 1999; Pratt et al., 1996). The results are expressed as mean channel fluorescence
intensity as a measure of the level of 5each anti-donor isotype in the samples. complement
Hemolytic Assay Terminal complement activity in recipiem mouse sera was determined by
standard methods to assess the ability of sera to lyse chicken erythrocytes presensitized with
erythrocyte-specific antibodies as previously described (Wang et al,, 1999). 10Western Blot
Analysis Frozen kidney samples were sonicated, separated by electrophoresis and
transfetred to polyvinyliderie illuoride (P.VD17; invitrogen) membranes. Intragraft expression
of Bel-2 and 13c1-Xs,awas detected using the polycional sera N-19 and M-125, respectively
(Santa Cruz Biotechnology, Inc.). Polyclonal anticalsequestrin (Calbiocitein) served as a
sample loading control (Kobayashi et al., 1999). Antibody binding was detected 15by
horseradish-peroxidase-coningated goat anti-rabbil tg,G and enhanced cheardiuminestience
development (Roche Laboratories) (Arp et al., 1996). Statistical Analysis The data are
reported as mean  standard deviation (SD). Allograft survival among experimental groups was
compared using the log-rank test. Histological and itnimmohistological findings were analyzed
using the ANOVA on rank. Mow cytorrietric and 20 western blot data were analyzed using
one-way ANOVA. Differences with p values less than 0.05 were considered significant.        It
will be appreciated that the methods and compositions of the instant disclosure can be
incorporated in the form of a variety of embodiments, only a few of which are disclosed  25
herein. it will be apparent to the artisan that other embodiments exist and do not depart from
the spirit of the disclosure. Thus, the described embodiments are illustrative and should not be
construed as restrictive.  
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by reference in their entirety.  - 65 - THE CLAIMS DEFINING THE INVENTION ARE AS
FOLLOWS:- Use of a drug that inhibits complement activity, cyclosporin A, and at least one
other imnunoaippressve drug in the manufacture of a medicament or medicament package for
prolonging survival of a kidney allograPr in a mammal, wherein the at least one other
immunosuppressive drug does not cause nephrotoxicity. 2,The use ofclaim I, wherein said
drug that inhibits complement activity and said imaiimosuppressive drug are in a formulation
suitable for concurrent administration to said mammal.      3. The use of aiherein said drug
that inhibits complement activity and said t :irrinunosupressive drug are in a formulation or
formulations suitable for sequential administration to said mammal.  4. The use of claim I.
wherein said drug that inhibits complement activity s M. a formulation suitable for chronic
admit:Oration to said mammal, 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

L Use of a drug that inhibits complement activity, cyclospotin A, and at least one

other immunosuppressive drug in the manufacture of a medicament or medicament

package for prolonging survival of a kidney allograft in a mamnral, wherein tlre at least

one other immunosupplessive drug do'es not cause neplrotoxicity.

2. The use of claim l, wherein said drug that inhibits complement activity and said

immunosuppressive dnrg are in a formulation suitable for concurrent administration to

said mammal.

3. The use of claim 1, wherein said drug that inhibits complement activity and said

immunosuppressive drttg arc in a folmulation or fornrulations suitable for sequential

administration to said mammal.

4. The use of claim l, wherein said drug that inhibits complement aotivity is iu a

formulation suitable for chronic administration to said mammal.

5. The use of claim 1, wherein said irnniunosuppressive drug is in a formulation

suitable for cluonic administratiôn to said mammal.

6, Use of a drug that inliibits complement activity, cyclosporin A, and at least one

other irnmunosuppressive drug in the nlanufacture of a medicament or medicament

package for prolonging survival of a kidney allograft in a mamnal, wherein the at least

one other immuuosupplessive drug complises LFI5-0I95.

7. The use of claim 6, wherein said drug that inhibits complenrent activity and said

immunosuppressive drug are in a fornrulation suitable for conculrent adnrinistration to

said mamrnal.

8. The use of claim 6, wherein said drug that inhibits complenrent activity and said

immunosupplessive drug are in a furmulation or formulations suitable {or sequential

administration to said mammal.

9. The use of claim 6, wherein said drug that inhibits complement activity is irr a

fonnulation suitable fol clronic adrninistration to said manrmal.

20

25

The use of claim 1" wherein said immunosuppressive drug is in a formulation suitable for
chronic administration to said mammal. 6.Use of a drug that inhibits complement activity,
cyclosporin A, and at least one other inimunosupptessive drug in the manufacture of a
medicament or medicament package for prolonging survival of a kidney allograft in a
mammal, wherein the at leas: one other immunosuppressive drug comprises LF15-0195. 20
7.The use of claim 6, wherein said drug that inhibits complement activity and said.
immunosuppressive drug are in a formulation suitable for concurrent administration to said
mammal.  8. The use of claim 6, wherein said drug that inhibits complement aelivity and said
inummosuppressive drug are in a formulation or formulations suitable for sequential
administration to said mammal.  9. The use of claim 6, wherein said drug that inhibits
complemen formulation minable for chronic administration to said mammal.  - 66 -  10. The
use of chum 6, wherein said immunosuppressive drug is in a formulation suitable for chronic
administration to said maMmal.  11. A pharmaceutical package comprising a drug that inhibits
complement activity and more than one immunosoppressive drug, wherein said drug that
inhibits complement activity and said immtmosuppressive, drug are thimulated for chronic
administration, wherein more than one immunosuppressive drug comprises LF15-0195 and
cyclospo rut A.  12. The use of any one of &aims 1-10, wherein said kidney allograft is MPIC
mismatched. 11The use of claim 12, wherein said MBE )03100 -Latched allograft isA
mismatched allograft.  14. The use of ny one of claims 1-10, wherein said kidney allograft is
BO mismatched.      15. The use of any one of claims 140, wherein said mammal is
presensitized to said 15 kidney allograft.  16. The use of any one of claims 1-10, wherein said
drug that inhibits complement activity inhibits the formation of C5b or C5a.  17. The use of
claim I 6, wherein said drug that inhibits formation of C5b or C50 is a whole antibody or an
antibody fragment 20 18.The use of:claim 17, wherein said whole antibody or antibody
fragment is a 
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10. The use of claim 6, wherein said iurmunosuppressive drug is irr a formulation

suitable for cluonic administration to said mammal.

11. A pharmaceutical package comprising a drug thæ inhibits complement activity

and morc than one immunosuppressive drug, wherein said clrug that inhibits complement

activity and said immunosuppressive drrtg are for:nulated for chronic administration,

wherein more than one inrmunosuppressive drug comprises LFl5-0195 arrd cyclosporin

A.

12. The use of any one of'claims 1-10, whelein said kidrrey allograft is MHC

mismatched.

l0 13. Tlre use of clairn 12, wherein said MHC mismatched allograft is an HtA

nismatched allograft.

14. The use of any one of claims l-10, wherein said kidney allograff; is ABO

mismatclied.

15. The use of any one of claims 1-10, wherein said mammal is presensitized to said

l5 kidney allograft.

16. The use of any one of claims l-10, wherein said drug that inhibits complement

activity inhibits the forrnation of C5b or C5a.

17. The use of claim l6, wherein said drug that inhibits fonrration of C5b or C5a is a

whole aritibody or an antibody fi'agment.

20 18. The use of claim 17, wherein said whole antibody or antibody fr'agment is a

human, humauized, chimerized or deimmunized antibody or antibody fi'agment,

19, The use of claim l7 or' 1 8. wherein said whole antibocly ol antibody fragment

inhibits cleavage of conrplement C5.

human, humanized, chimerized or deimananized antibody or antibody fragment. 19.The use
of claim 17 or 18, wherein said whole antibody or antibody fragment inhibits cleavage of
complement C5.  67 -  20. The use of any one of claims 17-19, wherein said antibody
fragment is selected from the group consisting of an Fab, an Rabgh, an Fv, a domain
antibody, and a single-chain antibody,  21. The useone of claims 17-19, wherein said antibody
fragment is 5pexi. 22,The use of any one of claims 17-19, wherein said whole antibody is
eeulizuniab.  23. The use of aim 22, wherein said. eitulizurnah is ad:ministcred :nice every 2
weeks.  24. The use of any one of claims 1-10 or 12-15, wherein said drug that inhibits
complement activity i, selected from the group consisting of a i) soluble complement receptor,
U) (2,D59,0D55, iv) CD46, and v) an antibody to C.5, CO, C7, (2.3, or C9.  25. The use of any
one of claims 1-10 or 12-24, wherein said kidney allografi survrbr the remaining life-time of
said mammal,      26. The use of any one of claims 1-10 or 12-24, wherein said kidney
allograft (5 survives for at least three months. 27,The use of any one of claims 140 or 12-24
wherein said kidney allogruft SUrViVC3 for at least six months. a.The use of any one of claims
1-10 or 12-24, who= said kidney allograft survives for at least one year, 20 29.The use of any
one of ciaims 1-10 or 12-24, wherein said allograht survives for at least five years. 
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20. The use of any one of claims 17-19, wheroin said antibody fi'agment is selected

ftom tlre group consisting of an Fab, an F(ab')2, an Fv, a domain antibody, and a single-

chain antibody.

21. The use of any one of clairns l7-19, whelefur said antibody fragment is

s pexelizumab.

22. The use of any one of clairns l7-I9, wherein said whole antibociy is eoulizurrrab.

23. The use of clairn 22, wherein said eculi.zumab is administered once every 2

weeks.

24. The use of any one of claitns 1'10 or 12-15, whereir said drug that inhibits

complement activity is selected fi'om the group consisting of,a i) soluble conrplement

receptor, iÐ CD59, iii) CD55, iv) CD46, and v) an antibody to C5, C6, C'7, C8, or C9.

25. The use of any one of claims l-10 ar 72-24, wherein said kidney allograft

suvives for the remaining life-tinre of said mammal.

26. The use of any one of claims l-10 or 12-24, wherein saicl kidney allograft

15 survives for at least three months.

27. The use of any one of claims l-10 or 12-24, wherein said kidney allograft

survives for at least six months.

2ß. The use of any one of claims 1-10 or 12-24, wherein saicl kidney allogrzft

survives for at least one year.

20 29. The use of any one of claims l-10 or 12-24, wherein saicl allograft sr,rrvives for at

least fìve years.

30. The use of any one of clairns l-10 or 12-24, whercin said drug which inlúbits

complement activity is administeled chronically tbr at least l4 days.

30.The use of any one of claims I -10 or 12-24, wherein said drug which inhibits complement
activity is administered chronically far at least 14 days.  -68 -  31. The use of any one of
claims 1-10 or 12-24, Wherein said drug which inhibits complement activity is administered
chronically for at least 28 days.  32. The use of any one of claims 1-10 or 12-24, wherein said
drug which inhibits complement activity is administered chronically for at least 3 months. 5
33.The use of any one of claims 1-10 or 12-24, wherein said drug which inhibits complement
activity is administered chronically for at least 6 months;  34. The use of any one of claims
1-10 or 12,24, wherein said drug which inhibits complement activity is administered
chronically for at least 1 year.  35. The use of any one of claims 1-10 or 12-24, wherein said
drug which inhibi s complement activity is administered chronically for at least 5 years.  36.
The use of any one of claims 1-10 or 12-24, wherein said drug which inhibits complement
activity is administered chronically for the remaining life-time of said mammal.  37. The use of
any one of claims 140 or 12-24, wherein at least one 15 immunosuppressive drug is
administered chronically for the remaining life-time of said mammal. 




